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Mammary analog secretory carcinoma (MASC) is a recently recognized low-grade salivary carcinoma
characterized by a specific ETV6 rearrangement. We describe 14 new MASCs and examine their immunophe-
notypic and genetic profiles in the context of look-alikes, namely, low-and high-grade salivary duct carcinoma
and acinic cell carcinoma. ETV6 rearrangement, and robust expression of mammaglobin and S100, were
demonstrated in 11/11, 14/14, and 12/14 MASCs, respectively. All low-grade salivary duct carcinomas
coexpressed S100/mammaglobin (6/6); none harbored ETV6 rearrangements (0/5). Given that S100/mammaglo-
bin coexpression and absence of zymogen granules are features of both MASC and low-grade salivary duct
carcinoma, these two are best distinguished histologically. The former is predominantly an extraductal neoplasm
with bubbly pink cytoplasm, whereas the latter is a distinct intraductal micropapillary and cribriform process.
Querying ETV6 gene status may be necessary for difficult cases. No acinic cell carcinoma expressed
mammaglobin (0/13) or harbored an ETV6 rearrangement (0/7); only 1/13 acinic cell carcinomas weakly
expressed S100. DOG1 expression was limited or absent among all tumor types, except acinic cell carcinoma
which expressed DOG1 diffusely in a canalicular pattern. Therefore, histology and immunohistochemistry
(mammaglobin, S100, DOG1) suffices in distinguishing acinic cell carcinoma from both MASC and low-grade
salivary duct carcinoma. HER2 (ERBB2) amplification was detected in only 1/10 acinic cell carcinomas, but none
of the MASCs or low-grade salivary duct carcinomas tested. High-grade salivary duct carcinomas frequently
expressed mammaglobin (11/18) and harbored HER2 amplifications (13/15); none harbored ETV6 rearrange-
ments (0/12). High-grade salivary duct carcinomas can easily be distinguished from these other entities by
histology and HER2 amplification.
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Mammary analog secretory carcinoma (MASC) is a
recently recognized low-grade salivary carcinoma
that shares the same histology and ETV6 gene
(12p13) rearrangement as secretory carcinoma of
the breast. Before its recognition by Skálová et al1 in

2010, MASC was frequently misclassified as acinic
cell carcinoma or adenocarcinoma not otherwise
specified. Historical diagnoses of extraparotid, or
zymogen-poor, or papillocystic variants of acinic
cell carcinomas are especially suspect for being
misclassified.2–4 Mammaglobin/S100 coexpression
have been touted as useful in diagnosing MASC,
as nearly all examples express both biomarkers,
whereas the vast majority of acinic cell carcinomas
are negative.5,6 However, the specificity of mamma-
globin/S100 coexpression has not been extensively
examined in low-grade salivary duct carcinoma,
a MASC look-alike, or high-grade salivary duct
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carcinoma, a low-grade salivary duct carcinoma
look-alike. Recently, DOG1 has been demonstrated
as a good diagnostic biomarker for acinic cell
carcinoma;7 it has not been extensively tested in
low-grade salivary duct carcinoma or MASC.
GATA3, a zinc-finger transcription factor, has
recently been reported to be expressed by many
salivary tumors including MASC,8 but has not been
tested extensively in low-grade salivary duct carci-
noma. We report the immunohistochemical profiling
of MASC and its mimics, namely acinic cell
carcinoma, low-grade salivary duct carcinoma,
high-grade salivary duct carcinoma, and cystic low-
grade mucoepidermoid carcinoma, with respect to
mammaglobin, S100 protein, DOG1, and GATA3.
We also interrogate this tumor set for the ETV6 gene
rearrangement using break-apart fluorescence in situ
hybridization for the 12p13 locus, and HER2
(ERBB2) gene amplification by chromogenic in situ
hybridization.

Materials and methods

Salivary gland tumors diagnosed in the Department
of Pathology, University of Alabama at Birmingham,
between 2005 and 2012, and the consultation files
of MBG, were reviewed. To identify any MASC
cases from the pathology archives, we reviewed
all diagnoses of acinic cell carcinoma, low-grade
salivary duct carcinoma, low-grade carcinoma not
otherwise specified, cystadenocarcinoma, and cysta-
denoma. The following criteria were used for the
diagnosis of MASC: low-grade salivary carcinoma
with bubbly eosinophilic cytoplasm, no zymogen
granules, plus mammaglobin/S100 coexpression.
Features of low-grade salivary duct carcinoma (eg,
intraductal cribriform and/or micropapillary prolif-
erations) were absent. All low-grade salivary duct
carcinomas were included for study. Select acinic
cell carcinomas, cystic low-grade mucoepidermoid
carcinomas, and high-grade salivary duct carcino-
mas were also included. Diagnoses of these entities
were established based on published criteria.3,4,9–11

Hematoxylin and eosin-stained slides were
examined, and 4 μm tumor sections were cut from
archival tissue blocks. Immunohistochemistry was
performed for mammaglobin, S100 protein, DOG1,

and GATA3 (Table 1) after heat-induced epitope
retrieval; secondary antibody- and horseradish
peroxidase-labeled polymer technology with 3,3’-
diaminobenzidene (DAB) served as the chromogenic
substrate.

Fluorescence in situ hybridization using a break-
apart probe for the ETV6 (12p13) gene was per-
formed on 4–6 μm unstained sections prepared
from archival tissue blocks. The LSI® ETV6 (12p13)
Dual-Color Break-Apart Rearrangement Probe
(Abbott Molecular, Des Plaines, IL, USA) was
used to interrogate the loci of interest. Slides were
pretreated using an automated VP 2000™ processor
(Abbott Molecular) with manufacturer’s protocols.
Cellular DNA and probes were co-denatured at 76 °C
for 10min using the ThermoBrite™ system (Abbott
Molecular) and incubated overnight at 37 °C in
a humidified chamber. Nuclei were counter-
stained with 4,6-diamidino-2-phenylindole (DAPI)
in Antifade solution (Abbott Molecular), and slides
were analyzed using a Leica DM6000B fluorescence
microscope (Leica Microsystems, Buffalo Grove, IL,
USA). Hybridization signals were assessed in 50–100
interphase tumor nuclei per specimen by two
authors (JS and PA). Cutoff value for rearrangement
(split red and green signals) was ≥15%, for gain (≥3
normally juxtaposed ETV6 signals) was ≥ 10%, and
for loss (1 copy of a normally juxtaposed ETV6
signal) was ≥ 25%. Amplification of 12p13 could not
be detected as no centromeric chromosome 12 probe
was used. Images were acquired and archived using
the CytoVision Image Analysis System (Genetix,
San Jose, CA, USA).

Chromogenic in situ hybridization for the
HER2 gene was performed using the Ventana
INFORM HER2 Dual ISH DNA Probe Cocktail
(Ventana Medical Systems, Tucson, AZ, USA) and
a Ventana auto-stainer. HER2/chromosome 17 ratios
were determined by examining 20 interphase
tumor nuclei and counting HER2 gene (red) and
centromeric chromosome 17 (black) signals and then
determining the average ratio. If HER2/chromosome
17 ratio was 42.2, then HER2 was considered
amplified; if HER2/chromosome 17 was o1.8, then
HER2 was considered unamplified. If HER2/chromo-
some17 was ≥1.8 but ≤ 2.2, then 20 additional tumor
nuclei were examined; a new HER2/chromosome 17
ratio was calculated based on the sum of 40 nuclei.

Table 1 Immunohistochemical antibodies used and their conditions

Mammaglobin S100 protein DOG1 GATA3

Manufacturer Dako Dako Cell Marque Cell Marque
Antibody type Mouse monoclonal-IVD

Clone: 304-1A5
Rabbit
polyclonal-IVD

Rabbit monoclonal-IVD
Clone: SP31

Mouse monoclonal-IVD
Clone: L50-823

Dilution 1:200 Prediluted Prediluted Prediluted
Immunostainer Dako Ventana Ultra-Stainer Dako Dako

IVD, in vitro diagnostic use.
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If the new ratio was ≥ 2.0, then HER2 was considered
amplified; if the new ratio was o2.0, then HER2 was
considered unamplified.

Results

Mammary Analog Secretory Carcinoma

Demographics. Fourteen MASCs were identified: 6
males and 8 females. The median patient age was
54.5 years (range: 22–80; mean: 55.3). Nine MASCs
were from parotid, two arose from the lip, and one
each originated in the submandibular gland, hard
palate, and thyroid; this latter case is assumed to
have arisen from regional ectopic salivary tissue.

Histology. Architecturally, MASC revealed varying
proportions of solid, microcystic, tubular, papillo-
cystic, and cribriform growth patterns (Figure 1).
A variable degree of infiltration into surrounding
tissues was present in 10 cases. Four MASCs were
noninfiltrative, one of which was characterized by
multiple macrocysts with intracystic proliferation
(Figure 2a and b), and three of which were entirely
unicystic (Figure 2c–e). The macrocystic/microcystic
pattern is associated with hemorrhage, hemosiderin,

and cholesterol clefts, akin to low-grade salivary
duct carcinoma. When true intraductal MASC was
present, it was focal and revealed a solid growth
pattern (Figure 3a and b). This feature is useful when
distinguishing MASC from low-grade salivary duct
carcinoma.

All MASCs were cytologically low grade with
uniform cells, small- to medium-sized nuclei, occa-
sional small nucleoli, and abundant pink, bubbly
cytoplasm. No cytoplasmic zymogen granules were
seen. Tumor cells secrete mucin-like and/or eosino-
philic material (Figure 3c and d). One lip MASC
(case 4) contained goblet cells with intracellular
mucicarmine-positive secretions (Figure 3e). This
tumor was mammaglobin positive/S100 negative,
raising the consideration of mucoepidermoid carci-
noma. However, no squamoid or intermediate-type
cells were present; ETV6 gene rearrangement was
confirmed in this case.

Mitotic figures were rarely encountered; when
present they were ≤ 3 mitotic figures per 10 high-
power fields. No lymphovascular invasion was
observed. Perineural invasion was seen in one
MASC. Tumor necrosis was present in four MASCs;
one case also revealed more high-grade cytology.
This patient (case 1) developed a lung metastasis

Figure 1 Various growth patterns of mammary analog secretory carcinoma. (a) Solid nests with microcystic pattern. (b) Macrocystic. (c)
Papillocystic with pseudopapillae lacking fibrovascular cores. (d) Infiltrating cribriform glands and desmoplastic stroma.
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4 years after initial diagnosis (Figure 4) of a parotid
primary.

One MASC was highly unusual in that it infiltrated
the thyroid and perilaryngeal soft tissues; the site of
origin may have been ectopic minor salivary glands
(case 2) (Figure 5a–c). This MASC was confirmed
by ETV6 translocation (Figure 5d), coexpressed

mammaglobin and S100, and was negative for
TTF1 and thyroglobulin.

Immunohistochemistry and HER2 (ERBB2). All
MASCs diffusely expressed mammaglobin, except
for one case with focal expression (case 3). This case
was positive for an ETV6 rearrangement (Figure 6).

Figure 2 Cystic mammary analog secretory carcinoma (MASC). (a, b) Multicystic MASC may mimic low-grade salivary duct carcinoma.
(c, d, e) This unicystic MASC was originally classified as a zymogen-poor cystic acinic cell carcinoma. (d) If one is considering the
diagnosis of zymogen-poor acinic cell carcinoma, then look among the tumor cells for scattered basophilic zymogen cells. None are seen
here. (e) Strong mammaglobin expression. (f) Another MASC with bubbly vacuolated cytoplasm. Interspersed clear cells are seen, but no
basophilic zymogen-containing cells are present.
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S100 expression was present in 12/14 MASCs. DOG1
expression was usually limited to cells at the tumor
island periphery, usually in a membranous and
apical pattern. Ten MASCs were tested and found
to have a nonamplified HER2 gene by chromogenic
in situ hybridization.

ETV6. Eleven MASCs were tested and the ETV6
gene rearrangement was confirmed in all cases;
70–99% (mean 88.5%) of tumor nuclei demonstrated
the ETV6 gene break. One case revealed a mosaic
pattern of ETV6 rearrangement (48%) and ETV6
rearrangement and additional copy of 12p13 (46%).

Figure 3 Mammary analog secretory carcinoma (MASC). Focal intraductal tumor can be seen. (a) Intraductal MASC as a mural plaque.
(b) Solid proliferation of MASC beneath intact ductal epithelium. Cytologically, the neoplastic cells displayed small, low-grade nuclei
with abundant pink frothy cytoplasm. (c, d) Microcystic MASC with mucin production. (e) Intracellular mucicarmine-positive secretions.
This tumor was mammaglobin positive and S100 negative, raising the consideration of mucoepidermoid carcinoma. ETV6 gene
rearrangement was present, confirming the diagnosis of MASC.
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Three MASCs were not tested by fluorescence in situ
hybridization, as the histopathology and mamma-
globin/S100 coexpression were sufficiently diagnos-
tic. The salient features of our MASCs are presented
in Table 2.

Acinic Cell Carcinoma

Demographics. Thirteen acinic cell carcinomas
(Figure 7) were studied (4 men and 9 women;

median age: 63; mean age: 61.7; range: 39–76 years,
all from parotid gland).

Histology. All acinic cell carcinomas demonstrated
varying mixtures of solid, microcystic, tubular, and
papillocystic architecture, and variable invasion.
By definition, acinic cell carcinomas contained, at
the very least, scattered cells with cytoplasmic
zymogen granules (Figure 7d).

Figure 4 Parotid mammary analog secretory carcinoma (MASC; case 1, Table 2) with necrosis and increased cytologic grade (a, b, c). (d)
This patient developed pulmonary metastases after 4 years. (e) Low-power view of this tumor demonstrates significant DOG1 expression
that may raise the consideration of acinic cell carcinoma. However, ETV6 rearrangement was confirmed in both the primary and
metastatic MASCs. (f) High-power view demonstrates that DOG1 expression is concentrated at the periphery of tumor nests, or decorates
glandular lumina. In contrast, acinic cell carcinoma demonstrates diffuse canalicular DOG1 expression pattern (see Figure 7).

Modern Pathology (2015) 28, 1084–1100

Mammary analog secretory carcinoma

TM Stevens et al 1089



Immunohistochemistry, HER2 (ERBB2), and ETV6.
Expression pattern of DOG1 was characteristically
strong, diffuse, cytoplasmic, often in a canalicular
pattern (Figure 7g). All acinic cell carcinomas were
mammaglobin negative, and only one was weakly
positive for S100. One of 10 acinic cell carcinomas
tested revealed HER2 amplification. Seven acinic
cell carcinomas were tested and found negative for
ETV6 gene rearrangement. One acinic cell carcinoma
did show loss of one copy of 12p13 in 38% of
tumor cells.

One interesting acinic cell carcinoma was exten-
sively infiltrative, solid, microcystic, with necrosis
(Figure 7e–g). Tumor cells had intermediate- to high-
grade nuclei and pale to clear cytoplasm with focal
suggestions of zymogen granules. The differential
diagnosis included MASC, high-grade salivary duct
carcinoma, and zymogen-poor acinic cell carcinoma.
Immunohistochemistry for DOG1 revealed strong,
diffuse staining with a canalicular pattern; no expres-
sion of S100 or mammaglobin, and nonamplifiedHER2
gene. The final diagnosis was acinic cell carcinoma.

Figure 5 (a–d) Mammary analog secretory carcinoma (MASC) invading thyroid gland (case 2, Table 2). (b) Mammaglobin expression.
(d) Fluorescence in situ hybridization for ETV6 rearrangement reveals distinct separated red and green signals (arrows) indicating a 12p13
gene rearrangement. The yellow signals represent the intact gene copy. (e) Example of low-grade salivary duct carcinoma that is
translocation negative. Here the arrows indicate two signals per cell, either yellow, or closely approximated green and red, indicative of
the intact gene. (f) Example of high-grade salivary duct carcinoma with three or more approximated green and red signals per cell
indicative of ETV6 gain.
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Figure 6 Mammary analog secretory carcinoma showing limited mammaglobin expression (MASC; case 3, Table 2). (a, b) Resection of
residual parotid MASC that extends into subcutaneous tissues. (c, d) Only focal yet strong mammaglobin expression was seen in
the original excision. Immunohistochemistry for mammaglobin from the resection specimen (not shown) was negative. (e) DOG1
expression was limited to tumor island peripheries, with a membranous distribution (inset). (f) Strong, diffuse S100 expression. This
profile excludes acinic cell carcinoma. (g) This limited mammaglobin expressing MASC case showed an ETV6 rearrangement in 70% of
tumor cells.
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Table 2 Summary of our cases of mammary analog secretory carcinoma

Case Age/sex Location
ETV6
rearrangement Mammaglobin S100 HER2 (ERBB2) Treatment Follow-up Comments

1 49/F Parotid Pos Pos Pos Nonamplified Post-op radiation. Local
recurrence and lung metastasis
were excised. No chemotherapy
was given

NED, 7 years after
diagnosis (3 years
after lung
metastasis)

Infiltrative, high-grade areas,
necrosis, 3 Pos lymph nodes; local
recurrence and lung metastasis
developed 4 years later

2 55/F Thyroid Pos Pos Pos Nonamplified Parotidectomy, adjuvant radiation NED 3.5 years Infiltrative, 5 Pos lymph nodes
3 52/F Parotid Pos Focal pos Pos NA Limited initial surgery, no

adjuvant radiation; tumor
persistence was resected 3.5 years
after initial diagnosis

NED 4 years after
diagnosis

Infiltrative, margins positive, NED
6 months after definitive resection
of the persistent disease

4 44/F Upper lip Pos Pos Neg Nonamplified Excision NA Infiltrative, goblet cells
5 80/M Parotid Pos Pos Neg Nonamplified Parotidectomy, adjuvant radiation NED 3 years Originally diagnosed as acinic cell

carcinoma
6 72/F Parotid Pos Pos Pos Nonamplified NA NA Cystic with mural tumor nodules
7 22/M Parotid Pos Pos Pos Nonamplified NA NA Microcystic and papillocystic
8 54/M Hard palate Pos Pos Pos Nonamplified Maxillectomy, adjuvant radiation NED 2 years Predominantly solid, microcystic,

focal mucinous secretions
9 74/F Parotid Pos Pos Pos NA Parotidectomy NA Predominantly cystic
10 64/F Parotid NA Pos Pos NA Parotidectomy NED 2 years Fibrous cyst wall with tumor cells

lining wall
11 51/F Parotid NA Pos Pos Nonamplified Parotidectomy NED 5 months Five negative periparotid lymph

nodes
12 34/M Parotid Pos Pos Pos Nonamplified Parotidectomy NED 2 years Multicystic with mural nodules
13 57/M Submandibular Pos Pos Pos Nonamplified Excision Alive at 3.5 years,

disease status
unknown

Infiltrative, perineural invasion,
focal necrosis

14 66/M Lower lip NA Pos Pos NA Excision NA Solid, microcystic, mucinous
secretions

M, male; F, female; Neg, negative; NED, no evidence of disease; NA, not available; Pos, positive.
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Low-Grade Salivary Duct Carcinoma

Demographics. Six low-grade salivary duct carci-
nomas were identified, with patient age available
in five cases (median age: 61; mean age: 58.6; range:
39–78 years). All arose from the parotid. Gender was
available in four cases: two males and two females.

Histology. Briefly, low-grade salivary duct carcino-
mas revealed a predominant intraductal growth
pattern composed of low-grade ductal epithelial
cells forming filigreed and anastomosing micro-

papillae with a fenestrated appearance (Figure 8a–d).
Calponin expression confirmed the intraductal com-
ponent; extraductal invasion was documented in
one case. Cytologically, tumor cells contained bland
nuclei with evenly distributed chromatin and incon-
spicuous nuclei. Cell cytoplasm was eosinophilic to
apocrine-like, with occasional yellow, lipofuscin-like
cytoplasmic pigment. Interestingly, one in situ low-
grade micropapillary salivary duct carcinoma was
associated with a microscopic focus of epithelial cells
in a periparotid lymph node. This particular tumor
demonstrated some areas with intermediate-grade

Figure 7 (a) Microcystic acinic cell carcinoma. (b) The microcystic pattern and bubbly cytoplasm is reminiscent of mammary analog
secretory carcinoma (MASC), although ‘too blue’. (c) Acinic cell carcinoma demonstrating intercalated duct differentiation. (d) Even in this
‘pink acinic cell carcinoma,’ acinar differentiation (zymogen granules) can be found. (e–g) This unusual acinic cell carcinoma was
extensively infiltrative, solid, microcystic, with comedonecrosis (e) and revealed intermediate- to high-grade nuclei and pale to clear
vacuolated cytoplasm (f) and showed strong, diffuse DOG1 expression with a canalicular pattern (g). The differential diagnosis included
MASC, high-grade salivary duct carcinoma, and zymogen-poor acinic cell carcinoma. There was no expression of S100 or mammaglobin,
and HER2 was not amplified (not shown). The final diagnosis was acinic cell carcinoma. (h) Low-power view of diffuse, strong DOG1
expression in a classic acinic cell carcinoma. (i) Higher power of same tumor demonstrating cytoplasmic and membranous DOG1
expression.
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nuclei, but no progression to high grade or invasion
was found (Figure 9). It is likely that the lymph node
finding represents an epithelial inclusion from micro-
papillae rather than occult metastases. This patient
declined radiation therapy and shows no evidence of
recurrence 13 months after surgery.

Immunohistochemistry, HER2 (ERBB2), and ETV6.
All low-grade salivary duct carcinomas demonstrated

diffuse, strong expression of S100 protein as well as
mammaglobin (Figure 8e). DOG1 expression was
limited to cells at the periphery of the ducts in all
cases (Figure 8f). Five low-grade salivary duct
carcinomas were tested and found negative for
ETV6 rearrangement (Figure 5e), including the case
with a small epithelial inclusion in a lymph node.
All low-grade salivary duct carcinomas were non-
amplified with respect to the HER2 gene.

Figure 8 Low-grade salivary duct carcinoma. (a) Characteristically, low-grade salivary duct carcinoma reveals distinctly separated
cystically dilated ducts, intraductal proliferations, hemorrhage, and hemosiderin. (b) Micropapillary intraductal proliferations. (c)
Pseudopapillae with bland hobnail cells. (d) Bland cuboidal cells with eosinophilic cytoplasm. Microvacuoles can be seen, however, the
generalized bubbliness of mammary analog secretory carcinoma (MASC) is absent. (e) Diffuse strong mammaglobin expression. (f) DOG-1
expression is limited to duct periphery and basal/parabasal cells.
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High-Grade Salivary Duct Carcinoma

Demographics. Eighteen high-grade salivary duct
carcinomas were studied; patient age and tumor site
were known for 13 cases (median age: 63; mean age:

65.8; range: 44–96 years, 12 parotid, 1 buccal). Gender
was available in 12 cases; 9 males and 3 females.

Histology, immunohistochemistry, HER2 (ERBB2),
and ETV6. High-grade salivary duct carcinomas

Figure 9 This low-grade salivary duct carcinoma is highly unusual because of a finding in a periparotid lymph node. (a) Typical low-
power appearance of cystically dilated ducts with intracystic proliferation. (b) Micropapillary proliferation. (c) Calponin staining revealed
intact ducts, with no evidence of invasion. (d) Intermediate-grade nuclei. (e) Epithelial lymph node inclusion (see discussion). (f)
Cytokeratin expression by lymph node inclusion.
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were typically widely invasive, with the exception of
one case (Figure 10). The invasive growth pattern
was either solid or glandular cribriform. The ductal
carcinoma in situ component, when present, char-
acteristically mimicked high-grade breast ductal
carcinoma in situ with comedonecrosis and cribri-
form pattern. Carcinoma cells were uniformly high
grade with prominent nucleoli, coarse chromatin,
and abundant amphophilic to apocrine cytoplasm,
often with well-defined cell borders.

Two high-grade salivary duct carcinoma cases
arose from pleomorphic adenomas. One buccal
high-grade salivary duct carcinoma (Figure 10) was
previously diagnosed as high-grade cystadenocarci-
noma, not otherwise specified, but was reclassified
as in situ high-grade salivary ductal carcinoma based
on an amplified HER2 gene.

HER2 amplification was present in 13/15 cases.
Mammaglobin expression was seen in 11/18 cases,
with diffuse, strong expression in 7 tumors. S100
protein was expressed in 2/18 cases. DOG1 was
expressed in 5/17 tumors usually with a membra-
nous pattern. Twelve tumors were tested and found
negative for ETV6 rearrangement. Interestingly,
however, 11 cases showed gains of the 12p13 gene
(Figure 5f) identified in 14–87% of tumor cells; mean
percentage of tumor nuclei with 12p13 gain: 43.7%.

Low-Grade Mucoepidermoid Carcinoma

Two low-grade mucoepidermoid carcinomas demon-
strated mammaglobin expression limited to goblet
cells. However, these cases were negative for S100,
and were otherwise typical for mucoepidermoid
carcinoma. One parotid cystadenoma showed diffuse
S100 expression, focal mammaglobin expression, but
was negative for the ETV6 gene break by fluorescence
in situ hybridization. The immunohistochemical
expression patterns and ETV6 (12p13) and HER2 gene
status are summarized in Table 3.

Discussion

In 2010, MASC was described as a low-grade salivary
tumor composed of carcinoma cells with pink
vacuolated cytoplasm forming microcystic, tubular,
or solid patterns, and uniformly expressing mamma-
globin and S100 protein. The seminal report by
Skálová et al1 included testing for the ETV6 gene
rearrangement by fluorescence in situ hybridization
and the ETV6/NTRK3 fusion by reverse transcrip-
tase–PCR. All 11 MASCs revealed ETV6 gene
rearrangement; ETV6-NTRK3 fusion transcripts were
confirmed in 13/14 tumors.1 The recurrent t(12;15)
(p13;q25) rearrangement results in the fusion of
ETV6, a transcriptional regulator on 12p13, with
NTRK3, which encodes a membrane tyrosine kinase
receptor.12,13 This same ETV6/NTRK3 fusion is also
characteristic of secretory carcinoma of the breast, a
tumor that is histologically identical to MASC, as

well as congenital mesoblastic nephroma, congenital
fibrosarcoma, and some forms of acute myeloid
leukemia.6

Subsequent reports of MASC broadened the
histologic range of this neoplasm, as macrocystic,
polypoid, and papillocystic patterns and perineural
invasion were described.13 Intraductal growth pat-
tern, expression of high-molecular-weight keratin,
and focal mucin production were described, suggest-
ing that low-grade mucopidermoid carcinoma
should be considered in the differential diagnosis.13
Intraoral MASCs were described.2,13–15 Half of
intraoral MASCs were found to be S100 negative,
suggesting that oral acinic cell carcinomas may not
even exist.13 This argument was put to rest in a study
examining 14 extraparotid ‘acinic cell carcinomas’
that were interrogated for the ETV6 gene rearrange-
ment by break-apart fluorescence in situ hybridi-
zation. Of these 14 extraparotid ‘acinic cell carcino-
mas,’ 11 demonstrated ETV6 gene breaks and were
reclassified as MASCs.2 Three ETV6 translocation-
negative intraoral tumors demonstrated basophilic
cytoplasmic granules, thus validating the original
diagnosis of extraparotid acinic cell carcinoma.2
Therefore, intraoral acinic cell carcinomas still do
exist in the post-MASC era of salivary gland
pathology.

Figure 10 In situ high-grade salivary duct carcinoma of the buccal
mucosa. This unilocular tumor was originally classified as
cystadenocarcinoma. It was mammaglobin positive, S100 nega-
tive, HER2 amplified, and with 12p13 gains (HER2/CEP17=2.36,
3–4 copies 12p13 in 36% cells).
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In 2014, Skálová et al16 reviewed 100 MASCs and
found 3 with high-grade transformation; these
cases demonstrated typical MASC adjacent to high-
grade carcinoma with trabecular architecture,
cytologic anaplasia, prominent nucleoli, decreased
bubbly secretions, and comedonecrosis. Both
typical MASC areas and the high-grade components
demonstrated ETV6 gene rearrangements and similar
mammaglobin/S100 expression profiles. Two of
these three high-grade MASC cases demonstrated
lymph node metastasis and all three died of disease.

Before its recognition, MASC was often misclassi-
fied as zymogen-poor acinic cell carcinoma. Some of
the most prominent published series of acinic cell
carcinoma likely harbored misclassified cases; ree-
valuation of the prognosis of acinic cell carcinoma in
the post-MASC is therefore warranted. The prognosis
of MASC is not yet completely known. Two studies
have explored this issue.3,4 Seethala and colleagues3

reviewed 81 cases previously diagnosed as acinic
cell carcinoma, reclassifying 10 zymogen-poor
tumors as MASC, confirmed by ETV6 gene rearran-
gement. Seven zymogen-poor tumors lacked
the ETV6 rearrangement and were left as acinic cell
carcinomas. High-grade transformation was demon-
strated in 11 acinic cell carcinomas, 4 of which were
also tested and were negative for the ETV6 rearran-
gement. With respect to outcome, mean survivals for
classic acinic cell carcinoma and acinic cell carci-
noma with high-grade transformation were 125 and
40.2 months, respectively. Lymph node metastases
were more common in acinic cell carcinoma with
high-grade transformation (2/5, 40%), and MASC
(2/6, 33.3%) as compared with classic acinic cell
carcinoma (3/38, 7.9%). In a separate paper,4 the
rates of lymph node metastasis for MASC and acinic
cell carcinoma were 17.6% (6/34) and 7.9% (3/38),
respectively. This paper also found no significant
differences in mean disease-free survivals for MASC
and acinic cell carcinoma (92 and 121 months,
respectively). The authors concluded that MASC
and acinic cell carcinoma can probably be treated
similarly.

The 14 new MASCs herein bring the total number
of reported MASCs to at least 197 cases, affecting
patients aged 13–86 years, with a male/female ratio
of 1.2:1.1–6,13–38 Among the reported cases with
definite tumor sites, 123 involved the parotid, 28
arose from oral cavity, 13 arose from the subman-
dibular gland, and 9 from the lip. Here we report the
first case of a MASC involving the thyroid gland. We
also report the first case, to our knowledge, of MASC
metastatic to the lung.

Mammaglobin expression has been touted as
characteristic of MASC, but few studies have
explored the specificity of this biomarker for salivary
tumors. Chernock and colleagues39 found strong
mammaglobin expression in 15/15 polymorphous
low-grade adenocarcinomas, 7/15 adenoid cystic
carcinomas, 8/15 mucoepidermoid carcinomas, 2/2
adenocarcinoma, not otherwise specified, and 1 muci-
nous adenocarcinoma. Mammaglobin/S100 coexpres-
sion was demonstrated in nine polymorphous
low-grade adenocarcinomas and two adenoid cystic
carcinomas, all of which were confirmed as negative
for the ETV6 gene rearrangement.39

Westra and colleagues5 tested 131 salivary gland
tumors for the ETV6 gene break by fluorescence
in situ hybridization and identified 15 MASCs, all of
which were translocation positive, with strong,
diffuse mammaglobin expression. However, many
ETV6 rearrangement-negative salivary gland tumors
also expressed mammaglobin, including one low-
grade salivary duct carcinoma and some polymor-
phous low-grade adenocarcinomas, high-grade sali-
vary duct carcinomas, mucoepidermoid carcinomas,
and pleomorphic adenomas. These authors also
commented on some histologic overlap between
low-grade salivary duct carcinoma and MASC.
Parenthetically, before this paper, only 10 low-
grade salivary duct carcinomas, to our knowledge,
have been tested for the ETV6 rearrangement; all
have been negative.1,3–6,37

Low-grade salivary duct carcinoma9,10 is a rare
neoplasm resembling low-grade cribriform ductal
carcinoma in situ of the breast. It is characterized by
intraductal proliferation of low-grade ductal cells

Table 3 Summary of study results

Diagnosis (n) S100 Mammaglobin ETV6 rearrangement
HER2

amplification DOG1 GATA3

MASC (14) 12/14 14/14 11/11 0/10 10/12 Ap, M 9/10 N
Low-grade salivary duct
carcinoma (6)

6/6 6/6 0/5 0/6 6/6 P, M 2/6 N

Acinic cell carcinoma (13) 1/13 0/13 0/7 1/10 13/13 C, Can. 6/12 N
High-grade salivary duct
carcinoma (18)

2/18 11/18 No rearrangements
12p13 gains in 11/12

13/15 5/17 M, C 17/18 N

Low-grade mucoepidermoid
carcinoma (2)

0/2 2/2 (+ in goblet
cells only)

NA 1/1 1/1 1/1 N

Cystadenoma (1) 1/1 1/1 (focal) 0/1 0/1 0/1 0/1

Ap, apical; C, cytoplasmic; Can., canalicular; M, membranous; N, nuclear; NA, not available; P, peripheral.
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with filigreed, anastomosing micropapillae, loose
cribriform, occasional solid patterns, and lipofuscin-
like cytoplasmic pigment. Limited extraductal inva-
sion can be seen. Typically low-grade salivary duct
carcinoma has a nonaggressive clinical course.9 No
recurrences have been reported to date.40 Metastatic
disease has been reported in only one unusual low-
grade salivary duct carcinoma that demonstrated
progression to high-grade intraductal and invasive
salivary duct carcinoma, with multiple regional
metastases of high-grade carcinoma.41 As benign
epithelial inclusions and epithelial displacements in
lymph nodes from intraductal papillary or micro-
papillary lesions are known to occur, we conclude
that our case of in situ low-grade salivary duct
carcinoma with an associated epithelial island in a
periparotid lymph node represents a benign epithe-
lial lymph node inclusion or epithelium displace-
ment rather than an occult metastasis. High-grade
salivary duct carcinoma can mimic low-grade sali-
vary duct carcinoma, but is a highly malignant,
widely invasive adenocarcinoma with oncocytoid
cytoplasm, high-grade nuclei, and overexpression of
HER2,9,10,42 unlike low-grade salivary duct
carcinoma.

Consistent with other reports, we find that mam-
maglobin expression is sensitive for MASC, but not
specific, as it is also expressed in all low-grade
salivary duct carcinomas, many high-grade salivary
duct carcinomas, and by the goblet cells of low-grade
mucoepidermoid carcinoma. Importantly, mamma-
globin expression may be limited in MASC, as one of
our molecularly confirmed MASC cases showed very
focal mammaglobin expression (case 3, Figure 6); the
second resection specimen for tumor persistence
was completely mammaglobin negative. All acinic
cell carcinomas tested were mammaglobin negative.
We confirm that immunohistochemistry for mam-
maglobin and S100 can distinguish most MASCs and
low-grade salivary duct carcinomas from acinic cell
carcinoma; only two MASCs were S100 negative and
one acinic cell carcinoma was S100 protein positive.
Limited DOG1 expression was seen in many of the
tumors studied. However, the pattern of DOG1
expression was useful for confirming the diagnosis
of acinic cell carcinoma. Acinic cell carcinomas
demonstrate strong, diffuse cytoplasmic and canali-
cular expression of DOG1. Both MASC and low-
grade salivary duct carcinoma show weaker DOG1
expression limited to the cells at the periphery of
tumor groups. GATA3 expression was not found to
be useful in this differential diagnostic context.

We also confirm that the ETV6 gene rearrangement
can distinguish MASC from low- and high-grade
salivary duct carcinomas and acinic cell carcinoma.
All MASCs tested demonstrated the ETV6 gene
rearrangement, whereas all other salivary tumors
tested were negative for the rearrangement. Interest-
ingly, most high-grade salivary duct carcinomas
showed 12p13 gains, warranting further study.
HER2 amplification is common in high-grade

salivary duct carcinomas. No MASC or low-grade
salivary duct carcinoma demonstrated HER2 gene
amplification.

Histopathology is the best discriminator between
MASC and low-grade salivary duct carcinoma.
MASC is predominantly infiltrating, with a variable
cystic component and composed of tumor cells with
abundant pink, bubbly cytoplasm, eosinophilic to
mucinous secretions, and solid, microcystic, tubular,
papillocystic, and trabecular architectures. On the
other hand, low-grade salivary duct carcinoma is
typically an intraductal multicystic proliferation.
Calponin staining specifically confirms the intraduc-
tal component. The intraductal/intracystic tumor is
composed of low-grade cells with micropapillary
and sieve-like fenestrated architecture. Tumor cells
may contain focal yellow cytoplasmic pigment. No
bubbly cytoplasm, basophilic zymogen granules, or
mucinous secretions are seen. Another helpful point
is that low-grade salivary duct carcinoma, unlike
MASC, rarely involves minor salivary glands.
Despite histologic and immunophenotypic overlap,
it can be confidently stated that MASC and low-
grade salivary duct carcinoma are indeed molecu-
larly distinct. A total of 15 low-grade salivary duct
carcinomas have now been negative for the ETV6
gene rearrangement. If the distinction between
MASC and low-grade salivary duct carcinoma
remains problematic, then fluorescence in situ hybri-
dization for the ETV6 rearrangement can be the gold
standard. Strong and diffuse mammaglobin/S100
protein coexpression definitely excludes acinic cell
carcinoma. Strong cytoplasmic and canalicular
expression of DOG1 definitely excludes MASC and
low-grade salivary duct carcinoma. HER2 gene
amplification may help separate high-grade salivary
duct carcinoma from its mimics.
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