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INTRODUCTION

Diagnostic mammography is widely used to assess 
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Objective: To compare the accuracy for detecting breast cancer in the diagnostic setting between the use of digital breast 
tomosynthesis (DBT), defined as DBT alone or combined DBT and digital mammography (DM), and the use of DM alone through 
a systematic review and meta-analysis.
Materials and Methods: Ovid-MEDLINE, Ovid-Embase, Cochrane Library and five Korean local databases were searched for 
articles published until March 25, 2020. We selected studies that reported diagnostic accuracy in women who were recalled 
after screening or symptomatic. Study quality was assessed using the Quality Assessment of Diagnostic Accuracy Studies-2 
tool. A bivariate random effects model was used to estimate pooled sensitivity and specificity. We compared the diagnostic 
accuracy between DBT and DM alone using meta-regression and subgroup analyses by modality of intervention, country, 
existence of calcifications, breast density, Breast Imaging Reporting and Data System category threshold, study design, 
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Results: Twenty studies (n = 44513) that compared DBT and DM alone were included. The pooled sensitivity and specificity 
were 0.90 (95% confidence interval [CI] 0.86–0.93) and 0.90 (95% CI 0.84–0.94), respectively, for DBT, which were higher 
than 0.76 (95% CI 0.68–0.83) and 0.83 (95% CI 0.73–0.89), respectively, for DM alone (p < 0.001). The area under the summary 
receiver operating characteristics curve was 0.95 (95% CI 0.93–0.97) for DBT and 0.86 (95% CI 0.82–0.88) for DM alone. The 
higher sensitivity and specificity of DBT than DM alone were consistently noted in most subgroup and meta-regression analyses.
Conclusion: Use of DBT was more accurate than DM alone for the diagnosis of breast cancer. Women with clinical symptoms 
or abnormal screening findings could be more effectively evaluated for breast cancer using DBT, which has a superior diagnostic 
performance compared to DM alone.
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potential abnormalities detected in screening 
mammography, to further evaluate patients who have signs 
or symptoms of breast disease, and for short-term follow-
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up of patients with probable benign findings [1]. However, 
mammography has a limitation in visualizing overlapping 
dense fibroglandular breast tissue, which can ultimately 
reduce the conspicuity of breast cancers and make normal 
structures appear suspicious [2,3]. To solve the problem 
of inconclusive findings frequently noted in women with 
dense breasts, supplemental mammographic views are 
conventionally obtained with or without targeted breast 
ultrasonography [4,5].

Digital breast tomosynthesis (DBT) is currently used in 
clinical practice; compared with digital mammography (DM), 
it has increased the rate of breast cancer detection and 
decreased false-positive findings by reducing overlapping 
breast tissue. DBT allows for quasi-three-dimensional breast 
reconstruction, which permits the tissue visualization in 
these sections with subsequent resolution of overlying 
tissue. Consequently, key mammographic findings, such as 
masses, areas of architectural distortion, and asymmetries, 
are better discerned and characterized with greater 
confidence compared to conventional two-dimensional (2D) 
mammographic images [6,7]. A recent meta-analysis that 
evaluated studies comparing DBT and 2D mammography in 
a screening setting showed that the pooled incremental 
cancer detection rate for tomosynthesis was 1.6 cancers 
per 1000 screens [8]. Accumulating evidence from big-
data analysis studies in the screening setting have also 
suggested the superiority of DBT in comparison with the 
current standard or synthetic DM [9,10].

DBT can be efficaciously used, not only in the screening 
setting, but also in various clinical diagnostic settings [11-
13]. Studies have reported the diagnostic value of DBT to 
detect breast cancer in symptomatic patients or patients 
with suspicious mammographic findings; however, to our 
knowledge, a limited number of meta-analyses has compared 
the diagnostic accuracies of DBT and DM in a diagnostic 
setting across a wide range of disease presentations. 

Therefore, this study was aimed at comparing the 
accuracy for detecting breast cancer in the diagnostic 
setting between DBT, defined as DBT alone or combined 
DBT and DM, and DM alone through a systematic review 
and meta-analysis. Our hypothesis was that DBT might offer 
superior diagnostic accuracy compared to DM alone.

MATERIALS AND METHODS 

Search Strategy and Study Selection
This study followed the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses-Diagnostic Test 
Accuracy Statement [14]. We searched Ovid-MEDLINE, Ovid-
Embase, Cochrane Library, and five Korean local databases 
for articles published until March 25, 2020. Supplementary 
Materials show the detailed search strategy and processes 
of the systematic review and meta-analysis. In addition, 
the bibliographies of relevant articles were also reviewed to 
identify additional publications.

Inclusion and Exclusion Criteria 
The selection criteria were as follows: 1) breast imaging 

using both DM and DBT for breast symptoms, abnormal 
findings on screening examinations, or a need for follow-
up imaging; 2) DBT (DBT alone or combined DBT and 
DM) compared to DM alone; 3) sufficient information to 
discriminate among true-positive, false-positive, false-
negative, and true-negative results for breast cancer to 
determine the sensitivity and specificity; 4) reference 
standards of biopsy and/or imaging follow-up. The exclusion 
criteria were as follows: non-original articles; screening 
setting or participants solely composed of patients with 
breast cancer; single arm; non-comparative study; or fewer 
than 50 participants. 

Data Extraction and Quality Assessment 
We performed pilot data extraction for several studies 

to standardize the data extraction form and improve 
consistency between the reviewers. The two reviewers who 
conducted the study selection independently extracted 
data from the selected studies into a standardized 
form, including 1) study characteristics: authors, year 
of publication, study design, study period, and setting 
(number and location of research center); 2) study 
population: inclusion/exclusion criteria, number, mean age 
(range), breast density, and sampling method; 3) methods: 
index test, reference test (biopsy or follow-up imaging), 
comparator, and threshold of Breast Imaging Reporting and 
Data System (BI-RADS) final assessment category; and 4) 
analyzed diagnostic accuracy: 2-by-2 contingency table for 
the presence of breast cancer by index test and comparator 
(number of true-positive, false-positive, false-negative, and 
true-negative results), by directly extracting the existing 
data or estimating the values using the existing data. Any 
disagreement between the two reviewers was resolved by 
rechecking the data and discussing the case further with 
the clinical advisory committee (Supplemental Materials).

The risk of bias and the applicability of the included 
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studies were assessed by the two reviewers using the Quality 
Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) 
tool, and all discrepancies were resolved by discussion with 
the clinical advisory committee.

Statistical Analysis
The pooled summary of sensitivity and specificity 

were estimated based on the bivariate random effects 
meta-analysis using STATA version 14.2 (StataCorp.). 
We generated a hierarchical summary receiver operating 
characteristic (HSROC) type curve, a summary ROCs curve, 
and the respective area under the curve. To evaluate 
study heterogeneity, which refers to the variability in 
diagnostic accuracy across the primary studies, we used the 
Higgins I2 statistic, with I2 > 50% indicating the presence 
of heterogeneity [15]. When there was a substantial 
heterogeneity in diagnostic accuracy across studies, we 
investigated a threshold effect by 1) visual assessment of 
coupled forest plots of sensitivity and specificity, and 2) 
a Spearman correlation coefficient between the sensitivity 
and false-positive rate (correlation coefficient > 0.6 
indicated a threshold effect) [16]. We also visually assessed 
the differences between the 95% confidence region and the 
95% prediction region in the HSROC curve for examining 
the presence of heterogeneity between studies [17]. We 
performed meta-regression analysis to further explore the 
causes of study heterogeneity by including predefined 
covariates in a bivariate model: modality of intervention 
(DBT alone vs. DBT with DM), country where the study was 
performed (Asian vs. non-Asian), existence of calcifications 
(lesion with calcification vs. lesion without calcifications), 
breast density of women included in the study (≥ 2 or b 
vs. 1–4 or a–d), BI-RADS category threshold (≥ 4 vs. ≥ 3), 
study design (prospective vs. retrospective), protocol for 
participant sampling (consecutive vs. non-consecutive), 
sample size (< 200 vs. ≥ 200), reason for diagnostic 
examination (symptoms only vs. symptoms or screening 
recall), and number of readers who interpreted the studies 
(≥ 5 vs. < 5).

We compared the diagnostic accuracies of DBT and DM 
alone by adding a covariate for test type to the HSROC 
model and performed the likelihood ratio tests to compare 
models with and without covariate terms. We further 
conducted subgroup comparative analyses using meta-
regression between DBT and DM alone according to covariate 
terms. In addition, we conducted a sensitivity analysis to 
assess the robustness of our results. By excluding influential 

research one-by-one, the overall effects of sensitivity or 
specificity change were estimated. For the non-selected 
predefined covariates for the subgroup analysis, the 
following exclusion criteria were chosen considering the 
characteristics of the included studies: studies with number 
of participants > 1000 or those comparing DBT with DM 
alone using unpaired patient cohort. We added 0.5 to 
all cells of a study’s 2-by-2 contingency table if any cell 
was zero. Deeks’ funnel plot was generated to test for 
publication bias, with statistical significance being assessed 
based on Deeks’ asymmetry test. We used two-tailed tests 
of significance, and p < 0.05 was considered statistically 
significant. 

RESULTS

Study Characteristics 
A total of 2501 articles were identified, and 139 full 

texts were retrieved. Of these, 119 were excluded according 
to the exclusion criteria (Fig. 1). Finally, 20 articles with 
44513 patients and 58388 lesions fulfilled the eligibility 
criteria [18-37]. Table 1 presents the characteristics of the 
included studies. They were published between 2013 and 
2020. The mean age of the participants was 52 years (range, 
45–62 years).

Of these studies, 50% were conducted in Asian countries 
[18-20,23,25,27,29,31-33], and there were four prospective 
studies [18,19,32,33]. Five studies had patients with breast 
density ≥ 2 or b according to American College of Radiology 
(ACR) [28-31,34], nine studies consecutively sampled 
participants [18,21,22,24-26,32,34,35], and 13 studies 
performed a per-lesion analysis [18-23,25,26,28,29,31-
34]. Five studies included lesions without calcifications 
[26,28-30,34], and three studies symptomatic patients 
only [19,29,34]. A total of 11 studies compared DBT alone 
and DM alone [18,20,22-24,26,28,29,31,33,36], while 
nine studies [19,21,25,27,30,32,34,35,37] compared the 
combination of DBT with DM and DM alone. 

Quality Assessment
The results of quality assessments using QUADAS-2 

tool are summarized in Figure 2. With regard to patient 
selection, nine studies had a low risk for bias [18,21,22,24-
26,32,34,35], while one study had a high risk for bias [23], 
mainly due to limited reporting of participant sampling. 
Only one study had a high risk of bias with regard to index 
tests [28] as it did not explicitly present a threshold. In 
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the domain of bias in the reference standard, 12 studies 
were scored as ‘unclear risk’ [20-25,27-30,34,37] because 
of unclear explanation of the blinding results of index test. 
All studies were scored ‘unclear’ in the domains of bias in 
the patient flow and timing, as they did not clearly define 
the appropriate interval between index test and reference 
standard. With regard to applicability, all included studies 
were scored ‘low’ in the three domains.

Diagnostic Accuracy of DBT and DM 
The bivariate random-effects meta-analysis of the 

20 studies showed a pooled sensitivity of 0.90 (95% 
confidence interval [CI] 0.86–0.93) and a pooled specificity 
of 0.90 (95% CI 0.84–0.94) for DBT (Fig. 3). With regard 
to DM alone, the pooled estimates of sensitivity and 
specificity were 0.76 (95% CI 0.68–0.83) and 0.83 (95% 
CI 0.73–0.89), respectively. In comparison with DM alone, 
DBT showed a higher sensitivity and specificity (p < 0.001). 
The area under summary ROC curve for DBT and DM alone 
was 0.95 (95% CI 0.93–0.97) and 0.86 (95% CI 0.82–0.88), 
respectively (Supplementary Figs. 1, 2). The Higgins I2 
statistic indicated the presence of heterogeneity in both 
sensitivity (I2 = 91.4%) and specificity (I2 = 99.3%) among 
the studies reporting DBT. In addition, there was a large 
difference between the 95% confidence and prediction 
regions in the HSROC curve, which indicated the presence 
of heterogeneity among studies (Fig. 4A). However, the 

estimation of the Spearman correlation coefficient (ρ = -0.16, 
p = 0.49) as well as the visual inspection of coupled forest 
plot (Fig. 3A) did not reveal a diagnostic threshold effect. 
Substantial heterogeneity in both pooled sensitivities and 
pooled specificities were found for DBT and DM alone for 
the non-threshold effect. 

To further explore the causes of study heterogeneity, a 
meta-regression analysis was conducted (Supplementary 
Table 1). The results showed that the BI-RADS category 
threshold was the only significant factor that influenced 
study heterogeneity with regard to sensitivity and 
specificity. However, despite extensive meta-regression, 
no other significant variable was found to influence 
study heterogeneity. Deeks’ funnel plot and the results 
of regression test for asymmetry of the included studies 
indicated no direct evidence for publication bias (p = 
0.24) (Fig. 5). In our sensitivity analyses, after excluding 
studies with the number of patients exceeding 1000 or 
those comparing DBT with DM alone using unpaired patient 
cohorts (Supplementary Table 2), the pooled sensitivity and 
specificity of DBT were significantly higher than those of 
DM alone.

Subgroup Comparative Analyses
We divided the participants into subgroups according 

to the modality of intervention, country, existence of 
calcification, breast density, BI-RADS category threshold, 

Records identified through electronic databases (n = 2501)
  - Ovid-MEDLINE (n = 790)
  - Ovid-Embase (n = 1330)
  - Cochrane library (n = 48)
  - Korean local databases (KoreaMed, KMbase, RISS, KISS, NDSL) (n = 333)

Full-text articles excluded (n = 119)
  - No original articles (n = 2)
  - Screening setting or breast cancer patients (n = 67)
  - Not relevant intervention/or comparator (n = 10)
  - Not reported diagnostic accuracy (n = 20)
  - Insufficient information for 2-by 2 contingency table (n = 16)
  - Small number of participants (n = 2)
  - No head to head comparison (n = 2)

Records after duplicates removed
(n = 1513)

Records excluded after title and abstract assessed (n = 1374)

Full-text articles assessed for eligibility
(n = 139)

Studies included in the meta-analysis
(n = 20)

Fig. 1. Flow diagram of the study selection process.
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study design, protocol for participant sampling, number of 
participants., reason for diagnostic examination (symptoms 
only vs. symptoms or screening recall), and number of 
readers who interpreted the studies (≥ 5 vs. < 5). Results 
of the subgroup analysis revealed that pooled sensitivity 
and/or specificity for DBT was consistently higher than 
those of DM alone (Table 2); it was statistically significant 
in all analyses (all p < 0.05), except for the subgroups of 
non-Asian countries, no calcifications, a BI-RADS category 
threshold ≥ 3, breast density ≥ 2 or b, and number of 
readers who interpreted the studies ≥ 5. The higher 
sensitivities of DBT compared with those of DM alone were 

preserved in most analyses, except those for non-Asian, 
BI-RADS category threshold ≥ 3, breast density ≥ 2 or b, 
no calcification, diagnostic exam for symptomatic reason, 
and number of readers who interpreted the studies ≥ 5. 
Compared with DM alone, we found higher specificity of DBT 
in the subgroups DBT alone, Asian, and non-consecutive 
sampling (p < 0.05). 

DISCUSSION

In our systematic review and meta-analysis of 20 
comparative studies that investigated 44513 patients, the 

Fig. 2. Risk of bias graph by the Quality Assessment of Diagnostic Accuracy Studies version 2, (A) risk of bias graph, and (B) risk 
of bias summary for each study.

Patient selection

Index test

Reference standard

Flow and timing

0        25       50       75      100

Risk of bias (%) Applicability concerns (%)

0        25       50       75      100

High Unclear Low

Applicability 
concernsRisk of bias

Asbeutah et al. 2019 [20] 

Bahl et al. 2019 [21]

Bansal et al. 2015 [34]

Basha et al. 2020 [18]

Bian et al. 2016 [29]

Chan et al. 2017 [26]

Elizalde et al. 2016 [30]

Georgian-Smith et al. 2019 [22]

Gilbert et al. 2015 [35]

Kamal et al. 2016 [31]

Kim et al. 2017 [27]

Krammer et al. 2017 [28]

Li et al. 2019 [23]

Mall et al. 2018 [24]

Ohashi et al. 2018 [25]

Seo et al. 2016 [32]

Tagliafico et al. 2015 [36]

Taha Ali et al. 2016 [33]

Waldherr et al. 2013 [37]

You et al. 2020 [19]

Pa
ti

en
t 

se
le

ct
io

n

In
de

x 
te

st

Re
fe

re
nc

e 
st

an
da

rd

Pa
ti

en
t 

se
le

ct
io

n

In
de

x 
te

st

Re
fe

re
nc

e 
st

an
da

rd

Fl
ow

 a
nd

 t
im

in
g

High Unclear Low
A B



1246

Ko et al.

https://doi.org/10.3348/kjr.2020.1227 kjronline.org

Fig. 3. Coupled forest plots of the pooled sensitivity and specificity of (A) digital breast tomosynthesis and (B) digital 
mammography alone for breast cancer diagnosis. The black square boxes denote either sensitivity (left panel) or specificity (right panel), 
and horizontal lines represent 95% CI for each study. The vertical dotted line indicates pooled summary estimates of sensitivity or specificity, 
and the diamond at the bottom indicates the 95% CIs. Heterogeneity statistics (I2 value, Q value) for sensitivity and specificity are displayed.  
CI = confidence interval
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pooled sensitivity was 90% (95% CI 86–93, I2 = 91.4%) for 
DBT and 76% (95% CI 68–83, I2 = 93.5%) for DM alone in 
diagnosing breast cancer. The pooled specificity to diagnose 
breast cancer was 90% (95% CI 84–94, I2 = 99.3%) for 
DBT and 83% (95% CI 73–89, I2 = 99.6%) for DM alone. 
In this study, we only included primary studies with a 
comparative design; two index tests of interest and meta-
regression modeling were performed to evaluate the impact 
of important potential confounding variables on accuracy. 
Higher sensitivity and specificity of DBT as compared to DM 
alone was consistent in subgroup analysis for the modality 
of intervention, study design, existence of calcification, 
breast density, BI-RADS category threshold, protocol for 
participant sampling, number of participants, and country 
where the study was performed.

A previous meta-analysis by Lei et al. [38] assessed the 
diagnostic accuracy of DBT alone vs. DM alone in seven 
studies (2014 patients) and reported sensitivities of 90% 
and 89%, respectively, and specificities of 79% and 72% 

for DBT alone and DM alone, respectively. Another meta-
analysis that included 38 comparative studies (488099 
patients) reported sensitivities of 88%, 88%, and 79%, 
and specificities of 84%, 81%, and 79% for DBT alone, 
combined DBT and DM, and DM alone, respectively [39]. 
Although these previous meta-analyses reported similar 
results as those of the current study, they only analyzed 
studies with small sample sizes [38] and evaluated both 
screening and diagnostic populations [39]. In addition, we 
performed subgroup analysis providing diagnostic accuracies 
in each subgroup, and sensitivity analysis, whereas the 
previous study [39] provided beta coefficients of imaging 
modality and other covariates based on the multivariate 
meta-regression model.

Although DBT has been evaluated predominantly in 
the screening setting, it has been shown to be useful 
in the diagnostic setting, as well as to improve lesion 
characterization in noncalcified lesions when compared 
to conventional mammography [7,40,41]. The diagnostic 

Fig. 4. HSROC curves of (A) digital breast tomosynthesis and (B) digital mammography alone for breast cancer diagnosis. HSROC 
curves show the individual (circles) and pooled (red square) sensitivity and specificity, and the dimension of each circle indicates the weight 
from the study sample size. There is a large difference between the 95% prediction (larger oval) and confidence region (small oval) in (B) digital 
mammography alone as well as (A) digital breast tomosynthesis, which suggests considerable heterogeneity among studies. HSROC = hierarchical 
summary receiver operating characteristic
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accuracy of breast DBT in the diagnostic workup of women 
with clinical signs and symptoms and in women recalled 
from screening has also been demonstrated to be equivalent 
to or better than supplemental diagnostic mammographic 
views in several studies [7,12,37,41]. For these reasons, 
the ACR Appropriateness Criteria® highly recommended the 
use of DBT to evaluate symptomatic women with a palpable 
mass or nipple discharge, especially those ≥ 40 years of age 
[42,43]. The higher accuracy of DBT than DM enabled the 
omission of unnecessary recall for additional workup and 
biopsies and increases workflow efficiency [34]. 

In most of the studies included in our meta-analysis, 
a relatively high area under the curve values of DBT 
compared to DM alone was noted. DBT alone even showed 
higher values than DM alone and DBT combined with DM. 
Although the reason for the superior value of DBT alone 
compared to DBT combined with DM is inevident, the 
use of synthetic mammography obtained from DBT could 
explain the high diagnostic value. Moreover, differences 
in readers’ experience who interpreted the DBT also could 
affect the diagnostic performance. This observation was 
inconsistent in individual studies, and superiorities in 
sensitivity or specificity of DBT relative to those of DM 
were inconsistently noted. In the retrospective cohort study 
with 22824 DBT diagnostic examinations and 22883 DM 
conducted by Bahl et al. [21], the cancer detection rate and 
sensitivity were similar; however, specificity was higher in 
the DBT combined with DM group than DM alone group. The 

study that only included cases with calcifications showed 
equivalent diagnostic performance between DBT alone and 
DM [36]. It is often considered that calcifications cannot 
be well assessed by DBT and should therefore be excluded 
in DBT studies [44]. However, in our subgroup analysis, a 
statistically significant superior performance of DBT was 
noted, even in studies that did not excluded calcifications 
[18-25,27,31-33,35-37]. In studies that included 
symptomatic patients only, or either symptomatic patients 
or screening recalls, higher sensitivity and specificity values 
were noted although no strong evidence for an effect was 
noted in the subgroup of symptomatic patients only as the 
number of studies was small. These results indicate that 
diagnostic performance can be affected by the variabilities 
in patient characteristics. Furthermore, differing diagnostic 
thresholds that define a positive test need to be confirmed 
by more prospective studies. 

Our study had a few limitations. First, most studies 
included in our meta-analysis were retrospective studies, 
and some “prospective” studies could be classified as 
retrospective reader studies as the images were collected 
prospectively; however, the images were evaluated later 
with the reader study. Second, the reasons for performing 
the diagnostic DBT and their clinical workflow could be 
variable accordingly; however, separate analyses for these 
different indications, including imaging abnormality and 
various symptoms, were not possible because of lack of 
separate data by different samplings in primary studies. 
Third, substantial study heterogeneity was observed. To 
identify the factors causing heterogeneity, we examined the 
threshold effect between sensitivity and specificity using 
coupled forest plot and Spearman correlation coefficient 
and performed sensitivity analyses as well as extensive 
meta-regression. Including more prospective studies with a 
larger study population might help to validate the present 
conclusions with relatively less heterogeneity. Fourth the 
obscurity of blinding and time interval between the index 
test and reference standard were notable areas for quality 
assessment. To ensure comparability and minimize the 
bias resulting from confounding factors, we only included 
primary studies with a comparative design and with 
the same reference standard. However, lack of detailed 
description regarding study protocol could influence the 
results. Further studies should provide a clear description 
according to each item requested QUADAS-2 tool.

In summary, this systematic review and meta-analysis 
of comparative studies showed that both DBT alone and 

0.00

0.05

0.10

0.15

1/
ro

ot
 (

ES
S)

1               10             100            1000

Deeks’ funnel plot asymmetry test
p = 0.24

Study
Regression
  line

Diagnostic odds ratio

Fig. 5. Deeks’ funnel plot for digital breast tomosynthesis. The 
p value of 0.24 for the slope coefficient indicates symmetry in the 
data and a low likelihood of publication bias. ESS = effective sample 
size



1249

Accuracy of Digital Breast Tomosynthesis

https://doi.org/10.3348/kjr.2020.1227kjronline.org

Ta
bl

e 
2.

 C
om

pa
ra

ti
ve

 A
na

ly
si

s 
of

 D
BT

 w
it

h 
DM

Co
va

ria
te

No
. o

f
St

ud
ie

s
Se

ns
it

iv
it

y 
(9

5%
 C

I)
Sp

ec
ifi

ci
ty

 (
95

%
 C

I)
P‡

DB
T

DM
 A

lo
ne

P*
DB

T
DM

 A
lo

ne
P†

M
od

al
it

y

DB
T 

al
on

e
11

0.
93

 (
0.

89
–0

.9
6)

0.
80

 (
0.

69
–0

.9
1)

0.
03

0
0.

90
 (

0.
84

–0
.9

7)
0.

75
 (

0.
64

–0
.8

6)
0.

02
0

0.
01

0

DB
T 

co
m

bi
ne

d 
w

it
h 

DM
  9

0.
86

 (
0.

81
–0

.9
2)

0.
74

 (
0.

68
–0

.8
0)

< 
0.

00
1

0.
89

 (
0.

82
–0

.9
7)

0.
89

 (
0.

81
–0

.9
8)

0.
99

0
0.

00
5

Co
un

tr
y

As
ia

n 
10

0.
92

 (
0.

88
–0

.9
6)

0.
75

 (
0.

65
–0

.8
4)

< 
0.

00
1

0.
92

 (
0.

86
–0

.9
7)

0.
79

 (
0.

67
–0

.9
1)

0.
05

0
< 

0.
00

1

No
n-

As
ia

n
10

0.
88

 (
0.

83
–0

.9
3)

0.
77

 (
0.

67
–0

.8
7)

0.
07

0
0.

88
 (

0.
79

–0
.9

6)
0.

86
 (

0.
76

–0
.9

5)
0.

81
0

0.
13

0

Ex
is

te
nc

e 
of

 c
al

ci
fic

at
io

n

Ye
s

15
0.

90
 (

0.
86

–0
.9

3)
0.

78
 (

0.
72

–0
.8

5)
0.

02
0

0.
90

 (
0.

85
–0

.9
6)

0.
80

 (
0.

70
–0

.8
9)

0.
36

0
< 

0.
00

1

No
  5

0.
90

 (
0.

81
–0

.9
9)

0.
67

 (
0.

45
–0

.8
8)

0.
21

0
0.

90
 (

0.
79

–1
.0

0)
0.

90
 (

0.
80

–1
.0

0)
0.

68
0

0.
11

0

Br
ea

st
 d

en
si

ty

≥ 
2 

or
 b

  5
0.

90
 (

0.
80

–1
.0

0)
0.

70
 (

0.
48

–0
.9

2)
0.

29
0

0.
92

 (
0.

84
–1

.0
0)

0.
90

 (
0.

80
–1

.0
0)

0.
70

0
0.

14
0

Al
l (

1–
4 

or
 a

–d
)

15
0.

90
 (

0.
86

–0
.9

3)
0.

77
 (

0.
71

–0
.8

4)
0.

02
0

0.
89

 (
0.

83
–0

.9
5)

0.
80

 (
0.

70
–0

.9
0)

0.
36

0
< 

0.
00

1

BI
-R

AD
S 

th
re

sh
ol

d

≥ 
4

15
0.

91
 (

0.
87

–0
.9

4)
0.

77
 (

0.
70

–0
.8

4)
0.

04
0

0.
90

 (
0.

84
–0

.9
6)

0.
82

 (
0.

72
–0

.9
1)

0.
26

0
< 

0.
00

1

≥ 
3

  3
0.

90
 (

0.
82

–0
.9

4)
0.

77
 (

0.
57

–0
.9

8)
0.

42
0

0.
95

 (
0.

87
–1

.0
0)

0.
89

 (
0.

75
–1

.0
0)

0.
63

0
0.

54
0

St
ud

y 
de

si
gn

Pr
os

pe
ct

iv
e

  4
0.

92
 (

0.
86

–0
.9

8)
0.

67
 (

0.
54

–0
.8

0)
< 

0.
00

1
0.

89
 (

0.
78

–1
.0

0)
0.

71
 (

0.
54

–0
.8

8)
0.

07
0

0.
01

0

Re
tr

os
pe

ct
iv

e
16

0.
89

 (
0.

85
–0

.9
3)

0.
78

 (
0.

71
–0

.8
6)

0.
01

0
0.

90
 (

0.
85

–0
.9

6)
0.

85
 (

0.
77

–0
.9

3)
0.

31
0

0.
01

0

Sa
m

pl
in

g

Co
ns

ec
ut

iv
e

  9
0.

89
 (

0.
84

–0
.9

4)
0.

76
 (

0.
68

–0
.8

4)
< 

0.
00

1
0.

89
 (

0.
82

–0
.9

7)
0.

84
 (

0.
70

–0
.9

8)
0.

52
0

0.
02

0

No
n-

co
ns

ec
ut

iv
e

11
0.

90
 (

0.
86

–0
.9

5)
0.

77
 (

0.
66

–0
.8

7)
0.

03
0

0.
89

 (
0.

82
–0

.9
7)

0.
81

 (
0.

74
–0

.8
8)

0.
05

0
0.

02
0

Sa
m

pl
e 

si
ze

s

≥ 
20

0
10

0.
90

 (
0.

85
–0

.9
4)

0.
78

 (
0.

71
–0

.8
5)

0.
01

9
0.

90
 (

0.
83

–0
.9

7)
0.

84
 (

0.
75

–0
.9

4)
0.

32
0

0.
02

0

< 
20

0
10

0.
90

 (
0.

86
–0

.9
5)

0.
74

 (
0.

61
–0

.8
7)

0.
03

0
0.

90
 (

0.
83

–0
.9

7)
0.

81
 (

0.
68

–0
.9

4)
0.

22
0

0.
03

0

In
di

ca
ti

on
s 

fo
r 

di
ag

no
st

ic
 e

xa
m

in
at

io
n

Sy
m

pt
om

 o
nl

y 
  3

0.
93

 (
0.

87
–0

.9
9)

0.
76

 (
0.

59
–0

.9
3)

0.
33

0
0.

95
 (

0.
89

–1
.0

0)
0.

93
 (

0.
85

–1
.0

0)
0.

85
0

0.
05

0

Sy
m

pt
om

 o
r 

sc
re

en
in

g 
re

ca
ll

17
0.

89
 (

0.
85

–0
.9

3)
0.

76
 (

0.
67

–0
.8

3)
< 

0.
00

1
0.

89
 (

0.
83

–0
.9

5)
0.

80
 (

0.
71

–0
.8

9)
0.

20
0

< 
0.

00
1

No
 o

f 
re

ad
er

s

≥ 
5 

  7
0.

87
 (

0.
82

–0
.9

2)
0.

84
 (

0.
77

–0
.9

0)
0.

40
0

0.
83

 (
0.

71
–0

.9
5)

0.
76

 (
0.

61
–0

.9
2)

0.
75

0
0.

61
0

< 
5

13
0.

91
 (

0.
87

–0
.9

5)
0.

70
 (

0.
60

–0
.8

0)
< 

0.
00

1
0.

93
 (

0.
88

–0
.9

7)
0.

86
 (

0.
78

–0
.9

4)
0.

21
0

< 
0.

00
1

*p
 v

al
ue

 f
ro

m
 li

ke
lih

oo
d 

ra
ti

o 
te

st
 in

 s
en

si
ti

vi
ty

 b
et

w
ee

n 
DB

T 
an

d 
DM

 a
lo

ne
, † p 

va
lu

e 
fr

om
 li

ke
lih

oo
d 

ra
ti

o 
te

st
 in

 s
pe

ci
fic

it
y 

be
tw

ee
n 

DB
T 

an
d 

DM
 a

lo
ne

, ‡ p 
va

lu
e 

fr
om

 li
ke

lih
oo

d 
ra

ti
o 

te
st

 in
 s

en
si

ti
vi

ty
 a

nd
/o

r 
sp

ec
ifi

ci
ty

 b
et

w
ee

n 
DB

T 
an

d 
DM

 a
lo

ne
. C

I 
= 

co
nf

id
en

ce
 in

te
rv

al
, D

BT
 =

 d
ig

it
al

 b
re

as
t 

to
m

os
yn

th
es

is
, D

M
 =

 d
ig

it
al

 m
am

m
og

ra
ph

y,
 N

A 
= 

no
t 

ap
pl

ic
ab

le



1250

Ko et al.

https://doi.org/10.3348/kjr.2020.1227 kjronline.org

DBT combined with DM were more accurate than DM alone 
for the diagnosis of breast cancer. Women with clinical 
symptoms or abnormal screening findings could be more 
effectively evaluated for breast cancer using DBT, which has 
a superior diagnostic performance than DM alone. 
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