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overexpression with absent, weak, or moderate AR expres-
sion; eight high grade carcinomas had isolated strong AR 
expression with 0–1+ HER-2 staining. Of 15 tested cases, 
six demonstrated HER-2 amplification by FISH, all of 
which had 3+ immunoreactivity. Neither benign nor malig-
nant SGTs had strong expression of ER or PR. None of the 
benign SGTs overexpressed AR or HER-2. Coexpression of 
AR and HER-2 should not define SDC, but immunostain-
ing should be considered in high grade salivary carcino-
mas, as some show overexpression and may benefit from 
targeted therapy.

Keywords Salivary gland tumors · Salivary duct 
carcinoma · Hormone receptors · Estrogen · Progesterone · 
Androgen · HER-2 · FISH

Abstract With the advent of targeted therapies, expres-
sion of sex hormone receptors and HER-2 in salivary gland 
tumors (SGTs) is of clinical interest. Previous reports of 
estrogen (ER) and progesterone (PR) receptor expression 
have varied. Androgen receptor (AR) and HER-2 over-
expression are frequently reported in salivary duct carci-
noma (SDC), but have not been studied systematically in 
other SGTs. This study examines ER, PR, AR, and HER-2 
expression in SGTs. Immunohistochemistry for ER, PR, 
AR, and HER-2 was performed on 254 SGTs (134 malig-
nant). ER, PR, and AR expression was scored using All-
red system. HER-2 expression was scored using Dako 
HercepTest guidelines. FISH for HER-2 amplification was 
performed on select cases with HER-2 overexpression 
(2–3+). No SGT demonstrated strong expression of ER 
or PR. Combined strong AR and HER-2 expression was 
seen in 22 carcinomas: 14/25 SDC, 3/16 poorly differenti-
ated, two oncocytic, and one each carcinoma ex pleomor-
phic adenoma, squamous cell, and intraductal carcinoma. 
Eighteen additional high grade carcinomas had HER-2 
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Introduction

Most salivary gland tumors are benign, however, sali-
vary gland carcinomas account for up to 11% of all head 
and neck cancers. Clinical interest in the expression of 
sex hormone receptors and human epidermal growth fac-
tor receptor 2 (HER-2) in salivary gland tumors (SGTs) has 
been growing due to potential for treatment with hormone 
antagonists and targeted HER-2 therapy, particularly in 
aggressive salivary duct carcinomas (SDC) [1–8]. Stand-
ard therapy for SDC is surgical resection with or without 
adjuvant radiotherapy. Still, approximately 60% of patients 
die within 3 years of diagnosis, typically of distant wide-
spread metastases. Reports of estrogen (ER) and proges-
terone (PR) receptor expression by immunohistochemistry 
(IHC) have varied greatly in SGTs, likely due to variabil-
ity in antibody clones, fixation processes, scoring systems, 
and observers [9–13]. Androgen receptor (AR) and HER-2 
overexpression is frequently reported in SDC, but has not 
been well-studied in other SGTs [3, 4, 6, 7, 11, 12, 14–22]. 
This study examines ER, PR, AR, and HER-2 expression in 
254 benign and malignant SGTs.

Materials and Methods

Tumor Collection

With institutional review board (IRB) approval, salivary 
gland tumor resections (1991–2017) were identified and 
retrieved from diagnostic surgical pathology archives. 
A total of 254 SGTs were included (120 benign and 134 
malignant, including nine intermediate grade and 85 high 
grade/dedifferentiated): 91 pleomorphic adenomas (PA), 23 
Warthin tumors, two basal cell adenomas, two “monomor-
phic adenomas,” two oncocytomas, 25 salivary duct carci-
nomas (SDC), 26 adenoid cystic carcinomas (AdCC), 16 
acinic cell carcinomas (AcCC), 16 mucoepidermoid carci-
nomas (MEC), 16 poorly differentiated carcinomas not oth-
erwise specified (NOS), ten carcinomas ex PA (CAexPA), 
six polymorphous adenocarcinomas (PAC), eight primary 
salivary squamous cell carcinomas (SCC, in patients with-
out known skin or aerodigestive primaries), five mammary 
analogue secretory carcinomas (MASC), four oncocytic 
carcinomas (OnCA), one intraductal carcinoma, and one 
myoepithelial carcinoma.

Tissue Microarray (TMA) Construction

For 189 cases, TMA blocks were constructed by remov-
ing duplicate cores from formalin-fixed paraffin-embedded 
“donor” diagnostic blocks and re-embedding them into 
“recipient” TMA blocks according to TMA maps, using 

a Beecher Instruments Manual Tissue Arrayer (Beecher 
Instruments, Sun Prairie, WI). Both 1 and 2 mm core sizes 
were used for the TMA construction in this study. Unstained 
sections for IHC and FISH were taken after TMA construc-
tion was complete and H&E slides were provided to the 
pathologist for quality review. For the remaining 65 cases, 
stains were performed on whole tissue sections.

Immunohistochemistry (IHC)

Staining for ER (NCL-L-ER-6F11, mouse IgG1, clone 
6F11, 1:60, Novocastra, Buffalo Grove, IL 60089), PR 
(mouse IgG1, clone16, 1:300, Novocastra, Buffalo Grove, 
IL 60089), and AR (M3562, mouse IgG, clone AR441, 
1:500, DAKO, Denmark) was performed on the Leica 
Bond RX automatic stainer. Epitope retrieval solution I 
(Leica Biosystems, AR9961) was used for a 20-min treat-
ment. Anti-ER, PR, and AR antibody was applied on tis-
sue sections with 1-h incubation. The antigen–antibody 
binding was detected with Bond polymer refine detection 
(Leica Biosystems, DS9800). Expression of ER, PR, and 
AR was scored by consensus by two pathologists (NTC 
and NAC) using the Allred system for immunohistochem-
ical analysis (Table  1) [23]. Tumors were considered to 
have absent expression if the total score was 0–1, weak 
expression if the total score was 2–3, moderate expres-
sion if the total score was 4–6, and strong expression if 
the total score was 7–8.

Staining for HER-2 was performed according to the 
HercepTest (Carpinteria, California) kit protocol. Tis-
sue sections were deparaffinized and rehydrated through 
xylenes and serial dilutions of alcohol to deionized water. 
Tissue sections were incubated in heated antigen retrieval 
buffer for water bath treatment for 40  min at 95–99 °C. 
Peroxidase blocking solution was applied on tissue sec-
tions for 5  min. Ready-to-use antibody or negative con-
trol reagent was applied on tissue sections for 30  min 
incubation at room temperature. HRP-labeled polymer 

Table 1  Allred scoring system for hormone receptor expression

Proportion score 
(%)

Intensity score Total score

0 0 0 Negative 0
1

Negative
1 1

1 Weak 2
3

Weak2 10

3 33 2 Moderate 4
5
6

Moderate
4 66

5 100 3 Strong 7
8

Strong
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was applied on the tissue sections for 30 min incubation. 
Tissue sections were treated with chromogen substrate 
for 10  min, and then Gill III hematoxylin was used for 
counterstaining. Expression of HER-2 was scored by con-
sensus by two pathologists (NTC and NAC) using guide-
lines established by Dako (Carpinteria, California) for the 
HercepTest as follows:

• 0 Negative: No staining or membranous staining in 
<10% of tumor cells.

• 1 Negative: Faint, incomplete membranous staining in 
>10% of tumor cells.

• 2+ Weakly positive (equivocal): Weak to moderate 
complete membranous staining in >10% of tumor cells.

• 3+ Strongly positive: Strong, complete membranous 
staining in >10% of tumor cells.

Fluorescence in Situ Hybridization (FISH)

FISH was attempted on 16 carcinomas with 2+ or 
3+ HER-2 IHC expression. Slides were deparaffinized 
with Citrisolve and 100% alcohol. Pepsin Protease solu-
tion was used for proteolytic pre-treatment of slides. The 
slides were fixed and then denatured. Spectrum Orange 
labeled HER2 probes were used together with Spectrum 
Green labeled centromere 17 reference probes (PathVysion; 
Vysis-Abbott, USA). After overnight hybridization at 37 °C 
in a humid chamber, slides were washed and counterstained 
with 2.5  mg/mL DAPI. The average copy number and 
ratio of HER-2 to chromosome 17 were estimated in each 
tumor based on analysis of 20 representative tumor cells. A 
tumor was considered amplified if the HER-2/CEP17 ratio 
was ≥2.0 with ≥4 HER-2 signals per cell or if the HER-2/
CEP17 ratio was <2.0 with >6 HER-2 signals per cell.

Results

ER Immunohistochemistry (Table 2)

Tissue for ER interrogation was present in all 120 benign 
and 134 malignant SGTs. The majority of benign (n = 80, 
67%) and malignant (n = 108, 81%) SGTs were negative 
for ER. Weak expression was seen in 24 (20%) benign and 
15 (11%) malignant SGTs: 17 (19%) PA, 7 (30%) Warthin 
tumor, 3 (12%) SDC, 3 (12%) AdCC, 1 (6%) AcCC, 2 
(13%) MEC, 2 (20%) CAexPA, 1 (17%) PAC, 1 (13%) 
SqCC, 1 (20%) MASC, and 1 (25%) oncocytic carcinoma. 
Moderate expression was seen in 16 (13%) benign and 
11 (8%) malignant SGTs: 11 (12%) PA, 3 (13%) Warthin 
tumor, 2 (100%) basal cell adenoma, 2 (8%) AdCC, 2 (13%) 
NOS, 1 (10%) CAexPA, 3 (50%) PAC, 1 (13%) SqCC, 1 

(20%) MASC, and 1 (25%) oncocytic carcinoma. Strong 
expression of ER was not seen in any benign or malignant 
SGT. Of the 85 high grade/dedifferentiated carcinomas, 15 
(18%) were positive for ER, nine weak and six moderate.

PR Immunohistochemistry (Table 2)

Tissue for PR interrogation was present in all 120 benign 
and 134 malignant SGTs. The majority of benign (n = 115, 
96%) and malignant (n = 125, 93%) SGTs were negative for 
PR. Weak expression was seen in 3 (3%) benign and 5 (4%) 
malignant SGTs: 3 (3%) PA, 1 (4%) SDC, 1 (4%) AdCC, 1 
(6%) MEC, 1 (10%) CAexPA, and 1 (16%) PAC. Moderate 
expression was seen in 2 (2%) benign and 4 (3%) malignant 
SGTs: 2 (2%) PA, 2 (8%) AdCC, 1 (10%) CAexPA, and 1 
(16%) PAC. Strong expression of PR was not seen in any 
benign or malignant SGT. Of the 85 high grade/dedifferen-
tiated carcinomas, 3 (4%) were positive for PR, two weak 
and one moderate.

AR Immunohistochemistry (Table 2)

Tissue for AR interrogation was present in 118 benign and 
132 malignant SGTs (one PA, one monomorphic adenoma, 
and two AdCC were missing from the AR TMA slides). 
The majority of benign (n = 105, 89%) and malignant 
(80, 61%) SGTs were negative for AR. Weak expression 
was seen in 11 (9%) benign and 9 (7%) malignant SGTs: 
10 (11%) PA, 1 (4%) Warthin tumor, 2 (8%) SDC, 2 (8%) 
AdCC, 1 (6%) AcCC, 1 (6%) NOS, 2 (20%) CAexPA, 
and 1 (17%) PAC. Moderate expression was seen in 2 
(2%) benign and 13 (10%) malignant SGTs: 2 (2%) PA, 3 
(12%) SDC, 1 (4%) AdCC, 1 (6%) AcCC, 2 (13%) NOS, 
3 (30%) CAexPA, 1 (17%) PAC, and 1 (20%) MASC. 
Strong expression was seen in no benign and 30 (23%) 
malignant SGTS: 20 (80%) SDC, 1 (6%) AcCC, 3 (19%) 
NOS, 2 (20%) CAexPA, 1 (13%) SqCC, 2 (50%) OnCA, 
and 1 (100%) intraductal carcinoma (Fig. 1). Of the 85 high 
grade/dedifferentiated carcinomas, 42 (49%) were positive 
for AR, five weak, nine moderate, and 28 strong.

HER-2 Immunohistochemistry and FISH

Tissue for HER-2 interrogation was present in 119 benign 
and 133 malignant SGTs (one PA and one AdCC were 
missing from the HER-2 TMA slides) (Table  2). Over-
expression (2–3+ staining) was not seen in any benign 
SGT, but was seen in 40 (30%) malignant SGTs, 18 with 
2+ expression and 22 with 3+ expression: 19 (76%) SDC, 
1 (4%) AdCC, 4 (25%) AcCC, 2 (13%) MEC, 5 (31%) 
NOS, 2 (20%) CAexPA, 3 (38%) SCC, 3 (75%) OnCA, 
and 1 (100%) intraductal carcinoma. Of the 85 high grade/
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dedifferentiated carcinomas, 38 (45%) showed HER-2 
overexpression.

HER-2 FISH was attempted on 16 cases with 2+ or 
3+ HER-2 IHC expression (Table 3). All cases were high 
grade carcinomas. FISH was unsuccessful on one case of 
SDC (case 1) that showed 2+ HER-2 IHC expression as it 
did not hybridize well on the TMA section, and additional 
tissue blocks were unable to be located. In 15 successful 
cases, six were amplified. None of the cases with 2+ expres-
sion were amplified; all of the cases with 3+ expression 
were amplified. The amplified cases included one each of 
SDC, NOS, dedifferentiated AdCC, CAexPA, OnCA, and 
SCC (Fig. 1).

Discussion

Expression of hormone receptors (ER, PR, and AR) or 
amplification of HER-2 in salivary gland tumors may have 
important ramifications for targeted therapy, and patholo-
gists may receive requests to perform these markers in 
clinical practice. To date, a comprehensive study of all four 
markers in benign and malignant salivary gland tumors 
has not been undertaken, and the value of performing all 
four markers remains unknown. Additionally, co-expres-
sion of AR and HER-2 has been classically attributed to 
SDC. However, the expression pattern in other high grade 
salivary carcinomas has not been studied. Until now, the 
largest study evaluating ER, PR, and AR demonstrated 
no expression of ER and PR in 91% of SGTs and expres-
sion of AR in 54% of malignant SGTs but no benign SGTs 
[11]. Our dataset included 254 SGTs scored for ER, PR, 
AR, and HER-2: 120 benign and 134 malignant, of which 
85 were high grade or “dedifferentiated.” ER, PR, and AR 
were scored using the Allred scoring system for hormone 
receptors, which takes into account the proportion of cells 
staining and the intensity of staining in order to determine 
the likelihood of response to hormone therapy (Table 1). In 
breast cancer, a total score of 0–1 (negative) predicted no 
effect, a score of 2–3 (weak) predicted small (20%) chance 
of benefit, a score of 4–6 (moderate) predicted a moder-
ate (50%) chance of benefit, and a score of 7–8 (strong) 
predicted a good (75%) chance of benefit. We also scored 
HER-2 IHC and FISH with the same standards utilized in 
breast carcinoma.

ER & PR

Of 120 benign and 134 malignant SGTs in this study, the 
majority was negative for ER and PR (67% benign and 81% 
malignant were negative for ER; 96 and 93% were nega-
tive for PR). Very few malignant SGTs showed potentially 
clinically relevant expression. Eleven carcinomas showed ER
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Fig. 1  Representative images of salivary gland carcinomas with vari-
able patterns of androgen receptor and HER-2 expression (all 600×). 
Salivary duct carcinoma (Case 6) (a) with strong AR expression (b), 
HER-2 IHC 3+ (c), and positive amplification with ratio 13.5 (inset). 
Carcinoma NOS (Case 10) (d) with strong AR expression (e), HER-2 
IHC 3+ (f), and positive amplification with ratio 6.9 (inset). Dedif-

ferentiated AdCC (Case 13) (g) with negative AR (h), HER-2 IHC 
3+ (i), and positive amplification with ratio 11 (inset). Salivary duct 
carcinoma (Case 1) (j) with strong AR expression (k), HER-2 IHC 
2+ (l), and unsuccessful FISH. High grade AcCC (Case 10) (m) with 
negative AR (n), HER-2 IHC 2+ (o), and negative amplification
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moderate expression of ER, of which six were high grade: 
two AdCC (none high grade), two high grade NOS, one 
high grade CAexPA, three PAC (none high grade), one 
high grade SqCC, one high grade MASC, one high grade 
OnCA); two of these also showed moderate expression 
of PR. The response to treatment in SGTs with moderate 
expression has not been studied akin to breast carcinomas, 
however, the number of cases with any expression is very 
low.

Other authors have evaluated ER and PR expression in 
SGTs, predominantly in adenoid cystic carcinoma [9–13, 
16]. Between 0 and 17% of AdCC showed ER expression, 

none strong (Table  4). All cases of MEC in one study 
were negative for ER [12], however, one MEC and one 
acinic cell carcinoma showed weak positivity in another 
study [11]. Between 7 and 50% of AdCC showed PR 
expression, only occasionally strong (Table  4). In these 
reported cases, the presence of PR in the absence of ER 
expression is unusual. In a large study of almost 6000 
invasive breast cancers, none were ER-negative, PR-pos-
itive [24]. Our results are congruent with this profile, as 
all but one of the PR-positive cases were ER-positive (the 
exception was a high grade myoepithelial carcinoma ex 

Table 3  Summary of HER-2 
FISH results in select IHC-
positive cases

Case Diagnosis IHC HER-2/CEP17 ratio by FISH Interpretation

1 Salivary duct carcinoma 2+ Unsuccessful; see results
2 Salivary duct carcinoma 2+ 1.0 Not amplified
3 Salivary duct carcinoma 2+ 1.0 Not amplified
4 Salivary duct carcinoma 2+ 1.1 Not amplified
5 Salivary duct carcinoma 2+ 1.1 Not amplified
6 Salivary duct carcinoma 3+ 13.5 Amplified
7 Poorly differentiated carcinoma, NOS 2+ 0.6 Not amplified
8 Poorly differentiated carcinoma, NOS 2+ 0.3 Not amplified
9 Poorly differentiated carcinoma, NOS 2+ 1.07 Not amplified
10 Poorly differentiated carcinoma, NOS 3+ 6.9 Amplified
11 Acinic cell carcinoma, high grade 2+ 0.6 Not amplified
12 Acinic cell carcinoma, high grade 2+ 0.7 Not amplified
13 Adenoid cystic carcinoma, dedifferentiated 3+ 11.0 Amplified
14 Carcinoma ex PA, high grade 3+ 5.0 Amplified
15 Oncocytic carcinoma, high grade 3+ 2.6 Amplified
16 Squamous cell carcinoma 3+ 7.2 Amplified

Table 4  Literature review of hormone receptor expression in salivary gland carcinomas

ER estrogen receptor, PR progesterone receptor, AR androgen receptor, AdCC adenoid cystic carcinoma, MEC mucoepidermoid carcinoma, SDC 
salivary duct carcinoma, W weak, M moderate, S strong, AcCC acinic cell carcinoma, CAexPA carcinoma ex pleomorphic adenoma
a 1/10 AcCC, 1/10 MEC
b 4/14 CAexPA, 1/10 MEC
c Strong in 9/14 CAexPA, 1/10 MEC, 1/10 AcCC, 2/10 AdCC, 5/6 SDC, 1/2 Basal cell adenocarcinoma

Authors Tumors evalu-
ated

Scoring System ER PR AR

Positive cases Score Positive Cases Score Positive Cases Score

Barrera et al. [9] 47 AdCC 0, +1, +2, +3 8 (17%) +1–2 4 (9%) +1 n/a n/a
Dori et al. [10] 27 AdCC 1, 2, 3, 4 0 n/a 2 (7%) 2–4 n/a n/a
Shick et al. [13] 12 AdCC 0, W, S 0 n/a 6 (50%) 5 W, 1 S n/a n/a
Pires et al. [12] 72 AdCC

136 MEC
n/a 0 n/a n/a n/a n/a n/a

Nasser et al. [11] 52 carcinomas 0, W, M, S 2 (4%) Wa 5 (10%) W-Mb 28 (54%)c 4 W, 5 M, 19 S
DiPalma et al. 

[16]
35 SDC Allred 0 n/a 0 n/a 36 (86%) 1 W, 10 M, 25 S

Butler et al. [14] 45 SDC
59 MEC

0, 1+, 2+, 3+, 
4+

n/a n/a n/a n/a 33 (73%) SDC, 0 
MEC

8 1+, 3 2+, 6 3+, 
16 4+
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pleomorphic adenoma in which up to 5% of cells showed 
strong nuclear PR expression).

It is difficult to directly compare these studies to the cur-
rent study, as each use a different scoring system and differ-
ent antibody clones. Though reported rates of ER and PR 
expression in salivary gland tumors are somewhat variable, 
the data suggest that only a minority of tumors express ER 
or PR in a predominantly weak to moderate pattern. The 
clinical significance of weak to moderate ER/PR expression 
in salivary gland tumors has not been studied. However, 
in breast carcinoma, some authors have found significant 
improvement in disease-free survival with endocrine ther-
apy in cases with more than 0% IHC staining [25]. Targeted 
ER/PR therapy is currently not being used in the treatment 
of salivary gland carcinomas, likely due to the rarity of 
overexpression and the expected paucity of benefit.

AR

Of 118 benign and 132 malignant SGTs in this study, 89 
and 61%, respectively, were negative for AR. Forty-three 
carcinomas showed moderate to strong expression of AR 
(including 23 SDCs), of which 37 were high grade. Of the 
30 strong AR expressers, all but two were high grade (the 
exceptions were one intermediate grade oncocytic car-
cinoma and one low grade intraductal carcinoma without 
invasion). Salivary duct carcinoma is frequently associated 
with AR expression, with some series reporting 70–90% 
positivity rates (Table 4). We showed 100% positivity for 
AR in SDC (the majority being strong), as well as mod-
erate to strong positivity in other carcinomas that did not 
exhibit salivary duct morphology. AR expression in other 
salivary gland tumors has been occasionally studied, with 
carcinoma ex pleomorphic adenoma being the second most 
frequent expresser [6, 11, 14, 16, 22, 26]. Focal AR expres-
sion has also been shown in up to 2% of benign pleomor-
phic adenomas [26].

The first report of androgen deprivation therapy in an 
SGT was in 1994 by van der Hulst et al. in the treatment of 
an adenocarcinoma NOS of the parotid with resultant par-
tial remission [27]. In 2003, Locati et al. described a case 
of a 73-year-old man with an AR positive adenocarcinoma 
NOS of the parotid with complete clinical remission status 
post androgen deprivation therapy and then proceeded to 
find an overall 64.5% response rate in a series of 17 patients 
with AR positive adenocarcinoma NOS or SDC [28, 29]. 
Jaspers et  al. treated ten patients with AR positive SDC 
with bicalutamide, some of whom had local recurrence and/
or distant metastases, finding a response rate of 20% and a 
median progression-free survival of 12 months [30]. These 
findings suggest that androgen deprivation therapy could 
be used not only in adenocarcinoma NOS and SDC, but 
other salivary gland carcinomas expressing AR. Currently 

available androgen deprivation therapy includes luteinizing 
hormone-releasing hormone (LHRH) agonists (leuprolide, 
goserelin, triptorelin, histrelin), LHRH antagonists (degare-
lix), CYP17 inhibitors (abiraterone), and anti-androgens 
(flutamide, bicalutamide, and nilutamide). In fact, Euro-
pean clinical trials of androgen deprivation in salivary car-
cinomas are underway (NCT01969578, NCT02867852).

HER-2

Of 119 benign and 133 malignant SGTs in this study, 100 
and 70%, respectively, were negative for HER-2. Forty car-
cinomas overexpressed HER-2 (including 19 SDCs), of 
which 38 were high grade (the exceptions were the same 
two carcinomas that had strong AR expression: one inter-
mediate grade oncocytic carcinoma and one low grade 
intraductal carcinoma without invasion). FISH for HER-2 
was successful in 15 of 16 cases, six of which were ampli-
fied, all 3+ by IHC (one each of dedifferentiated AdCC, 
carcinoma NOS, CAexPA, SDC, SCC, and high grade 
OnCA). Some studies have shown overexpression of 
HER-2 in 4–15% of salivary gland carcinomas, specifically 
in 20–34% of SDC [14, 16, 31, 32]. Of cases with posi-
tive IHC, the majority (77%) did not show amplification 
by FISH [32]. Tumors originating from the excretory ducts 
(MEC, SCC, and SDC) may show higher rates of HER-2 
overexpression than tumors originating from intercalated 
ducts (AdCC, acinic cell carcinoma, adenocarcinoma NOS, 
myoepithelial carcinoma) [18, 19].

In a large prospective clinical trial of breast carcinoma 
patients, Press et  al. favored FISH to IHC for determina-
tion of HER-2 status. They found a 92% agreement rate 
when comparing individual FISH lab results to the Breast 
Cancer International Research Group (BCIRG) central lab, 
but only a 77.5% agreement rate using IHC [33]. Further-
more, they claim that IHC is more prone to false negatives 
or false positives due to interlaboratory variability in tissue 
fixation, processing, and antigen retrieval whereas FISH is 
less affected by tissue processing. The benefit of targeted 
HER-2 therapy based on HER-2 status by IHC versus FISH 
requires further study in SGTs.

Treatment of HER-2 positive cases may include mono-
clonal antibodies (trastuzumab, pertuzumab) or HER-2 
tyrosine kinase inhibitors (lapatinib). These targeted HER-2 
therapies have been used in salivary gland carcinomas, with 
several case series and case reports demonstrating the ben-
efit of trastuzumab-based combination therapy in patients 
with recurrent and/or metastatic SDC. Some patients have 
even experienced complete clinical response [1, 2, 19]. 
Additionally, some reports demonstrate the benefit of 
trastuzumab in patients with recurrent and/or metastatic 
CAexPA, MEC, and adenocarcinoma NOS [17, 32, 34]. 
Though HER-2 targeted therapy has been more frequently 
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employed in SDC, it may demonstrate utility for all SGTs 
with HER-2 overexpression. Some authors argue that 
HER-2 gene amplification is the best predictor of response 
to trastuzumab, although patients with HER-2 overexpres-
sion by IHC alone have been found to experience a signifi-
cant response [15]. The prognostic value of HER-2 overex-
pression has also been studied, with some studies reporting 
more aggressive behavior and others finding no association 
with behavior [1, 5].

Combined HER-2 and AR overexpression was seen in 
22 carcinomas: 14 (56%) SDC, three poorly differentiated 
carcinomas NOS, two oncocytic carcinomas (one high and 
one intermediate grade), one squamous cell carcinoma, 
one high grade carcinoma ex pleomorphic adenoma, and 
one intraductal carcinoma. There is a recognized onco-
cytic variant of SDC, which may account for some cases 
of high grade oncocytic carcinoma [6]. It is possible that 
our cases of oncocytic carcinoma or carcinoma NOS rep-
resent oncocytic or poorly differentiated variants of SDC. 
However, diagnostic slides for these cases were reviewed 
and there was no evidence of classic SDC morphology 
(such as apocrine cells, large nests, cribriforming, central 
necrosis). Additionally, the rare intraductal carcinoma (for-
merly known as low grade salivary duct carcinoma or low 
grade cribriform cystadenocarcinoma) has not been defini-
tively shown to represent a non-invasive form of SDC. In 
our single case, both strong AR and HER-2 expression was 
seen. Finally, we found isolated strong AR expression or 
isolated HER-2 overexpression in 26 additional high grade 
carcinomas, 15 of which were not morphologically salivary 
duct. Specifically, eight high grade carcinomas had iso-
lated strong AR expression with HER-2 staining of 0–1+ 
(6 SDC, 1 AcCC, 1 CAexPA) and 18 high grade carcino-
mas had HER-2 overexpression with negative to moderate 
AR expression (5 SDC, 4 AcCC, 2 NOS, 2 MEC, 2 SqCC, 
1 OnCA, 1 CAexPA, 1 AdCC). Of 48 carcinomas show-
ing strong AR expression and/or HER-2 overexpression, 
approximately 50% were morphologically salivary duct. 
We do not advocate rendering a diagnosis of salivary duct 
carcinoma in all cases of high grade carcinoma that show 
isolated or combined expression of androgen receptor and 
HER-2. However, we suggest staining high grade carcino-
mas with AR and HER-2 in patients that might benefit from 
targeted therapies, as tumors with morphologies other than 
salivary duct may show expression.

There are limitations to the current study. First, in the 
majority of cases, IHC was performed on TMA slides, 
which represents a small portion of the entire tumor—an 
issue with all TMA studies. Duplicate cores were used to 
cover a somewhat larger tumor area than a single core. 
Second, it is difficult to compare this study to other 
reports of hormone receptor expression in SGTs, and it 
may also be difficult to compare results from a single 

tumor to another. Variation in antibody clones and scor-
ing systems may make inter-study comparison difficult, 
while tissue ischemic times, fixation processes (including 
times and agents), and ages of FFPE blocks may make 
both inter- and intra-study comparison difficult. However, 
these issues occur in all IHC studies, especially those 
requiring quantification of staining. The Allred system 
used in the current study has the advantage of taking 
into account both intensity and proportion of staining, 
whereas many studies take into account the proportion 
or intensity of staining. Lastly, there were two carcino-
mas represented only by a single case (myoepithelial car-
cinoma and intraductal carcinoma). Both are relatively 
rare, and therefore, were included in the study. Results 
from tumors with single or small sample numbers may 
not be generalizable to all tumors of that subtype.

In conclusion, evaluation of AR and HER-2 should be 
considered for high grade salivary gland carcinomas in 
patients that might benefit from targeted therapies. Both 
salivary duct and non-salivary duct carcinomas may show 
AR expression or HER-2 amplification and may benefit 
from androgen deprivation or HER-2 antagonists. Con-
versely, hormone therapy targeting ER/PR is not being used 
in the treatment of SGTs, and does not appear to be a prom-
ising therapeutic option in light of the very few cases with 
positive expression, most of which are weak.
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