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Objectives:

To explore the value of contrast-enhanced ultrasound (CEUS) in predicting early

lymph node metastasis in clinically node-negative oral cancer patients.

Methods:

We recruited 42 patients (a total of 70 lymph nodes) with clinically node-negative

oral cancer in the study. All of them received both conventional ultrasound (B-mode and
power Doppler) and CEUS before operation and then they were taken for pathological exam-
ination to analyze the diagnostic accuracy. And their CEUS data were analyzed qualitatively
and quantitatively.

Results: The sensitivity and specificity of CEUS in the diagnosis of cervical lymph node
metastasis of oral cancer were 82.7 and 82.9%, respectively. The accuracy of conventional
ultrasound was only 67.1% while that of CEUS was up to 82.9%. The area under the cure
(AUC) of CEUS in detecting lymph node metastasis was 0.828, which was higher than the
0.614 by conventional ultrasound, with statistically significant differences observed (p < 0.05).
Most of the metastatic lymph nodes were characterized by inhomogeneous enhancement and
the peak intensity (PI) of the metastatic group was lower than that of the non-metastatic
group (p < 0.05).

Conclusions: Compared with conventional ultrasound, CEUS may have higher clinical value
for predicting early lymph node metastasis in clinically node-negative oral cancer patients.
And quantitative parameters obtained from CEUS may provide valuable information in the

diagnosis of cervical lymph node metastasis.
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Introduction

Oral cancer is regarded as one of the most common
cancers of head and neck carcinoma, and more than
90% of oral cancers are squamous cell carcinoma.! Oral
cancer occurs in correlation of some bad oral habits
such as smoking, drinking alcohol, and HPV infections.?

Lymph node metastasis is a common event in oral
cancer. About 50% of oral cancer patients have meta-
static lymph nodes and 20-30% patients have occult
lymph node metastases in early-stage (cT1-2N0) oral
squamous cell carcinoma.** Studies have shown that the
prognosis of the oral cancer was closely related to the
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cervical lymph node status. The presence of metastatic
lymph nodes commits patients to an advanced-stage
disease category and can reduce the survival rate.’ Treat-
ment of oral cancer is surgical resection of the primary
tumor with or without postoperative adjuvant therapy
(radiation or chemoradiation therapy).® But there are
no standard treatments of neck lymph nodes for early-
stage oral cancer. Unnecessary prophylactic neck dissec-
tion does harm to patients without metastasis, while the
selection of observation may result in the metastasis
of lymph node.” Therefore, evaluation of lymph node
metastasis is extremely essential for the treatment and
prognostication of oral cancer.
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Fine needle aspiration is the most accurate method
for preoperative evaluation of suspicious lymph node.
However, fine needle aspiration is an invasive method
and not every node is suitable for biopsy.® And the infor-
mation provided by biopsy is not enough to achieve accu-
rate stage, which is critical for determining treatment
strategy and improving the prognosis of the disease.’
Therefore, imaging examination plays an important
role in the diagnosis of lymph node metastasis. Some
imaging techniques such as computed tomography (CT)
and magnetic resonance imaging (MRI) can detect large
lymph node metastases by morphologic changes and size
increase; however, small or early lymph node metastases
might be misdiagnosed with these imaging techniques.!’
Therefore, a noninvasive tool with good diagnostic
value is highly demanded. Ultrasonography has been
shown to be a useful tool to differentiate benign from
malignant cervical lymph nodes. It has better resolution
than CT and MRI.!" But CEUS displays the lymphatic
microvessels better than conventional ultrasonography.
Some studies have shown that the diagnostic accuracy
of CEUS was higher than that of ultrasonography of
superficial lymph nodes.!? Sato et al'* used CEUS to
demonstrate that the increase of lymph node vascular
density preceded any changes in lymph node volume
through animal models. Thus, CEUS may facilitate
early diagnosis of lymph node metastasis by monitoring
blood vessel density. In addition, CEUS is noninva-
sive, repeatable and cost effective, achieved by injecting
microbubbles into blood vessels."* These microbub-
bles can be used safely in patients, with no concern
for cardiotoxicity or nephrotoxicity.'>!* Furthermore,
compared with conventional ultrasound-guided fine
needle aspiration, the CEUS-guided fine needle aspi-
ration may also provide a more efficient method in the
diagnosis of lymph node metastasis.!”

As a new noninvasive ultrasonic imaging technology,
CEUS can evaluate tissue perfusion in real time.'$ It has
a higher sensitivity to the microvessels in lymph node
that cannot be identified by Doppler techniques, thus
leading to a better evaluation in distinguishing benign
from malignant superficial lymph nodes. Several studies
have reported that CEUS might be a potential modality
for the evaluation of superficial lymph node metastasis,
but the quantity of studies on oral cancer is limited. The
aim of our study was to evaluate the clinical value of
CEUS in predicting early lymph node metastasis in clin-
ically node-negative oral cancer.

Methods and materials

Patients

This retrospective study was approved by institutional
review board. From January 2015 to June 2018, patients
with newly diagnosed oral cancer were recruited into
the study. Informed consent for the examination was
obtained from all patients. The inclusion criteria
were oral cancer diagnosed by preoperative biopsy or
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pathology examination, and diagnosed with no lymph
node metastasis by the CT, MRI (preoperative clinical
stage of Tis, TINOMO, or T2NOMO), and could not
be clearly judged by conventional ultrasound (B-mode
and power Doppler). Finally, 42 patients were enrolled
in this study, including 22 males and 20 females, mean
age of 54.57 * 14.41 years old (range 23-82). In these
patients, there were 29 cases of tongue cancer, 5 cases
of buccal cancer, 1 case of parotid cancer, 4 cases of
gingival cancer, 1 case of lip cancer, |1 case of palate
cance and 1 case of mouth floor cancer.

Methods

Ultrasound examinations were performed using an
ultrasound system (Esaote MyLab Twice, Genoa, Italy)
equipped with high-frequency linear array probes with
frequency of 7-12MHz, which allows fundamental
B-mode and power Doppler mode. In the first step,
patients were examined using conventional ultrasonog-
raphy (B-mode and power Doppler). All lymph nodes
in our study were superficial lymph nodes, which can
be detected by ultrasound. The features of lymph node
metastasis were as follows: rounded shape with increased
anteroposterior diameter; loss of hilum; blurred margins
and presence of microcalcification. Then, the suspicious
lymph nodes were examined with CEUS. The contrast
agent was Sonovue (Bracco SpA, Milan, Italy). Sonovue
dry powder of each vial was mixed with 5-ml physio-
logical saline to make microbubble suspension. Then, a
bolus of 2.4ml of microbubble suspension was injected
via the antecubital vein, immediately followed by a
wash with 5ml of saline. In the meanwhile, the timer
of the ultrasonic instrument was turned on and areas
of contrast accumulation were then imaged dynami-
cally with live dual images and collected as a video of
DICOM data.

The lymph nodes enhancement patterns were as
follows: (1) homogeneous enhancement; (2) heteroge-
neous enhancement; (3) peripheral high enhancement
and (4) no enhancement. The first pattern was consid-
ered as benign signs and the other three were considered
as malignant signs. According to the lesion’s enhance-
ment degrees compared with adjacent tissues at peak
enhancement, the perfusion intensity of lymph nodes
was divided into three modes: Hypo-enhancement,
Equal-enhancement, and Hyper-enhancement. The
parametric analysis of this images was performed with
the software QontraXt (Bracco, Milan, Italy). The
region of interest (ROI) was placed in the whole lymph
node to measure the average intensity of ROI. After
selecting the ROI, the QontraXt software processed
the perfusion image automatically to generate the
time-intensity curve (TIC) of the node. Resulted from
the TIC, the quantitative parameters included the
following: (1) rise time (RT), defined as the time from
the beginning of lymph node enhancement to reach
the maximum signal intensity; (2) time to peak (TTP),
defined as the time it takes to reach the maximum signal
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Table 1 Pathological results of CEUS and US
Pathology

Inspection method Positive LN Negative LN Total
CEUS

Positive LN? 24 7 31

Negative LN 5 34 39
USe

Positive LN 8 2 10

Negative LN 21 39 60
Sub total 29 41 70

“CEUS: contrast-enhanced ultrasound.
YLN: lymph node.
‘US: B-mode and power Doppler ultrasound.

intensity from the beginning of contrast agent injec-
tion; (3) peak intensity (PI), defined as maximum signal
intensity value in TIC.

After being detected by CEUS, the targeted lymph
nodes were made marks on corresponding areas verti-
cally to the skin. During the operation, the clinician
injected methylene blue into the target lymph node and
then sent it for pathological examination. The CEUS
results were compared to the histological results.

Statistical analysis

The analysis was performed with SPSS Statistics v.26.0
(IBM Corp., Armonk, NY, USA). The results of CEUS
and conventional ultrasound (B-mode and power
Doppler) were compared with pathological results,
and presented in the form of fourfold table (Table 1).
According to Table 1, the chi-square was adopted to
calculate the sensitivity, specificity, positive-predictive
value, negative-predictive value, and diagnostic accu-
racy of CEUS and conventional ultrasound, respec-
tively (Table 2). Means of the numerical results were
compared by the independent samples z-test, and chi-
square was used to compare the categorical parame-
ters. The receiver operating characteristic (ROC) curve
(Figure 1) was made according to the comparison of
conventional ultrasound results and CEUS results with
pathological results. A p-value less than 0.05 was consid-
ered to be statistically significant difference.

Table 2 Diagnostic values of CEUS and US

Positive- Negative-
predictive predictive Diagnostic
Sensitivity Specificity  value value accuracy
CEUS“ 82.7% 82.9% 7% 87.2% 82.9%
uUs? 27.6% 95.1% 80% 65% 67.1%
b 17.846 1.997 0.001 6.004 4.610
P-value <0.01 0.158 1.000 0.014 0.032

“CEUS: contrast-enhanced ultrasound.
»US: B-mode and power Doppler ultrasound.
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Figure 1 The ROC curve. A curve for the capability of CEUS and
conventional ultrasound in distinguishing benign and malignant
lymph nodes in oral cancer patients.

Results

Diagnostic values of CEUS and conventional ultrasound
( B-mode and power Doppler)

There were 42 patients with 70 lymph nodes in this study
altogether. All of them underwent both CEUS examina-
tion and pathological diagnosis. In these cervical lymph
nodes, pathological diagnoses were negative for 29 cases
and positive for 41 cases. The pathological results of
conventional ultrasound and CEUS were summarized
in Table 1. The sensitivity (82.7 %) and accuracy (82.9
%) of CEUS were significantly higher than conven-
tional ultrasound (27.6% and 67.1%, respectively), but
the specificity between the two groups has no significant
difference (Table 2). The ROC analysis (Figure 1) was
used to compare CEUS and conventional ultrasound in
the diagnosis of lymph node metastasis by calculating
the area under the curve. The AUC of CEUS (0.828,
95%CI: 0.724-0.933) was also higher than that of
conventional ultrasound (0.614, 95%CI: 0.475-0.752)
and the difference was statistically significant (Z =
2.404, p < 0.05).

Characteristics of CEUS image

The CEUS enhancement patterns of 70 cases of lymph
nodes could be divided into four types: type I: homo-
geneous enhancement (37 cases); type II, heteroge-
neous enhancement (18 cases); type 111, peripheral high
enhancement (5 cases); and type IV, no enhancement
(10 cases). Most benign lymph nodes (80.49%, 33/41)
showed homogeneous enhancement patterns (Figure 2),
while most metastatic lymph nodes (82.76%, 24/29)
showed inhomogeneous enhancement (Figure 3) or
peripheral high enhancement or no enhancement, and
the difference was statistically significant (p < 0.05). But
there was no significant difference in perfusion intensity
between the two groups (Table 3). PI of benign lymph
nodes was considerably higher than that of malignant
nodes (p = 0.001, Table 3), while no statistical difference
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Figure 2 US image and quantitative analysis of benign lymph node.
Image of a 32-year-old female. (a) B-mode ultrasound and CEUS
image. (b) Signal intensity image: red means large perfusion; green
means small perfusion. (c) Time-intensity curve. Si: Signal intensity.
TP: Time to peak.

was found in the rise time and time to peak between the
two groups (p = 0.768 and 0.660, respectively, Table 3).

Discussion

In our results, most of malignant nodes (82.8%) in
our study were inhomogeneous on CEUS, while the
majority of benign nodes (80.5%) were found to be
homogeneously enhancing. Previous studies showed
that benign lymph nodes had homogeneous enhance-
ment, while most metastatic lymph nodes had nonuni-
form enhancement and perfusion defects,®!° which was
consistent with the results of this study, indicating
that there were some similarities in the angiographic
features of metastatic lymph nodes. The reason can be
explained that in metastatic lymph nodes, tumor cells
grew fast and invaded blood vessels easily, leading to
insufficient blood supply in lymph nodes, resulting in
local ischemic necrosis. Compared with benign lymph
nodes, the PI of metastatic lymph nodes was signifi-
cantly lower. The PI value reflected the local tissue

=0.131[1/s] AUC=5.3[1/s]

4 TP—45397[ms] Sh

80| [
60|
40
20

\ | | c
[ —— ak=61 Mean=40 StdDev=9.12

73440 110160

Si [%]

ms. 18360 36720 55080 91800 128520 146880

Figure 3 US image and quantitative analysis of metastatic lymph
node. Image of a 49-year-old male. (a) B-mode ultrasound and CEUS
image. (b) Signal intensity image: red means large perfusion; green
means small perfusion. (c) Time-intensity curve. Si: Signal intensity.
TP: Time to peak.
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perfusion. The tumor metastasis could destroy the
normal structure of the lymph nodes and the central
vessels of lymph nodes were compressed, resulting in
inadequate blood supply compared with normal lymph
nodes.?

However, 17.2% of the metastatic lymph nodes
showed homogeneous enhancement, and 19.5% of the
benign lymph nodes showed inhomogeneous enhance-
ment. It suggests that CEUS has some limitations in
the diagnosis of lymph nodes. Necrosis was usually
recognized as a malignant feature, but in fact necrosis
is not equal to lymph node metastasis. Necrosis could
also be caused by inflammation, tuberculosis, and other
phenomena. These atypical phenomena might reduce
the specificity of CEUS in evaluating lymph node
metastasis.

The sensitivity and specificity of CEUS for the diag-
nosis of cervical metastatic lymph nodes in this study
were 82.7 and 82.9%, respectively. According to the ROC
curve analysis, the parameters of CEUS were highly
sensitive in the diagnosis of metastatic lymph nodes in
oral cancer. This indicates that parameters of CEUS
have high clinical value in the differential diagnosis of
benign and malignant lymph nodes. Ding et al*! exam-
ined 48 patients with oral cancer by CEUS. The results
showed that the sensitivity and specificity of CEUS in
the diagnosis of lymph node metastasis were 69.39 and
94.71%, respectively. Dudau et al*> performed CEUS
in 17 patients with head and neck cancer. The results
showed that the sensitivity and specificity of CEUS for
lymph node involvement were 100 and 85.7%, respec-
tively. A meta-analysis showed that CEUS had high
sensitivity (88%) and reasonable specificity (80%) in the
diagnosis of superficial metastatic lymph nodes.”® The
diagnostic criteria of different studies were different, so
the results were heterogeneous, but in general, the sensi-
tivity and specificity of CEUS in the diagnosis of lymph
node metastasis were at a high level.

In this study, our subjects were patients who could
not be clearly diagnosed by conventional ultrasound
(B-mode and power Doppler). Therefore, the sensi-
tivity and accuracy of conventional ultrasound were
low, which could not represent the diagnostic value
of conventional ultrasound in differentiating benign
and malignant lymph nodes. Chaukar et al studied 75
patients with the clinically node-negative neck in oral
cancer.?* The results showed that the sensitivity and accu-
racy of ultrasound were 78.9 and 73.25%, respectively.
Stuckensen et al investigated 2196 neck lymph nodes of
106 patients diagnosed with squamous cell carcinoma
of the oral cavity and concluded that the sensitivity
and accuracy of ultrasound were 84 and 76%, respec-
tively.> These previous studies showed that the conven-
tional ultrasound had certain diagnostic value for occult
metastasis of cervical lymph nodes in patients with oral
cancer. In our study, for those who could not be clearly
judged by conventional ultrasound, the diagnostic accu-
racy of CEUS was higher than that of conventional


http://birpublications.org/dmfr

Value of CEUS for LN metastasis in oral cancer
Ding etal

50f 6

Table 3 Comparison of CEUS image qualitative and quantitative characteristics between metastatic and benign LNs

Metastatic LN* Benign LN 1l p value
Perfusion defects 27.379 <0.001
Yes 24 8
No 5 33
Enhancement degree 0.353 0.838
Hypo-enhancement 19 24
Equal-enhancement 4 7
Hyper-enhancement 6 10
Rise time (s ) 22.86£12.62 23.92+16.21 0.296 0.768
Time to peak (s ) 39.79+15.90 42.12£25.04 0.441 0.660
Peak intensity (dB ) 45.41£22.82 61.90£18.33 3.348 0.001

“LN: lymph node.

ultrasound, indicating that CEUS can improve the diag-
nostic accuracy of lymph node metastasis.

There were some limitations of this study. For
example, it was a retrospective study. In addition, the
number of cases included in this study was relatively
limited. Future studies will enroll more patients.

In conclusion, CEUS may have higher clinical value
than conventional ultrasound for predicting early lymph
node metastasis in clinically node-negative oral cancer
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