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Comparison of supplemental breast cancer imaging
techniques—interim results from the BRAID randomised
controlled trial
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Summary

Background It is not known which supplemental imaging technique is most beneficial for women with dense breasts
attending breast screening. This study compares abbreviated MRI, automated whole breast ultrasound (ABUS), and
contrast-enhanced mammography versus standard of care in women with dense breasts and a negative mammogram.
We report on interim results from the first round of supplemental imaging.

Methods In this UK randomised controlled trial, at ten breast screening sites, women (aged 50-70 years) were
independently allocated by batches (day/mobile screening van) to either abbreviated MRI, ABUS, or contrast-
enhanced mammography or standard of care (full-field digital mammography) varied by modality availability at each
centre. Women were invited if their mammogram was negative and they had dense breasts. Primary outcome was
detection rate, defined as the percentage of women with a positive result on supplemental imaging that resulted
in histologically confirmed breast cancer. Analysis was by imaging received (intention to treat) using network meta-
analysis, treating each site as a study in the meta-analysis, with two analyses carried out: one using only the three active
intervention arms (primary analysis) that compared the three supplemental imaging techniques with respect to
cancer detection, recall, and biopsy rates in addition to those resulting from full-field digital mammography alone;
and one with the addition of the observational data from Cambridge on full-field digital mammography alone. This
trial is closed for recruitment and is registered with ClinicalTrials.gov, NCT04097366.

Findings From October 18, 2019, to March 30, 2024, 9361 eligible women were recruited and randomly assigned
(2318 to abbreviated MRI, 2240 to ABUS, 2235 to contrast-enhanced mammography, and 2568 to standard of care). Of
those, 6305 completed supplementary imaging (2130 in the abbreviated MRI, 2141 in the ABUS, and 2035 in the
contrast-enhanced mammography) and were included in the outcome analysis. The cancer detection rate
was 17-4 (95% CI 12.2-23.9, n=37) per 1000 examinations for abbreviated MRI, 4.2 (1-9-8-0, n=9)
per 1000 examinations for ABUS, and 19-2 (13-7-26-1, n=39) per 1000 examinations for contrast-enhanced
mammography, of which 15-0 (10-3-21-1, n=32) per 1000 women for abbreviated MRI, 4-2 (1-9-8-0, n=9)
per 1000 examinations for ABUS, and 15-7 (10-8-22-1, n=32) per 1000 examinations for contrast-enhanced
mammography were invasive cancers. The detection rates for abbreviated MRI were significantly higher than
for ABUS (p=0-047) and non-significantly higher than for contrast-enhanced mammography (p=0-62). There was
one case of extravasation in the abbreviated MRI arm (0-5 events per 1000 examinations), no adverse events in the
ABUS arm, and 24 iodinated contrast reactions (17 minor [8 - 4 events per 1000 examinations], six moderate [2- 9 events
per 1000 examinations], and one severe [0 - 5 events per 1000 examinations]) and three extravasations (1-5 extravasations
per 1000 examinations) in the contrast-enhanced mammography arm.

Interpretation Abbreviated MRI and contrast-enhanced mammography detected three times as many invasive cancers
compared with ABUS, with cancers being half the size. This study shows that supplemental imaging could lead to
earlier detection of cancer in women with dense breasts but does not estimate the level of overdiagnosis.
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Introduction
Underdiagnosis of breast cancer with screening

breasts.”® In the UK, almost 10% of women in the
50-70-year age group have extremely dense breasts with

mammography is a problem in women with dense breast
tissue.! Breast density, a measure of the amount of fibro-
glandular tissue, is a known risk factor for breast
cancer—in women with the densest breasts there is a
4-fold increased risk compared with women with fatty

sensitivity of mammography just over 50% in the 3-yearly
screening programme.* Women with dense breasts have
an increased probability of their cancer being detected at a
later stage at screening,’ or as an interval cancer (cancer
detected between screening rounds),* with resulting worse
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prognosis. In the USA, reporting of breast density for
women is mandated by the Food and Drug Administration
since September 2024.° However, there is no consensus
on the management of women with dense breasts with
the benefits of supplemental imaging unclear.

In a systematic review and meta-analysis of 22 trials in
women with dense breasts at average or intermediate risk
for breast cancer, MRI was shown to be superior to
ultrasound and digital breast tomosynthesis for the
detection of additional cancers.® Abbreviated MRI has
been shown to have almost equal performance to full-
protocol MRI with reduced cost of the examination.””
However, contrast techniques such as contrast-enhanced
mammography offer alternative viable strategies with
several studies suggesting that higher cancer detection
rates compared with mammography or digital breast
tomosynthesis can be achieved in women with dense
breasts." A systematic review challenged the belief that
contrast-enhanced mammography was inferior to MRI
for detecting cancer,” and the authors questioned the
interpretation of some of the papers concluding that the
question of which of the contrast techniques is better is
still open to debate.® Automated whole breast
ultrasound (ABUS) has proven to be a viable supplemental
screening tool for dense breasts, offering wide
accessibility, no contrast or radiation, and better
tolerability for women.* Previous studies have shown the
ability of ABUS to increase cancer detection rates
(two to four per 1000 women),*™ with most detected
cancers being small, invasive, and node-negative.
Research® highlights comparable performance of ABUS
with handheld ultrasound, along with lower recall rates
and improved efficiency. As a three-dimensional imaging
technique performed by trained radiographers, ABUS
provides improved reproducibility and is therefore more
suitable for screening purposes.*

The Breast screening—Risk Adapted Imaging for
Density (BRAID) study is a randomised controlled trial

Research in context

Evidence before this study

Mammography screening in women with dense breast tissue
has low sensitivity and detected cancers can be large.
Supplemental imaging with MRI or ultrasound have both been
shown to be effective in early cancer detection. A detailed
search of the literature and clinical trials website was
conducted to determine whether or not a direct comparison
had been made between abbreviated MRI, contrast-enhanced
mammography, and whole breast ultrasound as supplemental
imaging tools in women with dense breasts. No prospective
trials were found.

Added value of this study

This study is the first large scale randomised trial comparing
these supplemental imaging techniques in women with normal
mammograms and dense breast tissue. In this protocol-defined

which aims to compare supplemental imaging of
abbreviated MRI, ABUS, and contrast-enhanced mammo-
graphy with standard mammography (standard of care) in
women with dense breasts and a negative screening
mammogram.

Methods
Study design and participants
From Oct 18, 2019, to March 30, 2024, women aged
50-70 years who attended the 3-yearly UK National Health
Service (NHS) Breast Screening Programme and had a
normal mammogram with a Breast Imaging Reporting
and Data System (BI-RADS)-graded breast density C (the
breasts are heterogeneously dense, which can obscure
small masses) or D (the breasts are extremely dense,
which lowers the sensitivity of mammography) were
invited to participate.® Readers were encouraged to
include women with C density where they felt a cancer
could be masked. Following informed consent an
appointment was made for supplemental imaging with
the arm pre-allocated from the screening mammogram
clinic batches. There were three supplemental imaging
arms: abbreviated MRI, ABUS, and contrast-enhanced
mammography. A fourth arm was offered standard of
care, full-field digital mammography only. Different
supplemental imaging techniques were offered by
different centres due to availability and capacity of
equipment. Randomisation was carried out with varying
ratios at the different centres in order that overall, there
would be an approximate 1:1:1:1 ratio in the four arms.
Ethical approval was given by the London-Surrey
Research Ethics Committee (19/L0/0350; IRAS ID 251317)
and the study is registered with ClinicalTrials.gov,
NCT04097366.

Procedures
Supplementary imaging offered varied by site and was
performed within 6 months of the screening

analysis the objective was to determine which modality
detected more early breast cancers and the recall rate of each
technique. This study shows that contrast techniques detect an
additional 17 cancers per 1000 examinations compared with
four cancers per 1000 examinations with ultrasound. The
majority of the cancers were less than 2 cm in size and lymph-
node-negative.

Implications of all the available evidence

These results demonstrate that supplemental imaging can be
delivered in a screening programme to women with dense
breast tissue. The small size of the additional cancers found
shows that the tools are effective in early detection. Contrast
techniques find almost three times as many cancers with twice
the recall rate compared to ultrasound. However, the health
benefit of the additional cancer detection is not established.
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mammogram. Sites could choose which of the imaging
modalities were being offered. Screen readers assessed
the mammograms as either C or D density and a visual
assessment score was given.

Abbreviated breast MRI protocol, which has been
published,” was carried at nine sites (majority
1-5T scanners with one 3 T scanner) with a 10 min imaging
protocol comprising of a pre-contrast and two post-contrast
dynamic contrast-enhanced TIW sequences with a T2W
examination. Single dose contrast was given at 0-2 mL/kg
by pump injector (Bayer, Leverkusen, Germany). Maximum
intensity projection and image subtraction were used in
analysis. Images were double read by experienced breast
radiologists.

Contrast-enhanced mammography was offered at
nine sites on both GE Healthcare (Chicago, IL, USA) and
Hologic machines. Following eligibility checks 100 mL
(or dose by bodyweight) of iodinated contrast was given
by pump injector and images were taken (left mediolateral
oblique view, right mediolateral oblique view, left
craniocaudal view, and right craniocaudal view) starting
2-3 min after the injection. Recombined images together
with low-energy images were double read by breast
radiologists.

ABUS (GE Healthcare) was offered at three sites.
Two or three views of each breast were taken depending
on breast coverage. Standard protocol consisted of
three views per breast; additional views were performed
for larger breasts, for optimum breast coverage, whilst
two views were usually sufficient in small breasts.
Images were double read on a dedicated viewer by breast
radiologists following modality-specific training.

For all modalities consensus reading or arbitration was
undertaken if the readers disagreed on whether or not to
recall the case for further investigation. Normal cases
were offered a second round of imaging at 18 months, if
consented to before March 31, 2023. Second round results
are not reported in this manuscript. All recalled cases
were further assessed with additional imaging, including
further mammographic views, targeted ultrasound, and
stereotactic or ultrasound-guided biopsy if a lesion was
confirmed. For the abbreviated MRI arm, a full protocol
MRI was conducted when no lesion could be found on
assessment. For all cases, if there was doubt about
whether or not a lesion was present then a repeat contrast-
enhanced mammography or MRI were conducted or
short-term follow-up was offered.

Evaluation of the technical challenges associated with
introducing these new imaging techniques in the UK
NHS setting was conducted at the Cambridge site for
both the abbreviated MRI and ABUS imaging arms.**

The validated BOADICEA model-based CanRisk tool
was used to estimate a woman'’s risk of developing breast
cancer.”” An online questionnaire was created to collect
all risk factor information directly from participants. The
breast density, using BI-RADS, was added centrally when
calculating the likelihood of developing cancer, using the

CanRisk Web-service.” Participants were classified into
four categories based on their lifetime risk at baseline:
general population at 17% or less, moderate risk
at 18-29%, high risk at 30-40%, and very high risk at
more than 40%.” This result was not given to women or
readers and did not influence the type of imaging offered
or subsequent management.

Outcomes

The primary outcome was the difference in the cancer
detection rate between arms. The cancer detection rate
was defined as the percentage of women with a
positive result on supplemental imaging that resulted
in histologically confirmed breast cancer among all
the women who had undergone supplemental
imaging. Data were collected on the size and type and
grade of cancer from histopathology records.

Secondary outcomes were the difference in the recall
rates and tumour characteristics between arms. The
recall rate was defined as the percentage of women who
had a positive result on any modality (BI-RADS 3, 4, or 5)
who went to assessment or who had a repeat examination.

Although rates are reported explicitly for those imaged,
formal inference used intention to treat—that is, the
comparisons were made among the total participants
randomly assigned rather than the total participants
imaged. The 95% CIs on the rates were calculated in
logarithmic scale, based on the appropriate transformed
binomial variance, then retransformed to linear scale.
Hence they are not symmetric around the point estimates.

Serious adverse events related to the trial were recorded
centrally using the online trial data collection database.
Minor adverse events were reported by each site.

Statistical analysis
The study was powered for the comparison of screening
sensitivity. The sampling strategy is based on the
expectation of cancer risk exceeding 2-5% over 5 years,
although this is likely to be higher than this boundary
value. In terms of statistical power, we expect in this
mammographically dense arm a difference of
2% versus 1% detection rates for any intervention imaging
compared with standard of care; 2276 screening episodes
in each arm would confer 80% power to detect a significant
difference. The trial was originally designed with
3000 participants per arm to give more than 90% power,
but due to the necessary hiatus during the COVID-19
pandemic, we were forced to revise the study size, but have
ensured that there is still 80% power. Screening
sensitivities were compared among arms using logistic
regression, as were recall rates and incidence rates of
cancer by stage and biological type. We used network
meta-analysis methods to take account of the multiple
treatments, and different treatment allocations by centre.”
Randomisation was site specific, since the supplemental
imaging offered varied from site to site, and was carried
out using the computer random number generator
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For MyPeBS see https://www.
mypebs.eu/

provided by the statistical package STATA. The trial has
four arms, including a control arm, fullfield digital
mammography only, and our original intention had been
to record total cancer detection rate and recall rates within
all four arms (ie, including cancers detected only by full-
field digital mammography). Unfortunately, this proved
logistically impossible for the participating centres, so our
outcomes had to be recalls and cancers in those with no
cancers detected by fullfield digital mammography.
Subsequent analysis of interval cancer rates will be
possible, so there will be some outcomes from all
four randomised arms in the future. Thus, we randomly
assigned women in the eligible breast density category
who had not had cancer diagnosed with mammography

alone. As a consequence, we had data on additional cancers
detected as a result of the augmented imaging in each of
the three intervention arms, but not on the cancers
detected by mammography alone in these or in the control
arm. Therefore, our primary analysis compared the
three supplemental imaging techniques with respect to
cancer detection, recall, and biopsy rates in addition to
those resulting from full-field digital mammography
alone. However, we were aware that there would be
considerable interest in comparison of the supplementary
regimens with usual care with respect to cancer detection
rate and recall rates. In order to make these comparisons
with usual care, we used contemporaneous data on
detection of cancers by mammography alone in this dense

37774 women marked as BI-RADS C or D on screening
mammogram at 10 centres invited to join the trial

v v

|
v v v v v

v v v

17 unhappy with the arm
20 contraindication to modality
14 contraindication to contrast
31 unable to attend imaging

2 moved out of area
24 health or personal reasons

3 opted for MyPeBS

3 could not complete imaging
74 no reason given

7684 3231 10585 4338 2568 665 3498 2120 538 930
Cambridge Cheltenham Manchester Leeds Royal Free, Barts, Glasgow Nottingham Dundee Leicester
London London
—>| 28331 excluded (did not consent) |
y
| 9443 consented to join the trial |
82 excluded from analysis
| 37 ineligible after consenting
45 recalled from screening
| 9361 randomly assigned |
2568 FFDM (standard of care) 2318 abbreviated breast MRI 2240 ABUS 2235 contrast-enhanced
mammogram
1 switched to ABUS 188 withdrew before imaging 100 withdrew before imaging 200 withdrew before imaging

2 unhappy with the arm

9 unable to attend imaging

1 moved out of area
11 health or personal reasons

2 could not complete imaging
75 no reason given

15 unhappy with the arm
44 contraindication to contrast
60 unable to attend imaging
6 moved out of area
19 health or personal reasons
3 opted for MyPeBS
1 symptomatic breast cancer
1 could not complete imaging
51 no reason given

v

| 6305 completed supplemental imaging |

v

v

2130 abbreviated breast MRI

| | 2141 ABUS

| | 2035 contrast-enhanced mammogram

Figure: Trial profile

ABUS=automated whole breast ultrasound. BI-RADS=Breast Imaging Reporting and Data System. FFDM=full-field digital mammography. MyPeBS=My Personal Breast Screening.
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breast tissue population from one of the centres,
Cambridge.* This gave the recall and cancer detection rates
but not biopsy rates for full-field digital mammography
alone in the C and D density arms. The total recall and
detection rates for any given supplemental imaging were
calculated as those expected from full-field digital
mammography alone plus those observed in the relevant
supplemental imaging arm. The total rates were then
compared between the four arms.

Because of the varying imaging interventions offered
by the different sites, we analysed the results using
network meta-analysis techniques, treating each site as a
study in the meta-analysis.” Two analyses were carried
out, one using only the three active intervention arms,
and one with the addition of the observational data from
Cambridge on full-field digital mammography alone.
The network meta-analysis was based on total numbers
randomised—that is, on intention to treat.

The statistical package STATA version 18 was used for
all analyses.

Role of the funding source

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

Results

Of the 9361 women (median age 56 years) who were
recruited into this study from ten UK centres, 2318 were
assigned to the abbreviated MRI, 2240 to ABUS, 2235 to
contrast-enhanced mammography, and 2568 to standard
of care. Of those assigned, 2130 in the abbreviated MRI,
2140 in the ABUS, and 2035 in the contrast-enhanced
mammography underwent supplemental imaging in their
respective arms; one participant from the standard of care
arm underwent the ABUS (figure). The four arms were
well balanced with respect to baseline characteristics
(table 1). Supplemental imaging by site data is given in
table 2. The distribution of participants based on their
predicted lifetime multifactorial risk across the four arms
is shown in the appendix (pp 1-2). The distributions were
similar across the arms, with the overall distribution
of 88-8% (7779 of 8757) of participants classified as general
population risk, 10-4% (913 of 8757) as moderate risk,
0-6% (51 of 8757) as high risk, and 0-2% (14 of 8757) as
very high risk. 604 participants were of unknown risk;
431 participants did not complete a questionnaire,
52 participants could not be scored due to a previously
diagnosed cancer, and 121 were not scored by the tool for
unknown reasons.

Overall, 85 cancers were found following the negative
screening mammogram. Of these, 73 were invasive
cancers and 12 were pure ductal carcinoma in situs
(DCIS; table 3). When analysed by arm the cancer

detection rates were 17-4 (95% CI 12.2-23.9)
per 1000 examinations (37 of 2130), 4-2 (1-9-8-0)
per 1000 examinations (nine of 2141), and

Supplemental imaging Standard of
care (n=2568)
Abbreviated ABUS (n=2240) Contrast-
breast MRI enhanced
(n=2318) mammogram
(n=2235)
Median age at screening 56 (52-61) 56 (52-62) 56 (52-61) 56 (52-61)
mammogram, years (IQR)
Mammographic breast density
C 1936 (83-5%) 1943 (86:7%) 1769 (79-1%) 2151 (83-8%)
D 382(16:5%) 297 (133%) 466 (20-9%) 417 (16-2%)
Trial centre
Cambridge 548 874 502 357
Cheltenham 445 0 387 521
Manchester 419 818 0 416
Leeds 186 548 202 282
Royal Free, London 233 0 258 209
Barts, London 76 0 169 191
Glasgow 243 0 208 21
Nottingham 0 0 366 242
Dundee 52 0 55 41
Leicester 116 0 88 96
Data are n (%) unless otherwise stated. Standard of care was full-field digital mammography. ABUS=automated
whole breast ultrasound.
Table 1: Characteristics of cohort at baseline

19-2 (13-7-26-1) per 1000 examinations (39 of 2035) for
abbreviated MRI, ABUS, and contrast-enhanced
mammography, respectively, of which 15-0 (10-3-21-1)
per 1000 examinations (32 of 2130), 4-2 (1-9-8-0) per
1000 examinations (nine of 2141), and 15-7 (10-8-22-1)
per 1000 examinations (32 of 2035) were invasive cancers.
The median invasive tumour size was 10 mm (IQR 8-15),
22 mm (14-35), and 11 mm (7-15) in the respective arms.
The DCIS size was 10 mm (3-55), and 27 mm (13—40) in
the  abbreviated MRI  and  contrast-enhanced
mammography arms. A total of six cases were lymph
node positive—three in the abbreviated MRI arm, two in
the contrast-enhanced mammography arm, and one in
the ABUS arm—with the remainder of the invasive cases
lymph-node-negative. In 12 participants, axillary sampling
was not performed.

The cancer detection rate for mammography in the
contemporaneous Cambridge cohort of 18107 women
with C and D density as measured by Volpara was 8-4 per
1000 examinations (95% CI 7-2-9-9).*

The odds ratios (ORs) from the network meta-analysis
comparing the three supplemental imaging arms with
respect to recall, biopsy, and cancer detection rates are
shown in the appendix (p 1). The global test for a
difference in cancer detection rates among the
three modalities was not significant (p=0-14), but the
detection rates for abbreviated MRI were significantly
higher than for ABUS (p=0-047) and non-significantly
higher than for contrast-enhanced mammography
(p=0-62).
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Abbreviated breast ~ ABUS (n=2240) Contrast-enhanced
MRI (n=2318) mammogram
(n=2235)
Withdrew before imaging 188 100 200
Examinations by centre
Cambridge 532 853 477
Cheltenham 417 0 360
Manchester 344 765 0
Leeds 173 523 169
Royal Free, London 220 0 229
Barts, London 66 0 152
Glasgow 218 0 185
Nottingham 0 0 334
Dundee 49 0 47
Leicester 111 0 82
Total 2130 2141 2035

Median time in days between
screening mammogram and

supplemental imaging

(IQR)

Received supplemental imaging

0-89 days after screening
mammogram

Received supplemental imaging
90-179 days after screening

mammogram

Received supplemental imaging
180-269 days after screening

mammogram

Received supplemental imaging
270-365 days after screening

mammogram

Received supplemental imaging
over 365 days after screening

mammogram

ABUS=automated whole breast ultrasound.

143 (98-183) 111 (77-150) 134 (91-173)

434/2130 (20-4%) 721/2141(337%)  478/2035 (23-5%)
1113/2130 (52:3%)  1173/2141 (54-8%)  1111/2035 (54-6%)
515/2130 (24-2%) 230/2141(10.7%)  395/2035 (19-4%)
57/2130 (2:7%) 13/2141 (0-6%) 42/2035 (2:1%)

6/2130 (0-3%) 1/2141 (<0-1%) 4/2035 (0-2%)

Table 2: Supplemental imaging

The ORs from the network meta-analysis, comparing
the supplemental imaging arms to the standard of care
arm, are shown in the appendix (p 1). The global test for
a difference among the four arms was highly
significant (p=0-0003). All three supplemental imaging
arms showed a significantly higher cancer detection rate
than the standard of care, with the greatest difference
being shown for abbreviated MRI (p<0-0001).

The recall rate in each arm was 9-7% (95% CI 8-4-11-0)
for abbreviated MRI (206 of 2130), 4-0% (3-2—4-9) for
ABUS (85 of 2141), and 9-7% (8-4-11-0) for contrast-
enhanced mammography (297 of 2035). The recall rate
for mammography in the C density and D density within
the contemporaneous Cambridge cohort was 5-4%
(95% CI 5-1-5-8).¢

There was some variation in recall rate between sites
for each arm, with abbreviated MRI recall ranging
from 5-2% (18 of 344) to 14-7% (78 of 532), ABUS
ranging from 1-0% (eight of 765) to 6-3% (33 of 523),
and  contrast-enhanced ~mammography ranging

from 4-3% (eight of 185) to 18-2% (87 of 477; appendix
p 2). Overall, there were three grade 3 cancers, all in the
abbreviated MRI arm, 45 grade 2 cancers (18 in
abbreviated MRI arm, six in the ABUS arm, and 21 in
the contrast-enhanced mammography arm), and
24 grade 1 cancers (ten in abbreviated MRI arm, three in
the ABUS arm, and 11 in the contrast-enhanced
mammography arms; table 4). When comparing the
recall rates among the three supplemental imaging
modalities using network meta-analysis (appendix p 1),
there was a significant difference among the three arms
(p<0-0001), and a significant difference in biopsy rates
(p=0-0028), with similar rates for abbreviated MRI and
contrast-enhanced mammography, and lower rates for
ABUS.

The corresponding comparison of recall rates with
standard of care showed a highly significant
difference (p<0-0001) with ABUS, abbreviated MRI, and
contrast-enhanced mammography all showing an
approximate doubling of the odds of recall (appendix p 1.)

The pathological attributes of the additional cancers
diagnosed are shown in table 4. Five (13-5%) of 37 cancers
in the abbreviated MRI arm and seven (17-9%) of 39 in
the contrast-enhanced mammography arm were pure
DCIS. No DCIS were detected by ABUS. The average
sizes of the invasive cancers detected by abbreviated MRI
and contrast-enhanced mammography were respectively
10 mm and 11 mm. The average size of the cancers
detected by ABUS was 22 mm. Only three of the invasive
cancers were grade 3, all in the abbreviated MRI arm.
Oestrogen-receptor status and progesterone-receptor
status were similar among the three arms. However, there
were eight HER2-enriched cancers in the abbreviated
MRI arm (23 -5% of those with known status), none in the
ABUS arm, and three in the contrast-enhanced
mammography arm (9-1%).

There was one case of extravasation in the abbreviated
MRI arm (0-5 events per 1000 examinations) with no
other adverse events. There were no adverse events in the
ABUS arm. In the contrast-enhanced mammography
arm, there were a total of 24 iodinated contrast events
(11-8 events per 1000 examinations), with 17 minor
events (8-4 events per 1000 examinations), six moderate
events (2-9 events per 1000 examinations), and one severe
event (0-5 events per 1000 examinations) and
three =~ mammography  contrast  extravasations
(1-5 extravasations per 1000 examinations; appendix p 3).

Discussion

This is the first randomised controlled trial to compare
supplemental imaging techniques in women of average
population risk with dense breasts. Abbreviated breast
MRI and contrast-enhanced mammography detected
three times as many invasive cancers than whole breast
ultrasound. The invasive tumour size found by
abbreviated MRI and contrast-enhanced mammography
was half the size of those found with ABUS. The
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two contrast-enhanced imaging techniques detected
DCIS not seen on the screening mammograms with
twice as many women with DCIS being found by
contrast-enhanced mammography than by abbreviated
MRI. No DCIS was found by ABUS.

The large number of cancers found by abbreviated
MRI is similar to the Dutch DENSE trial where
16-5 cancers per 1000 examinations were found with full
protocol MRI in women of population risk with dense
breasts.” In earlier studies where MRI was offered in
addition to mammography to women at increased risk
an additional 18-0 cancers per 1000 examinations were
found by MRIL* In a subsequent German study of
women aged 40-70 years with negative mammography
and ultrasound, MRI found 22-6 cancers per 1000
examinations.” Using abbreviated MRI and comparing
this to digital breast tomosynthesis in a cross sectional
study in women with dense breasts, MRI found
significantly more invasive cancers (11-8 cases per 1000
examinations vs 4-8 cases per 1000 examinations).”

The number of cancers found by ABUS with a cancer
detection rate of 4-2 cases per 1000 examinations is
similar to the previously published literature.®”** In an
early study of 4419 women with dense breasts Kelly and
colleagues reported that an additional 3-6 cancers
per 1000 examinations were found with whole breast
ultrasound.® The prospective J-START® in which
supplemental ultrasound with mammography was
offered to women aged between 40-49 years with
heterogeneously or dense breasts, showed a cancer
detection rate of 5-0 cases per 1000 examinations.
Similarly, in a recent study conducted in China by Dang
and colleagues,” involving 5978 asymptomatic women
aged 35-69 years, ABUS as the sole screening modality
achieved a cancer detection rate of 4-0 cases per 1000
examinations, with 95-8% of cancers being invasive and
73-9% node-negative. In another study published in 2024
by Paul and colleagues,” reviewing a 5-year ABUS
programme at a US academic medical centre,
9865 women with dense breasts underwent supplemental
ABUS screening, detecting 2-4 additional cancers
per 1000 examinations, primarily early-stage and
node-negative.

The contrast-enhanced mammography cancer
detection rate of 19-2 cases per 1000 examinations was
not significantly different to that found with abbreviated
MRI. In a systematic review of seven studies MRI had
higher sensitivity for breast cancer than contrast-
enhanced mammography (97%, 95% CI 86-99 vs 91%,
77-97; p<0-001) but lower specificity (69%, 46-85 vs 74%,
52-89; p=0-09),” with similar results found in a meta-
analysis by Xiang and colleagues.” Sorin and colleagues
reported an incremental cancer detection rate of
13-1 cases per 1000 examinations with contrast-enhanced
mammography in a study of women at increased risk
and dense breasts." The CMIST study (NCT05625659)
seeks to determine if contrast-enhanced mammography

Abbreviated breast MRl  ABUS (n=2141)

Contrast-enhanced

(imaged) per 1000

PPV1 18.0% (13-0-23-9) 10-6% (5:0-19-2)
PPV3 35:2% (26-2-45-2) 28-1% (13-7-46-7)
Cancer type

DCIS only 5/37 (13-5%) 0/9

Invasive cancer 32/37 (86-5%) 9/9 (100-0%)

predictive value.

(n=2130) mammogram (n=2035)
Recalled 206 85 197
Recall rate 9-7% (8-4-11-0) 4-0% (3-2-4-9) 9.7% (8-4-11-0)
Biopsied 105 32 89
Biopsy rate 4-9% (4-0-5-9) 1.5% (1-0-2-1) 4-4% (3-5-5-4)
Cancer detected 37 9 39
Cancer detection rate (arm) 16-0 (11:3-21-9) 4.0 (1-8-7-6) 17-4 (12:4-23-8)
per 1000
Cancer detection rate 17-4 (12-2-23-9) 4-2 (1.9-8-0) 19-2 (13-7-261)

19-8% (14-5-26-1)
43-8% (33-3-54-7)

7139 (17:9%)
32/39 (82:1%)

Data are nor % (95% Cl). ABUS=automated whole breast ultrasound. DCIS=ductal carcinoma in situ. PPV=positive

Table 3: Supplemental imaging performance metrics

Abbreviated ABUS Contrast-
breast MRI enhanced
mammogram
Invasive grade
1 10 3 11
2 18 6 21
3 3 0 0
Unknown 0 0
DCIS grade
Low 2 0 0
Intermediate 0 1
High 3 6
Tumour size,
mm
Invasive (IQR) 10 (8-15) 22 (14-35) 11 (7-15)
DCIS (IQR) 10 (3-55) NA 27 (13-40)
Invasive cancer receptor status (positive/total tested)
Oestrogen receptor 29/35 (82:9%) 719 (77-8%) 31/36 (86:1%)
HER2 8/34 (23:5%) 0/9 3/33(9-1%)
Progesterone receptor 13/19 (68-4%) 719 (77-8%) 19/22 (86-4%)
Confirmed triple-negative breast cancer 3 2 2
Lymph node status (positive/total tested) 3/32(9-4%) 1/9 (11-1%) 2/32 (6:3%)

ABUS=automated whole breast ultrasound. DCIS=ductal carcinoma in situ. NA=not applicable.

Table 4: Characteristics of cancer detected by supplemental imaging

is more accurate than digital breast tomosynthesis in
women with dense breasts. The aim is to recruit over
2032 women across 15 sites.

Recall rates were more than twice as high in the
two contrast arms compared with ABUS (9-7% vs 4-0%).
The high recall rate with abbreviated MRI is similar to the
DENSE trial (9-5%) and similar to the German trial of
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For the UK Breast Screening
MRI guidelines see https://www.
gov.uk/government/
publications/breast-screening-
consolidated-programme-
standards/
nhs-breast-screening-
programme-screening-
standards-valid-for-data-
collected-from-1-april-2021

MRI with a recall of 9-7%.** The UK Breast Screening
MRI guidelines (2021 NHS Breast Screening Programme
guidelines) have set a maximum recall rate of 10% with
an achievable rate of less than 7%. In our trial not all sites
met this standard. In an audit by Healy and O’Keeffe, in
Ireland, a recall rate of 14-2% (86 of 607) in the prevalent
round of MRI screening and 8-5% (71 of 838) in the
incident round of screening was reported for high-risk
women.” High recall rates are distressing for women,
costly, and labour intensive when large scale screening is
being undertaken. However, with further screening
rounds recalls fall to acceptable rates. In round 2 of the
DENSE trial the false positive rate fell from 79-8 results
per 1000 screening examinations (95% CI 72-4-87-9) in
the first round to 26-3 results per 1000 screening
examinations (21-5-32-3) in the second round which
coincided with a drop in the cancer detection rate.” Our
ABUS 4-0% recall rate is lower than most published
studies,”" including recent ones,*" which reported recall
rates of 11-9% and 9-0% for ABUS. It is comparable with
that reported by Wilczek and colleagues,” with a first-
round recall rate of 3-5%, that was further reduced
to 0-9% in the second round, highlighting the importance
of the learning curve in improving ABUS performance.

The median invasive tumour size of 10 mm (IQR 8-15)
is similar on the contrast-enhanced techniques and is
half that of those found by ABUS. The median size of
abbreviated MRI and contrast-enhanced mammography
tumours is similar to the DENSE trial where median size
of screen detected cancers was 9-5 mm (IQR 6-8-12-0).
Data from the English NHS screening programme
from 2009-16 of over 11 million examinations showed
that the mean size of screen-detected tumours was
13-7 mm, 19-0 mm, and 21-4 mm at prevalent screens
and for incident rounds the sizes were 11-6 mm,
16-7 mm, and 19-0 mm for grades 1, 2, and 3 invasive
cancers, respectively (p<0-001).” These data were not
analysed by breast density but our study shows that the
contrast-enhanced supplemental techniques are superior
to mammography. The median invasive tumour size
detected with ABUS in our study was 22 mm (IQR 14-35),
larger than the 10-15 mm reported in previous studies.”*
Although all ABUS detected cancers in our study were
invasive and node-negative, similar to previous studies
discussed here, the larger tumour size might reflect
differences in population characteristics and screening
intervals. The learning curve associated with ABUS
implementation, as emphasized by Winkelman and
colleagues,” could also have contributed to detecting
more advanced-stage cancers in earlier phases of its
adoption.

All but six of the cancers were lymph-node-negative,
confirming early-stage disease. While smaller cancer size
should lead to improved prognosis, grade of cancer is
important. Our study does not have sufficient power to
differentiate detection of high grade and intermediate
grade compared with low grade cancers by modality.

Overall, we found only three grade 3 cancers, which were
all in the abbreviated MRI arm, and 44 grade 2 cancers
and 22 grade 1 cancers with the same proportions in each
arm.

The strength of this randomised trial is the sequential
recruitment of women with increased breast density
from ten UK screening sites. Pragmatically the sites
offered the imaging techniques available to them.
Three supplemental techniques were randomly offered
and the results provide a direct comparison of these. The
abbreviated MRI protocol used in this study has found as
many cancers as studies reported with standard MRI but
is more easily delivered and less costly.

The main limitation of this study is that screening
benefit, notably breast cancer specific mortality
reduction, and longer-term harm, such as overdiagnosis,
cannot be measured in this trial. Our study was not
designed to address these outcomes; instead it focused
on comparing initial detection measures as the first step
in providing evidence on screening outcomes. It should
be acknowledged that improved detection does not
necessarily translate to a further reduction in breast
cancer mortality. Intermediate outcomes, for example
impact on interval cancer and advanced cancer rates, can
be assessed as surrogates for potential benefit but these
require longer follow-up and a larger study sample size.
However, with reporting of the tumour sizes and stage
the results can be used to inform downstream
sophisticated modelling. The high recall rates in both
contrast arms, although similar to other reported studies
and within the NHS Breast Screening Programme
guidelines, means that care will need to be taken to
minimise these when supplemental techniques are
introduced for population screening. It is difficult to
estimate the overdiagnosis rate in this study. However,
the cohort will be followed up to measure interval and
next round cancers over the next 3 years. A major
protocol deviation was that women who had a
mammography screen detected cancer were difficult to
recruit as invariably a biopsy was performed at
assessment before supplemental imaging could be
undertaken. A decision was taken not to attempt to
recruit women with screen detected cancers and focus on
mammography-negative women as would happen in
practice. This meant that we only had cancer detection
rate data from full-field digital mammography alone in
only one centre of the study and these data were
observational. Additional protocol deviations included a
participant randomly assigned to the standard of care
armreceivingan ABUS examination and 1263 participants
receiving supplemental imaging more than 6 months
after the screening mammogram from which they were
recruited (578, 224, and 441 in the abbreviated MRI,
ABUS, and contrast-enhanced mammography arms,
respectively).

This study shows that contrast-enhanced techniques
such as abbreviated MRI and contrast-enhanced
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mammography have a superior performance compared
with whole breast ultrasound. This is in line with
systematic reviews of performance,” although no other
study has directly compared these techniques in the
same cohort of average-risk women. The information in
this trial will allow sophisticated modelling to estimate
the cost benefit of implementing a supplemental imaging
strategy.
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