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This retrospective study investigated the clinicopathological characteristics of secretory carcinoma
of salivary glands (SCSG) in 23 patients with histopathologically confirmed SCSG between January
2010 and December 2020. In total, 13 males and 10 females (ratio, 1.3:1) aged 10 - 69 years (median,
45 years) were enrolled in this study; the average disease duration was 2.44 years (0.25-20 years).
Twenty-one patients (91.3%) had SCSG in the parotid gland, and two (8.7%) in the submandibular
gland. All patients had single nodules of diameters 0.8-4.8 cm (average 2.6 cm); five with lymph node
metastases, and two with distant metastases. Inmunohistochemically, tumors stained positive

for S-100, mammaglobin, CK7, GATA3 and pan-Trk, and negative for DOG1, P63, and calponin,

with Ki-67 positivity from 1 to 50%. ETV6 gene rearrangement was confirmed in 15 patients. All
patients underwent oncological resection, four had radioactive particles implanted postoperatively,
one received chemotherapy, and seven underwent chemoradiotherapy. Six patients had regional
recurrences, two distant metastases, and one died before the last follow-up. SCSGs are typically
indolent, with a low locoregional recurrence rate and excellent survival. Prognosis is correlated to
clinical stage, pathological grade, and surgical procedures.

Diagnostic criteria for secretory carcinoma of salivary glands (SCSG), a recently described rare malignant tumor,
were first introduced by Skélov4 et al.!. Although these tumors were originally classified as mammary analog
secretory carcinomas of the salivary glands, their histomorphological and immunohistochemical features are
similar to those of secretory carcinoma of the breast’. Accordingly, the updated World Health Organization
(WHO) Classification for Head and Neck Tumors (4th edition, 2017) substituted mammary analog secretory
carcinoma with secretory carcinoma®.

These salivary gland tumors are characterized by the presence of a t(12;15)(p13;q25) translocation, which
leads to the fusion of the translocation-Ets-leukemia virus (ET'V6) gene on chromosome 12, and the neurotrophic
tropomyosin receptor kinase 3 (NTRK3) gene on chromosome 15* Before the introduction of SCSG, these
tumors were primarily diagnosed as acinic cell carcinoma (AciCC), mucoepidermoid carcinoma, adenocarci-
noma, or not otherwise specified”.

The NCCN Clinical Practice Guidelines in Oncology (Head and Neck Cancers, Version 2.2020) and ASCO
Guidelines (Management of Salivary Gland Malignancy) on the diagnosis and treatment of SCSG with NTRK
alterations have been revised®’. Before the revision, research on the clinical characteristics, treatment, and out-
comes of this tumor was limited®. Here, we present a review of 23 patients with SCSG in major salivary glands
who were treated in our department at the First Affiliated Hospital of Zhengzhou University, including a detailed
discussion of clinicopathological characteristics, outcomes of treatment, and prognosis.

Materials and methods
This retrospective study, the protocol for which was approved by the Zhengzhou University Hospital Medical
Ethics Committee (Ethics Review Number: 2020-KY-230), was conducted in accordance with the principles
of the Declaration of Helsinki. All participants and parents/legal guardians of the participants < 16 years of age
provided signed informed consent.

We retrospectively enrolled 23 patients with histopathologically confirmed SCSG who had been treated
between January 2010 and December 2020 at the First Affiliated Hospital of Zhengzhou University. SCSG

Department of Oral and Maxillofacial Surgery, The First Affiliated Hospital of Zhengzhou University, Jian She Road,
Zhengzhou 450052, China. ®email: kqgzj@zzu.edu.cn

Scientific Reports |

(2021) 11:22639 | https://doi.org/10.1038/s41598-021-01970-4 natureportfolio


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-021-01970-4&domain=pdf

www.nature.com/scientificreports/

Characteristic Value
Sex, n (%)

Male 13 (56.5%)
Female 10 (43.5%)

Median age, in years [range]

45 (10-69)

Tumor localization, n (%)

Major salivary glands, n (left, right)

Parotid

21 (91.3%, 4, 17)

Submandibular gland

2(8.7%,1,1)

Tumor characteristics

Size (cm) 2.6 (0.8-4.8)
Texture Firm

Boundary Well-demarcated
Fixation Elastic and mobile

Signs and symptoms

Painless and no facial paralysis

TNM stage, n
T1/T2/T3/T4/Tx 6/14/3/0/0
NO/N1/N2/N3 18/1/4/0
Mo/M1 2172

Table 1. Patient and tumor characteristics (n=23).

Treatment Cases | Recurrence | Lymphatic metastasis | Distant metastasis | Death
Operation only 11 1 0 0 0
Operation +1'% 4 0 1 0 0
Operation + chemotherapy 1 1 1 0 0
Operation + chemoradiotherapy | 7 4 3 2 1
Total 23 6 5 2 1

Table 2. Outcomes of 23 patients with SCSG treated by different therapies. SCSG, secretory carcinoma of
salivary gland.

diagnosis was blindly reviewed by three independent consultant pathologists, all experts in salivary gland
pathology.

For conventional microscopy, formalin-fixed, paraffin-embedded tissues were stained with hematoxylin and
eosin. Selected immunohistochemical stains were used in all cases, including S-100 (ZA-0225, ZSGB-BIO, Bei-
jing, China), mammaglobin (ZM-0388, ZSGB-BIO), CK7 (ZM-0071, ZSGB-BIO), GATA3 (ZA-0661, ZSGB-
BIO), DOG1 (ZM-0371, ZSGB-BIO), P63 (ZM-0406, ZSGB-BIO), calponin (ZA-0524, ZSGB-BIO), and Ki-67
(ZM-0166, ZSGB-BIO). Pan-Trk immunohistochemistry (Pan-Trk IHC) was performed using a pan-Trk rabbit
monoclonal antibody (EPR17341, Roche). Pan-Trk THC was considered positive using following criteria: (1)
any staining (cytoplasmic or nuclear) within the tumor cells, and (2) any nuclear staining in the tumor cells.
Fluorescence in situ hybridization (FISH) was performed to detect ETV6 using the Dual Color Breakapart probe
(04N09-020, ZSGB-BIO) according to the manufacturer’s protocol. Tumor cell nuclei were examined for the
presence of colocated (yellow) or translocated (green and red) signals.

Patient clinical data were analyzed for sex, age, tumor size, symptoms, and their duration, means of diagnosis,
TNM stage, treatment administered, recurrence, and prognosis.

Results
Clinical characteristics. The 23 patients with SCSG comprised 13 males and 10 females (1.3:1). The median
age was 45 years (range 10-69 years) and the average duration of disease from initial symptoms to diagnosis was
2.44 years (range 3-20 years). Twenty-one of the tumors (91.3%) were located in the parotid gland (four left
parotid, 17 right parotid) and two (8.7%) in the submandibular gland. All 23 patients had single nodules present-
ing as painless masses of diameters 0.8-4.8 cm (average 2.6 cm). Six patients (26.1%) had T1 tumors, 14 (60.9%)
had T2 tumors, and 3 (13%) had T3 tumors. Five patients presented with regional lymph node metastases, and
two had distant metastases at the time of diagnosis (Table 1).

All 23 patients underwent surgery as the primary treatment. The affected salivary glands were resected from
14 patients, seven patients underwent local excision, and the precise extent of surgery for the remaining two
patients could not be determined. None of the initial surgeries included neck dissection. Details of the treat-
ment administered, and the outcomes are summarized in Table 2. One of the 11 patients who underwent only
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Figure 1. A typical postoperative implantation of I'** radioactive particles. (a) Horizontal plane; (b) coronal
plane; (c) sagittal plane; (d) panoramic radiography.

surgical intervention presented with local recurrence 42 months after the primary surgery. Moreover, none of the
four patients who underwent postoperative implantation of I'*® radioactive particles under magnetic resonance
imaging (MRI) navigation (average of 35 particles) presented with local recurrence; a typical case is shown in
Fig. 1. One patient who received chemotherapy had a local recurrence, and four of the seven who underwent
chemoradiotherapy had local recurrences. Five patients developed lymphatic metastases (21.7%), two developed
distant metastases (8.7%), and one patient died during follow-up (4.3%).

Imaging findings. On computed tomography (CT), the lesions appeared oval or lobulated, with clear
boundaries, regular edges, and uneven density. Some had low-density cystic areas and calcification foci (Fig. 2a-
¢). In plain scanning, the average Hounsfield unit (HU) was 42 (41.69 £16.5), and 76 (76.1 + 24.7) with enhanced
scanning (Fig. 2d,e). The degree of enhancement was primarily uneven and marked (>40 HU); however, a few
tumors showed mild enhancement (10-20 HU), or no obvious enhancement (<10 HU). Most recurrences
showed marked enhancement. Slightly enlarged lymph nodes were found in the ipsilateral submaxillary region
and carotid sheath, potentially resulting in a misdiagnosis of pleomorphic adenoma.

Color Doppler ultrasound revealed that the tumors were well-demarcated, heterogeneous, and hypoechoic
masses with regular morphology. Most tumors were solid, although some appeared as a cystic and solid combi-
nation. Punctate blood flow signals were observed within the lesions, which can readily lead to the misdiagnosis
of pleomorphic adenoma. Typical ultrasonic characteristics are shown in Fig. 2f.

Using MRI, we found that SCSGs consistently had the following characteristics: (1) a tendency to be round
with clear boundaries; (2) most T1 or T2 images had long signals or mixed long and short signals. The fat-
suppression images showed high signals. On diffusion-weighted imaging, minimal high b-value diffusion was
observed, with high signals and uneven enhancement ranging from slight to significant. As with the CT findings,
slightly enlarged lymph nodes were found in the ipsilateral submaxillary region and carotid sheath (Fig. 3a—c).

Moreover, two patients underwent magnetic resonance hydrography (MRH); in both patients, lesions were
observed in the posterior lower pole of the parotid gland, more than 3 mm away from the main duct, which
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Figure 2. Color Doppler ultrasound and computed tomography (CT) imaging findings of typical SCSG. In CT,
the lesions appeared oval or lobulated, with clear boundaries, regular edges, and uneven density. (a) Horizontal
plane; (b) coronal plane; (c) sagittal plane. (d) Average Hounsfield unit (HU) was 42 (41.69+16.5) with plain
scanning, and (e) 76 (76.1 +24.7) with enhanced scanning. (f) Typical ultrasonic characteristics.
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Figure 3. Magnetic resonance imaging (MRI) imaging findings of typical SCSG. On MRI, tumors tend to be
roundish in shape, with clear boundaries. T2 images showed long signals or mixed long and short signals; (a)
horizontal plane; (b) coronal plane (c) sagittal plane. MRH detected lesions located in the posterior lower pole
of the parotid gland; (d) coronal plane (e) horizontal plane (f) sagittal plane.
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Figure 4. Pathological characteristics. (a) An isolated solid nodule tumor with light-tan or grayish cut surface.
(b) Tumor-harboring cysts containing yellowish-white fluid; (c) solid structures; (d) microcystic structures; (e)
follicular and papillary cystic structures; (f) tubular structures. At high magnification, the tumor cells are round
or oval with little atypia. They have eosinophilic granular or vacuolated cytoplasm with small, uniform nuclei
(green box).

appeared normal. Regional parotid gland resection was therefore performed to preserve the secretory function
of the parotid duct and a portion of the gland (Fig. 3d-f).

Pathological characteristics. Grossly, the tumors were isolated as solid nodules with light-tan or gray-
ish cut surfaces (Fig. 4a). Their texture was hard, with clear boundaries and an average diameter of 2.6 cm
(0.8-4.8 cm). A few tumors harbored cysts containing yellowish-white fluid (Fig. 4b).

The tumors exhibited a lobulated growth pattern with fibrous septa and were composed of microcystic/
solid, tubular, follicular, and papillary cystic structures with distinctive luminal secretions (Fig. 4c-f). At high
magnification, the tumor cells were round or oval with little atypia and had eosinophilic granular or vacuolated
cytoplasm with small, uniform nuclei (Fig. 4c, green box).

Furthermore, immunohistochemical staining showed strong positivity for S-100 (Fig. 5a), mammaglobin
(Fig. 5b), CK7 (Fig. 5¢), and GATA3 (Fig. 5d), whereas staining was negative for calponin (Fig. 5e), P63 (Fig. 5f),
and DOGI (Fig. 5g). Ki-67 positivity (Fig. 5h) ranged from 1 to 50%; it was less than 10% in 14/23 and less than
20% in (14 +5)/23 patients.

Pan-Trk IHC in our cohort was positive exhibiting cytoplasmic and/or nuclear staining (Fig. 6a). Finally,
FISH data were available for 15 patients (Fig. 6b). These patients, who had not been definitively diagnosed by
immunohistochemistry, were all diagnosed on the basis of ETV6 gene rearrangement.
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Figure 5. Immunohistochemical staining. S-100 (a), mammaglobin (b), CK7 (c), and GATA3 (d) were stong
positivity; staining is negative for calponin (e), P63 (f), and DOGI (g). (h) Ki-67(+) was 5%.

Discussion

SCSGs are generally low-grade salivary gland carcinomas characterized by morphological resemblance to mam-
mary analog secretory carcinoma and ETV6-NTRK3 gene fusion®’. In 2017, SCSGs were added to the WHO
classification of head and neck tumors’.

The age at onset of SCSG reportedly varies widely. Although these tumors generally develop in adults, they
can also occur in children and adolescents; however, no apparent sex-based bias has been reported’. In the
present study group, the median age was 45 years (range: 10-69 years) with a male:female ratio of 1.3:1. Moreo-
ver, the parotid gland represents the most common site of SCSG, although small salivary glands, including the
buccal, upper lip, and palatal glands, can also be involved!!""*. Indeed, the tumors of 21 patients in the current
study were located in the parotid gland, those of 17 in the right parotid gland, and those of 4 in the left parotid
gland, differing only slightly from previously reported findings'*. SCSGs most commonly present as painless,
slow-growing, well-circumscribed masses that are often misdiagnosed as pleomorphic adenoma or acinar cell
carcinoma®. Consistent with the present study, most patients presented with a painless mass, with only a few
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Figure 6. Pan-Trk IHC and FISH of ETV6 . (a) Pan-Trk IHC showing nuclear and/or cytoplasmic staining,
(b) ETV6 gene rearrangement confirmed by fluorescence in situ hybridization as tumor cells with split signals
(arrows) adjacent to NTRK3 (stars).

recurrences sensitive to touch. Moreover, no specific preoperative ultrasonography, CT, or MRI findings were
identified. The tumors presented as well-demarcated masses of uneven density, sometimes with cystic changes
that could easily be misdiagnosed as pleomorphic adenomas. Additionally, only three patients presented with T3
tumors, whereas the others had T1 or T2 tumors. Moreover, T4 tumors have been reported by another study**.

Before their official characterization, SCSGs were frequently classified as AciCCs owing to their nearly iden-
tical histological growth patterns'®. Although no significant clinical differences have been described between
SCSGs and AciCCs, they may exhibit considerable histopathological morphological differences. For instance,
unlike AciCCs, SCSGs have no secretory zymogen cytoplasmic granules that undergo true positive periodic
acid-Schiff reactions!”. Additionally, the nuclei of SCSGs have prominent pseudo-inclusion bodies; however,
SCSGs do not contain other cell types, such as serous, intermediate, and clear cells, which are commonly observed
in AciCCs'®. As for immunophenotypes, SCSGs can express various markers of breast secretory carcinomas,
including mammaglobin, S-100 protein, STAT5A, MUCI1, MUC4, GCDFP-15, CK7, CK8, CK18, CK19, and
epithelial cell membrane proteins'. However, they characteristically do not express DOG-1, estrogen, andro-
gen, progesterone receptors, or HER2?. In contrast to SCSGs, AciCCs do not express mammaglobin, or exhibit
only weak local expression; however, they express DOG-1 diffusely®. Khalele et al. reported that SCSG can be
diagnosed via the detection of mammaglobin and S-100 protein in the salivary gland tumor, in the absence of
DOG-1?!. It has also been reported that if mammaglobin and S-100 are strongly positive, SCSG can be diagnosed
without resorting to molecular biological methods?’, making mammaglobin a particularly important tumor
marker for SCSG diagnosis.

Similar to secretory carcinomas of the breast, SCSGs have been shown to contain the translocation t(12;15)
(p13;q25), resulting in ETV6-NTRK3 fusion®, which has not been found in other types of salivary gland tumors.
However, this has been reported in congenital fibrosarcoma, mesodermal renal tumor, and acute myeloid
leukemia®?*. The ETV6-NTRK3 fusion gene produces a chimeric tyrosine kinase that activates two major effec-
tor pathways—namely, the Ras/mitogen-activated protein kinase (MAPK) and phosphoinositide 3-kinase/Akt
pathways, both of which seem to be required for ETV6-NTRK3 transformation®. The detection of ETV6-NTRK3
fusion is important because targeted therapies are directed against tropomyosin receptor kinases (Trk). Various
techniques have been used to detect ETV6-NRTK3 fusion, including FISH, reverse transcription polymerase
chain reaction (to detect the ETV6-NTRK3 fusion transcript), next-generation sequencing, and Pan-Trk THC?.
In the present study, 15 patients who had not been definitively diagnosed using IHC were all diagnosed on the
basis of the ETV6 gene rearrangement detected in the current study. Additionally, Pan-Trk IHC results were
positive. Prior to IHC and ETV6 gene detection in the current study, four of the 23 patients’ tumors were mis-
diagnosed as acinar cell carcinomas, three as mucoepidermoid carcinomas, two as adenoid cystic carcinomas,
one as low-grade ductal carcinoma, and one as squamous cell carcinoma. In addition, recent findings have
expanded the molecular profile of SCSG to include multiple novel ETV6 fusion partners, including ETV6-RET
and EGFR-SEPT14%. Gene therapy may offer a new hope to patients with this tumor type in the future®.

SCSGs behave similarly to AciCCs; therefore, the treatment of SCSGs is primarily centered on surgical
interventions. Although secretory carcinoma is still classified as a low-aggression salivary gland carcinoma by
the 2021 ASCO Guidelines, secretory carcinoma of the salivary glands with high-grade (HG) transformation
has been reported®*?. Hence, currently, there is no consensus for the optimal treatment of these tumors. Some
researchers believe that SCSGs are indolent tumors that rarely cause distant metastases, making surgery alone a
sufficient therapeutic strategy®’. Moreover, another study has indicated that surgery combined with postopera-
tive radiotherapy is more effective®’. Until 2020, the NCCN guidelines recommended NTRK therapy options
such as larotrectinib and entrectinib for patients with recurrent NTRK fusion-positive salivary gland tumors and
distant metastases, and they are considered new strategies for SC treatment®>**. In the present study, 11 patients
were treated with surgery alone, one of whom had postoperative recurrence. In addition, one patient received
postoperative chemotherapy and later had a recurrence, whereas four of the seven patients who received post-
operative chemoradiotherapy had recurrences. The overall recurrence rate was 26.1%.

Interestingly, six patients with recurrences underwent their first surgeries in local primary hospitals, and
their recurrences were considered to have resulted from incomplete resection after the first surgery. Although,
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currently, few reports are available on the different surgical procedures for SCSGs, some advocate for the simul-
taneous total resection of the affected lobe of the parotid gland and cervical lymph node dissection®. Indeed,
Williams and Chiosea ** reported a higher incidence of lymph node metastases from SCSGs than from AciCCs
(33% vs. 8%); however, cervical dissection s still rarely performed™. In the current study, five patients developed
cervical lymphatic metastases, and two developed distant metastases (both to the lung) after local recurrences. All
six patients with local recurrences only underwent tumor enucleation or partial parotid gland resection; none of
the patients who underwent excision of the tumor or the superficial lobe of the parotid gland had recurrences or
distant metastases. Taken together, these results suggest that preoperative determination of the size and extent
of the tumor is vital to successful surgical interventions.

Recently, MRH of salivary gland ducts has been shown to clearly establish the three-dimensional relationship
between the tumor and parotid duct, while also detecting dilation, stenosis, displacement, and destruction of
main ducts and branch ducts, potentially guiding preoperative planning’. For instance, if the tumor has invaded
the main duct, retaining the gland is meaningless; instead, superficial or total parotid gland resection should be
performed where possible. Moreover, if the tumor is sufficiently distant from the main duct, regional parotid
gland resection with preservation of a portion of the gland can be considered. Thus, detailed MRH can accurately
guide the planning of parotid gland preservation surgery, potentially enabling the retention of some functional
glands, while completely resecting the tumor. In the present study, two patients underwent functional preserva-
tion surgery with the precise guidance of MRH. Most of the parotid glands and dominant ducts with secretory
function were retained, and the probability of facial nerve injury during surgery was greatly reduced. Their
postoperative function and appearance were significantly improved compared with those in other patients. For
example, surgical scar was small, local facial collapse was not obvious, and postoperative facial symmetry was
improved in these two patients. No obvious facial paralysis occurred in the two patients, and the patients were
satisfied with the surgical effect after surgery. In addition, no other treatment was performed in the two patients
after surgery, and no local recurrence or distant metastasis was found in the follow-ups. MRH before surgery is
beneficial to minimally invasive surgery and functional surgery for parotid gland malignant tumors®’.

The prognosis of SCSG is related not only to the first operative procedure but also to age, clinical stage, and
Ki-67 proliferation index. Although six of the 23 patients in this study had local recurrences (mean age 53 years)
and one patient died, the overall prognosis was good, which is consistent with previously reported results*.
Additionally, children and young patients generally have better prognoses, whereas adult patients have more
aggressive tumors, with older patients (more than 60 years) having the most aggressive tumors and the highest
recurrence rates. This may be related to differences in pathological features at different ages and the characteristi-
cally poor immune function of older patients®. In addition, prognosis becomes worse with increasing clinical
stage and HG transformation®’. HG-transformed SCSG is a considerably more aggressive tumor that follows an
accelerated clinical course, resulting in local recurrences, cancer dissemination, and death?. Nevertheless, in
the present study, microscopic findings were identical in all patients, and none of the neoplasms were composed
of HG components; this may have resulted from the limited cases. Furthermore, lymph node involvement and
extra-parenchymal glandular invasion are associated with a greater risk of local recurrence and metastasis*'.
In the present study, five patients developed lymph node metastases, all of whom underwent therapeutic neck
dissection and postoperative radiotherapy and/or chemotherapy. However, they all experienced postoperative
recurrences, with pulmonary metastases detected in two patients, one of whom died. Additionally, the tumor of
the patient who died had a Ki-67 proliferation index of 50% + and had recurred three times. This is consistent
with reports that patients with a Ki-67 proliferation index of more than 10% have poor prognoses*>.

In summary, SCSG is a rare type of low-grade malignant salivary gland tumor that commonly occurs in the
parotid gland, rarely invades the surrounding tissues, and has a good prognosis. Moreover, histomorphological
and immunohistochemical characteristics are key to distinguishing SCSGs from other salivary gland tumors, with
the detection of ETV6 translocation considered the gold standard for diagnosis. Surgical resection is the main
treatment, and the success of the first operation represents the major determinant of prognosis. Considering the
low rate of cervical lymphatic metastasis, functional excision of SCSGs with facial nerve preservation is generally
performed, depending on preoperative MRH findings concerning salivary gland duct status. Postoperative I'*°
implantation or local radiotherapy can be performed to reduce the recurrence rate. If distant metastases occur,
neck dissection and postoperative treatment are necessary.

Considering that SCSG is a relatively newly described tumor type, few clinical findings have been reported,
resulting in only a small number of patients included in this study cohort. Thus, definitively ascertaining the
optimal treatment and outcomes of SCSG requires studies to be performed with a larger patient cohort and
long-term follow-up.

Data availability
All data generated or analyzed during this study are included in this published article.

Received: 2 July 2021; Accepted: 8 November 2021
Published online: 22 November 2021

References
1. Skalova, A. et al. Mammary analogue secretory carcinoma of salivary glands, containing the ETV6-NTRK3 fusion gene: A hitherto
undescribed salivary gland tumor entity. Am. J. Surg. Pathol. 34, 599-608. https://doi.org/10.1097/PAS.0b013e3181d9efcc (2010).
2. Hindocha, N., Wilson, M. H., Pring, M., Hughes, C. W. & Thomas, S. ]. Mammary analogue secretory carcinoma of the salivary
glands: A diagnostic dilemma. Br. J. Oral Maxillofac. Surg. 55, 290-292. https://doi.org/10.1016/j.bjoms.2016.07.029 (2017).
3. Bissinger, O. et al. Mammary analogue secretory carcinoma of salivary glands: Diagnostic pitfall with distinct immunohistochemi-
cal profile and molecular features. Rare Tumors 9, 7162. https://doi.org/10.4081/rt.2017.7162 (2017).

Scientific Reports |

(2021) 11:22639 | https://doi.org/10.1038/s41598-021-01970-4 nature portfolio


https://doi.org/10.1097/PAS.0b013e3181d9efcc
https://doi.org/10.1016/j.bjoms.2016.07.029
https://doi.org/10.4081/rt.2017.7162

www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

. Naous, R, Zhang, S., Valente, A., Stemmer, M. & Khurana, K. K. Utility of immunohistochemistry and Etv6 (12p13) gene rear-

rangement in identifying secretory carcinoma of salivary gland among previously diagnosed cases of acinic cell carcinoma. Pathol.
Res. Int. 2017, 1497023. https://doi.org/10.1155/2017/1497023 (2017).

. Hamamoto, Y. et al. Usefulness of immunohistochemistry to distinguish between secretory carcinoma and acinic cell carcinoma

in the salivary gland. Med. Mol. Morphol. 54, 23-30. https://doi.org/10.1007/s00795-020-00256-4 (2021).

. Pfister, D. G. et al. Head and neck cancers, version 2.2020. . Natl. Compr. Cancer. Netw. 18, 873-898. https://doi.org/10.6004/jnccn.

2020.0031 (2020).

. Geiger, J. L. et al. Management of salivary gland malignancy: ASCO guideline. J. Clin. Oncol. 39, 1909-1941. https://doi.org/10.

1200/JC0O.21.00449 (2021).

. Alves, L. D. B. et al. A systematic review of secretory carcinoma of the salivary gland: Where are we?. Oral Surg. Oral Med. Oral

Pathol. Oral Radiol. $2212-4403, 30161-30169. https://doi.org/10.1016/j.0000.2020.04.007 (2020).

. Parekh, V. & Stevens, T. M. Mammary analogue secretory carcinoma. Arch. Pathol. Lab. Med. 140, 997-1001. https://doi.org/10.

5858/arpa.2015-0075-RS (2016).

Burlile, J. et al. A case of metachronous bilateral secretory carcinoma. Rare Tumors 13, 20363613211009144. https://doi.org/10.
1177/20363613211009144 (2021).

Zardawi, I. M. & Hook, P. Mammary analogue secretory carcinoma of minor salivary glands. Pathology 46, 667-669. https://doi.
0rg/10.1097/PAT.0000000000000179 (2014).

Kratochvil, E J., Stewart, J. C. & Moore, S. R. Mammary analog secretory carcinoma of salivary glands: A report of 2 cases in the
lips. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 114, 630-635. https://doi.org/10.1016/j.prp.2012.12.005 (2012).

Takano, H. et al. A case of secretory carcinoma of the minor salivary gland in the buccal mucosa. J. Oral Maxillofac. Surg. Med.
Pathol. 33, 136-140. https://doi.org/10.1016/j.ajoms.2020.08.009 (2020).

Boon, E. et al. Clinicopathological characteristics and outcome of 31 patients with Etv6-Ntrk3 fusion gene confirmed (mammary
analogue) secretory carcinoma of salivary glands. Oral Oncol. 82, 29-33. https://doi.org/10.1016/j.oraloncology.2018.04.022 (2018).
Ryoko, I. et al. Secretory carcinoma—Impact of translocation and gene fusions on salivary gland tumor. Chin. J. Cancer Res. 29,
379-384. https://doi.org/10.21147/j.issn.1000-9604.2017.05.01 (2017).

Guilmette, J. et al. Ultrastructural characterization of mammary analogue secretory carcinoma of the salivary glands: A distinct
entity from acinic cell carcinoma?. Head Neck Pathol. 11, 419-426. https://doi.org/10.1007/s12105-017-0784-3 (2017).

Speight, P. M. & Barrett, A. W. Salivary gland tumours. Oral Dis. 8, 229-240. https://doi.org/10.1034/j.1601-0825.2002.02870.x
(2002).

Mossinelli, C. et al. Synchronous parotid (mammary analog) secretory carcinoma and acinic cell carcinoma: Report of a case.
Head Neck Pathol. 13, 686-691. https://doi.org/10.1007/s12105-018-0935-1 (2018).

Projetti, E. et al. A comparative immunohistochemistry study of diagnostic tools in salivary gland tumors: Usefulness of mam-
maglobin, gross cystic disease fluid protein 15, and p63 cytoplasmic staining for the diagnosis of mammary analog secretory
carcinoma?. J. Oral Pathol. Med. 44, 244-251. https://doi.org/10.1111/jop.12226 (2015).

Krings, G. et al. Genomic profiling of breast secretory carcinomas reveals distinct genetics from other breast cancers and similarity
to mammary analog secretory carcinomas. Mod. Pathol. 30, 1086-1099. https://doi.org/10.1038/modpathol.2017.32 (2017).
Khalele, B. A. Systematic review of mammary analog secretory carcinoma of salivary glands at seven years after description. Head
Neck 39, 1243-1248. https://doi.org/10.1002/hed.24755 (2017).

Griffith, C., Seethala, R. & Chiosea, S. I. Mammary analogue secretory carcinoma: A new twist to the diagnostic dilemma of
zymogen granule poor acinic cell carcinoma. Virchows Arch. 459, 117-118. https://doi.org/10.1007/s00428-011-1098-6 (2011).
Majewska, H. et al. Mammary analogue secretory carcinoma of salivary glands: A new entity associated with ETV6 gene rear-
rangement. Virchows Arch. 466, 245-254. https://doi.org/10.1007/s00428-014-1701-8 (2015).

Baghai, F,, Yazdani, F, Etebarian, A., Garajei, A. & Skalova, A. Clinicopathologic and molecular characterization of mammary
analogue secretory carcinoma of salivary gland origin. Pathol. Res. Pract. 213, 1112-1118. https://doi.org/10.1016/j.prp.2017.07.
017 (2017).

Drilon, A. et al. What hides behind the MASC: Clinical response and acquired resistance to entrectinib after ETV6-NTRK3
identification in a mammary analogue secretory carcinoma (MASC). Ann. Oncol. 27, 920-926. https://doi.org/10.1093/annonc/
mdw042 (2016).

Bin, X. et al. Pan-Trk immunohistochemistry is a sensitive and specific ancillary tool in diagnosing secretory carcinoma of salivary
gland and detecting ETV6-NTRK3 fusion. Histopathology 76, 375-382. https://doi.org/10.1111/his.13981 (2020).

Black, M. et al. Concurrent identification of novel Egfr-Sept14 fusion and Etvé6-Ret fusion in secretory carcinoma of the salivary
gland. Head Neck Pathol. 14, 817-821. https://doi.org/10.1007/s12105-019-01074-6 (2020).

Xu, B. et al. Pan-Trk immunohistochemistry is a sensitive and specific ancillary tool for diagnosing secretory carcinoma of the
salivary gland and detecting Etv6-Ntrk3 fusion. Histopathology 76, 375-382. https://doi.org/10.1111/his.13981 (2020).

Skalova, A. et al. Mammary analogue secretory carcinoma of salivary glands with high-grade transformation: Report of 3 cases
with the ETV6-NTRK3 gene fusion and analysis of TP53, B-catenin, EGFR, and CCND1 genes. Am. J. Surg. Pathol. 38, 23-33.
https://doi.org/10.1097/PAS.0000000000000088 (2014).

Sun, L. et al. A case report of parotid mammary analogue secretory carcinoma and reviews. Int. J. Surg. Case Rep. 55, 88-91. https://
doi.org/10.1016/j.ijscr.2019.01.004 (2019).

Tokuzen, N., Goda, H. & Nakashiro, K. Locally advanced mammary analogue secretory carcinoma of the parotid gland. Int. J. Oral
Maxillofac. Surg. 48, 865-868. https://doi.org/10.1016/.ijom.2019.01.027 (2019).

David, S. H. et al. Larotrectinib in patients with TRK fusion-positive solid tumours: A pooled analysis of three phase 1/2 clinical
trials. Lancet Oncol. 21, 531-540. https://doi.org/10.1016/S1470-2045(19)30856-3 (2020).

Robert, C. D. et al. Entrectinib in patients with advanced or metastatic NTRK fusion-positive solid tumours: Integrated analysis
of three phase 1-2 trials. Lancet Oncol. 21, 271-282. https://doi.org/10.1016/S1470-2045(19)30691-6 (2020).

Lee, D. H,, Kim, J. H,, Yoon, T. M,, Lee, J. K. & Lim, S. C. Outcomes of treatment of mammary analogue secretory carcinoma of
the parotid gland. Br. J. Oral Maxillofac. Surg. 58, 158-162. https://doi.org/10.1016/j.bjoms.2019.11.003 (2020).

Williams, L. & Chiosea, S. I. Mammary analogue secretory carcinoma mimicking salivary adenoma. Head Neck Pathol. 7,316-319.
https://doi.org/10.1007/s12105-013-0443-2 (2013).

Chiosea, S. L, Griffith, C., Assaad, A. & Seethala, R. The profile of acinic cell carcinoma after recognition of mammary analog
secretory carcinoma. Am. J. Surg. Pathol. 36, 343-350. https://doi.org/10.1097/PAS.0b013e318242a5b0 (2012).

Jovanna, T. et al. Contemporary management of benign and malignant parotid tumors. Front. Surg. 5, 39. https://doi.org/10.3389/
fsurg.2018.00039 (2018).

Boliere, C., Murphy, J., Qaisi, M., Manosca, F. & Fung, H. Mammary analogue secretory carcinoma of the palate: Case report and
review of the literature. Case Rep. Dent. https://doi.org/10.1155/2019/7416302 (2019).

Albert, C. M., Davis, J. L., Federman, N., Casanova, M. & Laetsch, T. W. TRK fusion cancers in children: A clinical review and
recommendations for screening. J. Clin. Oncol. 37, 513-524. https://doi.org/10.1200/JC0O.18.00573 (2019).

Satsuki, A. et al. High-grade salivary gland carcinoma with the ETV6-NTRK3 gene fusion: A case report and literature review of
secretory carcinoma with high-grade transformation. Pathol. Int. 71, 427-434. https://doi.org/10.1111/pin.13100 (2021).
Cipriani, N. A. et al. Salivary gland secretory carcinoma with high-grade transformation, Cdkn2a/B loss, distant metastasis, and
lack of sustained response to crizotinib. Int. J. Surg. Pathol. 25, 613-618. https://doi.org/10.1177/1066896917709350 (2017).

Scientific Reports |

(2021) 11:22639 | https://doi.org/10.1038/s41598-021-01970-4 nature portfolio


https://doi.org/10.1155/2017/1497023
https://doi.org/10.1007/s00795-020-00256-4
https://doi.org/10.6004/jnccn.2020.0031
https://doi.org/10.6004/jnccn.2020.0031
https://doi.org/10.1200/JCO.21.00449
https://doi.org/10.1200/JCO.21.00449
https://doi.org/10.1016/j.oooo.2020.04.007
https://doi.org/10.5858/arpa.2015-0075-RS
https://doi.org/10.5858/arpa.2015-0075-RS
https://doi.org/10.1177/20363613211009144
https://doi.org/10.1177/20363613211009144
https://doi.org/10.1097/PAT.0000000000000179
https://doi.org/10.1097/PAT.0000000000000179
https://doi.org/10.1016/j.prp.2012.12.005
https://doi.org/10.1016/j.ajoms.2020.08.009
https://doi.org/10.1016/j.oraloncology.2018.04.022
https://doi.org/10.21147/j.issn.1000-9604.2017.05.01
https://doi.org/10.1007/s12105-017-0784-3
https://doi.org/10.1034/j.1601-0825.2002.02870.x
https://doi.org/10.1007/s12105-018-0935-1
https://doi.org/10.1111/jop.12226
https://doi.org/10.1038/modpathol.2017.32
https://doi.org/10.1002/hed.24755
https://doi.org/10.1007/s00428-011-1098-6
https://doi.org/10.1007/s00428-014-1701-8
https://doi.org/10.1016/j.prp.2017.07.017
https://doi.org/10.1016/j.prp.2017.07.017
https://doi.org/10.1093/annonc/mdw042
https://doi.org/10.1093/annonc/mdw042
https://doi.org/10.1111/his.13981
https://doi.org/10.1007/s12105-019-01074-6
https://doi.org/10.1111/his.13981
https://doi.org/10.1097/PAS.0000000000000088
https://doi.org/10.1016/j.ijscr.2019.01.004
https://doi.org/10.1016/j.ijscr.2019.01.004
https://doi.org/10.1016/j.ijom.2019.01.027
https://doi.org/10.1016/S1470-2045(19)30856-3
https://doi.org/10.1016/S1470-2045(19)30691-6
https://doi.org/10.1016/j.bjoms.2019.11.003
https://doi.org/10.1007/s12105-013-0443-2
https://doi.org/10.1097/PAS.0b013e318242a5b0
https://doi.org/10.3389/fsurg.2018.00039
https://doi.org/10.3389/fsurg.2018.00039
https://doi.org/10.1155/2019/7416302
https://doi.org/10.1200/JCO.18.00573
https://doi.org/10.1111/pin.13100
https://doi.org/10.1177/1066896917709350

www.nature.com/scientificreports/

42. Sun, J. . et al. Higher Ki67 index, nodal involvement, and invasive growth were high risk factors for worse prognosis in conven-
tional mammary analogue secretory carcinoma. J. Oral Maxillofac. Surg. 77, 1187-1202. https://doi.org/10.1016/j.joms.2019.01.
002 (2019).

Acknowledgements
This work was supported by the Natural Science Foundation of China [grant number 81901039].

Author contributions

All authors contributed to the study conception and design. J.S. and Z.G. prepared the materials and performed
data collection and analysis. J.S. wrote the first draft. Z.G. supervised the study and provided guidance in the
preparation of each draft. S.L. and R.L. obtained critical pathological information. K.E, N.G., and W.H. com-
municated with patients and assisted with revisions, submission, and ethical considerations. All authors read
and approved the final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Z.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:22639 | https://doi.org/10.1038/s41598-021-01970-4 nature portfolio


https://doi.org/10.1016/j.joms.2019.01.002
https://doi.org/10.1016/j.joms.2019.01.002
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Clinicopathological characteristics and outcomes of 23 patients with secretory carcinoma of major salivary glands
	Materials and methods
	Results
	Clinical characteristics. 
	Imaging findings. 
	Pathological characteristics. 

	Discussion
	References
	Acknowledgements


