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Abstract: Background: Cone-beam breast computed tomography (CBBCT) and digital breast to-
mosynthesis (DBT) remain the main 3D modalities for X-ray breast imaging. This study aimed to
systematically evaluate and meta-analyze the comparison of diagnostic accuracy of CBBCT and
DBT to characterize breast cancers. Methods: Two independent reviewers identified screening on
diagnostic studies from 1 January 2015 to 30 December 2021, with at least reported sensitivity and
specificity for both CBBCT and DBT. A univariate pooled meta-analysis was performed using the
random-effects model to estimate the sensitivity and specificity while other diagnostic parameters
like the area under the ROC curve (AUC), positive likelihood ratio (LR+), and negative likelihood
ratio (LR−) were estimated using the bivariate model. Results: The pooled sensitivity specificity, LR+

and LR− and AUC at 95% confidence interval are 86.7% (80.3–91.2), 87.0% (79.9–91.8), 6.28 (4.40–8.96),
0.17 (0.12–0.25) and 0.925 for the 17 included studies in DBT arm, respectively, while, 83.7% (54.6–95.7),
71.3% (47.5–87.2), 2.71 (1.39–5.29), 0.20 (0.04–1.05), and 0.831 are the pooled sensitivity specificity,
LR+ and LR− and AUC for the five studies in the CBBCT arm, respectively. Conclusions: Our study
demonstrates that DBT shows improved diagnostic performance over CBBCT regarding all estimated
diagnostic parameters; with the statistical improvement in the AUC of DBT over CBBCT. The CBBCT
might be a useful modality for breast cancer detection, thus we recommend more prospective studies
on CBBCT application.

Keywords: breast cancer; cone-beam computed tomography; digital breast tomosynthesis; meta-analysis;
sensitivity; specificity

1. Introduction

Breast cancer is the most commonly diagnosed type of cancer among women that
has led to the cause of cancer death in women of all ages [1,2]. This mortality rate can be
reduced drastically if those cancers are detected early [1]. Digital mammography (DM) has
been a conventional tool for early breast cancer diagnosis [3,4]. Recent research on both
randomized controlled trials and observational studies has indicated that regular screening
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DM can reduce breast cancer drastically, which has a limitation of inability to image overlap
dense breast tissue [5]. Digital breast tomosynthesis (DBT) has been developed to solve
the tissue overlap of DM, and DBT acquisition involves an X-ray tube moving in an arc
over the compressed breast taking multiple images from different angles. These images
are reconstructed or synthesized into three-dimensional (3D) images via a reconstruction
algorithm [6]. Several studies have recorded the improved diagnostic accuracy parameter
such as sensitivity and specificity of 3D DBT alone or a combination with the DM [7–10].
A promising new technique is the dedicated cone-beam computed tomography (CBBCT)
which provides real isotropic spatial resolution 3D images [6]. This modality also provides
maximum breast comfortability to patients due to its reduced breast compression, unlike
conventional DM and its DBT counterpart. Of particular importance is the CBBCT, which
provides high-quality images and real-time 3D visualization of breast imaging and has
proven to better visualize overlapping breast tissues than other imaging modalities like
DM and ultrasound (US) [11–13]. Few studies have been documented on the review of
diagnostic accuracy of DBT [14–17], while few pieces of literature have been recorded on
the screening using CBBCT [18]. Contrast-enhanced cone-beam breast CT (CE-CBBCT)
may improve the detection of breast cancer with possibly high specificity compared to that
of DM, but with the cost of the high radiation exposure due to double scan. Uhlig et al. [19]
carried out a meta-analysis study to compare the diagnostic performance of CE-CBBCT
and that of non-contrast CBBCT (NC-CBBCT). They found a non-significant difference
in sensitivity and specificity of CE-CBBCT, but considerable significance between-study
heterogeneity in the NC-CBBCT.

Studies carried out about 10 years ago by Belair et al. [20] and Zuley et al. [21] com-
pared the diagnostic accuracy of CBBCT and DBT, and their results showed that overall
confidence in diagnosis was higher for both benign and malignant breast lesions using DBT.
The authors suggested that future advances in technology and improvement in the readers’
performance might lead to better performance of CBBCT in the future. In the last 7 years,
few studies have reported on the diagnostic accuracy of CBBCT, none of these studies has
directly compared CBBCT with DBT or used a meta-analysis approach to address this issue
by comparing the potential diagnostic ability of these two 3D breast imaging modalities is
still a hanging fruit yet to plug. Therefore, this study aims to systematically review and
analyze the diagnostic accuracy of existing studies on CBBCT and DBT for breast cancer
detection, thereby increasing the statistical power and thus eliminating any disagreement
between individual studies.

2. Materials and Methods

This systematic review and meta-analysis was prospectively registered at PROS-
PERO with the registration number of CRD: 42020180192 [22]. The systematic review
was performed by two independent reviewers (TEK and OAO or CZ and GY) using a
well-established review protocol adapted from the Cochrane collaborative approach for
evaluating diagnostic test accuracy [23] with Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines [24], see Supplementary File S1. The
two reviewers discussed the discrepancies between the two results, and then a more ex-
perienced third reviewer (XY or JZ or ML) was consulted if the interrater consensus was
not reached. We searched for women who underwent breast imaging screening using
either CBBCT or DBT, which reported the characterization of malignant and benign lesions
with well-documented diagnostic accuracy. We searched separately because no available
literature reported comparison studies on CBBCT and DBT for diagnostic or screening
purposes. This search includes comparative, prospective and retrospective studies, and
interrater consensus.

2.1. Data Sources and Search Strategy

PubMed, Inspec, Web of Science and Cochrane Central Register of Controlled Trials
(CENTRAL) libraries were searched for relevant literature published from January 2015
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up to and including December 2021. We used selected controlled terms extracted from
different studies retrieved from each database to build the text words and subject terms
as “breast computed tomography”, “Sensitivity”, “Specificity” for the CBBCT arm, and
“Digital breast tomosynthesis”, “Sensitivity”, “Specificity” for CBBCT arm and DBT arm,
respectively, as shown in the complete PRISMA search path (Figure 1). These selected
controlled terms gave a wide representation for the review. In PubMed and CENTRAL
databases, selected controlled terms were input as MeSH terms while in the Web of Science
and Inspec, we used them as text words for detail see Supplementary File S2.
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Figure 1. PRISMA flowchart of inclusion and exclusion criteria, nA = number of literature in the
CBBCT arm and nB = the number of literature in the DBT arm. PRISMA = Preferred Reporting
Items for Systematic Reviews and Meta-analyses. DBT = Digital breast tomosynthesis, DM = Digital
mammography, CE-CBBCT = Contrast-Enhanced Cone-beam breast computed tomography, and
NC-CBBCT = Non-Contrast Cone-beam breast computed tomography.

2.2. Eligibility Criteria

Studies were eligible for inclusion in this meta-analysis if they met eligibility criteria
adapted from Cochrane diagnostic test accuracy protocol using PRISMA guidelines [24].
Literature was included in the study if it utilized dedicated CBBCT and DBT to detect
breast cancer, with at least the sensitivity and specificity reported. The included studies
were retrospective, prospective studies, an observer performance study, clinical trials,
and comparative studies in different modalities. The exclusion criteria were studies that
involved literature reviews, phantom or simulation studies, other radiation studies apart
from CBBCT and DBT like radiotherapy and studies with computer-aided detection (CAD),
i.e., machine and deep learning application in diagnostic accuracy.

Additionally, a study that reported two or more hybrid modalities like DBT with DM
or contrast-enhanced CBBCT (CE-CBBCT) with non-contrast CBBCT (NC-CBBCT) was
excluded. However, if it reports both modalities separately, the data for the modality under
consideration will be extracted and vice versa. Likewise, for multiple publications that
reported the same study or sub-set, the most detailed study in terms of data availability
was used.

2.3. Study Selection

Articles retrieved for both arms were manually sorted, and duplicates were removed
using titles/abstracts, then followed by full text according to the predefined search criteria,
and final eligible studies were selected.
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2.4. Data Collection Process

A standardized extraction sheet was developed, and two independent blinded re-
viewers (TEK and OAO or CZ and GY) extracted the information needed and resolved the
conflict by interrater consensus from eligible studies, which include: study type (prospec-
tive or retrospective studies), study clinical settings (diagnostic or screening), number of
patients and mean age of the patients, diagnostic equipment model, mean glandular dose,
number of radiologists that interpreted the index test and year of experience, sensitivity
and specificity. The positive and negative likelihood ratios are computed when they cannot
be extracted [25], and other details of formulations of estimated diagnostic test accuracy
parameters can be found in [26]. Additionally, the percentage of benign and malignant
cases with a brief intervention description is included (Table 1).

2.5. Risk of Bias and Quality Appraisal

The quality of included studies was assessed using Quality Assessment of Diagnostic
Accuracy Studies-Comparative (QUADAS-C), a tool for comparative diagnostic accuracy
tests with different cohorts [27], a modified version of QUADAS-2 [28] to ensure appropri-
ateness for comparing the two modalities. The domains assessed were patient selection,
index tests, reference standard, flow and timing, and applicability. Two reviewers per-
formed an independent quality assessment, and the final result was based on consensus.
The overall study quality is shown in Figure 2.

Sensors 2022, 22, x FOR PEER REVIEW 2 of 10 
 

 

 

Figure 2. Risk of bias and applicability concerns: reviewers’ judgments about each domain for each 

included study. 

2.6. Data Analysis 

A univariate meta-analysis was performed separately for sensitivity and specificity 

in both CBBCT and DBT to estimate the diagnostic accuracy of each modality using the 

random-effects model (RE) [29]. The primary outcomes were sensitivity, specificity and 

summary receiver operating characteristic (SROC) curve. We calculated point estimates 

and 95% confidence intervals (CI) for each study to ensure consistency in sensitivity and 

specificity. To plot the SROC curve, we used a bivariate meta-analysis of sensitivity and 

specificity using R version 4.1.2 with RStudio version 2021.09.1 + 372 implementing 

“mada” and “meta”, R-packages to estimate the AUC of SROC [30]. Additionally, second-

ary outcomes like positive likelihood and negative likelihood ratios were estimated using 

MetaDiSc 1.4 software [31]. Statistical heterogeneity between studies was evaluated with 

Cochran’s Q test and the I2 statistic [32]. For the Q statistic, values range 0–40% imply 

insignificant heterogeneity, 30–60% connote moderate heterogeneity, and 75–100%  

Figure 2. Risk of bias and applicability concerns: reviewers’ judgments about each domain for each
included study.



Sensors 2022, 22, 3594 5 of 15

2.6. Data Analysis

A univariate meta-analysis was performed separately for sensitivity and specificity
in both CBBCT and DBT to estimate the diagnostic accuracy of each modality using the
random-effects model (RE) [29]. The primary outcomes were sensitivity, specificity and
summary receiver operating characteristic (SROC) curve. We calculated point estimates
and 95% confidence intervals (CI) for each study to ensure consistency in sensitivity and
specificity. To plot the SROC curve, we used a bivariate meta-analysis of sensitivity and
specificity using R version 4.1.2 with RStudio version 2021.09.1 + 372 implementing “mada”
and “meta”, R-packages to estimate the AUC of SROC [30]. Additionally, secondary
outcomes like positive likelihood and negative likelihood ratios were estimated using
MetaDiSc 1.4 software [31]. Statistical heterogeneity between studies was evaluated with
Cochran’s Q test and the I2 statistic [32]. For the Q statistic, values range 0–40% imply
insignificant heterogeneity, 30–60% connote moderate heterogeneity, and 75–100% implies a
considerable heterogeneity. Publication bias was evaluated and visualized by constructing
a funnel plot [33]. The p-values were based on two-sided tests, and the p-value < 0.05 was
considered statistical significance.

3. Results
3.1. Study Inclusion

For the DBT arm, a total of 489 different studies were found eligible for abstract
screening, 33 studies were checked at full-text (Figure 1). Seventeen studies [10,34–49]
met our inclusion criteria for synthesis and meta-analysis. Additionally, for the CBBCT,
836 different studies were eligible for the title and abstract screening, nine were assessed
for full text, and finally, only five studies met our predefined condition [11–13,48,49]. The
meta-analysis was performed separately using univariate analysis for both CBBCT and
DBT. Full details about the inclusion and exclusions criteria are given in the Preferred Items
for Systematic Reviews and Meta-Analyses (PRISMA) flowchart (Figure 1).

3.2. Overview of Included Studies

For the DBT arm, with 17 studies included, which comprise of retrospective screening
studies [34,40,42,44–46,48–51] and prospective studies [35–38], few prospective clinical
trials [10,39], above 95% of all included studies are comparative. All the studies reported
sensitivity and specificity, in which the (2 × 2) confusion matrix can be derived, other
parameters like positive and negative likelihood ratios and AUC of SROC were estimated
using MetaDiSc [31] and “mada” package of R, respectively [30]. Most of the studies
specified the total number of benign and malignant lesion cases [10,35,37,38,41–47]. Ap-
proximately 53 % of the studies data were acquired using the Hologic Selenium Dimension
model [10,34,36,40,44–47], 13% goes for Siemens Mammomat Inspiration model [38,39],
and 13% also for GE Senographe Essential model [37,42].

The CBBCT arm comprises five studies only, retrospective observers’ studies [12,47],
prospective study [48], and retrospective diagnostic study [11]. This majorly consists of
comparison studies, i.e., CBBCT vs. DM [12,13], CBBCT vs. DM vs. US, or MRI [11,49].
All the studies reported both the sensitivity and specificity of the diagnostic equipment,
while the AUC of SROC was estimated separately like that of the DBT arm. All the studies
reported the number of benign and malignant cases, 80% of studies acquired data via the
Koning Breast CT (KBCT 1000) model [11–13,49].

3.3. Quality Assessment and Publication Bias

In the DBT arm, one study reported a high risk of bias due to inappropriate exclusion
and method of patient selection [47]. Two studies (11.8%) reported an unclear risk of bias
because the diagnostic threshold was not specified, and no information on whether the
readers were blinded to the result of clinical outcomes [34,44]. One study (6.7%) did not
give enough information about the pathological findings and, if necessary, follow-up was
made, thus providing an unclear risk of bias for a reference standard [40]. Three studies
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(17.6%) did not give details information if the patients received the reference standard or if
the appropriate time interval between the reference standard and index test, thus providing
an unclear risk of bias for flow and timing [34,40,51]. Additionally, eight studies (47.1%)
had a high risk of bias for applicability concerns regarding patient selection as the criteria
for selecting patients did not match exactly our review questions, three studies (17.6%)
provided high risk and unclear risk of bias regarding applicability for index test, only one
study (5.9%) gave unclear applicability concerns regarding reference standard. The risk
of bias and applicability concern and reviewers’ judgment about each domain for all the
included study is shown in Figure 2. Likewise, for the CBBCT arm, none of the studies
reported a high risk of bias, although the unclear risk of bias exists in patient selection,
reference standard, and flow and timing in one study due to scanty information [12,48].
The overview of bias and applicability risk is shown in Figure 3. A visual assessment
of funnel plots revealed asymmetrical distribution around inverted funnel for included
studies of DBT which signifies publication bias which might be attributed to reporting
bias [33], as shown in Figure 4. However, the likelihood of publication bias might also exist
in the CBBCT arm due to the small number of studies included in the meta-analysis. More
details about the risk of bias and applicability of concerns using QUADASS-2 assessment is
shown in Figure 3.
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3.4. DBT Meta-Analysis

A total of 17 studies with different observations on sensitivity, specificity, and AUC
contributed to the meta-analysis of the DBT arm [10,34–49]. The forest plot of sensitivity
and specificity with point estimates of 95% confidence intervals across different studies
are shown in Figure 5. The pooled sensitivity was 86.7% (95% CI: 80.3–91.2, I2 = 89) and
specificity is 87.0% (95% CI: 79.9–91.8, I2 = 95). Since all the within studies had Higgins I2

for both sensitivity and specificity above 75%, and the p-value of Cochran Q statistic is less
than 0.05, which implies there is substantial heterogeneity.
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Figure 5. Forest plots using random effect model univariate meta-analysis model for DBT showing
pooled sensitivity and pooled specificity.

To show both practical and statistical significance between DBT and CBBCT modalities,
the difference in sensitivity and specificity of these modalities were estimated, the result
of the difference in effect size for sensitivity is 3% (p-value = 0.7622) and specificity is
16.4% (p-value = 0.0622). The effect size for DBT exceeded CBBCT by 3% and 15.3%
for sensitivity and specificity, respectively, which indicate better performance for DBT.
Although it is statistically is non-significant since both p-values are greater than 0.05. The
pooled positive likelihood ratio (LR+) is 6.28 (95% CI: 4.40–8.96, I2 = 93), while the pooled
negative likelihood ratio (LR−) is 0.17 (95% CI: 0.12–0.25, I2 = 92), as shown in Figure 6.
The pooled AUC of SROC is 0.925, as shown in Figure 7a.
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Figure 7. The plot of diagnostic performance using bivariate Summary Receiver Operating Char-
acteristics (SROC) curve. (a) SROC of DBT; (b) SROC of CBBCT. The prediction region is shown in
a dashed dark line, the confidence region shown in a small black ellipse, summary point in black
diamond plus ad scaled dataset points for each study in a small triangle. CI: Confidence interval;
AUC: area under the curve.

3.5. CBBCT Meta-Analysis

A total of five different observation studies were included in the meta-analysis of the
CBBCT arm; the summary of all necessary information is tabulated in Table 1. Pooled sensitivity
with 95% confidence intervals across the studies is 83.7% (95% CI: 54.6–95.7, I2 = 94); while the
pooled specificity is 71.3% (95% CI: 47.5–87.2, I2 = 94); as shown in Figure 8. There is substantial
heterogeneity within studies for both sensitivity and specificity as the value of I2 is higher
than 75% and a p-value less than 0.05. Due to the small number of included studies, further
subgroup analyses for evaluating a potential source of heterogeneity were not performed. The
pooled positive likelihood ratio (LR+) is 2.71 (95% CI: 1.39–5.29, I2 = 95), while the pooled
negative likelihood ratio (LR−) is 0.21 (95% CI: 0.07–0.32, I2 = 97), as shown in Figure 9. The
pooled AUC of SROC is 0.831, as shown in Figure 7b.
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Table 1. Characteristics of studies included in digital breast tomosynthesis and cone-beam breast computed tomography.

Study Country Equipment Total No.
of Patients

(Mean Age ± SD)
Years

No. of Radiol.
(Mean Years)

Gland. Dose
(mGy) Sens. Specf. Benign

Cases (%)
Malig.

Cases (%) Study Intervention

Digital Breast Tomosynthesis

Sudhir et al. [50] India N/A 130 45 ± 12 2 (N/A) N/A 82.8/100 84.8/100 N/A N/A DM vs. DBT vs. US+DBT vs.
CEDM a

Hadadi et al. [51] Australia N/A 35 N/A 7 (2) N/A 69/100 63/100 N/A N/A DBT vs. DM a

Conant et al. [34] USA Hologic Selenia Dimensions 56839 54 ± NA N/A N/A 91.2/100 92.6/100 N/A N/A DBTvs. DM a

Comstock al. [35] USA/Germany N/A 1444 54.9 ± 0.85 2 (N/A) N/A 9/23 1371/1407 0.6 99.4 One-view DBT vs. DM b

Conant et al. [36] USA Hologic Selenia Dimensions 50971 54.6 ± 8.9 13 (N/A) N/A 90.6/100 91.3/100 N/A N/A DBT vs. DM b,e

Asbeutah et al. [37] Kuwait GE Senographe Essential 58 54.3 ±12.6 1 (>10) N/A 33/34 30/31 47.7 52.3 DBT vs. DM b,f

Georgian-Smith et al.
[38] USA Siemens Mammomat

Inspiration system 330 56.3 ± 9.8 31 (4–38) N/A 86/105 162/210 63.6 31.8 DBT vs. DM b,e

Mall et al. [10] Australia Hologic Selenia Dimensions 144 N/A 15 (16) N/A 226/242 375/501 66.7 33.3 DBT vs. DM b,d

Zackrisson et al. [39] Sweden Siemens Mammomat
Inspiration system 14848 57.0 ± 10.0 7 (2–14) 2.30 81.1/100 97.2/100 N/A N/A DBT vs. DM b,d,f

Dibble et al. [40] USA Hologic Selenia Dimensions 59 58.9 ± N/A 3 (6–16) N/A 51/59 55/59 N/A N/A DBT vs. DM a

Kim et al. [41] Korea Hologic Selenia Dimensions 698 48.7 ± 11.2 12 (9.3) 1.30 128/140 468/558 79.9 20.1 DBT vs. US b,f

Rodriguez-Ruiz et al.
[42] Netherlands N/A 181 52 ± N/A 6 (23) 2.41 57/79 38/51 39.2 60.8 DBT vs. DM a,f

Chae et al. [43] Korea GE Senographe Essential 319 49.0 ± N/A 3 (8–18) N/A 299/337 302/324 11.1 88.9 DBT vs. DM b,e

Bian et al. [44] China Hologic Selenia Dimensions 631 45.0 ± N/A 3 (3–20) N/A 225/330 287/301 47.7 52.3 DBT vs. DM a

Lee et al. [45] Korea Hologic Selenia Dimensions 108 46.3 ± 7.8 3 (N/A) 1.50 17/17 74/91 84.3 15.7 DBT vs. US a,f

Kim et al. [46] Korea Hologic Selenia Dimensions 113 49.6 ± N/A 3 (>13) N/A 73/75 20/44 37.0 63.0 DBT vs. US a,f

Roganovic et al. [47] Bosnia and
Herzegovina Hologic Selenia Dimensions N/A 53.2 ± N/A 1(10) 2.3 29/29 21/28 49.1 50.9 DBT vs. DM vs. MRI b,f

Cone-Beam Breast Computed Tomography

Weinbeck et al. [12] Germany Koning (CBCT 1000) Breast CT 41 67.8 ± N/A 2 (>7) 5.85-7.5 7/36 16/19 43.0 51.0 CBBCT vs. MRI vs. DM a,e

Jung et al. [48] N/A N/A 30 30 ± N/A 4 (7) N/A 97/100 53/100 76.5 23.5 CBBCT a,c

Weinbeck et al. [11] Germany Koning (CBCT 1000) Breast CT 59 N/A 2 (18.5) 5.8–16.6 66/74 12/35 31.3 66.1 CBBCT vs. DM a,c

He et al. [49] China Koning (CBCT 1000) Breast CT 212 48 ± N/A 2 (>10) 8 ± 1.6 97/110 279/332 75.1 24.9 CBBCT vs. DM vs. US b

Zhao et al. [13] USA Koning (CBCT 1000) Breast CT 65 55.6 ± 9.8 2 (>7) 5.8–24.84 39/45 35/40 47.1 52.9 CBBCT vs. DM b,e

Note: a Retrospective study, b Prospective studies, c Observer performance studies, d Clinical trial studies, e Diagnostic studies, f Screening studies DBT: Digital Breast Tomosynthesis,
DM: Digital Mammography, Sens.—Sensitivity, Specf.—Specificity, Gland. Dose—Mean glandular dose, LR+: Positive likelihood ratio and LR−: Negative likelihood ratio, CEDMContrast-
enhanced digital mammography.
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4. Discussion

The systematic review identified 17 studies for the DBT arm and five studies for the
CBBCT arm, comparing the diagnostic accuracy using sensitivity, specificity, mean AUC of
SROC, positive and negative likelihood ratios as a figure of merits. Our results showed
that the pooled sensitivity of DBT was 86.7% (95% CI: 80.3–91.2) and was higher than that
of the pooled sensitivity of CBBCT 83.7% (95% CI: 54.6–95.7), with about 3% with a p-value
of 0.7622. Likewise, the pooled specificity of DBT showed an improvement over CBBCT
from 87.7% (95% CI: 79.9–91.8) and 71.3% (95% CI: 47.5–87.2) by 16.4%. The pooled LR+ of
DBT is 6.28 (95% CI: 4.40–8.96) and was slightly higher than that of CBBCT with pooled
LR+ of 2.71 (95% CI: 1.39–5.29). The result signifies that DBT is six times more likely to
detect patients with breast cancer than patients without breast cancer, as LR+ is greater
than 10 and LR− is less than 0.1 produces the greatest efficiency [25]. The pooled AUC
of SROC of the DBT arm is 0.925 and was significantly higher than that of the CBBCT
arm (p-value = 0.016), 0.831. The pooled LR+ and LR− of the CBBCT are 2.71 and 0.21,
respectively, which cause a small change in the pre-test probability [25]. Although the
result presented by Uhlig et al. [19] showed a pooled sensitivity of 78.9%, the specificity
of 69.7% and AUC of 0.817, the result of our CBBCT arm showed higher improvement in
terms of pooled sensitivity and sensitivity and mean AUC value. The summary of pooled
results is shown in Table 2.

Table 2. Summary of all estimated diagnostic test accuracy.

DOR Parameters Pooled Value at 95% CI (DBT) Pooled Value at 95% CI (CBBCT)

Sensitivity 86.7% (80.3–91.2, I2 = 89%) 83.7% (54.6–95.7 I2 = 94%)

Specificity 87.0% (79.9–91.8, I2 = 95%) 71.3% (47.5–87.2, I2 = 94%)

LR+ 6.28 (4.40–8.96, I2 = 93%) 2.71 (1.39–5.29, I2 = 95%)

LR− 0.17 (0.12–0.25, I2 = 91%) 0.21 (0.04–1.05, I2 = 97%)

AUC of SROC 0.925 0.831
Note: LR+ = Positive likelihood ratio, LR− = Negative likelihood ratio, DBT = Digital breast tomosynthesis,
DM = Digital mammography, CBBCT = Cone-beam breast computed tomography, SROC = Summary Receiver
Operating Characteristics, CI = Confidence interval; AUC = area under the curve.

We decided to check the effect of the different study protocols (prospective and ret-
rospective studies) on diagnostic performance by conducting a sub-group analysis. The
analysis with retrospective studies has a sensitivity of 84.6% (95% CI: 74.6–91.1, I2 = 84%
for 8 studies), while that of prospective studies was 86.7% (95% CI: 80.3–91.3, I2 = 89%
for 9 studies), indicating no significant heterogeneity between the sensitivity as shown in
Appendix A (Figure A1). In addition, the specificity is 83.0% (95% CI: 69.2–91.3, I2 = 93%
for 6 studies) for retrospective studies, while the specificity of prospective studies is 87.0%
(95% CI: 79.9–91.8, I2 = 96% for 9 studies) in Appendix A (Figure A1). The result indi-
cates that prospective studies of DBT show a slight non-significantly improvement over
retrospective studies in terms of sensitivity and specificity with a p-value of 0.2509.

This increase in mean AUC of DBT might have resulted from the significantly higher
value of sensitivity and specificity recorded by most of the included studies [34–36,39,40,42–44].
In contrast, similar lower specificity has been recorded in the CBBCT counterparts [12,48,49],
contrarily [11,13] reported higher specificity like that of its DBT counterparts as likely sup-
ported by Chappell et al. [30], that an effective diagnostic test should have corresponding high
sensitivity and specificity, which significantly contribute to the AUC of the SROC curve. The
pooled result of our study has demonstrated the diagnostic potency of DBT over the CBBCT
for both sensitivity, specificity, positive and negative likelihood ratio, and AUC. When we
compared our pooled sensitivity and specificity with that of Belair et al. [20], which had a
sensitivity of 87% (95% CI: 80–92) and 70% (95% CI: 60–79) for DBT and CBBCT and specificity
of 81% (95% CI: 72–87) and 67% (95% CI: 57–77), we discovered that our pooled sensitivity for
the DBT is within the same range, while the pooled specificity has improved by approximately
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7.2%. Comparing Belair et al. [20] with our pooled result for CBBCT showed that sensitivity
and specificity have improved by 13.7% and 4.3 %, respectively. According to Zuley et al. [21],
for lesion visibility and diagnostic accuracy of CBBCT, DBT, and MRI, the AUC of 0.84 and
0.75 was estimated for DBT and CBBCT pooled AUC result improved by 11.3% and 10.8%.
The result shows a statistical significance in the pooled AUC for DBT with p-value = 0.016, as
this will provide better diagnostic power compared to univariate sensitivity and specificity.
Although the abbreviated 3D breast MRI has been used to screen patients with a high risk of
breast cancer due to its high sensitivity between 80–94% and specificity of 80–100% [52,53],
however, some small lesions of less than 5 mm in size and ductal carcinoma in situ (DCIS) are
not easily visible due to their diffuse pattern of spread [53,54]. Additionally, the cost of an MRI
examination and the time cost for each examination has limited its widespread application [55].
Previous studies on the comparison of CBBCT with DM have shown the higher performance
of CBBCT on breast masses characterization [12,13], in cancer detection [48] and improved
performance and good interrater agreement among readers [47], therefore making CBBCT a
potential modality for improved diagnosis of breast cancer.

The studies have several limitations; firstly, the result of both arms was not extracted
from the same studies (comparison with a different cohort) according to Yang et al. [27],
as no comparison studies between CBBCT and DBT were available within the study’s
scope and range of year covered, which might have introduced a potential bias between
the result. Secondly, the sample size of the CBBCT arm is also one-third of that of the
DBT arm, the pooled estimate may not fully represent the statistical power we are looking
for; thus, the CBBCT result is underrepresented; therefore, the statistical significance of
CBBCT might reduce as more sample size tends to increase the statistical significance of
a model. Thirdly, due to the recent introduction of CBBCT as a screening or diagnostic
imaging modality, no large multicenter prospective or clinical trial studies are available
with no standardized acquisition protocol [19], thus making a direct comparison with the
DBT modality a daunting task.

5. Conclusions

Our study demonstrates that DBT shows improved diagnostic performance over
CBBCT with pooled sensitivity, specificity AUC, and positive and negative likelihood ratios.
This improvement shows a statistical significance for AUC diagnostic parameter, as this
parameter would represent higher diagnostic power compared to its derivative sensitivity
and specificity. We believe that the diagnostic performance of CBBCT would continue to
improve due to more understanding of the underpinned imaging physics of this modality
coupled with computer-aided detection application and better experiences of a radiologist.
We recommended more prospective studies on the direct comparison of diagnostic accuracy
of CBBCT and DBT for breast cancer characterization and detection.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/s22093594/s1, File S1: PRISMA checklist table; File S2: Detailed search strategy describing
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Author Contributions: T.E.K.: methodology, validation, formal analysis, investigation, data curation
and conceptualization, writing—original draft, writing—reviewing, and editing. C.Z.: methodology,
validation, formal analysis, investigation, data curation, writing—original draft, writing—reviewing
and editing. O.A.O.: methodology, validation, formal analysis, investigation, data curation, writing—
original draft, writing—reviewing and editing. G.Y.: methodology, validation, investigation: method-
ology, validation, formal analysis, investigation, writing—reviewing and editing. Q.D.: methodology,
validation, investigation and formal analysis. M.L.: methodology, validation, investigation and
formal analysis. J.Z.: methodology, validation, investigation and formal analysis, writing—reviewing
and editing. X.Y.: methodology, validation, formal analysis, investigation, data curation and con-
ceptualization, writing—original draft, writing—reviewing and editing, project administration and
supervision. All authors have read and agreed to the published version of the manuscript.

https://www.mdpi.com/article/10.3390/s22093594/s1
https://www.mdpi.com/article/10.3390/s22093594/s1


Sensors 2022, 22, 3594 12 of 15

Funding: This work was supported in part by the National Key Research and Development Program
of China under Grant 2016YFC0104505, in part by the National Natural Science Foundation of
China under Grant 61701492, in part by the Jiangsu Science and Technology Department under
Grant BK20170392, in part by the Suzhou Municipal Science and Technology Bureau under Grant
SYG201825. TEK receives support from the Chinese Government Scholarship for his Ph.D. studies
(CSC No. 2017GXZ021382).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All the supporting data are included in the study and Appendix A.

Acknowledgments: The authors acknowledged Kayode Charles Komolafe at Jackson State Univer-
sity, United States of America for proofreading this article and other anonymous reviewers for their
constructive criticism.

Conflicts of Interest: The authors declare no competing financial interest or personal relationship
that could have appeared to influence the work reported in this paper.

Abbreviations

CI: Confidence interval; CBBCT: Cone-beam breast computed tomography; DBT: Digital breast
tomosynthesis; DM: Digital mammography; AUC: Area under the curve; LR+: Positive likelihood
ratio; LR−: Negative likelihood ratio; PRISMA: Preferred reporting items for systematic reviews and
meta-analyses; QUADAS-2: Quality assessment of diagnostic accuracy studies-2; RE: Random effects.

Appendix A

Sensors 2022, 22, x FOR PEER REVIEW 10 of 10 
 

 

Appendix A 

 

Figure A1. Univariate sub-group analysis of sensitivity and specificity with random model based 

on the different study protocols. g represents sub-group analysis of data when g = 0 (Retrospective 

studies) and g = 1 (Prospective studies). 

 

Figure A1. Univariate sub-group analysis of sensitivity and specificity with random model based
on the different study protocols. g represents sub-group analysis of data when g = 0 (Retrospective
studies) and g = 1 (Prospective studies).

References
1. O’Connell, A.; Conover, D.L.; Zhang, Y.; Seifert, P.; Logan-Young, W.; Lin, C.F.; Sahler, L.; Ning, R. Cone-beam CT for breast

imaging: Radiation dose, breast coverage, and image quality. AJR Am. J. Roentgenol. 2010, 195, 496–509. [CrossRef] [PubMed]
2. DeSantis, C.; Ma, J.; Bryan, L.; Jemal, A. Breast cancer statistics, 2013. CA Cancer J. Clin. 2014, 64, 52–62. [CrossRef] [PubMed]

http://doi.org/10.2214/AJR.08.1017
http://www.ncbi.nlm.nih.gov/pubmed/20651210
http://doi.org/10.3322/caac.21203
http://www.ncbi.nlm.nih.gov/pubmed/24114568


Sensors 2022, 22, 3594 13 of 15

3. Bustamante, M.; Rienzo, A.; Osorio, R.; Lefranc, E.; Duarte-Mermoud, M.A.; Herrera-Viedma, E.; Lefranc, G. Algorithm for
processing mammography: Detection of microcalcifications. IEEE Lat. Am. Trans. 2018, 16, 2460–2466. [CrossRef]

4. Mellado, M.; Osa, A.M.; Murillo, A.; Bermejo, R.; Burguete, A.; Pons, M.J.; Erdozain, N. Influencia de la mamografía digi-
tal en la detección y manejo de microcalcificaciones [Impact of digital mammography in the detection and management of
microcalcifications]. Radiologia 2013, 55, 142–147. [CrossRef]

5. Mann, R.M.; Hooley, R.; Barr, R.G.; Moy, L. Novel approaches to screening for breast cancer. Radiology 2020, 297, 266–285.
[CrossRef]

6. Zhu, Y.; O’Connell, A.M.; Ma, Y.; Liu, A.; Li, H.; Zhang, Y.; Zhang, X.; Ye, Z. Dedicated breast CT: State of the art—Part II. Clinical
application and future outlook. Eur. Radiol. 2022, 32, 2286–2300. [CrossRef]

7. Conant, E.F.; Beaber, E.F.; Sprague, B.L.; Herschorn, S.D.; Weaver, D.L.; Onega, T.; Tosteson, A.N.A.; McCarthy, A.M.; Poplack,
S.P.; Haas, J.; et al. Breast cancer screening using tomosynthesis in combination with digital mammography compared to digital
mammography alone: A cohort study within the PROSPR consortium. Breast Cancer Res. Treat. 2016, 156, 109–116. [CrossRef]

8. Fontaine, M.; Tourasse, C.; Pages, E.; Laurent, N.; Laffargue, G.; Millet, I.; Molinari, N.; Taourel, P. Local Tumor Staging of Breast
Cancer: Digital Mammography versus Digital Mammography Plus Tomosynthesis. Radiology 2019, 291, 594–603. [CrossRef]

9. Iotti, V.; Rossi, P.G.; Nitrosi, A.; Ravaioli, S.; Vacondio, R.; Campari, C.; Marchesi, V.; Ragazzi, M.; Bertolini, M.; Besutti, G.; et al.
Comparing two visualization protocols for tomosynthesis in screening: Specificity and sensitivity of slabs versus planes plus
slabs. Eur. Radiol. 2019, 29, 3802–3811. [CrossRef]

10. Mall, S.; Noakes, J.; Kossoff, M.; Lee, W.; McKessar, M.; Goy, A.; Duncombe, J.; Roberts, M.; Giuffre, B.; Miller, A.; et al. Can
digital breast tomosynthesis perform better than standard digital mammography work-up in breast cancer assessment clinic? Eur.
Radiol. 2018, 28, 5182–5194. [CrossRef]

11. Wienbeck, S.; Uhlig, J.; Luftner-Nagel, S.; Zapf, A.; Surov, A.; von Fintel, E.; Stahnke, V.; Lotz, J.; Fischer, U. The role of cone-beam
breast-CT for breast cancer detection relative to breast density. Eur. Radiol. 2017, 27, 5185–5195. [CrossRef] [PubMed]

12. Wienbeck, S.; Fischer, U.; Luftner-Nagel, S.; Lotz, J.; Uhlig, J. Contrast-enhanced cone-beam breast-CT (CBBCT): Clinical
performance compared to mammography and MRI. Eur. Radiol. 2018, 28, 3731–3741. [CrossRef] [PubMed]

13. Zhao, B.; Zhang, X.; Cai, W.; Conover, D.; Ning, R. Cone beam breast CT with multiplanar and three dimensional visualization in
differentiating breast masses compared with mammography. Eur. J. Radiol. 2015, 84, 48–53. [CrossRef] [PubMed]

14. Movik, E.; Dalsbø, T.K.; Fagelund, B.C.; Friberg, E.G.; Håheim, L.L.; Skår, Å. Digital Breast Tomosynthesis with Hologic 3D
Mammography Selenia Dimensions System for Use in Breast Cancer Screening: A Single Technology Assessment; Report from the
Norwegian Institute of Public Health No. 2017–08; Knowledge Centre for the Health Services at The Norwegian Institute of
Public Health (NIPH): Oslo, Norway, 2017.

15. Thompson, W.; Argaez, C. Digital Breast Tomosynthesis for the Screening and Diagnosis of Breast Cancer: A Review of the Diagnostic
Accuracy, Cost-Effectiveness and Guidelines; Canadian Agency for Drugs and Technologies in Health: Ottawa, ON, Canada, 2019.

16. Melnikow, J.; Fenton, J.J.; Whitlock, E.P.; Miglioretti, D.L.; Weyrich, M.S.; Thompson, J.H.; Shah, K. Supplemental screening for
breast cancer in women with dense breasts: A systematic review for the US Preventive Services Task Force. Ann. Intern. Med.
2016, 164, 268–278. [CrossRef] [PubMed]

17. Phi, X.A.; Tagliafico, A.; Houssami, N.; Greuter, M.J.W.; de Bock, G.H. Digital breast tomosynthesis for breast cancer screening
and diagnosis in women with dense breasts-a systematic review and meta-analysis. BMC Cancer 2018, 18, 380. [CrossRef]

18. Uhlig, J.; Fischer, U.; Biggemann, L.; Lotz, J.; Wienbeck, S. Pre- and post-contrast versus post-contrast cone-beam breast CT: Can
we reduce radiation exposure while maintaining diagnostic accuracy? Eur. Radiol. 2019, 29, 3141–3148. [CrossRef]

19. Uhlig, J.; Uhlig, A.; Biggemann, L.; Fischer, U.; Lotz, J.; Wienbeck, S. Diagnostic accuracy of cone-beam breast computed
tomography: A systematic review and diagnostic meta-analysis. Eur. Radiol. 2019, 29, 1194–1202. [CrossRef]

20. Belair, J.; Zuley, M.; Ganott, M.; Kelly, A.; Shinde, D.; Shah, R.; Catullo, V.; Mishra, M.D.V.; Gur, D. Non-contrast Cone-Beam CT
vs Tomosynthesis: Identification and Classification of Benign and Malignant Breast Lesions. In Proceedings of the Radiological
Society of North America 2012 Scientific Assembly and Annual Meeting, Chicago, IL, USA, 25–30 November 2012. Available
online: http://archive.rsna.org/2012/12022690.html (accessed on 24 December 2021).

21. Zuley, M.; Guo, B.; Ganott, M.; Bandos, A.; Catullo, V.; Lu, A.; Kelly, A.E.; Anello, M.L.; Abrams, G.S.; Chough, D. Comparison
of Visibility and Diagnostic Accuracy of Cone Beam Computed Tomography, Tomosynthesis, MRI and Digital Mammography
for Breast Masses. In Proceedings of the Radiological Society of North America 2013 Scientific Assembly and Annual Meet-
ing, Chicago, IL, USA, 1–6 December 2013. Available online: http://archive.rsna.org/2013/13022530.html (accessed on 24
December 2021).

22. Komolafe, T.E.; Olagbaju, O.A.; Li, M.; Zheng, J.; Yang, X. Comparison of Diagnostic Accuracy of Cone-Beam Breast
Computed Tomography and Digital Breast Tomosynthesis: A Systematic Review and Meta-Analysis Approach. PROS-
PERO2020CRD42020180192. Available online: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020180192
(accessed on 5 January 2022).

23. Deeks, J.J.; Bossuyt, P.M.M. Chapter 3: Evaluating diagnostic tests. In Cochrane Handbook for Systematic Reviews of Reviews of
Diagnostic Test Accuracy Version 2; Deeks, J.J., Bossuyt, P.M.M., Leeflang, M.M.G., Takwoingi, Y., Eds.; Cochrane: London, UK, 2017.

24. McInnes, M.D.F.; Moher, D.; Thombs, B.D.; McGrath, T.A.; Bossuyt, P.M.; The PRISMA-DTA Group. Preferred Reporting Items
for a Systematic Review and Meta-analysis of Diagnostic Test Accuracy Studies: The PRISMA-DTA Statement. JAMA 2018, 319,
388–396. [CrossRef]

http://doi.org/10.1109/TLA.2018.8789569
http://doi.org/10.1016/j.rx.2011.06.011
http://doi.org/10.1148/radiol.2020200172
http://doi.org/10.1007/s00330-021-08178-0
http://doi.org/10.1007/s10549-016-3695-1
http://doi.org/10.1148/radiol.2019182457
http://doi.org/10.1007/s00330-018-5978-x
http://doi.org/10.1007/s00330-018-5473-4
http://doi.org/10.1007/s00330-017-4911-z
http://www.ncbi.nlm.nih.gov/pubmed/28677053
http://doi.org/10.1007/s00330-018-5376-4
http://www.ncbi.nlm.nih.gov/pubmed/29594402
http://doi.org/10.1016/j.ejrad.2014.05.032
http://www.ncbi.nlm.nih.gov/pubmed/25439008
http://doi.org/10.7326/M15-1789
http://www.ncbi.nlm.nih.gov/pubmed/26757021
http://doi.org/10.1186/s12885-018-4263-3
http://doi.org/10.1007/s00330-018-5854-8
http://doi.org/10.1007/s00330-018-5711-9
http://archive.rsna.org/2012/12022690.html
http://archive.rsna.org/2013/13022530.html
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020180192
http://doi.org/10.1001/jama.2017.19163


Sensors 2022, 22, 3594 14 of 15

25. Manikandan, R.; Dorairajan, L.N. How to appraise a diagnostic test. Indian J. Urol. 2011, 27, 513–519.
26. Komolafe, T.E.; Cao, Y.; Nguchu, B.A.; Monkam, P.; Olaniyi, E.O.; Sun, H.; Zheng, J.; Yang, X. Diagnostic test accuracy of deep

learning detection of COVID-19: A systematic review and meta-analysis. Acad. Radiol. 2021, 8, 1507–1523. [CrossRef]
27. Yang, B.; Mallett, S.; Takwoingi, Y.; Davenport, C.F.; Hyde, C.J.; Whiting, P.F.; Deeks, J.J.; Leeflang, D.M.M.; the QUADAS-C

Group. QUADAS-C: A Tool for Assessing Risk of Bias in Comparative Diagnostic Accuracy Studies. Ann. Intern. Med. 2021, 174,
1592–1599. [CrossRef] [PubMed]

28. Whiting, P.F.; Rutjes, A.W.; Westwood, M.E.; Mallett, S.; Deeks, J.J.; Reitsma, J.B.; Leeflang, M.M.; Sterne, J.A.; Bossuyt, P.M.;
QUADAS-2 Group. QUADAS-2: A revised tool for the quality assessment of diagnostic accuracy studies. Ann. Intern. Med. 2011,
155, 529–536. [CrossRef] [PubMed]

29. Shim, S.R.; Kim, S.J.; Lee, J. Diagnostic test accuracy: Application and practice using R software. Epidemiol. Health 2019, 41,
e2019007. [CrossRef] [PubMed]

30. Chappell, F.M.; Raab, G.M.; Wardlaw, J.M. When are summary ROC curves appropriate for diagnostic meta-analyses? Stat. Med.
2009, 28, 2653–2668. [CrossRef]

31. Zamora, J.; Abraira, V.; Muriel, A.; Khan, K.S.; Coomarasamy, A. Meta-DiSc: A software for meta-analysis of test accuracy data.
BMC Med. Res. Methodol. 2006, 6, 31. [CrossRef]

32. Higgins, J.P.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539–1558. [CrossRef]
33. Liu, J.L. The role of the funnel plot in detecting publication and related biases in meta-analysis. Evid.-Based Dent. 2011, 12, 121–122.

[CrossRef]
34. Conant, E.F.; Zuckerman, S.P.; McDonald, E.S.; Weinstein, S.P.; Korhonen, K.E.; Birnbaum, J.A.; Tobey, J.D.; Schnall, M.D.;

Hubbard, R.A. Five Consecutive Years of Screening with Digital Breast Tomosynthesis: Outcomes by Screening Year and Round.
Radiology 2020, 295, 285–293. [CrossRef]

35. Comstock, C.E.; Gatsonis, C.; Newstead, G.M.; Snyder, B.S.; Gareen, I.F.; Bergin, J.T.; Rahbar, H.; Sung, J.S.; Jacobs, C.; Harvey,
J.A.; et al. Comparison of Abbreviated Breast MRI vs Digital Breast Tomosynthesis for Breast Cancer Detection Among Women
with Dense Breasts Undergoing Screening. JAMA 2020, 323, 746–756. [CrossRef]

36. Conant, E.F.; Barlow, W.E.; Herschorn, S.D.; Weaver, D.L.; Beaber, E.F.; Tosteson, A.N.A.; Haas, J.S.; Lowry, K.P.; Stout, N.K.;
Trentham-Dietz, A.; et al. Association of Digital Breast Tomosynthesis vs Digital Mammography with Cancer Detection and
Recall Rates by Age and Breast Density. JAMA Oncol. 2019, 5, 635–642. [CrossRef]

37. Asbeutah, A.M.; Karmani, N.; Asbeutah, A.A.; Echreshzadeh, Y.A.; AlMajran, A.A.; Al-Khalifah, K.H. Comparison of Digital
Breast Tomosynthesis and Digital Mammography for Detection of Breast Cancer in Kuwaiti Women. Med. Princ. Pract. 2019, 28,
10–15. [CrossRef] [PubMed]

38. Georgian-Smith, D.; Obuchowski, N.A.; Lo, J.Y.; Brem, R.F.; Baker, J.A.; Fisher, P.R.; Rim, A.; Zhao, W.; Fajardo, L.L.; Mertelmeier,
T. Can Digital Breast Tomosynthesis Replace Full-Field Digital Mammography? A Multireader, Multicase Study of Wide-Angle
Tomosynthesis. Am. J. Roentgenol. 2019, 212, 1393–1399. [CrossRef]

39. Zackrisson, S.; Lång, K.; Rosso, A.; Johnson, K.; Dustler, M.; Förnvik, D.; Andersson, I. One-view breast tomosynthesis versus two-
view mammography in the Malmö Breast Tomosynthesis Screening Trial (MBTST): A prospective, population-based, diagnostic
accuracy study. Lancet Oncol. 2018, 19, 1493–1503. [CrossRef]

40. Dibble, E.H.; Lourenco, A.P.; Baird, G.L.; Ward, R.C.; Maynard, A.S.; Mainiero, M.B. Comparison of digital mammography and
digital breast tomosynthesis in the detection of architectural distortion. Eur. Radiol. 2018, 28, 3–10. [CrossRef] [PubMed]

41. Kim, W.H.; Chang, J.M.; Lee, J.; Chu, A.J.; Seo, M.; Gweon, H.M.; Förnvik, H.; Sartor, H.; Timberg, P.; Tingberg, A.; et al.
Erratum to: Diagnostic performance of tomosynthesis and breast ultrasonography in women with dense breasts: A prospective
comparison study. Breast Cancer Res. Treat. 2017, 163, 197. [CrossRef] [PubMed]

42. Rodriguez-Ruiz, A.; Gubern-Merida, A.; Imhof-Tas, M.; Lardenoije, S.; Wanders, A.J.T.; Andersson, I.; Zackrisson, S.; Lång, K.;
Dustler, M.; Karssemeijer, N.; et al. One-view digital breast tomosynthesis as a stand-alone modality for breast cancer detection:
Do we need more? Eur. Radiol. 2018, 28, 1938–1948. [CrossRef]

43. Chae, E.Y.; Kim, H.H.; Cha, J.H.; Shin, H.J.; Choi, W.J. Detection and characterization of breast lesions in a selective diagnostic
population: Diagnostic accuracy study for comparison between one-view digital breast tomosynthesis and two-view full-field
digital mammography. Br. J. Radiol. 2016, 89, 20150743. [CrossRef]

44. Bian, T.; Lin, Q.; Cui, C.; Li, L.; Qi, C.; Fei, J.; Su, X. Digital Breast Tomosynthesis: A New Diagnostic Method for Mass-Like
Lesions in Dense Breasts. Breast J. 2016, 22, 535–540. [CrossRef]

45. Lee, W.K.; Chung, J.; Cha, E.S.; Lee, J.E.; Kim, J.H. Digital breast tomosynthesis and breast ultrasound: Additional roles in dense
breasts with category 0 at conventional digital mammography. Eur. J. Radiol. 2016, 85, 291–296. [CrossRef]

46. Kim, S.A.; Chang, J.M.; Cho, N.; Yi, A.; Moon, W.K. Characterization of breast lesions: Comparison of digital breast tomosynthesis
and ultrasonography. Korean J. Radiol. 2015, 16, 229–238. [CrossRef]

47. Roganovic, D.; Djilas, D.; Vujnovic, S.; Pavic, D.; Stojanov, D. Breast MRI, digital mammography and breast tomosynthesis:
Comparison of three methods for early detection of breast cancer. Bosn. J. Basic Med. Sci. 2015, 15, 64–68. [CrossRef] [PubMed]

48. Jung, H.K.; Kuzmiak, C.M.; Kim, K.W.; Choi, N.M.; Kim, H.J.; Langman, E.L.; Yoon, S.; Steen, D.; Zeng, D.; Gao, F. Potential Use
of American College of Radiology BI-RADS Mammography Atlas for Reporting and Assessing Lesions Detected on Dedicated
Breast CT Imaging: Preliminary Study. Acad. Radiol. 2017, 24, 1395–1401. [CrossRef] [PubMed]

http://doi.org/10.1016/j.acra.2021.08.008
http://doi.org/10.7326/M21-2234
http://www.ncbi.nlm.nih.gov/pubmed/34698503
http://doi.org/10.7326/0003-4819-155-8-201110180-00009
http://www.ncbi.nlm.nih.gov/pubmed/22007046
http://doi.org/10.4178/epih.e2019007
http://www.ncbi.nlm.nih.gov/pubmed/30999739
http://doi.org/10.1002/sim.3631
http://doi.org/10.1186/1471-2288-6-31
http://doi.org/10.1002/sim.1186
http://doi.org/10.1038/sj.ebd.6400831
http://doi.org/10.1148/radiol.2020191751
http://doi.org/10.1001/jama.2020.0572
http://doi.org/10.1001/jamaoncol.2018.7078
http://doi.org/10.1159/000495753
http://www.ncbi.nlm.nih.gov/pubmed/30476905
http://doi.org/10.2214/AJR.18.20294
http://doi.org/10.1016/S1470-2045(18)30521-7
http://doi.org/10.1007/s00330-017-4968-8
http://www.ncbi.nlm.nih.gov/pubmed/28710582
http://doi.org/10.1007/s10549-017-4172-1
http://www.ncbi.nlm.nih.gov/pubmed/28236032
http://doi.org/10.1007/s00330-017-5167-3
http://doi.org/10.1259/bjr.20150743
http://doi.org/10.1111/tbj.12622
http://doi.org/10.1016/j.ejrad.2015.09.026
http://doi.org/10.3348/kjr.2015.16.2.229
http://doi.org/10.17305/bjbms.2015.616
http://www.ncbi.nlm.nih.gov/pubmed/26614855
http://doi.org/10.1016/j.acra.2017.06.003
http://www.ncbi.nlm.nih.gov/pubmed/28728854


Sensors 2022, 22, 3594 15 of 15

49. He, N.; Wu, Y.P.; Kong, Y.; Lv, N.; Huang, Z.M.; Li, S.; Wang, Y.; Geng, Z.-J.; Wu, P.-H.; Wei, W.-D. The utility of breast cone-beam
computed tomography, ultrasound, and digital mammography for detecting malignant breast tumors: A prospective study with
212 patients. Eur. J. Radiol. 2016, 85, 392–403. [CrossRef] [PubMed]

50. Sudhir, R.; Sannapareddy, K.; Potlapalli, A.; Krishnamurthy, P.B.; Buddha, S.; Koppula, V. Diagnostic accuracy of contrast-
enhanced digital mammography in breast cancer detection in comparison to tomosynthesis, synthetic 2D mammography and
tomosynthesis combined with ultrasound in women with dense breast. Br. J. Radiol. 2021, 94, 20201046. [CrossRef]

51. Hadadi, I.; Rae, W.; Clarke, J.; McEntee, M.; Ekpo, E. Breast cancer detection: Comparison of digital mammography and digital
breast tomosynthesis across non-dense and dense breasts. Radiography 2021, 27, 1027–1032. [CrossRef]

52. Deike-Hofmann, K.; Koenig, F.; Paech, D.; Dreher, C.; Delorme, S.; Schlemmer, H.P.; Bickelhaupt, S. Abbreviated MRI Protocols in
Breast Cancer Diagnostics. J. Magn. Reson 2019, 49, 647–658. [CrossRef]

53. Mann, R.M.; Cho, N.; Moy, L. Breast MRI: State of the Art. Radiology 2019, 292, 520–536. [CrossRef]
54. Shimauchi, A.; Jansen, S.A.; Abe, H.; Jaskowiak, N.; Schmidt, R.A.; Newstead, G.M. Breast cancers not detected at MRI: Review of

false-negative lesions. Am. J. Roentgenol 2010, 194, 1674–1679. [CrossRef]
55. Mango, V.L.; Morris, E.A.; Dershaw, D.D.; Abramson, A.; Fry, C.; Moskowitz, C.S.; Hughes, M.; Kaplan, J.; Jochelson, M.S.

Abbreviated protocol for breast MRI: Are multiple sequences needed for cancer detection? Eur. J. Radiol. 2015, 84, 65–70.
[CrossRef]

http://doi.org/10.1016/j.ejrad.2015.11.029
http://www.ncbi.nlm.nih.gov/pubmed/26781145
http://doi.org/10.1259/bjr.20201046
http://doi.org/10.1016/j.radi.2021.04.002
http://doi.org/10.1002/jmri.26525
http://doi.org/10.1148/radiol.2019182947
http://doi.org/10.2214/AJR.09.3568
http://doi.org/10.1016/j.ejrad.2014.10.004

	Introduction 
	Materials and Methods 
	Data Sources and Search Strategy 
	Eligibility Criteria 
	Study Selection 
	Data Collection Process 
	Risk of Bias and Quality Appraisal 
	Data Analysis 

	Results 
	Study Inclusion 
	Overview of Included Studies 
	Quality Assessment and Publication Bias 
	DBT Meta-Analysis 
	CBBCT Meta-Analysis 

	Discussion 
	Conclusions 
	Appendix A
	References

