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ABSTRACT

Background: Carcinoma of oral tongue has a high propensity for cervical node metastasis. The thicker the tumour,
the higher would be the risk of nodal metastasis and locoregional recurrence. Ultrasonography is used for evaluation
of carcinoma tongue and tumour thickness and has a high correlation with histopathological findings.

Methods: Our study is a comparative prospective study conducted on 30 patients of carcinoma tongue. All patients
underwent magnetic resonance imaging (MRI) scan and ultrasonography. The findings of MRI and ultrasound were
correlated with clinical and pathological findings.

Results: MRI had a better correlation with histopathology for primary tumour characteristics and nodal assessment
than ultrasonography. Ultrasound with a Pearson correlation coefficient of 0.809 correlated better than MRI for
tumour thickness. Tumour thickness of >5 mm was associated with 27.2% nodal positivity rate whereas no patient
with primary tumour thickness <5 mm had node positive disease.

Conclusions: Ultrasonography has a high correlation with histopathological thickness. Ultrasound thus seems to be

an optimal technique in early stage, node negative tongue cancer for evaluation of tumour thickness and predict nodal
status.
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INTRODUCTION

Cancer of the oral cavity is group of distinct and
overlapping disorders with differing etiology, clinical
manifestation and treatment. Oral cancer arises in an
individual who has used tobacco and alcohol. These
lesions tend to occur on the lateral or ventral tongue, the
floor of mouth (FOM), or the alveolar ridge, most often
in men between the ages of 50 and 70 years, and are
differentiated squamous cell carcinomas (SCC). Although
most cases of oral SCC arise in individuals with

substantial exposure to tobacco and alcohol, cancer in the
lateral oral tongue in younger persons without these risk
factors has gained attention in recent years. Lichen planus
and Fanconi anemia are associated risk factors in these
cases. Oral lesions are also seen in other persons who
are immunosuppressed after bone marrow or other organ
transplant attributed to graft- versus-host disease. In
South Asia, buccal cancer is a common site for users of
betel quid and associated substances including areca nut.
Finally, while human papillomavirus is widely accepted
as a causal factor for cancer arising in the
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lymphoepithelium of the oropharynx, its presence in
lesions of the oral cavity is less common, and its
contribution to cancer development is uncertain.®>

Tumor thickness >1.5 mm is associated with an increased
risk of lymph node metastasis.®’ For tumors of the FOM
or the oral tongue, spiro and others, in a review of 105
patients staged NO, reported a 12% rate of regional failure
with a primary tumor thickness <2 mm as opposed to a
failure rate of 47% for tumors thicker than 2 mm. Clearly,
those patients with clinically NO necks with a tumor
thickness >1.5 to 2 mm warrant consideration for
proactive management of the neck.® Whereas tumor
thickness has been determined by microscopic evaluation
of a full-thickness tumor biopsy, intraoral ultrasound has
been explored as a noninvasive alternative.’

Carcinoma of tongue has a high propensity for cervical
node metastasis which ranges from 37-58%.%% The
presence of lymph node metastasis is considered a bad
prognostic indicator and is the most important prognostic
marker for survival.’?** There is an unequivocal evidence
that thicker the tumour, the higher would be the risk of
locoregional recurrence, subclinical metastasis and poor
prognosis.®1518 In general, if the risk of occult metastasis
exceeds 15-20%, then elective treatment of regional
lymph nodes is recommended.'” The actual incidence of
occult disease in lymph nodes after initial treatment
ranges from 21-42% and the treatment of clinically
negative neck is a subject under debate.*® Neck dissection
has some complications and therefore unnecessary
surgical treatment must be avoided. Clinical assessment
of tumour size and thickness by visual inspection and
palpation is insufficient in terms of objectivity and
correction. Frozen section, cannot be used to study the
entire margin and in addition is time consuming and do
not clearly show the amount of clearance from invasive
front of the tumour.1%-21

Imaging techniques like computed tomography (CT) and
magnetic resonance imaging (MRI) are useful for staging
of the disease, but they are not adequate to assess the
details of tumour, the structures involved and its
morphological features. Imaging studies like CT or MRI
also have limitations in accurately showing primary oral
cancer that is less than 5 mm thick.?? On the other hand,
several studies have shown that tumour thickness on MRI
directly correlates with the histologic thickness.??% Preda
et al found that tumour thickness of tongue carcinoma on
MRI correlated directly with lymph node metastasis and
mean tumour thickness in patients with lymph node
metastasis was greater than those patients without
metastasis.?® The calculated sensitivity of MRI for
detecting lymph node metastasis is 52.6% and the
specificity is 94.5%.%6 The accuracy of MRI in
identification of primary tumour is 87.1%.%

Recently ultrasonography (USG) for accurate pre-
operative evaluation of the thickness of primary tongue
cancer has become available.??2"-3%0 USG is able to

visualize small changes in soft tissue accurately. For head
and neck cancers, USG is used for observing primary
lesions and cervical lymph nodes in pre-operative and
follow up periods. It is also used to determine the
sufficient surgical margin intraoperatively.?® There is a
good correlation between tumour thickness determined
by USG and histologically proven thickness and is a
useful adjunctive technique for assisting pre-treatment
staging and preoperative evaluation of patients with oral
tongue cancer.

At present, neck dissection with histological examination
is the most reliable staging procedure, providing
important prognostic information. There is a need for a
non-invasive procedure that provides high quality
prognostic information that approaches this gold
standard.

Our study will be a part of this ongoing research and will
help in formulating the best imaging modality in the pre-
operative evaluation and staging of carcinoma tongue.
Our study will compare the MRI and high frequency
USG in delineating the disease extent and in measuring
the tumour thickness of oral tongue SCC and correlate
the findings keeping the histopathological findings as
gold standard.

Objectives

This prospective study aimed to compare the MRI and
high frequency USG in squamous cell carcinoma of the
oral tongue and its correlation with clinical and
pathological findings. Primary objective is to measure the
tumour thickness and its correlation with the pathological
findings. Secondary objective is to compare the MRI and
USG for their relative accuracy in determining the
tumour thickness, extent of the disease and nodal
involvement, keeping the histopathological findings as a
gold standard.

METHODS
Study area and population

Our study is a comparative prospective study conducted
on all the patients diagnosed with squamous cell
carcinoma of oral tongue who reported to our out-patient
department and were fulfilling the inclusion or exclusion
criteria and were operated in our institution. The study
was conducted after getting the necessary approval from
the ethics and scientific committees of the institution.

The study was conducted over a period from July 2014 to
May 2016.

Sample size
Taking the Pearson product moment correlation of

ultrasound and histopathological findings as 0.89, the
sample size required is 10 with power 90 and o (alpha)
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5%.% Since the sample size is very small for the
agreement study, we enrolled all patients for our study
with minimum of 30 patients.

Inclusion criteria

All patients with biopsy proven squamous cell carcinoma
of oral tongue were included in the study.

Exclusion criteria

Patients who have received neoadjuvant therapy, all
metastatic and inoperable patients and patients who are
medically unfit for surgery were excluded from the study.

All patients were advised MRI scan of face and neck and
high frequency ultrasound of the tongue and neck was
done in all patients. The patients were kept in supine
position with neck extended. Dorsal and middle thirds of
tongue as well as FOM were scanned from a submental
access and the tip of the tongue directly with tongue
stretched out of the mouth. The patient was asked to press
the tongue onto the FOM. During a medial- sagittal scan,
the patient was asked to lift the tip of the tongue which is
identical to ventral thirds. When the free part of the
tongue was raised, air entered between the inferior
surface and FOM. Middle and dorsal thirds of tongue
remained visible. Tongue movements like swallowing or
speaking were at times of value to delineate infiltration.

The normal tongue has a homogenous echotexture. It was
delineated by air in the oral cavity and by the acoustic
shadows of the chin and hyoid bone on sagittal scans, as
well as by the horizontal mandibular rami on transverse
scans. Muscles of FOM and extrinsic muscles were
hypoechoic. Tumours appeared hypoechoic.

On MRI, primary tumour had a signal intensity higher
than that of normal tongue on T2 weighted images. On
T1 weighted images the tumour was isointense with
normal tongue.

The results of the MRI and USG were evaluated. Clinical
staging of the patients was done as per the tumour, node,
metastasis classification and the patients were operated
upon. The specimen was oriented, marked and sent to the
pathology laboratory in formalin container. Clinical
findings and the results of pre-operative imaging were
compared with the histopathology findings and evaluated
statistically.

Statistical analysis

Data was described as mean+SD and percentages. For
qualitative measurements such as size of tumour and
tumour thickness, Pearson correlation coefficients have
been worked out to find the degree of resemblance
between the two. However, the conclusions are primarily
based on agreement analysis where the individual
differences between the values obtained by different

procedures have been studied. For this, the average
difference and the 95% confidence interval (Cl) for
difference in means were calculated. If the C.I exceeded
the clinical tolerance then the agreement has been
considered to be poor.

For qualitative measurements, cross tabulation of data
was done and Cohen kappa was calculated to assess the
degree of agreement. The agreement is considered poor
when kappa is 0.0, slight when kappa is 0.01-0.20, fair
when kappa is 0.21-0.40, moderate when kappa is 0.41-
0.60, substantial when kappa is 0.61-0.80 and almost
perfect agreement when kappa is 0.81-0.99. Kappa of 1
means perfect agreement.

Statistical significance was defined as p<0.05. Software
SPSS-19.0 was used for data analysis. MS excel and MS
word were used for graphs, tables etc.

RESULTS

The age distribution of these 30 cases ranged from 38 to
86 years (mean=55.77+9.68 years) with a peak incidence
in 51 to 60 years age group (43.3%, n=13) with a male
preponderance (male=56.6%, n=17 and female 60%,
n=13) (Table 1 and 2). 93.3 % patients (n=28) presented
with the history of non-healing ulcer where as 6.6%
patients (n=2) presented with complaints of non-healing
ulcer and pain. 63% patients (n=19) were alcoholic, 50%
patients (n=15) used to chew gutkha or tobacco, 63%
patients (n=19) were cigarette smokers. No patient had
family or personal history of cancer of upper
aerodigestive tract. 13.3% patients (n=4) had sharp tooth
on the side of the ulcer.

Table 1: Socio-demographic characteristics of the
studied population.

Demographic characteristics N

31-40 1 3.3
41-50 8 26.6
e 51-60 13 43.3
years) Above 60 8 26.6
Total 30 100.0
Mean+SD 55.77+9.68 (36-86)
(range)
Male 17 56.6
Eametly Female 13 43.33
Dwelling Urban 22 73.3
Rural 8 26.6
Unskilled 8 26.6
Occupation Semi-skilled 12 40.0
Skilled 10 33.3

Clinical tumour characteristics

53.3% patients had maximum tumour dimension of <2
cm, 43.3% patients had maximum tumour dimension of
2-4 cm and 3.3% patients had maximum tumour
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dimension of >4 cm. In 96.6% patients no lymph node
was palpable in the neck. One patient (3.3%) had N2b
nodal status. Enlarged nodes were seen at level 2, 3 and
4. 53.3% patients were stage 1, 40% patients were stage
2, one patient was stage 3 and one patient was stage 4a.
53.3% patients were TINO, 40% patients were T2NO, one
patient was T3NO and one patient was T2N2b.

Ultrasound tumour characteristics

63.3% patients had maximum tumour dimension of <2
cm, 23.3% patients had maximum tumour dimension of 2
to 4 cm and 13.3% patients had maximum tumour
dimension of >4 cm. 46.6% patients were NO (having
lymph nodes which were not suggestive of being
malignant, size <1 cm, no loss of fatty hilum, oval).
36.6% patients were N1 (suggestive of a malignant node,
size >1 cm, hypoechoic, round, loss of fatty hilum) and
16.6% patients were having N2b status. Level 2 node was
enlarged in 26.6%, level 3 in 10% patients, level 1, 2, 3 in
10% patients and level 2, 3, 4 and 1, 2, 3, 4 were enlarged
in 3.3% patients each. 40% patients had tumour thickness
of 3-5 mm. 30% patients had tumour thickness of 6 to 8
mm while as 16.6% patients had tumour thickness of 9-
11 mm.

Largest nodal size was 4-6 mm in 46.6% patients,7-9 mm
in 30% patients and >10 mm in 23.3% patients. Largest
node was seen at level 1b in 40% cases, level 2 in 56.6%
cases and level 3 in 3.3% cases.

36.6% patients were stage 1, 3.3% were stage 2, 43.3%
were stage 3 and 16.6% were stage 4a. 36.6% patients
were TAINO, 3.3% were T2NO, 6.6% were T3NO, 20%
were T1N1, 16.6% were T2N1, 6.6% were T1N2b, 3.3%
T2N2b and 6.6 5 were T3N2b.

MRI tumour characteristics
60.0% patients had maximum tumour dimension of <2

cm, 30.0% patients had maximum tumour dimension of
2-4 cm and 10.0% patients had maximum tumour

dimension of >4 cm. 56.6% patients were NO. 26.6%
patients were N1 and 16.6% patients were having N2b
status. Level 2 node was enlarged in 20.0%, level 3 in
6.6% patients, level 1, 2, 3 in 6.6% patients and level 2,
3,4and 1, 2, 3, 4 and 2, 3 were enlarged in 3.3% patients
each. 33.3% patients had tumour thickness of 3-5 mm.
43.3% patients had tumour thickness of 6-8 mm while as
10.0% patients had tumour thickness of 9-11 mm. 14.4%
had tumour thickness of >11 mm.

Largest nodal size was 4 to 6 mm in 56.6% patients,7-9
mm in 10% patients and 10 to 12 mm in 23.3% patients
and >13 mm in 10.0% patients. Largest node was seen at
level 1b in 20% cases, level 2 in 76.6% and level 3 in
3.3% cases.

36.6% patients were stage 1, 16.6% were stage 2, 30%
were stage 3 and 16.6% were stage 4a. 36.6% patients
were T1INO, 16.6% were T2NO, 6.6% were T3NO, 16.6%
were T1IN1, 6.6% were T2N1, 6.6% were T1IN2b, 6.6%
were T2N2b and 3.3% were T3N2b.

Pathological tumour characteristics

26.6% patients had maximum tumour dimension of <2
cm, 70.0% patients had maximum tumour dimension of 2
to 4 cm and 3.3% patients had maximum tumour
dimension of >4 cm. 80% patients were NO. 6.6%
patients were N1 and 13.3% patients were having N2b
status. Level 2 node was involved in 6.6%, level 1, 2, 3
and level 1, 2, 3, 4 in 3.3% patients each, level 2, 3 in
6.6% patients.

6.6% patients had tumour thickness of <3 mm. 20% cases
had tumour thickness of 3 to 5 mm. 46.6% patients had
tumour thickness of 6 to 8 mm while as 26.6% patients
had tumour thickness of 9 to 11 mm.

Largest nodal size was 4 to 6 mm in 60.0% patients, 7-9
mm in 6.6% patients and 10 to 12 mm in 16.6% patients
and >13 mm in 16.6% patients. Largest node was seen at
level 1b in 20% cases, level 2 in 80% cases.

Table 2: Age and gender distribution of the studied subjects.

\ Male Female Total
Age (in years) N % % N %

31-40 1 3.3
41-50 3 10.0
51-60 7 23.3
>60 6 20.0
Total 17 56.6

Mean+SD (Range) 53.2+7.6 (42, 67)

26.6% patients were stage 1, 53.3% were stage 2,6.6%
were stage 3 and 13.3% were stage 4a. 26.6% patients
were T1NO, 53.3% were T2NO, 6.6% were T2N1, 10.0%
were T2N2b and 3.3% were T3N2b. Well differentiated
tumours  comprised  3.33%  cases, moderately

N

0 0 1 3.3

5 16.6 8 26.6
6 20.0 13 43.3
2 6.6 8 26.6
13 43.3 30 100.0

58.6+8.2 (43, 72) 56.41+8.3 (42, 72)

differentiated tumours comprised of 60% cases while as
6.6% patients were having poorly differentiated
histology. Angioinvasion was seen in 9 patients (30%).
Perineural invasion was seen in 11 (36.3%) and
extracapsular extension was seen in 4 (13.3%) cases. No
patient had involvement of submandibular gland. 8
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patients had tumour thickness of less than 5 mm while as 6
22 patients had tumour thickness of more than 5 mm. No S
patient with thickness <5 mm had node positive disease ; 5
and 6 patients with tumour thickness >5 mm was node g 4
positive. 2
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Maximum tumour dimension kS
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The Pearson correlation coefficient for the correlation 0 2 4 6
between clinical and pathological maximum tumour MRI tumour size (cm)
dimension was 0.839 with p value of 0.000. (C1=-0.24658
to -0.186581), (Figure 1). The Pearson correlation
coefficient for the correlation between USG and Figure 3: Correlation of MRI and pathological
pathological maximum tumour dimension was 0.723 with maximum tumour dimension (cm).
p value of 0.000 (CI=-0.63051 to -0.11616), (Figure 2).
The Pearson correlation coefficient for the correlation 30
between MRI and pathological maximum tumour 2 24
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Clinical tumour size (cm) value calculated by Pearson Chi square test was 0.035.
Kappa calculated to see the agreement between the two
was 0.25 (p=0.015), (Figure 4). For correlation of
Figure 1: Correlation of clinical and pathological ultrasound and pathological node status, p value
maximum tumour dimension B (cm). calculated by Pearson Chi-square test was 0.000. Kappa
calculated to see the agreement between the two was
6 0.425 (p=0.000), (Figure 5). For correlation of MRI vs
pathological node status, p-value calculated by Pearson
N5 Chi-square test was 0.000. Kappa, calculated to see the
s agreement between the two was 0.539 (p=0.000)
34 (Figure 6).
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Tumour thickness

For correlation of tumour thickness on USG vs
pathology, p value calculated by Pearson Chi-square test
was 0.000. The Pearson correlation coefficient was 0.809
(Figure 7). For MRI vs pathology findings, p value

calculated by Pearson Chi-square test was 0.000. The
Pearson correlation coefficient was 0.779 (Figure 8).

DISCUSSION

The presence of lymph node metastasis in carcinoma
tongue is considered a bad prognostic indicator and is the
most important prognostic marker for survival.'>** There
is an unequivocal evidence that thicker the tumour, the
higher would be the risk of locoregional recurrence,
subclinical metastasis and poor prognosis.'5-*7

At present, neck dissection with histological examination
is the most reliable staging procedure, providing
important prognostic information. There is a need for a
non-invasive procedure that provides high quality
prognostic information that approaches this gold
standard. Imaging techniques like CT and MRI are useful
for staging of the disease, but they are not adequate to
assess the details of tumour, the structures involved and
its morphological features. Recently high-resolution USG
for accurate pre-operative evaluation of the thickness of
primary tongue cancer has become available.?®?¢-3! There
is a good correlation between tumour thickness
determined by USG and histologically proven thickness
and is a useful technique for pre-treatment staging and
preoperative evaluation of patients with oral tongue
cancer.

In our study, MRI with a correlation coefficient of 0.804
correlated better with histopathology than ultrasound
(correlation coefficient=0.723) for maximum tumour
dimension criteria. In our study, for the nodal assessment,
the MRI showed better agreement (kappa=0.539) than
clinical (kappa=0.25) and ultrasound examination
(kappa=0.425). Ultrasound with a Pearson correlation
coefficient of 0.809 correlated better than MRI (Pearson
correlation coefficient of 0.779) for the tumour thickness.

In our study, 8 patients had tumour thickness of less than
5 mm. 22 patients had tumour thickness of more than 5
mm. No patient with tumour thickness of less than 5 mm
had node positive disease whereas 6 patients (27.2%)
with tumour thickness more than 5 mm had node positive
disease.

Shintani et al was among the first to demonstrate the
correlation in tongue carcinoma by comparing
preoperative ultrasound estimation of tumour thickness
with measurements obtained from histological sections.?’
They concluded that intraoral USG is an excellent
method to delineate tumour extent and measure tumour
thickness in tongue carcinomas and found that the
incidence of cervical metastasis increased markedly when
the depth of invasion was over 5 mm. There was a
significant correlation (p<0.001) between measurements
by USG and histological sections. Since then many
authors have published similar results with other subsites
like FOM cancers also showing direct correlation
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between ultrasound tumour thickness and neck
metastasis.

In a study done by Mark et al, there was a significant
correlation between the preoperative ultrasound and
histopathological measures of tumour depth (correlation
coefficient 0/981, p=0.001).%? Tumour depth and T stage
were significant predictors of cervical lymph node
metastasis (p=0.0351 and 0.0300 respectively). In their
study with tumour thickness <5 mm in depth, the neck
metastasis rate was 0% as compared to 65% in the group
with tumour thickness of 5 mm or more. Lodder et al
showed that tumour thickness measured by ultrasound
correlated well with histopathology (correlation
coefficient=0.87).° MRI tumour thickness had a
correlation coefficient of 0.54 with histopathology.
Tumour thickness of less than 7 mm carried a risk of
lymph node metastasis of 12% whereas in tumours with
thickness of >7 mm, the risk increased to 57%. In the
study conducted by Kaneoya et al, they observed that in
their study tumour thickness on ultrasound ranged from
1.0 mm to 12.2 mm.* The histological section results
yielded thickness of 0.4 mm to 15.9 mm and there was
significant correlation between histological section and
ultrasound image with a Pearson correlation coefficient
of 0.89.

Preda et al showed a significant direct correlation
between the measured histological and measured MRI
tumour  thickness  (correlation  coefficient=0.80,
p<0.0001).%° Park et al performed a retrospective analysis
to evaluate the accuracy of MRI in measuring the
invasion depth of different oral cavity cancers. The
authors calculated Pearson correlation coefficient for
histological and imaging invasion depths in oral tongue,
tongue base and tonsillar cancer of 0.949, 0.941 and
0.578 respectively.3 This study showed direct correlation
between radiologic invasion depth and node metastasis in
oral tongue and tongue base cancers and calculated the
invasion depth cut-off value of 9.5 mm and 14.5 mm
respectively.

In the study conducted by Yesuratnam et al, pre-operative
tumour thickness as determined by ultrasound
demonstrated high correlation and MRI moderate
correlation with histological tumour thickness.*® They
concluded that USG be used as the initial modality of
choice for preoperative assessment of tumour thickness.

In the literature, discussion remains as to which cut-off is
optimal and in the more recent studies, cut-off values
range from 3-8 mm. It remains difficult to choose a
reliable cut-off point for elective neck treatment. The
elective neck treatment is mainly based on the expected
risk of occult metastasis. With respect to this risk
assessment, Spiro et al concluded that for clinically NO
oral cancer, elective neck dissection was indicated in
patients with depth of invasion of more than 2 mm
because in these tumours the risk of metastasis reached
40%.8 Veness et al conducted a study and concluded that

elective treatment to the ipsilateral neck is not indicated
in all patients with anterior tongue cancer.% However for
patients with tumour thickness of more than 5 mm, it is
recommended that they undergo treatment to the
ipsilateral neck in the form of supra omohyoid neck
dissection.

From this and other studies it is clear that the high
frequency USG has a high correlation with
histopathological thickness. Ultrasound thus seems to be
the optimal technique in evaluating the preoperative
tumour thickness and is more reliable than MRI for the
measurement of tumour thickness.

CONCLUSION

The results of this study indicate that preoperative USG
in the squamous cell carcinoma of the oral tongue is a
feasible and a reliable imaging technique in early stage,
node negative tongue cancer for evaluation of tumour
thickness and prediction of nodal metastasis. All
currently available literature shows depth of invasion or
tumour thickness measurements of the primary tumour,
most often only in small groups. The identification of a
cut-off with adequate utility for clinical decision making
requires large studies and independent validation.
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