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Simple Summary: Radiologists often call back women whose screening mammograms show features
that are suggestive of breast cancer for additional testing. Imaging modalities used for the additional
testing of these women vary across countries and screening services; however, we do not know the
imaging modality that best distinguishes between women who have and those who do not have
breast cancer. We examined published studies to identify the best imaging modality that can be used
for the testing of women who are recalled following mammography screening. We collected and
analysed all the results in the studies published to date. Our analysis showed that contrast-enhanced
mammography, digital breast tomosynthesis, magnetic resonance imaging, and ultrasound perform
better than digital mammography in correctly identifying and classifying cancer lesions referred for
additional testing; however, digital breast tomosynthesis and digital mammography perform better
in correctly dismissing women who do not have cancer.

Abstract: There are variations in the assessment pathways for women recalled at screening, and the
imaging assessment pathway with the best diagnostic outcome is poorly understood. This paper
examines the efficacy of five imaging modalities for the assessment of screen-recalled breast lesions.
Methods: The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
strategy was employed to identify studies that assessed the efficacy of imaging modalities in the
assessment of lesions recalled at screening from the following eight databases: Medline, Web of
Science, Embase, Scopus, Science Direct, PubMed, CINAHL, and Global Health. Search terms
included “Breast assessment” AND “Diagnostic Workup” OR “Mammography” AND “Digital Breast
tomosynthesis” AND “contrast enhanced mammography and Magnetic Resonance imaging” AND
“breast ultrasound”. Studies that examined the performance of digital mammography (DM), digital
breast tomosynthesis (DBT), handheld ultrasound (HHUS), contrast-enhanced mammography (CEM),
and magnetic resonance imaging (MRI) in screen-recalled lesions were reviewed. Meta-analyses of
these studies were conducted using the MetaDisc 2.0 software package. Results: Fifty-four studies
met the inclusion criteria and examined between one and three imaging modalities. Pooled results
of each imaging modality demonstrated that CEM has the highest sensitivity (95; 95% CI: 90–97)
followed by MRI (93; 95% CI: 88–96), DBT (91; 95% CI: 87–94), HHUS (90; 95% CI: 86–93), and DM
(85; 95% CI: 78–90). The DBT demonstrated the highest specificity (85; 95% CI: 75–91) followed by
DM (77; 95% CI: 66–85), CEM (73; 95% CI: 63–81), MRI (69; 95% CI: 55–81), and HHUS (65; 95%
CI: 46–80). Conclusions: The CEM, MRI, DBT, and HHUS demonstrate excellent performance in
correctly identifying and classifying cancer lesions referred for diagnostic work-up, but HHUS, MRI,
and CEM have a more limited ability to discriminate benign lesions than DBT and DM.
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1. Introduction

Breast cancer remains the most common female malignancy and the foremost cause
of cancer deaths in women worldwide. In 2020, breast cancer accounted for 1 in 4 new
cancer cases and 1 in 6 cancer deaths [1,2]. Early detection of breast cancer has remained an
important strategy for reducing breast cancer-related mortality. Mammography screening
is the standard imaging tool for screening of asymptomatic women. Current evidence
demonstrates that women who participate regularly in screening have a 41–60% reduced
risk of death from breast cancer within 10–20 years [3,4], and a 25% reduced risk of advanced
breast cancer [3]. The impact of screening mammography on breast cancer outcomes has
led to the establishment of population-based screening programs in many countries.

To maximise the detection of breast cancer, radiologists often recall women whose
mammograms show features that are suggestive of breast cancer to assessment clinics.
The decision to recall women for assessment can be made by one radiologist in a single
reading system or two radiologists in a double reading system, after at least two radiologists
independently determine that a woman should be recalled [5,6]. The recall rates vary across
screening programs and range from 9–14% for initial recall, but can be as low as 4% for
subsequent recalls [7,8]. Only 1 in 10 women called back for assessment is eventually
confirmed to have cancer [9]. Also, 6 in 10 women called back for additional testing, but
confirmed to be cancer-free, have dense breasts even though they constitute approximately
30–40% of screened women [10].

Women recalled at screening undergo additional testing using different imaging
modalities including magnified digital mammographic views (DM spot views), digital
breast tomosynthesis, ultrasound, contrast-enhanced digital mammography, magnetic
resonance imaging, and sometimes molecular breast imaging. In many countries, some
of these imaging modalities are used concurrently, which could increase image interpreta-
tion time, cost of assessment, and patient radiation dose burden [11,12], particularly the
85–90% of women who receive a false-positive diagnosis [9]. There are also variations in the
biopsy recommendation rates across imaging modalities [8] suggesting that an optimised
imaging assessment of women recalled at screening has the potential to improve assess-
ment outcomes, and could reduce unnecessary biopsies of benign lesions, over-testing, and
associated risks and costs. However, imaging modalities or combinations of modalities that
optimise diagnostic outcomes are poorly understood. As a result, there are variations in
assessment protocols across screening services, which must be reduced to standardise care
for women recalled at screening.

Studies have reported differences in the performance of different imaging modali-
ties in cancer detection at screening and in the diagnostic setting including symptomatic
women and those whose mammograms show changes that could indicate breast can-
cer [13–20]. Systematic reviews have established the comparative performances of these
imaging modalities in the screening setting and as adjuncts to mammography; however, the
comparative efficacy of these imaging modalities in women recalled at screening is poorly
understood. The few published reviews either focus on symptomatic women or those
at risk of cancer, assessed one imaging modality or comparator (digital mammography
versus digital breast tomosynthesis or magnetic resonance imaging), and/or included
studies combining populations with different indications including, but not limited, to
screening, follow-up, preoperative staging of breast cancer, evaluation of palpable lumps,
and work-up of abnormalities detected at screening [21,22]. Therefore, these reviews do
not provide comprehensive evidence around the efficacy of imaging modalities used for
the assessment of women recalled at screening. No review has examined the diagnostic
efficacy of imaging modalities for asymptomatic women recalled at screening to establish
optimised assessment pathways for women whose screening mammograms show features
suspicious of breast cancer. Therefore, this paper aims to examine the diagnostic efficacy of
different imaging modalities for the assessment of women recalled at screening.
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2. Materials and Methods

Search strategy: A systematic review of the literature was undertaken. The systematic
review followed the recommendations of the Preferred Reporting Items for Systematic Re-
views and MetaAnalyses (PRISMA). The protocol has not been registered. Eight databases
were used to identify studies that assessed the efficacy of imaging modalities in the assess-
ment of lesions recalled at screening until 10 August 2024. These databases were Medline
via Ovid, Web of Science, Embase, Scopus, Science Direct, PubMed, CINAHL, and Global
Health via Ovid. A Google Cross-search was conducted, and reference list of eligible
articles are reviewed to identify articles missed on database search. Search terms were
combined with Boolean operators and included the following: “Breast assessment” AND
“Diagnostic Workup” OR “Mammography” AND “Digital Breast tomosynthesis” AND
“contrast enhanced mammography” AND “Magnetic Resonance Imaging” AND “breast
ultrasound”. A detailed search strategy is presented in Supplementary Table S1.

2.1. Inclusion and Exclusion Criteria

Studies were included if they met the following criteria: (1) examined the diagnostic
performance of imaging modalities in the assessment of women recalled at screening;
(2) provided data to establish true-positive, true-negative, false-positive, and false-negative
results to enable the calculation of sensitivity, specificity, and accuracy; (3) used an estab-
lished reference standard; (4) assessed imaging modalities (digital mammography [DM],
digital breast tomosynthesis [DBT], handheld ultrasound [HHUS], contrast-enhanced mam-
mography [CEM], or magnetic resonance imaging [MRI]) alone or in combination. Studies
that compared modalities in diagnostic workup particularly if the dataset contained >80%
screen-detected lesions were also considered eligible.

Exclusion criteria were studies that included the following: (1) assessed the screening
outcomes of these imaging modalities; (2) were based on symptomatic women presenting
for diagnostic imaging; (3) included a mixture of women with different indications such as
screening, follow-up, preoperative staging of breast cancer, evaluation of palpable lumps,
and work-up of abnormalities detected at screening; (4) women recalled at screening were
<80% in the sample or the proportion of screen-recalled women in the sample could not
be established; (5) assessed only tumour enhancement and the detection of contralateral
cancers without providing information to establish sensitivity and specificity of the le-
sions detected at screening; (6) the specificity analysis was based on the detection and
classification of additional lesions, not the index lesion for which the patient was assessed;
(7) focused on detection of histologically proven cancers and reported only sensitivity
values or pre-operative assessment of lesion characteristics. Review articles, opinion pieces,
commentaries, editorials, letters to the editor, and conference proceedings/papers were
also excluded along with articles not published in English language.

2.2. Study Selection

All articles identified were downloaded to an EndNote Library and two reviewers
(JA and EE) independently screened each article for eligibility based on the inclusion
criteria described above. Where there were disagreements, these were either resolved
via discussion between the two reviewers or through a third reviewer who served as
an arbitrator.

2.3. Quality Assessment

Two reviewers (EE and IH) independently performed quality assessment to identify
the risk of bias based on the following four main domains in the Quality Assessment of
Diagnostic Accuracy Studies–Comparative (QUADAS-C) checklist: patient selection, index
test, reference standard, and flow and timing [23]. A weighted kappa was used to assess
the agreement between the two assessors. Differences in study quality ratings were also
resolved via discussions.
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2.4. Data Extraction and Synthesis

Data were extracted independently by two of the authors (JA and EE) using a pre-
designed template. Information such as study characteristics (author, year of publication,
study design, country of study), population characteristics and adjustments (sample size,
age, clinical history, breast density), image interpretation protocol, reference standard,
radiologists’ expertise, intervention, and comparator imaging modalities (DM spot views
ultrasound, DBT, CEM, or MRI), and the imaging assessment outcomes (diagnostic accu-
racy, sensitivity, specificity, and positive and negative predictive values) were extracted.
Discrepancies were resolved via discussion.

2.5. Statistical Analysis

We estimated the pooled summary of sensitivity and specificity for each imaging
modality based on the bivariate random effects model. For observer performance studies
with multiple readers, the mean sensitivity and specificity scores of all readers were used for
the meta-analysis. Studies that did not include normal cases and benign lesions or reported
false-positive or false-negative rates were excluded from the meta-analysis. Heterogeneity
between studies was assessed using the Higgins’ I2 statistics; values greater than 60%
and ≥75% were considered substantial and considerable heterogeneity, respectively [24].
When substantial or considerable heterogeneity was detected, the threshold effect was
investigated by visually inspecting the forest plots of sensitivity and specificity and the
correlation coefficient estimates between sensitivity and the false-positive rate from the
RevMan parameters. A correlation coefficient greater than 0.6 was considered a threshold
effect. The differences between the 95% prediction estimates and 95% confidence eclipse
in the hierarchical summary receiver operating characteristic curve (HSROC) were also
examined for each imaging modality to further investigate the degree of heterogeneity
across the studies. We also conducted a meta-regression by including study design covari-
ates in bivariate model to assess if study design influenced the results and estimated the
changes in sensitivity and specificity. Publication bias was assessed using Egger’s test. A
two-sided p < 0.05 was considered statistically significant. All meta-analyses were con-
ducted using the MetaDisc2 software package (Clinical Biostatistics Unit-Hospital Ramon
Cajal, Madrid, Spain).

3. Results

The literature search resulted in 1820 studies; 123 of these studies were duplicates.
Following screening of title and abstract, 1179 were excluded, and 518 studies were consid-
ered appropriate for full-text review. After applying the inclusion and exclusion criteria,
464 of these 518 studies were excluded due to the following reasons: did not assess the
diagnostic performance of imaging modalities (n = 260), assessed the performance of these
imaging modalities for screening of asymptomatic women (n = 78), diagnostic evaluation
of symptomatic women who had not undergone screening (n = 31), were for a mixture of
different clinical indications (n = 38), assessed tumour enhancement only (n = 8), or focused
on the detection of histologically proven cancers (n = 9) or staging of breast lesions (n = 7).
Other reasons for exclusion were the following: detection of contralateral cancer or addi-
tional cancer not detected at screening (17), suspicious lesions at clinical breast examination
(n = 9), did not provide diagnostic performance data (n = 4), or were conference papers and
commentaries (n = 3). A total of 41 studies were considered eligible for inclusion. Thirteen
additional studies were identified through Google search and reference lists of eligible
articles. A PRISMA flowchart showing the excluded studies and reasons for exclusion is
shown in Figure 1. Most of the studies reviewed included two or more imaging modalities.

A summary of the characteristics of the studies that assessed each of the imaging
modalities including study design, number of lesions and mean ages of the women assessed,
and publication bias is presented in Table 1.
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Figure 1. A PRISMA flowchart showing the excluded studies.

Twenty-five studies assessed the performance of DM and compared DM with DBT
in 22 studies [13–19,25–39] and with CEM in three studies [40–42]. Of these 25 studies,
there were 12 prospective and 12 retrospective studies, with one study combining prospec-
tive and retrospective designs. Lesions assessed were mostly those rated 0, 3, 4, or 5 at
screening. A total of 7801 lesions (malignant: n = 2833; benign/normal: n = 4968) were
assessed and disease prevalence was 36%. Twenty-five studies assessed the performance of
DBT [13–19,25–39] and compared DBT with US in three studies [43–45]. Of these 25 studies,
there were 10 prospective and 14 retrospective studies, with one study combining prospec-
tive and retrospective designs. Lesions assessed were mostly BI-RADS 0, 3, 4, or 5. A total
of 7191 lesions (malignant: n = 2387; benign/normal: n = 4804) were assessed and disease
prevalence was 33%. Most of the studies involving DM and DBT were conducted in Egypt
(n = 5), Germany (n = 4), Australia (n = 4), UK (n = 3), and the USA (n = 3). The mean ages
of women assessed ranged from 44.2 to 61.5 and 84% of the studies included women of all
breast densities. A summary of the characteristics of the 28 studies (DM vs. DBT: n = 22;
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DM vs. CEM: n = 3; DBT vs. HHUS: n = 3) that examined the performance of DM and DBT
in recalled lesions is shown in Supplementary Table S2.

Table 1. A summary of the number and characteristics of studies that assessed each of the imaging
modalities.

Modality No. of
Studies

Study
Design

Mean Age
Range

Number of
Lesions

Assessment
Threshold Higgin’s I2 Egger’s Test

DM 25
P = 12
R = 12
P/R = 1

44.2–61.5
7801
Mal = 2833
B/N = 4968

0, 3, 4, or 5 Sen: 92%
Spc: 96% 0.43

DBT 25
P = 10
R = 14
P/R = 1

44.2–61.5
7919
Mal = 2387
B/N = 4804

0, 3, 4, or 5 Sen: 92%
Spc: 96% 0.69

HHUS 10
P = 7
R = 3
P/R = 0

43.1–60
1972
Mal = 1019
B/N = 953

3, 4, or 5 Sen: 72%
Spc: 92% 0.09

CEM 16
P = 15
R = 1
P/R = 0

48.5–58.4
2975
Mal = 1710
B/N = 1265

4 or 5 Sen: 72%
Spc: 88% 0.72

MRI 14
P = 7
R = 7
P/R = 0

48.5–56
3629 lesions
Mal = 1286;
B/N = 2343

0, 4, or 5 Sen: 68%
Spc: 95% 0.01 *

DM: digital mammography; DBT: digital breast tomosynthesis; HHUS: hand-held ultrasound; CEM: contrast-
enhanced mammography; MRI: magnetic resonance imaging; P = prospective; R: retrospective; P/R: prospective
and retrospective; Mal: malignant; B/N: benign and normal; Sen: sensitivity; Spc: specificity; *: statistically
significant.

Ten studies assessed the performance of handheld ultrasound (HHUS) in recalled
lesions, but nine studies reported the performance of HHUS alone. Three of these studies
compared HHUS and automated breast volume ultrasound (ABVS) [46–48], four studies
examined HHUS and DBT or DBT plus DM [43–45,49], and three with either DM + DBT
or CEM [50–52]. Of these, there were two studies each in Australia, USA, and France, and
one study each from the Netherlands, Germany, China, and Sweden. The mean ages of
women assessed ranged from 43.1 to 60 and women of all breast densities were consid-
ered. Lesions assessed were mostly BI-RADS 3, 4, or 5. A total of 1972 lesions (malignant:
n = 1019; benign/normal: n = 953) were assessed and disease prevalence was 52% (See
Supplementary Table S3). A total of 16 studies examined the diagnostic performance
of CEM in the work-up of lesions detected at screening [20,40–42,50,51,53–62]. Most of
these studies (n = 15) were based on prospective research designs, and involved CEM
alone [53,62], with DM or DBT plus DM or HHUS [40–42,50,51,54,55,57–59], and MRI in
five studies [20,55,56,60,61]. Three of these studies were conducted in the Netherlands,
and there were two studies each, in China, Italy, Egypt, Poland, and the USA, and one
study each in France, Spain, and Austria (Supplementary Table S4). The mean ages of
women assessed ranged from 48.5 to 58.4, and women of all breast densities were in-
cluded. Lesions assessed were mostly BI-RADS 4 or 5. A total of 2975 lesions (malignant:
n = 1710; benign/normal: n = 1265) were assessed and disease prevalence was 57%. Fourteen
studies investigated the performance of MRI in recalled lesions [20,39,55,56,60,61,63–69].
Seven of these studies were prospective and seven studies used a retrospective research
design. These studies either assessed MRI alone (n = 5) [63–66,68] or involved MRI with
CEM (n = 5) [20,55,56,60,61] or HHUS (n = 2) [69,70] or DM (n = 2) [39,67]. These studies
were conducted in the USA (n = 4), Egypt (n = 2), Italy (n = 2), Austria (n = 2), Poland
(n = 1), China (n = 1), Germany (n = 1), and the Netherlands (n = 1). The mean ages of
women assessed ranged from 48.5 to 56 and 93% of the studies included women of all breast
densities as shown in Supplementary Table S5. Lesions assessed were mostly BI-RADS 0, 4,
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or 5. A total of 3629 lesions (malignant: n = 1286; benign/normal: n = 2343) were assessed
and disease prevalence was 35%.

3.1. Quality Assessment

The quality assessment using QUADAS-C shows that in terms of patient selection,
51 studies had a low risk of bias [13–15,18–20,25–28,30–47,49–59,61,64–69], two studies demon-
strated a high risk [17,63], and the risk of bias in one study was unclear bias [60]. For the index
test, 37 studies demonstrated a low risk of bias [14–19,25,26,28,33,34,36,39,41,42], 12 studies
had a high risk, and the risk of bias in five studies was unclear risk. Regarding the reference
standard, 52 studies showed a low risk of bias [13–15,18–20,25–28,30–47,49–59,61,64–69], and
only two had a high risk [17,39]. Finally, in the domain of flow and timing, 42 studies demon-
strated a low risk of bias, three studies showed a high risk [30,32,70], and the risk of bias
was unclear in nine studies [13,28,29,34,39,62,63,66,68] (see Supplementary Table S6). The
overall inter-assessor agreement between the two assessors was almost perfect (Kw = 0.82).

3.2. Diagnostic Performance Evaluation

Pooled analysis of the performance of each imaging modalities: Table 2 summarises
the pooled sensitivities and specificities of the five imaging modalities in the assessment
of recalled lesions. The CEM demonstrated the highest sensitivity followed by MRI and
both DBT and ultrasound. The DBT had the highest specificity followed by DM and CEM.
There were moderate to considerable heterogeneity across studies, but meta-regression
analysis demonstrated that the results were not influenced by the differences in study
designs (p > 0.05 for all). Egger’s test did not show publication bias in studies assessing DM,
DBT, HHUS, and CEM (p > 0.05 for all). Studies that examined MRI showed significant
publication bias (p = 0.01).

Table 2. Summary of pooled performance (95% confidence interval) of imaging modalities for
recalled lesions.

Imaging Modality Sensitivity Specificity

DM 85 (78–90) 77 (66–85)
DBT 91 (87–94) 85 (75–91)
HHUS 90 (86–93) 65 (46–80)
CEM 95 (90–97) 73 (63–81)
MRI 93 (88–96) 69 (55–81)

DM: digital mammography; DBT: digital breast tomosynthesis; HHUS: handheld ultrasound; CEM: contrast-
enhanced mammography; MRI: magnetic resonance imaging.

Of the 25 studies that assessed the performance of DM in recalled women, one study
was excluded from the meta-analysis as it did not report false-negative and false-positive
data [37]. The reported sensitivity varied from 40 (95% CI: 33–47) to 100 (95% CI: 40–100)
and specificity ranged from 15 (95% CI: 7–27) to 100 (95% CI: 91–100). The pooled analysis
showed that DM has sensitivity of 85 (95% CI: 78–90) and specificity 77 (95% CI: 66–85) in
recalled lesions (Figure 2). There was considerable heterogeneity in sensitivity (I2 = 92%)
and specificity (I2 = 96%), but no publication bias was found (p = 0.43). Data from these
studies indicate that DM has lower diagnostic efficacy compared to other imaging modal-
ities and that adding other assessment imaging modalities to DM improves diagnostic
outcomes for women recalled at screening.

A total of 24 of 25 studies provided sufficient data for meta-analysis of the perfor-
mance of DBT in recalled women. The reported sensitivity values ranging from 58 (95%
CI: 51–65%) to 100 (95% CI: 66–100) and specificity ranging from 19 (95% CI: 14–25%) to
100 (95% CI: 92–100). The pooled analysis showed that DBT has a sensitivity of 91 (95%
CI: 87–94) and specificity 85 (95% CI: 75–91) in recalled lesions (Figure 3). The Higgin’s I2

statistics demonstrated considerable heterogeneity in sensitivity (I2 = 92%) and specificity
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(I2 = 96%), but no publication bias was detected (p = 0.69). Evidence from these studies
show that DBT improves diagnostic efficacy in recalled lesions.
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Of the 10 studies that assessed the performance of HHUS in recalled women, one
combined HHUS and DBT one study did not provide sufficient data. Therefore, these
studies were excluded from the meta-analysis. Of the remaining eight studies, sensitivity
varied from 88 (95% CI: 69–97) to 94 (95% CI: 81–99) and specificity ranged from 39 (95%
CI: 26–54) to 93 (95% CI: 86–97%). The pooled analysis showed that HHUS has sensitivity
of 90 (95% CI: 86–93) and specificity 65 (95% CI: 46 –80) in recalled lesions (Figure 4).
Heterogeneity was substantial in sensitivity (I2 = 72%) and considerable in specificity
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(I2 = 92%), but no publication bias was detected (p = 0.09). The findings from these studies
suggest that HHUS is an effective imaging modality for the assessment of recalled lesions
and has the potential to reduce the benign biopsy rates.
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Seventeen studies reported the performance of CEM in discriminating recalled le-
sions. Of these, the threshold for assessing performance or reporting of diagnostic per-
formance was unclear in one study and was excluded from the meta-analysis. The re-
maining 16 studies reported sensitivity values ranging from 78 (95% CI: 58–91) to 100 (95%
CI: 89 –100) and specificity ranging from 32 (95% CI: 18–50) to 91 (95% CI: 84–95). The
pooled sensitivity was 95 (95% CI: 90–97%) and specificity was 73 (95% CI: 63–81) as shown
in Figure 5. The I2 statistics demonstrated substantial heterogeneity in sensitivity (I2 = 72)
and specificity (I2 = 88). No publication bias was detected (p = 0.72). The findings indicate
that CEM is an efficient imaging modality for the assessment of recalled lesions.
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In the 14 studies that met inclusion criteria, the sensitivity of MRI in recalled lesions
varied from 73 (95% CI: 52–88) to 100 (95% CI: 54–100) and specificity ranged from 0 (95%
CI: 0.00–0.6) to 92 (95% CI: 85–96). Figure 6 shows the forest plot of the MRI studies with
a pooled sensitivity of 93 (95% CI: 88–96) and specificity of 69 (95% CI: 55–81). There
was substantial to considerable heterogeneity (sensitivity; I2 = 68 and specificity; I2 = 95).
Significant publication bias was observed (p = 0.01). The data produced indicate that MRI
is highly sensitive and a useful imaging modality for resolving screen-recalled lesions, but
is less efficient for resolving breast microcalcifications.
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3.3. Comparative Performance of Imaging Modalities

For the 22 studies that assessed both DM and DBT, 21 studies provided results for com-
parison. Most of these studies (15/21) showed DBT to be superior to DM and that adding
DBT to the assessment pathway improves diagnostic efficacy. Overall, the integrated sensi-
tivity (88; 95% CI: 86–89) and specificity (79; 95% CI: 78–80) of DBT were higher than the
sensitivity (71; 95% CI: 69–73) and specificity (72; 95% CI: 71–74) of DM. Similarly, the three
studies that compared DM and CEM demonstrated higher sensitivity (99; 95% CI: 97–99)
and specificity 72 (95% CI: 67–77) for CEM than DM (sensitivity: 95; 95% CI: 91–97 and
specificity 51; 95% CI: 46–56). The limited data available show that CEM is superior or
comparable to DM in recalled lesions. Only three studies compared DBT and HHUS and
reported a higher integrated sensitivity (90; 95% CI: 87–92) but lower specificity (33; 95%
CI: 28–38) for DBT compared to HHUS (sensitivity: 87; 95% CI: 84–90 and specificity: 45;
95% CI: 40–51). Data from these few studies indicate that DBT is superior to HHUS in de-
tecting cancer lesions, but inferior or equivalent to HHUS in discriminating benign lesions.
No study provided data to compare DBT alone with CEM or MRI. Five studies compared
CEM and MRI, and the integrated analysis demonstrated comparable sensitivity between
CEM and MRI (CEM: 93; 95% CI: 91–95 versus MRI: 91; 95% CI: 88–94), but lower specificity
for CEM 56; 95% CI: 49–62) than MRI (68; 95% CI: 62–74). However, most of these studies
(n = 4/5) considered CEM to have a better diagnostic performance based overall diagnostic
accuracy.

4. Discussion

Pooled analysis of published evidence shows that at least 90% of cancer lesions referred
for diagnostic workup can be identified and correctly classified by contrast-enhanced
mammography, magnetic resonance imaging, digital breast tomosynthesis, and ultrasound,
and that overall, these imaging modalities perform better than digital mammography in
the assessment of women recalled from screening. However, the ability of these imaging
modalities to correctly identify lesions that are not cancerous vary, with non-contrast X-ray
imaging using digital breast tomosynthesis or digital mammography demonstrating better
ability to correctly classify benign lesions referred for diagnostic work-up than handheld
ultrasound, MRI, and CEM. The pooled specificity of DBT was 20%, 16%, and 12% higher
than HHUS, MRI and CEM, respectively. When the analyses were limited to studies
comparing imaging modalities on the same cohort of women, CEM consistently emerged
the best imaging modality for accurately classifying cancer lesions, but its ability to exclude
women without breast cancer was lower than digital mammography and MRI.

In the assessment clinic, radiologists have prior knowledge of the screening results of
women recalled. It can be argued that recalling women based on mammography findings
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may bias the comparison of DM and other imaging modalities, and may have contributed
to the lower sensitivity and specificity reported for DM across studies; whilst 68% of the
studies that assessed the efficacy of DM in recalled women employed a prospective design,
it was unclear whether the prospective nature was based on the comparator, which in
most studies was DBT. Regardless, meta-regression analysis demonstrated no significant
differences between prospective and retrospective studies in terms of sensitivity and
specificity. Also, the prospective observer performance studies included in the analysis
consistently demonstrated that DM was inferior to DBT, suggesting that recall based on
mammography findings may have a negligible impact on the evidence around the role
of DM in the assessment clinic. The higher sensitivity of CEM, MRI, DBT, and HHUS
over DM can also be explained by the additional information provided by these imaging
modalities. For example, the pseudo-3-dimensional images produced by DBT reduce
breast tissue overlap and may allow radiologists to better discriminate lesions. Handheld
ultrasound provides opportunities for radiologists and sonographers to interrogate the
lesions in real-time and to assess the internal and external vascularity of the lesions as
well as vascularity at the poles of the lesion [71]. Contrast enhancement and patterns of
enhancement in CEM and MRI can also be used to determine whether a lesion is malignant
or benign. However, some benign lesions produce enhancement on CEM and MRI or
hypervascularity on ultrasound, which increase the potential for false-positive diagnosis;
these enhancements and hypervascularity in benign lesions may explain the lower overall
specificity reported for HHUS, MRI, and CEM [20,55,56,60,61]. Thus, enhancements in
MRI and CEM, and vascularity in ultrasound can be strengths and drawbacks of these
imaging modalities. Conversely, the lack of enhancement and abnormal enhancements due
to contrast uptake in the normal parenchymal tissues in both CEM and MRI may lead to
a false-negative diagnosis [72]. In addition, the risk of radiation exposure from CEM and
adverse reactions to iodinated contrast media from both CEM and MRI are other factors to
consider for women attending breast assessment clinics [73].

Overall, there were wide variations across studies in the diagnostic performance out-
comes reported for each of the imaging modalities. These variations were more pronounced
for specificity. The MRI demonstrated the widest variation from 0% to 92 followed by DM
(15 to 100%) and DBT (19% to 100%). Surprisingly, HHUS, which is operator dependent
and had the lowest pooled specificity demonstrated the least variation across studies. The
lower specificity of HHUS, MRI, and CEM may be related to disease prevalence in studies
assessing the diagnostic performance of these imaging modalities. The prevalence of cancer
in MRI, CEM, and HHUS studies were 52%, 57%, and 33%, respectively; at higher disease
prevalence, the specificity of a diagnostic test is reduced [74]. The wide variations in the
specificity suggest that factors other than the imaging modalities or features of the lesions
may have impacted diagnostic performance outcomes reported across studies. For exam-
ple, it is well-established that subjective human variability leads to differences in imaging
interpretation and that intrinsic human limitations affect the interpretation of imaging
examinations [75,76]. Observer performance studies included in this review and other
literature also demonstrate differences in diagnostic outcomes between radiologists, and
these differences appear to be influenced by practice and workload characteristics [77,78].
Since the results presented in this meta-analysis represent the interpretations of different
radiologists across different countries and practices, the impact of reader experience on
the performance of each of these imaging modalities cannot be excluded. Other factors
that may be responsible for the wide variations in performance outcomes across studies
may be different recall thresholds for establishing the presence of cancer and differences
in the distributions and characteristics of the lesions assessed. Whilst some studies con-
sidered lesions rated BI-RADS 4 and 5 as malignant, others considered BI-RADS 3, 4, and
5 [43,44,46,49,54,66] or 0, 4, and 5 [32,38,45,47,63]. Also, some studies included a mixture of
masses, architectural distortions, calcifications, non-specific density lesions whereas other
studies focused on calcifications or soft tissue lesions.
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A useful imaging investigation should be able to detect or exclude a disease. Imaging
guidelines also justify the appropriateness of an imaging investigation based on evidence of
diagnostic impact, cost-effectiveness, and radiation dose. Such recommendations ensure the
effective use of resources and maximise the benefits accrued from an imaging investigation.
However, non-availability of appropriate imaging modalities and lack of confidence in
the diagnosis from one imaging modality may lead to the use of the available imaging
modality or multiple testing of women recalled at screening. Interestingly, evidence from
the studies reviewed support the use of either CEM, MRI, DBT, or HHUS to correctly
classify malignant lesions that were suspicious on DM; however, most of the studies show
that the ability of these imaging modalities to correctly discriminate benign lesions is
below 80%. However, the publication bias observed in MRI studies limits the strength
and certainty of evidence for the use of MRI as an assessment tool. The findings suggest
that imaging assessment alone may not be able to completely rule out cancer in all benign
lesions identified at screening, and that biopsy and pathological analysis may still be
required to dismiss suspicious screening mammography findings in some women recalled
to assessment clinics.

There was a tendency for some studies to claim a prospective design even though
retrospective data of mammograms appeared to have been used for the analysis. While
some observer performance studies were classified as prospective by authors, others were
identified as retrospective. Although meta-regression did not show any difference between
these study designs, the parameters used for the analysis may have been biased by the
authors’ original classification of their designs. To mitigate the risk of bias and ensure that
the findings can be generalised, we focused on studies that used appropriate populations
and reference standards to assess the diagnostic performance of these imaging modalities.
Our comparative performance analysis was also based on studies that used the same
reference standard to compare imaging modalities. However, the high risk or unclear
bias in the index test and flow and timing in 32% and 22% of the studies, respectively,
may have impacted on the results presented. For example, the lack of blinding of the
radiologists who interpreted the assessment images containing the index lesions may have
conferred advantages to CEM, MRI, DBT, and HHUS. Image interpretation involves search,
perception, and decision-making. In clinical practice, many radiologists participate in
the diagnostic work-up of their recalled lesions, have access to the screening images and
results of these women, and are aware of the location of the lesions within the breast. This
implies that they are not blind to the mammography results, and that the interpretation of
assessment images may not involve detection tasks, but rather decision-making to either
upgrade or downgrade the lesions previously identified on mammograms. There was
moderate to considerable heterogeneity across studies. The heterogeneity and limitations
within studies may have influenced the pooled results. The influence of these factors
on the pooled analysis limits the dependence on the pooled results to establish the best
imaging pathway for lesions recalled at screening. These limitations must be addressed in
randomised controlled trials or through sufficiently powered observer performance studies
to allow informed selection of the choice of modalities for screen-recalled women.

A limitation of the review was that only studies published in English language were
considered. Due to language restrictions, some eligible articles may have been missed.
However, most scientific findings are reported in English, and it has been shown that
language restriction does not bias the findings of systematic reviews and meta-analyses [79].
We also included a few studies that did not specify whether the lesions included were
recalled from screening with the assumption that the thresholds described for these lesions
implied that they were recalled due to suspicious findings on mammograms. Conversely,
this is the first review and meta-analysis to synthesise the literature on the efficacy of five
different imaging modalities in the assessment of recalled lesions. Previous reviews focused
on two or three imaging modalities and examined the performance of these modalities in a
mixture of different clinical indications. Our review focused on problem-solving imaging
for women recalled from screening and also highlighted the challenges in the literature
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that must be addressed to establish the best imaging pathway for screen-recalled women.
Therefore, the findings should inform further research to support policies and practice
around the assessment of women recalled at screening.

5. Conclusions

Incorporating either contrast-enhanced mammography, digital breast tomosynthesis,
magnetic resonance imaging, or ultrasound in the assessment pathway of lesions recalled
at screening improves sensitivity, but DBT and DM discriminate benign lesions better than
CEM, MRI, and ultrasound.
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42. Luczyńska, E.; Heinze-Paluchowska, S.; Dyczek, S.; Blecharz, P.; Rys, J.; Reinfuss, M. Contrast-enhanced spectral mammography:
Comparison with conventional mammography and histopathology in 152 women. Korean J. Radiol. 2014, 15, 689–696. [CrossRef]

43. Hadadi, I.; Clarke, J.; Rae, W.; McEntee, M.; Vincent, W.; Ekpo, E. Diagnostic Efficacy across Dense and Non-Dense Breasts during
Digital Breast Tomosynthesis and Ultrasound Assessment for Recalled Women. Diagnostics 2022, 12, 1477. [CrossRef] [PubMed]

44. Hadadi, I.; Clarke, J.; Rae, W.; McEntee, M.; Vincent, W.; Ekpo, E. Reducing Unnecessary Biopsies Using Digital Breast
Tomosynthesis and Ultrasound in Dense and Nondense Breasts. Curr. Oncol. 2022, 29, 5508–5516. [CrossRef] [PubMed]

45. Heywang-Köbrunner, S.H.; Hacker, A.; Jänsch, A.; Kates, R.; Wulz-Horber, S. Use of single-view digital breast tomosynthesis
(DBT) and ultrasound vs. additional views and ultrasound for the assessment of screen-detected abnormalities: German
multi-reader study. Acta Radiol. 2018, 59, 782–788. [CrossRef] [PubMed]

46. Hellgren, R.; Dickman, P.; Leifland, K.; Saracco, A.; Hall, P.; Celebioglu, F. Comparison of handheld ultrasound and automated
breast ultrasound in women recalled after mammography screening. Acta Radio 2017, 58, 515–520. [CrossRef] [PubMed]

47. den Dekker, B.M.; Broeders, M.J.M.; Meeuwis, C.; Setz-Pels, W.; Venmans, A.; van Gils, C.H.; Pijnappel, R.M. Diagnostic accuracy
of supplemental three-dimensional breast ultrasound in the work-up of BI-RADS 0 screening recalls. Insights Imaging 2024, 15,
131. [CrossRef]

48. Wang, H.Y.; Jiang, Y.X.; Zhu, Q.L. Differentiation of benign and malignant breast lesions: A comparison between automatically
generated breast volume scans and handheld ultrasound examinations. Eur. J. Radiol. 2012, 81, 3190–3200. [CrossRef]

49. Porembka, J.H.; Seiler, S.J.; Sharifi, A.; Mootz, A.R.; Knippa, E.; Evans, W.P.; Chen, H.; Xi, Y.; Dogan, B.E. Diagnostic Evaluation of
Recalled Noncalcified Lesions Using Ultrasound Alone Versus Ultrasound Plus Additional Mammographic Views: A Prospective
Study. AJR Am. J. Roentgenol. 2022, 218, 977–987. [CrossRef]

50. Zuley, M.L.; Bandos, A.I.; Abrams, G.S.; Ganott, M.A.; Gizienski, T.A.; Hakim, C.M.; Kelly, A.E.; Nair, B.E.; Sumkin, J.H.;
Waheed, U.; et al. Contrast Enhanced Digital Mammography (CEDM) Helps to Safely Reduce Benign Breast Biopsies for Low to
Moderately Suspicious Soft Tissue Lesions. Acad Radiol. 2020, 27, 969–976. [CrossRef]

51. Dromain, C.; Thibault, F.; Muller, S. Dual-energy contrast-enhanced digital mammography: Initial clinical results. Eur. Radiol.
2011, 21, 565–574. [CrossRef]

52. Dromain, C.; Thibault, F.; Diekmann, F. Dual-energy contrast-enhanced digital mammography: Initial clinical results of a
multireader, multicase study. Breast Cancer Res. 2012, 14, R94. [CrossRef]

53. Cheung, Y.C.; Tsai, H.P.; Lo, Y.F.; Ueng, S.H.; Huang, P.C.; Chen, S.C. Clinical utility of dual-energy contrast-enhanced spectral
mammography for breast microcalcifications without associated mass: A preliminary analysis. Eur. Radiol. 2016, 26, 1082–1089.
[CrossRef] [PubMed]

https://doi.org/10.1259/bjr.20140855
https://doi.org/10.2214/AJR.07.2231
https://doi.org/10.3390/diagnostics13081423
https://www.ncbi.nlm.nih.gov/pubmed/37189524
https://doi.org/10.1038/s41598-024-67332-y
https://doi.org/10.1007/s00330-011-2305-1
https://www.ncbi.nlm.nih.gov/pubmed/21987214
https://doi.org/10.1016/j.ejrnm.2015.10.006
https://doi.org/10.21873/anticanres.11950
https://www.ncbi.nlm.nih.gov/pubmed/28870962
https://doi.org/10.1159/000456649
https://doi.org/10.1016/j.ejrnm.2016.06.008
https://doi.org/10.1016/j.lanepe.2024.100987
https://doi.org/10.1007/s00330-014-3154-5
https://doi.org/10.3348/kjr.2014.15.6.689
https://doi.org/10.3390/diagnostics12061477
https://www.ncbi.nlm.nih.gov/pubmed/35741287
https://doi.org/10.3390/curroncol29080435
https://www.ncbi.nlm.nih.gov/pubmed/36005173
https://doi.org/10.1177/0284185117732600
https://www.ncbi.nlm.nih.gov/pubmed/28929783
https://doi.org/10.1177/0284185116665421
https://www.ncbi.nlm.nih.gov/pubmed/27565633
https://doi.org/10.1186/s13244-024-01714-8
https://doi.org/10.1016/j.ejrad.2012.01.034
https://doi.org/10.2214/AJR.21.26700
https://doi.org/10.1016/j.acra.2019.07.020
https://doi.org/10.1007/s00330-010-1944-y
https://doi.org/10.1186/bcr3210
https://doi.org/10.1007/s00330-015-3904-z
https://www.ncbi.nlm.nih.gov/pubmed/26159872


Cancers 2024, 16, 3505 16 of 17

54. Cozzi, A.; Schiaffino, S.; Fanizza, M.; Magni, V.; Menicagli, L.; Monaco, C.G.; Benedek, A.; Spinelli, D.; Di Leo, G.; Di Giulio,
G.; et al. Contrast-enhanced mammography for the assessment of screening recalls: A two-centre study. Eur. Radiol. 2022, 32,
7388–7399. [CrossRef] [PubMed]

55. Hafez, M.A.F.; Zeinhom, A.; Hamed, D.A.A.; Ghaly, G.R.M.; Tadros, S.F.K. Contrast-enhanced mammography versus breast MRI
in the assessment of multifocal and multicentric breast cancer: A retrospective study. Acta Radiol. 2023, 64, 2868–2880. [CrossRef]
[PubMed]

56. Li, L.; Roth, R.; Germaine, P.; Ren, S.; Lee, M.; Hunter, K.; Tinney, E.; Liao, L. Contrast-enhanced spectral mammography (CESM)
versus breast magnetic resonance imaging (MRI): A retrospective comparison in 66 breast lesions. Diagn. Interv. Imaging 2017, 98,
113–123. [CrossRef]

57. Lalji, U.C.; Houben, I.P.L.; Prevos, R.; Gommers, S.; van Goethem, M.; Vanwetswinkel, S.; Pijnappel, R.; Steeman, R.; Frotscher, C.;
Mok, W.; et al. Contrast-enhanced spectral mammography in recalls from the Dutch breast cancer screening program: Validation
of results in a large multireader, multicase study. Eur. Radiol. 2016, 26, 4371–4379. [CrossRef]

58. Soliman, G.A.M.; Mohammad, S.A.; El-Shinawi, M.; Keriakos, N.N. Diagnostic accuracy of contrast-enhanced digital mammogra-
phy in comparison with sonomammography for characterization of focal asymmetries. Egypt. J. Radiol. Nucl. Med. 2020, 51, 248.
[CrossRef]

59. Travieso-Aja, M.D.M.; Maldonado-Saluzzi, D.; Naranjo-Santana, P.; Fernández-Ruiz, C.; Severino-Rondón, W.; Rodríguez
Rodríguez, M.; Vega Benítez, V.; Pérez-Luzardo, O. Diagnostic performance of contrast-enhanced dual-energy spectral mammog-
raphy (CESM): A retrospective study involving 644 breast lesions. Radiol. Med. 2019, 124, 1006–1017. [CrossRef]

60. Xing, D.; Lv, Y.; Sun, B.; Xie, H.; Dong, J.; Hao, C.; Chen, Q.; Chi, X. Diagnostic Value of Contrast-Enhanced Spectral Mammography
in Comparison to Magnetic Resonance Imaging in Breast Lesions. J. Comput. Assist. Tomogr. 2019, 43, 245–251. [CrossRef]

61. Clauser, P.; Baltzer, P.A.T.; Kapetas, P.; Hoernig, M.; Weber, M.; Leone, F.; Bernathova, M.; Helbich, T.H. Low-Dose, Contrast-
Enhanced Mammography Compared to Contrast-Enhanced Breast MRI: A Feasibility Study. J. Magn. Reson. Imaging 2020, 52,
589–595. [CrossRef]

62. Nicosia, L.; Bozzini, A.C.; Palma, S.; Montesano, M.; Pesapane, F.; Ferrari, F.; Dominelli, V.; Rotili, A.; Meneghetti, L.; Frassoni,
S.; et al. A Score to Predict the Malignancy of a Breast Lesion Based on Different Contrast Enhancement Patterns in Contrast-
Enhanced Spectral Mammography. Cancers 2022, 14, 4337. [CrossRef]

63. Gommers, J.J.J.; Voogd, A.C.; Broeders, M.J.M.; van Breest Smallenburg, V.; Strobbe, L.J.A.; Donkers-van Rossum, A.B.; van Beek,
H.C.; Mann, R.M.; Duijm, L.E.M. Breast magnetic resonance imaging as a problem solving tool in women recalled at biennial
screening mammography: A population-based study in the Netherlands. Breast 2021, 60, 279–286. [CrossRef] [PubMed]

64. Spick, C.; Szolar, D.H.M.; Preidler, K.W.; Tillich, M.; Reittner, P.; Baltzer, P.A. Breast MRI used as a problem-solving tool reliably
excludes malignancy. Eur. J. Radiol. 2015, 84, 61–64. [CrossRef]

65. Bazzocchi, M.; Zuiani, C.; Panizza, P.; Del Frate, C.; Soldano, F.; Isola, M.; Sardanelli, F.; Giuseppetti, G.M.; Simonetti, G.; Lattanzio,
V.; et al. Contrast-enhanced breast MRI in patients with suspicious microcalcifications on mammography: Results of a multicenter
trial. AJR Am. J. Roentgenol. 2006, 186, 1723–1732. [CrossRef] [PubMed]

66. Cilotti, A.; Iacconi, C.; Marini, C.; Moretti, M.; Mazzotta, D.; Traino, C.; Naccarato, A.G.; Piagneri, V.; Giaconi, C.; Bevilacqua,
G.; et al. Contrast-enhanced MR imaging in patients with BI-RADS 3-5 microcalcifications. Radiol. Med. 2007, 112, 272–286.
[CrossRef]

67. Bluemke, D.A.; Gatsonis, C.A.; Chen, M.H.; DeAngelis, G.A.; DeBruhl, N.; Harms, S.; Heywang-Köbrunner, S.H.; Hylton, N.;
Kuhl, C.K.; Lehman, C.; et al. Magnetic resonance imaging of the breast prior to biopsy. JAMA 2004, 292, 2735–2742. [CrossRef]
[PubMed]

68. Moy, L.; Elias, K.; Patel, V.; Lee, J.; Babb, J.S.; Toth, H.K.; Mercado, C.L. Is Breast MRI Helpful in the Evaluation of Inconclusive
Mammographic Findings? Am. J. Roentgenol. 2009, 193, 986–993. [CrossRef] [PubMed]

69. Strobel, K.; Schrading, S.; Hansen, N.L.; Barabasch, A.; Kuhl, C.K. Assessment of BI-RADS category 4 lesions detected with
screening mammography and screening US: Utility of MR imaging. Radiology 2015, 274, 343–351. [CrossRef]

70. Giess, C.S.; Chikarmane, S.A.; Sippo, D.A.; Birdwell, R.L. Clinical Utility of Breast MRI in the Diagnosis of Malignancy After
Inconclusive or Equivocal Mammographic Diagnostic Evaluation. Am. J. Roentgenol. 2017, 208, 1378–1385. [CrossRef]

71. Svensson, W.E.; Pandian, A.J.; Hashimoto, H. The use of breast ultrasound color Doppler vascular pattern morphology improves
diagnostic sensitivity with minimal change in specificity. Ultraschall Med. 2010, 31, 466–474. [CrossRef]

72. Yang, M.L.; Bhimani, C.; Roth, R.; Germaine, P. Contrast enhanced mammography: Focus on frequently encountered benign and
malignant diagnoses. Cancer Imaging 2023, 23, 10. [CrossRef]

73. van Nijnatten, T.J.A.; Lobbes, M.B.I.; Cozzi, A.; Patel, B.K.; Zuley, M.L.; Jochelson, M.S. Barriers to Implementation of Contrast-
Enhanced Mammography in Clinical Practice: AJR Expert Panel Narrative Review. Am. J. Roentgenol. 2023, 221, 3–6. [CrossRef]
[PubMed]

74. Murad, M.H.; Lin, L.; Chu, H.; Hasan, B.; Alsibai, R.A.; Abbas, A.S.; Mustafa, R.A.; Wang, Z. The association of sensitivity and
specificity with disease prevalence: Analysis of 6909 studies of diagnostic test accuracy. Cmaj 2023, 195, E925–E931. [CrossRef]
[PubMed]

75. Ekpo, E.U.; Alakhras, M.; Brennan, P. Errors in Mammography Cannot be Solved Through Technology Alone. Asian Pac. J. Cancer
Prev. 2018, 19, 291–301. [CrossRef] [PubMed]

https://doi.org/10.1007/s00330-022-08868-3
https://www.ncbi.nlm.nih.gov/pubmed/35648209
https://doi.org/10.1177/02841851231198346
https://www.ncbi.nlm.nih.gov/pubmed/37674355
https://doi.org/10.1016/j.diii.2016.08.013
https://doi.org/10.1007/s00330-016-4336-0
https://doi.org/10.1186/s43055-020-00358-0
https://doi.org/10.1007/s11547-019-01056-2
https://doi.org/10.1097/RCT.0000000000000832
https://doi.org/10.1002/jmri.27079
https://doi.org/10.3390/cancers14174337
https://doi.org/10.1016/j.breast.2021.11.014
https://www.ncbi.nlm.nih.gov/pubmed/34823112
https://doi.org/10.1016/j.ejrad.2014.10.005
https://doi.org/10.2214/AJR.04.1898
https://www.ncbi.nlm.nih.gov/pubmed/16714666
https://doi.org/10.1007/s11547-007-0141-9
https://doi.org/10.1001/jama.292.22.2735
https://www.ncbi.nlm.nih.gov/pubmed/15585733
https://doi.org/10.2214/AJR.08.1229
https://www.ncbi.nlm.nih.gov/pubmed/19770320
https://doi.org/10.1148/radiol.14140645
https://doi.org/10.2214/AJR.16.16751
https://doi.org/10.1055/s-0028-1109478
https://doi.org/10.1186/s40644-023-00526-1
https://doi.org/10.2214/AJR.22.28567
https://www.ncbi.nlm.nih.gov/pubmed/36448912
https://doi.org/10.1503/cmaj.221802
https://www.ncbi.nlm.nih.gov/pubmed/37460126
https://doi.org/10.22034/apjcp.2018.19.2.291
https://www.ncbi.nlm.nih.gov/pubmed/29479948


Cancers 2024, 16, 3505 17 of 17

76. Ekpo, E.U.; Ujong, U.P.; Mello-Thoms, C.; McEntee, M.F. Assessment of Interradiologist Agreement Regarding Mammographic
Breast Density Classification Using the Fifth Edition of the BI-RADS Atlas. AJR Am. J. Roentgenol. 2016, 206, 1119–1123. [CrossRef]
[PubMed]

77. Wong, D.J.; Gandomkar, Z.; Lewis, S.; Reed, W.; Suleiman, M.; Siviengphanom, S.; Ekpo, E. Do Reader Characteristics Affect
Diagnostic Efficacy in Screening Mammography? A Systematic Review. Clin. Breast Cancer 2023, 23, e56–e67. [CrossRef]

78. Hadadi, I.; Rae, W.; Clarke, J.; McEntee, M.; Ekpo, E. Breast cancer detection across dense and non-dense breasts: Markers of
diagnostic confidence and efficacy. Acta Radiol. Open 2022, 11, 20584601211072279. [CrossRef]

79. Morrison, A.; Polisena, J.; Husereau, D.; Moulton, K.; Clark, M.; Fiander, M.; Mierzwinski-Urban, M.; Clifford, T.; Hutton, B.;
Rabb, D. The effect of English-language restriction on systematic review-based meta-analyses: A systematic review of empirical
studies. Int. J. Technol. Assess Health Care 2012, 28, 138–144. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.2214/AJR.15.15049
https://www.ncbi.nlm.nih.gov/pubmed/26999655
https://doi.org/10.1016/j.clbc.2023.01.009
https://doi.org/10.1177/20584601211072279
https://doi.org/10.1017/S0266462312000086

	Introduction 
	Materials and Methods 
	Inclusion and Exclusion Criteria 
	Study Selection 
	Quality Assessment 
	Data Extraction and Synthesis 
	Statistical Analysis 

	Results 
	Quality Assessment 
	Diagnostic Performance Evaluation 
	Comparative Performance of Imaging Modalities 

	Discussion 
	Conclusions 
	References

