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Summary
Background Women recalled from breast cancer screening receive post-screening work-up in the hospital with
conventional breast imaging. The RACER trial aimed to study whether contrast-enhanced mammography (CEM)
as primary imaging instead of conventional imaging resulted in more accurate and efficient diagnostic work-up in
recalled women.

Methods In this randomised, controlled trial (registered under NL6413/NTR6589) participants were allocated using
deterministic minimisation to CEM or conventional imaging as a primary work-up tool in two general and two
academic hospitals. Predefined patients’ factors were reason for recall, BI-RADS score, and study centre. Primary
outcomes were sensitivity and specificity. Secondary outcomes were the proportion of women needing
supplemental examinations, and number of days until diagnosis.

Findings Between April, 2018, and September, 2021, 529 patients recalled from the Dutch screening program were
randomised, 265 to conventional imaging and 264 to CEM. Three patients in the control arm had to be excluded from
analysis due to a protocol breach. After the entire work-up, sensitivity was 98.0% (95% CI; 92.2–99.7%) in the
intervention arm and 97.7% (91.8–99.6%) in the control arm (p = 1.0), and specificity was 75.6% (72.5–76.6%)
and 75.4% (72.5–76.4%, p = 1.0), respectively. Based on only primary full-field digital mammography/digital
breast tomosynthesis or CEM, final diagnosis was reached in 27.7% (73/264) in the intervention arm and 1.1%
(3/262) in the control arm. The frequency of supplemental imaging was significantly higher in the control arm
(p < 0.0001). Median time needed to reach final diagnosis was comparable: 1 day (control arm: IQR 0–4;
intervention arm: IQR 0–3). Thirteen malignant occult lesions were detected using CEM, versus three using
conventional imaging. No serious adverse events occurred.

Interpretation Diagnostic accuracy of CEM in the work-up of recalled women is comparable with conventional
imaging. However, work-up with CEM as primary imaging is a more efficient pathway.
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Research in context

Evidence before this study
We searched PubMed on July 1, 2017, for studies written in
English with no restrictions on publication date, with the
terms ‘contrast-enhanced (spectral) mammography (CEM),
breast cancer screening, and breast cancer. We found several
clinical trials studying the use of CEM in women recalled from
breast cancer screening, showing that the sensitivity and
specificity of CEM are superior to full-field digital
mammography (FFDM) in recalled women. Unfortunately,
these were all single-centre, retrospective studies with
relatively small sample sizes. This promising, but limited
evidence, formed the basis of the current randomised
controlled clinical trial, performed in different centres using
equipment of different vendors.

Added value of this study
To our knowledge, this is the first randomised controlled
clinical trial on the clinical use of CEM in women recalled from

screening. It shows that although the sensitivity and
specificity of CEM and conventional imaging are comparable
when they are used as primary imaging tools for these
women, the work-up route with CEM results in the use of
fewer resources. There are fewer additional imaging or tissue
sampling examinations required and more occult breast
lesions are detected when using CEM instead of conventional
imaging.

Implications of all the available evidence
The collective evidence shows that CEM as a work-up tool in
women recalled from breast cancer screening is more efficient
in terms of resources needed, and it detects more occult
lesions than the control group. However, we will also perform
a future cost-effectiveness study to evaluate whether this new
approach will also result in a more cost-effective strategy for
these women.
Introduction
The Dutch breast cancer screening program invites
women between 50 and 75 years biennially to partici-
pate, using full-field digital mammography (FFDM) as
an imaging modality.1 About 2.4% of all participants will
be recalled for further work-up via one of two routes:
women with a Breast Imaging and Reporting and Data
System (BI-RADS) 0 recall (i.e., low suspicion of breast
cancer) are recalled directly to a Radiology department,
whereas women with a BI-RADS 4 or 5 recall (i.e., high
suspicion of breast cancer) will also visit an outpatient
breast clinic, where a baseline history and physical ex-
amination is performed combined with imaging
assessment during the same appointment.2 CEM can
help to limit the number of additional examinations and
thereby reduce psychological distress and anxiety that is
often experienced by women recalled from breast cancer
screening for a suspicious finding detected on FFDM.

In most hospitals, the primary imaging modality in
the work-up of these recalled women is FFDM. When
deemed necessary, supplemental imaging in the form of
digital breast tomosynthesis (DBT), ultrasound (US), or
breast magnetic resonance imaging (MRI), with or
without tissue sampling, can be added to reach the final
diagnosis. During work-up, breast cancer is ruled out in
70% of recalled women.3 These (false positive) recalls
cause unnecessary anxiety and downstream testing, with
the latter also increasing healthcare costs.4,5 Also, re-
attendance rates after a false positive recall are known
to be lower than in women who were not recalled.6

Repeating FFDM as the primary imaging modality
after a recall is debatable, as there are other
complementary mammographic modalities available,
such as contrast-enhanced mammography (CEM).
Studies have shown that the diagnostic performance of
CEM is consistently superior to FFDM, even matching
the diagnostic performance of breast MRI.7–11 Previous
studies have specifically shown the clinical feasibility,
and the promising accuracy and reproducibility of CEM
as a work-up tool in screening recalls.12,13 However,
these single-centre studies were primarily retrospective
in design.12–14

The RACER trial is the first multicentre, randomised
controlled clinical trial using CEM compared to con-
ventional imaging (such as FFDM or DBT) as primary
imaging modality to evaluate the post-screening work-
up in women recalled from breast cancer screening.
Primary study outcomes were diagnostic accuracy
expressed as sensitivity and specificity, and secondary
outcomes were the proportion of women needing
additional imaging and/or tissue sampling, and the
number of days until a final diagnosis was reached.
Methods
Study design
The detailed study protocol of this multicentre, open-
label, randomised controlled clinical trial has been
published earlier.15 All women (natal sex) recalled from
the Dutch breast cancer screening program who atten-
ded one of four participating centres in The
Netherlands, two general and two academic hospitals,
were eligible for participation. Patients were excluded
from participation in case of known hypersensitivity
www.thelancet.com Vol 44 September, 2024
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reactions to iodinated contrast or known acute or
chronic severe renal insufficiency (i.e., estimated
glomerular filtration rate below 30 mL/min/1.732).

The study was approved by our institutional review
board (reference (METC171082/NL62788.068.17). Local
ethical approval was obtained in each study centre. The
study was registered in the Netherlands Trial Registry
(NL6413/NTR6589). Since this study is marked as a
‘low-risk study’ by the Clinical Trial Center Maastricht, a
data monitoring committee was not commissioned.15

Investigators of the participating centres provided
the study information to patients by phone and -after
oral consent-also by e-mail. All participants provided
written informed consent.

Randomisation
Group allocation was performed using deterministic
minimisation to ensure the balancing of study arms con-
cerning predefined patient factors: predominant reasons
for recall (mass, calcification, asymmetry, or architectural
distortion), recall BI-RADS score (BI-RADS 0 versus BI-
RADS 4/5), and study centre.15 For this purpose, the
computer-generated randomisation screening and enrol-
ment application software ALEA (version 3.0.2083.212r,
ALEA Clinical, Abcoude, the Netherlands) was used.

Imaging study protocol
Patients underwent CEM as the primary imaging tool
when allocated to the intervention study arm. The CEM
image acquisition protocol has previously been described
in detail.16 CEM was followed by supplemental imaging
and/or tissue sampling when indicated by the radiologist.
Additional breast imaging could consist of US of the
breast and/or axilla, spot compression views, extended
craniocaudal lateral views or other special views, DBT,
and breast MRI. Standard image acquisition protocols for
these modalities were used.

Conventional breast imaging modalities (e.g., FFDM,
DBT) were used as primary imaging tools when partici-
pants were allocated to the control study arm. A mini-
mum of one view had to be repeated to allow comparison
with the screening FFDM. Primary imaging could be
further supplemented with any other breast imaging
modality, except CEM, when indicated by the radiologist.

Cysts were aspirated to confirm its aqueous content
in the control arm, while the presence of an ‘eclipse
sign’ on CEM was applied for this diagnosis in the
intervention arm.12,17 Tissue sampling was performed of
suspicious solid lesions or calcifications in both study
arms. A follow-up appointment after three, six, or twelve
months could be used in case of inconclusive findings,
irrespective of the study arm.

Primary and secondary outcomes
The primary outcomes and the most important sec-
ondary outcomes are presented in this article. Primary
outcomes were diagnostic accuracy parameters
www.thelancet.com Vol 44 September, 2024
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), the receiver operating
characteristic (ROC) curve, and area under the ROC
curve (AUC). The final BI-RADS score during the first
visit was based on the primary imaging and supple-
mental imaging combined. BI-RADS scores of 1–3 were
considered ‘benign’, and BI-RADS scores of 4–5 were
considered ‘malignant’. Histopathological results
were used as reference standard to confirm true positive
or true negative disease status. For patients without
tissue sampling, true negative disease status was
confirmed after a follow-up of 24 months. When no
interval cancer was mentioned in the patient’s hospital
file within this period, the final disease status was
defined as ‘true negative’.

Information on supplemental imaging, tissue sam-
pling, and outpatient breast clinic visits was collected
from the hospital files per patient. The need for addi-
tional examinations during the initial visit and follow-up
visits was recorded.

The number of days until final diagnosis was calcu-
lated from the day of enrolment, which was the date of
the first recall visit, until the day of a final diagnosis. The
date on which pathology results became available was
used as date of final diagnosis when tissue sampling
was performed. The date of the last follow-up visit was
used as date of final diagnosis for women for whom
follow-up examination between 3 and 12 months was
recommended. When a follow-up appointment was
indicated, but the patient was a ‘no show’, we decided to
appoint 90 days for a 3-month follow-up, 180 days for a
6-month follow-up, and 365 days for a 12-month follow-
up as the date of the final diagnosis.

The remaining secondary outcome parameters that
were mentioned in the published trial design15 (i.e.,
quality-of-life, cost-effectiveness, and experienced pa-
tient anxiety) will be published in a second article.

Sample size calculation
Prior research showed a specificity of 40% for FFDM in
this population. To enable the detection of a clinically
relevant increase of specificity of 15%, and assuming a
power of 80% (alpha 5%) and a prevalence of malignant
disease status in this population of approximately 30%
(i.e., 70% have true negative disease status), 251 patients
needed to be included per group. To account for a 5%
loss to follow-up, the minimum number of patients that
needed to be included was 528 (502/0.95).15

Statistical analysis
The modified intention-to-treat analysis and the per-
protocol population included all patients who were
randomised and received either conventional imaging
or CEM according to the protocol for whom the true
disease status was known. In the intention-to-treat
analysis, patients were analysed in the arm to which
they were assigned by randomisation. In the
3
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per-protocol analysis, patients were analysed according
to the imaging modality that they received.

Sensitivity, specificity, PPV, and NPV, were calculated
and compared between study arms using the Fisher’s
exact test, reporting the p-value as double the exact one-
tailed probability. The area under the receiver operating
curve (AUC) was compared using an algorithm sug-
gested by DeLong et al. for paired samples using the
command “roccomp” in STATA.18 Proportions of women
diagnosed at the initial visit were compared between
arms using the Chi-square test. The number of supple-
mental imaging examinations as well as the number of
days to reach a final diagnosis was expressed as median
with interquartile range (IQR) and the difference between
arms was tested for significance using the Mann–
Whitney test.

p-values <0.05 were considered statistically signifi-
cant. Statistical analyses were performed with SPSS
(version 28, IBM Corporation, Armonk, New York,
USA) and STATA (version 17, StataCorp LCC, College
Station, Texas, USA).

Role of the funding source
This trial received funding from the Netherlands
Organisation for Health Research and Development
(ZonMw Efficiency Studies Grant Number 843001801)
and GE Healthcare. ZonMw was involved in the trial
design. GE Healthcare was not involved in data collec-
tion, analyses, or manuscript writing. No authors were
precluded from accessing data in the study. All authors
accept responsibility to submit for publication.
Results
Baseline characteristics and adverse events
A total of 1267 patients were eligible to participate be-
tween April 3rd, 2018, and September 14th, 2021.
Excluded were 738 potential study candidates, leaving
529 women (42%) for the randomisation process, in
which 265 patients were allocated to the control arm and
264 patients to the intervention arm. Women declining
to participate in the trial was the major reason for non-
participation. The condition that at least one FFDM and/
or DBT view had to be repeated was not met in three
patients in the control arm. These patients were
excluded from further analyses. A flowchart of the pa-
tient randomisation process is presented in Fig. 1.

Table 1 shows that the distribution of baseline
characteristics in both randomised groups was compa-
rable. Most women were recalled for a mass (54.8%;
288/526), followed by calcification (23.6%; 124/526),
asymmetry (12.5%; 66/526), and architectural distortion
(9.1%; 48/526), which was comparable between the two
groups. Thirty-five patients were recalled for two lesions
and one patient for three. Malignant disease was present
in 37.9% (100/264) in the intervention arm and 33.2%
(87/262) in the control arm.
An adverse event occurred in 1.5% of patients (4/
264) who underwent intravenous contrast administra-
tion during CEM: two mild hypersensitivity reactions to
the contrast agent and two contrast extravasations
occurred, none of which required medical intervention.
One patient with contrast extravasation did not undergo
CEM but received FFDM instead. Since no other
crossovers occurred, we decided that per-protocol ana-
lyses were unnecessary.

Two patients deceased during their 24 months of
follow-up. Both patients died of metastatic renal cell
carcinoma. However, histopathology determined true
negative disease status in one patient and true positive
disease status for breast cancer in the other. All other
patients had a minimum follow-up of 24 months.

Diagnostic accuracy
Diagnostic parameters (Table 2) were comparable for
both the control arm (conventional imaging) and the
intervention arm (CEM). After entire post-screening
work-up, sensitivity was 97.7% (85/87) for the control
arm and 98.0% (98/100) for the intervention arm
(p = 1.0). Specificity was 75.4% (132/175) and 75.6%
(124/164), respectively (p = 1.0). PPV was with 71.0%
(98/138) higher in the intervention arm than the 66.4%
(86/128) in the control arm (p = 0.50), while NPV was
comparable (98.4% (124/126) versus 98.5% (132/134),
respectively; p = 1.0). The AUC-value was comparable
for both study arms: 0.866 (95% CI; 0.821–0.910) in the
control arm and 0.868 (95% CI; 0.824–0.912) in the
intervention arm (p = 0.93).

Supplemental examinations to reach a diagnosis
The process of the diagnostic work-up after recall to
reach a final diagnosis is complex and is described in
Fig. 2. The flowchart represents a schematical model of
the work-up that (in some cases) consisted of multiple
recursive loops in the process towards a diagnosis.

Table 3 shows the extent of the diagnostic work-up
that was required to reach the final diagnosis for both
study arms. A diagnosis was reached with only a single
FFDM and/or DBT in 1.1% (3/262) of the patients,
versus 27.7% (73/264) using solely CEM in the inter-
vention group (p < 0.0001). The three patients with a
final diagnosis based on only FFDM and/or DBT in the
control arm were referred for a BIRADS 0 lesion. Of the
73 patients in the intervention arm in whom CEM
without supplemental imaging resulted in a final diag-
nosis, 66 were recalled for a BIRADS 0 lesion and seven
for a BIRADS 4 lesion.

In one patient from the control group core needle
biopsy (CNB) was performed, but no supplemental
imaging. Supplemental imaging was required in 258
patients in the control arm and 191 patients in the
intervention arm. In most patients, US of at least one
breast was part of supplemental imaging and was per-
formed in 98.8% (255/258) and 96.9% (185/191) of
www.thelancet.com Vol 44 September, 2024
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Assessed for eligibility
(n=1,267)

Enrollment

Excluded (n=738)
• Not meeting inclusion criteria (n=20)

• Declined to participate (n=427)

• No contact (n=205)

• Cancelled due to COVID-19 (n=3)

• Other reasons (n=83)

Randomized
(n=529)

Allocated to CEM (n=264)
• Received allocated intervention (n=263)

• Did not received allocated intervention:

- No CEM after extravasation (n=1)

Allocated to conventional imaging (n=265)
• Received allocated intervention (n=262)

• Did not received allocated intervention:

- No additional FFDM or DBT view (n=3)

Allocation

Lost to follow-up (n=0)

Discontinued intervention (n=114)
• 1 or more missing questionnaire response (n=110)

• Questionnaire drop-out (n=3)

• Official drop out study (n=0)

• Deceased (n=1)

Lost to follow-up (n=0)

Discontinued intervention (n=138)
• 1 or more missing questionnaire response (n=130)

• Questionnaire drop-out (n=7)

• Official drop out study (n=0)

• Deceased (n=1)

Follow-Up

Fig. 1: CONSORT flow chart of patient inclusion.
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Patient and lesion characteristics Control arm n = 262 Intervention arm n = 264

Mean age in years (SD) 59 (8) 60 (8)

BI-RADS score recall

0 140/262 (53.4%) 141/264 (53.4%)

4 104/262 (39.7%) 109/264 (41.3%)

5 18/262 (6.9%) 14/264 (5.3%)

Reason for recall

Mass 143/262 (54.6%) 145/264 (54.9%)

Calcifications 62/262 (23.7%) 62/264 (23.5%)

Asymmetry 34/262 (13.0%) 32/264 (12.1%)

Architectural distortion 23/262 (8.8%) 25/264 (9.5%)

Number of lesions

1 244/262 (93.1%) 246/264 (93.2%)

2 18/262 (6.9%) 17/264 (6.4%)

3 0 1/264 (0.4%)

Prevalence of malignancy 87/262 (33.2%) 100/264 (37.9%)

Breast cancer subtype N = 87 N = 100

Invasive carcinoma NST 47/87 (54.0%) 69/100 (69.0%)

Invasive lobular carcinoma 6/87 (6.9%) 7/100 (7.0%)

Ductal carcinoma in situ 26/87 (29.9%) 20/100 (20.0%)

Other invasive breast cancer 8/87 (9.2%) 4/100 (4.0%)

Abbreviations - SD: standard deviation; BI-RADS: breast imaging reporting and data system; NST: no special
type.

Table 1: Distribution of patient and lesion characteristics in both randomised arms.

Contr
n = 26
[absol

Sensitivity 97.7 (

Specificity 75.4 (

PPV 66.4 (

NPV 98.5 (

AUC 0.866

Abbreviations - CI: confidenc
under the ROC curve.

Table 2: Diagnostic param
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patients in the control and intervention arm, respec-
tively. The number of times patients needed additional
imaging was significantly higher in the control group
(p < 0.0001). In the control group, 38.5% (101/262) of
the women had three or more rounds of additional
imaging versus 22.0% (58/264) in the intervention arm.

Tissue sampling was required in 74.4% (195/262) in
the control arm and 58.3% (154/264) in the CEM arm
(p < 0.0001). Cyst aspiration and fine needle aspiration
cytology (FNAC) were performed significantly more
often in the control group. The frequency of breast or
axillary CNB was 53.1% (139/262) in the control group
and 60.6% (150/264) in the CEM group. The extent of
the work-up in the cases that required follow-up exam-
ination is given in Supplementary Table SI.
ol arm
2 (%) (95% CI)
ute numbers]

Intervention arm
n = 264 (%) (95% CI)
[absolute numbers]

p-value

91.8–99.6) [85/87] 98.0 (92.9–99.7) [98/100] 1.0

72.5–76.4) [132/175] 75.6 (72.5–76.6) [124/164] 1.0

62.4–67.7) [85/128] 71.0 (67.3–72.2) [98/138] 0.50

94.7–99.7) [132/134] 98.4 (94.4–99.7) [124/126] 1.0

(0.821–0.910) 0.868 (0.824–0.912) 0.93

e interval; PPV: positive predictive value; NPV: negative predictive value; AUC: area

eters in both study arms.
Time needed to reach a final diagnosis
Definitive diagnosis, with or without tissue sampling
and without the need for follow-up, was reached in
92.8% (245/264) in the intervention arm and 90.1%
(236/262) in the control arm. One patient in the inter-
vention arm and eight patients in the control arm did
not undergo follow-up evaluation (‘no shows’). At the
follow-up visit, CNB was performed in two patients in
the control arm and one patient in the intervention arm,
confirming malignancy in the latter case in the inter-
vention arm.

The distribution of the days until diagnosis for both
study arms is presented in Table 4. There was no sig-
nificant difference in days until diagnoses between
study arms (p = 0.17). The median of days until final
diagnosis was 1 day in both arms (control arm: IQR 0–4;
intervention arm: IQR 0–3). It was possible to reach a
definitive diagnosis on the day of enrolment in 37.8%
(99/262) of participants in the control arm and 40.5%
(107/264) of participants in the intervention arm. Over
80% of women had a definitive diagnosis within 5 days
in both study arms. In 5.3% (14/262) of participants in
the control arm and 4.5% (12/264) of participants in the
intervention arm, it took over six months to reach a final
diagnosis.

Occult lesions
Additional (pre)malignant lesions, i.e., not the lesions
for which women were initially recalled, were detected
more often in patients in the intervention arm (13
versus 3, respectively). Two of these additional lesions
were ductal carcinoma in situ. All other occult lesions in
both study arms were invasive cancers. Moreover, in the
intervention arm, detection of the occult lesion led to the
diagnosis of unilateral breast cancer in two patients
(while the initial lesion for which the women were
recalled was benign), bilateral breast cancer in four pa-
tients, and multifocal breast cancer in the remaining
seven patients. In the control arm, detection of the
occult lesion led to the diagnosis of unilateral breast
cancer in one patient (while the lesion for which the
patient was recalled was caused by superimposition of
breast tissue), bilateral breast cancer in a second patient,
and multifocal breast cancer in a third patient.

It should be noted that diagnostic accuracy in this
study was based on per-patient level, not on per-lesion
level. Consequently, the detection of these additional
lesions hardly affected overall diagnostic accuracy. An
example of bilateral cancer detection by CEM is given in
Fig. 3. An overview of the lesions characteristics of all
occult lesions is given in Supplementary Table SII.
Discussion
CEM is an emerging breast imaging technique with a
diagnostic accuracy superior to FFDM. Retrospective
studies have demonstrated the excellent problem-solving
www.thelancet.com Vol 44 September, 2024
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Fig. 2: Trial profile with a schematic overview of the work-up performed in both study arms. Blue arrows emphasize the recursive process.
Details of the orange boxes are in Table 3. Abbreviations - CEM: contrast-enhanced mammography; FFDM: full-field digital mammography;
DBT: digital breast tomosynthesis.

Articles
capabilities of CEM in women recalled from the Dutch
screening program.12,13 The RACER trial is the first
multicentre, randomised, controlled clinical trial that
compares the diagnostic accuracy and efficiency of CEM
Control arm n = 262 (absolute numbers)

Primary imaging only 1.1% (3/262)

Supplemental imaging

1x 16.4% (43/262)

2x 43.5% (114/262)

3x 13.0% (34/262)

4x 19.5% (51/262)

5x 5.7% (15/262)

6x 0.4% (1/262)

7x 0.0% (0/262)

Tissue sampling 74.4% (195/262)a

Cyst aspiration 18.3% (48/262)

FNAC 6.9% (18/262)

Core needle biopsy 53.1% (139/262)

NB. In one patient in the control arm, tissue sampling was performed without supplem
patients had two and six patients three different tissue samples taken in the control ar
samples taken. cp-value from Mann–Whitney U test.

Table 3: Extent of diagnostic work-up that was required to reach a final dia

www.thelancet.com Vol 44 September, 2024
and conventional imaging as primary work-up tools in
recalled women. Our results showed that the diagnostic
accuracy of both study arms was comparable. Sensitivity
and specificity were 98.0% (95% CI; 92.9–99.7) and
Intervention arm n = 264 (absolute numbers) p-value

27.7% (73/264) <0.0001c

8.7% (23/264)

41.7% (110/264)

5.7% (15/264)

14.4% (38/264)

1.5% (4/264)

0.0% (0/264)

0.4% (1/264)

58.3% (154/264)b <0.0001

2.7% (7/264) <0.0001

1.5% (4/264) 0.0044

60.6% (150/264) 0.44

ental imaging (0.4%). Abbreviations - FNAC: fine needle aspiration cytology. a30
m. b41 patients had two, nine patients three, and one patient five different tissue

gnosis in both study arms.

7
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Diagnosis Control arm Intervention arm p-value

Diagnosis at initial visit n = 262 n = 264 0.39

Benign/negative 149/262 (60.7%) 146/264 (55.3%)

Malignant 87/262 (33.2%) 99/264 (37.5%)

Inconclusive and follow-up required 26/262 (6.1%) 19/264 (7.2%)

Days until diagnosis n = 262 n = 264

Median 1 1 0.17a

IQR 0–4 0–3

Range 0–748 0–653

Category

0 days 37.8% (99/262) 40.5% (107/264)

1–5 days 45.4% (119/262) 45.8% (121/264)

6–14 days 6.1% (16/262) 5.7% (15/264)

15–180 days 5.3% (14/262) 3.4% (9/264)

181–365 days 3.4% (9/262 3.4% (9/264)

>365 days 1.9% (5/262) 1.1% (3/264)

Abbreviations – IQR: interquartile range. ap-value from Mann–Whitney U test.

Table 4: Results on visits and days until final diagnosis in both study arms.
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75.6% (95% CI; 72.5–76.6) for the intervention arm and
97.7% (95% CI; 91.8–99.6) and 75.4% (95% CI;
72.5–76.4) for the control arm. However, the use of CEM
in the studied population was more efficient: CEM use
required fewer additional examinations in the form of
imaging or tissue sampling and resulted in the detection
of more occult lesions when compared with the control
group. The time needed to reach a final diagnosis was
comparable between the study arms with a median of
one day.

Systematic reviews and meta-analyses comparing the
diagnostic accuracy of FFDM with CEM have consis-
tently shown that CEM is superior.9–11 In clinical prac-
tice, however, FFDM/DBT or CEM are often used in
combination with US. Within the RACER trial, the
radiologist was allowed to use additional tools, such as
DBT, US, tissue sampling, MRI, or even follow-up to
establish the final diagnosis, like in everyday clinical
practice. Within the intervention (CEM) arm, fewer
supplemental examinations were required to achieve
this goal. For example, breast US was less frequently
used because the sensitivity of CEM itself is already very
high. Sorin et al. even demonstrated that low-threshold
use of US in addition to CEM should be avoided as it
can decrease overall specificity.19 Even the use of breast
MRI as a problem-solving modality in equivocal find-
ings on conventional imaging decreased in women
undergoing CEM.19 After all, recent reviews have
repeatedly shown no large differences in sensitivity and
specificity between CEM and breast MRI.8,20,21

If a cyst was suspected on imaging in the control
arm, it needed to be visualised by ultrasound and aspi-
rated, after which at least one control FFDM/DBT view
was required to confirm the disappearance of the lesion.
In the CEM arm, a cyst diagnosis was often made based
on CEM, where cysts appear as an ‘eclipse sign’ on the
recombined image.12,17 Consequently, the number of
cyst aspirations dropped from 18.3% (48/262) to 2.7%
(7/264) in the CEM arm without loss of sensitivity,
proving that the ‘eclipse sign’ is indeed a reliable im-
aging feature on CEM to diagnose cysts.

It was possible to reach a final diagnosis without
further diagnostic work-up in 27.7% (73/264) of partic-
ipants in the intervention arm, versus only 1.1% (3/262)
of the participants in the control arm. CEM can help to
limit the number of additional examinations and
thereby reduce psychological distress and anxiety that is
often experienced by recalled women with suspicious
findings on screening mammograms. A study by Van
der Steeg et al. on 385 recalled women showed that
women with a false positive finding suffer from feelings
of anxiety, which could last for at least one year.22

Regardless of the study arm, a final diagnosis was
achieved in most women on the day of or the day after
enrolment, and otherwise often within 14 days (89.3%
(234/262) in the control arm and 92.0% (243/264) in the
intervention arm). This outcome was unexpected
because we hypothesised that with conventional imag-
ing more time might be needed to reach the diagnosis
since more examinations were required. This might be
explained by the well-organised outpatient breast clinics
and (breast) Radiology departments, with access to
different imaging modalities often within a few days.

Importantly, CEM detected more (occult) malignant
lesions compared to conventional imaging. Houben
et al. retrospectively found that CEM led to the detection
of 70 breast lesions that were occult on FFDM in 839
women.14 Of these, 38 (4.5%) were diagnosed as breast
cancer. In line with these observations, we detected
additional malignant lesions in 4.9% (13/264) of women
undergoing CEM, versus only in 1.1% (3/262) of
women appointed to conventional imaging. Whereas
the three occult lesions in the control arm were grade I
(maximum size 6.5 cm), four of the thirteen occult le-
sions in the intervention arm were grade I (maximum
size 1.0 cm), whilst the three grade III occult lesions
varied in size between 0.8 and 2.7 cm, most of them
being stage cT1. Especially when an occult lesion leads
to the diagnosis of multifocal or bilateral breast cancer,
the patient’s treatment plan might change significantly,
and failing to detect these lesions increases the risk of
recurrent breast cancer. Occult lesions that we observed
in this trial also demonstrated that invasive lobular
carcinoma (ILC) and its multifocality are more difficult
to detect on FFDM than on CEM or breast MRI.23 The
screening FFDM had missed multifocality of ILC, while
two patients (grade II and grade III) on CEM and one
patient (grade I) on MRI showed multiple additional
lesions only a couple of days after the screening FFDM
was performed.

Although the disadvantages of CEM include the use
of iodinated contrast media and increased radiation
exposure, the more efficient workflow that we observed
www.thelancet.com Vol 44 September, 2024
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Fig. 3: Example of bilateral breast cancer detected by CEM in a 71-year-old woman. Only CC views are shown. (A) original screening
mammogram showed an obscured irregular mass in the left breast with progressive fine pleiomorphic calcifications (orange arrows). (B) shows
an outtake of the recalled lesion (C) shows the low-energy images of the CEM exam, similar to (A). However, the recombined images show not
only an ill-defined mass in the left breast (orange arrow) but also a minimally enhancing mass in the left breast (white arrow) which was also
biopsied after targeted ultrasound. Final pathology showed 12 mm papillary carcinoma in situ (right) and 30 mm grade II invasive carcinoma of
no special type (left).
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using CEM does not come at the expense of unaccept-
able risks. A limited number of extravasations can be
expected in any intravenous access placement. The risk
of hypersensitivity reactions to iodinated contrast agents
was low (0.8%), with (self-limiting) mild symptoms.
These observations were in line with previously pub-
lished results by Houben et al.14 Studies also showed
that CEM increased radiation exposure by 81% from
1.6 mGy to 2.8 mGy.24 However, in a population of
women >50 years the risk of developing or dying from
radiation-induced breast cancer is negligible. Yaffe et al.
showed that the danger of radiation exposure is limited
or perhaps even hypothetical. They suggested that in a
cohort of 100,000 women (if screened with FFDM from
40 to 74 years) eleven deaths due to radiation-induced
breast cancer could be expected.25 Using CEM would
increase this number, but only to a small extent. In
addition, a Position Statement of the American Associ-
ation of Physicists in Medicine (AAPM, policy number
PS 4-A) stated that ‘epidemiological evidence supporting
increased cancer incidence or mortality from radiation
doses below 100 mSv is inconclusive’.26 Therefore, the
increased radiation exposure of CEM should never serve
as a deterrent when any clear benefit of CEM over
FFDM is demonstrated.

This study has limitations. First, regarding the
number of examinations, we believe that the number of
US examinations performed might be higher in both
study arms than medically required to establish a diag-
nosis.27 All the participating radiologists of all centres,
who had been reviewing examinations (>75) before the
initiation of the RACER trial and had reached the level
of experienced reader,28 were instructed to rely as much
as possible on CEM findings in this trial. Although the
steep learning curve in reading a CEM,13,28 as creatures
of habit the threshold was probably low to also perform
(bilateral) ultrasound to confirm a diagnosis which was
already reliably established on CEM.27 With growing
confidence and experience in CEM, the requirement for
supplemental US will perhaps diminish further. Sec-
ond, the outcomes of this trial are specific to the breast
cancer screening and care environment in the
Netherlands. The Dutch screening recall rate was 2.4%
in 2019 and therefore low compared to European and
American programs, in which a recall rate of 5% and
5–12% is observed, respectively.29,30 Therefore, differ-
ences between nations need to be considered when
extrapolating the current trial results to other regions of
the world. Third, we did not perform a cost-effectiveness
analysis to demonstrate that the use of fewer resources
in the CEM arm is also a more efficient workflow from a
healthcare cost perspective. We intend to perform
extensive cost-effectiveness analyses in a follow-up
study.

Finally, to achieve comparability of randomised
groups deterministic minimisation was used without a
probabilistic element. However, this may not be a serious
deficiency since in a multi-centre trial it is difficult for
investigators to keep track of past assignments.

In conclusion, we showed that the risks associated
with the use of CEM as a work-up tool for women
recalled from screening were negligible. The diagnostic
performance of the work-up of women recalled from
breast cancer screening when using CEM as primary
imaging tool is similar to when conventional imaging is
used. However, using CEM as primary imaging mo-
dality in the recalled women is more efficient in terms
of the number of examinations needed to establish a
final diagnosis and it detects more (occult) breast can-
cers that were not screen-detected with FFDM. There-
fore, CEM should be strongly considered as the
preferred primary imaging modality in women recalled
from breast cancer screening.
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