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Abstract The aim of this study was to investigate the possibilities of applying a multimodal radiation approach to the
differential diagnostics of breast tumors in a comparative aspect. Background. Breast cancer is one of the central problems of
clinical mammology — the medical science of diagnosing, treating, and preventing diseases of the mammary glands. Early
diagnostics of breast cancer at the preclinical stage of development remains one of the priority tasks in oncology. Material
and methods. This prospective study included 197 women with focal breast diseases at the age from 28 to 76 years. The
mean age of the patients was 5244.3 years. The diagnostic algorithm included step-by-step studies with BIRADS system
protocoling. Results. Detailed B-mode ultrasound imaging revealed 224 focal tumor lesions in 197 women. The average
stiffness coefficient of formations in category BIRADS 3 was 2.3240.12, BIRADS 4 — 4.6340.28, BIRADS 5 — 6.1240.27.
Discussion. We determined that increasing age was a risk factor for the development of malignant tumors (y2=11.25, OR=8.4;
p=0.002), which had a direct impact on the increase of BIRADS category. Age between 40 and 60 is a crucial factor in the
development of malignant neoplasms in women, which is associated with hormonal changes occurring due to premenopausal
and menopausal changes in the female body. Conclusion. Using a comprehensive approach to diagnosing breast tumors can
provide a more comprehensive assessment of the formations nature, which is important for accurately identifying malignant

tumors and minimizing false positive results.
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1. Introduction

Breast pathology continues to occupy a leading position in
the structure of overall female morbidity. The spectrum of
focal breast pathology is quite broad and varies from
inflammatory and benign formations to malignant ones
[1-3].

Breast cancer is one of the central problems of clinical
mammology — the medical science of diagnosing, treating,
and preventing diseases of the mammary glands. Early
diagnostics of breast cancer at the preclinical stage of
development remains one of the priority tasks in oncology
[4-5].

The diversity of clinical presentations and the complexity
of differential diagnostics for breast diseases require the use
of modern, highly informative diagnostic methods. It
involves searching for additional research methods to
optimize existing diagnostic methods, taking into account
the improvement of their efficiency [6-7].

Traditional ultrasound diagnostics (US) in B-mode
combined with mammography (MMG) are widely used in
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the clinical screening of breast cancer and are also methods
for the differential diagnostics of benign and malignant
breast tumors [1,8].

A multimodal approach is the only correct solution in
diagnostic mammology. Mammaography, B-mode ultrasound
and ultrasound elastography are the most common non-invasive
imaging methods used to detect breast lesions [9-10].

Mammography is the basic method for objective
evaluation of breast condition and differential diagnostics.
Modern digital mammography technology is highly sensitive
and allows for the detection of breast formations at the
preclinical stage of their development. However, differential
diagnosis of some pathological processes is difficult,
especially against the background of increased tissue density
of the gland. It often leads to false conclusions and,
consequently, to a delay in detecting a malignant tumor or an
unjustified biopsy in the case of a benign process [11-12,10].

Elastography, which is a non-invasive method that allows
determining the stiffness of the area of interest has been
actively used in recent years as a new direction in ultrasound
imaging [4,13]. This technique can significantly improve
the differential diagnostics of benign and malignant breast
tumors, avoiding unnecessary biopsies [7]. Two types of
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elastography techniques are used: compression elastography
and shear wave elastography.

The reporting system and mammary gland image data,
according to the BIRADS classification, integrated with
subsequent innovative ultrasound methods, have led to better
characterization of mammary gland tumors. However, some
focal formations demonstrate overlapping ultrasonic features
of both malignant and benign origin, and histopathological
correlation becomes the definitive test for the final diagnosis
[12].

Unfortunately, each method has its limitations and
drawbacks. Differential diagnostics of certain pathological
formations is a difficult task for radiological diagnostic
methods, since small sizes and unclear radiological
characteristics often do not allow determining the malignant
nature of changes.

The aim of this study was to investigate the possibilities
of applying a multimodal radiation approach to the
differential diagnostics of breast tumors in a comparative
aspect.

2. Material and Methods

This prospective study included 197 women with focal
breast diseases aged 28 to 76 years who were treated at the
Tashkent Regional Branch of the Republican Specialized
Scientific and Practical Medical Center of Oncology and
Radiology for the period from 2021 to 2024. The mean age
of patients was 5244.3 years. The patients' complaints were
as follows: painful sensations, feelings of fullness, and
palpable formations in the mammary glands. All patients
were divided into two groups according to age:

Group 1 (n=67) included women up to 39 years of age,
accounting for 33.9% of the total number of patients;

Group 2 (n=130) consisted of women over 40 years which
corresponded to 66.1%.

The diagnostic algorithm included step-by-step examinations
with logging according to the BIRADS system.

All patients in group 1 underwent standard gray-scale
ultrasound examination and elastography in two modes:
compression elastography and shear wave elastography.
In case of suspicious ultrasound results, women of Group 1
underwent X-ray mammography. Patients of Group 2
underwent X-ray mammography followed by ultrasound
examination (B-mode and elastography).

Ultrasound examinations were performed using Logiq
E10 expert-class devices (GE Healthcare, Milwaukee, WI,
USA) with transducers with a frequency range of 9-24 MHz.
Using standard ultrasound diagnostics in B-mode, the
following criteria were assessed: shape, contours, size, number
of formations, boundaries, presence of acoustic shadow or
micro-calcifications, spatial orientation.

Then, compression elastography was performed by
applying gentle repetitive compression with a transducer.
The upper boundary of the area of interest on elastographic
images was set to include subcutaneous fat, and the lower

boundary of the area of interest was set to include the
pectoral muscles; the lateral boundaries were set at a distance
of more than 5 mm from the tumor boundary. Compression
elastography data were recorded in color gradation, and the
strain ratio (SR) was calculated.

Both qualitative and quantitative characteristics were
evaluated during compression elastography. A qualitative
indicator of stiffness was evaluated based on the color
pattern of the formation, according to the classification by A.
Itoh and E. Ueno [14]. There are 5 elastotypes according to
this classification:

Type 1 — a solid formation is colored identically to the
surrounding tissues with the presence of isolated, permissibly
altered color signals.

Type 2 - characterized by mosaic coloring of the
formation with alternating blue and green shades.

Type 3 — blue color is observed mainly in the central part
of the formation, and the peripheral part has a green pattern.

Type 4 - a solid formation is mapped in a completely
uniform blue color.

Type 5 — the formation is stained blue with a color
transition to the surrounding tissue.

A separate elastotype (0-type) is used to mark cavity
formations that have a three-layer coloration: blue-green-red
(BGR).

For quantitative characterization of elastography, the
strain ratio (SR) was calculated, with a threshold value
of 4.0 adopted in accordance with European EFSUMB
recommendations.

If the formation had three or more suspicious ultrasound
criteria in B-mode, as well as 4-5 types of elastograms and a
strain ratio (SR) greater than 4.0, then this focus was
classified as malignant.

Elastographic images were generated without compression
during shear wave elastography. The default region of
interest size was 2.5 < 1.5 cm, with a maximum size of 3 <2.5
cm. All results of gray-scale ultrasound and sonoelastography
indicators were compared with the results of morphological
examination.

X-ray mammaography was performed in two projections:
direct and oblique. During the imaging, each breast was
placed one by one on a special platform of the device, and
the upper plate lightly pressed the breast to evenly distribute
the tissue and improve the quality of the image, which also
helps to reduce the radiation dose. During mammography,
the following parameters were assessed: localization of
nodular formations, shape, contours, quantity, presence of
deformation and change in the structuring of the mammary
gland, tissue thickness and density, presence of calcifications
or microcalcifications.

Statistical analysis of the data was performed using the
Statistics 6.1 program. The data are presented as M+o, where
M is the arithmetic mean; o is the standard deviation.
Categorical variables are presented as absolute number and
percentage (%), continuous variables as mean = standard
deviation and median. The normality of data distribution was
tested using the Kolmogorov—-Smirnov test.
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3. Results

Detailed B-mode ultrasound imaging revealed 224 focal
tumor lesions in 197 women. There were 83 (37.1%) focal
breast lesions in 67 women in group 1 and 141 (62.9%)
tumors in group 2, respectively.

According to the BIRADS classification, patients in
Group 1 were distributed as follows: category 3 — 26 (31.3%),
category 4A -9 (10.8%), 4B — 16 (19.3%), 4C — 10 (12.1%),
category 5 — 22 (26.5%). There were 49 (59.0% of 83)
benign cases and 34 (41.0% of 83) malignant cases. The
following trend was observed in group 2: BIRADS 3 - 19
(13.5%), BIRADS 4A — 20 (14.2%), 4B — 14 (9.9%), 4C - 31
(22.0%), BIRADS 5 — 57 (40.4%). Among them, 39 (27.7%
of 141) and 102 (72.3% of 141) benign and malignant tumors
were found, respectively (Table 1).

As Table 1 shows, an increase in the BIRADS category
was observed in Group 2, which consisted of women over 40

years old. Benign lesions were mainly found in patients of
Group 1: 43 (59.0%) of 83 benign lesions were found in the
age group younger than 40 years. Increased age is a risk
factor for the development of malignant tumors (y2=11.25,
OR=8.4; p=0.002): 102 (77.2%) of 141 malignant tumors were
found in patients of Group 2, whose age exceeded 40 years.

Among all focal formations in both groups, morphological
studies revealed the following: fibroadenomas - 52 (23.2%),
intraductal papillomas - 23 (10.2%), adenosis - 25 (11.1%),
stromal fibrosis - 8 (3.6%), intraductal carcinoma in situ -
28 (12.5%), invasive ductal carcinoma - 43 (19.2%), invasive
lobular carcinoma - 34 (15.2%), mucinous carcinoma - 11
(4.9%) (Fig. 1).

The majority of lesions were located in the upper outer
quadrant (39.1%), followed by the lower outer (23.3%) and
upper inner quadrants (21.2%). The lowest number of
lesions (16.7%) was in the lower-inner quadrant.

Table 1. Distribution of examined patients depending on the tumor category according to BI-RADS
Groupl Group 2
Category (n=83) (n=141) Data reliability
abs. % abs. %

BI-RADS 3 26 31.335.1 19 135429 t=3.1; P<0.01
BI-RADS 4A 9 10.843.4 20 14.24.9 t=0.85; P>0.05
BI-RADS 4B 16 19.3#4.3 14 9.9+.6 t=2.0; P<0.05
BI-RADS 4C 10 12.143.6 31 2203 t=2.3; P<0.05

BI-RADS 5 22 26.534.8 57 40.422.7 t=2.5; P<0.05

Benign genesis 43 59.045.5 39 27785 t=4.0; P<0.01
Malignant genesis 34 41.045.4 102 72385 t=5.3; P<0.001
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carcinoma
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Figure 1. Distribution of patients according to morphological findings
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The average size of the benign lesion was 1.140.8 cm
(range 0.4-2.9 cm) and the following criteria were identified:
in the gray-scale mode, decreased echogenicity was determined
in 57 (64.8%) formations, uneven contours - in 38 (43.2%),
the presence of calcifications was visualized in 12 (13.6%)
formations, 9 (10.2%) nodes had a vertical orientation, an
acoustic shadow was determined behind 7 (8.0%) formations.

In the group of malignant tumors in B-mode, the average
size was 2.3#1.3 cm (range 0.5-6.2 cm) and the following
ultrasound criteria were typical: 114 (83.8%) formations
had uneven, unclear contours, 131 (96.3%) had decreased
echogenicity, 80 (58.8%) had a vertical orientation, 35
(25.7%) had infiltrative changes in the surrounding tissues,
73 (53.7%) formations had an acoustic shadow, 62 (45.6%)
contained calcifications. Moreover, 89 (65.4%) formations
had three or more ultrasound signs of malignancy, in 32
(23.5%) cases - two signs, 15 (11.0%) formations had only
one ultrasound criterion.

Considering that all women with focal lesions of category
BIRADS 4, regardless of subtype A, B or C, are recommended
to undergo fine-needle aspiration biopsy and the patient
management tactics do not change significantly, it was
decided to combine them into a single category BIRADS 4.

As it can be seen from Table 2, when performing compression
elastography, 19 (42.2%) focal lesions of category BIRADS
3 were predominantly mapped with type 2 elastotype, 38
(38.0%) lesions of category BIRADS 4 were mapped with
type 4, and 5 elastotype was determined in 32 (40.5%) tumors
of category BIRADS 5.

In compression elastography, elastotype 5 was not mapped
in BIRADS 3 lesions, indicating the benign nature of the
nodes and the absence of invasion into surrounding tissues.
No elastotype 1 was observed in BIRADS 5 tumors, which
indicates a difference in the stiffness of the focal formation
and the glandular tissue of the mammary gland.

The average stiffness coefficient of formations in category
BIRADS 3 was 2.3240).12, BIRADS 4 — 4.6340.28, BIRADS
5-6.1240.27.

The average stiffness values of focal breast lesions using
shear wave elastography were as follows: BIRADS 3 —

18.244.3 kPa; BIRADS 4 — 54.349.8 kPa; BIRADS 5 —
98.4+412.3 kPa.

The obtained data showed a correlation dependence, since
with an increase in the BIRADS category, the rigidity of
focal lesions in the mammary glands increases (r=0.852;
p=0.002).

X-ray mammography was performed on 162 women
(82.2%) of the 197 ones who participated in the study. 32
(19.8%) of them were from Group 1, who underwent X-ray
mammography in addition to ultrasound examination in the
presence of suspicious lesions classified as BIRADS 3-5. A
total of 183 focal lesions in the mammary glands were
detected as a result of mammaography.

According to the ACR classification of breast density,
type C was the most common, occurring in 72 (44.4% of 162
women) patients from both groups. Type A was found in 48
(29.6%) patients, type B and type D in 22 (13.6%) and 20
(12.4%) patients, respectively.

The highest frequency of malignant neoplasms was
observed in the structure of mammary glands of type C,
which were detected in 57 patients out of 72 with type C,
which amounted to 79.2%.

On mammography, the borders of most benign lesions
(95.4%) had clear contours, the average size of which was
1.54#1.3 (range 0.8-2.1 cm).

Among 118 malignant tumors, 19 (16.1%) had irregular
contours, 67 (56.8%) had “star-shaped” contours, and 32
(27.1%) had lobulated edges. The average tumor size was
2.3+1.2 cm (range 0.4-4.2 cm).

Microcalcifications were detected in 5 (7.7% of 65)
benign and in 78 (66.1% of 118) malignant formations.
Macrocalcifications were identified in 12 (18.5% of 65)
benign lesions and in 11 (9.3% of 118) malignant nodules.
Nipple retraction was not observed in any of the benign lesions,
but was noted in 27 (22.9% of 118) malignant lesions.

Skin thickening associated with malignant breast tumors
was observed in 30 (18.5% of 162) patients. Changes in
architecture and the presence of glandular tissue heaviness
were observed among malignant formations in 36 (30.5% of
118) cases.

Table 2. Distribution of elastotypes of focal lesions in the mammary glands of the BIRADS category 3-5
BIRADS 3 BIRADS 4 BIRADS 5 Data reliability
Elastotype (n=45) (n=100) (n=79)
n % n % % 3-4 3-5 4-5
1 16 | 356+.1 | 5 5.042.2 0.030.0 | t=4.1; P<0.001 | t=4.9; P<0.001 | t=2.3;P<0.05
2 19 | 42.247.4 | 20 | 20.0#4.0 10.143.4 | t=2.7;P<0.05 t=3.9; P<0.01 t=1.9; P>0.05
3 8 | 17.845.7 | 29 | 29.0#4.5 | 16 | 20.3#4.5 | t=1.5; P>0.05 | t=0.34; P>0.05 | t=1.4; P>0.05
4 2 44431 | 38 | 38.0#4.9 | 23 | 29.145.1 | t=5.8; P<0.001 | t=4.1; P<0.01 t=1.3; P>0.05
5 0.020.0 8 8.0#2.7 | 32 | 40.545.5 | t=2.9;P<0.05 | t=7.3; P<0.001 | t=5.3; P<0.001
SR 2.3240.12 4.6340.28 6.1240.27 P<0.01 P<0.001 P<0.05
ela:?::rra\gﬁﬁpa 182443 54.349.8 9844123 P<0.001 P<0.001 P<0.05
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4. Discussion

When diagnosing breast cancer, it is necessary to pay
attention not only to clinical data, but also to their connection
with the mandatory skills of interpreting the results of breast
ultrasound and mammography. The multimodal radiological
approach means that the doctor conducting the initial
appointment must clearly know the purpose and sequence of
the diagnostic algorithm, which includes step-by-step studies
with protocoling according to the BIRADS system
[15,14,16].

In our study, we found that increasing age is a risk factor
for the development of malignant tumors (y2=11.25, OR=8.4;
p=0.002), which had a direct impact on the increase of the
BIRADS category. Our data are consistent with the studies
of Chesnokova N.P. and co-authors (2018), Alghamdi 1.G.
and co-authors (2018) and Nadia Srur-Rivero, Mayra
Cartin-Brenes (2024), who found that age from 40 to 60
years was the most important factor in the development of
malignant neoplasms in women, which was associated with
hormonal changes occurring due to pre-menopausal and
climacteric changes in the female body [2,17,8].

The use of the BIRADS classification in ultrasound
diagnostics facilitates the assessment of the risk of breast
tumor formation, while reducing the frequency of false
diagnoses [14]. In our studies, the BIRADS-1 category
corresponds to normal, unchanged breast tissue; we did not
include this category in the study. In the BIRADS-3 category,
all formations (n=45) had a benign genesis, and the results of
compression elastography were 2 times lower than in the
BIRADS-4C category (n=41), and shear wave elastography
were 2 and 3.5 times lower than in the category with
BIRADS-4B and 4C formations, respectively. In category 4
of 73 focal formations, 10 (13.7%) tumors were benign, and
63 (86.3%) were malignant.

In the study by Shen Y. et al., the diagnostic accuracy
was significantly improved by combining the BIRADS
classification with elastography and contrast-enhanced
ultrasound. The combined approach allowed to get a sensitivity
of 88.5%, a specificity of 87.0%, a positive predictive value
of 80.0%, a negative predictive value of 92.8%, and an
accuracy of 87.5%. It is noteworthy that 55.8% of BIRADS
4A nodules were classified as BIRADS 3 and confirmed as
benign after pathological examination, thus allowing the
avoidance of unnecessary biopsies [12].

Using a comprehensive approach to diagnosing breast
tumors can provide a more comprehensive evaluation
regarding the nature of the formations, which is important for
accurately identifying malignant tumors and minimizing
false positive results. Our results are consistent with those of
other studies, confirming the importance of comprehensive
ultrasound diagnostics in clinical mammology [10].

Our results are consistent with those of other studies,
confirming the importance of comprehensive ultrasound
diagnostics in clinical mammology [10]. Our study found
that in compression elastography, the stiffness coefficient for
BIRADS 3 lesions was 2.3240.12, for BIRADS 4 lesions it

was 4.634).28, and for BIRADS 5 lesions it was 6.1240.27.
In shear wave elastography, the values were as follows:
BIRADS 3 — 18.244.3 kPa; BIRADS 4 — 54.349.8 kPa;
BIRADS 5 — 98.4#12.3 kPa. The obtained data showed
a correlation dependence: the rigidity of focal lesions in
the mammary glands increased (r=0.852; p=0.002) with an
increase in the BIRADS category.

X-ray mammography is one of the main methods for
detecting oncological diseases of the mammary gland, which
allows identifying the presence of calcifications, cysts,
fibroadenomas and other neoplasms in the tissues of the
mammary gland. According to randomized studies conducted
abroad, mammography can diagnose about 75% of breast
cancer cases among women aged 40-50 years and up to 90%
among women aged 50 years and older [3,19]. According
to the conducted studies, anomalies detected during
mammography include volumetric formations, clusters of
microcalcifications, general and local asymmetry in the form
of structural reorganization of the breast tissue. The most
significant sign of malignancy is a formation with uneven,
radiant contours - more than 90% of cases. Cluster accumulation
of microcalcifications, as a manifestation of intraductal
necrosis of tumor cells, occurs in 60% of cases of cancer.
Well-defined seals are highly likely to indicate a benign
process (cyst, fibroadenoma, lymph node), while there are
often exceptions when carcinoma, sarcoma or lymphoma
may appear as a well-defined formation [10,1,16]. Frequency
of microcalcifications in our study were detected in 7.7% of
benign and 66.1% of malignant lesions. Macrocalcifications
were identified in 18.5% of benign lesions and in 9.3%
of malignant nodules. Nipple retraction was not observed in
any of the benign lesions, but was noted in 22.9% of malignant
lesions. Skin thickening in malignant breast tumors was
observed in 18.5% of patients. Changes in architecture and
the presence of glandular tissue heaviness were observed
among malignant formations in 30.5% of cases.

5. Conclusions

Thus, the use of a comprehensive approach in the diagnostics
of breast tumors can provide a more comprehensive
evaluation of the nature of the formations, which is important
for the accurate detection of malignant tumors and the
minimization of false positive results.

Our results are consistent with those of other studies,
confirming the importance of comprehensive ultrasound
diagnostics in clinical mammology.
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