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Abstract The recently described mammary analogue

secretory carcinoma (MASC) is a low-grade salivary gland

malignancy that harbors the recurrent cytogenetic abnor-

mality t(12;15) (p13;q25) ETV6-NTRK3. Confirmation of

this is currently considered the gold standard for diagnosis.

Some have postulated that morphology together with sup-

porting immunohistochemistry is sufficient to diagnose

MASC. In this study we retrospectively review a series of

19 MASCs diagnosed based on histology in conjunction

with immunohistochemistry; subsequently we performed

in situ hybridization using an ETV6 break-apart probe.

Immunohistochemistry for S100 protein and mammaglobin

as well as fluorescence in situ hybridization using the Vysis

ETV6 Dual Color Break-Apart FISH Probe Kit were per-

formed on all cases. The 19 cases were from 12 females

and 7 males with ages ranging from 16 to 76 years

(mean = 45 years). Sixteen cases were from the parotid

gland, 1 case was from a periparotid lymph node and 2

cases were from the submandibular gland. All 19 cases

demonstrated moderate to strong expression of S100 pro-

tein. Eighteen cases demonstrated strong, diffuse expres-

sion of mammaglobin, while one case had only rare tumor

cells that strongly expressed mammaglobin. Eighteen of 19

cases (95 %) demonstrated the ETV6 rearrangement by

fluorescence in situ hybridization. Given that morphology

together with immunohistochemistry is highly correlated

with the ETV6 gene rearrangement, we conclude that

molecular confirmation is not required to diagnose MASC.

Keywords Mammary analogue secretory carcinoma �
Salivary gland � ETV6 � Fluorescence in situ hybridization �
Immunohistochemistry � Mammaglobin

Introduction

Mammary analogue secretory carcinoma (MASC) was first

described by Skalova et al. [1] in 2010. Implicit in its

name, the tumor is morphologically, immunohistochemi-

cally and molecularly akin to secretory carcinoma of the

breast [1]. Both tumors have the t(12;15) (p13;q25) trans-

location which creates the ETV6-NTRK3 fusion gene [1, 2].

This fusion gene has also been detected in congenital

fibrosarcoma, the cellular variant of congenital mesoblastic

nephroma and rare cases of acute myelogenous leukemia

[3–7]. While secretory carcinoma of the breast is a rare

carcinoma subtype, the incidence of MASC is yet

unknown. In our shared experience at two tertiary aca-

demic institutions (University of Virginia and Mount Sinai

Health System-Beth Israel Medical Center), both with

moderately sized consultation practices, we see a fair

number of these tumors each year. These cases are often

referred to us with a preliminary diagnosis of acinic cell

carcinoma, salivary duct carcinoma and adenocarcinoma

not otherwise specified. However, in the past year many of

our referral pathologists have correctly suggested the

diagnosis of MASC, sending the case for diagnostic

confirmation.

There are a handful of salivary gland tumors that have been

demonstrated to have recurring cytogenetic abnormalities
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including adenoid cystic carcinomas [t(6;9) (MYB-NFIB)] [8–

10], mucoepidermoid carcinomas [t(11:19) (MECT1-

MAML2)] [11, 12], pleomorphic adenomas (PLAG1 and

HMGA2 rearrangements) [13–17], and hyalinizing clear cell

carcinoma [t(12;22) (EWSR1-ATF)] [18, 19]. In the majority

of these tumors, the morphology is distinctive enough to allow

for a diagnosis and molecular confirmation is typically not

necessary. Currently, molecular confirmation is considered

the gold standard for the diagnosis of MASC. However, we

postulate that the features as described by Skalova et al. [1] in

conjunction with the appropriate immunohistochemical pro-

file are sufficient for a diagnosis of MASC in virtually all

cases. In order to test this hypothesis, we retrospectively

reviewed a series of tumors originally diagnosed as MASC

based on histologic and immunohistochemical findings and

subsequently performed fluorescence in situ hybridization for

ETV6.

Materials and Methods

A natural language search was performed to identify

MASCs using two institution’s anatomic pathology labo-

ratory information systems. Search terms included

‘‘secretory carcinoma’’ in the final diagnosis or diagnosis

comment; all cases selected were from the head and neck

location. Eleven cases (10 consultation and 1 in-house)

were retrieved from the files of the University of Virginia

between October 2010 and February 2014. Nine additional

MASCs, also representing consultation cases were

obtained from the Mount Sinai Health System—Beth Israel

Medical Center.

The histopathologic features of all tumors and the

accompanying immunohistochemical stains when available

were reviewed by two pathologists (E.B.S and A.A.S). A

diagnosis of MASC was confirmed in cases that displayed

the histologic features as described by Skalova et al. [1]

and in cases in which there was a supporting immunohis-

tochemical profile, i.e., co-expression of S100 protein and

mammaglobin. Upon review of the 20 cases, the diagnosis

of MASC was retained in 19 tumors; 1 parotid gland tumor

was reclassified as a low-grade cribriform cystadenocarci-

noma also known as low-grade salivary duct carcinoma

and intraductal carcinoma.

Histologic features used to aid in a diagnosis of MASC

included a variety of architectural growth patterns includ-

ing microcystic, macrocystic, solid, tubular, papillary and

pseudopapillary growth. Light pink to colloid-like secre-

tions were also frequently seen. Neoplastic cells had to

have oval to round nuclei with vesicular to finely granular

chromatin, frequently with a single, distinct nucleolus. The

tumor cells were also required to have eosinophilic cyto-

plasm with varying degrees of vacuolation.

If S100 protein and mammaglobin immunohistochem-

istry were not performed by the referring institution, then

these immunohistochemical stains were performed either at

the University of Virginia or at the Mount Sinai Health

System-Beth Israel Medical Center. Immunohistochemical

staining for DOG1, a newly described marker for acinic

cell carcinoma, was also performed in tumors that were

negative for the ETV6 rearrangement [20]. Immunohisto-

chemistry was performed on 4-lm-thick sections from

formalin-fixed paraffin-embedded tissue. The University of

Virginia utilized the Dako EnVision Plus Dual Link Sys-

tem-Horseradish Peroxidase technique with commercially

purchased antibodies against S100 protein (polyclonal

rabbit, 1:16,000 dilution, Dako) and mammaglobin cocktail

(304-1A5 & 31A5 clones, 1:50 dilutions, Dako); staining

was performed in a Dako Autostainer Plus (Dako North

America Inc., Carpinteria, CA). Beginning in March 2013,

immunohistochemical stains at the University of Virginia

were performed with ready-to-use (RTU) commercially

purchased antibodies performed in a Dako Envision Flex

Detection system. Immunohistochemistry at the Mount

Sinai Health System-Beth Israel Medical Center was per-

formed in a Leica BOND III Autostainer (Leica Micro-

systems, Melborne, Australia) using the Leica Bond

Polymer Refine Detection System with the following

commercially purchased antibodies: S100 protein (poly-

clonal rabbit, RTU, Leica), mammaglobin (Monocloan C5/

D5, 1: 1:200 dilution, Cell Marque) and DOG1 (K9 clone,

RTU, Leica).

FISH for the ETV6 rearrangement was performed on

whole-mount unstained sections for all 19 MASCs and the

single low-grade cribriform cystadenocarcinoma. Four-lm-

thick sections of formalin-fixed paraffin-embedded tissue

were placed on positively charged glass slides and pre-

treated by baking at 56 �C overnight. All slides were then

deparaffinized by 3 immersions in xylene (Cardinal Health

PN C4330) for 5 min each, followed by two 1-min

immersions in 100 % alcohol (Pharmco-Aaper PN E200),

two 1-min immersions in 95 % alcohol (Pharmco-Aaper

PN E190), and a final 5-min immersion in molecular-grade

distilled water. Slides were heated to 95 �C for 40 min and

allowed to cool for 20 min at room temperature (RT).

Slides were rinsed 3 times for 5 min each in distilled water.

A volume of 150 lL of ProK (Dako S3020) was added to

each slide and incubated for 5 min at RT. Slides were

rinsed 3 times for 5 min each in distilled water. Slides were

dehydrated by placing them in 95 % dehydrant alcohol

(Cardinal PN C4405-12) at RT, 2 times for 1 min each,

followed by placing the slides in 100 % dehydrant alcohol

(Cardinal PN C4405-10) at RT for 1 min. Slides were

placed on a prewarmed slide warmer at 37 �C. The probe

(5 lL) (Vysis LSI ETV6) was applied to the center of the

tissue and covered with a coverslip and sealed at the edges
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with rubber cement. Slides were placed into the humidified

HyBrite (Abbott Molecular Inc., Abbott Park, IL). The

slides were denatured in the HyBrite for 5 min at 73 �C,

followed by hybridization for 18 h at 37 �C. The rubber

cement was removed from the hybridized slides, and they

were then immersed in 2 9 SSC (Vysis PN 32-804850) at

RT for 5 min. Coverslips were removed, and slides were

washed with 0.4 9 SSC/0.3 % NP-40 (Vysis PN

32-804850, Vysis PN 32-804818) at 73 �C for 2 min. The

slides were washed for 30 s at RT in 2 9 SSC/0/1 % NP-

40 and then air dried. One drop of VectaSheild with DAPI

(Vector Labs PN H-1200) was applied to the target area of

the slide. A coverslip was placed and sealed with rubber

cement.

Tissue from a cellular congenital mesoblastic nephroma

case was used as a positive control. Interphase nuclei were

scored using a fluorescence microscope and 9150 glycerin

immersion lens. A total of 100 cells were scored as

‘‘intact’’ or ‘‘disrupted.’’ To avoid false positives resulting

from nuclear truncation occurring in a subset of cells in

paraffin-embedded samples, only tumor nuclei with all four

signals present were evaluated, and overlapping cells

indistinguishable as separate nuclei were excluded from the

analysis. A tumor was considered rearranged for the spe-

cific gene if[10 % of tumor cells showed disrupted ETV6.

In negative cases, the FISH was repeated and morphologic

review was performed to ascertain any features that were

distinctly different from the other FISH positive cases that

would confer an alternative diagnosis.

Results

Of the 19 MASCs, 12 patients were female and 7 were

male. The mean age was 45 years (range 16–76 years).

Sixteen cases were located in the parotid gland, 2 in the

submandibular gland and 1 within a periparotid lymph

node. Tumor size and clinical follow-up was unknown for

the majority of cases. The single in-house (case 2) occurred

in a 23-year-old female; the tumor presented as a palpable

mass and a fine-needle aspirate was performed prior to

resection. The fine-needle aspirate was diagnosed as a low

grade salivary gland neoplasm with a differential diagnosis

of polymorphous low grade adenocarcinoma or mucoepi-

dermoid carcinoma. The patient subsequently underwent a

right superficial parotidectomy, the tumor measured 1.2 cm

and the patient has had no evidence of disease recurrence in

the past 2.5 years.

The histomorphologic features of all 19 cases are

detailed in Table 1. The majority of tumors were well-

circumscribed with lobules of tumor divided and sur-

rounded by bands of fibrosis. A single tumor, although

mostly well-circumscribed, demonstrated focal areas of

infiltration into the adjacent parotid gland parenchyma.

Four tumors (cases 4, 13, 17 and 19), also demonstrated

significant desmoplasia surrounding tumor nests both in the

center and at the periphery of the tumor (Fig. 1). Five

tumors (cases 6, 7, 10, 14 and 15) presented as cystic

lesions filled with friable tumor with a thick fibrous cyst

wall; tumor nests often focally extended through the cyst

wall and into the surrounding normal salivary gland

parenchyma (Fig. 2). Three tumors (cases 5, 6 and 7) were

bordered by a cuff of lymphocytes but did not demonstrate

significant tumor infiltrating lymphocytes. Two tumors

(cases 16 and 17) had both a cuff of lymphocytes as well as

significant tumor infiltrating lymphocytes (Fig. 3a).

Excluding the single case that presented as a periparotid

lymph node metastasis, all other cases lacked lymphovas-

cular space invasion. Perineural invasion was seen in four

cases (Fig. 3b). The mitotic rate was overall low, ranging

from 0 to 2 mitotic figures per 10 high power fields.

Necrosis was not seen. Three tumors (cases 1, 7 and 8)

demonstrated tumor islands associated with small to med-

ium-sized ducts; whether this represented cancerization of

ducts or tumor arising from these ducts is unclear (Fig. 2).

All cases demonstrated two or more architectural patterns

with microcystic and solid patterns often occurring toge-

ther (Fig. 4). Macrocysts were common and a single tumor

presented as a single well-circumscribed nodule that was

composed almost entirely of macrocysts (case 12) and

looked very similar to an adenomatous thyroid nodule.

The cytologic features were similar from case to case.

All tumors demonstrated some proportion of tumor cells

with round nuclei with vesicular to finely granular chro-

matin with a single, distinct nucleolus (Fig. 5a). Moderate

pleomorphism was seen in a single tumor (case 18), but

most cases had only mild nuclear atypia with fairly

monomorphic cytology. Cases 15 and 18 had occasional

binucleate cells (Fig. 5b). In cases with papillary and

pseudopapillary patterns, hobnailing of nuclei was often

seen (Fig. 5c). The nuclear membranes of the majority of

tumor cells were smooth, but nuclear irregularities were

prominent in two tumors. Tumor cell cytoplasm was lightly

eosinophilic and vacuolated. The degree of vacuolation

varied from case to case, with some cases being heavily

vacuolated and others demonstrating only focal vacuola-

tion. Fine cytoplasmic granularity was occasionally seen,

however, the coarse zymogen-type granules seen in serous

acinic cells were not present in any of the tumors. Secre-

tions were present in all tumors, and varied in color from

light grey to light pink; some tumors had thicker, colloid-

like secretions.

The immunohistochemistry results for all 19 cases are

listed in Table 2. All 19 cases demonstrated diffuse

expression of S100 protein and the majority demon-

strated moderate to strong nuclear and cytoplasmic
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staining intensity (Fig. 6a). Strong and diffuse mamma-

globin expression was seen in 18 of 19 (95 %) of cases

(Fig. 6b). A single tumor (case 8) demonstrated very

rare, scattered expression of mammaglobin in both the

secretions and tumor cells (Fig. 6c). The S100 protein

expression in this case was diffuse but of moderate

nuclear and cytoplasmic intensity. Diffuse and strong

vimentin and cytokeratin expression was seen in all

cases in which it was performed (9 of 9 cases, 100 %

and 11 of 11 cases, 100 %, respectively). Cytokeratin

expression included staining for either AE1/AE3,

CAM5.2, CK7 or CK19. Although p63 and/or SMA

were performed in only 7 cases, all cases lacked

expression of these markers. BRST-2 expression was

seen in approximately one-third of cases tested (4 of 11,

36 %).

Eighteen of 19 cases (95 %) (including case 8 with the

‘‘rare’’ mammaglobin expression) demonstrated the ETV6

rearrangement by fluorescence in situ hybridization

(Fig. 7a).

A single tumor (case 7) was negative for the ETV6

rearrangement. This tumor was largely composed of a

single cystic mass with tumor cells lining and infiltrating

the fibrous cyst wall. The architecture of the tumor was

predominantly microcystic and the cytology was essen-

tially identical to all other cases with lightly eosinophilic

cytoplasm that was heavily vacuolated in some areas

(Fig. 2). The tumor cell nuclei were round with vesicular

chromatin and a single distinct nucleolus, often centrally

located was seen. Immunohistochemistry for DOG1 was

performed on this case and was negative. No particular

morphologic feature that departed from any of the other

cases was apparent and despite the negative ETV6 we

believe the best classification for this tumor is a MASC.

The single low-grade cribriform cystadenocarcinoma,

like the 19 MASCs demonstrated expression of S100

protein and mammaglobin; however, ETV6 was intact.

This tumor was a cystic lesion that contained a dense

fibrous wall as well as well-rounded nests of tumor cells

within the fibrous wall and the parotid gland parenchyma.

Microcystic and solid architectural patterns were seen

within the well-rounded tumor nests. The slit-like micr-

ocystic areas contained light pink secretions. The tumor

cell nuclei were oval with smooth, finely granular chro-

matin with small to medium, distinct nucleoli that were

often eccentrically placed (Fig. 8). The cytoplasm was

eosinophilic and lacked vacuolation. Cell membranes

were very distinct with sharp outlines, a feature not seen

in any of the MASCs. While architecturally there were

similarities to MASC, the overall morphology was rem-

iniscent of a ductal hyperplasia or ductal carcinoma

in situ, thus supporting its reclassification as a low-grade

cribriform cystadenocarcinoma.T
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Discussion

In 2010, Skalova et al. [1] described MASC as a distinct

salivary gland tumor that was molecularly, immunohisto-

chemically and morphologically analogous to secretory

carcinoma of the breast. In the past, this tumor was likely

most often classified as either a zymogen granule poor

acinic cell carcinoma, cystadenocarcinoma or adenocarci-

noma not otherwise specified [1, 21]. Currently, molecular

confirmation is considered the gold standard for the diag-

nosis of MASC. However, we postulated that the mor-

phologic features together with supporting

immunohistochemistry are sufficient for a diagnosis of

MASC.

Despite the ongoing elaboration of new morphologic

features, in our experience there are certain constant fea-

tures that are characteristic of this tumor and were reported

in the initial paper describing MASC [1, 21, 22]. These

features include tumor cells with oval to round nuclei with

vesicular to finely granular chromatin and a single distinct

nucleolus. Tumor cell cytoplasm is eosinophilic and vac-

uolated. Architectural growth patterns are varied and

include microcystic, tubular, solid, macrocystic, papillary

and pseudopapillary patterns. Intraluminal secretions

ranging from light pink to colloid-like is also usually

present.

The majority of MASCs typically demonstrate co-

expression of S100 protein and mammaglobin, although

focal weak or absent expression of S100 protein has been

reported in intraoral tumors [1, 22–24]. Using the above

histologic features as a springboard for diagnosis as well as

supporting coexpression of S100 protein and mammaglo-

bin, we rendered a diagnosis of MASC in total of 19

consultation cases sourced from the University of Virginia

and the Mount Sinai Health System-Beth Israel Medical

Center. Retrospective FISH for ETV6 was then performed

on all 19 cases. In this study, we demonstrated a 95 %

correlation rate with FISH when using solely morphology

in conjunction with immunohistochemistry. This high

percentage supports our hypothesis that morphology in

conjunction with immunohistochemistry is sufficient to

render a diagnosis of MASC.

It was surprising to us that case 7 was negative by FISH,

as the morphologic and immunohistochemical features to

our eyes were characteristic of MASC. This tumor may

represent a zymogen granule poor acinic cell carcinoma;

however, the strong mammaglobin expression would be at

odds with this diagnosis. Additionally, the lack of DOG1

expression is more consistent with a MASC rather than a

zymogen granule poor acinic cell carcinoma [20]. Chiosea

et al. [21] retrospectively reviewed a series of zymogen

granule poor acinic cell carcinomas. FISH for ETV6 was

performed on all 17 cases of zymogen granule poor acinic

cell carcinomas and immunohistochemistry for S100 pro-

tein was performed on a subset of cases [21]. Cases that

harbored the ETV6 rearrangement were redesignated as

MASC. Chiosea et al. [21] did not find striking histologic

differences between MASC and the zymogen granule poor

acinic cell carcinoma, but did state that MASC tended to be

more solid and microcystic whereas zymogen granule poor

acinic cell carcinoma had a cystic, papillary growth pattern.

This study would suggest that FISH would be the best

method to distinguish these two entities, but given the

small series of zymogen granule poor acinic cell carcino-

mas as well as the lack of assessment of mammaglobin

between the two entities, further comparative study is

needed.

Fig. 1 Four tumors, including this one (case 17), demonstrated

islands of tumor cells with surrounding desmoplasia (H&E, 109)

Fig. 2 This tumor (case 7) is predominantly a cystic lesion filled with

friable tumor. There are tumor islands that infiltrate into the fibrous

cyst wall and are associated with a medium-sized duct (H&E, 49)
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We used the combination of S100 protein and mam-

maglobin expression as an adjunct to the diagnosis of

MASC. Patel et al. [23] have shown that polymorphous

low-grade adenocarcinoma and adenoid cystic carcinoma

can also demonstrate significant co-expression of these

immunohistochemical markers. In our experience the his-

tologic and cytologic features of adenoid cystic carcinoma

allow its easy distinction from MASC; although, in cases

with high-grade transformation molecular studies would be

prudent. Recently, MASC have been described in the oral

cavity [22, 24]. Given the predilection of polymorphous

low-grade adenocarcinoma (PLGA) for this site, this tumor

may enter the differential diagnosis. In our experience,

PLGA tends to be more infiltrative as compared to the

well-circumscribed MASC. Both share cytologic monotony

and variable architectural patterns as well as the potential

for co-expression of S100 protein and mammaglobin.

However, the degree of secretions and cytoplasmic

Fig. 3 a This tumor (case 16) demonstrates a microcystic architec-

ture with intraluminal light grey secretions which represents the

typical morphologic features seen in mammary analogue secretory

carcinoma. In addition, this tumor also demonstrates significant tumor

infiltrating lymphocytes (H&E, 209). b This tumor (case 1) also

demonstrates the characteristic microcystic and tubular architectural

patterns of mammary analogue secretory carcinoma. Additionally,

this tumor demonstrates the denser, colloid-like secretions that can

sometimes be seen as well as the tumor’s capacity for perineural

invasion, as highlighted by the squares (H&E, 20)

Fig. 4 This tumor (case 4) was located within a periparotid lymph

node. The tumor deposits demonstrate a variety of architectural

patterns including microcystic, macrocystic and papillary (H&E, 49)

Fig. 5 a Tumor cells are characterized by oval to round nuclei with

vesicular chromatin and a single, distinct nucleolus. This tumor also

features cytoplasmic vacuolation (H&E, 409). b Binucleate tumor

cells, as highlighted by the circles, were occasionally seen (H&E,

409). c Tumors with a pseudopapillary and papillary architecture

demonstrated occasional hobnailing of nuclei (H&E, 409)
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vacuolation seen in MASC is not typical of PLGA.

Nonetheless, FISH confirmation of intraoral tumors may be

helpful. Of note, while all intraoral cases of MASC

reported by Bishop et al. demonstrated co-expression of

S100 protein and mammaglobin, Connor et al. had focal

and absent expression of S100 protein in two of four

intraoral MASCs [22, 24]. These two intraoral tumors also

demonstrated isolated tumor cells with nuclear p63

expression [22]. Although the majority of MASC lack

expression of basal/myoepithelial markers, there are rare

cases that demonstrate focal expression of p63 [25].

Mammaglobin staining in 18 cases was strong and dif-

fuse and was present in both the tumor cell cytoplasm and

intraluminal secretions. A single tumor (case 8) demon-

strated very rare yet strong cellular mammaglobin expres-

sion; given the overall morphology we classified this tumor

as a MASC. The majority of the literature suggests that

staining for mammaglobin in MASCs is typically diffuse;

the rare expression seen in case 8 may be due to differences

in fixation as this was a consultation case [26]. Alterna-

tively, mammaglobin may be only focally expressed in

some MASCs as is the case with many invasive breast

cancers [27].

In our initial morphologic review, we did have a single

case that was reclassified as a low-grade cribriform cyst-

adenocarcinoma, also known as a low-grade salivary duct

carcinoma and intraductal carcinoma. Both MASC and

low-grade cribriform cystadenocarcinoma have overlap-

ping morphologic features particularly in their architectural

patterns and the presence of secretions. Additionally, both

tumors typically demonstrate expression of S100 protein

and a single case of low-grade cribriform cystadenocarci-

noma has been previously shown to demonstrate mam-

maglobin expression [26, 28]. This study adds another

mammaglobin expressing low-grade cribriform cystade-

nocarcinoma to the literature. In their initial paper on

MASC, Skalova et al. [1] did study a single case of a low-

grade cribriform cystadenocarcinoma which was negative

for the ETV6 rearrangement, and the low-grade cribriform

cystadenocarcinoma in this study was also negative for the

ETV6 rearrangement suggesting that these tumors are

distinct entities. However, the rarity of low-grade cribri-

form cystadenocarcinoma makes a comparative study

between these two tumors difficult, and it remains to be

seen whether this pathologic distinction is even clinically

relevant.

There are some histologic features that were noted

during our review that have not been previously high-

lighted. Some of our tumors featured desmoplasia

Table 2 The immunohistochemical profile of the nineteen putative

mammary analogue secretory carcinomas

Case S100 MGB Vim BRST-2 CK p63 SMA

1 ? ? ? – nd – nd

2 ? ? nd nd nd – –

3 ? ? nd – ? – nd

4 ? ? nd nd nd nd nd

5 ? ? nd nd nd nd nd

6 ? ? nd nd nd nd nd

7 ? ? nd nd ? nd –

8 ? rare ? nd nd nd nd nd

9 ? ? nd rare ? ? nd –

10 ? ? nd nd nd nd nd

11 ? ? nd nd nd nd nd

12 ? ? ? rare ? ? – nd

13 ? ? ? – ? nd nd

14 ? ? ? ? ? – nd

15 ? ? ? – ? nd nd

16 ? ? ? ? ? nd nd

17 ? ? ? – ? nd nd

18 ? ? ? – ? nd nd

19 ? ? ? – ? nd nd

? positive staining, - negative staining, nd not done, S100, S100

protein, MGB mammaglobin, Vim Vimentin, CK cytokeratins

(including AE1/AE3, CAM5.2, CK7, and/or CK19)

Fig. 6 a All tumors demonstrated moderate to strong nuclear and

cytoplasmic expression of S100 protein (H&E, 109). b Eighteen

tumors demonstrated strong cytoplasmic expression of mammaglobin

(H&E, 109). c A single tumor (case 8) demonstrated very rare

expression of mammaglobin in tumor cells and secretions (H&E,

409)
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surrounding tumor nests. Despite the desmoplasia, the

tumors remained well-circumscribed. A cuff of lympho-

cytic infiltrate was seen in 5 cases and two of these cases

had tumor infiltrating lymphocytes. With regards to

cytology, although the majority of tumor cells were round

and atypia was usually mild, there were two cases that

demonstrated binucleation and a single case with moderate

pleomorphism. Hobnailing of tumor nuclei has been pre-

viously reported and was also seen in this study specifically

in cases with papillary and pseudopapillary architectural

growth patterns [22].

As previously reported, we also observed tumor cells

associated with ducts in three cases [22]. The significance

of this finding is unclear [22]. Except for case 3 which

presented as a lymph node metastasis, lymphovascular

invasion was not a typical finding. Perineural invasion was

seen in four cases, however, necrosis was absent in all

cases and the tumors had very low mitotic rates. In most

published series, MASCs have tended to predominate in

men; however, in our cohort that majority occurred in

women [1, 22, 29]. Like the prior studies, our patient age

range was wide [1, 22].

In our consult services, we have noticed the increased

frequency of accurate histomorphologic identification of

MASC by our referring pathologists. Given that molecular

studies are not routinely available in these smaller aca-

demic or private practice groups from which the majority

of our cases are sourced, the requirement of molecular

confirmation in order to diagnosis MASC needs to be

addressed. This study has shown that the majority of

tumors (95 %) can be accurately classified as MASC based

solely on morphology and immunohistochemistry. How-

ever, we do concede that in cases with atypical features or

with areas of high-grade transformation, molecular con-

firmation should be performed. There are very limited

studies detailing the behavior of MASCs; one study sug-

gested there was a slight increase of lymph node metastasis

when compared to acinic cell carcinomas [29]. Although

the majority of MASCs appear to behave as low-grade

malignancies, there is a real risk of high-grade transfor-

mation, local recurrence, lymph node and distant metas-

tasis and even death in rare cases [1, 30]. With the growing

armamentarium of molecular-based targeted therapies it is

foreseeable that in the future the subset of tumors with

high-grade transformation may benefit from such therapy

and confirmatory molecular testing may be necessary.
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