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Abstract
Purpose  Subclinical lymph node (LN) metastasis is associated with poor survival outcome in oral cavity squamous cell 
carcinoma (OCC), which alleges elective neck LN dissection. Preoperative detection of metastatic LNs may improve prog-
nosis and proper management of OCC. We examined the clinical usefulness of fluorine 18-fluorodeoxyglucose (18F-FDG) 
positron emission tomography (PET)/computed tomography (CT) for the detection of occult neck LN metastasis in OCC 
patients in comparison with conventional CT/magnetic resonance (MR) imaging.
Methods  A total of 178 OCC patients with negative neck palpation findings were assessed prospectively with 18F-FDG PET/
CT and CT/MR imaging. Histopathological analyses of neck dissection samples served as reference. Diagnostic values of 
18F-FDG PET/CT versus CT/MR imaging were compared with the McNemar test and logistic regression with generalized 
estimating equations.
Results  Forty-two patients (23.6%) had metastasis in 44 sides and 58 levels of the neck. The sensitivity for detection of 
occult metastasis was higher for 18F-FDG PET/CT than that for CT/MR imaging on a per-patient (69.1% vs 35.7%), per-side 
(70.5% vs 36.4%), and per-level (62.1% vs 29.3%) basis (all P ≤ 0.001). However, the specificity for metastatic detection was 
higher for CT/MR imaging than that for 18F-FDG PET/CT (all P < 0.005). 18F-FDG PET/CT improved detection of occult 
metastasis up to 33.4% in these patients compared to CT/MR imaging.
Conclusions  18F-FDG PET/CT can better detect occult neck metastasis than CT/MR imaging, which may potentially impact 
the clinical management of OCC patients.
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Introduction

Oral cavity squamous cell carcinoma (OCC) can spread to 
regional neck lymph node (LN) through the lymphatic drain-
age (Farmer et al. 2015). An early study reported that the 
rate of subclinical neck metastasis was 34% in patients with 
clinically LN-negative (cN0) OCC (Shah et al. 1990). Meta-
static LNs are predominantly found in cervical levels I–III 
(Shah et al. 1990). Metastasis to LNs of cervical level IV 
or V is less common, particularly in patients with clinically 
LN-positive (cN+) OCC (Shah et al. 1990). Regional metas-
tasis of OCC is an ominous factor associated with increased 
recurrence and disease-specific and overall death (D’Cruz 
et al. 2015; Ho et al. 2017). Neck metastasis confers up to 
50% decrease of overall survival along with increased meta-
static LN burden (Ho et al. 2017). Occult neck metastasis, 
only pathologically defined upon histological examination 
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of elective neck dissection samples, is also a poor prognostic 
factor in OCC cN0 patients (Mucke et al. 2014). Therefore, 
an elective neck dissection has been advocated, rather than 
a watchful waiting approach, until therapeutic neck dissec-
tion, even in early stage OCC cN0 patients (D’Cruz et al. 
2015; Dik et al. 2016; Joo et al. 2019; Joo and Koo 2019). 
However, additional neck dissection may cause surgical 
morbidities; it is thus being avoided in up to 70% of patients 
(Shah et al. 1990), and sentinel LN biopsy has been applied 
for staging and surgical management of OCC cN0 patients 
(Schilling et al. 2015, 2017).

Neck metastasis of OCC may be preoperatively detected 
with contrast-enhanced computed tomography (CT), mag-
netic resonance (MR) imaging, fluorine 18-fluorodeoxyglu-
cose (18F-FDG) positron emission tomography (PET)/CT, 
and single photon emission CT. (Arya et al. 2014). 18F-FDG 
PET/CT is being actively performed to assess initial stag-
ing and treatment responses and for post-treatment selection 
and prognosis (Evangelista et al. 2014; Manca et al. 2016; 
Chong et al. 2017). The combined use of 18F-FDG PET with 
CT has enhanced the anatomic delineation of metabolic 
lesions (Pelosi et al. 2004) and facilitated the evaluation of 
both the metabolic and anatomic characteristics of meta-
static diseases (Ceylan et al. 2018). Previous studies have 
shown the superior sensitivity of 18F-FDG PET or PET/CT 
to CT/MR imaging for the detection of neck LN metastasis 
in OCC patients, including both cN0 and cN+ neck dis-
eases (Ng et al. 2005; Roh et al. 2007). However, the limited 
sensitivity for detection of small metastatic deposits and a 
relatively high number of false-positive findings has been 
reported in cN0 patients with OCC or other head and neck 
cancer (Schöder et al. 2006; Kim et al. 2019). Therefore, 
the diagnostic value of 18F-FDG PET/CT should be further 
examined in prospective settings against other conventional 
imaging modalities. Herein, we examined the clinical use-
fulness of 18F-FDG PET/CT for the detection of occult neck 
metastasis in OCC patients in comparison with conventional 
CT/MR imaging.

Materials and methods

Study patients

This prospective study included OCC patients who under-
went surgery between September 2010 and August 2017. 
Patients received prospective imaging evaluation of whole 
body 18F-FDG PET/CT and CT/MR imaging within 3 
weeks before primary surgery. OCC patients with negative 
palpation findings were considered for detection of occult 
LN metastasis with 18F-FDG PET/CT and CT/MR imag-
ing. Exclusion criteria were patients with pathologies other 
than squamous cell carcinoma, a previous history of head 

and neck cancer, neck surgery or irradiation, and refusal 
of preoperative imaging workups. Tumor was staged using 
the tumor-node-metastasis staging system proposed by the 
American Joint Committee on Cancer (7th ed.). This study 
was reviewed and approved by the institutional review board 
and informed consent from each patient was obtained.

Patients underwent complete extirpation of tumor and 
elective neck dissection. Primary tumor was removed with 
tumor-free margins more than 1–1.5 cm and all resection 
margins and beds were confirmed as tumor-free with intra-
operative frozen section examinations. Deficits of the oral 
cavity following tumor resection were primarily closed 
or reconstructed with regional or free flaps. All patients 
underwent elective dissection of LNs levels I to III or IV 
on the affected neck side or on both neck sides, if tumors 
were located on median or bilateral sides. Cervical level V 
was dissected in patients with advanced tumor classifica-
tion. Neck dissection samples were divided along the neck 
sides and levels and sent for histological examination. All 
tumor and neck dissection samples were stained with hema-
toxylin–eosin and examined by a board-certified patholo-
gist with clinical experience over 30 years. LN tissues were 
serially sectioned every 50 μm and occasionally stained with 
cytokeratin immunohistochemistry to identify small occult 
metastasis.

Imaging studies and interpretation

All patients underwent 18F-FDG PET/CT and CT/MR imag-
ing at initial staging within 3 weeks before surgery. The 
three different imaging studies were acquired within 2 days. 
Patients underwent 18F-FDG PET/CT scanning with dif-
ferent PET/CT equipment using a Biograph Sensation 16 
(BIO16)/TruePoint 40 (BIO40) system (Siemens Medical 
Systems, Knoxville, TN, USA) or Discovery STE 8 (DSTE)/
Discovery 690 (D690) system/Discovery 710 (D710) (GE 
Healthcare, Milwaukee, WI, USA). Median blood glucose 
levels were 96 mg/dL (range 63–135 mg/dL) prior to intra-
venous injection of median 440 MBq (range 290–620 MBq) 
followed by PET scanning. PET attenuation correction and 
image fusion were obtained using non-contrast-enhanced 
CT scans (100 mAs, 120 kV, 5 mm section width, and 0.75 
mm collimation). Caudocranial PET emission scans were 
obtained with 2 min (for BIO40, D690, and D710) or 2.5 
min (for BIO16 and DSTE) acquisition times per bed posi-
tion with five to eight bed positions for the whole body and 
5 min per bed position with two bed positions for the head 
and neck. PET data were reconstructed using CT-based 
attenuation correction, an iterative reconstruction algorithm 
(two iterations, 16 subsets for BIO16; three iterations, 21 
subsets for BIO40; two iterations, 20 subsets for DSTE8; 
and four iterations, 18 subsets for D690 and D710), and a 
post-reconstruction smoothing Gaussian filter (full width 
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at half-maximum = 4  mm). Images were reconstructed 
with a 168 × 168 matrix (pixel size = 5.3 mm). FDG PET/
CT images were reviewed with a viewing platform (Syngo 
MMWP VE40A and Syngo VE32E; Siemens Medical Sys-
tems, Erlangen, Germany).

All patients underwent both contrast-enhanced CT and 
MR imaging. CT scanning was performed on several com-
mercially available CT systems with multi-detector capa-
bilities and 64–128 channels (Siemens Medical Solutions, 
Erlangen, Germany). Contrast-enhanced CT images were 
obtained 70 s after intravenous injection with a 140-mL 
bolus of non-ionic iodinated contrast material (iopamidol, 
Isovue-370; Bracco Diagnostics, Princeton, NJ). Imag-
ing was performed with the following parameters: section 
thickness, 3 mm; field of view, 22 cm; 120 kV; 200 mA; 
matrix, 256 × 256. MR imaging was performed with a 3-T 
unit MR machine (Achieva, Philips Medical Systems, Best, 
the Netherlands) with a slice thickness of 3 mm in the axial, 
coronal, and sagittal projections from the skull base to the 
upper chest. Subsequently, T1-weighted post-gadolinum 
with fat-suppressed images were sequentially obtained with 
the following parameters: T1-weighted turbo-spin echo 
sequence (TR/TE, 600/8.8 ms; FOV, 230 × 190 mm; matrix, 
512 × 512) and T2-weighted turbo-spin echo sequence 
(TR/TE, 4100/100 ms; FOV, 230 × 190 mm; matrix size, 
512 × 512). Images were acquired in the axial, sagittal, and 
coronal planes with 3 mm section thickness. Post-contrast 
images were acquired 3–8 min after IV contrast administra-
tion using gadoterate meglumine (0.1 mmol/kg; Dotarem; 
Guerbet, Paris, France).

18F-FDG PET/CT images were interpreted by two board-
certified nuclear medicine physicians with clinical experi-
ence over 10 years and disagreements were resolved by 
consensus. Abnormal 18F-FDG uptakes in the neck were 
carefully interpreted relative to the background and to 
blood-pool activity. Foci with increased 18F-FDG uptake 
were graded from 1 to 4, with grades 3 and 4 indicating 
LN metastasis. Foci were separately described in neck sides 
and levels, based on visual and semiquantitative analyses of 
abnormal 18F-FDG uptakes without strict cutoffs of stand-
ardized uptake values. CT and MR images were interpreted 
in combination by two radiologists with clinical experience 
over 10 years and disagreements were resolved by consen-
sus. Neck LNs were graded using the same four-point scale, 
separately at neck sides and levels. The 18F-FDG PET/CT 
and CT/MR images were separately interpreted by different 
physicians from different departments without information 
on other imaging results.

Statistical analysis

Histological nodal findings after neck dissection were con-
sidered as a reference, to compare the results on occult neck 

metastasis between 18F-FDG PET/CT and CT/MR imaging. 
Sensitivity, specificity, accuracy, positive predictive value 
(PPV), and negative predictive value (NPV) of each imag-
ing method were calculated, for identification of neck LN 
metastasis. 18F-FDG PET/CT and CT/MR imaging were 
compared in terms of sensitivity and specificity using the 
McNemar test. The comparison of the diagnostic values 
between 18F-FDG PET/CT and CT/MRI at a per-side and 
a per-level basis was performed with logistic regression 
using generalized estimating equations that accounted for 
the clustering of observations within patients. To compare 
between imaging procedures in terms of their diagnostic 
performances for total detection of occult metastatic LNs, 
receiver operating characteristic (ROC) curves were gener-
ated using a four-point scale and the area under the ROC 
curve (AUC) was then calculated. Comparison of the AUC 
was performed using block bootstrap resampling in R pack-
age version R 2.14.0 (The R Project for Statistical Comput-
ing, http://www.r-proje​ct.org) and analyzed using package 
“pcvsuite” in R. All tests were two-sided and P < 0.05 was 
considered statistically significant. All statistical analyses 
were performed using the IBM SPSS software version 24.0 
(IBM, Armonk, NY).

Results

A total of 178 patients were included in this study. The 
characteristics of the patients are summarized in Table 1. 
Tumor site included the oral tongue (n = 141, 83.1%), fol-
lowed by the mouth floor (n = 14, 7.9%); buccal region, hard 
palate, and lip (n = 4 each, 2.2%); gingiva (n = 3, 1.7%); and 
retromolar trigone (n = 1, 0.6%). Median size and invasion 
depth of tumors were 1.8 cm (range 0.2–6.8 cm) and 0.6 cm 
(0.1–3.1 cm), respectively. Among 178 patients, 149 (83.7%) 
were in early T1 or T2 classification. Postoperative radio-
therapy or chemoradiotherapy was performed in 59 (33.2%) 
patients.

LNs in neck levels I to III were dissected in all 178 
patients. Additionally, LNs in neck levels IV and V were 
dissected in 50 (28.1%) and 31 (17.4%) patients, respec-
tively. Bilateral neck levels I to III were dissected in 21 
(11.8%) patients. Therefore, 199 LNs from neck sides and 
678 from all levels were dissected from all patients. A total 
of 6498 neck LNs was harvested, 76 (1.2%) of which were 
pathologically positive. The median number of harvested 
LNs was 33 (range 14–108). A single positive LN (N1) was 
found in 26 (14.6%) patients and two or three positive LNs 
(N2) were found in 16 (9.0%). Two patients had bilateral 
neck metastases (N2c). Finally, pathological LN metastasis 
was confirmed in 42 (23.6%) patients at 44 sides and 58 
levels of the neck. The median size of metastatic LNs in the 

http://www.r-project.org


240	 Journal of Cancer Research and Clinical Oncology (2020) 146:237–244

1 3

longest diameter was 0.6 cm (range 0.1–1.8 cm). Micro-
scopic extranodal extension was found in six (3.3%) patients.

Table 2 shows the comparison of 18F-FDG PET/CT ver-
sus CT/MR imaging for the detection of occult neck metas-
tasis. 18F-FDG PET/CT showed higher sensitivity than CT/
MR imaging on a per-patient (69.1% vs 35.7%, P = 0.001), 
per-side (70.5% vs 36.4%, P < 0.001), and per-level (62.1% 

vs 29.3%, P < 0.001) basis. However, the specificity for 
metastatic detection was higher for CT/MR imaging than 
18F-FDG PET/CT on a per-patient (89.0% vs 77.9%, 
P = 0.001), per-side (89.7% vs 78.7%, P < 0.001), and per-
level (96.8% vs 89.2%, P < 0.001) basis. The area under 
the ROC curve showed that the diagnostic performance 
for total detection of occult neck metastatic LNs was 

Table 1   Patient characteristics 
(n = 178)

CRT​ postoperative chemoradiation therapy, RT postoperative radiation therapy, pTNM pathological tumor-
node-metastasis stage proposed by the American Joint Committee on Cancer (AJCC, 7th ed., 2010)

Variable n %

Sex, men/women 119/59 66.9/33.1
Median age, years (range) 53 (20–84)
Site of tumor
 Tongue 148 83.1
 Mouth floor 14 7.9
 Buccal 4 2.2
 Hard palate 4 2.2
 Lip 4 2.2
 Gingiva 3 1.7
 Retromolar trigone 1 0.6

Median size of tumor, cm (range) 1.8 (0.2–6.8)
Median depth of tumor invasion, cm (range) 0.6 (0.1–3.1)
pTNM classification
 T1/T2/T3/T4 100/49/2/27 56.2/27.5/1.1/15.2
 N0/N1/N2b/N2c 136/26/14/2 76.4/14.6/7.9/1.1
 Overall I/II/III/IV 87/31/25/35 48.9/17.4/14.0/19.7

Treatment
 Surgery alone 119 66.9
 Surgery plus RT/CRT​ 45/14 25.3/7.9

Table 2   Relationship between CT/MR imaging and 18F-FDG PET/CT results and neck histopathology findings

FN false negative, FP false positive, NPV negative predictive value, PPV positive predictive value, TN true negative, TP true positive
*McNemar test
† Logistic regression using GEE (Generalized Estimating Equations) that accounted for the clustering of observations within patients

Imaging No. patients Percentage (95% confidence interval)

TP FP FN TN Sensitivity Specificity Accuracy PPV NPV

Patients (n = 178)
 CT/MR 15 15 27 121 35.7 (21.6–52.0) 89.0 (82.5–93.7) 76.4 (69.5–82.4) 50.0 (34.8–65.2) 81.8 (78.0–85.0)
 PET/CT 29 30 13 106 69.1 (52.9–82.4) 77.9 (70.0–84.6) 75.8 (68.9–81.9) 49.2 (39.9–58.5) 89.1 (83.7–92.8)
 P value* 0.001 0.003 1.000

Neck sides (n = 199)
 CT/MR 16 16 28 139 36.4 (22.4–52.2) 89.7 (83.8–94.0) 77.9 (71.5–83.5) 50.0 (35.3–64.7) 83.2 (79.8–86.2)
 PET/CT 31 33 13 122 70.5 (54.8–83.2) 78.7 (71.4–84.9) 76.9 (70.4–82.6) 48.4 (39.6–57.3) 90.4 (85.5–93.7)
 P value† < 0.001 0.001 0.880

Neck levels (n = 678)
 CT/MR 17 20 41 600 29.3 (18.1–42.7) 96.8 (95.1–98.0) 91.0 (88.6–93.1) 46.0 (32.1–60.5) 93.6 (92.5–94.5)
 PET/CT 36 67 22 553 62.1 (48.4–74.5) 89.2 (86.5–91.5) 86.9 (84.1–89.3) 35.0 (28.4–42.1) 96.2 (94.8–97.2)
 P value† < 0.001 < 0.001 0.003



241Journal of Cancer Research and Clinical Oncology (2020) 146:237–244	

1 3

significantly better for 18F-FDG PET/CT than CT/MRI: 
0.780 (95% CI 0.695–0.864) and 0.649 (0.543–0.754) on a 
per-patient basis (P = 0.023); 0.776 (0.694–0.858) vs 0.652 
(0.550–0.754) on a per-side basis (P = 0.019); and 0.813 
(0.746–0.881) vs 0.629 (0.543–0.715) on a per-level basis 
(P < 0.001). Overall, high NPV and low PPV were found in 
both 18F-FDG PET/CT and CT/MR imaging. However, the 
NPVs for 18F-FDG PET/CT were > 89% on a per-patient 
(89.1%), per-side (90.4%), and per-level (96.2%) basis, 
which was 2.6–7.8% higher than for CT/MR imaging.

Table 3 shows the comparison of 18F-FDG PET/CT ver-
sus CT/MR imaging for the detection of occult metastasis 
at each dissected level. 18F-FDG PET/CT showed superior 
sensitivity to CT/MR imaging for neck levels I and II and 
inferior specificity to CT/MR imaging for neck levels I to III.

Overall, 18F-FDG PET/CT improved the detection of 
occult metastasis up to 33.4% in patients with negative neck 
palpation findings, up to 34.1% in negative neck sides, and 
up to 32.8% in negative neck levels, which were unidenti-
fied on CT/MR imaging. Table 4 shows the comparisons 
between CT/MR imaging and 18F-FDG PET/CT false results 

Table 3   Relationship between CT/MR imaging and 18F-FDG PET/CT results and histopathology finding at each cervical level

FN false negative, FP false positive, NE could not be estimated, NPV negative predictive value, PPV positive predictive value, TN, true negative, 
TP true positive
*Logistic regression using GEE (Generalized Estimating Equations) that accounted for the clustering of observations within patients

Imaging No. patients Percentage (95% confidence interval)

TP FP FN TN Sensitivity Specificity Accuracy PPV NPV

Level I (n = 199)
 CT/MR 6 8 14 171 30.0 (11.9–54.3) 95.5 (91.4–98.1) 88.9 (83.7–92.9) 42.9 (22.4–66.0) 92.4 (90.2–94.2)
 PET/CT 13 25 7 154 65.0 (40.8–84.6) 86.0 (80.1–90.8) 83.9 (78.1–88.7) 34.2 (24.2–45.8) 95.7 (92.4–97.6)
 P value* 0.016 0.001 0.110

Level II (n = 199)
 CT/MR 10 10 18 161 35.7 (18.6–55.9) 94.2 (89.5–97.2) 85.9 (80.3–90.4) 50.0 (31.4–68.6) 89.9 (87.1–92.2)
 PET/CT 18 26 10 145 64.3 (44.1–81.4) 84.8 (78.5–89.8) 81.9 (75.9–87.0) 40.9 (30.7–52.0) 93.6 (89.8–96.0)
 P value* 0.039 0.001 0.229

Level III (n = 199)
 CT/MR 1 2 7 189 12.5 (0.3–52.7) 99.0 (96.3–99.9) 95.5 (91.6–97.9) 33.3 (4.8–83.2) 96.4 (95.4–97.2)
 PET/CT 4 14 4 177 50.0 (15.7–84.3) 92.7 (88.0–95.9) 91.0 (86.1–95.6) 22.2 (10.8–40.2) 97.8 (95.7–98.9)
 P value* 0.375 <0.001 0.049

Level IV (n = 50)
 CT/MR 0 0 2 48 0 (0–84.2) 100 (92.6–100) 96.0 (86.3–99.5) – 96.0 (96.0–96.0)
 PET/CT 1 0 1 48 50.0 (1.3–98.7) 100 (92.6–100) 98.0 (89.4–99.6) 100 98.0 (92.3–99.5)
 P value NE NE 1.000

Level V (n = 31)
 CT/MR 0 0 0 31 – 100 (88.8–100) 100 (88.8–100) – 100
 PET/CT 0 2 0 29 – 93.6 (78.6–99.2) 93.6 (78.6–99.2) – 100
 P value NE NE NE

Table 4   Comparison between 
CT/MR imaging and 18F-FDG 
PET/CT false results according 
to tumor classification

FN false negative, FP false positive, pT pathological tumor classification

pT Patients Neck sides Neck levels

n CT/MR PET/CT n CT/MR PET/CT n CT/MR PET/CT

FP FN FP FN FP FN FP FN FP FN FP FN

T1 100 5 12 15 5 102 5 12 15 5 327 6 12 24 5
T2 49 9 10 9 6 58 9 10 11 6 210 12 17 20 10
T3 2 0 0 0 0 2 0 0 0 0 7 0 0 0 0
T4 27 1 5 6 2 37 2 6 7 2 134 2 12 23 7
Total 178 15 27 30 13 199 16 28 33 13 678 20 41 67 22



242	 Journal of Cancer Research and Clinical Oncology (2020) 146:237–244

1 3

according to tumor classification. False-positive results 
appeared to be more frequent in 18F-FDG PET/CT, particu-
larly in the cases of T4 classification. False-negative results 
appeared to be more frequent in the CT/MR imaging, regard-
less of T classifications. The mean size of occult metastatic 
LNs was significantly lower with the PET/CT-negative find-
ings than with the PET/CT-positive findings (0.43 cm vs 
0.84 cm; t test, P = 0.004). The same finding was observed 
between CT/MR-negative and -positive LNs (0.50 cm vs 
1.07 cm; t test, P < 0.001).

Discussion

The present study showed the superior sensitivity of 18F-
FDG PET/CT to conventional CT/MR imaging. 18F-FDG 
PET/CT improved detection of occult metastasis up to 33.4% 
in patients with palpably negative LN findings compared to 
CT/MR imaging. An early study prospectively compared 
18F-FDG PET vs CT/MR imaging for the detection of neck 
LN metastasis in 124 OCC patients regardless of cN+ (Ng 
et al. 2005). The study showed higher sensitivity for 18F-
FDG PET than CT/MR imaging at a level-based analysis.

The role of 18F-FDG PET or PET/CT for detection of 
LN metastasis has been unclear. A previous study prospec-
tively examined the role of 18F-FDG PET/CT for the detec-
tion of occult neck metastasis in 31 OCC patients with cN0 
neck by clinical examination or CT/MR imaging (Schöder 
et al. 2006). Pathological LN metastasis was found in 25% 
of the patients and the sensitivity of 18F-FDG PET/CT 
was 67% at a per-level basis. The false-negative results 
were found in all three sides and levels, particularly in 
metastatic LNs smaller than 3 mm. A recent systematic 
review showed that the pooled sensitivity and specificity 
of 18F-FDG PET and PET/CT for the detection of occult 
neck LN metastasis were 0.58 (95% CI 0.42–0.72) and 
0.87 (0.79–0.92) on a per-patient basis, respectively, in 
1044 head and neck cancer patients from 18 studies (Kim 
et al. 2019). The pooled sensitivity and specificity were 
0.53 (0.40–0.65) and 0.97 (0.95–0.98) on a per-level basis, 
respectively. The meta-analysis concluded low sensitivity 
and moderate specificity of 18F-FDG PET or PET/CT for 
the detection of occult LN metastasis in cN0 head and 
neck cancer patients. Sensitivity appeared to be slightly 
higher in our study than that in the meta-analysis. The 
increased sensitivity may be due to our prospective evalu-
ation of the imaging studies in a single organ site (OCC) 
that is generally treated with primary surgery combined 
with elective or therapeutic neck dissection. The recent 
meta-analysis did not include the comparison between 
18F-FDG PET or PET/CT and the conventional imaging 
with CT/MR imaging for the detection of occult neck 
metastasis. Our study suggested the superior sensitivity 

of 18F-FDG PET/CT to CT/MR imaging, leading to better 
detection of occult neck metastasis and potentially improv-
ing clinical neck management of OCC cN0 patients.

The present study showed a high incidence of false-
positive PET/CT results for the detection of occult LN 
metastasis. This resulted in relatively lower specificity of 
18F-FDG PET/CT compared with that of CT/MR imaging, 
consistent with a recent systematic review (Kim et al. 2019). 
Abnormal 18F-FDG uptakes in the head and neck region 
were commonly interpreted by comparing to background 
and blood-pool activity and by referring to normal 18F-
FDG distribution patterns previously reported (Nakamoto 
et al. 2005). Inflammation, infection, or other benign con-
ditions may cause false-positive PET/CT results, because 
18F-FDG uptake is not tumor-specific, but occurs at all sites 
of increased glucose metabolism (Nakamoto et al. 2005; 
Rosenbaum et al. 2006). 18F-FDG avidity in reactive lymph 
nodes may result from increased glucose uptake in lymphoid 
follicles due to the overexpression of glucose transporter 
type 1 (Chung et al. 2004; Nakagawa et al. 2008). False-pos-
itive results contributed to low PPV for 18F-FDG PET/CT 
in our cohort, thus potentially leading to increased chance 
of overtreatment indicating unnecessary elective neck dis-
section in OCC cN0 patients. Much higher rates of false-
positive PET/CT results as compared to the other modalities 
might be a serious disadvantage. This might be reduced by 
a combination with high-resolution neck ultrasonography 
that shows important architecture of the LNs and direct fine 
needle aspiration accordingly and offered similar diagnostic 
accuracy comparing to other different imaging modalities of 
CT, MRI, and PET (Liao et al. 2012).

Our study showed relatively high NPVs for 18F-FDG 
PET/CT compared to CT/MR imaging for the detection 
of occult neck LN metastasis. NPVs for 18F-FDG PET/CT 
were as high as 96.2% on a per-level basis, similar to previ-
ous studies (94–98%) (Ng et al. 2005; Schöder et al. 2006; 
Roh et al. 2007). NPVs for 18F-FDG PET/CT may be lower 
on a per-patient basis than a per-side or a per-level basis. 
Nonetheless, high NPVs over 90% may imply the potential 
clinical use of 18F-FDG PET/CT by excluding elective neck 
dissection in OCC cN0 patients with LN-negative PET/CT 
findings. However, among 42 OCC patients with occult LN 
metastasis, 13 (31%) showed false-negative LN findings in 
18F-FDG PET/CT, which is significantly lower than CT/
MR imaging (n = 27, 64%). This may result in increased 
chance of undertreatment omitting necessary neck dissec-
tion in OCC cN0 patients with occult LN metastasis. The 
false-negative PET/CT results are found in cervical micro-
metastatic LNs with small metastatic deposits, also com-
monly were undetected by CT/MR imaging, possibly due to 
technical limitations of 18F-FDG PET/CT to detect small-
volume diseases (Fukui et al. 2005). This may be improved 
by future development of imaging techniques or modalities, 
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in combination with sentinel LN biopsy (Arya et al. 2014; 
Schilling et al. 2017).

In conclusion, the present study suggests that 18F-FDG 
PET/CT has superior sensitivity to CT/MR imaging in a 
prospective cohort of 178 OCC patients with negative neck 
palpation findings. 18F-FDG PET/CT improved detection of 
occult LN metastasis up to 33.4% in these patients with posi-
tive cervical LNs that was unidentified with CT/MR imag-
ing. 18F-FDG PET/CT may provide better detection of occult 
lymph node metastasis than CT/MR imaging, which poten-
tially improves prognosis and proper management of OCC 
patients. However, false-positive PET/CT findings resulting 
in relatively lower specificity compared with that of CT/MR 
imaging might be a serious disadvantage. In addition, the 
presence of false-negative PET/CT findings cannot entirely 
exclude the necessity of sentinel LN biopsy or elective neck 
dissection in OCC cN0 patients.
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