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KEYWORDS Abstract Introduction: Breast cancer (BC) screening using digital breast tomosynthesis
Breast cancer; (DBT) has been shown to increase cancer detection compared with mammography; however,
Interval cancer; it is unknown whether DBT impacts interval cancer rate (ICR).

Population screening; Methods: We systematically identified prospective DBT studies reporting data on screen-
Mammography; detected and interval BCs to perform a study-level meta-analysis of the comparative effect
Tomosynthesis of DBT on ICR in population screening. Meta-analysis of cancer detection rate (CDR),

ICR, and the differences between DBT and mammography in CDR and ICR pooled esti-
mates, included random-effects. Sensitivity analysis examined whether study methods (imag-
ing used, comparison group design, interval BC ascertainment) affected pooled estimates.

Results: Five eligible prospective (non-randomised) studies of DBT population screening re-
ported on 129,969 DBT-screened participants and 227,882 mammography-only screens,
including follow-up publications reporting interval BC data. Pooled CDR was 9.03/1000
(95% confidence interval [CI] 8.53—9.56) for DBT, and 5.95/1000 (95% CI 5.65—6.28) for
mammography: the pooled difference in CDR was 3.15/1000 (95% CI 2.53—3.77), and was
evident for the detection of invasive and in-situ malignancy. Pooled ICR was 1.56/1000
DBT screens (95% CI 1.22—2.00), and 1.75/1000 mammography screens (95% CI 1.46
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—2.11): the estimated pooled difference in ICR was —0.15/1000 (95% CI —0.59 to 0.29) and
was not substantially altered in several sensitivity analyses.

Conclusions: Meta-analysis shows consistent evidence that DBT significantly increased CDR
compared with mammography screening; however, there was little difference between DBT
and mammography in pooled ICR. This could suggest, but does not demonstrate, some
over-detection. Meta-analysis using individual participant data, randomised trials and
comparative studies quantifying cumulative detection and ICR over repeat DBT screen-
rounds would provide valuable evidence to inform screening programs.

© 2021 Elsevier Ltd. All rights reserved.

1. Introduction

Breast cancer (BC) screening, using mammography, is
widely implemented for population screening and has
been shown to reduce BC mortality [1,2]. Digital breast
tomosynthesis (DBT), a technology progressively
adopted into breast imaging practice, has recently
received conditional approval for BC screening in Eu-
ropean guidelines, which also highlight evidence gaps
regarding DBT’s effect in screening [3]. DBT acquires
multiple low-dose x-rays of the breast from varying
angles, which are reconstructed into thin-slice images
providing pseudo—three-dimensional imaging that re-
duces overlapping parenchyma and enhances detection
of cancer [4—7]. Prospective and retrospective studies
have shown that using DBT in addition or as replace-
ment to mammography yields an incremental BC
detection rate of 1.6/1000 screens compared with
mammography [6].

Given that studies of DBT screening generally show
higher cancer detection rate (CDR) compared with
mammography screening, the question arises whether
this will translate into additional screening benefit or
whether the additional BC detection contributes to over-
diagnosis. We previously outlined that BC mortality as
an end-point requires very large studies with extended
follow-up and may not be a feasible end-point in
contemporary BC screening evaluation [8]. We proposed
using a surrogate end-point, interval cancer rate (ICR)
as an indicator of potential effectiveness [8]. As interval
cancers are not detected at screening and usually emerge
due to symptoms (before the next scheduled screen), and
have a similar prognosis as clinically presenting BC, a
reduction in interval cancers from a more sensitive
screening technology would be expected to add
screening benefit [8]. Furthermore, if a new screening
test increases CDR (relative to standard screening) and
has the effect of reducing ICR at follow-up, then it could
be inferred that the additional cancer detection does not
merely represent over-diagnosis.

We planned a collaborative individual participant
data (IPD) meta-analysis to assess the impact of DBT
screening on ICR in population-based screening;

pooling data sets allows more precise estimation of this
relatively infrequent end-point than individual studies.
A preliminary study to the proposed IPD meta-analysis
was performed as a study-level meta-analysis aiming to
examine the effect of DBT versus mammography
screening on ICR, based on prospective DBT studies
that report outcomes for both screen-detected and in-
terval cancers in population BC screening.

2. Methods

In April 2020, a systematic search was performed using
MEDLINE for studies of DBT versus mammography
population screening. Two investigators (NH and KH)
screened titles and abstracts against pre-defined study
eligibility criteria adapted from a published protocol [8].
Online Appendix-1 summarises the literature search,
study selection process and details of the included
[4,9—17] and excluded studies [18—27].

2.1. Study eligibility

Studies were eligible for inclusion in this meta-analysis if
they met eligibility criteria adapted from an IPD meta-
analysis protocol [8], given that the rationale and
screening context for the study-level meta-analysis
aligned with those of the planned IPD meta-analysis, as
follows: studies of population BC screening that inves-
tigated DBT (interpreted alone, or with acquired or
synthetic 2D-images) in comparison to digital
mammography (DM); used a prospective design for
DBT screening (prospective recruitment or inclusion of
participants); reported data on BC detection (number of
cancers, number of screens and/or CDR) and reported
data on interval cancers (numbers or rates) or stated that
interval cancer data would be reported at follow-up [&];
and used a predominantly biennial screening interval
aligning with practice in organized population-based
screening programs [8].

Studies were not eligible for inclusion if they used a
retrospective design to investigate DBT screening, if
they were based on annual screening, or if participants
were classified as having increased BC risk (studies
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selecting participants with specific risk factors) or were
symptomatic populations. Studies using cancer-enriched
imaging data sets (such as multi-reader studies) and case
series were not eligible as these do not represent popu-
lation screening.

2.2. Comparison cohort

As some prospective trials of DBT screening used a
paired design [6], where screen-reading using DBT or
mammography was compared within-woman, ICR from
those studies would represent outcomes for participants
screened with DBT (none of the participants would have
received mammography-alone screening). For those
studies, we sought updated publications providing in-
terval cancer data for a comparison group screened with
DM only, using our literature search and by directly
checking with investigators of the DBT trials or IPD
protocol [8].

2.3. Data extraction

Data were extracted from eligible publications by two
investigators (NH and KH). Extracted data were inde-
pendently checked by one investigator representing each
of the eligible studies to verify the data or identify dis-
crepancies (if any existed, these were resolved via email
discussion and consensus). This approach was used
because fully independent extraction was not feasible
given that results of the studies were well-known to the
authorship group, and several investigators had extrac-
ted (and were familiar with) data from these trials as
part of an overview examining CDR [6].

The following variables were extracted: study char-
acteristics (design, imaging used, timeframe, comparison
cohort, aggregate-level age); number of screens (per
imaging modality); reading protocol; cancer detection
data (cancers detected, number in-situ or invasive,
detection by modality within paired study design); and
interval cancer data (number, number of screens with
follow-up and ascertainment methods).

2.4. Study quality

We extracted information regarding study characteris-
tics to guide interpretation of quality in the context of
population screening, specifically: methods of the pro-
spective DBT study (whether randomisation used);
design of the comparison cohort (whether concurrent or
historical group; whether from same screening pro-
gram); and the methods used to ascertain interval can-
cers (whether population cancer registry checked). We
detailed this information in a study-specific summary of
methods and quality (Table 1; Online Appendix-2), and
used it in sensitivity analyses to explore its effect on
estimates.

2.5. Statistical methods

Study characteristics were summarised descriptively.
Forest plots were used to display study-specific data
(number of cancers and screens) and rates per 1000, and
pooled estimates for CDR and ICR. Because studies
were from different populations, we used random-effects
models to allow for both within-study sampling vari-
ability and heterogeneity between studies when calcu-
lating pooled estimates. Pooled CDRs were also
estimated and displayed in subgroups defined by the
DBT imaging used. For the main analysis comparing
independent groups (unpaired data), differences between
DBT and mammography in CDR and ICR were pooled
as risk differences using the Mantel—Haenszel method.
For within-woman comparison of CDR (in studies
reporting paired data), the difference was calculated as
the pooled difference of the number detected by imaging
modality in each study. Sensitivity analysis was used to
examine the effect of the design of the comparison
group, the DBT imaging used, and interval cancer
ascertainment method, on estimates of the pooled dif-
ference between DBT and DM. Analyses used the meta
package (version 4.11-0) [28] for R (version 3.6.3) [29].

3. Results

We identified five eligible studies of DBT population
screening (Appendix-1) that reported cancer detection
and interval cancer data at follow-up across 10 papers
[4,9—17] (total 357,851 DBT or DM screens): these were
prospective non-randomised trials, or prospective
cohort studies, that investigated DBT in population-
based screening programs in Europe. Characteristics of
these studies are summarised in Table 1, including de-
tails of comparison groups screened with DM, showing
some heterogeneity in methods. Additional study-
specific methods are shown in flow-diagrams (online
Appendix-2) highlighting the potential for confounding
given that none of the studies randomised participants
to DBT or DM screening. Three studies used DBT and
DM acquisitions (which allowed within-woman com-
parison of screen-reading by imaging modality)
[4,10,12,13] and two studies used DBT with synthetic
2D-images [15,17]. There were no randomised
controlled trials reporting both CDR and interval can-
cer data for DBT screening.

3.1. Cancer detection rates

Collectively, the five studies [4,9—17] of DBT screening
reported that 1174 women had screen-detected BC (1182
counting bilateral BC) amongst 129,969 participants
who had DBT screening. For consistency, we report
CDR counting one cancer per woman, so estimates may
slightly differ from reports where bilateral cancer was



Table 1

Characteristics of eligible studies comparing digital breast tomosynthesis (DBT) and digital mammography (DM) population screening.

Study [publications
from which data
extracted]

Design

Timeframe

Age (median
or mean)

Double-reading and
recall process

Comparison group” screened

with DM only

Design

Age

Interval cancer ascertainment
and follow-up (same for
comparison?)

STORM trial [Ciatto [4];
Houssami [9]]

Oslo trial (OTST)
[Skaane [10]; Skaane
[11]; Skaane [12]]

Malmo trial (MBTST)
[Zackrisson [13];
Johnson [14]]

OVVYV study [Hofvind
[15]; Hovda [16]]

Trento pilot study
[Bernardi [17]]

Prospective non-randomised
trial comparing screen-reading
of DM with DM + DBT
(paired data) in women >48
years

Prospective non-randomised
trial comparing screen-reading
using DM versus DM + DBT
(paired data) in women 50—69
years at screening

Prospective non-randomised
trial comparing screen-reading
using one-view DBT with 2-
view DM (paired data) in
women >40 years

Prospective cohort study of
DBTP" screening versus
concurrent (DM-screened)
cohort in women 50—69 years
at screening

Prospective cohort study of
DBT® screening versus
historical (DM-screened)
cohort in women >50 years

August
2011—June 2012

November
2010—December 2012

January
2010—February 2015

February
2014—January 2016

October
2014—October 2016

58 years

59 years

57 years

59 years

58 years

Independent double-
read, recall if either
reader recalls

Independent double-
read, consensus
(arbitration) meeting if
discordant scores
between readers
Independent double-
read, consensus meeting
if score >3 by either
reader

Independent double-
read, consensus meeting
if discordant scores
between readers

Independent double-
read, third read if
discordant readings

Concurrent

Historical

Concurrent

Concurrent

Historical

Not reported

Not reported

53 years

59 years

58 years

Regional cancer registry, and
pathology and hospital
databases; 2-year follow-up
(ves)

Cancer Registry of Norway -
Population cancer registry
linkage; 2-year follow-up (yes)

Population cancer registry
linkage; 2-year follow-up, 18
months in subgroup where this
interval recommended (yes)

Cancer Registry of Norway
Population cancer registry
linkage; 2-year follow-up (yes)

Regional cancer registry, and
pathology and hospital
databases; 2-year follow-up
(unclear)

STORM, screening with tomosynthesis or mammography; OTST, Oslo Tomosynthesis Screening Trial; MBTST, Malmo Breast Tomosynthesis Screening Trial; OVVYV, Oslo, Vestfold & Vestre Viken

study.

# Studies were not randomised—comparison groups were from the same population-based screening programs allowing comparison of interval
cancer rates (OVVV compared different services within the Norwegian breast screening program).
® DBT with synthetic 2D images reconstructed from the DBT acquisition.
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counted. Fig. 1(a and b) shows study-specific, subgroup
and overall pooled CDR for DBT counting all detected
(invasive and in-situ) cancers: pooled CDR was 9.03
(95% CI 8.53—9.56) per 1000 screens. Subgroup esti-
mates were similar for studies using DBT with DM, and
those that used DBT with synthetic 2D-images (Fig. 1b).
Fig. 2(a and b) shows study-specific detection data and
pooled estimates for DBT screening for invasive cancer
(pooled CDR 7.65/1000; 95% CI 7.19—8.14) and ductal
carcinoma in-situ ((DCIS) pooled CDR 1.37/1000; 95%
CI 1.13—1.68). In the subset of three studies [4,10,12,13]
reporting within-woman comparison of DBT and DM
detection, DBT’s higher detection was evident in a
pooled CDR difference of 2.22/1000 (95% CI 1.83—2.69)
shown in online Appendix-3.

For the five studies, comparison groups screened with
DM only had 1357 screen-detected cancers amongst
227,882 participants [4,9—13,15,17]: Fig. 3 shows study-
specific CDR and a pooled CDR of 5.95/1000 (95% CI

5.65—6.28). In the subset of four studies [10—13,15,17]
reporting data by cancer type, study-specific and pooled
CDR for invasive cancer and DCIS for DM-screening
are shown in online Appendix-3.

Comparison of DBT-screened and DM-screened co-
horts (Fig. 4: unpaired data from independent groups)
showed a significant pooled difference in CDR of 3.15/
1000 screens (95%CI 2.53—3.77) favouring DBT. A
sensitivity analysis including only the three studies that
had concurrent comparison groups [9,13—16] gave a
similar estimate for the difference in CDR between DBT
and DM (pooled CDR difference: 3.11/1000; 95% CI
2.24-3.99). Another sensitivity analysis including only
studies that used DBT with synthetic 2D-images [15,17]
also gave a similar estimate (pooled CDR difference
between DBT and DM: 3.21/1000 screens; 95% CI
2.40—4.02). In the four studies [10—13,15,17] reporting
data by cancer type (Fig. 5(a and b)), pooled differences
in CDR between DBT and DM were evident for the

Events per 1000

observations Events 95%—ClI

A
Study Events Total
STORM 57 7292
OTST 230 24301
MBTST 137 14848
ovvwv 348 37185
Trento 402 46343
Random effects model 129969

7.82 [5.93; 10.12]
9.46 [8.29; 10.76]
9.23 [7.75; 10.90]

_— 9.36 [8.40; 10.39]
— 8.67 [7.85; 9.56]
_ 9.03 [8.53; 9.56]

Heterogeneity: /% = 0%, 1= 0, p = 0.58 I

B

Subgroup

DBT with DM*

Events per 1000

observations Events 95%-Cl

STORM
OTST
MBTST

7.82 [5.93; 10.12]
9.46 [8.29; 10.76]
9.23 [7.75; 10.90]

Random effects model —_— 9.13 [8.30; 10.04]
2= 0%, y5=1.7 (p = 0.43)

DBT with synthetic 2D

OoVVwV — = 9.36 [8.40; 10.39]
Trento —B— 8.67 [7.85; 9.56]
Random effects model —_— 8.98 [8.36; 9.64]
12 = 0%, %3 = 1.08 (p = 0.30)

Fixed effects (plural) model ~ 9.03 [8.53; 9.56]
12 = 0%, %3 = 0.08 (p = 0.78) ' ' '

8 9 10

*In this subgroup of studies 11 from 424 screen-detected cancers were detected only at DM screen-reading

Fig. 1. (A) DBT CDR. (B) DBT subgroup estimates of CDR. CDR, cancer detection rate; CI, confidence interval; DBT, digital breast
tomosynthesis; DM, digital mammography; STORM, screening with tomosynthesis or mammography; OTST, Oslo Tomosynthesis
Screening Trial; MBTST, Malmo Breast Tomosynthesis Screening Trial; OVVYV, Oslo, Vestfold & Vestre Viken study.
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Events per 1000

observations Events 95%—ClI

(a)
Study Events Total
STORM 50 7292
OTST 193 24301
MBTST 116 14848
[\AVAY; 283 37185
Trento 352 46343
Random effects model 129969

Heterogeneity: /2 = 0%, 12 = 0, p = 0.92

(b)

6.86 [5.09; 9.03]
7.94 [6.86;9.14]

; 7.81 [6.46; 9.36]
—— 7.61 [6.75; 8.55]
R 7.60 [6.83; 8.43]

— 7.65 [7.19; 8.14]

Events per 1000

Study Events Total observations Events 95%-Cl
STORM 7 7292 0.96 [0.39; 1.98]
OTST 37 24301 —_— 1.52 [1.07; 2.10]
MBTST 21 14848 : 1.41 [0.88;2.16]
OoVWV 65 37185 —8—— 1.75 [1.35;2.23]
Trento 50 46343 —— 1.08 [0.80; 1.42]
Random effects model 129969 —_— 1.37 [1.13; 1.68]
Heterogeneity: /% = 39%, t° = 0.0190, p = 0.10 ' ' '

0.5 1 15 2

Fig. 2. (a) DBT invasive CDR. (b) DBT DCIS detection rate. DCIS, ductal carcinoma in-situ.

Events per 1000

Study Events Total observations Events 95%—ClI
STORM 136 25058 5.43 [4.56; 6.42]
OTST 378 59877 ——— 6.31 [5.69;6.98]
MBTST 259 43769 - 5.92 [5.22; 6.68]
OovwVv 379 61742 —_— 6.14 [5.54; 6.79]
Trento 205 37436 5.48 [4.75; 6.28]
Random effects model 227882 —_— 5.95 [5.65; 6.28]
Heterogeneity: /2 = 0%, ©? = 0, p = 0.37 ' ' ' !
5 5.5 6 6.5

Fig. 3. DM CDR.

detection of invasive BC (pooled difference in CDR:
2.72/1000; 95% CI 2.13—3.31) and DCIS (pooled dif-
ference in CDR: 0.49/1000; 95% CI 0.12—0.86).

3.2. Interval breast cancer rates

At final follow-up of the DBT-screened groups, a total
of 201 interval cancers were reported amongst 127,425
screening participants (study-specific data shown in
Fig. 6)—a pooled ICR of 1.56 per 1000 DBT screens
(95% CI 1.22—2.00). In the comparison groups screened
with DM, 402 interval cancers were reported amongst
223,903 screens (Fig. 6)—a pooled ICR of 1.75 per 1000
DM screens (95% CI 1.46—2.11). Comparing DBT-
screened and DM-screened cohorts (Fig. 6) showed a
pooled difference in ICR of —0.15 per 1000 screens (95%
CI —0.59 to 0.29). A sensitivity analysis including only
the three studies that had concurrent comparison groups

[9,13—16] gave a similar estimate of the difference in
ICR (pooled difference —0.24/1000; 95% CI —1.12 to
0.63) between DBT and DM. Additional sensitivity
analyses retaining three studies that used population
cancer registry linkage to ascertain interval cancers
[11,13—16] (pooled difference in ICR —0.08/1000
screens; 95% CI —0.85 to 0.68), or including only studies
that used DBT with synthetic 2D-images [15,17] (pooled
ICR difference 0.07/1000 screens; 95% CI —0.63 to 0.77)
did not substantially change results (no significant dif-
ference in ICR in any sensitivity analyses).

4. Discussion

DBT has brought an opportunity to improve the effec-
tiveness of population BC screening, initially realised
through higher CDR compared with mammography.
We argued that if DBT increased CDR, evidence that
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DBT DM
Study Events Total Events Total
STORM 57 7292 136 25058
OTST 230 24301 378 59877
MBTST 137 14848 259 43769
ovw 348 37185 379 61742
Trento 402 46343 205 37436
Random effects model 129969 227882

Heterogeneity: /2= 0%, 1= 0, p = 0.97
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Risk Difference

(events per 1000 obs.) RD 95%—-Cl Weight
2.39 [0.17;4.61] 7.8%

—=—— 3.15 [1.78;4.52] 20.3%

—=%—— 3.31 [1.61;5.01] 13.3%

——+— 3.22 [2.06;4.38] 28.6%

—=— 3.20 [2.07;4.33] 30.1%

< 3.15 [2.53; 3.77] 100.0%

2 4

Fig. 4. Difference in CDR between DBT-screened and DM-screened cohorts (unpaired data). RD, risk difference.

(a) DBT DM
Study Events Total Events Total
OTST 193 24301 302 59877
MBTST 116 14848 221 43769
ovw 283 37185 329 61742
Trento 352 46343 172 37436
Random effects model 122677 202824
Heterogeneity: /2= 0%, 12 = 0, p = 0.80

(b)

DBT DM
Study Events Total Events Total
OTST 37 24301 76 59877
MBTST 21 14848 36 43769
ovw 65 37185 50 61742
Trento 50 46343 33 37436
Random effects model 122677 202824

Heterogeneity: /2 = 50%, 1% < 0.0001, p = 0.11

Risk Difference

(events per 1000 obs.) RD 95%—-Cl Weight

—F— 2.90 [1.65;4.15]
——— 2.76 [1.20;4.33]
2.28 [1.23;3.34]

—E=— 3.00 [1.96;4.05]

22.3%
14.3%
31.5%
31.9%

—_—

<= 272 [2.13; 3.31] 100.0%

Risk Difference

(events per 1000 obs.) RD 95%-Cl Weight
— 0.25 [-0.31;0.82] 23.1%
+——#—— 059 [-0.07;1.25] 19.3%
—F+=—— 0.94 [0.46;1.42] 27.3%
— 0.20 [-0.23; 0.62] 30.4%
—_— 0.49 [0.12; 0.86] 100.0%

-1 -05 0 05 1

Fig. 5. (a) Difference in CDR (invasive breast cancer) between DBT and DM screening (unpaired data). (b) Difference in CDR (DCIS)

between DBT and DM screening (unpaired data).

DBT DM Risk Difference
Study Events Total Events Total (events per 1000 obs.) RD 95%-Cl Weight
STORM 9 7292 40 25058 — -0.36 [-1.31; 0.58] 13.8%
OTST 51 24301 118 59877 — 0.13 [-0.55; 0.80] 19.9%
MBTST 22 14848 105 43769 ——HF+—— -0.92 [-1.69; -0.15] 17.5%
ovw 68 34641 88 57763 — 0.44 [-0.12; 1.00] 23.1%
Trento 51 46343 51 37436 — . -0.26 [-0.74; 0.22] 25.7%
Random effects model 127425 223903 <:,> -0.15 [-0.59; 0.29] 100.0%

Heterogeneity: /2 = 56%, T < 0.0001, p = 0.06

-156-1-05 0 05 1

T T I T T 1
1.5

Fig. 6. Difference in interval cancer rate between DBT-screened and DM-screened cohorts.

this subsequently reduces ICR would give an early
signal that increased CDR from DBT was enhancing
screening effectiveness [8]. We therefore undertook a
meta-analysis to assess the impact of DBT on both CDR
and ICR, focusing on prospective DBT population
screening studies. We found consistent evidence that
DBT significantly increased CDR, which was evident
across all studies in this meta-analysis, and in all pooled
analyses including the main comparison of groups
screened with either DBT or mammography (pooled
CDR difference 3.15/1000 screens). It was also evident
for the detection of invasive BC and DCIS. In contrast,

we found a pooled difference in ICR of —0.15/1000
comparing DBT-screened and mammography-screened
cohorts from the same screening programs. The lack
of effect on ICR was unchanged in several sensitivity
analyses of the pooled difference in ICR. Although these
are discouraging findings, we outline the relevance of
our results, which address an evidence gap on the effect
of DBT screening [I] and have implications for BC
screening programs world-wide, while emphasising the
limitations of study-level meta-analysis.

Our meta-analysis did not aim to examine perfor-
mance measures (CDR, recall rates) for DBT screening,
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this has been comprehensively done by Marinovich et al
[6] in a meta-analysis of all studies of DBT screening
(most of which did not report interval cancer data).
Instead, we focused on DBT’s effect on ICR, assuming
this to be a surrogate for screening effectiveness, and
meta-analysed CDR and subsequent interval cancer
data from studies reporting both these outcomes. Our
work examined a distinct issue from meta-analysis of
performance measures and other DBT reviews [30—32].
We are also cognisant that we used pre-defined eligibility
criteria when evaluating ICR as proposed in an IPD
meta-analysis protocol [8]. By adapting those criteria,
we included prospective DBT screening studies (to
reduce selection bias) in the context of biennial screening
practice. These criteria do not detract from our findings,
they enhance quality through the inclusion of prospec-
tive DBT studies; we also outlined potential study lim-
itations given that randomisation to DBT or DM was
not used (online Appendix-2).

Both the International Agency for Research on
Cancer [1] and the European Commission Initiative on
Breast Cancer [3] have reviewed the evidence on DBT,
and concluded that there was limited evidence on DBT’s
longer term screening outcomes including ICR [1,3], so
our findings have implications for BC screening pro-
grams navigating decision-making about transitioning
to DBT. Such decisions would need to consider that
despite increased CDR from DBT (versus DM)
screening, there was little effect on ICR at follow-up,
implying that some of DBT’s additional BC detection
could represent over-detection, including some BCs
potentially detected at DM in subsequent screen-rounds
had DBT not been used (therefore DBT may have
extended lead time). However, over-detection cannot be
quantified in this meta-analysis, and we lacked detailed
tumour characteristics; so, our findings are not conclu-
sive but suggest a potential for over-diagnosis based on
discordance between increased CDR in DBT-screened
populations and the lack of an effect on ICR
compared to DM. Furthermore, it is quite possible that
ICR might not be an appropriate surrogate for
screening effectiveness, or it may require cumulative
rates to be quantified over multiple screening rounds if
there is a modest effect from DBT, or if screen-reading
experience with DBT leads to a differential effect on
ICR at repeat screening. We emphasize that the pro-
spective studies in our meta-analysis reflect initial
(prevalent) DBT screening, which could account for the
high CDR, and that there was heterogeneity in the
estimated study-specific and pooled difference in ICR.
Also, the Malmo trial [13,14] showed a small but sig-
nificant reduction in ICR in the DBT-screened
population.

Although we have focused on cancer detection and
ICR in this meta-analysis to fill existing evidence gaps

regarding DBT [1,3], we concede that alternate outcome
measures, such as cumulative effect on advanced BC
rates as proposed in ongoing randomised trials of DBT
screening [20,33], might better indicate the comparative
effect of BC screening technologies on health outcomes.

There are limitations inherent in study-level meta-
analysis, including limited scope to adjust for possible
differences in participant characteristics (such as age and
density) between groups being compared. However,
study characteristics show generally similar screening
settings and populations from which DBT-screened
participants and comparison groups were drawn
(Table 1), although a younger aggregate age is noted for
the Malmo (MBTST) comparison group. The latter is
unlikely to have affected our pooled comparisons,
because study-specific estimates for CDR and ICR in
our meta-analysis align with age-adjusted estimates re-
ported for this study [14]. Importantly, our planned IPD
meta-analysis will allow adjustment of pooled analyses
for age and density, and will enable characterisation of
interval cancers. Another limitation is that two included
studies used historical (rather than concurrent) com-
parison groups from the same population [11,17]; we
therefore used sensitivity analysis (excluding those
studies) and found that there was no change in pooled
estimates of the difference in CDR or ICR.

5. Conclusions

This study-level meta-analysis reports robust evidence
that DBT significantly increased CDR compared with
mammography population screening; however, this did
not have an effect on ICR. Analyses using IPD, and
additional comparative studies preferably randomised
trials, including repeat DBT screen-rounds, and evalu-
ations of longer-term outcomes including but not
limited to ICR, are needed to inform future breast
screening practice.
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