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Focally increased 18F-FDG uptake in the lateral pharyngeal
recess (LPR) of the nasopharynx due to a benign or malignant
lesion is not an uncommon finding on PET images. The aim of
this study was to evaluate whether, on PET/CT images, 18F-
FDG uptake occurs with characteristic patterns and intensities
in various regions of Waldeyer’s ring that can improve our ability
to differentiate benign from malignant lesions. Methods: Data
generated from the 18F-FDG PET/CT images of 1,628 subjects
in our cancer-screening program were analyzed. Increased up-
take in the LPR was observed in 80 subjects (4.9%) presenting
with benign lesions, including 53 subjects without and 27 sub-
jects with symptoms of upper airway discomfort. In addition,
30 healthy controls and 21 patients with newly diagnosed naso-
pharyngeal carcinoma were recruited for this study. Visual up-
take, measurements of the lesions’ standardized uptake value
(SUV), and any abnormalities on PET/CT were evaluated. The
receiver-operating-characteristic curve and area under the curve
were applied to evaluate the discriminating power. Results: In-
creased 18F-FDG uptake (SUV, mean 6 SD) was found in the
LPR, with a statistically significant (P , 0.001) difference be-
tween benign lesions (3.0 6 1.16) and malignant lesions (7.03 6

3.83). However, associated increased uptake exclusively in the
palatine tonsil, lingual tonsil, and submandibular gland was
found in both asymptomatic and symptomatic subjects. The ra-
tio of LPR uptake to palatine tonsil uptake (N/P ratio) in benign le-
sions (0.81 6 0.37) was significantly (P , 0.001) lower than that in
malignant lesions (2.30 6 1.62). Higher incidences of asymmetric
18F-FDG LPR uptake, cervical lymph node uptake, and asym-
metric wall thickening of the LPR on CT were observed in pa-
tients with nasopharyngeal carcinoma. When an SUV of less
than 3.9 and an N/P ratio of less than 1.5 were used as cutoff
points in subjects showing the combination of symmetric uptake
in the LPR and normal or symmetric wall thickening, and detect-
able lymph node uptake, the area under the curve for benign
lesions on PET/CT was 0.932 6 0.042 (95% confidence interval,

0.86–0.98), with a sensitivity of 90.4% and a specificity of 93.8%.
Conclusion: The intensity and patterns of 18F-FDG uptake in
various regions of Waldeyer’s ring along with CT scan findings
provide a feasible modality to differentiate benign from malignant
nasopharyngeal lesions.
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Nasopharyngeal carcinoma (NPC) is an epithelial
malignancy occurring worldwide, with a particularly high
prevalence in southern China, Hong Kong, Singapore, and
Taiwan (1–3). It is now believed that inflammation and
other benign conditions predispose the nasopharyngeal mu-
cosa to undergo transformation associated with an increased
risk of malignancy. Epstein-Barr virus is a ubiquitous hu-
man herpesvirus infecting over 90% of the adult population
worldwide. Primary infection with Epstein-Barr virus usu-
ally occurs early in life and is asymptomatic. In any case,
primary infection is followed by lifelong viral persistence,
which again is asymptomatic in most cases (4–6). Small
tumors in the nasopharynx seldom result in symptoms, and
with these tumors being clinically inaccessible, a prompt
diagnosis is difficult. In addition, primary malignancies of
the nasopharynx are often understaged by conventional
examinations. Patients with squamous cell carcinoma of the
head and neck sometimes present solely with metastatic
cervical nodes without an identifiable primary site.

18F-FDG PET can detect unknown primary tumors in
30%–50% of patients with metastatic cervical lymph nodes
without a clinically detectable primary tumor (7). Unfortu-
nately, false-positive results are possible with 18F-FDG PET
alone, because an infectious or inflammatory process pro-
ducing uptake might be present, and because physiologic
uptake into structures such as tonsils, salivary glands, and
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muscles might occur (8,9). To accurately interpret PET
images of the head and neck, one must be fully familiar
with the variable patterns and intensities of uptake and with
the frequencies of physiologic uptake. Images obtained
with a combined PET/CT scanner depict exact anatomic
landmarks, enable precise localization of metabolic abnor-
malities, and correctly identify physiologic, nonspecific
uptake that would otherwise be mistaken for a malignant
tumor. The aim of this study was to evaluate whether, on
PET/CT images, 18F-FDG uptake occurs with characteristic
patterns and intensities in various regions of Waldeyer’s
ring that can improve our ability to differentiate benign
from malignant lesions.

MATERIALS AND METHODS

Subjects
A prospective study was designed. From March 2004 to March

2005, 1,628 subjects (840 male and 788 female; mean age 6 SD,
52.4 6 12.7 y) were enrolled in our 18F-FDG PET/CT cancer-
screening program. Among them, 80 subjects (4.9%) had focally
increased 18F-FDG uptake, defined as an uptake intensity greater
than physiologic liver uptake, in the lateral pharyngeal recess
(LPR) of the nasopharynx. They were identified as having benign
lesions and were subdivided into a group that had symptoms in the
upper respiratory airway (27 subjects [1.7%]; 18 male and 9
female; mean age, 43.4 6 9.2 y) and an asymptomatic group
without a related specific medical history (53 subjects [3.3%]; 22
male and 31 female; mean age, 48.7 6 10.9 y). In addition, we
recruited a healthy control group consisting of 30 subjects (12
male and 18 female; mean age, 51.9 6 9.6 y) in this cancer-
screening program without any symptom or sign related to recent
or chronic discomfort of the ear, nose, or throat region and with no
or only faintly visible 18F-FDG uptake in the LPR of the
nasopharynx. The above classifications were correlated with the
initial clinical evaluation, histologic findings (1 in the symptom-
atic group and 7 in the asymptomatic group), endoscopic findings
(1 in the symptomatic group and 9 in the asymptomatic group),
and imaging findings (contrast-enhanced CT and MRI). A long-
term clinical follow-up period of at least 1 y was mandatory to
reach the conclusion. Retrospectively, 21 patients (16 male and 5
female; mean age, 48.1 6 14.9 y) with histologically proven
newly diagnosed NPC referred by clinical physicians for initial
staging were also recruited in this study. Most of the patients with
NPC were included in our previous report (10).

Three subjects (10%) in the control group, 3 (11%) in the
symptomatic group, 5 (1%) in the asymptomatic group, and 8
(38%) in the NPC group were cigarette smokers. All subjects gave
informed consent to participate in this study according to the guide-
lines established by the local ethics committee and the Helsinki
Declaration.

18F-FDG PET Imaging Protocol
All patients were imaged with a PET/CT system (Discovery

LS; GE Healthcare). The patients were required to fast for at least
8 h before the PET/CT scan but had to be well hydrated and not
have engaged in strenuous work or exercise for 24 h before the
scan. As many sequential images as necessary to include the entire
head, thorax, abdomen, and pelvis were obtained. In the PET/CT
scanner, the PET attenuation correction factors were calculated

from the CT images. CT was performed using a 4-detector-row
spiral CT scanner (LightSpeed; GE Healthcare). Acquisitions
occurred at 5–7 bed positions under the following parameters:
140 kV, 40 mA, 0.8 s per CT rotation, a pitch of 6, a table speed of
22.5 mm/s, coverage of 722.5–1,011.5 mm, and an acquisition
time of 31.9–37 s. CT was performed before the emission
acquisition. CT data were resized from a 512 · 512 matrix to a
128 · 128 matrix to match the PET data so that the images could
be fused and CT transmission maps generated. The transaxial
resolution (full width at half maximum) of PET/CT was 4.8 mm.
After intravenous administration of 370 MBq (10 mCi) of 18F-
FDG, emission images were acquired for 5 min per bed position.
The uptake period between the 18F-FDG injection and the begin-
ning of the emission scan was 60 6 10 min (range, 50–70 min).
Image datasets were obtained by iterative reconstruction (using
ordered-subset expectation maximization). Images were displayed
in 3 orthogonal projections and as whole-body maximum-pixel-
intensity reprojections for visual interpretation. A workstation
(Xeleris; GE Healthcare) was used for image display and analysis.

Image Interpretation
The images were jointly interpreted by 2 experienced physi-

cians working in consensus: one from the Department of Diag-
nostic Radiology and the other from the Department of Nuclear
Medicine. They were aware of the subjects’ clinical history, as
provided by the referring physicians, but were unaware of the
results of other, if any, imaging studies performed. Initially, the
attenuation-corrected PET images were reviewed as maximum
intensity projections and in transaxial, coronal, and sagittal planes.
The locations of lesions showing abnormal 18F-FDG uptake were
subsequently correlated with the PET/CT findings. In addition, the
images were semiquantitatively analyzed by measuring the mean
standardized uptake values (SUVs) bilaterally in the LPR regions
of the nasopharynx, soft palate, lymphoid tissue in Waldeyer’s
ring (including the palatine and lingual tonsils), and salivary
glands (including the parotid, submandibular, and sublingual glands).
For the measurements, the region of interest was placed on the
transaxial plane of the emission image with an 18F-FDG uptake
area 1 cm in diameter. The SUV was calculated as (activity in the
region of interest [MBq/mL])/(injected dose [MBq]/patient’s
weight [kg]). 18F-FDG uptake differing by more than 1.0 between
the sides was considered to be asymmetric uptake. Wall thicken-
ing of the LPR was considered to be present when the CT images
showed obliteration of the Rosenmüller fossa and increased soft-
tissue density.

Data and Statistical Analyses
Statistical analyses were performed for each region of the studied

group by computing the mean 6 SD of the SUV. Differences were
compared using 1-way ANOVA followed by the Student t test for
unpaired data. In addition, the x2 test was used for comparing
differences in PET/CT parameters between benign and malignant
lesions. A value of P less than 0.05 was considered to indicate a
statistically significant difference. Receiver-operating-characteristic
curves and calculation of the area under the curve (AUC) were
applied to evaluate the efficacy of the imaging methods.

RESULTS

Example 18F-FDG PET/CT images of the nasopharynx
region are presented in Figure 1. Increased 18F-FDG uptake
in the adult adenoid and musculus longus capitis was
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seldom obvious, and wall thickening of the LPR could not
be assessed using PET. The exact locations and morpho-
logic changes of the lesions had to be interpreted using
coregistered CT.

Table 1 shows the SUVs (mean 6 SD) of various regions
of Waldeyer’s ring and the salivary glands for the healthy,
asymptomatic, symptomatic, and NPC groups. Among the
30 healthy controls, no or only mild 18F-FDG uptake, with
an SUV of 1.36 6 0.28, was observed in the LPR. The
palatine tonsil usually showed mildly increased 18F-FDG
uptake, with an SUV of 3.22 6 0.71. The asymptomatic
group showed significantly increased 18F-FDG uptake in
the LPR (2.90 6 1.02, P , 0.001), palatine tonsil (3.97 6

1.54, P 5 0.007), lingual tonsil (2.58 6 0.85, P 5 0.023),
and submandibular gland (1.68 6 0.48, P 5 0.007). The
symptomatic group revealed significantly increased 18F-
FDG uptake in the LPR (3.18 6 1.38, P , 0.001), palatine
tonsil (3.97 6 1.58, P 5 0.015), lingual tonsil (2.89 6 1.08,
P 5 0.004), and submandibular gland (1.65 6 0.47, P 5

0.027) as well. There was no statistical difference in any
region of Waldeyer’s ring or the salivary glands between
the asymptomatic group and the symptomatic group. Pa-
tients with NPC had intense 18F-FDG uptake in the LPR
(7.03 6 3.83), with significantly increased SUVs when
compared with the healthy group (P , 0.001). Otherwise,

no significant SUV difference was observed in any region
of Waldeyer’s ring or the salivary glands when patients with
NPC were compared with the healthy group. Additionally,
lower SUVs were found in the palatine tonsil, lingual
tonsil, and submandibular gland when patients with NPC
were compared with either the asymptomatic group (P 5

0.013, 0.044, and 0.008, respectively) or the symptomatic
group (P 5 0.039, 0.01, and 0.024, respectively). Regard-
ing age, no statistically significant difference was found
between the healthy group and the asymptomatic group
(P 5 0.087) or the NPC group (P 5 0.155). A significant
difference was found between the healthy group and the
symptomatic group (P , 0.001). An example PET image
from the symptomatic group is presented in Figure 2.

As shown in Table 2, the SUV (mean 6 SD) of the LPR
in malignant lesions was significantly higher than that in
benign lesions (3.0 6 1.16) (P , 0.001). However, when
the ratio of LPR uptake to palatine tonsil uptake (N/P ratio)
was measured, a relatively lower ratio was observed in
benign lesions (0.81 6 0.37) than in malignant lesions
(2.30 6 1.62) (P , 0.001). In addition, CT showed sym-
metric 18F-FDG uptake in the LPR in 57 subjects (71%)
with benign lesions, whereas only 4 subjects (19%) with
malignant lesions showed symmetric uptake. Most (81%)
of the lesions in malignant disease exhibited asymmetric

FIGURE 1. CT (left), PET (middle), and
fused PET/CT (right) images of nasophar-
ynx in 3 asymptomatic subjects (A–C)
and 1 symptomatic subject (D): nasopha-
ryngeal adenoid hypertrophy with 18F-
FDG uptake (A), longus capitis muscle
with 18F-FDG uptake (B), symmetric 18F-
FDG uptake in LPR of nasopharynx (C),
and symmetric 18F-FDG uptake and wall
thickening in LPR of nasopharynx (D).
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uptake. The incidence of wall thickening of the LPR was
significantly higher in 17 subjects (81%) with malignant
lesions, 16 of whom had asymmetric thickening, than in 15
subjects (18.8%) with benign lesions. The differences
between benign and malignant lesions were statistically
significant for symmetric/asymmetric 18F-FDG uptake in
the LPR (P , 0.01) and for symmetric/asymmetric wall
thickening of the LPR (P , 0.001). The associated 18F-
FDG uptake in the cervical lymph nodes, which was rare
(5%) in subjects with benign lesions, was observed in 19

subjects (90%) with malignant lesions. Figure 3 shows
images of a patient with NPC.

The distribution of SUVs in the LPR for each studied
group is shown in Figure 4. Discriminating benign from
malignant lesions was difficult because of an overlap of
SUVs. When an SUV of 3.9 was used as the cutoff for
discriminating benign from malignant lesions, 10 (19%) of
the 53 subjects in the asymptomatic group and 7 (26%) of
the 27 subjects in the symptomatic group had an SUV
exceeding this cutoff level in the LPR. They were regarded
as false-positives for malignancy. However, the N/P ratio
was relatively lower in the symptomatic group (0.9 6 0.3)
(N 5 5.1 6 0.3, P 5 5.9 6 0.6) than in the asymptomatic
group (1.3 6 0.4) (N 5 4.7 6 0.7, P 5 3.8 6 1.5) (P 5

0.012), indicating that active infection or inflammation of
the palatine tonsils, inducing higher SUVs, might have
existed in symptomatic subjects. Five (24%) of the 21
patients with NPC had LPR SUVs of less than 3.9 and had
lower N/P ratios (0.8 6 0.1) (N 5 2.4 6 0.6, P 5 3.1 6

0.7). Among these 5 patients regarded as ‘‘false-negatives’’
for NPC, 4 (80%) also showed symmetric 18F-FDG uptake
in the LPR. However, neck lymph node uptake was de-
tected in all these patients.

When the LPR SUV was used to differentiate benign
from malignant lesions on receiver-operating-characteristic
curve analysis, the AUC of 18F-FDG PET was 0.81 6 0.06
(95% confidence interval [CI], 0.72–0.88), with a sensitiv-
ity of 72% and specificity of 80%. When the N/P ratio was
used, the AUC was 0.87 6 0.05 (95% CI, 0.79–0.93), with
a sensitivity of 67% and specificity of 95%. The receiver-
operating-characteristic curve and AUC showed no statis-
tically significant difference between these 2 parameters

FIGURE 2. Maximum-intensity-projection PET image reveals
symmetrically intense 18F-FDG uptake in LPR (thick long arrow),
palatine tonsil (thin long arrow), and lingual tonsil (arrowhead) in
39-y-old man with upper respiratory airway infection. Mild 18F-
FDG uptake in right high jugular lymph nodes (short arrow) is
also seen.

TABLE 1
SUVs of Various Regions of Waldeyer’s Ring and Salivary Glands in the Healthy, Asymptomatic, Symptomatic,

and NPC Groups

SUV

Group n Mean age 6 SD (y) Nasopharynx

Palatine

tonsil

Lingual

tonsil

Soft

palate

Parotid

gland

Submandibular

gland

Sublingual

gland

Healthy 30 51.9 6 9.6
Mean 1.36 3.22 2.22 2.50 1.13 1.43 2.32

SD 0.28 0.71 0.63 0.45 0.27 0.37 0.87

Asymptomatic 53 48.7 6 10.9

Mean 2.90*y 3.97*y 2.58*y 2.74 1.30 1.68*y 2.69
SD 1.02 1.54 0.85 0.75 0.60 0.48 0.90

Symptomatic 27 43.4 6 9.2

Mean 3.18*y 3.97*y 2.89*y 2.88 1.33 1.65*y 2.47

SD 1.38 1.58 1.08 2.03 0.49 0.47 0.87
NPC 21 48.1 6 14.9

Mean 7.03* 3.31 2.21 2.55 1.23 1.38 2.64

SD 3.83 0.95 0.80 0.75 0.48 0.41 0.95

*Significant difference (P , 0.05) compared with healthy group.
ySignificant difference (P , 0.05) compared with NPC group.
Nasopharynx 5 LPR of nasopharynx.
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(P 5 0.228). When an SUV of less than 3.9 and an N/P
ratio of less than 1.5 were used as the cutoff points in
subjects showing the combination of symmetric uptake in
the LPR, normal or symmetric wall thickening, and detect-
able neck lymph node uptake, the AUC of PET/CT was
improved significantly to 0.932 6 0.042 (95% CI, 0.86–
0.98) (P 5 0.005), with a sensitivity of 90.4% and a
specificity of 93.8% (Fig. 5).

DISCUSSION

The nasopharyngeal cavity is the uppermost part of the
aerodigestive tract. Anteriorly, it is contiguous with the
nasal cavity by way of the posterior choanae. The adenoids,
or pharyngeal tonsils, are lymphatic tissues located in the
midline roof of the nasopharynx. Tubal tonsils lie around
the eustachian tubes. The lingual (floor), pharyngeal (roof),
and palatine (lateral wall) tonsils compose the bulk of the
so-called Waldeyer’s ring of lymphatic tissue that lines the
walls of the nasopharynx and oropharynx. Tonsils and
adenoids are located near the entrance of the breathing
passages, where they can catch incoming germs that cause
infections. Normal lymphoid tissue of Waldeyer’s ring ap-
pears as homogeneous soft tissue that is sometimes lobu-
lated. CT can clearly depict the anatomic locations of the

aforementioned structures, whereas PET cannot. However,

differentiation between normal lymphoid tissue and in-

flamed or hypertrophic tissue or a tumor may be difficult.
18F-FDG PET is sensitive for the diagnosis and staging

of several types of malignancy. However, 18F-FDG accu-

mulation is not specific to tumors. 18F-FDG uptake in be-

nign processes has numerous causes (9). The increased

uptake of 18F-FDG at suspected sites of inflammation and

infection is utilized for detecting varieties of inflammatory

and infectious disorders (11,12). The increased uptake of
18F-FDG in certain types of unknown benign lesions also

gives rise to false-positive results when a patient is being

imaged to evaluate a potential malignant disorder. Many

studies have found a significant increase in NPC in patients

with a previous history of ear, nose, and throat disease (1).
In this study, 4.9% of the subjects had focally increased

18F-FDG uptake in the LPR of the nasopharynx and were
finally found to have benign lesions. Among them, two thirds
of the subjects were asymptomatic. An associated increase in
18F-FDG uptake in the palatine tonsil, lingual tonsil, or
salivary glands was observed, indicating that an infectious or
inflammatory process was present in these regions. Distin-
guishing malignant lesions from benign inflammatory or
infectious processes is challenging because both can cause

FIGURE 3. A 49-y-old man with newly
diagnosed NPC who underwent PET/CT
for staging. (A) CT image shows wall
thickening (arrow) of right LPR. (B and C)
Only mild 18F-FDG uptake (thick arrows)
in right LPR is demonstrated in transaxial
(B) and maximum-intensity-projection (C)
PET views. In addition, maximum-intensity-
projection PET view shows 18F-FDG up-
take in palatine tonsil (thin arrow) and
neck lymph nodes (short arrows).

TABLE 2
Comparison of PET/CT Findings in LPR of Nasopharynx, Palatine Tonsil, and Cervical Lymph Nodes Between Benign

and Malignant (NPC) Lesions

Finding Benign (n 5 80) Malignant (n 5 21) P

PET
SUV (mean 6 SD) of LPR 3.0 6 1.16 (range, 1.2–7.7) 7.03 6 3.83 (range, 1.9–15.6) ,0.001

N/P ratio (mean 6 SD) 0.81 6 0.37 (range, 0.3–2.1) 2.30 6 1.62 (range, 0.7–7.3) ,0.001
18F-FDG uptake in LPR

Symmetric 57 (71%) 4 (19%) ,0.001

Asymmetric 23 (29%) 17 (81%)

Neck lymph node uptake

Unilateral 3 3 ,0.001
Bilateral 1 16

Negative 76 2

CT

Wall thickening of LPR
Symmetric 7 1 ,0.001

Asymmetric 8 16

Negative 65 4
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increased 18F-FDG uptake. SUVs have been proposed as
being useful for discrimination. The cutoff value is contro-
versial, although 2.5–3.9 is generally accepted. However,
considerable overlap still exists between malignant and
benign lesions. A dual-phase technique was suggested in an
attempt to enhance diagnostic accuracy (13,14). However,
the results appeared to be disappointing (15,16). In this study,
an SUV of more than 3.9 was found in 17 (21%) of the 80
subjects with benign lesions, among which 10 subjects (59%)
were asymptomatic and 7 (41%) were symptomatic. In
contrast, 5 (24%) of the 21 patients with NPC had an SUV
of less than 3.9. Therefore, criteria other than the SUV were
needed to improve the accuracy of characterizing LPR
lesions. Complementary use of the N/P ratio in an attempt
to differentiate benign from malignant lesions was also
evaluated in this study. Although subjects with benign lesions
had lower N/P ratios, the result did not seem to be promising

because no statistical difference was observed when each of
these 2 parameters was used alone. Relatively higher 18F-
FDG uptake in the palatine tonsil (SUV, 5.9 6 0.6), resulting
in a lower N/P ratio and regarded as false-positive for
malignancy, was found exclusively in symptomatic subjects,
indicating that subjects presenting with active processes
other than chronic inflammation might exhibit more en-
hanced 18F-FDG metabolism in the palatine tonsil. Hence,
clinical evaluations are necessary when acquiring and inter-
preting the images.

Symmetric or asymmetric uptake and mucosal thicken-
ing of the LPR were other parameters considered, because
infection and inflammation induce increased tissue activity,
and morphologic hypertrophy might occasionally occur bi-
laterally. These phenomena were observed in most cases of
benign lesions in this study. NPC patients usually have bi-
lateral metastases in the neck nodes at presentation. In the
literature, 60%–90% of patients have nodal spread at the
time of initial diagnosis, and nearly 50%–80% of patients
have bilateral disease. The presence of lymph node en-
largement has, however, no relationship to the size of the
primary tumor (17–21). Of the 21 patients with NPC in this
study, 18F-FDG uptake in the neck lymph nodes was found
in 19 (90%), among whom 16 exhibited bilateral uptake.

CONCLUSION

When an SUV of less than 3.9 and an N/P ratio of less
than 1.5 were used as cutoff points in subjects showing the
combination of symmetric uptake in the LPR, normal or
symmetric wall thickening, and detectable neck lymph
node uptake, the AUC of PET/CT was improved signifi-
cantly to 0.932 6 0.042, with a sensitivity of 90.4% and a
specificity of 93.8%. These results indicate that the inten-
sity and patterns of 18F-FDG uptake in various regions of
Waldeyer’s ring along with CT scan findings provide a
feasible modality to differentiate benign from malignant
nasopharyngeal lesions.

FIGURE 4. Distribution of SUVs in LPR region of healthy,
asymptomatic, and symptomatic subjects and patients with
NPC.

FIGURE 5. Receiver-operating-charac-
teristic curve and AUC for differentiating
benign from malignant lesions in LPR of
nasopharynx. When combination of SUV,
LPR of N/P ratio, symmetric uptake of
LPR, cervical lymph node uptake, and
wall thickening of LPR was considered,
AUC improved to 0.932 6 0.042 (95% CI,
0.86–0.98), with 90.4% sensitivity and
93.8% specificity.
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