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Abstract. The aim of the present study was to compare the 
diagnostic accuracy of fluorine‑18 fluorodeoxyglucose posi‑
tron emission tomography/computed tomography (F‑18 FDG 
PET/CT) with that of conventional imaging studies (CIS), such 
as CT or magnetic resonance imaging (MRI), in the clinical 
diagnosis and staging of submandibular and sublingual sali‑
vary gland tumors. In addition, the data obtained were used 
to evaluate the significance of maximum standardized uptake 
value (SUVmax) in diagnosing benign or malignant lesions. 
For the present study, 18  patients with submandibular or 
sublingual neoplasms underwent F‑18 FDG PET/CT imaging 
with accompanying CT or MRI. The diagnostic values from 
43 F‑18 FDG PET/CT scans and 28 CIS of the 18 patients 
were compared to the gold standard histopathological and/or 
cytopathological diagnosis. The results demonstrated that the 
diagnostic accuracy for predicting primary tumors was similar 
between F‑18 FDG PET/CT and CIS. By contrast, PET/CT 
imaging was more accurate in detecting lymph node metas‑
tasis compared with CT or MRI (95.4 vs. 66.7%). F‑18 FDG 
PET/CT had a sensitivity of 88.9% and a specificity of 97.1%, 
whereas CT or MRI had a sensitivity of 54.5% and a speci‑
ficity of 75.0%. F‑18 FDG PET/CT also enabled screening for 
distant metastasis, as observed in 10 cases in the present study. 
Furthermore, there were no significant differences in SUVmax 
between benign or malignant salivary gland lesions, as high 
glucose metabolism was also observed in benign tumors. In 
conclusion, F‑18 FDG PET/CT provides more accurate diag‑
nostic information for the evaluation of submandibular and 
sublingual salivary gland tumors as compared with CIS in 
terms of lymph node and distant metastasis.

Introduction

Salivary gland tumors are relatively rare neoplasms that 
comprise 6‑8% of all head and neck cancers  (1). These 
tumors are a widely heterogeneous group that differ in their 
anatomic site of origin, histology and clinical presentation. 
The parotid gland is the most frequent site of salivary gland 
tumors, accounting for 80‑85% of the cases (2). Of parotid 
gland tumors, 70‑85% are benign (2). Salivary gland tumors 
originate less frequently in the submandibular, sublingual and 
minor salivary glands (1). Furthermore, 40‑45% of subman‑
dibular gland tumors and 70‑90% of sublingual gland tumors 
are malignant (1). Salivary gland tumors are associated with 
a high mortality rate, which may be attributed by the fact that 
they are more prone to metastasize to distant sites compared 
with other head and neck cancers (2). The rate of metastasis 
is 20‑28% for submandibular and >90% for sublingual gland 
tumors (2‑4). It has been reported that regional and distant 
metastasis of salivary gland cancer are important prognostic 
indicators for survival post‑treatment (5).

Conventional imaging studies (CIS), such as computed 
tomography (CT) and magnetic resonance imaging (MRI), 
have been utilized to distinguish between benign and malignant 
lesions, but their results have been inconsistent (6‑8). Fluorine‑18 
fluorodeoxyglucose positron emission tomography (F‑18 FDG 
PET)/CT imaging has been gaining more recognition for having 
the potential to characterize neoplasms at the initial evaluation, 
as well as to reassess salivary gland tumors during subsequent 
follow‑up visits (9). CT is useful for identifying salivary gland 
lesions and calcifications within the lesions. However, the value 
of CT in defining tumor extent and differentiating neoplasms 
is limited due to its relatively poor soft tissue contrast (10). 
MRI, on the other hand, is better for tumor characterization. 
Its higher soft tissue resolution allows for better identification 
of the internal tumor characteristics, better definition of its size 
and margins, and determination of the presence of regional 
metastasis (10). However, MRI is costlier and its value in evalu‑
ating a large area of the body for metastasis is limited (11,12). 
In comparison, F‑18 FDG PET/CT is a non‑invasive imaging 
modality that offers unique information on neoplasms regarding 
their metabolic activity, anatomic localization and possible 
distant metastasis by scanning the whole body.
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Accurate TNM staging is important for the prog‑
nosis of submandibular and/or sublingual salivary gland 
cancers  (3,5,13). However, F‑18 FDG‑PET/CT is not yet 
included in recent National Comprehensive Cancer Network 
guidelines due to the rarity of these high‑risk salivary gland 
neoplasms  (14). To the best of our knowledge, there have 
yet been no studies on the diagnostic accuracy of F‑18 FDG 
PET/CT specifically for submandibular and sublingual gland 
tumors (15‑16). Therefore, the aim of the present study was to 
uncover the role of F‑18 FDG PET/CT in the management of 
submandibular and sublingual gland tumors compared with 
concurrent CIS, such as CT or MRI.

Patients and methods

Ethics approval and patient selection. Approval for this 
retrospective study was obtained from the Institutional Review 
Board. Patients were identified through a search of F‑18 FDG 
PET/CT dictation reports stored in the University Hospital 
database at the Advanced Imaging Center in University 
Hospital (Newark, USA) between 01/01/2010 and 06/30/2018. 
Patients who underwent a preoperative F‑18 FDG PET/CT 
for submandibular or sublingual salivary gland tumors with 
comparative CT or MRI were selected. In addition, 4 patients 
with postoperative F‑18 FDG PET/CT scans were included with 
comparative CT or MRI in subsequent follow‑up evaluations.

Subjects. A total of 18 patients with either submandibular 
or sublingual salivary gland tumors were selected from the 
University Hospital database between January 2010 and June 
2018. From the 18 subjects included in the analysis, a total 
of 43 F‑18 FDG PET/CT scans with contrast‑enhanced CT or 
MRI were obtained for this study (Table I). A total of 14 F‑18 
FDG PET/CT imaging studies were performed for initial 
diagnosis and cancer staging, while the remaining 29 imaging 
studies were performed to restage the disease and evaluate 
recurrence during the follow‑up period. The 29 restaging F‑18 
FDG PET/CT scans were performed on 8 patients.

The histopathological diagnoses included 5 mucoepider‑
moid carcinomas, 3 adenoid cystic carcinomas, 3 lymphomas, 
1  squamous cell carcinoma, 1 basal cell adenocarcinoma, 
1 submandibular duct carcinoma, 1 synovial cell sarcoma, 
2 pleomorphic adenomas and 1 lymphoid hyperplasia. The 
mean age of the patients was 58.1 years, with a standard 
deviation of 13.4 years. There were 6 men and 12 women. The 
majority of the tumors (72%) were from the submandibular 
gland, while 5 tumors (28%) were from the sublingual gland.

All patients without distant metastasis were treated with 
curative surgical resection. Patients diagnosed with malignant 
tumors were offered adjuvant or postoperative radiation. In 
addition, the 2 patients who presented with distant metastasis 
(lung, liver and/or lymph nodes) underwent chemotherapy.

FDG PET/CT protocol. Combined PET‑CT was performed 
using a PET‑CT scanner (Discovery LS; GE Healthcare) 
and standard techniques. The patients were fasted for at 
least 6 h prior to the examination and their blood glucose 
level was <250 mg/dl (normal, <200 mg/dl for non‑diabetic 
and <250 mg/dl for diabetic patients). The patients received 
a barium sulfate oral suspension (Readi‑CAT® 2; Bracco 

Diagnostics Inc.). No intravenous contrast agent was used. 
Spiral low‑dose CT (80 mA, 140 kV and 4 mm section thick‑
ness) was performed in the cranio‑caudal direction covering 
the areas from the vertex to the mid‑thigh for the purpose of 
attenuation correction and anatomic localization. Thereafter, 
an emission scan was performed in a reverse direction.

MIM imaging software, version  6.4 (MIM Software, 
Inc.) was used for image display and analysis. The 
whole‑body maximum‑pixel intensity projection was used 
for visual evaluation. The maximum standardized uptake 
value (SUVmax) of the lesions was recorded. SUVmax is 
reported to be a more accurate estimate of the true SUV 
compared with SUVmean (17). For this reason, the use of 
SUVmax is becoming increasingly more common. Studies 
have demonstrated that SUVmax is a robust metric for prog‑
nosis in certain cancers, and it may also be used to assess 
response to treatment (17‑22).

Image analysis. CT and MRI scans were interpreted by 
a radiologist who specializes in head and neck imaging. 
Intravenous contrast material was used in both types of 
imaging. The scans were analyzed by the extent of the salivary 
gland lesion, as well as any significant cervical lymph nodes, 
without any prior knowledge of the clinical findings. Primary 
salivary lesions were noted on extent, enhancement pattern 
and location. The regional lymph nodes of the head and 
neck were also evaluated on the basis of size and SUV value. 
Both CT and MRI are considered as acceptable methods to 
be used interchangeably in the evaluation of salivary gland 
tumors and anatomic imaging. The current literature states 
that cross‑sectional imaging, either CT or MRI, may be used 
to evaluate salivary gland tumors at the discretion of the 
attending physician (21). Our sample set included 41 CT and 
2 MRI scans from our patients that were used to compare to 
PET/CT studies. As the 2 MRIs are too small a sample to 
perform a separate statistical analysis, CT and MRI scans 
were pooled together.

All PET/CT studies were reviewed by a nuclear medicine 
physician who is experienced in interpreting head and neck 
imaging. The images were reviewed without having any 
knowledge of the clinical findings. The scans were initially 
reviewed for any abnormal uptake of F‑18 FDG in the salivary 
gland and neck lymph nodes by using the maximal uptake 
values with higher intensities compared with those of the 
surrounding tissues. Any abnormal location or asymmetry in 
the uptake of F‑18 FDG was also noted. The interpretation of 
the nuclear medicine physician was then revised based on the 
anatomic information of the uptake based on the combined 
F‑18 FDG PET/CT images.

Diagnostic workup. Histopathological and/or cytopathological 
diagnosis was obtained for all cases of F‑18 FDG PET/CT 
imaging that were included in the present study.

Statistical analysis. For initial lymph node staging and 
detecting locoregional recurrence, the sensitivity, specificity, 
positive predictive value (PPV), negative predictive value 
(NPV), and accuracy of PET/CT, CT or MRI were calculated 
by comparison with pathological findings and expressed as 
percentages. The confidence intervals (CIs) for diagnostic 
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accuracy are ‘exact’ Clopper‑Pearson CIs. P<0.05 was 
considered to indicate statistically significant differences.

Results

Patient characteristics. A total of 18  patient cases were 
analyzed in the present study, including 6 men and 12 women, 
with a mean age of 58.1±13.8  years (range, 38‑85  years). 
The characteristics of the patients included in the study are 
summarized in Table I. The findings of F‑18 FDG PET/CT 
and CT or MRI were characterized in groups of true positives, 
false positives, false negatives and true negatives. Detailed 
information on all the patients considered in the study are 
included in Table II.

Primary tumor detection. For predicting primary tumors, CT 
or MRI had a sensitivity of 93.3%, specificity of 75.0%, PPV of 
82.4%, and NPV of 90.0% (Table III). Comparatively, PET/CT 
scans had a sensitivity of 95.2%, specificity of 100.0%, PPV of 
100.0% and NPV of 95.7% (Table III). The diagnostic accu‑
racy of PET/CT imaging for primary tumor detection was 
97.7% (95% CI: 87.7‑99.9%), whereas the diagnostic accu‑
racy for CT or MRI for primary tumor detection was 85.2%  
(95% CI: 66.3‑95.8%). Thus, the diagnostic accuracy of 
both PET/CT and CIS for primary tumor detection was 

comparable and the difference was not statistically signifi‑
cant.

True negatives included patients who were scanned for 
staging or restaging purposes. Those patients underwent a 
CT or MRI within a 6 month time window of their PET/CT 
imaging. There were 20 true positives for primary tumor 
detection for PET/CT, whereas CT or MRI scans accurately 
detected the tumors in 14/20 scans. PET/CT confirmed or 
identified primary neoplasms, which were all corroborated by 
subsequent histopathological analysis.

A total of 22 PET/CT images were true negatives. These 
cases were follow‑ups for restaging. A total of 29 restaging 
scans were performed. Restaging was performed between 
1 and 8 years after treatment by clinical examination and 
imaging.

There was one false negative case on PET/CT: A case of 
submandibular adenoid cystic carcinoma, in which the lesion 
did not display increased SUV; however, the lesion was obvious 
on CT scan with an additional mass effect (Fig. 1A).

The false positive CT scans for primary tumor included 
one case with reported enlargement of the lymph nodes, 
which may be suggestive of malignancy, but a full evaluation 
was difficult without contrast; and another case of chronic 
sialadenitis, which was detected on PET/CT but was suggestive 
of malignancy on CT scan. The false negative CT scan was 

Table I. Patient characteristics (n=18).

Characteristics	 n (%)

Age (years), mean (standard deviation)	  58.1 (13.4)
Dose of FDG administered (mCi), mean (standard deviation)	 15.2 (2.0)
Blood glucose level (mg/dl), mean (standard deviation)	 109.4 (34.9)
Sex	
  Male	   6 (33)
  Female	 12 (67)
Gland affected	
  Sublingual	  5 (28) 
  Submandibular	 13 (72)
Disease (classification)	  
  Mucoepidermoid carcinoma (malignant)	 5 (28)
  Adenoid cystic carcinoma (malignant)	 3 (17)
  Lymphoma (malignant)	 3 (17)
  Squamous cell carcinoma (malignant)	 1 (6)
  Basal cell adenocarcinoma (malignant)	 1 (6)
  Submandibular duct carcinoma (malignant)	 1 (6)
  Synovial cell sarcoma (malignant)	 1 (6)
  Pleomorphic adenoma (benign)	 2 (11)
  Lymphoid hyperplasia (benign)	 1 (6)
Total malignant 	 15 (83)
Total benign 	   3 (17)
Purpose of PET/CT (n=43)	
  Staging	 14 (33)
  Restaging	 29 (67) 

FDG, fluorodeoxyglucose; PET, positron emission tomography; CT, computed tomography.
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unable to distinguish between inflammation and invasive 
submandibular duct carcinoma, whereas PET/CT was able to 
discriminate between the two.

Cervical lymph node metastasis. For predicting cervical 
lymph node metastasis, CT or MRI exhibited a sensitivity 
of 54.5%, specificity of 75.0%, PPV of 60.0% and NPV 
of 70.6% (Table  III), whereas PET/CT had a sensitivity 
of 88.9%, specificity of 97.1%, PPV of 88.9% and NPV 
of 97.1% (Table  III). The diagnostic accuracy of PET/CT 
imaging for detection of lymph node metastasis was 95.4% 
(95% CI: 84.2‑99.4%), whereas the diagnostic accuracy for 
CT or MRI was 66.7% (95% CI: 46.0‑83.5%). There is a 
statistically significant difference between PET/CT and CT 
for the evaluation of cervical lymph node metastasis, as the 
95% confidence intervals do not overlap. PET/CT was able to 
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Table III. Comparison of PET/CT and CT/MRI performance 
for primary tumor detection and cervical lymph node staging.

A, Performance for primary tumor detection

	 PET/CT	 CT/MRI
	------------------------------------------	------------------------------------------- 
Variables	 Positive	 Negative	 Positive	 Negative

Pathology			 
  Positive	 20	 1	 14	 1
  Negative	 0	 22	 3	 9
Sensitivity (%)	 95.2		  93.3	
Specificity (%)	 100.0		  75.0	
PPV (%)	 100.0		  82.4	
NPV (%)	 95.7		  90.0	
Accuracy (%)	 97.7		  85.2	
Confidence 	 87.7‑99.9		  66.3‑95.8
interval (%)	

B ,Performance for cervical LN staging

	 PET/CT	 CT/MRI
	------------------------------------------	------------------------------------------- 
Variables	 Positive	 Negative	 Positive	 Negative

Pathology				  
  Positive	 8	 1	 6	 4
  Negative	 1	 33	 5	 12
Sensitivity (%)	 88.9		  54.5	
Specificity (%)	 97.1		  75.0	
PPV (%)	 88.9		  60.0	
NPV (%)	 97.1		  70.6	
Accuracy (%)	 95.4		  66.7	
Confidence 	 84.2‑99.4%		  46.0‑83.5%
interval	

PET, positron emission tomography; CT, computed tomography; 
MRI, magnetic resonance imaging; PPV, positive predictive value; 
NPV, negative predictive value; LN, lymph node.
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detect lymph node metastasis 2 years postoperatively, whereas 
CT was unable to detect metastasis during surveillance 
in a 54‑year‑old man with synovial cell sarcoma of the left 
submandibular gland (Fig. 2).

In 9 of the 18 (50%) patients, PET/CT revealed F‑18 
FDG‑avid lymphadenopathy suspicious for metastases to the 
cervical lymph nodes. These findings would affect treatment 
options regarding surgical and/or radiation fields.

Distant metastasis. In 4 of the 18 patients of the cohort, the 
PET/CT findings included avid lymphadenopathy suspicious 
for metastasis to distant regions. There was 1 case of subman‑
dibular synovial cell carcinoma with metastasis to the lung, 
and 1 case of submandibular squamous cell carcinoma with 
multiple metastases to the lung and liver (Fig. 3). A table for 
distant metastases comparing PET/CT vs. CT or MRI was 
not included, as metastasis was only identified on PET/CT in 
4 patients in our sample. No further imaging was performed 
(in terms of CT or MRI) for distant metastasis to specific 
regions, such as the liver, lung, or heart in our patients.

Differentiating between benign and malignant tumors. Benign 
and malignant lesions in our study did not differ significantly 
in terms of SUVmax. The mean SUVmax for malignant 
lesions was 5.88, with a standard deviation of 4.25 (Table IV). 
This may be due to the fact that some benign tumors also 
have high glucose metabolism. Both false positive cases were 
pleomorphic adenomas. There were 2 cases of false positive 
F‑18 FDG PET/CT in primary tumor detection. Abnormally 

Figure 1. SUVmax is not correlated with malignancy. (A) Axial image of 
fluorine‑18 fluorodeoxyglucose positron emission tomography/computed 
tomography of a 45‑year‑old woman with a history of a left submandibular 
mass. The mass was later diagnosed as a malignant acinic cell carcinoma 
of the left submandibular gland with mild uptake (solid arrow, SUV 2.5). 
Interestingly, the intensity of the tumor SUV uptake is lower compared with 
that of the contralateral normal right submandibular gland (dashed arrow, 
SUV 5.0). (B) Axial image of fluorine‑18 fluorodeoxyglucose positron 
emission tomography/computed tomography of a 38‑year‑old woman with 
a benign pleomorphic adenoma (arrow), exhibiting a high SUV of 6.9. SUV, 
standardized uptake value.

Figure 2. Axial image of fluorine‑18 fluorodeoxyglucose PET/CT obtained 
2 years postoperatively in a 54‑year‑old man with a history of T1bN0Mx 
synovial cell sarcoma of the left submandibular gland. (A) This screening 
PET/CT was able to identify nodal metastasis in the (A) right IIA lymph node 
(arrow) and the (B) right IIIA lymph node (arrow), which was not detected 
on CT scan. PET, positron emission tomography; CT, computed tomography.

Figure 3. Axial image of fluorine‑18 fluorodeoxyglucose positron emission 
tomography/computed tomography performed for restaging of a 65‑year‑old 
man with a history of T1bN3Mx squamous cell carcinoma of the left subman‑
dibular gland. The diagnosis of metastatic/recurrent disease was made by 
the identification of multiple new fluorodeoxyglucose‑avid lesions. There 
was tumor recurrence and multiple metastatic lesions observed in the lungs, 
mediastinal lymph nodes and liver.
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increased F‑18 FDG uptake was suspicious of a malignant 
tumor, but subsequent biopsy and/or surgical resection and 
pathological examination did not identify malignancy. Both 
lesions displayed high SUVmax and were biopsied. They were 
found to be benign, but displayed high uptake of F‑18 FDG, 
and were finally diagnosed as pleomorphic adenoma and 
benign reactive lymphadenopathy. The scan of a 38‑year‑old 
woman with a 2.5x2.7‑cm mass with a SUVmax of 6.9, which 
was later pathologically diagnosed as a pleomorphic adenoma 
after excision, is shown in Fig. 1B.

Discussion

Submandibular and sublingual salivary gland tumors are rare 
head and neck tumors that only make up a small fraction of 
salivary gland tumors. CT or MRI have been widely used for 
the detection of the primary salivary gland tumors; however, 
other modalities, such as F‑18 FDG PET/CT, are also now 
being utilized. The aim of the present study was to uncover 
the role of F‑18 FDG PET/CT in the management of subman‑
dibular and sublingual salivary gland tumors compared with 
concurrent CIS, such as CT or MRI. The results revealed 
that F‑18 FDG PET/CT significantly improved the diagnostic 
accuracy for evaluating the extent of tumor invasion of the 
lymph nodes and tumor staging compared with CT or MRI 
alone for patients with submandibular or sublingual salivary 
gland tumors. The data also revealed that F‑18 FDG PET/CT 
imaging allowed for the evaluation of distant metastasis for 
such neoplasms. These results are consistent with those of 
other studies recommending whole‑body F‑18 FDG PET/CT 
imaging for detecting distant metastases (22‑24). Due to the 
rare nature of salivary gland tumors, the literature on subman‑
dibular and sublingual salivary gland tumors is scarce.

Promising data regarding the prognostic value and 
detection of metastasis with F‑18 FDG PET/CT imaging 
in salivary gland tumors were recently reported (25). In a 

systemic review of 22 studies, F‑18 FDG‑PET/CT was shown 
to be useful for staging malignant salivary gland tumors, in 
particular by detecting cervical lymph node and distant metas‑
tases in high‑grade tumors (26). Although the role of F‑18 
FDG PET/CT in the initial staging of salivary gland tumors 
remains controversial, early detection of distant metastases is 
a unique advantage of this imaging technique. It was recently 
demonstrated that the use of F‑18 FDG PET/CT for staging 
and restaging provides important information for treatment 
planning for patients with highly malignant salivary gland 
tumors (24).

Another goal of the present study was to evaluate the poten‑
tial of F‑18 FDG PET/CT in differentiating between benign 
and malignant submandibular tumors. The limitation with 
SUVmax analysis is the heterogeneity of the tumors. Different 
types of malignancies exhibit different tumor cell metabolic 
activity. It has been reported that benign Warthin gland tumors 
and pleomorphic adenomas have high SUVmax (23). Benign 
conditions, such as infections, obstructive lithiasis, postopera‑
tive changes and radiation‑induced sialadenitis, may also be 
associated with increased F‑18 FDG uptake in the salivary 
glands (23,27,28). Asymmetry of uptake is also considered to 
be suggestive of a possible malignancy, but it may be difficult 
to distinguish from asymmetrical uptake following surgery 
and radiation therapy.

Researchers have attempted to elucidate the parameters of 
PET/CT that may help differentiate between benign and malig‑
nant lesions, but without success. Studies on parotid gland 
tumors have included total lesion glycolysis, metabolic tumor 
volume, standardized added metabolic activity and normalized 
standardized added metabolic activity, but without significant 
differences in salivary gland lesions (29). Other approaches, 
including dual‑time‑point F‑18 FDG PET/CT, have also been 
considered, but there has been no conclusive evidence of the 
differences between benign and malignant salivary gland 
tumors (30). Therefore, PET/CT scans have not been shown 
to be useful in discriminating between benign and malignant 
salivary gland tumors (31). This may be due to the fact that 
benign tumors, such as Warthin's tumor and pleomorphic 
adenoma, may also present with high glucose uptake values on 
imaging due to the increased glucose metabolism (31).

Another difficulty of interpreting salivary gland F‑18 FDG 
PET/CT imaging results from the fact that intense F‑18 FDG 
tracer uptake is normally observed in the palatine tonsils, soft 
palate and lingual tonsils, while accumulation is variable in 
the sublingual and submandibular glands (32). It has been 
noted that the sublingual and submandibular glands exhibit 
low‑to‑moderate physiological uptake that varies among 
patients  (23,32). Structures such as the mucosa of the soft 
and hard palate, major salivary glands, minor salivary glands 
beneath the mucosa, head and neck muscles, brown adipose 
tissue, thyroid gland and cerebral cortex naturally display 
physiological F‑18 FDG uptake (23).

However, F‑18 FDG PET/CT imaging has the additional 
advantage that it is a whole‑body imaging modality, which 
is necessary for detecting distant metastases or secondary 
malignancies. Overall, F‑18 FDG PET/CT is sensitive in 
detecting the primary tumor (31,33) and it is also an accurate 
modality for staging and restaging malignant salivary gland 
tumors (15,31). Although F‑18 FDG PET/CT demonstrated 

Table  IV. Differentiation between benign and malignant 
lesions by SUVmax.

Diagnostic parameters	 Values

SUVmax in benign vs. malignant 
lesions, mean (SD)
  Malignant	 5.88 (4.25)
  Benign	 4 (3.58)
Performance of SUVmax
  Malignant, hot/cold (n)	 11/4
  Benign, hot/cold (n)	 2/1
  Sensitivity (%)	 73.3
  Specificity (%)	 33.3
  Accuracy (%)	 66.7
  Positive predictive value (%)	 84.6
  Negative predictive value (%)	 20.0

SUVmax, maximum standardized uptake value; hot, >SUVmax; 
cold, <SUVmax; SD, standard deviation.
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better diagnostic accuracy in the present study, the combined 
information obtained from F‑18 FDG PET/CT and other 
imaging modalities may enable more accurate characteriza‑
tion of the salivary gland lesion. F‑18 FDG PET/CT imaging, 
therefore, should be used in conjunction with other imaging 
modalities to verify the results. Biopsy and cytology remain 
crucial steps in the work‑up of sublingual and submandibular 
salivary gland tumors.

There were certain limitations to the present study: The 
study was retrospective in nature, with a small patient sample 
and heterogeneity of cases and primary tumors. Only 18 cases 
of sublingual or submandibular gland tumors were identified 
in our high‑volume academic institution over an 8‑year period, 
which reflects the rarity of this disease. Due to the retrospec‑
tive nature, there was little control over the work‑up flow of 
the tumors. There may be selection or referral bias regarding 
the decision to perform PET/CT, MRI, or CT imaging of the 
lesions. In addition, the heterogeneity of the tumors may also 
affect the results. Due to the retrospective nature of the study, 
the CIS that were analyzed were either CT or MRI rather than 
a single modality. In addition, no further CT or MRI scans 
were performed in patients with distant metastasis identified 
on PET/CT scans. Therefore, this aspect of diagnostic value 
for CT or MRI was not analyzed in the present study.

Furthermore, there have been correlations between PET/CT 
SUVmax and histology in other cancers, such as breast and 
pancreatic cancer (34,35). However, there is a limited number 
of reported cases of each histological type of malignant sali‑
vary gland tumor due to the rarity of malignant sublingual and 
submandibular salivary gland tumors. In the present study, 
there were only a few cases of each malignant histological 
type in our collection of data. Such data evaluation would have 
a limited power of analysis. Future studies with larger sample 
sizes may further explore the value of PET/CT SUVmax 
among different histological types of malignant salivary gland 
tumors.

In conclusion, the results of the present study indicate 
that F‑18 FDG PET/CT has a higher diagnostic accuracy 
compared with CIS for evaluating lymph node metastasis 
and may be useful for screening for distant metastasis (N 
and M staging) in patients with submandibular or sublingual 
salivary gland tumors. This non‑invasive imaging modality 
plays an important role in the visualization of the morphology 
and activity of the tumors, in order to establish a diagnosis, 
formulate a treatment plan, and initiate possible surgical 
intervention.
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