
 
 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY 

| www.rejr.ru | REJR. 2024; 14 (4):41-56       DOI: 10.21569/2222-7415-2024-14-4-41-56                     41 
 

 

 

 

 

COMPARATIVE ANALYSIS OF THE RESULTS OF DIGITAL MAMMOGRAPHY DATA  
EVALUATION BASED ON ARTIFICIAL INTELLIGENCE "PLATFORM THIRD OPINION"  

AND RADIOLOGISTS 
 

Moiseev D.A1,2, Yusufov A.A2, Maksimov D.A3, Fomina E.E.4 
 

1 - White Rose Medical Center. 
2 - Tver State Medical University of the Ministry of Health of Russia.  

3 - Tver Regional Clinical Oncologic Dispensary 
4 - Tver State Technical University. Tver, Russia. 

 
urpose. To conduct a comparative analysis of the evaluation results of mammographic im-
ages by radiologists and artificial intelligence system. To evaluate the sensitivity of the AI 
system to detect breast cancer in the group with verified diagnosis and to evaluate the false 
positive rate in the study of the control group.  

Materials and Methods. The results of a retrospective cohort study of 2 groups consisting of 93 
patients (group №1 and group №2) screened at ANO "White Rose Medical Center" in the city of Tver 
are presented. Group №1 (main): patients with a verified diagnosis of malignant breast neoplasm ac-
cording to histologic examination. Group No. 2 (control): patients who underwent routine examination 
in the center from 13.11.2023 to 18.11.2023 (random sampling of 93 patients for the selected period 
of time).   

Results. Quantitative sensitivity analysis of the artificial intelligence platform was performed. 
The value of the sensitivity statistic ranged from 84.9% to 96.8% depending on the given category and 
score. An intraclass correlation coefficient was calculated to analyze the consistency between the re-
sults of mammographic image evaluation by the AI platform and the radiologists' physicians.  

Discussion. A retrospective comparative study of data analysis of digital mammograms by radi-
ologists and the Third Opinion AI platform showed good sensitivity and evaluation results of AI actions 
in analyzing digital mammograms. The algorithm of digital mammogram analysis design is clearly 
shown on clinical examples.  
The information report of AI in decoding digital mammograms will be useful for radiologists, especially 
beginners, where lack of experience will be leveled. 

Conclusion. The feasibility of using an AI system both for analytical support of radiologists in 
mammographic examinations and in mammography in general has been demonstrated. 
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ель исследования. Провести сравнительный анализ результатов оценки маммографи-
ческих изображений врачами-рентгенологами и системой искусственного интеллекта 
(ИИ). Оценить чувствительность системы искусственного интеллекта к обнаружению 
рака молочной железы у группы с верифицированным диагнозом, а также провести 

оценку ложноположительного процента при исследовании контрольной группы.  
Материалы и методы. Представлены результаты ретроспективного когортного исследова-

ния 2 групп, состоящих из 93 пациенток (группа №1 и группа №2), проходивших скрининг в АНО 
Медицинский центр «Белая Роза» в городе Твери. Группа №1 (основная): пациентки, имеющие 
верифицированный диагноз злокачественного новообразования молочных желез по данным ги-
стологического исследования. Группа №2 (контрольная): пациентки, проходившие плановое об-
следование в центре с 13.11.2023 года до 18.11.2023 года (случайная выборка 93 пациенток за 
выбранный период времени).  

Результаты. Проведен количественный анализ чувствительности платформы искусствен-
ного интеллекта. Значение статистического показателя чувствительности варьировалось в преде-
лах от 84.9% до 96.8% в зависимости от заданной категории и оценки. Для анализа согласован-
ности результатов оценивания маммографических изображений платформой искусственного ин-
теллекта и врачами-рентгенологами произведен расчет коэффициента внутриклассовой корре-
ляции.  

Обсуждение. Ретроспективное сравнительное исследование данных анализа цифровых 
маммограмм врачами-рентгенологами и платформой искусственного интеллекта «Третье Мнение» 
показало хорошие результаты чувствительности и оценки действий искусственного интеллекта в 
анализе  цифровых маммограмм. На клинических примерах наглядно показан алгоритм оформ-
ления анализа цифровых маммограмм. Информационный отчет искусственного интеллекта при 
расшифровке цифровых маммографий будет полезен врачам-рентгенологам, особенно начинаю-
щим, где недостаток опыта будет нивелироваться. 

Заключение. Показана целесообразность использования системы искусственного интел-
лекта как для аналитической поддержки врачей-рентгенологов при маммографических исследо-
ваниях, так и в маммографии в целом. 
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n recent decades, the incidence of breast 
cancer (BC) has been steadily increasing 
(an increase of 19.6%). According to the sta-
tistics of malignant diseases in the Russian 

Federation for 2022, breast cancer (22.4%) is the 
leading oncologic pathology in the female popu-
lation, and also has the highest specific weight in 
the age group from 39 to 50 years (17.8%) [1]. 
Digital mammography in two standard projec-
tions: craniocaudal (CC) and mediolateral (MLO) 
has been and remains the "gold standard" in the 
diagnosis of breast cancer [2]. According to the 
order of the Ministry of Health of the Russian 
Federation №1130n from 20.10.2020, screening 
examination is carried out from 40 to 75 years of 
age, but already with double independent read-
ing of radiographs, which increased the workload 
of radiologists [3].   

Analyzing mammograms is one of the most 
challenging tasks in all radial diagnosis. The po-
sitioning and level of compression is different 
with each subsequent examination. The struc-
ture of the mammary glands is not the same in 
different patients, depending on constitutional 
features and age [4]. The experience of a radiolo-
gist, specialization, and the number of mammo-
grams analyzed per year all affect the interpreta-
tion of screening studies, sometimes leading to 
misinterpretation [5]. To exclude errors in the in-
terpretation of mammograms, the "double read-
ing" technique was established [3]. It is important 
to note that with the introduction of double read-
ing, the workload of radiologists has increased 
significantly, which certainly affects the effi-
ciency of readings, their number, and productiv-
ity in describing screening digital mammograms 
[6].  

Current research in the field of breast can-
cer screening, utilizing AI to interpret mammo-
graphic images, aims to achieve the required bal-
ance between benefits and adverse effects (false 
negatives and false positives) screening, as well 
as consideration of the possibility of reducing the 
workload of radiologists [7, 8].  

In the modern world, the role of AI in all 
spheres of human activity is steadily growing, in-
cluding the medical industry. The technologies of 
evaluation by AI systems are also applied in the 
diagnosis of breast cancer. This technological so-
lution requires numerous X-ray images. The use 
of a computer program makes it possible to min-
imize the radiologist's errors, thus leveling the 
subjective component of the evaluation [9, 10]. In 
the Russian Federation, work on the application 
of AI in the diagnosis of breast cancer is being 
actively implemented. At the moment, AI plat-
forms for mammographic images interpretation 
are registered and working: "CELS  
 

 
MMG", "MaMMOL", "CELS MMG", "MaMMOL", 
"MaMMOLENS", "Third Opinion MMG" [11-14]. 
We conducted our research using the AI platform 
"Third Opinion MMG".  

The aim of the study: to perform a compar-
ative analysis of the results of mammographic 
images evaluation by radiologists and AI system. 
To evaluate the sensitivity of the AI system to de-
tect breast cancer in the group with a verified di-
agnosis, and to evaluate the false positive rate in 
the study of the control group.  

Material and Methods.  
A retrospective study of groups of female 

patients who were examined in the medical cen-
ter "White Rose" in the city of Tver was carried 
out. 

Group №1(main): in the period from 
05.12.2019 to 25.12.2023. The sample size 
amounted to 93 people. All patients included in 
the study group had morphologically verified 
breast cancer.  

Group №2 (control group): the control 
group consisted of 93 patients who were exam-
ined at the medical center "Belaya Rosa" in the 
city of Tver in the period from 13.11.2023 to 
18.11.2023 (the group was created as a control, 
according to the criterion of the date of examina-
tion, in a random time interval).  

Patients underwent mammography in two 
standard projections: direct (craniocaudal) and 
oblique (mediolateral) using a MELODY digital 
mammograph from VILLA SYSTEMS MEDICALI 
Italy. The images in DICOM format, were ana-
lyzed by the AI, followed by its generation of a 
mammographic examination protocol with 
graphic representation and indication of the sus-
picious area on the mammographic images. The 
AI platform independently assessed breast den-
sity using the ACR system, the area of the mam-
mograms were evaluated using the BI-RADS 
(Breast imaging-reporting and data system) cat-
egory. Sensitivity and intraclass correlation coef-
ficient and percent complete match were calcu-
lated. The performance of the AI in comparison 
with the control group was evaluated. 

Software module for analyzing mammo-
grams of the Third Opinion platform: 

Registration certificate number: RZN 
2022/16534 

Date of registration: 10.02.2022 
 The Third Opinion Mammograms service 

identifies signs of breast cancer on screening 
mammography (including retro-analysis of mam-
mographic studies): 

- masses,  
- calcinates,  
- disruption of the architectonics,  
- density asymmetry,  
- lymph nodes,  
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- nipple retraction,  
- skin thickening 
- tissue edema 
separately for the right breast and for the 

left breast, estimating the probability of breast 
cancer signs. The software module works on the 
basis of several convolutional neural networks 
that process images at different levels of detail for 
optimal detection of different types of patholo-
gies. The results of neural networks work are 
combined into a structured report and visualiza-
tion in a separate sub-module. The service cre-
ates a report in DICOM Structured Report format 
with information about the service and its pur-
pose, detected changes and their localization, 
separately for the right breast and left breast, in-
cluding assessment by ACR, PGMI, BI-RADS 
scales. Also, an additional series in DICOM Sec-
ondary Capture format is created for the study 
with visualization of contours in the areas of the 
found semiotic features, including assessment 
by ACR, PGMI, BI-RADS scales and additional in-
formation about the service. 

Results obtained:  
Group №1 (main).  
A retrospective study of clinical cases of 

confirmed breast cancer was performed, with 
analysis of AI mammograms in a population of 
radiologists. The results were systematized in the 
Database [15].  

When evaluating BI-RADS 4 subcategories 
(a, b, c), we found disagreement both between ra-
diologist physicians and when compared with AI 
findings. For example, the radiologist physician 
exhibited BI-RADS 4c (50 to 95% probability of 

malignancy) and the PI assessed BI-RADS 4b (10 
to 50% probability of malignancy, with the PI as-
sessing at 48%) and the difference between the 
corridors was only 2-3%, so we combined the 
fourth and fifth BI-RADS category and did not 
differentiate within the BI-RADS 4 category. 

The first step was to assess the sensitivity 
of the AI platform, namely to calculate the ratio 
of the number of matched assessments by AIs 
and radiologists to the total number of patients. 
We took the BI-RADS category as a basis and di-
vided it into 2 main groups 1-2-3 and 4-5 and 
obtained 84.9% sensitivity percentage. It is im-
portant to note that the AI verified the masses 
but categorized them as BI-RADS 3, thus evalu-
ating them as benign neoplasms requiring follow-
up in 11.9% of cases. Taking into account that 
mammographic screening is aimed at detecting 
suspicious masses, we took BI-RADS category 3-
4-5 and obtained a 96.8% match, which is shown 
in Table №1.  

In the second step, the percentage of com-
plete concordance (agreement) between the AI 
platform and radiologists was calculated. The 
breakdown into BI-RADS 1-2-3 and BI-RADS 4-
5 was also taken as a basis, taking into account 
the specificity of this study group and verified 
breast neoplasms, it was decided to conduct a 
breakdown into BI-RADS 1-2-3 and BI-RADS 4-
5, to assess the detectability of malignant breast 
neoplasms by the AI. The percentage of complete 
concordance between radiologist №1 and AI was 
86.0%, between radiologist №2 and AI was 
89.2%, and the concordance between the two 
physicians was 96.8%. The data are presented in  

Table №1.       Sensitivity of AI test. 
Sensitivity of AI test  

n 93  1 variant    

Sensitivity of AI 

BI-RADS 1-2 3   
BI-RADS 3-5 90 = 96,8% 

2 variant     
BI-RADS 1-2-3 14   
 BI-RADS 4-5 79 = 84,9% 

 

Table №2.        Match between radiologist №1 and AI physician. 

  

AI 

Total 
BI-RADS 

1+2+3 
BI-RADS 4+5 

Radiologist №1 

BI-RADS 
1+2+3 2 1 3 

BI-RADS 
4+5 12 78 90 

Total 14 79 93 
Percentage of complete 

agreement  86,0%   
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Tables 2, 3, 4.  
In the third step, we analyzed the con-

sistency of the results of mammographic image 
evaluation by the AI platform and radiologists' 
physicians. For this purpose, we calculated the 
intraclass correlation coefficient, the value of 
which was 0.536 and 0.623, indicating good and 
fair concordance between the results of the diag-
nosis of breast cancer by radiologists and the AI 
platform (according to the Cicchetti scale) [16]. 
The breakdown was performed according to BI-
RADS categories 2,3,4,5. The data on calcula-
tions are presented in Tables 4, 5, 6.  

Group № 2 (control group). 
At stage 1, a comparative analysis of 

matches/non-matches of radiologists' 

conclusions with AI was performed. In case of 
data mismatch, we additionally analyzed in 
which direction there was a deviation: in the di-
rection of overestimation or downgrading of BI-
RADS category. The breakdown was performed 
according to BI-RADS categories 1,2; BI-RADS 3; 
BI-RADS 4,5. The data are presented in Tables 
7,8.  Based on the data obtained, we found that 
the percentage of complete concordance between 
the conclusions of the radiologists' physicians 
and those of the AI was quite high and amounted 
to 71% and 73%. In case of mismatch between 
the conclusions of the doctor and the AI, the lat-
ter in the overwhelming majority overestimates 
the category, both in the first and in the second 
case. It should  be  separately noted that in case  
  

Table №3.        Concordance between radiologist №2 and AI. 

  

AI 

Total 
BI-RADS 

1+2+3 
BI-RADS 4+5 

Radiologist №2 

BI-RADS 
1+2+3 4 0 4 

BI-RADS 
4+5 10 79 89 

 Total 14 79 93 
Percentage of complete 

agreement  89,2%   

 

Table №4.         Concordance between radiologists. 

  

Radiologist №1 

Total 
BI-RADS 

1+2+3 
BI-RADS 4+5 

Radiologist №2 

BI-RADS 
1+2+3 2 2 4 

BI-RADS 
4+5 1 88 89 

Total 3 90 93 
Percentage of complete 

agreement  96,8%   

 

Table №5.  Calculations of intraclass correlation coefficient between radiologist №1 
and AI. 

 AI  
  Radiologist №1 BI-RADS 

2 
BI-RADS 

3 
BI-RADS 

4 
BI-RADS 

5 
Total 

BI-RADS 2 1 1 0 0 2 
BI-RADS 3 0 0 0 1 1 
BI-RADS 4 2 9 36 20 67 
BI-RADS 5 0 1 7 15 23 

Total 3 11 43 36 93 
p0 0,55914     
pe 0,430801     

Intraclass correlation coefficient 0,536  
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Table №6.  Calculations of intraclass correlation coefficient between radiologist №2 
and AI. 

 AI  
Radiologist №2 BI-

RADS 1 
BI-

RADS 2 
BI-

RADS 3 
BI-

RADS 4 
BI-

RADS 5 
Total 

BI-RADS 1 0 0 1 0 0 1 
BI-RADS 2 0 1 1 0 0 2 
BI-RADS 3 0 1 0 0 0 1 
BI-RADS 4 0 1 8 32 20 61 
BI-RADS 5 0 0 1 11 16 28 

Total 0 3 11 43 36 93 
p0 0,526882      
pe 0,421783      

Intraclass correlation coefficient 0,623  

 

Table №7.   Combination table of radiologist №1 and AI. 

  

AI 

Total 

BI-
RADS 1-

2 
BI-

RADS 3 

BI-
RADS 

4-5 
Radiologist №1 BI-RADS 1-2 61 23 1 85 

BI-RADS 3 1 3 2 6 
BI-RADS 4-5 0 0 2 2 

Всего 62 26 5 93 
Percentage of complete match

       
71% 66     

Percentage of mismatches    
29% 27     

Of these, overestimation 96%   
Of which underestimation 4%    

Table №8.   Combination table of radiologist № 2 and AI. 

  

AI 

Total 

BI-
RADS 

1-2 
BI-RADS 

3 

BI-
RADS 

4-5 
Radiologist №2 BI-RADS 1-2 61 22 1 84 

BI-RADS 3 1 4 1 6 
BI-RADS 4-5 0 0 3 3 

Total 62 26 5 93 
Percentage of complete match

       
73% 68     

Percentage of mismatches    
27% 25     

Of these, overestimation 96%   
Of which underestimation 4%    
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Table №9.        Combination table of radiologist №1 and AI. 

  

AI   

Total 

BI-
RADS 

1 BI-RADS 2 

BI-
RADS 

3 

BI-
RADS 

4 

BI-
RADS 

5 
Radiologist 

№1 
BI-

RADS 1 14 14 5 0 0 33 

BI-
RADS 2 4 29 18 1 0 52 

BI-
RADS 3 0 1 3 2 0 6 

BI-
RADS 4 0 0 0 1 0 1 

BI-
RADS 5 0 0 0 1 0 1 

Total 18 44 26 5 0 93 
Percentage of complete match

       
51%        

match 47  increase 87% 

  

 Overvaluation 
by 2 categories 

13% 
did not 
match 46   decrease 13%   

Table №10.         Combination table of radiologist №2 and AI. 

  

AI   

Total 
BI-

RADS 1 BI-RADS 2 

BI-
RADS 

3 

BI-
RADS 

4 
BI-

RADS 5 
Radiologist 

№2 
BI-RADS 

1 13 5 3 0 0 21 

BI-RADS 
2 5 38 19 1 0 63 

BI-RADS 
3 0 1 4 1 0 6 

BI-RADS 
4 0 0 0 2 0 2 

BI-RADS 
5 0 0 0 1 0 1 

Total 18 44 26 5 0 93 
Percentage of complete match

       
61%        

match 

 
 

57   increase 81% 

  

 
Overvaluatio

n by 2 
categories 

11% 
did not 
match 36   decrease 19%   
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of transition to the scale 1-2 / 3 / 4-5 (BI-RADS) 
and inconsistency with the doctor's conclusion, 
the AI platform reduces/increases the index by 
only one grade in 96% of cases. In 4% of cases, 
the score does not match by 2 gradations. Such 
situations are subject to additional investigation 
and are mainly related to masses that do not 
cause difficulties for radiologists (microcalci-
nates, lymph nodes and moles). 

Analyzing the data presented in Tables №7 
and №8, we decided to conduct a more detailed 
breakdown to assess the program's overdiagno-
sis. The breakdown by BI-RADS categories 1-2-
3-4-5 was carried out. The data are presented in 
tables 9, 10, on them we can see that the per-
centage of mismatch between physicians and AI 
was 49% and 39%. In the first case, according to 
table №9, we see that the percentage of mis-
match is 49%, of which overestimation occurs in 
87% of cases (74% overestimation for 1 category 
and 13% overestimation for 2 categories). In the 
second case, the percentage of mismatch is 39%, 
of which overestimation occurs 81% of the time 
(70% overestimation for 1 category and 11% 

overestimation for 2 categories). After comparing 
the data, we concluded that the program tends 
to overestimate the BI-RADS category when ana-
lyzing mammograms. The overestimation is 
mainly for BI-RADS category 1. 

At the 2nd stage, we calculated the intra-
class correlation coefficient, which are presented 
in Tables 11, 12, 13.  The calculation was carried 
out according to BI-RADS 1-2; BI-RADS 3; BI-
RADS 4-5. As we can see from the tables, in the 
first case the intraclass correlation coefficient 
was 0.564, which indicates "fair" agreement (ac-
cording to Cicchetti scale), in the second case it 
was already 0.608, which indicates "good" agree-
ment. The coefficient value between radiologists 
was 0.630, which also indicates "good" con-
sistency between physicians. 

Clinical example No. 1.  
Patient K*, 70 years old, came to the medi-

cal center to undergo a stage examination. Her 
heredity is not aggravated. In 1998, she under-
went mastectomy on the left side for breast can-
cer. 

At the initial examination by a mammologic 

Table №11.         Intraclass correlation coefficient of radiologist №1 and AI. 

  
Intraclass 

correlationb 

95% confidence 
interval F-criterion with true value 0 

Lower 
boundary 

Upper 
boundary Significance st.sv.1 st.sv.2 Significance 

Single 
measures 0,564a 0,408 0,688 3,586 92 92 0,000 

Average 
measures 0,721c 0,579 0,815 3,586 92 92 0,000 

 

Table №12.      Intraclass correlation coefficient between radiologist №2 and AI. 

  
Intraclass 

correlationb  

95% confidence 
interval F-criterion with true value 0 

Lower 
boundary 

Верхняя 
граница Significance st.sv.1 st.sv.2 Significance 

Single 
measures 0,608a 0,462 0,722 4,098 92 92 0,000 

Average 
measures 0,756c 0,632 0,838 4,098 92 92 0,000 

 

Table №13.   Intraclass correlation coefficient of radiologist №1 and radiologist №2. 

  
Intraclass cor-

relationb 

95% confidence in-
terval F-criterion with true value 0 

Lower 
bound-

ary 

Upper 
bound-

ary 
Signifi-
cance st.sv.1 st.sv.2 Significance 

Single 
measures 0,630a 0,526 0,723 6,111 92 184 0,000 

Average 
measures 0,836c 0,769 0,887 6,111 92 184 0,000 
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oncologist.  
No complaints. The skin is physiologically 

colored. Axillary, supraclavicular and subclavian 
lymph nodes on the right side without features. 
The right mammary gland is regular in shape, 
palpation is painless in all quadrants of the 
mammary gland. Nodular formations are not de-
fined. Nipple-areolar complex without features, 
no discharge. The left breast was removed for 
breast cancer. 

Research findings:  
Mammography: Mammary glands: left 

mammary gland absent (removed). right mam-
mary gland not deformed. Type by (ACR): Skin 
unchanged. Nipples and areolar area: not 
changed. Structure of the glandular triangle: rep-
resented by fibrous-fatty tissue with a moder-
ately expressed fibrous component. Calcinates: 
small, diffusely located. Fossilization of vessel 
walls: fossilized. Intramammary lymph nodes: 
none. Implants: none. Nodular masses: in the 

upper-outer quadrant of the right breast there is 
an area of architectonics disturbance, with radi-
ating tendons coming from one point, as a focal 
retraction, 14x18 mm in size. Axillary lymph 
nodes: none. EED 0.03 msw (fig. 1-2). 

Conclusion. Condition after left-sided mas-
tectomy. Signs of insignificantly expressed fi-
broadenomatosis on the background of involu-
tional changes of the right breast. Right MZh for-
mation. ACR type B BI-RADS 4c. Recommended: 
biopsy of the mass.  

Ultrasound of mammary glands: Meno-
pause 25 years. The left breast has been re-
moved. Acoustic access without features. The 
type of structure of the right breast is postmeno-
pausal. Echostructure of the right breast with 
predominance of fatty and fibrous tissue. Fibro-
glandular complex: on the right is represented by 
islets of glandular tissue. Differentiation of tis-
sues is clear. Milky ducts are not dilated. The 
stroma is compacted. The postoperative scar on 

 
Fig. 1 (Рис. 1) 

 
Fig. 2 (Рис. 2) 

Fig. 1.   Digital mammography, mediolateral 
projection (MLO), right mammary gland. 

Patient K*, 70 years old. In the upper quadrant, there 
is a slight asymmetry of density against the back-
ground of fatty involution of the mammary gland.   

Рис. 1.     Цифровая маммография, медиола-
теральная проекция (MLO), правая молочная 
железа.  

Пациентка К.*, 70 лет. В верхнем квадранте отме-
чается небольшая асимметрия плотности на фоне 
жировой инволюции молочной железы.  
 

Fig. 2.  Digital mammography, craniocaudal pro-
jection (CC), right mammary gland. 

Patient K*, 70 years old. In the outer quadrant, there is 
a slight asymmetry of density against the background of 
fatty involution of the mammary gland. 

Рис. 2.     Цифровая маммография, краниока-
удальная проекция (СС), правая молочная же-
леза.  

Пациентка К.*, 70 лет. В наружном квадранте отме-
чается небольшая асимметрия плотности на фоне 
жировой инволюции молочной железы.  
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the left side is without features. In the right 
breast at 9 o'clock, 4 cm from the areola, a het-
erogeneous hypoechogenic area is visualized, 
with dimensions 10x7.3 mm at a depth of 10 
mm, of indeterminate orientation, avascular. Re-
gional lymph nodes are not enlarged.  

Conclusion: ultrasound signs of nodular 
formation of the right breast. BI-RADS 4c.  

Histology: Infiltrating nonspecific tubular 
breast cancer with hyalinized stroma G2, with 
structures of cribrotic intraductal cancer. рТ1в. 
The mammograms were analyzed by the AI sys-
tem and displayed in Figure №3-4, and a 

conclusion was formed. 
Clinical case discussion:   
The AI platform analyzed the mammo-

grams, identified and graphically marked the 
area of breast architectonics violation in two pro-
jections, as well as indicated the localization, 
size, breast density according to ACR, the degree 
of malignancy according to BI-RADS classifica-
tion, additionally indicating the percentage of 
malignancy of this pathological area. After the 
analysis, the program generates a documentary 
report with all these signs and a conclusion.  

Clinical example No. 2. 

 
Fig. 3 (Рис. 3) 

 
Fig. 4 (Рис. 4) 

Fig. 3. Digital mammography, mediolateral pro-
jection (MLO), right mammary gland. 

Patient K*, 70 years old. The mammogram was ana-
lyzed by artificial intelligence, with graphical render-
ing of a suspicious area and a lymph node. The figure 
on the left shows the category of malignancy accord-
ing to BI-RADS.   

Рис. 3.     Цифровая маммография, медиола-
теральная проекция (MLO), правая молочная 
железа.  

Пациентка К.*, 70 лет. Маммограмма проанализи-
рована искусственным интеллектом, с графиче-
ской отрисовкой подозрительного участка и лим-
фатического узла. Слева на рисунке указана кате-
гория злокачественности по BI-RADS.  
 

Fig. 4.  Digital mammography, craniocaudal pro-
jection (CC), right mammary gland. 

Patient K*, 70 years old. In the outer quadrant, there is 
a slight asymmetry of density against the background of 
fatty involution of the mammary gland. The mammo-
gram was analyzed by artificial intelligence, with graph-
ical rendering of a suspicious area and a lymph node. 
The figure on the left shows the category of malignancy 
according to BI-RADS. 

Рис. 4. Цифровая маммография, краниока-
удальная проекция (СС), правая молочная же-
леза.  

Пациентка К.*, 70 лет. В наружном квадранте отме-
чается небольшая асимметрия плотности на фоне 
жировой инволюции молочной железы. Маммо-
грамма проанализирована искусственным интеллек-
том, с графической отрисовкой подозрительного 
участка и лимфатического узла. Слева на рисунке 
указана категория злокачественности по BI-RADS.  
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Patient P*, 67 years old, came to the medi-
cal center for examination. Her heredity is aggra-
vated: endometrial cancer in her mother.  

At the initial examination by a mammologic 
oncologist. No complaints. The skin is physiolog-
ically colored. Axillary, supraclavicular and sub-
clavian lymph nodes without features. The mam-
mary glands are regular in shape, palpation is 
painless in all quadrants of both mammary 
glands. Nodular masses are determined in the 
right breast at 12 o'clock measuring 1.5 * 1.5 cm, 
dense, mobile, irregularly shaped, painless on 
palpation; in the left breast at 3 o'clock measur-
ing 2.6 * 3 * 2 cm,  
dense, mobile, irregularly shaped, painless on 
palpation. Nipple-areolar complex without fea-
tures, no discharge.  

Results of investigations: 
Mammography: on radiographs of the 

mammary glands in two projections the skin is 
not thickened, nipples on both sides without fea-
tures. Type of breast structure 1 according to 
Wolfe (menopausal). A pronounced fat involution 
of the mammary glands with the presence of local 
areas of linear fibrous tissue with predominant 
localization in the upper-outer quadrants is de-
termined. The ducts are not dilated. In the up-
per-external quadrant on the left side there is a 
heavy nodular mass of 2.9x2.9 cm. Next to it, in 
the depth, there are two smaller intense thicken-
ings with indistinct contours of 1.1 cm and 1.2 
cm. In the upper-external quadrant on the right 
side there is a 3.3x1.6 cm nodular mass. No cal-
cinates are detected. Axillary lymph nodes are 
not visualized.  

Conclusion: both mammary glands are BI-
RADS 5 (fig. 5-8). 

Breast ultrasound: Menopause 25 years 
old. Acoustic access without features. The mam-
mary glands are symmetrical. The type of breast 
structure is postmenopausal. Echostructure of 
mammary glands with predominance of fatty and 
fibrous tissue. Fibroglandular complex: on the 
left, on the right in the form of thin layers. Differ-
entiation of tissues is clear. Milky ducts are not 
dilated. The stroma is thickened, intra- and in-
ter- lobular fibrosis. A hypoechogenic mass is 
visualized in the left breast at 2 hours, 4 x cm 
from the areola, 20 mm in diameter, irregularly 
shaped, with irregular vague contours, heteroge-
neous structure, axis of spread is indeterminate, 
with a pronounced acoustic shadow, with single 
loci of blood flow at CDC; at 3 hours, along the 
anterior axillary line, a hypoechogenic mass 8 
mm in diameter, with irregular vague contours, 
heterogeneous structure, the axis of spread is in-
determinate, with a pronounced acoustic 
shadow, avascular at CDK is visualized; at 4 
hours, an anechogenic, 4.3 mm in diameter, 
round in shape, with smooth clear contours, 

homogeneous structure, avascular at CDK is de-
tected. In the right breast a hypoechogenic mass 
is visualized at 12 o'clock, 1 cm from the areola, 
8.1 mm in diameter, irregularly shaped, with ir-
regular fuzzy contours, heterogeneous structure, 
the axis of distribution is vertical, avascular at 
CDC. At 11 o'clock an anechogenic mass is de-
tected, 9 mm in diameter, rounded, with smooth 
clear contours, homogeneous structure, avascu-
lar at CDC. Regional lymph nodes on the left are 
20x12 mm in size, on the right they are not en-
larged. Conclusion: ultrasound signs of breast 
nodular masses, lymphadenopathy on the left 
side. BI-RADS 4c.  

Histology: 
Right breast: Infiltrating lobular GII cancer 

with multicentric growth in the form of 2 nodules 
of trabecular, skirrhotic structure, foci of lobular 
carcinoma in situ are noted at the periphery of 
the tumor nodules. pT(2)1cN0 

Left breast: Infiltrating lobular breast can-
cer with multicentric growth in the form of 2 
nodes of skirrhotic, trabecular structure GII 
pT2(m)pN3a. 

Mammograms were analyzed by the AI sys-
tem and a conclusion was formed (fig. 9-12).  

Clinical case discussion. In this clinical 
case study, the AI platform showed its selectivity 
and evaluation of suspicious masses in a case 
study of bilateral breast cancer. Both sites were 
analyzed with size, localization, margins, breast 
density by ACR and malignancy assessment. We 
would like to point out that when evaluating the 
left breast, the program evaluates the site as a 
suspicious mass in two projections, and in the 
right breast, given the lack of clear borders, the 
program evaluates the site as an architectonics 
disorder. The BI-RADS score of each breast with 
a percentage of malignancy was given during the 
report generation.  

Discussion. A retrospective comparative 
study of digital mammogram analysis data of ra-
diologists' physicians and AI's Third Opinion 
platform showed good results of sensitivity and 
evaluation of AI's actions in analyzing and decod-
ing digital mammograms. The clinical cases 
clearly show the algorithm of digital mammo-
gram analysis design. The informative report of 
AI in the decoding of digital mammograms will be 
useful for radiologists, especially for beginners, 
where the lack of experience will be leveled, thus 
improving the quality of medical care.  

Conclusion. Interpretation of mammogra-
phy results in breast cancer screening may con-
tribute to the reduction of mortality through 
early detection of EBM. AI is capable of advanced 
learning with large complex datasets and has the 
potential to perform tasks such as image inter-
pretation. The AI program has shown good re-
sults  when  implemented  at   our  White   Rose  
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Fig. 5 (Рис. 5) 

 
Fig. 6 (Рис. 6) 

Fig. 5.  Digital mammography, craniocaudal 
projection (CC), right mammary gland. 

Patient P*, 67 years old. In the central part, there is 
a slight asymmetry of density against the back-
ground of fatty involution of the mammary gland.   

Рис. 5.      Цифровая маммография, кранио-
каудальная проекция (СС), правая молочная 
железа.  

Пациентка П.*, 67 лет. В центральном отделе от-
мечается небольшая асимметрия плотности на 
фоне жировой инволюции молочной железы.  
 

Fig. 6. Digital mammography, mediolateral projec-
tion (MLO), right mammary gland. 

Patient P*, 67 years old. In the central part, there is a 
slight asymmetry of density against the background of 
fatty involution of the mammary gland. 

Рис. 6.  Цифровая маммография, медиолате-
ральная проекция (MLO), правая молочная же-
леза.  

Пациентка П.*, 67 лет. В центральном отделе отмеча-
ется небольшая асимметрия плотности на фоне жи-
ровой инволюции молочной железы.  

 

 
Fig. 7 (Рис. 7) 

 
Fig. 8 (Рис. 8) 

http://www.rejr.ru/


 
 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY 

| www.rejr.ru | REJR. 2024; 14 (4):41-56       DOI: 10.21569/2222-7415-2024-14-4-41-56                     53 
 

 

   

Fig. 7.  Digital mammography, mediolateral pro-
jection (MLO), left mammary gland. 

Patient P*, 67 years old. In the central part, a for-
mation with a scalloped contour and a radiant struc-
ture is determined, against the background of fatty 
involution of the mammary gland.   

Рис. 7.    Цифровая маммография, медиола-
теральная проекция (MLO), левая молочная 
железа.  

Пациентка П.*, 67 лет. В центральной части опре-
деляется образование с фестончатым контуром и 
лучистой структуры, на фоне жировой инволюции 
молочной железы.  

Fig. 8.  Digital mammography craniocaudal pro-
jection (CC), left mammary gland. 

Patient P*, 67 years old. In the area of the outer quad-
rant, a formation with a scalloped contour and a radiant 
structure is determined, against the background of fatty 
involution of the mammary gland.   

Рис. 8.  Цифровая маммография, краниока-
удальная проекция (СС), левая молочная же-
леза.  

Пациентка П.*, 67 лет. В области наружного квад-
ранта определяется образование с фестончатым кон-
туром и лучистой структуры, на фоне жировой инво-
люции молочной железы.  

 
Fig. 9 (Рис. 9) 

 
Fig. 10 (Рис. 10) 

Fig. 9.   Digital mammography, mediolateral 
projection (MLO), right mammary gland. 

Patient P*, 67 years old. There is a slight density 
asymmetry in the central department, which is de-
tected and graphically labeled by artificial intelli-
gence. The figure on the left shows the BI-RADS ma-
lignancy category, the PGMI classification, the ACR 
density category, as well as the localization and pro-
jection of the study.   

Рис. 9.     Цифровая маммография, медиола-
теральная проекция (MLO), правая молочная 
железа.  

Пациентка П.*, 67 лет. В центральном отделе от-
мечается небольшая асимметрия плотности, кото-
рая обнаружена и графически маркирована ис-
кусственным интеллектом. Слева на рисунке ука-
зана категория злокачественности по BI-RADS, 
Классификация по PGMI, категория плотности по 
ACR, а также локализация и проекция проводи-
мого исследования.  

Fig. 10.   Digital mammography, craniocaudal pro-
jection (CC), right mammary gland. 

Patient P*, 67 years old. There is a slight density asym-
metry in the central department, which is detected and 
graphically labeled by artificial intelligence. The figure 
on the left shows the BI-RADS malignancy category, the 
PGMI classification, the ACR density category, as well as 
the localization and projection of the stud.   

Рис. 10.     Цифровая маммография, краниока-
удальная проекция (СС), правая молочная же-
леза.  

Пациентка П.*, 67 лет. В центральном отделе  отме-
чается небольшая асимметрия плотности, которая 
обнаружена и графически маркирована искусствен-
ным интеллектом. Слева на рисунке указана катего-
рия злокачественности по BI-RADS, Классификация 
по PGMI, категория плотности по ACR, а также лока-
лизация и проекция проводимого исследования. 
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Medical Center in the screening digital 
mammography category. The high percentage of 
sensitivity (96.8%) and "good" agreement be-
tween radiologists (Cicchetti scale) and AI shows 
the potential and development in this direction. 
The analysis of the main and control group 
shows us the pros and cons of AI in analyzing 
mammograms. Our data show that the program 
requires balancing due to overestimation of the 
BI-RADS category when forming a conclusion, 
but at the same time the detection of masses is 
high enough.  The use of AI in case of shortage of 
medical personnel, in improving the skills of ra-
diologists with little experience, as well as 

minimizing the human factor in the work of radi-
ologists becomes possible thanks to AI. Cur-
rently, science is at the stage of introducing AI 
into the medical field, but it will be some time 
before AI is used universally in breast screening 
examinations in a legally sound and practical 
manner.   

Authors' contribution. D.A. Moiseev: defi-
nition of the main idea of the article, analysis of 
materials, preparation of illustrative material, 
preparation of diagnostic studies, text editing; 
A.A. Yusufov: development of the study design, 
data analysis, review and revisions of the article, 
approval of the final version of the publication - 

 
Fig. 11 (Рис. 11) 

 
Fig. 12 (Рис. 12) 

Fig. 11.  Digital mammography, mediolateral 
projection (MLO), left mammary gland. 

Patient P*, 67 years old. In the area of the outer 
quadrant, a formation with a scalloped contour and 
a radiant structure is determined, against the back-
ground of fatty involution of the mammary gland, 
which is detected and graphically labeled by artificial 
intelligence. The figure on the left shows the BI-
RADS malignancy category, the PGMI classification, 
the ACR density category, as well as the localization 
and projection of the study.   

Рис. 11.      Цифровая маммография, медио-
латеральная проекция(MLO), левая молоч-
ная железа.  

Пациентка П.*, 67 лет. В области наружного квад-
ранта определяется образование с фестончатым 
контуром и лучистой структуры, на фоне жировой 
инволюции молочной железы, которое обнару-
жено и графически маркировано искусственным 
интеллектом. Слева на рисунке указана категория 
злокачественности по BI-RADS, Классификация 
по PGMI, категория плотности по ACR, а также ло-
кализация и проекция проводимого исследова-
ния.  
 

Fig. 12.   Digital mammography craniocaudal pro-
jection (CC), left mammary gland. 

Patient P*, 67 years old. In the area of the outer quad-
rant, a formation with a scalloped contour and a radiant 
structure is determined, against the background of fatty 
involution of the mammary gland, which is detected and 
graphically labeled by artificial intelligence. The figure 
on the left shows the BI-RADS malignancy category, the 
PGMI classification, the ACR density category, as well as 
the localization and projection of the study. 

Рис. 12.  Цифровая маммография, краниока-
удальная проекция (СС), левая молочная же-
леза.  

Пациентка П.*, 67 лет. В области наружного квад-
ранта определяется образование с фестончатым кон-
туром и лучистой структуры, на фоне жировой инво-
люции молочной железы, которое обнаружено и гра-
фически маркировано искусственным интеллектом. 
Слева на рисунке указана категория злокачественно-
сти по BI-RADS, Классификация по PGMI, категория 
плотности по ACR, а также локализация и проекция 
проводимого исследования.  
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