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ABSTRACT

BACKGROUND AND PURPOSE: An accurate and comprehensive assessment of lymph node metastasis in patients with head and neck
squamous cell cancer is crucial in daily practice. This study constructed a predictive model with a risk scoring system based on CT
characteristics of lymph nodes and tumors for patients with head and neck squamous cell carcinoma to stratify the risk of lymph node
metastasis.

MATERIALS AND METHODS: Data included 476 cervical lymph nodes from 191 patients with head and neck squamous cell carcinoma from
a historical cohort. We analyzed preoperative CT images of lymph nodes, including diameter, ratio of long-to-short axis diameter, necrosis,
conglomeration, infiltration to adjacent soft tissue, laterality and T-stage of the primary tumor. The reference standard comprised
pathologic results. Multivariable logistic regression analysis was performed to develop the risk scoring system. Internal validation was
performed with 1000-iteration bootstrapping.

RESULTS: Shortest axial diameter, ratio of long-to-short axis diameter, necrosis, and T-stage were used to develop a 9-point risk scoring
system. The risk of malignancy ranged from 7.3% to 99.8%, which was positively associated with increased scores. Areas under the curve
of the risk scoring systems were 0.886 (95% CI, 0.881– 0.920) and 0.879 (95% CI, 0.845– 0.914) in internal validation. The Hosmer–Lemeshow
goodness-of-fit test indicated that the risk scoring system was well-calibrated (P � .160).

CONCLUSIONS: We developed a comprehensive and simple risk scoring system using CT characteristics in patients with head and neck
squamous cell carcinoma to stratify the risk of lymph node metastasis. It could facilitate decision-making in daily practice.

ABBREVIATIONS: AUC � area under the curve; HNSCC � head and neck squamous cell carcinoma; L/S � long-to-short axis

The presence of lymph node metastasis has a great impact on

the treatment and prognosis in patients with head and neck

squamous cell carcinoma (HNSCC).1 Solitary lymph node metas-

tasis from HNSCC has a 5-year survival rate of 50%; additional

contralateral lymph node metastasis reduces survival to 33%. De-

tection of lymph node metastasis by imaging is more accurate

than by clinical examination; thus, performing preoperative CT

or MR imaging in the initial work-up for HNSCC has become

routine.1

Imaging assessment of lymph node metastasis in the head and

neck can be challenging for the radiologist because there are mul-

tiple cervical levels to review and variable suggested criteria for

metastatic lymph nodes. Furthermore, multiple image features of

lymph nodes (including diameters, shapes, and presence of ne-

crosis), combinations of those features, and characteristics of pri-

mary tumor (such as T-stage or location) should be considered to

determine the possibility of metastasis in daily practice.1-5 In par-

ticular, there is greater difficulty in cases that show both benign

and probable abnormal features. Therefore, a comprehensive and

systematic approach, based on a combination of previously pro-

posed criteria, is needed to maximize the benefits of preoperative

CT.

Furthermore, additional image evaluation and pathologic

confirmations are not possible in all cases (eg, deep locations,

including retropharyngeal or upper mediastinal lymph nodes);
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these increase medical costs and procedure-related complica-

tions.6,7 MR imaging also may provide an option for the diag-

nosis of lymph node metastasis due to its higher spatial reso-

lution and advanced techniques, such as diffusion-weighted

imaging, whereas the real added value of MR imaging com-

bined with other imaging modalities remains controversial de-

spite high costs.8,9 PET/CT is known to have potential diagnos-

tic and prognostic roles in patients with HNSCC,10-14 and

PET/CT has achieved approximately 21% sensitivity improve-

ment in the diagnosis of nodal metastasis per-neck-level com-

pared with conventional images.15 However, considering false-

positive results caused by inflammatory conditions and false-

negative results due to small size, necrosis, or cystic change of

metastatic lymph nodes using PET/CT, a proper diagnostic

approach based on the conventional image findings should be

essential.10,16

Accordingly, a practical and comprehensive prediction model

that uses variable CT findings could be useful for assessing the

presence of lymph node metastasis in patients with HNSCC in

daily practice and might maximize the efficiency of CT by enhanc-

ing the understanding of variable CT features. A risk scoring sys-

tem estimates the probability of the presence/occurrence of a par-

ticular event, based on multiple predictors, to facilitate individual

diagnostic and therapeutic decision-making.17 Therefore, this

study aimed to develop a simple prediction model using a risk

scoring system in patients with HNSCC, based on CT findings, to

stratify the risk of lymph node metastasis.

MATERIALS AND METHODS
This retrospective study was approved by our institutional review

board at Asan Medical Center, and informed consent was waived

for data evaluation. The methods and reporting of results are in

accordance with the Transparent Reporting of a Multivariable

Prediction Model for Individual Prognosis or Diagnosis state-

ment,18 the Strengthening the Reporting of Observational Studies

in Epidemiology statement,19 and the statistical methods for pre-

diction models.17

Study Population
The study population was obtained from a historical cohort of

consecutive patients who were newly diagnosed with HNSCC and

underwent pretreatment contrast-enhanced neck CT at our large

(2700 beds) academic tertiary referral hospital between July 2010

and December 2013. The eligibility criteria were as follows: 1)

Patients had newly diagnosed HNSCC; 2) patients underwent a

neck CT examination before the treatment of HNSCC; 3) patients

underwent lymph node dissection, and the presence of lymph

node metastasis was pathologically confirmed at each cervical

level; 4) the shortest axial diameter of the lymph node on CT

was �5 mm; and 5) patients were older than 20 years of age.

Exclusion criteria included the following: 1) Patients underwent

definite radiation or concurrent chemoradiation therapy; 2) pa-

tients underwent radiation therapy and/or chemotherapy before

lymph node neck dissection; 3) CT scan slice thickness was �3

mm; 4) CT scans were without coronal reconstruction; and 5) CT

scans had severe metal- or motion-related artifacts, making tu-

mor boundary delineation difficult. We also retrospectively col-

lected patients’ demographic and clinical data by review of elec-

tronic medical records; these data included age, sex, location of

the mass, and surgical and chemoradiotherapy history.

Image Acquisition
All patients underwent CT examinations on one of several com-

mercially available CT systems, with the multidetector capability

ranging from 64 to 128 channels. The techniques and parameters

varied depending on the system used. However, most examina-

tions were performed with a 128-channel CT scanner (Somatom

Definition Flash; Siemens Medical Solutions, Erlangen, Ger-

many), and typical imaging parameters were as follows: 120 kV,

200 effective mAs, axial scan mode, 22-cm display FOV, 50-cm

large-body scan FOV, pitch of 1, gantry rotation time of 0.5 sec-

onds, detector collimation of 128 � 0.6 mm, and 3-mm axial and

coronal reconstructed slice thickness with a soft-tissue algorithm

reconstruction. Real-time automatic tube current modulation

software (CARE Dose4D; Siemens) was applied to regulate the

tube current in accordance with the patient’s anatomic structures.

Scan coverage was from the upper margin of the frontal sinus to

the top of the aortic arch. Acquisition of CT images began 70

seconds after the injection of 140 mL of intravenous iopamidol

(Isovue-370; Bracco, Princeton, New Jersey) at a rate of 2.5 mL/s.

A PACS system was used for the review and analysis of all radio-

logic images.

Image Analysis
All CT images were independently reviewed by 2 neuroradiolo-

gists, with 5 and 12 years of head and neck oncology imaging

experience, respectively. Before evaluation, the 2 neuroradiolo-

gists completed a training session with 10 patients to help them

reach a consensus regarding the measurement of the diameter and

imaging findings of the lymph nodes.

We analyzed possible predictors of lymph node metastasis on

preoperative CT images as follows: lymph node diameter (short-

est and longest axial diameter and longest coronal diameter)3; the

long-to-short axis (L/S) ratio2,5,20; presence of necrosis3,21; con-

glomeration of lymph nodes, infiltration to adjacent soft tissue,

laterality to the primary tumor (ipsilateral versus contralateral);

and T-stage of primary tumor, following the AJCC Cancer Staging

Manual, eighth edition. The largest diameters of each node in the

axial and coronal planes were measured and defined as the longest

diameter.5 The largest diameter perpendicular to the longest

axial diameter was measured and defined as the shortest axial

diameter.5 Slices for the measurement of the diameter of the

lymph nodes were independently selected by each observer,

and electronic calipers on the PACS system were used for such

measurements. The L/S ratio was calculated by using the lon-

gest axial diameter/shortest axial diameter.5 The presence of

necrosis was defined as central low density with irregular or

rim-like enhancement of residual lymphatic tissue.21,22 The

degree of necrosis was classified as none, present, or cystic

(demonstrating a rim-like thin enhancing or imperceptible

wall with �90% of central low density) by visual analysis.1

Infiltration to adjacent soft tissue was defined as poorly de-

fined nodal margins or soft-tissue infiltration or stranding of

the muscles or fat in the neck.22
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Statistical Analysis
For the development of a risk scoring system for the discrimina-

tion of lymph node metastasis, pathologic results after lymph

node dissection were used as a reference standard for the presence

or absence of metastasis of lymph nodes. Univariable and multi-

variable logistic regression analysis was performed to estimate the

risk of metastasis associated with CT findings and pathologic re-

sults. Variable selection for the multivariable model was achieved

by iterative backward elimination in 1000-iteration bootstrap re-

sampling. A 50% relative frequency of selection was the criterion

for inclusion in the final model.

A simple scoring system was developed using the penalized

maximum likelihood estimates of the covariates in models that

followed the method of Sullivan et al.23 After selecting a base value

of each variable, we used regression coefficients as weights and

distance from the base value to generate each point value (On-line

Table). Score 1 was defined as the effect of a 5-mm increase in the

minimal axial diameter of the lymph node. To prove the power of

discrimination of the risk scoring system, we calculated the area

under the curve (AUC) of the receiver operating characteristic

curve. The Hosmer–Lemeshow goodness-of-fit statistic was used

to evaluate the agreement between the observed and expected

number of metastatic lymph nodes across all strata, based on the

probabilities of malignancy estimated from the prediction model.

Internal validation was performed using the bootstrap validation

algorithm.24,25 Bootstrap resampling began by fitting the logistic

model in a bootstrap sample of the same number of nodules as the

original sample (n � 476), which was drawn with replacement

from the original sample. The optimism-corrected performance

for internal validation was calculated as the AUC of the receiver

operating characteristic curve with 1000 repetitions. The appar-

ent performance represented the performance in the original

sample. The performance in each bootstrap sample represents the

apparent performance of the bootstrap model, and the test per-

formance represents the performance of the bootstrap model in

the original sample. The difference between these performances is

an estimate of the optimism. The optimism performance is sub-

tracted from the apparent performance to estimate the internally

validated performance: Optimism-Corrected Performance �

Apparent Performance � Average (Bootstrap Performance �

Test Performance).24-26 All statistical analyses were performed

using SPSS, Version 22.0 (IBM, Armonk, New York) and R, Ver-

sion 3.0.2 (www.r-project.org), with rms and pROC packages. A

2-sided P value � .05 was considered statistically significant.

RESULTS
This study included 476 lymph nodes from 191 patients (142

men, 49 women; mean age, 61.8 � 13.0 years; range, 28 –91 years).

Metastatic lymph nodes were present in 38% (181/476) of lymph

nodes. Location of the primary tumor was the oral cavity in 48.2%

(92/191), oropharynx in 23.0% (44/191), and larynx in 28.8%

(55/191). The T-stage of the primary tumor was stage 1 in 25.7%

(49/191), stage 2 in 33.5% (64/191), stage 3 in 29.3% (56/191),

and stage 4 in 11.5% (22/191).

By multivariate logistic regression analysis, the shortest axial

diameter of the lymph node and necrosis of the lymph node dem-

onstrated significant differences between benign and metastatic

lymph nodes. Necrosis of the lymph node showed the highest

odds ratio of �15 (Table 1).

A 9-point risk scoring system was developed using the results of

multivariable analysis (Table 2, On-line Table, and Fig 1). The T-

stage of the primary tumor, shortest axial diameter, L/S ratio, and

necrosis of the lymph node were assigned to one or more points,

according to their � (regression coefficient) values in the develop-

ment of the risk scoring system. The presence of necrosis in the

lymph nodes, regardless of the extent of necrosis (ie, present versus

cystic), and the shortest axial diameter of �2 cm showed relatively

high scores in this system: 3 points and 4 points, respectively. Table 2

also shows the risk of metastasis according to the risk scoring system.

If a lymph node had a score of zero, the risk of metastasis was �7.0%.

Furthermore, the risk of metastasis continuously increased when the

risk score increased, with 9 points achieving the highest value of

100% of the estimated probability of metastasis.

The AUC of the risk scoring system was 0.886, with a 95% CI,

0.881–0.920 (Fig 2). The sensitivity and specificity of the risk scoring

system were 74.0% (95% CI, 67.2%–79.9%) and 95.3% (95% CI,

92.2%–97.2%) using the cutoff value of 3 points. The optimism-

corrected performance was good (AUC � 0.879; 94% CI, 0.845–

Table 1: Univariable and multivariable regression models of lymph node metastasis

Variable

Univariable Analysis Multivariable Analysis

OR 95% CI P Value OR 95% CI P Value
T-stage

1 Reference Reference
2 1.13 0.68–1.89 .64 0.97 0.46–2.06 .93
3 or 4 1.59 0.98–2.59 .06 1.86 0.95–3.77 .07

Shortest axial diameter (cm) 41.29 18.09–94.27 �.001 6.69 2.95–17.31 �.001
Longest axial diameter (cm) 6.59 4.12–10.56 �.001
L/S ratio 0.07 0.03–0.14 �.001 0.50 0.22–1.10 .09
Longest longitudinal diameter (cm) 4.87 3.36–7.08 �.001
Conglomerationa 9.73 3.66–25.84 �.001
Necrosis

No Reference Reference
Present 38.99 17.81–85.37 �.001 15.21 6.97–36.60 �.001
Cystic 82.25 24.88–271.89 �.001 21.76 7.51–84.63 �.001

Infiltrationa 75.54 10.26–556.09 �.001
Laterality to primary tumor (ipsilateral

vs contralateral)a
2.27 1.37–3.75 �.001

a The reference standard in this study comprised no conglomeration, no infiltration, and no contralateral location to the primary tumor.

AJNR Am J Neuroradiol 40:1049 –54 Jun 2019 www.ajnr.org 1051



0.914). The Hosmer–Lemeshow goodness-of-fit test indicated that

the prediction model and scoring system were well-calibrated (P �

.160). The calibration plot showed good agreement between the pre-

dicted and actual risks of lymph node metastasis (Fig 3).

DISCUSSION
In the present study, we developed a simple 9-point risk scoring sys-

tem using CT characteristics of lymph nodes and tumors for HNSCC

to stratify the risk of cervical lymph node metastasis. This scoring

system demonstrated an excellent predictive accuracy, with an AUC

of 0.89 in interval validation by 1000-repetition bootstrapping. The

presence of necrosis, regardless of the extent of necrosis, and shortest

axial diameter of lymph nodes of �2 cm demonstrated relatively

higher scores in this risk scoring system, which could be useful for

estimating the risk of malignancy of lymph nodes in routine practice.

Risk scoring systems have been used to stratify the risk of

lymph node metastasis in various organs, such as esophageal can-

cer, gastric cancer, melanoma, endometrial cancers, and thyroid

cancer.27-33 Similar to these tumors, the existence and extent of

lymph node metastasis change the extent of lymph node dissec-

tion and therapeutic plans in patients with HNSCC; conse-

quently, accurate decisions for lymph node metastasis are crucial.

However, almost all pre-existing modalities have variable diag-

nostic accuracy (sensitivities range from 14% to 80% for CT and

from 29% to 85% for MR imaging; specificities range from 80% to

100% for both CT and MR imaging) for detecting node metasta-

ses in HNSCC.2,3,6,8,34 Our prediction model, which provides risk

scores for the evaluation of lymph nodes, may provide objective

evidence for diagnosis and might contribute to reduced interob-

server variability.

PET/CT is known to have an advantage in staging the nodal

status of HNSCC.10-15 A recent meta-analysis reported that the

sensitivity, specificity, and AUC of PET/CT were 84% (95% CI,

71%– 87%), 96% (95% CI, 94%–97%), and 0.97 (95% CI, 0.95–

0.98) with per-neck-level data.15 PET/CT showed the improve-

ment of per-neck-level sensitivity by 21% over conventional im-

aging.15 The sensitivity, specificity, and AUC of our scoring

system are slightly lower than those of PET/CT and similar to

those of conventional CT.

However, our risk scoring system may apply to several clini-

cally complex circumstances for radiologists. First, there are

several cases in which it is technically impossible to perform ul-

trasonography and biopsy. Although ultrasonography and ultra-

sonography-guided biopsy are very powerful techniques for the

assessment of indeterminate lymph nodes in patients with cancer,

technical limitations exist in deep lymph nodes, such as retropha-

ryngeal, mediastinal, and lower level 6 lymph nodes, as well as in

situations that involve poor patient conditions or low patient

compliance.6,7 Second, a risk scoring system could provide a more

targeted review for radiologists in an additional imaging study.

Rather than focusing on high-score (definite malignant) or low-

score (definite benign) lymph nodes, the additional evaluation

should focus on lymph nodes with intermediate risk scores. Fur-

thermore, our risk scoring system inte-
grates variable pre-existing CT criteria
for lymph node metastasis and primary
tumors in HNSCC. Given these advan-
tages, our risk scoring system could en-
hance the efficiency of preoperative CT
by supporting reasonable decision-mak-

ing based on estimated malignancy.
Our present study had several limita-

tions of note. First, some selection bias
could have been introduced because our
study was performed at a single center

with a small number of patients. Further

validation studies with larger popula-
tions are warranted. Second, we did not
evaluate the potential for interobserver
variability in interpretations of CT im-

ages between radiologists. However, the

radiologists who participated in the

study had �5 years of clinical experience

FIG 1. Example of lymph node scoring. CT images show a 71-year-old man with right hypopha-
ryngeal cancer (asterisk, A) in the lymph node at left cervical level 1 (arrow) and right cervical level
2 (arrowhead). Zero points for left cervical level 1 suggest benign lymph nodes (B), whereas 5
points for right cervical level 2 lymph node are calculated following the scoring system (0 points
for stage 2 [T-stage], 1 point for 1.5 cm of shortest axial diameter, 1 point for 1.25 of long-to-short
ratio, and 3 points for the cystic necrosis, C). The left cervical level 1 lymph node was classified as
a benign lymph node, and the surgical specimen confirmed it as a benign lymph node. The lymph
node in the right cervical level 2 was classified as high risk for the metastasis, and the surgical
specimen proved it as a metastatic lymph node.

Table 2: Risk scoring system for lymph node metastasis in
patients with newly diagnosed HNSCC

Image Findings Score
T-stage

1 or 2 0
3 or 4 1

Shortest axial diameter (cm)
�1 0
1–2 1
�2 4

L/S ratio
�1.5 1
�1.5 0

Necrosis
No 0
Yes 3

Total score 9

Risk classification by total risk scorea

0–1: low risk (�17% of metastasis)
2–4: intermediate risk (17%�78% of metastasis)
5–9: high risk (�78 % of metastasis)

a Estimated metastases for the each score in the risk groups were as follows: low-risk
group (score zero, 7% and score one, 17 %), intermediate-risk group (score two, 35%;
score three, 58%; and score four, 78%), and high-risk group (score five, 90%; score six,
96%; score seven, 98%; score eight, 99%; and score nine, 100%).
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in head and neck oncology imaging, and both had completed an

image training session to perform more reproducible and accu-

rate image analysis within the parameters of the study protocol.

Third, we focused on the development of the prediction model

and did not perform external validation. However, as we previ-

ously described, our risk scoring system might be helpful, at least

in several clinically complicated circumstances. The clinical im-

plications of our study should be validated in further analyses.

Fourth, we enrolled the patients who underwent a curative oper-

ation because we used pathologic specimens after neck dissection

as a reference standard to match image findings in each lymph

node. Therefore, some degree of selection bias was also included be-

cause we did not include patients who were treated with definite

radiation therapy or concurrent chemoradiotherapy. Finally, we fo-

cused on the image findings of enhanced neck CT, without correla-

tion of the results of other modalities. As we previously described,

many studies suggest the potential diagnostic and prognostic roles of

PET/CT in patients with HNSCC,10,11,13,14 and some countries and

referral centers routinely perform PET/CT for the initial work-up.

Further studies may reveal whether adding this scoring system to the

results of PET/CT could improve the sensitivity and specificity of

determining neck nodal disease.

CONCLUSIONS
A simple 9-point risk scoring system using CT characteristics of

lymph nodes and tumors for HNSCC could be feasible to stratify

the risk of cervical lymph node metastasis with high diagnostic

accuracy. This comprehensive and practical risk scoring system,

based on various CT features, could be helpful for decision-mak-

ing regarding the possibility of lymph node metastasis in patients

with HNSCC in daily practice.

Disclosures: Jung Hwan Baek—UNRELATED: Consultancy: RF Medical and StarMed
since 2017.

REFERENCES
1. Hoang JK, Vanka J, Ludwig BJ, et al. Evaluation of cervical lymph

nodes in head and neck cancer with CT and MRI: tips, traps, and
a systematic approach. AJR Am J Roentgenol 2013;200:W17–25
CrossRef Medline

2. Castelijns JA, van den Brekel MW. Imaging of lymphadenopathy in
the neck. Eur Radiol 2002;12:727–38 CrossRef Medline

3. Som PM. Detection of metastasis in cervical lymph nodes: CT and
MR criteria and differential diagnosis. AJR Am J Roentgenol 1992;
158:961– 69 CrossRef Medline

4. Som PM, Curtin HD, Mancuso AA. Imaging-based nodal classifica-
tion for evaluation of neck metastatic adenopathy. AJR Am J Roent-
genol 2000;174:837– 44 CrossRef Medline

5. Steinkamp HJ, Cornehl M, Hosten N, et al. Cervical
lymphadenopathy: ratio of long- to short-axis diameter as a predic-
tor of malignancy. Br J Radiol 1995;68:266 –70 CrossRef Medline

6. Suh CH, Baek JH, Choi YJ, et al. Performance of CT in the preoper-
ative diagnosis of cervical lymph node metastasis in patients with
papillary thyroid cancer: a systematic review and meta-analysis.
AJNR Am J Neuroradiol 2017;38:154 – 61 CrossRef Medline

7. Kim E, Park JS, Son KR, et al. Preoperative diagnosis of cervical meta-
static lymph nodes in papillary thyroid carcinoma: comparison of ul-
trasound, computed tomography, and combined ultrasound with
computed tomography. Thyroid 2008;18:411–18 CrossRef Medline

8. Wu LM, Xu JR, Liu MJ, et al. Value of magnetic resonance imaging
for nodal staging in patients with head and neck squamous cell
carcinoma: a meta-analysis. Acad Radiol 2012;19:331– 40 CrossRef
Medline

9. King AD, Chow KK, Yu KH, et al. Head and neck squamous cell
carcinoma: diagnostic performance of diffusion-weighted MR im-
aging for the prediction of treatment response. Radiology 2013;266:
531–38 CrossRef Medline

10. Plaxton NA, Brandon DC, Corey AS, et al. Characteristics and limi-
tations of FDG PET/CT for imaging of squamous cell carcinoma of
the head and neck: a comprehensive review of anatomy, metastatic
pathways, and image findings. AJR Am J Roentgenol 2015;205:
W519 –31 CrossRef Medline

11. Al-Ibraheem A, Buck A, Krause BJ, et al. Clinical applications of FDG
PET and PET/CT in head and neck cancer. J Oncol 2009;2009:208725
CrossRef Medline

12. Yongkui L, Jian L, Wanghan, et al. 18FDG-PET/CT for the detection
of regional nodal metastasis in patients with primary head and neck

FIG 2. Performance of prediction model.

FIG 3. Calibration plot. The calibration plot shows good agreement
between the predicted risk and actual risk of lymph node metastasis.

AJNR Am J Neuroradiol 40:1049 –54 Jun 2019 www.ajnr.org 1053

http://dx.doi.org/10.2214/AJR.12.8960
http://www.ncbi.nlm.nih.gov/pubmed/23255768
http://dx.doi.org/10.1007/s003300101102
http://www.ncbi.nlm.nih.gov/pubmed/11960218
http://dx.doi.org/10.2214/ajr.158.5.1566697
http://www.ncbi.nlm.nih.gov/pubmed/1566697
http://dx.doi.org/10.2214/ajr.174.3.1740837
http://www.ncbi.nlm.nih.gov/pubmed/10701636
http://dx.doi.org/10.1259/0007-1285-68-807-266
http://www.ncbi.nlm.nih.gov/pubmed/7735765
http://dx.doi.org/10.3174/ajnr.A4967
http://www.ncbi.nlm.nih.gov/pubmed/27789450
http://dx.doi.org/10.1089/thy.2007.0269
http://www.ncbi.nlm.nih.gov/pubmed/18358074
http://dx.doi.org/10.1016/j.acra.2011.10.027
http://www.ncbi.nlm.nih.gov/pubmed/22153656
http://dx.doi.org/10.1148/radiol.12120167
http://www.ncbi.nlm.nih.gov/pubmed/23151830
http://dx.doi.org/10.2214/AJR.14.12828
http://www.ncbi.nlm.nih.gov/pubmed/26496574
http://dx.doi.org/10.1155/2009/208725
http://www.ncbi.nlm.nih.gov/pubmed/19707528


cancer before treatment: a meta-analysis. Surg Oncol 2013;22:
e11–16 CrossRef Medline

13. Castaldi P, Leccisotti L, Bussu F, et al. Role of (18)F-FDG PET-CT in
head and neck squamous cell carcinoma. Acta Otorhinolaryngol Ital
2013;33:1– 8 Medline

14. Mak D, Corry J, Lau E, et al. Role of FDG-PET/CT in staging and
follow-up of head and neck squamous cell carcinoma. Q J Nucl Med
Mol Imaging 2011;55:487–99 Medline

15. Sun R, Tang X, Yang Y, et al. (18)FDG-PET/CT for the detection of
regional nodal metastasis in patients with head and neck cancer: a
meta-analysis. Oral Oncol 2015;51:314 –20 CrossRef Medline

16. Saindane AM. Pitfalls in the staging of cervical lymph node metas-
tasis. Neuroimaging Clin N Am 2013;23:147– 66 CrossRef Medline

17. Han K, Song K, Choi BW. How to develop, validate, and compare
clinical prediction models involving radiological parameters: study
design and statistical methods. Korean J Radiol 2016;17:339 –50
CrossRef Medline

18. Moons KM, Altman DG, Reitsma JB, et al. Transparent Reporting of
a Multivariable Prediction Model for Individual Prognosis or
Diagnosis (TRIPOD): explanation and elaboration. Ann Intern Med
2015;162:W1–73 CrossRef Medline

19. von Elm E, Altman DG, Egger M, et al; STROBE Initiative. Strength-
ening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational stud-
ies. BMJ 2007;335:806 – 08 CrossRef Medline

20. Bruneton JN, Balu-Maestro C, Marcy PY, et al. Very high frequency
(13 MHz) ultrasonographic examination of the normal neck: detec-
tion of normal lymph nodes and thyroid nodules. J Ultrasound Med
1994;13:87–90 CrossRef Medline

21. van den Brekel MW, Stel HV, Castelijns JA, et al. Cervical lymph
node metastasis: assessment of radiologic criteria. Radiology 1990;
177:379 – 84 CrossRef Medline

22. Gor DM, Langer JE, Loevner LA. Imaging of cervical lymph nodes in
head and neck cancer: the basics. Radiol Clin North Am 2006;44:101–
10, viii Medline

23. Sullivan LM, Massaro JM, D’Agostino RB Sr. Presentation of multi-
variate data for clinical use: the Framingham Study risk score func-
tions. Stat Med 2004;23:1631– 60 CrossRef Medline

24. Steyerberg EW, Harrell FE Jr, Borsboom GJ, et al. Internal valida-

tion of predictive models: efficiency of some procedures for
logistic regression analysis. J Clin Epidemiol 2001;54:774 – 81
CrossRef Medline

25. Harrell FE Jr, Lee KL, Mark DB. Multivariable prognostic models:
issues in developing models, evaluating assumptions and ade-
quacy, and measuring and reducing errors. Stat Med 1996;15:
361– 87 CrossRef Medline

26. Efron B. Estimating the Error Rate of a Prediction Rule: Improve-
ment on Cross-Validation. J Am Stat Assoc 1983;382:316 –31

27. Lee L, Ronellenfitsch U, Hofstetter WL, et al. Predicting lymph node
metastases in early esophageal adenocarcinoma using a simple
scoring system. J Am Coll Surg 2013;217:191–99 CrossRef Medline

28. Leers JM, DeMeester SR, Oezcelik A, et al. The prevalence of lymph
node metastases in patients with T1 esophageal adenocarcinoma a
retrospective review of esophagectomy specimens. Ann Surg 2011;
253:271–78 CrossRef Medline

29. Koskas M, Fournier M, Vanderstraeten A, et al. Evaluation of models
to predict lymph node metastasis in endometrial cancer: a multi-
centre study. Eur J Cancer 2016;61:52– 60 CrossRef Medline

30. Imai K, Kato H, Katayama K, et al. A preoperative risk-scoring sys-
tem to predict lymph node metastasis in endometrial cancer and
stratify patients for lymphadenectomy. Gynecol Oncol 2016;142:
273–77 CrossRef Medline

31. Jeong JJ, Lee YS, Lee SC, et al. A scoring system for prediction of
lateral neck node metastasis from papillary thyroid cancer. J Korean
Med Sci 2011;26:996 –1000 CrossRef Medline

32. Murali R, Desilva C, Thompson JF, et al. Non-Sentinel Node Risk
Score (N-SNORE): a scoring system for accurately stratifying risk of
non-sentinel node positivity in patients with cutaneous melanoma
with positive sentinel lymph nodes. J Clin Oncol 2010;28:4441– 49
CrossRef Medline

33. Tran TB, Worhunsky DJ, Squires MH, et al. Clinicopathologic score
predicting lymph node metastasis in T1 gastric cancer. Surgery
2018;163:889 –93 CrossRef Medline

34. Ashraf M, Biswas J, Jha J, et al. Clinical utility and prospective com-
parison of ultrasonography and computed tomography imaging in
staging of neck metastases in head and neck squamous cell cancer in
an Indian setup. Int J Clin Oncol 2011;16:686 –93 CrossRef Medline

1054 Chung Jun 2019 www.ajnr.org

http://dx.doi.org/10.1016/j.suronc.2013.02.002
http://www.ncbi.nlm.nih.gov/pubmed/23538049
http://www.ncbi.nlm.nih.gov/pubmed/23620633
http://www.ncbi.nlm.nih.gov/pubmed/22019706
http://dx.doi.org/10.1016/j.oraloncology.2015.01.004
http://www.ncbi.nlm.nih.gov/pubmed/25619735
http://dx.doi.org/10.1016/j.nic.2012.08.011
http://www.ncbi.nlm.nih.gov/pubmed/23199666
http://dx.doi.org/10.3348/kjr.2016.17.3.339
http://www.ncbi.nlm.nih.gov/pubmed/27134523
http://dx.doi.org/10.7326/M14-0698
http://www.ncbi.nlm.nih.gov/pubmed/25560730
http://dx.doi.org/10.1136/bmj.39335.541782.AD
http://www.ncbi.nlm.nih.gov/pubmed/17947786
http://dx.doi.org/10.7863/jum.1994.13.2.87
http://www.ncbi.nlm.nih.gov/pubmed/7932966
http://dx.doi.org/10.1148/radiology.177.2.2217772
http://www.ncbi.nlm.nih.gov/pubmed/2217772
http://www.ncbi.nlm.nih.gov/pubmed/16297684
http://dx.doi.org/10.1002/sim.1742
http://www.ncbi.nlm.nih.gov/pubmed/15122742
http://dx.doi.org/10.1016/S0895-4356(01)00341-9
http://www.ncbi.nlm.nih.gov/pubmed/11470385
http://dx.doi.org/10.1002/(SICI)1097-0258(19960229)15:4<361::AID-SIM168>3.0.CO;2-4
http://www.ncbi.nlm.nih.gov/pubmed/8668867
http://dx.doi.org/10.1016/j.jamcollsurg.2013.03.015
http://www.ncbi.nlm.nih.gov/pubmed/23659947
http://dx.doi.org/10.1097/SLA.0b013e3181fbad42
http://www.ncbi.nlm.nih.gov/pubmed/21119508
http://dx.doi.org/10.1016/j.ejca.2016.03.079
http://www.ncbi.nlm.nih.gov/pubmed/27153472
http://dx.doi.org/10.1016/j.ygyno.2016.06.004
http://www.ncbi.nlm.nih.gov/pubmed/27268220
http://dx.doi.org/10.3346/jkms.2011.26.8.996
http://www.ncbi.nlm.nih.gov/pubmed/21860548
http://dx.doi.org/10.1200/JCO.2010.30.9567
http://www.ncbi.nlm.nih.gov/pubmed/20823419
http://dx.doi.org/10.1016/j.surg.2017.09.021
http://www.ncbi.nlm.nih.gov/pubmed/29398039
http://dx.doi.org/10.1007/s10147-011-0250-2
http://www.ncbi.nlm.nih.gov/pubmed/21674359

	A Scoring System for Prediction of Cervical Lymph Node Metastasis in Patients with Head and Neck Squamous Cell Carcinoma
	MATERIALS AND METHODS
	Study Population
	Image Acquisition
	Image Analysis
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	REFERENCES


