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Introduction: We performed this study to explore the diagnostic accuracies and cutoff

values of contrast-enhanced computed tomography (CT) and magnetic resonance imaging

(MRI) for the detection and diagnosis of metastatic retropharyngeal lymph nodes (RLNs) in

patients with nasopharyngeal carcinoma (NPC).

Methods: One hundred and twenty-eight patients with a total of 159 RLNs were included in the

study. The sizes of maximal andminimal axial diameters of each node on both contrast-enhanced

CT and MRI images were measured. The characteristics of the RLNs (malignant or benign), as

well as the survival of patients, were classified based on the results of follow-up MRI.

Results: RLN size cutoffs of 4–11 mm for minimal axial diameter were used. We found that

MRI showed higher sensitivity while CT demonstrated higher specificity. The reasonable

criterion for the diagnosis of metastatic RLNs in MRI was a minimal axial diameter of

≥6 mm, which yielded a sensitivity, specificity and diagnostic odds ratio (DOR) of 0.71, 0.82

and 10.88.

Conclusion: The radiologic criteria that should be used for the assessment of RLN

metastases in NPC patients are nodes with a minimal axial diameter of ≥6 mm on MR

images.
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Introduction
Nasopharyngeal carcinoma (NPC) is a common malignancy in Southeast Asia

where the age-standardized rate of NPC incidence was 21 per 100,000 person-

years, whereas the incidence in other parts of the world was only less than 1 per

100,000 person-years.1 Retropharyngeal lymph nodes (RLNs), located within the

retropharyngeal space and bound anteriorly by the middle layer of the deep cervical

fascia, posteriorly by the prevertebral fascia, and laterally by the carotid sheath,2,3

were regarded as sentinel lymph nodes in NPC patients. Metastasis to RLNs was an

important prognostic factor in head and neck cancers. However, due to their

relatively deep anatomical locations2 and their complicated surgical dissections,4

biopsy and surgical removal were not easy to be operated. In such cases, imaging

assessment was important for the diagnosis of RLN pathologies.5
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The imaging examinations of RLNs in patients with

NPC could be made on the basis of several radiologic

modalities, such as computed tomography (CT), positron

emission tomography (PET), and magnetic resonance ima-

ging (MRI). In the diagnosis of local and metastatic naso-

pharyngeal carcinomas, a recent meta-analysis suggested

that CT showed good accuracy in the diagnosis of N stage,

while MRI had good accuracy in diagnosis of T stage.6 In

clinical practice, MRI was the preferred method for eval-

uating the soft tissues of the head and neck with high soft-

tissue discrimination,7 and Kato et al have reported that

MRI was superior to CT for detecting metastatic RLNs

with high contrast resolution and the metallic artifacts

were less severe in MR imaging.5

However, the radiologic criteria for the size of a RLN are

contentious, and different RLN size criteria have been sug-

gested. Lam et al took 4 mm as the upper limit of normal

RLN.8 A minimal axial diameter of 5 mm was also proposed

as abnormal for RLNs in patients with NPC.9,10 Zhang et al11

and Li et al12 reported that nodes with a minimal axial

diameter 6 mm or larger should be used for assessment of

RLNmetastases. Given these uncertainties, it remains impor-

tant to define the size criteria. Our study aimed to compare

CT and MRI for detecting RLN metastasis and to establish

the diagnostic criteria in patients with NPC.

Materials and Methods
Patients
From February 1, 2016 to January 1, 2019 we searched the

electronic medical chart system of Jiangsu Cancer

Hospital, China, for pathologically confirmed and pre-

viously untreated NPC patients. One hundred and twenty-

eight patients were enrolled in our analyses. All these

patients underwent both contrast-enhanced CT and MR

imaging before chemoradiotherapy. Initial image modality

for reference standard of positive vs negative RLN was

MRI. The interval between contrast-enhanced CT and MRI

examinations for the same patient was no more than 1

month. Written informed consent was obtained from each

individual participant and the experimental protocol was

approved by the Clinical Research Ethics Committee of

Jiangsu Cancer Hospital. This study was conducted in

accordance with the Declaration of Helsinki.

Imaging Protocol
The CT examinations were performed on a multi-detector

computed tomography (MDCT) scanner (Somatom

Definition, Siemens AG, Medical Solutions, Forchheim,

Germany). All patients underwent CT scan with coverage

from the skull vertex to 2 cm below the inferior margin of

the clavicle. Contrast-enhanced planning CT scans with

a 3-mm slide thickness were obtained after an intravenous

bolus injection of 100 mL of monomeric nonionic contrast

media (250 mg iodine/mL) at an injection rate of

2 mL/sec.

MR examination was performed with a 1.5 Tesla scan-

ner (Achieva, Phillips Medical Systems, Netherlands) on

patients for head and neck imaging. The examined area

extended from the suprasellar subarachnoid cistern to the

inferior margin of the sternal end of the clavicle using

a head-and-neck coil. Before the injection of contrast mate-

rial, unenhanced T1-weighted images in the axial plane, and

axial, coronal and sagittal T2-weighted images were

obtained. After the intravenous administration of gadoli-

nium-complexed diethylene triamine pentaacetic acid (Gd-

DTPA, 0.1 mmol/kg body weight, injection rate: 1.5 mL/s),

fat-suppressed T1-weighted spin-echo images were per-

formed sequentially, with the same parameters that were

used before Gd-DTPA injection. The section thickness was

5 mm and intersection gap was 1 mm.

Treatment and Follow-Up
After tumor assessments performed by CT or MRI at base-

line, all patients received image-based intensity-modulated

radiotherapy (IMRT). The technique and dose of radiother-

apy was in consistent with the NCCN guidelines.

Therapeutic responses were evaluated by follow-up MRI.

Image Assessment
An experienced general radiologist (10 years of post-

training experience in head and neck imaging) and an

oncological radiologist (8 years of post-training experi-

ence) separately reviewed all the MR images with the

electronic calipers in the PACS (Centricity Radiology

RA600, GE Healthcare). They both were unaware of the

information of patients including the names, laboratory

results, or clinical diagnoses of patients. Any disagree-

ments were resolved by discussion with a third author.

The minimum axial diameter, as well as the maximum

axial diameter which was perpendicular to the course of

the internal jugular vein of each visible RLN, were mea-

sured. The minimum axial diameter corresponded to the

widest diameter of the node in the axial plane that was

perpendicular to its maximum axial diameter. Axial
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diameter measurements were made mainly using

T2-weighted axial images.12

Statistical Analysis
Cutoff values from 4 mm to 11 mm were used. True

positive (TP), true negative (TN), false positive (FP), and

false negative (FN) were calculated according to the dif-

ferent size criteria. A summary of sensitivity, specificity,

positive likelihood ratios (PLR), negative likelihood ratios

(NLR) and diagnostic odds ratio (DOR) with correspond-

ing 95% confidence intervals (CIs) were yielded by TP, FP,

FN and TN for CT and MRI.

In addition, we used the receiver operating character-

istic (ROC) curve and the overall area under the curve

(AUC) of ROC to determine the diagnostic performance of

these two imaging modalities in the detection of metastatic

RLNs, and to assess the effectiveness of different size

criteria. The closer the area is to 1.0, the better the diag-

nostic test is.13 The left-upper point of ROC curve is

considered the best diagnostic cutoff value. All the above

statistical analyses were performed by Meta-Disc Version

1.4 and SPSS 17.0 (SPSS Inc., Chicago, IL, USA).

Results
Assessment of RLNs
Among the 128 patients with NPC, a total of 159 RLNs

were assessed. One hundred and fifty-eight lateral RLNs

were detected on gadolinium-enhanced T2-weighted images

and contrast-enhanced CT images, and only one medial

RLN was observed.

Treatment results were assessed by central imaging

vendor review using Response Evaluation Criteria in

Solid Tumors, version 1.1 (RECIST v1.1). Complete

response (CR) was defined as the disappearance of all

lesions. Duration of response was the interval from first

RECIST v1.1–recorded response to progressive disease in

patients who achieved at least a partial response.

A decrease in the sum of target disease of ≥30%
represents partial response (PR),14 progressive disease

(PD) is an increase in sum of target disease ≥20%, or the

development of a new lesion, and stable disease lies

between partial response and progressive disease.

Accordingly, a positive or malignant RLN was considered

if it resolved after the completion of radiotherapy or pro-

gressed during the follow-up MRI, whereas a negative or

benign RLN was stable in size after radiotherapy and the

patient remained disease-free during the subsequent fol-

low-up.15

We identified 13 benign (8.7%) and 146 malignant

(91.93%) RLNs. The mean values of the minimal axial,

maximal axial, and longitudinal diameters of the malignant

RLNs were all greater than those of the benign RLNs. The

minimum diameter of RLNs on CT was ≥3 mm whereas

on MRI was ≥2.2 mm. Complete resolution occurred in

128 (80.50%) lymph nodes and partial resolution occurred

in 17 (10.69%) RLNs. One (0.63%) lymph nodes showed

progressive disease. Thirteen lymph nodes remained stable

and had no evidence of progressive disease at follow-up

MRI.

Comparison of MRI and

Contrast-Enhanced CT
Size criteria from ≥4 mm to ≥11 mm for minimal axial

diameter was used to identify lymph node metastases. TP

referred to the positive lymph nodes that were correctly

labeled while FP were the negative lymph nodes that were

incorrectly labeled as positive. The sensitivity, specificity,

PLR, NLR and DOR of these cutoffs of different size

criteria were calculated accordingly (Tables 1 and 2).

MRI showed higher sensitivity while CT demonstrated

higher specificity (Figure 1). The AUC for the detection

of metastatic RLNs is shown in Tables 1 and 2. The mean

AUCs for contrast-enhanced CT and MRI were 0.6938

(standard error 0.0666) and 0.8554 (standard error

0.0332), respectively, which suggested that MRI was

more accurate for the diagnosis of RLN metastases.

Cutoff Values of RLN Metastases
The ROC curves of the minimal axial diameter showed

great effectiveness in the detection of metastatic RLNs

(Figure 2). Of all the size criteria, a minimal axial diameter

of ≥6 mm was the most accurate criterion to assess RLN

involvement. For MRI, the sensitivity, specificity, PLR,

NLR and DOR of this criterion were 0.71 (95% CI 0.63–

0.78), 0.82 (95% CI 0.48–0.98), 3.89 (95% CI 1.11–13.69),

0.36 (95% CI 0.25–0.52) and 10.88 (95% CI 2.26–52.46),

respectively. Compared with the commonly used criteria of

a minimal axial diameter of ≥5 mm, the sensitivities of

a minimal axial diameter of ≥6 mm versus ≥5 mm were

0.71 (95% CI 0.63–0.78) versus 0.93 (95% CI 0.87–0.96),

and the specificities were 0.82 (95% CI 0.48–0.98) versus

0.50 (95% CI 0.16–0.84). Meanwhile, for contrast-

enhanced CT, the minimum axial diameter of 6 mm was
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also the most effective with the sensitivity, specificity, PLR,

NLR and DOR of 0.55 (95% CI 0.47–0.63), 0.86 (95% CI

0.42–1.00), 3.87 (95% CI 0.63–23.88), 0.52 (95% CI

0.37–0.74) and 7.41 (95% CI 0.87–63.06), respectively.

Discussion
Size of the lymph node is the most frequently used

criteria for differential diagnosis. The minimal axial dia-

meter was superior to the maximal axial diameter in the

Table 1 The Sensitivity, Specificity, DOR, PLR, NLR and AUC for Several Cutoffs of Different Size Criteria for Contrast-Enhanced CT

Minimal Axial Diameter Sensitivity Specificity DOR PLR NLR AUC

4mm 0.65 0.56 2.29 1.46 0.64 0.6938

5mm 0.64 0.70 4.23 2.15 0.51

6mm 0.55 0.86 7.41 3.87 0.52

7mm 0.51 0.86 6.32 3.59 0.57

8mm 0.43 0.88 5.29 3.44 0.65

9mm 0.36 0.88 4.01 2.91 0.73

10mm 0.27 0.89 2.91 2.40 0.83

11mm 0.27 0.90 3.30 2.68 0.81

Abbreviations: DOR, diagnostic odds ratio; PLR, positive likelihood ratio; NLR, negative likelihood ratio; AUC, area under the curve; CT, computed tomography.

Table 2 The Sensitivity, Specificity, DOR, PLR, NLR and AUC for Several Cutoffs of Different Size Criteria for MRI

Minimal Axial Diameter Sensitivity Specificity DOR PLR NLR AUC

4mm 0.97 0.30 12.34 1.38 0.11 0.8554

5mm 0.93 0.50 12.73 1.85 0.15

6mm 0.71 0.82 10.88 3.89 0.36

7mm 0.64 1.00 36.41 13.95 0.38

8mm 0.52 1.00 24.61 12.41 0.50

9mm 0.41 1.00 14.36 8.93 0.62

10mm 0.33 1.00 10.45 7.31 0.70

11mm 0.33 1.00 10.34 7.26 0.70

Abbreviations: DOR, diagnostic odds ratio; PLR, positive likelihood ratio; NLR, negative likelihood ratio; AUC, area under the curve; MRI, magnetic resonance imaging.

BA

DC

Figure 1 (A) Sensitivity, (B) specificity for contrast-enhanced computed tomography (CT) and (C) sensitivity, (D) specificity for magnetic resonance imaging (MRI) in the

diagnosis of metastatic retropharyngeal lymph node.

Abbreviation: CI, confidence interval.
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diagnosis of RLN metastases.16 Since very different diag-

nostic criteria have been utilized in relevant studies about

metastatic RLNs in NPC patients, leading to the occur-

rence of false positive or false negative results, it is

warranted to determine the unified criteria that are most

appropriate.

Previous published reports9,10,17,18 have used the cri-

terion of a minimal axial diameter of 4 or 5 mm for

a radiologic diagnosis of abnormal RLNs. Our study was

in consistent with a previous study11 that proposed

a minimum axial diameter of 6 mm as the cutoff between

normal and abnormal RLNs, and the best clinical predic-

tion was obtained using this criterion.12 RLNs ≥6 mm

were associated with tumor proliferation, resulting in an

increased risk of distant metastasis and decreased OS and

DMFS.19 Since head and neck radiation represented

a therapeutic challenge given their proximity to radiosen-

sitive structures, in particular, the parotid gland, the poster-

ior pharyngeal wall and the pharyngeal constrictor

muscles,20,21 it was necessary to determine whether certain

lymph node was in need of radiotherapy for reducing

potential harm to other organs. Based on the criteria

above, even if the tumors were in stage T1 or T2, it was

suggested that NPC patients with RLNs ≥6 mm and no

distant metastases underwent concurrent chemoradiother-

apy or induction chemotherapy.22,23

In the detection of many tumors, MR imaging pro-

vided considerably superior soft-tissue images in contrast

to that of non-contrast-enhanced CT. However, for con-

trast-enhanced CT, Bipat et al reported that no significant

difference between contrast-enhanced CT and 1.5-T MRI

(63.8 and 64.4%, respectively) was observed for color-

ectal liver metastases.24 A comparison of contrast-

enhanced CT and MRI for predicting the malignant

potential of intraductal papillary mucinous neoplasm

(IPMN) of the pancreas also suggested that the diagnostic

performance for predicting malignant IPMNs was com-

parable with each modality without significant

difference.25 PET/CT has also been applied in detecting

lymph node; however, it was reported that PET/CT was

inferior to enhanced CT for detecting RLN metastases in

NPC patients, especially in those with a minimum axial

diameter of <1 cm and those near the primary tumor.27,28

In our study, MRI were more accurate for the diagnosis

of RLN metastases with an AUC of 0.8554 than contrast-

enhanced CT which had an AUC of 0.6938. The great

soft-tissue contrast of MRI not only allows for the differ-

entiation of individual RLN from adjacent normal

structures,26 but also permits the identification of small

RLNs.

There are several limitations in our study. Firstly, the

sample size of lymph nodes examined was relatively

small. Therefore, the comparison of sensitivity and spe-

cificity between contrast-enhanced CT and MRI and the

cutoff value of metastatic RLNs in MRI still should be

verified in subsequent studies. Secondly, the deep ana-

tomic location prevented pathological confirmation of the

nature of the lymph node. Although it was very much

likely that RLN ≥ 6 mm be malignant and ≤6 mm be

benign, false negative and false positive diagnoses might

be induced. Thirdly, enlarged RLNs were sometimes hard

to differ from primary tumor because of the adjacent

BA

Figure 2 Summary receiver operating characteristic (SROC) curve for (A) contrast-enhanced computed tomography (CT) and (B) magnetic resonance imaging (MRI).

Abbreviations: AUC, area under the curve; SE, standard deviation.
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location and even the same signal intensity on radiologi-

cal images. Furthermore, even MRI was not able to fully

depict all of the small RLNs metastases.

In conclusion, MRI was more accurate than CT in the

detection of RLN metastases in NPC Patients. The criter-

ion for MRI based on a minimal axial diameter of 6 mm or

larger was the most accurate, which might be useful in

planning treatment regimens. The diagnostic criteria for

CT on the size of metastatic lymph nodes was also sug-

gested as 6 mm. However, further studies are still needed

to confirm our results.

Compliance with Ethical Standards
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consent was obtained from each individual participant and

the experimental protocol was approved by the Clinical

Research Ethics Committee of Jiangsu Cancer Hospital.

This study was conducted in accordance with the

Declaration of Helsinki.
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