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Papillary-cystic pattern is characteristic in mammary
analogue secretory carcinomas but is rarely observed
in acinic cell carcinomas of the salivary gland
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Abstract Mammary analogue secretory carcinoma (MASC)
has a specific ETV6-NTRK3 translocation and morphologi-
cally overlaps with acinic cell carcinoma (AciCC). Before
the recognition of MASC, in AciCC, four histologic pat-
terns were identified including microcystic, solid, papillary-
cystic, and follicular. The aim of this study was to evaluate
histologic patterns in these two neoplasms through compre-
hensive histologic subtyping. Using fluorescence in situ
hybridization (FISH), we identified 14 cases of MASC
and 21 cases of AciCC. We used comprehensive histologic
subtyping to provide a semiquantitive assessment of histo-
logic patterns in each tumor and performed immunohisto-
chemical analyses including S100/vimentin/mammaglobin/
DOGI. MASC often presented papillary-cystic patterns
without a solid component, previously considered to be one
of the four major patterns associated with AciCC. However, in
our study, this histologic feature was rarely seen in AciCC and
more characteristic of MASC. In aspiration cytology samples,
MASC was associated with more cellular atypia. An immu-
nohistochemical panel of S100/mammaglobin/DOG1 was
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found useful for differential diagnosis. Comprehensive
subtyping of histologic patterns is a useful screening method
prior to initiation of molecular testing.
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Introduction

Mammary analogue secretory carcinoma (MASC) of the sal-
ivary gland has recently been identified as a distinct type of
salivary gland carcinoma with histologic features and gene
mutations similar to breast secretory carcinomas [1]. Both
tumor types contain a t(12; 15) translocation involving the
ETS variant 6 (ETV6) gene on chromosome 12 and the neu-
rotrophic tyrosine kinase receptor type 3 (NTRK3) gene on
chromosome 15 [1-3]. ETV6 belongs to the family of ETS
transcription factors. The carboxy-terminus of this gene har-
bors the DNA binding domain, and the amino-terminus con-
tains a helix-loop-helix (HLH) domain [2]. NTRK3 encodes a
membrane-anchored receptor tyrosine kinase. This enzyme
regulates downstream signaling including the mitogen-
activated protein kinase (MAPK) pathway [2]. Conversely,
the ETV6-NTRK3 fusion gene produces a chimeric protein
comprising the HLH domain of ETV6 and the tyrosine
kinase domain of NTRK3. This chimeric protein is capa-
ble of spontaneous oligomerization, which in turn allows
downstream signaling pathways to be activated indepen-
dently of ligands [2].

Prior to the recognition of the ETV6-NTRK3 translocation
in MASCs, most of these tumors were diagnosed as acinic
cell carcinomas (AciCC), due to the morphological simi-
larity between these two neoplasms. According to the
World Health Organization (WHO) Classification of Head
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and Neck Tumours, AciCCs present four major histologic
patterns: microcystic, solid, papillary-cystic, and follicular
[4]. Unfortunately, this classification was based on data
that included MASCs [1, 3—11]. We therefore sought to
determine the validity of the notion that AciCC is charac-
terized by four histologic patterns.

A diagnosis of MASC is based on a molecular test
that confirms the presence of an ETV6-NTRK3 translo-
cation. Common diagnostic techniques include fluores-
cence in situ hybridization (FISH) and reverse tran-
scription polymerase chain reaction (RT-PCR). Many
studies tried to use immunohistochemistry as a screening
method before applying molecular tests [1, 3—14]. We
employed both comprehensive histologic subtyping and im-
munohistochemical methods (S100/vimentin/mammaglobin/
DOGI staining) to investigate differences between AciCCs
and MASCs.

Materials and methods
Case selection and clinicopathological review

Since 2012, in our hospital, MASC diagnoses are confirmed
using FISH tests. Therefore, we included cases if (1) they had
been diagnosed as AciCC between 2000 and 2013 or as
MASC between 2012 and 2013 and (2) associated tissue sam-
ples had been preserved as slides and paraffin blocks in the
archives of the Department of Pathology, National Taiwan
University Hospital. Clinical information of each patient, in-
cluding age, sex, clinical symptoms, fine-needle aspiration
report, tumor location, tumor size, lymph node status, patho-
logic stage, and local recurrence during clinical follow-up,
was collected from medical records. Hematoxylin and eosin-
stained slides were reviewed by two pathologists (M.S.H. and
Y.H.C.), and the following histologic features were recorded:
(1) histologic pattern (i.e., microcystic, solid, papillary-cystic,
or follicular), (2) predominant growth pattern, (3) secretions
within microcystic or tubular spaces, (4) degree of necrosis,
(5) degree of hemorrhage or hemosiderin deposition, (6)
presence of vacuolated cytoplasm, (7) nuclear contours,
(8) nuclear size compared with small lymphocytes, (9)
chromatin patterns (vesicular or condensed), (10) pres-
ence of distinct nucleoli, (11) presence of cytoplasmic
zymogen granules, and (12) presence of perineural or
lymphovascular invasion. This study (103-002523) was
approved by the Research Ethics Committee of the National
Taiwan University Hospital.

Detection of ETV6 gene translocation by FISH

Commercial Vysis ETV6 Dual Color Break Apart FISH Probe
(Abbott Molecular Inc., Des Plaines, IL) was used to assess
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ETV6 translocation. Briefly, 4 um of paraffin-embedded tissue
section slides were deparaffinized in xylene (three times,
10 min each), followed by two 5-min washes in 100 %
ethanol. Sections were then treated with pretreatment re-
agent (Abbott Molecular) at 80 °C for 30~50 min, where-
upon sections were treated with protease mixed with a
protease buffer. Sections were hybridized using an ETV6
dual color probe with a Spectrum Orange-labeled segment
at the 5’-end (telomeric side) of the ETV6 breakpoint and a
Spectrum Green-labeled segment at 3’-end (centromeric side)
of the ETV6 gene breakpoint. Results were analyzed using a
fluorescence microscope (Zeiss AXIO Imager.D2) and Axio-
Vision 4.5 software. Two pathologists (M.S.H. and Y.H.C.)
individually scored 50 selected, non-overlapping nuclei for
each case. Cases were considered positive when 215 % of
the tumor cells presented split signals.

Detection and sequencing of ETV6-NTRK3 fusion
transcripts by RT-PCR

The fusion transcript was detected by RT-PCR according to a
previously described method [1]. Briefly, RNA from the for-
malin-fixed, paraffin-embedded tissue was extracted using the
RNeasy FFPE kit (Qiagen, Hilden, Germany), and comple-
mentary (cDNA) was synthesized using the Superscript 111
First-Strand Synthesis System for RT-PCR (RNA input
1 pg) (Life Technologies Corporation, USA). The cDNA
was applied to PCR with primers TEL971, which is comple-
mentary to ETV6 (5'-ACCACATCATGGTCTCTGTCTC
CC-3'), and TRKC1059, which is complementary to NTRK3
(5'-CAGTTCTCGCTTCAGCACGATG-3"). A 110-bp
product of the ETV6-NTRK3 fusion transcript was then
amplified. The quality of the extracted RNA was tested
using an amplified 353-bp product of the beta-actin gene
(sense primer: 5'-GCTCGTCGTCGACAACGGCTC-3', anti-
sense primer: 5'-CAAACATGATCTGGGTCATCTTCTC-3").
Successfully amplified products of the ETV6-NTRK3 fusion
transcript were purified, and both sides were sequenced by
DNA sequencing services using the Big Dye Terminator kit
(Applied Biosystems, Foster City, CA, USA) and ABI Prism
3700 DNA Analyzer (Applied Biosystems). All sequencing
reactions were conducted in both forward and reverse direc-
tions, using tracings from at least two independent PCRs.
Specimens with mutations were confirmed in two rounds; only
specimens that yielded the same result in both rounds were
recorded as mutation positive.

Immunohistochemistry

Immunohistochemistry was performed using an automated
stainer (Ventana Benchmark; Roche Ventana, Tucson, AZ).
Slides were allowed to react with S100 (clone Ab2, 1:500
dilution, Thermo Scientific), vimentin (clone V9, 1:200
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dilution, Biogenex), mammaglobin (clone 304-1A5, 1:200 di-
lution, Dako), and DOGI1 (clone SP31, prediluted, Roche
Ventana), respectively. Staining results were categorized as neg-
ative (0), focally positive (<1/2 tumor cells) (1+), or diffusely
positive (=1/2 tumor cells) (2+) by two pathologists (M.S.H.
and Y.H.C.).

Statistical analysis

Fisher’s exact test was used to determine differences in
categorical data between cases of MASC and AciCC.
The student’s ¢ test was used to determine differences in
continuous variables including age. Two-sided p values of
less than 0.05 were considered statistically significant. STATA
software (version 8.0; Stata, College Station, TX) was used for
statistical analysis.

Results

This study accessed the archive and retrieved 21 cases diag-
nosed as AciCC between 2000 and 2011 as well as six cases of
AciCC and eight cases of MASC confirmed by FISH tests
between 2012 and 2013. Based upon FISH testing, 29 %
(6/21) of cases originally diagnosed as AciCC between 2000
and 2011 were reclassified as MASC.

All cases of MASC presented ETV6 split signals in more
than half of tumor cells (range 58~88 %, average 77 %), while
AciCCs presented split signals in fewer than 10 % (range
0~8 %, average 1.4 %) of tumor cells (Table 1). In 34 cases,
the quality of extracted RNA was sufficient to perform RT-
PCR, and all RT-PCR results were in agreement with results
from the FISH test (Table 1). Finally, gene sequencing re-
vealed that all MASC cases possessed the same break-apart
point at the 5'-end of ETV6 exon (supplementary Table S1).

Table 1  Summary of clinicopathologic features of AciCCs and MASCs [n (%)]

AciCC (n=21) MASC (n=14) P value
FISH (ETV6 break apart) 0 (0) 14 (100) <0.001
Cells with split signals Range 0~8 %, average 1.4 % Range 58~88 %, average 77 %
RT-PCR (ETV6-NTRK3) 0 (0) 13 (100)* <0.001
Clinical characteristics
Median age (range) 42 (21~94) 32.5 (17~55) 0.065
Sex ratio (male:female) 7:14 8:6 0.187
Side (right:left) 10:11 6:8 1.000
Duration (month) 4~480 (median 12; average 26)° 1~120 (median 5; average 17.9) 0.603
Symptoms
Mass 21 (100) 14 (100) 1.000
Pain/tenderness 4(19) 3(21.4) 1.000
Median size (range) (cm) 3(1~8) 2.5(1.2~4.5) 0.246
Lymph node metastasis 0 (0) 3(214) 0.239
Stage
T-stage 0.784
T1 9(42.9) 5(35.7)
T2 8(38.1) 6(42.9)
T3 3(14.3) 3(21.4)
T4 1(4.8) 0 (0)
N-stage 0.085
NO 21 (100) 11 (78.6)
N1 0 (0) 2(14.3)
N2 0(0) 1(7.1)
Local recurrence 3(14.3) 0 (0) 0.259
FNA cytology (performed in 12 AciCCs and 9 MASCs)
Positive/suspicious 0(0) 5(55.6) 0.006
Benign/negative 12 (100) 4 (44.4)

FISH fluorescence in situ hybridization, R7-PCT reverse transcription polymerase chain reaction, FNA fine-needle aspiration

#One case failed in RT-PCR test
® Case 5 (duration 480 months) excluded
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Patient clinical features (supplementary Table S2) are sum-
marized in Table 1. No significant differences were observed
between AciCCs and MASCs with regard to age, sex,
laterality, clinical symptoms, tumor size, lymph node
involvement, and local recurrence during follow-up.
However, all patients with AciCC subjected to fine-
needle aspiration (FNA) cytology prior to surgery were
reported as being negative for malignancy. Conversely,
patients with MASC that underwent FNA cytology tested
positive for malignancy or were deemed suspicious of malig-
nancy in 56 % (5/9) of cases.

Results of pattern analysis (supplementary Table S3) and
microscopic features (supplementary Table S4) are summa-
rized in Table 2. Comprehensive histologic subtyping re-
vealed a microcystic pattern in most cases of AciCC and in
all cases of MASC. A solid pattern was frequently observed in
AciCC but rarely observed in MASC (71.4 vs.7.1 %,
p<0.001). A papillary-cystic pattern was common in MASC
but not observed in AciCC (71.4 vs. 0 %, p<0.001). A
follicular pattern was uncommon in both groups. The

predominant growth pattern of AciCCs included microcystic
(52 %) and solid (43 %) types, while those in MASCs were
microcystic (71 %) followed by papillary-cystic (21 %). Rep-
resentative patterns of MASCs and AciCCs are illustrated in
Figs. 1 and 2, respectively.

Other significant microscopic differences between AciCCs
and MASCs included (1) secretion within microcystic space,
(2) cytoplasmic vacuolization, (3) nuclear contour, (4) nuclear
size, (5) chromatin pattern, (6) distinct nucleoli, (7) necrosis,
(8) hemorrhage/hemosiderin deposition, and (9) cytoplasmic
zymogen granules. Perineural and lymphovascular invasion
were rarely observed in either type of tumor.

Immunohistochemical results are summarized in Table 3.
All cases of MASC stained positive for S100 (1+ 21 %, 2+
79 %), vimentin (100 %), and mammaglobin (100 %). Most
cases of MASC stained negative for DOG1 (93 %). In most
AciCC cases, staining for DOG1 (95 %) yielded a positive
result while staining for S100 (95 %) and mammaglobin
(86 %) was negative. Vimentin was variably expressed in
AciCC between 0 and 2+.

Table 2 Summary of

microscopic features of AciCCs Microscopic features AciCC (n=21) MASC (n=14) P value
and MASCs [n (%)]
Pattern analysis
Presence of microcystic pattern 17 (81) 14 (100) 0.133
Presence of solid pattern 15(71.4) 1(7.1) <0.001
Presence of papillary-cystic pattern 0(0) 10 (71.4) <0.001
Presence of follicular pattern 3(14.3) 2 (14.3) 1.000
Predominant growth pattern 0.024
Microcystic 11 (52.4) 10 (71.4)
Solid 9(42.9) 1(7.1)
Papillary-cystic 0(0) 3(21.4)
Follicular 1(4.8) 0(0)
Cystic change of tumor 9 (42.9) 13 (92.9) 0.004
Presence of secretion 6 (28.6) 13 (92.9) <0.001
Cytoplasmic vacuolation 12 (57.1) 13 (92.9) 0.028
Nuclear contour <0.001
Round 14 (66.7) 0(0)
Round/irregular 6 (28.6) 0(0)
Irregular 1(4.8) 14 (100)
Nuclear size 23 times the size of small lymphocyte 8 (38.1) 14 (100) <0.001
Chromatin 0.002
Condensed 12 (57.1) 2 (14.3)
Mixed condensed/vesicular 7 (33.3) 3(214)
Vesicular 2(9.5) 9 (64.3)
Distinct nucleoli 7 (33.3) 11 (78.6) 0.015
Necrosis 2(9.5) 6 (42.9) 0.039
Hemorrhage/hemosiderin 5(23.8) 10 (71.4) 0.013
Zymogen granule 19 (90.5) 0(0) <0.001
Perineural invasion 0 (0) 1(7.1) 0.400
Lymphovascular invasion 1 (4.8) 1(7.1) 1.000
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Fig. 1 Characteristic histologic
patterns of MASC. a Microcystic
pattern: the most common pattern
in MASC. b Papillary-cystic
pattern: a characteristic pattern of
MASC. ¢ Follicular pattern. d
Eosinophilic secretion filling
within microcystic spaces of
MASC

Discussion

Our results suggest that a papillary-cystic pattern without a
solid component is a major histologic feature of MASC
but rare in AciCC. MASC is a salivary gland tumor with
an ETV6-NTRK3 fusion oncogene [1]. In recent years,

Fig. 2 Characteristic histologic
patterns of AciCC. a A
predominant solid pattern mixed
with a minor microcystic pattern.
b Microcystic pattern: also a
common pattern in AciCC. ¢
AciCC characterized by the
presence of cytoplasmic zymogen
granules. d DOG1 showing
cytoplasmic and luminal stains,
highlighting the microcystic
spaces of AciCC

recurrent chromosome rearrangements have been identified
in several tumors of the salivary gland, including a recur-
rent t(6;9) translocation resulting in a MYB-NFIB fusion
gene in adenoid cystic carcinoma, a recurrent t(11;19)
translocation resulting in a CRTCI-MAML?2 fusion gene
in mucoepidermoid carcinoma, and a t(12;22) translocation
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Table 3 Immunohistochemistry of AciCCs and MASCs [n (%)]
AciCC (n=21) MASC (n=14) P value
S100 <0.001
0 20 (95.2) 0(0)
1+ 1(4.8) 3(21.4)
2+ 0 (0) 11 (78.6)
Vimentin <0.001
0 5(23.8) 0(0)
1+ 11 (52.4) 0 (0)
2+ 5(23.8) 14 (100)
Mammaglobin <0.001
0 18 (85.7) 0(0)
1+ 0 (0) 0(0)
2+ 3(14.3) 14 (100)
DOG1 <0.001
0 1(4.8) 13(92.9)
1+ 0(0) 1(7.1)
2+ 20 (95.2) 0(0)

0 negative, /+ focally positive (<1/2 tumor cells), 2+ diffusely positive
(=1/2 tumor cells)

resulting in a EWSRI-ATFI fusion gene in hyalinizing
clear cell carcinomas and PLAG! or HMGA?2 transloca-
tions in pleomorphic adenomas [9, 15-19]. We employed
FISH as gold standard and found that 6 of the 21 cases
diagnosed as AciCC (6/21, 29 %) between 2000 and 2011

Fig. 3 Papillary-cystic pattern is
characteristic of MASC. a Tumor
with cystic change, papillary
structures, and an irregular inner
surface. b Papillary structures
with fibrovascular cores lined by
tumor cells. ¢ Another case with
typical papillary-cystic pattern
and tumor cells showing hobnail
features. d Cystic change in
AciCC associated with a smooth
inner surface and no papillary
epithelial proliferations
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were actually MASC. In addition, FISH and RT-PCR were
found to have equal power in detecting ETV6 translocations.

ETV6 is an important hematopoietic regulatory factor, and
rearrangement of this gene is implicated in many hematolog-
ical malignancies with fusion partners such as RUNX1, JAK?2,
ABLI, ABL2, NCOA2, SYK, and PAX5 [20]. All ETV6 fusion
transcripts involve the oligomerization domain of E7V6 and
the tyrosine kinase domain of its fusion partner. In agreement
with previous reports, all cases of MASC included in our
study presented NTRK3 as the fusion partner of ETV6 with
the same break point at the 5'-end of ETV6 exon, as revealed
by Sanger sequencing [1].

Contrary to previous assumptions, this study demonstrates
that a papillary-cystic pattern is actually rare in AciCC. In fact,
a papillary-cystic pattern is characteristic of MASC, while a
solid pattern is frequently encountered in AciCC (but not in
MASC). The microcystic pattern is shared by both AciCC and
MASC. In the past, many cases of MASC have been
misdiagnosed as AciCC; therefore, the belief that AciCCs
are characterized by four common histologic patterns need
to be re-evaluated. Cystic change is not uncommon in AciCC
(43 %) but there are no typical papillary structures found in
MASC. Papillary-cystic structures in MASCs have irregular
inner surfaces due to epithelial papillary proliferations, while
cysts in AciCCs have smooth inner surfaces (Fig. 3). A recent
study conducted by Urano et al. also showed different mor-
phologic features of these two salivary gland tumors as
MASC exhibited papillary-cystic and follicular patterns with
vacuolated cells, and AciCC exhibited microcystic and solid
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patterns with acinar cells [13]. Comprehensive subtyping of
histologic patterns may provide a useful clinical method to
screen for suspicious cases that warrant additional molecular
tests.

A number of interesting trends were observed in the clini-
cal features of the two tumors. Firstly, males appear to have a
predilection for MASC, while AciCC occurs predominantly
in female patients. Secondly, lymph node metastasis was
found only in cases of MASC (21 %) and limited to patients
in stage T2 or T3. Thirdly, no local recurrence was observed in
MASC, whereas a local recurrence rate of 14 % was observed
among patients with AciCC. Finally, examination of FNA
cytology in cases of AciCC revealed a high rate of false neg-
atives; however, this was not observed among MASC pa-
tients. We believe that this discrepancy can be attributed to
differences in microscopic findings between the two tumors,
based on the fact that MASC is more likely to present cellular
atypia (Table 2).

FISH is regarded as the gold standard for detecting ETV6
gene translocations and for diagnosing MASC. However, this
method is very expensive and therefore not available in many
laboratories. Many researchers have attempted to identify oth-
er immunohistochemical markers which may be used as
screening tools or proxy markers in place of ETV6 FISH.
For example, Skalova et al. reported strong vimentin and
S100 positivity in all 15 examined cases of MASC [1].
Chiosea et al. reported similar findings and used expression
of S100 to divide patients into two groups with either diffuse
(53.3 % of cases) or focal staining (46.7 % of cases) [8].

Fig. 4 An unusual histologic
variant of MASC (MASC case
11) with a predominant solid
pattern (a) and a central scar (b). ¢
Tumor cells with large nuclei,
vesicular chromatin, nucleoli,
occasional microcystic spaces
filled with mucin, and S100
immunoreactivity (inset). d ETV6
rearrangement confirmed by RT-
PCR (MASC case 8 served as
positive control) and sequencing
results

Connor et al. also reported S100 immunoreactivity in five
out of seven MASC cases [3]. Urano et al. reported MASC
to be diffusely positive for vimentin, high molecular-weight
cytokeratin, S100, cytokeratin 19, mammaglobin, MUCI, and
adipophilin. In contrast, less than one-third of AciCC cases
showed positive staining for these antigens [13]. In the present
study, staining for S100, vimentin, and mammaglobin was
diffusely positive in 79 % (11/14), 100 % (14/14), and
100 % (14/14) of MASC cases, respectively. Conversely, no
case of AciCC was diffusely positive for S100. Despite the
fact that the difference in vimentin staining reached statistical
significance, we still consider vimentin a less discriminative
marker due to its variable expression in AciCC. Specifically,
24 % (5/21) of cases presented a diffuse staining pattern. Pre-
vious studies have identified mammaglobin as a potential
proxy marker for MASC [11, 13, 21, 22]. However, we ob-
served positive mammaglobin staining in a number of AciCC
cases (3/21, 14 %). Positive DOG1 staining was observed in
most AciCC cases (20/21) but in only one case of MASC
(1/14). DOGT1 typically presents mixed cytoplasmic and lumi-
nal staining patterns, and luminal staining is particularly con-
spicuous in the microcystic spaces of AciCC [23]. In summa-
ry, none of the immunohistochemical markers used in this
study reached 100 % specificity. Thus, though these staining
techniques can serve as preliminary screening tools, molecular
tests are still necessary for diagnostic confirmation.

We encountered one atypical case of MASC that presented a
predominant solid pattern and a sclerotic background (case 11)
(Fig. 4). However, this case displayed other features commonly

Line 1: case 8 B-actin
Line 2: case 8 ETV6-NTRK3
Line 3: case 11 B-actin

Line 4: case 11 ETV6-NTRK3

Line 5: negative control

W %
TAGCAGAT GT GCAGCACAT TAh A

ETV6 NTRK3
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associated with MASC, including microcystic spaces with se-
cretions, eosinophilic cytoplasm, vesicular chromatin, distinct
nucleoli, and an immunoprofile with staining for S100,
vimentin, and mammaglobin while DOG1 negative. No other
cases of MASC presented this type of sclerotic stroma or solid
component in this study. We consider this aberrant morphology
to reflect high-grade transformation [24]. Skalova A et al. first
reported three MASC cases with high-grade transformation
characterized by an accelerated clinical course and poor out-
come [14, 24]. Cases with high-grade transformation had both
low-grade and high-grade components; £7V6 gene rearrange-
ment was present in both components. High-grade transforma-
tion is defined by histomorphologic criteria such as nuclear
polymorphism, distinctive nucleoli, increased mitotic activity,
increased MIB1 index, and areas of necrosis [24].

In conclusion, comprehensive subtyping of histologic pat-
terns revealed that the papillary-cystic pattern is a major
growth pattern of MASC, but not of AciCC. MASC is asso-
ciated with more pronounced cellular atypia. Thus, compre-
hensive subtyping of histologic patterns and a screening im-
munohistochemical panel that includes S100/mammaglobin/
DOGT are useful, prior to confirmatory molecular testing.
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