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Summary Secretory carcinoma (SC) of the salivary gland is a low-grade malignancy associated with a well-
defined clinical, histologic, immunohistochemical, and cytogenetic signature. Although the t(12;15) (p13;
q25) translocation resulting in anETV6-NTRK3 gene fusion is well documented, advances inmolecular pro-
filing in salivary gland tumors have led to the discovery of RET as another ETV6 gene fusion partner in SC.
Here, we applied an RNA-based next-generation sequencing (NGS) approach for fusion detection on 14
presumed SC. The cases included 7 SC with classic ETV6-NTRK3 gene fusion and 3 SC harboring
ETV6-RET gene fusion. In addition, 2 cases revealed a NCOA4-RET gene fusion and were subsequently
reclassified as intraductal carcinomas. One case with an unusual dual-pattern morphology revealed a novel
translocation involving ETV6, NTRK3, and MAML3 gene rearrangements. Interestingly, no ETV6-NTRK3
or ETV6-RET SC was ever documented to have this unique dual-pattern morphology or harbor a MAML3
mutation. The remaining case had no detected chromosomal abnormalities. Advances in molecular profiling
of SC have led to the discovery of novel fusion partners such as RET and nowMAML3. Further molecular
characterization of salivary gland neoplasms is needed as these mutations may present alternative therapeu-
tic targets in patients with these tumors.
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1. Introduction

Since the initial description of secretory carcinoma (SC) of
the salivary glands by Skálová et al [1], significant advances to
characterize the immunophenotypic, cytogenetic, and ultra-
structural profile of this entity have been performed [2-7]. A
specific cytogenetic translocation t(12;15) (p13; q25) resulting
in ETV6-NTRK3 gene rearrangement was initially considered
the distinct molecular signature of this tumor, although recent
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studies have raised the possibility of alternative, unknown
ETV6 partners, ETV6-X [2,4]. In their study, Ito et al [4] have
suggested a higher malignant potential among SC with un-
known ETV6 partners. Subsequently, one such alternative
translocation resulting in an ETV6-RET gene rearrangement
was documented in a subset of SC of the salivary glands [8].
The identification of this novel transcript promotes further mo-
lecular diversity in SC while opening the possibility of inte-
grating targeted RET inhibitors as a potential therapeutic
strategy [8].

After the identification of ETV6-RET gene rearrangements
in 2 of our institutional cases of SC, an internal review was
performed to further classify gene partners. In addition, pa-
tients' clinical profiles and progression were compared among
different ETV6 partners to stratify biological potential in SC
with different ETV6 partners.
Fig. 1 ETV6-RET gene rearranged in SC of the salivary glands. A, Geno
tein. Domains indicated by colors: ETV6: purple, helix-loop-helix domain;
mains; blue, cysteine-rich domain; purple, transmembrane domain; red, k
3′ (red)-probe and 5′ (green)-probe signals in the tumor cells (ovals).
2. Materials and methods

After approval from the institutional review board
(2015P001749), 14 cases of SC of the salivary glands were re-
trieved from the pathology files of the Massachusetts General
Hospital and Massachusetts Eye and Ear (Boston, MA) from
2003 to 2017. Consultation cases from referring institutions with
no available slides were excluded. Hematoxylin and eosin
(H&E)–stained slides alongwith ancillary studies and cytogenetic
reports, in addition to patient medical records were reviewed.

2.1. Gene fusion analysis

Representative SC tumor foci were identified on H&E slides
with corresponding areas selected from paraffin-embedded,
formalin-fixed tissue blocks; nucleic acid was extracted and
mic exon structure of the fusion and predicted ETV6-RET fusion pro-
red, internal domain; pink, ETS domain; RET: yellow, cadherin do-

inase domains 1 + 2. B, FISH of interphase nuclei showing isolated



Fig. 2 Interphase FISH analysis using dual-color break-apart probe
for NTRK3 (15q25) gene reveals 1 non-rearranged orange/green fu-
sion signal, 1 orange signal, and 1 separate green signal indicating
the translocation of NTRK3 in all tumor cells.

52 J. Guilmette et al.
analyzed for rearrangements using a targeted next-generation
sequencing (NGS) assay based on anchored multiplex polymer-
ase chain reaction, as previously described [9]. The fusion assay
(FusionPlex Solid Tumor Kit; ArcherDX Inc, Boulder, CO)
was designed to detect fusion transcripts in reverse-transcribed
double-stranded complementary DNA (cDNA) and to target
53 cancer genes. Total nucleic acid was isolated from
formalin-fixed, paraffin-embedded tumor specimens and
reverse transcribed with random hexamers, followed by
second-strand synthesis to create double-stranded cDNA.
The double-stranded cDNA was end-repaired, adenylated,
and ligated with a half-functional adapter. Two hemi-nested
polymerase chain reactions were applied to create a fully func-
tional sequencing library. IlluminaMiSeq 2 (Illumina Incorpo-
rated, San Diego, CA) paired-end sequencing results were
aligned to the hg19 reference genome [9,10]. A laboratory-
developed algorithm was used for fusion transcript detection and
annotation. The integrity of the input nucleic acid and the technical
performance of the assay were evaluated with control sequences
from the B2M, CTBP1, and GAPDH targets. The assay is
validated for samples with 5% or higher tumor cellularity. This
analysis was successfully performed on all 14 specimens.

2.2. Detection of alteration of NTRK3 by fluorescence
in situ hybridization

For one case (case 11), fluorescence in situ hybridization
(FISH) using a dual-color break-apart probe for NTRK3
(15q25) gene was performed on 5-μm unstained sections pre-
pared from the archival tissue block used for both NGS analy-
sis and immunohistochemistry. The LSI NTRK3 (15q25)
Dual-Color Break-Apart Rearrangement Probe (Abbott Mo-
lecular, Des Plaines, IL) was used to confirm the loci of inter-
est. Slides were pretreated using an automated VP 2000
processor (Abbott Molecular) following the manufacturer's
protocols. Cellular DNA and probes were codenatured at
76°C for 10 minutes using the ThermoBrite system (Abbott
Molecular) and incubated overnight at 37°C in a humidified
chamber. Nuclei were stained with 4,6-diamidino-2-phenylin-
dole in Antifade solution (Abbott Molecular), and slides were
analyzed using a Leica DM6000B fluorescence microscope
(Leica Microsystems, Buffalo Grove, IL). Hybridization sig-
nals were examined in 50 to 100 interphase tumor nuclei per
specimen. Images were taken and stored using the CytoVision
Image Analysis System (Genetix, San Jose, CA).

2.3. Immunohistochemistry

Immunohistochemical studies were performed on 5-μm-
thick sections of formalin-fixed, paraffin-embedded tissue in
a Bond 3 automated immunostainer (Leica Microsystems,
Bannockburn, IL) and primary antibodies against S100 protein
(Ventana, Oro Valley, AZ; prediluted), mammaglobin (Dako;
1:250), and DOG1 (Dako, Santa Clara, CA; prediluted). Ap-
propriate positive and negative controls were included. No sig-
nificant background staining was seen in the negative cases.
3. Results

3.1. Molecular profile

Fourteen cases of SC of the salivary glands were analyzed
by NGS fusion assay using the SNaPshot multiplexed targeted
platform. Among these cases, 7 tumors showed fusion
transcripts involving ETV6 exon 5 (ENST00000396373)
and NTRK3 exon 15 (ENST00000360948). Three cases
demonstrated fusion transcripts involving ETV6 exon 6
(ENST00000396373) and RET exon 12 (ENST00000355710)
(Fig. 1A and B). One case revealed fusion transcripts involv-
ing ETV6 exon 5 (ENST00000396373) and NTRK3 exon 15
(ENST00000360948) and a separate fusion between ETV6
exon2 (ENST00000396373) and MAML3 exon 2
(ENST00000509479). The H&E slides for this case were reas-
sessed. Two morphologically distinct architectural patterns
were intermixed within the same tumor. Both areas were la-
beled and resubmitted separately for NGS analysis. The data
obtained from the second sequencing revealed that both areas
are molecularly identical and harbored the same 2 previously
mentioned fusion transcripts. FISH using a dual-color break-
apart probe for NTRK3 (15q25) gene confirmed the presence
of NTRK3 rearrangement in both areas, suggesting a biphasic
or dual-patterned tumor (Fig. 2). Two other tumors showed fu-
sion transcripts for RET exon 12 (ENST00000355710) and
NCOA4 exon 6 (ENST00000452682). A final case revealed
no translocation on our molecular fusion assay (Table).



Table Clinical information on patients with secretory carcinoma and intraductal carcinom of the salivary glands

Patients Age (y) Sex Tumor location Tumor size
(cm)

Tumor extension IHC Follow-up

t(12;15), ETV6-NTRK3 (SC)
1 55 M Parotid 3.5 No LVI

No PNI
0/1

S100+
Mam+
DOG1−

No recurrence
(6 y)

2 33 F Parotid 2.4 No LVI
No PNI
0/5

S100+
Mam+
DOG1−

No recurrence
(4 y)

3 64 F Buccal mucosa 0.6 LVI+
No PNI

S100+
Mam+
DOG1−

No recurrence
(3 y)

4 45 F Parotid 1.8 No LVI
No PNI

S100+
Mam+
DOG1−

No recurrence
(15 y)

5 34 F Parotid 4.0 No LVI
No PNI

S100+
Mam+
DOG1−

No recurrence
(3 y)

6 21 M Palate 0.8 No LVI
No PNI

S100+
Mam+
DOG1−

No recurrence
(2 y)

7 55 M Buccal mucosa 0.5 No LVI
No PNI

S100+
Mam+
DOG1−

No recurrence
(1 y)

t(10;12), ETV6-RET (SC)
8 42 M Parotid 2.9 LVI+

Infiltrates skeletal muscle
No PNI
0/11

S100+
Mam+
DOG1−

No recurrence
(4 y)

9 68 M Submandibular gland 1.5 No LVI
No PNI

S100+
Mam+ focal
DOG1−

Prior submandibular tumor, 1996
(1 y)

10 54 F Parotid 3.0 LVI+
Metastases: lungs, bones,
pleural/pericardial effusion

S100+
Mam+
DOG1−

Deceased

ETV6, NTRK3, andMAML3 gene rearrangements (SC)
11 40 M Parotid 0.8 LVI+

No PNI
6/33

S100+
Mam+
Focal
DOG1−

No recurrence
(1 y)

No translocation detected (SC)
12 76 F Parotid 2.3 No LVI

No PNI
0/11

S100+
Mam+
DOG1−

No recurrence
(1 y)

t(10;12), NCOA4-RET (IC)
13 44 F Parotid 1.1 No LVI

No PNI
S100+
Mam+
DOG1−

No recurrence
(3 y)

14 88 F Parotid 2.2 No LVI
No PNI

S100+
Mam+
DOG1−

No recurrence
(1 y)

Abbreviations: M, male; F, female; LVI, lymphovascular invasion; PNI, perineural invasion; IHC, immunohistochemistry; Mam, mammaglobin.

53Novel gene fusions in secretory carcinoma



Fig. 3 A, Histology of SC with classic ETV6-NTRK3 gene fusion demonstrates a microcystic/cribriform growth pattern with occasional papil-
lary architecture (B) with “bubbly” eosinophilic secretorymaterial (H&E stain, original magnification ×400). The tumors cells show strong, diffuse
staining for both mammaglobin (C) and S100 proteins (D; ×200).
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3.2. Clinical and histologic characteristics of ETV6-
NTRK3 SC

The clinical and follow-up data of the 7 patients with
ETV6-NTRK3 SC are summarized in Table, which includes
3 men and 4 women with a mean age of 44 years, ranging
from 21 to 64 years. Four of the tumors are in parotid glands
and the remainder in minor salivary glands. Recorded tumor
size is variable and ranges from 0.6 to 4.0 cm in largest diam-
eter (mean of 1.9 cm). The tumors are either encapsulated or
well-circumscribed within the salivary gland with occasional
limited/focal extension into the perisalivary soft tissue. The tu-
mors have an invasive lobulated growth pattern separated by
thin fibrous septa. Histologically, all tumors show typical SC
features with one or more of microcystic, tubular, follicular,
solid, and papillary-cystic architectural patterns and character-
istic secretory eosinophilic material (Fig. 3A and B). The neo-
plastic cells contain eosinophilic finely granulated or vacuolated
cytoplasm with a round-to-ovoid nuclei. Except for one tumor,
which shows lymphovascular invasion (case 3), all other tumors
have no lymphovascular or perineural invasion. There are no
features suggestive of high-grade transformation. Although no
cervical lymph node dissections were performed in any of the
7 cases, lymph nodes identified within the main specimens
showed no evidence of metastatic disease (cases 1 and 2). In
all cases, tumor cells displayed strong, diffuse staining for both
mammaglobin (Fig. 3C) and S100 proteins (Fig. 3D) along
with negative DOG1 staining. Clinical follow-up ranged from
1 to 15 years with no local recurrence, lymph node, or distant
metastasis reported in any of these patients.

3.3. Clinical and histologic characteristics of ETV6-
RET SC

Among the 3 cases of SC with ETV6-RET translocation, 2
men and 1 woman were identified ranging from 42 to 68 years
old (Table). Two tumors arose in the parotid and 1 in the sub-
mandibular gland. The recorded tumor size varied from 1.5 to
3.0 cm. Histologic features were almost identical to those pre-
viously described above in ETV6-NTRK3 SC (Fig. 4). Two
cases (cases 8 and 10) showed lymphovascular invasion but
no perineural invasion. In 1 patient (case 8), SC infiltrated into
adjacent skeletal muscle. Ipsilateral neck dissection did not re-
veal any metastatic disease. Another patient (case 9) presented
with an unusual medical history. This patient presented with a
slowly progressive left submandibular neck mass in 1996 in
Vietnam. A submandibular gland excision was performed,
and the patient was treated with radiotherapy. Twenty-one
years later, the patient re-presented for a similar left subman-
dibular mass. Surgical resection revealed SC surrounded by
scar tissue consistent with prior surgery. Tumor cells showed
strong, diffuse positivity for S100 protein but only focal



Fig. 4 Histology of SC with ETV6-RET translocation showing the
typical cribriform architecture with low-grade nuclear atypia and
intraluminal eosinophilic secretory material (H&E stain, original
magnification ×200).
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mammaglobin expression. The patient did not recall the initial tu-
mor diagnosis, and medical reports from the outside institution
were not available. In case 10, the patient presented at an ad-
vanced stage with distant metastases to the lungs and bones, in
addition to pleural and pericardial carcinomatous effusion, con-
firmed byfine needle aspiration. NGS fusion assaywas requested
on the initial tumor at the time of diagnosis, and ETV6-RET
translocation was identified. This patient's treatment strategy
included kinase inhibitors targeting RET mutation. Because
of the advanced disease, the patient died within a year of diag-
nosis and tumor response to treatment was not documented.

3.4. Clinical and histologic characteristics of the
dual-fusion ETV6-NTRK3 and ETV6-MAML3 SC

Case 11 represents a 40-year-old man with a 0.8-cm parotid
mass associated with ipsilateral adenopathy. Histologically,
the tumor revealed dichotomous growth patterns. One area
of the tumor had tubular and solid architecture with neoplastic
cells containing finely granulated eosinophilic cytoplasm and
round-to-ovoid nuclei (Fig. 5A-C). Here, the tumor was
diffusely positivity for S100 protein with only focal mamma-
globin expression (Fig. 5D and E). DOG1 immunostain was
negative. The second component of the tumor had cribriform
and papillary architecture with pseudostratified cuboidal-to-
columnar cells. This distinct tumor component had clear-to-
amphophilic cytoplasm with basally oriented nuclei. The nu-
clei had irregular nuclear contours with chromatin clearing
and small nucleoli. Dense eosinophilic secretory material
was frequently observed. Mitotic activity was quite low with
very focal necrosis. In addition to S100 protein, mammaglo-
bin, and DOG1, initial immunohistochemical studies included
p63, TTF1, thyroglobulin, CD117,MYB, and androgen recep-
tor, which were all negative. Only immunostains for pankera-
tins, including AE1/AE3 and CAM5.2, were observed in both
distinct morphologic areas with variable intensity (Fig. 5F).
Taken together, the morphologic, immunohistochemical, and
molecular phenotype of this tumor was consistent with a
dual-patterned SC.
3.5. Clinical and histologic characteristics of NCOA4-
RET carcinoma

Two patients aged 44 and 88 years had NCOA4-RET gene
fusions in carcinomas arising in the parotid gland. Both cases
were reassessed and revealed similar histologic features to
SC including microcystic, cribriform, and papillary architec-
ture with eosinophilic secretory material and low-grade nu-
clear features. Rather than forming mass-like lesions, tumor
nests appeared more dispersed and centered on salivary ducts
(Fig. 6A). A prominent lymphoplasmacytic inflammatory infil-
trate and fibrosis surrounded tumor islands. Immunohistochem-
istry revealed tumor cells to be positive for S100 and
mammaglobin but negative for DOG1. Additional studies per-
formed showed that tumor nests were surrounded by a rim of
p63-positive myoepithelial cells (Fig. 6B) corresponding to the
salivary duct lining. No invasive component was identified. Im-
munostain for androgen receptor was negative in both cases.
Based on both histology and immunohistochemistry, these 2 tu-
mors were reclassified as intraductal carcinoma (IC), low-grade.

3.6. Clinical and histologic characteristics of
carcinoma with no identified translocation

One case (case 12) features a 76-year-old woman with a 2.3-
cmparotidmass. The tumormorphology had characteristicmicro-
cystic and papillary-cystic architecture associated with secretory
eosinophilic intraluminal material, as previously described in
SC.Neoplastic cells containedfinely granulated eosinophilic cyto-
plasm with low-grade nuclei. There was no evidence of lympho-
vascular invasion, perineural invasion, or cervical lymph node
metastases. The tumor cells were diffusely positive for mamma-
globin and S100 expression but negative for DOG1 and p63.
4. Discussion

Although ETV6-NTRK3 gene fusion is canonical for SC,
advances in molecular profiling of this tumor have led to the



Fig. 5 Dual-patterned SC with ETV6, NTRK3, andMAML3. A, Tumor with 2 distinct growth patterns; one area showing “typical SC” tubular
and solid architecture with low-grade morphology (upper left), and the other comprises cribriform and papillary patterns. B, In the second area, the
tumor cells are pseudostratified with cuboidal-to-columnar cells containing clear-to-amphophilic cytoplasm and atypical nuclei. Dense eosino-
philic secretory material is observed. C, Frequently, both morphologies are admixed (A-C, H&E stain, original magnification ×200). The typical
SC stains for S100 protein (D) but only focally for mammaglobin (E), whereas the other area is completely negative for both stains. F, Only im-
munostain for CKAE1/AE3/CAM5.2 was observed in both areas with variable intensity, stronger intensity in the “typical SC” and moderate in-
tensity in the cribriform area (D-F, ×200).
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discovery of novel ETV6 fusion partners, such as RET and
now MAML3. The ETV6-RET translocation was just recently
described by Skálová et al [8] in 2018. In their analysis of 10
cases, the morphologic and immunohistochemical findings in
both tumor groups, ETV6-NTRK3 SC and ETV6-RET SC,
were practically identical [8]. Our results support a similar
conclusion. Although our analysis is mitigated by our small
sample size and lacks statistical significance, the ETV6-RET
SC group seemed to exhibit more aggressive biological
features. Two of the 3 cases had lymphovascular invasion,
whereas 1 case showed infiltration into the adjacent skeletal
muscle and another presented with multisystemic metastatic
disease. Our results corroborate the previous study by Ito
et al [4], suggesting that SC with alternate ETV6 partners
may be more biologically aggressive. The identification of
ETV6 partners may contribute to therapeutic management of
patients with advanced disease. Patients with SC featuring
ETV6-NTRK3 gene rearrangement can benefit from NTRK3-



Fig. 6 IC with NCOA-RET translocation has microcystic and crib-
riform architecture (A) with low-grade nuclear features. Tumor nests
are associated with a lymphoplasmacytic infiltrate and fibrosis (H&E
stain, original magnification ×200). Immunohistochemistry demon-
strates a rim of p63-positive myoepithelial cells (B) surrounding each
tumor nest (×200).
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targeted therapy, whereas those with SC ETV6-RET gene rear-
rangement can be considered for potential RET inhibitors
[8,11,12].

To our knowledge, dual-patterned SC harboring dual
ETV6-NTRK3 and ETV6-MAML3 gene fusions has not been
reported in the salivary glands until now. Thorough molecular
analysis using a targeted NGS-based fusion assay in combina-
tion with FISH dual-color break-apart probes for NTRK3 gene
confirmed the presence of both fusion transcripts in all tumor
cells, regardless of the 2 distinct architectural patterns and
morphologies. The actual nature of the translocations remains
unclear but most likely involves 2 chromosomal rearrange-
ments leading to the production of 2 different fusion proteins,
ETV6-NTRK3 and ETV6-MAML3. Protein expression from
the unusual combination of these fusion transcripts certainly
would affect even the standard aberrant cell programming seen
in SC [13-15]. As a result, distinct architectural, histologic, and
immunohistochemical phenotypic expression might expect-
edly emerge within the same tumor. Although unusual, it has
been documented in few head and neck malignancies, such
as biphenotypic sinonasal sarcoma (BSNS) [16-19]. In
BSNS, the term “biphenotypic” refers to the dual immunohis-
tochemical expression of neural and smooth muscle markers
with a uniform population of spindled cells, whereas in our
case, we use "dual-patterned" to imply distinct morphologic
and immunohistochemical expression found within 2 distinct
epithelial components of the tumor. BSNS is a low-grade sar-
coma that exhibits both neural and myogenic differentiation
resulting from recurrent rearrangements in PAX3 gene, a tran-
scription factor that promotes interactions in cell differentia-
tion of both lineages [16,20]. Among the documented genes
partnered with PAX3 in BSNS, PAX3-MAML3 gene fusion
has been identified as a recurrent translocation partner [21].
MAML3 is a member of the mastermind-like (MAML) family
of transcriptional co-activators for the Notch signaling path-
way, which takes part in a variety of cellular interactions, in-
cluding cell differentiation, proliferation, and death [22,23].
Although it remains unclear howMAML3modulates the onco-
genic function of PAX3, it has been hypothesized thatMAML3
could function as a potent transcriptional activator of PAX3 re-
sponse elements [21]. Unlike BSNS, only the epithelial cell
lineage has been identified in our case. The mechanistic role
of the 2 transcripts, ETV6-NTRK3 and ETV6-MAML3, still
needs to be elucidated. Of note, no ETV6-NTRK3 or ETV6-
RET SC was ever documented to have a dual-patterned
morphology.

Interestingly, 2 cases of IC (cases 13 and 14) were initially
classified as SC in our sample group. Although these 2 cases
might have been eliminated from our study retrospectively,
from a clinical, morphologic, and immunohistochemical
standpoint, IC is a potent mimicker of SC often requiring a
thorough workup to reach the appropriate diagnosis. In our 2
cases, the identification of NCOA4-RET gene rearrangement
was the key feature that led to the diagnosis of IC, and for this
reason, these cases remained included in our study. IC is a rare
salivary gland tumor characterized mainly by intraductal epi-
thelial proliferation with low-, intermediate-, or high-grade nu-
clear atypia andmay occasionally showmicroinvasion into the
surrounding tissue [24-27]. Rare cases with widespread inva-
sion have been documented, which has led to question a poten-
tial relationship between IC and salivary duct carcinoma
[28,29]. Recently, a novel NCOA4-RET fusion was identified
in a subset of IC with intercalated duct morphology [30],
which also corroborates with our findings. IC is an undeniable
mimicker of SC, as both share a similar morphology and ex-
pression of both S100 and mammaglobin immunostains [31].
Distinction of these 2 malignancies can made histologically
by the identification of a nonneoplastic myoepithelial layer
surrounding the tumor nests exposing the in situ component
in IC [29]. Advances in molecular characterization of salivary
gland tumors have allowed to further stratify these neoplasms
by their molecular signature such as ETV6 gene rearrange-
ments for SC and recurrent RET rearrangements in the case
of IC [29,32,33].

One case (case 12) in our cohort did not reveal any translo-
cations targeted by our assay. This case was reviewed by 2
senior head and neck pathologists (P. S. and V. N.). The
combination of histology, immunohistochemistry, and
molecular findings were compatible with a low-grade
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adenocarcinoma of the salivary glands. The diagnosis of SC in
the absence of an ETV6 translocation may be perceived as
highly controversial, although rare cases have been previously
described [34,35].

In addition to NTRK3, the recent discovery of variable fu-
sion partners in SC such as RET and nowMAML3might pres-
ent alternative molecular pathways to consider for opportune
therapeutic targets in patients with advanced or recurrent dis-
ease. These findings provide novel insight into the oncogene-
sis, histopathology, and molecular diagnosis of this newly
recognized carcinoma, putative family of carcinomas, of the
salivary glands.
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