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INTRODUCTION
In the context of growing adoption and evaluation of digital 
breast tomosynthesis (DBT),1 a pilot trial was undertaken 
in Australia’s BreastScreen program to examine detection 
metrics and the feasibility of DBT screening.2 Obtaining 
evidence from local screening programs was relevant given 
that initial studies of DBT, both prospective and retrospec-
tive, showed heterogeneity in detection measures across 
screening settings.1 The BreastScreen Victoria DBT trial 
was a prospective population-based trial that compared 

DBT and mammography screens from concurrent cohorts 
presenting for breast screening to Maroondah BreastScreen. 
It showed that DBT increased cancer detection (DBT 
9.8/1000 screens, DM 6.6/1000 screens), as well as recall 
rates (DBT 4.2%, DM 3.0%), and prolonged screen-reading 
time, compared to mammography.2 Details of the trial and 
its initial outcomes have been previously reported.2

From an international perspective, although there is 
increasing use of DBT imaging, many organised screening 
programs use digital mammography for screening but 
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Objective: This follow-up study of BreastScreen Victo-
ria’s pilot trial of digital breast tomosynthesis aimed 
to report interval cancer rates, screening sensitivity, 
and density-stratified outcomes for tomosynthesis vs 
mammography screening.
Methods: Prospective pilot trial [ACTRN-
12617000947303] in Maroondah BreastScreen recruited 
females ≥ 40 years presenting for screening (August 
2017–November 2018) to DBT; concurrent screening 
participants who received mammography formed a 
comparison group. Follow-up of 24 months from screen 
date was used to ascertain interval cancers; automated 
breast density was measured.
Results: There were 48 screen-detected and 9 interval 
cancers amongst 4908 tomosynthesis screens, and 
34 screen-detected and 16 interval cancers amongst 
5153 mammography screens. Interval cancer rate was 
1.8/1000 (95%CI 0.8–3.5) for tomosynthesis vs 3.1/1000 
(95%CI 1.8–5.0) for mammography (p = 0.20). Sensi-
tivity of tomosynthesis (86.0%; 95% CI 74.2–93.7) was 

significantly higher than mammography (68.0%; 95% CI 
53.3–80.5), p = 0.03. Cancer detection rate (CDR) of 
9.8/1000 (95%CI 7.2–12.9) for tomosynthesis was higher 
than that of 6.6/1000 (95%CI 4.6–9.2) for mammography 
(p = 0.08); density-stratified analyses showed CDR was 
significantly higher for tomosynthesis than mammog-
raphy (10.6/1000 vs 3.5/1000, p = 0.03) in high-density 
screens. Recall rate for tomosynthesis was significantly 
higher than for mammography (4.2% vs  3.0%, p < 0.001), 
and this increase in recall for tomosynthesis was evident 
only in high-density screens (5.6% vs  2.9%, p < 0.001).
Conclusion: Although interval cancer rates did not signif-
icantly differ between screened groups, sensitivity was 
significantly higher for tomosynthesis than mammog-
raphy screening.
Advances in knowledge: In a program-embedded pilot 
trial, both increased cancer detection and recall rates 
from tomosynthesis were predominantly observed in 
high-density screens.
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support further investigation of DBT screening or allow condi-
tional use of DBT.3 In more recent years, three randomised 
trials4–6 reported from European programs have shown 
increased cancer detection rate for DBT relative to mammog-
raphy for initial screening outcomes, and another RCT from 
BreastScreen Norway showed a reduction in recall but no 
increased cancer detection rate from DBT.7 However, there is 
limited and conflicting evidence on differences in interval cancer 
rate and screening sensitivity between DBT and mammography 
at follow-up of screened women.6,8,9

Hence, in the present study, we update the BreastScreen Victoria 
pilot trial at 2-year follow-up of screening participants to esti-
mate interval cancer rates and screening sensitivity, for DBT 
and mammography. We also extend our work through auto-
mated breast density measurement, to provide knowledge on 
density-stratified screening outcomes for DBT vs mammography 
population-based screening.

METHODS
Trial design and population
The setting and methods of the trial have been detailed in our 
earlier report,2 so will be described briefly for the present study. 
The BreastScreen DBT pilot was a prospective non-randomised 
trial [registered ACTRN-12617000947303] conducted in 
Maroondah BreastScreen (Eastern Health), which recruited 
females ≥ 40 years presenting for routine screening (August 
2017–November 2018).2 The trial was designed to estimate 
detection measures for 5000 DBT screens and to determine the 
feasibility of DBT population screening. Screening participants 
were informed that they could receive DBT or standard digital 
mammography screening. Therefore, a concurrent group of 
females who received digital mammography screening formed 
a comparison group from the same population. Ethics approval 
for the trial was granted by Eastern Health HREC (LR36/2017).

The trial was implemented with an ‘opt-out’ option, where 
females who declined participation (opted-out of having DBT) 
had mammography screening. BreastScreen services provide 
written information about screening and require written 
consent from participants, therefore trial-specific information 
and consent forms were integrated into existing BreastScreen 
information processes. During the pilot trial, Maroondah 
BreastScreen had two screening rooms, one equipped with a 
DBT-capable mammography unit, and the other with a stan-
dard digital mammography unit. Therefore, except for those who 
opted-out of having DBT, receipt of DBT screening was driven 
by the next available screening room when the woman was called 
into a mammography room for acquisition of the screen. Online-
only Figure 1 shows a flow-diagram of the study.

Screening and screen-reading
DBT screening consisted of tomosynthesis acquisitions from 
which synthesized 2D-images were reconstructed [Selenia® 
Dimensions Unit, C-View™ 2D-software]. Digital mammog-
raphy was performed using one of two units (Hologic Selenia® 
Dimensions Unit, or Siemens Mammomat Inspiration). Medi-
olateral oblique and craniocaudal views of each breast were 

obtained for DBT acquisitions and for mammography. All 
other aspects of screening, screen-reading and assessment, and 
follow-up to ascertain outcomes, were based on BreastScreen 
Australia’s National Accreditation Standards.10 Double-reading 
practice (two independent readings per screen) was used with 
arbitration by a third read for disagreement. Seven radiologists 
performed screen-reads in the timeframe of the trial, therefore 
the same radiologists who interpreted DBT also read standard 
mammograms.

For the updated report, we included follow-up to ascertain 
interval cancers to estimate interval cancer rates, and measured 
breast density to report outcomes stratified by density, to provide 
evidence requested by Australia’s Medical Services Advisory 
Committee.

Interval breast cancers
Interval cancers were ascertained by BreastScreen Victoria 
through established data linkage with the Victorian Cancer 
Registry; this is routinely performed via the program’s quality 
assurance processes to monitor interval cancer rates as a key 
performance indicator of cancer screening.11 Follow-up was set 
at 24 months from the date of screening given that the program 
provides biennial screening. Date of diagnosis and tumour char-
acteristics were obtained for interval cancers.

Breast density
Mammographic breast density is not routinely measured in 
the BreastScreen Australia program, therefore density was not 
measured in the DBT pilot trial. However, we retrospectively 
measured breast density to enable density-stratified reporting 
of outcomes at follow-up. Automated density measurement was 
assessed using Densitas® breast density software (densitas® densi-
tyAI™) which is comprised of two distinct deep learning algo-
rithms, one that computes quantitative breast density percentage 
ranging from 0 to 100%, and another that computes a qualitative 
breast density classification that aligns with the BI-RADS density 
categories (A–D). For analytic purposes, we classified categories 
A–B as ‘low density’ and C–D as ‘high density’.

Outcomes
Primary outcomes for the trial were the number of detected 
cancers and cancer detection rate (CDR) per 1000 screens, and 
the number and percentage of recalls. Outcomes were ascer-
tained based on excision histology, or the completed assess-
ment inclusive of work-up imaging (and histology from needle 
biopsy) in recalled participants, or otherwise by linking with 
the cancer registry as described for interval cancer ascertain-
ment. Secondary outcomes have been reported in the initial trial 
report,2 including cancer characteristics, and the assessment of 
recalled abnormalities has also been described.12 Descriptive 
data for breast density categories, and for interval cancer charac-
teristics, were included in the updated trial.

Statistical methods
Age and breast density characteristics of screening participants 
were described and compared by the type of screen received using 
the χ2 test for proportions, and independent samples t-test for 

http://birpublications.org/bjr
nhoussami
Highlight
delete this (Figure 1 is in paper)



3 of 8 birpublications.org/bjr Br J Radiol;96:20230081

BJRScreening outcomes at follow-up in BreastScreen’s tomosynthesis pilot

continuous data. For each screening modality, the CDR, interval 
cancer rate, proportion of recalls, sensitivity (proportion of all 
cancers detected at screening), specificity (proportion of screens 
without cancer correctly excluded) and positive-predictive 
value (PPV, proportion of recalls with cancer) were computed, 
and estimates were stratified by breast density (low vs high) and 
age groups (<60 years vs ≥60 years). Exact (Clopper-Pearson) 
95% confidence intervals (CIs) for proportions were computed. 
Differences in estimates between screened groups were calcu-
lated with Miettinen-Nurminen 95% CI, and the estimates were 
compared with χ2 or Fisher’s exact tests, as appropriate. Interval 
cancer characteristics (pathological tumour size, nodal status, 
tumour grade, and density categories) were tabulated descrip-
tively. Analyses were undertaken in SAS 9.4.

RESULTS
From the initial 10,184 screening examinations (10,146 women) 
performed at Maroondah BreastScreen as part of the trial, 
from 18 August 2017 to 8 November 2018, this follow-up study 
included 10,061 screens—123 (1%) screening exams missing 
density data due to technical reasons were excluded. Because the 
characteristics of screening participants have been previously 

reported, here we describe only age and breast density charac-
teristics (Table  1) showing significant differences in mean age 
and in the distribution of age and density categories between 
screened groups. Table 1 also shows that these differences in age 
descriptive data between screened groups were evident for low- 
and high-density screening examinations.

Table 2 summarises detection measures by screening modality 
inclusive of follow-up for interval breast cancers. Amongst 4908 
(from initial 5018) tomosynthesis screens, there were 48 screen-
detected cancers and 9 interval cancers at 2-year follow-up. 
Amongst 5153 (from initial 5166) mammography screens, 
there were 34 screen-detected cancers and 16 interval cancers 
at follow-up. Interval cancer rate was 1.8/1000 (95%CI 0.8, 3.5) 
for tomosynthesis vs 3.1/1000 (95%CI 1.8, 5.0) for mammog-
raphy screens (p = 0.20). Interval cancer rates are also shown for 
each screening modality stratified by density and by age-group 
(Table 2).

CDRs overall and by age-groups have been previously reported; 
some of these results are shown in Table 2 for transparency and to 
ensure a cohesive follow-up report. A CDR of 9.8/1000 (95%CI 

Figure 1. Pilot trial of digital breast tomosynthesis* population-based screening in BreastScreen Victoria
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7.2, 12.9) for tomosynthesis was higher than that of 6.6/1000 
(95%CI 4.6, 9.2) for mammography (p = 0.08); the higher CDR 
for tomosynthesis was statistically significant in females aged 60 
years and older (p = 0.03). Density-stratified analyses showed 
that CDR was significantly higher for tomosynthesis (10.6/1000; 
95% CI 6.6, 16.1) than mammography (3.5/1000; 95% CI 1.1, 8.2) 
in high density screens (p = 0.03).

Screening sensitivity for tomosynthesis (86.0%; 95% CI 74.2, 
93.7) was significantly higher than that for mammography 
(68.0%; 95% CI 53.3, 80.5), p = 0.03. Although a higher sensi-
tivity was shown for tomosynthesis in both density strata, a 
statistically significant increase in sensitivity was only evident in 
our data for high-density screens (Table 2), reflecting the pattern 
observed also for CDR. Although screening sensitivity was 
higher for tomosynthesis than mammography across both age-
groups, estimates did not significantly differ between screening 
modalities in age-stratified analyses (Table 2). A sensitivity anal-
ysis that reclassified (from true-positive to false-negative) one 
interval cancer, recalled at tomosynthesis screening but with a 
false-negative assessment, did not substantially alter the above-
reported findings; in this reanalysis, screening sensitivity for 
tomosynthesis slightly decreased to 84.2% (p = 0.05 compared 
to mammography, all screens). Further, in this sensitivity anal-
ysis (reanalysis) our estimates for sensitivity and PPV did not 
substantially change for all screens nor in stratified analyses, and 
statistical associations (or lack of) did not change.

Recall rate for tomosynthesis screening was significantly higher 
than for mammography (4.2% vs  3.0%, p < 0.001), and this 
was also evident in age-stratified analyses. However, density-
stratified estimates (Table 2) show that the significant increase in 
recall for tomosynthesis was evident only in high-density screens 
(5.6% vs  2.9%, p < 0.001). Specificity was significantly lower 
for tomosynthesis than for mammography (96.7% vs  97.6%, p 
= 0.006), and this lower specificity was statistically significant 
only in high-density screens (95.4%% vs 97.4%, p = 0.002). PPV 
for recall (cancer yield from recall to assessment) was generally 
slightly higher for tomosynthesis in all analyses shown in Table 2.

The characteristics of screen-detected cancers have been 
described in the initial trial report and are included as online-
only Supplementary Material 1; we now report the number of 
interval cancers by tumour characteristics and density categories 
for each screened group in Table 3 (noting the small number of 
cases does not support further analysis of these data).

DISCUSSION
In BreastScreen Australia, as in many national population-based 
screening programs, digital mammography is the recommended 
screening modality, although evaluation of tomosynthesis is 
encouraged to inform future screening practice. BreastScreen 
Victoria’s pilot trial was designed to provide estimates for tomo-
synthesis detection metrics, and to assess its feasibility, in the 
Australian population screening context—the initial findings 

Table 1. Age and density by screening modality in the BreastScreen Victoria tomosynthesis screening trial

Digital mammography (2D) Digital breast tomosynthesis (3D) p-value
Age descriptive data N screens Mean (SD) years, or % N screens Mean (SD) years, or %

All screensa

 � Mean 5153 62.3 (8.1) 4908 58.1 (8.5) <0.001

 � Age <60 years 1985 38.5% 2943 60.0% <0.001

 � Age ≥60 years 3168 61.5% 1965 40.0%

Age, high density screens

 � Mean 1415 59.7 (8.1) 1986 55.6 (8.0) <0.001

 � Age <60 years 704 49.7% 1421 71.5% <0.001

 � Age ≥60 years 711 50.3% 565 28.5%

Age, low density screens

 � Mean 3738 63.2 (7.9) 2922 59.7 (8.3) <0.001

 � Age <60 years 1281 34.3% 1522 52.1% <0.001

 � Age ≥60 years 2457 65.7% 1400 47.9%

Density descriptive data N % N % <0.001

 � Category A 1718 33.3% 705 14.4%

 � Category B 2020 39.2% 2217 45.2%

 � Category C 1196 23.2% 1473 30.0%

 � Category D 219 4.3% 513 10.5%

2D, two-dimensional; 3D, three-dimensional.
aTotal number of screens shown differs from the numbers reported in our initial publication due to exclusion of 123 (from 10,184) screens in whom 
density could not be measured.

http://birpublications.org/bjr
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Table 2. Screening performance measures by screening modality for all screens, and stratified by breast density and age-group, 
in the BreastScreen Victoria tomosynthesis screening trial

Digital mammography (2D)
Digital breast tomosynthesis 

(3D)
Difference, 

3D-2D p value
N % or per 1000 

(95% CI)
N % or per 1000 

(95% CI)
% or per 1000 (95% 

CI)
 �

All screens 5153* – 4908* – – –

 � Screen-detected 
cancers

34 6.6 per 1000 (4.6, 
9.2)

48 9.8 per 1000 
(7.2, 12.9)

3.2 per 1000 (−0.3, 
6.9)

0.08

 � Recalls 155ⱡ 3.0% (2.6, 3.5) 208 4.2% (3.7, 4.8) 1.2% (0.5, 2.0) <0.001

 � Interval cancers 16  �  3.1 per 1000 
(1.8, 5.0)

9 1.8 per 1000 
(0.8, 3.5)

−1.3 per 1000 (−3.4, 
0.7)

0.20

 � Sensitivity – 68.0% (53.3, 
80.5)

– 86.0%** (74.2, 
93.7)

18.0% (2.1, 33.9) 0.03

 � Specificity – 97.6% (97.2, 
98.0)

– 96.7% (96.2, 
97.2)

−0.9% (−1.6,–0.3) 0.006

 � PPV – 21.9% (15.7, 
29.3)

– 23.6%** (18.0, 
29.9)

1.6% (−7.3, 10.2) 0.72

High density 1415 – 1986 – – –

 � Screen-detected 
cancers

5 3.5 per 1000 (1.1, 
8.2)

21 10.6 per 1000 
(6.6, 16.1)

7.0 per 1000 (1.3, 
13.0)

0.03***

 � Recalls 41 2.9% (2.1, 3.9) 111 5.6% (4.6, 6.7) 2.7% (1.3, 4.0) <0.001

 � Interval cancers 8 5.7 per 1000 (2.4, 
11.1)

5 2.5 per 1000 
(0.8, 5.9)

−3.1 per 1000 (−8.8, 
1.1)

0.17***

 � Sensitivity – 38.5% (13.9, 
68.4)

– 80.8% (60.7, 
93.5)

42.3% (10.2, 67.7) 0.01***

 � Specificity – 97.4% (96.5, 
98.2)

– 95.4% (94.4, 
96.3)

−2.0% (−3.3,–0.7) 0.002

 � PPV – 12.2% (4.1, 26.2) – 18.9% (12.1, 
27.5)

6.7% (−8.0, 17.9) 0.33

Low density 3738 – 2922 – – –

 � Screen-detected 
cancers

29 7.8 per 1000 (5.2, 
11.1)

27 9.2 per 1000 
(6.1, 13.4)

1.5 per 1000 (−2.9, 
6.3)

0.51

 � Recalls 114 ⱡ 3.1% (2.5, 3.7) 97 3.3% (2.7, 4.0) 0.3% (−0.6, 1.1) 0.53

 � Interval cancers 8 2.1 per 1000 (0.9, 
4.2)

4 1.4 per 1000 
(0.4, 3.5)

−0.8 per 1000 (−3.0, 
1.6)

0.57***

 � Sensitivity – 78.4% (61.8, 
90.2)

– 90.3%** (74.3, 
98.0)

11.9% (−6.5, 29.5) 0.11***

 � Specificity – 97.7% (97.2, 
98.2)

– 97.6% (97.0, 
98.1)

−0.1% (−0.9, 0.6) 0.81

 � PPV – 25.4% (17.7, 
34.5)

– 28.9%** (20.1, 
38.9)

3.4% (−8.5, 15.6) 0.58

Age <60 years 1985 – 2943 – – –

 � Screen-detected 
cancers

7 3.5 per 1000 (1.4, 
7.3)

18 6.1 per 1000 
(3.6, 9.6)

2.6 per 1000 (−1.7, 
6.6)

0.21

 � Recalls 63 3.2% (2.5, 4.0) 127 4.3% (3.6, 5.1) 1.1% (0.1, 2.2) 0.04

 � Interval cancers 5 2.5 per 1000 (0.8, 
5.9)

3 1.0 per 1000 
(0.2, 3.0)

−1.5 per 1000 (−5.0, 
0.9)

0.28***

 � Sensitivity – 58.3% (27.7, 
84.8)

– 85.7% (63.7, 
96.9)

27.4% (−3.4, 57.3) 0.11***

(Continued)
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from the trial have been described.2 The purpose of the present 
study is to complete follow-up of the trial’s participants to esti-
mate interval cancer rates, and to integrate density-stratified 
outcomes. Although there were fewer interval cancers in the 
tomosynthesis-screened group than in the mammography-
screened group, interval cancer rates did not significantly differ 
between screened groups (Table 2)—it should be noted, however, 
that this was a secondary outcome for this pilot trial which was 
not powered to compare interval cancer rates but to provide esti-
mates to inform future evaluation. Nonetheless, these data add 
to the limited evidence on this outcome from tomosynthesis 
screening trials8,13 and are generally similar to interval cancer 
rate estimates from the Norwegian randomised trial.8

Our findings add to the growing body of evidence that tomosyn-
thesis has higher CDR than mammography screening at preva-
lent screening, and further highlights the variability of findings 
on the effect of tomosynthesis on recall rates.1,14,15 Having 
reported that tomosynthesis had higher CDR than mammog-
raphy (based on the overall screened cohorts),2 we found that 
tomosynthesis had higher CDR than mammography across age-
groups although this was only statistically significant in females 
≥ 60 years. We now additionally show that most of the increased 
cancer detection was in high-density screens, where a signifi-
cant difference in CDR was found for tomosynthesis compared 
to mammography screens (p = 0.03). Aligning with this finding, 
screening sensitivity at 2-year follow-up of participants (allowing 
inclusion of interval cancers) for tomosynthesis was significantly 
higher than that for mammography in comparison of the overall 

cohorts (p = 0.03) and was also significantly higher for tomosyn-
thesis in high-density screens (p = 0.01). One of the largest trials 
(TOSYMA) embedded in the German screening program also 
found that DBT significantly increased cancer detection particu-
larly in dense breasts.16

This study’s focus on comparative cancer detection and interval 
cancer rates and screening sensitivity at follow-up provides 
evidence on key outcomes for population screening programs; 
we acknowledge that these initial screening outcomes may not 
equate with screening benefit because increased cancer screen-
detection may represent (or contribute to) overdiagnosis.13,17 
Our earlier report of the trial described the characteristics of 
the screen-detected cancers (by imaging modality) highlighting 
generally similar distributions for most prognostic features, 
however, there were relatively more Grade 1 (and fewer Grade 3) 
invasive cancers amongst tomosynthesis-detected cancers than 
those detected in the mammography group.2 Given generally 
small number of cancers (in the context of a pilot study) infer-
ences cannot be made from our findings on cancer character-
istics, although this could suggest potential overdiagnosis or 
additional lead time from tomosynthesis.

Our findings for recall to assessment had shown that tomosyn-
thesis has a higher recall rate than mammography (based on 
the overall screened cohorts),2 and in our updated work the 
density-stratified estimates (Table  2) indicate that this signif-
icant increase in recall for tomosynthesis was evident only in 
high-density screens (p < 0.001). Commensurate with the higher 

Digital mammography (2D)
Digital breast tomosynthesis 

(3D)
Difference, 

3D-2D p value
 � Specificity – 97.2% (96.3, 

97.9)
– 96.3% (95.5, 

96.9)
−0.9% (−1.9, 0.1) 0.09

 � PPV – 11.1% (4.6, 21.6) – 14.2% (8.6, 21.5) 3.1% (−8.2, 12.4) 0.56

Age ≥ 60 years 3168 – 1965 – – –

 � Screen-detected 
cancers

27 8.5 per 1000 (5.6, 
12.4)

30 15.3 per 1000 
(10.3, 21.7)

6.7 per 1000 (0.8, 
13.7)

0.03

 � Recalls 92 ⱡ 2.9% (2.3, 3.5) 81 4.1% (3.3, 5.1) 1.2% (0.2, 2.3) 0.02

 � Interval cancers 11 3.5 per 1000 (1.7, 
6.2)

6 3.1 per 1000 
(1.1, 6.6)

−0.4 per 1000 (−3.6, 
3.5)

0.80

 � Sensitivity – 71.1% (54.1, 
84.6)

– 86.1%** (70.5, 
95.3)

15.1% (−4.0, 33.5) 0.12

 � Specificity – 97.9% (97.4, 
98.4)

– 97.4% (96.6, 
98.1)

−0.5% (−1.4, 0.3) 0.23

 � PPV – 29.3% (20.3, 
39.8)

– 38.3%** (27.7, 
49.7)

8.9% (−5.2, 22.9) 0.21

2D, two-dimensional; 3D, three-dimensional; PPV, positive-predictive value.
* Total number of screens shown differs from the numbers reported in our initial publication due to exclusion of screens missing density data in 
the present analysis.
ⱡTechnical recalls (n = 2) excluded.
** One recalled case with no cancer found at assessment but with subsequent interval cancer diagnosis was classified as a true-positive screen: 
when this was reclassified as false negative, sensitivity for tomosynthesis was re-estimated as 84.2% for all screens—in this reanalysis, sensitivity, 
PPV, and statistical associations did not substantially alter in all screens or in stratified analyses.
*** Fisher exact test.

Table 2. (Continued)
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recall rates for tomosynthesis, specificity was significantly lower 
for tomosynthesis than for mammography overall (p = 0.006), 
and this was statistically significant only in high-density screens 
(p = 0.002). Placing these findings into context, recall is known 
to be higher in dense breasts and this trial was the Australian 
program’s first experience with tomosynthesis screening—it is 
possible that the recall could be lower (and specificity improved) 
with further experience and with availability of prior tomosyn-
thesis images to compare with. In our descriptive study of the 
mammographic lesions recalled to assessment, we showed that 
there was a higher proportion of lesions depicted as calcifications 
for tomosynthesis (32.4%) than mammography (21.3%), and a 
lower proportion of asymmetric densities for tomosynthesis 
(3.2%) than mammography (15.7%) recalls in a lesion-based 
analysis.12 On further exploration of these data, we observed 
the same pattern when the analysis focused on false-positive 
recall: the types of imaging lesions amongst false-positives were 
generally similar for both modalities except for calcifications 
(tomosynthesis 37.3%, mammography 21.3%) and asymmetric 
densities (tomosynthesis 4.1%, mammography 19.1%) as shown 
in Supplementary Material 2.

Limitations of this study include the non-randomised design, 
leading to imbalances in age and density group distributions—
hence, we stratified our findings by age and density groups but 
acknowledge the possibility of residual confounding. Mean age 
of the participants in the tomosynthesis group was lower than in 

the mammography group (Table 1); a possible contributor to this 
age imbalance between groups is that amongst the females who 
opted out of receiving DBT (5% of screening participants) there 
were more females older than 60 years (mean age 61.4 years)2 
who preferred to have ‘standard’ mammography. Measurement 
of density was undertaken retrospectively, with around 1% of 
screens not recording a density measure for technical reasons; 
density is not routinely measured in BreastScreen Australia, so 
density information is unlikely to have caused preferential selec-
tion to DBT. Given that the trial was a pilot study, the sample 
size was smaller than other international prospective trials but 
was appropriate for estimating DBT detection measures in line 
with the trial’s primary aims. The pilot trial was not powered 
to support stratified analyses, therefore when interpreting our 
findings estimates of effect should be considered with the asso-
ciated imprecision from smaller subgroup data (as occurs with 
stratification).

This trial also has a similar limitation to other trials of tomosyn-
thesis to date in that longer-term outcomes have not been consid-
ered: the effect of tomosynthesis, relative to mammography, on 
breast cancer mortality and overdiagnosis requires much larger 
studies and sustained follow-up. Despite these limitations, 
BreastScreen Victoria’s pilot trial is the only population-based 
study of tomosynthesis screening in Australia and provides rele-
vant evidence for the program to determine further research 
directions in tomosynthesis screening.

Table 3. Interval cancer characteristics by screening modality (numbers shown)

Digital mammography (2D) Digital breast tomosynthesis (3D)
Number of interval cancers 16 9

Pathological tumour size (pT) categorya

 � pTis (ductal carcinoma in situ) 0 2

 � pT1a (≤5 mm) 1 0

 � pT1b (>5 mm-≤10 mm) 5 2

 � pT1c (>10 mm-≤20 mm) 4 2

 � pT2 (>20 mm-≤50 mm) 5 3

Nodal statusa

 � Negative for metastases 12 4

 � Positive for metastases 3 3

Tumour gradea

 � Grade 1 4 1

 � Grade 2 4 4

 � Grade 3 7 3

Density categorya

 � A 3 0

 � B 5 4

 � C 6 5

 � D 2 0

2D, two-dimensional; 3D, three-dimensional.
aNumbers do not sum to corresponding totals because of missing data.

http://birpublications.org/bjr
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CONCLUSIONS
At 2-year follow-up of screened participants in this population-
based trial, interval cancer rates did not significantly differ between 
the tomosynthesis screened and mammography screened groups. 
Screening sensitivity at follow-up, inclusive of interval cancers, was 
significantly higher for tomosynthesis than for mammography in 
the overall cohorts and in high-density screens. In addition, the 
previously reported significant increase in recall for tomosynthesis 
was shown to be evident only in high-density screens. Therefore, 
the main effects of tomosynthesis screening in this pilot trial, both 
increased cancer detection rate and recall rate, occurred predomi-
nantly in high-density screens.
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