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Objective. The aim of this systematic review was to describe the epidemiology, diagnostic criteria, differential diagnosis, treat-

ment, prognostic factors, and treatment outcomes of secretory carcinoma.

Study Design. A comprehensive search of Lilacs, PubMed, Science Direct, and Web of Science databases was conducted to iden-

tify all case reports, letter to the editor, and histopathologic reclassifications regarding salivary gland secretory carcinoma pub-

lished in English, Spanish, French, and Portuguese.

Results. The final analysis included 119 studies, which totaled 642 secretory carcinoma diagnoses, with 239 case reports and 403

diagnostic reclassifications, mostly in the United States. The age range was 5 to 87 years, and cases were predominantly in males

(58.7%) and mostly affecting the parotid glands (73.7%). The disease usually presents as a slow-growing, painless mass. The main

differential diagnosis is acinic cell carcinoma, and the tumor is usually treated with surgery. The prognosis is considered favor-

able, although there have been reports of local recurrences, distant metastases, and deaths.

Conclusions. It is important that clinicians become aware of this salivary gland neoplasm and report clinical data, clinical course,

management and long-term follow-up. There is an urgent need to conduct more clinical trials, especially on tropomyosin receptor

kinase (TRK) inhibitors and other potential target therapy modalities. (Oral Surg Oral Med Oral Pathol Oral Radiol 2021;132:

e143�e152)
Skalova et al., in 2010,1 proposed a new name for

tumors of the salivary gland—mammary analogue

secretory carcinoma of salivary glands (MASC). This

tumor is characterized by the presence of a transloca-

tion t(12;15)(p13;q25), which leads to fusion of the

ETV6 gene on chromosome 12 and the neurotrophic

tropomyosin receptor kinase 3 (NTRK3) gene on chro-

mosome 15. Before the initial description, these sali-

vary gland tumors were mostly diagnosed as acinic cell

carcinomas (AciCCs) or adenocarcinomas.2

The updatedWorld Health Organization Classification

of Head and Neck Tumors (4th edition, 2017) changed

the initial MASC designation, which is now referred to as

secretory carcinoma (SC), to standardize nomenclature

for these tumors occurring at different organ sites.3 Thus,

the aim of this systematic review was to describe the clin-

ical and epidemiologic characteristics, diagnostic criteria,
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differential diagnosis, treatment, prognostic factors, and

treatment outcomes of the SC.
MATERIALS ANDMETHODS
Strategy for identification of studies
The strategy for this systematic review was to identify

research articles indexed in electronic databases, such as

Lilacs, PubMed, Science Direct, and Web of Science. The

key term used was “secretory carcinoma of salivary gland,”

and the search was performed on October 16, 2019. In addi-

tion, a manual search was carried out with evaluation of the

bibliographies of the selected studies to identify articles that

were considered potentially relevant to the topic.
Criteria for selection of studies
Case reports, case series, and letters to the editor, as well as

histopathologic reclassification studies in humans, report-

ing on cases of salivary gland SCs were analyzed. Publica-

tions in English, Spanish, French, and Portuguese were

considered. Literature reviews or diagnostic tests, studies
Statement of Clinical Relevance

Secretory carcinoma of the salivary gland is a rare

malignant neoplasm with an overall favorable prog-

nosis, even though local recurrences, distant metas-

tases, and deaths have been reported. For more

aggressive tumors, surgical removal is followed by

chemotherapy/target therapy and radiotherapy,

alone or in combination.
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dealing with primary SC in other locations or in animals,

articles in other languages, and articles from before 2010

(year of publication of the first study on SC of the salivary

gland1) were excluded.
Methods of revising the eligibility criteria for inclusion
The selection of studies was accomplished by a single

investigator. The identification was based on titles and

abstracts obtained via database search, which resulted

in 383 studies (PubMed = 319; Science Direct = 39;

Web of Science = 24; and Lilacs = 1). During the selec-

tion process, 32 duplicate articles were excluded, and

252 did not meet the pre-established inclusion criteria.

Thus, 99 indexed articles were selected for full reading.

Of these, 2 were excluded because they were not avail-

able for downloading (both were meeting abstracts),

and 1 was excluded because it was only available in

the Chinese language. Twenty-two articles were identi-

fied from verification of cross-references within the

article’s bibliography, and 1 was excluded because the

full text was unavailable. Thus, 119 studies were

included for the final analysis (Figure 1).
Extraction and synthesis of data
From the selected studies, information about the country,

number of reported cases, diagnostic reclassification,

patient gender and age, tumor location and size, symptom-

atology, time of evolution, treatment received, occurrence

of cervical or distant metastases, recurrences, and deaths

caused by the tumor were analyzed. Whenever possible,

authors were contacted by email to obtain missing data.
RESULTS
A total of 119 studies were analyzed, resulting in the

identification of 642 cases of SC (a detailed description

of the articles is provided in Supplementary Table I). Of

these articles, 74 were case reports (239 cases), and 45

were diagnostic reclassifications (403 cases) (Table I).
Fig. 1. Criteria of eligibility for articles i
Epidemiology
Most cases were reported in the United States,2,4-49 fol-

lowed by Japan,50-64 the Czech Republic,1,65-67

China,68-73 the United Kingdom,74-76 The Nether-

lands,77 and South Korea.78-81 Cases were also reported

from Australia,82-84 Brazil,85-88 Canada,89-91 Chile,92

Ecuador,93 Finland,94 France,95,96 Germany,97,98 India,
99-102 Iran,103 Italy,104 Mexico,105,106 Pakistan,107-109

Poland,110 Singapore,111-113 South Africa,114

Spain,115�117 and Taiwan118-120 (see Table I).

SC mainly affects people 40 to 50 years of age (aver-

age age 45 years),45,89 and it is quite uncommon in

pediatric patients.20 Just over 30 pediatric cases (indi-

viduals less than 18 years of age) have been

published.7,9,12,15,20,24,25,32,38,40,52,55,56,58,60,63,67,76,78,79,

89,91,96,100-102,107,108,110,118�120 The youngest patient

reported was a 5-year-old girl in the United States,12

and the oldest was an 87-year-old female in

Australia.83

From the included studies, 340 (58.7%) male

patients and 239 (41.3%) female patients presented

with SC (approximate male to female ratio 1.4:1)

(Table II). Furthermore, gender information was not

provided for 63 cases. With regard to gender distribu-

tion, there is no consensus in the literature; however,

some authors reported an equal gender distribution,
1,76,82 whereas others observed higher frequency of this

tumor in men.2,31,74,79,89,103 Similarly, Boon et al.,

reported a male to female ratio of 1.2:1.77

Diagnosis
To achieve correct diagnosis of SC, it is essential to

rule out other tumors of the salivary gland. SC repre-

sents 5% of all malignant salivary gland tumors.82 The

lesion usually presents itself as a painless, slow-grow-

ing mass, which the patient may have been aware of

for months or perhaps even years before it is finally

detected on physical examination.20 In some cases, the

lesions are associated with some degree of
dentified for the systematic review.



Table I. Number of papers and cases of SC published as case reports and diagnostic reclassification studies by coun-

try, until October 16, 2019

Case report Diagnostic reclassification Total

Country No. of articles No. of cases No. of articles No. of cases No. of articles No. of cases

United States* 33 140 14 130 47 270

Japan 9 9 6 47 15 56

Czech Republic 2 5 2 41 4 46

China 2 2 4 40 6 42

United Kingdomy 1 9 2 26 3 35

The Netherlandsz 0 11 1 20 1 31

South Korea 1 2 3 27 4 29

Canada 2 8 1 13 3 21

Taiwanx 2 10 1 6 3 16

Pakistank 2 8 1 6 3 14

Brazil 1 1 3 12 4 13

Australia{ 2 4 1 7 3 11

France** 1 10 1 1 2 11

Iran 0 0 1 10 1 10

Germany 1 3 1 4 2 7

Poland 0 0 1 7 1 7

India 4 6 0 0 4 6

Mexico 1 1 1 4 2 5

Spain 2 3 1 2 3 5

Singapore 3 2 0 0 3 2

Chile 1 1 0 0 1 1

Ecuador 1 1 0 0 1 1

Finland 1 1 0 0 1 1

Italy 1 1 0 0 1 1

South Africa 1 1 0 0 1 1

TOTAL 74 239 45 403 119 642

There were 10 cases reported by Chiosea et al.,48 which were reported again; also, 4 tumors by Griffith et al.,9 and 3 cases by Griffith et al.,8 were

excluded, because they were repeated from the article by Chiosea et al.2 There was 1 case reported by Petersson et al.,112 which was repeated by

Petersson et al.113

*Chiosea et al.,2 (9 case reports and 27 diagnostic reclassification).

yKhurram et al.,76 (7 case reports and 4 diagnostic reclassification).

zHsieh et al.,119 (8 case reports and 6 diagnostic reclassification).
xDin et al.,107 (6 case reports and 5 diagnostic reclassification).
kBoon et al.,77 (11 case reports and 20 diagnostic reclassification).
{Luk et al.,82 (2 case reports and 7 diagnostic reclassification).
**Projetti et al.,96 (9 case reports and 1 diagnostic reclassification).
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discomfort,40,77,89,97 tenderness,4,112,119 facial pares-

thesia,27 and facial paralysis.2,38,74 Less frequently,

more aggressive behavior can be observed, and in

some cases, pain, skin infiltration, and ulceration have

been reported.18,110

Cases can be diagnosed as early as 1

month.55,64,68,97,108,117,119 At the other end of the scale,

late diagnosis can occur from 10 years91,119 to 30

years1 in the evolution of the disease.

SCs are usually unique, floating, unencapsulated

lesions but are well delineated, have white-gray, brown,

or yellow coloration and may present as prominent cystic

lesions filled with secretions.28,102 According to Bishop

et al., SCs developing in the minor salivary glands tend to

be smaller compared with those affecting the major sali-

vary glands, such as the parotid and submandibular

glands, presenting mean sizes of 0.9 cm and 2.2 cm,
respectively.121 Corroborating this information, the small-

est tumor, measuring 0.3 cm, was identified in the upper

lip of a 62-year-old woman in the United States46 and the

largest a 20-cm tumor affecting the parotid gland of a 15-

year-old boy in India.100

Lymph node involvement is present in several

cases.1,2,8,10,14,15,18,22,25,27,48,51,60,63,64,67,74,91,92,103,106,

110-112,118,119 Chiosea et al. observed that about one-

quarter of their cases presenting with SC had lymph

node involvement, and despite the small number of

cases analyzed, lymph node metastases appeared to be

more common in SC than in AciCC.48

Based on its anatomic pathology features, SC is not

highly infiltrative, particularly in cases where SC is

predominantly macrocystic. The pattern of growth is

variable, and SCs could present as tubules or micro-

cysts, papillae, or macrocysts, and perineural invasion



Table II. Clinical and epidemiologic characteristics of

the cases included in the study, until October

16, 2019

Variable n (%)

Age (years), minimum �maximum 5�87

Gender*

Male 340 (58.7)

Female 239 (41.3)

Locationy

Parotid gland 444 (73.7)

Submandibular gland 39 (6.5)

Unspecified—buccal mucosa 23 (3.9)

Unspecified—major salivary gland 19 (3.1)

Upper lip/lip mucosa 16 (2.7)

Soft palate 11 (1.8)

Hard palate 9 (1.5)

Lower lip/lip mucosa 8 (1.3)

Unspecified—lip 8 (1.3)

Unspecified—minor salivary gland 8 (1.3)

Othersz 17 (2.9)

Total 642 (100)

*Information not available in 63 cases.

yInformation not available in 40 cases.

zOthers = unspecified palate (4 cases; 0.68%), accessory parotid

gland (3 cases; 0.52%), alveolar mucosa (2 cases; 0.34%), buccal

mucosa (2 cases; 0.34%), base of tongue (1 case; 0.17%), corners of

the mouth (1 case; 0.17%), floor of the mouth (1 case; 0.17%), para-

pharynx (1 case; 0.17%), tongue (1 case; 0.17%) and unspecified

oral cavity (1 case; 0.17%).
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is rarely identified. Secretions are almost always pres-

ent in the microcysts and/or macrocysts and their

appearance ranges from slightly rosy and sparkling to

brightly eosinophilic and colloidal. Tumor cells have

an apocrine appearance, with eosinophilic granular

cytoplasm often having a vacuolated or “bubbly” qual-

ity, which can confer the appearance of clear cells. The

tumor nuclei are oval, with open chromatin, single var-

iable prominent nuclei, and low rates of mitosis and

rarely have necrosis.121 Microscopically, SCs have a

lobulated growth pattern and are composed of micro-

cellular and glandular spaces, with abundant homoge-

nous or bubbling secretory eosinophilic material

positive for periodic acid-Schiff (PAS), mucicarmine,

mucin 1 cell surface associated (MUC1), and

MUC4.1,20 The cytopathologic findings in SC are very

similar to the histologic ones. They usually present

moderate to high level of cellularity, with an epithelial

cell predominance and vacuolated metachromatic

material on the cytoplasm. The nuclei present fine

chromatin and pinpoint nucleoli. Tumor cells may be

arranged in papillary, cystic, tubular, and solid growth

arrangements, and the extracellular material contains

granular debris and histiocytes.17,53 The final diagnosis

of SC cannot be achieved through cytology alone.53

Immunohistochemical analysis presents positivity for

mammaglobin, S-100 protein, cytokeratins (CKs) 7, 8,
18, and strong vimentin; however, DOG1, CK 5/6, p40,

and p63 (which can be focally positive) are negative
7,8,82,101. SC typically harbors a balanced chromosome

translocation, t(12, 15)(p13; q25), resulting in the forma-

tion of the ETV6-NTRK3 fusion gene encoding a chimeric

oncoprotein-tyrosine kinase (TRK). Chromosomal alter-

ation can be detected by using ETV6 fluorescent in situ

hybridization or through detection of the ETV6-NTRK3

fusion transcript by reverse transcription polymerase

chain reaction.121 In addition, non-NTRK fusion types,

such as ETV6-MET,27 ETV6-MAML3,10 ETV6-RET,40

and unknown ETV6 partners (ETV6-X), have already

been identified in SC.67 Most of the pathology laborato-

ries are not sufficiently equipped to detect the ETV6-

NTRK3 fusion gene, and, when this is the case, SC can be

confirmed with immunohistochemistry (IHC) combined

with the anatomopathologic features.46 Given the reality

of the limited capacity of many pathology laboratories,

especially in developing countries, such as Brazil, it

might be important to diagnose SC via pathology and

IHC with a minimum amount of stains to reduce costs.

Pan-TRK antibody is helpful when looking to rule out

AciCC, which is the main differential diagnosis. Never-

theless, pan-TRK may be negative even for SC when a

non-TRK fusion partner is present. In such cases, PCR

have to be considered.122

Differential diagnosis
Retrospective studies have shown that the main dif-

ferential diagnosis is AciCC, but there are other

tumors of the salivary gland, such as low-grade sali-

vary duct carcinoma; adenocarcinoma/cystadenocar-

cinoma, not otherwise specified (NOS); and low-

grade mucoepidermoid carcinoma (MEC), which

have also been misdiagnosed as SC.123

Clearly, SC is said to be more frequently found in

nonparotid sites, especially in the minor salivary glands

in comparison with AciCC.2,13,48 However, the results

of this systematic review suggest that SC is still much

more common in the major salivary glands, especially

in the parotid gland. In addition, studies have found

that AciCC affects women more frequently, whereas

SC has been showing a discrete male predilection.2

Histologically, SC is considered a “zymogen poor”

AciCC or an intercalated duct-cell-predominant vari-

ant.10 The neoplastic cells of SC resemble intercalated

duct cells and have low-grade nuclei with distinct

nuclear membranes and centrally located nucleoli. The

architectural patterns of SC (microcystic, papillar-

y�cystic, follicular, and solid) overlap with those of

AciCC. However, large serous acinar cells with cyto-

plasmic zymogen granules positive for PAS, which is

typical of AciCC, are absent in SC.33 IHC can be help-

ful in the differential diagnosis because SC is typically

mammaglobin positive, DOG1 negative, and S100 and
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vimentin positive, whereas AciCC usually shows an

inverted pattern.79,123 In addition, most classic AciCCs

are easily distinguishable from SCs even at the mor-

phologic level.124

Similarly, cytology, IHC, and molecular genetics

have been helpful in the differential diagnosis of low-

grade MEC and SC. MEC usually presents with a cys-

tic and solid architecture; intermediate, epidermoid,

and inflammatory cells; and intracytoplasmic and intra-

luminal mucin secretions. Immune staining is positive

for p63 and CK7 (strong) and is negative for S100,

DOG-1, and mammoglobin; molecular genetics present

the translocation t(11; 19)(q21;p13), which leads to the

fusion gene CRTC1-MAML2.7,101

The use of mammoglobin alone is not enough to

complement anatomopathology, given that it can even-

tually be positive for several other types of tumors.125

If mammoglobin and DOG-1 are combined, the results

are equal to those of ETV6 break-apart analysis, at

least when distinguishing SC from AciCC.29 Xu et al.

recently described pan-TRK IHC has specificity of

nearly 100%. This suggests that this single antibody

could be an inexpensive and attractive screening tool

for selecting patients suspected of having TRK fusion

tumors, such as SCs, especially when harboring the

most typical ETV6-NTRK3 fusion gene.126

Treatment
The main treatment for SC is surgical excision, and given

the high incidence of SC in the parotid glands, parotidec-

tomy is usually the treatment of choice in such cases.

Selective or radical neck dissection is commonly

performed,2,7,15,36,47,63,66,68,69,77,82,83,92,97,103,106,109-

111,116,117 and in some cases, adjuvant therapy is given

(chemotherapy and radiotherapy, alone or in combina-

tion), especially in cases with lymph nodes metastases,

lymphatic and/or vascular invasion, positive surgical mar-

gins, and perineural invasion.1,2,27,33,35,57,63,66,68,69,

73,74,79,82,88,91,92,103,106,109-111,114-116,124

Prognostic factors and treatment outcomes
Although data on treatments and outcomes are lim-

ited, SC appears to be a low-grade malignant neo-

plasm, with a favorable prognosis.77,105 However,

recurrences and local tumor metastases have already

been described in a considerable number of

cases.1,27,33,39,41,63,64,66,67,77-79,91,100,103,110

Despite the favorable prognosis, distant metastases

have been reported by Gupta et al. (liver metastasis),42

Cai et al. (lung metastasis),73 Forner et al. (lung metas-

tasis),91 Baghai et al. (multiple bone metastases),103

Cipriani et al. (pleura and thorax metastases),43 Ska-

lova et al. (multiple distant metastases to lungs, liver,

and bones),67 Drilon et al. (lung metastasis),5 Stevens

et al. (lung metastasis),33 and Skalova et al. (cervical
lymph nodes, pleura, pericardium, and lung metasta-

ses).1 Moreover, some authors have reported deaths

resulting from this tumor.1,43,66,103,107,110

The clinical course of SC is generally favorable, with

excellent disease-free and overall survival rates.127 Boon,
77 who observed 31 patients with a median follow-up

duration of 49 months, reported 5- and 10-year overall

survival rates of 95% and 5- and 10-year disease-free sur-

vival rates of 89%. However, even though there is no sta-

tistical significance, SC tends to be worse than AciCC

with regard to prognosis.2

DISCUSSION
As indicated by this systematic review, the main loca-

tion of SC is the parotid gland (73.7%), and secondary

locations include the submandibular gland (6.5%) and

unspecified areas of the buccal mucosa (< 4%) (see

Table II). The literature indicates that the minor sali-

vary glands and the submandibular gland are also

reported as less frequent sites.26,57-59,74,89,103 The most

common intraoral sites are the lips, soft palate, and

buccal mucosa.2,10,12,13,35,37,46,49-51,61,62,64,76,77,98,106

Given the recent recognition of SC, it is important to

not only highlight the efforts of large centers to identify

underdiagnosed cases but also the need for better under-

standing of this tumor. Diagnostic reclassification studies

are important in the context of providing clinical and epi-

demiologic information about this pathology, and case

reports provide specific approaches for treating this type

of tumor, especially a more specific treatment for SC. In

this context, molecular target therapy stands out as the

treatment for SC in patients not eligible for surgery or

who have indications for adjuvant treatment.

The recognition of SC and the ETV6 rearrangement

test have potential value in the treatment of this

tumor.79 Recent studies have highlighted that inhibi-

tion of active ETV6-NTRK3 is highly effective in the

treatment of these patients.2,121 In vitro studies in SC

have highlighted that insulin-like growth factor recep-

tor inhibitors may be useful in blocking the oncogene-

sis induced by ETV6-NTRK3 translocation.128 Some

types of leukemia, which have the same translocation,

respond well to treatment with TRK inhibitors, sug-

gesting the possibility of using this therapy for SC as

well.2 The presence of fusions involving NTRK genes

leads to the production of proteins that activate or over-

express kinase function, which confers oncogenic

potential to the cells involved.129 Moreover, Chi et al.

have suggested that the small molecule tyrosine inhibi-

tor PKC412 acts to block activation of ETV6-NTRK3

and consequently to stunt cell proliferation and to

induce apoptosis, indicating that target molecular ther-

apy is a possibility for patients with this fusion gene.130

Drilon et al. reported a case in which target therapy

with crizotinib, a multitargeted kinase inhibitor, was



Table III. Published studies on molecular target therapy of SC, until October 16, 2019

Medicine Year Study phase Status* No. of

SC cases

Follow-up Reference

Crizotinib + Entrectinib 2016 Case reporty � 1 Disease progression after

18 weeks of crizotinib

therapy; and asymptom-

atic disease progression

after 10 months of

entrectinib trial

Drilon et al.5

Entrectinib 2017 Phase I Recruiting + ongoing 1 Up to 90% reduction in

size with up to 9

months’ follow-up

Drilon et al.131

Larotrectinib 2018 Phase I (adults); phase I/II

(children); phase II

(adolescents and adults)

Recruiting + ongoing 12 3 tumors had complete

size response; 1

increased in size as a

result of mutation asso-

ciated with previous

treatment; others

reduced in size by >

40%

Drilon et al.134

*Clinical trial status information from Scott.133

yCase report article, where the patient was inserted in a phase I clinical trial.
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associated with initial pain reduction, but progressive

disease was observed over an 18-week period. For this

reason, the patient was then included in a phase I clini-

cal trial with entrectinib. After 10 months of treatment

with entrectinib, asymptomatic disease progression

was identified.5 Drilon et al. presented a case of SC

over a 9-month follow-up in a phase I study with

entrectinib and observed a 90% reduction in tumor

size.131

More recently, Loxo Oncology, in collaboration

with Bayer AG, developed larotrectinib, a first-in-

class, highly-selective, small-molecule, oral TRK

inhibitor.132 This drug produces high and long-last-

ing responses in adolescents and adults with NTRK-

positive tumors.133 Drilon et al. studied 55 patients,

12 of whom had SC, and observed that the overall

response rate was 80% (95% confidence interval [CI]

67�90). The results of the study showed that after 1

year, 71% of responses persisted, and 55% of all

patients remained progression-free. Besides that, as

of the cutoff date, 86% of the treatment-responsive

patients were continuing to receive treatment or

were referred for surgery with curative intent.134

Those authors agreed that prolonged therapy with

larotrectinib had minimal toxic effects and that the

most common side effects were fatigue, dizziness,

nausea, and anemia.134-136

The ongoing clinical trials are in phases I, I/II, and

II, including both patients under treatment and new

patients (Table III). These studies have been devel-

oped mainly in the United States, Australia, Canada,

Europe, Ireland, and the United Kingdom.133 Laro-

trectinib was approved in the United States in
November 2018, and in Brazil, it was approved on

July 1, 2019 by the National Health Surveillance

Agency.137
CONCLUSIONS
Thus, according to the findings from the studies ana-

lyzed in this systematic review, case reports and histo-

pathology reclassification studies on SC have mainly

been from the United States. The tumor usually

presents itself as a slow-growing and painless mass in

the parotid gland. Correct diagnosis of SC should

involve histologic analysis, IHC, and fluorescent in situ

hybridization, although PCR may be required, with

AciCC being the main differential diagnosis. The sur-

gical treatment used in most cases has shown to be

effective, with a good prognosis and with few reported

cases of recurrence, metastasis, and death. It is impor-

tant that clinicians have knowledge about this rare sali-

vary gland tumor, its clinical behavior, and the unique

treatment for it. TRK inhibitors, such as entrectinib

and larotrectinib, have shown positive results in pediat-

ric and adult patients. New clinical trials must be

implemented to further confirm their effectiveness.
ACKNOWLEDGMENT
We would like to acknowledge Dr. Leonardo Cohen

and Edward Chemlal for the final manuscript revision.
SUPPLEMENTARY MATERIALS
Supplementary material associated with this article can

be found in the online version at doi:10.1016/j.

oooo.2020.04.007.

https://doi.org/10.1016/j.oooo.2020.04.007
https://doi.org/10.1016/j.oooo.2020.04.007


OOOO REVIEW ARTICLE

Volume 132, Number 4 Alves et al. e149
REFERENCES
1. Sk�alov�a A, Vanecek T, Sima R, 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. 2010;34:599-608.

2. Chiosea SI, Griffith C, Assaad A, Seethala RR. Clinicopatho-

logical characterization of mammary analogue secretory carci-

noma of salivary glands. Histopathology. 2012;61:387-394.

3. Seethala RR, Stenman G. Update from the 4th edition of the

World Health Organization Classification of Head and Neck

Tumours: Tumors of the Salivary Gland. Head Neck Pathol.

2017;11:55-67.

4. Al-Husseinawi E, Hamidpour S, Omoscharka E. Mammary

analogue secretory carcinoma of salivary gland diagnosed on

submandibular gland cytology: a case report and review of the

literature. Cytopathology. 2019;30:318-322.

5. Drilon A, Li G, Dogan S, 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. 2016;27:920-926.

6. Fakhoury E, Abbasi S, Trinh S, Connolly M, Rope RJ. Surgical

excision of a rare case of mammary analogue secretory carci-

noma: a case review. J Curr Surg. 2016;6:30-32.

7. Gonzalez MF, Akhtar I, Manucha V. Additional diagnostic fea-

tures of mammary analogue secretory carcinoma on cytology.

Cytopathology. 2018;29:100-103.

8. Griffith CC, Stelow EB, Saqi A, et al. The cytological features

of mammary analogue secretory carcinoma. Cancer Cytopa-

thol. 2013;121:234-241.

9. Griffith C, Seethala R, Chiosea SI. Mammary analogue secre-

tory carcinoma: a new twist to the diagnostic dilemma of zymo-

gen granule poor acinic cell carcinoma. Virchows Arch.

2011;459:117-118.

10. Guilmette J, Nielsen GP, Faquin WC, et al. Ultrastructural

characterization of mammary analogue secretory carcinoma of

the salivary glands: a distinct entity from acinic cell carcinoma?

Head Neck Pathol. 2017;11:419-426.

11. Jo VY, Krane JF. Clinicopathologic features of secretory carci-

noma of salivary gland: an updated review. AJSP Rev Reports.

2018;23:19-24.

12. Keisling M, Bianchi M, Pascasio JM. Mammary analog secre-

tory carcinoma of salivary gland in a 5 year old: case report. Int

J Pediatr Otorhinolaryngol Extra. 2014;9:163-165.

13. Kratochvil FJ, Stewart JCB, Moore SR. Mammary analog

secretory carcinoma of salivary glands: a report of 2 cases in

the lips. Oral Surg Oral Med Oral Pathol Oral Radiol.

2012;114:630-635.

14. Kravtsov O, Hunt B, Peterson J, Carrillo L, Bonneau P, Gior-

gadze T. Annals of diagnostic pathology secretory carcinoma

of the parotid with adenoid cystic carcinoma cytological pat-

tern : a cytological-pathological correlation with literature

review. Ann Diagn Pathol. 2018;33:58-61.

15. Anderson JL, Haidar YM, Armstrong WB, Tjoa T. Analysis of

clinical features of mammary analog secretory carcinoma using

the Surveillance, Epidemiology, and End Results Database.

JAMA Otolaryngol Surg. 2019;145:91-93.

16. Lei Y, Chiosea SI. Re-evaluating historic cohort of salivary

acinic cell carcinoma with new diagnostic tools. Head Neck

Pathol. 2012;6:166-170.

17. Levine P, Fried K, Krevitt LD, Wang B, Wenig BM. Aspiration

biopsy of mammary analogue secretory carcinoma of accessory

parotid gland: another diagnostic dilemma in matrix-containing

tumors of the salivary glands. Diagn Cytopathol. 2012;42:49-53.

18. Luo W, Lindley SW, Lindley PH, Krempl GA, Seethala RR, Fung

K-M. Mammary analog secretory carcinoma of salivary gland with
high-grade histology arising in hard palate, report of a case and

review of literature. Int J Clin Exp Pathol. 2014;7:9008-9022.

19. Naous R, Zhang S, Valente A, Stemmer M, Khurana KK. Util-

ity of immunohistochemistry and ETV6 (12 p13) gene rear-

rangement in identifying secretory carcinoma of salivary gland

among previously diagnosed cases of acinic cell carcinoma.

Patholog Res Int. 2017;2017:1497023.

20. Ngouajio AL, Drejet SM, Phillips DR, Summerlin D, Dahl JP.

A systematic review including an additional pediatric case

report: pediatric cases of mammary analogue secretory carci-

noma. Int J Pediatr Otorhinolaryngol. 2017;100:187-193.

21. Patel KR, Solomon IH, El-Mofty SK, Lewis JS Jr., Chernock

RD. Mammaglobin and S-100 immunoreactivity in salivary

gland carcinomas other than mammary analogue secretory car-

cinoma. Hum Pathol. 2013;44:2501-2508.

22. Pinto A, Nos�e V, Rojas C, Fan Y-S, Gomez-Fernandez C.

Searching for mammary analog secretory carcinoma of salivary

gland among its mimics.Mod Pathol. 2014;27:30-37.

23. Pisharodi L. Mammary analog secretory carcinoma of salivary

gland: cytologic diagnosis and differential diagnosis of an unre-

ported entity. Diagn Cytopathol. 2012;41:239-241.

24. Quattlebaum SC, Roby B, Dishop MK, Said MS, Chan K. A

pediatric case of mammary analogue secretory carcinoma

within the parotid. Am J Otolaryngol Head Neck Med Surg.

2015;36:741-743.

25. Rastatter JC, Jatana KR, Jennings LJ, Melin-Aldana H. Mammary

analogue secretory carcinoma of the parotid gland in a pediatric

patient. Otolaryngol Head Neck Surg. 2012;146:514-515.

26. Bajaj J, Gimenez C, Slim F, Aziz M, Das K. Fine-needle aspiration

cytology of mammary analog secretory carcinoma masquerading

as low-grade mucoepidermoid carcinoma: case report with a

review of the literature. Acta Cytol. 2014;58:501-510.

27. Rooper LM, Karantanos T, Ning Y, Bishop JA, Gordon

SW, Kang H. Salivary secretory carcinoma with a novel

ETV6-MET fusion expanding the molecular spectrum of a

recently described entity. Am J Surg Pathol. 2018;42

(8):1121-1126.

28. Roy S, Saluja K, Zhu H, Zhao B. Mammary analogue secretory

carcinoma of minor salivary glands: a rare case series and

review of the literature. Ann Clin Lab Sci. 2018;48:94-99.

29. Said-Al-Naief N, Carlos R, Vance GH, Miller C, Edwards PC.

Combined DOG1 and mammaglobin immunohistochemistry is

comparable to ETV6-breakapart analysis for differentiating

between papillary cystic variants of acinic cell carcinoma and

mammary analogue secretory carcinoma. Int J Surg Pathol.

2017;25:127-140.

30. Samulski Td, LiVolsi V, Baloch Z. The cytopathologic features

of mammary analog secretory carcinoma and its mimics. Cyto-

journal. 2014;11:24.

31. Sethi R, Kozin E, Remenschneider A, et al. Mammary analogue

secretory carcinoma: update on a new diagnosis of salivary

gland malignancy. Laryngoscope. 2014;124:188-195.

32. Shah AA, Wenig BM, LeGallo RD, Mills SE, Stelow EB. Mor-

phology in conjunction with immunohistochemistry is suffi-

cient for the diagnosis of mammary analogue secretory

carcinoma. Head Neck Pathol. 2015;9:85-95.

33. Stevens TM, Kovalovsky AO, Velosa C, et al. Mammary

analog secretory carcinoma, low-grade salivary duct carci-

noma, and mimickers: a comparative study. Mod Pathol.

2015;28:1084-1100.

34. Sun J, Wang L, Tian Z, Hu Y, Xia R, Li J. Higher Ki67

index, nodal involvement, and invasive growth were high

risk factors for worse prognosis in conventional mammary

analogue secretory carcinoma. J Oral Maxillofac Surg.

2019;77:1187-1202.

http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0001
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0001
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0001
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0001
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0001
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0001
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0002
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0002
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0002
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0003
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0003
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0003
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0003
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0004
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0004
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0004
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0004
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0005
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0005
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0005
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0005
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0006
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0006
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0006
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0007
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0007
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0007
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0008
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0008
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0008
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0009
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0009
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0009
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref0009
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00010
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00010
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00010
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00010
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00011
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00011
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00011
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00012
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00012
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00012
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00013
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00013
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00013
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00013
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00014
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00014
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00014
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00014
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00014
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00015
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00015
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00015
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00015
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00016
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00016
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00016
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00017
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00017
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00017
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00017
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00018
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00018
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00018
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00018
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00019
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00019
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00019
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00019
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00019
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00020
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00020
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00020
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00020
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00021
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00021
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00021
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00021
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00022
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00022
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00022
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00022
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00023
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00023
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00023
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00024
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00024
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00024
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00024
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00025
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00025
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00025
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00026
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00026
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00026
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00026
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00027
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00027
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00027
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00027
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00027
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00028
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00028
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00028
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00029
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00029
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00029
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00029
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00029
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00029
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00030
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00030
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00030
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00031
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00031
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00031
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00032
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00032
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00032
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00032
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00033
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00033
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00033
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00033
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00034
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00034
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00034
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00034
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00034


ORAL ANDMAXILLOFACIAL PATHOLOGY OOOO

e150 Alves et al. October 2021
35. Sun L, Thorson T, Zhu R, et al. A case report of parotid mam-

mary analogue secretory carcinoma and reviews. Int J Surg

Case Rep. 2019;55:88-91.

36. Williams L, Chiosea SI. Mammary analogue secretory carci-

noma mimicking salivary adenoma. Head Neck Pathol.

2013;7:316-319.

37. Bishop JA. Mammary analog secretory carcinoma of salivary

glands: review of a new entity with an emphasis on differential

diagnosis. Pathol Case Rev. 2015;20:7-12.

38. Woo J, Seethala RR, Sirintrapun SJ. Mammary analogue secre-

tory carcinoma of the parotid gland as a secondary malignancy

in a childhood survivor of atypical teratoid rhabdoid tumor.

Head Neck Pathol. 2014;8:194-197.

39. Xu B, Aneja A, Ghossein R, Katabi N. Salivary gland epithelial

neoplasms in pediatric population: a single-institute experience

with a focus on the histologic spectrum and clinical outcome.

Hum Pathol. 2017;67:37-44.

40. Black M, Liu CZ, Onozato M, et al. Concurrent identification

of novel EGFR-SEPT14 fusion and ETV6-RET fusion in Secre-

tory carcinoma of the salivary gland. Head Neck Pathol. 2019.

https://doi.org/10.1007/s12105-019-01074-6

41. Hernandez-Prera JC, Holmes BJ, Valentino A, et al. Macrocys-

tic (mammary analogue) secretory carcinoma: an unusual vari-

ant and a pitfall in the differential diagnosis of cystic lesions in

the head and neck. Am J Surg Pathol. 2019;43:1.

42. Gupta A, Mallidi PV, Grider DJ. A cribriform cancer metastatic

to liver: case report and literature review. Case Rep Oncol.

2019;12:681-687.

43. Cipriani NA, Blair EA, Finkle J, et al. Salivary gland secretory

carcinoma with high-grade transformation, CDKN2 A/B loss,

distant metastasis, and lack of sustained response to crizotinib.

Int J Surg Pathol. 2017;25:613-618.

44. Gupta K, Patwa HS, Niehaus AG, Filho GOF, Lack CM. Mam-

mary analogue secretory carcinoma presenting as a cystic

parotid mass. Radiol Case Reports. 2019;14:1103-1108.

45. Bishop JA, Yonescu R, Batista DAS, Westra WH, Ali SZ.

Cytopathologic features of mammary analogue secretory carci-

noma. Cancer Cytopathol. 2013;121:228-233.

46. Bishop JA, Yonescu R, Batista D, Eisele DW, Westra WH.

Most nonparotid “acinic cell carcinomas” represent mam-

mary analog secretory carcinomas. Am J Surg Pathol.

2013;37:1053-1057.

47. 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. 2019:1-6.

48. Chiosea SI, Griffith C, Assaad A, Seethala RR. The profile of

acinic cell carcinoma after recognition of mammary analog

secretory carcinoma. Am J Surg Pathol. 2012;36:343-350.

49. Cooper D, Burkey B, Chute D, Scharpf J. Mammary analogue

secretory carcinoma of the soft palate: a report of two cases. Int

J Otolaryngol Head Neck Surg. 2013;2:174-178.

50. Abe M, Inaki R, Kanno Y, Hoshi K, Takato T. Molecular anal-

ysis of a mammary analog secretory carcinoma in the upper lip:

novel search for genetic and epigenetic abnormalities in

MASC. Int J Surg Case Rep. 2015;9:8-11.

51. Aizawa T, Okui T, Kitagawa K, Kobayashi Y, Satoh K, Mizutani

H. A case of mammary analog secretory carcinoma of the lower

lip. J Oral Maxillofac Surg Med Pathol. 2016;28:277-282.

52. Shigeta R, Orgun D, Mizuno H, Hayashi A. Mammary ana-

logue secretory carcinoma arising in the parotid gland of child.

Plast Reconstr Surg Glob Open. 2018;6:e2059.

53. Takeda M, Kasai T, Morita K, et al. Cytopathological features

of mammary analogue secretory carcinoma—review of litera-

ture. Diagn Cytopathol. 2014;43:131-137.
54. Tokuzen N, Goda H, Nakashiro K. Locally advanced mammary

analogue secretory carcinoma of the parotid gland. Int J Oral

Maxillofac Surg. 2019;48:865-868.

55. Urano M, Nagao T, Miyabe S, Ishibashi K, Higuchi K, Kuroda

M. Characterization of mammary analogue secretory carci-

noma of the salivary gland: discrimination from its mimics by

the presence of the ETV6-NTRK3 translocation and novel sur-

rogate markers. Hum Pathol. 2015;46:94-103.

56. Kashiwagi N, Nakatsuka SI, Murakami T, et al. MR imaging

features of mammary analogue secretory carcinoma and acinic

cell carcinoma of the salivary gland: a preliminary report. Den-

tomaxillofac Radiol. 2018;47:20170218.

57. Higuchi K, Urano M, Takahashi RH, et al. Cytological features

of mammary analogue secretory carcinoma of salivary gland:

fine-needle aspiration of seven cases. Diagn Cytopathol.

2014;42:846-855.

58. Inaba T, Fukumura Y, Saito T, et al. Cytological features of

mammary analogue secretory carcinoma of the parotid gland in

a 15-year-old girl: a case report with review of the literature.

Case Rep Pathol. 2015;2015:656107.

59. Ito S, Ishida E, Skalova A, Matsuura K, Kumamoto H, Sato I.

Case report of mammary analog secretory carcinoma of the

parotid gland. Pathol Int. 2012;62:149-152.

60. Ito Y, Ishibashi K, Masaki A, et al. Mammary analogue secre-

tory carcinoma of salivary glands: a clinicopathologic and

molecular study including 2 cases harboring ETV6-X fusion.

Am J Surg Pathol. 2015;39:602-610.

61. Kai K, Minesaki A, Suzuki K, et al. Difficulty in the cytodiag-

nosis of mammary analogue secretory carcinoma: survey of

109 cytologists with a case originating from a minor salivary

gland. Acta Cytol. 2017;61:469-476.

62. Kuroda N, Miyazaki K, Michal M. Small mammary analogue

secretory carcinoma arising from minor salivary gland of buc-

cal mucosa. Int Cancer Conf J. 2015;4:61-64.

63. Kuwabara H, Yamamoto K, Terada T, Kawata R, Nagao T,

Hirose Y. Hemorrhage of MRI and immunohistochemical pan-

els distinguish secretory carcinoma from acinic cell carcinoma.

Laryngoscope Investig Otolaryngol. 2018;3:268-274.

64. Paudel D, Nishimura M, Adhikari BR, et al. Case report secre-

tory carcinoma of minor salivary gland in buccal mucosa: a

case report and review of the literature. Case Rep Pathol.

2019;2019:2074504.

65. Laco J, �Svajdler M, Andrejs J, et al. Mammary analog secretory

carcinoma of salivary glands: a report of 2 cases with expres-

sion of basal/myoepithelial markers (calponin, CD10 and p63

protein). Pathol Res Pract. 2013;209:167-172.

66. Sk�alov�a A, Vanecek T, Majewska H, et al. Mammary analogue

secretory carcinoma of salivary glands with high-grade trans-

formation report of 3 cases with the ETV6-NTRK3 gene fusion

and analysis of TP53, b-Catenin, EGFR, and CCND1 genes.

Am J Surg Pathol. 2014;38:23-33.

67. Sk�alov�a A, Vanecek T, Simpson RHW, et al. Mammary ana-

logue secretory carcinoma of salivary glands molecular analy-

sis of 25 ETV6 gene rearranged tumors with lack of detection

of classical ETV6-NTRK3 fusion transcript by standard RT-

PCR: report of 4 cases harboring ETV6-X gene fusion. Am J

Surg Pathol. 2016;40:3-13.

68. Jin S, Ma H, He Y. Preservation of facial nerve with adjuvant

radiotherapy for recurrent mammary analogue secretory carci-

noma of parotid gland. J Craniofac Surg. 2016;27:e364-e366.

69. Wang S, Li Y, Li G, Zhu L. Mammary analogue secretory car-

cinoma presenting as a salivary gland neoplasm: a first clinical

case report of an exceptionally rare tumor in China. Int J Clin

Exp Med. 2016;9:22632-22637.

http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00035
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00035
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00035
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00036
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00036
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00036
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00037
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00037
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00037
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00038
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00038
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00038
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00038
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00039
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00039
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00039
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00039
https://doi.org/10.1007/s12105-019-01074-6
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00041
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00041
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00041
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00041
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00042
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00042
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00042
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00043
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00043
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00043
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00043
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00044
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00044
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00044
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00045
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00045
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00045
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00046
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00046
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00046
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00046
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00046
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00046
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00047
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00047
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00047
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00048
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00048
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00048
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00049
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00049
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00049
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00050
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00050
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00050
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00050
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00051
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00051
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00051
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00052
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00052
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00052
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00053
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00053
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00053
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00054
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00054
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00054
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00055
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00055
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00055
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00055
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00055
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00056
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00056
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00056
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00056
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00057
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00057
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00057
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00057
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00058
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00058
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00058
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00058
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00059
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00059
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00059
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00060
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00060
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00060
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00060
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00061
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00061
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00061
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00061
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00062
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00062
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00062
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00063
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00063
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00063
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00063
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00064
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00064
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00064
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00064
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00065
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00065
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00065
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00065
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00065
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00066
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00066
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00066
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00066
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00066
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00066
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00066
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00067
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00067
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00067
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00067
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00067
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00067
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00067
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00067
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00068
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00068
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00068
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00069
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00069
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00069
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00069


OOOO REVIEW ARTICLE

Volume 132, Number 4 Alves et al. e151
70. Ni H, Zhang X ping, Wang X tong, et al. Extended immuno-

logic and genetic lineage of mammary analogue secretory car-

cinoma of salivary glands. Hum Pathol. 2016;58:97-104.

71. Zhong Y, Liu L, Qi B, Song X, Shen L, Li H. The screening

and electron microscopy observation of mammary analogue

secretory carcinoma in Chinese. J Craniomaxillofac Surg.

2018;46:893-897.

72. Shi K, Lv X-Q. Pathological features of mammary analogue

secretory carcinoma of the salivary gland. Int J Clin Exp

Pathol. 2017;10:7460-7465.

73. Cai Y, Cai F, Qiao H, Wang Z. The significance of the morpho-

logical and immunological characteristics in the diagnosis of

parotid mammary analogue secretory carcinoma: five case

reports and a review of the literature. Int J Clin Exp Pathol.

2019;12:2233-2240.

74. Ayre G, Hyrcza M, Wu J, Berthelet E, Sk�alov�a A, Thomson T.

Secretory carcinoma of the major salivary gland: provincial

population-based analysis of clinical behavior and outcomes.

Head Neck. 2019;41:1227-1236.

75. Hindocha N, Wilson MH, Pring M, Hughes CW, Thomas SJ.

Mammary analogue secretory carcinoma of salivary gland: a diag-

nostic dilemma. Br J Oral Maxillofac Surg. 2017;55:290-292.

76. Khurram SA, Sultan-Khan J, Atkey N, Speight PM. Cyto-

genetic and immunohistochemical characterization of mam-

mary analogue secretory carcinoma of salivary glands. Oral

Surg Oral Med Oral Pathol Oral Radiol. 2016;122:731-742.

77. Boon E, Valstar MH, van der Graaf WTA, et al. Clinicopatho-

logical characteristics and outcome of 31 patients with ETV6-

NTRK3 fusion gene confirmed (mammary analogue) secretory

carcinoma of salivary glands. Oral Oncol. 2018;82:29-33.

78. Jung MJ, Kim SY, Nam SY, et al. Aspiration cytology of mam-

mary analogue secretory carcinoma of the salivary gland.

Diagn Cytopathol. 2014;43:287-293.

79. Jung MJ, Song JS, Kim SY, et al. Finding and characterizing

mammary analogue secretory carcinoma of the salivary gland.

Korean J Pathol. 2013;47:36-43.

80. Kim YA, Joung JW, Lee S-J, Oh H-K, Cho CH, Sung WJ. Cyto-

pathologic features of secretory carcinoma of salivary gland:

report of two cases. J Pathol Transl Med. 2019;53:70-74.

81. Woo HY, Choi EC, Yoon OS. Diagnostic approaches for sali-

vary gland tumors with secretory and microcystic features.

Head Neck Pathol. 2018;12:237-243.

82. Luk PP, Selinger CI, Eviston TJ, et al. Mammary analogue

secretory carcinoma: an evaluation of its clinicopathological

and genetic characteristics. Pathology. 2015;47:659-666.

83. Tjahjono R, Chin R, Iqbal F. Mammary analogue secretory car-

cinoma of the parotid gland: a case report. Otolaryngol Case

Reports. 2018;6:7-9.

84. Zardawi IM, Hook P. Mammary analogue secretory carcinoma

of minor salivary glands. Pathology. 2014;46:667-669.

85. da Silva LP, Serpa MS, Viveiros SK, et al. Salivary gland

tumors in a Brazilian population: a 20-year retrospective and

multicentric study of 2292 cases. J Craniomaxillofac Surg.

2018;46:2227-2233.

86. Mariano FV, Santos HT dos, Aza~nero WD, et al. Mammary

analogue secretory carcinoma of salivary glands is a lipid-rich

tumour, and adipophilin can be valuable in its identification.

Histopathology. 2013;63:558-567.

87. Montalli VAM, Passador-Santos F, Martinez EF, et al. Mam-

maglobin and DOG-1 expression in polymorphous low-grade

adenocarcinoma: an appraisal of its origin and morphology. J

Oral Pathol Med. 2017;46:182-187.

88. de Freitas JC, Hon�orio RS, Barbosa LR de S, Rolim FJ, Ferreira

LAA. Secretory carcinoma of the parotid gland: first case

reported in Brazil. Clin Surg. 2019;4:2286.
89. Connor A, Perez-Ordo~nez B, Shago M, Sk�alov�a A, Weinreb I.

Mammary analog secretory carcinoma of salivary gland origin

with the ETV6 gene rearrangement by FISH. Am J Surg Pathol.

2012;36:27-34.

90. Hijazi N, Rahemtulla A, Zhou C, Thomson T. An FNA pitfall:

mammary analog secretory carcinoma mistaken for acinic cell

carcinoma due to cytoplasmic granules. Hum Pathol Case

Reports. 2014;1:58-61.

91. Forner D, Bullock M, Manders D, et al. Secretory carcinoma:

the eastern Canadian experience and literature review. J Oto-

laryngol Head Neck Surg. 2018;47:69.

92. Mart�ınez R, Mar�ın C, Niklander S, Marshall M, Gonz�alez-
Arriagada WA. Exophytic swelling of the buccal mucosa in a

young female patient. Oral Surg Oral Med Oral Pathol Oral

Radiol. 2019;127:267-271.

93. Montalvo N, Galarza D, Redrob�an L. Secretory carcinoma of

the parotid: making the correct diagnosis of a rare salivary

gland carcinoma when molecular biology testing is not avail-

able. Case Rep Pathol. 2019:1-7.

94. Helkamaa T, Rossi S, Mesim€aki K, et al. Mammary analog

secretory carcinoma of minor palatal salivary glands: a case

report and review of the literature. J Oral Maxillofac Surgery,

Med Pathol. 2015;27:698-702.

95. Gu�erin M, Diedhiou A, Nallet E, Duflo S, La�e M, Wassef M.

Mammary analog secretory carcinoma of the parotid gland.

Ann Pathol. 2014;34:384-387. [in French].

96. Projetti F, Lacroix-Triki M, Serrano E, et al. A comparative

immunohistochemistry study of diagnostic tools in salivary

gland tumors: usefulness of mammaglobin, gross cystic

disease fluid protein 15, and p63 cytoplasmic staining for

the diagnosis of mammary analog secretory carcinoma? J

Oral Pathol Med. 2015;44:244-251.

97. Bissinger O, G€otz C, Kolk A, et al. Mammary analogue secre-

tory carcinoma of salivary glands: diagnostic pitfall with dis-

tinct immunohistochemical profile and molecular features.

Rare Tumors. 2017;9:89-92.

98. Fehr A, L€oning T, Stenman G. Mammary analogue secretory

carcinoma of the salivary glands with ETV6-NTRK3 gene

fusion. Am J Surg Pathol. 2011;35:1600-1602.

99. Chaudhari CS, Chandrakar S, Kshirsagar GR, Kumavat PV,

Gadgil NM. Mammary analogue secretory carcinoma of sali-

vary gland—a diagnostic dilemma. J Clin Diagnostic Res.

2017;11:ED13-ED14.

100. Joshi P, Mridha AR, Singh S, Kinra P, Ray R, Thakar A. Large

lipid-rich mammary analogue secretory carcinoma of parotid gland:

an unusual case. Indian J Pathol Microbiol. 2015;58:351-353.

101. Oza N, Sanghvi K, Shet T, et al. Mammary analogue secretory

carcinoma of parotid is preoperative cytological diagnosis pos-

sible? Diagn Cytopathol. 2016;44:519-525.

102. Shukla S, Kashyap A, Sharma S, Kamal L. Mammary Ana-

logue secretory carcinoma—a salivary gland neoplasm: case

report of an exceptionally rare tumour. J Clin Diagnostic Res.

2018;12:ED01-ED02.

103. Baghai F, Yazdani F, Etebarian A, Garajei A, Skalova A. Clini-

copathologic and molecular characterization of mammary ana-

logue secretory carcinoma of salivary gland origin. Pathol Res

Pract. 2017;213:1112-1118.

104. Mossinelli C, Pigni C, Sovardi F, et al. Synchronous parotid

(mammary analog) secretory carcinoma and acinic cell carci-

noma: report of a case. Head Neck Pathol. 2018;0:1-6.

105. Balanz�a R, Arrangoiz R, Cordera F, et al. Mammary analog

secretory carcinoma of the parotid gland: a case report and lit-

erature review. Int J Surg Case Rep. 2015;16:187-191.

106. Serrano-Ar�evalo ML, Mosqueda-Taylor A, Dom�ınguez-
Malag�on H, Michal M. Mammary analogue secretory

http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00070
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00070
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00070
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00071
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00071
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00071
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00071
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00072
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00072
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00072
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00073
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00073
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00073
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00073
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00073
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00074
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00074
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00074
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00074
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00074
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00074
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00075
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00075
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00075
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00076
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00076
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00076
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00076
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00077
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00077
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00077
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00077
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00078
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00078
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00078
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00079
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00079
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00079
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00080
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00080
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00080
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00081
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00081
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00081
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00082
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00082
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00082
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00083
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00083
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00083
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00084
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00084
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00085
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00085
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00085
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00085
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00086
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00086
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00086
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00086
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00086
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00087
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00087
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00087
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00087
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00088
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00088
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00088
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00088
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00089
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00089
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00089
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00089
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00089
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00089
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00089
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00090
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00090
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00090
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00090
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00091
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00091
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00091
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00092
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00092
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00092
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00092
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00092
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00092
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00092
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00093
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00093
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00093
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00093
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00093
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00094
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00094
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00094
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00094
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00094
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00095
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00095
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00095
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00095
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00095
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00096
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00096
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00096
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00096
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00096
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00096
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00097
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00097
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00097
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00097
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00097
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00098
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00098
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00098
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00098
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00099
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00099
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00099
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref00099
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000100
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000100
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000100
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000101
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000101
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000101
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000102
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000102
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000102
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000102
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000103
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000103
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000103
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000103
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000104
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000104
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000104
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000105
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000105
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000105
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000105
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000106
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000106
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000106
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000106
http://refhub.elsevier.com/S2212-4403(20)30161-9/sbref000106


ORAL ANDMAXILLOFACIAL PATHOLOGY OOOO

e152 Alves et al. October 2021
carcinoma (MASC) of salivary gland in four Mexican patients.

Med Oral Patol Oral Cir Bucal. 2015;20:e23-e29.

107. Din NU, Fatima S, Kayani N. Mammary analogue secretory

carcinoma of salivary glands: a clinicopathologic study of 11

cases. Ann Diagn Pathol. 2016;22:49-53.

108. Mahmood H, Fatima H, Faheem M. Mammary Analogue secre-

tory carcinoma of parotid gland in a teenage boy. J Coll Physi-

cians Surg Pak. 2017;27:579-581.

109. Salat H, Mumtaz R, Ikram M, Din NU. Mammary analogue

secretory carcinoma of the parotid gland: a third world country

perspective—a case series. Case Rep Otolaryngol. 2015:1-4.

110. Majewska H, Sk�alov�a A, Stodulski D, et al. Mammary ana-

logue secretory carcinoma of salivary glands: a new entity asso-

ciated with ETV6 gene rearrangement. Virchows Arch.

2015;466:245-254.

111. Petersson F, Lian D, Chau YP, Yan B. Mammary analogue

secretory carcinoma: the first submandibular case reported

including findings on fine needle aspiration cytology. Head

Neck Pathol. 2012;6:135-139.

112. Petersson F, Michal M, Kazakov DV, Grossmann P, Michal M.

A new hitherto unreported histopathologic manifestation of

mammary analogue secretory carcinoma: “Masked MASC”

associated with low-grade mucinous adenocarcinoma and low-

grade in situ carcinoma components. Appl Immunohistochem

Mol Morphol. 2016;00:1-6.

113. Petersson F, Michal M, Pt�akov�a N, Skalova A, Michal M. Sali-

vary gland mucinous adenocarcinoma with minor (Mammary

Analogue) secretory and low-grade in situ carcinoma compo-

nents sharing the same ETV6-RET translocation and with no

other molecular genetic aberrations detected on NGS analysis.

Appl Immunohistochem Mol Morphol. 2019;00:1-3.

114. Jackson BS, Pratt TL, Van Rooyen A. Mammary analogue

secretory carcinoma: a rare salivary gland tumour. South Afri-

can Med J. 2017;107:304-306.

115. Gav�ın-clavero MA, Sim�on-sanz MV, L�opez-l�opez AM, Valero-

torres A, Saura-fillat E. Cirug�ıa Oral y Maxilofacial tumor de

reciente descripci�on: el carcinoma an�alogo secretor de mama

(MASC) de gl�andula salival. A prop�osito de 2 nuevos casos.

Rev Esp Cir Oral Maxilofac. 2017;39:221-228.

116. Domingo FM, Blanco M, Zubillaga I, Zafra V, Ballest�ın C,

Aniceto GS. Carcinoma an�alogo secretor de mama: revisi�on de

diagn�ostico y tratamiento a prop�osito de 2 casos. Rev Esp Cir

Oral y Maxilofac. 2018;40:15-21.

117. Rovira C, Le�on X, V�asquez CP, L�opez M. Carcinoma an�alogo del

secretor mamario de gl�andulas salivales: a prop�osito de un caso

cl�ınico. Acta Otorrinolaringol Espa~nola. 2018;69:306-308.

118. Chen Y-C, Hsu H-T, Lin Y-H, Chen L-C, Lin Y-F. Mammary

analog secretory carcinoma of the parotid gland: a case of a 12-

year-old Taiwanese girl. Int J Pediatr Otorhinolaryngol Case

Reports. 2018;20:14-17.

119. Hsieh M-S, Chou Y-H, Yeh S-J, Chang Y-L. Papillary-cystic

pattern is characteristic in mammary analogue secretory carci-

nomas but is rarely observed in acinic cell carcinomas of the

salivary gland. Virchows Arch. 2015;467:145-153.

120. Hwang MJ, Wu PR, Chen C-M, Chen C-Y, Chen C-J. A rare

malignancy of the parotid gland in a 13-year-old Taiwanese

boy: case report of a mammary analogue secretory carcinoma

of the salivary gland with molecular study. Med Mol Morphol.

2014;47:57-61.

121. Bishop JA. Unmasking MASC: Bringing to light the unique

morphologic, immunohistochemical and genetic features of the

newly recognized mammary analogue secretory carcinoma of

salivary glands. Head Neck Pathol. 2013;7:35-39.

122. Hung YP, Jo VY, Hornick JL. Immunohistochemistry with a

pan-TRK antibody distinguishes secretory carcinoma of the
salivary gland from acinic cell carcinoma. Histopathology.

2019;75:54-62.

123. Skalova A, Michal M, Simpson RHW. Newly described sali-

vary gland tumors. Nat Publ Gr. 2017;30:S27-S43.

124. Khalele BA. Systematic review of mammary analog secretory

carcinoma of salivary glands at 7 years after description. Head

Neck. 2017:1243-1248.

125. Bishop JA, Yonescu R, Batista D, Begum S, Eisele DW,

Westra WH. Utility of mammaglobin immunohistochemistry

as a proxy marker for the ETV6-NTRK3 translocation in the

diagnosis of salivary mammary analogue secretory carcinoma.

Hum Pathol. 2013;44:1982-1988.

126. Xu B, Haroon Al Rasheed MR, Antonescu CR, et al. Pan�TRK

immunohistochemistry is a sensitive and specific ancillary tool

in diagnosing secretory carcinoma of salivary gland and detect-

ing ETV 6� NTRK 3 fusion. Histopathology. 2020:375-382.

127. Boon E, Valstar MH, van der Graaf WTA, et al. Mammary ana-

logue secretory carcinoma (MASC): clinical characteristics in 28

ETV6-NTRK3 fusion gene confirmed patients. Ann Oncol.

2017;28:374.

128. Tognon CE, Somasiri AM, Evdokimova VE, et al. ETV6-

NTRK3-mediated breast epithelial cell transformation is

blocked by targeting the IGF1 R signaling pathway. Cancer

Res. 2011;71:1060-1070.

129. Amatu A, Sartore-Bianchi A, Siena S. NTRK gene fusions as

novel targets of cancer therapy across multiple tumour types.

ESMO Open. 2016;1:e000023.

130. Chi HT, Ly BTK, Kano Y, Tojo A, Watanabe T, Sato Y.

ETV6-NTRK3 as a therapeutic target of small molecule inhibi-

tor PKC412. Biochem Biophys Res Commun. 2012;429:87-92.

131. Drilon A, Siena S, Ou SHI, et al. Safety and antitumor activity

of the multitargeted pan-TRK, ROS1, and ALK inhibitor

entrectinib: combined results from two phase I trials (ALKA-

372-001 and STARTRK-1). Cancer Discov. 2017;7:400-409.

132. Berger S, Martens UM, Bochum S. Larotrectinib (LOXO-101).

In: Recent Results in Cancer Research, New York: Springer

International Publishing; 2018:141-151.

133. Scott LJ. Larotrectinib: first global approval. Drugs.

2019;79:201-206.

134. Drilon A, Laetsch TW, Kummar S, et al. Efficacy of larotrecti-

nib in TRK fusion-positive cancers in adults and children. N

Engl J Med. 2018;378:731-739.

135. Hyman DM, Laetsch TW, Kummar S, et al. The efficacy of lar-

otrectinib (LOXO-101), a selective tropomyosin receptor

kinase (TRK) inhibitor, in adult and pediatric TRK fusion can-

cers. J Clin Oncol. 2017;35:LBA2501.

136. Wirth L, Drilon A, Albert C, et al. Larotrectinib is highly active in

patients with advanced recurrent TRK fusion thyroid (TC) and sali-

vary gland cancers (SGC). Int J Radiat Oncol. 2018;100:1318.

137. Governo Federal do Brasil. ANVISA - Agência NACIO-
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