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Abstract More than 15 years ago, seminal studies by
Dr. E. Leon Barnes and colleagues transformed our under-
standing of salivary duct carcinoma (SDC) and, in doing
so, paved the way for contemporary diagnostic and thera-
peutic approaches to this aggressive salivary adenocarci-
noma. In particular, attention to the apocrine phenotype of
SDC and expression of androgen receptor (AR) by immu-
nohistochemistry has improved the diagnostic accuracy and
showed how SDC can be reliably distinguished from its
morphologic mimics (i.e., other salivary gland carcinomas
with high grade transformation, low grade cribriform cys-
tadenocarcinoma, and squamous cell carcinomas involving
parotid). Furthermore, the observation that SDC shares AR
expression with prostate cancer and apocrine breast cancer
foresaw the discovery of common molecular alterations
between SDC and these tumor types and draw attention to
androgen deprivation therapy for SDC patients.
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Salivary duct carcinoma (SDC) was first described by
Kleinsasser et al. in 1968 [1] and was recognized as a
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distinct entity by the World Health Organization (WHO) in
1991. In a pair of seminal studies, published in 1998 and
2000, Dr. Barnes and colleagues reported several novel
findings regarding the morphology of and androgen recep-
tor (AR) expression in SDC [2, 3]. These reports have led
to new diagnostic and therapeutic approaches to SDC.
Here we highlight some of the original observations by Dr.
Barnes and summarize the progress in our understanding of
SDC over the last 15 years.

Observation #1: “Papillary-cribriform areas, necrosis,
pleomorphism, apocrine appearance,... and diffuse, strong
nuclear immunoreactivity ... for androgen receptor... are
characteristic of salivary duct carcinoma.”

SDC essentially uniformly demonstrates an apocrine
phenotype, as indicated by the presence (even if focally) of
apical snouts/decapitation secretions (Fig. 1a). Strong dif-
fuse expression of AR in >95% of SDC is a practical tool
in workup of high grade salivary carcinomas [4]. The find-
ing of strong AR expression in SDC was an incidental dis-
covery. As mentioned by Fan et al., a pathology resident
at the University of Pittsburgh Medical Center was asked
to order estrogen receptor (ER) and progesterone receptor
(PR) immunostains for a case of SDC. However, in addi-
tion to ER and PR, an AR immunostain was inadvertently
obtained and turned out to be strongly positive. This dis-
covery led to the initial study of AR expression in SDC by
Kapadia and Barnes, which showed that 11 of 12 studied
SDC were AR-positive [3]. The follow-up study included
additional cases of SDC, all of which were AR-positive [2].
In a recent multi-institutional study, 179 of 183 (97.8%)
were AR-positive [4]. Over 85% of SDCs demonstrated eas-
ily assessed, unequivocal positive staining with an Allred
total score from 6 to 8 (Fig. 1b). Since AR expression cor-
relates with the apocrine phenotype, AR immunoreactivity
may serve as one of the measures of diagnostic quality of
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Fig. 1 Salivary duct carcinoma (SDC) and androgen receptor (AR)
expression. a Prototypical SDC with abundant eosinophilic cyto-
plasm and apocrine type secretion (note apical snout-like projec-
tions), H&E, 40x. b Most cases of SDC show strong nuclear AR

published cases of SDC. The reported AR positivity varies
widely from 56 to 97.8% [4-7]. Stricter diagnostic criteria
and attention to technical aspects of AR immunostaining
may lead to more consistent AR IHC results in SDC litera-
ture [4].

The knowledge of nearly uniform AR-positivity in SDC
has affected the practice of diagnostic salivary pathology in
the following ways.

First, it becomes increasingly clear that before a high
grade non-apocrine/AR-negative salivary carcinoma is
accepted as an SDC, additional sampling and search for a
more conventional morphology typical of other types of
salivary tumors is warranted. It was recently highlighted
that areas of high-grade transformation (HGT) within
acinic cell carcinoma, myoepithelial carcinoma, adenoid
cystic carcinoma (AdCC), and epithelial-myoepithelial
carcinoma (EMCA) commonly show comedonecrosis
mimicking “non-apocrine/AR-negative” SDC (Fig. 2) [4].
Importantly, in salivary gland carcinomas with HGT, a
component of conventional morphology is typically present
and is the key to diagnosis. For example, conventional areas
of EMCA or AdCC will show a biphasic cellular popula-
tion (i.e., inner ductal cells and outer basal/myoepithelial/
p63/p40 positive cells).

Metastatic squamous cell carcinoma (SCC) is the second
most common mimic of “non-apocrine/AR-negative SDC”
[4]. While primary SCC of salivary glands are exceedingly
rare, cutaneous or mucosal SCC may involve the parotid
gland by direct extension or extranodal spread following the
initial metastasis to intraparotid lymph nodes. Even when
history of prior SCC is not available, SDC can be reliably
distinguished from SCC (especially non-keratinizing) with
two immunohistochemical stains: AR and p63. Nearly all
SDCs are AR-positive, while all SCCs are p63-positive.

staining with an Allred score of 6-8. Representative case with Allred
score 8, consisting of an intensity score of 3 (strong staining) and a
proportion score of 5 (staining in >66% of cells). AR THC, 100x

As outlined by Dr. Barnes, other rare salivary carcino-
mas, such as oncocytic carcinoma and cystadenocarci-
nomas, not otherwise specified, may enter the differential
diagnosis of SDC [2, 3]. Oncocytic carcinoma can be dis-
tinguished from SDC by its more granular cytoplasm and
high content of mitochondria, seen ultrastructurally or on
phosphotungstic acid hematoxylin stain. Furthermore,
oncocytic carcinoma and cystadenocarcinoma lack the
prominent comedonecrosis and apocrine differentiation.

It appears that variant morphologies of SDC represent
minimal diagnostic challenges as all histologic variants are
accompanied by a conventional apocrine component [4].
Several variant morphologies of SDC have been described:
micropapillary, [8] sarcomatoid, [9, 10] mucin-rich, [11]
and basal-like [4, 6, 12].

Of these, sarcomatoid/anaplastic (Fig. 3), mucin-rich,
and basal-like (Fig. 4) are more likely to have non-apo-
crine/AR-negative areas. Anaplastic transformation was
identified in 3 of 187 cases of SDC [4], one of which has
been previously described in greater details [13] and is fur-
ther illustrated in Fig. 3. SDC with anaplastic change are
characterized by enlarged, bizarre, hyperchromatic nuclei,
atypical mitotic figures, and spindled cells (Fig. 3). The
basal-like variant of SDC remains the most diagnostically
challenging and the difficulties of identifying a basal-like
phenotype in SDC have been previously recognized [4].
Like all other SDC, basal-like SDC still had a small focus
of conventional apocrine AR-positive component. In a
basal-like SDC, apocrine morphology may be limited to a
small area of pre-existing pleomorphic adenoma (Fig. 4),
which may be identified only after extensive sampling.
Anecdotally, it was shown that to identify pre-existing ple-
omorphic adenoma one might have to examine up to a 100
tissue sections [14].
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Fig. 2 Distinguishing high-grade salivary tumors with comedo-type
necrosis from salivary duct carcinoma (SDC). a Adenoid cystic car-
cinoma (AdCC) with high-grade transformation (HGT). Basophilic
appearance, cribriform growth pattern, and pseudo-lumena filled with
basement membrane-like material raise the possibility of an AdCC.
14 months after the initial diagnosis of SDC, the patient developed
pulmonary metastases with unequivocal, classic AACC morphology.
H&E, 100x. b Acinic cell carcinoma with HGT. A minority of cells
surrounding foci of necrosis have numerous cytoplasmic zymogen

Second, while there may be a morphological over-
lap between low grade cribriform cystadenocarcinoma
(LGCCA) and SDC, when ancillary studies are accounted
for (including AR positivity), it becomes clear that there
is little, if any, relationship between SDC and LGCCA
(Table 1; Fig. 5) [15]. For a long time one of the synonyms
for LGCCA was “low grade salivary duct carcinoma” [16,
17], implying a connection between LGCCA and conven-
tional SDC (a high grade tumor by definition). This mis-
leading synonym will be replaced in the upcoming WHO
book on head and neck tumors with “intraductal carci-
noma”, a descriptor that reflects the predominantly in situ
nature of LGCCA.

Observation #2: “The scale and magnitude of the
androgen receptor expression in salivary duct carcinoma
approaches that seen in prostate carcinoma. By contrast,
androgen receptor expression in breast carcinoma remains
sporadic, except for apocrine breast carcinoma’ .

While the discovery of AR expression in SDC was
incidental, the idea for androgen deprivation therapy
(ADT) was based on the therapeutic utility of hormonal
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granules, best appreciated on PASD, 400x. ¢ High grade myoepithe-
lial carcinoma. Solid sheets of neoplastic cells do not form glands
and are accompanied by droplets of hyalinized material. Nuclear
palisading was absent. H&E, 200x. d Epithelial-myoepithelial car-
cinoma with HGT: an area with comedo-type necrosis is accompa-
nied by a better-differentiated component with dual cell population:
smooth muscle actin immunohistochemistry highlights the outer layer
of myoepithelial cells (right upper corner inset, 200x). H&E, 100x.
Modified from [4] with permission

manipulation in breast cancer. One of the earliest reports on
AR expression in breast carcinomas was published in 1993
[18].

Extrapolating progress from breast oncology to salivary
pathology has been a commonly used approach to advance
our knowledge of SDC. More than 15 years ago Dr. Barnes
implied that SDC resembles just one type of breast carci-
noma (i.e., luminal AR-positive, first described as “molec-
ular apocrine” type) [19-22]. Based on expression of ER,
PR, and ERBB2, breast carcinomas are now categorized
into several groups, including triple-negative breast carci-
nomas (TNBC; ER-/PR-/ERBB2-) [20, 22]. TNBC itself is
a very diverse group of carcinomas [23]. Within the TNBC
category, “luminal AR-positive/molecular apocrine” type
[19] represents one of the better-defined subtypes with a
high prevalence of TP53, PIK3CA, and PTEN mutations
[22-24].

Currently, based on apocrine morphology, ER-/PR-/
AR +immunoprofile, prevalence and type of mutations,
and gene expression pattern apocrine SDC appears to
resemble one subtype of breast carcinoma—*“luminal
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Fig. 3 Salivary duct carcinoma de novo (with known intact PLAGI
and HMGA?2) with anaplastic change and HRAS, PIK3CA, and TP53
deletion/frame shift mutations [26]. a About 90% of salivary duct car-
cinoma was represented by conventional component with cribriform
and solid growth (left half of the image), while the minor component
was represented by more bizarre discohesive cells with more promi-
nent nuclear pleomorphism and hyperchromasia (right), H&E, 200x.
b Androgen receptor expression is preserved in the conventional
component (left) and lost in the anaplastic component (right), immu-
nohistochemistry, 200x. ¢ Cytokeratin 7 is strongly positive in the
conventional more cohesive component (left) and is weaker in more

AR-positive/molecular apocrine” [4, 25-27]. The prac-
tical value of such similarity is uncertain, as significant
differences between the “luminal AR-positive/molecular
apocrine” type of breast carcinomas and SDC remain
(e.g., HMGA2 or PLAGI rearrangements in a subset of
SDCs ex pleomorphic adenoma) [26].

discohesive and spindle single cell component (center), immunohis-
tochemistry, 400x. d The presence of TP53 deletion and frame shift
mutation was reported previously. [26] p53 immunohistochemistry
shows that p53 is lost (extreme negative pattern) in both conventional
(left) and anaplastic (center) components, 200x. e Cytokeratin 5/6
highlights small clusters of larger cells and single larger cells, immu-
nohistochemistry, 200x. Occasional smaller cells at the periphery of
the lobules of conventional component are basal/myoepithelial cells.
f Similarly to cytokeratin 5/6, p63 immunohistochemistry highlights
smaller basal cells at the periphery of conventional component and
larger bizarre cells of the anaplastic component, 200x

Observation #3: “This hormonal profile (i.e., ER-/PR-/
AR +) suggests that salivary duct carcinoma... is immu-
nophenotypically more related to prostatic carcinoma. The
strong, diffuse expression of androgen receptor in salivary
duct carcinoma raises the possibility that antiandrogen
therapy might have a role in the management of patients
with disseminated disease”.
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Fig. 4 Basal-like, predominantly non-apocrine invasive salivary duct
carcinoma (SDC) with minor apocrine androgen receptor (AR) posi-
tive in situ component in a hyalinized nodule (HN). a Invasive SDC
(left), capsule, and hyalinized nodule (right upper corner), H&E,
40x. b A 0.5 cm SDC in situ inside a HN. The upper one-third shows
eosinophilic neoplastic cells with apical snouts, H&E, 400x. In the
middle, immunohistochemical stain for p63 highlights basal cells,
THC, 400x. AR IHC is positive, lower one-third, IHC, 400x. ¢ The

entire invasive component was represented by solid proliferation of
basophilic, AR-negative neoplastic cells with comedonecrosis, H&E,
200x. d A randomly distributed subset of neoplastic cells in the inva-
sive component (left half) was highlighted by p63, IHC, 200x. Of
note, compared to the basal/myoepithelial cells in the adjacent normal
parotid tissue (right half), the p63-positive neoplastic cells (/eft) have
larger and more irregular nuclei. Modified from [4] with permission

Table 1 Comparison of salivary duct carcinoma and low grade cribriform cystadenocarcinoma

Salivary duct carcinoma

LGCCA

Morphology High grade cytology, invasive growth
Androgen receptor, [HC Positive

S100, IHC Negative

SOX-10, IHC Negative

p63 or p40, IHC

Molecular alterations
ERBB? alterations [26]

Negative, highlights small areas of intraductal involvement
PLAGI or HMGA?2 rearrangements, PIK3CA, HRAS, p53,

Low grade cytology, intraductal/in situ

Negative

Positive

Positive

Highlights extensive intraductal/in situ component
Occasional RET rearrangement [15]

LGCCA low grade cribriform cystadenocarcinoma, /HC immunohistochemistry

Apparently, Dr. Barnes has identified the first inadvert-
ent attempt to treat a high grade salivary adenocarcinoma
with ADT reported in the literature [28, 29]. Although
provided photomicrographs and histologic description
are most consistent with SDC, the authors did not actu-
ally use the term “salivary duct carcinoma”, complicat-
ing the literature search. In the early 1990s, a 66-year-old
man developed a 5 cm retro-auricular mass believed to be
an enlarged lymph node. A 1 cm incisional biopsy revealed
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an adenocarcinoma positive for prostate specific antigen
(PSA) and prostatic acid phosphatase (PAP) by immuno-
histochemical staining. Before Dr. Barnes showed that PSA
and PAP may be positive in a number of SDCs, [2] the
PAS+/PAP +immunoprofile was believed to be strongly
indicative of prostatic adenocarcinoma. For this reason,
the patient was treated with an anti-testosterone (goser-
elin), despite the fact that there was no clinical evidence
of primary prostatic carcinoma (benign prostate biopsies,
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Fig. 5 Low grade cribriform
cystadenocarcinoma, LGCCA. a
Combination of cribriform and
micropapillary growth. H&E,
100x. b Low grade cytology and
cytoplasmic brown lipofuscin-
like pigment, H&E, 600x. ¢ The
predominant in situ/intraductal
component is highlighted by
p63, immunohistochemistry,
10x. Parenthetically, LGCCA
recently emerged as one of the
more common mimickers of
mammary analogue secretory
carcinoma (MASC). Extensive
in situ component is charac-
teristic of LGCCA and helps

to distinguish LGCCA from
MASC. d Positive SOX-10 in
LGCCA, immunohistochemis-
try, 10x. The right one-fourth
of the image shows SOX-10
expression in normal salivary
acini and intercalated ducts

negative bone scan, and normal PSA serum level). The
retro-auricular tumor regressed in response to anti-testos-
terone therapy.

Currently, ADT in patients with SDC is being actively
studied [30] and several similarities and differences
between AR pathway activation in SDC and prostate can-
cer have been delineated [31]. For instance, a subset of
hormone therapy-naive SDCs harbor oncogenic AR splice
variants (including AR-V7), which have been associated
with resistance to ADT in advanced prostate cancer. In con-
trast, no activating AR mutations or AR gene amplifications
have been identified in hormone therapy-naive SDC. In the
future, SDC patients may be selected for ADT clinical tri-
als based on AR isoforms [31].

In summary, more than 15 years ago, Dr. Barnes and
colleagues described novel features of SDC that affect the
current practice of diagnostic salivary gland pathology and
predicted some of the more recent molecular and thera-
peutic developments. Recognition of the apocrine nature
of SDC and almost uniform AR expression by IHC has
improved diagnostic accuracy and “purity” of SDC. Indeed,
AR THC remains one of the most reliable ways to distin-
guish SDC from its morphologic mimics (i.e., LGCCA,
other salivary gland carcinomas with HGT, and metastatic
non-keratinizing SCC). By comparing the morphology and
immunoprofile of SDC to breast and prostate adenocarci-
nomas, Dr. Barnes foresaw that SDC resembles a specific
subtype of breast cancer (“luminal AR-positive/molecular

apocrine”) and may share the challenges and successes of
hormonal therapy for prostate adenocarcinoma.
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