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Abstract
BACKGROUND
[bookmark: OLE_LINK19][bookmark: OLE_LINK18]Salivary duct carcinoma (SDC) is a rare, extremely aggressive malignancy that arises in the submandibular gland. It can metastasize locally early and therefore is an important differential diagnosis of metastatic disease in cervical lymph nodes or specific lymphadenitis such as tuberculous cervical lymphadenitis.

CASE SUMMARY
[bookmark: OLE_LINK21][bookmark: OLE_LINK20]We report a case of SDC in the submandibular gland that presented diagnostic difficulty. The lesion was coincidentally discovered through examination of the radiolucent area of the maxilla. Imaging failed to confirm the possibility of specific inflammation, leading us to execute an open biopsy to verify the diagnosis. The surgical specimen showed that the submandibular gland was primarily replaced with a calcified body. Following histological analysis and confirmation, we performed surgical resection, radiotherapy, and various chemotherapies. 

CONCLUSION
[bookmark: OLE_LINK23][bookmark: OLE_LINK22]Radiographic imaging characteristics of lymph node metastases of salivary gland cancer, especially of SDC, may resemble other cervical lymphadenitis; calcification at the submandibular gland is the landmark of SDC occurring at the subman-dibular gland.

[bookmark: OLE_LINK15][bookmark: OLE_LINK14]Key Words: Salivary duct carcinoma; Tuberculous cervical lymphadenitis; Submandibular gland; Calcification; Salivary cancers; Chemotherapy; Case report
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[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Core Tip: Salivary duct carcinoma (SDC) arising in the submandibular gland is particularly rare, and the related lymph node metastasis is difficult to distinguish from tuberculous cervical lymphadenitis, which complicates the establishment of a definitive diagnosis. We report our experience with a case of SDC in the submandibular gland, in which the similarities in the radiographic and imaging characteristics of lymph node metastatic SDC indeed mimicked those of tuberculous cervical lymphadenitis. However, calcification at the submandibular grand proved to be a critical finding that enabled a definitive diagnosis.

INTRODUCTION
[bookmark: OLE_LINK25][bookmark: OLE_LINK24]Salivary duct carcinoma (SDC) is highly aggressive, with high rates of recurrence, metastasis to cervical lymph nodes, and distant metastases. SDC mainly occurs in the parotid gland and rarely in the submandibular gland; SDC arising at the sub-mandibular gland accounts for approximately 10% of all SDC[1]. SDC is histologically similar to invasive mammary ductal carcinoma and is characterized by cribriform and central necrosis (also referred to as comedo necrosis)[1-3]. Representative subjective symptoms of SDC include pain, facial palsy, and a palpable mass[4].
Peripheral cervical lymphadenopathy is often involved not only with metastatic cervical lymph nodes but also with various forms of lymphadenitis, including tuberculous cervical lymphadenitis. Although ultrasonography is a reliable diagnostic method for cervical lymph node lesions, difficulty in ultrasonographic differentiation between tuberculous lymphadenitis and metastatic lymph nodes has been reported[5,6]. Ultrasonographic features of tuberculous lymphadenitis have been described as involvement of multiple nodes, a tendency toward fusion, a hypoechoic mass with posterior enhancement, and the presence of strong echo or calcification[5,6]. However, it is difficult to distinguish metastatic lymph nodes using only this modality; consequently, other radiographic imaging, and clinical findings are required for a proper diagnosis.
Here, we report a case of SDC that developed in the submandibular gland and for which the clinical findings, including radiographic features, were insufficient for a proper diagnosis. In addition, we highlight the challenges faced during the differential diagnosis of the lesion based on imaging characteristics.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK27][bookmark: OLE_LINK26]A 46-year-old man was referred to our institution for evaluation of a cystic lesion in the maxilla, which was identified at another medical institution.

History of present illness
[bookmark: OLE_LINK28]One year prior to visiting our hospital, the patient became aware of swelling in the alveolar part of the maxillary anterior tooth and received incision and drainage treatment. The patient later visited our institution to have a follow-up examination owing to persisted swelling.

History of past illness
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]The patient had a clear medical history.

Physical examination
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Initial physical examination revealed swelling of the alveolar part of the maxillary anterior tooth and purulent discharge from the maxillary mesial palate.

Laboratory examinations
[bookmark: OLE_LINK34][bookmark: OLE_LINK33]The patient had normal laboratory examinations without any abnormal data.

Imaging examinations
[bookmark: OLE_LINK36][bookmark: OLE_LINK35]Panoramic radiographic images revealed well-defined and unilocular transmission images of the left maxillary lateral incisor to the right maxillary second premolar, as well as an oval radiopaque lesion mimicking sialolithiasis under the right side of the mandible (Figure 1A). Non-contrast computed tomography (CT) showed a similar lesion as mentioned above. The maxillary cyst was diagnosed as a radicular cyst on diagnostic imaging. A calcified body was observed near the opening of the subman-dibular gland, but not in the cervical lymph nodes (Figure 1B). It showed a mass composed of multiple small foci of calcification with a non-layer structure, which is a typical feature of sialolithiasis[7,8]. Swelling of the peripheral lymph nodes and the mass that appeared to be the submandibular gland were also observed without any symptoms at this time, although a slight palpable solid lesion existed.
Considering the possibility of a tumor, we performed contrast-enhanced CT (CECT) and ultrasonography. CECT images revealed that the peripheral lymph nodes, existing in the submandibular lymph node, superior internal jugular node, and mid-internal jugular node, exhibited a central area of low attenuation state with rim enhancement. In addition, fusion of these lymph nodes was present at multiple sites (Figure 2A). All the affected nodes mimicked a similar pattern, suggestive of tuberculous cervical lymphadenitis, for which the typical observation mainly displays low attenuation at the center with rim enhancement; this represents the central area of necrosis, although this finding is also similar to that of metastatic lymph nodes[9,10]. Ultrasonography revealed the findings of the imaging, such as preserved oval shape, absence of peripheral halo, and internal echogenicity (Figure 2B), which is suspicious of tuber-culous cervical lymphadenitis or metastatic lymph nodes, whereas a QuantiFERON Gold blood test yielded a negative result, and there was no suspicious lesion on chest radiography. This ultrasonographic finding is rather atypical of metastatic disease (preservation of oval shape, existence of hilus in the enlarged lymph nodes, and relatively well-defined margins).

MULTIDISCIPLINARY EXPERT CONSULTATION
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Excisional biopsy of the cervical lymph node was performed under general anesthesia to make a definitive diagnosis (Figure 3). The biopsy specimen revealed a gland-forming epithelial lesion with comedo-type necrosis inside the lymph node (Figure 4A). Higher magnification showed that the tumor cells had abundant pink cytoplasm and large pleomorphic nuclei with prominent nucleoli and coarse chromatin (Figure 4B). Tuberculous cervical lymphadenitis was not evident, and pathological diagnosis of metastatic SDC was suggested. To confirm the diagnosis, immunohistochemical staining was performed. The tumor was positive for pan-cytokeratin (AE1/AE3), cytokeratin 7, androgen receptor (AR), human epidermal growth factor receptor 2 (HER2), and epidermal growth factor receptor (EGFR) (Figure 4C-E), but negative for cytokeratin 20, p63, estrogen receptor, thyroid transcription factor 1, and CDX2. 18F-fluorodeoxyglucose positron emission tomography-CT revealed no detectable tumor except for an ill-defined lesion in the submandibular salivary gland with heterogeneously increased 18F-fluorodeoxyglucose uptake.

FINAL DIAGNOSIS
[bookmark: OLE_LINK40][bookmark: OLE_LINK39][bookmark: OLE_LINK3][bookmark: OLE_LINK4]These data suggest that the tumor of the cervical lymph node was a metastatic tumor from the submandibular gland, and the final diagnosis of metastatic SDC was achieved. This lesion was classified as cT4aN3bM0 based on the Tumor-Node-Metastasis Classification of Malignant Tumors, 8th edition.

TREATMENT
[bookmark: OLE_LINK42][bookmark: OLE_LINK41]According to the diagnosis mentioned above, the patient underwent surgery with ipsilateral radical neck dissection in addition to primary tumor resection, segmental mandibulectomy, and cystectomy, followed by radiotherapy (70 Gy). Histologically, the tumor had a similar appearance to the biopsy material. In addition, atrophic salivary gland tissue was evident adjacent to the tumor, suggesting that the tumor was arising in the salivary glands. Incidentally, the cystic lesion was diagnosed as a radicular cyst based on pathological findings; the cyst was not correlated with SDC. This primary combined treatment revealed tumor elimination based on CECT imaging.
Due to the poor prognosis of this disease even after surgery and radiotherapy[1], chemotherapy with cetuximab based on EGFR-positive lesions has been reported previously[11]. Accordingly, as treatment, we provided weekly paclitaxel in addition to cetuximab for 4 wk. Nevertheless, distant bone metastases, such as the tenth rib bone, appeared (Figure 5). Weekly administration of tegafur‑gimeracil‑oteracil potassium (120 mg/m2) and cetuximab (250 mg/m2) for 4 wk, followed by drug withdrawal for 2 wk, and with injection of denosumab (120 mg) every 4 wk, was repeated. Five rounds of this cycle resulted in a partial response from the patient.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK44][bookmark: OLE_LINK43]At approximately 2 years post-surgery, multiple distant metastases, including lung and bone, were observed on positron emission tomography, although primary and neck lesions had no evidence of recurrence. In the present study, after which 2 years and 7 mo have passed after primary treatment, the patient remains alive with chemotherapy using cisplatin and docetaxel.

DISCUSSION
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]SDC is a rare and highly aggressive type of cancer, accounting for 1%-3% of all salivary cancers, and SDC arising in the submandibular gland is even more rare[1,11]. Previous reports indicated that the major presenting symptom of SDC arising at the submandibular gland is a fixed painful or painless mass. In addition, the presence of calcification in an ill-defined salivary gland mass may be a good CT criterion that raises the possibility of SDC[12-14]. In the present case, the initial objective symptom at the submandibular grand was a painless slight palpable mass, and CT imaging showed multiple calcification lesions, which seemed to occupy the submandibular grand and mimicked sialolithiasis, with swelling of the peripheral lymph nodes.
The location, structure, and number of lesions are important elements during imaging evaluation of calcified lesions in the cervical lymph nodes or submandibular gland. Differential diagnoses include sialolithiasis, calcific substance produced by the tumor, peripheral calcification derived from tuberculosis[9], or malignant tumors, such as squamous cell carcinoma and papillary thyroid carcinoma[15]. In this case, the calcified body was coincidentally found on panoramic radiography due to the completely different chief complaint without any subjective symptoms. Although the findings of CT with or without contrast-enhancement and ultrasonography excluded the possibility of sialolithiasis or papillary thyroid carcinoma, the central area of low attenuation with rim enhancement observed in multiple cervical lymph nodes made the diagnosis difficult.
[bookmark: OLE_LINK6][bookmark: OLE_LINK5]In this case, open biopsy was necessary for an early definitive diagnosis for extracting the suspected lymph node and obtaining an accurate histological analysis, especially for salivary gland cancer comprising various histological subtypes. The histology results were consistent with a diagnosis of SDC and included immuno-histochemical analyses such as EGFR, HER2, and AR, which are characteristically present in SDC[16,17].
Surgical resection with neck dissection followed by radiotherapy is often chosen for patients with SDC[11,16]. Therefore, we performed this procedure by adding various chemotherapy regimens using cetuximab, which is used to treat EGFR-positive tumors. The surgical specimen was immunohistochemically positive for HER2 and AR, indicating that trastuzumab or hormonotherapy might be effective for this lesion, although the patient strongly declined uninsured treatments. Despite the poor prognosis for patients with SDC, the patient is still alive 2 years and 7 mo after the definitive diagnosis although innumerable lymph node metastatic lesions were practically existed in the surgical specimen of the operation.
Approximately 3.5 mo elapsed from the first visit to extensive surgical resection. In this interim, the lesion seemed to exhibit rapid growth. Indeed, swelling in the submandibular region was increased at the time of the operation. In this case, the surgical specimen showed that the tumor invaded the adjacent tissue and that the “submandibular gland region” was mostly replaced with a calcified body. The findings of cervical lymph nodes on ultrasonography and CECT imaging initially confused the distinction between tuberculous cervical lymphadenitis and metastatic lesions. However, a calcified body existed in “the submandibular gland region”, rather than in the lymph nodes. Considering the high rate of calcification that occurs in SDC, especially in cases arising at the submandibular gland as indicated previously[12], we should have emphasized the malignancy.

CONCLUSION
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]In conclusion, radiographic and imaging characteristics of lymph node metastatic SDC may mimic those of tuberculous cervical lymphadenitis, and calcification at the submandibular gland is the key finding of SDC arising at the submandibular gland.
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Figure Legends
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[bookmark: OLE_LINK61][bookmark: OLE_LINK60]Figure 1 Radiographic imaging at the initial visit. A: Panoramic radiographic image at the initial visit. Panoramic radiograph revealed radiolucent lesion from the left maxillary lateral incisor to the right maxillary second premolar (the black dotted line); an oval radiopaque lesion similar to sialolithiasis (the white dotted line) was also observed under the right side of the mandible; B: Non-contrast computed tomography (submandibular region). A calcified body was found near the opening of the submandibular gland (the orange arrow). Swollen cervical lymph nodes and a mass in the submandibular gland were also observed.
[image: ]
Figure 2 Contrast-enhanced computed tomographic and ultrasonographic imaging. A: Contrast-enhanced computed tomography. Multiple cervical lymph nodes show a similar pattern, a center of low attenuation with an enhancing rim representing the central area of necrosis; furthermore, some of them displayed a tendency to fusion. A calcified body was located near these lymph nodes; B: Ultrasonography. The presence of a central echogenic hilus in the enlarged nodes keeping the oval shape and the absence of a peripheral halo (a), calcified body in the submandibular gland (b), fusion tendency of adjacent lymph nodes showing relatively strong internal echo within the mass (c), and homogeneous internal echo within the mass  (d).
[image: ]
Figure 3 Biopsy findings. Open biopsy at the submandibular region. The region inside the platysma muscle is indicated by black dotted line showing the lymph node lesion.
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Figure 4 Histological analyses. A and B: Biopsy of the lesion composed of atypical epithelioid cells within fibrous tissue. A nuclear pleomorphism and occasional mitoses are also noted. Scale bars represent 1000 μm (A) and 100 μm (B), respectively; C-E: Immunohistochemical staining for androgen receptor (C), human epidermal growth factor receptor 2 (D), and epithelial growth factor receptor (E).
[image: ]
Figure 5 Positron emission tomography-computed tomography findings. 18F-fluorodeoxyglucose positron emission tomography–computed tomography after primary treatment. Distant bone metastases (three sites) were found.
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