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18F-FDG PET and PET/CT have shown clinical usefulness in the
initial staging and follow-up of patients with salivary malig-
nancy. Therefore, we evaluated the utility of 18F-FDG PET in
preoperative staging, determining the extent of neck node in-
volvement, and surgical planning for patients with salivary duct
carcinoma (SDC) of the major salivary gland. Methods: We
evaluated 18 patients with SDC who were assessed by 18F-
FDG PET and CT before surgery. The sensitivity, specificity,
accuracy, and predictive values of CT and PET/CT for predict-
ing the primary tumor site and determining the extent of neck
node involvement at each dissected neck level were evaluated
by comparing imaging findings with pathologic nodal stage.
Results: The median maximum standardized uptake value of
the primary lesions and cervical nodes were 4.7 (range, 1.8–
12.1) and 5.8 (range, 1.7–13.0), respectively. The sensitivities
of 18F-FDG PET and CT for predicting the primary tumor site
were 100% (18/18) and 94.4% (17/18), respectively. In analyz-
ing cervical lymph nodes at 73 dissected neck levels, 18F-FDG
PET had a sensitivity of 76.1%, a specificity of 96.3%, a positive
predictive value of 97.2%, and a negative predictive value of
70.3%; the corresponding values for CT were 39.1%, 92.6%,
90.0%, and 47.2%, respectively. The sensitivity and negative
predictive value were significantly higher for 18F-FDG PET than
for CT (P , 0.001 and P 5 0.03, respectively).18F-FDG PET
determination of the extent of neck node involvement changed
the neck dissection regimen in 5 patients (27.8%). Conclusion:
SDC of the major salivary gland is a highly metabolic tumor with
high 18F-FDG uptake. 18F-FDG PET is useful for evaluating neck
node status and for determining surgical planning in patients
with major salivary gland SDC.
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Salivary duct carcinoma (SDC) is a rare, highly malig-
nant tumor arising from the ductal epithelium of the sali-
vary gland (1). Pathologically, SDC strongly resembles
intraductal and invasive mammary duct carcinoma, which
is why it was named SDC (1). Because the tumor is clin-
ically characterized by rapid progression, with early nodal
involvement and high rates of local recurrence, distant me-
tastases, and tumor-related deaths (2–4), aggressive treat-
ments are warranted. Because regional lymphatic spread is
common at the time of diagnosis (5–8), complete surgical
resection of the tumor and neck dissection, followed by
adjuvant locoregional radiotherapy, are generally recom-
mended in patients with SDC. Therefore, accurate evalua-
tion of the extent of disease in patients with SDC is
required to plan appropriate surgical therapy and the post-
operative radiotherapy field.

Salivary gland cancer has a different pathology from other
head and neck cancers, and although 18F-FDG PET/CT is
helpful in differentiating benign from malignant disease in
squamous cell head and neck cancer, several studies have
shown that it is less accurate in salivary gland cancers (9–
11). Recent studies, however, have shown that 18F-FDG PET
and PET/CT are clinically useful for the initial staging and
follow-up of patients with salivary malignancies (12–15).
Therefore, we evaluated the utility of 18F-FDG PET for pre-
operative staging, determination of the extent of neck node
involvement, and surgical planning for patients with SDC.

MATERIALS AND METHODS

Patients
Between January 2002 and July 2010, 29 patients with SDC were

treated at the Asan Medical Center; of these, 18 patients were
assessed by 18F-FDG PETand CT before surgery. Their clinical data,
tumor site, fine-needle aspiration biopsy (FNAB) results, pathologic
findings, and TNM classification (sixth ed.) (16) were obtained
through review of pathologic, radiologic, and surgical records.

The clinicopathologic features of the 18 patients are summa-
rized in Table 1. Fourteen were men (77.8%) and 4 were women
(22.2%). Median age at initial diagnosis was 58 y (range, 39–73 y).
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Tumors originated from the parotid gland in 11 patients (61.1%),
from the submandibular gland in 6 (33.3%), and from the sub-
lingual gland in 1 (5.6%).

All patients underwent complete surgical resection, including
total parotidectomy, total submandibular gland resection, and wide
excision for sublingual gland disease depending on the site of the
primary tumor. Neck dissection was performed in 16 patients
(88.9%). Supraomohyoid neck dissection (levels I–III) was per-
formed in 4 patients (22.2%) with clinically negative involvement
of neck nodes. Modified or radical neck dissection at levels I–V
(17) was performed in 11 patients (61.1%) with involvement of
multiple neck nodes or extracapsular nodal spread, and bilateral
neck dissection was performed in 1 patient (5.5%) with bilateral
nodal spread. In our institution, neck dissection was recommended
for patients with preoperatively diagnosed high-grade tumors of
the salivary gland (8): modified radical, radical, or extended rad-
ical neck dissection for patients cN-positive and supraomohyoid
neck dissection for patients cN-negative. Clinical neck evaluation
was performed through physical examination, 18F-FDG PET, and
CT before surgery. All patients received postoperative radiother-
apy, at a median dose of 60.4 Gy (range, 56–66 Gy), to the tumor
bed and ipsilateral neck nodes. Two patients received cisplatin-
based concurrent chemoradiation treatment, and 1 patient received
preoperative chemotherapy.

Integrated 18F-FDG PET Scans and
Contrast-Enhanced CT Scans

18F-FDG PET was performed using an ECAT HR1 scanner
(Siemens Medical Solutions USA, Inc.), which provided an axial

field view of 15.5 cm. All patients fasted for at least 6 h before
18F-FDG PET, and their blood glucose concentrations were mea-
sured; patients with diabetes mellitus were required to have con-
trolled blood glucose levels (,150 ng/mL) before scanning. Each
patient received an intravenous injection of approximately 555
MBq of 18F-FDG and rested for at least 1 h before 18F-FDG
PET. Sixty minutes after 18F-FDG injection, with the patient su-
pine, whole-body imaging was performed from the head to the
mid thigh. Data were reconstructed into coronal, sagittal, and
transverse sections and a 3-dimensional rotating projection. Visi-
ble lesions with increased tracer uptake were identified, and their
18F-FDG uptake was quantified. The maximum standardized up-
take value (SUVmax) was semiquantitatively analyzed according to
the equation SUV 5A/(ID/LBW), where A is the decay-corrected
activity in tissue (in MBq/mL), ID is the injected dose of 18F-FDG
(in MBq), and LBW is the patient’s lean body weight.

CT scans (Siemens Medical Solutions) of the head and neck
were acquired with a slice thickness of 3–5 mm. Patients were
placed supine, and contrast-enhanced axial images were obtained
parallel to the occlusal line from the skull base to the upper chest.

Image Interpretation
All imaging findings were retrospectively reviewed. The nu-

clear medicine physician and radiologist who reviewed the images
were aware of the patients’ clinical or FNAB data, which were pro-
vided by the referring physician, but unaware of any results of other
imaging studies. The nuclear medicine physician had more than
5 years of experience and interpreted the PET images by visual
analysis and determination of abnormal 18F-FDG uptake. Abnormal

TABLE 1
Clinicopathologic Characteristics of 18 Patients with SDC

Characteristic No. Median Range Percentage

Sex
Male 14 77.8
Female 4 22.2

Age (y) 58 39–73
Location
Parotid/submandibular/sublingual pathologic TNM stage (16) 11/6/1 61.1/33.3/5.6

T classification
T1/T2/T3/T4 3/7/5/3 16.7/38.9/27.8/16.6

N classification
N0/N1–2 1/17 5.6/94.4

M classification
M0/M1 18/0 100/0

Pathologic findings
Size of primary tumor (cm) 2.5 1.3–9
Lymphovascular invasion 11 61.1

Perineural invasion 7 38.9
Extraparenchymal invasion 11 61.1

Resection margin (positive, close) 11 61.1

Initial treatment
Surgery 1 radiotherapy 15 83.3
Surgery 1 radiotherapy 1 CT 3 16.7

Neck dissection
Yes 16 88.9

No 2 11.1

Treatment outcome
No evidence of disease 11 61.1
Alive with disease 1 5.6

Die of disease 6 33.3

Follow-up period (mo) 16 4–94
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uptake of 18F-FDG was defined as an accumulation outside the nor-
mal anatomic structures, or as higher uptake than background activity
or asymmetric uptake, which are not normally seen. The radiologist
specialized in interpreting the head and neck section of CT scans. CT
was evaluated for primary lesions of the salivary gland and regional
lymph nodes (18).

Statistical Analysis
The sensitivity, specificity, accuracy, and predictive values of

18F-FDG PET and CT for identifying the extent of neck node
involvement at each dissected neck level were evaluated by com-
paring imaging findings with pathologic nodal stage, with each
value calculated using statistical software (version 11.6.1; Med-
Calc Software). Statistical differences between the imaging mo-
dalities were analyzed using the McNemar test. P values of less
than 0.05 were considered statistically significant.

RESULTS

Pathologic Features

The median pathologic tumor size was 2.5 cm (range,
1.3–9 cm). Eight patients (44.4%) had pathologic stage T3/
T4 tumors, and 10 (55.6%) had pathologic stage T1/T2
tumors. Pathologic nodal involvement was observed in 17
patients (94.4%), with a median 13.0 metastatic nodes
(range, 1–68 nodes). Extraparenchymal invasion was ob-
served in 11 patients (61.8%), lymphovascular invasion in
11 (61.1%), and perineural invasion in 7 (38.9%) (Table 1).

Clinical Outcomes

The median follow-up period was 16 mo (range, 4–94
mo). Nodal recurrence was observed in 4 patients (22.2%)
at 3–13 mo (median, 8 mo). All nodal metastases developed

on the contralateral or undissected ipsilateral neck. There
was no neck node failure following postoperative radiation
treatment after neck dissection. Distant metastasis devel-
oped in 7 patients (38.9%) after a median of 8 mo (range,
3–18 mo), with the most common site being the lungs,
followed by the bones and liver. Six patients (33.3%) died
of distant failure, whereas 1 (5.6%) with distant metastasis
remained alive with stable disease after palliative chemo-
therapy. At the time of evaluation, 11 patients (61.1%)
remained alive with no evidence of disease (Table 1).

18F-FDG PET Findings

Patient characteristics and 18F-FDG PET, CT, and FNAB
findings before surgery are summarized in Table 2. FNAB
performed on 18 patients correctly classified 18 lesions
(100.0%) as malignancies, including 3 (16.7%) diagnosed
as SDC, 8 (44.4%) as high-grade carcinoma, 1 (5.5%) as
large cell carcinoma, and 1 (5.5%) as low-grade carcinoma,
with tumor grade not determined in 5 patients (27.8%).

18F-FDG PET identified all 18 primary tumor sites in
patients with SDC (Fig. 1). The median SUVmax of the
primary lesions was 4.7 (range, 1.8–12.1), and the median
SUVmax of the cervical nodes was 5.8 (range, 1.7–13.0).
Subsite analysis showed that the median SUVmax of the
parotid, submandibular, and sublingual glands was 4.3
(range, 1.8–12), 4.7 (range, 3–12), and 5.9, respectively
(Table 3).

Cervical lymph nodes were dissected at 73 neck levels,
and each neck node was analyzed to determine its di-
agnostic value (Tables 4 and 5). 18F-FDG PET had a sensi-

TABLE 2
Each Patient’s Detail

Patient
no.

Age
(y)

Tumor
site

Primary lesions
Primary
SUVs

Neck node
SUVs

Tumor
sizeSex PET CT FNAB Metastasis Status

1 67 M PRT 1 1 H-G ca 1.8 NU 2.5 NED

2 57 F SL 1 1 L-G ca 4.7 5.9 9 T, N, M DOD

3 46 F PRT 1 1 Metastatic carcinoma 8 8 2.5 NED
4 40 M PRT 1 1 H-G ca 4.9 5.2 2.3 N, M DOD

5 62 M PRT 1 1 Carcinoma 3.5 1.7 4.8 NED

6 64 M PRT 1 1 H-G ca 8.3 1.7 4 NED

7 66 M SMG 1 1 Carcinoma 4.6 6.8 1.7 M DOD
8 49 M PRT 1 1 H-G ca 4 2 6 NED

9 56 M PRT 1 1 H-G ca 5.7 NU 2 NED

10 73 M SMG 1 1 SDC 12.1 NU 1.5 NED
11 60 F SMG 1 1 SDC 10.7 13 3.7 N, M DOD

12 50 M SMG 1 1 SDC 7.2 7.2 5.5 NED

13 65 M PRT 1 - L-C ca 2.2 3 1.3 M DOD

14 64 M PRT 1 1 H-G ca 2 2 3.1 M DOD
15 72 M SMG 1 1 MEC 3.2 5 2.7 T, N, M AWD

16 69 F PRT 1 1 NSC 4.3 8.6 2.2 NED

17 47 M SMG 1 1 H-G ca 4.7 5.8 1.8 NED

18 39 M PRT 1 1 H-G ca 11.8 10 2.7 NED

PRT5 parotid gland; H-G ca5 high-grade carcinoma; NU5 no uptake; NED5 no evidence of disease; SL5 sublingual gland; L-G ca5
low-grade carcinoma; DOD5 die of disease; SMG 5 submandibular gland; SDC 5 salivary duct carcinoma; L-C ca 5 large cell carcinoma;

MEC 5 mucoepidermoid carcinoma; AWD 5 alive with disease; NSC 5 non–small cell carcinoma.
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tivity of 76.1%, a specificity of 96.3%, a positive predictive
value of 97.2%, and a negative predictive value of 70.3%;
the corresponding values for CT were 39.1%, 92.6%,
90.9%, and 47.2%, respectively. The sensitivity and nega-
tive predictive value were significantly higher for 18F-FDG
PET than for CT (P , 0.001 and P 5 0.03, respectively).

18F-FDG PET determination of extent of neck node in-
volvement led to changes in the elective neck dissection
regimen in 5 patients (27.8%): 4 patients (22.2%) from
supraomohyoid neck dissection to radical neck dissection
and 1 (5.6%) from ipsilateral neck dissection to bilateral
neck dissection. In the former 4 patients, 18F-FDG PET
showed increased standardized uptake value in multiple
ipsilateral neck nodes, whereas CT showed normal findings.
Modified or radical neck dissection showed pathologic in-
volvement of multiple levels of neck nodes (Fig. 2). The
fifth patient showed increased 18F-FDG uptake by both
contralateral and ipsilateral neck nodes, whereas CT
showed normal findings in the corresponding contralateral
neck nodes. This patient underwent bilateral neck dissec-
tion and was found to have N2c disease.

DISCUSSION

SDC is a rare malignancy, estimated to constitute 1%–
3% of all malignant salivary gland tumors (7), which devel-
ops predominantly in the parotid glands of elderly men.
This malignancy has an aggressive clinical course, with
a significant mortality rate of 45%–77% caused by distant

dissemination, and frequently presents with lymphatic
spread at the time of diagnosis (5,6,19,20). In agreement
with previous findings, we observed a high incidence of
nodal involvement and a high malignancy-associated death
rate in patients with SDC. Management of patients with
SDC should therefore be aggressive, including complete
surgical resection of the tumor and neck dissection, fol-
lowed by adjuvant locoregional radiotherapy. Proper man-
agement therefore requires accurate information about the
primary site and the extent of tumors.

18F-FDG PET has shown greater accuracy than conven-
tional imaging in evaluating patients with head and neck
malignancies (21–23), including those with squamous cell
carcinomas and lymphomas. 18F-FDG PET is therefore now
used for initial staging, management of recurrent cancers,
and therapeutic monitoring (9,24,25). In agreement with
previous results, we found that adding 18F-FDG PET in-
formation to CTwas useful in detecting primary tumor sites
and in determining the extent of neck node involvement.
Because salivary gland malignancies have relatively low
18F-FDG uptake, they can be easily obscured by the normal
physiologic uptake of 18F-FDG, with a reported mean
SUVmax ranging from 1.87 to 3.20 (23). Generally, in our
institution, the mean SUVmax 6 SD is lower for salivary
gland malignancies (3.8 6 2.1) than for squamous cell
carcinomas of the upper aerodigestive tract (7.5 6 3.4)
(14). In the present study, we also found that the SUVmax

of 3 lesions was less than 3.0. These 3 patients, however,
showed 18F-FDG uptake by multiple neck nodes or were
diagnosed with high-grade carcinoma by FNAB. Therefore,
18F-FDG PET in patients with salivary gland tumors may be
more useful in treatment planning than in distinguishing
between benign and malignant tumors.

As salivary gland tumors are relatively rare in the head
and neck region, only a few studies have assessed the
usefulness of 18F-FDG PET or PET/CT in patients with
such tumors (9,10,12,14,15,26–28). 18F-FDG PET has
shown relatively low accuracy in differentiating malignant
from benign disease (9–11,27), especially because of the
high SUV of Warthin tumor. However, 18F-FDG PET or
PET/CT has been shown useful for initial staging or restag-
ing of salivary gland malignancies (12,14,15,28). In patients
with high-grade salivary gland cancers, 18F-FDG PET/CT

TABLE 3
Primary Site and Lymph Node SUV

SUV

Tumor F-FDG uptake Median Range

Primary tumor 4.7 1.8–12

Parotid gland (n 5 11) 4.3 1.8–12
Submandibular gland (n 5 7) 4.7 3–12

Sublingual gland (n 5 1) 5.9
Lymph nodes 5.8

FIGURE 1. Imaging findings of 65-y-old man with slow-growing

mass in left preauricular area. (A) CT image showing no enhancing

lesion in left parotid gland. (B and C) 18F-FDG PET image showing
focal 18F-FDG uptake by left parotid gland (SUVmax 5 2.2) and by

left side neck level II (SUVmax 5 3.0). Final pathology showed sali-

vary duct carcinoma of parotid gland and level II neck node.
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was found to be highly accurate in predicting the pathologic
extent of primary tumors and of neck nodes on a level-by-
level basis, with a positive predictive value of 97.6%, com-
pared with 86.0% on CT alone (15). In an examination of
55 salivary gland cancers, 18F-FDG PET had a sensitivity of
74.4% and a specificity of 100% (28). Another study
showed that 18F-FDG PET results affected treatment plan-
ning in patients with salivary gland malignancies, changing
initial treatment planning in 34% of patients and salvage
treatment after recurrence in 30% (14). The results pre-
sented here are consistent with these previous findings
(12,14,15,28) in that our analysis of cervical lymph nodes
at 73 neck levels found that 18F-FDG PET had significantly
higher sensitivity and negative predictive values than CT.
More importantly, the information obtained from 18F-FDG
PET had a clinical impact in that it determined the type of
neck dissection in 5 patients (27.8%), with pathologic find-
ings in these patients consistent with 18F-FDG PET results.
In the present study, we did not specifically describe the

utility of 18F-FDG PET for the follow-up of patients with
SDC. However, because the most common pattern of failure
is known to be distant metastasis in patients with SDC
(8,19,29) and because it often occurs early, follow-up with
18F-FDG PET is likely to be helpful for early detection of
distant metastases and for evaluation of treatment response.
We usually recommended a follow-up 18F-FDG PET study
at 12 wk after postoperative radiation treatment, when
locoregional recurrence was found by clinical examination
or by follow-up head and neck imaging with CT or MRI, or

when follow-up chest radiography or bone scanning showed
suggestive abnormalities.

This study had several limitations, including a small
number of patients and the fact that 18F-FDG PET was not
routinely performed for all patients with SDC during the
study period. However, SDC is quite rare, and our use of
18F-FDG PET for staging work-up of 18 patients may pro-
vide important information for the management of patients
with SDC.

CONCLUSION

We found that 18F-FDG PET was effective for detecting
primary sites and the extent of neck node involvement in
patients with SDC. This modality may provide useful pre-
operative information for surgical planning in patients with
SDC.
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TABLE 4
Analysis of PET and CT for Neck Dissection

CT PET/CT

Parameter

True-

positive

False-

positive

False-

negative

True-

negative

True-

positive

False-

positive

False-

negative

True-

negative

Neck node level
I 5 0 5 6 7 0 3 6
II 9 1 4 2 13 1 0 2

III 3 1 7 5 7 0 3 6

IV 1 0 5 6 2 0 4 6
V 0 0 6 6 5 0 1 6

Contralateral neck 1 1 0
Total 18 2 28 25 35 1 11 26

TABLE 5
Sensitivity, Specificity, and Predictive Values for PET and CT for Neck Dissection

CT PET/CT

Parameter Percentage 95% confidence interval Percentage 95% confidence interval P

Sensitivity 39.1 25.1–54.6 76.1 61.2–87.4 ,0.001

Specificity 92.6 75.7–99.1 96.3 81.0–99.9 Not significant

Positive prognostic value 90.0 68.3–98.9 97.2 85.9–99.9 Not significant
Negative prognostic value 47.2 33.3–61.4 70.3 53.0–84.1 0.03
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FIGURE 2. (A) Transaxial 18F-FDG PET image of 62-y-old man

with SDC of right parotid gland, showing focal 18F-FDG uptake by
right neck level V. (B) CT image showing no significant lymph nodes

at same neck level. On basis of results of 18F-FDG PET, type of neck

dissection was changed from supraomohyoid to modified or radical.

Pathology showed metastatic carcinomas of neck levels I to V.
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