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Abstract

Background. Breast cancer is a leading type of cancer in women. Imaging techniques (ultrasound,
mammography, and magnetic resonance imaging (MRI)) play a crucial role in tumor detection and evaluation.
The last emerging technique is contrast-enhanced mammography (CEM) which provides both morphological
and functional information.

Objective: to evaluate CEM accuracy in measuring breast tumor lesions.

Material and methods. The study involved 69 patients followed by the Breast Unit from January 2018 to
September 2023. Breast tumor dimensions measured in CEM in the pre-operative stage by three experienced
radiologists were compared to the dimension obtained at the histological examination, the current gold
standard in assessing tumor size.

Results. We observed a slight overestimation by CEM compared to histology, with a difference between the
two measurements not more than 10 mm. CEM underestimated the dimensions in 12 of 69 cases.
Conclusion. The study demonstrated excellent CEM accuracy in preoperative assessment of breast tumors,
consistent with previous findings in the literature. CEM could prove to be a valid and safer alternative to
MRI in preoperative breast tumor measuring.
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Pesiome

AKTyanbHoOCTb. Pak rpyan — OCHOBHOM BMA OHKOMIOrMYeckMx 3aboneBaHuit y eHLWmMH. MeToabl BU3yanusa-
ummn (yNbTpa3BykoBOe McCiefoBaHMe, MaMMorpadusa U MarHUTHO-pe3oHaHcHas ToMorpadusa (MPT)) urpatot
pEeLLaoLLY0 posib B 0OHAPYXXEHWUM U OLLeHKe pa3Mepa onyxosu. [lociefHnM HOBbIM METOLOM BU3yanu3aLmm
SBNAETCS MaMMOrpadus C KOHTPACTHbIM ycuneHueM (contrast-enhanced mammography, CEM), kotopas gaet
Kak Mopdonormyeckyo, Tak U GyHKLMOHaNbHY MHOOpMaLMIO.

Uenb: oueHka TouHoct CEM npu M3MepeHnM onyxoneBbiX MOPAKEHU MONOYHOM XKenesbl.

Marepuan u Metoabl. B nccnenoBaHuu npuHsanm yyactme 69 naumeHToK, HabnoLaBLINXCS B OTAENEHUH, 3a-
HMMaIOLWMMCS NevyeHneM 3aboneBaHMii MONOYHON xenesbl, ¢ aHBaps 2018 r. no ceHTabpb 2023 r. Pasmepsl
OMyX0/M MOJIOYHOM Xenesbl, u3mepeHHble MeTogoM CEM Ha goonepalMoHHOM 3Tane Tpems OnbITHbIMU pa-
[MO0raMu, CPaBHMUBANMMUCH C pa3MepaMu, MONYHEHHbIMM NPU FTUCTONOMMYECKOM UCCIEeL0BaHUU, ABASIOLLEMCS
B HACTOsILLee BPEMS «30/10TbIM CTaHAAPTOM» OLEHKM Pa3MepOB OMyXOny.

Pesynbratbl. Mbl OTMETUAM HE3HAYUTENBHOE NPEYBENMYEHME PA3MEPOB OMyXO/M NPU UCMONb30BAHUM METOLA
CEM no cpaBHEHWIO C FTMCTONOMMYECKUM UCCNeN0BaHMEM, NPU 3TOM pasHMLA MeXay ABYMS U3MEPEeHUAMU He
npesbiwana 10 mm. Mpu npumerHennn metoga CEM pasmepbl onyxonu 6binv HegooLeHeHbl B 12 13 69 cnyyaes.
3aknoueHue. VccnenoBaHue NpoaeMOHCTPUPOBAO OTAMYHY0 TouHOCTb CEM npu npenonepaumoHHOM oLeH-
Ke Omyxonei MOMOYHOM Xenesbl, YTO COrNacyeTcs C pe3ynbTaTaMu, MPUBEAEHHBIMKU B HAYYHOM NMTEpaType.
MeTon CEM MoeT oka3aTbCs HageXxHol 1 bonee 6e3onacHoi anstepHatneoit MPT npu npegonepalMOHHOM
M3MEepPEHUN OMyXO/en MOOYHOW Xenesbl.

KnioueBble cnoBa: oryxosib MOIOYHOM XKene3bl; pak MOIOYHOM Xenesbl; MaMMorpabus C KOHTPACTUPOBaHUEM;
TOYHOCTb MaMMOrpadun C KOHTPACTUPOBAHMEM; pa3Mep OMyXOsu.
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Introduction / BBepeHune

Breast cancer is one of the leading malignancies
among women. Early diagnosis is crucial in reducing
mortality, leading to the availability of various imaging
techniques such as mammography (MX), ultrasound
(US), and magnetic resonance imaging (MRI) [1, 2]. MX
plays a crucial role in screening due to its sensitivity and
specificity. At the same time, US aids in detecting le-
sions not visible in mammography, especially in dense
breasts, and is utilized in interventional procedures [3].

MRI shows high sensitivity in detecting invasive tu-
mors and is recommended for high-risk patient screen-
ing. However, each technique has its limitations: MX
has limited sensitivity in studying dense breasts; US
suffers from high interobserver variability; MRI poses
issues with reduced specificity due to intense breast
enhancement, which can be physiological or benign [4].

Currently, MRI stands as the most sensitive meth-
od in diagnosing breast tumors, although it has lower
specificity compared to mammography due to its higher
rate of false positives. Moreover, its high costs, limited
availability in certain regions, and absolute contraindi-
cations in specific cases significantly limit its applica-
tion. New techniques have been developed to over-
come these limitations, such as contrast-enhanced
mammography (CEM) which is a recent technique uti-
lizing tumor angiogenesis to detect neoplasms early [5].
CEM provides two types of information: morphologi-
cal, similar to traditional mammography, and functional,
based on the intensity of contrast enhancement accu-
mulated in the breast gland. Among other advantages,
it has a low number of false positives [6].

Recent literature has focused extensively on com-
paring CEM and MRI in evaluating tumor extent, despite
some limitations associated with MRl under certain cir-
cumstances [7, 8]. This study aims to compare tumor
dimensions measured in CEM with those measured
in the histological examination, the gold standard for
breast cancer diagnosis. Factors that might contribute
to a difference between the two measurements (histo-
logical type, histological grading, proliferation index,
enhancement characteristics) have been taken into
consideration and analyzed [9].

Objective: to evaluate CEM accuracy in measur-
ing breast tumor lesions.

Material and methods / MaTtepuan n metoabl

The study involved retrospectively 69 patients with
breast carcinoma, taken care by the Breast Unit from
January 2018 to September 2023. All 69 patients un-
derwent an MX and CEM examination which detected
breast lesions, confirmed histologically by further bi-
opsy/cytology. Patients were aged from 33 to 86 years
old (with an average age of 55,8 years). All patients pro-
vided informed consent before imaging examination.

The exclusion from the study occurred when a) the
index lesion extended beyond the field of view of the
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CEM (deep lesions); b) the patients confirmed allergies
or renal insufficiency. Ethics approval was not required
for this study.

The CEM examination was performed using a MX
system (GE Healthcare, Solingen, Germany) equipped
with an automatic injector. For the CEM examination,
after the injection of iodinated contrast medium (lo-
hexol 350 mg/mL, 1.5 mL/kg), two projections were ac-
quired: cranio-caudal (CC) two minutes post-injection,
and medio-lateral-oblique (MLO) three minutes post-
injection, starting with the breast affected by the neo-
plasm and then proceeding to the contralateral breast.
The images at low and at high energy were thus ob-
tained according to standard parameters to capture
early enhancement, aiming to minimize potential false
negatives resulting from early washout. Exposure pa-
rameters were adjusted based on breast size and glan-
dular density using a predefined value table. The im-
age subtraction process allowed for the elimination of
glandular tissue, improving the contrast resolution of
the contrast enhancement accumulation.

Three radiologists specialized in breast imaging,
with respective experience of 6, 15, and 30 years, ana-
lyzed the exams on a high-resolution workstation. They
measured the dimensions of the index lesions, report-
ing the maximum diameter in the early scans and look-
ing for washout in the late scans, where applicable. If
there was a lack of enhancement, the index lesions
were measured as 0 mm. In cases of multicentric and
multifocal disease, all areas showing suspicious en-
hancement characteristics were measured to compile
a comprehensive report for each patient, detailing the
features of the index lesions (size and extent). Addition-
ally, for each index lesion, the degree of visualization
on CEM was noted as intense enhancement, moderate
enhancement, or mild enhancement, along with the ho-
mogeneity or heterogeneity of the lesions. To evaluate
the type of enhancement, the following criteria were
used: mass enhancement (lesion occupying space),
non-mass enhancement (NME, lesion without mass
effect), and ring enhancement (a subtype of mass en-
hancement) (Fig. 1).

A dedicated breast pathologist performed histo-
logical analysis: tumor dimensions were assessed mac-
roscopically and/or microscopically on hematoxylin/
eosin-stained sections. In cases of ductal carcinoma
in situ around foci of invasive carcinoma, dimensions
including the maximum diameter of both lesions were
reported. For multicentric and multifocal invasive car-
cinoma cases, the extent of the larger and smaller foci
was reported. Histotype, histological grade, and prolif-
eration index (Ki67) were also evaluated.

A particular note is made for microcalcifications,
as CEM allows us to differentiate between positive/neg-
ative, but especially provides more precise information
about the extent in cases of Tis characterized by iso-
lated microcalcifications without opacity.
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Fig. 1. Contrast-enhanced mammography (CEM) examinations:
a - mass enhancement type of pattern; b - non-mass enhancement type of pattern; ¢ - ring enhancement type of pattern

Puc. 1. Mammorpadus ¢ KOHTPACTHbIM ycuneHnueM (contrast-enhanced mammography, CEM):
a — TMN PUCYHKA C MAcCOBbIM YCUAEHMEM; b — TN pUCyHKa 6e3 MaccoBOro YCUAEHUS; ¢ — TUM PUCYHKA C KOMbLIEBLIM YCUIEHUEM

Descriptive analysis was employed to explore and
summarize the dataset. Measures such as medians
and means provided valuable insights into the central
tendencies of the variables under examination, en-
abling us to interpret the recorded values. Additionally,
graphical representations, including histograms and
charts, were utilized to visualize the data distribution
and identify potential outliers. Normality was assessed
for the different lesion diameters using the Shapiro-
Wilk test. Since the variables did not follow a normal
distribution pattern, a signed-rank test was applied to
determine if there were significant differences in the
data distributions between groups. The Pearson cor-
relation test was applied to investigate any further sta-
tistically significant correlations.

Results / Pe3ynbrathl

All 69 patients, with a mean age of 54 years, were
diagnosed with neoplastic breast mass and underwent
MX and CEM. The diagnosis was confirmed histologi-
cally by cytological or biopsy analysis. Acomprehensive
description of the incidence of these characteristics is
listed in (Fig. 2).

The median size of the lesions varied slightly
among the three analyzed methods: MX, CEM, and
definitive histology. Histological examination, consid-
ered the gold standard for measuring lesions, showed
a mean measurement of 1.4 cm (SD=2.24), while CEM
and MX techniques recorded measurements of 1.5cm
(SD=2.46) and 1.6 cm (SD=2.21), respectively. MX un-
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derestimated the size of the neoplastic mass in 21 out
of 69 cases, while CEM underestimated it in 28 out of
69 cases. In 8 out of 69 cases (11.6%), histological
evaluation of lesion size reported the same size with
both instrumental techniques. In both cases, the mini-
mum and maximum differences were -4.8 and 7.9, re-
spectively (Tables 1, 2).

Concerning the identification of multiple lesions,
out of 13 multifocal masses found in definitive histology,
12 out of 13 (92.3%) were identified using CEM, while
only 7 out of 13 (58.3%) were identified mammograph-
ically. Other obtained results indicate that out of the
69 observations, 34 patients were found to have mass-
like neoformations using CEM, accounting for 49.27%
of the total, while 33.3% were found to have homoge-
neous contrast enhancement. In the study of contrast
enhancement characteristics using CEM, all neoplas-
tic masses demonstrated high, medium, and low con-
trast intensity values, accounting for 12%, 31.3%, and
56.7% of the total, respectively. In nearly all patients
with high contrast enhancement intensity (97%), the
Ki67 ranged between 50 and 65. Overall, Ki67 ranged
from 3 to 65 across all observations.

The majority of neoplasms (58 out of 69) were clas-
sified in definitive histology as infiltrating ductal carci-
noma (IDC), 7 as infiltrating lobular carcinomas, and
4 as others. Two of the IDC formations showed an in situ
component with the identification of microcalcifications,
resulting in an increase in size using CEM compared to
the tumor lesion size taken in histology examination,
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DSP - parenchymal distortion; OST - stellate opacity; ORI - irregular opacity; ORA - rounded opacity; MCR - microcalcifications;

ADD - high breast density

Puc. 2. Mopdonornyeckoe pacnpeneneHme nopaxeHui.

DSP - napenxumanbHoe uckaxeHue; OST - 3Be3guatoe nomyTHeHne; ORI - HepaBHOMepHOe nomyTHeHue; ORA - okpyrnoe nomyT-
HeHne; MCR - Mukpokanbumdukatel; ADD - BbicOKasi NIOTHOCTb MONOYHOW XKenesbl

Table 1
The size of the lesion in histological examination compared to mammography
Tabnuya 1
Pasmep nopaxkeHus npu rmcToNOrMYecKoM McciefoBaHUM NO CPABHEHUIO C MaMMorpadument
Difference / Pa3Huua
Variable /Tlepeneriras Count / Moacuet T,;;LT:?M/ Average / CpenHee r\:/lzXKi:AL;TM/
D_MX<D_IST 40 -4.8 -0.94175 -0.1
D_MX=D_IST 8 - - -
D MX>D_IST 21 0.1 0.9761905 79
Jointly defined / OnpepeneHo coBMecTHO 69 -4.8 -0.2488408 79
Total / Utoro 69 - - -

Note. MX - mammaography; IST - histology.

lpumeyaHue. MX - mammorpadus; IST - ructonorus.

for the determination of the surrounding peritumoral
area. Among the 69 patients, 3 cases were classified
as G1,33 as G2, and 31 as G3, 1 was a Tis, and 1 was
not classified.

The Shapiro-Wilk test revealed a non-normal dis-
tribution of the collected data. The variables of interest
were studied through the Wilcoxon test. The Wilcoxon
signed-rank test between D_IST and D_MX showed
a statistically significant difference between the two
datasets, as indicated by the small p-value (0.0098).
This suggested that it was unlikely for the differences
between D_IST and D_MXto occur by chance alone. On
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the other hand, the Wilcoxon signed-rank test between

D _IST and D_CEM did not show any statistically signifi-
cant difference between the two datasets, as indicated

by the large p-value (0.9928). This suggested that the

differences between D_IST and D_CEM might be due

to random variations (Table 3).

Discussion

The main purpose of the study was to evaluate the
diagnostic accuracy of CEM in the dimensional assess-
ment of breast tumors and its predictive value in pre-
operative staging, comparing it with histological results
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Table 2
The size of lesion in histological examination compared to CEM
Tabnuya 2
Pasmep nopaxeHus npu rUCTONOrMYECKOM MCCNeA0BaHMM MO cpaBHeHuto ¢ CEM
Difference / PasHunua
Variable / Mlepemenas Count / Mopcuet T/;::E:?M/ Average / CpenHee T/IZ)S?AL;?M/
D_CEM < D_IST 32 -48 -0.75 -0.1
D_CEM =D_IST 9 - - -
D_CEM > D_IST 28 0.03 1.133214 79
Jointly defined / OnpepeneHo coBMecTHO 69 -4.8 0.112029 79
Total / Utoro 69 - - -
Table 3
Variables of interest studied through the Wilcoxon test
Tabnuua 3
MepemeHHble, NpeACTaBASIOWME MHTEPEC U U3YYEHHbIE C MOMOLLbIO TecTa BunkokcoHa
epewaman | tncna nagnosen W v : Prob>z
D_MX 69 0.73418 16.172 6.048 0.00000
D_CEM 69 0.73135 16.344 6.071 0.00000
D_IST 69 0.76829 14.097 5.749 0.00000

after surgery. The study demonstrated excellent accu-
racy of the method in the preoperative assessment of
breast tumors, consistent with previous findings in the
literature [6, 7, 10-13].

We observed a slight overestimation by CEM
compared to histology. However, in most cases, the
difference between the two measurements was no
more than 10 mm. Further analysis revealed a prev-
alence of mass-like enhancement, with a predomi-
nance of low-intensity ductal tumors. In CEM, ductal
carcinoma in situ appeared as an area of subtle and
delayed contrast enhancement because the contrast
agent reaches the neoplastic focus through diffusion,
without actual angiogenesis [6]. Consequently, per-
forming scans with a delay from the start of contrast
injection allows for greater enhancement and better
visibility of the in-situ lesion. Our results are consistent
with previous observations, although most studies fo-
cus on MRI. We also noted an overestimation of tumor
mass in CEM compared to definitive histology, in cas-
es of microcalcifications with a focus on carcinomaiin
situ, confirming a wider area of peritumoral tissue. We
observed a varied distribution of histological grades,
indicating that histological grade does not influence
tumor size; however, this result requires a larger sam-
ple size for confirmation.

The study’s results showed that MX and CEM per-
formed similarly in assessing tumor size, but CEM typi-
cally provides more accurate measurements due to its
use of contrast agents, which enhance the visibility of
tumors, particularly in dense breast tissue or in cases
where the tumor is more difficult to delineate (Fig. 3).

The comparable performance observed in this
study could be attributed to specific factors such as the
study’s design, sample characteristics, or the nature
of the tumors assessed, rather than a genuine equiva-
lence between the two methods. At all, the superior di-
agnostic capabilities of CEM remain well-established,
especially in cases requiring precise tumor delinea-
tion for treatment planning. Although the study was
not designed to directly compare the two modalities,
the observation of similar performance in tumor size
assessment between CEM and MX raises important
considerations. Discussing this comparison provides
valuable context, highlighting that while CEM is gen-
erally superior due to its advanced imaging capabili-
ties, the results of this study suggest that, under certain
conditions, MX can offer comparable accuracy. How-
ever, in many other scenarios, particularly in cases of
dense breast tissue or in situ tumors, CEM remains the
gold standard for accurately determining the true size
of the lesion. This underlines the critical role of CEM
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Fig. 3. Comparison between MX (a) and CEM (b) in case of
invasive ductal carcinoma. It is challenging to assess the tu-
mor size in the MX image of the right breast in the oblique
projection. However, the extent of the tumor is immediately
clear in the CEM image

Puc. 3. CpaBHeHue pe3ynbtatoB Mammorpaduu (a) u CEM (b)
B C/ly4yae MHBA3MBHOW NPOTOKOBOM KapuMHOMbI. TpyaHO oLe-
HUTb pa3Mep OMyxoauM Ha MamMMmorpaduyeckoMm M3obpaxeHun
npaBoi MONMOYHOM >Kenesbl B KOCOM npoekumu. OpHako Ha
CEM-u306paxeHnn pazmepbl ONyX0au BULHbI CPasy

in clinical practice, where its enhanced sensitivity and
specificity are crucial for precise diagnosis and treat-
ment planning.

Conclusion / 3aknio4yeHune

Given the satisfactory results obtained with CEM

examination in terms of pre-surgical staging, both re-
garding the number of foci and the extent of individu-
al lesions and considering the well-known limitations
of MRI such as its limited availability, long acquisition

times, and high costs, there are strong encourage-
ment for the use of CEM as a valid preoperative meth-
od. Therefore, its speed and relative technical simplicity
make it more tolerable for patients; moreover, it is bur-
dened with lower expenses compared to MRI. Indeed,
the lower cost of CEM compared to MRI should not be
underestimated; according to some authors, the cost of
CEM is approximately 80% lower than that of MRl and

only 9% higher than that of digital mammography. CEM

could prove to be a valid and safer alternative to MR,
characterized by higher specificity and offering advan-
tages in terms of time, costs, and patient compliance.
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