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Abstract 

Introduction: In intensity-modulated radiation therapy (IMRT) planning for nasopharyngeal carcinoma 
(NPC), cervical lymph nodes (CLNs) that appear negative on magnetic resonance imaging (MRI) scans 
can be difficult to target. The purpose of this study was to assess the advantage of 
18F-fluorodeoxyglucose positron emission tomography with computed tomography (18F-FDG PET/CT) 
for distinguishing MRI-negative CLNs and the effect of 18F-FDG PET/CT on diagnosis, target delineation, 
and dose prescription in IMRT planning for NPC. 
Methods: Thirty-five NPC patients with 37 MRI-negative CLNs underwent 18F-FDG PET/CT imaging 
before treatment. Ultrasonography-guided fine-needle aspiration cytology (USgFNAC) was performed 
to examine the pathology of CLNs. The 18F-FDG PET/CT and cytopathological results were compared, 
and the diagnostic accuracy of 18F-FDG PET/CT was calculated. The cytopathologically confirmed CLNs 
were delineated and treated as the gross tumor volume of lymph nodes (denoted as GTVnd). 
Results: Nineteen of the 37 MRI-negative CLNs were positive on 18F-FDG PET/CT, and metastasis was 
confirmed by USgFNAC in 16 CLNs. Of the remaining 18 18F-FDG PET/CT-negative lymph nodes, 
metastasis was confirmed in one. The diagnostic accuracy, sensitivity, and specificity of 18F-FDG PET/CT 
were 89.2%, 94.1%, and 85.0%, respectively. The positive and negative predictive values were 84.2% and 
94.4%, respectively. With a median follow-up of 48.3 months, no relapse was observed among the 
18F-FDG PET/CT-positive CLNs with metastasis confirmed by USgFNAC and treated as GTVnd.  
Conclusion: 18F-FDG PET/CT had high accuracy, sensitivity, and specificity for distinguishing 
MRI-negative CLNs. 18F-FDG PET/CT-positive CLNs could reasonably be categorized as high-risk 
clinical tumor volume in IMRT planning for NPC. 
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Introduction 
The nasopharyngeal region has many lymphatic 

vessels, increasing the likelihood of nasopharyngeal 
carcinoma (NPC) spreading via vessels. The cervical 
lymph node (CLN) metastasis rate is ~70–85% in 
newly diagnosed patients with NPC [1, 2]. Radiation 
therapy is the primary treatment choice for NPC. 
Because of the proximities of many critical organs in 
the head and neck, intensity-modulated radiation 
therapy (IMRT) is the preferred modality based on its 
superiority in providing conformal dose coverage for 
target volumes while sparing adjacent normal 
structures. Because of the highly conformal dose 
distribution and sharp dose drop of IMRT, correct 
identification and accurate delineation of the target 
volumes, including the primary nasopharynx gross 
tumor volume (GTVnx) and the positive CLNs 
(GTVnd), is extremely important. Because of its 
advantages for soft tissue differentiation and 
resolution, magnetic resonance imaging (MRI) is 
widely used to improve the accuracy of target 
identification and delineation in NPC. Nevertheless, 
various studies have shown that small metastases can 
exist in MRI-negative lymph nodes. Such metastases 
could be missed during cervical target delineation, 
leading to insufficient dose coverage and treatment 
failures in NPC and other head and neck cancers [3-7].  

18F-fluorodeoxyglucose positron emission 
tomography–computed tomography (18F-FDG 
PET/CT) combines anatomical and functional 
imaging and has the potential to improve the 
sensitivity of detecting small CLN metastases in 
patients with NPC. Small MRI-negative metastases in 
CLNs can appear as positive on 18F-FDG PET/CT due 
to abnormal glucose uptake [4, 8, 9]. To the best of our 
knowledge, for target volume delineation of IMRT 
planning, there is no consensus on how to define 
CLNs that are MRI-negative. 

The purpose of this study was to assess the 
advantage of 18F-FDG PET/CT in distinguishing 
MRI-negative CLNs in NPC by comparing the results 
of 18F-FDG PET/CT imaging and cytopathological 
examinations. In addition, we evaluated how this 
advantage might affect the target volume delineation 
of IMRT planning for NPC. 

Methods  
This study was undertaken at the Sun Yat-sen 

University Cancer Center. Non-disseminated patients 
with NPC underwent IMRT with or without 
chemotherapy as per the standard guidelines. The 
patients were evaluated using MRI before enrollment. 
Solitary and negative CLNs (with the shortest 
diameter of the maximum cross-section ≥ 5 mm) 

found at different levels from metastatic CLNs were 
identified, and 18F-FDG PET-CT was performed. 
Exclusion criteria were as follows: (1) other combined 
or primary malignancies at the time of diagnosis; (2) 
previous history of malignancy; (3) previous 
treatment with any anti-tumor therapy; (4) history of 
neck surgery; (5) history of diabetes or other 
metabolic diseases; (6) platelet count < 100 × 109/L; 
and (7) abnormal coagulation function. The pathology 
of MRI-negative CLNs was examined by pretreatment 
ultrasonography-guided fine-needle aspiration 
cytology (USgFNAC). The study was approved by the 
ethics committee of Sun Yat-sen University Cancer 
Center, and the participants provided written 
informed consent before treatment. 

MRI was performed with a 1.5 T 
superconducting magnetic resonance imaging system 
(Signa Excite II 1.5; GE Medical Systems, Waukesha, 
WI, USA) using conventional spin-echo (SE) 
sequences. The scan parameters were as follows: 
T1WI TR = 400–600 ms, TE = 15–25 ms; T2WI TR = 
800–3000 ms, TE = 90–150 ms; flip angle 90°, slice 
thickness/interslice interval of 5 mm/1 mm; matrix 
256 × 256, and FOV 210 mm. A standard orthogonal 
head coil was used. The axial scan sets covered the 
region from the suprasellar cistern to the 
sternoclavicular joint. An intravenous bolus injection 
of gadolinium-diethylenetriamine pentaacetic acid 
(gadolinium-EDTA, Gd-DTPA; 0.1 mmol/kg) was 
administered, and T1W1 imaging was acquired 
followed plain scans. The MRI images were then 
independently reviewed by two experienced 
radiologists (LLX and ZL).  

The diagnostic criteria for positive CLNs were 
based on those of van den Brekel et al. [10] and 
included swollen lymph nodes with the shortest 
diameter ≥ 10 mm (≥ 11 mm for level IIa) in the largest 
axis or with capsular invasion, or > 3 lymph nodes 
with a cluster- or string-like distribution, or the 
presence of central necrosis. Other CLNs were 
defined as MRI-negative. If the diagnosis was 
inconsistent between the two radiologists, a 
consensus was reached after discussion.  

18F-FDG PET/CT imaging was performed using 
a combined PET/CT scanner (Discovery ST-16, GE 
Health Care, Piscataway, NJ, USA). The 18F-FDG 
radiochemical purity was > 95%. Before scanning, 
patients fasted for at least 6 hours; scanning was 
performed when the patients had a blood glucose 
level of ≤ 8.1 mmol/L. The 18F-FDG dose was 5.55 
MBq/kg (0.15 mCi/kg). After intravenous injection of 
18F-FDG, the patients rested quietly in bed in a 
darkened room for 45–60 min and then underwent 
PET/CT imaging after a bowel movement and 
urination. The range of acquisition was from the 
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calvarium to the middle of the femur. The CT 
scanning parameters were as follows: tube voltage 140 
kV, automatic modulation of the tube current across a 
range of 30–150 mA, a gantry rotation speed of 0.8 s, 
and a pitch of 1.375:1. The PET scanning parameters 
were as follows: two-dimensional (2D) mode, 5–7 bed 
positions, 2.5 min/bed position, matrix 128 × 128, and 
slice thickness 3.25 mm. The three-dimensional (3D) 
reconstruction was performed using the ordered 
subset expectation maximization iterative algorithm. 
The acquired images were transferred to a GE Xeleris 
workstation and were independently reviewed by 
two experienced nuclear medicine physicians (FW 
and LXP). A diagnosis of CLN metastasis was based 
on the distribution of 18F-FDG in the CLNs and 
surrounding normal tissue, lesion morphology, and 
the maximum standardized uptake value (SUVmax) 
of the region of interest. Lymph nodes were 
considered PET/CT-positive based on location, 
intensity, shape, size, and visual correlation with CT 
images to differentiate physiologic uptake from 
pathologic uptake. Positivity was also considered if: 
(1) abnormal increased FDG uptake that was greater 
than the surrounding background of blood pool 
activity, and (2) the SUVmax of the lymph node was > 
2.5 [11-13]. If the initial diagnosis differed between the 
two physicians, discussions were held to reach a 
consensus. 

USgFNAC biopsy was performed after MRI and 
18F-FDG PET/CT imaging. The locations of the CLNs 
were determined using a conventional 
ultrasonography system (Nemio17, Toshiba Medical 
Systems Corporation, Otawara, Tochigi, Japan). To 
ensure CLN presence and accurate ultrasonography 
guidance, patients were selected for biopsy based on 
the previously acquired MRI and PET/CT images as 
those having a solitary CLN ≥ 5 mm on MRI, without 
a cluster- or string-like distribution. After routine 
disinfection and draping, local anesthesia was 
performed using 1% lidocaine. An automatic ejection 
biopsy gun (Bard MAGNVM, Biopsy Instrument, 
Covington, GA, USA) and 16-G or 18 G-needles 
(lengths 16 cm and 20 cm, respectively) were used to 
perform the biopsies. Biopsies were performed under 
ultrasonography guidance, and a tissue specimen 
with a length of 15 or 22 mm was obtained from each 
insertion. For each patient, up to six specimens were 
collected, and all collected tissue strips were placed on 
sterilized filter paper. The tissue strips were fixed in 
10% formaldehyde solution and sent for routine 
cytopathological examination. 

Details of radiotherapy planning have been 
described previously [14]. Simultaneous modulated 
accelerated-boost radiation therapy was implemented 
for all patients, with prescription doses of 68–70 

Gy/30 fractions (F) to the planning target volume 
(PTV) of the GTVnx (PGTVnx), 60–66 Gy/30 F to the 
PTV of the GTVnd (PGTVnd), 60 Gy/30 F to the PTV 
of the clinical tumor volume (CTV1, PTV1), and 54 
Gy/30 F to the PTV of the low-risk CTV, termed CTV2 
(PTV2). All CLNs that were confirmed positive by 
USgFNAC were delineated as the GTVnd and were 
prescribed 60–66 Gy/30 fractions. 

Data analysis and follow-up 
Based on the 18F-FDG PET/CT examination and 

cytopathological results, MRI-negative CLNs were 
divided into four categories as follows: true positive 
(TP), both PET/CT and cytopathological examination 
showed metastasis; true negative (TN), both PET/CT 
and cytopathological examination were negative for 
malignancy; false positive (FP), PET/CT was positive 
and cytopathological examination was negative; false 
negative (FN), PET/CT was negative and 
cytopathological examination was positive. The 
accuracy, sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV) of 
18F-FDG PET/CT were calculated. 

Patients were followed-up monthly for the first 3 
months, every 3 months for the next 3 years, every 6 
months for the next 2 years, and then annually. 
Lymph node relapse was diagnosed by MRI or 
18F-FDG PET/CT and confirmed by USgFNAC.  

Results 
Patients were enrolled from June 2005 to August 

2012. Thirty-five newly diagnosed NPC patients with 
37 MRI-negative CLNs underwent whole-body 
18F-FDG PET/CT scanning, and USgFNAC biopsy 
was applied for all MRI-negative CLNs. There were 
24 males and 11 females, and the median age was 46 
years (range, 28–65 years). The patients’ clinical 
features are presented in Table 1. 

All 37 MRI-negative CLNs were solitary (not 
having a cluster- or string-like distribution). The 
majority (70%) of CLNs were located at Level II. The 
mean shortest diameter of the maximum cross-section 
was 7.1 mm (5–9 mm).18F-FDG PET/CT imaging 
identified 19 positive findings among the 37 
MRI-negative CLNs, with a mean SUVmax of 6.8 
(range, 2.6–14.9), details of these CLNs are shown in 
Table 2. The remaining 18 lymph nodes were negative 
on 18F-FDG PET/CT, with a mean SUVmax of 2.0 
(range, 0–6.1). Figure 1 shows an example of an 
MRI-negative lymph node that was positive on 
18F-FDG PET/CT imaging. The cytopathological 
results confirmed metastasis in 16 of the 19 18F-FDG 
PET/CT-positive CLNs, showing an accuracy of 
84.2% for distinguishing malignant lymph nodes from 
MRI-negative CLNs. The cytopathological diagnosis 
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for the remaining 3 nodes was lymphadenitis. Among 
the 18 negative 18F-FDG PET/CT findings, 
cytopathological examination confirmed 
inflammatory changes or normal lymph node tissue 
in 17 lymph nodes and metastasis in 1. The diagnostic 
accuracy, sensitivity, and specificity of 18F-FDG 
PET/CT were 89.2%, 94.1%, and 85%, respectively. 
The PPV and NPV were 84.2% and 94.4%, 
respectively.  

 

Table 1. Clinical features of 35 newly diagnosed patients with 
NPC 

  Classification Number of patients 
Sex Male 24 

Female 11 
Age range (years) 28–65 (median: 46 years) 
Histologic classification (WHO) I + IIa 3 

IIb 32 
T classification* T1 3 

T2 9 
T3 18 
T4 5 

N classification* N0 16 
N1 9 
N2 10 
N3 0 

Clinical stage* I 3 
II 8 
III 19 
IV 5 

*Staging according to the 2002 American Joint Committee on Cancer criteria. 
 

Table 2. Details of the 19 PET/CT-positive CLNs 

No. Levels Diameter (mm) SUVmax USgFNAC Results* 
1 I 6.0 4.3 P 
2 I 8.0 5 P 
3 I 8.0 3.5 P 
4 II 7.0 3 P 
5 II 6.0 6.4 P 
6 II 8.0 4.4 P 
7 II 9.0 12.8 P 
8 II 7.0 12.8 P 
9 II 8.0 11.7 P 
10 II 7.0 4.3 N 
11 II 7.0 3.2 P 
12 II 9.0 5.6 P 
13 II 5.0 13.2 P 
14 II 9.0 6.2 N 
15 II 9.0 2.6 P 
16 III 5.0 3.3 P 
17 III 9.0 8.3 N 
18 V 5.0 3.9 P 
19 V 6.0 14.9 P 
CLN, cervical lymph node; SUVmax, maximum standardized uptake value; 
USgFNAC, ultrasonography-guided fine-needle aspiration cytology; P, Positive; N, 
Negative 

 
 
Detailed dose distribution analyses showed that 

the average mean dose to these CLNs was 68.02 Gy 
(63.45–74.50 Gy). Follow-up was terminated on 
December 31, 2015. With a median follow-up of 48.3 

months (27.3–120.9 months), 3 patients exhibited 
lymph node recurrence with 2 recurrences at Level III 
and 1 at the parotid lymph node. The MRI-negative 
CLNs of these 3 patients were all located at Level II; 
therefore, these recurrences were not at the level of 
the previously treated CLNs. 

Discussion 
Regional relapse is one of the main failure 

patterns for NPC patients treated with IMRT [15, 16]. 
The correct diagnosis, accurate delineation of 
metastatic CLNs, and radical radiation of such nodes 
are extremely important for the success of 
radiotherapy, especially when using IMRT. Because 
of the high imaging resolution of soft tissue, MRI is 
becoming the preferred reference imaging modality 
for the delineation of target volumes in patients with 
NPC [17-19]. However, the morphological diagnostic 
criteria for lymph nodes used for MRI are based on a 
single cutoff value with presumed high sensitivity 
and specificity. For CLNs, diagnostic criteria for 
malignant lymph nodes have been proposed by van 
den Brekel et al. [10], with the shortest diameter of 
swollen lymph nodes ≥ 10 mm (≥ 11 mm in level IIa) 
being used most commonly. However, previous 
studies showed that metastases could exist in 
MRI-negative CLNs, and > 40% of CLN metastases 
occur in lymph nodes with a diameter < 10 mm 
[20-22]. In the present study, the prevalence of 
‘‘occult’’ lymph node metastases in CLNs < 10 mm 
was 45.9% (17/37). Therefore, diagnosis based on the 
size of the CLN could result in misdiagnosis of 
metastatic lymph nodes. 

Previous studies in patients with NPC and other 
head and neck cancers have indicated that 18F-FDG 
PET/CT was superior to CT and MRI for metastasis 
detection in CLNs [23-25]. However, the superiority 
of 18F-FDG PET/CT for MRI-negative lymph nodes 
has not been demonstrated clearly. The present study 
evaluated the usefulness of 18F-FDG PET/CT for 
MRI-negative CLNs in patients with NPC. The 
diagnostic sensitivity and specificity of 18F-FDG 
PET/CT were 94.1%, and 85%, respectively. PET has 
limitations in detecting small tumor volumes, which 
are associated with the spatial resolution of current 
PET cameras and partial volume effects. Crippa et al. 
[26] reported that the average reconstructed axial 
resolution of FDG PET was 5.3 mm. The FN case in 
the present study could be a result of such limitations, 
but might also be due to a relatively low number of 
cancer cells in the CLN. Only lymph nodes with the 
shortest diameter of the maximum cross-section of ≥ 5 
mm on MRI were evaluated, which might have 
contributed to the sensitivity and specificity values in 
the present study. USgFNAC was used for the 
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pathological examinations. A comparison of 
USgFNAC and neck dissection for head and neck 
cancer patients showed that USgFNAC was a highly 
accurate technique for the investigation of CLN 
metastases [27]. 

Previous studies have reported relatively low 
PPVs; it was 61.6% in Lee et al. [28] and 50% in 
Schöder et al. [21]. In the present study, there were 3 
FPs on 18F-FDG PET/CT, and the PPV was 84.2% 
(16/19). All 3 FPs had inflammatory hyperplastic 
tissue. The relatively high PPV and small sample size 
in the present study might explain the non-conformity 
of the diagnostic criteria with that reported by 
previous studies. The small number of FPs might also 
limit the reliability of the comparison between TPs 
and FPs; therefore, these data will need to be 
validated in a larger patient population. 

Without resorting to additional diagnostic 
means, determination of an appropriate treatment 
strategy for MRI-negative CLNs could be difficult 
because of the uncertainty of the metastatic 
involvement status of CLNs. Li et al. [29] suggested 
that any node could be defined as a suspicious 
metastatic node if it does not meet the diagnostic 
criteria on MRI but has a shortest axial diameter of at 
least 8 mm. In addition, MRI-negative grouped nodes 
could be defined as suspicious metastatic nodes if at 
least 1 of the nodes has a minimal dimension of 5 mm. 
However, we found that metastasis in CLNs that were 
solitary on MRI and had a shortest axial diameter of < 
8 mm. A recent study by Peng et al. found that a total 
biological effective dose of 72 Gy to MRI-negative 
CLNs provided a clinical benefit [30]. The present 
study revealed that 18F-FDG PET/CT was highly 
accurate for detecting metastasis in MRI-negative 
CLNs and could provide valuable information for the 
delineation of target volumes in IMRT treatment of 
NPC.  

The target volume definitions in IMRT mainly 
follow the recommendations of the related 
International Commission on Radiation Units and 

Measurements (ICRU) reports for the area of 
radiotherapy. In the latest ICRU report #83 [31], a 
subclinical malignant disease with a certain 
probability (5–10%) of occult disease should be 
considered relevant for therapy and are defined in the 
CTV. Subclinical malignant disease includes possible 
regional infiltration into lymph nodes, despite their 
normal appearance on clinical and radiological 
examinations. In this study, the accuracy of 18F-FDG 
PET/CT for distinguishing malignant lymph nodes 
from MRI-negative CLNs was 84.2%. Despite the 
relatively small sample size, the probability of 84.2% 
is much higher than that of 5–10% suggested by the 
ICRU report #83. In the IMRT treatment planning for 
NPC, the current practice is to divide the CTV into 
CTV1, which includes high-risk sites of microscopic 
tumor extension, and CTV2, which covers low-risk 
sites of microscopic tumor extension and the 
lymphatic drainage area of positive CLNs. Different 
radiation doses are prescribed to each of these CTVs. 
We believe that it is reasonable to categorize positive 
CLNs as high-risk CTVs in the IMRT plans to ensure 
they are treated with a higher prescribed dose. In the 
present study, all the 18F-FDG PET/CT-positive CLNs 
that were confirmed as metastatic by USgFNAC were 
delineated as the GTVnd and treated with a high 
dose, and none of these CLNs relapsed. In current 
clinical practice, the target volume GTVnd is typically 
referred to as MRI-positive CLNs that meet the 
positive diagnosis criteria of MRI/CT. Therefore, 
questions remain as to whether the category of 
MRI-negative but 18F-FDG PET/CT-positive CLNs 
with high odds of metastasis should be defined as 
GTVnd in IMRT treatment of NPC. We believe that 
USgFNAC alone, to confirm or rule out CLN 
metastasis, would not be sufficiently rigorous 
compared with lymph node resection. However, the 
present study had a small sample size. Therefore, the 
true clinical benefit of adding PET/CT in nodal 
staging will need to be evaluated in a large 
prospective study. 

 

 
Figure 1. A representative example of imaging findings A) 59-year-old female with condensed uptake at the site of the lymph node suggested by 
pre-treatment PET. B) Suspected malignant lymph nodes revealed by 18F-FDG PET/CT scan. C) Negative MRI diagnosis. 
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Conclusion 
18F-FDG PET/CT had high accuracy, sensitivity, 

and specificity for distinguishing MRI-negative CLNs 
in patients with NPC. Almost half of the 
MRI-negative CLNs in the present study were 
positively involved and presented metastasis risk. It is 
reasonable to categorize these MRI-negative but 
18F-FDG PET/CT-positive CLNs as CTV1 in IMRT 
planning for NPC.  
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