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Abstract Secretory carcinoma (SC) of the salivary gland
is a new entity that shares the unique morphologic features
and cytogenetic characteristics of the ETV6-NTRK3 fusion
gene with its breast counterpart. Before identification of SC
of the salivary gland, it was most frequently diagnosed as
acinic cell carcinoma (AciCC). We retrospectively reviewed
our own database of salivary gland tumors harboring micro-
cystic and papillary architecture and/or secretory features
that were originally diagnosed as AciCC. We selected nine
cases of AciCC showing diffuse S-100 expression on immu-
nohistochemistry (IHC). A recently diagnosed case of SC
was included in the study as a reference sample. We per-
formed THC of S-100 and mammaglobin and ETV6 gene
fluorescence in situ hybridization (FISH) in all cases. Seven
cases were positive for both S-100 and mammaglobin, while
five of the seven (71.4%) demonstrated ETV6 gene transloca-
tion by FISH. In the cases which did not co-express either
S-100 or mammaglobin on IHC, ETV6 gene rearrangement
was not shown on FISH. In conclusion, if a salivary gland
tumor has morphologic features of SC with co-expression of
S-100 and mammaglobin, ETV6 FISH can be performed to
confirm the diagnosis of SC of the salivary gland.
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Introduction

Secretory carcinoma (SC) of the salivary gland is a recently
described tumor type with unique characteristics. The first
description of SC of the salivary gland reported by Skalova
et al. [1] in 2010 included 16 cases of this new entity that
shares morphologic and cytogenetic characteristics with its
breast counterpart, including the ETV6-NTRK3-fusion gene,
the product of t(12;15)(p13;q25). The morphologic features
of SC described in previous studies include a microcystic
and/or papillary-cystic architecture with abundant eosino-
philic cytoplasm and uniform bland nuclei, and intraluminal
secretory material [1, 2].

Following the initial publication describing SC of the
salivary gland, a succession of studies has tried to reana-
lyze and reclassify some salivary gland tumor cases. Acinic
cell carcinoma (AciCC); adenocarcinoma, not otherwise
specified (NOS); polymorphous low-grade adenocarcinoma;
mucoepidermoid carcinoma; and cystadenocarcinoma are
candidate initial classifications of cases re-evaluated in a
small number of recently published studies that were ulti-
mately reclassified as SC of the salivary gland. The majority
of these cases had been initially classified as AciCC [3-7].

The combination of S-100 and mammaglobin immuno-
histochemistry (IHC) has emerged as a primary screening
tool to differentiate SC from its mimics. The majority of
SCs show strong and diffuse cytoplasmic staining for S-100
and mammaglobin [8, 9]. However, detection of ETV6 gene
translocation by fluorescence in situ hybridization (FISH)
is still considered the gold standard for the diagnosis of SC.
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But when considering the high price of FISH, it is important
to select the appropriate candidate cases.

The purpose of this study was to reanalyze our insti-
tutional database of salivary gland tumor cases for the
presence of SC using morphologic criteria, IHC for mam-
maglobin and S-100, and FISH for detection of the ETV6-
NTRK3 fusion gene product. These analyses suggest an
appropriate approach for the diagnosis of salivary gland
tumors showing secretory and microcytic features.

Materials and Methods
Case Selection

From a total of 60 cases of salivary gland tumors originally
diagnosed as AciCC from 2005 to 2016 in the Department
of Pathology, Severance Hospital, Korea, we selectively
retrieved and reviewed nine cases. The selection criteria
were (1) diffuse S-100 expression on IHC or (2) microcytic
and papillary architecture and/or intraluminal eosinophilic
material. One case of SC, which was diagnosed in 2016
by IHC for S-100 and mammaglobin and FISH for ETV6-
NTRK3 gene translocation, was included in the study as a
reference sample.

Immunohistochemistry

Immunohistochemical staining for mammaglobin (clone
31AS5, 1:100 dilution, Cell Marque, Rocklin, CA, USA),
S-100 (clone Z0311, 1:2000 dilution, Dako, Glostrup, Den-
mark) and DOG1 (clone SP31, Ready-to-Use, Cell Marque,
Rocklin, CA, USA) was performed on 4-pm sections pre-
pared from formalin-fixed, paraffin-embedded (FFPE) tissue
using standard autostaining protocols on a Ventana Bench-
mark XT autostainer (Ventana Medical Systems, Inc., Tuc-
son, AZ, USA) [10]. The samples were evaluated as whole
section. All 10 cases, including nine candidates (cases 1-9)
and one reference sample case (case 10), were subjected to
THC for S-100 and mammaglobin.

Fluorescence In Situ Hybridization (FISH)

FISH was performed on FFPE tissue sections using a com-
mercially available ETV6 dual-color break-apart probe
(07j77-001; Abbott Molecular, Des Plaines, IL, USA), as
previously described [11, 12]. Cells with rearrangements
for ETV6 had one normal fusion signal, one orange, and one
green signal that were at a distance from each other. Tumors
with more than 15% of cells exhibiting rearrangement were
considered positive. All 10 cases, including nine candidates
(cases 1-9) and one reference sample case (case 10), were
subjected to FISH analyses for ETV6 gene translocation.
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Statistical Analysis

The pathological data were analyzed with IBM SPSS ver-
sion 20.0 (IBM, Armonk, NY, USA). Fisher’s exact test was
applied in the statistical analyses. Statistical significance was
defined as p <0.05.

Results

SC with ETV6 Gene Translocation and Its
Clinicopathologic Characteristics (Cases 6-10)

FISH studies revealed ETV6 gene translocation in five of the
10 cases, four of which were initially diagnosed as AciCC
(Table 1; Fig. 1).

The ages of the five patients with tumors harboring
ETV6 gene translocation ranged from 21 to 65 years (aver-
age: 42.8 years). Three of the patients were female. One
of the tumors originated from the submandibular gland.
Grossly, the tumors were generally well demarcated but not
encapsulated, tan and light yellow cystic masses, and ranged
from 0.9 to 2.9 cm across the greatest dimension. Histologi-
cally, all cases demonstrated a mixture of micropapillary,
macro/microcystic, and solid architecture. The microcystic
spaces were filled with characteristic eosinophilic material.
The tumor cells had minimal nuclear atypia, with abundant
eosinophilic or vacuolated cytoplasm (Fig. 2). No necrosis,
perineural, or lymphovascular invasion was identified in any
of the cases in our series.

IHC studies demonstrated that all of the cases that had
ETV6 gene translocation were positive for S-100 and mam-
maglobin (Fig. 2). In most cases, the staining was diffuse and
strongly positive for both markers, except case 6, which was
only focally positive for mammaglobin (Fig. 3). All cases
were negative for DOG1 on IHC. However, ETV6 gene
translocation measured by FISH and morphological analyses
confirmed that all five of these cases were compatible with
the diagnostic criteria for SC.

Lymph node metastasis was absent in both of the two
confirmed cases on which node dissection was performed.
No distant metastasis was identified at the time of diagnosis
or during the follow-up period in any patients.

AciCC with no ETV6 Gene Translocation and Its
Clinicopathologic Characteristics (cases 1-5)

In the remaining five cases mimicking SC morphology and
S-100 expression, the original diagnosis of AciCC was not
changed due to the lack of ET'V6 gene translocation on FISH.
In addition, two of five cases showed positive DOG1 immu-
noreactivity. The ages of these five patients ranged from 14
to 78 years (average 40.6 years). Two of the patients were
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Table 1 Clinicopathologic features of SC and SC mimicry

DOG1 FISH

MMG

LN Tumor size S-100

Final diagnosis

Initial diagnosis

Sex /Age Location

Case

(cm)

> 50%, strong

> 50%, strong

0/40

1/6

AciCC
AciCC
AciCC
AciCC
AciCC

SC
SC
SC
SC
SC

AciCC
AciCC
AciCC
AciCC
AciCC
AciCC
AciCC
AciCC
AciCC

SC

Minor salivary gland

M/43
M/35
F/33

1
2
3
4
5
6
7
8
9

> 50%, strong

Parotid gland

2.4
2.0

N/A
0/70
N/A
N/A
N/A
N/A

0/1

Tongue

>50%, weak

Submandibular gland

F/14

>50%, strong >50%, weak

>50%, strong

Parotid gland

M/78
F/21

Rearrangement of ETV6

1-10%, strong

> 50%, strong

Submandibular gland

Rearrangement of ETV6

> 50%, strong

> 50%, strong

Parotid gland

M/52
F/52
F/24
M/65

Rearrangement of ETV6

> 50%, strong

> 50%, strong

Parotid gland

Rearrangement of ETV6

> 50%, strong

> 50%, strong

Parotid gland

Rearrangement of ETV6

> 50%, strong

> 50%, strong

0/43

Parotid gland

10

female. Three of the tumors originated from the non-parotid
salivary gland. Grossly, the tumors were well circumscribed
masses and ranged from 1.0 to 2.4 cm across the greatest
dimension. Histologically, diverse morphological features
were observed, including areas of micropapillary and
papillary architecture and cells with clear to eosinophilic
cytoplasm.

Among these five cases, two (cases 1 and 5) showed dif-
fuse, strong positive staining for both S-100 and mamma-
globin on IHC, but were ultimately negative for ETV6 gene
translocation on FISH (Fig. 4). Case 1 was a solid mass from
a minor salivary gland of a 43-year-old man. Histologically,
this tumor was composed of papillary structures lined with
bland uniform tumor cells. Case 5 was a cystic and solid
mass from a parotid gland of a 78-year-old man. Histologi-
cally, it showed an overall architecture with papillary and
micropapillary patterns, and it was surrounded by noticeable
lymphocytic infiltration.

Expression Status of S-100 and Mammaglobin
According to ETV6 Gene Translocation Status

A comparison of the S-100 and mammaglobin IHC and
ETV6 FISH results is summarized in Table 2. Among the
10 cases of morphological candidates for SC, eight were
positive for S-100 and seven were positive for mammaglobin
on IHC. Seven cases showed co-expression of both mark-
ers. Of these seven cases that showed co-expression, five
(71.4%) were positive for ETV6 gene translocation and two
(28.6%) were negative for ETV6 gene translocation. None of
the remaining three cases that did not co-express S-100 and
mammaglobin on IHC showed ETV6 gene rearrangement on
FISH. These three cases were either negative for both S-100
and mammaglobin (cases 3 and 4) or expressed only S-100
(case 2). The positive predictive value of S-100 and mam-
maglobin co-expression to predict EVT6 translocation was
determined to be only 71.4%; however, the negative predic-
tive value of no co-expression of S-100 and mammaglobin
was determined to be 100% (Table 2).

Discussion

Secretory carcinoma (SC) is a newly described tumor that
harbors recurrent translocation t(12;15)(p13;q25)/ETV6-
NTRKS3 similar to that of mesoblastic nephroma, infantile
fibrosarcoma, acute myeloid leukemia, and secretory carci-
noma of the breast [13, 14].

The first report of SC focused on features reminiscent
of breast secretory carcinoma [1]. Recently, several stud-
ies have extended the clinical, histological, and immu-
nohistochemical properties of SC [3, 5, 15, 16]. Indeed,
some morphological features of SC overlap with those of
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Fig. 1 Evidence of ETV6 gene
on FISH in SC (case 10) and a
case mimicking SC (case 2). a
SC showing one fused (yellow)
and one split (red and green)
signal, indicative of ETV6

gene translocation. b Mimic
SC showing a negative ETV6
gene on FISH as evident by two
fused signals in each cell

Fig. 2 SC with ETV6 gene
translocation (case 10). a A
photograph showing a well-
demarcated, light yellowish
mass with cystic changes. b, ¢
Prominent macro/microcystic
and papillary growth patterns. d
Tumor cells with bland uniform
nuclei, eosinophilic or vacu-
olated cytoplasm, and intralumi-
nal secretory material. IHC pro-
files of the SC cases identified
in this study. e All tumors show
diffuse, strong positive staining
for S-100. f Mammaglobin is
positive in SC of the salivary
gland, as this entity represents
the salivary gland counterpart
of breast secretory carcinoma

other salivary gland tumors [1, 15, 17], including Acinic
cell carcinomas(AciCC) and adenocarcinomas [15, 18].
Therefore, SC diagnosis in routine practice remains diffi-
cult by histological examination only. Using IHC of S-100
and mammaglobin along with appropriate morphological
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analysis has appeared to be a proxy method for a diagnosis
of SC in most cases [9, 19]. However, the molecular detec-
tion of ETV6 gene rearrangement is the only confirmative
diagnostic method of SC.
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Fig. 3 a Another SC (case 6)
with cystic and papillary archi-
tecture. b, ¢ The tumor consists
of microcystic spaces filled with
eosinophilic material, and some
of the tumor cells are enlarged
with abundant eosinophilic
cytoplasm. The tumor shows
diffuse, strong positive staining
for S-100 (d), but only focally
positive staining for mamma-
globin (e). f However, it was
confirmed as SC by ETV6 gene
translocation on FISH

In this study, we retrospectively reviewed salivary gland
tumor cases originally diagnosed as AciCC in our depart-
ment from 2005 to 2016. Among a total of 60 AciCC
specimens, we retrieved nine cases as SC candidates and
performed IHC for S-100 and mammaglobin and ETV6
gene break-apart FISH. As a result of these analyses, seven
cases demonstrated co-expression of S-100 and mamma-
globin by IHC, five of which were positive for ETV6 gene
translocation by FISH. Most cases (four of five) with ETV6
gene translocation revealed both diffuse and strong posi-
tive staining for S-100 and mammaglobin by IHC, apart
from one case showing only focal positivity for mamma-
globin. All cases that were negative for one or both of
these markers were also negative for ETV6 gene translo-
cation by FISH. In two cases, even though diffuse, strong
expression of S-100 and mammaglobin on IHC was noted,
ETV6 gene translocation by FISH was negative.

From the present findings, the positive predictive value
of S-100 and mammaglobin co-expression to predict ETV6
gene translocation was determined to be no more than 71.4%;
however, the negative predictive value of no co-expression
of S-100 and mammaglobin was determined to be 100%.
Therefore, an additional FISH study should be performed
to confirm the occurrence of ETV6 gene translocation when
salivary gland tumors show SC-like features and co-expres-
sion of S-100 and mammaglobin. If co-expression of S-100
and mammaglobin is not noted in the tumors with SC-like
features, the possibility of EVT6 translocation is negligible,
and an additional FISH study may be unnecessary.

Our study has some limitations, including that the sample
size was too small to make statistical significance and only
cases showing SC-like features and diffuse S-100 expres-
sion were included for further IHC analysis of mamma-
globin and FISH analysis of EVT6 translocation. However,
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Fig. 4 a A case mimicking SC AR
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it was negative for ETV6 gene
translocation on FISH
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Table 2 Comparison of S-100

d bi d ETV6 transloca- No ETV6 translo-  + predictive — predictive p value

and Mammaglobin IHC an tion, n (%) cation, n (%) value (%) value (%)

ETV6 FISH results
S-100 5(62.5) 3 (37.5) 62.5 100 0.444
MMG 5(71.4) 2 (28.6) 71.4 100 0.167
S-100 and MMG 5(71.4) 2 (28.6) 71.4 100 0.167

MMG mammaglobin, + positive, — negative

this enrichment process may have inadvertently caused a
selection bias.

We tried to provide a practical approach for the diagnosis
of these salivary tumors, especially regarding the necessity
of further FISH in the case of a salivary gland tumor mim-
icking SC in daily practice, rather than robustly investigating
EVT6 gene status for all salivary gland tumors regardless of
morphological and immunohistochemical characteristics. As
for cases that would be selected as candidates of SC after an

@ Springer

initial enrichment process using S-100 and mammaglobin
IHC, applying additional immunohistochemical and histo-
chemical markers, such as discovered on gastrointestinal
stromal tumor 1 (DOG1), amylase, and/or «-1-antitrypsin,
would be also helpful to specify AciCC, which is a top dif-
ferential diagnosis of SC [20-22]. In effect, we noted that
DOG]1 was expressed only in AciCC, and that no single case
was expressed in SC cases. Thus, DOG1 immunostaining
may also be helpful in determining SC candidates.
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In agreement with several previous studies, our results
indicate that the frequency of SC is highly underestimated.
When diagnosing salivary gland tumors, especially with
microcystic and papillary structures and intraluminal secre-
tory material, it is important to consider the possibility of
SC. In conjunction with morphological criteria, application
of IHC for S-100 and mammaglobin can be a useful screen-
ing tool for SC. If the tumor is immunoreactive for both
markers, the diagnosis of SC should be confirmed by the
molecular detection of ETV6 gene translocation by FISH.
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