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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 Al
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 Nel and group Ne2) screened at ANO "White Rose Medical Center" in the city of Tver
are presented. Group Nel (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 Al platform and the radiologists' physicians.

Discussion. A retrospective comparative study of data analysis of digital mammograms by radi-
ologists and the Third Opinion Al platform showed good sensitivity and evaluation results of Al actions
in analyzing digital mammograms. The algorithm of digital mammogram analysis design is clearly
shown on clinical examples.

The information report of Al in decoding digital mammograms will be useful for radiologists, especially
beginners, where lack of experience will be leveled.

Conclusion. The feasibility of using an Al system both for analytical support of radiologists in
mammographic examinations and in mammography in general has been demonstrated.
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CPABHUTEAbHbIA AHAAU3 PE3YALTATOB OLLEHKU AAHHBIX LLUPPOBOIN MAMMO-
PAPUN HA BA3E UCKYCCTBEHHOIO UHTEAAEKTA «MMAATPOPMA TPETbE MHEHUE» U
BPAYEN-PEHTTEHOAOTOB
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eJIb uccienaoBaHus. [IpoBecTU CpaBHUTEABHBIN aHaAU3 PEe3yAbTATOB OLIEHKU MaMMorpadH-

YEeCKHUX H300pazkeHuil BpauaMU-PEHTTeHOAOTAMU U CHUCTEMOM HCKYCCTBEHHOTO HHTEAAEKTA

(UY). OueHUTH YyBCTBUTEABHOCTH CHCTEMBI MCKYCCTBEHHOTO MHTEAAEKTA K O0OHAPYKEHUIIO

paxa MOAOYHOH 3KeAe3bl y TPYIIIbI ¢ BepH(PUIIMPOBAHHBIM AMATHO30M, a TaKiKe IIPOBECTH
OLIEHKY AOZKHOIIOAOXKHTEABHOTO IIPOILIEHTA ITPHU MCCAEJOBAHUU KOHTPOABHOM I'PYIIIEI.

Marepuansr u metonsl. [IpencraBaeHbI Pe3yAbTATHI PETPOCIIEKTUBHOIO KOTOPTHOIO HCCAEI0BA-
HU4 2 IpyHII, cocTodmx 13 93 nanueHToK (rpynna Nel u rpymnma No2), mpoxoguBIINX CKPUHUHT B AHO
Menunuuckuil 11eHTp «Beaass Poza» B ropoxe TBepu. I'pyrma Nel (ocHoBHas): HallMEeHTKH, UMEIOIINE
BEPU(PUIIPOBAHHBIN AUATHO3 3A0KAYE€CTBEHHOTO HOBOOOPA30BaHUSI MOAOYHEIX JKEA€3 IO JaHHBIM TH-
CTOAOTHYECKOTO HccaeqoBaHus. ['pymma No2 (KOHTpPOABHAS): HMAIIMEHTKH, IIPOXOAUBIIINE TTAAHOBOE 00-
caemoBanue B eHTpe ¢ 13.11.2023 roma no 18.11.2023 roxma (cayuaiinag BeIGopKa 93 maliileHTOK 3a
BBIOpAHHBIY IIEPUO] BPEMEHH).

Peaynwratel. [IpoBeneH KOAMYECTBEHHBIN aHAAN3 YyBCTBHUTEABHOCTU IIAAT(OPMBI HCKYCCTBEH-
HOT'0 MHTEAAEKTA. 3HaUYEHHE CTATHCTHYECKOTO [T0Ka3aTeAs YYBCTBUTEABHOCTH BapbUPOBAAOCH B IIpELe-
Aax oT 84.9% mo 96.8% B 3aBHCHMOCTH OT 3alaHHOM KaTETrOPHUH U OLIEHKH. [Iag aHasu3a COraacoBaH-
HOCTH PE3yABTATOB OLIEHUBAHUS MaMMOTpaUIeCKUX N300 paskeHUH MAaTopMOM NCKYCCTBEHHOTO MH-
TEeAAEKTAa U BpadaMH-PEeHTI€HOAOTaMH IIPOU3BENEH pacueT Kod(P(PHUIMEeHTa BHYTPUKAACCOBOH Koppe-
ASITTHIHL.

OO0cy:xaenue. PeTpoCeKTUBHOE CpaBHUTEALHOE HCCAE€NOBAHUE MAHHBIX aHaAu3a ITU(POBBIX
MaMMoTpaMM BpadaMU-PEHTIeHOAOTaMH U ITAAT(OPMO HCKYCCTBEHHOTO HHTeAAeKTA «TpeTbe MHeHUue»
II0Ka3aA0 XOPOIIIHE PE3YALTATHI YyBCTBUTEABHOCTH U OIIEHKH AEHCTBUM HCKYCCTBEHHOTO HHTEAAEKTA B
aHaauze OUQPOBBIX MaMMorpaMM. Ha KAMHHYeCcKUX IpuMepax HarasgaHO II0Ka3aH aArOPUTM 0hopM-
A€HUS aHaAW3a OMUQPPOBEIX MaMMorpaMM. MHGMOPMAIIMOHHBIE OTYET UCKYCCTBEHHOTIO MHTEAAEKTA IIPHU
paciudpoBKe IUGPPOBEIX MaMMorpaduii OyaeT moae3eH BpadaM-pPeHTTeHOAOTaM, 0COOEHHO HauYuHATO-
LITUM, TZIe HEJOCTATOK OIbITa 0yAeT HUBEAUPOBATHCH.

3akmouenue. [lokazaHa 11eA€COO0OPA3HOCTL HCIIOAB30BAHUS CHUCTEMBI HUCKYCCTBEHHOTO HHTEA-
AEKTa KaK [AT aHAAUTHYECKOH ITOANeP:KKH Bpadel-peHTIeHOAOTOB IIPH MaMMOTrPa(UIeCcKUX UCCAEI0-
BaHUSIX, TaK U B MaMMoOrpaduu B IIEAOM.

KaroueBple caoBa: pak MOAOYHOM Keaesbl, cCKpuHUHT, BI-RADS, Breast Imaging Reporting and
Data System, HCKyCCTBEHHBIH HHTEAAEKT, MaMMorpadus.

KourakTHubiii aBTop: Moucees [I.A., e-mail: info@br69.ru

Lna yumuposarusi: Moucees /I.A., FOcydgoe A.A., Maxcumos [I.A., PomuHa E.E. CpasHumenvHublil
GHONU3 Pe3ybmamo8 OUeHKU OAHHBbIX Uugpoeoli mammozpaduu Ha b6ase UCKYCcCmeeHH020 UHmMesl-
Jexkma «aamgopma mpemve MHeHue» u epaueli-peHmezeHonozo8. REJR 2024; 14(4):41-56. DOI:

10.21569/2222-7415-2024-14-4-41-56.

Crarbsa monydeHa: 10.04.24 CraTpsa nmpuHsTa: 22.10.24

www.rejr.ru | REJR. 2024; 14 (4):41-56 ~ DOI: 10.21569/2222-7415-2024-14-4-41-56 42


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

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 Ne1130n 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 Al 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 Al in all
spheres of human activity is steadily growing, in-
cluding the medical industry. The technologies of
evaluation by Al 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 Al in the diagnosis of breast cancer is being
actively implemented. At the moment, Al plat-
forms for mammographic images interpretation
are registered and working: "CELS
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MMG", "MaMMOL", "CELS MMG", "MaMMOL",
"MaMMOLENS", "Third Opinion MMG" [11-14].
We conducted our research using the Al 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 Al system.
To evaluate the sensitivity of the Al 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 Nel(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 Ne2 (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 Al, followed by its generation of a
mammographic examination protocol with
graphic representation and indication of the sus-
picious area on the mammographic images. The
Al 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 Al in comparison
with the control group was evaluated.

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

Registration certificate number:
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 Nel (main).

A retrospective study of clinical cases of
confirmed breast cancer was performed, with
analysis of Al 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 Al
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 Al platform, namely to calculate the ratio
of the number of matched assessments by Als
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 Nel.

In the second step, the percentage of com-
plete concordance (agreement) between the Al
platform and radiologists was calculated. The
breakdown into BI-RADS 1-2-3 and BI-RADS 4-
S 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 Al. The percentage of complete
concordance between radiologist Nel and Al was
86.0%, between radiologist No2 and Al was
89.2%, and the concordance between the two
physicians was 96.8%. The data are presented in

Table Nel. Sensitivity of Al test.
Sensitivity of Al test
n 93 ‘ ‘ 1 variant
BI-RADS 1-2 3
BI-RADS 3-5 9 | = 96,8%
Sensitivity of Al 2 variant
BI-RADS 1-2-3 14
BI-RADS 4-5 79 | = 84,9%
Table No2. Match between radiologist Nel and Al physician.
Al
BI-RADS BI-RADS 4+5
1+2+3 Total
Radiologist Nel
BI-RADS 12 78 90
4+5
Total 14 79 93
Percentage of complete
agreement 86,0%
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Table Ne3. Concordance between radiologist Ne2 and Al.
Al
BI-RADS BI-RADS 4+5
1+2+3 Total
- Ry 4 o 4
Radiologist Ne2
BI-RADS 10 79 89
4+5
Total 14 79 93
Percentage of complete
agreement 89.2%
Table Ne4. Concordance between radiologists.
Radiologist Nel
BI-RADS BI-RADS 4+5
1+2+3 Total
Radiologist Ne BILRADS 1 " ”
4+5
Total 3 90 93
Percentage of complete
agreement 96,8%
Table Ne5. Calculations of intraclass correlation coefficient between radiologist Nel
and Al
Al
Radiologist Nel BI-RADS | BI-RADS | BI-RADS | BI-RADS Total
2 3 4 5
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 1 43 36 93
p0 0,55914
pe 0,430801
Intraclass correlation coefficient 0,536
Tables 2, 3, 4. conclusions with Al was performed. In case of

In the third step, we analyzed the con-
sistency of the results of mammographic image
evaluation by the Al 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 Al
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 Ne 2 (control group).

At stage 1, a comparative analysis of
matches/non-matches of radiologists'

www.rejr.ru | REJR. 2024; 14 (4):41-56

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 Al was quite high and amounted
to 71% and 73%. In case of mismatch between
the conclusions of the doctor and the Al, 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
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Table Ne6. Calculations of intraclass correlation coefficient between radiologist No2
and Al

Al
Radiologist Ne2 BI- BI- BI- BI- BI- Total
RADS 1 | RADS2 | RADS3 | RADS 4 | RADS 5
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 Noe7. Combination table of radiologist Nel and Al.
Al
BI- BI-
RADS 1- BI- RADS
2 RADS 3 4-5 Total
Radiologist Nel BI-RADS 1-2 61 23 1 85
BI-RADS 3 1 3 2 6
BI-RADS 4-5 0 2 2
Bceero 62 26 5 93
Percentage of complete match
1% 66
Percentage of mismatches
29% 27
Of these, overestimation 96%
Of which underestimation 4%
Table Ne8. Combination table of radiologist Ne 2 and Al.
Al
BI- BI-
RADS | BI-RADS | RADS
1-2 3 4-5 Total
Radiologist Ne2 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 No9. Combination table of radiologist Nel and Al.
Al
BI- BI- BI- BI-
RADS RADS | RADS | RADS
1 BI-RADS 2 3 4 5 Total
Radiologist BI-
Nol RADS | 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
did not by 2 categories
match 46 decrease 13% 13%
Table Ne1O. Combination table of radiologist Ne2 and Al.
Al
BI- BI-
BI- RADS | RADS BI-
RADS 1 | BI-RADS 2 3 4 RADS 5 Total
Radiologist | BI-RADS
No2 1 13 5 3 0 0 21
BIRADS 5 38 19 ! 0 63
BIRADS 0 1 4 1 0 6
BIRADS 0 0 0 2 0 2
BIRADS 0 0 0 ! 0 !
Total 18 44 26 5 0 93
Percentage of complete match
61%
Overvaluatio
match 57 increase 81% n by 2
did not categories
match 36 decrease 19% 11%
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of transition to the scale 1-2 / 3 / 4-5 (BI-RADS)
and inconsistency with the doctor's conclusion,
the Al 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 No7
and Ne8, 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 Al
was 49% and 39%. In the first case, according to
table No9, 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 Nell. Intraclass correlation coefficient of radiologist Nel and Al.
95% confidence
interval F-criterion with true value 0
Intraclass Lower Upper
correlation® | boundary | boundary | Significance | st.sv.1 | st.sv.2 | Significance
Single 0,564* | 0,408 | 0,688 358 | 92| 92 0,000
measures
Average 0,721°| 0579 | 0,815 3,586 92 92 0,000
measures
Table Nol2. Intraclass correlation coefficient between radiologist No2 and Al.
95% confidence
interval F-criterion with true value 0
Intraclass Lower | Bepxuss
correlation® | boundary | rpanuna | Significance | st.sv.l | st.sv.2 | Significance
Single 0,608 |  0462| 0,722 4,098 92 92 0,000
measures
Average
measures 0,756°¢ 0,632 0,838 4,098 92 92 0,000
Table Nel3. Intraclass correlation coefficient of radiologist Nel and radiologist Ne2.
95% confidence in-
terval F-criterion with true value 0
Lower Upper
Intraclass cor- | bound- | bound- Signifi-
relation® ary ary cance st.sv.l | st.sv.2 | Significance
Single 0,630° | 0,5526| 0,723 6,111 92| 184 0,000
measures
Average .
measures 0,836 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 (Puc. 1)

Fig. 2 (Puc. 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.

Puc. 1. LUudopoBas mammorpacus, MEAUOAQ-
TepaAbHas npoekuus (MLO), npaBas MOAOYHaSA
XeAesa.

[MarmmenTka K.*, 70 AeT. B BepxHeM KBagpaHTe OTME-
yaeTcs HeGOABIIIAas aCHMMETPHS ITAOTHOCTH Ha (poHE
SKUPOBOU MHBOAIOIIMY MOAOYHOM ZKEAE3BI.

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.

Puc. 2. Uudbposas mammorpadbus, KpaHMOKa-
yAaAbHasa npoekuma (CC), npaBas MOAOYHAS Xe-
Aesa.

[TammenTka K.*, 70 aer. B Hapy>KHOM KBaIpaHTE OTMe-
yaeTcd HeOOAbIIas ACHUMMETPUS IAOTHOCTH Ha (oHE
JKUPOBOU MHBOAIOIIY MOAOYHOM ZKEAE3BI.

www.rejr.ru | REJR. 2024; 14 (4):41-56

DOI: 10.21569/2222-7415-2024-14-4-41-56

49


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

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. pT1B.
The mammograms were analyzed by the Al sys-
tem and displayed in Figure Ne3-4, 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.

Mrorosoe saknioueHe
R BI-RADS 4 49
L

TPETHE
MHEHWE

Fig. 3 (Puc. 3)

WToroBoe 3aKknioueHne

R BI-RADS 4 49

L

TPETHE
MHEHME

Fig. 4 (Puc. 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.

Puc.3. LUudpoBas mammorpacus, MeAUOAQ-
TepaAbHas npoekuus (MLO), npasas MOAOHHAS
XeAesd.

[MamnenTka K.*, 70 aer. MamMMorpamma IpoaHaAu3HU-
poBaHa HCKYCCTBEHHBIM HHTEAAEKTOM, C Ipadude-
CKOM OTPHCOBKOH ITOO3PHUTEABHOIO yJacTKa MU AHUM-
daruueckoro y3sa. CaeBa Ha pUCYHKE yKa3aHa KaTe-
ropus 3ao0KadecTBeHHOCTH 110 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.

Puc. 4. UudopoBas mammorpacbusi, KpAHUOKA-
yAdaAbHas npoekuus (CC), npaBas MOAOYHASA Xe-
Aesa.

[TamnenTka K.*, 70 aer. B Hapy>KHOM KBaJIpaHTE OTMe-
yaeTcsd HeOOAbIIas ACHUMMETPUS AOTHOCTH Ha (oHE
Mammo-
rpaMMa IIpoaHaAU3UpPOBaHA HCKYCCTBEHHBIM HHTEAACK-
TOM,
y4qacTka B auMd@arudeckoro y3sa. CaeBa Ha PHCYHKeE

JKUPOBOY MHBOAIOIIMM MOAOYHOHM KeAe3bl.
C rpadu4yecKoil OTPHCOBKOH MIOA03PUTEABHOTO

yKa3zaHa KaTeropud 3A0KadecTBeHHOCTH 1o BI-RADS.

www.rejr.ru | REJR. 2024; 14 (4):41-56

DOI: 10.21569/2222-7415-2024-14-4-41-56

50


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

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,

| www.rejr.ru | REJR. 2024; 14 (4):41-56

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)1cNO

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 Al sys-
tem and a conclusion was formed (fig. 9-12).

Clinical case discussion. In this clinical
case study, the Al 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 Al's Third Opinion
platform showed good results of sensitivity and
evaluation of Al'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
Al 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. Al is capable of advanced
learning with large complex datasets and has the
potential to perform tasks such as image inter-
pretation. The Al program has shown good re-
sults when implemented at our White Rose
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Fig. 5 (Puc. 5)

Fig. 6 (Puc. 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.

Puc. 5. Uundbposas mammorpadbus, KpaHUo-
KayAaAbHas npoekuus (CC), npaBas MOAOHHASA
XeAesd.

[MarmenTka I1.*, 67 aAeT. B meHTpasbHOM OTAEAE OT-
MedaeTcss HeOOABbIIIas aCHMMETPHS IIAOTHOCTH Ha
¢boHE KUPOBOM HHBOAIOITHYU MOAOYHOM JKEAE3BI.

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.

Puc. 6. Uudposas mammorpacdcbousa, mMeaAuoAaTe-
paAbHas npoekuus (MLO), npaBas MOAOYHASA Xe-
Aesa.

[MarmenTka I1.*, 67 Aet. B IeHTpasbHOM OTZEAE OTMEda-
eTcs HeOOABIIIass aCUMMETPHS IIAOTHOCTHU Ha (POHE KH-
POBOM MHBOAIOITUN MOAOYHOM KEAE3BI.

Fig. 7 (Puc. 7)

Fig. 8 (Puc. 8)
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Fig. 7. Digitalmammography, 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.

Puc. 7. Uucdbposas mammorpadpus, MeAUoAa-
TepaAbHas npoekuus (MLO), AeBas MOAOHHAs
XeAesa.

[MarmenTka I1.%, 67 AeT. B 11eHTpaAbHOM YaCTH Ompe-
neasercsd obpazoBaHue ¢ (PeCTOHIATHIM KOHTYPOM U
AYYHCTOH CTPYKTYPBI, Ha DOHE KUPOBOH NHBOAIOITIH
MOAOYHOM >KEAE3bI.

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.

Puc. 8. Uudcdposas mammorpadous, KpAaHUOKA-
yAdaAbHas npoekuusa (CC), AeBas MOAOYHAS Xe-
Aesa.

IManmentka I1.*, 67 aer. B obaacTu HApPYyKHOTO KBag-
pauTa onpeneaseTcss 06pas3oBaHue ¢ PeCTOHYATHIM KOH-
TYPOM H AYYIHCTOH CTPYKTYPHI, Ha (DOHE KUPOBOH MHBO-
AFOITUM MOAOYHOM ZKEAE3bI.

TPETHE
MHEHME

Fig. 9 (Puc. 9)

WTorosoe sakniouenmne
R BI-R 5

L BI-RADS S

TPETLE
MHEHME

Fig. 10 (Puc. 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.

Puc. 9. Uucdbposas mammorpacdcouns, MEAUOAQ-
TepaAbHas npoekuus (MLO), npasas MOAOHHASs
XeAesa.

[MarmenTka I1.*, 67 aAeT. B meHTpasbHOM OTOEAE OT-
MedaeTcsa HEOOABITIasg aCHMMETPHS IAOTHOCTH, KOTO-
pas obHapyKeHa U rpadHUIecKH MapKHPOBAHA HC-
KYCCTBEHHBIM HHTeAAEKTOM. CaeBa Ha PUCYHKE yKa-
3aHa KaTeropud 3aoKadecTBeHHocTH mo BI-RADS,
Kaaccudurarua nmo PGMI, kaTeropus IIAOTHOCTH IIO
ACR, a Takke AOKaAU3allds U IIPOEKIUsS IIPOBOIU-
MOT'0 UCCAE€OBAHUS.

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.

Puc. 10. Uudoposas mammorpacdcbus, KPAHUOKA-
yAdaAbHas npoekuus (CC), npaBas MOAOYHAS Xe-
Aesa.

[MarmmenTka I1.*, 67 AeT. B 1IeHTpaABHOM OTOEAE OTMe-
qaeTcss HeOOABIIas aCHMMETPHsS IIAOTHOCTH, KOTOpas
obHapyzKeHa U rpadUIeCKu MapKUPOBaHA UCKYCCTBEH-
HBIM HHTeAAeKTOM. CAa€Ba Ha PHCYHKE yKa3aHa KaTero-
pusa 3ao0kadectBeHHOCTH 110 BI-RADS, Kaaccudurarius
o PGMI, kareropuda naotHocTH 1o ACR, a Takxke AOKa-
AV3AIHEg U IIPOEKIHS IIPOBOANMOIO UCCAEIOBAHUS.
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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 Al shows
the potential and development in this direction.
The analysis of the main and control group
shows us the pros and cons of Al 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 Al in case of shortage of
medical personnel, in improving the skills of ra-

minimizing the human factor in the work of radi-
ologists becomes possible thanks to Al. Cur-
rently, science is at the stage of introducing Al
into the medical field, but it will be some time
before Al 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 -

diologists with little experience, as well as

Fig. 11 (Puc. 11)

Fig. 12 (Puc. 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.

Puc. 11. LUudopoBas mammorpacbous, MeAno-
AaTepaAbHas npoekuus(MLO), AeBasi MOAOM-
Has XeAesaq.

IManmenTka I1.*, 67 aeT. B o6AacTH HapPyzKHOTO KBAaI-
pauTa omnpeneasercda obpazoBaHue C PECTOHIYATHIM
KOHTYPOM U AYYHCTOH CTPYKTYPhI, Ha (pOHE KHUPOBOH
HHBOAIOIIMH MOAOYHOM KeAe3bl, KOTOpoe OOHapy-
3KEHO U I'pauuecKy MapKHPOBaHO HCKYCCTBEHHBIM
nHTeAAeKTOM. CAeBa Ha PHUCYHKE yKa3aHa KaTeropHud
3pokadecTBeHHOCTH 1o BI-RADS, Kaaccudurarusa
o PGMI, kateropus naotHOCTH 10 ACR, a TakKe A0-
KaAu3alus U IIPOEKIHd IIPOBOAMMOIO HCCAEI0Ba-
HUH.

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.

Puc. 12. UucbpoBas mammorpachbms, KPAHUOKA-
yAdAbHas npoekuusa (CC), AeBas MOAOHHAS Xe-

Ae3a.

IManmentka I1.*, 67 aet. B obaacTu HapPy:KHOTO KBag-
pauTa onpeneaseTcss 06paszoBaHie C PECTOHYATHIM KOH-

TYPOM M AYYIHCTOH CTPYKTYPHI, Ha (DOHE KUPOBOH MHBO-
AIOITMHM MOAOYHOM KeAe3bl, KOTOPOe OOHAPYZKEHO U Ipa-

HUYecKr MapKHPOBaHO HCKYCCTBEHHBIM HHTEAAEKTOM.
CaeBa Ha pUCYHKE yKa3aHa KaTeropHusa 3A0Ka4eCTBEHHO-
ctu no BI-RADS, Kaaccudukamnua no PGMI, kareropus
naoTHocTH o ACR, a Takske AOKaAW3allvd U IPOEKITUS
IIPOBOAUMOTO HCCAEIOBAHMS.
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