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Background/aim: The Trento screening program transitioned to digital breast tomosynthesis (DBT)
screening based on evidence that DBT improves breast cancer (BC) detection compared to mammog-
raphy; an evaluation of the transition to DBT is reported in this pilot study.
Methods: Prospective implementation of DBT screening included women aged �50 years who attended
the Trento program for biennial screening. DBT screening included DBT acquisitions with synthesized
2D-images. A historical cohort of women who attended the program (January 2013eOctober 2014) and
received digital mammography (DM) provided a comparison group. Independent double-reading (with a
third arbitrating read for discordance) was used for DBT and DM screening. Screening outcomes included
cancer detection rate (CDR/1000 screens), percentage of screens recalled to assessment (recall%), interval
cancer rate (ICR/1000 screens) at 2-year follow-up, and screening sensitivity. Rate ratios (RR) and 95%
confidence interval (95%CI) examined outcomes for DBT versus DM screening.
Results: Fromwomen aged 50e69 years who accepted an invitation to screening (October 2014eOctober
2016) 46,343 comprised the DBT-screened group: amongst these 402 BCs (includes 50 ductal carcinoma
in-situ (DCIS)) were detected (CDR 8.67/1000), whereas 205 BCs (includes 33 DCIS) were detected
amongst 37,436 DM screens (CDR 5.48/1000) [RR for CDR:1.58 (1.34e1.87)]. Recall% was lower for DBT
(2.55%) than DM (3.21%) [RR:0.79 (0.73e0.86)]. Compared to DM, DBT screening increased CDR for stage
I-II BC, for all tumour size and grade categories, and for node-negative BC, but did not increase CDR for
DCIS. Estimated ICR for DBT was 1.1/1000 whereas ICR for DM was 1.36/1000 [RR:0.81 (0.55e1.19)].
Screening sensitivity was 88.74% for DBT versus 80.08% for DM [RR:1.11 (0.94e1.31)].
Conclusion: DBT significantly improved early-detection measures but did not significantly reduce ICR
(relative to DM screening), suggesting that it could add benefit as well as adding over-detection in
population BC screening.

© 2019 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The use of digital breast tomosynthesis (DBT) for breast cancer
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(BC) screening is not a novel concept, the evidence on this ‘new
mammography’ has emerged rapidly since the early European trials
evaluated DBT technology for screening [1e6]. Meta-analysis of the
prospective studies of DBT shows that DBT increases BC detection
(pooled incremental detection 2.4 per 1000 screens) and increases
recall (pooled increase in recall 0.5%) [6]. The Trento screening
program was one of the first BC screening programs in Europe to
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evaluate DBT in conjunction with digital mammography (DM),
contributing knowledge on the effect of DBT screening on screen-
detection measures through two trials [1,3].

Based on the above-described evidence that DBT screening
improves BC detection [1e6], with further evidence emerging from
studies undertaken in population screening programs in Norway
and Italy [7,8], the Trento screening program adopted a policy de-
cision (endorsed by national screening authorities) to transition to
DBT screening. A planned transition was commenced as a pro-
spectively implemented pilot aiming to screen a cohort of women
with DBT over two screening rounds, to determine the impact of
DBT on screening outcomes. In this study, we report results of the
first biennial screening round from the Trento DBT pilot, inclusive
of initial detection measures and interval cancer rates at follow-up.
We compare outcomes of the DBT-screened cohort with a historical
cohort of womenwho attended the same screening service and had
DM screening. We hypothesized that the transition to DBT
screening would improve screen-detection measures (specifically,
that it would increase BC detection) and hence might reduce the
frequency of interval BCs at follow-up.
2. Methods

The Trento screening program invites women aged�50 years to
biennial mammography screening as part of organized population-
based BC screening. A prospective pilot evaluation of DBT screening
aiming to include women who attend the Trento screening pro-
gram was commenced in October 2014, with approval of local
health and population screening authorities. Women who pre-
sented for screening in response to invitation by the population-
based program and had DBT screening were eligible to be part of
this cohort. Those who had participated in the STORM (‘screening
with tomosynthesis or mammography’) trials were not included as
they will have received prior DBT plus DM for screening. DBT
Fig. 1. A schematic representation of the Trento D
screening consisted of DBT acquisitions with synthesized 2D-im-
ages (reconstructed from the DBT acquisition data). Fig. 1 is a
schematic representation of the study.

2.1. Cohort screened with DM

A historical cohort of womenwho attended the Trento screening
program from January 01, 2013 to October 14, 2014 and received
37,436 DM screening examinations provided a comparison group
from the same population - Fig. 1.

2.2. Screening protocol for DBT and for DM

Medio-lateral oblique and cranio-caudal views were obtained
for DBT screens and for DM screens. Screen-reading was based on
independent double-reading as practiced in European programs,
with a third read arbitrating discordant reads, for DBT and for DM
screening. The same group of eight radiologists contributed to
screen-reading during the DBT pilot and the prior (historical) DM
screening round. All aspects of assessment protocols remained
constant throughout the entire timeframe of the study, hence the
only difference was that DBT replaced DM as the primary screening
modality.

2.3. Outcomes

Primary outcomes (recall for positive screens, screen-detected
cancers, and interval cancers) were ascertained based on excision
histology in those who received surgery, or based on the completed
assessment inclusive of work-up imaging (and histology from
needle biopsy where performed) in recalled participants. In addi-
tion, all screening participants had follow-up to ascertain interval
cancers, as part of the screening program’s quality standards. The
following methods were used to ascertain interval cancers for
BT (digital breast tomosynthesis) pilot study.
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cohorts screened by DBT or DM: all breast cancers identified over
two-year follow-up from the screen date via clinical mammog-
raphy database (2013e2018), Trento province cancer registry, and
hospital discharge records (2013e2017).

2.4. Statistical methods

For each screened cohort, the number of screen-detected can-
cers and the cancer detection rate (CDR) per 1000 screens, and the
number and percentage of screens recalled to assessment (recall %)
were calculated. We also calculated the positive predictive value
(PPV) for recall, and the benign to malignant biopsy percentage.
Descriptive statistics of the characteristics of detected cancers
(stage, size, histology, grade, and node status) were tabulated for
DBT versus DM. The number and rate of interval cancers (ICR) per
1000 screenswas based on cancers identified over two-year follow-
up from the screen date and was estimated counting all screens,
and further calculated in a sensitivity analysis using negative
screens as the denominator. Screening sensitivity was calculated as
the number of screen-detected cancers from all cancers observed in
screened women including interval cancers. The rate ratio (RR) and
95% confidence interval (95%CI) were computed to compare the
distribution of outcomes between cohorts screened with DBT
versus DM; this approach allows estimation of the magnitude of
effect for the comparison between the two groups because the 95%
CI presents a range of values on the basis of sample data, in which
the population value for the estimated ratio may lie. All analyses
were performed using SAS version 9.1 (SAS Institute Inc., Cary, NC,
USA) and MedCalc version 19.0.3 (MedCalc Software, Ostend,
Belgium).

3. Results

There were 53,268 participants who accepted an invitation to
screening 15/10/2014e14/10/2016 and had DBT: 46,343 women
with an age range of 50e69 years (mean age 57.9 years, SD 5.95)
were included in the DBT pilot group (Fig. 1). Amongst these 46,343
DBT screens, 402 BCs including 50 DCIS were detected (CDR 8.67/
1000) as shown in Table 1. Amongst 37,436 DM-screened women
(mean age 57.9 years, SD 5.87) 205 BCs including 33 DCIS were
detected (CDR 5.48/1000); this represents a RR for CDR of 1.58 (95%
CI 1.34e1.87). CDR estimates stratified by screening round are
shown in Table 1. Recall percentage was lower for DBT screening
(2.55%) compared with DM screening (3.21%) [recall RR 0.79; 95%CI
Table 1
Cancer detection rate (CDR) and recall to assessment for digital mammography (DM) an

Digital M

Cancers detected at screening
All screening examinations
Number of detected BCs [N screens in analysis]; CDR per 1000 screens

205 [37,4
5.48/100

First (prevalent) screening round
Number of detected BCs [N screens in analysis]; CDR per 1000 screens

38 [6,412
5.93/100

Repeat (incident) screening round
Number of detected BCs [N screens in analysis]; CDR per 1000 screens

167 [31,0
5.38/100

Recall for further assessment
All screening examinations
Number of recalls [N screens in analysis]; recall percentage

1,201 [37
3.21%

First (prevalent) screening round
Number of recalls [N screens in analysis]; recall percentage

477 [6,41
7.44%

Repeat (incident) screening round
Number of recalls [N screens in analysis]; recall percentage

724 [31,0
2.33%

a One case was identified during the screening process due to clinical findings rather t
estimated rate ratio).

b Rate ratio with 95% CI shown in bold indicate statistical significance.
0.73e0.86]; results are also shown stratified by screening round in
Table 1 indicating that the lower recall % from DBT was observed
predominantly for initial (prevalent) screens.

PPV for recall was 34.07% for DBT (402/1,180) whereas PPV for
DMwas 17.07% (205/1,201) showing that DBT increased the PPV for
recall [PPV% ratio 2.00; 95%CI 1.69e2.36]. Benign to malignant bi-
opsy % for DBT was 18.90% (76/402) and that for DM was 13.66%
(28/205) [RR 1.38; 95%CI 0.74e2.40].

3.1. Cancer characteristics

Distribution of prognostic characteristics of detected BCs are
described in Table 2, showing generally similar distribution of
variables (distribution of proportions across categories) for both
screening modalities. However, in terms of detection rates, there
was evidence that DBT: increased CDR for stage I-II invasive cancer
but not for stage 0 (DCIS), increased CDR across most pT categories
(but not for Tis in line with stage data), increased CDR of node-
negative BC, and also increased CDR across all grades.

3.2. Interval cancers and screening sensitivity

At two-year follow-up 51 interval cancers were identified in
each of the cohorts as shown in Table 3 (48 in the DM cohort if 3
false-negative assessments are excluded). ICR for DBT was 1.1/1000
screens, for DM 1.36/1000 with a RR of 0.81 (95%CI 0.55e1.19); ICR
was 1.13/1000 negative screens for DBT, and 1.32/1000 negative
screens for DM with a RR of 0.85 (95%CI 0.57e1.26). Screening
sensitivity was 88.74% (402/453) for DBT versus 80.08% for DM
(205/256) [RR for sensitivity% RR 1.11; 95%CI 0.94e1.31].

4. Discussion

The Trento population-based BC screening program is one of the
first in Europe to have transitioned from mammography to DBT
screening, using a prospective implementation and evaluation e

the Trento DBT pilot. We report the effect that the change to DBT
screening has had on initial detection measures by comparing the
DBT pilot screening outcomes with those from the preceding
screening round (DM screening), and importantly we ensure
follow-up to identify and report interval BC rates. Our work shows
that DBT screening (CDR 8.67/1000) has significantly increased BC
detection (versus DM, CDR 5.48/1000) evidenced by the rate ratio
of 1.58 (95%CI:1.34e1.87). CDR estimates stratified by screening
d digital breast tomosynthesis (DBT), overall and by screening round.

ammography (2D) Digital Breast Tomosynthesis
(with synthetic 2D)

Rate Ratio (95% CI)b

36 screens]
0

402a [46,343 screens]
8.67/1000

1.58 (1.34e1.87)

screens]
0

74 [8,569 screens]
8.64/1000

1.46 (0.99e2.15)

24 screens]
0

328a [37,774 screens]
8.68/1000

1.61 (1.34e1.94)

,436 screens] 1,180 [46,343 screens]
2.55%

0.79 (0.73e0.86)

2 screens] 331 [8,569 screens]
3.86%

0.52 (0.45e0.60)

24 screens] 849 [37,774 screens]
2.25%

0.96 (0.87e1.06)

han a screening abnormality (exclusion of that case from analysis does not alter the



Table 2
Tumor stage, pT, pN and grading of detected breast cancers for digital mammography (DM) and digital breast tomosynthesis (DBT). Number, percentages and cancer detection
rate per 1000 screens.

Digital Mammography screening Digital Breast Tomosynthesis screening Rate Ratiob (95% CI)

Number of cancers (%) CDR/1000 Number of cancers (%) CDR/1000

Stage distribution (excludes 1 from DBT data with unknown final pTNM category)
Stage 0 33 (16.10) 0.88 50 (12.47) 1.08 1.22 (0.79e1.90)
Stage I 123 (60.00) 3.29 262 (65.33) 5.65 1.72 (1.38e2.13)
Stage IIþ 49 (23.90) 1.31 89 (22.20) 1.92 1.47 (1.04e2.08)
Tumour size, pT category distribution (excludes 1 from DBT data with unknown pT category)
T0 - e 1 (0.26) 0.026 e

Tis (in situ cancer) 33 (16.10) 0.88 50 (12.47) 1.08 1.22 (0.79e1.90)
T1a (�5mm) 10 (4.88) 0.27 30 (7.48) 0.65 2.42 (1.18e4.96)
T1b (>5 but �10mm) 55 (26.83) 1.47 120 (29.92) 2.60 1.76 (1.28e2.43)
T1c (>10 but �20mm) 78 (38.05) 2.08 145 (36.16) 3.13 1.50 (1.14e1.98)
T2 (>20 but �50mm) 25 (12.19) 0.67 51 (12.72) 1.10 1.65 (1.02e2.66)
T3 (>50mm) 4 (1.95) 0.11 4 (0.997) 0.09 0.81 (0.20e3.43)
Axillary node status
No node metastases 146 (71.22) 3.90 297 (74.06) 6.41 1.64 (1.35e2.00)
Node metastases 35 (17.07) 0.93 66 (16.46) 1.42 1.52 (1.01e2.29)
Nx (unknown) 24 (11.71) 0.64 38 (9.48) 0.82 1.28 (0.77e2.13)
Tumour grade
1 48 (23.41) 1.28 118 (29.43) 2.55 1.99 (1.42e2.78)
2 117 (57.08) 3.12 205 (51.12) 4.42 1.42 (1.13e1.78)
3 40 (19.51) 1.07 78 (19.45) 1.68 1.58 (1.08e2.31)
Total 205 (100) 5.48 401a(100) 8.65 1.58 (1.34e1.87)

a Stage datawas incomplete for one case identified during the screening process due to clinical findings rather than a screening abnormality, hence results shown are for 401
cancers.

b Rate ratio with 95% CI shown in bold indicate statistical significance.

Table 3
Interval cancer rate (ICR) by screening modality for population-based breast cancer screening.

Digital Mammography (2D) screening Digital Breast Tomosynthesis (with synthetic 2D) Rate Ratio (95% CI)

Number interval cancers [N all screens] ICR/1000 screens Number interval cancers [N all screens] ICR/1000 screens

51a [37,436] 1.36 51 [46,343] 1.10 0.81 (0.55e1.19)
Number interval cancers [N negative screensb] ICR/1000 negative screens Number interval cancers [N negative screensb] ICR/1000 negative screens
48 [36,235] 1.32 51 [45,163] 1.13 0.85 (0.57e1.26)

a Three false-negative assessments following positive screens included in analysis, however these are not included in the sensitivity analysis for ICR shown in the second
row of data which defines interval cancers in terms of a negative screen (see statistical methods).

b N negative screens¼ all screens minus the number of recalled screens.
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round indicate that the increased CDR from DBT screening, though
observed for both initial and repeat screens, was more evident at
repeat screening rounds. The increase in CDR attributed to DBT
screening in our pilot study is commensurate with the prospective
non-randomised DBT trials that were conducted in Europe [1e5]
showing an incremental CDR of 2.4 per 1000 for DBT (versus DM)
based on ameta-analysis fromMarinovich et al. [6]. Our results also
align with those of an interim report from an Italian randomised
controlled trial of DBT screening [9].

In population cancer screening, recall is another key outcome
measure, and we show that DBT screening had a lower percentage
of screens recalled to assessment in the Trento pilot (recall 2.55%)
compared with DM (recall of 3.21%), with a RR of 0.79 (0.73e0.86).
Recall data stratified by screening round show that this DBT effect
was mostly achieved through a reduction in recall for initial
screens; it is noteworthy that recall% was generally low for repeat
screening rounds for both screening modalities (around 2.3%)
hence there was limited scope for DBT to further reduce this low
recall percentage. These are reassuring results given the hetero-
geneous effect DBT screening has had on recall in various screening
settings (with increases in recall from DBT reported in some
studies) as highlighted in meta-analysis [6]. Further, the PPV for
recall was increased (approximately doubled) following the tran-
sition to DBT, meaning that the cancer yield for women recalled to
assessment was higher for DBT than DM screening. So overall, DBT
screening has had a favourable impact on screening parameters.
Examination of the BC characteristics showed somewhat similar
distributions of the proportion of variables for both screening
modalities, though with a slightly lower proportion of DCIS for DBT
(12.47%) than DM (16.10%). When BC characteristics are considered
in terms of detection rates per 1000 screens (Table 2), DBT effec-
tively increased CDR for stage I-II invasive cancer, increased CDR for
most tumour size categories and grade categories, and increased
detection of BCs without (more so than with) node metastases,
reflecting a global increase in CDR at DBT screening, with one
exception e DBT did not increase CDR for DCIS. This pattern of
findings of increased detection from DBT across BC stage and
tumour size categories was generally also observed when we
examined data by screening round (data available from authors),
and was particularly evident in significantly increased CDR for
pT1b-c tumours in women having repeat screening rounds. Our
results showing increased detection fromDBT (for BC stage, tumour
size, and grade categories) without an increase in detection of DCIS
align with those of a pooled analysis of some of the early studies of
DBT screening [10]. Overall, these results from the Trento DBT pilot
also suggest that DBT screening has had a favourable impact on
initial screening outcome measures.

While there is an accumulating body of evidence on detection
measures for DBT screening, there are limited data on its effect on
interval cancer rates (ICR), and this is recognised as a key evidence
gap for DBT screening [11,12]. The STORM trial, one of the earliest
prospective trials of DBT screening, showed little effect of DBT
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screening on ICR, however, it was a relatively small trial [13]. Bahl
et al. [14] recently reported very similar cancer detection and in-
terval cancer rates for DM and DBT in a large retrospective study,
although that was in the context of annual screening, and DBT
might have less effect on these outcomes in more frequent (annual)
screening practice [6,12]. Our pilot study has shown that although
DBT screening had a lower ICR (ICR 1.1/1000 screens) than DM
screening (ICR 1.36/1000 screens), this was not a statistically sig-
nificant reduction (RR 0.81 (0.55e1.19). Similarly, although the
estimated sensitivity for DBT screening (88.74%) was better than
that for DM (80.08%) this was not a significant change with a RR of
1.11 (0.94e1.31). We had hypothesized that DBT would increase
CDR and hence would be expected to reduce ICR. Although these
effects of DBTwere observed in the Trento DBT pilot, the substantial
increase in CDR following transition from DM to DBT screening did
not lead to a commensurate reduction in ICR. While this raises the
possibility of over-diagnosis, it seems likely that our pilot studywas
not sufficiently large in size to measure an effect on ICR (a post-hoc
power analysis suggests that the study was powered for CDR but
not so for ICR). It may also be necessary to measure cumulative ICR
over several screening rounds if benefit from DBT takes a few years
to become evident (ie if the effect of DBT on ICR is modest it may
take more than one screening round to be evident). Further, due to
length bias in screening (tendency to screen-detect slower growing
cancers), relatively slow growing cancers detected with DBT could
still become clinically evident after 2 or more screening rounds.
However, it may be argued that these cancers could be detected at a
subsequent DM screening round (in the absence of DBT) without
significantly altering prognosis. Also, while some investigators
suggest that ICR reduction is a surrogate for screening effectiveness
[11,12], an effect on ICR from using new technology might not be
the only indicator of screening benefit; for example, after adjusting
for lead time, screen-detection of breast cancer could have benefit
due to a more favourable size and node profile at diagnosis [15].
Overall, taking into consideration the significant increase in CDR
following the transition to DBT and the lack of statistical signifi-
cance for the reduction in ICR in our DBT screening pilot, it seems
reasonable to suspect that some of the increased detection from
DBT is contributing to over-diagnosis in population BC screening.

The prospectively planned pilot evaluation is a strength of our
study design, and although we used a historical comparison cohort
we ensured this was from the preceding screening round of the
same program (with the same screening protocols) and from the
same population. A further strength of the study is that the same
group of radiologists performed screen-readings during the DBT
pilot and the prior DM screening round. A limitation of the study is
that there was a slight difference in cancer identification over time
as described in the Methods (‘Outcomes’) which could have
affected the estimated ICR potentially favouring DBT (compared to
DM) due to possible under-ascertainment in 2018. Another limi-
tation is that we did not include a dosimetry report in our studye a
preliminary review of radiation data from a small subset of
screening examinations indicated that tomosynthesis had roughly
double the mean glandular dose per view compared to mammog-
raphy (similar to a recent report of a tomosynthesis trial in Australia
[16]) highlighting the need for a comprehensive dosimetry analysis
in future work.

5. Conclusion

Evaluation of the transition from mammography to DBT
screening in the Trento screening program has shown that DBT
screening was associated with a significant increase in CDR
(consistent increase in detection rates of BC across stage and
tumour size and grade categories, without an increase in DCIS
detection rates) and a reduction in recall percentage. Although this
suggests potential screening benefit, and screening sensitivity was
improved with DBT screening, there was little effect in terms of a
reduction in interval cancer rates. Screening parameters following a
second DBT screening round will assist in identifying whether DBT
delivers a sustained effect at repeat DBT screening rounds and with
longer follow-up.
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