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worldwide, which underscores the critical importance of

retrospective clinical-statistical analysis of mammographic data
from 30 patients with breast lesions, assessing the diagnostic
value of the BI-RADS classification system. Malignancy was
verified in 19 patients (63.3%) and benign lesions in 11 (36.7%).
All malignant cases corresponded to BI-RADS categories 4-3,
and all benign cases to categories 2—3. The mean age in the
malignant group (52.2+7.1 years) was significantly higher than
in the benign group (33.3+4.3 years, t=7.999; p<0.0001). The
mean size of malignant lesions was also significantly larger
(27.8%€7.0 mm vs. 12.0£2.6 mm; p<0.0001). The distribution by
BI-RADS category differed with high statistical significance
between the groups (x*=30.0; df=3, p<0.000001). The findings
confirm the high prognostic value of the BI-RADS system in
differentiating benign and malignant breast lesions and support
its standardized use in routine clinical practice.
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1. INTRODUCTION
Breast cancer (BC) is the most prevalent malignant neoplasm among women
worldwide and ranks second among causes of cancer-related mortality in the
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female population [1, 2]. According to the Global Cancer Observatory
(GLOBOCAN 2020), more than 2.3 million new BC cases are registered
annually, accounting for 11.7% of all cancers [3]. Despite significant advances in
pharmacological and surgical treatment, the five-year survival rate for stage 11—
IV BC remains substantially lower compared to early-stage disease, where
survival exceeds 90% [4, 5]. This fact underscores the paramount importance of
early diagnosis in reducing cancer mortality.

X-ray mammography is recognized as the “gold standard” for BC screening and
remains the most widely used breast imaging modality [6, 7]. Large-scale
randomized trials have convincingly demonstrated that regular mammographic
screening reduces BC mortality by 20-35% in women over 50 years of age [8,
9]. The transition from analog to digital mammography has substantially
expanded the diagnostic capabilities of the method, particularly in patients with
high mammographic breast density [10].

A key achievement in the standardization of mammographic diagnosis was the
development of the Breast Imaging Reporting and Data System (BI-RADS) by
the American College of Radiology (ACR). This system provides uniform
terminology for describing detected findings, a standardized structure for
radiological reports, and a clear patient management algorithm based on the
assigned category (from O to 6) [11, 12]. The use of BI-RADS minimizes
subjective interpretation, identifies indications for morphological verification,
and optimizes the patient management pathway [13].

Despite the widespread implementation of BI-RADS in clinical practice, data on
its prognostic value for distinguishing benign and malignant lesions within
specific clinical settings remain insufficiently studied. Analysis of local clinical
data is essential for evaluating the real-world effectiveness of diagnostic
algorithms and identifying potential areas for optimization.

Aim of the study: to conduct a clinical-statistical analysis of the diagnostic value
of the BI-RADS system in mammographic examination, assessing its role in
differentiating benign and malignant breast lesions.

2. MATERIALS AND METHODS

2.1. Study Design and Sample Characteristics
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A retrospective analysis was performed on 30 patients (n=30) referred for
mammographic examination during the study period at the Republican Oncology
and Radiology Center. Inclusion criteria: presence of a detected breast lesion;
performance of standard digital mammography; morphological verification of the
diagnosis. Exclusion criteria: technically inadequate mammograms; absence of
histological confirmation.

Based on the morphologically verified diagnosis, patients were divided into two
groups: Group I — malignant lesions (n=19; 63.3%); Group II — benign lesions
(n=11; 36.7%).

2.2. Mammographic Examination Methods and BI-RADS Classification

All patients underwent digital mammography in standard projections
(craniocaudal and mediolateral oblique views). Based on the examination results,
each patient was assigned a BI-RADS category according to the ACR BI-
RADS® Atlas (5th edition, 2013). The following lesion characteristics were
analyzed: shape (Round / Oval / Irregular), margins (Circumscribed / Indistinct /
Spiculated), presence of calcifications (Yes/No), and radiological density
(Low/High). Clinical features were also assessed in parallel: presence of pain
syndrome, palpable mass, and lymph node changes.

For morphologically verified malignant lesions, additional molecular-biological
parameters were recorded: receptor status (ER, PR), HER2 expression, and Ki-
67 proliferation index.

2.3. Statistical Analysis

Statistical processing of the data was performed using standard biomedical
statistical methods. Quantitative variables are presented as mean (M) and
standard deviation (SD): M£SD. Comparison of quantitative parameters between
two independent groups was performed using the unpaired Student’s t-test.
Analysis of associations between categorical variables was performed using
Pearson’s chi-squared test (¥?) with calculation of degrees of freedom (df). The
critical level of statistical significance was set at p<0.05; differences at p<0.001
were considered highly significant.

3. RESULTS

3.1. General Sample Characteristics and BI-RADS Distribution
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The study included 30 patients. The mean age across the entire sample was
45.3+11.1 years (range 26—63 years). Malignancy was verified in 19 patients
(63.3%) and benign lesions in 11 (36.7%). The distribution by BI-RADS category
is presented in Table 1.

Table 1 — Distribution of patients by BI-RADS category and morphological

diagnosis

BI- . . -

RADS o % of Benign Malignant Probability of

TR Total (n) (n) Malignancy

BI-RADS Essentially

5 167% 5 0

2 7 absent (0%)
>0% and <2%

BI-RAD

3 > 6 20.0% 6 0 (probably
benign)

BI-RADS 2-959

8 267% O 8 A)

4 (suspicious)
>95%  (highly

BI-RADS :

5 11 36.7% 0 11 suggestive  of
malignancy)

11
Total 30 1009 19 (63.3%) —
o % 3670 10 (63:3%)

Note: y*=30.0; df=3; p<0.000001. * — statistically significant differences.

As shown in Table 1, an absolute distinction between the groups was observed in
terms of BI-RADS category assignment: all 11 benign cases belonged to
categories 2 (n=5; 45.5%) and 3 (n=6; 54.5%), while all 19 malignant cases fell
into categories 4 (n=8; 42.1%) and 5 (n=11; 57.9%). No malignant case was
classified below category 4. The distribution by BI-RADS categories differed
with high statistical significance between the groups (¥*=30.0; df=3;
p<0.000001).

3.2. Comparative Clinical-Morphological Analysis of Groups
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The comparative analysis of the main clinical-morphological characteristics in
the benign and malignant lesion groups is presented in Table 2.

Table 2 — Comparative clinical-morphological characteristics of patients with
benign and malignant breast lesions

Benign Malignant  Statistics (p-

P
arameter (n=11) (n=19) value)

Mean age, years t=7.999;

333+43 522+7.1

(M+SD) p<0.0001*
Mean size mm t=7.139;
’ 120426 27.8+7. ’
(M+£SD) 0=26 1278+7.0 p<0.0001*
2=3().0;
BI-RADS 2,n (%)  5(45.5%) 0 (0%) ’éf:} :
BI-RADS 3, n (%) 6 (54.5%) 0 (0%) p<0.000001*

BI-RADS 4,n (%) 0 (0%) 8 (42.1%)
BI-RADS 5,n (%) 0 (0%) 11 (57.9%)

Shape: Irregular, n

(%) 0 (0%) 19 (100%) p<0.0001*

Margins:
Spiculated/Indistinct, 0 (0%) 19 (100%) p<0.0001*
n (%)

Calcifications (Yes), n

%) 0 (0%) 13 (68.4%) p<0.0001*

ER+ (among

- o -
malignant), n (%) 13 (68.4%)

HER2+ (among

_ 47 .49 —
malignant), n (%) PR
Ki-67, % (among 37.6+108 —

malignant, M£+SD)
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Note: M — mean,; SD — standard deviation. * — p<0.0001.

3.3. Age Characteristics and Lesion Size

The mean age of patients with malignant lesions was 52.2+7.1 years, which
significantly exceeded the corresponding value in the benign lesion group —
33.3+4.3 years (t=7.999; p<0.0001). The age gap between the mean values was
18.9 years. The minimum age in the malignant group was 41 years, while in the
benign group it was 26 years. This distribution is consistent with the well-
established epidemiological patterns of age-related BC risk.

The mean size of malignant lesions (27.84+7.0 mm) was significantly larger than
that of benign lesions (12.0+£2.6 mm; t=7.139; p<0.0001). The difference in
means was 15.8 mm. The maximum size of a malignant lesion reached 40 mm,
with a minimum of 18 mm. For benign lesions, the range was 8—16 mm.

3.4. Morphological Features and Molecular Status of Malignant Lesions
Morphological analysis showed that all malignant lesions (100%) were
characterized by irregular shape and malignant margins (spiculated or indistinct),
while all benign lesions had regular shape (round or oval) and circumscribed
margins. Microcalcifications were detected in 13 of 19 patients with malignant
lesions (68.4%), while no cases of their presence were recorded in the benign
group. High radiological density was observed exclusively in malignant lesions
(100%); benign lesions demonstrated low density.

Among malignant lesions, positive estrogen receptor status (ER+) was recorded
in 13 cases (68.4%), and HER2 overexpression in 9 (47.4%). The mean Ki-67
proliferation index was 37.6+10.8%, which corresponds to highly proliferative
tumors and represents an unfavorable prognostic factor. This distribution
indicates a predominance of luminal B subtype in the study sample.

4. DISCUSSION
The results demonstrate the high diagnostic value of the BI-RADS system in
distinguishing benign and malignant breast lesions. The absolute concordance
between BI-RADS category and morphological diagnosis (BI-RADS 2-3
corresponding exclusively to benign, and BI-RADS 4-5 to malignant lesions) at
v*=30.0 (p<0.000001) confirms the high prognostic strength of this classification
system. Similar patterns have been described in the international literature:
according to large multicenter studies, the sensitivity of BI-RADS in detecting
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malignant lesions reaches 80-90%, and the specificity at categories 4-5 is 85—
95% [24, 25, 26].

The statistically significant difference in mean patient age (52.2+7.1 years in the
malignant group vs. 33.34+4.3 years in the benign group; p<0.0001) is consistent
with known epidemiological data on the pronounced increase in BC incidence in
the perimenopausal and postmenopausal periods [3, 16]. The 18.9-year gap in
mean age values indicates that young age serves as an additional indirect
predictor of a benign nature of a lesion, all other conditions being equal.

The difference in lesion size (27.8 mm for malignant vs. 12.0 mm for benign;
p<0.0001) confirms the well-known fact that malignant tumors at the time of
clinical presentation generally reach larger sizes than benign ones, reflecting their
biological aggressiveness. Furthermore, this finding indirectly suggests
insufficient coverage by regular screening in the study population, since effective
screening is designed to detect tumors less than 10 mm in diameter [27].

The 100% occurrence of irregular shape and malignant margins in BC in our
sample is consistent with the literature: spiculated margins and indistinct borders
are the most specific mammographic signs of malignancy [28, 29]. The presence
of microcalcifications in 68.4% of patients with malignant lesions is also
consistent with known data that pleomorphic and segmentally distributed
calcifications are closely associated with ductal carcinoma, including in situ [21].
The molecular profile of malignant lesions (ER+ in 68.4%, HER2+ in 47.4%, Ki-
67 37.6%) indicates a predominance of biologically aggressive variants with high
proliferative activity. The high mean Ki-67 corresponds to luminal B and HER2-
enriched subtypes according to the St. Gallen consensus criteria [30], which
necessitates the use of multimodal therapeutic approaches.

It should be noted that with a relatively small sample size (n=30), the obtained
results are preliminary in nature. Limitations of the study include: retrospective
design, single-center nature, and absence of data on breast density according to
the ACR classification (a/b/c/d), which precluded assessment of its effect on
diagnostic accuracy. Expansion of the sample and inclusion of multicenter data
are necessary to generalize the conclusions. Nevertheless, even with this material,
the high prognostic value of BI-RADS has been demonstrated, which is
consistent with global data.

A promising direction for improving diagnostic accuracy is the use of digital

tomosynthesis, particularly in patients with high breast density, and Al-based
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systems capable of reducing both false-positive and false-negative results.
Integration of BI-RADS with quantitative Al metrics may in the future provide
semi-automatic risk stratification, which is of fundamental importance in high-
workload radiology settings [31, 32, 33].

5. CONCLUSIONS

Based on the clinical-statistical analysis of data from 30 patients with breast
lesions, the following main results were obtained:

1. The BI-RADS system demonstrated absolute discriminatory ability between
benign (BI-RADS 2-3) and malignant (BI-RADS 4-5) lesions in the study
sample (%*=30.0; p<0.000001), confirming its high clinical-diagnostic value.

2. Significant between-group differences were identified in age (52.2+7.1 years
vs. 33.3+4.3 years; p<0.0001) and lesion size (27.8+£7.0 mm vs. 12.0+£2.6 mm;
p<0.0001), which may serve as additional clinical predictors of malignancy.

3. Morphological features of malignancy (irregular shape, malignant margins,
microcalcifications, high density) were in 100% of cases associated with BI-
RADS categories 45, confirming the validity of the categorization principles.
4. The molecular profile of malignant lesions, with a predominance of highly
proliferative forms (Ki-67 37.6%), indicates the need for timely verification and
appropriate comprehensive treatment.

5. Standardized application of the BI-RADS system in routine clinical practice
allows optimization of the diagnostic algorithm, timely histological verification,
and reduction of false-positive and false-negative conclusions.

The practical significance of the study lies in justifying the mandatory use of the
BI-RADS system in all mammographic examinations, the immediate biopsy of
BI-RADS 4-5 lesions, and emphasizing the need for active inclusion of women
aged 40 and over in regular screening programs.
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