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Digital breast tomosynthesis plus synthesised mammography
versus digital screening mammography for the detection of
invasive breast cancer (TOSYMA): a multicentre, open-label,
randomised, controlled, superiority trial

Walter Heindel*, Stefanie Weigel*, Joachim Gerf3, Hans-Werner Hense, Alexander Sommer, Miriam Krischke, Laura Kerschke, for the TOSYMA
Screening Trial Study Groupt

Summary

Background Two dimensional (2D) full-field digital mammography is the current standard of breast cancer screening.
Digital breast tomosynthesis generates pseudo-three dimensional datasets of the breast from which synthesised
2D (s2D) mammograms can be reconstructed. This innovative approach reduces the likelihood of overlapping breast
tissues that can conceal features of malignancy. We aimed to compare digital breast tomosynthesis plus s2D
mammography with digital screening mammography for the detection of invasive breast cancer.

Methods TOSYMA was a randomised, open-label, superiority trial done at 17 screening units in two federal states of
Germany. Eligible participants were women aged 50-69 years who had been invited to participate in a population-
wide, quality-controlled mammography screening programme. Women were randomly assigned (1:1) to digital breast
tomosynthesis plus s2D mammography or digital mammography alone using block randomisation (block size of 32),
stratified by site. The primary endpoints were the detection rate of invasive breast cancer and invasive interval cancer
rate at 24 months, analysed in the modified full analysis set, which included all randomly assigned participants who
underwent either type of screening examination. Ten examinations, corresponding to a second study participation,
were excluded. Analyses were done according to the intention-to-treat principle. Interval cancer rates will be reported
in the follow-up study. Safety was assessed in the as-treated population, which included all participants who were
randomly assigned. This trial is registered with ClinicalTrials.gov, NCT03377036, and is closed to accrual.

Findings Between July 5, 2018, and Dec 30, 2020, 99 689 women were randomly assigned to digital breast tomosynthesis
plus s2D mammography (n=49804) or digital mammography (n=49830). Invasive breast cancers were detected in
354 0f 49715 women with evaluable primary endpoint data in the digital breast tomosynthesis plus s2D group (detection
rate 7-1 cases per 1000 women screened) and in 240 of 49762 women in the digital mammography group (4 -8 cases per
1000 women screened; odds ratio 1-48 [95% CI 1-25-1-75]; p<0-0001). Adverse events and device deficiencies were rare
(six adverse events in each group; 23 device deficiencies in the digital breast tomosynthesis plus s2D group vs five device
deficiencies in the digital mammography group) and no serious adverse events were reported.

Interpretation The results from this study indicate that the detection rate for invasive breast cancer was significantly
higher with digital breast tomosynthesis plus s2D mammography than digital mammography alone. Evaluation of
interval cancer rates in the follow-up study will further help to investigate incremental long-term benefits of digital
breast tomosynthesis screening.

Funding Deutsche Forschungsgemeinschaft (German Research Foundation).

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction
GLOBOCAN 2020 estimates of cancer incidence have
shown that breast cancer in women has surpassed lung
cancer as the most commonly diagnosed cancer
worldwide.! An estimated 2- 3 million new cases of breast
cancer are diagnosed annually, representing 11-7% of all
cancer cases. Breast cancer is the leading cause of cancer
morbidity and mortality in women worldwide, accounting
for 685000 deaths per year.

In addition to new therapeutic approaches, the
International Agency for Research on Cancer have
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recommended that population-based mammography
screenings are offered every 2 years for women aged
50—69 years who are at average risk of breast cancer.’
Mammography screening is an essential component
in reducing breast cancer associated mortality by
around 20%.*

One of the disadvantages of two dimensional full-field
digital mammography, which is the current screening
standard, is that overlapping breast tissues can conceal
features of malignancy resulting in delayed diagnosis.*
Digital breast tomosynthesis is an imaging technology
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Research in context

Evidence before this study

We searched MEDLINE between July 1, 2012, and Sept 30, 2017
for English language publications that included “breast cancer
screening”, “tomosyn$”, and “synthes$” in the title or abstract.
No randomised controlled trials of breast cancer screening with
digital breast tomosynthesis plus synthesised two-dimensional
(s2D) mammography were identified. Two reviews comparing
diagnostic studies of digital breast tomosynthesis plus digital
mammography versus digital breast tomosynthesis plus s2D
mammography showed by comparison that both approaches
had a similar screening performance. Another study, using
parallel double-readings conducted sequentially for digital
mammography and digital breast tomosynthesis images
acquired in the same individuals, reported significantly higher
detection rates for invasive cancer with digital breast
tomosynthesis plus s2D mammography. In other studies, the
detection rates for invasive cancer were higher with digital
breast tomosynthesis plus s2D mammography screening than
digital mammography alone, whereas recall rates were similar
between groups in the prospective studies and lower in the
digital breast tomosynthesis plus s2D mammography group
than the digital mammography group in retrospective analyses.
Most studies had a substantial risk of bias due to inadequate
reporting of cohort assignments and inclusion of patients from
different calendar periods. At the time of TOSYMA initiation,
arandomised, controlled, parallel-group screening trial
comparing digital breast tomosynthesis plus

that generates pseudo-three dimensional datasets of the
breast, thus potentially reducing the likelihood of over-
lapping tissue.”® The major advantage of supplementing
digital mammography with digital breast tomosynthesis
is a substantial improvement in diagnostic accuracy;
however, this subsequently increases radiation dose as a
result of duplicate exposures.”™ This adverse effect might
be avoided through the combination of digital breast
tomosynthesis with synthesised two-dimensional (s2D)
mammography images reconstructed without any
additional radiation exposures directly from the digital
breast tomosynthesis datasets (ie, digital breast tomo-
synthesis plus s2D mammography).”

Previous reviews of paired and unpaired studies
showed that diagnostic performance was improved with
digital breast tomosynthesis plus s2D mammography
and concluded that new studies should preferentially
investigate digital breast tomosynthesis plus s2D mam-
mography as an advanced imaging technology."" To
date, only one randomised, controlled, screening trial
has been done, reporting outcomes for screening with
digital breast tomosynthesis plus s2D mammography in
a Norwegian population-based breast cancer screening
programme (To-Be), which was published in 2019.*
In contrast to previous studies, results from To-Be
showed no significant differences in the proportion of

s2D mammography with digital mammography in a single
centre, using one type of machine, within a population-based
cancer screening programme, was ongoing in Norway, but no
results had been published. Thus, robust evidence indicating
the superiority of digital breast tomosynthesis plus s2D
mammography versus standard digital mammography in
population-based screening programmes was scarce.

Added value of this study

This randomised, controlled screening trial is—to our
knowledge—the first randomised, controlled trial in a
multicentre and multivendor setting to compare digital breast
tomosynthesis plus s2D mammography with digital
mammography alone. In this large, randomised, parallel-group
setting, the detection rate of invasive breast cancers was

48% higher in groups screened with digital breast
tomosynthesis plus s2D mammography than digital
mammography alone.

Implications of all the available evidence

The currently available evidence, including findings from
TOSYMA-1, seems to suggest that digital breast tomosynthesis
plus s2D mammography is superior to standard digital mammao-
graphy for the detection of invasive breast cancer. The study
design with extended follow-up (TOSYMA-2) will provide further
insights about the prognostic implications of increased detection
of invasive breast cancer at screening by determination of interval
breast cancer incidence at 24 months in both groups.

screen-detected breast cancers or histopathological
tumour characteristics for digital breast tomosynthesis
plus s2D mammography versus digital mammography
alone. Thus, evidence for the superiority of the digital
breast tomosynthesis screening strategy is scarce.

The European Commission has conditionally recom-
mended the use of digital breast tomosynthesis or digital
mammography for organised screening programmes.
This decision takes into account the balance between
desirable and undesirable effects that might favour
digital breast tomosynthesis overall, but in the context of
low certainty regarding available evidence and scarcity of
data on the downstream impact of the interventions on
mortality and morbidity.”

Here, we report the first results from the screening
phase of the TOmosynthesis plus SYnthesised MAmmo-
graphy Study (TOSYMA),* a large, randomised, con-
trolled trial embedded in the German mammography
screening programme, comparing digital breast tomo-
synthesis plus s2D mammography with digital mammo-
graphy alone (TOSYMA-1).

Methods

Study design and participants

TOSYMA is a multicentre, open-label, two-stage adaptive,
parallel-group, randomised, controlled, superiority trial
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embedded within the population-wide, quality-controlled
mammography screening programme in Germany.*
The trial compared breast cancer screening exami-
nations performed with digital breast tomosynthesis plus
$2D mammography with full-field digital mammography.”
Participants were recruited from 17 screening units in the
federal states of North Rhine-Westphalia and Lower
Saxony, Germany (appendix 2 pp 6, 12).

Eligible women were residents aged 50-69 years who
were eligible for participation in the German mammo-
graphy screening programme. We excluded women with a
breast cancer diagnosis in the 5 years before screening
invitation or those who had had a mammogram in the past
12 months. Eligible women living in the catchment areas
of the participating screening units received, together with
the regular invitation letter, a study invitation with
information about the objectives and design of TOSYMA.
Breast implants or previous TOSYMA participation were
specific exclusion criteria for trial participation.

Women were enrolled into the prospective study after
written, informed consent was obtained. The study
protocol* (including two amendments) was approved
by the ethics committee of the Medical Association of
Westphalia-Lippe and the Westphalian Wilhelms
University of Miinster (2016-132-f-S), and by the local
ethics committee at each participating study centre. An
independent data monitoring committee regularly
reviewed unblinded data for patient safety.

Randomisation and masking

Participants were randomly assigned (1:1) to screening
with digital breast tomosynthesis plus s2D mammo-
graphy (intervention group) or digital mammography
(control group). Randomisation was done in blocks of 32
and stratified by site. The randomisation sequence was
computer-generated by an independent statistician not
involved in the data analysis and was inaccessible to the
study site personnel performing the randomisation. The
sequence was implemented into the certified mammo-
graphy screening programme documentation software
MaSc (versions 5.0 and 6.0), which automatically
outputted the randomisation result. Study site personnel
doing the screening examination and readers were aware
of treatment allocation. Participants were not aware of
allocation before completion of the screening examination.
The statistician performing data analysis was masked
until the unblinded interim analysis was performed.

Procedures

A trial-specific software component embedded into the
MaSc software was used for participant registration and
documentation. The type of mammographic devices used
in the intervention and control group were the exclusive
responsibility of each study centre, and generally reflected
the technical state of the equipment at the time of study
initiation. Details of specific technical requirements for
participation in the study, trial-related training, and
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qualification procedures of the study personnel are
presented in appendix 2 (p 2).

Screening examinations in both groups acquired
craniocaudal and mediolateral oblique views of each
breast. Unlike digital mammography, for digital breast
tomosynthesis, low-dose x-rays were used to acquire
multiple x-ray projections across an arc; for craniocaudal
and mediolateral oblique views, obligate slices of 1 mm
thickness or thinner were reconstructed and shown as
stacked images. Additionally, 2D images were synthesised
for each view from the digital breast tomosynthesis dataset.

Independent double reading of mammograms was
performed in both study groups in accordance with the
European Guidelines.” The readers received the screening
examinations in their digital work list according to the
acquisition order and had no option to select examinations
of a specific study group before reading. In case of
any suspicious abnormality, reading results were
clarified with an arbitrator to decide whether women had
to be recalled for further diagnostic tests. Diagnostic pro-
cedures were concordant with the regular screening
programme and for both study groups included clinical
examinations, ultrasound, additional mammographic
views (eg, magnifications views), tomosynthesis, MRI,
and invasive assessments. Specific to the study, each unit
had access to digital breast tomosynthesis-guided biopsy
equipment. All processes and results were documented
on site. All pathologists collaborating in the study were
certified breast cancer screening pathologists and had
received specific study training. As in routine operation, a
reference pathologist was available for consultation. The
documentations of all invasive breast cancers were
validated by the responsible physicians at all study sites to
ensure consistence with the original data.

Adverse events and device deficiencies occurring on
the day of mammography screening were assessed as
safety data by the study site personnel and documented
in the MaSc software. Furthermore, the glandular
radiation dose was monitored for quality assurance and
safety. The data monitoring committee reviewed safety
data in 3-month intervals. Serious adverse events and
device deficiencies potentially causing serious adverse
events had to be reported to the principle investigator
(WH) within 3 working days.

Outcomes

The primary endpoints were the detection rate of
histologically confirmed invasive breast cancer at screening
and the invasive interval cancer rate at 24-months, defined
as the proportion of women who were negative at screening
(ie, no ductal carcinoma in situ [DCIS] or invasive breast
cancer detection) and developed an invasive breast cancer
in the 24-month interval after the screening examination.
Invasive interval cancer rate will be assessed in an extended
prospective follow-up phase (TOSYMA-2) in collaboration
with the state cancer registries and the results for this
endpoint will be published elsewhere.

For the study protocol see
https://bmjopen.bmj.com/

content/bmjopen/8/5/e020475.

full.pdf
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Secondary endpoints were the detection rate of invasive
breast cancers with tumour size pT1 (tumour <20 mm in
largest dimension), the detection rate of DCIS, the recall
rate for further assessment, the positive predictive value
of recall (PPV1), and the cumulative incidence of invasive
interval cancers at 12 months (appendix 2 p 11). The
incidence of invasive interval cancers at 12 months will
also be assessed after the required follow-up phase in
TOSYMA-2 and will be reported elsewhere.

Statistical analysis

The trial had a two-stage adaptive design using a
conditional error function with a binding futility-bound
of 0-5 and a two-sided multiple significance level of 5% for
both primary endpoints (appendix 2 pp 2-3). The original
sample size calculation was based solely on the first
primary endpoint, assuming an invasive breast cancer
detection rate of 4-4 cases per 1000 women screened in
the control group (based on 2009-10 evaluation data from
the Reference Center for Mammography Miinster for
North Rhine-Westphalia) and an assumed clinically
relevant increase of 33% in the intervention group. The
resulting sample size at 80% power was 80000 participants
in total across both study groups.® Considering the
intensified discussion about interval cancer rates as an
instrument to assess the potential for overdiagnosis,”” the
data monitoring committee supported to revise the
sample size calculation to achieve reasonable power for
the evaluation of both primary endpoints. Therefore, a
sample size amendment (invasive breast cancer detection
rate of 5-3 cases per 1000 women screened in the control
group; invasive interval cancer rate of 1.92 per 1000
negative examinations in the control group and 1-25 per
1000 negative examinations in the intervention group)
was implemented before the planned interim analysis and
without knowledge of any study data from the ongoing
trial, with a new total of 120000 participants required to
achieve statistical power of 80% (appendix 2 p 2).*

Trial recruitment started on July 5, 2018." The interim
analysis was performed as planned on Jan 31, 2020,
including participants recruited until Aug 30, 2019
(n=40129 participants in the intention-to-treat popu-
lation). The conditional power to confirm the one-sided
(alternative) hypothesis that the detection rate for
invasive breast cancer was higher with digital breast
tomosynthesis plus s2D mammography than with
digital mammography in the final analysis at a
one-sided a of 2-5% was calculated based on a
prespecified algorithm (appendix 2 pp 3—4). The result
was disclosed to the data monitoring committee who
informed the principal investigator that recruitment
should continue as planned.

The study was affected by COVID-19 pandemic:
considering the risk of infection, screening was paused
between March 30 and April 30, 2020. As a consequence
of this unforeseeable delay, recruitment had to be stopped
through a protocol amendment on Dec 30, 2020, before

achieving recruitment of the intended sample size of
120000 women.” Considering the biennial invitation
interval in the mammography screening programme,
this termination of recruitment was necessary to prevent
an increasing number of women, who had already been
invited to participate in the study at the beginning of the
recruitment period, from being reinvited. Since each
woman could participate only once in the trial,
continuation of recruitment beyond the end of 2020
would have increased the proportion of women who were
attending screening for the first time in the study sample
specifically, distorting the comparability with the
screening population in routine practice. The amendment
was approved by the data monitoring committee.

The first primary endpoint of invasive breast
cancer detection rate was analysed using a one-sided
Cochran-Mantel-Haenszel test with stratification by site.
Reported p values are one-sided to avoid potential
directional conflicts caused by two-sided p values.” An
overall p value combining the p values of both trial stages
(appendix 2 p 7) was calculated as described previously,”
and a p value less than 0-025 was deemed significant.

Secondary endpoints were analysed without formal
significance testing. For primary and secondary
endpoints, point estimates, odds ratios (ORs), and risk
differences adjusted for study site, and corresponding
95% Cls are reported. Rates of invasive breast cancer
detection, pT1 detection, and DCIS detection are
presented per 1000 women screened. Rates of recall
and PPV1 are presented as percentages. All outcomes
were analysed in the modified full analysis set, which
included all randomly assigned participants who
underwent either type of screening examination. Ten
examinations, corresponding to a second study
participation, were excluded. Analyses were performed
according to the intention-to-treat principle. Hereafter,
we refer to the modified full analysis set analysed
according to the intention-to-treat principle as the
intention-to-treat population.

The detection rate of invasive breast cancer and the
recall rate were additionally assessed within the
predefined subgroups of first and subsequent screening
round participants and by age groups. We additionally
assessed the rate of performed biopsies and the positive
predictive value of performed biopsies (PPV3) as
performance indicators of a screening programme,” as
well as the image acquisition and reading time. These
analyses were performed descriptively and were not
prespecified in the study protocol (post-hoc analyses).

Safety data were analysed descriptively, in the as-treated
population, which included all participants who were
randomly assigned. Device deficiencies that led to a
deviation from the randomised study group were
evaluated on the basis of the allocated intervention.

Since the amount of missing outcome data was
small (<0-1%), we did a complete-case analysis for all
endpoints. We did a sensitivity analysis of the first
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primary endpoint in which missing outcome data were
imputed according to different simulation scenarios
(appendix 2 pp 4-5). A further sensitivity analysis was
performed in the per protocol population, which included
all participants from the full analysis set without major
protocol deviations; major protocol deviations were
defined as deviations from inclusion and exclusion
criteria or the assigned study group, performance of the
screening examination with a mammography device not
part of the study, incomplete mammography examination
(ie, initial breast imaging), and study withdrawal.

Analyses were performed with SAS (version 9.4) and R
(version 4.0.2) statistical software. The trial is registered
with ClinicalTrials.gov, NCT03377036.

Role of the funding source

The funder of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Between July 5, 2018, and Dec 30, 2020,
99689 participating women were randomly assigned to
digital breast tomosynthesis plus s2D mammography
(n=49804) or digital mammography (n=49830; figure).
49762 women allocated to the digital breast tomosynthesis
plus s2D mammography group and 49796 women
allocated to the digital mammography group underwent
screening and were participating in the study for the first
time and thus were included in the modified full analysis
set; 66 women did not undergo screening and ten exami-
nations corresponded to a second study participation and
thus were excluded from the full analysis set. Allocation
per trial stage is shown in appendix 2 (p 8). Mammography
examinations were performed using seven different
devices supplied by five vendors (appendix 2 p 13). The
baseline characteristics of the study participants were
similar in both groups (table 1) and consistent between
groups recruited before and after the interim analysis
(appendix 2 p 14).

In participants with evaluable data, invasive breast
cancer was detected in 354 of 49715 women assigned to
the digital breast tomosynthesis plus s2D mammography
group (detection rate 7-1 cases per 1000 women
screened) and 240 of 49762 women assigned to the
digital mammography group (4-8 cases per 1000;
table 2). The detection rate for invasive cancer was
significantly higher in the digital breast tomosynthesis
plus s2D mammography group than the digital
mammography group (OR 1-48 [95% CI 1-25-1-75];
p<0-0001). The increase in detection rate with digital
breast tomosynthesis plus s2D mammography was
higher in the second stage of the trial (ie, after the
interim analysis) than in the first stage (appendix 2
p 15). The results were similar in the per protocol
analysis and the sensitivity analysis for missing values
(appendix 2 pp 16-17).
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| 459756 women invited for study participation

v

| 219352 willing to participate in the screening programme |

10914 did not meet eligibility criteria
107287 declined to participate

55 randomly assigned in error without

119 663 excluded
>
1462 technical issues
v
| 99 689 randomly assigned |
> informed consent

v

v

49804 assigned to digital breast tomosynthesis
plus s2D mammography

49830 assigned to digital mammography

39 did not undergo screening
2 due to technical reasons
20 due to medical reasons
| 13 reason not specified
2 not eligible to participate in the
screening programme
2 declined screening

A4

27 did not undergo screening
3 due to technical reasons
10 due to medical reasons
> 12 reason not specified
1 not eligible to participate in the
screening programme
1declined screening

v

49765 underwent screening
49001 received digital breast tomosynthesis
plus s2D mammography
764 received digital mammography

49803 underwent screening
49664 received digital mammography
139 received digital breast tomosynthesis
plus s2D mammography

3 excluded due to second study
— participation

7 excluded due to second study
—> participation

v v

49762 included in the modified full analysis set
(intention-to-treat population)

49796 included in the modified full analysis set
(intention-to-treat population)

Figure: Trial profile
s2D=synthesised two dimensional.

The invasive cancer detection rate for breast cancers
with tumour size pT1 was substantially higher in the
digital breast tomosynthesis plus s2D mammography
group than the digital mammography group (OR 1-73
[95% CI 1-41-2-13]; table 2). No marked differences were
identified in the detection rate of DCIS between the
groups (OR 0-94 [95% CI 0-65-1-35]). Recall rates did
not differ between the study groups (OR 0-98
[0-92-1-03]), and the PPV1 was higher in the digital
breast tomosynthesis plus s2D mammography group
(OR 1-50 [1-28-1-77)).

Characteristics of the detected breast cancers are shown
in table 3. 57 (16-1%) of 354 invasive carcinomas detected
with digital breast tomosynthesis plus s2D mammography
and 42 (17-8%) of 236 invasive carcinomas detected with
digital mammography were treated with neoadjuvant
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therapy. The frequency of node-positive invasive cancers
was low in both study groups (42 [11-9%)] of 354 invasive
breast cancers in the digital breast tomosynthesis plus s2D
mammography group vs 37 [15-4%)] of 240 invasive breast
cancers in the digital mammography group).

The detection rate for invasive breast cancer with digital
breast tomosynthesis plus s2D mammography was
substantially higher among women who had attended
subsequent screening rounds and were older than
60 years than in women who participated in screening for
the first time and were younger than 60 years, respectively,
whereas the recall rates did not differ by screening round
or age groups (tables 4, 5).

In post-hoc analyses, we found that the rate of performed
biopsies was higher in the digital breast tomosynthesis
plus s2D mammography group (16-3 per 1000 women

Digital breast Digital
tomosynthesis plus  mammography
s2D mammography (n=49 796)

(n=49762)
Age of participating women, years
50-54 18292 (36-8%) 18421 (37-0%)
55-59 12649 (25-4%) 12573 (252%)
60-64 11045 (22-2%) 10891 (21:9%)
65-70 7776 (15-6%) 7911 (15-9%)
Screening round
First round 8613 (17-3%) 8653 (17-4%)
Regular subsequent round 37963 (76-3%) 37925 (76-2%)
Irregular subsequent round 3186 (6-4%) 3218 (6-5%)

Data are n (%). s2D=synthesised two dimensional. Data on race or ethnicity were
not recorded.

Table 1: Baseline characteristics of the intention-to-treat population of
the TOSYMA trial

screened) than for digital mammography (12-2 per
1000 women screened; OR 1-35 [95% CI 1-21-1-50),
and the PPV3 was comparable between the digital
breast tomosynthesis plus s2D mammography group
(412 [51-5%)] of 800 biopsies) and digital mammography
group (305 [50-5%)] of 604 biopsies; OR 1-04 [0-83-1-29]).

The median image acquisition time was 220-0 s
(IQR 178-2-285-0) for digital breast tomosynthesis plus
s2D mammography and 186-0 s (154-8-225-0) for digital
mammography. The median reading time was 109-0 s
(71-4-172-8) for digital breast tomosynthesis plus s2D
mammography and 54-0 s (33-0-91-2) for digital
mammography.

Adverse events were rare (six events per group;
appendix 2 p 18) and no events were classified as serious
or related to the device used. Device deficiencies were also
rare (23 [0-05%)] of 49179 examinations performed with
digital breast tomosynthesis plus s2D mammography vs
five [0-01%] of 50455 examinations performed with digital
mammography) and none was classified as a potential
cause of a serious adverse event.

The median glandular dose was 1.86 mGy
(IQR 1-48-2-45) for the digital breast tomosynthesis
plus s2D mammography group and 1-36 mGy (1-02-1-85)
for the digital mammography group, and the median
thickness of the compressed breast was 59-0 mm
(IQR 49-0-68-0) in both study groups.

Discussion

The large, randomised, pragmatic TOSYMA trial, con-
ducted in a population-wide routine mammography
screening programme in two federal states of Germany,
showed that the detection rate of invasive breast
cancers was 48% higher with tomosynthesis with
synthetic mammography than standard full-field digital

Digital breast tomosynthesis plus s2D Digital mammography Rate difference*  OR* (95% Cl)
mammography (n=49 762) (n=49 796) (95% C1)
n/N Detection rate (per ~ n/N Detection rate (per
1000 women 1000 women
screened) screened)
Primary outcome
Invasive breast cancer  354/49715 71 240/49762 4-8 2.3 per 1000 148
detection (13t03-3) (1-25t0 1-75)
Secondary outcomes
pT1detectiont 255/49715 51 148/49758 3.0 2-2 per 1000 173
(1410 2:9) (141t0213)
DCIS detection 62/49715 1.2 66/49762 13 -0-1 per 1000 0-94
(-0-5t0 0-4) (0-65t0 1-35)
Recall 2457/49756 (4-9%) 2515/49794 (5-1%) -0-1(-0-4t002) 098
(0-92t01-03)
PPV1 416/2416 (17-2%) 306/2483 (12:3%) - 5.1 1.50
(31t07:0) (1-28t0177)
n/N=women with event/total women with evaluable data. OR=odds ratio. pT1=tumour size <20 mm in largest dimension. DCIS=ductal carcinoma in situ. s2D=synthesised
two dimensional. PPV1=positive predictive value of recall. *Adjusted for study site (ie, screening unit). tWomen with invasive breast cancer for which the final pathological
characterisation was obtained after neoadjuvant therapy were evaluated as having no pT1 detection.
Table 2: Summary of outcomes in the intention-to-treat population

www.thelancet.com/oncology Vol 23 May 2022



Articles

mammography. In planning the sample size of
TOSYMA, we considered a relative difference between
study groups of at least 33% to be clinically relevant,
which was consistent with the study evidence available
when the study was designed. Our findings confirm our
prestudy assumptions.

The results for the first primary endpoint corroborate
findings from previous reports. A previous meta-analysis®”
analysed retrospective and prospective, non-randomised
studies from the USA, Italy, and Norway and found
higher detection rates for invasive breast cancer with
digital breast tomosynthesis plus s2D mammography
(median 5-68 cases per 1000 screened) than digital
mammography (3-42 cases per 1000 screened). The
absolute detection rate for invasive breast cancer in both
groups of TOSYMA was higher (7-1 cases per 1000 women
screened in the digital breast tomosynthesis plus s2D
mammography group vs 4-8 cases in the digital
mammography group), but they closely matched those
reported by another meta-analysis.”

Contrary to the findings from earlier studies,”™ the
To-Be study*—the only randomised controlled trial done
before TOSYMA that used the innovative imaging
technology of digital breast tomosynthesis plus s2D
mammography done in a single centre—showed no
difference in detection rate of invasive breast cancers
between digital breast tomosynthesis and digital breast
tomosynthesis plus s2D mammography groups. Similar
to TOSYMA, To-Be was a randomised, controlled trial,
done in a population-based setting in Norway, with high
participation rates and a high level of data completeness
because of linkage with the Cancer Registry of Norway.
In contrast to the multicentre and multivendor approach
used in TOSYMA, To-Be, which began in 2016, used only
one first-generation device for digital breast tomo-
synthesis plus s2D mammography. Furthermore, the
experience of readers before the start of the To-Be Trial
varied such that the programme recommendation of
5000 annual screen readings was met by only half of
the radiologists,” whereas mammography readers in
the TOSYMA trial had to fulfil this national screening
standard atleast 1year before participating in the study."”

The reading time in the intervention group was higher
than in the control group. The median reading time for
digital breast tomosynthesis including interpretation of
synthetic 2D mammograms in the To-Be trial** was 48 s
(IQR 33-78), which was markedly shorter than the 109-0 s
(71-4-172-8) reported in TOSYMA. Other screening
studies reported median digital breast tomosynthesis
reading times of 67 s and 94 s.* Long reading time might
potentially be explained by the reader instruction in
TOSYMA to evaluate all reconstructed slices of 1 mm
thickness or less in addition to the synthetic mammograms
that were presented first to provide an overview and
comparison to previous mammograms. We hypothesise
that these longer reading times, the larger sample size of
TOSYMA, and the multicentre setting might have
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Digital breast Digital
tomosynthesisplus  mammography
s2D mammography (n=306)

(n=416)
Type of breast cancer
DCls 62 (14-9%) 66 (21-6%)
Invasive carcinoma 354 (85-1%) 240 (78-4%)
Tumour size, mm
DCIS* 20-0 (8:0-35-0) 225 (6-5-37-5)
Invasive carcinomat 12.0 (8-0-17-6) 13-0 (8-0-20-0)
Neoadjuvant treated 57 (16-1%) 42 (17-8%)
invasive carcinomas
pT1 carcinoma$§ 255 (100%) 148 (100%)
1mic 3(1-2%) 4(2-7%)
1a 29 (11-4%) 21 (14-2%)
1b 100 (39-2%) 49 (33-1%)
1c 122 (47-8%) 74 (50-0%)
1x 1(0-4%) 0
Nodal status of invasive 354 (100%) 240 (100%)
carcinomat
Positive 42 (11-9%) 37 (15-4%)
Negative 305 (86-2%) 195 (81-3%)
Missing 7 (2:0%) 8 (3:3%)

Data are n (%) or median (IQR). DCIS=ductal carcinoma in situ. s2D=synthesised
two dimensional. *Includes one DCIS case without residuals in surgical specimen;
lesion size was evaluated based on the clinical tumour size. tIncludes 99
neoadjuvant-treated tumours and four tumours without final pathological
characterisation (one woman died, one woman migrated, and two women did
not consent to treatment); these cancers were evaluated based on the clinical
tumour size and nodal status. $Data on neoadjuvant treatment were not available
for four of 240 women who had invasive carcinoma detected with digital
mamography (one woman died, one woman migrated, and two women did not
consent to treatment); the relative frequency was therefore calculated based on
236 cases. SPercentages calculated based on 255 cases of pT1 carcinoma in the
digital breast tomosynthesis plus s2D mammography group and 148 cases in the
digital mammography group.

Table 3: Characteristics of breast cancers identified in the two screening
groups in the intention-to-treat population

contributed to the findings (ie, the detection rate for
invasive breast cancer in the digital breast tomosynthesis
plus s2D mammography group of the TOSYMA study
was higher than that of the digital mammography group).
Sensitive digital breast tomosynthesis reading generally
requires more time than digital mammography reading”*
because thorough reading of slices is presumably a
prerequisite to increase invasive cancer detection. To
facilitate the work of human readers and improve cost-
effectiveness, the use of artificial intelligence could help
distinguishing digital breast tomosynthesis slices showing
normal breast tissue from suspected breast cancer lesions.
However, current evidence suggests that at present,
artificial intelligence solutions for implementation into
clinical practice are insufficient with regard to quality and
quantity.”

With the detection rate for invasive breast cancer
representing an early screening surrogate parameter,
results from TOSYMA point towards possible effects of
digital breast tomosynthesis on long-term screening
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Digital breast tomosynthesis plus s2D
mammography (n=49 762)

Digital mammography (n=49 796)

Rate difference* (95% Cl) OR* (95% Cl)

round screening
(N=6404)

n/N Detection rate n/N Detection rate

(per 1000 women (per 1000 women

screened) screened)
Invasive breast cancer detection
First round screening 61/8594 71 52/8633 6-0 11per1000 (-1-3t03-5) 118 (0-80to 1.75)
(N=17266)
Regular subsequent 251/37942 6-6 172/37913 4.5 2:1per1000 (1-0to3-1)  1-46 (1-20to0 1.79)
round screening
(N=75888)
Irregular subsequent 42/3179 13-2 16/3216 5.0 8-3per1000 (3-6t013-0)  2-70 (1-48 to 5-15)
round screening
(N=6404)
Recall
First round screening ~ 900/8613 (10-4%) 1030/8651 (11:9%) -1.5 (-2:5t0-0-6) 0-85 (0-77t0 0-94)
(N=17266)
Regular subsequent  1383/37958 (3-6%) 1333/37925 (3-5%) 0-1(-0-1t0 0-4) 1.04 (0-96 to 1-12)
round screening
(N=75888)
Irregular subsequent 174/3185 (5-5%) 152/3218 (4-7%) 0-8 (-0-3t0 1-8) 1-17 (0-93 to 1-47)

n/N=women with event/total women with evaluable data. s2D=synthesised two dimensional. OR=odds ratio. *Adjusted for study site (ie, screening unit).

Table 4: Invasive breast cancer detection rates and recall rates by screening status in the intention-to-treat population

Digital breast tomosynthesis plus
52D mammography (n=49 762)

Digital mammography (n=49 796) Rate difference* (95% Cl)

OR* (95% Cl)

n/N Detection rate n/N Detection rate

(per 1000 (per 1000

women women

screened) screened)
Invasive breast cancer detection
50-54 years (N=36 713) 94/18173 51 78/18397 42 0-9 per 1000 (-0-5t02:3)  1-22 (0-89 to 1-66)
55-59 years (N=25 222) 69/12 645 55 53/12569 4.2 1-3per 1000 (-0-5t03-0) 130 (0-90 to 1-90)
60-64 years (N=21 936) 91/11037 82 49/10890 45 3-7per1000 (1-6t05.9)  1.84 (1-28 to 2-66)
65-70 years (N=15 687) 100/7766 12.9 60/7906 7-6 5-3 per 1000 (2-1to 8-4) 1.70 (1-22t0 2-39)
Recall
50-54 years (N=36 713) 1269/18291 (6-9%) 1378/18 420 (7-5%) -0-5(-1:1t0 0-0) 0-92 (0-85t0 1-00)
55-59years (N=25222)  466/12649 (3-7%) 474/12572 (3-8%) -0-1(-0-5t0 0-4) 0-98 (0-86 t0 1-12)
60-64years (N=21936)  417/11042 (3-8%) 367/10891 (3-4%) - 0-4(-0-1t0 0-9) 112 (0-97 t0 1-30)
65-70 years (N=15 687) 305/7774 (3-9%) 296/7911 (3:7%) 0-2 (-0-4t0 0-8) 1-05 (0-89to 1-24)

n/N=women with event/total women with evaluable data. s2D=synthesised two dimensional. OR=o0dds ratio. *Adjusted for study site (ie, screening unit).

Table 5: Invasive breast cancer detection rates and recall rates by age in the intention-to-treat population

benefits. An absolute increase in the detection rate of
invasive breast cancer for early tumour stages in the
screening phase of TOSYMA, presumably indicating
diagnostic improvements, might be expected to reduce
the incidence of advanced breast cancers in screened
populations and, thus, potentially exert positive effects
on breast cancer mortality®* However, increased
detection of small size cancers at screening without a
reduction in the incidence of invasive interval cancers
among screen-negative women in the 2-year interval up
to the subsequent screening examination would raise

questions regarding the screening benefit and possible
overdiagnosis.”

A report from the prospective population-based Malméo
Breast Tomosynthesis Screening Trial® found that the
interval cancer rate among women screened by digital
breast tomosynthesis (1-6 cases per 1000 women) was
significantly lower than that among women screened
with digital mammography (2-8 cases per 1000 women).
An individual participant data meta-analysis found no
significant differences in interval breast cancer rates
between digital breast tomosynthesis and digital
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mammography screening despite increased cancer
detection rates.” In February, 2022, the RETomo Working
Group reported that the higher sensitivity of digital
breast tomosynthesis plus digital mammography
compared with digital mammography was not matched
by a subsequent reduction in cancer incidence at the next
screening examination or in number of interval cancers.”

In the context of these heterogeneous study results, the
endpoints obtained in the prospective follow-up phase of
the TOSYMA:-2 trial (ie, the 12-month and 24-month
invasive interval cancer rates) will indicate whether the
increased detection of invasive breast cancers at screening
has translated into lower interval cancer incidence.” As a
result of the unforeseeable pause in recruitment due to
the COVID-19 pandemic, recruitment was stopped before
the revised sample size of 120000 participants for
TOSYMA-2 was achieved, resulting in a lower total sample
size of approximately 100000 participants (ie, 83% of
intended sample size). This reduced sample size affected
the statistical power of the primary analysis. The resulting
reduction in statistical power, based on the planning
assumptions used in the sample size amendment, was
about 10% when considering both primary endpoints and
3% when considering only the first primary endpoint.”
This reduction was considered to be acceptable, con-
sidering that a recruitment continuation beyond the 2-year
screening interval would have selectively increased the
proportion of first-round participants in the study sample,
affecting the external comparability with the screening
population in routine practice. Follow-up data for the
around 100000 TOSYMA participants are being collected
at present via population-based cancer registries; results
will be available after completion of the necessary
prespecified follow-up time.**

This study showed that the detection rate of invasive
breast cancers for tumours up to 20 mm in diameter was
approximately 70% higher with digital breast tomo-
synthesis plus s2D mammography than digital mamo-
graphy, consistent with the results of other studies
(appendix 2 pp 9-10)."* To avoid overestimation of early
invasive breast cancer detection, women with neoadjuvant
therapy were evaluated as having no pT1 detection. The
frequency of neoadjuvant therapy was comparable between
the intervention (16-1%) and control group (17-8%). The
median diameter of invasive breast cancers was com-
parable in the digital breast tomosynthesis plus s2D
mammography and digital mammography groups (12 mm
vs13 mm), and in both groups, the incidence of pT'lc breast
cancer size was highest, thus indicating that no shift
towards smaller invasive breast cancers was observed
despite a higher detection rate. The difference in detection
rate of invasive breast cancer observed in the digital breast
tomosynthesis plus s2D mammography group versus
digital mammography group was largest among women
older than 60 years and among those with repeated
screening participation. This effect has been observed
before in a previous study®” and it is probably associated
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with increasing breast cancer incidence with age and a
tumour spectrum that is easier to detect by digital breast
tomosynthesis.? Further exploratory evaluations of the
tumour biology, tumour stages, and age at diagnosis in the
context of the increased detection rate of invasive breast
cancer by digital breast tomosynthesis are necessary to
determine possible causes.

Considering the variation in mammography devices
across the TOSYMA trial, DCIS detection rates by digital
breast tomosynthesis plus s2D mammography were
similar to digital mammography. This result suggests
that, in a quality assured setting, modern digital breast
tomosynthesis technique does not result in underdetection
of DCIS compared with digital mammography. However,
the evaluation of calcification-related findings remains
challenging; magnification imaging with digital mammo-
graphy remains necessary to further characterise calcifi-
cations with higher spatial resolution.”

We found no marked differences in the recall rates
between study groups, or by age groups and screening
rounds. This finding is consistent with the results of a
meta-analysis that also found no evidence for decreased
recall rates with digital breast tomosynthesis in European
studies," and contrasts with other studies that reported
reduced recall rates with digital breast tomosynthesis.""

TOSYMA also provides evidence that the probability of
diagnosing a malignant breast lesion after recall in
screenings is substantially higher with digital breast
tomosynthesis plus s2D mammography than digital
mammography. Notably, the PPV1 of 17-2% in the
intervention group of TOSYMA was higher than reported
by US studies and lower than that reported by most
EU studies.”” A higher PPV1 on the basis of a higher
invasive cancer detection rate with digital breast tomo-
synthesis plus s2D mammography than digital mammo-
graphy presents a desirable screening performance.*
The higher biopsy rate of the digital breast tomosynthesis
group than the control group did not lower the high PPV3
of the intervention group.”

To our knowledge, TOSYMA is the largest screening
randomised controlled trial to date to investigate the effect
of digital breast tomosynthesis plus s2D mammography,
involving almost 100000 women. Detailed exploratory
evaluations of the screening performance, depending on
breast density and pathological tumour characteristics,
will be published elsewhere. Successful randomisation
procedures led to a balanced structure of the intervention
and control groups. This pragmatic trial had a high degree
of external validity and practical feasibility, in particular
because of the inclusion of multiple centres and the use of
technology from multiple vendors. Technicians, readers,
and pathologists were trained before study start with the
focus of performing and reading digital breast tomo-
synthesis examinations and about study specific aspects.
Regular site visits assessed the quality of procedures and
documentation. All readers were experienced and did not
differ between the study groups nor between the study and
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For the study protocol see
https://bmjopen.bmj.com/

content/bmjopen/8/5/e020475.
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full pdf

the routine screening setting. The results in the control
group are consequently concordant with results reported
for the national mammography screening programme.*

The median of the average glandular dose in the
control group was consistent with international reports*
and lower than in the intervention group. The national
diagnostic reference level of 2 -0 mGy was not surpassed.”

This study had limitations. TOSYMA analysed only
one screening round, therefore differences between the
study groups might be affected by a first time prevalence
screening effect without subsequent digital breast
tomosynthesis examinations. Furthermore, there might
have been a learning curve regarding acquisition and
reading of digital breast tomosynthesis examinations,
potentially underestimating the detection rate of invasive
breast cancer in the early study phase. TOSYMA reflects
mammography performance according to technical
standards of 2018.

Only about 50% of screened women consented to
participation in the randomised controlled trial, which is
lower than in previous studies.”*” Reasons for declining
participation in the randomised controlled trial were not
specifically investigated. However, the composition of the
study sample in terms of age and screening round did not
indicate distortion by selective participation since it was
closely comparable to that found in regular participants of
the German mammography screening programme.*

The British PROSPECTS study with a projected
enrolment of 100000 participants (NCT03733106) is
ongoing, which will compare the cost-effectiveness of
breast cancer screening with digital breast tomosynthesis
plus digital mammography versus standard screening
with digital mammography, and the interval cancer rates
in both study groups to assess the study effectiveness.

The randomised pragmatic TOSYMA trial contributes
robust findings to the existing evidence base, showing
that the detection rate for invasive breast cancer is
increased by 48% with digital breast tomosynthesis
plus synthetic mammography compared with the full-
field digital mammography used in routine screening.
Determination of interval cancer rates in the follow-up
phase of the study will enable the investigation of
incremental long-term benefits of digital breast tomo-
synthesis screening. Thus, the findings from TOSYMA
might help to close an important knowledge gap and
to develop advanced strategies for an improved
systematic early breast cancer detection in population-
based settings.
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