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Purpose: We conducted a systematic review and meta-analysis to compare the screening performance of
synthesized mammography (SM) plus digital breast tomosynthesis (DBT) with digital mammography
(DM) plus DBT or DM alone.
Methods: Medline, Embase, Web of Science, and the Cochrane Library databases were searched from
January 2010 to January 2021. Eligible population-based studies on breast cancer screening comparing
SM/DBT with DM/DBT or DM in asymptomatic women were included. A random-effect model was used
in this meta-analysis. Data were summarized as risk differences (RDs), with 95 % confidence intervals
(CIs).
Results: Thirteen studies involving 1,370,670 participants were included. Compared with DM/DBT,
screening using SM/DBT had similar breast cancer detection rate (CDR) (RD ¼ �0.1/1000 screens, 95 %
CI ¼ �0.4 to 0.2, p ¼ 0.557, I2 ¼ 0 %), but lower recall rate (RD ¼ �0.56 %, 95 % CI ¼ �1.03 to �0.08,
p ¼ 0.022, I2 ¼ 90 %) and lower biopsy rate (RD ¼ �0.33 %, 95 % CI ¼ �0.56 to �0.10, p ¼ 0.005, I2 ¼ 78 %).
Compared with DM, SM/DBT improved CDR (RD ¼ 2.0/1000 screens, 95 % CI ¼ 1.4 to 2.6, p < 0.001,
I2 ¼ 63 %) and reduced recall rate (RD ¼ �0.95 %, 95 % CI ¼ �1.91 to �0.002, p ¼ 0.049, I2 ¼ 99 %).
However, SM/DBT and DM had similar interval cancer rate (ICR) (RD ¼ 0.1/1000 screens, 95 % CI ¼ �0.6 to
0.8, p ¼ 0.836, I2 ¼ 71 %) and biopsy rate (RD ¼ �0.05 %, 95 % CI ¼ �0.35 to 0.24, p ¼ 0.727, I2 ¼ 93 %).
Conclusions: Screening using SM/DBT has similar breast cancer detection but reduces recall and biopsy
when compared with DM/DBT. SM/DBT improves CDR when compared with DM, but they have little
difference in ICR. SM/DBT could replace DM/DBT in breast cancer screening to reduce radiation dose.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Digital breast tomosynthesis (DBT) has increasingly been used
for breast cancer screening and diagnosis in the past decade [1,2]. In
Europe and the USA, some institutions have adopted DBT as the
standard method for breast cancer screening [3,4]. Breast cancer
screening using DBT in combination with digital mammography
(DM) has been shown to increase cancer detection rates (CDRs)
compared with DM alone, but the recall rates vary between studies
[5e9]. At the same time, multiple diagnostic studies showed that
the addition of DBT to DM improved the diagnostic performance for
breast cancer [10,11].

The primary limitation of using DM plus DBTcomparedwith DM
alone for screening is the increase in the radiation dose to the
breast being imaged, which approximately doubles [12]. Therefore,
concerns about radiationmake DM/DBT less suitable for population
screening programs. To resolve the concern, two-dimensional
synthetic mammography (SM) was developed, providing recon-
struction images similar to those from DM using the data from the
tomosynthesis acquisitions [8,13]. SM was approved by the U.S.
Food and Drug Administration in May 2013 as an alternative to
digital mammography in DBT screening [14]. However, some re-
searchers had concerns about the image quality of SM, especially
for calcification detection and characterization [11,15].

Several reviews on SM screening have been published to date,
but most without any quantitative analyses [12,15e18]. At the same
time, some important population-based studies on breast cancer
screening have been published in the past several years [19e22].
Recently, a comprehensive meta-analysis of four imaging modal-
ities (SM/DBT, DM/DBT, DBT, and DM) has been published, which
mainly used proportional meta-analysis rather than head-to-head
comparison [23]. Another review of DBT performed analysis of
CDR and recall rate for SM/DBT versus DM, which was simple and
incomplete [24]. Therefore, a comprehensive head-to-head meta-
analysis is necessary to prove the clinical performance of SM/DBT
comparing with DM/DBT or DM.

The objective of this systematic reviewandmeta-analysis was to
assess CDR, interval cancer rate (ICR), recall rate, biopsy rate, and
positive predictive value (PPV) of SM/DBT compared with DM/DBT
or DM using head-to-head comparison in population breast cancer
screening.

2. Materials and methods

2.1. Data sources and searches

We searched Medline, Embase, Cochrane Library, and Web of
Science from January 2010 to January 2021 to alignwith the clinical
application of SM. Keywords including “synthesized mammog-
raphy”, “synthetic mammography”, “tomosynthesis”, “DBT”, “3D
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mammography”, “breast cancer”, and “screening” were used to
search, the detailed search strategy was shown in the Supple-
mentary material. Additionally, we identified references by
searching the reference lists of included studies and relevant
reviews.

2.2. Selection of studies

Eligible population breast cancer screening studies were
required to have compared SM/DBT with DM/DBT or DM. Studies
using either a paired design (comparing different screening
methods used within the same group of participants) or unpaired
design (comparing different screening methods used in different
groups of participants) were eligible for inclusion. The primary
outcomes were CDR and recall rate. ICR, invasive CDR, and ductal
carcinoma in situ (DCIS), positive predictive value of recall (PPV-1)
and biopsy (PPV-2) were considered as secondary outcomes. We
excluded studies enrolling symptomatic or high-risk women or
conducted in non-screening settings.

2.3. Data extraction

Two investigators (BZ and XZ) reviewed titles and abstracts
independently and identified eligible studies that met pre-specified
inclusion criteria. Potentially eligible studies were subsequently
scrutinized in duplicate, and the consensus was achieved through
consulting with a third investigator (KY) for disagreement. Study
type, study design (paired or unpaired), examination modality,
region, DBT vendor, number of participants, and population char-
acteristics, including age and dense breast proportion were
extracted from eligible studies. The risk of bias of included studies
was assessed using the modified Revised Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) checklist [25] for
screening setting.

2.4. Statistical analysis

Two pairs of comparisons (SM/DBT vs. DM/DBT and SM/DBT vs.
DM) were analyzed separately. Estimates and 95 % confidence in-
tervals (CIs) of CDRs and recall rates were calculated for each study,
and summary estimates were computed using the “metaprop”
command with random effects in Stata. Outcomes were pooled as
risk difference (RD) with 95 % CIs. RD was used as main analysis for
primary outcomes, and sensitivity analysis was performed using
RR. A head-to-head comparisonwas performed using DerSimonian
and Laird random-effects meta-analysis [26]. Subgroup analysis
was performed by study design (paired or unpaired). Statistical
heterogeneity between the studies was assessed with the c2 test
and the I2 statistics. I2 values of 25 %, 50 %, and 75 % have been
suggested to be indicators of low, moderate, and high
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heterogeneity, respectively [27]. We performed sensitivity analyses
stratifying by region (US or other), reading practice (double or
single), study type (prospective or retrospective), or screening in-
terval (biennial or annual) to explore potential sources of hetero-
geneity for primary outcomes. Tests of subgroup differences were
based on the c2 test. For unpaired study designs, 95%CIs of RDs
were calculated based on differences in two independent pro-
portions. For paired study designs, “mcci” in Stata was used to take
account of the pairing of results within an individual when
computing the 95 % CIs of the difference in proportions. Because
cross-classification data for biopsy and PPVs in paired studies
couldn't been obtained, we calculated the 95 % CIs of RDs in the
same way as unpaired studies. Estimates and 95 % CIs were then
input into Stata for meta-analysis. All the analyses were performed
with STATA 14.

3. Results

3.1. Literature search and study characteristics

The systematic literature search identified 1889 publications,
after exclusion of duplicate and irrelevant publications, 63 reports
were evaluated in full-text for eligibility (Supplementary Fig. 1).
Finally, 21 articles reporting on 13 studies were included in the
presentmeta-analysis, including 1,370,670 participants undergoing
SM/DBT, DM/DBT, or DM. Seven studies compared SM/DBT with
DM/DBT, and eleven compared SM/DBT with DM. Eight studies
were prospective trials and conducted in Europe or Australia, and
the remaining five studies were retrospective and conducted in the
US. Only one of 13 studies was randomized controlled trial (RCT)
[19]. Three studies were paired designs, and the remaining ten
studies used unpaired designs. Characteristics of individual studies
are summarized in Table 1. Cross-classification of cell counts for
paired studies are available in Supplementary Table 1 and
Supplementary Table 2.

3.2. Risk of bias

The risk of bias was rated as low for included studies after
assessing by the modified QUADAS-2 checklist. The detailed risk of
bias assessment is available in Supplementary Fig. 2 and
Supplementary Fig. 3.

3.3. Cancer detection

Study-specific data for CDR was described in Table 2. Seven
Table 1
Study characteristics and patient demographics.

Study Region Study type Age range Participants

STORM-2 [28,29] Italy Prospective �49 9672
Martin (2018) [30] Spain Prospective 50e69 16,067
OTST [20,31e33] Norway Prospective 50e69 24,301
VSP [21,34] Italy Prospective 50e69 31,089
TSP [35] Italy Prospective �50 83,779
To-Be trial [19,36] Norway RCT 50e69 28,749
OVVV [22,37] Norway Prospective 50e69 98,927
Aujero (2017) [38] US Retrospective NR 78,810
Freer (2017) [39] US Retrospective 19e100 31,979
Ambinder (2018) [40] US Retrospective NR 22,535
Houssami (2019) [41] Australia Prospective 40e93 10,146
Zuckerman [14,42] US Retrospective NR 151,363
Cohen (2020) [43] US Retrospective NR 783,253

DBT digital breast tomosynthesis, DM digital mammography, RCT randomized controlled
OTT Oslo Tomosynthesis Screening Trial, OVVV Oslo-Vestfold-Vestre Viken.

a Including Hologic, GE and Siemens.
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studies were included in the analysis of CDR comparing SM/DBT
with DM/DBT. Therewas no difference in CDR between SM/DBTand
DM/DBT (RD ¼ �0.1/1000 screens, 95 % CI ¼ �0.4 to 0.2, p ¼ 0.557,
I2 ¼ 0 %) (Fig. 1). Subgroup analysis showed that there was no
significant difference between two groups in both paired studies
and unpaired studies (pinteraction ¼ 0.722). Screening using SM/DBT
had similar invasive CDR and DCIS detection rate comparing with
DM/DBT (Supplementary material Fig. 4 and Supplementary
material Fig. 5).

Eleven studies reported CDR comparing SM/DBT with DM. CDR
was estimated to be significantly higher when using SM/DBT
compared to DM alone (RD ¼ 2.0/1000 screens, 95 % CI ¼ 1.4 to 2.6,
p < 0.001, I2¼ 63 %) (Fig. 1). Subgroup analysis showed that the CDR
was higher in SM/DBT group comparing with DM alone in three
paired studies (RD¼ 1.7/1000 screens, 95 % CI¼ 1.1 to 2.2, p< 0.001,
I2 ¼ 28 %) and eight unpaired studies (RD ¼ 2.1/1000 screens, 95 %
CI ¼ 1.1 to 3.0, p < 0.001, I2 ¼ 69 %) (pinteraction ¼ 0.140). Screening
using SM/DBT had higher invasive CDR (RD ¼ 1.9/1000 screens,
95 % CI ¼ 1.2 to 2.7, p < 0.001, I2 ¼ 60 %) but similar DCIS detection
rate (RD ¼ 0.2/1000 screens, 95 % CI ¼ �0.1 to 0.5, p ¼ 0.207,
I2 ¼ 48 %) comparing with DM (Supplementary material Fig. 6 and
Supplementary material Fig. 7).

3.4. Recall

The recall rate for each study was listed in Table 2. Seven studies
were included in the analysis of recall rate comparing SM/DBT with
DM/DBT. The recall rate was lower in SM/DBT group than DM/DBT
group (RD¼�0.56 %, 95 % CI¼�1.03 to�0.08, p¼ 0.022, I2 ¼ 90 %)
(Fig. 2). Subgroup analysis showed that the recall rate was lower in
SM/DBT group in five unpaired studies (RD ¼ �0.87 %, 95 %
CI ¼ �1.40 to �0.35, p ¼ 0.001, I2 ¼ 82 %), but similar in two paired
studies (RD ¼ 0.09 %, 95 % CI ¼ �0.67 to 0.85, p ¼ 0.817, I2 ¼ 90 %)
comparing with DM/DBT (pinteraction < 0.001).

Ten studies reported recall rate comparing SM/DBT with DM
alone. The recall rate was lower in SM/DBT group than DM group
(RD ¼ �0.95 %, 95 % CI ¼ �1.91 to �0.002, p ¼ 0.049, I2 ¼ 99 %)
(Fig. 2). Subgroup analysis showed that the recall rate was lower in
SM/DBT group in eight unpaired studies (RD ¼ �1.34 %, 95 %
CI ¼ �2.46 to �0.23, p ¼ 0.018, I2 ¼ 99 %) but similar in two paired
studies (RD: 0.57 %, 95 % CI ¼ �0.078 to 1.92, p ¼ 0.408, I2 ¼ 96 %)
comparing with DM alone (pinteraction < 0.001).

3.5. Interval cancer rate

Only two studies reported ICR of SM/DBT, both were in
DBT vendors Study design Reading Dense breast Comparison

Hologic Paired Double 26.8 % DM/DBT; DM
Hologic Paired Single 26.2 % DM
Hologic Paired Single NR DM/DBT; DM
Hologic Unpaired Double 16.8 % DM
Hologic Unpaired Double NR DM
GE Unpaired Double NR DM
Mixeda Unpaired Double NR DM
Hologic Unpaired Single 57.1 % DM/DBT; DM
Hologic Unpaired Single 40.1 % DM/DBT; DM
Hologic Unpaired Single NR DM/DBT
Hologic Unpaired Double NR DM
Hologic Unpaired Single 31.4 % DM/DBT
Hologic Unpaired Single NR DM/DBT; DM

trial, NR not reported, TSP Trento screening program, VSP Verona Screening Program,



Table 2
CDR and recall rate for each study.

Study CDR/1000 (95 % CI) Recall rate/100 (95 % CI)

SM/DBT DM/DBT DM SM/DBT DM/DBT DM

Paired studies
STORM-2 [28,29] 8.8 (7.0e10.8) 8.5 (6.7e10.5) 6.3 (4.8e8.1) 5.3 (4.9e5.8) 4.8 (4.4e5.2) 4.0 (3.6e4.4)
Martin (2018) [30] 5.4 (4.3e6.7) NR 4.1 (3.2e5.2) 3.0 (2.7e3.3) NR 3.1 (2.8e3.4)
OTST [20,31e33] 8.0 (6.9e9.2) 7.8 (6.8e9.0) 6.3 (5.3e7.3) 2.3 (2.1e2.5) 2.6 (2.4e2.8) NR
Summary estimate 7.3 (5.4e9.4) 8.0 (7.1e9.0) 5.5 (4.1e7.1) 3.4 (2.1e5.1) 3.1 (3.0e3.3) 3.4 (3.2e3.7)
Unpaired studies
VSP [21,34] 9.3 (7.9e10.9) NR 5.4 (4.3e6.7) 4.0 (3.7e4.3) NR 4.2 (3.9e4.6)
To-Be trial [19,36] 6.6 (5.3e8.1) NR 6.1 (4.9e7.0) 3.1 (2.8e3.4) NR 4.0 (3.7e4.3)
OVVV [22,37] 9.4 (8.4e10.4) NR 6.1 (5.5e6.8) 3.4 (3.2e3.6) NR 3.3 (3.2e3.4)
Aujero (2017) [38] 6.1 (4.9e7.4) 6.3 (5.5e7.3) 5.5 (4.7e6.4) 4.3 (3.9e4.6) 5.8 (5.6e6.1) 9.2 (8.8e9.5)
Freer (2017) [39] 5.9 (4.4e7.6) 6.9 (2.8e14.1) 5.9 (4.9e7.0) 5.8 (5.3e6.3) 7.0 (5.5e8.7) 8.7 (8.3e9.1)
Ambinder (2018) [40] 5.6 (4.4e6.9) 5.2 (3.8e7.1) NR 7.1 (6.7e7.5) 7.6 (7.1e8.2) NR
Houssami (2019) [41] 9.8 (7.2e12.9) NR 6.6 (4.6e9.2) 4.2 (3.7e4.8) NR 3.0 (2.6e3.5)
Zuckerman [14,42] 5.6 (5.0e6.2) 5.9 (5.4e6.4) NR 7.0 (6.8e7.2) 7.9 (7.7e8.1) NR
Cohen (2020) [43] 5.8 (4.9e6.9) 5.3 (5.0e5.6) 4.0 (3.9e4.2) 7.3 (6.9e7.6) 7.5 (7.4e7.7) 10.0 (9.9e10.1)
TSP [35] 8.7 (7.9e9.6) NR 5.5 (4.9e7.0) 2.6 (2.4e2.7) NR 3.2 (3.0e3.4)
Summary estimate 7.1 (6.0e8.3) 5.6 (5.1e6.1) 5.5 (4.6e6.5) 4.7 (3.5e6.1) 7.2 (6.5e7.9) 5.4 (3.2e8.2)
All studies 7.2 (6.3e8.1) 6.3 (5.5e7.2) 5.5 (4.8e6.4) 4.4 (3.4e5.6) 6.0 (4.7e7.5) 5.0 (3.0e7.4)

CDR cancer detection rate, SM synthesized mammography, DBT digital breast tomosynthesis, DM digital mammography, NR not reported, CI confidence interval.

Fig. 1. Forest plot for the CDR of SM/DBT compared with DM/DBT or DM.

B. Zeng, K. Yu, L. Gao et al. The Breast 59 (2021) 270e278
comparison with DM alone. There was no significant difference in
ICR between SM/DBT and DM alone (RD ¼ 0.1/1000 screens, 95 %
CI ¼ �0.6 to 0.8, p ¼ 0.836, I2 ¼ 71 %) (Fig. 3).
3.6. Biopsy

Five studies reported biopsy rates comparing SM/DBT with DM/
DBT, all of them were unpaired studies. Screening using SM/DBT
had lower biopsy rate compared with DM/DBT (RD ¼ �0.33 %, 95 %
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CI ¼ �0.56 to �0.10, p ¼ 0.005, I2 ¼ 78 %) (Fig. 4). Seven studies
were included in the analysis of biopsy rate comparing SM/DBT
with DM, and the biopsy rate was similar between two groups
(RD¼�0.05 %, 95 % CI ¼�0.35 to 0.24, p ¼ 0.727, I2 ¼ 93 %) (Fig. 4).
3.7. PPV for recall

PPV-1 was reported in seven studies comparing SM/DBT with
DM/DBT, two of them were paired study. Screening using SM/DBT



Fig. 2. Forest plot for the recall rate of SM/DBT compared with DM/DBT or DM.
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had higher PPV-1 compared with DM/DBT (RD ¼ 0.86 %, 95 %
CI ¼ 0.11 to 1.61, p ¼ 0.026, I2 ¼ 0 %) (Fig. 5). Subgroup analysis
showed that PPV-1 was higher in SM/DBT group in five unpaired
studies (RD ¼ 0.88 %, 95 % CI ¼ 0.11 to 1.65, p ¼ 0.025, I2 ¼ 0 %) but
similar in two paired studies (RD ¼ 0.29 %, 95 % CI ¼ �3.27 to 4.30,
p ¼ 0.886, I2 ¼ 0 %) comparing with DM/DBT (pinteraction ¼ 0.778).

Ten studies were included in the analysis of PPV-1 comparing
SM/DBT with DM, and PPV for recall was higher in SM/DBT group
(RD ¼ 6.85 %, 95 % CI ¼ 4.09 to 9.60, p < 0.001, I2 ¼ 83 %) (Fig. 5).
Subgroup analysis showed that PPV-1 was higher in SM/DBT group
in eight unpaired studies (RD ¼ 7.73 %, 95 % CI ¼ 4.56 to 10.91,
p < 0.001, I2 ¼ 86 %) but similar in two paired studies (RD ¼ 2.98 %,
95 % CI ¼ 0.83 to 6.80, p ¼ 0.126, I2 ¼ 10 %) comparing with DM
alone (pinteraction ¼ 0.125).
Fig. 3. Forest plot for the ICR of S
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3.8. PPV for biopsy

Five studies reported PPV-2 for biopsy comparing SM/DBT with
DM/DBT, all of them were unpaired studies. Screening using SM/
DBT had higher PPV-2 compared with DM/DBT (RD ¼ 6.44 %, 95 %
CI ¼ 2.87 to 10.01, p < 0.001, I2 ¼ 0 %) (Fig. 6).

Seven studies were included in the analysis of PPV-2 comparing
SM/DBT with DM, and PPV-2 was higher in SM/DBT groups
(RD ¼ 11.29 %, 95 % CI ¼ 7.04 to 15.54, p < 0.001, I2 ¼ 27 %) (Fig. 6).
Subgroup analysis showed that PPV-2 was higher in SM/DBT group
in six unpaired studies (RD ¼ 12.20 %, 95 % CI ¼ 8.09 to 16.31,
p < 0.001, I2 ¼ 19 %) but similar in one paired study (RD ¼ 1.74 %,
95 % CI ¼ �12.68 to 16.15, p ¼ 0.813) comparing with DM alone
(pinteraction ¼ 0.157).
M/DBT compared with DM.



Fig. 5. Forest plot for PPV-1 of SM/DBT compared with DM/DBT or DM.

Fig. 4. Forest plot for the biopsy rate of SM/DBT compared with DM/DBT or DM.
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Fig. 6. Forest plot for PPV-2 of SM/DBT compared with DM/DBT or DM.
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3.9. Sensitivity and subgroup analysis

We performed a post hoc meta-analysis using RRs for primary
outcomes, the results were in consistence with RDs which used as
main analysis in this study. The primary results stratifying by re-
gion/screening interval/study type and reading practice were
shown in Table 3. There was a significant interaction between CDR
and reading practice (double or single) when comparing SM/DBT
with DM (p < 0.001), the RD of CDR for double reading was twice
that of single reading. All interaction p values were significant
(p < 0.001) for recall rate with region/screening interval/study type
or reading practice when comparing SM/DBT with DM/DBT or DM.
Table 3
Sensitivity and subgroup analysis for CDR and recall rate.

Subgroup CDR/1000 (95 % CI)

N RD p I2 p

SM/DBT vs DM/DBT
US/annual/retrospective 5 0.0 (�0.6 to 0.5) 0.947 0 0
Other/biennial/prospective 2 �0.1 (�0.6 to 0.4) 0.741 32 %
Double reading 1 0.3 (�0.5 to 1.1) 0.466 e 0
Single reading 6 �0.2 (�0.5 to 0.2) 0.345 0
SM/DBT vs DM
US/annual/retrospective 3 1.1 (0.1e2.1) 0.037 40 % 0
Other/biennial/prospective 8 2.3 (1.6e3.0) <0.001 65 %
Double reading 6 2.8 (2.0e3.6) <0.001 40 % <
Single reading 5 1.4 (1.0e1.9) <0.001 12 %

CDR cancer detection rate, SM synthesizedmammography, DBT digital breast tomosynthe
study.
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4. Discussion

This study provided an overview of clinical performancemetrics
of SM/DBT compared with DM/DBT or DM for breast cancer
screening. The SM imaging was created to maintain the benefits of
combined DM and DBT imaging while decreasing patient dose [44].
Our meta-analysis indicated that screening with SM/DBT had
similar benefits for detecting all cancer, invasive cancer, and DCIS
compared with DM/DBT. Moreover, SM/DBT was associated with a
lower biopsy rate and lower recall rate compared with DM/DBT.
When comparing with DM, screening with SM/DBT improved CDR
(incremental CDR: 2.0 cancers/1000 screens) and invasive cancer
detection rate (incremental CDR: 1.9 cancers/1000 screens).
Recall rate/100 (95 % CI)

interaction N RD p I2 pinteraction

.722 5 �0.87 (�1.40 to �0.35) 0.001 82 % <0.001
2 0.09 (�0.67 to 0.85) 0.817 90 %

.299 1 0.51 (0.06e0.95) 0.025 e <0.001
6 �0.75 (�1.20 to �0.29) 0.001 88 %

.058 3 �3.39 (�4.53 to �2.26) <0.01 95 % <0.001
7 0.05 (�0.43 to 0.53) 0.839 93 %

0.001 6 �0.09 (�0.51 to 0.68) 0.773 94 % <0.001
4 �2.56 (�4.60 to �0.52) 0.014 99 %

sis, DM digital mammography, CI confidence interval, RD risk difference, N number of
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Furthermore, SM/DBT was associated with higher PPV-1 and PPV-2
compared with DM/DBT or DM. Our study is the first comprehen-
sive head-to-head meta-analysis for clinical performance of SM/
DBT in breast cancer screening.

All the paired trials included are European, while the unpaired
studies including European, Australian, and American. Of the paired
studies in our analysis, one double-reading study used an “either-
positive” rule without arbitration for discordant reads [28], which
increased false-positive recall. There are moderate or high hetero-
geneity in some analysis, such as recall rate and biopsy rate. Many
factors like recall rules, equipment vendors, study designs,
screening interval, reading practice, reader experience, dense
breast proportion, and participant's characteristics (e.g., age and
race) may contribute to the heterogeneity. Five retrospective
studies were undertaken in the US screening context, which is
predominantly annual screening. The eight prospective studies
were conducted in Europe or Australia, which were biennial
screening. Only five biennial screening studies reported the pro-
portion of incident (repeat) screening, most of the screens repre-
sented incident screening (over 80 %) [19,21,28,35,41]. We have
performed sensitivity analysis stratifying by region/screening in-
terval/study type and reading practice for primary outcomes to
explore the potential heterogeneity, the results showed that they
could account for partial heterogeneity. An interaction between
CDR and reading practice was seen when comparing SM/DBT with
DM, and there were significant interactions between recall rate and
region/screening interval/study type or reading practice in two
pairs of comparisons.

One RCT included in ourmeta-analysis showed that SM/DBT had
a lower recall rate but similar CDR comparing with DM alone [19].
The DBT imaging equipment used in the RCT was from GE
Healthcare, while most other studies used equipment fromHologic.
Hologic, GE Healthcare, and Siemens are three vendors with
approval for SM in the US and Europe. Due to that the SM image is
created from the DBT dataset, vendor differences in DBT acquisition
result in vendor-specific DBT images and subsequently varying
synthesized results [15]. Most studies used Hologic Selenia Di-
mensions with improved version of the reconstructed synthesized
image processing software (C-View) [28,30,33,38e41]. In addition,
the radiologists in the RCT had insufficient experience in screen
reading of DBT, so the radiologists may have not yet achieved
optimal screen reading capabilities with DBT at the startup of the
study [19].

Some studies have shown comparable diagnostic performance
for the detection of cancer between SM/DBT and DM/DBT
[11,45,46]. This suggests that SM may be used as an acceptable
replacement for DM. Importantly, replacing DM with SM in DBT
screening reduced the dose approximately by half to a level that
was roughly comparable to that of DM alone, making DBT more
widely available clinically [47]. Other strengths of SM include
shorter acquisition time compared with a combined DM/DBT
screening examination, and increased conspicuity of calcifications,
spiculated margins, and architectural distortion [17]. Simulta-
neously, clinical radiologists should be aware that SM images may
be lower resolution and increased noise compared with DM, and
have the difficulty in assessing for motion artifact [16,17]. As the SM
technology is rapidly evolving and upgrading, concerns over image
quality would be alleviated [44].

Only two studies (OVVV and TSP) reported the ICR of SM/DBT,
but there was no significant difference between SM/DBT and DM in
pooled ICR. A recent meta-analysis including five prospective
studies showed little difference between DBT/DM and DM in
pooled ICR [48]. Athrough breast cancer screening using SM/DBT or
DM/DBT improved the CDRs compared with DM alone, it could be
inferred that the additional cancer detection possibly represent
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over-diagnosis.
This systematic review and meta-analysis has several limita-

tions. First, all but one included studies are nonrandomized.
Although imbalance between cohorts is not a concern in paired
trials, potential selection bias is possible in unpaired studies. Sec-
ond, heterogeneity is moderate or high in some analyses, especially
in recall rate. Third, long-term outcomes such as breast cancer
mortality are not available due to the limitation of early application
of the technology. Fourth, network meta-analysis for different im-
aging modalities is feasible and more preferably, but need more
complex work, further research may consider this method.

5. Conclusion

In breast cancer screening, SM/DBT has similar detection for
breast cancer, but higher PPV-1 and PPV-2 when compared with
DM/DBT. The use of SM/DBT improves CDR, PPV-1 and PPV-2
compared with DM alone, but they has little different in ICR. SM/
DBT could replace DM/DBT in breast cancer screening to reduce
radiation dose.
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