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a b s t r a c t

Background & methods: The prospective ‘screening with tomosynthesis or standard mammography’
(STORM) trial recruited women participating in biennial breast screening in Italy (2011e2012), and
compared sequential screen-readings based on 2D-mammography alone or based on tomosynthesis
(integrated 2D/3D-mammography). The STORM trial showed that tomosynthesis screen-reading signif-
icantly increased breast cancer detection compared to 2D-mammography alone. The present study
completes reporting of the trial by examining interval breast cancers ascertained at two year follow-up.
Results: 9 interval breast cancers were identified; the estimated interval cancer rate was 1.23/1000
screens [9/7292] (95%CI 0.56 to 2.34) or 1.24/1000 negative screens [9/7235] (95%CI 0.57 to 2.36). In
concurrently screened women who attended the same screening services and received 2D-mammog-
raphy, interval cancer rate was 1.60/1000 screens [40/25,058] (95% CI 1.14 to 2.17) or 1.61/1000 negative
screens [40/24,922] (95% CI 1.15 to 2.18). Estimated screening sensitivity for the STORM trial was 85.5%
[59/69] (95%CI 75.0%e92.8%), and that for 2D-mammography screening was 77.3% [136/176] (95%CI
70.4%e83.2%).
Conclusion: Interval breast cancer rate amongst screening participants in the STORM trial was marginally
lower (and screening sensitivity higher) than estimates amongst 2D-screened women; these findings
should be interpreted with caution given the small number of interval cases and the sample size of the
trial. Much larger screening studies, or pooled analyses, are required to examine interval cancer rates
arising after breast tomosynthesis screening versus digital mammography screening.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Findings from the first prospective population screening trial
using digital breast tomosynthesis (3D-mammography technology)
for breast cancer screening were reported in 2013 [1]. The
‘screening with tomosynthesis or standard mammography’
(STORM) trial recruited women participating in biennial breast
ealth (A27), Sydney Medical
.
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screening, and compared sequential screen-readings based on 2D-
mammography alone or based on integrated 2D/3D-mammography
[1,2]. The trial showed that integrating 3D with 2D-mammography
significantly increased breast cancer detection compared with 2D-
mammography screening [1,2]. Prospective trials [3e5] and several
retrospective studies [6e9] have subsequently reported improved
detection metrics using tomosynthesis (3D-mammography)
screening relative to standard screening with 2D-mammography
alone. Almost all published evidence on tomosynthesis technology
for population screening has focused on initial detection metrics at
screening with little to no evidence reported on interval breast
cancers (cancers diagnosed after a negative mammographic screen
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and before the next routine screen [10]) at follow-up.
We now complete the STORM trial results by reporting on in-

terval breast cancers, based on ascertainment at two year follow-up
from screening examinations. We do not re-report all screening
detection measures for the study because these have been previ-
ously published in our primary and secondary analyses of the trial
[1,2,11,12]. In the presentworkwe focus on screeningmeasures that
require completed ascertainment of interval cancers, hence we
estimate interval cancer rates and screening sensitivity for the trial.
We additionally present interval cancer rates for concurrent co-
horts screened with 2D-mammography alone to assist interpreta-
tion of trial findings.

2. Methods

The population-based STORM screening trial prospectively
recruited asymptomatic women attending biennial screening ser-
vices in Trento and Verona, Italy, August 2011 to June 2012 [1]. A
detailed description of the study methods and population, and
primary results, have been reported by Ciatto and colleagues [1],
with secondary analyses presented in related publications [2,11,12].
Therefore here we briefly describe the study methods. Screening
participants were invited to have integrated 2D/3D mammography
screening, and those opting not to participate had (standard) 2D-
mammography [1]. The trial was granted institutional ethics
approval, and informed consent was obtained from participants [1].

Participants in STORM had digital mammography using a Sele-
nia Dimensions Unit integrating 3D acquisitions (COMBO©; Hologic,
Inc. Bedford MA, USA): each of the 2D and 3D acquisitions were
obtained in cranio-caudal and mediolateral oblique views. Screen-
reading was based on independent double-reading by radiologists
experienced in mammography; screens were interpreted sequen-
tially initially using standard 2D-mammography alone, and were
then re-interpreted by the same radiologists using integrated 2D/
3D mammography [1,2]. Screening examinations interpreted as
positive by either screen-reader were recalled to assessment, which
typically included further imaging (additional views, ultrasound)
with needle biopsy where indicated by the imaging assessment.

2.1. Ascertainment of interval breast cancers

Population-based breast screening programs in Italy are
routinely required to report interval cancer data as part of quality
assurance processes. Interval cancers for the timeframe of the study
were identified using a combination of (a) checking unique record
numbers for screening episodes against local hospital and pathol-
ogy databases; and (b) checking with the local cancer registry for
cancer notifications at 24 months from screening episode date. In
an earlier publication of the trial, we included results based on a
minimum follow-up of 13 months for preliminary identification of
interval cancers [2]. However that follow-up was incomplete
because screening services in Trento and Verona routinely provide
biennial screening therefore ascertainment of interval cases re-
quires 24-month follow-up for all screens e complete ascertain-
ment was undertaken for the present study. Because interval cancer
ascertainment was performed over the trial timeframe for both
Trento and Verona screening services, this also allowed identifi-
cation of interval cases amongst the cohort of women screened in
the same services using 2D-mammography (2011e2012), to pro-
vide contextual information that may assist interpretation of trial
results.

2.2. Statistical considerations and methods

The STORM trial was powered for comparison of cancer
detection as the primary end-point (described in Ciatto et al.) [1].
Both the design (withinwoman comparison) and sample size of the
trial do not support comparative analysis of interval cancer rates e
the latter requires very large datasets as outlined in a recent meta-
analysis protocol [13]. For completion and transparency we report
descriptive information on interval breast cancers (number and
characteristics) and estimate the interval cancer rate for the STORM
trial. We applied a standard definition of interval cancers, namely
cancers identified after a negative mammographic screen result
and before the next routine screen [10] (using biennial screening as
the context). Because interval cancer rates may be estimated at the
screened population level (per 1000 screens) or may be estimated
based on negative screens (per 1000 negative screens), we report
estimates for each of these definitions. We also estimated the in-
terval cancer rate for the concurrent cohort of screening partici-
pants attending the same screening services that had 2D-
mammography screening. Screening sensitivity was calculated as
the number of cancers detected at screening from all cancers
observed in study participants inclusive of interval cancers. For all
estimated rates and proportions, exact (Clopper-Pearson) 95%
confidence intervals were computed using StatsDirect v3.0.193
software [14].

3. Results

There were 7292 screening participants in the STORM trial: we
reported that 59 breast cancers were detected at screening in 57
subjects and described the tumour characteristics of these cancers
in our initial report [1]. In the present report, based on ascertain-
ment at 24-month follow-up for all screening examinations, there
were 9 interval breast cancers: 8 presented in participants who
developed breast symptoms, and one was identified at sponta-
neous screening at 22 months from the index screening examina-
tion. We did not classify as an interval case one false-negative
assessment because that case was positive at the index screen
obtained as part of the trial [2] (however this was included in
estimation of screening sensitivity). The estimated interval cancer
rate for the STORM trial was 1.23/1000 screens [9/7292] (95%CI 0.56
to 2.34) or 1.24/1000 negative screens [9/7235] (95%CI 0.57 to 2.36).
Descriptive data on the 9 interval breast cancers identified amongst
participants are shown in Table 1, including tumour characteristics
and biomarker profile. Screening sensitivity, based on integrated
2D/3D-mammography in the STORM trial, was 85.5% [59/69] (95%
CI 75.0%e92.8%).

In the concurrent group of women who had attended the same
screening services and received 25,058 2D (digital) mammography
screens, 40 interval breast cancers were identified: the estimated
interval cancer rate was 1.60/1000 screens [40/25,058] (95% CI 1.14
to 2.17) or 1.61/1000 negative screens [40/24,922] (95% CI 1.15 to
2.18). Screening sensitivity for 2D-mammography screening was
77.3% [136/176] (95%CI 70.4%e83.2%).

4. Discussion

The STORM trial was the world's first prospective population-
based screening trial that used 3D mammography technology
with 2D mammography for breast cancer screening and that re-
ported screen-detection metrics for the completed study [1]. Those
initial results focused on breast cancer detection as the primary
end-point of the trial; we now complement those results by
reporting on interval breast cancers as the final outcome from the
trial, based on ascertainment of all screens at 24 months follow-up.
The STORM trial was not designed to compare interval cancer data
as an end-point e the data we report are primarily for estimating
interval cancer rate and screening sensitivity, hence declaring all



Table 1
Characteristics of interval breast cancers observed in the STORM trial.

Case Age at screen (years) Densitya Intervalb Cancer histology Tumour size mm Tumour grade Lymph node (N) status ER/PR/HER2 MIB-1/Ki-67%

1 60 3 Year 1 Invasive ductal 22 3 N1micro þ/�/þ 60
2 58 2 Year 1 Invasive ductal 30 3 N0 þ/�/þ 30
3 69 3 Year 1 DCIS (Paget's disease) 20 High-grade DCIS N0 �/�/NR 8
4 60 3 Year 2 Invasive ductal 30 3 N3 �/�/þ 36
5 60 2 Year 2 Invasive ductal 24 3 N0 þ/þ/� 38
6 50 4 Year 2 Invasive ductal 6 1 N0 þ/þ/� 10
7 65 2 Year 2 Invasive ductal 35 3 N0 �/�/� 70
8 51 2 Year 2 Invasive lobular 19 2 N0 þ/þ/� 9
9 51 3 Year 2 Invasive ductal, multifocal 12 (index) 2 N0 þ/þ/� 12

Key: (þ) positive; (�) negative; (ER) oestrogen receptor; (PR) progesterone receptor; (HER2) human epidermal growth factor receptor 2; (NR) not reported; (DCIS) ductal
carcinoma in-situ.

a Based on BI-RADS classification using mammographic breast density at digital mammography [1].
b Whether diagnosed in year 1 or year 2 (from negative screen) in biennial screening.
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potentially informative findings from the study. Our estimated in-
terval cancer rate (1.23 or 1.24/1000) may also help inform future
screening studies or could potentially contribute to collective an-
alyses [13]. The estimated interval breast cancer rate for concurrent
2D-mammography screened women (1.60/1000 or 1.61/1000) al-
lows us to contextualise the interval cancer rate from the trial
however we have not attempted to compare these interval cancer
rates because the trial sample size does not support valid com-
parisons for this outcome. Comparison of interval cancer rates re-
quires much larger screening datasets than our study, as pointed
out in a published protocol aimed at future collective analyses from
breast screening trials [13].

We also cannot compare our screening sensitivity of 85.5% to
other prospective population-based trials of tomosynthesis
screening that were embedded in biennial screening programs,
because none of those trials have yet reported their final study
results inclusive of interval cancers [3e5]. However, our estimated
screening sensitivity compares favourably to recently reported es-
timates from biennial screening programs in Europe and Australia
(75.5%e79%) [15,16] in the setting of digital (2D) mammography
screening, and also to the sensitivity of 2D-mammography
screening (77.3%) in our concurrent cohort (see Results). We avoid
direct comparison of our interval cancer rates with interval cancer
rates recently reported from other countries and programs because
these are influenced by underlying breast cancer risk in the
screened population and also by the methods used to ascertain
interval cases e we merely point out that our estimates are similar
to, or lower than, those reported from biennial screening practice
based on digital mammography screening [15,16].

A key limitation of this report is that the small number of in-
terval cancers precludes analytic evaluation; however, we note the
predominance of high grade and large tumours, the presence of
nodal macro-metastases in only one case, and the heterogeneity in
biomarker profile inherent in breast tumours. These findings are
generally in keeping with those from a recent overview of interval
breast cancers observed in population breast screening programs
based on 2D-mammography screening [10]. The finding that in-
terval cases more frequently emerged in year 2 than year 1of the
inter-screen time interval (Table 1) is also in line with reported data
from biennial screening programs [10].

We complete our reporting of the STORM trial concluding that
the interval breast cancer rate amongst screening participants in
the trial (1.23 or 1.24/1000) was marginally lower than that esti-
mated for concurrent 2D-screened cohorts; and that screening
sensitivity using 2D/3D-mammography in the trial was higher than
that observed for 2D-screened women. These results should be
interpreted with caution given the small number of interval cases
and the sample size of the trial, and noting that the trial was not
planned for comparison of interval cancer rates. Interval breast
cancers in the trial had characteristics that were generally similar to
those described for interval cancers emerging following conven-
tional mammography screening. To determine the effect on interval
cancer rates from tomosynthesis population screening, much larger
screening studies or pooled analyses are required to compare in-
terval cancer rates amongst tomosynthesis-screened women with
those estimated amongst women screened only with digital
mammography.
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