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Abstract 

 
We performed a logistic regression analysis to evaluate the predictive value of 
ultrasonongraphy-detectable features of cervical lymph nodes in patients with nasopha-
ryngeal carcinoma. The goal of this analysis was to determine whether certain ultrasound 
features were useful for accurate differential diagnosis of cervical lymph nodes metastasis 
with underlying nasopharyngeal carcinoma. In this investigation 220 "first-visit" patients 
with nasopharyngeal carcinoma were subjected to cervical lymph node examination by 
ultrasonography and all nodes underwent histological evaluation by core needle biopsy. A 
total of 303 lymph nodes (74.8% of all nodes examined (N = 405)) were found to contain 
malignant metastasis. Using logistic regression analysis, four ultrasonographic features were 
identified as significant predictor variables for differentiating between benign and malignant 
cervical lymph nodes. These features were the maximum long axis, minimum short axis, short 
and long axis ratio, and resistive index as determined by color flow Doppler ultrasonography. 
Our logistic regression model of ultrasound-detectable features may be useful on a larger 
scale for differential diagnosis of cervical lymph nodes involvement in nasopharyngeal 
carcinoma. 
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Introduction 
 

Nasopharyngeal carcinoma is a form of cancer with high 
incidence rates observed in Southern China [1]. Because 
the location of nasopharynx is deep and its anatomical 
structure is complex, early detection of nasopharyngeal 
carcinoma is atypical, and the disease is usually 
diagnosed once metastasis to cervical lymph node and 
distant sites has occurred. The five year survival rate for 
nasopharyngeal carcinoma radiotherapy and chemothe-
rapy has reached more than 80% [1], but is signifcantly 
lower for patients with lymph mode and/or distant 
metastases. The accuracy of nasopharyngeal carcinoma 
staging is very important for the optimal treatment 
planning, and cervical lymph node metastasis is an 
important factor to consider in staging. For accurate N 
staging, palpation of the neck is not sufficient for 
detecting smaller or deeper lymph nodes, and they can be 
easily missed. Ultrasonography can facilitate lymph node 
location and be used to measure their size accurately, and  

 
thus improving clinical N staging [2]. In our investigation  
we examined newly diagnosed nasopharyngeal carcinoma  
patients by ultrasonography to the observe size, image 
characteristics and vascular features of cervical lymph 
nodes to identify potential diagnostic features that could, 
improve of neck node staging. We performed logistic 
regression analysis on ultrasound data collected for 405 
lymph nodes, which were selected randomly and verified 
by core needle biopsy. We discuss characteristic 
diagnostic indices for cervical lymph node metastasis in 
nasopharyngeal carcinoma, and indicate ultrasonographic 
feasures of potential value for the differential diagnosis of 
benign and malignant cervical lymph nodes. 

 
Materials and Methods 
 
We obtained informed consent from all participants prior 
to involvement in our study using a protocol that had been 
approved by the Institutional Review Board. 



Xu/Jiang/Qian 
 

Biomed Res- India 2014 Volume 25 Issue 3 322 

Patients 
Between April 2010 and May 2013, 220 diagnosed 
nasopharyngeal carcinoma patients, (128 males and 92 
females) with a mean age of 46.45 ± 18.14 years (range, 
21-76 years) were randomly examined in the neck region 
by two ultrasonography specialists with previous clinical 
experience. All nasopharyngeal tumors were diagnosed 
by epipharyngoscope and confirmed by histological 
examination. A total of 405 cervical lymph nodes were 
found and characterized.  
 
Equipment and methods 
All ultrasound examinations were performed using GE 
LOGIQ 9 (GE Healthcare, US) ultrasonic diagnostic 
apparatus, employing a liner transducer with a frequency 
setting of 5-12 MHz and thyroid preset for each 
ultrasound scanning. Patients assumed the supine or 
lateral position during examination. Two-dimensional 
gray scale and color flow Doppler ultrasound scanning 
data were obtained during the investigation. The numbers 
of lymph nodes, their location, size, internal echo, 
capsular invasion, blood flow distribution including the 
type of lymph node flow, systolic peak velocity (PSV) 
and blood flow resistive index (RI) were determined 
during examination. The relation of lymph nodes with the 
surrounding tissues was also noted and all data and 
images were recorded by a picture archiving and 
communication (PACS) system.  
 

The imaging classification method proposed by Som, 
Curtin in 1999 for the cervical lymph node distribution 
sub-area was used [3]. The cervical lymph node internal 
blood flow distribution was observed and [4]. 
 

Grade 0: no blood flow signal within the tumor;  
 

Grade 1: 1-2 visible punctate or short rod-like flow 
signals within the tumor;  
 

Grade 2: 3-4 visible point flow signals or a clear wall 
blood vessel within the tumor;  
 

Grade 3: a visible plurality of reticular or flaky color 
flow or two clear-walled blood vessels.  

 

In addition to the ultrasound examination of cervical 
lymph nodes, ultrasound-guided core needle biopsy of 
nodes was performed for histological examination. For 
biopsy magnum instrument (Bard Medical,US)  with a 
18G disposable magnum needle were used for each 
lymph node. In order to apply multi-point and repeated 
puncture measurements, each lymph node was punctured 
at least three times. Different lymph nodes were 
numbered respectively. The pathological and histological 
results were compared with ultrasound data to 
differentiate lymph node metastasis from benign nodes so 
that analysis could be completed.  

Statistical analysis 
SPSS 13.0 statistical software is used to perform the 
binary logistic regression analysis, and predictor variables 
were defined as statistically significant if P < 0.05.  
 

Results 
 

Out of 405 lymph nodes examined, 303 (74.8%) were 
confirmed to be metastatic based upon pathology and 
histology results. For the remainder of the lymph nodes, 
91 (22.5%), contained chronic arthritic changes and 11 
(2.7%) exhibited clinical features that were categorized 
together in this study as "Other".  
 
The ultrasound image characteristics and color flow data 
revealed that some the lymph nodes were round or 
irregular in shape with varying internal echo intensities 
(Figure 2), including low echo and stronger or cystic 
echoes. Most of these echoes were dispersed in 
distribution, but the fusion of echo signals could also be 
observed in some cases (Figure 3). For blood flow 
assessment of the lymph nodes, part of the flow was 
distributed around the lymph nodes with blood vessels of 
uneven thickness being present that exhibited irregular 
shape and distortions (Figure 4). 
 
To analyze the data of lymph node ultrasound features, 
the measurements of long and short diameters (Figures 2 
and 3), short/long axis ratio, and lymph node blood flow 
resistive index (RI) (Figure 5) were evaluated as 
diagnostic predictor variables for the differential 
diagnosis of benign and malignant lymph nodes.  
 
The logistic regression analysis used the following 
variable definitions: the benign versus malignant 
pathological results were classified as a binary outcome 
variable and the possible ultrasound features for the 
benign and malignant differential diagnosis were 
independent/predictor variables. The logistic regression 
analysis results for eight ultrasonographic predictor 
variables are shown in Table 1. 
 
Four independent variables were selected by the logistic 
regression analysis as statistically significant, including 
maximum long axis, minimum short axis, short/long axis 
ratio (S/L) and resistive index (RI). The logistic 
regression model calculated was as follows:  
 
Logit(P)=-13.211+0.204X1+0.838X2+1.917X3+8.122X8 
 
The model was evaluated using the Wald test, to obtain 
the following result, x2=90.459，p=0.000， indicating 
statistical significance. A receiver operating characteristic 
(ROC) curve was made to estimate the diagnostic 
accuracy of each ultrasound-derived predictor variable. 
The area under the ROC curve (Az) values for the four 
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ultrasound parameters ranged from 0.375-0.961， and 
p=0.000 for all parameters (Table 2). Minimum short axis 
values and the S/L ratio were found to have the largest Az 

values (Table 2), implying that these parameters have a 
strong diagnostic potential for distinguishing benign 
versus metastatic cervical lymph node status.  

 
Table 1: Logistic regression analysis results. This table shows pathological analysis results as dependent variables and 
selected predictor variables from ultrasound examination for benign and malignant lymph node differential diagnosis 
 

Independent 
Variable 

B Standard 
Error 

Wald Significance Experiment 
(B) 

95.0% C.I. for 
Experiment (B) 

Max Long (X1) 0.204 0.095 4.596 0.032 1.227 1.018 1.479 
Min Short (X2) 0.838 0.252 11.028 0.001 2.311 1.410 3.790 
S/L Ratio (X3) 1.917 0.614 9.756 0.002 6.802 2.042 22.650 
Internal Echo (X4) -0.869 1.266 0.471 0.492 0.420 0.035 5.011 
Calcify (X5) -17.026 2628.450 0.000 0.995 0.000 0 . 
Amicula (X6) 31.811 3705.949 0.000 0.993 6.53503E+13 0 . 
Blood Flow (X7) -0.211 0.528 0.160 0.689 0.809 0.288 2.277 
RI (X8) 8.122 3.409 5.678 0.017 3369.208 4.227 2685714.243 
Constant (X9) -13.211 2.250 34.480 0.000 0.000   
 
Table 2: ROC curve analysis results. This table shows area under the ROC curve for max long, min short, S/L ratio and 
Resistive Index in order to confirm and analyze the model. 
 
Test result Area Standard Error Significance 95.0% Confidence Interval for Significance 
Max Long 0.375 0.030 0.000 0.316 0.434 
Min Short 0.961 0.008 0.000 0.944 0.977 
S/L Ratio 0.911 0.015 0.000 0.881 0.940 
RI 0.888 0.021 0.000 0.847 0.928 
 

 
 
Figure 1: ROC Curve for the Logistic regression model 
indicating the predictive ability of the ultrasound features 
to differentiate between benign and malignant cervical 
lymph nodes 

 
 
Figure 2: Image characteristics for lymph node: anechoic 
area with irregular shape, part of the solid area shows 
uneven strong echo.  



Xu/Jiang/Qian 
 

Biomed Res- India 2014 Volume 25 Issue 3 324 

 
 
Figure 3: Image characteristics for lymph node: uneven 
internal echo, two lymph nodes showed mutual extrusion 
and fusion.  
  

 
 
Figure 4: Color flow performance for lymph node. Key 
features include irregular shape and color flow 
distributed to the surrounding area. Blood vessels appear 
uneven and distorted.  

 
 
Figure 5: Flow spectrum for lymph node. The 
quantitative parameters of color flow were determined, 
including systolic peak velocity (PSV) and blood flow 
resistive index (RI). 
 
Discussion 
 
At present, nasopharyngeal carcinoma incidence rates 
compared to other cancer syndromes diagnosed in China. 
There are many lymph vessels the in nasopharynx, which 
predisposes the cervical lymph nodes to invasion by 
metastasis. The most conspicuous clinical symptom of 
lymph node involvement is lumps in the neck apparent in 
only 40-50% of first-visit patients [5]. However the 
proportion of detected cervical lymph node metastasis is 
> 75% after thorough clinical examination [5], and 
metastasis is a strong determinant for nasopharyngeal 
carcinoma treatment outcomes and prognosis [6,7]. The 
size of cervical lymph nodes is often determined by 
palpation, the the accuracy of this method depends 
primarily upon the level of clinician experience. In 
contrast, ultrasonography is an economical and practical 
method of lymph node examination that results in 
effective detection and requires no radiation and or 
contrast agents [8]. Ultrasound examination can 
determine the shape of lymph nodes, quantify the 
intensity of internal echoes and indicate blood flow 
distribution. Abnormal appearances of lymph nodes 
indicative of cystic changes and calcification in addition 
hemodynamic assessment can be performed by ultrasound 
allowing the clinical to distinguish between the benign 
and malignant tissue.  
 
We performed a binary logistic regression analysis of 
ultrasonography-detectable features of cervical lymph 
nodes in nasopharyngeal carcinoma patients to evaluate 
their use as predictor variables for lymph node metastasis. 
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The analysis identified four significant predictor variables 
including maximum long axis, minimum short axis, 
short/long axis (S/L) ratio and resistive index (RI) for the 
differential diagnosis of benign versus malignant cervical 
lymph nodes.  
 
The morphological changes for metastatic lymph nodes 
detected through the four ultrasound features correlated 
with tumor pathological changes identifed through biopsy. 
Also the long and short axis dimensions were shifted, with 
the lymph nodes appearing rounder in shape (i.e., S/L>0.5). 
From Table 1, standard regression coefficient (Wald) 
analysis results are shown for the four predictor ultrasound 
parameters. Among the four predictor variables with 
statistical significance, minimum short axis had the highest 
Wald statistic value for the differential diagnosis of the 
benign and malignant lymph nodes, while the maximum 
long axis measurement was the lowest value. This results 
implies that short axis measurements have more diagnostic 
value, and this was consistent with previous reports [8]. 
The values for area under the ROC curve (Az) (Table 2) 
similarly indicate the diagnostic superiority of minimum 
short axis (Az = 0.961) compared to maximum long axis 
was (Az =0.375). This suggests that the transverse diameter 
of the enlarged lymph nodes could be used as one of the 
main indicators for the diagnosis of cervical metastatic 
lymph nodes by ultrasound.  
 
Multiple factors besides lymph node size must be 
considered in attempting to diagnose cervical lymph node 
metastasis, as this measurement alone is not a sufficient 
criterion. The shape of inflammed lymph nodes and those 
exhibiting reactive hyperplasia lymph nodes are frequently 
oval, while malignant lymph nodes can be round or 
irregular [9].  

 
However the ultrasound-derived short/long (S/L) axis ratios 
of lymph nodes might be more diagnostically meaningful, 
as high S/L values are characteristic of malignant lymph 
nodes, such that S/L>0.5 is frequently observed for 
malignant lymph nodes while S/L values <0.5 has been 
observed for benign lesions [9,10]. In Table 1, standard 
regression coefficient (Wald) analysis results are 
summarized and S/L ratio was the diagnosis indicator 
second to minimum short axis for differential diagnostic 
power. As shown in Table 2, Az for S/L ratio was 0.911, 
close to the diagnostic accuracy value observed for 
minimum short axis. However S/L ratio is limited in 
usefulness for determining the nature of smaller lymph 
nodes, and should not be considered as a sole indicator for 
differentiating between benign and malignant lymph nodes 
[11]. Therefore it would improve clinical assessment and 
diagnosis accuracy for cervical lymph nodes according to 
combine measurements of minimum short axis with 
short/long axis ratio. 

Blood flow resistive index (RI) was another significant 
variable identified through logistic regression analysis. 
The changes in observed lymph node resistance can be 
related to the hemodynamic changes caused by the growth 
of malignant tumors. RI was affected by tumor type and 
lymph nodes metastasis and specifically RI was higher 
when the lesion was malignant and the main factor was 
tumor doubling [11]. Blood vessels of malignant lymph 
nodes were observed and analyzed. We observed a 
change in angiogenesis and stenosis; occlusion or 
expansion emerged and if the lymph nodes were 
malignant, the vessels in the nodes were extrude or 
obstructed [12]. During the process, blood flow RI 
became higher. Compared with pathological study, blood 
flow RI can further inform the nature of cervical lymph 
nodes.  
 

When examining lymph nodes with color Doppler 
ultrasound, the structure of benign lymph nodes is usually 
unremarkable, exhibiting typical one-way, swinging-door 
type flow with regular distribution. In contrast metastatic 
lymph nodes exhibited surrounding blood flow caused by 
“centripetal” invasive growth of the cancer cells inside the 
lymph nodes such that the normal lymph portal blood 
supply was destroyed. In this case the tumor can obtain 
blood from only the marginal blood vessels around lymph 
nodes or from blood vessels in the surrounding tissue. 
The characteristic flow information for malignant lymph 
nodes under microcirculation was also confirmed by 
contrast-enhanced ultrasound for cervical metastasis 
lymph nodes of nasopharyngeal carcinoma patients 
studied by other investigators [13]. Therefore the blood 
flow characteristics detectable by the ultrasound could 
help to differentiate the benign and malignant lymph 
nodes. Because of the tiny blood vessels in lymph nodes 
and the slowed speed of blood flow, signal detection by 
Doppler technology is limited, which negatively impacts 
diagnostic performance. 
 
We used logistic regression analysis to identify four 
ultrasound parameters with as significant predictor 
variables for binary classification of cervical lymph nodes 
from nasopharyngeal carcinoma patients as benign or 
containing metastatic malignancy. All of ultrasound 
parameters were diagnostically meaningful, but each 
variable had a predictive limitation. Therefore we suggest 
that the combined analysis of these indicators would be an 
effective approach towards distinguishing between benign 
and malignant cervical lymph nodes, which has also been 
indicated in other investigations of staging lymph node 
malignancy via ultrasound examination [14,15]. In our 
study of nasopharyngeal carcinoma cervical lymph nodes, 
we found that S/L ratios >0.5, increased blood flow RI 
values, and increased minimum short axis can be used as 
clinical diagnostic criteria for malignant invasion of 
cervical lymph nodes.  
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The size, shape, internal echo and blood flow distribution 
for cervical metastasis lymph nodes in nasopharyngeal 
carcinoma have many characteristic manifestations 
detectable by ultrasonography. We suggest that the 
diagnostic factors predictive of cervical metastasis lymph 
nodes established in this study, may contribute to earlier 
detection, improved differential diagnosis and informed 
treatment selection for nasopharyngeal carcinoma patients.  
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