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Objectives: To report MR imaging features of mammary analogue secretory carcinoma (MASC) 
and acinic cell carcinoma (AciCC) of the salivary gland based on the latest version of the World 
Health Organization (WHO) 2017 classification of head and neck tumours.
Methods: MR images in 4 patients with MASC and 4 with AciCC were reviewed for margin 
characteristics, the presence of pathological cervical nodes, the presence of a cystic component 
and interface between cystic and solid component, signal intensity of the cystic components 
on T1 weighted images, and signal intensity of the solid component on T1 and T2 weighted 
images.
Results: All the MASCs and AciCCs had well-defined boundaries, and 1 AciCC had patholog-
ical nodes. All 4 MASCs presented as predominantly cystic tumours with papillary projection of 
the solid component. All 4 AciCCs presented as solid tumours. The signal intensity of the cystic 
components on T1 weighted images was entirely hyperintense in 2, and partly hyperintense demon-
strating fluid–fluid level in 2. In all the MASCs, the signal intensity of the solid components on 
T1 weighted images was intermediate. In the AciCCs, the signal intensity of the solid components 
on T1 weighted images was high in 2 tumours and intermediate in 2. The signal intensity of the 
solid components on T2 weighted images varied from low to high in both MSACs and AciCCs.
conclusions: All 4 MASCs had a large cystic component, including areas of high signal 
intensity on T1 weighted images. The solid component appeared as a papillary projection into 
the cystic component. All 4 AciCCs presented as solid tumours, 2 of which showed high signal 
intensity on T1 weighted images.
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introduction

In the salivary gland section in the most recent edition 
of the World Health Organization (WHO) classification 
of head and neck tumours released in 2017, the most 
significant is represented by mammary analogue secre-
tory carcinoma (MASC), on the basis of morphological 
similarity and gene mutation to breast secretory carci-
nomas.1,2 Most of these tumours had been diagnosed as 
acinic cell carcinoma (AciCC), due to the morpholog-
ical resemblance between these two neoplasms.1–4 This 
report summarises our early research on the MR 
imaging findings for MASCs and AciCCs since recogni-
tion of MASC as a distinct entity.

Methods and materials

Patients
Tissue blocks were available for 8 of 11 patients with 
an original diagnosis of AciCC made at any of 3 refer-
ring institutions for head and neck tumours over a 
12-year period. The tissue blocks for these 8 patients 
were histologically reviewed for morphology and immu-
nohistochemistry. The tumour morphology was evalu-
ated using sections stained with haematoxylin and eosin 
based on the published criteria.2–5  On immunohisto-
chemistry, MASC was diagnosed by co-expression of 
S-100 and mammaglobin  with an absence of DOG1 
staining. AciCC was diagnosed by negative or weak 
expression of S-100 and mammaglobin with positive 
expression of DOG1 staining.2–5  Four of the tumours 
were diagnosed as MASC and 4 as AciCC. The mean 
age of the 4 patients (2 female, 2 male) with MASC was 
31 (range 14–53) years. All tumours were located in the 
parotid glands. The mean age of the 4 patients (3 female,  
1 male) with AciCC was 55 (range 30–68) years. Three 
of the 4 tumours were in the parotid gland and one was 
in the oral cavity (buccal mucosa).

Imaging
MR images were obtained using a 1.5 T magnet in 
6 patients and a 3.0 T magnet in 2 patients. Axial T1 and 
T2 weighted images were obtained in all patients. Axial 
short-inversion-time inversion  recovery (STIR) images 
or fat suppressed T2 weighted were obtained in 4 patients, 
and diffusion-weighted  images were obtained in 3. On 
coronal sections, STIR or fat suppressed  T2  weighted 
images were obtained in 7 patients, T2 weighted images 
were obtained in 2,  and  T1  weighted  images with or 
without a fat suppression technique  were obtained in 
2. Three patients underwent post-contrast MR images, 
obtaining both axial and coronal T1  weighted images 
with or without a fat suppression technique. The section 
thickness was 4–5 mm and the pixel size ranged  from  
0.4 × 0.5 to 0.9 × 0.9 mm.

Data analysis
Two experienced radiologists independently reviewed all 
MR images with particular attention  to the following 

features: size, margin characteristics,  the presence 
of pathological cervical nodes, internal content, interface 
between the cystic and solid component, signal intensity 
of the cystic component on T1 weighted images, signal 
intensity of the solid component on T1 and T2 weighted 
images, and apparent diffusion coefficient (ADC) values 
of the solid component on diffusion-weighted images.

The size was measured as the maximum axial diam-
eter of the lesion. Margin characteristics were classi-
fied as well-defined or ill-defined. The lymph node was 
defined as pathological when it had a minimum axial 
diameter of 10 mm or central necrosis. Internal contents 
were classified as solid, predominantly solid, and 
predominantly cystic, where the cystic component was 
defined as an  area that showed fluid–fluid  level or an 
area of high signal intensity on T2 weighted images but 
low signal intensity on diffusion-weighted images or no 
contrast enhancement. The interface between cystic and 
solid component was classified as smooth, irregular, 
and papillary projection, where papillary projection was 
defined as peripheral papillary-shaped solid compo-
nent extending to the central cystic component. The 
signal intensity on T1  weighted images was defined as 
follows: low if  signal intensity was defined as less than 
or equal to that of cerebrospinal fluid; intermediate if  
signal intensity was greater than that of cerebrospinal 
fluid but less than or equal to that of muscle; and high 
if  signal intensity was greater than that of muscle. The 
signal intensity on T2  weighted images was defined as 
follows: low if  signal intensity was defined as less than 
that of muscle; intermediate if  signal intensity was as 
greater than or equal to that of muscle but less than that 
of fat; and high if  signal intensity was greater than or 
equal to that of fat. For ADC measurements, regions of 
interest were manually placed on ADC maps by refer-
ring morphological information on T1 and T2 weighted 
images.

Discrepancies between the two readers were resolved 
by consensus for qualitative evaluations, and measure-
ments of lesion size and ADC were averaged.  The 
intraclass correlation coefficient and kappa κvalue 
were calculated to evaluate interobserver agreement. 
The independent t-test was used to compare the sizes 
of MASC and AciCC. A p-value < 0.05 was considered 
statistically significant. An experienced radiologist and 
pathologist correlated the MR imaging and patholog-
ical findings.

Results

MR imaging features
The clinical information, histological diagnosis, histo-
morphological growth pattern, and MR imaging features 
are summarised in Table  1. Representative  images are 
provided in Figures  1–4.The interobserver agreements 
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were found to be perfect to substantial, expect for signal 
intensity of the solid component on T2 weighted images. 
The  intraclass correlation coefficient was 0.99 for the 
size and 0.96 for the ADC values. The kappa value was 
0.86 for margin characteristic, was 1.00 for the presence 
of pathological nodes, was 1.00 for internal content, was 
0.75 for the interface between the solid and cystic compo-
nent, was 1.00 for the signal intensity of the cystic compo-
nents on T1  weighted images, was 1.00 for the signal 
intensity of the solid components on T1 weighted images, 
and was 0.58 for the signal intensity of solid component 
on T2  weighted images.  The average maximal cross- 
sectional diameter of MASCs was 2.5 (range1.7–3.4) cm 
in MASC and that of AciCC was 3.1 (range1.5–6.4) cm. 
There was no significant difference in the mean diameter 
of MASCs and AciCCs. All the MASCs and AciCCs had 
well-defined margins. One of the AciCCs had patholog-
ical lymph nodes. All 4  MASCs presented as  predomi-
nant cystic tumours, whereas all 4 AciCCs presented as 
solid tumours. In all 4 MASCs, the interface between the 
solid and cystic component was  classified as papillary 
projection. The signal intensity of the cystic components 
on T1  weighted images  showed entirely  hyperintense in 
2 MASCs and partly hyperintense demonstrating fluid–
fluid levels in 2. The signal intensity of the solid compo-
nents on T1  weighted images  was intermediate in all 
MASCs. That of AciCC was high in 2 tumours, inter-
mediate in 2 tumours.  The signal intensity of the solid 
component on T2 weighted images was variable in both 
MASCs and AciCCs, being high in 2 cases, interme-
diate in 3, a mixture of intermediate and high in 2, and a 
mixture of low to high in 1. The ADC values for the solid 
component were also variable, ranging from 0.3 mm2 s–1 
to 18 × 10−3 mm2 s–1.

Correlation between imaging features and 
histomorphological features
All the MASCs and AciCCs had well-defined margins 
on MRI imaging, which seemed to reflect that tumours 
were separated from the normal gland tissue by a fibrous 
capsule (Figure 1d). All 4 MASCs presented as predom-
inantly cystic tumours with papillary projection.  This 
morphology reflected a histological papillary cystic growth 
pattern, characterised by marked cystic change with papil-
lary fronds of neoplastic cells (Figure 1d). All 4 AciCCs 
presented as solid tumours on images, and their histomor-
phological growth patterns were a mixture of microcystic 
and solid in 3 cases and solid in one case. On T1 weighted 
images, 2 of 4 AciCCs had a hyperintense solid compo-
nent, which appeared to reflect are  as of haemorrhage 
between the sheets of tumour cells (Figure 3e). The signal 
intensity of the solid component on T2 weighted images 
and the ADC values were variable, which appeared to 
reflect varying degrees of  formation of microcysts in 
the tumour cells, a desmoplastic stromal reaction, and 
cellularity.t
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Discussion

AciCC of the salivary gland is a malignant epithelial 
neoplasm characterised by the presence of malignant 
tubular acinar exocrine gland structures, which was 
described as a distinct entity more than a century ago.6–8 
Since the first description of MASC being extracted 
from AciCC in 2010,3 it is widely accepted that MASC 
is a different entity from AciCC.1–5,9,10 As for the clinical 
presentation, both AciCC and MASC share a similar 
profile with good prognosis and only a few differences 
have been reported. MASC had equal sex prediction 
or slight male predominance, in contrast to the female 
predominance in AciCC, and MASC may have a higher 
rate of nodal metastases.2,9,10 Currently, it is unclear 
whether this separation results in significant clinical 
impact. However, accumulation of knowledge about 
the biological behavior of MASC and AciCC may 
require subtyping of the imaging findings for these two  
entities.

The present study is the first to report comprehen-
sive MR imaging findings of MASCs and AciCCs 
and their findings showed a certain tendency. First, all 
the MASCs and AciCCs had well-defined margins, a 
low incidence of associated pathological lymph node, 
and solid components with varying signal intensity 
on T2  weighted images. These findings are consistent 
with low-grade malignancy but overlap with those of 
benign salivary gland tumours, suggesting the difficul-
ties of differentiating MASCs and AciCCs from benign 
tumours by MR imaging.

Second, all 4 MASCs were represented as predom-
inantly cystic masses with papillary solid projection, 
and in contrast, all 4 AciCCs were represented as a solid 
mass. This difference in imaging between MASCs and 
AciCCs appeared to well reflect the histomorphological 
growth pattern. Classically, AciCCs present four major 
histomorphological growth patterns according to the 
extent of the cystic portion: solid, microcystic, follic-
ular, and papillary-cystic, the coexistence of different 
patterns in a single lesion is common.6–8 The solid pattern 
is composed of a solid sheet of well-differentiated 
serous acinar cells with abundant basophilic cytoplasm 
and variable granularity. The microcystic pattern shows 
prominent vacuolisation of tumour cells. Enlargement 
of the microcytic spaces produces a follicular type. Occa-
sional cases are of a papillary-cystic pattern, character-
ised by a marked cystic change whereby the neoplastic 
cells are seen to cling to papillary fronds. After MASC 
was extracted from AciCC, Hsieh et al reported that 
a common histomorphological feature of MASC is 
a papillary-cystic pattern without a solid pattern, and 
that of AciCC is a solid or microcystic pattern.10  The 
present study is the first to demonstrate such a 
tendency of the histomorphological pattern on MR  
imaging.

In our results, the signal intensity on T1  weighted 
images may be noteworthy. In all 4 MASCs, cystic 

Figure 1  A parotid mammary analogue secretory carcinoma with 
a papillary-cystic and follicular growth pattern in a 22-year-old male.  
(a, b) Axial T1  weighted and T2  weighted images show a predomi-
nantly cystic mass with papillary-shaped solid components extending 
into the cystic component. The cystic component shows a fluid–fluid 
level with a hyperintense ventral area. (c) On a coronal STIR image, 
the solid component shows a mixture of high and intermediate inten-
sity. (d) A photomicrograph of the surgical specimen shows a large 
cystic component with papillary fronds of neoplastic cells extending 
into cystic space (arrow heads). The tumour is clearly separated from 
the normal parotid gland tissue by a fibrous capsule (arrow). 

Figure 2  A parotid mammary analogue secretory carcinoma 
with papillary-cystic growth pattern in a 53-year-old male. (a, b) Axial 
and coronal T2 weighted images show a well-defined cystic mass with 
papillary projections of solid component. (c) On coronal T1 weighted 
image, the caudal portion of the cystic component shows high signal 
intensity.
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components showed entirely hyperintense or fluid–fluid 
level including hyperintense area. These data are not 
consistent with those in a previous report by Kato et 
al, who found that a hyperintense cystic component on 
T1 weighted images was significantly more common for 
benign tumours than for malignant tumours.11 However, 
their study included only 2 cases of AciCC or MASC 
with a cystic component. Therefore, when radiologists 
encounter a salivary gland tumour having a hyperin-
tense cyst on T1  weighted images, MASC should be 
included in the differential diagnosis.

Two of the 4  AciCCs in our series presented as 
hyperintense solid tumours on T1  weighted images, 
which may be characteristic. Among the other salivary 
gland tumours, a hyperintense solid component on 
T1  weighted images has only been reported for meta-
static malignant melanoma with parotid lymph node 
involvement.12  Among the 6 previous reports of MR 
imaging findings in patients with  AciCC, 2 case had 
hyperintense solid component on T1  weighted images, 
but the authors did not speculate on the possible reason 
for the increased signal.13–15 With regard to pathological 
findings, there has been a report of haemorrhages and 
hemosiderin deposits in the stroma of an AciCC.10 Our 
study is the first to report MR imaging  features that 
reflect these pathological findings.

Some published articles have reported the usefulness 
of the time–intensity curve (TIC) pattern on dynamic 

Figure 3  A parotid acinic cell carcinoma with a microcystic and solid growth pattern in a 30-year-old female. (a) Axial T1 weighted im T2 weighted 
image, the mass shows a mixture of high and low intensity. (c, d) Post-contrast T1 weighted image and subtraction image confirm enhancement of 
the mass. (e) Photomicrograph of the surgical specimen shows a combination of microcystic spaces and solid neoplastic proliferation. Abundant 
hemosiderin deposits in the stroma (arrow heads) and erythrocytes in the microcystic spaces (arrows) are seen.

Figure 4  A parotid acinic cell carcinoma with solid growth 
pattern in a 57-year-old female. (a) Axial T1 weighted image shows a 
huge, well-defined mass with intermediate signal and adjacent enlarged 
lymph nodes. (b) On axial T2 weighted image, the signal intensity of 
the mass is a mixture of low to high. (c) Post-contrast T1 weighted 
image shows heterogeneous enhancement of the mass.
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contrast-enhanced MR imaging and calculating ADC 
in differentiating between malignant tumours, benign 
non-Warthin tumours and Warthin tumours.16–20 Most 
malignant tumours show early enhancement with a 
low washout ratio with relatively low ADC value (less 
than 1.4 × 10–3 mm2 s–1). Benign non-Warthin tumours 
usually show gradual enhancement with no or minimal 
washout and relatively high ADC value (greater than 
1.4 × 10–3 mm2 s–1). Warthin tumours usually show early 
enhancement with a high washout ratio with a low ADC 
value of around 0.8 × 10–3 mm2 s–1. In this study, DW 
images were obtained in only 3 cases, with variable ADC 
values reflecting variable cellularity. Further studies may 
indicate whether TIC patterns and ADC values improve 
the diagnostic accuracy rates for MASCs and AciCCs.

The main differential diagnosis for MASC is a 
Warthin tumour, because Warthin tumours usually have 
well-defined margins, and 63% of cases have hyperin-
tense cystic components on T1 weighted images.20 With 
regard to their differentiation, location in the parotid 
tail suggests a diagnosis of Warthin tumour,20,21 whereas 
a younger age (<40 years) and other location in the sali-
vary glands suggest a diagnosis of MASC. In contrast, 
the differential diagnosis for AciCC includes a wide 
spectrum of salivary gland tumours because the features 
of AciCC are non-specific, except for the occasional 
finding of high signal intensity on T1 weighted images.

This study has several limitations. First, the small 
patient population of the study does not allow statistical 

analysis for characterisation of MR imaging features of 
MASCs and AciCCs. However, this is the first report on 
the MR imaging features of MASC and AciCC since 
recognition of MASC as a distinct entity, so our find-
ings can be considered meaningful. Second, our MASC 
cases were not subjected to molecular testing for confir-
mation of ETV6-NTRK3 gene fusion, which had been 
proposed as the gold standard for diagnosis. However, 
a recent report mentioned that most cases of MASC 
can be accurately diagnosed by morphology in conjunc-
tion with immunohistochemistry, sufficient for accu-
rate differentiation of MASC from AciCC.5 Thus, the 
final histological diagnoses of this study seem to secure 
accuracy.

In conclusion, to our knowledge, this paper is the 
first presentation of  MR imaging features in MASC 
and AciCC based on the 2017 WHO classification. 
MASC  tends to present as a predominantly cystic 
mass with solid papillary projection, whereas AciCC 
tends to present as a solid tumour. Hyperintensity on 
T1  weighted images might be helpful in the diagnosis 
of  AciCC.
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