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Abstract Mammary analogue secretory carcinoma

(MASC) is a recently described salivary gland tumor

characterized by ETV6 translocation. It appears that prior

studies have identified MASC by reviewing salivary gland

carcinomas, such as acinic cell carcinoma and adenocar-

cinoma, not otherwise specified. To address the possibility

of MASC mimicking benign salivary neoplasms we

reviewed 12 salivary gland (cyst)adenomas diagnosed prior

to the discovery of MASC. One encapsulated (cyst)ade-

noma of the parotid gland demonstrated features of MASC.

The diagnosis was confirmed by fluorescence in situ

hybridization with an ETV6 break-apart probe. An unusual

complex pattern of ETV6 rearrangement with duplication

of the telomeric/distal ETV6 probe was identified. This case

illustrates that MASC may mimic salivary (cyst)adenomas.

To more accurately assess true clinical and morphologic

spectrum of MASC, future studies may have to include

review of salivary (cyst)adenomas. The differential diag-

nosis of MASC may have to be expanded to include cases

resembling salivary (cyst)adenomas.
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Introduction

Since the first description of mammary analogue secretory

carcinoma (MASC) of the salivary glands [1], about 70

additional cases have been reported [2]. The clinicopath-

ologic features of MASC are now well recognized and the

distinctive morphology of MASC (i.e., lobular architecture

with microcystic, tubular or solid growth patterns and

monomorphic cells with low-grade, vesicular nuclei and

eosinophilic vacuolated cytoplasm) has now been con-

firmed by numerous series and case reports. As reported

initially, virtually all cases of MASC are characterized by

the ETV6 (ets variant 6) rearrangement, [1] while all of the

other tested salivary gland tumors showed intact ETV6.

While in most recent case reports and smaller series

MASC was identified prospectively (likely as a part of

clinical care), the majority of the larger series represent

retrospective studies of archived cases [2–5]. In an attempt

to bridge MASC to more established diagnostic entities,

most, but not all, series explicitly indicated the original

diagnoses for cases that were re-categorized as MASC. To

the best of what can be determined from the literature, only

malignant salivary tumors were included in such reviews—

adenocarcinomas, not otherwise specified, acinic cell car-

cinomas, etc [1, 3, 4, 6–8]. This study design certainly

yielded the highest number of newly identified MASC;

however, such a biased approach may narrow the clinical

and morphologic spectrum of recognized MASC. For

instance, it may lead to an overestimation of how aggressive

this tumor actually is. Since MASC can be very small, well-

circumscribed and are usually composed of low-to-inter-

mediate grade cells, we hypothesized that some salivary

neoplasms historically diagnosed as salivary (cyst)adeno-

mas may in fact represent MASC. The aim of this study was

to re-evaluate salivary (cyst)adenomas in the light of the
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discovery of MASC. To assess the possibility that some of

the cases previously diagnosed as salivary (cyst)adenomas

may actually represent MASC, we reviewed salivary

(cyst)adenomas diagnosed from 1991 to 2008.

Materials and Methods

Studied Patients

This study was approved by the University of Pittsburgh

Institutional Review Board (IRB# PRO07050360). The

surgical pathology archives of the University of Pittsburgh

Medical Center were searched for the terms ‘‘salivary

adenoma’’ and ‘‘salivary cystadenoma’’ from 1991 to 2008.

Specimens diagnosed as other named salivary gland ade-

nomas (e.g., basal cell adenoma, pleomorphic adenoma,

canalicular adenoma, myoepithelioma, Warthin tumor)

were excluded. The histologic features were re-evaluated

with the knowledge of MASC.

ETV6 Fluorescence In Situ Hybridization (FISH)

FISH for ETV6 was performed with commercial break-

apart ETV6 probes (Abbott Molecular, Des Plaines, IL,

USA) as previously described [7]. The break-apart ETV6

(12p13) probe consists of a Spectrum Green labeled

proximal (centromeric) probe and a Spectrum Orange

labeled distal (telomeric) probe. The presence of[20 % of

analyzed cells with split green and orange signals was

considered indicative of ETV6 rearrangement. Imaging

analysis was performed with a fluorescence microscope

(Nikon Eclipse E600) and CytoVision Workstation

(Applied Imaging, Santa Clara, CA, USA). Slides were

counterstained with 40-6-diamidino-2-phenylindole (DAPI)

(Abbott Molecular, Des Plaines, IL, USA). FISH was

performed on the destained H&E slide.

Literature Review

All publications in the English medical literature that ref-

erenced the original paper by A. Skálová and colleagues as

of November 2012 were reviewed; 76 total cases of MASC

had been reported at that time [1–15]. These reports were

reviewed for comments on MASC encapsulation, benign or

malignant nature of re-classified tumors, and pattern of

ETV6 rearrangement, as detected by FISH.

Results

A total of 12 salivary (cyst)adenomas were identified.

There were 6 female and 6 male patients with an average

age of 58 years (range, 17–83 years). All 12 (cyst)adeno-

mas involved the parotid gland and were 1.8 cm on average

(range 0.5–4 cm). Five occurred on the left and 6 on the

right (the laterality was not specified in one case). Surgical

procedures ranged from excisions to superficial parotidec-

tomies. Available clinical presentations included that of a

mass (neck, parotid, facial or preauricular), some of which

were specified to be painless and/or slow growing. Ten

cases were received in consultation from outside institu-

tions (including the case presented below) and 2 were in-

house. In 9 cases the diagnosis of cystadenoma (including 6

cases of oncocytic cystadenoma) was confirmed. In one

case the original diagnosis of ‘‘hybrid salivary gland ade-

noma with components of oncocytoma and basal cell

adenoma’’ was confirmed and another case is still best

categorized as ‘‘salivary adenoma, not otherwise speci-

fied.’’ The only re-classified case is described below.

Case Report

A 37-year-old female presented with a left facial mass in

January of 2001. Excisional biopsy revealed a 0.5 cm

encapsulated cystic tumor surrounded by atrophic parotid

tissue (Fig. 1a). The cyst contents consisted of microfolli-

cles and delicate papillae lined by a monomorphic popu-

lation of cuboidal and columnar cells (Fig. 1b). The cells

had pale cytoplasm and bland nuclei with fine chromatin

and occasional small nucleoli. No mitotic figures were

appreciated. Periodic acid-Schiff (PAS) stain with diastase

digestion showed no cytoplasmic zymogen granules. Both

the PAS and mucicarmine stains highlighted intracystic

and intraluminal mucin (Fig. 1b). The diagnosis of ‘‘con-

sistent with cystadenoma of parotid gland’’ was rendered.

The possibility of papillary-cystic acinic cell carcinoma

was excluded due to the lack of zymogen granules and

tumor encapsulation. Clinical follow-up is not available.

At present, the morphologic features of this case are

more consistent with a diagnosis of MASC. To confirm this

impression, FISH for ETV6 rearrangement was performed

and demonstrated that 45 of 60 (75 %) analyzed cells

harbored ETV6 gene breaks (Fig. 1c). Eight of 60 (13.3 %)

analyzed cells showed a classic rearrangement pattern—

one fusion signal accompanied by separate single orange

and single green (i.e., split) signals indicative of ETV6

rearrangement. Interestingly, 37 of 60 (61.7 %) analyzed

cells showed a complex rearrangement pattern (one fusion

signal, two or more orange signals, and one green signal).

Discussion

Since its first description in late 2010, numerous additional

publications from several institutions have reported 76
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cases of MASC [2]. These reports comprise both cases

diagnosed prospectively as part of clinical care and

retrospectively, through focused review of archived mate-

rial. To the best of our knowledge, retrospective studies

have not included re-evaluation of benign salivary neo-

plasms. Here we show that a minority (perhaps about 8 %)

of salivary (cyst)adenomas may represent MASC. Exclu-

sion of (cyst)adenomas from retrospective studies may lead

to overestimation of the aggressiveness of MASC. For

example, in prior reports on the clinicopathologic features

of MASC, the rate of lymph node involvement appeared to

be higher than that in acinic cell carcinoma [3]. When

compared to acinic cell carcinoma, MASC was also found

to have a somewhat shorter disease-free survival. None of

these trends reached statistical significance; however,

inclusion of a MASC discovered by review of salivary

(cyst)adenomas may eliminate such trends altogether.

Although clinical follow-up is not available for the case

presented here and lymph nodes were not histologically

examined, given the morphologic presentation, it seems

unlikely that this patient will ever present with disease

progression. Future studies may uncover additional small

and indolent cases of MASC.

In addition, the morphologic spectrum of MASC may

not be fully appreciated without considering the most bland

appearing cases. For instance, among 38 published cases of

MASC with detailed descriptions of the tumor periphery

and interface with normal adjacent tissue, the majority

were well-circumscribed (29/38, 76 %) and about one-

quarter demonstrated infiltrative growth or invasion (at

least 9/38, 23.7 %) [2, 4–6, 10–13, 15]. Of note, none of

the MASC previously reported by our group were encap-

sulated. Only 3 other published cases were encapsulated:

capsular invasion was identified in 1 case, while the other

two showed no capsular invasion. Although follow-up was

limited, no evidence of recurrence or metastasis was

identified in these three patients (4–8 months follow-up)

[2, 10].

Also, the case presented here demonstrates an unusual

pattern of ETV6 rearrangement by FISH. In addition to the

classic rearrangement, numerous neoplastic cells demon-

strated a complex pattern with an apparent duplication of

the distal/telomeric (Spectrum Orange) ETV6 probe. To our

knowledge, such ETV6 rearrangement pattern was not

reported previously and its significance remains to be

determined.

In conclusion, to more accurately assess the true clinical

and morphologic spectrum of MASC, retrospective studies

may have to include review of salivary (cyst)adenomas.

Practically, the differential diagnosis of MASC may have

to be expanded to include encapsulated tumors that mimic

salivary (cyst)adenomas.
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