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1. SUMMARY

Author: Kateryna Shchehlova
Research title: Contrast-enhanced mammography for breast cancer patients.

Aim: To analyse the advantages and disadvantages of contrast-enhanced mammography for breast

cancer evaluation.
Objectives:
1. To evaluate the diagnostic value of contrast-enhanced mammography in detecting breast cancer.

2. To identify the factors that lead to misleading results of contrast-enhanced mammography in detecting

breast cancer.
3. To identify potential indications for contrast-enhanced mammography.

Methodology: A systematic literature review was conducted in accordance with the PRISMA
guidelines. Articles were retrieved from internationally recognised sources (PubMed Central, Wiley
Online Library, RSNA/Radiology, ScienceDirect/Elsevier, LWW/JCAT, AJRonline, and KoreaMed
Synapse). English-language human studies (2015-2024) reporting primary clinical data on contrast-
enhanced mammography (CEM) were eligible (prospective/retrospective; comparative or single-arm).
Sixteen studies met the inclusion criteria, covering CEM in screening, diagnostic, and staging contexts,

including comparisons with digital mammography, tomosynthesis, ultrasound, and MRI.

Results: Sixteen studies were included. CEM showed high diagnostic performance, with an average
sensitivity of 86.61% and a median sensitivity of 92.45%; specificity was lower and more variable, with
an average of 73.39% and a median of 81%. In 9/9 direct comparisons, CEM was superior to
conventional mammography and was most useful in dense breasts, preoperative staging, and diagnostic
problem-solving. The main causes of misleading CEM findings were background parenchymal
enhancement and enhancing benign lesions. The most strongly supported indications for CEM were
diagnostic problem-solving, preoperative staging of newly diagnosed breast cancer, supplemental
screening in selected women with dense breasts or intermediate/increased risk and selected postoperative

breast evaluation.

Conclusions: CEM is a highly sensitive breast imaging modality that improves breast cancer detection
compared with conventional mammography and is comparable to contrast-enhanced MRI in several

diagnostic and preoperative staging settings, especially for index cancer and local staging.
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5. ABBREVIATIONS

ACR — American College of Radiology

BBDs — Benign breast disorders

BI-RADS — Breast Imaging Reporting and Data System
BPE — Background Parenchymal Enhancement
CEDM - Contrast-enhanced digital mammography
CEM - Contrast-enhanced mammography

DBT — Digital breast tomosynthesis

DCIS — Ductal Carcinoma in Situ

HRLs — High-risk breast lesions

IDC — Invasive Ductal Carcinoma

LCIS — Lobular carcinoma in situ

LEM — Low-energy mammography

MGD — Mean glandular dose

MRI — Magnetic resonance imaging

US — Ultrasound



6. TERMS

Masking effect - the obscuration of a cancer on a mammogram by radiopaque fibroglandular (dense)
tissue, due to superimposition/overlap that reduces lesion-background contrast and lowers

mammographic sensitivity.
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7. INTRODUCTION

Breast cancer is a heterogeneous epithelial malignancy of the breast and a leading cause of
cancer burden in women [12,14,15]. Prognosis is strongly stage-dependent: the earlier a cancer is

detected, the better the survival [7,15].

Digital mammography (DM) remains the foundation of population screening in Europe,
supported by professional recommendations [7]. However, its performance is reduced in women with
dense breasts, where superimposed fibroglandular tissue can mask lesions and lower sensitivity [5—7].
Adjunct techniques aim to address these gaps: ultrasound assists problem-solving and characterisation
of masses [16—18]; digital breast tomosynthesis (DBT) reduces tissue overlap and improves detection
relative to 2D DM [19]; and breast MRI offers the highest sensitivity in selected groups (e.g., very
high risk or dense breasts) but may be constrained by availability, contraindications, and cost [20].
Reporting across modalities is standardised using the ACR BI-RADS lexicon and assessment

categories to support clear communication and quality audit [8,24].

Contrast-enhanced mammography (CEM) improves lesion conspicuity, including in dense
tissue [23]. Typical mean glandular doses for standard two-view bilateral CEM are modestly higher
than those for 2D DM yet remain within accepted safety limits and are broadly comparable to

DM+DBT protocols [22].

Contrast-enhanced mammography is a promising technique that may narrow the performance
gap between standard mammography and MRI, particularly where dense tissue or multifocal disease
limits conventional imaging [21,23]. This study aims to assess the diagnostic value of CEM for breast
cancer detection, identify factors leading to misleading results, and define appropriate clinical

indications for CEM.
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8. AIM AND OBJECTIVES

Aim: To analyse the advantages and disadvantages of contrast-enhanced mammography for breast
cancer evaluation.

Objectives:
1. To evaluate the diagnostic value of contrast-enhanced mammography in detecting breast cancer.

2. To identify the factors that lead to misleading results of contrast-enhanced mammography in
detecting breast cancer.

3. To identify potential indications for contrast-enhanced mammography.
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9. LITERATURE REVIEW

9.1 Breast anatomy

The breasts are paired, modified exocrine glands on the anterior thoracic wall, present in both
sexes but physiologically enlarged and differentiated in females after puberty. Each breast contains a

nipple composed of smooth muscle surrounded by the pigmented areola [1,2]. (Fig. 1).

The parenchyma consists of numerous lobules (the terminal duct-lobular units) lined by
secretory epithelium; lobular ducts merge into larger collecting ducts that form the lactiferous ducts

opening at the nipple [2].

The gland is embedded within a fibroadipose stromal framework. Condensation of the fibrous
stroma forms Cooper’s (suspensory) ligaments, which tether the breast to the dermis and deep pectoral
fascia and subdivide the gland into lobes and lobules. Deep to the gland, a loose retromammary plane

separates the breast from the pectoral fascia and permits mobility on the chest wall [1-4]. (Fig. 1.)

Fig. 1. Breast anatomy

9.2 Breast parenchymal density

Breast density reflects the relative proportion of fibroglandular tissue to adipose tissue on
mammography. It varies among individuals and changes with age, hormonal situation, and body
composition - typically higher in premenopausal women and tending to decline after menopause,

although substantial inter-individual variation persists [5,6].

Density is clinically important for two main reasons. First, higher density is a risk factor for
breast cancer. Second, dense fibroglandular tissue is radiopaque and can mask cancers on

mammography, thereby reducing mammographic sensitivity [5,7].
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Per BI-RADS (mammography) breast composition, density is categorised into four groups: A
(almost entirely fatty), B (scattered areas of fibroglandular density), C (heterogeneously dense), and D
(extremely dense). Categories C and D are generally considered “dense.” [8]. (Fig. 2.)

Category C

Category D

£ h

" R
o
-

’

Fig. 2. Breast parenchymal density
9.3. Breast pathology
9.3.1. Benign breast disorders

Benign breast disorders (BBDs) comprise non-malignant changes of the breast. Typical
presentations include a palpable lump or mass, breast pain, nipple discharge, and sometimes skin

changes; many concerns prove benign and are managed conservatively [9].

Benign breast masses and lumps can be categorised into three types, based on their

characteristics and associated cancer risk [9]:

1. Non-proliferative lesions include cysts and simple fibroadenomas. Minimal to no risk.

2. Proliferative lesions without atypia: fibroepithelial lesions, papillary lesions, radial scars
(growth of cells without structural changes). Slightly increased risk.

3. Atypical hyperplasia: cells increased in number and structurally changed. A higher

associated risk of future breast cancer.
9.3.2. High-risk breast lesions

High-risk breast lesions (HRLs) are a heterogeneous group associated with an increased

lifetime risk of developing breast cancer [10].

HRLs are considered non-obligate precursors of malignancy, meaning they have the potential -
but not the certainty - to progress to malignancy. The most common progression is toward ductal

carcinoma in situ (DCIS), and less frequently, to low-grade invasive carcinomas [11].

Lesions classified as B3 (high-risk breast lesions) include the following entities [11]:
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e Atypical ductal hyperplasia

e Atypical columnar cell hyperplasia

e Lobular neoplasia (Atypical lobular hyperplasia, Lobular carcinoma in situ)
e Papillary lesions of the breast

e Complex sclerosing lesions
9.3.3. Malignant breast lesions

Malignant breast lesions (Breast cancer) are a heterogeneous group of diseases, comprising
tumours with diverse morphological, biological, and clinical features. Although phenotypes can

overlap, these tumours often differ in their biology and response to therapy [12].
Common types of breast cancer include [13-15]:

¢ Ductal carcinoma in situ — malignant cells are found in the lining of milk ducts.
(Fig. 3.)

e Invasive (infiltrating) Ductal Carcinoma (IDC) — originates from epithelial cells
lining a milk duct of the breast.

e Invasive Lobular Carcinoma — arises from milk-producing glands.

Lobule

Duct

Normal duct

Abnormal cells
in duct

© Sam and Amy Collins

Ductal carcinoma in situ

Fig. 3. Ductal carcinoma in situ
9.4 Imaging modalities detecting breast cancer

9.4.1 Breast Ultrasound

Ultrasound is widely used as a supplemental screening tool in the detection and diagnosis of
breast cancer. US is a versatile, accessible, and cost-effective imaging technique. It enables high-
resolution, multiplanar assessment of lesion morphology, orientation, internal architecture, and

margins, providing effective visualisation in both predominantly fatty and dense glandular breast
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tissue. Nevertheless, there is a higher chance for microcalcifications or subtle distortions which can be

detected on mammography to remain undetected [16,17,20].

Multiple studies report that ultrasound can have higher sensitivity than mammography in
specific contexts - particularly in women with dense breasts and younger than 50 years old in the
diagnostic evaluation of symptomatic findings - whereas mammography generally shows higher

specificity and remains the first-line population screening test [17].
9.4.2 Mammography

Mammography is the primary method for population breast cancer screening, delivered either
through organised programs or opportunistic screening. In most European countries, invitations are
age-based, typically beginning at 40-50 years and continuing to 64-74 years at 1-2-year intervals (3
years in the UK) [7].

Although mammographic screening confers overall survival benefits, a uniform, “one-size-fits-
all” strategy has limits. Mammography alone may be insufficient for early detection in high-risk
women. Programme sensitivities of 75-89% in predominantly fatty breasts decline to 30-50% in dense
breasts. Because 40-50% of women have heterogeneously or extremely dense breasts, this reduction is
clinically significant. Consequently, the breast density category should always be reported after
mammography, as it has important implications for selecting and interpreting supplemental or

alternative imaging [7,21].
9.4.3 Digital breast tomosynthesis

Digital breast tomosynthesis (DBT) is a pseudo-3D X-ray technique in which multiple low-
dose projections acquired over an angular arc are reconstructed into a stack of slices, with a synthetic
two-dimensional mammogram also generated. By reducing the masking effect, DBT increases
detection of invasive cancers without a proportional rise in in situ findings - improving sensitivity for

invasive disease while maintaining specificity and thereby limiting overdiagnosis. [7, 19]. (Fig. 4.)

DBT

Fig. 4. DBT compared to Digital Mammography
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9.4.4 Magnetic resonance imaging

Breast MRI is an established modality for the diagnostic assessment and management of breast
cancer in both symptomatic and asymptomatic women. Compared with mammography, MRI offers
higher sensitivity in selected groups, including younger women with dense breasts and carriers of

pathogenic germline mutations [20].

In the diagnostic setting, breast MRI is used primarily to detect invasive breast cancer and to
monitor treatment response, including assessment of residual disease after surgery. It also serves as a
pre-treatment problem-solving modality when conventional imaging is unclear in estimating tumour

size and may be particularly useful when enhancement is not demonstrated [20].

Breast MRI is a high-cost imaging technique that has lower specificity than conventional
imaging, leading to more false-positive findings. Additionally, MRI is unsafe in patients with tissue

expanders containing magnetic ports, cardiac pacemakers, or aneurysmal clips [20].
9.4.5 Contrast-enhanced mammography

Contrast-enhanced digital mammography (CEDM) is a newer mammographic technique that
visualises iodinated contrast uptake within tumours on X-ray images. CEDM detects tumour
angiogenesis and improves mammographic diagnostic performance. After intravenous administration
of non-ionic iodinated contrast, paired low and high-energy (below and above 33.2 keV) projections
are acquired in rapid succession during a single compression. The low-energy image is equivalent to
standard digital mammography, while weighted subtraction of the low and high-energy data suppresses
background parenchyma and highlights iodine uptake. By reducing tissue superimposition, the
recombined images enhance the conspicuity of hypervascular lesions and can reveal occult cancers,

particularly in dense breasts [21,22].

Imaging should begin 2 minutes after intravenous administration of the iodinated contrast agent
to permit tissue uptake, and the examination should be completed within 10 minutes to minimise the
effects of contrast washout. Standard CEM protocols administer 1.5 mL/kg of non-ionic iodinated

contrast (maximum 150 mL; 300-370 mg I/mL) using a power injector at 2-3 mL/s [23].

Because CEM acquires paired low and high-energy images for each view, the mean glandular
dose (MGD) is higher than 2D digital mammography and roughly comparable to DBT; the exact
increment depends on breast thickness, system, and protocol. In a two-centre series, the median per-
view MGD was 2.3-2.5 mGy, and the mean MGD for a two-view bilateral CEM exam was 4.9 mGy
(30% above DM), with low-energy images contributing 64—77% of the total and high-energy images
the remainder [22].
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9.5 Breast Imaging Reporting and Data System (BI-RADS)

BI-RADS is a standardised reporting system for mammography, ultrasound, and breast MRI
that promotes uniform terminology and clear communication between physicians. It provides a
common vocabulary, links assessment categories to management recommendations, and supplies a

framework for data collection and audit to improve the quality and comparability of reports [8].
The classification of findings is divided into 6 categories (Tab. 1.) [24].
Tab. 1. BI-RADS assessment categories

(American College of Radiology)

Category 0:
e Mammography: Incomplete - Need Additional Imaging Evaluation and/or Prior
Mammograms for Comparison

e Ultrasound & MRI: Incomplete - Need Additional Imaging Evaluation

Category 1: Negative

Category 2: Benign

Category 3: Probably benign

Category 4: Suspicious
Mammography & Ultrasound:
e (Category 4A: Low suspicion for malignancy
e (Category 4B: Moderate suspicion for malignancy

e (Category 4C: High suspicion for malignancy

Category 5: Highly Suggestive of Malignancy

Category 6: Known Biopsy-Proven Malignancy
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10. RESEARCH METHODOLOGY AND METHODS

10.1 Type of study

This study is a systematic literature review focused on the diagnostic value, limitations, and

clinical indications of contrast-enhanced mammography in the evaluation of breast cancer.
10.2 Search and data sources

This literature review was conducted according to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines. The reviewed studies were obtained from
internationally recognised scientific databases, including PubMed Central, Wiley Online Library,
RSNA journals (Radiology), ScienceDirect/Elsevier, LWW/JCAT, AJRonline, and KoreaMed Synapse.
Keywords used: “contrast-enhanced mammography,” “CEM compared to MRI,” “breast cancer

9% ¢

detection,” “dense breast,” and “CEM diagnostic accuracy”, “false positive,” “false negative,”

2 ¢ 99 ¢C

“background parenchymal enhancement,” “non-mass enhancement,” “indications”. The search was

further limited by applying additional filters such as "full text", "from 2015", and "English".
10.3 Inclusion and exclusion criteria

Tab. 2. Inclusion and exclusion criteria

Inclusion Exclusion
Publications in English Non-English publications
Published between 2015-2024 Older than 2015
Full-text available Abstracts only or inaccessible full text
Studies conducted on humans Studies conducted on animals

10.4 Article selection strategy

The literature search was performed using combinations of the following search terms:
“contrast-enhanced mammography,” “CEM compared to MRI,” “breast cancer detection,” “dense
breast,” “CEM diagnostic accuracy,” “false positive,” “false negative,” “background parenchymal

99 ¢

enhancement,” “non-mass enhancement,” and “indications.” After applying filters for English
language, full-text availability, human studies, and publication years 2015-2024, the retrieved articles
were screened by title and abstract. Studies that did not provide primary clinical data on CEM, were
reviews, editorials, case reports, animal studies, or were not directly related to breast cancer evaluation
were excluded. Full-text articles were then assessed for eligibility, and 16 studies met the inclusion

criteria and were included in the final review.
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11. RESULTS

11.1 Diagnostic value of contrast-enhanced mammography in detecting breast cancer.
11.1.1 Sensitivity and Specificity of CEM

Among the sixteen reviewed studies, contrast-enhanced mammography showed generally high
sensitivity for breast cancer detection. However, in 2 studies, low sensitivities (16,7% and 61,1%) were
observed. 12 out of 16 studies reported sensitivity values above 90%, with an average of 91%-95%.
The highest sensitivity (100%) was observed in a prospective study by Luczynska et al. (2016)
involving 116 symptomatic patients, and in a pilot study by Kim G et al. (2019). (Tab. 3.)

Overall, the average sensitivity across the included studies was 86,61%, while the median

sensitivity was 92,45%. (Fig. 5.) (Fig. 6.)

Specificity varied markedly across studies, ranging from 17.0% to 96.2% among those that
reported this parameter. Steinhof-Radwanska (2021) reported the highest specificity, while Lee-Felker
(2017) and Luczynska (2016) reported the lowest. The average specificity across the included studies
was 73,32%, and the median was 81%, indicating that specificity is generally lower and less consistent
than sensitivity. These data show that although CEM is effective at detecting lesions, it can yield false-
positive results. (Fig. 5.) (Fig. 6.)

Tab. 3. Sensitivity and Specificity of CEM among reviewed studies

Study Number of Country Sensitivity % Specificity %
patients

Sorin (2018) 611 Israel 90,5 76,1
Sung (2019) 904 USA 87,5 93,7
Kim G (2019) 64 USA 100 88
Sudhir (2021) 130 India 96,5 81,0
Helal (2019) 70 Egypt 91,2 75,0
Luczynska (2016) 116 Poland 100 27
Tennant (2016) 100 UK 94,5 80,7
Lee-Felker (2017) 52 USA 94,0 17,0
Kim EY (2018) 84 South Korea 92,9 81,1
Xing (2019) 235 China 91,5 89,5
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Chou (2015)

185 Taiwan 93-98

Steinhof-R. (2021)

60 Poland 85,3

96,2

Nguyen (2024)

49 Australia 92,0

Tekinhatun (2024)

104 Turkey 97,1

60,0

Lawson et al.
(2023)

246 USA 61,1

87,8

Taylor (2023)

59 Australia 16,7

100
90
80
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50
40
30
20
10

100
90
80
70
60
50
40
30
20
10

Average

86,61

73,32

Sensitivity % Specificity%

Fig. 5. Average Sensitivity and Specificity of CEM

Median

92,45

I |

Sensitivity %

Specificity%

Fig. 6. Median Sensitivity and Specificity of CEM
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11.1.2 Comparison of CEM diagnostic performance with contrast-enhanced MRI

From 16 studies, 8 directly compared CEM with contrast-enhanced MRI. Although MRI tended
to demonstrate slightly higher sensitivity in several studies, differences in most comparisons were
small. By contrast, two studies showed clearly lower sensitivity for CEM: Lawson et al. reported
61% for CEM compared with 100% for MRI, while Taylor et al. showed the largest difference,
with 17% for CEM and 100% for MRI. (Fig. 7.) (Fig. 8.)

99%

100% 100% 97%97% 96%

100%
90%
80%
70%
60%
50%
40%

95%
91% 91% 92% 92% °93% 94%

30%

20% 17%

0%

Tayloretal. Lawsonet Tekinhatun Steinhof-R. Chouetal. Xingetal. KimEY etal.Lee-Felker et
(2023) al. (2023) etal. (2024) etal. (2021) (2015) (2019) (2018) al. (2017)

85%

61%

m CEM Sensitivity  ® MRI Sensitivity

Fig. 7. Sensitivity of CEM vs MRI

100% 96% 92% 96%
90% 9%
80%

70%
60%
50%
40%
30%
20%
10%

0%

Average Median

m CEM Sensitivity  m MRI Sensitivity

Fig. 8. Average and median sensitivity of CEM vs MRI
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Specificity results were favourable for CEM in most studies. In several comparisons, CEM
demonstrated either equal or higher specificity than MRI, including Kim et al. (81% vs 74%), Xing
et al. (89% vs 72%), Steinhof-R. et al. (96% vs 92%), and Lawson et al. (88% vs 80%). Tekinhatun
et al. reported equal specificity for both modalities (60%), while Lee-Felker et al. also showed low
specificity for both methods, although CEM remained slightly higher than MRI in the presented
data. (Fig. 9.) (Fig. 10.)

96%
100% 90% ° 92%

88%
81%

80%
80% 74% 72%
60% 60%
60%
40%
17%
20%
4%
0% |

Lee-Felkeretal. KimEYetal. Xingetal. (2019) Steinhof-R. et Tekinhatun etal. Lawson etal.
(2017) (2018) al. (2021) (2024) (2023)

m CEM Specificity m MRI Specificity

Fig. 9. Specificity of CEM vs MRI

100%
90% 84%

80% 72%
70%

73%
64%
60%
50%
40%
30%
20%
10%

Average Median

0%

m CEM Specificity m MRI Specificity

Fig. 10. Average and median specificity of CEM vs MRI
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11.1.3 Comparison of CEM diagnostic performance with Conventional Mammography

Nine studies directly compared contrast-enhanced mammography with standard 2D mammography

or LEM. In all nine studies, CEM demonstrated a substantial and statistically significant improvement

in sensitivity (all p < 0,05). Sensitivity for standard mammography ranged from 50,0% to 90,0%,

whereas sensitivity for CEM ranged from 85,3% to 100%. The most pronounced improvement was

reported in the postoperative setting by Helal et al., in which the sensitivity of conventional

mammography was 50% compared with 91.2% for CEM (p < 0.001). Similarly, Luczynska et al. found

that CEM achieved 100% sensitivity, compared with 90% for mammography (p < 0,004). (Fig. 11.)

(Fig. 12.)

100%
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70%
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20%
10%

0%
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100%
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100% 97% 100% 95% .
88% 91% 90% 92%
. 86% ga%  85%
76% 78%
50% 50% 50%
Sung et al. KimGetal. Sudhiretal. Helaletal. Luczynska et Tennantetal. Steinhof-R. et Nguyen et al.
(2019) (2019) (2021) (2019) . (2016) (2016) al. (2021) (2024)

m CEM Sensitivity m 2D Mammography Sensitivity

Fig. 11. Sensitivity of CEM vs 2D Mammography

93,06% 92,00%

75,60%

68,51%

Average Median

m CEM Sensitivity m 2D Mammography Sensitivity

Fig. 12. Average and median sensitivity of CEM vs 2D Mammography
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Specificity results were more variable than sensitivity results. In some studies, conventional

mammography showed slightly higher specificity, including Sorin et al. (2018) (91% for
mammography vs 76% for CEM) and Sung et al. (2019) (97% vs 94%). However, in most of the

included studies, CEM demonstrated equal or higher specificity than mammography. (Fig. 13.)

(Fig. 14.)
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Fig. 13. Specificity of CEM vs 2D Mammography
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Fig. 14. Average and median specificity of CEM vs 2D Mammography



11.2 Factors that lead to misleading results of CEM in detecting breast cancer

Background Parenchymal Enhancement (BPE) was one of the most crucial factors associated
with misleading CEM findings. Sorin et al. found that BPE was significantly associated with false-
positive CEM results: a 35,8% false-positive rate when BPE was present vs 12,3% when absent (p <
0,001). BPE poses significant challenges in premenopausal and younger women, as it is often difficult
to differentiate from enhancing tumour foci. Moderate to marked BPE can obscure lesion boundaries
and decrease the accuracy of tumour size assessment. Thus, patient-related factors must always be

considered [31].

The most frequently reported benign causes of false-positive enhancement are fibroadenoma,
adenosis/sclerosing adenosis, papilloma, mastitis or inflammatory change, ductal hyperplasia,
fibrocystic or cystic adenosis, fat necrosis, and nonspecific benign breast change. In postoperative
breasts, false-positive CEM findings were specifically caused by fibroadenoma, fat necrosis, and
benign adenosis, oedema, skin thickening, and coarse trabeculation, all of which were enhanced at the

operative bed and mimicked recurrence [27,31].

Lobular carcinoma in situ — a high-risk lesion, often an incidental finding on pathology

(Nguyen et al.). Both CEM and MRI fail to detect LCIS in 10% and 14% of cases, respectively [25].

In the dynamic CEM paper, two malignant lesions with suspicious microcalcifications showed
no enhancement on CEM; in the dense breast, the missed CEM cancers included two DCIS with

amorphous calcifications and one mucinous carcinoma [26].

False-negative CEM findings were also attributed to lesion superimposition and/or non-
enhancement (4 cases) and to lesion location outside the field of view (1 case). Some malignancies
may not demonstrate sufficient iodinated contrast uptake. Additional contributing factors included rim
artefact at the breast periphery, lesions located close to the chest wall, possible contrast wash-out by
the time later views were acquired, and lower enhancement on CEM than on MRI. Taylor et al. also
noted that minimally enhancing lesions may have been dismissed as background enhancement,
reflecting a learning curve in CEM interpretation. In the postoperative breast, false-negative findings
may additionally result from inappreciable contrast uptake caused by extensive postoperative scarring

or fibrosis [32].
11.3 Potential CEM indications

CEM is proposed as a valuable supplemental screening modality in women with dense breasts.
As 2D mammography has reduced sensitivity in women with dense breast tissue, CEM has

demonstrated significantly better results. (Fig. 12.). When mammography findings are inconclusive,
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equivocal, or discordant with clinical or ultrasound findings, CEM is indicated. Nguyen et al. reported
that 16% of their cases required MRI due to significant BPE, lesions that did not correlate across
modalities, or discordant imaging-pathology findings. CEM is used as a diagnostic tool when
conventional mammography findings are indeterminate, particularly in dense breasts where lesions

may be obscured [25,26].

Another indication is screening in women at intermediate risk of breast cancer. This includes
women with a personal history of breast cancer, previous biopsy showing LCIS or atypical
ductal/lobular hyperplasia, dense breasts, and a family history of breast cancer. The suggested
indications for CEM overlap with those currently accepted for MRI, since both techniques are based

on vascular enhancement and provide functional information [31].

Preoperative staging and assessment of disease in newly diagnosed breast cancer are the most
broadly supported indications across the articles. CEM is used for: Determining true tumour size -
CEM correlates better with histopathological size than conventional mammography, which tends to
underestimate size. Detecting multifocal and multicentric disease -Nguyen et al. showed CEM had
100% sensitivity for multifocal/multicentric disease vs. only 15% for standard mammography.
Szymczyk-Reska et al. confirmed that both CEM and MRI are highly sensitive for detecting additional
cancer foci; Screening ipsilateral and contralateral breasts for additional malignant foci - The Newly
Diagnosed Disease study showed that CEM detected 11 of 11 secondary cancers (100%) with
significantly fewer false positives than MRI (5 vs 45); Assessing tumour extension across the midline

and nipple involvement - critical for surgical planning [25,29,30,32].

Helal et al. specifically investigated the role of CEM in evaluating the postoperative breast.
CEM was used in conjunction with the traditional mammogram in the postoperative breast to obtain
information about enhancement patterns and contrast uptake behaviour in breast lesions at the
operative bed. It produced significantly fewer false positives than conventional mammography (9 vs
28) in the postoperative setting and had better diagnostic accuracy in distinguishing recurrence from
postoperative changes (fat necrosis, scarring, oedema). The examination should be performed no
earlier than 6 months post-surgery to reduce false-positive results from benign postoperative changes

[27].

Tennant et al. noted that larger tumours previously warranting mastectomy may be suitable for
breast-conserving surgery post-neoadjuvant chemotherapy, and knowing the precise size and location
of tumour foci aids surgical planning. The CEM baseline extent assessment tool is relevant to

treatment planning [28].
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The articles also listed contraindications: known allergy to iodinated contrast agents, impaired

renal function (eGFR < 30 mL/min), and pregnancy [25,27,28,31,32].
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12. DISCUSSION

The findings show that contrast-enhanced mammography has high overall diagnostic sensitivity
for breast cancer detection, while specificity is more variable. In the present review of 16 studies, the
median sensitivity was 92,45%, and the average sensitivity was 86,61%, whereas the median
specificity was 81% and the average specificity was 73,39%. This pattern suggests that CEM is
particularly effective for lesion detection, but that its specificity is influenced by the tendency of

benign or physiologic enhancement to mimic malignancy.

A major strength of CEM, as evidenced by the reviewed studies, is its consistent advantage over
conventional 2D mammography. In all nine direct comparisons included in this literature review, CEM
improved sensitivity compared with standard mammography, with especially clear benefit in dense
breasts and in the postoperative breast. This is clinically reasonable because the contrast-enhanced
component reduces the masking effect of dense fibroglandular tissue and reveals tumour-related

angiogenesis that may not be visible on morphology alone [21,25-28,30,31,33,34].

Although contrast-enhanced MRI remains the most sensitive breast imaging technique in
selected scenarios, the findings of this review suggest that CEM is a highly promising and clinically
practical alternative. Several studies indicate that CEM can provide diagnostic information comparable
to MRI for detecting the tumour and local staging in newly diagnosed breast cancer [29,30,32].
Nguyen et al. concluded that CEM is a promising first-line contrast-enhanced modality for local breast
cancer staging and surgical planning, with MRI reserved for cases where CEM is limited by significant

background parenchymal enhancement or when further problem-solving is required [25].

Background parenchymal enhancement was one of the most important factors associated with
misleading findings, particularly in younger and premenopausal women [31]. Several benign
pathologies were repeatedly identified as enhancing mimics of malignancy, including fibroadenoma,
adenosis or sclerosing adenosis, papilloma, fat necrosis, fibrocystic change, inflammatory lesions, and
nonspecific benign breast change [27,31]. This issue is particularly relevant in the postoperative breast,
where oedema, skin thickening, coarse trabeculation, scar-related distortion, and benign enhancing
changes at the operative bed may simulate local recurrence [27]. These findings explain why CEM,
despite high sensitivity, can still generate a substantial number of false-positive biopsies or recalls in

selected populations [27,31].

The false-negative findings identified in this review also have clear clinical implications.
Missed cancers were mostly associated with absent or weak enhancement, especially in DCIS,

calcification-dominant disease, and some mucinous or lobular tumours. Taylor et al. added technical
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reasons for false-negative findings, including superimposition, lesions outside the field of view, rim

artefact, lesions close to the chest wall, and lower enhancement on CEM than on MRI [26,32].

Several included studies showed that CEM estimates tumour size more accurately than low-
energy mammography alone and can identify additional malignant foci that influence surgical
planning. Nguyen et al. found no significant difference between tumour size measured on CEM and
the surgical specimen, whereas low-energy mammography significantly underestimated tumour size.
The same study also showed that CEM detected multifocal or multicentric disease with 100%
sensitivity compared with 15% for low-energy mammography, and improved recognition of tumour

extension across the midline and nipple involvement [25,28-30].

The reviewed studies also clarify the most appropriate clinical indications for CEM. The best-
supported indications are diagnostic problem-solving, preoperative staging of newly diagnosed breast
cancer, and selected evaluation of the postoperative breast [25,27-30]. Screening use is promising,
especially for women with dense breasts and intermediate or increased risk, but the evidence is not yet

sufficiently uniform to support universal acceptance [31].

Overall, the findings of this thesis indicate that CEM is a highly sensitive breast imaging
modality with clear advantages over standard mammography and a clinically meaningful role in dense
breasts, preoperative staging, and selected postoperative and problem-solving settings
[21,25,27,28,31]. Its principal weaknesses are reduced specificity compared with morphology-only
techniques and lower sensitivity than MRI in some contexts, such as occult additional lesions or high-
risk screening [29,32]. However, MRI remains the preferred modality when the highest sensitivity for

detecting multifocal, multicentric, or otherwise occult disease is required [30,32].
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13. CONCLUSIONS

1.

CEM showed high diagnostic value in breast cancer detection and demonstrated better
performance than conventional mammography.

The main factors leading to misleading CEM results were background parenchymal
enhancement, enhancing benign lesions, weakly or non-enhancing malignancies, calcification-
dominant lesions, lesion superimposition, and limited field of view.

The main indications for CEM are diagnostic problem-solving, preoperative staging,
postoperative evaluation, and supplemental imaging in selected women with dense breasts or
intermediate/increased risk.

CEM may complement standard mammography and is comparable with MRI in several
diagnostic and preoperative staging settings, especially for index cancer and local staging, but
MRI remains more sensitive for detecting additional occult lesions and should be preferred

when maximal sensitivity is required.
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