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Introduction

The adenoids (the pharyngeal tonsils or the nasopharyngeal

tonsils) provide one of the first lines of immunological defense

mechanisms in the midline roof of the nasopharynx (MRN).

Adenoids most commonly reach their maximal size between

the ages of 3 and 7. Atrophy occurs from the age of 10 and

usually reaches completion by the age of 20 [1]. Although

adenoid tissue typically regresses during adolescence, adenoid

hypertrophy can also occur in the normal adult population [2].

Nasopharyngeal carcinoma (NPC) is an epithelial malignancy

occurring worldwide, with particularly high prevalence

rates in southern China, Hong Kong, Singapore,

and Taiwan [3–5]. Sixty-four percent of NPC patients

present with primary tumors in the midline of the nasopharynx,

with 80% of patients with nasopharyngeal

midline tumors displaying bilateral nodal involvement

[6]. A previous study reported that contralateral lymphadenopathy

did not occur with nonmidline tumors [7].

2-[Fluorine-18] fluoro-2-deoxy-D-glucose (18F-FDG)

PET/computed tomography (CT) is a valuable imaging

tool for the initial staging and restaging of NPC. Use of

combined 18F-FDG PET/CT images decreases falsenegative

and false-positive rates, compared with the use

of the modalities individually [8,9]. PET/CT scanning

enables the depiction of exact anatomical landmarks, the

precise localization of metabolic abnormalities, and the

correct differentiation of physiologic and nonspecific

uptake, thus reducing the likelihood of the mistaken

identification of a malignant tumor. The group’s previous

study used 18F-FDG PET/CT uptake patterns in

Waldeyer’s ring to differentiate benign from malignant

lesions in the lateral pharyngeal recess of the nasopharynx

[10]. The current study, however, focuses on the

MRN, analyzing 18F-FDG uptake in various regions of

Waldeyer’s ring, combined with fused CT images, to

evaluate improvements in differentiating ability, compared

with single modalities. Materials and methods

Participants

This was a prospective study evaluating 4846 participants

(2578 men and 2268 women, aged 51.5± 10.1 years;

mean ±SD) enrolled in a hospital 18F-FDG PET/CT

cancer screening program from March 2005 to December

2008 (Fig. 1). Among these participants, 66 (1.4%) displayed

focally increased 18F-FDG uptake, defined as an

uptake intensity equal to or greater than the physiological

liver uptake, in the MRN. These participants were

identified as having benign lesions and were then subdivided

into a symptomatic group, including 39 (0.8%)

participants (22 men, 17 women, aged 46.2 ±10.8 years)

who had symptoms in the upper respiratory airway, and

an asymptomatic group, including 27 (0.6%) participants

(12 men, 15 women, aged 47.4± 11.1 years) who had no

specific related medical history. A normal control group,

consisting of 30 participants (14 men, 16 women, aged

51.4 ±6.1 years) without any symptoms or signs of acute

or chronic upper respiratory tract infection, and with no

obvious 18F-FDG uptake and no soft tissue foci in the

MRN, was also recruited. The previously mentioned

classifications correlated with initial clinical evaluations,

histological findings (five in the symptomatic group and

two in the asymptomatic group), endoscopic findings

(seven in the symptomatic group and two in the asymptomatic

group), and imaging results (contrast materialenhanced

CT and MRI). Evaluations included a longterm

clinical follow-up period of at least 2 years.

Retrospectively, 25 participants (19 men, six women,

aged 51± 14.9 years) with histologically proven newly

diagnosed NPC, referred from clinical physicians for

initial staging, and with 18F-FDG PET imaging demonstrating

nasopharyngeal midline roof involvement were

also recruited. Patient history revealed that four participants

(13.3%) in the normal control group, eight participants

(20.5%) in the symptomatic group, seven

participants (25.9%) in the asymptomatic group, and five

participants (20%) in the NPC group were cigarette

smokers.

Ethics statement

All patients gave written informed consent according to

the guidelines issued by Shin Kong Wu Ho-Su Memorial

Hospital institutional review board. The institutional

review board of Shin Kong Wu Ho-Su Memorial Hospital

already approved our study (20110715R).

18F-FDG PET imaging protocol

All of the participants were imaged using a PET/CT

system (Discovery LS; GE Medical Systems, Waukesha,

Wisconsin, USA). The participants were required to fast

for at least 8 h before the PET/CT scanning procedure,

in addition to being well hydrated and not having engaged in strenuous work or exercise in the previous

24 h. The participants were scanned in as many

sequential image positions as necessary to include the

entire head, thorax, abdomen, and pelvis. In the

PET/CT scanner, the PET attenuation correction factors

were calculated from the CT images. The CT scans were

performed using a four-detector-row spiral CT (Light-

Speed Discovery LS; GE Medical Systems, Waukesha,

Wisconsin, USA) scanner. Acquisitions occurred at five to

seven 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, a coverage of 722.5–1011.5 mm, and

an acquisition time of 31.9–37 s. The CT scans were

performed before emission acquisition. The 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 the CT transmission maps could be generated. The

transaxial resolution (full-width at half-maximum) of the

PET/CT images was 4.8 mm. After intravenous administration

of 370 MBq (10 mCi) of 18F-FDG, the emission

images were acquired for 5 min per bed position. The

uptake period between the 18F-FDG injection and the

beginning of the emission scan was 60± 10 (range,

50–70) minutes. The imaging data sets were obtained by

iterative reconstruction (using the ordered-subset

expectation maximization method). The images were

displayed in three orthogonal projections and as wholebody

maximum-pixel-intensity reprojection images for

visual interpretation. A workstation (Xeleris; Elegems,

Haifa, Israel) was used for image display and analysis.

Imaging interpretation

The images were jointly interpreted by two experienced

physicians in the departments of diagnostic radiology and

nuclear medicine, respectively. They were aware of the

clinical history of the participants, as provided by the

referring physician, but were unaware of the results of

any other imaging studies if performed. Initially, the

attenuation-corrected PET images were reviewed as

maximum-intensity projections and in transaxial, coronal,

and sagittal planes. The locations of the visualized lesions

with abnormal 18F-FDG uptake were subsequently correlated

with the PET/CT images. The images were also

semiquantitatively analyzed by measuring the mean

standard uptake values (SUVs) in the MRN, the bilateral

lateral pharyngeal recess of the nasopharynx, the soft

palate, the lymphoid tissue in Waldeyer’s ring [including

the palatine tonsil (PT) and the lingual tonsil], and the

salivary glands (including the parotid glands, the submandibular

glands, and the sublingual glands). During

the measurements, the region of interest (ROI) was

placed on the selected transaxial plane of the emission

image, with an 18F-FDG uptake area of 1 cm in diameter.

The SUV was calculated as follows: SUV = (activity in

the ROI in mCi/ml)/(injected dose in mCi/participant’s

weight in kg). The axes of the midline roof foci of the

nasopharynx in the PET images were determined by

measuring the anterior–posterior diameter (Y axis) and

the lateral diameter (X axis). Asymmetrical 18F-FDG

uptake was determined when visualization of the asymmetrical 18F-FDG uptake was accompanied by SUV

differences between the sides greater than 1.0. Wall

thickening of the lateral pharyngeal recess was determined

when the obliteration of the Rosenmüller fossa

and increased density of the soft tissue were evident on

the CT images.

Data and statistical analysis

The mean and SD of the SUVs for each group studied

was calculated. Differences were compared using oneway

analysis of variance, followed by the Mann–Whitney

U-test for unpaired data. A χ2-test was applied to compare

the differences in PET/CT parameters between benign

and malignant lesions. A P value less than 0.05 was

considered statistically significant. Receiver operating

characteristic curves (ROCs) were prepared and the areas

under the curves (AUCs) were calculated to evaluate the

efficacy of the imaging methods.

Results

Figure 2 displays examples of the 18F-FDG PET/CT

images obtained from three participants from the cancer

screening program: one participant without upper airway

respiratory symptoms (Fig. 2a) and two participants with

an upper respiratory infection (Fig. 2b and c). Figure 3

demonstrates the images of a patient whose MRN lesion

progressed into NPC.

Table 1 shows the SUVs (mean ±SD) in various regions

of Waldeyer’s ring and the salivary glands in the normal,

asymptomatic, symptomatic, and NPC groups. The 30

normal control participants, without obvious 18F-FDG

uptake (SUV = 1.29± 0.24) in the MRN and with invisible

midline roof foci of the nasopharynx on the CT

images, presented with no, or mild, 18F-FDG uptake in

the lateral pharyngeal recess, with an SUV of 1.48± 0.31.

The PT usually showed mildly increased 18F-FDG

uptake, with an SUV of 3.57±0.75. The asymptomatic

group showed increased 18F-FDG uptake in the MRN

(3.38 ±0.91) and significantly increased 18F-FDG uptake

in the lateral pharyngeal recess (1.76 ± 0.41, P= 0.006),

the PT (4.34 ± 1.45, P =0.017), and the lingual tonsil

(3.48 ±1.04, P =0.042). The symptomatic group displayed

increased 18F-FDG uptake in the MRN

(4.69 ±2.24) and significantly increased 18F-FDG uptake

in the lateral pharyngeal recess (3.13 ± 1.51, P< 0.001),

the PT (5.2 ±2.18, P< 0.001), and the lingual tonsil

(4.27 ±1.87, P= 0.001). There were no significant differences

in SUVs in the regions of Waldeyer’s ring and

the salivary glands between the asymptomatic and

symptomatic groups, except in the MRN (P= 0.0057)

and the lateral pharyngeal recess (P <0.001). The participants

with NPC showed intense 18F-FDG uptake in

the lateral pharyngeal recess (4.84 ± 1.94), with significantly

increased SUVs compared with the normal

group (P < 0.001). The SUVs in all other regions of

Waldeyer’s ring and the salivary glands did not significantly

differ from those observed in the normal group.

In the PT and the lingual tonsil, the SUVs were lower

than in the asymptomatic (P= 0.5 and 0.24, respectively)

and the symptomatic (P = 0.024 and 0.007, respectively)

groups. There were no significant differences in ages

between the normal and the asymptomatic group, nor

between the symptomatic and the NPC group.

As shown in Table 2, the SUV (mean ± SD) in the MRN

was significantly higher in malignant lesions (6.65 ± 2.81)

than in benign lesions (4.16 ± 1.92) (P< 0.001).

Comparing the axes of the midline roof foci of the

nasopharynx in the PET images, the anterior–posterior

diameter (Y axis) was more frequently larger than or

equal to the lateral diameter (X axis) in benign lesions

(55/66) than in malignant lesions (1/25) (P< 0.001).

However, the ratio of uptake in the MRN/PT was relatively

lower in benign lesions (0.92 ±0.42) than in

malignant lesions (1.76 ±0.93) (P < 0.001). Thirty-five

participants (53%) with benign lesions displayed symmetrical

18F-FDG uptake in the lateral pharyngeal recess, as visualized on the CT scan, whereas two participants

(8%) with malignant lesions showed symmetrical

uptake. The majority of the 21 participants (84%) with

malignant lesions exhibited asymmetrical uptake.

Seventeen benign participants (26%) and two malignant

participants (8%) demonstrated no definite 18F-FDG

uptake in the lateral pharyngeal recess. The incidence of

wall thickening of the lateral pharyngeal recess was significantly

higher in the 24 participants (96%) with

malignant lesions, of whom 22 participants were asymmetric,

compared with the 16 participants (24.2%) with

benign lesions. The occurrence of symmetric/asymmetric

18F-FDG uptake and symmetric/asymmetric wall thickening

in the lateral pharyngeal recess differed significantly

between participants with benign lesions and

those with malignant lesions (P <0.001 and P <0.001,

respectively). Fourteen participants (21.2%) with benign

lesions and 24 participants (96%) with malignant lesions

displayed associated 18F-FDG uptake in the cervical

lymph nodes. There were no significant differences in

the Hounsfield units of the MRN and in the presence of

sinusitis, as detected using CT imaging, between the

participants with benign lesions and those with malignant

lesions.

Figure 4 illustrates the distribution of the SUVs in the

MRN in each group studied. An overlap of SUV levels

impeded the discrimination between benign and malignant

lesions. On using an SUV of 4.61 as the cutoff point

for discriminating benign lesions from malignant lesions,

three (11%) of the 27 participants in the asymptomatic

group and 16 (41%) of the 39 participants in the symptomatic

group had an adenoidal SUV greater than 4.61.

These SUVs were regarded as false positives for malignancy.

The MRN/PT ratio was slightly lower in the

asymptomatic group (0.84 ±0.31) (MRN =3.38 ±0.91,

PT= 4.34± 1.45) compared with the symptomatic group

(0.98 ± 0.48) (MRN= 4.69± 2.24, PT =5.2 ±2.18)

(P= 0.21), indicating that an active infection in the PTs

induced higher uptake values than might have occurred

in the asymptomatic participants. Six (24%) of the 25

participants with NPC had an SUV less than 4.61 in the

MRN and a lower MRN/PT ratio (0.88 ±0.25)

(MRN =3.15 ±0.7, PT =3.73 ±0.96). Among these six

false-negative NPC participants, five (83%) showed

asymmetric 18F-FDG uptake in the lateral pharyngeal

recess. Neck lymph node uptake occurred in all five of

these participants. Figure 5 displays examples of the

MRN involved in the 18F-FDG PET/CT images of three

participants with newly diagnosed NPC. Most of the

participants with the NPC-caused MRN lesion displayed

a structural change and an unknown original area, such as

those shown in Fig. 5c.

When using the SUV in the MRN to differentiate benign

from malignant lesions, the ROC analysis provided an

AUC of 0.78± 0.06 [95% confidence interval (CI),

0.66–0.9], with 76% sensitivity and 71% specificity. Use

of the MRN/PT ratio provided an AUC of 0.83 ±0.05

(95% CI, 0.72–0.93), with 80% sensitivity and 77% specificity.

There were no significant differences in ROC

and AUC between the two parameters (P= 0.22). Using an SUV less than 4.61 and an MRN/PT ratio less than

1.14 as the cutoff points to identify benign lesions,

combined with the characteristic axis of the MRN measurements,

symmetrical uptake in the lateral pharyngeal

recess, normal or symmetrical wall thickening, and

detectable neck lymph node uptake provided a significantly

improved AUC of the PET/CT images of

0.95± 0.022 (95% CI, 0.91–0.99) (P< 0.001), with 95%

sensitivity and 85.5% specificity (Fig. 6).

Discussion

The adenoids and tonsils form part of a ring of lymphatic

tissue surrounding the nasopharynx and oropharynx at

the entry point to the upper aerodigestive tract. This

ring, classically known as Waldeyer’s ring, comprises

several separate structures. The adenoids constitute the

superior extent of the ring, located within the nasopharynx;

they are a diffuse or nodular collection of lymphoid

tissue and forms a number of folds within the mucosa of

the roof and the posterior wall of the nasopharynx.

Hypertrophied adenoidal tissue may extend into the

superolateral nasopharynx into the pharyngeal fossa

(fossa of Rosenmüller) [11]. From there, the adenoid

almost regresses, with no obvious activity of 18F-FDG in

the MRN in the adult population.

In current clinical practice, following the advent of

nasendoscopy as a routine part of clinical nasal examinations,

the presence of adenoidal tissue is a common

finding in adults. Although the exact cause of adult adenoid hypertrophy is not yet known, investigators have

proposed a variety of potential causes. The presence of

lymphoid hyperplasia in the adult nasopharynx, including

the persistence of childhood adenoids, generally associates

with chronic inflammation [12]. Regressed adenoidal

tissue may also reproliferate in response to infections and

irritants [13]. The current study performed 18F-FDG

PET/CT imaging twice on six participants to evaluate

the 18F-FDG uptake in the MRN. Of these participants,

one participant presented with adenoid hyperplasia in

the second study, whereas the other five participants

showed marked 18F-FDG uptake in the first study but

decreased or no 18F-FDG uptake in the second study.

Finkelstein et al. [14] reported the presence of

obstructive adenoids in 30% of heavy smokers. However,

in the study by Barcin et al. [15], the percentage of

smokers was not significantly higher than in men of the

same age. Viruses are a further potential cause of adenoid

hypertrophy in adults with compromised immunity,

especially those receiving organ transplants and those

with human immunodeficiency virus. The latent

Epstein–Barr virus infection may aggravate the dysplatic

status of the mucosa and, together with further chromosomal

aberrations, may result in the development of

cancer [4,16]. In one previous study, the incidence of

allergic rhinitis was higher in adults and children with

adenoid hypertrophy than in those without it [14]; however,

another study found no association between the two

conditions [17]. Of the 39 symptomatic participants in the

current study, four displayed allergic rhinitis, three displayed

allergic rhinitis with an upper respiratory infection,

and 32 displayed an upper respiratory infection and/

or an inflammatory process with MRN 18F-FDG

hypermetabolism.

In the current study, 1.4% of the participants displayed

focally increased 18F-FDG uptake in the MRN and the

presence of benign lesions. Of these participants, 41%

were asymptomatic. The study procedures identified

associated increased 18F-FDG uptake in the lateral

pharyngeal recess of the nasopharynx, the PT, and the

lingual tonsil, indicating that an infectious/inflammatory

process had occurred in these regions. Distinguishing

malignant lesions from benign infectious/inflammatory

processes is challenging because both can result in

increased 18F-FDG uptake. Previous studies have proposed

SUVs as useful in discriminating between the two

types of lesions. The cutoff value is controversial,

although 2.5–3.9 is generally accepted as useful. The

group’s previous study utilized 18F-FDG PET/CT

uptake patterns in Waldeyer’s ring to differentiate benign

lesions from malignant lesions in the lateral pharyngeal

recess of the nasopharynx, using a recommended cutoff

value of 3.9 [10]. However, considerable overlap between

malignant and benign lesions still occurred. Furthermore,

previous studies have suggested that a dual-phase technique

would enhance diagnostic accuracy. However,

results appeared to be disappointing [18,19]. In the current

study, an SUV greater than 4.61 occurred in 19 (29%)

of the 66 participants with benign lesions, of which three

(11%) were asymptomatic and 16 (41%) were symptomatic.

Six (24%) of the 25 participants with NPC had an

SUV less than 4.61. Criteria other than the SUV were

therefore needed to improve the accuracy of characterizing

midline roof lesions of the nasopharynx. Utilization

of the MRN/PT ratio to differentiate benign lesions from

malignant lesions did not provide promising results,

despite participants with benign lesions having lower

MRN/PT ratios, with no significant differences between

benign lesions and malignant lesions when using each of

the two parameters individually. A relatively higher 18F-FDG uptake in the PT (SUV; 7.94± 1.49), which

resulted in a lower MRN/PT ratio and was regarded as a

false positive for malignancy, occurred exclusively in

symptomatic participants, indicating that the participants

presenting with active processes other than chronic

inflammation might exhibit enhanced 18F-FDG metabolism

in the PT. Hence, radiologists should refer to

patients’ clinical evaluations when interpreting the images

from scanning procedures.

The current study also considered the additional parameters

of the axis of the midline roof foci of the nasopharynx

measurements and symmetrical/asymmetrical

uptake and mucosal thickening of the lateral pharyngeal

recess of the nasopharynx because infection/inflammation

induces increased tissue activity, and morphological

hypertrophy might occasionally occur bilaterally. Most

benign lesions in this study displayed these phenomena.

In the previous 5 years, 25 of 36 (69%) newly diagnosed

NPC participants in the cancer screening program

showed primary tumor involvement in the midline of the

nasopharynx. As described by Barcin et al. [15], NPC

patients usually have primary tumors sited in the midline

of the nasopharynx, with bilateral neck nodal metastases

at presentation. In other previous investigations, 60–90%

of participants had nodal spread at the time of initial

diagnosis, and nearly 50–80% of these participants had

bilateral disease. The presence of lymph node enlargement,

however, did not relate to the size of the primary

tumor [6,18]. In the current study, 24 (96%) of the 25

participants with NPC displayed 18F-FDG uptake in the

neck lymph nodes, of which 13 participants exhibited

bilateral uptake.

Our study has a number of potential limitations. We

assessed only participants with NPC. We did not assess

other malignant lesions in the MRN, such as lymphoma,

etc. Most newly diagnosed NPC participants also showed

neck lymph node metastases. Therefore, it is difficult to

determine whether the original area was the MRN and/or

the lateral wall of the nasopharynx. Except for malignant

nasopharyngeal lesions, no histopathology proved the

neck lymph node metastases. Furthermore, a sample size

of only 121 participants might not be large enough to

warrant a change in clinical practice. Verification using a

large independent sample is needed.

The adenoids, or pharyngeal tonsils, are lymphatic tissue

located in the MRN. Prominent adenoids are typically

present in children; the adenoids reach their maximal size

at about 5 years of age; gradual adenoidal involution

normally begins around the time of puberty. However,

normal adenoidal tissue may occasionally be seen in

adults in their fourth, fifth, and even sixth decade of life.

In our study, allergy rhinitis with repeat infection and/or

inflammatory process was important to cause 18F-FDG

uptake in the middle roof of the nasopharynx in healthy

individuals (Fig. 2) and patients (Fig. 5). Some reported

that allergy rhinitis may increase cancer risk of the head

and neck [20,21]. If such a nasopharyngeal mass is seen in

an older patient, clinical correlation should be sought.

Conclusion

The results of the current study indicate that increased

18F-FDG uptake in the MRN may suggest the presence

of an infection/inflammatory process or a malignant

change. On using an SUV level of less than 4.61 and an

MRN/PT ratio of less than 1.14 as cutoff points to

identify benign lesions in participants showing a combination

of the characteristic axis of the midline roof foci of

the nasopharynx measurements, symmetrical uptake in

the lateral pharyngeal recess of the nasopharynx, normal

or symmetrical wall thickening, and detectable neck

lymph node uptake, significant improvement of

0.95 ±0.022 could be seen in the AUC of the PET/CT

images, with 95% sensitivity and 85.5% specificity.

These results indicate that the analysis of the intensity

and patterns of 18F-FDG uptake in various regions of

Waldeyer’s ring, combined with CT scan findings, provides

a feasible modality for differentiating benign

lesions from malignant nasopharyngeal midline roof foci

lesions.
