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Abstract
Background  Malignant salivary gland tumors (SGTs) present diagnostic challenges and limited treatment options. 
This study aims to determine the proportion of malignant SGTs overexpressing the androgen receptor (AR) by 
immunohistochemistry (IHC) and its association to age, sex, anatomical site, histopathological subtype and grade 
which may inform customized treatment approaches.

Methodology  This was a retrospective cross-sectional analytical study of archived paraffin embedded tissue blocks 
of malignant SGTs diagnosed at MNH Central Pathology Laboratory (CPL) from January 2019 to December 2022. 
IHC staining using a monoclonal Rabbit Anti-Human AR and interpretation was done using Allred score. The AR 
overexpression was assessed and compared by age, sex anatomical site, histological subtype and histological grade of 
the tumor.

Results  Out of 158 (60%) malignant SGTs, 115 cases underwent AR IHC where, mean age was 49.7 ± 17.9, females 
were 61(53%). Major salivary gland involvement was (67)58.1%, predominantly parotid gland 35(52.2%), Adenoid 
cystic carcinoma and Mucoepidermoid carcinoma were the most common tumors accounting for 38(33%) and 22 
(19%) respectively. High grade tumors were prevalent accounting for 53(46.1%). Androgen receptor overexpression 
was observed in 49(42.6%). A significant association was observed between AR and parotid gland anatomical location 
(aOR = 3.45, 95% CI = 1.1–10, p = 0.027) and high-grade tumors (aOR = 5.1, 95% CI = 1.4–19, p = 0.014). No significant 
association between AR overexpression and age (p-value 0.253), sex (p-value 0.708) and histological subtype (p-value 
0.557), although highest proportion were seen in salivary duct carcinoma (71.4%).

Conclusion  High-grade malignant SGTs and parotid gland location are associated with AR overexpression. This 
suggests that androgen deprivation therapy (ADT) has the potential to play a role in the management of advanced 
SGTs. However, large-scale studies that will include comprehensive molecular investigations and efficacy exploration 
of ADT are recommended to clarify our current findings and inform therapeutic options for patient with high grade 
and recurrent tumors.
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Background
Salivary glands are exocrine glands that secrete saliva 
which moistens food and contains an enzyme amylase 
that is required for the breakdown of carbohydrates. 
There are three major paired salivary glands (the parotid, 
submandibular, and sublingual glands) and numerous 
minor salivary glands distributed throughout the mouth 
and extending into the tracheobronchial tree. It is esti-
mated that there are also between 600 and 1000 minor 
salivary glands named for the sites which they occupy 
(i.e., labial, buccal, lingual, palatal, retromolar, etc.). His-
tologically, the major salivary glands are composed of 
acinar (secretory cells) and ductal cells arranged like a 
cluster of grapes on a stem. The clustered acinar cells (the 
“grapes”) make up the secretory end pieces, while the 
ductal cells (the “stems”) form an extensively branching 
system that modifies and transports the saliva from the 
acini into the oral cavity. There are three types of ductal 
cells: intercalated, striated, and interlobular. Despite their 
relatively simple morphology, the salivary glands give rise 
to 36 histologically distinct tumors described by WHO 
5th Edition 2022 of which 21 are malignant [1].

Tumors arising from salivary glands constitute an 
uncommon heterogeneous group that vary considerably 
in their anatomic site of origin, histology, and biologic 
behavior. They constitute 3–10% of all head and neck 
tumors and less than 2% of all human tumors worldwide 
[2–5]. The global annual incidence for malignant sali-
vary gland tumors is 0.3% and mortality 0.2% per 100,000 
population [6].These tumors make up less than 3% of all 
neoplasms in the United States, and only 6% of all tumors 
in the head and neck [3, 7]. In Africa the incidence for 
both sexes is 9.2% of the population with mortality rate 
of 13% per 100,000 population [6]. In Tanzania the inci-
dence is 0.48% and mortality 0.45% per 100,000 popula-
tion from Globocan data 2020 and the prevalence ranges 
from 6.3 to 7.5% among of all head and neck tumors [8, 
9]. Surgical management alone is curative for benign and 
low-grade cases of SGTs. The current management of 
malignant SGTs for loco-regional disease include surgical 
resection alone or with adjuvant radiotherapy for tumors 
with high-grade and those with positive margins or other 
high-risk features [10, 11]. For metastatic and recurrent 
tumors, radiation therapy is applied as a neo-adjuvant 
before surgical resection [10] however for most cases, 
the goal of treatment is palliation or lessening of symp-
toms severity [12, 13]. Local ablative treatments such as 
surgery or stereotactic body radiation therapy may be 
offered to delay local disease progression, but there is 
informal consensus, and it is weakly recommended [10].

Systemic drugs trials for advanced and metastatic dis-
ease are still ongoing. Few drugs have been proposed 
especially for SGTs overexpressing Her2, Herceptin as an 
example [10], but due to lack of randomized clinical trials 

and prospective studies their use is still in question [10]. 
Further trials on androgen deprivation therapy (ADT) 
have shown promising results in treatment of metastatic 
disease even though most research were on SDC [14], 
with complete resolution of the disease for tumors that 
overexpress AR. This treatment modality has no absolute 
contraindication and has less side effects as compared 
to chemotherapy [10]. Immunotherapy with pembro-
lizumab in patients with PDL1 receptor positive as well 
as molecular targeted therapy such as tyrosine kinase 
inhibitors and epidermal growth factor inhibitors are 
still also under clinical trial [15, 16]. In Tanzania, 76.5% 
present with stage III and IV disease of which 69.1% are 
not amenable to treatment by surgical and radiotherapy 
alone resulting in poor outcome [17]. Prostate cancer and 
hepatocellular carcinoma, which are both treated with 
androgen restriction treatment, are two tumor forms in 
which androgen receptor overexpression plays a signifi-
cant role as an oncogenic driver [18, 19]. Even though, 
this modality of treatment is under clinical trials for 
salivary gland cancers several case reports have shown 
promising outcome and there are apparently, no absolute 
contraindications to this therapy [20, 21]. Thus, this study 
attempts to provide knowledge on AR overexpression in 
malignant SGTs as well as clinico-pathological associa-
tions amongst Tanzanian patients which may help inform 
targeted therapy including androgen deprivation therapy 
(ADT), particularly for unresectable, advanced and meta-
static malignant tumors.

Methodology
Study design, population and settings
This retrospective study was a lab based cross-sectional 
analytical study of archival formalin fixed paraffin-
embedded (FFPE) tissue blocks of malignant epithelial 
salivary gland tumours diagnosed at the Central Pathol-
ogy Laboratory’s (CPL), Department of Anatomical 
Pathology, MNH covering 4 years from 1st January 2019 
to 31st December 2022.

Eligibility
We included all patients with available complete clinical 
records and tissue blocks with enough tissue to perform 
tissue microarray, diagnosed with malignant epithelial 
salivary gland tumors, patients with missing tissue blocks 
and small or scanty tissue for tissue microarray were 
excluded.

Data collection methods
Data collection from records and archival tissues
Each case study was given a unique study number. From 
the histological request forms submitted at the Central 
Pathology Laboratory, demographic data was extracted 
which include age and sex. Histological diagnosis, 
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subtype and grade (Corresponding to known scheme for 
some subtypes) was determined from review of the H&E 
slides from the archive and finally the AR expression 
status was noted after immunohistochemical staining 
using tissue microarray (TMA) technique. Data was col-
lected using a structured excel data collection sheet that 
included all the variables.

Tissue slides and block for IHC
All SGTs pathology reports from 1st January 2019 to 
31st December 2022 were retrieved from the stored files. 
Eligible cases were selected. The corresponding H&E 
slides were reviewed by the primary investigator and the 
Pathologist (Oral Pathologist) for histological diagno-
sis and selection of tissue blocks for Tissue microarray 
(TMA). Tumors were classified according to Head and 
Neck Tumours, WHO Classification, 5th Edition, 2022. 
In case of lost tissue slides, preparation of H&E slide was 
done for histomorphological analysis. The tissue blocks 
for selected patients were retrieved and prepared for 
TMA-AR immunohistochemistry.

Tissue microarray
Manual tissue microarray (TMA) was done, where from 
each FFPE, H&E–stained sections were used to select 
representative areas, and a 4  mm core diameter, was 
made from each case and inserted in a grid pattern into 
a recipient paraffin block using a tissue microarray mold. 
Section (3 micrometers thick) containing 14 representa-
tive cores and 1 control were then cut from each TMA 
block and mounted on charged glass slides, 2 slides from 
each TMA block were made, to minimize tissue washout.

Androgen receptor (AR) immunohistochemistry
Micro-arrayed FFPE tissue sections 4  μm thick were 
mounted on charged slides, deparaffinized and rehy-
drated in descending grades of alcohol. Then, AR IHC 
was performed after heat induced epitope retrieval 
(HIER) by pressure cooker, for which the tissue sections 

were immersed in Coplin jars containing 0.01-mol citrate 
buffer, pH 6.0, and subjected to preboiled water in pres-
sure cooker, further heating at full pressure for 3 min was 
followed. Nonspecific immunoreactivity was blocked 
appropriately by incubation with bovine serum albu-
min (BSA) for 20 min at room temperature then block-
ing of endogenous peroxidase activity by incubating the 
slides in a 0.3% solution hydrogen peroxide in metha-
nol for 30  min in darkness. Following a rinse for 2  min 
each in running tap water and phosphate-buffered saline 
(PBS) at room temperature, tissue sections were stained 
manually using commercially available pre diluted and 
ready to use, Monoclonal Rabbit Anti-Human AR (clone 
MD124R catalogue number RM0004RTU7) followed by 
incubation with mouse Horseradish Peroxidase (HRP) 
conjugated with secondary antibody and 3’3-Diami-
nobenzidine (DAB) tetrahydrochloride as a chromo-
gen. Stained tissue sections were dehydrated, and cover 
slipped. The AR IHC-stained slides were evaluated using 
light microscope, interpreted using Allred score for hor-
monal receptor and few images were saved by using the 
Motic slides scanner.

Interpretation of AR IHC was done using Allred score 
system for hormonal receptors (Fig. 1). This score takes 
into consideration both intensity and percentage of 
nuclear staining for positive tumours. A positive con-
trol from known AR positive prostate cancer was used. 
This approach was based on previous study done on 
AR expression in malignant SGTs [22, 23]. The slides 
were interpreted by the principal investigator and then 
reviewed by one senior pathologist.

Data analysis
The data was analyzed by using STATA data software 
version 15.0, descriptive statistics were summarized 
using proportions and frequency tables. Bivariate analy-
sis to test for the association between each independent 
variable and the dependent was done using Chi square 
test or Fisher’s exact test where appropriate. For the inde-
pendent variable that was associated with the depen-
dent variable, a multivariable logistic regression analysis 
was done. A p-value ≤ 0.05 was considered statistically 
significant.

Ethical consideration
The study proposal was submitted to the MUHAS ethi-
cal clearance committee for approval through Head of 
Department of Pathology and Dean, School of Diag-
nostic Medicine, and was granted with reference num-
ber MUHAS-REC-10-2022-1430. Following approval, 
permission to conduct the study at CPL, was sought 
from the MNH Management and the Head of Anatomi-
cal Pathology with reference number MNH/TRCU/
Perm/2022/083.Fig. 1  Allred score for AR IHC interpretation
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Results
A total of 264 patients were recruited in our study (Fig. 2), 
where malignant SGTs accounted for 158(60%). One 
hundred and fifteen (115) patients with malignant SGTs 
were included in this study where the mean age was 49.7 
years. Most tumors 73(63.5%) were prevalent between 
25 and 60 years of age. Female patients were the majority 
and accounted for 61 (53%) cases. The majority 67(58.3%) 
of patients had major salivary gland involvement. Among 
the major salivary glands, parotid was the most affected 
[35 cases, (52.2%)]. In minor salivary glands, the gingiva 
and buccal mucosa were affected most with 17(35.4%) 
and 15(31.2%) cases respectively. Overall, the most com-
mon subtypes were adenoid cystic carcinoma and muco-
epidermoid carcinoma and accounted for 38 (33%) and 
22 (19.1%) cases, respectively (Fig.  3A and B). Amongst 
the malignant salivary gland tumors, high grade tumors 
were 53(46.1%) compared to 30(26.1%) low grade tumors 
(Table 1). Overall, among the 115 cases, 49(42.6%) were 
AR-positive (Fig. 4). Among AR-positive tumors, major-
ity (42.9%) had weak staining followed by 34.7% moder-
ate staining and strong staining accounted 22.4% (Fig. 5). 
Among the AR-positive, 38(77.6%) cases had patchy 
staining pattern while diffuse pattern was only seen in 
11(22.4%) (Figs. 5 and 6). The AR status varied among dif-
ferent histological subtypes where the highest prevalence 
of AR overexpression was observed in SDC at 71.4%, 
followed by Polymorphous adenocarcinoma (PAC) and 
Salivary carcinoma not otherwise classified (SC NOS) at 

55.6% and 54.6% respectively. Equal distribution of AR 
negative and positive was observed in Carcinoma ex-
pleomorphic adenoma (CXPA), Sclerosing microcystic 
adenocarcinoma (SMA) and Hyalinizing clear cell carci-
noma (HCCC). Despite the high frequency of AdCC and 
MEC as the commonest histological subtypes, these sub-
types had lower prevalence of AR overexpression which 
was 35.2% and 40.9% respectively (Table 2).

A significant association was observed between AR-
overexpression and major salivary gland anatomical 
location (p-value = 0.03) as well as high grade tumors 
(p-value = 0.042 (Table  3). No association was found 
between sex (p-value = 0.708), age (p-value = 0.253) and 
histological subtype (p-value = 0.557) (Table  4). How-
ever, it is worth noting that there were high proportions 
of AR-positive cases in salivary duct carcinoma and age 
above 60 years. Furthermore, the staining pattern and 
intensity of AR immunohistochemistry was not associ-
ated with histological grade (p-value 0.405 and 0.518 
respectively) (Table  4) (Fig.  6).In logistic regression 
analysis using a bivariate model the odds of having AR-
positive status were 3 times higher in parotid tumors 
compared to submandibular and sublingual tumors 
(cOR = 3.0, 95% CI = 1.1–8.4, p = 0.033) and the associa-
tion remained significant and higher when adjusted for 
confounders (aOR = 3.45, 95% CI = 1.1–10, p = 0.027). 
Similarly, for high grade tumors a non-significant trend 
towards association with AR status was observed, with 
higher odds of AR-positive status compared to low-grade 

Fig. 2  Data flow chart. Key: SGTs-Salivary gland tumors, TMA-Tissue microarray, IHC-Immunohistochemistry. Jan 2019 to Dec 2022
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tumors (cOR = 2.1, 95% CI = 0.8-5, p = 0.116). However, 
after adjusting for other variables, high-grade tumors 
exhibited a significant association with AR positive sta-
tus, with the odds of AR-positive status being 5.1 times 
higher compared to low-grade tumors (aOR = 5.1, 95% 
CI = 1.4–19, p = 0.014) (See Table 5).

Discussion
Salivary gland tumors are a broad and diverse category of 
lesions that differ in their morphology. Numerous epide-
miologic studies of SGTs have been conducted in various 

countries, with varying results most likely reflecting dif-
ferences in the study’s origin, divergences in histologic 
classification, restriction to a specific population, ana-
tomical location, or tumor type. Salivary glands tumors 
in Africa have not been studied extensively as compared 
to Western countries. The majority of the studies are only 
descriptive and are not recent. This current study, to the 
best of our knowledge is the first to be done in Tanzania.

In this study 60% of all SGTs were malignant tumors, 
which is consistent with other studies where malignan-
cies were more frequent than benign tumors [24, 25] 

Fig. 3  Photomicrographs showing 1. Hematoxylin and eosin-stained sections of (A) Mucoepidermoid carcinoma, intermediate grade, (B) Adenoid cystic 
carcinoma, intermediate grade, (C) Salivary duct carcinoma, high grade
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and contrasted with studies done by Masanja et al., 2003 
and Vuhahula et al.., 2004 where benign proportion were 
higher than malignant [8, 26]. This can be due to the fact 
that Muhimbili is a national apical hospital where all dif-
ficult cases are referred to. The mean age for malignant 
salivary gland tumors in our current study was 49.7 and 
the peak age for occurrence was between 25 and 60 years 

of age similar to study done by Vuhahula et al.., in Uganda 
2004, although the mean age in that study was 38.1 years 
[26]. These current results contrast with other studies 
where the mean age was reported to be either lower [8, 
27] or higher [24] than that found in this study.

In addition to age, the current study also noted a pref-
erence for malignant SGTs in the female population 
accounting for 53%. This observation aligns with the 
findings of several other studies [24, 26–28]. In contrast 
to these findings, a previous study done by Masanja et 
al.., 2003 in Tanzania showed higher frequency of malig-
nant salivary gland tumors in males [7, 8], this may be 
explained by different geographical location and hospi-
tal capacities where these studies were conducted. Equal 
distribution in sexes for SGTs was also reported in some 
studies [29].

The parotid and the gingiva were the most common 
sites of the major and minor salivary gland respectively in 
the current study. These current findings were different 
from other studies conducted in Tanzania and Uganda 
[8, 26] and Western countries where the palate followed 
by lip was the most affected site among the minor sali-
vary glands [24, 29–31]. A study by Onyango et al.., 1992 
reported that of the major salivary glands, submandibu-
lar glands were affected more in contrast to this study 
[32]. It was also noted in this study that minor salivary 

Table 1  Characteristic of study population (n = 115), 
demographics and histopathological feature
Variable Malignant 

(n = 115): n 
(%)

Variable Malignant 
(n = 115): n 
(%)

Age Histological 
Subtype

  Mean (± SD) 49.7 (± 17.9) AdCC 38 (33.0)
Age group MEC 22 (19.1)
  ≤ 24 8 (6.9) SC NOS 11 (9.6)
  25–60 73 (63.5) PAC 9 (7.8)
  > 60 34 (29.6) MECA 8 (7.0)
Sex SDC 7 (6.1)
  Male 54 (47.0) AciCC 5 (4.3)
  Female 61 (53.0) HCCC 4 (3.5)
Site MSA 4 (3.5)
Major 67 (58.3) CXPA 2 (1.7)
  Parotid 35 (52.2) SMA 2 (1.7)
  Submandible 31 (46.3) BCAC 1 (0.9)
  Sublingual 1 (1.5) EMC 1 (0.9)
Minor 48 (41.7) SC 1 (0.9)
  Palate 13 (27.1) Histological 

grade
  Buccal 15 (31.2) Low grade 30 (26.1)
  Gingiva 17 (35.4) Intermediate 32 (27.8)
  Tongue 3 (6.3) High grade 53 (46.1)
Key AdCC, Adenoid cystic carcinoma, MEC, Mucoepidermoid carcinoma, PAC, 
Polymorphus adenocarcinoma, SC NOS, Salivary carcinoma not otherwise 
specified, MECA, Myoepithelial carcinoma, SDC, Salivary duct carcinoma, 
AciCC, Acinic cell carcinoma, HCCC, Hyalinizing clear cell carcinoma, MSA, 
Microsecretory carcinoma, CXPA, Carcinoma ex-pleomorphic adenoma, SMA, 
Sclerosing microcystic carcinoma, BCAC, Basal cell adenocarcinoma, EMC, 
Epithelial myoepithelial carcinoma, SC, Secretory carcinoma

Fig. 5  A 2-tier pie chart diagram showing the proportions of both pattern 
and intensity staining score and among the AR-positive cases

 

Fig. 4  Pie Chart diagram showing the proportion of AR status among the 
malignant SGTs
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glands had more malignant tumors than benign, similar 
to studies done in Uganda, Nigeria and Cameroon [25, 
26, 28, 33].

In this study Adenoid cystic carcinoma (AdCC) was the 
commonest histological subtype followed by Mucoepi-
dermoid carcinoma (MEC) for malignant tumors which 
is similar to many studies in Africa including Uganda, 
Nigeria, Cameroon [8, 26, 27], in contrast to a study done 
in Kenya and most Western countries where MEC is the 
commonest malignant subtypes [7, 24, 30, 31, 34]. The 
differences in these results could partly be attributed to 
the different geographical location and associated envi-
ronmental factors, however further studies are recom-
mended to clarify this.

In this study, it was found that the overall andro-
gen receptor overexpression among malignant salivary 
gland tumors was 42.6% although the frequency varied 
among different subtypes. Previous studies conducted by 
Dalin et al., 2017 and Nasser et al., 2003 reported overall 

frequencies of 31% and 54%, respectively, with a range of 
20–100% depending on the specific subtype of the tumor 
[22, 23, 35, 36]. The higher proportion in our study may 
have been contributed by the fact that the proportions of 
malignant salivary gland tumors of high grade were also 
high. Androgen receptors have been studied widely in 
SDC and this has been shown to have the highest pro-
portions of AR overexpression ranging from 61 to 89% 
by IHC to 100% when molecular studies are employed 
[21, 22, 36–39] and AR gene amplification have been 
observed in SDC [40]. Similarly in our current study the 
highest proportions of AR overexpression were seen in 
SDC where 71.4% showed AR overexpression. This was 
followed by Polymorphus adenocarcinoma (PAC) and 
Salivary carcinoma not otherwise specified (SC NOS) 
which contrasts with other studies where Carcinoma 
ex-pleomorphic adenoma (CXPA), Basal cell adenocar-
cinoma (BCAC) and high grade MEC were the second 
common to overexpress AR [14, 35, 41, 42].

Fig. 6  Photomicrographs showing immunohistochemical (IHC) sections A. Negative AR in Secretory carcinoma, (B) Patchy strong positive AR in Acinic 
cell carcinoma (C) and Microsecretory adenocarcinoma respectively (D) Diffuse strong positive high-grade Adenoid cystic carcinoma
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Interestingly, in this study, only one patient with BCAC 
and two patients with CXPA were included, and the 
AR overexpression rates were 100% and 50%, respec-
tively suggesting that this receptor plays a role in malig-
nant transformation or high-grade transformation. Even 
though the AdCC and MEC were the commonest tumors 
in this population, they had low proportion of AR over-
expression. The disparity in these studies could be attrib-
uted to different scoring systems used, whether tissue 
microarray (TMA) or whole slide IHC staining was per-
formed, pre analytical factors as well as the type of AR 
antibody used (monoclonal or polyclonal). Overall, these 
results highlight the variability in AR overexpression 
among malignant salivary gland tumors and suggest that 
further research is needed to elucidate the specific roles 
and implications of AR expression in different subtypes 
of these tumors.

Furthermore, AR overexpression has been reported 
in patient with advanced age and in male populations 
although there was no significant association between 
these variables [42, 43]. Similarly, to the current study, 
there was no significant association between AR over-
expression with sex and age. Notably 52.9% of those 
above 60 years of age had AR overexpression and there 
was comparably lower proportion of AR overexpression 

Table 2  Frequency of AR overexpression by IHC among various 
histological subtypes of malignant SGTs diagnosed at MNH
Histological subtypes AR status n = 115(%) Total

Positive Negative
AdCC 13 (34.2) 25 (65.8) 38 (33.0)
MEC 9 (40.9) 13 (59.1) 22 (19.1)
SC NOS 6 (54.6) 5 (45.6) 11 (9.6)
PAC 5 (55.6) 4 (44.4) 9 (7.8)
MECA 3 (37.5) 5 (62.5) 8 (7.0)
SDC 5 (71.4) 2 (28.6) 7 (6.1)
AciCC 2 (40) 3 (60) 5 (4.3)
HCCC 2 (50) 2 (50) 4 (3.5)
MSA 1 (25) 3 (75) 4 (3.5)
CXPA 1 (50) 1 (50) 2 (1.7)
SMA 1 (50) 1 (50) 2 (1.7))
BCAC 1 (100) 0 (0) 1 (0.9)
EMC 0 (0) 1 (100) 1 (0.9)
SC 0 (0) 1 (100) 1 (0.9)
Total 49 (42.6) 66 (57.4) 115 (100)
Key:AdCC, Adenoid cystic carcinoma, MEC, Mucoepidermoid carcinoma, PAC, 
Polymorphus adenocarcinoma, SC NOS, Salivary carcinoma not otherwise 
specified, MECA, Myoepithelial carcinoma, SDC, Salivary duct carcinoma, 
AciCC, Acinic cell carcinoma, HCCC, Hyalinizing clear cell carcinoma, MSA, 
Microsecretory carcinoma, CXPA, Carcinoma ex-pleomorphic adenoma, SMA, 
Sclerosingmicrocystic carcinoma, BCAC, Basal cell adenocarcinoma, EMC, 
Epithelial myoepithelial carcinoma, SC, Secretory carcinoma

Table 3  Association between AR overexpression and clinical 
pathological features (age, sex, anatomical site, and histological 
subtype) of malignant SGTs at MNH
Characteristic Frequency 

n = 115(%)
AR status p-value
AR+ (%) AR- (%)

Sex
  M 54 (47.0) 24 (44.4) 30 (55.6) 0.708**
  F 61 (53.0) 25 (40.1) 36 (59.9)
Age groups
  ≤ 24 8 (6.9) 2 (25) 6 (75) 0.253**
  25–60 73 (63.5) 29 (39.7) 44 (60.3)
  > 60 34 (29.6) 18 (52.9) 16 (47.1)
Site
Major 67 (58.3) 28 (41.8) 39 (58.2)
  Parotid 35 (52.2) 19 (54.3) 16 (45.7) 0.03**
  Submandibular 31 (46.3) 9 (29) 22 (71)
  Sublingual 1 (1.5) 0 (0) 1 (100)
Minor 48 (41.7) 21 (43.8) 27 (56.3)
  Palate 13 (27.1) 5 (38.5) 8 (61.5) 0.621*
  Buccal 15 (31.2) 8 (53.3) 7 (46.7)
  Gingiva 17 (35.4) 6 (35.3) 11 (64.7)
  Tongue 3 (6.3) 2 (66.7) 1 (33.3)
Histological 
subtype
  AdCC 38 (33.0) 13 (34.2) 25 (65.8) 0.557**
  MEC 22 (19.1) 9 (40.9) 13 (59.1)
  SC NOS 11 (9.6) 6 (54.5) 5 (45.5)
  PAC 9 (7.8) 5 (55.6) 4 (44.4)
  MECA 8 (7) 3 (37.5) 5 (62.5)
  SDC 7 (6.1) 5 (71.4) 2 (28.6)
  Others 20 (17.4) 8 (40) 12 (60)
*p-value from Fisher Exact test, **p-value from Chi2-test, AdCC, Adenoid 
cystic carcinoma, MEC, Mucoepidermoid carcinoma, PAC, Polymorphus 
adenocarcinoma, SC NOS, Salivary carcinoma not otherwise specified, MECA, 
Myoepithelial carcinoma, SDC, Salivary duct carcinoma

Table 4  Association between AR overexpression and histological grade of malignant SGT at MNH
Histological grade p value
Low n = 30 (%) Intermediate n = 32 (%) High n = 53 (%) Total

AR status AR+ 11 (36.7) 9 (28.1) 29 (54.7) 49 (42.6) 0.042**
AR- 19 (63.3) 23 (71.9) 24 (45.3) 66 (57.4)

Pattern (n = 49) Patchy 7 (63.6) 7 (77.8) 24 (82.8) 38 (77.6) 0.405*
Diffuse 4 (36.4) 2 (22.2) 5 (17.2) 11 (22.4)

Intensity (n = 49) Weak 4 (36.4) 2 (22.2) 15 (51.7) 21 (48.9 0.518*
Moderate 5 (45.5) 4 (44.4) 8 (27.6) 17 (34.7)
Strong 2 (18.2) 3 (33.33) 6 (20.7) 11 (22.4)

*p-value from Fisher Exact test, **p-value from Chi2-test
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below 60 years of age. Nasser et al., 2003 found nearly 
equal proportion of AR in both sexes similarly in this 
study [23]. In contrast, a study by Szewczyk et al., 2019 
reported a significant association between male sex and 
AR overexpression [36]. The sample size in this study was 
similar to the current study, but differences in ethnicity 
and genetic profile may have contributed to the disparate 
findings.

Most studies have shown strong association for sex in 
SDC however, it’s important to note that SDC is known 
to be more prevalent in males, which may explain the 
stronger association. Even though there was no statisti-
cally significant difference between histological subtypes 
and AR overexpression like in other studies, it is worth 
noticing that high proportions of SDC had AR overex-
pression in this study as reported in many other studies 
[22, 39].

In addition, Rahim et al.,2017 found the association 
between parotid gland involvement and AR overexpres-
sion similar to this study [43], again this may be explained 
by the fact that majority of the tumors occurred in 
parotid gland. Further research with larger sample sizes 
and inclusion of other subtypes is needed to better 
understand the relationship between AR overexpression, 
sex, anatomical site and histological subtypes. Addition-
ally, studying the genetic profile of SDC in relation to sex 
and other subtypes could provide valuable insights.

Majority of our patients had high grade tumors and was 
significantly associated with AR overexpression [p-value 
0.014, 95% CI = 1.4–19], this finding is consistent with 
previous studies conducted by Rahim et al.., 2017 and 
Szewczyk et al., 2019 which also reported nodal metas-
tasis and negative impacts on disease-free survival and 
overall survival [36, 43].Aquino et al.., 2008 nevertheless 
had a contrasting result where in his study there was no 
association between AR overexpression and grade or sur-
vival [42].

Although the staining pattern and intensity have been 
widely studied in SDC and high grade MEC and have 
been reported to be diffuse and strong [23, 35, 44] in 
this study however, the staining pattern and intensity of 
AR IHC was not significantly associated with the tumor 

grade, in fact highest proportion of diffuse and strong 
were seen in low grade and intermediate grade tumors 
as compared to high grade. These findings are not sur-
prising considering that in most studies different scores 
were used [23, 42, 45]. Different pre-analytical factors, 
IHC techniques and methods may contribute to this dis-
parity. However, to further elucidate these differences, 
molecular techniques should be employed ascertain the 
true association between the pattern and intensity of 
AR expression in different malignant subtypes and their 
grades.

Strength and limitation of the study
This current study has several strengths apparently 
including a comparatively higher sample size than in 
other studies, which enhances the statistical power and 
generalizability of the findings. Additionally, the use of a 
monoclonal antibody for immunohistochemistry (IHC) 
adds specificity to the analysis, making it more appropri-
ate to conclude that there is a promising future for tar-
geted therapy with androgen deprivation therapy (ADT). 
Our current study also employed the widely used Allred 
score for interpreting sex hormone expression, facilitat-
ing easy understanding and comparability of the results 
among reader. However, the study did encounter certain 
limitations. The major limitation of this index study was 
the missing data and some technical issues, including 
missing or inadequate blocks as well as tissue washout 
from the slides during staining, which may have impacted 
data collection and potentially introducing bias.

Conclusion
This study reveals a significant prevalence of AR over-
expression in high-grade salivary gland tumors (SGTs), 
particularly in the parotid gland, with equal distribution 
among male and female patients. This finding aligns with 
prior research but offers new insights into AR expression 
across tumor grades and sites. While our findings sug-
gest ADT’s potential for AR-positive high-grade SGTs, 
large-scale studies with molecular profiling and clinical 
trials are needed to confirm its therapeutic role and guide 
future management strategies.

Table 5  Logistic regression analysis showing independent factors associated with androgen receptor overexpression
AR Status
Variable cOR 95% CI p-value aOR 95% CI p-value
Site (Major)
  SM/SL Ref
  Parotid 3.0 1.1–8.4 0.033 3.45 1.1–10 0.027
Grade
  Low Ref
  Intermediate 0.6 0.2-2 0.473 1.2 0.2-6 0.809
  High 2.1 0.8-5 0.116 5.1 1.4–19 0.014
SM, Submandibular glands, SL, Sublingual glands
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