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Multiphase contrast-
enhanced computed tomography
imaging features of salivary duct carcinoma:

differentiation from other salivary gland malignancies

Wen-li Wu, MM,a Cheng-long Wang, MM,b Dan Li, MD,c Jin Luo, MM,d Jun-yong Ye, DE,d and

Sheng-sheng Xu, MDa
Objective. The aim of this study was to investigate the imaging features of salivary duct carcinoma (SDC) with multiphase con-

trast-enhanced computed tomography (CECT) and to compare them with those of mucoepidermoid carcinoma (MEC), adenoid

cystic carcinoma (ACC), and acinic cell carcinoma.

Study Design. A total of 63 patients with histologically diagnosed salivary gland malignancies underwent preoperative multiphase

CECT. Clinical information, location, size, mass pattern, enhancement pattern, borders, invasion of adjacent tissues, and lymph

node metastasis were evaluated. Computed tomography (CT) number attenuation patterns were calculated.

Results. SDCs were significantly more common in males and in the parotid gland (P � .018). They were more likely to invade into

adjacent tissues and metastasize to lymph nodes (P � .032). Six SDCs (66.7%) had comedonecrosis, as detected on histopatho-

logic examination, and 3 lesions presented cribriform necrosis on CECT. CT numbers during delayed-phase scanning were signifi-

cantly higher in SDC than in ACC (P = .031). Significant differences were discovered between MEC and ACC for CT numbers

during arterial-phase scanning (P = .047) and in the ratio of CT numbers (P = .018).

Conclusions. SDC exhibits some specific CT features, and multiphase CECT imaging is useful in the differential diagnosis of sali-

vary gland malignancies. (Oral Surg Oral Med Oral Pathol Oral Radiol 2019;128:543�551)
Malignant salivary gland tumors are rare, but there

are diverse histopathologic types.1,2 Among them, sali-

vary duct carcinoma (SDC) is estimated to represent

approximately 1% to 3% of all salivary malignancies,

and SDC is the most frequent type of high-grade sali-

vary gland tumors.3�6 SDC is characterized by aggres-

sive behavior, early nodal and distant metastases, and a

high rate of local recurrence. Complete surgical resec-

tion of the tumor and neck dissection, followed by

adjuvant locoregional radiotherapy, are generally rec-

ommended for patients with SDC. Therefore, differen-

tiating the histologic types among malignant lesions is

necessary before surgery. Some studies have investi-

gated the imaging features of SDC.7�9 However,

descriptions of the radiologic findings for histologic

types among malignant lesions have been nonspecific

and are not well characterized.10 Dual-phase computed

tomography (CT) is considered a useful and reliable

tool in preoperative diagnosis and differentiation

between benign and malignant lesions of the salivary

glands.11�13 The purpose of this study was to
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investigate whether there are typical imaging features

for SDC on contrast-enhanced CT (CECT) and

whether it is possible to differentiate among salivary

gland malignancies to narrow the differential diagnosis

and assist clinicians in planning treatment.

MATERIALS ANDMETHODS
Patients
All procedures followed were in accordance with the

ethical standards of the responsible committee on

human experimentation (institutional and national) and

with the Helsinki Declaration of 1975, as revised in

2008 (5). The institutional review board approved this

study and waived the need for informed consent. All

patients were histopathologically diagnosed with

malignant salivary gland tumors and were treated at

our institution from January 2012 to October 2018.

The inclusion criteria for patients were as follows: (1)

surgical resection at our institution with histopatho-

logic confirmation; (2) primary or recurrent lesions;

and (3) multiphase CECT scanning before surgery. Of

the 107 patients identified, 44 did not meet the
Statement of Clinical Relevance

Multiphase contrast-enhanced computed tomogra-

phy shows some imaging features, such as ill-

defined borders, infiltration into adjacent tissues,

heterogeneous masses with cribriform necrosis, and

enhancement patterns, which may be useful in the

diagnosis of salivary duct carcinoma and differenti-

ating such lesions from other salivary gland

malignancies.
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inclusion criteria and were excluded from the study.

We therefore analyzed 63 cases, including 9 patients

with SDC, 18 with mucoepidermoid carcinoma

(MEC), 25 with adenoid cystic carcinoma (ACC), and

11 with acinic cell carcinoma (AcCC). Information

regarding clinical findings was obtained through

review of the electronic medical records at our institu-

tion, and included sex, age, clinical symptoms, symp-

tom duration, and whether the lesion was primary or

recurrent.

CT imaging protocol
All CT examinations were performed on a 64-slice GE

Discovery 750 HD CT scanner (GE Healthcare, Mil-

waukee, WI). The scanning parameters were as

follows: detector collimation 0.625 mm, pitch 1.375:1,

tube voltage 120 kVp, tube current 80 to 270 mAs, and

rotation time 0.5 seconds. Non�contrast-enhanced and

contrast-enhanced CT was performed. For the CECT

scans, approximately 1 to 1.5 mL/kg of the contrast

medium Ultravist 370 (Bayer HealthCare LLC, Lever-

kusen, Germany) was administered into an antecubital

vein at a rate of 3 mL/sec. Scanning was performed

with 5-mm section thickness from the skull base to the

upper thorax, including the entire parotid gland. All

patients underwent dual-phase CECT scanning, which

was performed during arterial and venous phases with

delays of 30 to 40 and 60 to 70 seconds, respectively.

Forty-one patients (5 with SDC, 14 with MEC, 13 with

ACC, and 9 with AcCC) underwent delayed-phase

scanning at 110 to 120 seconds delay.

Imaging analysis
Each CT scan was evaluated independently by 2 head and

neck radiologists, who were unaware of the histopatho-

logic diagnoses. The location, size, mass pattern, enhance-

ment pattern, borders, invasion of adjacent tissues, and

lymph node metastasis (LNM) were evaluated. Discrepan-

cies, if any, were resolved by consensus. Tumor location

was defined as the specific gland involved and as being

within the superficial lobe, deep lobe, or both in the parotid

gland. Tumor size was measured at maximal cross-

sectional dimension. Mass pattern was classified as “solid

mass,” “cystic mass,” or “cystic mass with a mural nod-

ule.” The enhancement pattern in the lesions in each phase

was categorized as “heterogeneous” or “homogeneous.”

The borders of the tumors were classified as “ill defined”

or “well defined.” Every conspicuous invasion into adja-

cent tissue representing extranodal extension (ENE) was

observed. The ENE criteria included central necrosis and

irregular nodal enhancement, loss of adjacent fat or muscle

planes, and indistinct nodal margins.14,15 Perineural inva-

sion (PNI) and LNMwere examined for each patient.

CT attenuation of the solid part of the tumor at the

central level was measured. The ratio of venous-phase
CT numbers to arterial-phase CT numbers was calcu-

lated. Discrepancies in the categorical parameters, if

any, were resolved by consensus. The parameters with

quantitative data (size of the lesion and CT number

ratios) were analyzed by using the average values

entered by the 2 radiologists.

Histopathologic analysis
All pathologic sections of tumors were analyzed retro-

spectively by 2 pathologists with clinical experience of

8 and 26 years. The sections were stained with hema-

toxylin and eosin (H&E). Each lesion was diagnosed

on the basis of the histomorphologic pattern and cyto-

logic features. The malignancy of the tumor was

graded, including SDC; low-, intermediate- and high-

grade MEC; solid type ACC (>30% solid component);

and low- and high-grade AcCC. Lesions were exam-

ined for cystic and/or necrotic patterns. Extraparenchy-

mal infiltration was defined as carcinoma invading

beyond the capsule. The term comedonecrosis was

applied when significant necrosis, creating an appear-

ance similar to comedos seen in cutaneous acne, was

noted in ducts involved with SDC. PNI involved cancer

cells surrounding the nerve fibers and entering the peri-

neurium, resulting in local infiltration and metastasis.

The histologic criterion for ENE was defined as the

spread of tumor cells beyond the capsule of a meta-

static lymph node into the perinodal tissues. The path-

ologists reached a consensus through discussion if

there was a discrepancy in the interpretation of these

pathologic results.

Statistical analysis
Statistical analysis was performed by using SPSS soft-

ware version 17.0 (SPSS Inc., Chicago, IL). The Student

t test was used to calculate the significance of differences

in the mean age of patients, lesion size, CT attenuation

(in Hounsfield units), and the ratio of venous-phase CT

number to arterial-phase CT number among malignant

tumors. Median symptom duration was compared by

using the Mann-Whitney U test. Categorical data were

compared by using the x2 test or Fisher’s exact test, as
appropriate. A P value less than .05 was considered to

indicate a statistically significant difference.

RESULTS
General information and image interpretations of the

malignant salivary gland tumors in the 63 study patients

are summarized in Table I. Representative illustrations of

the lesions are presented for SDC (Figures 1A to 1D),

MEC (Figures 1E to 1H), ACC (Figures 1I to 1L), and

AcCC (Figures 1M to 1P). The characteristics of the 9

patients with SDC are presented in Table II. There were

significant differences in sex between the patients with

SDC and those with the other 3 tumor types (P = .018).



Table I. Patients’ general information and image interpretation of the salivary gland malignancies

Characteristics SDC (n = 9) MEC (n = 18) ACC(n = 25) AcCC (n = 11) P value

Sex .018*

Male 9 (100%) 9 (50%) 14 (56%) 4 (36.4%)

Female 0 9 (50%) 11 (44%) 7 (63.6%)

Mean age (range) 59.7 § 6.8 (51�72)* 49.1 § 17.8 (21�77) 53.4 § 12.4 (29�73) 44.2 § 14.8 (22�69)* �
Median symptom duration 1 year 3 months 1 year 5 years >.05

Location .002*

Parotid gland 6 (66.7%) 16 (88.9%) 10 (40%) 11 (100%)

Submandibular gland 3 (33.3%) 2 (11.1%) 10 (40%) 0

Sublingual gland 0 0 5 (20%) 0

Size (cm): Average 2.66 § 1.24 2.35 § 0.88 2.45 § 0.90 2.41 § 0.88 >.05

Mass pattern .143*

Solid mass 8 (88.9%) 15 (83.3%) 24 (96%) 10 (90.9%)

Cystic mass 0 0 1 (4%) 1 (9.1%)

Cystic mass with mural nodule 1 (11.1%) 3 (16.8%) 0 0

Enhancement pattern .217

Heterogeneous 8 (88.9%) 10 (55.7%) 20 (80%) 7 (63.6%)

Homogeneous 1 (11.1%) 8 (44.3%) 5 (20%) 4 (36.4%)

Border .416

Ill-defined 8 (88.9%) 10 (55.6%) 16 (64%) 7 (63.6%)

Well-defined 1 (11.1%) 8 (44.4%) 9 (36%) 4 (36.4%)

Invasion into adjacent tissues 8 (88.9%) 1(5.6%) 5(20%) 1(9.1%) <.001*

Perineural invasion 0 0 0 0 >.05

Lymph node metastasis 4 (44.4%) 1 (5.6%) 4 (16%) 0 .032

*There were significant differences in sex between the patients with SDC and those with the other 3 tumor types (P = .018). There was statisti-

cally significant difference in mean age between SDC and AcCC (P = .008). There were no significant differences in median symptom duration,

in the average sizes, in mass pattern (P = 0.143) and in border definition (P = .416) among the tumor types. Significant differences in location

were observed among the different types of malignancies (P = .002). Differences in enhancement patterns among the tumor types were not

significant (P = .217). However, invasion into adjacent tissue was significantly more common with SDC (n = 8 [88.9%]) compared with the

other malignancies (P < .001).

ACC, adenoid cystic carcinoma; AcCC, acinic cell carcinoma; MEC, mucoepidermoid carcinoma; SDC, salivary duct carcinoma.
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The P values for comparisons of SDC with MEC, ACC,

and AcCC were 0.012, 0.017, and 0.005, respectively.

Patients with SDC were all males, whereas 44% to

63.6% of patients with MEC, ACC, and AcCC were

females. SDC patients were significantly older than

patients with AcCC (P = .008). All patients with SDC

presented with movable or fixed masses that were pain-

less (8 [88.9%]) or painful (1 [11.1%]) and of several

months’ to several years’ duration, as indicated in Table

II. However, there were no significant differences in

median symptom duration among the tumor types. Three

patients with SDC (33.3%) complained of facial nerve

palsy (weakness or paralysis), as shown in Table II. How-

ever, only 1 patient with MEC (5.6%), 5 with ACC

(2.0%), and 1 with AcCC (9.1%) were found to have

facial nerve palsy.

Significant differences in location were observed

among the different types of malignancies (P = .002).

Two-thirds of SDCs originated in the parotid gland

(n = 6 [66.7%]); of these, 5 lesions were located in the

deep lobes, and 1 invaded the superficial and deep

lobes. The other 3 SDC tumors occurred in the sub-

mandibular gland (n = 3 [33.3%]). The majority of
MECs (n = 16 [88.9%]) and AcCCs (n = 11 [100%])

arose in the parotid gland, mostly in the superficial

lobes. The average size at maximal cross-sectional

area was 2.0£ 2.1 cm (range 1.7�5.6 cm). There was

no significant difference in the average sizes between

the 4 types of tumors. Most SDCs (n = 8 [88.9%])

exhibited a solid mass pattern, isodense with muscle.

One lesion was a cystic mass with a nodule, resulting

in hypodense attenuation. The differences in mass pat-

tern among the types of malignant lesions were not sig-

nificant (P = 0.143). On CECT images, 8 SDC lesions

(88.9%) showed heterogeneous enhancement, and 3 of

them presented cribriform necrosis (see Figures 1A to

1D). However, other types of malignancies with necro-

sis presented with low attenuation centrally (see Fig-

ures 1E to 1L). Differences in enhancement patterns

among the tumor types were not significant (P = .217).

Ill-defined borders were more frequent in SDC (n = 8

[88.9%]) compared with the other tumor types. Many

low-grade and intermediate-grade MECs (n = 8 [66.7%])

and low-grade AcCC (n = 4 [57.1%]) exhibited well-

defined borders with ring enhancement (see Figures 1M

to 1P). Overall, however, there were no significant



Fig. 1. A�D, Salivary duct carcinoma of the left parotid gland in a 62-year-old man. Contrast-enhanced computed tomography (CECT)

images show a large, ill-defined, heterogeneous enhancement of a solid mass involving both superficial and deep lobes of the left parotid

gland. The left internal jugular vein is involved directly by the tumor (not shown). The enhancement pattern presents a strongly gradual

upward enhancement with cribriform necrosis (arrows). E�H, Mucoepidermoid carcinoma of the right parotid gland in a 77-year-old

woman. CECT images show an ill-defined, heterogeneous enhancement of a solid mass (arrow) with central low attenuation suggestive

of necrosis. The delayed phase image demonstrates decreased enhancement of the tumor (arrow). I�L, Adenoid cystic carcinoma in the

right submandibular gland in a 45-year-old woman. CECT images show a large, well-defined soft tissue mass (white arrows). Most of

the lesion has a slightly increased attenuation compared with the strongly enhanced mural nodule (black arrows). There is slightly hetero-

geneous low attenuation in the center of the lesion on postcontrast images. M�P, Acinic cell carcinoma in the right parotid gland in a 55-

year-old woman. CECT images reveal a well-defined lesion with ring enhancement (arrows) in the superficial lobe of the right parotid

gland. There is homogeneously low attenuation in the center of the mass without enhancement.
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differences in border definition among the tumor types

(P = .416). However, invasion into adjacent tissue was

significantly more common with SDC (n = 8 [88.9%])

compared with the other malignancies (P < .001).

Tumors invaded the adjacent fat in 3 patients, the skin in

2 patients, and the adjacent sternocleidomastoid, digas-

tric, and masseter muscles in 2 patients (Figures 2A to

2C), which were confirmed intraoperatively or patholog-

ically. Infiltration into the internal jugular vein was

detected in 1 SDC. In contrast, only 1 MEC (5.6%),

4 ACCs (16%) and 1 AcCC (9.1%) infiltrated into the
adjacent muscles, and 1 ACC invaded the peritumoral

fat. ENE was detected in 3 cases of SDC. PNI was not

detected radiographically in any patients.

LNM was significantly different among the 4 types of

neoplasms (P = .032). Four (44.4%) SDCs metastasized

to the cervical lymph nodes, and 3 of them showed ENE.

The 3 ENEs had central necrosis with irregular heteroge-

neous enhancement on CECT, and 2 of them showed

loss of the adjacent fat and muscle planes, respectively,

producing indistinct nodal margins (Figure 2D).



Table II. The characteristics of nine salivary duct carcinomas

Case/Gender/Age Location Clinical symptoms Symptom

duration

Primary/Recurrence Pathology

Cystic/necrotic EPI Comedonecrosis PNI ENE

1/M/62 years LPG Movable painless mass 1 year Primary �/+ + + + +

2/M/67 years LPG Movable painless mass 1 year Primary �/+ + + - -

3/M/60 years LSMG Movable painful mass 5 months Primary +/� + + - -

4/M/72 years LSMG Movable painless mass; FNP 1 year Primary �/+ + + + -

5/M/51 years RPG Movable painless mass; FNP 1 year Primary �/+ + � + +

6/M/60 years RPG Fixed painless mass FNP 15 months Primary �/+ + � + +

7/M/52 years LPG Fixed painless mass 1 year Primary �/+ + + - -

8/M/67 years RSMG Movable painless mass 6 months Recurrence �/+ + + - +

9/M/56 years LPG Movable painless mass 6 months Recurrence �/� + � + -

ENE, extranodal extension; EPI, extraparenchymal infiltration; FNP, facial nerve palsy; LPG, left parotid gland; LSMG, left submandibular gland;

PNI, perineural invasion; RPG, right parotid gland; RSMG, right submandibular gland.

Fig. 2. A�C, Salivary duct carcinoma of the left parotid gland in a 67-year-old man. Contrast-enhanced computed tomography

(CECT) images show an ill-defined mass (white thick arrows) with homogeneous enhancement. The left masseter muscle (black

arrows), normal parotid tissue, and peritumoral fat (white thin arrows) are invaded by the tumor. D, Salivary duct carcinoma with

lymph node metastases in a 67-year-old man. An arterial phase image shows a metastatic enlarged right level IIA lymph node

(arrow) with ill-defined borders and loss of the adjacent fat plane. There is heterogeneous enhancement of the node with central

low attenuation suggestive of necrosis.
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The CT numbers for different types of malignant

tumors of the salivary glands are listed in Table III. As

shown in Table III and Figure 3, each histopathologic

type of tumor presented early enhancement during arte-

rial-phase scanning, with increased attenuation during

the venous phase. SDCs presented slightly increased

attenuation during delayed-phase scanning, whereas

other types of malignant tumors showed decreased
Table III. The mean § SD CT numbers of salivary gland ma

Histopathologic subtypes CT No. in plain

scanning (HU)

CT No. in arterial-phase

scanning (HU)

C

SDC (n = 9) 50.11§ 8.33 93.00§ 16.01

MEC (n = 18) 47.28§ 10.21 99.17§ 28.43z

ACC (n = 25) 43.96§ 11.43 78.54§ 34.77z

AcCC (n = 11) 51.10§ 11.56 87.70§ 22.54

*Only 41 of the 63 patients (5 with SDCs, 14 with MECs, 13 with ACCs, and

ond delay.

ySDC had significantly higher mean CT numbers during delayed-phase scan

zACC had significantly lower mean CT number during arterial-phase scanni

xACC had a significantly higher ratio of CT numbers compared with MEC

noma; CT, computed tomography; HU, Hounsfield unit;MEC, mucoepiderm
attenuation. However, only 1 of 5 SDCs showed

increased attenuation during delayed-phase scanning.

SDC exhibited a significantly higher mean CT num-

ber compared with ACC during delayed-phase scan-

ning (P = .031). ACC had a lower CT number during

arterial-phase scanning compared with the other types

of malignant tumors, including a significant difference

with MEC (P = .047). In addition, ACC also had a
lignancies on multiphase CECT

T No. in venous-phase

scanning (HU)

CT No. in delayed-phase

scanning (HU)*

Ratio of CT No

105.00 § 16.40 108.80§ 17.38y 1.15 § 0.22

102.50 § 21.04 101.00§ 20.41 1.06 § 0.22x

92.88 § 20.99 85.31§ 19.33y 1.27 § 0.32x

92.00 § 15.65 86.67§ 19.79 1.07 § 0.16

9 with AcCC) underwent delayed-phase scanning at 110- to 120-sec

ning compared with ACC (P = .031).

ng compared with MEC (P = .047).

(P = .018).ACC, adenoid cystic carcinoma; AcCC, acinic cell carci

oid carcinoma; No., number; SDC, salivary duct carcinoma.
.

-

-



ig. 3. Time attenuation curves for salivary duct carcinoma (SDC), mucoepidermoid carcinoma (MEC), adenoid cystic carci-

oma (ACC), and acinic cell carcinoma (AcCC). All types of tumors present early enhancement. SDC shows slightly increased

ttenuation during delayed-phase scanning, whereas the other types of malignancies show a decrease in attenuation. Error bars

dicate standard deviations (SDs).
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significantly higher ratio of CT numbers compared

with MEC (P = .018). However, there were no signifi-

cant differences in the mean attenuation among all of

the histopathologic tumor types during plain scanning

or during venous-phase scanning (P > .05).

Histopathologic results
There were 9 SDCs, 12 low- and intermediate-grade

MECs, 6 high-grade MECs, 4 solid type ACCs, 7 low-

grade AcCCs, and 4 high-grade AcCCs. SDC had a strik-

ing resemblance to high-grade ductal carcinoma of the

breast, including intraductal and infiltrating components.

SDC cells are typically apocrine or oncocytoid and charac-

terized by abundant cytoplasm and large pleomorphic

nuclei with coarse chromatin and prominent nucleoli. Only

1 lesion was cystic, but 7 of 9 tumors exhibited necrosis.

All SDCs had incomplete capsules and invasive borders

showing extraparenchymal infiltration. In the infiltrated

zones, tumor cells, fibrosis, and necrosis were mixed at

various proportions. Six tumors (66.7%) had comedonec-

rosis in the center of the duct. Neoplastic cells invaded the

peritumoral fat in 6 SDCs. PNI was observed in 5 SDC

patients (55.6%). Four (44.4%) of the 9 SDCs had meta-

static lymph nodes, and all of them showed ENE.

DISCUSSION
It has been reported that SDC predominantly arises

from the parotid gland, shows a male predilection, and

generally affects older individuals. The most common

symptom is a rapidly enlarging, painless or painful

mass with facial paralysis. These observations are in

agreement with the present findings.5,16�18

Previous studies have described imaging features of

salivary gland tumors.7,8,10 However, the appearance of
malignant tumors is not specific for pathologic

types.7,10,19 This is especially true with non�CECT, in

which many malignancies have a heterogeneous mass,

ill-defined borders, and invasion into adjacent tissues. We

used multiphase CECT in an attempt to differentiate vari-

ous salivary gland malignant tumors before surgery. The

CECT findings in this study reflect the pathologic features

of SDC. The tumor was characterized as having both

intraductal and infiltrating components on histopathologic

examination. Comedonecrosis was the most common

finding for the intraductal component. The enhancement

pattern was heterogeneous enhancement with cribriform

necrosis, which may be a special feature of SDC and,

therefore, useful in formulating a differential diagnosis.

The infiltrating component is occasionally accompanied

by abundant fibrotic stroma.20 The present study yielded

similar results. This pathologic feature seemed to reflect

the gradual upward enhancement pattern, which can

explain why SDC presented slightly increased attenua-

tion, whereas the other types of malignant tumors showed

decreased attenuation during delayed-phase scanning.

Motoori et al.19 also reported that SDC frequently has a

gradual upward enhancement that may be associated with

prominent fibrosis. However, our data showed that most

SDCs also presented decreased attenuation during

delayed-phase scanning, which is consistent with the

enhancement pattern of malignant tumors.11�13,19

According to Tsushima et al.21 malignant parotid tumors,

except for MEC, ACC, and AcCC, show early enhance-

ment. Our data also revealed that ACC had a lower CT

number during arterial-phase scanning compared with the

other types of malignant tumors, and there was a statisti-

cally significant difference between MEC and ACC

(P = .047). The ratio of CT numbers was significantly
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different between MEC and ACC (P = .018). Based on

these findings, multiphase CECT could provide some fea-

tures of SDC and CT numbers at different phases, and

this would be useful in the differential diagnosis of malig-

nant salivary gland tumors, especially for discriminating

ACC from SDC and MEC.

Pathologically, the tumors tended to be noncapsu-

lated with invasive growth patterns, reflected by ill-

defined borders and visible infiltration on CECT

images. Junn et al.22 investigated muscle invasion on

radiologic evaluation and found that CECT is sensitive

(100%) for muscle invasion but has reduced specificity

(76%) compared with intraoperative surgical and path-

ologic consensus evaluation. Therefore, those authors

concluded that intraoperative surgical and pathologic

evaluation should be encouraged to verify radiologic

muscle invasion. In the present study, the overlying

peritumoral fat, skin, adjacent muscles, and vessels

were invaded by SDCs, and this was confirmed intrao-

peratively or pathologically and was more common in

SDCs than in the other types of salivary malignancies

(P < .001). These invasions indicate stage T4 in sali-

vary tumors, suggesting that preoperative CT plays an

important role in tumor (T) staging, clinical treatment

decisions, and patient prognosis.

In this study, 5 patients with SDC (55.6%) presented

with PNI on histologic examination, and in 3 of them, the

findings were in accordance with their clinical symptoms,

such as facial nerve palsy. These observations are in

agreement with 28% to 85% of patients with SDC and

PNI.23 The superficial and deep lobes of the parotid gland

are separated by the facial nerve, which gives rise to the

5 terminal branches within the gland, which then inner-

vate the muscles of facial expression. According to our

results, SDC predominantly arose from the parotid gland,

which can explain why facial nerve palsy was more com-

mon in SDC. Small branches of PNI cannot easily be

detected on CT. However, CT can be sensitive with

regard to widening or erosion of skull base foramina or

canals and obliteration of the normal fat density within

the foramina or within the pterygopalatine fossa.24 There

was no CECT evidence of PNI in the 9 SDCs in this

study. Magnetic resonance imaging (MRI), especially

contrast-enhanced, fat-suppressed, small field-of-view

sequences, is advantageous for evaluating nerve inva-

sion.24 In our study, MRI images of SDC were not avail-

able, and this was the major limitation of this study.

SDC has a propensity to metastasize early to regional

lymph nodes (approximately 20%�71%) and distant sites

and has a rate of local recurrence of approximately 13% to

48%.2,5,23,25 In this study, the frequency of LNM in SDC

was higher compared with that in the other types of sali-

vary gland malignancies (P = .032). We diagnosed 4

patients with ENE confirmed by pathology, whereas only

3 were considered ENE on CECT. The presence of
extracapsular spread in metastatic cervical lymph nodes

portends poor distant control and prognosis for head and

neck tumors.15,26 ENE can be visualized with the use of

multiple imaging modalities, and this helps determine

tumor staging and treatment planning and predict the

prognosis. In some studies, necrosis on imaging has the

highest accuracy in classification, and irregular borders

and gross invasion have been independently correlated

with pathologically proven extracapsular spread.14,15

However, the specificity of cross-sectional imaging for

ENE is high, and the sensitivity is low.14,15 In this study,

centrally necrotic nodes showed heterogeneous enhance-

ment on CECT, which was well correlated with patho-

logic ENE. Approximately 32% to 62% of SDC exhibit

distant metastasis.3 In general, 18F-fluoro-2-deoxygluco-

se�positron emission tomography (PET) is considered

complementary and sometimes superior to anatomic

imaging modalities for staging and restaging of salivary

gland malignancies.27 The use of PET/CT usually shows

SDC as a highly metabolic tumor and can be quite useful

for detecting regional and distant metastases.28 If SDC is

suspected, especially in patients with extensive nodal dis-

ease, PET/CT should be performed to rule out distant

metastasis.

Differential diagnosis
MEC is the most common malignant tumor of the sali-

vary glands. The imaging features of the tumor in this

investigation depended on the histologic type. Low-

grade and intermediate-grade MECs had well-defined

borders with a round form, which helped easily differ-

entiate them from SDCs. In contrast, high-grade

lesions tended to appear more ill-defined and aggres-

sive. However, invasion into adjacent tissues was sig-

nificantly less common in MEC than in SDC.

ACC, the second most common malignant salivary

gland tumor, originates from the parotid, submandibular,

and sublingual glands, as seen in the present study. There

was a significant sex difference between SDC and ACC

(P = .017). ACC presented heterogeneous enhancement

and ill-defined borders and sometimes exhibited LNM.

These findings are consistent with those reported previ-

ously.29,30 The CT numbers of SDC and ACC during

delayed-phase scanning may be useful in differentiating

them because we observed that SDC has significantly

greater attenuation compared with ACC (P = .031).

AcCC is a rare epithelial salivary gland tumor with a

longer growth duration. The mean age was approxi-

mately 44.2 years, which was significantly less than that

of patients with SDC (P = .008). In addition, AcCC had

a relatively equal sex distribution, with a slight female

predilection, whereas SDC had a clear male predilection

(P = .005). Sex and age, therefore, may be helpful in for-

mulating a differential diagnosis. The imaging character-

istics of AcCC were nonspecific and can present benign
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or malignant features. These findings are consistent with

those reported previously.31,32 Metastases to regional

lymph nodes has been reported in 10% to 19% of

patients,31,32 lower than the percentage of patients with

SDC and LNM. Our results confirm this finding, with

no AcCC exhibiting LNM.

Parotid tumors are the most frequent salivary

gland tumors, and approximately 20% to 25% are malig-

nant.33 In this study, high-grade parotid gland tumors

included 9 SDCs, 6 high-grade MECs, 4 solid type ACCs,

and 4 high-grade AcCCs. Clinically, they presented as

painful, movable masses. However, facial nerve palsy and

LNM were more common in SDC than in the other types

of parotid gland malignancies. With respect to sex distri-

bution, AcCC had a slight female predilection, whereas

SDC and ACC had a male predilection. Most SDCs were

located in the deep lobes, whereas most parotid high-

grade MECs and AcCCs were found in the superficial

lobes. Heterogeneous enhancement, ill-defined borders,

and invasion into adjacent tissues can be seen in all types

of malignant tumors. However, the frequency of invasion

of SDC was significantly greater than in the other neo-

plasms. SDC should be strongly considered when the

patient is an older male with a mass in the deep lobe of

the parotid gland that exhibits heterogeneous enhance-

ment with a cribriform necrosis pattern, invasion into

adjacent tissues, and LNM on CECT.

CONCLUSIONS
SDC is a rare, high-grade malignant tumor of the salivary

gland, characterized clinically by predilection for older

males and facial paralysis combined with a rapidly enlarg-

ing, painless or painful mass. The tumor predominantly

arises in the parotid gland, especially in the deep lobe.

The imaging findings on non�CECT are nonspecific.

CECT features often include a solid mass pattern; hetero-

geneous enhancement, sometimes with cribriform necro-

sis; ill-defined borders; infiltration into adjacent tissues;

and LNM with extranodal extension. The lesion is associ-

ated with comedonecrosis and ENE on histopathologic

evaluation. These features may be useful in formulating a

diagnosis of SDC. Multiphase CECT imaging with an

enhancement pattern may be a useful method in establish-

ing differential diagnoses in salivary gland tumors, espe-

cially for distinguishing SDC fromMEC and ACC.

SUPPLEMENTARY MATERIALS
Supplementary material associated with this article

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

oooo.2019.05.011.
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