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Thelogistic regression analysis of ultrasonographic featuresin differential
diagnosis of cervical lymph nodes metastasis of nasopharyngeal carcinoma
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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 axisratio, 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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| ntroduction thus improving clinical N staging [2]. In our intiEgtion

we examined newly diagnosed nasopharyngeal caréinom
Nasopharyngeal carcinoma is a form of cancer wijin h  patients by ultrasonography to the observe sizegém
incidence rates observed in Southern China [1]aB8€ characteristics and vascular features of cervigaiph
the location of nasopharynx is deep and its ana@@imi nodes to identify potential diagnostic features twuld,
structure is complex, early detection of nasophgegh jmprove of neck node staging. We performed logistic
carcinoma is atypical, and the disease is usuallyegression analysis on ultrasound data collecteci®®
diagnosed once metastasis to cervical lymph node amymph nodes, which were selected randomly and ieefrif
distant sites has occurred. The five year surviasd for by core needle b|0psy We discuss characteristic
nasopharyngeal carcinoma radiotherapy and chemothgagnostic indices for cervical lymph node metdstas
rapy has reached more than 80% [iit is signifcantly nasopharyngeal carcinoma, and indicate ultrasopbgra
lower for patients with lymph mode and/or distantfeasures of potential value for the differentiaghiosis of

metastases. The accuracy of nasopharyngeal caminomjenign and malignant cervical lymph nodes.
staging is very important for the optimal treatment

planning, and cervical lymph node metastasis is a .

important factor to consider in staging. For actaurs Materials and Methods
staging, palpation of the neck is not sufficientr fo
detecting smaller or deeper lymph nodes, and theyoe = We obtained informed consent from all participgmtier
easily missed. Ultrasonography can facilitate lymplde to involvement in our study using a protocol thadl lbeen
location and be used to measure their size actyrated approved by the Institutional Review Board.
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Patients Statistical analysis

Between April 2010 and May 2013, 220 diagnosedsPSS 13.0 statistical software is used to perfdmn t
nasopharyngeal carcinoma patients, (128 males &nd ®inary logistic regression analysis, and predigtoiables
females) with a mean age of 46.45 + 18.14 yeargéa were defined as statistically significant if P €%.

21-76 years) were randomly examined in the necloneg

by two ultrasonography specialists with previotisichl ~ Results

experience. All nasopharyngeal tumors were diaghose

by epipharyngoscope and confirmed by histologicaPut ©f 405 lymph nodes examined, 303 (74.8%) were
examination. A total of 405 cervical lymph nodesrave c_onflrmed to be metastatic b"?‘SEd upon pathology and
found and characterized. histology results. For the remainder of the lympides,

91 (22.5%), contained chronic arthritic changes amd
Equipment and methods (2.7%) exhibited clinical features that were catempnl

All ultrasound examinations were performed using GE0gether in this study as "Other".

LOGIQ 9 (GE Healthcare, US) ultrasonic diagnostic. . .

; : ; The ultrasound image characteristics and color fiiata
apparatus, employing a liner transducer with aufeaqg
pparats, ploying afi veer Wi y revealed that some the lymph nodes were round or

setting of 5-12 MHz and thyroid preset for each. . . e L
ultrasound scanning. Patients assumed the supine I gular in _shape_ with varying intemal echo ISDERS

lateral position during examination. Two-dimensiona igure 2), including low echo and stronger or gyst
gray scale and color flow Doppler ultrasound scagni echoes. Most of these echoes were dispersed in

data were obtained during the investigation. Thalmers d';t”bu“gn! but the fusion ofFe_cho sgnal; coz;lldo dbeﬂ
of lymph nodes, their location, size, internal echo0 served in some cases (Figure 3). For bloo ow

capsular invasion, blood flow distribution includirthe assessment of the lymph nodes, part of the flow was
typpe of lymph node flow, systolic peak veIocit?/ ®s dlstrlbuted_around the_ lymph nodes with bI(_)qd vks_seé
and blood flow resistive index (RI) were determined"N€ven thickness being present that exhibited ufeeg

during examination. The relation of lymph nodeshwifte shape and distortions (Figure 4).

surrounding tissues was also noted and all data a | the data of | h node ult df
images were recorded by a picture archiving an 0 analyze the data of lymph node ultrasound feafur

L e measurements of long and short diameters @3sg2ir
communication (PACS) system. and 3), short/long axis ratio, and lymph node bldod/

The imaging classification method proposed by Somfesistive index (RI) (Figure 5) were evaluated as
Curtin in 1999 for the cervical lymph node disttiom  diagnostic predictor variables for the differential
sub-area was used [3]. The cervical lymph noderate diagnosis of benign and malignant lymph nodes.

blood flow distribution was observed and [4].
The logistic regression analysis used the following

Grade 0: no blood flow signal within the tumor; variable definitions: the benign versus malignant

pathological results were classified as a binaricaue
Grade 1: 1-2 visible punctate or short rod-likewflo variable and the possible ultrasound features Far t
signals within the tumor; benign and malignant differential diagnosis were
independent/predictor variables. The logistic regien
analysis results for eight ultrasonographic predict
variables are shown in Table 1.

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

Grade 3: a visible plurality of reticular or flakplor
flow or two clear-walled blood vessels. Four independent variables were selected by thistiog

regression analysis as statistically significantluding
In addition to the ultrasound examination of cealic maximum long axis, minimum short axis, short/lonisa
lymph nodes, ultrasound-guided core needle biodsy qatio (S/L) and resistive index (RI). The logistic
nodes was performed for histological examinatioar F regression model calculated was as follows:
biopsy magnum instrument (Bard Medical,US) with a
18G disposable magnum needle were used for eatlogit(P)=-13.211+0.204X1+0.838X2+1.917X3+8.122X8
lymph node. In order to apply multi-point and rejeela
puncture measurements, each lymph node was pudcturéhe model was evaluated using the Wald test, taimbt
at least three times. Different lymph nodes werahe following result, %90.459, p=0.000, indicating
numbered respectively. The pathological and higioll  statistical significance. A receiver operating etuaeristic
results were compared with ultrasound data tQROC) curve was made to estimate the diagnostic
differentiate lymph node metastasis from benignesosb  accuracy of each ultrasound-derived predictor égia
that analysis could be completed. The area under the ROC curve (Az) values for the fo
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values (Table 2), implying that these parameters ke
strong diagnostic potential for distinguishing fggni
versus metastatic cervical lymph node status.

ultrasound parameters ranged from 0.375-0,96dnd
p=0.000 for all parameters (Table 2). Minimum staxis
values and the S/L ratio were found to have thgelsirAz

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 Standard S Experiment  95.0% C.I. for
VeriabIe B Error Wald Significance p(B) Experiment (B)

Max Long (X1) 0.204 0.095 4596 0.032 1.227 1.018 A7
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 .03 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+D .
Blood Flow (X7) -0.211 0.528 0.160 0.689 0.809 @8.28 2.277
RI (X8) 8.122 3.409 5.678 0.017 3369.208 4.227 2883243
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.

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

324

Xu/Jiang/Qian

max 313 cm/s
min 5.7 cm/s
d 5.7 cm/s
AMAX 16.0 cm/s
| 1.60!
| 0.82;

Figure 5. Flow spectrum for Iymph node. The
guantitative parameters of color flow were determined,
including systolic peak velocity (PSV) and blood flow
resistive index (Rl).

Discussion

At present, nasopharyngeal carcinoma incidences rate
compared to other cancer syndromes diagnosed maChi
There are many lymph vessels the in nasopharynichwh
predisposes the cervical lymph nodes to invasion by
metastasis. The most conspicuous clinical symptém o
lymph node involvement is lumps in the neck appiiren
only 40-50% of first-visit patients [S]However the
proportion of detected cervical lymph node metastas

> 75% after thorough clinical examination [5], and
metastasis is a strong determinant for nasophaaynge
carcinoma treatment outcomes and prognosis [6/i¢ T
size of cervical lymph nodes is often determined by
palpation, the the accuracy of this method depends
primarily upon the level of clinician experiencen |
contrast, ultrasonography is an economical andtipedc
method of lymph node examination that results in
effective detection and requires no radiation amd o
contrast agents [8]. Ultrasound examination can
determine the shape of lymph nodes, quantify the
intensity of internal echoes and indicate bloodwflo
distribution. Abnormal appearances of lymph nodes
indicative of cystic changes and calcification ofd#ion
hemodynamic assessment can be performed by ultrdsou
allowing the clinical to distinguish between thenigm
and malignant tissue.

We performed a binary logistic regression analysfis
ultrasonography-detectable features of cervical plym
nodes in nasopharyngeal carcinoma patients to aalu
their use as predictor variables for lymph nodeastesis.
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The analysis identified four significant predict@riables Blood flow resistive index (RI) was another sigeafint
including maximum long axis, minimum short axis, variable identified through logistic regression lgais.
short/long axis (S/L) ratio and resistive index)(RIr the  The changes in observed lymph node resistance €an b
differential diagnosis of benign versus malignaenvical related to the hemodynamic changes caused by tielgr
lymph nodes. of malignant tumors. Rl was affected by tumor tyoel
lymph nodes metastasis and specifically RI was drigh
The morphological changes for metastatic lymph sodewhen the lesion was malignant and the main factas w
detected through the four ultrasound features ledee tumor doubling [11]. Blood vessels of malignant pm
with tumor pathological changes identifed througbpby. nodes were observed and analyzed. We observed a
Also the long and short axis dimensions were ghiftéth  change in angiogenesis and stenosis; occlusion or
the lymph nodes appearing rounder in shape (ile>03%5). expansion emerged and if the lymph nodes were
From Table 1, standard regression coefficient (Waldmalignant, the vessels in the nodes were extrude or
analysis results are shown for the four predictimasound obstructed [12]. During the process, blood flow RI
parameters. Among the four predictor variables wittbhecame higher. Compared with pathological studypdbl
statistical significance, minimum short axis hael tfighest flow RI can further inform the nature of cervicghiph
Wald statistic value for the differential diagnosit the nodes.
benign and malignant lymph nodes, while the maximum . .
long axis measurement was the lowest value. Tisigltee When examining lymph nod_es with color Doppler
implies that short axis measurements have moreoig ultrasound, the structure of penlgn lymph nod_ess_tsally
value, and this was consistent with previous rep{s. unremarkab_le, exhlbltmg typlcgl one-way, SW|ngm@r
The values for area under the ROC curve (Az) (Table type flow with regu_lar dlstrlbutlon. In contrast tastatic
similarly indicate the diagnostic superiority of mmum ‘I‘ymph_ node;s_ eXh'_b'ted surrounding blood flow _c_;aulsgd
short axis (Az = 0.961) compared to maximum lonig ax centripetal” invasive growth of the cancer celiside the
was (Az =0.375). This suggests that the transwiieseeter [YMPN nodes such that the normal lymph portal blood

of the enlarged lymph nodes could be used as orleeof supply was destroyed. "? this case the tumor caairb
main indicators for the diagnosis of cervical mets ~ °100d from only the marginal blood vessels aroymdrh
lymph nodes by ultrasound. nodes or from blood vessels in the surroundingudiss

The characteristic flow information for malignagtriph
@odes under microcirculation was also confirmed by
contrast-enhanced ultrasound for cervical metastasi
lymph nodes of nasopharyngeal carcinoma patients
studied by other investigators [13]. Therefore kieod

Multiple factors besides lymph node size must b
considered in attempting to diagnose cervical lympte
metastasis, as this measurement alone is not @ienif
criterion. The shape of inflammed lymph nodes dubé

exhibiting reactive hyperplasia lymph nodes arefestly flow characteristics detectable by the ultrasoundid

. . elp to differentiate the benign and malignant hmp
i?\r/:glg’ulgvrh[lslg malignant lymph nodes can be round Oaodes. Because of the tiny blood vessels in lympiea

and the slowed speed of blood flow, signal detechy

Doppler technology is limited, which negatively iagts
However the ultrasound-derived short/long (S/Lyaatios  diagnostic performance.

of lymph nodes might be more diagnostically meafilng

as high S/L values are characteristic of malighnamph  We used logistic regression analysis to identifyrfo
nodes, such that S/L>0.5 is frequently observed foultrasound parameters with as significant predictor
malignant lymph nodes while S/L values <0.5 hasnbeevariables for binary classification of cervical lgmnodes
observed for benign lesions [9,10]. In Table 1ndtad from nasopharyngeal carcinoma patients as benign or
regression coefficient (Wald) analysis results arecontaining metastatic malignancy. All of ultrasound
summarized and S/L ratio was the diagnosis indicatgparameters were diagnostically meaningful, but each
second to minimum short axis for differential diagtic  variable had a predictive limitation. Therefore sumgest
power. As shown in Table 2, Az for S/L ratio waS11, that the combined analysis of these indicators @belan
close to the diagnostic accuracy value observed faffective approach towards distinguishing betweemidn
minimum short axis. However S/L ratio is limited in and malignant cervical lymph nodes, which has bksen
usefulness for determining the nature of smallenply indicated in other investigations of staging lympbde
nodes, and should not be considered as a solaiodior  malignancy via ultrasound examination [14,15]. lar o
differentiating between benign and malignant lymldes  study of nasopharyngeal carcinoma cervical lympiieso
[11]. Therefore it would improve clinical assesstnand we found that S/L ratios >0.5, increased blood flaW
diagnosis accuracy for cervical lymph nodes acogrddo  values, and increased minimum short axis can be ase
combine measurements of minimum short axis witttlinical diagnostic criteria for malignant invasioof
short/long axis ratio. cervical lymph nodes.
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The size, shape, internal echo and blood flowidigtion 5.
for cervical metastasis lymph nodes in nasophamsinge

carcinoma have many characteristic manifestations
detectable by ultrasonography. We suggest that tHe
diagnostic factors predictive of cervical metastdgmph
nodes established in this study, may contributeaidier
detection, improved differential diagnosis and inied
treatment selection for nasopharyngeal carcinortiarga.
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