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AHHOTALNA

06ocHoasaHue. Paauotepmometpua (PTM) aBRAeTcA aKTyanbHbIM METO[OM 06CNeoBaHWMA MOMOYHOM Kefesbl,
MO3BOMAKLLMM MOMMUMO BM3yanM3aLMM NaToorMyYecKMX 04aroB OLEHWUTb Ka4yecTBO MeTaboiM3Ma, YTO BaKHO C MO3ULMIA
onpepeneHns 6MoNornYecKUX NOATUNOB paKa MOMOYHOM ene3bl (PMHK) 1 BO3MOMKHOCTM OLEHKM CTEMEHW arpecCMBHOCTH
ONyX0/M 0 MMMYHOTMUCTOXMMMYECKOr0 aHanu3a.

Lene. WccnepoBaTb BO3MOMHOCTM coBpeMeHHOM PTM B auddepeHUManbHoM OMarHocTMKe [06pOKaqecTBeHHOW
1 3710Ka4EeCTBEHHOW MaTONIOrMM MOJIOYHOM Keesbl 1 NMpK pasinyHbIX bMonornvecknx nogrtunax PMMK.

Mamepuanel u Memodel. 06cnefoBaHo 118 NaUMEHTOK C pasfMYHOM NATONOrMeN MOMOYHOW Kenesbl C MOMOLLbH
KOMMbIOTEPU3MPOBAHHOMO AnarHocTuyeckoro komnnekca PTM 01 P3C, 3aMepbl BbInonHANKCH B 9 ToUKax: HenocpeAcTBEHHO
Ha MOJIOYHOM Kenese — AnA BU3yanu3aLmMm OnyXonu, ABYX KOHTPOJbHBIX TOUKax (B 061acTv anuUracTpusa U MeYeBMOHO0
OTPOCTKA IPYAMHBI) U OHOW TOUKe B aKCMIIAPHOM 30He C 06eMx CTOPOH — ANA BbIABNEHUA BO3MOMHbLIX MeTacTa3os.
Bpemsa nposeaeHmna nccnegosanuna 15—-20 MUHYT — A1A KaxAOM eHWmHbl. PeaynbTatel PTM conoctaBnAanmck ¢ gaHHbIMU
FMCTONOrMYECKOW BepUGMKaLIMM, YNbTPA3BYKOBOM, MaMMOrPadUUeCcKomi U KIMHUYECKMUX KapTUHBI.

Pesynemamer.  YysctBuTenbHocte PTM B auddepeHumanbHOM [OMarHOCTMKE NaToNOrMM  MOJSIOYHOM  Kenesbl
coctasuna 96,9%, touHoctb — 74,5%. CneumduuHocts PTM ana guddepeHuMaumy arpeccuBHbIX M HearpeccuBHbIX
noaTunoB PMHK okasanacb HM3KonM — 6,6%. MNpu oLeHKe pasHULbI TeMnepaTyp Mexay NaTtofornyeckon U HopMasbHOM
TKaHbl0 Hab/I0AaeTCA TEHAEHUMS K YBENIMYEHMIO 3HAYEHUA HAl OMyXOJ/Ibio MO CPABHEHMIO C HEMOPAKEHHOM TKaHbIO, 0[JHAKO
CTaTUCTMYECKU 3HAYMMBIX PasMYMiA Meay CPedHMMM TeMrnepaTypaMy 3[0POBOM M NOPAXKEHHOW MOMOYHOW Henesbl
He nonyyeHo. Koppenaumu Meray MHOEKCOM nponvdepaTMBHOM aKTMBHOCTM PMMK 1 YacToTbl TepMoacMMMETpUM, 60
CTENeHbIO ee BbIParKeHHOCTM He BbiABfeHo (r < 0,3).

3aknoyenue. PTM npogeMoHcTpupoBana 3¢geKTUBHOCTL B AUddepeHLManbHoi SUarHoCTUKe [06poKaYecTBEHHbIX
M 310KAYeCTBEHHbIX M3MEHEHWI TKaHX MOMIOYHOM *Keniesbl, MpU 3TOM OHA He ABMAETCA MeTOLOM Bblbopa B OLEHKe
PacnpoCcTpaHEHHOCTM M 6MONOrMYECKOro NOATANA PaKka MOJIOYHOM Kenesbl.
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Diagnostic potentials of modern radiothermometry
in oncomammological practice
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ABSTRACT

BACKGROUND: Radiothermometry (RTM) is a breast examination method that permits, besides visualization of
the pathological foci, to evaluate the quality of metabolism, which is important for the determination of the biological
subtypes of breast cancer (BC) and the possibility of the evaluation of the degree of tumor aggressiveness before
immunohistochemical analysis.

AIM: To study the potentials of modern RTM in the differential diagnosis of benign and malignant breast pathologies
and in different biological subtypes of BC.

MATERIALS AND METHODS: Overall, 118 patients with different breast pathologies were examined using PTM 01
P3C computerized diagnostic complex. Measurements were performed in nine points: directly on the breast — for the
visualization of tumor, in two control points (in the region of the epigastrium and sternal xiphoid process), and in one point
in the axillary zone on both sides — for the identification of probable metastases. The examination time was 15-20 min
for each woman. RTM results were compared with histological, ultrasound, mammaographic, and clinical data.

RESULTS: The sensitivity and accuracy of RMT in the differential diagnosis of breast pathology were 96.9% and 74.5%,
respectively. The specificity of RTM in the differentiation of aggressive and non-aggressive BC subtypes appeared to be low
at 6.6%. In the evaluation of the temperature difference between the pathological and normal tissues, a tendency to a non-
increase in the temperature above the tumor in comparison with the unaffected tissue was noted; however, no significant
differences between the mean values for the healthy and affected breasts were obtained. No correlations were found
between the proliferative index of BC and frequency of thermoasymmetry or extent of its evidence (r < 0.3).

CONCLUSION: RTM demonstrated effectiveness in the differential diagnosis of benign and malignant alterations
of the breast; thus, it is not a method of choice in the evaluation of the spread and biological subtype of BC.
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LIST OF ABBREVIATIONS

MG — mammary gland
BC — breast cancer
RTM — radiothermometry

BACKGROUND

Despite significant achievements of recent years
in personalized and target approaches in breast cancer
(BC) diagnosis and management, the problem of its early
identification remains the basis of a good patient prognosis
[1]. “Rejuvenation” of breast oncopathology in some cases
hinders the effectiveness of routine diagnostic methods
making specialists use combinations of expensive and
sometimes invasive methods of tumor process visualization
and verification [2-4]. Besides direct breast neoplasm
localization and confirmation, determining its biological
properties, which define the management algorithm of a
particular patient, is necessary.

One of the visualization methods of breast pathology
is radiothermometry (RTM), which is firmly included in the
routine algorithm of complex breast examination in many
clinics [5-7]. Numerous studies revealed that this non-
invasive method is a highly sensitive method, which is
capable of differentiation between malignant and benign
breast tissue alterations at the preclinical stage in different
age groups [8-12], based on the measurement of the
difference between electromagnetic radiation of healthy
and neoplastic tissue cells in the microwave range at the
depth up to 5 cm [13]. The study of thermoasymmetry of
healthy and altered breast structures that was conducted
by M. Gauthiere in 1965 on 85,000 patients revealed that
a malignant tumor has a higher temperature than normal
tissues due to enhanced metabolism [14,15]. Concurrently,
the breast that is affected by a malignant process, as a
rule, possesses higher parameters relative to the healthy
side, which, in turn, can be attributed to the active
angiogenesis [16]. Additionally, in a group of females (n =
1245) with questionable thermograms without any clinical
or radiological breast alterations, further observation
within 8 years revealed BC in 40.2% of cases [17-19].
This method has also been proven effective in evaluating
benign processes with high and low proliferative
activity [20]. Therefore, RTM is an actual method of
breast examination since it permits metabolism quality
evaluation, besides direct pathological foci visualization
[21-23]. This is important from the point of view of
biological BC subtypes determination since the reliable
differences of thermograms of different histological forms
of cancer were proven as early as the 60s. Additionally,
of importance is also a question about the possibility of
evaluation of the extent of tumor aggressiveness before
the immunchistochemical analysis [10].
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Aim — to determine the potentials of the modern
RTM in the differential diagnosis of benign and malignant
breast pathology and different biological BC subtypes.

MATERIALS AND METHODS

The study was conducted based on Ryazan Regional
Oncological Dispensary and included 118 females
with different breast pathology. All procedures were
performed as part of the dispensary/routine examination.
No additional interventions were performed. The females
signed Informed consent within the frames of standard
procedures of Ryazan Regional Oncological Dispensary.

The studied parameters were assessed on RTM
01 P3C computerized diagnostic complex consisting of
internal temperature meter, IR skin temperature meter, a
means for visualization, processing, and analysis of the
obtained information by the expert system [24].

Following the RTM recommendations, measu-
rements were taken in nine points: directly on the
breast to visualize the tumor, in two control points in the
epigastrium and xiphoid process region of the sternum,
and one axillary point on both sides for identification of
probable metastases [5,13]. The examination duration
was 15-20 min for each participant.

Further on, participants were divided into two
groups:

The control group (n = 32) with benign breast
alterations (mastopathy, fibroadenoma, intraductal
papilloma, mastitis, and lipoma) (age 18-79 years);

The main group (n = 86) with malignant breast
neoplasms [25] (age 24-73 years).

The main group (n = 84) was predominated with BC
of different stages (I and II: 28.7% in each, Ill: 42.8%) of
different phenotypes, as well as one case of melanoma
metastasis and one sarcoma breast metastasis. Here
more aggressive phenotypes of BC were more common
in young patients (Figure 1).

Additionally, RTM data were compared with
the results of histological verification, ultrasound,
mammographic, and clinical picture.

In statistical analysis, methods of descriptive (%)
and comparative (T-Student test, Mann-Whitney test)
statistics were used, sensitivity and specificity of the
diagnostic method (RTM) were determined. Differences
were considered statistically significant at p < 0.05.
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Fig. 1. Relationship of BC phenotype (n) with age (years).

RESULTS

The result analysis revealed the following patterns:

RTM is effective in the differential diagnosis of benign
and malignant breast processes (for the Student t-test,
p = 0.00053), the sensitivity of RTM in breast pathology
diagnosis compared with histological verification,
ultrasound, mammographic, and clinical picture results
were 96.9%, specificity for aggressive and non-aggressive
BC subtypes differentiation was low (6.6%).

The temperature difference evaluation between
pathological and normal tissue, a tendency to increase
measured values above the tumor compared to the
unaffected tissue was found; however, no statistically
significant differences were obtained either between
the average temperatures of healthy and affected
breast or between different phenotypes (Table 1). The

Mann-Whitney test showed no temperature differences
between luminal A and B groups (U = 342), nor did it
confirm more aggressive properties of luminal human
epidermal growth factor receptor 2 (HER-2)-positive
phenotype relative to luminal HER-2-negative type (U =
114.5), which does not speak in favor of the hypothesis
about the effectiveness of RTM in aggressive and non-
aggressive BC diagnosis. Ambiguous is the fact of a
complete absence of thermoasymmetry in sarcoma and
melanoma metastasis to the breast, since a high degree
of aggressiveness of both tumors is evident a priori.
Evaluation of the extent of spread of the process by
temperature measurement of axillary regions revealed
no reliably significant deviations (U = 182). Additionally,
hypothermia relative to even healthy tissues in cases with
confirmed axillary lymph nodes metastases (Table 1).

Table 1. Distribution of Average Temperatures in Groups with Different Breast Cancer Phenotypes

Breast Cancer Phenotypes
Average Temperature, °C - i
g P Luminal A Luminal B (-) Luminal B HER2+ NonHésxnal Triple-Negative
Above tumor 34.4 34.1 34.1 345 35.4
Pathological breast 336 333 33.1 336 34.7
Healthy breast 332 325 32.4 328 348
Altered lymph nodes 339 334 339 33.1 343
Non-altered lymph nodes 33.9 333 33.0 32.9 34.0

A statistically significant result was obtained compared
to the frequency and difference of thermoasymmetry in groups
with aggressive phenotypes (p < 0.05). Here, the group of non-
luminal HER2-positive phenotype had a greater difference of
the average temperature between affected and healthy tissue
was greater (by 1.8 °C) than in triple-negative variant (by 0.9
°C, Table 2). This fact does not confirm the hypothesis that
more aggressive phenotypes, particularly, triple-negative
subtype, should give a more resonant picture of thermometry.

DAl https://doi.org/10

Of special interest is Kié7, tumor biological potential
index (RTM is based on metabolism in tumor tissue). Our study
revealed that the highest average value of Kié7 was observed
in triple-negative cancer (63.3%), somewhat lower in groups
with HER2-positivity (50.6%), in truly luminal subtypes this
parameter was reliably lower, that is 42.2% in luminal B
and 10.6% in luminal A. However, no correlation was found
between tumor proliferative activity index and frequency of
thermoasymmetry or the extent of its evidence (r < 0.3).
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Table 2. Distribution of Average Temperatures in Groups of Aggressive Breast Cancer Phenotype

Aggressive Phenotypes of Breast Cancer
Average Temperature, °C - - -
Non-luminal HER2+ Triple-negative
Pathological breast 347 354
Healthy breast 329 345

lzatherm pitch- 0.120°C
Right MG L=ft MB

“Cold”
locus

“Hot"
locus

“Cold”
locus

“Hot"
locus

ILES 3409 3433 JASF D480 3505 0529 553 67 IGO0 362
Temperature ['Cl: min. 33.9 aver. 35.1 max. 36.3

Fig. 2. Examples of radiothermometry results: A — benign breast tumor; B — breast cancer, triple-negative, localized form;
C — breast cancer, luminal B, diffused form.
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DISCUSSION

Thus, diffused (locally spread) forms of BC are
presented in the forms of thermograms with the most
significant spread and large areas of maximal and
minimal temperatures.

Below, several demonstrative results of RTM of
benign process, localized, and diffused BC are presented
(Figure 2).

CONCLUSIONS

1. Radiothermometry demonstrated effectiveness in
the differential diagnosis of benign and malignant breast
tissue alterations.

2. Radiothermometry is not a method of choice in
diagnosing the extent of spread and evaluating the biological
subtype of breast cancer , since no correlation was found
between the frequency and extent of thermoasymmetry
and phenotype, nor the connection between temperature
difference with Kié67, as well as with metastatic regional
lymph node lesions.
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