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Abstract

Objectives: Real-time tissue elastography is an ultrasound tomography technique that can objectively display tissue elasticity. The aim of this study was to evaluate the
strain ratio of tongue carcinoma and the normal tongue and to investigate how clinico-pathological factors influenced the strain ratio. We also investigated differences
in the strain ratio between tumor and non-tumor tissue after preoperative chemo-radiotherapy.

Materials and methods: Patients with tongue carcinoma were categorized into two groups: 38 patients who underwent surgery alone and who underwent preoperative
elastography (group 1), and 12 patients who underwent elastography before and after preoperative chemo-radiotherapy (group 2).

Results: The mean strain ratios in group 1 were 0.16 + 0.13 in tumor tissue and 0.82 + 0.35 in normal tissue. Statistical analysis revealed that the strain ratio of tumor
significantly correlated with tumor thickness. In group 2, the mean strain ratio of tumor tissue, scar tissue, and normal tissue were 0.19 + 0.18,0.51 + 0.28,and 0.77 +
0.58, respectively. The mean strain ratio of scar tissue was 0.51 and had lower elasticity than tumor tissue and higher elasticity than normal tissue.

Conclusions: It was useful to characterize the tissue distortion using the strain ratio. Additional studies to establish a cutoff value for tumor tissue might help expand

the indications for limited surgery.

Introduction

Preservation of function is important to preserve quality of life
for patients undergoing treatment for oral cancer. The tongue is an
essential organ for speech, food bolus formation and deglutition.
Alternatively, this site is a good candidate for organ preservation
techniques with the goal of preserving speech and swallowing function.
Fortunately, preoperative chemo-radiotherapy has enabled many
patients to avoid surgery and to improve cancer control with few side
effects for patients with large unresectable cancers. These combined
(chemo-radiotherapy) modality treatments lead to higher cure rates
while maintaining the patient’s quality of life [1,2]. Indeed, advances
in anticancer agent and radiotherapy have resulted in a potent anti-
tumor effect in many patients. However, some patients treated with
this strategy develop induration in the center of their tumor that
histologically varies from viable tumor to scar tissue. If a determination
could be made as to whether the remaining induration is tumor or
scar tissue, it may be possible to establish criteria for limited resection
versus no surgery [3-5].

Many diseases cause changes in the mechanical properties of
tissues. The tissue flexibility is decreased by pathologic tissue changes,
such as inflammation and tumor growth. Indeed cancer growth
results in an increase in tissue stiffness, even during the early stages
of cancer. Real-time tissue elastography is an ultrasound tomography
modality that can objectively display tissue elasticity [6]. Basic
principles including calculated method of strain ratio had been well
described in the literature accompanied with a new guideline [7]. The
strain distributions in tissues in response to external compression
are closely related to the distribution of tissue elasticity. These strain
images can give a clear illustration of underlying tissue stiffness and
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provides useful clinical information. Erastography is currently under
investigation for diagnosing malignant breast tumor, thyroid tumor
and cervical lymph node metastases [8,9]. However, there are no
reports of its use in the evaluation of primary oral cancers. This method
relies of the phenomenon in which compression of living tissue results
in marked distortion of flexible tissues without affecting the shape
of stiff tissues. When applying different levels of compression or
relaxation, the elasticity imaging algorithm measures the displacement
and strain by analyzing the RF (radiofrequency) signal in real time with
subsequent conversion to a color-coded image. Using this method, the
elasticity and strain ratio of squamous cell carcinoma of the tongue was
measured, and the elasticity and strain ratio of the scar portion was
quantified in cases in which preoperative therapy was performed [10].

Materials and methods
Eligibility criteria

The study was conducted between August 2011 and April 2015 in
the Department of Oral and Maxillofacial Surgery of the Tokyo Medical

and Dental University, Japan. All study protocols were approved by
the institutional ethics committee (Approval number 729). All patients
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provided written informed consent before entry into this study. The
subjects comprised 50 patients (38 men, 12 women; mean age, 59.1
years; age range, 30-86 years) who were treated for squamous cell
carcinoma of tongue.

Patients were categorized into two groups. Group 1 included 38
patients. These patients underwent surgery alone and elastography
before glossectomy. Patients in group 1 underwent surgery for partial
glossectomy (n=14) or for hemi-glossectomy (n=24). Group 2 included
12 patients who underwent elastography before and after preoperative
chemo-radiotherapy. Patients in group 2 underwent surgery for hemi-
glossectomy (n=7) or for subtotal glossectomy (n=5). Preoperative
therapies were chemoradiotherapy in 5 patients and chemotherapy in
7 patients. Preoperative chemoradiotherapy consisted of a total dose
of S-1 at 65 mg/m? per day for 5 consecutive days over 4 consecutive
weeks with concomitant radiotherapy (40 Gy, provided at a fractional
dose of 2 Gy for 5 days/week) in 4 patients. Preoperative chemotherapy
consisted of a regimen of CDDP 80 mg/m?* (day 1) and 5-FU 800 mg/
m? per day (days 1-5) plus a regimen of CDDP 60 mg/m? and docetaxel
60 mg/m? (day 1) and 5-FU 600 mg/m* per day (days 1-5) for each
one course plus 40 Gy of radiotherapy in one patient. Preoperative
chemotherapy consisted of a regimen of CDDP 80 mg/m?(day 1) and
5-FU 800 mg/m? per day (days 1-5) for one course in 2 patient and
for 2 courses in 2 patients. Preoperative chemotherapy consisted of a
regimen of CDDP 60 mg/m?* and docetaxel 60 mg/m? (day 1) and 5-FU
600 mg/m? per day (days 1-5) for one course in one patient and for 2
courses in 2 patients. The median interval between end of preoperative
treatment was 22.5 days (range, 13-35 days). T classification (group 1/
group 2) was T1: 6/0, T2: 26/4, T3: 6/8, and the N classification was NO:
30/3, N1: 4/1, N2b: 4/3 and N2c: 0/5.

Histological classification of malignancy

In group 1, the histological classification of malignancy was
evaluated according to the multifactorial system proposed by Anneroth
(Table 1) [11]. The histologic malignant score was determined using
blocks of tissue that showed the maximum cross-sectional area. The
number of mitoses was assessed by evaluating five random fields
(magnification x400).

Elastography

An Avious ultrasound system (HITACHI, Japan) was used
to evaluate elasticity. Measurements were taken by an operator
over 20 years of experience in head and neck ultrasonography.
Ultrasonographic features of each tumor including margins,

Table 1.Histologic malignancy grading system.

echogenicity, ultrasound transmission and color Doppler signal were
evaluated. Endosonography was performed to examine the tongue
lesion, and 2% xylocaine jelly (a water-based gel with 2% lidocaine
hydrochloride) was used to couple the ultrasound between the probe
and tongue lesion. Then, the probe was repeatedly applied to apply and
release pressure (approximately 250 g) to obtain an elastographic image
(elastogram). The scanning plane was designed to move horizontally to
show the maximum cross-sectional area across the tongue carcinoma.
The system calculates the levels of resulting tissue deformation and
display them as a color coded (red, green, blue) bar (feedback bar) on the
side of the image. The bar displays the tissue deformation in real time.
The “dual” display mode allows one to visualize the elastosonography
image and the corresponding B mode image simultaneously on the
monitor. In group 1, the strain ratio of the tumor and normal tissue
was measured with the ROI (region of interest) set in tumor tissue and
normal tissue on the maximum cross-sectional line. In group 2, the
ROI was set in the tumor tissue and normal tissue, and the strain ratio
was measured before preoperative therapy. After preoperative therapy,
the ROI was set in the tumor tissue, normal tissue, and scar tissue on
the maximum cross-sectional line, and the strain ratio of them was
measured (Figure 1). As shown in the Figure 1, comparing before and
after preoperative therapy, and the ROI was set in the tumor reduced
area after preoperative therapy, which was defined as a scar. This strain
elastography displays tissue stiffness in a continuum of colors from

y -y

B: After two course of PF

A: Initial examination

Figure 1. Intraoral photograph and elastography image of the left side of the patients with
T2 tougue carcinoma. A: Initial examination photograph and images. The ROI was set in
the tumor tissue (describing ‘MASS’ in the image) and normal tissue, and the strain ratio
was 0.07% and 0.41%, respectively. B: Tumor thickness is reduced from 11.0 mm to 3.9
mm with two course of PF (Cisplatin and 5-Fluorouracil) therapy.The strain ratio of the
tumor tissue, scar tissue, and normal tissue was 0.01%, 0.27%, and 0.42%, respectively.

Morphologic parameter |1 1I 11 VI

Degree of keratinization Highly keratinized Moderately keratinized (20-50% of |Minimal keratinization (5-20% of | No keratinization
(>50% of the cells) the cells) the cells)

Nuclear polymorphism Little nuclear polymorphism (>75% Moderately abundant nuclear Abundant nuclear polymorphism Extreme nuclear polymorphism (0-
mature cell) polymorphism (50-75% mature cells) | (25-50% mature cells) 25% mature cells)

Number of mitotic cells 0-1 2-3 4-5 >5

(A) Histologic grading of malignancy of tumor cell population point.

Morphologic parameter 1 1 I VI

Pattern of invasion

borders or strands.

Pushing, well delineated infiltrating  Infiltrating, solid cords, bands and /

Small groups or cords of infiltrating Marked and wide spread cellular
cells (n>15) dissociation in small group of cells
(n>15) and/or single cells

Stage of invasion (depth) Carcinoma in situ and/or

questionable invasion

Distinct invasion, but involving
lamina propria only

Invasion below lamina propria
adjacent to muscles, salivary gland
tissue and periosteum

Extensive and deep invasion
replacing most of the stromal tissue
and infiltrating jaw bone

Lympho-plasmocytic infiltration

Marked

Moderate

Slight none

None

(B) Histologic grading of malignancy of tumor cell population point.
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red to green to blue, designating soft (high strain), intermediate (equal
strain), and hard (no strain), respectively.

Statistical analysis

The statistical correlation between US thickness and histological
thickness of tumor were analyzed using Pearson’s correlation
coeflicient. Tumor thickness and the strain ratio were analyzed using
the Mann-Whitney U test. To identify correlative factors for strain
ratio, data of histological parameters and strain ratios were analyzed
by multiple regression analysis using SPSS data processing software
(version 16.0).

Results
Figures 2 and 3 showed the correlation between histological
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Figure 2. Correlation between US thickness and pathological thickness in group 1 patients
(n=38). There is strong correlation between two groups (r=0.749, and p<0.001).
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Figure 3. Correlation between US thickness and pathological thickness in group 2.There is
modestly correlation between two groups (r=0.041 and p=0.917).
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thickness and US thickness. Pearson correlation analysis using data
from group 1 showed that histological thickness was positively
correlated with US thickness (r=0.749; p<0.001). In group 2, because
only no viable tumor cells were seen in 3 cases, we evaluated histological
thickness in 9 cases which viable tumor cells were present. Histological
thickness was modestly correlated with US thickness (r=0.041;
p=0.917).

In group 1 (n=38), the strain ratio was 0.16 + 0.13 for tumor tissue
and 0.82 £ 0.35 for normal tissue (Figure 4). In group 2, the strain ratio
of tumor tissue, scar tissue, and normal tissues was 0.19 + 0.18, 0.51 +
0.28, and 0.77 % 0.57, respectively (Figure 4). The portion of primary
tumor which decreased after introduced of chemo radiation therapy
was defined as “scar”. The scar tissue (yellow bar) showed strain that
was intermediate between those of the normal and tumor tissue.

When the cutoff value for the strain ratio of tumor tissue was set
0.16, there was a significant correlation between strain ratio and US
tumor thickness (p=0.044 by the Mann-Whitney U test).

To identify predictive factors for strain ratio, the pathological
findings of these patients were investigated. After collecting data
regarding histological parameters and strain ratio, the data were
analyzed by multiple regression analysis using SPSS data processing
software. Analysis revealed that the strain ratio had a weaker correlation
with histological tumor thickness and other histological parameters
than US tumor thickness (Table 2).

Discussion

Imaging modalities, such as CT and MRI are useful for staging of
disease and to assess tumor characteristics. However, these modalities
are expensive and time consuming. US can precisely detect small
changes in soft tissue. It is noninvasive, does not exposure the patient
to radiation, easily allows serial examinations, is readily available
in an outpatient office facility, and is less expensive when compared
with other diagnostic tools. For the head and neck region, US is used
to characterize the primary lesion and cervical lymph node in the
preoperative and follow-up periods. Recently, several investigations
have evaluated the efficacy of US for oral cancer, especially for
measurement of tumor thickness [12,13]. In addition, US can be
used to determine a sufficient surgical margin, intraoperatively [8].
The operator is able to select the most useful section for diagnosis.
Therefore, sufficient skill and experience is required to acquire good
quality images and to make accurate diagnoses.

The present study is the first to describe the efficacy of elastography
for the characterization of tongue carcinoma. Tissue stiffness increases
with cancer progression, even in the early stages of cancer. Indeed,
studies have shown that breast and prostate cancers are stiffer than
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Figure 4. Strain ratios in each group (in the graph the bar in red, blue and yellow
color represents normal or soft tissue, tumor or hard tissue, scar or intermediate tissue,
respectively).
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Table 2. Multiple regression analysis.

Model Unstandardized Coefficients Standardized t Sig. 95% Confidence Interval for B
Coefficients
B Std. Error Beta Lower Bound Upper Bound

(Constant) 855 470 1.820 .079 -.107 1.817
Sex -.006 .066 -.019 -.096 924 -.142 130
Age -.002 .002 -234 -1.242 224 -.006 .001

Degree of Keratinization -.078 11 -.405 -.699 490 -.305 150
Nuclear Polymorphism JA21 112 .628 1.075 292 -.109 .350
Mitotic cells -.013 .060 -.059 =212 .834 -.136 111

Pattern of invasion .042 .067 161 .625 537 -.095 179
Stage of invasion -.208 164 -.246 -1.264 217 -.544 129
Lymph-plasmacyte -.051 .049 -222 -1.054 301 -.151 .048
Histological thickness -.003 .009 -.061 -314 756 -.022 .016

normal tissue [14]. Real-time tissue elastography is a new ultrasound
tomography technique that can objectively display tissue elasticity
from which images of tissue stiffness can be depicted. In elastography,
the tumor is repeatedly compressed and released via the probe, and
arithmetic processing of the strain is translated into a color image. This
technique has been used to distinguish between benign and malignant
lesions in the breast, thyroid, prostate, and other tissues. Benign and
malignant lesion in breast tissue can be differentiated with the ratio of
strain in subcutaneous fat tissue to lesion (fat lesion ratio), using 4.0 as
a cutoff value. In general, lower strain ratios indicate stiff tissue, while
higher strain ratios indicate soft tissue [9].

The present study used quantitative strain elastography as a
technique to investigate the relative stiffness of tongue lesions. In
quantitative strain elastography, images are produced by the estimation
of the tissue recovery response to the pressure induced on the tissue.
The ratio of displacement (strain) of the normal tissue and in response
to the induced pressure is defined as the strain index value. The stiffness
of the lesion is compared by strain index values. A higher strain ratio
corresponds to lower elasticity. The mean strain ratios of tumor tissue
in squamous cell carcinoma of the tongue were nearly similar at 0.16
in group 1 and 0.19 in group 2. Nearly similar values of 0.82 in group 1
and 0.77 in group 2 were seen in normal tissue as well. This is thought
to support the reproducibility of this technique. Future studies should
include a larger sample size to reduce the standard deviation. The mean
strain ratio in scar tissue was 0.51, showing lower elasticity than tumor
tissue and higher elasticity than normal tissue. This result was expected
and suggested that the portion of cancer tissue treated with preoperative
chemo-radiotherapy contained lower elasticity than cancer tissue and
higher elasticity than normal tissue. Although it could be caused by
tumor cell density or lymphocyte infiltration, it is necessary to clear
further study.

The histopathological analysis for strain ratio was correlated with
tumor thickness significantly by univariate analysis, although the
significant difference wasn’t indicated by multivariate analysis. To
elucidate the histopathological significance for strain ratio, we consider
it necessary to analyze extracellular matrix such as collagen deposition
or fibrosis of the tissue.

If a cutoff value for tumor tissue and scar tissue can be established,
the possibility of limited surgery after chemo-radiotherapy can
probably be expanded. Further, this tool could be used to assess for
recurrent tumor during follow-up and to differentiate radiation ulcer
from recurrent tumor.

Dent Oral Craniofac Res, 2016 doi: 10.15761/DOCR.1000181

Conclusions

In conclusion, the strain ratio determined on ultrasound
elastography could be utilized as a noninvasive method for obtaining
information regarding soft tissues. This technology will undoubtedly
become an important tool for diagnosis and prognostic evaluations for
tongue carcinoma. Because surgery remains an important treatment
modality for tongue carcinoma, our goal is to preserve the function of
the oral cavity. In future, larger prospective studies will be needed to
establish a cutoff value for tumor tissue to expand the indication for
limited surgery after preoperative treatment.
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