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Abstract—This article discusses the relevant results on early and safe detection of breast cancer with a thermal
volume tomography (TVT) device produced in Russia. The device records and analyzes the spatial tempera-
ture distribution on the skin in the tumor region. The resulting dataset can be analyzed using artificial intel-
ligence methods, which make it possible to efficiently choose the treatment strategy by selecting optimal

treatments at the preclinical stage of breast cancer.
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INTRODUCTION

Professor L.D. Lindenbraten, who was the founder
of Russian mammography, and his colleagues [1]
identified the prerequisites to a successful solution of
the problem of breast cancer in 1997. Early diagnosis
of breast cancer helps to save lives in the female popu-
lation. It is necessary to develop organ-saving treat-
ment procedures and to reduce the costs of diagnosis
and therapy. It is necessary to introduce national and
regional programs of mass examinations and to create
federal and regional registries of persons who have
been screened and found to have breast cancer [1].
However, these measures have still not been imple-
mented in current medicine because early and safe
diagnosis is not provided by the available X-ray meth-
ods (computed tomography, positron emission
tomography combined with computed tomography,
and X-ray mammography), ultrasound testing, and
magnetic resonance imaging [2, 3].

These diagnostic tests usually detect the disease
after its preclinical stage has already passed, and that
stage accounts for approximately one-fourth of the
total tumor development cycle from a single cell to a
fatal outcome [4]. Breast cancer causes no pain and
remains undetectable by the patient at the preclinical
stage. Positron emission tomography detects preclini-

Abbreviations: TVT, thermal volume tomography.
T Deceased.

cal breast cancer, but has two drawbacks. First, the test
is unsafe because a radioactive agent is injected in the
mammary gland, which has higher radiosensitivity.
Second, diagnosis is rather expensive, and the neces-
sary equipment is not commonly available.

Recent publications and patents describe new
means for “early” detection of breast cancer on the
basis of using arrays of thermal sensors incorporated in
the elastic element (fabric or latex) of a bra [5—7]. To
detect breast cancer, such a bra should be worn for sev-
eral hours or even several days as a screening test.
Extremely high inertia is an inevitable property of the
thermal sensors used in the bra. Its temperature sensi-
tivity is consequently decreased, and heat exchange in
the mammary gland is distorted by the extra layer
placed between the body and the environment,
increasing sweating and introducing an error in the
results. The factor that makes such devices absolutely
unsuitable is that they disregard the recently estab-
lished fact that the breast has an unsteady temperature
landscape, which changes at a relatively high fre-
quency [8]. Its fluctuations level the test results
because the duration of thermal exposure is too great
compared with the frequency of changes in the tem-
perature landscape of the breast skin (white noise of
temperature traces is produced).

The factors in successful breast cancer treatment
are that the test for breast cancer is safe and rapidly
detects the disease at its preclinical stage. A diagnostic
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instrument should provide time for successful therapy
and should allow timely monitoring during treatment;
it is therefore necessary to provide a means to choose
the optimal treatment strategy at the stage of screening
or rehabilitation. The thermal volume tomography
(TVT) device (Modern Computer Medical Equip-
ment, Russia) meets all of these requirements.

THE PRINCIPLES OF OPERATION
OF THE TVT DEVICE AND MODELS USED
IN THE STUDY

The following principle underlies the theoretical
basis and clinical application of TVT. The skin tem-
perature is scanned over the breast with one thermal
sensor, which is positioned in the portable autono-
mous head of the TVT device. The temperature is
measured accurate to approximately 10-3°C. Scan-
ning is performed through regular openings in an elas-
tic bra worn on the breasts. It takes 5—8 min to scan
both of the breasts, depending on the breast size. The
measurement data are transmitted from the head
through a cable to a computer. After computer-
assisted data processing, a color mammogram is dis-
played on the monitor screen in the form of a two-
dimensional landscape of temperature field gradients
on the breast skin. The image pattern is either normal
or suggests a mass lesion. The landscape reflects how
the internal heat flow is distorted if a tumor hinders its
propagation. The tumor can be modeled as a small
body placed in a half-space at a distance from its sur-
face.

A solution to the problem of detecting a small body
in a half-space of a solid medium with a constant heat
flux propagating from inside to the surface and scat-
tering from the surface into the atmosphere with a
constant temperature via convection was first pub-
lished in [9]. Its further development and clinical test-
ing for warm-blooded organisms were described in
[10—17].

Professor M. Gautherie (Pasteur Institute, France)
conducted a clinical study of breast cancer in a large
population (85 000) of patients. The parameters of
breast cancer development were examined by inserting
a thin needle (a thermal couple) in the tumor. The
temperature was measured with the thermal couple
and the coordinates of the inserted needle were con-
trolled using X-rays [18]. The method has several
drawbacks; it is unsafe [19, 20] and is not approved for
use in patients younger than 40 years [21]. However,
the large scale of Gautherie’s study and the reliability
of its results make it possible to utilize the results in the
TVT method, which is safer, quicker, and more ergo-
nomic than conventional methods. The Ministry of
Health of the Russian Federation has approved the
TVT method to examine the breasts in patients of any
age. In particular, the method can be used at the pre-
clinical stage of breast cancer, yielding neither false
positive, nor false negative results [22].

BIOPHYSICS  Vol. 64

No.3 2019

481

The TVT method has several advantages over
remote thermal imaging, as listed below.

(1) The equipment is far less expensive.

(2) The device does not require an external power
supply, is portable, and allows a reference-based
adjustment by absolute temperature during examina-
tion.

(3) The error of measuring a temperature gradient
is 1073°C.

(4) Thermal imaging is unsuitable for visualizing
the tumor; the characteristic tumor size cannot be
measured when the tumor is more than a half-size
away from the breast surface.

(5) With thermal imaging, the temperature esti-
mate depends on the angle between the skin and the
directrix line of the target body area.

(6) With thermal imaging, the temperature esti-
mate additionally depends on the skin condition, the
presence of hair, sweating, and the heat emissivity,
which varies from 0.24 to 0.9.

The results of the TVT examination and subse-
quent digital data processing with a computer are
comparable with a tomogram, but have a lower spatial
resolution. The results are still suitable for use at the
preclinical stage of breast cancer, making it possible to
choose adequate therapy for a patient of any age and to
have substantial time reserves.

EXAMINATION RESULTS
AND THEIR INTERPRETATION

As has been demonstrated, the doubling time A¢,
remains unchanged in the course of breast cancer and
varies among individual patients from several weeks to
400 days [23, 24]. A malignant tumor grows exponen-
tially, starting from one cancer cell, which is approxi-
mately 10 um in diameter. The growth is therefore
described by the following equation:

Vr 21/02t/Atu’ (1)

where V; is the final tumor volume, Vj is the initial
tumor volume, ¢ is the time, and #/A¢, is the number of
cell divisions. An increase in tumor volume depends
on the time 7 and the doubling time A¢,. Because the
latter is specific to an individual, tumor growth
curves are shown for two doubling time values (Fig. 1,
curves A and B).

Based on Eq. (1), the tumor volume as a function
of 7 can be determined as

_ Tch _ an

v, p Texp(kt), (2)

where D, is the initial diameter and k = (Az,)~!. Let D,
be the lethal diameter and XAf be the time to the lethal
diameter. It follows from Eq. (2) that
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Fig. 1. Malignant tumor growth over time as a function of the doubling time. The doubling time for curve A < that for curve B. Dj

is the tumor diameter.

k = 31n{lD)—ij /(Zm). 3)

With the known cancer cell diameter (10 wm) and

D; = 10 cm, we have for the two k values (Fig. 1) that
k, = 0.27 days~' and kz = 0.11 days~!. The two esti-
mates characterize rapid aggressive tumor growth,
which is observed in 20% of breast cancer cases, while
the development of a 1-cm tumor takes 5—7 years in
the case of a moderate tumor growth rate [2].

The main concept shown in Fig. 1 is that the TVT
method can be used to advantage in diagnosing breast
cancer at the preclinical stage, which corresponds to
the D, range from 0.3 to 0.5 cm in Fig. 1, because the
method is safe, allows repetitive screening at any rea-
sonable frequency [25], and avoids the masking effect
of the nonstationary character of the temperature gra-
dient field [8]. A feature of the method is that the heat
exchange characteristics are detectable at the preclini-
cal stage, when metastasis is absent and the tumor
retains its coordinates. As the tumor grows, the test
shows degradation of the heat flux maximum in terms
of the intensity of the positive temperature gradient, as
is shown in Fig. 2. Because the tumor increases in size
without changes in the coordinate Z, the positive tem-
perature gradient decreases with the thermal conduc-
tivity of tumor tissue decreasing from the normal value
0.532 to 0.451 W/(m degree), by 15% [25].

Figure 2 shows the stages of tumor development
from its minimal size on detection at the preclinical

stage.
7 =\21|T* - T, (4)

where Zis the depth at which the center of a hot tumor
occurs, T is the temperature gradient in the pole of
the respective isotherm, and 7 is the actual tempera-
ture in the respective pole as obtained from pole coor-
dinates on the breast skin [10].

The changes in gradient projection on the breast
skin can be explained by a lower heat flux from the
bottom wall of the tumor and a simultaneous shielding
of the normal heat flux by the tumor growing in cross-
sectional area. When the upper margin of the tumor

Fig. 2. Measurement of the gradient maximum at the pole
with tumor growth: (/) mammary gland; (2) normal shape
of the gradient; (3) a gradient at the upper margin of the
growing tumor; (4) an intermediate tumor size; (5) the gra-
dient maximum at tumor detection; (6) normal mammary
gland tissue; (7) the depth at which the minimal tumor
occurs; (8) a negative gradient detected after the tumor has
reached the skin.
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Fig. 3. Two TVT mammograms recorded consecutively with a 1-month interval. The images show tumor degradation at the pre-

clinical stage.
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Fig. 4. The tables that are accessible via the upper menu of the TVT mammogram (Fig. 3) show data on (/) temperature gradients

and (2) their projection areas on the breast skin.

comes into contact with the breast skin, the normal
heat flux disappears in the contact site, with a zero
temperature gradient occurring in the pole. As the
tumor grows further, its upper margin is flattened as a
result of skin elasticity, normal tissue is displaced to
the periphery, and a negative gradient thus forms in
the same isotherm pole because the bottom wall of the
tumor is displaced, as shown in Fig. 2. The change is
illustrated well by two TVIT mammograms obtained
for patient L. (56 years of age) consecutively with a
1-month interval (Fig. 3). The bottom menu of a
mammogram shows the average temperature of the
pathological lesion, its shape, and the breast where the
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lesion occurs. The top menu shows a table (Fig. 4)
with the results of processing the temperature datasets
transmitted from the head of the TVT device. The
table provides numerical data on all pathological sites
and, in particular, the area of the gradient projection
onto the breast skin.

As is seen from Figs. 3 and 4, the data on the gradi-
ents and projection regions (Fig. 2, 4and 3; 0.537 and
0.37°C and 6.5 and 1.9%, respectively) are well cor-
related and agree with the theory of breast cancer
development [26].

The TVT procedure of breast cancer diagnosis is
less time consuming and far less expensive than, for
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example, the standard procedure accepted in the
United States [27].

CONCLUSIONS

The TVT method has several advantages over the
conventional methods used in medicine.

The TVT method provides unambiguous analysis
of tumor growth at the preclinical stage of tumor
development.

The doubling time can be estimated using TVT
during a prolonged preclinical period; i.e., the possi-
ble duration of the disease cycle can be determined by
the safe screening test.

Using the screening test, it is possible to select ade-
quate therapy at the preclinical stage as a result of its
extended duration and to monitor tumor degradation.
Therapy at this stage is less expensive than at more
advanced stages that are possible to diagnose with
conventional methods.

The TVT device is portable, absolutely safe, and
relatively inexpensive and does not require highly
qualified staff to operate, thus providing a useful tool
to a doctor.

With the TVT test, artificial intelligence methods
can be used to automatically analyze the resulting dig-
ital datasets.

The diagnostic procedure is fast, making it possible
to employ the TVT method in preventing breast can-
cer.
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