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THE ROLE OF MULTIPARAMETRIC MRI IN DIAGNOSING BREAST CANCER IN PATIENTS
WITH DENSE BREAST TISSUE
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Sechenov University. Moscow, Russia.

his article presents a comprehensive review of the critical role of magnetic resonance imaging

(MRI) in diagnosing breast cancer, particularly in patients with dense breast tissue. The re-

view underscores the limitations of standard mammograms in detecting malignancies ob-

scured by dense tissue, emphasizing the diagnostic advantages of multiparametric MRI. By
synthesizing findings from recent literature and evaluating the diagnostic efficacy of MRI compared to
conventional mammography, this review aims to establish a practical approach that integrates both
modalities to enhance diagnostic accuracy. Additionally, it highlights the importance of interdiscipli-
nary collaboration across various fields to improve the precision of breast cancer detection.

The review analyzes a range of research data, focusing on studies that compare MRI to conven-
tional mammography. It includes findings relevant to dense breast tissue, diagnostic accuracy and
specific patient populations, recognizing trends and outcomes associated with MRI utilization. By as-
sessing existing mammographic data and exploring the diagnostic capabilities of MRI techniques, the
study proposes a comprehensive framework to guide clinical practice.

In conclusion, multiparametric MRI offers significant advantages for diagnosing breast cancer in
patients with dense breast tissue, where conventional methods often fall short. The integration of MRI
with standard mammography facilitates a more effective approach to early detection and treatment
planning. Future research should focus on refining these techniques and enhancing their clinical ap-
plications to improve patient outcomes.
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POAb MYABTUMAPAMETPUMECKOWU MPT B AMUATHOCTUKE PAKA MOAOYHOWM XXEAE3bI
Y NALUEHTOK C NAOTHOM XEAE3UCTOMU TKAHBIO

Aadumam A., AAM30A0 2.3., BaxTmMosmH P.Pp.

®I'AOY BO Ilepebrt MI'MY M. U. M. CeyernoBa M3 Pd (CeueHoBckuii yHuBepcuTeT). I. MockBa, Poccrst.

cTaTrbe IIPEeICTaBAEH aHaAN3 POAN MarHUTHO-Pe30HaHCHOH ToMorpaduu (MPT) B imarHocTuke

paka MOAOYHOM 3KeAe3bl, OCOOEHHO Yy ITAaIMEHTOK C BBICOKOM ITAOTHOCTBIO TKAHU MOAOYHOM

KeAe3bl. PaccMaTpHBalOTCa OrpaHUYeHHs CTaHAAPTHON MaMMorpadHU B BEISBACHHUH 3A0Ka-

YeCTBEHHBIX HOBOOOpA30BaHUM, CKPBITHIX IMAOTHOM TKAHBIO, C aKIIEHTOM Ha AUATHOCTHYE-
CKHeE IIpeuMylllecTBa MyabTHNapamerpudeckoii MPT. CunTe3npysd maHHBIE U3 COBPEMEHHOR auTepa-
Typbl U OLIeHUBasl JUATHOCTHYECKyIo adpdekTuBHOCT, MPT B cpaBHEHUH C TPagUIIMOHHON MaMMorpa-
dueti, aBTOPHI CTABAT LIEABIO Pa3paboTKy IIPaKTHIEeCKOro II0AX0a, KOTOPbIH oObequHsIeT oba MeTona
JAS TIOBBIIIEHUS] TOYHOCTH AUATHOCTHKHU. KpoMe Toro, moadyepKUBaeTCsl BasKHOCTb MEXKIUCIIUIIATHAD-
HOT'O COTPYIHHUYECTBA AL IIOBBIIMIEHHS TOYHOCTH BBIIBACHHS pPakKa MOAOYHOH KeAe3bl.

CraTbsl BKAIOYAET aHaAW3 JAHHBIX U3 PA3AHMYHBIX HCCA€NOBaHUH, IIOCBAMIEHHBIX CPABHEHUIO
MPT u craumaptHO#i MaMmMmorpaduu. PaccmarpuBaroTca paboThl, UMEIOIHEe OTHOIIEHHE K IIAOTHOH
TKaHHU MOAOYHOH >KeAe3bl, NHATHOCTHYECKOH TOYHOCTH U OTHAEABHBIM TPYIIIIaM IIallMeHTOB, a TaKKe
BBISIBAFIOTCH TE€HEHIIVH U PE3yABTATHI, CBsI3aHHBIE ¢ Hcrioab3oBaHueM MPT. OneHKa CymniecTBYIOIINX
JaHHBIX MaMMorpadHuH U U3ydeHHe AUarHOCTHYECKOTro IIoTeHuaa Metroguk MPT mosBoageT mpenao-
KUTH KOMIIA€KCHBIH IT0/IX0/1 K KAMHUYECKON IIPaKTHKE.

B 3akaAmueHMe oTMeYaeTCs, YTO MyAabTUIIapaMmeTpudeckass MPT o6aazmaeT 3HAYUTEABHBIMH IIpe-
HMYyIIeCTBAMH B IHUATHOCTHKE paKa MOAOYHOM KeAe3bl y IIAIIHEHTOK C ITAOTHOH TKaHBIO, I/Ie TPagUIIH-
OHHBIE METOBI YaCTO OKa3bIBAIOTCS HezmocTaTodHbIMU. MuTerpana MPT co crangapTHO# MaMMmorpa-
dueti cmocobeTByeT 6oaee 2(P(PEKTUBHOMY IIOAXOAY K PAHHEMY BBITBACHUIO K TAAHUPOBAHUIO ACUEHUS.
B 6ymy1ieM uccaemoBaHUA JOAXKHEI ObITH HAaIIpaBAEHBI HA OIITHMHU3AITHIO 9TUX METOOOB U UX KAMHHIYE-
CKOTO IIPUMEHEHHUS JIAS YAYUIIEHUS PEe3yABTATOB ACUEHHUS ITalleHTOB.

KaroueBrle caoBa: MarHUTHO-PE3OHaHCHAadA TOMOI‘paCbI/IH, paKk MOAOYHOM JKEAE3bI, IIAOTHad TKaHb
MOAOYHOM 2KEAE3bI, THArHOCTHKA, MaMMOI‘paCbI/IH.
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reast cancer remains one of the most

prevalent cancers affecting women

worldwide, with over 2.3 million new

cases diagnosed in 2020 alone. This
statistic underscores the critical importance of
effective screening and early detection strategies.
Among the various factors influencing the sensi-
tivity of mammography, breast density is partic-
ularly significant, impacting the likelihood of ac-
curate cancer diagnosis. Dense breast tissue is
prevalent in approximately 40-50% of women un-
dergoing screening mammography, particularly
among younger women, and tends to diminish
with age as breast composition changes.

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

Mammography is often considered as the
gold standard for breast cancer screening; how-
ever, it may miss up to 30-50% of cancers in
women with dense breasts, compared to only 10-
20% in those with non-dense tissue. This dispar-
ity highlights the increased risk of missed diag-
noses, with women possessing dense breast tis-
sue facing a four to six times greater chance of
undetected malignancies. Furthermore, the can-
cers that are identified in this demographic are
frequently larger and diagnosed at more ad-
vanced stages than those in women with lower
breast density [1, 2, 3]. The higher incidence of
interval cancers (tumors found between routine
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Fig. 1 (Puc. 1)

Fig. 1.

e A:almost entirely fatty breast tissue.
B: scattered areas of fibroglandular density.

Puc. 1.

IIOBBINNIE€HHSA ITIAOTHOCTH.

CTOM M KHPOBOU TKaHHU.

Scheme and mammograms: comparison of breast density categories according to the BI-
RADS scale on mammographic images ©MAYO FOUNDATION.

The BI-RADS scale identifies four levels of breast density:

C: heterogeneously dense breast tissue, which may obscure small masses.
D: extremely dense breast tissue, significantly increasing the likelihood of missed diagnoses [5].

CxeMd 1 MOMMOTPAMMbI: CPABHEHUE KATEropUii MAOTHOCTU MOAOYHOM XEAEe3bl MO LUKAAe
BI-RADS Ha mammorpadpuiecknx cHumkax (OGMAYO FOUNDATION).

IIkasa BI-RADS BrlneadeT 4eTbIpe KaTETOPHUH ITAOTHOCTH MOAOYHOH K€AE3bI:
J A: MoAOYHAad KeAe3a IOYTH ITIOAHOCTBIO COCTOUT U3 KUPOBOM TKAHHU.

O B: moaouHag xeae3a IIPEUMYIIIECTBEHHO COCTOUT U3 }KHpOBOfI TKAHU C HAAUYHUEM HEOOABIIIMX Yy49acCTKOB
O C: TKaHb MOAOYHOH 3KEAE3bI TE€TEPOr€HHasd, COCTOUT U3 3HAYHUTECABHOI'O KOAHUYECTBA CbI/I6p03H0—}KeAe3I/I—

J D: MoAouHAd KeAe3a IPAKTUYECKH ITIOAHOCTBIO COCTOUT U3 (PUOPO3HO-KEAE3UCTOH TKAHH [5].

screenings) emphasizes the urgent need for sup-
plementary screening methods.

The link between dense breast tissue and
breast cancer risk has led to growing interest in
supplemental imaging techniques, particularly
magnetic resonance imaging (MRI). MRI has been
shown to possess superior sensitivity in detect-
ing breast cancer, especially in dense tissues. Its
ability to produce high-resolution images without
the interference of overlapping tissues makes it

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

an invaluable tool in early detection. Addition-
ally, recent studies indicate that incorporating
MRI into the screening regimen for women with
dense breasts may significantly reduce the rate
of missed diagnoses, ultimately improving sur-
vival outcomes.

However, despite the advantages of MRI, its
integration into standard breast cancer screen-
ing protocols faces challenges. The higher cost of
MRI, along with the need for specialized
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equipment and trained personnel, presents bar-
riers to widespread adoption. Moreover, the psy-
chological impact of false-positive results from
MRI screening can lead to increased anxiety and
unnecessary interventions, complicating the de-
cision-making process for both patients and
healthcare providers [4].

This article aims to explore the multifac-
eted role of MRI in diagnosing breast cancer in
women with dense breast tissue. It will examine
the current understanding of breast density and
its implications for cancer risk, the advantages of
MRI as a supplemental screening tool, economic
evaluations of MRI utilization, and the challenges
faced in integrating MRI into standard breast
cancer screening protocols. Through this com-
prehensive examination, the review seeks to un-
derscore the critical need for tailored screening
approaches that effectively address the unique
challenges posed by dense breast tissue in the
ongoing fight against breast cancer.

Understanding Breast Density.

Breast density refers to the proportion of fi-
broglandular tissue to fatty tissue in the breast.

This composition is categorized into four
distinct levels by the American College of Radiol-
ogy using the Breast Imaging Reporting and Data
System (BI-RADS):

Fatty Breast Tissue: predominantly fatty
tissue results in dark or lucent mammograms,
facilitating the visualization of abnormalities.
Women classified under this category are associ-
ated with a lower risk of developing breast can-
cer.

Scattered Fibroglandular Density: this
classification suggests a mix of fatty and fibro-
glandular tissue, leading to mammograms that
exhibit both dense areas and darker regions.
Women with this density have a slightly elevated
risk of breast cancer compared to those with fatty
breasts.

Heterogeneously Dense Breast Tissue: this
indicates a higher proportion of fibroglandular
rather than fatty tissue. The presence of hetero-
geneously dense breast tissue correlates with
predisposing factors for breast cancer and com-
plicates the detection of small tumors.

Extremely Dense Breast Tissue: in this
classification, a significant majority of the breast
tissue is fibroglandular, causing mammograms
to appear nearly entirely white. This level of den-
sity exacerbates the risk of breast cancer and in-
creases the chances of missed diagnoses during
mammographic screenings [5].

Research has shown that higher breast
density correlates with an increased risk of de-
veloping breast cancer. The fibroglandular tissue
not only makes it more challenging for mammog-
raphy to detect tumors but also is believed to
have its own biological factors that could

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

influence cancer development. Understanding
these classifications is crucial for both clinicians
and patients when assessing individual risk and
determining the most appropriate screening
strategies [0]. The biological relationship between
breast density and cancer risk involves several
factors, including hormonal influences, genetic
predisposition, and the physical properties of
breast tissue. Dense breast tissue is thought to
be more responsive to hormonal changes, which
can promote the growth of breast cancer cells.
Additionally, certain genetic factors, such as mu-
tations in BRCA1 and BRCA2 genes, are associ-
ated with both increased breast density and a
higher risk of breast cancer [7, 8].

Recent studies have indicated that women
with heterogeneously dense or extremely dense
breasts not only have a higher risk of breast can-
cer but may also have different tumor character-
istics, including more aggressive forms of the dis-
ease [9]. Understanding these biological under-
pinnings is essential for developing targeted
screening protocols and interventions.

Breast cancer is a global health challenge,
affecting millions of women each year. The World
Health Organization (WHO) reports that breast
cancer accounts for approximately 25% of all
cancers diagnosed in women. The incidence of
breast cancer varies significantly across regions
due to differences in genetic, environmental, and
lifestyle factors.

In high-income countries, the rates of
breast cancer have increased over the past few
decades, attributed in part to enhanced screen-
ing practices and better detection methods [10].
Conversely, in low- and middle-income coun-
tries, the rising incidence is concerning, often
linked to a lack of access to screening and treat-
ment options.

Numerous risk factors contribute to the de-
velopment of breast cancer, including age, family
history, genetic mutations, reproductive history,
and lifestyle choices such as diet and physical
activity [11]. Understanding these risk factors is
essential for tailoring screening strategies to in-
dividual women based on their unique profiles.

Studies indicate that women with a family
history of breast cancer have a significantly ele-
vated risk. Additionally, certain ethnic groups,
such as Ashkenazi Jews, have higher rates of
BRCA mutations, further increasing their risk for
breast cancer. Education about these risk factors
is crucial for informed decision-making regarding
screening.

Survival rates for breast cancer have im-
proved over the years due to advances in early
detection and treatment. The five-year survival
rate for localized breast cancer is over 99%, high-
lighting the effectiveness of early diagnosis. How-
ever, disparities in survival rates persist,
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Fig. 3 (Puc. 3)

Fig. 2.
sis.

Digital mammography with tomosynthe-

Irregular hyperdense mass at the inner quadrants,
measuring 3.6 x 3.0 cm (arrow), with indistinct mar-
gins. Scattered round calcifications are present. Due
to a history of trauma, differentiation between malig-
nancy and a post-traumatic hematoma is necessary.
Mlustration by the authors.

Puc.2. Mammorpadousi C TOMOCUHTE3IOM.

TnnepaeHCcHOe 06pa3oBaHUE HENIPABUABLHOM (POPMEI B
TpaHUIle BHYTPEHHHX KBaJApaHTOB, pasMepoM 3,6 X
3,0 cMm (cTpeAkH) C HEPOBHBIMH KOHTypaMH. Takske
OIPENEASIOTCH €OWHHUYHBbIE OKPYTLAble KAaABITUHATEI.
HeobxomuMmo auddepeHIupoBaTh MEXKAY 3A0Kade-
CTBEHHBLIM HOBOOOpPA30BaHHEM UM IIOCTTPaBMAaTHUe-
CKOM reMaTOMOM, yIUThIBasd aHaAMHE3 TpaBMbI. Kaaro-
cTpanusg aBTOPOB.

Fig. 3.
sis.

Digital mammography with tomosynthe-

Area of altered architecture in the upper outer quad-
rant of the left breast, measuring up to 2.5 cm, with
irregular shape and thickened contours. Multiple
"clumped" calcifications and peripheral calcifications
are noted (arrow), consistent with cysts/oleo granulo-
mas. [llustration by the authors.

Puc.3. Mammorpadousi C TOMOCUHTE3OM.

Y4yacToKk H3MEHEHHOH apXHUTEKTOHHKH B BEPXHEM
Hapy>KHOM KBaJpaHTe, pa3MepoM 10 2,5 CM, C TIXKHU-
CTBIMH KOHTypaMH, BTATHBAIOLIMI KOXy. Ompenead-
IOTCSI MHOJKECTBEHHBIE («TABIOYATHIE» KAaABIIMHATHEI H
KaABIIMHATEI 10 TUILY IPUCTEHOYHBIX 00bI3BECTBACHUM
(cTrpeakn) Ha poHE KUCT/0AeorpaHyAeM. MaarocTpariys
aBTOPOB.

particularly among different socioeconomic
groups and regions [12, 13].

Research indicates that access to timely di-
agnosis and effective treatment is paramount in
improving outcomes. Efforts to enhance screen-
ing access, particularly for high-risk populations,
are critical for reducing breast cancer mortality.

Limitations of Traditional Mammogra-
phy.

Mammography is the most widely used
screening tool for breast cancer, but it has nota-
ble limitations, especially for women with dense
breast tissue. The primary challenge arises from
the radiological characteristics of dense breasts:

| www.rejr.ru | REJR. 2024; 14 (4):41-56
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the high proportion of fibroglandular tissue can
obscure tumors, making them difficult to detect.
Studies show that mammography can miss up to
50% of cancers in women with heterogeneously
dense or extremely dense breasts [14]. This limi-
tation is concerning because it not only raises the
risk of delayed diagnosis but also contributes to
a higher incidence of interval cancers — tumors
that become apparent between scheduled
screenings. The emotional and psychological toll
of such missed diagnoses is profound, as women
may face advanced disease stages that could
have been detected earlier with more sensitive
imaging methods [15, 16].
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Fig. 5 (Puc. 5)

Fig. 4.
sis.

Digital mammography with tomosynthe-

Oval hyperdense mass at the border of the outer quad-
rants, measuring 1.8 x 1.3 cm (arrow), with well-de-
fined lobulated contours (likely fibroadenoma). Single,
round calcifications are noted. Illustration by the au-
thors.

Puc.4. Mammorpadcousi C TOMOCUHTE3IOM.

TunepaeHCcHOe 06pa3oBaHue 0BAABHOM (DOPMEBI Ha I'pa-
HHUIIe HapPyKHbBIX KBaPaHTOB, padMepoM 1,8 x 1,3 cm
(cTpeakw) ¢ YeTKHUMH OYTPUCTHIMH KOHTYPaMH (BEPOST-
Hee QubpoaneHoma). ONpemeAdroTCsS €AUHHUYHBIE
OKPYTABbIE KaABITUHATEI. MAAtocTpaliyis aBTOpOB.

Fig. 5.
sis.

Digital mammography with tomosynthe-

Localized area of asymmetry in the upper quadrants,
measuring up to 2.0 cm (cTpeakwn), consistent with fi-
broglandular tissue. Single, round calcifications are
noted bilaterally, along with oval and round shadows,
measuring up to 0.5 cm, suggestive of cysts. Illustra-
tion by the authors.

Puc.5. Mammorpachmsi C TOMOCHHTE30M.

Y4acToK AOKaABHOM aCHMMETPHUH B BEPXHUX KBaApPaH-
Tax, pazMepoM 10 2,0 cM (CTPEAKH), COOTBETCTBYIOIIIHI
PHUOPO3HO-3KEAE3UCTON TKaHH. OINpPEeneAdroTCs eau-
HUYIHBIE OKPYTABIE KaABIITMHATHI C OGCI/IX CTOpPOH, a
TaK>Ke OBaAbHbIE W KPyrable TeHH, pasmepom mxo 0,5
CM, IPEANOAATAIONIHe HAAWYHE KUCT. MaArocTpaiiusg
aBTOPOB.

The diagnosis of non-palpable breast le-
sions, particularly in premenopausal women,
presents unique challenges due to the high inci-
dence of benign conditions and the limitations of
traditional imaging modalities. It has been re-
ported that 60-75% of non-palpable lesions are
undetectable via ultrasound, complicating the di-
agnostic process and often leading to unneces-
sary biopsies. The study advocated for a compre-
hensive diagnostic strategy that includes ad-
vanced imaging techniques such as MRI and CT,
which have demonstrated superior sensitivity
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and specificity in identifying malignant lesions
[17]. Furthermore, the importance of implement-
ing standardized screening protocols globally has
been highlighted, emphasizing that early detec-
tion through advanced imaging can significantly
improve patient outcomes [15]. By employing a
multifaceted approach to diagnosis, healthcare
providers can improve the accuracy of breast
cancer detection, thereby enhancing patient
management and treatment outcomes.

Interval cancers present a unique chal-
lenge. in breast cancer screening. These are

182


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

cancers that are diagnosed after a negative mam-
mogram but before the next scheduled screening.
Research indicates that women with dense
breast tissue are at a significantly higher risk for
interval cancers, which are often more aggressive
than those detected through regular screenings
[18]. Understanding the nature of these cancers
is essential. They tend to be larger and more ad-
vanced at the time of diagnosis, often leading to
poorer outcomes. The emotional impact of receiv-
ing a cancer diagnosis shortly after being told
there was "no sign of cancer" can be devastating,
further complicating the overall healthcare expe-
rience for these patients.

Digital Breast Tomosynthesis (DBT).

Digital Breast Tomosynthesis (DBT), also
known as 3D mammography, has emerged as a
transformative technology in breast cancer
screening, significantly improving the detection
of malignant lesions compared to traditional two-
dimensional (2D) mammography. By generating
three-dimensional images of breast tissue, DBT
allows radiologists to examine breast structures
in layers, reducing the challenges posed by over-
lapping tissue that can obscure tumors. This ad-
vancement is particularly beneficial for women
with dense breast tissue, a group at higher risk
for breast cancer, where conventional mammog-
raphy may be less effective. DBT utilizes a series
of low-dose X-ray images taken from multiple an-
gles to create a detailed 3D representation of the
breast. The imaging protocol involves patient po-
sitioning similar to conventional mammography,
where the breast is compressed between two
plates. However, instead of capturing a single flat
image, the X-ray tube moves in an arc over the
breast, collecting multiple images that are recon-
structed into a 3D model. This process enhances
the visualization of breast structures, improving
the ability to detect abnormalities more accu-
rately.

One of the key advantages of DBT is its
ability to improve cancer detection rates while re-
ducing unnecessary recalls for additional imag-
ing. When combined with conventional 2D mam-
mography, DBT has been shown to enhance the
identification of invasive cancers and improve the
diagnostic accuracy for detecting microcalcifica-
tion clusters, a common early sign of breast can-
cer. The increased clarity in imaging allows radi-
ologists to better characterize lesions, including
spiculated and distorted masses, leading to more
precise diagnoses.

The ability of DBT to provide clearer images
is particularly important for women with dense
breast tissue, where traditional mammography
may be limited. By improving lesion visibility and
reducing the likelihood of obscured tumors, DBT
enhances the overall effectiveness of breast can-
cer screening. Additionally, fewer recall

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

appointments help alleviate patient anxiety and
encourage continued participation in regular
screenings.

his technology has proven especially bene-
ficial for women with dense breast tissue, a de-
mographic known for higher breast cancer risk
and where conventional mammograms often
yield less effective results. Studies have indicated
that DBT can increase cancer detection rates by
up to 41% and reduce false-positive recalls by
about 15% when used as a primary screening
tool [19].

Contrast-enhanced mammography.

Contrast-enhanced mammography inte-
grates traditional mammography with the ad-
ministration of an iodine-based contrast agent to
enhance the visibility of breast lesions, particu-
larly in patients with dense breast tissue. The
process involves injecting a contrast agent into
the bloodstream before capturing two sets of im-
ages — one without and one after the injection —
allowing radiologists to better identify and char-
acterize lesions by illustrating areas where the
contrast has accumulated, indicating potential
malignancies. CEM can improve diagnostic accu-
racy, especially for women with dense breasts
where conventional mammography may be less
effective, and it may also reduce false-positive
rates compared to standard mammography, min-
imizing unnecessary follow-up procedures and
patient anxiety. It has been found that CEM
demonstrates higher sensitivity (88.9%) in de-
tecting breast cancer in women with extremely
dense breasts compared to low-energy (LE) imag-
ing (27.8%), making it more effective in identify-
ing cancers in this specific population. However,
CEM does exhibit lower specificity (88.9%), which
may lead to a higher rate of false positives com-
pared to LE imaging (96.2%). Notably, the speci-
ficity of CEM improves at follow-up examina-
tions, reaching 90.7%. In a study involving 1,299
screening CEM examinations, 16 screen-de-
tected cancers and two interval cancers were
identified, with five cancers depicted at LE imag-
ing and an additional 11 detected through CEM.
While the advantages of CEM are substantial, ap-
propriate patient selection is crucial, as not all
patients may require this imaging modality, and
some may have contraindications for contrast
use, such as allergies or renal impairment. On-
going research is essential to establish standard-
ized protocols and assess the long-term benefits
of CEM across various populations, with poten-
tial integration of artificial intelligence and ma-
chine learning in interpreting CEM images to en-
hance clinical utility. Overall, CEM serves as a
valuable tool in breast cancer detection and di-
agnosis, significantly impacting patient out-
comes by effectively complementing other imag-
ing modalities [20].
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Fig. 6 (Puc. 6)

Fig. 6.

A - D — 45-year-old female patient with a personal history of breast cancer. A, C — The screening images consist of low-
energy (LE) craniocaudal and mediolateral oblique views; B, D — recombined craniocaudal and mediolateral oblique
views. The cancer is visualized, confirmed by subsequent magnetic resonance imaging (E, F).

E — MR, a diagnostic axial contrast-enhanced first subtraction image; F — a sagittal contrast-enhanced first subtraction
image, which guided the MRI biopsy of the right breast. Pathologic examination following the MRI-guided biopsy re-
vealed ductal carcinoma in situ with no nodal involvement [20].

Puc. 6.

A - D - Mammography with intravenous contrast. E, F — MRI.

A - D - Mammorpadpus ¢ BHyTPUBEHHbIM KOHTpAcTUpoBaHueMm. E, F — MPT.

A - D - ITamueHTKa, 45 A€T, B aHAMHE3€ PaK MOAOYHOH 3Keae3bl. A, C — CKpUHHUHTOBbBIE U300PaKEHM, KPAHHO-
KayJdaAbHBbIE U MEIUOAATEPAABHBIE KOChIE IIPOEKIIHH B PEXKMME HU3KOSHEPreTUIECKHUX CHUMKOB; B, D — pekom-
GHMHHPOBaHHBIE H300PaKEHHS B T€X K€ IMPOEKITNIX. BH3yaAU3UPyEeTCs OIyXOAb, YTO IIOATBEPKAAETCS IIOCAEY-
IOIIM MAarHHUTHO-PE30HaHCHBIM ToMorpaduyeckuM uccaenoBanueM (E, F).

E — MPT, guarHOCTHYECKOE aKCHAABHOE KOHTPACTHO-YCHACHHOE CyOTpaKIIMOHHOe u3obpaxkenue; F — MPT, ca-
TUTTAABHOE KOHTPACTHO-YCHUAEHHOE CYOTPAKIIMOHHOE H300pazkeHe; NCIIOAB30BAAUCH AT IIPOBENEHHS OHOIICHU
mon kKouTposeM MPT B mpaBoii MOAOYHOI keae3e. [HMCTOAOTHYECKOE HCCAemOBaHUe Imocae MPT-O6HOIICHH BBI-

SBHAO IIPOTOKOBEIM pakK in situ 6e3 mopaskeHus AUM@MaTHIECKHUX y3A0B [20].

Emergence of MRI as a screening tool.

Magnetic resonance imaging uses powerful
magnets and radio waves to produce detailed im-
ages of the body's internal structures. Unlike
mammography, MRI does not rely on ionizing ra-
diation and is particularly adept at distinguish-
ing between different types of tissues. In breast
imaging, MRI is praised for its ability to provide
high-resolution images that can reveal lesions
obscured by dense breast tissue. Recent studies
have shown that MRI significantly enhances
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cancer detection rates, particularly in women
with dense breasts and negative mammograms.
In fact, MRI demonstrated an incremental cancer
detection rate (CDR) of 1.54 per 1,000 screen-
ings, which is statistically superior to other sup-
plemental modalities like handheld ultrasound
(-0.35) and digital breast tomosynthesis (-0.14).
These findings highlight MRI's crucial role as an
adjunct screening tool, especially given its effec-
tiveness in identifying small invasive cancers and
ductal carcinoma in situ (DCIS), both of which
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Fig. 7 (Puc. 7)

Fig. 7.

history of ductal carcinoma in situ.

invasive ductal carcinoma [22].

A, B- Mammography with intravenous contrast. C — MRI.

A, B - Irregular mass in the upper outer quadrant of the right breast (Arrows) in a 73-year-old patient with a

C — MRI presents findings that confirm the suspicion, with pathology (arrow) identifying the lesion as recurrent

Puc.7. A, B- Mammorpadcpus ¢ BHYTPMBEHHbIM KOHTpAcTupoBaHuem. C — MPT.

A, B — HempaBuabHOM hopMBI 0Opa3oBaHHE B BepXHE-HAPYKHOM KBaApaHTE IPABOM MOAOYHOM KeA€3bI
(cTpeaku) y 73-AeTHeH IMallMeHTKH C aHaMHE30M IIPOTOKOBOIO paka in situ.

C — MPT, moaTBepKaaeTcd HaAUUHe 00pa30BaHUs (CTPEAKH), KOTOPOE THCTOAOTHYECKH HACHTH(MHUIINPOBAHO KaK
PELUANBUPYIOIINI HHBA3UBHBIH IIPOTOKOBBIHM pak [22].

are vital for improving long-term survival out-
comes. As the need for effective screening in-
creases, particularly among women with dense
breast tissue, MRI’s ability to detect previously
hidden lesions underscores its potential as a
leading option in breast cancer screening [21].

In assessing breast malignancies, imaging
modalities like contrast-enhanced mammogra-
phy (CEM) and MRI are essential. Figure 3 illus-
trates the findings for a 73-year-old woman with
a history of ductal carcinoma in situ in the right
breast and newly diagnosed invasive lobular car-
cinoma in the left breast.

The implementation of contrast agents,
such as gadolinium, during MRI can further en-
hance visualization by highlighting areas of in-
creased vascularity, which are often indicative of
malignant growths. This makes MRI a powerful
tool for early detection, especially in populations
at high risk for breast cancer.

Comparative effectiveness of MRI wvs.
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mammography.

Multiple studies have demonstrated the
superior sensitivity of MRI compared to tradi-
tional mammography, particularly in women
with dense breast tissue. Research shows that
MRI can detect additional cancers that mammog-
raphy may miss, with sensitivity rates reported
as high as 93% for multicentric lesions and 88%
for contralateral disease. This significant associ-
ation between mammographic density and
breast cancer risk emphasizes that women with
dense breasts are more likely to benefit from MRI
screenings due to the limitations of mammogra-
phy in these populations. This underscores the
importance of integrating MRI into screening pro-
tocols for women with dense breast tissue to en-
hance early detection and improve patient out-
comes. The CONTRRAST trial aimed to evaluate
the effectiveness of contrast-enhanced mammog-
raphy (CEM) compared to magnetic resonance
imaging in breast cancer detection, particularly
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Fig. 8 (Puc. 8)

Fig. 8.

one receptors [23].

A - standard two-dimensional mammogram, B - mammography with intravenous contrast,
C - MRI, demonstrate a mass (white arrows), respectively.

Subsequent biopsy confirmed a 1.1 cm grade 2 invasive ductal carcinoma, positive for estrogen and progester-

Puc. 8. A - CTAHAAGPTHAS ABYXMEpPHAsi MOMMOIPAamMmd, B — mammorpadousi ¢ BHYyTPUMBEHHBIM KOH-
TpacTupoBaHuem, C — MPT. O6pasoBaHue (CTpeAKH).

Buoncusa noarBeparAa AUATrHO3 MHBA3WBHOTO IIPOTOKOBOrO paka 2 creneHU auddepeHanuy, pasmepom 1,1
CM, C IIOAOKHUTEABHBIMH PELIEIITOPaMH 3CTPOTreHa u mporecreposa [23].

for women with dense breast tissue where tradi-
tional mammography may be less effective. Con-
ducted as an enriched reader study, the trial in-
volved multiple radiologists who reviewed images
from both CEM and MRI to assess their diagnos-
tic accuracy and detectability of breast lesions.
The study included a diverse patient population
at varying risk levels for breast cancer, providing
a comprehensive evaluation of both imaging mo-
dalities. Key metrics analyzed included sensitiv-
ity, specificity, and cancer detection rates. The
findings indicated that CEM offers comparable
sensitivity to MRI while being more accessible
and cost-effective. This is especially important
given the limitations of MRI, which often include
high costs and a scarcity of specialized equip-
ment and trained personnel.

This figure illustrates the comparative re-
sults of CEM and MRI in detecting breast lesions,
highlighting the advantages of CEM in visualiz-
ing abnormalities in dense breast tissue. The
data suggest that CEM may identify additional
cancers not detected by  conventional
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mammography, reinforcing its potential as an ef-
fective adjunct screening tool. Ultimately, the
CONTRAST trial contributes valuable insights to
the ongoing discussion about optimal breast can-
cer screening strategies, suggesting that CEM
can serve as a viable alternative, especially in set-
tings where MRI is not readily available [24].

These findings underscore the potential of
MRI not just as a supplemental tool but as a vital
component of screening strategies for high-risk
populations. Integrating MRI into routine screen-
ing protocols could lead to a significant reduction
in the rates of missed diagnoses and interval can-
cers, ultimately improving survival rates.

Standard and abbreviated MRI proto-
cols.

Standard MRI protocols for breast cancer
screening typically involve several imaging se-
quences designed to capture comprehensive data
about the breast tissue.

Key elements include:

1. Dynamic Contrast-Enhanced Imaging
(DCE-MRI): this technique assesses tumor
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vascularity by observing how lesions enhance
over time with contrast agent administration.
The enhancement patterns can help differentiate
malignant from benign lesions.

2. Multiphase Imaging: this includes mul-
tiple imaging phases to ensure thorough exami-
nation of breast tissue and potential lesions. A
multiphasic approach facilitates accurate lesion
characterization and staging.

3. High Spatial Resolution: achieving high
spatial resolution is critical for detecting small le-
sions. Techniques such as fat suppression are
employed to enhance visibility in dense breast
tissue.

4. Multiple Imaging Sequences: standard
protocols often consist of TI1-weighted, T2-
weighted, and diffusion-weighted imaging,
providing a robust dataset for comprehensive
analysis.

The sensitivity and specificity of MRI in de-
tecting breast cancer are significant factors influ-
encing its integration into screening protocols.
Studies suggest that MRI can achieve sensitivity
rates comparable to those of standard protocols,
effectively identifying malignancies that may re-
main undetected through conventional mam-
mography [25]. However, the challenge remains
in balancing the high sensitivity of MRI with its
potential for false positives. While false positives
can lead to unnecessary biopsies and increased
anxiety, the benefits of earlier and more accurate
detection of cancer often outweigh these con-
cerns, particularly in women with dense breast
tissue.

Multiparametric MRI.

Multiparametric MRI (mpMRI) is an ad-
vanced imaging technique that combines multi-
ple MRI sequences to provide a comprehensive
evaluation of tissue characteristics. By integrat-
ing functional and anatomical imaging, mpMRI
enhances the detection, characterisation, and
staging of various pathologies, including cancer.
MpMRI has emerged as a pivotal tool, particu-
larly for patients with dense breast tissue. Con-
ventional imaging techniques, such as mammog-
raphy and ultrasound, may be limited in sensi-
tivity for detecting malignancies in dense breast
tissue. mpMRI, however, offers superior soft tis-
sue contrast and functional assessment, improv-
ing diagnostic accuracy.

The complexity of interpreting mpMRI im-
ages necessitates a structured approach to re-
duce false-positive findings. One such structured
approach is the Kaiser score — a clinical decision
rule that integrates multiple Breast Imaging Re-
porting and Data System (BI-RADS) criteria. The
Kaiser score provides radiologists with a system-
atic method for assessing malignancy probabili-
ties, thereby enhancing diagnostic precision and
reducing inter-observer variability [26]. This is
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particularly beneficial for radiologists with vary-
ing levels of experience, ensuring a more con-
sistent and reliable assessment of breast lesions.
The ability of mpMRI to assess multiple tissue
parameters — such as diffusion, perfusion, and
metabolic activity — makes it a versatile and in-
valuable tool in modern radiology.

The evolving discourse on breast cancer
screening reveals significant advancements in
methodologies that emphasize personalized ap-
proaches and equity in healthcare. A critical ex-
amination of current paradigms shows the need
to balance efficacy, personalization, and access
within screening programs. Traditional screening
strategies often rely on a one-size-fits-all model,
which can overlook the diverse needs and risk
profiles of various populations. Emphasizing per-
sonalized screening methodologies suggests that
factors such as genetic predisposition, personal
medical history, and breast density should play
crucial roles in determining screening protocols.
This personalized approach is especially vital for
addressing health disparities, given that not all
demographic groups have equal access to
screening technologies or the same levels of par-
ticipation, resulting in delayed diagnoses and
poorer outcomes for specific factions of the pop-
ulation. Emerging technologies in breast cancer
detection further support the argument for evolv-
ing guidelines that integrate advanced methods,
thus enhancing the efficacy of screening pro-
grams [27].

In conjunction with this perspective, recent
findings on the effectiveness of supplemental
MRI screening for women with dense breasts who
have previously received negative mammography
results provide compelling evidence for the ne-
cessity of tailored screening approaches. The pre-
liminary results reveal that MRI significantly im-
proves detection rates in this high-risk group,
where traditional mammography may fall short
due to reduced sensitivity [27, 28].

Microstructural diffusion MRI in breast
cancer diagnosis.

Microstructural diffusion MRI is a promis-
ing non-invasive imaging technique that provides
valuable insights into the cellular structure and
organization of breast tissue, especially in the
context of breast cancer diagnosis. The technique
measures the diffusion of water molecules within
the tissue, a process significantly influenced by
the presence of cancer cells and their surround-
ing microenvironment. By analyzing changes in
water diffusion patterns, microstructural diffu-
sion MRI can help detect and characterize tu-
mors, offering critical information about cellular
characteristics such as cell density and mem-
brane integrity. This capability is essential for
distinguishing between benign and malignant le-
sions and assessing tumor aggressiveness,
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Fig. 9 (Puc. 9)

Fig. 9. Breast MRI.

Standardized program for obtaining diffusion-weighted images, T2-weighted images without suppressing the
signal from adipose tissue, T1-weighted images with suppressing the signal from adipose tissue, dynamic post-
contrast images and images in the subtraction mode.

In the right breast, two small oval-shaped lesions with smooth, well-defined contours and persistent contrast
enhancement were identified in the upper outer quadrant, likely benign fibroadenomas (BI-RADS 3).

In the left breast, an irregularly shaped lesion (Arrow) near the pectoral muscle (2.0x1.6x1.3 cm) displayed
100% enhancement at 120 seconds, with additional non-mass enhancement areas, one measuring 1.5x0.8 cm
with less than 50% enhancement in the first phase and another subcutaneous region (1.3x0.6 cm) with grouped
foci of contrast uptake, both raising suspicion for malignancy (BI-RADS 5). Additional findings included mod-
erate adenosis bilaterally, a few small cysts in the left breast, and no abnormalities in axillary lymph nodes.
Mammography with tomosynthesis confirmed the presence of dense, heterogeneous fibroglandular breast tis-
sue (type C). Illustrations by the authors.

Puc. 9. MPT MOAOYHbBIX XXEAes.

CranmapTH30BaHHAsg IPOrpaMMa C IIOAyUeHHeM Au(y3MOHHO-B3BEIIEHHBIX H300pakeHu, T2-B3BEIIeHHbBIX
HU300pazkeHuit 6e3 IIoJaBACHUS CUTHAAA OT XKHUPOBO TKaHU, T1-B3BeIIEHHBIX H300pasKeHUH C TOAABACHUEM CHUT-
HaAa OT XKHUPOBOM TKAHU, TUHAMHYECKHUX [TOCTKOHTPACTHBIX H300pasKeHU U N300paskeHUM B pEKUMe CyOTpaK-
IIHUH.

B mpaBoif MOAOYHO# Keae3e B BEpPXHEM HapPyzKHOM KBaZpaHTe 00HAPYyzKEHO ABA HEOOABIINX Oodara OBAALHOM
POPMEBI C POBHBIMH, YETKO OUE€PUEHHLIMH KOHTYPAMU M CTOMKHUM KOHTPACTHBIM YCHACHHEM, BEPOSITHO, AOOPO-
KadecTBeHHEIe (pubpoaneHoms! (BI-RADS 3).

B AeBOiT MOAOYHOM KeAe3e 00pa3oBaHUe HEIPABUABHOM (DOPMEI (CTPEAKH) OKOAO IPYAHOM MbITIIIE! (2,0%1,6x1,3
cM) yBeanmuuBasock Ha 100% 3a 120 ceKyHA, C JOIOAHHUTEABHBIMU y4acTKaMU YBEAHYEHMS, HE HMEIOIIUMU
MAacchl, OOWH M3 KOTOPBIX ObIA pasmepoM 1,5%0,8 cM c yBeamdeHHeM MeHee yeM Ha 50% Ha IepBOM JTalle, U
ApPYroi 06AacThI0 HOAKOXKHO (1,3%0,6 cM) CO CrpyNIHMPOBAaHHBIME OYaraMH IIOTAOIIEHUsT KOHTPAaCTa, 00a 13 KO-
TOPBIX BBI3BIBAIOT IIOMO3PEHUE HAa 3A0KadeCTBEHHOCTH (BI-RADS 5). [oIIoAHHTEABHBIE JAHHbIE BKAIOYAAU YMeE-
PEHHBIN ABYCTOPOHHUI aIeHO3, HECKOABKO HEOOABIIIHX KHUCT B ACBOI MOAOYHOM KeAe3€ H OTCYTCTBHE ITATOAOTHHU
B IIOAMBIIIIEYHBIX AUMMATUIECKUX y3aaxX. MaMMmorpadusa ¢ UCIIOAB30BAaHHMEM TOMOCHHTE3a IIOATBEPANAA HAAU-
4qye MIAOTHOM, reTePOreHHOH (huOPOrAaHAYyATPHOM TKAHHW MOAOYHOMH 3kKeAe3b! (Tum C). MAaArocTpaliii aBTOPOB.
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ultimately contributing to more accurate diagno-
ses and informed treatment planning. In micro-
structural diffusion MRI, cells are characterized
based on alterations in water diffusion behavior.
In healthy breast tissue, water diffusion is rela-
tively unrestricted due to larger extracellular
spaces, allowing for greater movement [28]. Con-
versely, in cancerous tissues, the increased cell
density and disrupted membranes create barri-
ers that hinder water diffusion, resulting in dis-
tinct patterns that can be analyzed to differenti-
ate between healthy and cancerous tissues.

While this innovative technique presents
significant advantages over traditional imaging
methods, such as reduced reliance on invasive
biopsies and improved monitoring of treatment
responses, it is still an evolving field. Ongoing re-
search is essential to refine analysis techniques
and fully establish the clinical utility of micro-
structural diffusion MRI. The findings so far sug-
gest its potential to enhance early detection and
diagnosis of breast cancer, promoting timely in-
terventions and improving patient outcomes [29].
As the technique continues to develop, further
validation through comparative studies with tra-
ditional MRI methods will be crucial for enhanc-
ing the diagnostic landscape for breast cancer

Role of artificial intelligence and machine
learning.

Recent advancements in artificial intelli-
gence (Al) and machine learning are transform-
ing the landscape of breast imaging. These tech-
nologies have the potential to enhance diagnostic
accuracy by analyzing imaging data more effi-
ciently than traditional methods. Al algorithms
can assist radiologists in identifying subtle le-
sions that may be missed by the human eye,
thereby improving sensitivity and specificity.
Furthermore, machine learning models can help
predict a woman's risk of developing breast can-
cer based on a multitude of factors, allowing for
more personalized screening approaches.

Al algorithms can be trained to analyze
mammograms with remarkable precision, effec-
tively identifying lesions hidden within dense
breast tissue. Al systems can process vast
amounts of imaging data rapidly, learning to dis-
tinguish between benign and malignant features.
This capability not only increases the likelihood
of early detection but also improves overall diag-
nostic confidence among radiologists [30].

In addition, the implementation of Al in
mammography has been shown to reduce false-
positive rates, thus minimizing unnecessary bi-
opsies and patient anxiety. Al-enhanced detec-
tion methods demonstrate significant potential
in improving specificity, allowing for a more ac-
curate assessment of breast tissue without the
drawbacks often associated with traditional
screening techniques. The synergistic
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application of AI with other imaging modalities
further enriches the diagnostic process for
women with dense breasts. By combining mam-
mography with supplemental imaging tech-
niques, such as ultrasound and MRI, Al can pro-
vide comprehensive analyses that enhance the
detection of multicentric and contralateral dis-
ease [31].

Despite the promising advancements, sev-
eral challenges remain in the widespread adop-
tion of Al in breast cancer diagnosis. The need for
standardized protocols for Al training and valida-
tion is critical. Ensuring that Al systems are de-
veloped using diverse and representative da-
tasets will be vital for their effectiveness in clini-
cal settings. Moreover, the healthcare commu-
nity must navigate the integration of Al into ex-
isting workflows. Radiologists will require appro-
priate training to interpret Al-generated insights
effectively, balancing technological assistance
with their clinical expertise [31].

The literature highlights a critical need for
further research to establish standardized proto-
cols for MRI screening, taking into consideration
timing and frequency based on breast density
and individual risk factors. As the definitions of
breast density evolve, a well-defined strategy to
incorporate MRI alongside traditional screening
methods becomes essential. Effective communi-
cation surrounding the merits of supplemental
MRI screening 1is fundamental for both
healthcare providers and patients, with educa-
tion playing a vital role in bridging existing
knowledge gaps and improving screening compli-
ance.

Ongoing trials, such as the DENSE trial,
provide invaluable insights critical for refining
MRI's role in evolving screening guidelines. Inno-
vation in breast cancer imaging continues to be
fueled by advancements in Al and machine
learning. Emerging studies indicate these tech-
nologies may enhance the role of MRI in screen-
ing by improving diagnostic accuracy and facili-
tating the identification of subtle lesions more ef-
fectively.

A comparative study encompassing mam-
mography enhanced by Al, alongside mammog-
raphy and supplemental ultrasound (US), reveals
important findings. The study indicates that
mammography with Al exhibits higher specificity
(95.3%) and lower false-positive rates (5.0%) than
standard mammography. Conversely, the combi-
nation of mammography plus US demonstrates a
higher cancer detection rate (5.6 per 1000 exam-
inations) and sensitivity (97.0%), despite lower
specificity and higher false-positive rates. These
results illuminate the importance of complemen-
tary screening methods in women with dense
breasts, enhancing the balance between specific-
ity, sensitivity, and early detection [31, 32].
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Conclusion.

In conclusion, multiparametric MRI offers
significant advantages for diagnosing breast can-
cer in patients with dense breast tissue, where
conventional methods may fail. By integrating
MRI with standard mammography, a more effec-
tive approach to early detection and treatment
planning is facilitated. Future research should
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