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Summary Salivary duct carcinoma (SDC) is a high-grade salivary gland carcinoma that is associated with
frequent metastasis and poor outcome. Androgen receptor (AR) immunoexpression in SDC is reported in
69% to 100% of SDC. Androgen deprivation therapy (ADT) has shown a response rate of 18% to 42%
in SDC. Therefore, AR immunoexpression may serve as a diagnostic and predictive marker for ADT re-
sponse in SDC. We investigated AR immunopositivity and staining pattern in a large retrospective cohort
of 188 SDCs from 163 patients, including 22 paired primary and metastatic SDCs from the same patients,
focusing specifically on staining heterogeneity and concordance. A control cohort of 61 non-SDC salivary
gland carcinomas was also included. AR immunopositivity defined as >1% of tumor cell nuclear staining
was found in 94% (177/188) of SDCs, including 95% of primary tumors, 100% of regional metastases,
and 90% of distant metastases. Most of the cases (75%, 86/114) showed homogeneous and diffuse AR pos-
itivity. However, a subset (25%) exhibited focal or heterogeneous AR staining pattern. Although most me-
tastases (21/22, 95%) had concordant AR expression with the primary tumors, one treatment-naive tumor
(5%) had complete loss of AR immunoexpression in the metastasis without detectable molecular alterations
in AR or AR co-regulators. AR positive staining in non-SDC salivary carcinomas was infrequent (15%, 9/
61), and mostly heterogeneous or focal. AR immunoexpression is highly prevalent in SDC, in both primary
(94%) and metastatic tumors (93%). The cumulative AR immunopositivity rate in SDC is 90% based on
data from the current study and previous literature. A small subset may show intratumoral AR heterogeneity
and discordant AR expression in metastasis. AR immunoexpression may be seen in non-SDC salivary gland
carcinomas but it is uncommon and usually focal.
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1. Introduction

Salivary duct carcinoma (SDC) is a high-grade salivary
gland carcinoma, accounting for approximately 10% of all sal-
ivary gland malignancies [1]. Histologically, SDC typically
demonstrates apocrine cytomorphology with enlarged central
nuclei with prominent nucleoli, abundant eosinophilic cyto-
plasm, and apical snouts [2]. SDC may arise from pre-
existing pleomorphic adenoma (SDC ex-PA) or de novo.
Overall, SDC is associated with an adverse clinical outcome,
due to a high frequency of local, regional, and distant metasta-
sis [1,3].

In 2000, Fan et al was the first to report nuclear androgen
receptor (AR) immunopositivity in SDC [4,5]. Subsequently,
overactive AR signaling was detected as strong and diffuse
AR immunoexpression. AR immunoexpression has been re-
ported in 69 to 100% of SDC [6-9]. Other than SDC, AR
immunoexpression is also reported in prostatic carcinoma, car-
cinoma of skin adnexa, and a subset of breast carcinoma [10-
12]. Androgen-deprivation therapy (ADT) has been consid-
ered as a well-established treatment modality in advanced
prostatic carcinoma for the past seven decades [10], and has
been used in selected cases of AR-positive salivary gland car-
cinoma showing a response rate of 55% [13,14]. In SDC, the
reported overall response rate to ADT, partial or complete, is
18% to 42% [5,13,14].

Given the reported high frequency of AR immunopositivity
and the potential therapeutic application of ADT in SDC, AR
immunohistochemistry (IHC) becomes a widely-used diag-
nostic marker and a possible predictive biomarker for these pa-
tients. However, most of the prior studies focused solely on
primary tumors with AR expression being reported simply as
positive or negative. In the current study, we aimed to investi-
gate intensity and distribution pattern of AR immunoexpres-
sion in a large retrospective cohort of 188 SDCs from 163
patients, including 22 cases with matched primary tumors
and metastases, focusing specially on staining heterogeneity
and concordance.

2. Materials and methods
2.1. Study cohort

After obtaining Institutional Review Board approval, the
pathology database was searched for SDC diagnosed at Me-
morial Sloan-Kettering Cancer Center (MSKCC, New York,
NY, USA) and Sunnybrook Health Sciences Centre (SHSC,
Toronto, ON, Canada) between 2000 and 2018. A total of
188 SDCs from 163 patients were included in the present
study (MSKCC: 173 tumors from 154 patients; SHSC: 15 tu-
mors from 9 patients). Among the 188 SDCs studied, 148
(79%) were primary tumors, 11 were lymph node metastases
(6%), and 29 were distant metastases (15%). Twenty-two pa-
tients in our cohort had paired pathologic specimens from

the primary tumors and metastases, including 21 patients with
distant metastases and 1 with regional lymph node recurrence.
The primary tumors were further subtyped as SDC ex-
pleomorphic adenoma (PA) when there was histologic evi-
dence of a co-existent or prior PA, or SDC de novo.

Moreover, a control group of 61 salivary gland carcinomas
composed of histologic types other than SDC were included in
the study and tested for AR expression. These non-SDC cases
included 17 adenoid cystic carcinomas, 9 myoepithelial carci-
nomas, 7 acinic cell carcinomas, 6 mucoepidermoid carci-
noma, 2 epithelial-myoepithelial carcinomas, 2 secretory
carcinomas, and 17 carcinomas of other histologic types (12
carcinoma not otherwise classified, 2 adenocarcinoma NOS,
1 adenocarcinoma NOS ex pleomorphic adenoma, 1 adenos-
quamous carcinoma ex pleomorphic adenoma, and 1 undiffer-
entiated carcinoma). All cases were reviewed by at least one
head and neck pathologist (BX or NK) to confirm the diagno-
sis. AR THC was performed on representative tumor section in
all cases.

2.2. AR immunohistochemistry (IHC) interpretation

IHC staining for AR was performed with AR m/onoclonal
antibody (clone: SP107, dilution: 1:250, Spring Bioscience
Corporation, Pleasanton, CA, US) and Ventana system (Ven-
tana Medical Systems Inc., Tucson, AZ, US) according to the
manufacturer's recommendations. Based on previous literature
[2,7,15-19], AR was considered positive if >1% of tumor cell
nuclei were immunoreactive. Additionally, the following three
parameters were recorded: (1) the percentage of tumor cell nu-
clei positive for AR; (2) staining intensity: 1+ (weak), 2+
(moderate), and 3+ (strong); and (3) staining pattern, being fo-
cal, heterogeneous/patchy, and homogeneous.

2.3. Statistics

All statistical analyses were performed using the SPSS soft-
ware 24.0 (IBM Corporation, New York, NY, U.S.). The dif-
ferences of AR immunopositivity and its staining details
(percentage of positive tumor cell nuclei, staining intensity,
and staining pattern) was assessed in primary tumors, nodal
metastases, and distant metastases using appropriate statistical
tests, ie, Fisher's exact test for nonparametric variables and
one-way analysis of variance (ANOVA) for continuous vari-
ables. P < .05 was considered to be statistically significant.

3. Results
3.1. AR immunoexpression in SDC

The frequency of AR immunopositivity in the SDC cohort
(188 samples from 163 patients) was 94% (177/188), includ-
ing 140/148 (94%) primary tumors, 11 of 11 (100%) regional
lymph node metastases, and 26 of 29 (90%) distant metastases
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(Table 1). The site of primary tumors was available in 110
cases, including 90 (82%) in the parotid gland, 12 (11%) in
the submandibular gland, 3 (3%) in the lacrimal gland, and 5
(5%) in the minor salivary glands. Among the 118 primary tu-
mors with available H&E slides from the resection specimens,
33 were classified as SDCs ex-PA, and 85 were classified as
SDCs de novo. The rate of AR immunopositivity did not differ
between de novo and CA ex-PA cases, being 94% and 95% re-
spectively. In SDC ex-PA cases, AR staining was identified to
be strong and homogenous in the SDC component but focal
and weak in the PA component.

AR immunostaining details were assessed in 114 cases, 70
(61%) of which showed homogeneous diffuse and strong (3+)
staining in at least 67% of tumor cell nuclei. The mean percent-
age of positive tumor cell nuclei was 74% and the median was
90%. Eighty-seven (76%) cases showed AR immunopositivity
in at least 67% of tumor cell nuclei. The staining intensity was
weak (1+) in 11 (10%), moderate (2+) in 29 (25%), and strong
(3+4) in 74 (65%). Eighty-six SDCs (75%) had homogeneous
AR staining within the tumor, 19 (17%) showed staining het-
erogeneity, whereas the remaining 9 (8%) cases had only focal
AR immunopositivity. One of the tumors with heterogeneous
AR staining showed morphologic heterogeneity with a classi-
cal SDC histology and a sarcomatoid tumor component. Inter-
estingly, AR was strong (3+) and diffuse in the classical SDC
areas, whereas weak (1+) and focal in the sarcomatoid tumor
component (Figure). The rest of the tumors with heteroge-
neous AR staining exhibited a classical SDC morphology.
Overall, when comparing primaries to metastases (regional
and distant), the staining frequency, the percentage of positive
tumor cell nuclei, the staining intensity, and the staining pat-
terns did not differ significantly between the primary and met-
astatic tumors (Table 2, P = .240 for rate of positivity; P =
.135 for percentage of positive tumor cell nuclei; P = .310
for intensity; and P = .178 for staining pattern).

In 22 patients, AR THC was performed in both primary and
recurrent tumors, including 21 distant metastases and 1 re-
gional lymph node recurrence. The AR immunoexpression
in the primary and metastatic tumors are provided in Supple-
mentary Table 1. Although most of the tumors (21/22,

Table 1  Androgen receptor immunoexpression in SDC

AR immunopositivity (n = 190)

All 177/188 (94%)
Primary tumor 140/148 (95%)
Ex-Pleomorphic adenoma 31/33 (94%)
De novo 81/85 (95%)
Regional lymph node metastasis 11/11 (100%)
Distant metastasis 26/29 (90%)
Percentage of AR positivity in positive cases (n = 114)
1%-10% of tumor cell nuclei 10 (9%)
11%-33% of tumor cell nuclei 10 (9%)
34%-66% of tumor cell nuclei 7 (6%)
67%-100% of tumor cell nuclei 87 (76%)

NOTE. Values are expressed as number of cases (column %).

95%) showed concordant AR THC results, there was one dis-
cordant case (patient #22) where the AR expression was lost
completely in the distant metastasis. The primary tumor was
a 3.0 cm SDC de novo of submandibular gland that showed
strong (3+) and heterogeneous AR immunopositivity in 40%
of tumor cell nuclei, whereas the 1.2-cm lung metastasis (that
was treatment naive and resected at the same time) was nega-
tive for TTF1 and completely negative for AR. The data of the
subsequent targeted exome next generation sequencing using
MSK-IMPACT platform [20] was available on the lung me-
tastasis and showed 7P53 ¢.267delC frameshift mutation and
ERBB?2 amplification without genetic alteration affecting AR
or AR coregulators, eg, FOXAI, GATA2, SPOP, and NCORI.

3.2. AR in non-SDC salivary gland carcinoma group

Among the 61 salivary gland carcinomas of non-SDC type
tested, AR immunoreactivity was detected in 9 (16%, Table 3).
The histopathologic diagnoses for these 9 cases were: 2 of 17
adenoid cystic carcinoma; 2 of 10 myoepithelial carcinoma, 2
of 2 secretory carcinoma, 1 of 6 mucoepidermoid carcinoma, 1
of 2 epithelial-myoepithelial carcinoma, and 1 adenocarci-
noma NOS. The AR positive mucoepidermoid carcinoma
was intermediate grade. In one case of high-grade secretory
carcinoma (ETV6-NTRK3 fusion positive), the AR staining
was homogeneous and moderate to strong (2-3+) in 95% of tu-
mor cell nuclei, whereas the remaining positive cases exhib-
ited either focal (1 case) or heterogeneous (5 cases) staining.
The details of AR immunostaining were not available in the
other two positive cases because the immunostained slides
were not obtainable for re-review.

3.3. Sensitivity and specificity

In our cohort, the overall sensitivity and specificity of AR
in diagnosing SDC using a definition of >1% as positive
threshold were 94% and 85% respectively. If using a diffuse
>50% staining as a cutoff for AR positivity, the sensitivity
and specificity were 74% and 97%, respectively.

4. Discussion

In this study, we found a high frequency of AR immunopo-
sitivity in SDC, being 93%. A literature review on AR immu-
noexpression in SDC was also conducted, and the findings are
summarized in Table 4. In brief, AR immunopositivity has
been reported in 90% of SDCs, ranging from 69% to 100%.
Variable criteria were utilized to define positive AR expression
in these studies ranging from any nuclear staining to diffuse
nuclear staining. However, the published frequency of AR
immunopositivity in SDC was not drastically affected by such
variability, since the majority of SDCs show diffuse and strong
AR staining. Several studies, including ours, have used a cut-
off of any positivity to >1% positive tumor cell nuclei, and
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Figure

AR expression in salivary duct carcinoma (SDC). (A/B) a SDC ex-PA shows homogeneous strong (3+) AR immunoexpression in

100% of tumor cell nuclei. (C/D) a SDC with sarcomatoid component shows heterogeneous AR expression. AR immunoreactivity is strong
and diffuse in the conventional SDC component (black arrows), while is weak and patchy (staining about 40% of tumor cell nuclei) in the sarco-
matoid component (S) (E-G) A SDC with discordant AR immunoexpression: AR is heterogeneously positivity in the primary tumor (E) The dis-
tant metastasis to lung has typical histologic appearance of SDC with comedo-type necrosis and apocrine cytologic features (F) but is completely
negative for AR (G). Scale bar: 600 ym in A and B; 300 um in C, D, and E; 200 ym in F and G.

have reported a frequency of AR positivity of 92% (ranging
from 75% to 100%) [2,7,15-19]. On the other hand, some
other studies did require strong and/or diffuse nuclear staining
to consider AR positive, and reported a AR positivity rate of
88% (ranging from 69% to 100%) [3,5,6,9,23]. In concor-
dance with these previous studies [2,3,5-7,9,15-19,23], our
study cohort had a high prevalence of AR immunopositivity
in SDC with most of the cases showing diffuse and strong

staining. However, a subset of cases, being 25% in our study,
may show focal and/or heterogeneous AR staining, and this
should be interpreted in the context of the morphology and
should not by itself exclude the diagnosis of SDC if it is other-
wise typical.

In contrast to SDC, AR immunoexpression in other types
of salivary carcinoma seems relatively infrequent, being de-
tected in 15% of our control cohort, which is consistent with

Table 2 AR immunoexpression in AR-positive primary and metastatic SDC

Percentage of positive TC Staining intensity Staining pattern

Mean = SEM Median (range) 1+ 2+ 3+ Focal Heter. Homog.
All cases (n = 114) 74% + 3% 90% (1%-100%) 11 (10%) 29 25%) 74 (65%) 9 (8%) 19 (17%) 86 (75%)
Primary tumor (n = 85) 70% + 3% 80% (1%-100%) 10 (12%) 23 21%) 52 (61%) 6 (7.1%) 18 21%) 61 (72%)
Lymph node metastasis (n = 8) 82% + 10%  92% (20%-100%) 0 (0%) 3 (37.5%) 5 (62.5%) 0 (0%) 1(12.5%) 7 (87.5%)
Distant metastasis (n = 21) 85% = 7% 100% (1%-100%) 1 (5%) 3 (14%) 17 (81%) 3 (14%) 0 (0%) 18 (86%)

Abbreviations: TC, tumor cell nuclei; heter., heterogeneous; homog., homogeneous, SEM, standard error of mean.
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Table 3 AR expression in other types of salivary gland carcinoma
AR positivity AR staining patterns in positive cases
All 9/61 (15%)
Adenoid cystic carcinoma 2/17 Both cases: 20%, heterogeneous
Myoepithelial carcinoma 2/10 Case 1: 40%, 2+, heterogeneous; Case 2: 40%, 1+, heterogeneous
Acinic cell carcinoma 0/7
Mucoepidermoid carcinoma 1/6 50%, 1 + —2+, heterogeneous
Epithelial-myoepithelial carcinoma 172 NA
Secretory carcinoma 212 Case 1: 95%, 2 + —3+, homogeneous; Case 2: Focal
Others 1/17 NA

what has been previously reported [13,21,24,25]. Moreover,
similarly to prior studies, we found that AR-
immunopositivity in non-SDC carcinomas is typically
focal or heterogeneous [13,21,24,25]. The only exception
in our control cohort was a secretory carcinoma with high
grade transformation which showed a homogeneous moderate
to strong nuclear AR staining in 95% of tumor cell nuclei.
Given the high frequency of diffuse and strong AR immuno-
positivity in SDC and the low rate of AR immunopositivity
in other carcinoma types (where AR is often focal or heteroge-
neous when it is positive), AR ITHC can be a helpful diagnostic
marker in classifying salivary gland carcinoma in combination
with other available ancillary testing techniques, including
molecular testing for characteristic fusions in salivary gland
tumors.

One potential weakness of our study is that all cases in-
cluded were surgical cases, being either resections or biopsies.
Therefore, we cannot address the utility of AR THC in fine

needle aspiration cytology samples to differentiate SDC from
other salivary gland tumors.

At the molecular level, AR splice variants (including the
ligand-binding independent form AR-V7), mutations, and
copy number gain, as well as alteration of AR-coregulators
(eg FASN, FOXAI, and NCORI) have been reported in ADT
treatment-naive SDC [22,23]. AR-knockdown in vitro results
in growth inhibition in SDC-cell line [23], suggesting a role
of AR in tumorigenesis and tumor progression of SDC. In ad-
dition, several recent studies, including a prospective phase II
trial, have shown that ADT may be used in AR-positive sali-
vary gland carcinomas, including SDC, with a response rate
of 18 to 55% [5,13,14]. Therefore, AR IHC may be utilized
as a predictive biomarker to select patients with salivary gland
carcinoma for ADT in the appropriate clinical setting.

All previous studies (summarized in Table 4) have focused
solely on AR expression in primary SDC except for one study
by Jalaly et al However, that study included only 5 distant

Table 4 Literature review: AR immunoexpression in salivary duct carcinoma

References Threshold for AR positivity AR overall
[4,26,27] NA 12/13 (92%)
[28] NA 20/28 (71%)
[21] NA 6/6 (100%)
[29] NA 3/4 (75%)
[30] NA 11/15 (73%)
[8] NA 7/7 (100%)
[22] NA 12/16 (75%)
[31] NA 124/133 (93%)
[23] Strong and homogeneous nuclear, and/or cytoplasmic staining in >70% tumor cells 27/35 (77%)
9] Diffuse nuclear staining 16/16 (100%)
[3] Diffuse nuclear staining 161/168 (96%)
[5] Diffuse nuclear staining 70/78 (90%)
[6] Allred score >6 43/62 (69%)
[20] Any nuclear staining 54/61 (89%)
[19] >0% tumor cells (IRS score >2) 56/67 (84%)
[18] >1% tumor cells (Allred score >2) 36/42 (86%)
[7] >1% tumor cells (Allred score >3) 30/30 (100%)
[17] >1% tumor cells 24/32 (75%)
2] >1% tumor cells (Allred score >3) 179/183 (98%)
[16] >1% tumor cells (Allred score >3) 21/23 (91%)

Current study >1% tumor cells

All

177/188 (94%)
1089/1207 (90%)

Abbreviation: IRS, immunoreactive score of Remmele and Stegner.
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metastases in a small cohort of 23 SDCs and did not report the
frequency of AR positivity in distant metastases alone [15].
The current study cohort is the largest to explore AR expres-
sion in primary, recurrent and metastatic SDC. In our labora-
tory, the rate of AR expression appears similar in primary
and metastatic sites, being 95% in primary tumors, 100% in
lymph node metastases, and 90% in distant metastases. Given
the high frequency of AR immunopositivity in metastatic set-
ting, AR THC can be used clinically to establish the diagnosis
of SDC in metastasis, especially in small material in which the
classical histologic features of SDC may not be appreciated. In
addition, we were the first to investigate in a detailed fashion
AR concordance in primary and metastatic SDC. Twenty-
one of the 22 SDCs (95%) with both primary and metastasis
tested displayed concordant AR immunopositivity, whereas
one treatment naive case (5%) showed discordant results, be-
ing heterogeneously positive in the primary tumor and
completely negative in the lung metastasis. As the primary
SDC showed heterogeneous AR staining in this case, it is pos-
tulated that the metastatic tumor originated from the AR-
negative subclone. However, the exact mechanism of lost
AR immunoexpression in the distant metastasis remains to
be investigated.

5. Conclusions

AR immunoexpression in SDC is frequent, being detected
in more than 90% of cases. The staining pattern of AR in
SDC is typically diffuse, homogeneous, and strong. However,
a subset (25%) may show focal or heterogeneous staining, and
this should not exclude the diagnosis of SDC. Metastatic SDC
usually retains AR expression; although, on occasion, AR
immunoexpression can be completely lost in the metastasis. In
non-SDC salivary gland carcinoma, AR immunoexpression is
infrequent and the staining are typically focal or homogeneous.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.humpath.2019.08.007.
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