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Possibilities of ultrasonic shear wave elastography in
the diagnosis of cervical cancer (first experience)
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Objective. To determine the diagnostic value of two-dimensional shear wave elastography in
patients with cervical cancer. Materials and methods. Two-dimensional shear wave elastography
was performed in the control group (in 20 women) and in 18 patients with confirmed cervical
cancer. The study was performed using the Aixplorer ultrasound system (SSI, France). Results.
There was a statistically significant (p<0.001) increase in the stiffness (Me=66.6 kPa (51; 88.7))
of cervical tissues affected by cancer, compared to the control group (Me=21.1 kPa (20; 23.5).
ROC analysis showed that when using a 32 kPa cut-off value, the sensitivity, specificity, and
prognostic value of the positive and negative results were 96%, 89%, 86%, and 95%, respectively.
AUROC for this threshold reaches 0.97. Conclusion. Two-dimensional share wave elastography
may be a new objective method for diagnosing cervical cancer.
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Early detection of cervical cancer has recently become a particularly relevant issue. Despite the
fact that mortality due to this pathology has significantly decreased owing to modern diagnostic
methods, the dynamics of morbidity indicators remains hazardous; the increase in morbidity was
23.83% per 100,000 population of Russia in 2004-2014 [1]. At the same time, there is a negative
trend towards an increase in the number of cases of the disease at a young age.

Ultrasound examinations, as the most simple and informative, have proven to be effective in the
diagnosis of cervical cancer. However, the value of ultrasound elastography in the examination of
such patients still remains understudied. Moreover, some doctors have not developed a complete
understanding of the fact that in addition to ultrasound compression elastography, there is shear
elastography [2].

Compression elastography has already been known and used for the diagnosis of cervical cancer
[3]. Unfortunately, this largely qualitative method is lacking objective digital parameters. Its
results are largely determined by the subjective perception of the doctor. Even the use of the
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elasticity score suffers from instability [4], since the stiffness of the cervical neoplasm is compared
to the extremely uncertain stiffness of the non-standardized reference tissue.

At the same time, ultrasonic shear wave elastography is distinguished by the ability to evaluate the
studied tissues using objective parameters, as shear wave velocity is measured in kPa, or in m/s.
The experience of using ultrasonic shear wave elastography for the diagnosis of cervical cancer is
still insignificant [5, 6].

The objective of the study was to evaluate the diagnostic capabilities of the method of ultrasonic
shear wave elastography using a transvaginal sensor in the examination of patients with cervical
cancer.

Materials and Methods

The study included the results of shear wave elastography and elastometry of the cervix of 18
patients aged 30 to 62 years (Me=44.5 years (38; 52) at different stages of malignancy confirmed
during subsequent surgical treatment (tissue in situ (Tis) — one patient, T1 stage — eleven patients,
T2 stage — five patients, and T3 stage — one patient). The control group included 20 reproductive-
aged women (Me = 24.5 years (23; 25.5) with a normal echographic image of the cervix (according
to the ultrasound assessment conducted for determining the position of the intrauterine
contraceptive device); the women had no clinical manifestations of any gynecological diseases.

: Ultrasound  examination  including
Fig. 1. Ultrasound two-dimensional shear wave elastogram of the
cervix in women in the control group (longitudinal section) echography and Shear wave e|astography

of the cervix was performed using the
Aixplorer™ ultrasound system (SSI,
France) with a transvaginal broadband
(3-12 MHz) microconvex transducer.
The shape, size, and internal structure of
the cervix were evaluated during
echography. During the elastographic
study it was necessary to exclude the
pressure of the sensor on the cervix in
order to rule out possible artifacts. The
settings of the elastography window
made it possible to get an image of
elasticity of the entire cervix. The color scale with an upper limit of 150 kPa was chosen and did
not change from study to study. Measuring windows of 5-10 mm were used for elastometry.
During the study, the cervical elasticity was measured three times.

Statistical analysis

Retrospective processing of ultrasound elastometry results was performed using the MedCalc v.7.4
program using nonparametric statistics (median (Me) and quartiles Q1 and Q3 (Q1; Q3). The



Fig. 2. Ult 1d two-di ional shear wave elastogram
of cervical cancer (longitudinal section)

Fig. 3. The graph of the group distribution of the results of shear
wave elastometry (Me and Q1; Q3) of the cervix in the women in
the control group (N) and in patients with different stages
(Tis, T1, T2, T3) of cervical cancer
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Table 1. The results of cervical shear wave elastography
Groups
Parameters Control group Stage T1 cervical cancer Stage T2 cervical cancer
(n=20) (n=11) (n=5)
Me (kPa) 211 65.7 67.6
Qf1; Q3 (kPa) 20;23.5 56.1;101.2 45.3;80.6

Note. Statistical significance of differences between control group and T1 stage group is p<0.001; statistical significance
of differences between control group and T2 stage is p<0.001.

Table 2. The comparison of results of shear wave elastography in the control group and
patients with cervical cancer

Groups
Parameters
°°“"f' GYoup All patients with cervical cancer (n=18)
(n=20)
Me (kPa) 211 66.6
Q1; Q3 (kPa) 20;23.5 51;88.7

Note. The statistical significance of differences between the groups is p<0.001,

difference in results was evaluated using the Mann—Whitney U-test and considered statistically
significant at p<0.05. In order to determine the threshold values of elasticity of cervical cancer
foci, ROC analysis was performed to identify the sensitivity, specificity, prognostic value of
positive and negative results, as well as the area under the curve (AURQOC).

Results

When performing shear wave elastography in the control group, the cervical tissue was steadily
stained with a homogeneous blue color (Fig. 1). The cervix elasticity was Me=21.1 kPa (20; 23.5)
in women of the control group.

The patients with cancer had a tumor stained in an intense yellow-red color (Fig. 2).

According to elastometry, the median elasticity of the tumor in patients with T1 and T2 stages
increased significantly compared to the controls and reached Me=65.7 kPa (56.1; 101.2) and Me=
67.6 kPa (45.3; 80.6), respectively. Two women with Tis and T3 stage showed a clear tendency to
increase stiffness up to 38.1 kPa and 138.9 kPa, respectively, but these patients were singular and



did not allow us to make a final conclusion. The group distribution of elastometry data is shown
in Table 1 and Figure 3.

Fig. 4. The graph of the group distribution of the results of shear |n the CombInEd group Of patlents Wlth CeercaI

wave elastometry (Me and Q1; Q3) of the cervix in the women
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g0 "' elasticity was 66.6 kPa (51; 88.7). The

g‘gg i comparison showed a statistically significant

;gig " increase in the elasticity of cervical tissues

3% T affected by cancer (p<0.001) compared with the
Y v control group (Table 2 and Fig. 4).

The ROC-analysis made it possible to establish
that when the threshold of 32 kPa was applied,

Fig. 5. ROC with determined sensitivity and specificity
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Discussion

The search for early signs of cervical cancer is an obvious challenge for modern ultrasound
diagnostics. Today, ultrasound Doppler imaging can reach rather high accuracy (89.5% sensitivity
and 93.5% specificity) in the assessment of cervical cancer [7]. However, it should be noted that
space-occupying lesions that are already visible on the screen are discussed in such publications.
Our research suggests that shear wave elastography is a new approach to solving the problem of
early instrumental diagnosis of cervical cancer. There is no doubt the results presented by us are
based on a small amount of material. However, the obtained data are consistent with the published
results [5, 6], which showed that the shear wave velocity in the tissues of the unaltered cervix is
significantly lower than in those affected by the malignant process.

Conclusion

Therefore, there is every reason to believe that ultrasound shear wave elastography is a promising
objective method for assessing the condition of the cervix.
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