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Abstract
Salivary duct carcinoma (SDC) is an aggressive neoplasm that resembles high-grade invasive ductal carcinoma of the breast. 
It can develop de novo or from the malignant transformation of pleomorphic adenoma (PA). We performed immunohisto-
chemical stains for phosphatase and tensin homologue [PTEN androgen receptor (AR)], HER2/neu, cytokeratin 5/6, estrogen 
receptor-beta, high-mobility group AT-hook 2 (HMGA2), and pleomorphic adenoma gene 1 (PLAG1) on tissue microarray 
samples of 75 SDCs and 31 adenocarcinomas, not otherwise specified (NOS). Our data showed the following in SDC samples: 
loss of PTEN was found in 17 of 60 (28.3%); AR was expressed in 43 of 62 (69.4%); HER2/neu was overexpressed in 25 of 
58 (43.1%); cytokeratin 5/6 was expressed in 14 of 54 (25.9%); estrogen receptor-beta was expressed in 37 of 56 (66.1%); 
HMGA2 was expressed in 29 of 63 (46.0%); and PLAG1 was expressed in 0 of 62 (0%). In addition, there was no statistically 
significant difference in the age at onset between patients with HMGA2-positive SDCs (range 32–85 years; mean: 64.3 years; 
median: 64.5 years) and those with HMGA2-negative SDCs (range 41–79 years; mean: 62.5 years; median: 64.5 years). 
There was also no statistically significant difference in overall survival between patients with HMGA2-positive and HMGA2-
negative SDCs (follow-up period range 3–201 months; mean: 49.8 months; median: 30 months). Among 10 patients with 
a definite PA component (SDC ex-PA), 6 were positive and 4 were negative for HMGA2. Our data were consistent with 
previous findings that AR and estrogen receptor-beta are expressed in most SDCs, whereas HER2/neu overexpression and 
loss of PTEN are expressed in a subset of SDCs. In our cohort of patients, HMGA2 was expressed in approximately half of 
SDCs. HMGA2 and PTEN are promising therapeutic targets for salivary gland tumors.
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Introduction

Salivary duct carcinoma (SDC) is an aggressive salivary 
gland neoplasm that resembles high-grade invasive ductal 
carcinoma of the breast. SDCs often occur in elderly patients 
and are frequently associated with soft tissue extension, peri-
neural and lymphovascular invasions, a high rate of local 
recurrence, and distant metastasis. SDCs show a variety of 
growth patterns, including cribriform (Roman-bridge archi-
tecture), papillary, solid, tubular, trabecular, and single cells, 
typically with central necrosis. Apocrine morphology with 

eosinophilic cytoplasm and apical snouts is often seen in 
SDCs. Sarcomatoid, mucin-rich, micropapillary, and onco-
cytic variants have also been described [1–3], but are rare 
and do not seem to be found in “pure” form, intimately 
admixed with conventional areas. The diagnosis of the basal-
like variant of SDC remains challenging, and the difficulties 
of identifying a basal-like phenotype in SDC have been pre-
viously recognized [3, 4]. SDCs often express breast mark-
ers, such as gross cystic disease fluid protein-15 (GCDFP-
15), mammaglobin, and GATA3; however, SDCs show a 
hormone receptor expression pattern different from typical 
invasive duct carcinoma of the breast and are usually nega-
tive for estrogen receptor α and progesterone receptor [2].

Making an accurate diagnosis of SDC remains a chal-
lenge. We have retrospectively reviewed outside referral/
consultation cases that were diagnosed as SDCs in our insti-
tution (these data have not been published yet) and found 
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that many SDCs were diagnosed descriptively as poorly dif-
ferentiated carcinoma or carcinoma with oncocytic features, 
whereas some cases were misdiagnosed as mucoepidermoid 
carcinoma, acinic cell carcinoma, or non-keratinizing squa-
mous cell carcinoma. The presence of intercellular bridge 
and/or focal keratinizing should lead to the correct diagno-
sis of metastatic squamous cell carcinoma. Moreover, meta-
static melanoma, breast, or prostate cancers are also in the 
differential diagnosis of SDCs.

SDCs can develop de novo or from malignant transforma-
tion of pleomorphic adenoma (PA). Recently, high-mobility 
group AT-hook 2 (HMGA2) and pleomorphic adenoma gene 
1 (PLAG1) abnormalities have been identified in PA and 
carcinoma-ex-PA [5]. HMGA2 is a DNA binding protein 
that binds with the minor groove of AT-rich DNA sequences. 
PLAG1 is a zinc finger protein. HMGA2 is an upstream 
regulator of PLAG1. However, few large-scale studies have 
examined the expression of PLAG1 and HMGA2 in salivary 
duct carcinomas [6, 7].

Current therapy for SDCs includes surgery with or with-
out adjuvant radiation. Systemic chemotherapy is mainly 
for palliative care. Most patients die of the disease within 
3 years despite conventional therapy [7, 8]. Therefore, SDCs 
warrant new therapeutic strategies.

The aim of this study was to examine the expression of 
phosphatase and tensin homologue (PTEN), androgen recep-
tor (AR), epidermal growth factor receptor 2 (ERBB2, also 
known as HER2/neu), cytokeratin 5/6 (CK5/6), estrogen 
receptor-beta (ER-beta), HMGA2, and PLAG1 on tissue 
microarray samples of SDCs and adenocarcinomas, not 
otherwise specified (NOS). Our study included a panel of 
both diagnostic markers and biologic markers that may guide 
future targeted therapies.

Materials and Methods

Tissue Microarray and Sample Selection

Patients’ tissue blocks were obtained from archived material 
at The University of Texas MD Anderson Cancer Center. 
Each tissue microarray (TMA) was created by using two 
1.0-mm diameter cores taken from each case and was used 
for immunohistochemical analyses. TMAs included samples 
of 75 SDCs and 31 adenocarcinomas NOS, collected during 
1998–2014; these were major salivary gland malignancies 
and treatment naive.

In brief, SDC showed variable growth patterns with 
comedonecrosis present; along with prominent nucleoli and 
prominent apocrine features. For basaloid SDC (basal-like 
phenotype) comedonecrosis was present, while other mim-
ickers were excluded (high-grade adenoid cystic carcinoma, 
solid or with high-grade transformation). The adenocarcinoma 

NOS constituted a mix of dominant intermediate- and a few 
high-grade tumors, which lacked comedonecrosis, had none/ 
focal apocrine features, and at that time did not fit any sub-
type (“conventional” secretory carcinoma with ETV6/NTRK3, 
cystadenocarcinoma).

Immunohistochemical Analyses

Immunohistochemistry was performed on 4-µm-thick 
unstained slides, using the avidin-biotin-peroxidase complex 
technique, and commercially available antibodies against 
PTEN (Vector; Burlingame, CA, USA; 1:50), AR (Dako, 
Carpinteria, CA,USA; 1:100), Her2/neu and CK5/6 (Ventana 
System, Tucson, AZ, USA; prediluted), ER-beta (Cell Signal-
ing, MA, USA; 1:100), HMGA2 (Novus Bio, USA; 1:50), 
PLAG1 (NovusBio, USA; 1:200), on a Ventana XT instrument 
(Ventana System). Semiquantitative analysis was performed 
for CK5/6, HMGA2, PLAG1 using scores based on the num-
ber of cells that stained positively and the staining intensity: 
0, negative staining (up to 10% of cells stained and visible at 
40×); 1, positive staining (more than 10% of cells stained and 
easily detectable t 10×). PTEN was accounted as complete loss 
of expression (lack of staining) and retained expression (homo-
geneous or heterogeneous staining pattern). Her/2neu scoring 
followed the ASCO/CAP guidelines: negative (score 0, 1 +, 
with < 10%, incomplete/fainth membrane staining), weakly 
positive/ equivocal (score 2 +, with circumferential membrane 
staining that is incomplete or weak in > 10% of cells, or com-
plete strong membranous staining in < 10% of cells), positive 
(score 3 +, with homogeneous dark “chicken-wire” staining 
in10% of carcinoma cells); only cases with score 3 + were con-
sidered. ER-beta was done in a similar fashion to the ER—
alpha (negative < 1%; positive > 1%). Quantification of AR 
staining was performed using the Allred system (Allred total 
score, ranging from 0 to 8: determined by adding an intensity 
score of 0, 1, 2, 3 corresponding to negative, weak, moderate, 
strong staining respectively to a proportion score of 0, 1, 2, 3, 
4, 5 corresponding to negative, < 1%, > 1–10%, > 10–33%, 
> 33–66%, > 66% of tumor cells with positive staining); 6 was 
the cut-off for total score.

Statistical Analysis

A Fisher exact test was used to compare the two groups of 
patients (SDC vs. adenocarcinoma, NOS). A P value of < 0.05 
was considered statistically significant.
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Results

Expression of PTEN, AR, HER2/neu, CK5/6, ER‑beta, 
HMGA2, and PLAG1 in SDCs and Adenocarcinoma, 
NOS

Our data showed that AR was expressed in 43 of 62 of 
SDCs (69.4%) and in 8 of 25 (32.0%) adenocarcinomas, 
NOS (Table 1). The difference was statistically significant 
(P = 0.0018). ER-beta was expressed in 37 of 56 SDCs (66.1%) 
and in 7 of 25 adenocarcinomas, NOS (28.0%). The difference 
was statistically significant (P = 0.0018). Therefore, both AR 
and ER-beta are useful diagnostic markers for SDCs (Fig. 1).

Loss of PTEN was found in 17 of 60 SDCs (28.3%) and 
in 14 of 27 adenocarcinomas, NOS (51.9%) (P = 0.0521). 
HER2/neu was overexpressed in 25 of 58 SDCs (43.1%) 

Table 1  Summary of immunohistochemical results for PTEN, andro-
gen receptor, HER2/neu, cytokeratin 5/6, estrogen receptor-beta, 
HMGA2, and PLAG1 in salivary duct carcinomas and adenocarcino-
mas, NOS

Marker Salivary duct carci-
noma

Adenocarcinoma, 
NOS

P value

Loss of PTEN 17/60 (28.3%) 14/27 (51.9%) 0.0521
AR 43/62 (69.4%) 8/25 (32.0%) 0.0018
HER2/neu 25/58 (43.1%) 6/28 (21.4%) 0.0584
CK5/6 14/54 (25.9%) 5/21 (23.8%) 1.0000
ER-beta 37/56 (66.1%) 7/25 (28.0%) 0.0018
HMGA2 29/63 (46.0%) 11/23 (47.8%) 1.0000
PLAG1 0/62 (0%) 1/24 (4.2%) 0.2791

Fig. 1  SDCs shows a variety of growth patterns. IHC stains show that the majority of salivary duct carcinomas (69.4%) express androgen recep-
tor, 46% express HMGA2, 43.1% express HER2, 28.3% loss of PTEN and 25.9% express CK5/6
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and in 6 of 28 adenocarcinomas, NOS (21.4%) (P = 0.0584). 
Therefore, both PTEN and HER2/neu are biologic markers 
that can guide targeted therapy.

CK5/6 was expressed in 14 of 54 SDCs (25.9%) and 
in 5 of 21 adenocarcinomas, NOS (23.8%) (P = 1.0000). 
HMGA2 was expressed in 29 of 63 SDCs (46.0%) and in 11 
of 23 adenocarcinomas, NOS (47.8%) (P = 1.0000). PLAG1 
was expressed in 0 of 62 SDCs (0%) and in 1 of 24 adeno-
carcinomas, NOS (4.2%) (P = 0.2791).

HMGA2 Expression in SDCs Not Associated 
with Patients’ Age at Onset or Overall Survival

We further studied the expression of HMGA2 in patients with 
SDCs. There was no statistically significant difference in the 
age at onset between patients with HMGA2-positive SDCs 
(range 32–85 years; mean: 64.3 years; median: 64.5 years) 
and those with HMGA2-negative SDCs (range 41–79 years; 
mean: 62.5 years; median: 64.5 years). Furthermore, there 
was no statistically significant difference in overall survival 
between patients with HMGA2-positive and HMGA2-neg-
ative SDCs (follow-up period range 3–201 months; mean: 
49.8 months; median: 30 months). Among 10 patients with 
a definite PA component (SDC ex-PA), 6 were positive and 
4 were negative for HMGA2 (Fig. 2).

Discussion

Consistent with results from previous studies [4, 8–16], 
our results showed that AR was expressed in 69.4% of 
SDCs, ER-beta was expressed in 66.1% of SDCs, whereas 

overexpression of HER2/neu was found in 43.1% of SDCs. 
AR and ER-beta are useful diagnostic markers for SDCs. 
ER-beta is the predominantly ER expressed form in sali-
vary gland tumors [17] and we previously shown that lack 
of ER-beta expression correlated with increased local and 
regional recurrence, indicating that ER-beta down-regulation 
is associated with adverse clinical features in SDCs [16]. 
Androgen deprivation therapy is a potential therapy modal-
ity for AR-positive SDCs [18, 19]. HER2/neu is a useful 
biologic marker for guiding targeted therapy against HER2 
(i.e., trastuzumab and lapatinib) [20–22].

PTEN is a tumor suppressor gene located on chromosome 
10q23 [23]. PTEN suppresses the phosphoinositide 3-kinase 
(PI3K) pathway, which is often activated in SDCs. We found 
loss of PTEN expression in a subset of both SDCs (28.3%) 
and adenocarcinoma, NOS (51.9%). Previously, Ettl et al. 
[24] found homozygous deletion of PTEN in 29% of SDCs 
(7/24) by fluorescent in situ hybridization (FISH), hemizy-
gous deletion in 38% of SDCs (9/24) by FISH, and loss of 
PTEN expression in 42% of SDCs (10/24) by IHC. Griffith 
et al. found loss of PTEN in 50% of SDCs (8/16) by FISH 
[25]. These findings suggest that the PTEN inhibitor is a 
promising therapy modality in SDCs.

PLAG1 gene rearrangement has been found in more 
than half of PAs, and the fusion partners include CTNNB1, 
FGFR1, LIFR, CHCHD7, and TCEA1 [26]. SDC is the 
most commonly identified malignant component in carci-
noma ex-PAs. However, only one case of adenocarcinoma, 
NOS in our series was positive for PLAG1. There are sev-
eral possibilities for this finding: (1) the antibody may not 
have worked as expected; (2) PLAG1 immunohistochemis-
try may not have correlated with PLAG1 rearrangement; or 

Fig. 2  A case of salivary carcinoma ex-pleomorphic adenoma. The PA component expresses both HMGA2 and PLAG1, while the carcinoma-ex 
PA component expresses HMGA2, but not PLAG1
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(3) PLAG1 expression may have been lost after malignant 
transformation of PA. Developing an anti-PLAG1 antibody 
with better performance or using alternative methods, such 
as FISH or molecular testing, is necessary to further study 
the expression of PLAG1 in SDCs.

The second most common gene rearrangement in PAs is 
HMGA2, and the partner genes include NFIB, FHIT, and 
WIF1 [26]. Previously, Mito et al. showed that HMGA2 is 
a specific but not sensitive marker for PA and carcinoma 
ex-PA [5]. Our data showed that HMGA2 was expressed 
in approximately half of SDCs and adenocarcinoma, NOS. 
However, only 6 of 10 SDCs with definite a PA compo-
nent (SDC ex-PA) expressed HMGA2. Therefore, HMGA2 
negativity cannot exclude the possibility of malignant 
transformation of PA. In contrast, HMGA2 expression 
was seen in SDCs with no obvious PA component. This 
may be due to either a sampling issue or because SDCs 
completely replaced the benign component. We speculate 
that many previously considered de novo SDCs may actu-
ally be SDCs ex-PA. Similar concept was postulated by 
Chiosea et al. [7]. The overall prevalence of salivary duct 
carcinoma ex-pleomorphic adenoma in this series was 79% 
(52/66) and was is higher than previously reported by Wil-
liams et al. and Bahrani et al. [3, 6]. Moreover, our data 
showed that expression of HMGA2 was not associated 
with patients’ age at onset or overall survival. Our findings 
did not support HMGA2 immunohistochemistry alone as 
a useful diagnostic marker for differentiating SDCs ex-PA 
from SDC de novo and adenocarcinoma NOS. However, 
HMGA2 may be a potential novel therapeutic target in 
SDCs. For example, microRNA let-7 has been shown to 
suppress HMGA2 in cell culture [27].

Our findings show that immunohistochemical evalua-
tions of SDC and salivary adenocarcinomas, NOS have 
overlapping characteristics with no single marker being 
entirely specific. It is debatable whether some of the 
adenocarcinomas, NOS that expressed androgen receptor 
should be reclassified as salivary duct carcinoma, since 
morphologic features remain the key to diagnosis of sali-
vary gland tumor.

In conclusion, our data support previous findings that 
AR and ER-beta are expressed in most SDCs, whereas 
HER2/neu and PTEN are actionable therapeutic targets 
in SDCs. HMGA2 is expressed in approximately half of 
SDCs, and HMGA2 inhibitor is a potential novel therapeu-
tic modality in salivary gland tumors. In addition, future 
studies may be performed to stratify SDCs based on bio-
markers, such as hormone receptor and HER2 status.
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