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Abstract

Background/Aim. Breast cancer is a leading global health
concern. Contrast-enhanced mammography (CEM) pre-
sents a promising advancement in early breast cancer detec-
tion, excelling in sensitivity, specificity, and cost-
effectiveness. The aim of the study was to assess the overall
diagnostic efficacy of CEM in breast cancer screening, pat-
ticularly in distinguishing benign from malignant lesions in
dense breasts. Methods. A two-year retrospective study
was conducted at the Center for Radiology, including a total
of 279 women undergoing CEM following standard mam-
mography. Results. CEM demonstrated high sensitivity
(92.4%), specificity (75.1%), and a noteworthy negative pre-
dictive value of 97.0%, significantly reducing unnecessary
biopsies. Conclusion. CEM is a valuable screening tool, of-
fering enhanced diagnostic capabilities and the potential to
reduce the number of unnecessary biopsies. It is particular-
ly beneficial for patients with dense breasts or inconclusive
traditional mammography results.
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Apstrakt

Uvod/Cilj. Karcinom dojke je vodedi globalni zdravstveni
problem. Kontrastna mamografija (KM) koju odlikuje
osetljivost, specificnost i ekonomic¢nost predstavlja obecava-
juci napredak u ranom otkrivanju karcinoma dojke. Cilj rada
bio je da se utvrdi ukupna dijagnosticka efikasnost KM u
skriningu karcinoma dojke, posebno u razlikovanju be-
nignih od malignih lezija dojki ¢cije tkivo je ,,gusto™
Metode. Retrospektivnom studijom, sprovedenom tokom
dve godine u Centru za radiologiju, obuhvaceno je 279 zena,
kojima je posle standardne mamografije uradena KM. Re-
zultati. Primenom KM utvrdeni su visoka osetljivost
(92,4%), specificnost (75,1%) i znacajna negativna pred-
iktivna vrednost od 97,0%, $to je znacajno smanjilo broj
nepotrebnih biopsija. Zaklju¢ak. KM je dragocena alatka
za skrining, koja omogucava poboljsane dijagnosticke mo-
guénosti 1 potencijal da se smanji broj nepotrebnih biopsija.
Posebno je korisna za bolesnice cije dojke imaju ,,gusto tki-
vo ili kod neuvetljivih rezultata tradicionalne mamografije.

Kljucne reci:

dojka, neoplazme; dijagnoza; dijagnoza, diferencijalna;
skrining; senzitivnost i specificnost; ultrasonografija,
dojka.

Introduction

Breast cancer (BC) is a leading cause of cancer-related
death among women globally. It presents a significant chal-
lenge in early detection and treatment and remains one of the
most prevalent cancers worldwide, significantly affecting
women’s health across all demographics. According to the
World Health Organization (WHO), BC accounts for approx-
imately 12% of all new annual cancer cases globally 1. The
American Cancer Society reports that in the United States
alone, an estimated 287,850 new cases of invasive BC were

expected to be diagnosed in women in 2021, alongside 51,400
new cases of non-invasive (in situ) BC 2. These statistics high-
light the widespread nature of this disease and the critical im-
portance of early detection and effective treatment strategies.
The five-year relative survival rate for localized BC is 99%.
However, this rate drops to 86% for regional spread (to nearby
structures or lymph nodes) and plummets to 28% for distant
spread (metastasized cancer) 3. These figures underscore the
urgent need for access to early treatment and advancements in
diagnostic technologies, such as contrast-enhanced mammog-
raphy (CEM), to improve early detection rates, particularly in
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populations at higher risk, including those women with dense
breast (DB) tissue.

Traditional mammography has been the cornerstone of
BC screening for decades, significantly contributing to re-
duced mortality rates through early detection. However, its
sensitivity is compromised in women with DB tissue, where
the fibroglandular tissue can obscure cancerous lesions, lead-
ing to a higher rate of missed diagnoses *. Despite its wide-
spread use, the limitations of mammography highlight the
need for complementary or alternative imaging techniques to
enhance detection rates, especially in this subgroup of patients.
While breast ultrasound (US) is frequently used as an adjunct
to mammography, increasing the detection rate of BCs, partic-
ularly in DBs, it also has a higher false-positive rate, leading to
more frequent and often unnecessary biopsies 5.

Breast magnetic resonance imaging (MRI) offers high
sensitivity and is particularly useful for screening high-risk
populations and assessing the extent of disease in known can-
cer cases. Its ability to provide detailed images without ioniz-
ing radiation is a significant advantage. However, the high
cost, limited availability, and contraindications for some pa-
tients (e.g., those with certain implants or claustrophobia) re-
strict its routine use in the general population ©,

CEM represents a significant advancement in breast imag-
ing technology, offering enhanced diagnostic capabilities, par-
ticularly in DB tissue 7. CEM utilizes a dual-energy imaging
technique performed after the intravenous administration of an
iodinated contrast agent 8. The process involves acquiring low-
and high-energy images in rapid succession: the low-energy
images are comparable to standard mammography, while the
high-energy images are more sensitive to the contrast agent °.
This dual-energy approach allows radiologists to isolate and
highlight areas with increased contrast uptake, typically indica-
tive of malignant tissue due to higher blood supply %°.

CEM has demonstrated its utility in detecting cancers not
visible on standard mammograms, distinguishing benign from
malignant lesions, and ultimately reducing unnecessary biop-
sies 1. Besides detecting cancers in DBs and high-risk pa-
tients, another important indication for CEM is its use in the
preoperative assessment of known BC to determine accurately
the extent of disease. CEM has proven effective in identifying
multifocal, multicentric, and contralateral diseases, which are
critical factors in treatment planning 2. Additionally, CEM is
useful in monitoring responses to neoadjuvant chemotherapy,
allowing clinicians to assess tumor response and residual dis-
ease, influencing surgical decisions and further treatment
planning .

Compared to traditional digital mammography (DM),
CEM offers superior sensitivity and specificity, especially in
DB tissue. This is crucial for early BC detection, leading to po-
tentially better treatment outcomes . It also aids in differenti-
ating benign from malignant lesions, which can reduce unnec-
essary procedures and patient anxiety 4. Compared to breast
MRI, CEM is more cost-effective, widely accessible, and less
time-consuming, making it an attractive alternative in many
healthcare settings 2. Both CEM and breast MRI play vital
roles in BC imaging. MRI remains the gold standard for
screening high-risk populations and evaluating DB tissue, of-
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fering unparalleled sensitivity for detecting small lesions, es-
pecially in women with DBs. However, MRI can be more ex-
pensive and less widely available than CEM and requires more
time and specialized equipment.

While it involves radiation exposure, CEM is faster,
more cost-effective, and widely available. It has been shown to
have higher specificity than breast MRI, reducing the likeli-
hood of false positives and unnecessary biopsies °. Moreover,
CEM can be more comfortable for patients since it does not
require the prolonged prone positioning and confinement asso-
ciated with MRI. In patients who cannot undergo MRI due to
contraindications, such as claustrophobia, the presence of cer-
tain implants, or limited availability, CEM can serve as a valu-
able alternative *.

Despite its many advantages, CEM does come with limi-
tations. While it involves additional radiation exposure com-
pared to standard mammography, the risk is generally consid-
ered low, though it remains a factor for patients requiring fre-
quent imaging 8. Using iodinated contrast agents can cause al-
lergic reactions in some individuals, though severe reactions
are rare 7. Furthermore, CEM requires specialized equipment
and trained personnel, and its accessibility can be limited in
certain regions due to the costs involved 8. Patients with im-
paired renal function are at higher risk for nephropathy, given
the use of iodinated contrast agents *°.

The aim of the study was to assess the capability of CEM
in decreasing the frequency of biopsies following screening
recalls and to evaluate the overall diagnostic value of CEM in
BC screening.

Methods

This retrospective study was conducted at the Center for
Radiology, University Clinical Center of VVojvodina, Serbia, be-
tween December 2021 and December 2023. The study included
279 women who underwent CEM following standard 2D
mammography. The study was approved by the Ethics Com-
mittee of the University Clinical Center of Vojvodina (No. 00—
43, February 9, 2024). Participants were selected based on their
recall from the initial national and opportune screening mam-
mography, indicating the need for further evaluation. All CEM
procedures were performed using the Hologic Selenia® Dimen-
sions® 3D machine. Standard protocol in image acquisition was
followed: after a standard 2D mammography in mediolateral
oblique and craniocaudal projections of both breasts, which
urged further workup, CEM was performed in all patients, with
intravenous application of a low-osmolarity iodine-based con-
trast material (Omnipaque™) in the total volume of 1.5 mL/kg
of body weight (not more than 150 mL) with the use of an in-
jector, with an injection rate of 2-3 mL/sec, followed by a sa-
line flush. Image acquisition began about 2-2.5 min after con-
trast material injection, in standard craniocaudal and mediola-
teral views, first of the symptomatic breast, followed by the
presumably healthy breast. Both low- and high-energy images
were obtained in quick succession while the breast remained
compressed. The whole image acquisition process lasted for
approximately 6 to 7 min in total. The images were described
using Breast Imaging Reporting & Data System (BI-RADS)
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classification, with results BI-RADS > 3 considered positive
and BI-RADS < 3 negative. Participants initially underwent
standard 2D mammography. Based on these results, CEM was
performed for further assessment. In cases where CEM indicat-
ed potential malignancies, patients were referred for biopsy.
Core biopsy was the method of choice whenever we visualized
the lesion. If that was not the case, the patient was transferred to
vacuum-assisted biopsy. Eventually, all the patients were grad-
ed based on BI-RADS. The primary outcomes set for the study
were the detection rate of BC using CEM and the reduction in
biopsy rates post-CEM.

Statistical analysis

Statistical analyses were performed to compare the diag-
nostic efficacy of CEM against traditional methods and to
evaluate the impact of CEM on the decision-making process
regarding biopsies. From statistical analyses, we utilized cross-
tabulation, binary logistic regression, and receiver operating
characteristic (ROC) analysis, and determined sensitivity,
specificity, and negative predictive value.

Results

A total of 279 women who underwent CEM, standard
mammography, and US were analyzed. The average age of all
participants was 59 years, with the oldest one being 81 years
old and the youngest 40 years old.

The mammography findings were pathological (BI-
RADS > 3) in 249 women. A BI-RADS score of 2 was
found in 30 women, but due to having DBs, they were re-
ferred to additional breast US. US findings were pathologi-
cal (BI-RADS > 3) in 150 women, while the remaining 129
women had normal results (Figure 1).

Due to insufficient agreement between mammographic
and US findings and the need to determine whether biopsies
were truly necessary for changes characterized by BI-RADS >
4, CEM was performed in all 279 patients. Among them, 114
exhibited changes in CEM that raised suspicion of malignant
alterations, while 165 women had normal CEM findings (neg-
ative CEM, BI-RADS < 3). Employing CEM in these patients
prevented unnecessary biopsies that would otherwise be indi-
cated by mammography or US (Figure 1). Out of the 114 pa-
tients with positive CEM findings, biopsies were conducted
for 107 patients. For seven patients with BI-RADS 3 lesions,
radiologists opted for monitoring and follow-up after three
months. Core biopsy was performed in 86 women and vacu-
um-assisted biopsy in 23, with both biopsies conducted for
two patients.

All patients with negative CEM were followed up on
six-month intervals and showed stability of findings. His-
topathological findings revealed that 66 women had ma-
lignant changes, while 41 biopsied patients had benign
changes. This determined that out of a total of 279 women,
66 had BC, and 213 had benign findings on the breasts
(Table 1).

CEM 165
ULTRASONOGRAPHY 129
MAMO 3¢

(=]

50

249

100 150 200 250 300

BIRADS<3 mB|RADSz3

Fig. 1 — Structure of the examined group based on radiological imaging results.
MAMO - mammography; CEM - contrast-enhanced mammography; BI-RADS — Brest
Imaging Reporting Data System > 3 considered positive; BI-RADS < 3 considered negative.
All values are given as numbers.

Table 1

Correlation between breast findings (based on pathohistological
and radiological imaging) and CEM findings

Parameter BC BBF Total
CEM positive 61 53 114
CEM negative 5 160 165
Total 66 213 279

CEM - contrast-enhanced mammography; BC - breast cancer;

BBF - breast benign finding.

All values are given as numbers.
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Out of the 114 women with positive CEM results, 61
were confirmed to have cancer (Table 1). However, 5 pa-
tients with cancer had normal CEM findings because they
had ductal carcinoma in situ, presented as microcalcifica-
tions, with no enhancement on CEM or subtle enhancement
that was misinterpreted as BC.

The sensitivity of CEM was 92.42%, specificity was
75.11%, positive predictive value (PPV) was 53.51%, and
negative predictive value (NPV) was 96.97% (Table 2).

Table 2

According to binary logistic regression results, signifi-
cant predictors for the presence of BC were CEM, US, and
age, with CEM being the strongest predictor. Conventional
mammography findings were not statistically significant
(Table 3). Persons with a positive CEM result were 60 times
more likely to have BC than those with a negative CEM re-
sult (Exp(B) = 60.07). Through ROC analysis, we deter-
mined that, in terms of age, the cut-off value for the occur-
rence of BC was 55.50 years (Table 4, Figure 2).

Diagnostic performance of CEM in
detecting breast cancer

Measure

Value (%)

Sensitivity
Specificity
PPV
NPV

92.42
75.11
53.51
96.97

CEM - contrast-enhanced mammography;

PPV -  positive

predictive  value;

NPV - negative predictive value.

Table 3
Prediction of the probability that a patient has breast cancer
0,

Parameter B S.E. Wald df Sig. Exp(B) 95% CI for Exp(B)

lower upper
Age 0.09 0.03 12.40 0.00 1.09 1.04 1.14
MAMO 1.23 0.84 2.15 0.14 3.43 0.66 17.86
usS 1.77 0.48 13.60 0.00 5.87 2.29 15.03
CEM 4.09 0.65 39.29 0.00 60.07 16.69 216.16

MAMO - mammography; US — ultrasound; CEM - contrast-enhanced mammaography; Cl — confidence interval;

Exp(B) — odds ratio.

Table 4
Cut-off value of age for the presence of breast cancer
Parameter AUC p Cut-off Sensitivity Specificity
Age 0.59 0.03 55.50 years 82.80 % 63.00 %
AUC - area under the curve.
ROC Curve
1.0
0.8
= 0.6
z
w 0.4+
0.2
oo T T T T
oo 02 04 06 os 1.0
1 - Specificity

Diagonal segments are produced by ties.

Fig. 2 — Receiver operating characteristic (ROC) curve analysis
of age for the presence of breast cancer.
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Discussion

The results of our study on the diagnostic perfor-
mance of CEM in BC screening provide significant in-
sights, particularly when compared to traditional mam-
mography methods. Our findings indicate a high sensitivi-
ty (92.42%) and a reasonable specificity (75.11%) for
CEM, alongside a PPV of 53.51% and an NPV of 96.97%.
It is similar to the recent study showing a 95.4% sensitivi-
ty in cancer detection using CEM . Additionally, the au-
thors of the mentioned article also highlight the positive
correlation between the intensity of the post-contrast en-
hancement of the suspicious lesion and the aggressiveness
of the malignant process, which our study did not include
but is a very interesting perspective worth further investi-
gation.

Some authors state that CEM adoption is simple, espe-
cially for radiologists experienced in DM and MRI 22, The
study published by Cheung et al. ** states that an average of
75 CEM readings is sufficient for reaching a 90% probability
of correct prediction.

This increased sensitivity is crucial in the context of BC
screening, as it implies a greater likelihood of detecting can-
cer, especially in its early stages (Figures 3 and 4). The in-
creased specificity of CEM also makes it a valuable tool in
screening, particularly for DB tissues where mammography
often falls short, mainly because of its ability to provide ad-
ditional vascular imaging ?2. In a study involving 89 women
with DBs and 100 lesions, CEM, in addition to mammogra-
phy, showed improved sensitivity from 71.5% to 92.7%,
along with specificity from 51.8% to 67.9% °. Another
study reported that out of 14 cancers, CEM detected 13
(93%) cancers that were not seen at full-field DM in women
with DBs . Our study comprised only inconclusive mam-
mographies that required additional work, and, therefore, we
did not calculate the diagnostic performance of DM alone, as
we assumed that these data would show unrealistic and in-
correctly low sensitivity and specificity of DM alone. In this
scenario in our study, DM findings were not statistically sig-
nificant predictors for BC. The role of US in BC detection,
especially in DBs, has been well documented %. Meta-
analysis of 526 studies by Sood et al. ?* showed that US had

Fig. 3 — Digital mammography demonstrates architectural distortion at the junction of the upper
guadrants of the left breast (white arrow) (A), which shows intense post-contrast enhancement on
contrast-enhanced mammographic images (marked by white circle) (B). Histopathology following biopsy
confirmed invasive lobular cancer grade 2.
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Vol. 82, No. 2

VOJNOSANITETSKI PREGLED

Page 91

Fig. 4 — A) Digital mammography with tomosynthesis demonstrates architectural distortion in the upper lateral
quadrant of the left breast, not depictable by ultrasound. A zone of focal asymmetry is also present in the axillary
tail of the same breast (marked by a circle). B) Contrast-enhanced mammography demonstrates contract
enhancement of both mammaographically detected lesions (yellow arrows). Since the lesions were not visualized by
ultrasound, a vacuum-assisted biopsy was performed confirming invasive ductal breast cancer no special type grade 2.

an overall pooled sensitivity, specificity, diagnostic odds ratio,
PPV, and NPV (95% confidence interval — CI) of 80.1%,
88.4%, 30.7, 0.86, and 0.80, respectively, for the detection
of BC. It is particularly beneficial as an adjunct to mammog-
raphy for evaluating palpable abnormalities and clarifying
indeterminate mammographic findings. US excels in differ-
entiating solid from cystic masses and has proven effective
in further investigating areas of concern detected on mam-
mograms .

However, US also presents challenges, notably its oper-
ator-dependent nature, which can lead to variability in diag-
nostic performance. Its higher false-positive rate can lead to
additional follow-up tests and biopsies, which may not be
necessary with more definitive imaging techniques like
CEM 26, Our study showed increased sensitivity of CEM
compared to US (92.42%), somewhat lower specificity of
75.11%, and PPV of 53.51%. The most significant advantage

Niciforovi¢ D, et al. Vojnosanit Pregl 2025; 82(2): 86-93.

of CEM compared to US is the high NPV of 96.97%, which
grants high confidence that no cancer is present when CEM
is negative, thus allowing a significant decrease in follow-up
and biopsy rates.

A study conducted in Korea highlighted that approxi-
mately 90% of cancers were detected using CEM, which was
just marginally lower than MRI. Furthermore, the visibility
of the tumor was superior using CEM compared with full-
field DM or digital tomosynthesis for US-detected BCs Z.

Several studies have demonstrated a similar diagnostic
performance of CEM to breast MRI along with other ad-
vantages, such as lower costs, the possibility of upgrading
existing DM units, broader availability, and fewer contrain-
dications %. In addition, a shorter learning curve, higher
specificity, and NPV compared to breast MRl make CEM a
solution tool for inconclusive findings on screening mam-
mography limited by glandular density .
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Fig. 5 — Digital mammography with tomosynthesis demonstrates a small lesion, with lobulated, somewhat
indistinct margins in the upper lateral quadrant of the right breast (white arrow) (A). The lesion shows no
enhancement on contrast-enhanced mammaography (depicted by a white circle) (B), thus follow-up was
recommended instead of the biopsy. The lesion remained stable on a 6-month follow-up examination.

In institutions like ours, lacking dedicated MRI-guided
biopsy tools, CEM emerges as a valuable alternative that
showcases superiority over traditional MRI for biopsy pro-
cedures. This inherent adaptability positions CEM as an effi-
cient and pragmatic choice for biopsy procedures in settings
without MRI-guided biopsy capabilities, providing a reliable
and accessible solution for targeted tissue sampling in breast
diagnostics 2.

This high NPV of 96.97% suggests that patients can be
reassured with a high degree of confidence when CEM indi-
cates no cancer. This aspect of CEM can be a significant ad-
vantage in clinical practice, reducing patient anxiety and the
need for unnecessary biopsies 3 3!, However, in our study,
five patients with later proven cancer had negative CEM. In
all five cases, histopathology confirmed pure ductal carci-
noma in situ, which, according to the known data %> %, usual-
ly shows non-mass contrast enhancement but, in certain cas-
es, may show no enhancement at all.

Our study highlighted the potential of CEM to reduce
unnecessary biopsies. With 62.5% of women avoiding biop-
sies based on CEM findings (in 23 of them vacuum-assisted
biopsy was performed), there is a clear indication that CEM
can effectively discriminate between benign and malignant
lesions (Figure 5). This reduction in biopsy rates is not only

beneficial in terms of patient comfort and reducing
healthcare costs but also in minimizing the risk of complica-
tions associated with invasive procedures. A recent prospec-
tive study observed a potential 16.4% net reduction of the
biopsy rate that could be obtained using CEM 3,

Although the average age of all participants in our study
was 59 years, based on the ROC curve analysis results, we
observed that the cut-off value for the presence of BC was
55.5 years. This indicates a need for caution with women of
this age group in our population and may facilitate easier de-
cision-making regarding CEM, provided clear indications
exist.

Conclusion

Our study supports the growing body of evidence that
contrast-enhanced mammography is a valuable tool in breast
cancer screening, offering high sensitivity and the potential
to reduce unnecessary biopsies, together with significant per-
formance simplicity and patient acceptance. As breast cancer
screening continues to evolve, contrast-enhanced mammog-
raphy stands out as a promising technology, particularly for
patients with dense breast tissue or inconclusive traditional
mammography results.
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