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Abstract
BACKGROUND
Mammary analogue secretory carcinoma (MASC) is a rare low-grade malignant salivary gland tumor. The morphological and immunohistochemical features of MASC closely resemble those of breast secretory carcinoma. The key characteristics of the lesion are a lack of pain and slow growth. There is no obvious specificity in the clinical manifestations and imaging features. The diagnosis of the disease mainly depends on the detection of the MASC-specific ETV6-NTRK3 fusion gene. 

CASE SUMMARY
This report describes a rare case of a 32-year-old male patient who presented with a gradually growing lesion that was initially diagnosed as breast-like secretory carcinoma of the right parotid gland. Imaging and histological investigations were used to overcome the diagnostic difficulties. The lesion was managed with right parotidectomy, facial nerve preservation, biological patch implantation to restore the resulting defect, and postoperative radiotherapy. On postoperative follow-up, the patient reported a mild facial deformity with no complications, signs of facial paralysis, or Frey’s syndrome. 

CONCLUSION
[bookmark: OLE_LINK142]The imaging and histological diagnostic challenges for MASC are discussed.
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[bookmark: OLE_LINK138]Core Tip: Mammary analogue secretory carcinoma is a rare low-grade malignant salivary gland tumor. The morphological and immunohistochemical features of mammary analogue secretory carcinoma closely resemble those of breast secretory carcinoma. The key characteristics of the lesion are a lack of pain and slow growth. There is no obvious specificity in the clinical manifestations and imaging features. The diagnosis of this disease is particularly difficult. This report describes a rare case of a 32-year-old male patient who presented with a gradually growing lesion that was initially diagnosed as breast-like secretory carcinoma of the right parotid gland. Imaging and histological investigations were used to overcome the diagnostic difficulties. 


INTRODUCTION
Mammary analogue secretory carcinoma (MASC) is a rare malignant tumor of the salivary glands that mainly occurs in the parotid gland, followed by the submandibular gland, minor salivary gland, and accessory parotid gland[1,2]. The clinical manifestations of MASC are a lack of pain and a slowly growing solid mass. The clinical features and imaging specificities are relatively weak; therefore, the tumor may be misdiagnosed[3,4]. Skálová et al[5] investigated various salivary gland tumors and reported that although MASC has similarities to acinar cell carcinoma (AciCC), the two are separate entities with dissimilar histological characteristics. In addition, the diagnosis of the disease depends on the detection of the MASC-specific ETV6-NTRK3 fusion gene[6]. Currently, the pathogenesis of MASC is unclear. Chiose et al[7] reported discontinuous p63-positive cells, which are non-neoplastic basal cells, around the tumor cells and cysts, suggesting that MASC may originate from the ductal epithelium. On the other hand, Connor et al[8] reported an occasional local involvement of medium-sized ducts in some tumors, indicating that MASC is more likely to originate from striated ducts. Mariano et al[9] believed that MASC is a lipid-rich tumor containing large lipid droplets encapsulated by adipophilin or adipocyte differentiation-related protein, suggesting that MASC may have lactation-like characteristics. In this article, we report a rare case of a 32-year-old male patient who presented with a gradually growing lesion that was initially diagnosed as breast-like secretory carcinoma of the right parotid gland. Imaging and histological investigations were used to overcome the diagnostic difficulties. The lesion was managed with right parotidectomy, facial nerve preservation, restoration of the defect, and postoperative radiotherapy.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK143]Two-year history of a painless mass under his right ear.

History of present illness
The 32-year-old male patient visited the Department of Oral and Maxillofacial Surgery, Hospital of Stomatology, Jilin University, China with a 2-year history of a painless mass under his right ear. The lesion had gradually increased in size. The patient reported no pain, facial paralysis, or posture-related issues.

History of past illness
[bookmark: OLE_LINK144]The patient had no history of hypertension, heart disease, diabetes, smoking, or drinking. He denied a history of surgery.

Personal and family history
The patient denied a relevant family history.

Physical examination
The clinical examination revealed a mobile and palpable mass (2.0 cm × 1.5 cm) in the right subauricular area with the superior and inferior boundaries extending 1.5 cm under the zygomatic arch and 2 cm above the superior margin of the mandibular angle, respectively. 

Laboratory examinations
[bookmark: OLE_LINK145]Laboratory examination showed no obvious abnormality.

Imaging examinations
Ultrasonography revealed the right parotid gland had a physiological shape and size (2.0 cm × 4.0 cm × 1.5 cm), and a heterogeneous mixed-echo light mass approximately 2.0 cm × 1.2 cm was observed in the lower pole. The boundary was clear, showing strong echoes with strips and dots (Figure 1A). 
Magnetic resonance imaging (MRI) showed a circular abnormal signal for the right parotid gland, with an iso-low signal for T1-weighted image. In addition, T2 fat compression, diffusion-weighted imaging, and apparent diffusion coefficient images resulted in high signals. The edge of the focus was smooth, and the largest slice was 1.34 cm. The initial MRI results suggested a cystic or benign tumor of the parotid gland (Figures 1B and C).

FINAL DIAGNOSIS
[bookmark: OLE_LINK146]The patient was diagnosed with MASC of the right parotid gland.

TREATMENT
The tumor section was solid and brownish red in color with an obvious cystic component and yellowish green fluid (Video 1). The capsule was incomplete, with an unclear boundary. There was no obvious adhesion to the surrounding tissues, and the tumor was clearly separate from the facial nerve branches. Histopathological analysis confirmed the cystic nature of the lesion. 
The cystic wall epithelium showed scattered papillary hyperplasia and epithelial nests. The cell volume was small and microcapsules could be observed between cells (Figure 2). Further immunohistochemical staining showed: S-100 (+), Mammaglobin (MMG) (+), Cytokeratin (CK) 5/6 (+), CK7 (+), CK8 (+), Vimentin (Vim) (+), smooth muscle actin (SMA) (-), scattered p63 (+), discovered on gastrointestinal stromal tumor-1 (DOG-1) (-), calponin (-), and a Ki-67 positive rate of 2%. The histopathological analysis confirmed the diagnosis of a breast-like secreting malignancy of the parotid gland (Figures 3 and 4). 
According to the treatment principles for salivary gland tumors[10,11], ipsilateral parotidectomy was performed. We chose the maxillofacial approach, drawing lines along the tragus, bypassing the earlobe downward to the tip of the mastoid, parallel to the posterior edge of the ascending branch to the mandibular angle, 2.0 cm forward parallel to the inferior edge of the mandible, as for the preangular level (Figure 5A), incision of the skin, subcutaneous, platysma muscle, complete resection of the superficial and deep lobes of the parotid gland, and preservation of the facial nerve (Figure 5B). Because the facial nerve was not closely associated with the tumor, the nerve was preserved. A biological patch (ZH-BIO, Ltd, Yantai, China) was implanted at the surgical site to restore the local sunken deformity and prevent the development of Frey’s syndrome. The patient was followed up and received postoperative radiotherapy to prevent recurrence (Figures 5C).

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK147]The patient fully recovered and reported no complications or the development of Frey’s syndrome. All the incisions healed properly without affecting the secretion of the left parotid gland. The right side of the patient’s face was slightly sunken compared to the left side. The facial and auriculotemporal nerves were well preserved, and there were no symptoms of facial paralysis. At the 6 mo postoperative follow-up, the clinical examination revealed no signs or symptoms of recurrence.

DISCUSSION
This article reports a rare case of a gradually growing MASC associated with the right parotid. Due to the unclear pathogenesis and a lack of decisive clinical and imaging features, the definitive diagnosis of MASC is challenging. The patient in this report received right parotidectomy, restoration of the defect, and postoperative radiotherapy. The patient recovered fully and reported no postoperative complications (such as facial paralysis or Frey’s syndrome) or recurrence. Clinically, MASC is typically a painless slow-growing mass that often occurs in the parotid gland and is equally prevalent in men and women[3]. There is no specific age of onset, and the course of the disease may be as long as 30 years. In general, MASC is a low-grade malignant lesion that has good prognosis with a low recurrence rate and rarely metastasizes to local lymph nodes and distant tissues. Although malignant manifestations of MASC (such as pain, facial paralysis, peripheral tissue adhesion) are relatively rare[12], MASC may transform into a high-grade malignant tumor.
In contrast to the low signal intensity on ultrasound, the MRI results for MASC show a high signal intensity relative to muscle on T1 images and low signal intensity relative to the parotid gland on T2 images[13]. In addition, MASC generally has a clear boundary and therefore may be misdiagnosed as a cystic mass or hemangioma. MASC lesions show heterogeneity in ultrasound and MRI, which is of clinical significance[3,14]. Kuwabara et al[14] reported hemorrhage and ferritin deposition in most MRI T2 weighted images. Although ferritin deposition is usually associated with neurological diseases, it remains unclear whether there is any association between the development of salivary mammary gland carcinoma and the nervous system[15].
Histologically, MASC has a lobulated appearance with a tubular arrangement and papillary cystic, microcapsule tissue[16]. Some tumor cells may have variable configurations simultaneously. Most MASC lesions are comprised of multiple cell types, but a few tumor cells are rich in cytoplasm, vesicles, or vacuoles. In contrast, no MASC cells contain zymogen granules, which is a typical characteristic of AciCC[17]. A certain number of tumor cells appear transparent due to the presence of mucous components as the lumen, microcapsule, and large capsules are filled with eosinophilic homogeneous or vesicular secretions[18]. 
Cell atypia is uncommon, with medium to low degrees of oval vesicular nuclei that have clear nuclear membranes, a centrally located nucleolus, and rare cellular mitosis[3,6].
Immunohistochemistry plays an important role in the diagnosis of MASC. MASC cells are strongly positive for the calcium-binding S100 protein, MMG, and Vim, and negative for DOG-1. In addition, the cells are mainly positive for broad-spectrum cytokeratins (AE1-AE3, CAM5.2, CK7, CK8, CK18, CK19), gross cystic disease fluid protein 15, and Sox10, but negative for SMA, calponin, and p63[19,20]. The tumor proliferating antigen for MASC (Ki-67) is generally low (< 5%) in the cells[8,21].
The cytoplasm of MASC cells is vacuolar and does not contain the probasophilic granules peculiar to AciCC tumor cells, which is the main difference between the two lesions[18]. In addition, the immunohistochemical features of AciCC lack a strong positive expression of Smur100, MMG, and Vim, and the majority of cells are positive for DOG-1[7]. Similarly, MASC can be distinguished from mucoepidermoid carcinoma based on p63 (-) and Smur100. In addition, more than 50% of mucoepidermoid carcinomas have characteristic methods of gene translocation and form cyclic adenylate response elements bound to CRTC1-MAML2 or CRTC3-MAML2 fusion genes. The fusion gene for MASC is ETV6-NTRK3[8,22]. In salivary ductal carcinoma, there is an obvious nucleolus and mitotic activity is common. A dilated duct-like structure is occasionally present, but apocrine secretion associated with the epithelial lining of salivary ductal carcinoma can be observed, distinguishing it from MASC[22].
[bookmark: OLE_LINK85]The ETV6-NTRK3 fusion gene is associated with MASC and can be detected with either fluorescent in situ hybridization for auxiliary diagnosis or reverse transcription polymerase chain reaction[14,23]. Kuwabara et al[14] reported that the ETV6-NTRK3 gene may cause MASC tissue bleeding because the product of the fusion gene induces angiogenesis through vascular endothelial growth factor. The overexpression of vascular endothelial growth factor can induce tumor-related cyst formation, peritumoral edema, and bleeding[15]. In addition, neovascularization is more abundant in MASC than in AciCC. The process of angiogenesis may be crucial in MASC. The interstitial components of the nipple are abundant in MASC[24]. In certain tumors, such as Dabska’s tumor, retiform hemangioendothelioma, and angiosarcoma, nipple formation is related to angiogenesis. Molecular diagnosis is regarded as the gold standard for the identification of MASC; however, a recent study implicated the ETV6-NTRK3 fusion gene in certain salivary gland malignant tumors including AciCC[25]. Therefore, the diagnostic approach for MASC identification should be comprehensive[17]. 
MASC is a low-grade malignant salivary gland tumor with a low likelihood of distant metastases. According to the Ki-67 standard, the degree of malignancy for MASC is weaker than that of AciCC. According to the principles of salivary gland treatment, total parotidectomy should be performed for the treatment of MASC[8]. If the tumor is closely related to the facial nerve, the nerve should not be retained during surgical resection. If the distance from the facial nerve is sufficient, the facial nerve should be preserved when possible and surgery should be supplemented with postoperative radiotherapy to ensure a low recurrence rate and maximize the quality of life for patients after the operation[26]. Cervical lymph node dissection can be considered if the tumor has a potential for high-grade transformation or cervical lymph node metastasis[27,28].
Genetic targeted therapy has demonstrated promising potential in the management of oral cancers. The anti-tumor activity of tropomyosin receptor kinase (TRK) inhibitors has been demonstrated in patients with neurotropic TRK rear-ranged malignancies. Specifically, larotrectinib and entrectinib have been shown to be potent, safe, and promising TRK inhibitors. Targeting netrin proteins has the potential to be a useful treatment option, particularly for patients with unresectable MASC[6,29-31].

CONCLUSION
[bookmark: OLE_LINK148]We report a patient with a right parotid tumor (MASC) who underwent total parotidectomy and postoperative radiotherapy. At the 6-mo postoperative follow up, the patient reported being in good health with no sign of recurrence. However, long-term follow-up is needed to monitor the prognosis. MASC cases are rare with poor specificity. There are no unified diagnostic criteria for MASC; therefore, it is often misdiagnosed as AciCC during preliminary examinations. This case suggests the significance of good differential diagnosis and critical analysis of atypical examination results. In addition, it is necessary to ensure that primary malignant lesions are completely removed, followed by functional preservation surgery to improve the patients’ quality of life postoperatively. The present study highlights the diagnostic difficulties for MASC and reviews the clinical and histological manifestations. 
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Figure Legends
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Figure 1 Radiological results for the lesion. A: Ultrasonic examination showing a clear boundary with strong echoes of strips and dots (arrows); B: Magnetic resonance imaging results for the lesion showing iso-low signals for T1; C: High signals for the T2 fat compression. 
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Figure 2 Clinical and histological examinations of the tumor tissues. A: A section of the tumor, showing a solid, brownish red, cystic, mass with yellowish green liquid; B: The histological examination of the lesion showing the cystic components, areas of the cyst wall epithelium, and papillary hyperplasia to the cyst cavity (indicated using orange arrows).
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Figure 3 Immunohistochemical staining (× 200). A: Immunostaining for S-100; B: Immunostaining for Mammaglobin; C: Immunostaining for Cytokeratin (CK) 5/6; D: Immunostaining for CK7; E: CK8 (+) (× 200); F: Vimentin (+) (× 200); G: Immunostaining for Smooth Muscle Actin. 
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Figure 4 Immunohistochemical staining (× 100). A: Immunostaining for scattered P63; B: Immunostaining for discovered on Gastrointestinal Stromal tumor-1; C: Immunostaining for Calponin; D: Immunostaining for Ki-67.
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Figure 5 Surgical management of the patient. A: Design of incision before total lobectomy of the right parotid gland; B: Total lobectomy of the right parotid gland and preservation of facial nerve; C: Implantation of a biological patch to restore the sunken deformity and prevent Frey’s syndrome.
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