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Intraoral Ultrasonographic Features of
Tongue Cancer and the Incidence of
Cervical Lymph Node Metastasis

Masaru Konishi, DDS, PhD, * Minoru Fujita, DDS, PhD, | Kiichi Shimabukuro, DDS, |
Pongsapak Wongratwanich, DDS, §
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Purpose: The purpose of this study was to investigate the relationship between the visual characteris-
tics of tongue lesion images obtained through intraoral ultrasonographic examination and the occurrence
of late cervical lymph node metastasis in patients with tongue cancer.

Patients and Methods: This study investigated patients with primary tongue cancer who were exam-
ined using intraoral ultrasonography at Hiroshima University Hospital between January 2014 and
December 2017. The inclusion criteria were squamous cell carcinoma, curative treatment administration,
lateral side of tongue, surgery or brachytherapy alone, no cervical lymph node or distant metastasis as pri-
mary treatment, and treatment in our hospital. The exclusion criteria were carcinoma in situ, palliative
treatment, dorsum of tongue, and multiple primary cancers. The follow-up period was more than
1 year. The primary endpoint was the occurrence of late cervical lymph node metastasis, and the primary
predictor variables were age, gender, longest diameter, thickness, margin or border shapes of the lesion,
and treatment methods. The relationship between the occurrence of late cervical lymph node metastasis
and the longest diameter, thickness, margin types, and border types as evaluated through intraoral ultra-
sonography were assessed. The data were collected through a retrospective chart review.

Results: Fifty-four patients were included in this study. The analysis indicated that irregular lesion margins
were significantly associated with the occurrence of late cervical lymph node metastasis (P < .0001). The cutoff
value for late cervical lymph node metastasis was 21.2 mm for the longest diameter and 3.9 mm for the thickness.

Conclusions: The results of this study indicates that the irregular lesion margin assessed using intraoral
ultrasonography may serve as an effective predictor of late cervical lymph node metastasis in NO cases.
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Cervical lymph node metastasis associates with poor
prognosis in patients with tongue cancer; thus, it is
important to control its initiation." The treatment of

stage I and II tongue cancer usually requires local sur-
gery or brachytherapy.”” The occult metastasis rates
to the cervical lymph node are reported between 8.2
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and 46.3% in patients with stage I or II oral tongue
squamous cell carcinoma.” However, these patients
are locally treated with surgery or brachytherapy
alone, and prophylactic neck dissection for NO pa-
tients remains controversial.”

The potential value of intraoral ultrasonographic
{US) examination for management of tongue cancer
has been described previously.” The correlation of TUS
and histopathologic findings has also been statistically
confirmed.®’ Furthermore, the association between
IUS-assisted tongue cancer findings and the occurrence
of cervical lymph node metastasis has been reported.
The IUS features, such as thickness,”'’ depth of
invasion,'' margin shape,'” and tumor vascularity by
color Doppler ultrasonography,'® have been shown to
predict the incidence of cervical lymph node metastasis
in patients with tongue cancer.

Furthermore, the presence of multiple lymph node
metastases'* or extranodal invasion'>'® has been
described as poor prognostic factors for late cervical
lymph node metastasis. Moreover, prophylactic neck
dissection may improve the prognoses in such cases.

Here, we have studied the relationship between the
IUS features and incidence of late cervical lymph node
metastasis in patients with tongue cancer. Moreover,
we have investigated whether the IUS findings can pre-
dict association of irregular lesion margin with extra-
nodal invasion. The study objectives included
investigating the relationship of age, gender, treat-
ment, longest diameter, lesion thickness, border
type, and margin type of the primary tongue lesion
as measured with IUS in the presence of delayed me-
tastases with the incidence of cervical lymph nodes
and time frame of metastasis. The null hypothesis
stated that there was no statistically significant differ-
ence in these parameters between patients with and
without late metastases or in the duration of the inci-
dence of metastases.

Patients and Methods

This study investigated patients with primary
tongue cancer who were examined using intraoral ul-
trasonography at Hiroshima University Hospital be-
tween January 2014 and December 2017. The
inclusion criteria were squamous cell carcinoma, cura-
tive treatment administration, lateral side of tongue,
surgery or brachytherapy alone, no cervical lymph
node or distant metastasis as primary treatment, and
treatment in our hospital. The exclusion criteria
were carcinoma in situ, palliative treatment, dorsum
of tongue, and multiple primary cancers. This study
followed the Declaration of Helsinki on medical proto-
col and ethics, and the regional Ethical Review Board
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of Hiroshima University approved the study. In accor-
dance with the guidelines by the local institutional
ethics committee, informed consent was obtained in
the form of opt out.

The ProSound alpha 7 system (Hitachi-Aloka Medi-
cal, Japan) with 7.5 MHz/38-mm linear probe was
used for all the examinations. A 10-mm thick acoustic
coupling material was placed on the surface of the
probe and was covered with a rubber probe cover
filled with water. The probe was placed in contact
with the surface of the tongue lesion, and a cross sec-
tion measuring the maximum thickness and the
longest diameter was visualized. Two dentists (M.E
and M.K)), engaged in the ultrasonographic examina-
tion with 35 (M.F) and 15 (M.K.) years of experience,
performed the investigations. The longest diameter
and lesion thickness were measured, and the margin
and border types were assessed by 1 examiner (M.K.).

The observation period for late lymph node metas-
tasis was extended at least for 1 year after the initial
treatment. Late lymph node metastasis was defined
as the occurrence of metastasis after the surgery or
radiotherapy for primary tongue lesion and histopath-
ologic diagnosis performed after the neck dissection.
The longest diameter, thickness, margin types, and
border types were examined using IUS. The lesion
margin types were classified as being smooth or irreg-
ular. Furthermore, the lesion border types were classi-
fied into clear or unclear patterns. The method of
measuring the longest diameter and thickness of
lesion as well as the criteria for the margin and border
types have been represented in Figures 1 and 2. The
relationship between the longest diameter, thickness,
margin and border types, and the occurrence of late
cervical lymph node metastasis were examined. The
differences in the patient age, gender, longest diam-
eter, thickness, margin type, and border type between
the surgery and brachytherapy were investigated in
the nonmetastasis and metastasis groups. Further-
more, in patients with late cervical lymph node metas-
tasis, we evaluated the association of the longest
diameter, thickness, margin types, and border types
with the duration until occurrence of metastasis and
extranodal invasion. The data were collected through
a retrospective chart review.

The primary endpoint was the occurrence of late
cervical lymph node metastasis, and the primary pre-
dictor variables were age, gender, longest diameter,
thickness, margin or border shapes of the lesion, and
treatment methods. The Wilcoxon rank sum test and
Fisher exact test were performed for the univariate
and multivariate analyses of the variables between cer-
vical lymph node metastasis and nonmetastasis
groups. The longest diameter and thickness were
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FIGURE 1. Measurement method for the longest diameter and
thickness. The thickness of lesion has been measured from the
tongue surface to the deepest level of hypoechoic area. The longest
diameter of the lesion meant the maximal length of hypoechoic
area.
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analyzed using the receiver operating characteristic
(ROC) analysis (which is a graphical illustration of
the diagnostic capacity of binary classification system
through systematic variation of discrimination
threshold) and by establishing the area under the
curve (AUC) (0.9 to 1.0, 0.9 to 0.7, and 0.7 to 0.5 for
high, moderate, and low accuracy, respectively) cutoff
values. The cutoff values were defined as the
maximum of (sensitivity + specificity — 1) values using
the Youden’s index. The correlation of longest diam-
eter or thickness and the period to late cervical lymph
node metastasis was analyzed using the Spearman’s
rank correlation coefficient analysis. The correlation
of the margin or border types with the duration for
late cervical lymph node metastasis was analyzed us-
ing the Wilcoxon rank sum test. The relationship of
the longest diameter or thickness with the presence
or the absence of extranodal invasion was also
analyzed using the Wilcoxon rank sum test. Moreover,
the relationship between the margin or border types
and the incidence of extranodal invasion was analyzed
using the Fisher exact test. The JMP Pro, version 14.0

FIGURE 2. Classification of margin and border types. The examples of smooth or irregular margin types and the clear or unclear border types

are shown.

Konishi et al. Intraoral Ultrasonographic Features of Tongue Cancer. J Oral Maxillofac Surg 2021.
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(SAS Institute, Cary, NC) was used for all the statistical
analysis. A P value <.05 was considered to be statisti-
cally significant.

Results

Seventy patients with primary tongue cancer were
examined using IUS at Hiroshima University Hospital
between January 2014 and December 2017. Within
this sample, the exclusion criteria were patients who
were palliative and not curative (n = 3), patients who
underwent both surgery and radiation therapy
(n = 1), patients who had cervical lymph node metasta-
ses at the time of primary treatment (n = 2), patients
who underwent treatment at another hospital (n = 2),
patients who had lesions on the dorsum of tongue
(n = 1), patients who were previously treated for cancer
of the buccal mucosa (n = 1), and patients who had car-
cinoma in situ on histopathology (n = 6). These patients
(n = 16) were excluded from the study. Fifty-four pa-
tients were therefore ultimately included in this study.

The patient characteristics are shown in Table 1.
The 54 patients consisted of 32 males and 22 females
and had a mean age of 63.1 years (range, 26 to 91).
The Tfactors were classified into T1 (n = 16), T2
(n = 35), and T3 (n = 3). Patients were either treated
with surgery alone (n = 27) or brachytherapy alone
(n = 27). Late cervical lymph node metastasis was
observed in 20 patients (37.0%). The median duration
for occurrence of cervical lymph node metastasis was
5 months (range, 2 to 26) after treatment of the pri-
mary lesion. The clinicopathologic features according
to surgery or brachytherapy in the nonmetastasis and
metastasis groups are shown in Table 2. The differ-
ences in values of the longest diameter and thickness

Table 1. PATIENT CHARACTERISTICS

Number of patients (n) n=>54

Gender Male: 32; female: 22

Age, yr; mean & SD 63.1 + 17.2 (66.5)
(median)

Distribution of clinical T1: 16; T2: 35; T3: 3
T-factors

Treatment for primary Surgery: 27;
lesion brachytherapy: 27

Number of late lymph 20

node metastasis
Period of late lymph
node metastasis after
initial treatment
(median; minimum-
maximum)

5 mo (range, 2-26)

Abbreviation: SD, standard deviation.

Konishi et al. Intraoral Ultrasonographic Features of Tongue Can-
cer. J Oral Maxillofac Surg 2021.
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were statistically significant between patients who un-
derwent surgery and brachytherapy in both the non-
metastasis and metastasis groups. Moreover, these
parameters were more prominent in the brachyther-
apy group than that in the surgery group. The analysis
of the patient characteristics in the nonmetastasis and
metastasis groups is shown in Table 3 and Figure 3.
The mean values of the longest diameter in the nonme-
tastatic and metastatic groups were 20.8 and 28.5 mm,
respectively, and these differences were significant in
the univariate analysis (Wilcoxon rank sum test,
P = .0058). The AUC value was 0.73, and the cutoff
value was 21.2 mm in the ROC analysis. Furthermore,
the mean values of thickness in the nonmetastatic and
metastatic groups were 4.8 and 7.5 mm, respectively,
and a significant difference between the 2 groups
was observed in the univariate analysis (Wilcoxon
rank sum test, P = .0084). The AUC value was 0.72,
and the cutoff value was 3.9 mm in the ROC analysis.
The nonmetastatic group showed 29 smooth and 5
irregular margins and 27 clear and 10 unclear borders,
whereas the metastatic group showed 5 smooth and
15 irregular margins and 7 clear and 10 unclear bor-
ders, respectively. The univariate analyses indicated
statistically significant differences between 2 groups
(P < .0001; P = .0352). In addition, the rate of occur-
rence of late cervical lymph node metastasis was
significantly higher in patients in the brachytherapy
group than in the surgery group (P = .0473). Further-
more, the multivariate analysis for the longest diam-
eter, thickness, margin, border types, and treatment
variables indicated the margin type of lesion to be
significantly associated with the occurrence of cervi-
cal lymph node metastasis (P = .0000).

The correlations between the longest diameter or
thickness and period to cervical lymph node metastasis
after treatment are shown in Figure 4. The correlations
between the longest diameter or thickness and period
to cervical lymph node metastasis were not significant
(P = .68; P = .18). The duration for occurrence of cervi-
cal lymph node metastasis after treatment ranged be-
tween 3 and 26 months (3, 7, 8, 15, and 26 months;
median, 8 months) for smooth margins and 2 to
19 months (2, 3, 4, 5, 6, 9, 12, and 19 months; median,
4 months) for irregular margins (Fig 5). Furthermore,
the duration for occurrence of cervical lymph node
metastasis after treatment ranged between 3 and
26 months (3, 4, 8, 9, 15, 19, and 26 months; median,
6 months) for clear borders and 2 to 12 months (2, 3,
5, 6, 7, and 12 months; median, 5 months) for unclear
borders (Fig 5). The differences between the duration
of occurrence and the margin or border types were
not statistically significant, although the irregular
margin and unclear border types tended to have shorter
duration before occurrence of cervical lymph node
metastasis (P = .071 and P = .22, respectively).
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Table 2. COMPARISONS BETWEEN THE SURGERY AND BRACHYTHERAPY IN THE NONMETASTASIS AND METASTASIS

GROUPS
Nonmetastasis (n = 34) Metastasis (n = 20)
Surgery Brachytherapy Brachytherapy
Variable (n=21) n=13) P Surgery (n = 6) (n=14) P

Age, yrs; mean £ SD
(median)

Gender, M/F 12/9 8/5

Longest diameter, mm; 17.7 £ 6.5 (16.7)
mean £ SD (median)

Thickness, mm; 3.8+23R29 6.4+3.60649
mean £ SD (median)
Margin
Smooth 17 12
Irregular 4 1
Border
Clear 17 10
Unclear 4 3

66.2 + 19.0 (72.0) 62.1 £ 165 (61.0) NS

25.8 + 6.1 (27.3) .0016*

61.2 £17.1 (63.0) 60.1 £ 16.1(63.5) NS

NS 2/4 10/4 NS
21.1+£7.2(19.6) 31.8+84(29.6) .0260*

.0144* 4.0+ 0.9 (4.5 89 +35(9.3) .0050
NS 2 3 NS
4 11
NS 3 7 NS
3 7

Abbreviations: E female; M, male; NS, nonsignificant; SD, standard deviation.

* Statistically significant difference.

Konishi et al. Intraoral Ultrasonographic Features of Tongue Cancer. | Oral Maxillofac Surg 2021.

The mean value of the longest diameter of the
tongue lesion was 28.6 and 28.1 mm without and
with extranodal invasion, respectively. The mean
thickness of the tongue lesion was 8.5 and 7.1 mm
without and with extranodal invasion, respectively.
Neither parameter showed statistically significant dif-
ferences between the groups with and without extra-
nodal invasion (P = .92 and P = .54, respectively).

Furthermore, the lesions showed smooth (n = 1) and
irregular (n = 3) margins without extranodal invasion
and smooth (n = 4) and irregular (n = 10) margins
with extranodal invasion, although no significant dif-
ferences were observed for these parameters between
the groups with and without extranodal invasion
(P = .89). Furthermore, the lesions showed clear
(n = 2) and irregular (n = 2) margins in the group

Table 3. UNIVARIATE AND MULTIVARIATE ANALYSIS COMPARING DIFFERENT PARAMETERS BETWEEN THE NON-

METASTASIS AND METASTASIS GROUPS

Univariate Multivariate
Nonmetastasis Metastasis
(n =34) (n =20) P

Age, yr; mean + SD (median) 64.6 + 17.9 (70.5) 60.4 + 15.9 (63.0) 2031 —
Gender, M/F 20/12 14/8 9323 —
Longest diameter, mm; mean + SD (median) 20.8 £ 7.5 (19.8) 28.5 + 9.3 (26.6) .0058* 74697
Thickness, mm; mean £ SD (median) 4.8 +3.134.5) 7.5+ 3.7 (6.9 .0084* 92096
Margin

Smooth 29 5 <.0001* .00064*

Irregular 5 15
Border

Clear 27 7 .0352* . 74159

Unclear 10 10
Treatment

Surgery 21 6 .0473* .22983

Brachytherapy 13 14

Abbreviations: E female; M, male; SD, standard deviation.
* Statistically significant difference.

Konishi et al. Intraoral Ultrasonographbic Features of Tongue Cancer. J Oral Maxillofac Surg 2021.
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FIGURE 3. Receiver operating characteristic (ROC) analysis for the longest diameter (leff and thickness (right) in the nonmetastatic and
metastatic groups. The AUC value was 0.73, and the cutoff value was 21.2 mm in the ROC analysis of longest diameter by Youden’s index.
The AUC value was 0.72, and the cutoff value was 3.9 mm in the ROC analysis of thickness by Youden’s index. Abbreviations: AUC, area under

the curve.

Konishi et al. Intraoral Ultrasonographic Features of Tongue Cancer. | Oral Maxillofac Surg 2021.

without extranodal invasion and clear (n = 6) and
unclear (n = 8) margins in the group with extranodal
invasion, but the differences were not significant
(P = .80). In addition, the other parameters, such as
longest diameter, thickness, margin types, and border
types showed no statistically significant differences be-
tween the groups with or without extranodal invasion.

Discussion

The development of cervical lymph node metastasis

is considered as a poor prognostic factor in patients
25
20 -
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with tongue cancer and reduces the overall survival
rate.'” Tongue cancer is likely to metastasize as the cer-
vical lymph node metastasis, and there is a high inci-
dence rate of occult metastasis (20.1 to 40.0%) in
patients with stage I or II oral tongue cancer.'¥%*
Therefore, it is essential to predict or detect the
cervical lymph node metastasis as soon as possible to
improve the treatment outcome. This study
investigated the association between ultrasonographic
features and the occurrence of cervical lymph node
metastasis after treatment of patients with primary
tongue lesion. The longest diameter, thickness, margin
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FIGURE 4. Relationship between either the length or the thickness and duration of cervical lymph node metastasis affer treatment. The
correlations between either the longest diameter or the thickness and a period to cervical lymph node metastasis were not statistically significant.
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type, border type, and treatment were found to be
significantly associated with the late cervical lymph
node metastasis in the univariate analysis, although
only the margin type was significantly associated with
the metastasis in the multivariate analysis. In addition,
the longest diameter and thickness were observed to
be causally correlated with high rate of late cervical
lymph node metastasis in the brachytherapy group
compared with that in the surgery group. The results
showed that the irregular margin of tongue lesions in
IUS images was significantly associated with the
occurrence of the late cervical lymph node metastasis.
The cutoff values in our study relative to the cervical
lymph node metastasis were 21.2 mm for longest
diameter and 3.9 mm for thickness. Previous studies
observed a significant increase in the incidence of
cervical lymph node metastasis with a cutoff value of
4 to 18 mm for tongue cancer thickness measured
using 1US.””*%*% Whereas, the meta-analysis showed
that the cutoff value for tumor thickness in oral cancer
and cervical lymph node metastasis was 4 mm.”” Thus,
the thickness cutoff value of 3.9 mm is consistent with
that obtained in the meta-analysis. The diverse cutoff
values (3 to 18 mm) can be attributed to the variability
in IUS imaging, such as the ultrasonography equipment
and types of probe used. Moreover, the direction in
which the probe is applied to the lesion, deformation
of the lesion because of probe handling by the exam-
iner, and settings of the invasion tip by the examiner
may influence the cutoff values. Taylor et al” suggested
that an elective neck dissection can be indicated in
cases with tumor thickness of 5 mm and/or greater. Na-
tori et al*” suggested that patients with tumor thickness
of 8 mm and/or greater, along with irregular and diffuse
margins in the IUS images, should be treated by elective
neck surgery. Furthermore, Matsuura et al”® suggested
that because patients with maximum tumor thickness
of 8 mm and/or greater are prone to initiation of late

neck lymph node metastasis, the risk of subsequent cer-
vical lymph node metastases can be reduced using pro-
phylactic 30 Gy external beam radiotherapy. Although
the relationship between the longest diameter and
late cervical lymph node metastasis has not been re-
ported previously, the present study reports the cutoff
value of 21.2 mm (AUC = 0.73, moderate accuracy) to
be associated with late cervical lymph node metastasis.
Therefore, patients with T2 classification tumors should
be considered to be prone to developing late cervical
lymph node metastasis.

Previous studies have proposed the existence of rela-
tionship between the border types, margin types, and
occurrence of cervical lymph node metastasis. Ariji
et al'’ reported that the invasive margin was signifi-
cantly correlated with cervical lymph node metastasis.
Furthermore, Mattalitti et al'’ also described that
permeated margin shapes showed high rate of nodal
metastasis (50%) and low overall survival rate (65%).
In addition, no significant differences between the clear
or unclear border types and occurrence of cervical
lymph node metastasis have been reported.””
Conversely, the rate of cervical lymph node metastasis
was 63.8% in the unclear border group, which consti-
tutes a significantly higher rate than that in the other
types in univariate analysis, although there were no sig-
nificant differences in multivariate analysis.'” This
report corroborates our results.

Next, although patients having an irregular margin
and unclear border types tended to have shorter
duration of occurrence of cervical lymph node metas-
tasis, the differences were not statistically significant.
Thus, patients having tongue lesions with irregular
margins or unclear borders, longest diameter of
greater than 21.2 mm, and thickness of 3.9 mm
should be followed closely to ensure early detection
of late cervical lymph node metastasis until about
l-year post-treatment.
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There are several limitations in this study. First,
because the study was performed by a single evaluator
at a single institution, the results were limited by the
small sample size. Second, as 50% of the patients
received brachytherapy, they could be diagnosed only
using biopsy specimens. This hampered the compara-
tive analysis between IUS and histopathologic images.
Thus, to overcome this, in future, we will only study
the patients with tongue cancer who underwent surgi-
cal treatment. Finally, the criteria for determining the
margin or border types were relatively subjective and
possibly varied depending on the evaluator. Therefore,
it would be necessary to include more evaluators or
develop an objective image analysis method that is
less prone to subjective influences, such as the use of
deep learning networks.

In conclusion, this study with the IUS findings
showed that irregular margin of the lesion was associ-
ated with occurrence of late cervical lymph node metas-
tasis. The occurrence of late cervical lymph node
metastasis was associated with longest diameter and
thickness at cutoff values of 21.2 and 3.9 mm, respec-
tively. The analysis indicated the margin of the IUS find-
ings to be an effective predictor of cervical lymph node
metastasis in patients with NO tumors. Thus, in patients
with clinically negative neck examinations, prediction
of occult cervical lymph node metastases through the
use of IUS will permit the performance of elective
neck dissection, thereby improving the patient treat-
ment outcomes.
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