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ARTICLE INFO ABSTRACT

Article history: Salivary duct carcinoma (SDC) is a major malignant salivary gland tumor that usually forms
Received 23 January 2024 a solid tumor. Non-necrotic macrocystic SDCs have rarely been reported among salivary
Revised 3 April 2024 gland tumors. A 78-year-old Japanese man with a submandibular gland tumor was evalu-
Accepted 8 April 2024 ated radiologically, pathologically, and immunohistochemically. A multilocular lesion with

a maximum size of 6 cm was radiologically observed in the left submandibular region. It
had been noticed 20 years earlier. Malignant cytological result was obtained, and surgical

Keywords: resection was performed. Pathological examination revealed a non-necrotic, macrocystic
Salivary gland neoplasm submandibular gland tumor lined with glandular, cribriform, or papillary forms of atypical
Submandibular gland neoplasm cuboidal cells. Frankly invasive components were observed in intercystic areas. Intraductal,
Cystic neoplasm mucoepidermoid, and secretory carcinomas were identified as pathological differential di-
Intraductal carcinoma agnoses because of their macrocystic morphology. We diagnosed SDC because there was no

intraductal growth based on the lack of myoepithelial markers, diffuse immunoreactivity to
gross cystic disease fluid protein15, androgen receptor, and mammaglobin and immunoneg-
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ativity to S100 and p63. Postoperative positron emission tomography revealed the absence
of lymph node and distant metastases. The patient was disease-free 9 months after surgery.

Salivary duct carcinoma can be included in the differential diagnoses of cystic salivary gland

tumors.

© 2024 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Salivary duct carcinoma (SDC) is a salivary gland tumor with
an aggressive clinical course [1]. SDCs mostly arise from the
parotid gland and can be derived from pleomorphic adeno-
mas and intraductal carcinoma [2,3]. They usually form a solid
mass [1]; however, cystic morphology with small cysts is in-
cluded in the macroscopic features of SDCs, probably because
of tumor necrosis and/or the precursor lesion of intraductal
carcinoma [1,4]. Radiologically, a study by Weon et al. reported
that 20% (4/20 cases) of SDCs predominantly showed cystic tu-
mors due to extensive tumor necrosis [5].

The SDC in our case presented as a non-necrotic macrocys-
tic mass without a solid component, similar to the presenta-
tion of an intraductal carcinoma of the salivary gland. No sim-
ilar cases have been reported in the past. The clinicopatholog-
ical findings of our case are presented and discussed in rela-
tion to distinguishing features from cystic salivary gland neo-
plasms [6], including intraductal carcinoma.

Case report

A 78-year-old Japanese man was referred to our hospital for di-
agnosis and treatment of a left submandibular mass. His med-
ical history included Basedow’s disease, pulmonary tuberculo-
sis, bronchiectasis, and lung cancer. Lung cancer was resected
2 years before admission, and the postoperative diagnosis
was acinar adenocarcinoma with TNM stage pT1bcNOcMO and
stage IA2. The asymptomatic mass in the left submandibu-
lar region had been noticed approximately 20 years earlier
and had enlarged since 6 months prior to admission. Physi-
cal examination confirmed the presence of a non-tender pro-
truding mass with a maximum size of 6 cm in the left sub-
mandibular region. Laboratory test results, except for serum
carcinoembryonic antigen (CEA) were unremarkable. High lev-
els of serum CEA (8.3 ng/mL, normal range <5 ng/mL) were ob-
served, possibly due to bronchiectasis, as high levels of serum
CEA had been detected during the preoperative period of lung
cancer. Computed tomography (CT) confirmed that the mass
was a multilocular lesion involving the left submandibular
gland (Fig. 1) without metastasis. Fine-needle aspiration cy-
tology confirmed the presence of malignant cells (category VI
of the Milan system) suggestive of an adenocarcinoma. There-
fore, a cystic salivary gland tumor was suspected. The lesion
was surgically resected to confirm its nature of the cystic le-
sion. During surgery, the cystic tumor was connected to the
left submandibular gland, and tumorectomy was performed

to include the normal submandibular gland and the surround-
ing skin tissue.

The resected mass was 6.0 x 5.0 x 3.0 cm and showed a
demarcated and multilocular lesion with small- to large-sized
cysts (Fig. 2). Small cystic components appeared to be present
in the submandibular glands, and the larger cystic compo-
nent protruded towards the resected skin. Gelatinous mate-
rial was also present in the cystic space. No solid lesions were
observed. Whole-mount preparation of the tumor was per-
formed.

Microscopically, the tumor cells formed macroscopic and
microscopic cysts (Fig. 3A and B). In the intercystic areas,
cuboidal or polygonal tumor cells with round to oval nuclei
with or without distinct nucleoli and abundant cytoplasm
invaded in an irregular tubular fashion with fibrous stroma
(Fig. 3C). The mitosis of the tumor cells was scattered. In the
luminal portion of the cysticlesions, cuboidal tumor cells were
arranged in a single layer (Fig. 3D), in a cribriform or Roman
bridge-like arrangement (Fig. 3E), papillary, or in a micropapil-
lary fashion (Fig. 3F). The tumor cells lining the cystic lesions
showed mild to severe atypia and apical snouts, and included
mucinous tumor cells (Fig. 3D, inset). Comedonecrosis was ab-
sent. The tumor border was demarcated (Fig. 3A), and the cys-
tic tumor component reached the subcutaneous tissue but not
the skin tissue. The submandibular gland tissue was detected
at the tumor periphery, and atrophic salivary gland tissue
was included in the intercystic lesions. No pleomorphic ade-
noma was observed. Therefore, salivary gland neoplasia de-
rived from the left submandibular gland was diagnosed. His-
tological diagnoses included intraductal carcinoma, mucoepi-
dermoid carcinoma, SDC, and adenocarcinoma not otherwise
specified. Metastatic lung adenocarcinoma was unlikely but
was included in the differential diagnoses. Four lymph nodes
without metastases were observed around the tumor.

Immunohistochemically, the tumor cells were diffusely
positive for gross cystic disease fluid proteinl5 (GCDFP15,
Fig. 4A), androgen receptor (AR, Fig. 4B), mammaglobin, GATA3
(Fig. 4C), and cytokeratin 19 (CK19); focally positive for human
epidermal growth factor receptor 2 (HER2, score 1+, Fig. 4D);
and negative for CK5, CK14 (Fig. 4E), p40, p63 (Fig. 4F), alpha-
smooth muscle actin, H-caldesmon, S100, SOX10, glial fibril-
lary acidic protein, estrogen receptor, progesterone receptor,
thyroid transcription factor 1, and Napsin A. Although im-
munostaining for various myoepithelial markers (CK5, CK14,
P40, p63, alpha-smooth muscle actin, H-caldesmon) was per-
formed at many tumor sites, intraductal localization of the tu-
mor cells was absent. SDC with macrocystic morphology was
diagnosed.

Postoperative 18-fluorodeoxyglucose positron emission
tomography/computed tomography showed neither tumor
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Fig. 1 - Computed tomographic images of a macrocystic salivary duct carcinoma of the left submandibular gland. Axial
images (A and B) of the tumor (arrows) showing a vague round nodule with heterogeneous enhancement (B).
Contrast-enhanced coronal image (C) showing a cystic tumor derived from the left submandibular gland. The right
submandibular gland is intact (arrowheads in B and C). The scale bars are shown in the photos.

metastasis nor lung cancer recurrence. The patient was
disease-free 9 months after surgery.

Discussion

Here, we describe a non-necrotic macrocystic SDC, and to our
knowledge, such cases have not yet been reported. The ra-
diological examination using CT revealed well-defined cys-
tic features without apparent solid components. Typical CT
findings of SDC often present as solid masses with ill-defined
tumor borders and heterogenous enhancement patterns [7].
Compared to mucoepidermoid carcinoma, adenoid cystic car-
cinoma, and acinic cell carcinoma, SDCs are more likely to in-
vade into adjacent tissues and metastasize to lymph node [8].
Weon et al. reported that cystic changes due to tumor necrosis
could be seen in SDC [5], in contrast, Kazawa et al. suggested
that cystic and necrotic components might be less typical of
SDC [9]. The CT findings in our case were notably atypical for
SDC.

Radiologically, cystic salivary gland lesion in our case ini-
tially suggested dilated ducts or intraductal tumor growth.
However, pathology confirmed that the macrocystic SDC ex-
hibited a pushing border-type invasion, with intercystic areas
containing frankly invasive nests. Comparing the radiologi-
cal and pathological findings of our case suggested that the
contrast-enhanced tumor area seen in Fig. 1B corresponded
to the cyst wall infiltrated by the frankly invasive carcinoma.
Additionally, the cystic lesion extending near the skin (Fig. 1C,
arrows) demonstrated pushing-type invasion into the subcu-

taneous tissue. Thus, retrospectively, malignant salivary gland
tumor might be radiologically suggested because of the pres-
ence of contrast-enhanced tumor area and abnormal localiza-
tion near the skin. However, heterogenous enhancement of
the tumor septa on CT images might have been induced by
non-tumor conditions like inflammation. Radiological identi-
fication of extra-salivary gland extension of the tumor might
be difficult in this case because of the well-defined tumor
borders.

The recent UpToDate database highlights that imaging
studies are unable to definitively diagnose salivary gland tu-
mors or distinguish between malignant and benign tumors
[10]. However, in this case, we investigated whether it was pos-
sible to arrive at a qualitative diagnosis based on findings of
CT images. Clinically, differential diagnoses of cystic lesions
in major salivary glands includes various benign and malig-
nant conditions, including human immunodeficiency virus
(HIV) infection, Sjogren syndrome [11], lymphoepithelial cyst
[12], cystadenoma, adenoid cystic carcinoma, acinic cell car-
cinoma, intraductal carcinoma, mucoepidermoid carcinoma,
and secretory carcinoma [6,13,14]. CT findings of cystic le-
sions in major salivary glands are summarized in Table 1.
Among benign cystic salivary gland lesions, HIV-associated
lymphoepithelial cysts may exhibit multilocular lesions sim-
ilar to our case; however, they typically present as bilateral
lesions [15]. Specific data on cyst size in salivary duct intra-
ductal carcinoma as evaluated by CT are lacking [16], making
it challenging to distinguish this case from intraductal car-
cinoma based solely on CT findings. Nevertheless, the large
cystic changes extending near the skin in our case might be
atypical for intraductal carcinoma. Typical CT findings for ade-
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Fig. 2 - Macroscopic images of a macrocystic salivary duct carcinoma of the left submandibular gland. Formalin-fixed
resected tissue (A) is indicated with dotted lines, which are the cut lines. The cut surfaces of the resected tissue (B) show
multilocular lesions with small-to large-sized cysts. Small cystic components appear to be present in the submandibular
gland tissue (arrows), and the larger cystic component appears to protrude from the salivary gland tissue towards the
resected skin (arrowheads). The cut section named 3 in (B) corresponds to the coronal section of the tumor seen in Fig. 1C.
The scale bars are shown in the photos.

Table 1 - Computed tomographic findings of cystic lesions of major salivary glands.

Diseases Computed tomography findings

Sjogren syndrome Bilateral, heterogenous fat deposition, punctate calcification (cysts are usually detected by
magnetic resonance imaging) [11].

Lymphoepithelial cyst (HIV Unilateral and unilocular (HIV-associated lymphoepithelial cysts are often bilateral and

infection) multicystic) [15].

Cystadenoma Unilateral. Typical features are unknown.

Adenoid cystic carcinoma Unilateral. Typical features are unknown [17].

Acinic cell carcinoma Unilateral. Typical features are unknown (hypoattenuating regions of central necrosis and
irregular enhancing solid component may be seen) [18].

Intraductal carcinoma Unilateral. Typical features are unknown (case reports have reported well-circumscribed and

partially cystic, heterogenous mass with peripheral enhancement, homogenous isodense, or
heterogenous mass with enhanced ill-defined border) [14].

Mucoepidermoid carcinoma Unilateral, well circumscribed, usually cystic [19].
Secretory carcinoma Unilateral, well circumscribed, uneven density, with or without cystic areas [20].
Salivary duct carcinoma Unilateral, solid mass with ill-defined borders and heterogenous enhancement patterns

(multilocular cystic lesion seen in our case is rare) [7].
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Fig. 3 - Microscopic images of a macrocystic salivary duct carcinoma of the left submandibular gland. Low-magnification
image (A) showing a cystic tumor with demarcated borders (arrows). Tumor cells form cysts and invade the intercystic area
(B), where atypical tumor cells with enlarged nuclei and nucleoli invade in a tubular fashion associated with the fibrous
stroma (C). The cystic tumor components (D-F) consist of a single layer (D), Roman bridge-like or cribriform arrangement (E),
or micropapillary arrangement (F). Mucinous tumor cells are included (D, inset). The cystic cavities are indicated by stars.

The scale bars are shown in the photos.

noid cystic carcinoma and acinic cell carcinoma are unavail-
able [17,18], and multilocular cystic lesions detected by CT may
be unusual for mucoepidermoid carcinoma and secretory car-
cinoma [19,20]. Although the CT finding of multilocularity ob-
served in our case might be used to differentiate from other
cystic salivary gland tumors, arriving at a radiological diagno-
sis of SDC was deemed impossible because of the unusual CT
findings exhibited by our case.

In our case, pleomorphic adenoma was absent. No mor-
phological features suggesting adenoid cystic carcinoma and
acinic cell carcinoma were observed. Intraductal carcinoma
was also ruled out, as our case lacked an intact myoepithelial
cell layer at the periphery of the cystic components and was
negative for S100 and SOX10 immunoreactivity. Other macro-
cystic salivary gland carcinomas, mucoepidermoid carcino-

mas and secretory carcinomas were also excluded because of
a lack of squamous cells, intermediate cells, p63-positive tu-
mor cells, and S100/SOX10-positive cells. According to the lat-
est AFIP fascicle [21], our tumor could be classified as a cys-
tadenocarcinoma because of its slow-growing, painless, and
cystic nature. However, we diagnosed this tumor as SDC in-
stead of cystadenocarcinoma based on several key factors.
These included the tumor cells’ apocrine morphology, diffuse
immunoreactivity for GCDFP15, AR, and mammaglobin. Ac-
cording to the recently-proposed risk stratification of SDC,
low-risk tumor was considered in our case [22].

The patient noticed the lesion 20 years earlier, suggest-
ing the possibility of an association with preexisting benign
or in situ lesions. SDCs can derive from pleomorphic adeno-
mas and intraductal carcinoma [2,3]. However, these preexist-
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Fig. 4 - Immunohistochemical images of a macrocystic salivary duct carcinoma of the left submandibular gland. Tumor cells
of the cystic component (cystic cavities are shown as stars) and the infiltrative component (partly circled by a dotted line in
A) were diffusely positive for gross cystic disease fluid protein15 (GCDFP15, A), androgen receptor (AR, B), and GATA3 (C),
focally positive for human epidermal growth factor receptor 2 (HER2, score 1+, D), and negative for cytokeratin 14 (CK14, E).
CK14 (E) and p63 (F) show no myoepithelial cells in the cystic epithelium. In F, 3 photos of the cystic components are
exhibited; a single layer (upper), Roman bridge-like or cribriform arrangement (middle), or micropapillary arrangement

(lower). The scale bars are shown in the photos.

inglesions were absent on histological evaluation with whole-
mount preparation of the tumor. Intraductal carcinoma might
be not the precursor lesion of SDC in submandibular glands as
apocrine intraductal carcinoma has been hardly reported in
submandibular glands. Thompson et al. reported a literature
review of apocrine intraductal carcinoma of salivary glands
in which 39 cases of apocrine intraductal carcinoma in the
parotid (n = 38) and minor salivary glands (n = 1) were ob-
served [16].

In conclusion, we have presented a case of macrocystic and
non-necrotic SDC of the left submandibular gland. Despite the
atypical radiological and pathological features observed in our
case, SDC should be included in the differential diagnoses of
cystic salivary gland tumors.

Patient consent

Written informed consent was obtained from the patient for
the publication of this case report.

Contributions

KY performed the pathological diagnosis, wrote the main text,
and prepared the figures. KM, TT, and KT performed the clin-
ical examinations, surgery, and follow-ups. MU, TN, and MN
confirmed pathological diagnoses. KN performed radiological
diagnosis.
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Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.radcr.2024.04.014.
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