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Abstract

Objectives Supplemental MRI screening improves early breast cancer detection and reduces interval cancers

in women with extremely dense breasts in a cost-effective way. Recently, the European Society of Breast Imaging
recommended offering MRI screening to women with extremely dense breasts, but the debate on whether to imple-
ment it in breast cancer screening programs is ongoing. Insight into the participant experience and willingness to re-
attend is important for this discussion.

Methods We calculated the re-attendance rates of the second and third MRI screening rounds of the DENSE trial.
Moreover, we calculated age-adjusted odds ratios (ORs) to study the association between characteristics and re-
attendance. Women who discontinued MRI screening were asked to provide one or more reasons for this.

Results The re-attendance rates were 81.3% (3458/4252) and 85.2% (2693/3160) in the second and third MRI screen-
ing round, respectively. A high age (> 65 years), a very low BMI, lower education, not being employed, smoking,

and no alcohol consumption were correlated with lower re-attendance rates. Moderate or high levels of pain, discom-
fort, or anxiety experienced during the previous MRI screening round were correlated with lower re-attendance rates.
Finally, a plurality of women mentioned an examination-related inconvenience as a reason to discontinue screening
(39.19% and 34.8% in the second and third screening round, respectively).

Conclusions The willingness of women with dense breasts to re-attend an ongoing MRI screening study is high.
However, emphasis should be placed on improving the MRI experience to increase the re-attendance rate if wide-
spread supplemental MRI screening is implemented.

Clinical relevance statement For many women, MRl is an acceptable screening method, as re-attendance rates
were high — even for screening in a clinical trial setting. To further enhance the (re-)attendance rate, one possible
approach could be improving the overall MRl experience.
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« The willingness to re-attend in an ongoing MR/ screening study is high.

- Pain, discomfort, and anxiety in the previous MRI screening round were related to lower re-attendance rates.

- Emphasis should be placed on improving MRI experience to increase the re-attendance rate in supplemental MRI screening.

Keywords Breast density, Breast neoplasms, Early detection of cancer, Magnetic resonance imaging, Patient participation

Introduction

Women with dense breasts have an increased risk of breast
cancer compared to women who have more fatty breasts
[1]. Moreover, the sensitivity of mammography is lower
among women with dense breasts due to the masking effect
of the dense breast tissue [1-3]. As a result, more tumours
are missed in women with dense breasts at mammographic
screening, resulting in an increased interval cancer rate;
interval cancers are those detected in between screening
rounds. Interval cancers are generally more aggressive as
they are typically larger, grow faster, and spread more quickly
than cancers detected at screening, and they are often found
at a later or symptomatic stage [4, 5]. Therefore, the Dense
Tissue and Early Breast Neoplasm Screening (DENSE) trial
investigated the effectiveness of supplemental magnetic
resonance imaging (MRI) on reducing interval cancer rates
in women with dense breasts (ClinicalTrials.gov number:
NCT01315015) [6]. The results of the first screening round
of the DENSE trial showed that adding MRI screening to
biennial mammography resulted in significantly fewer inter-
val cancers than if mammography was used alone [7].

In a previous study, we investigated the attendance rate
in the first MRI round and the reasons for non-participa-
tion [8]. Fifty-nine percent of the women invited for sup-
plemental MRI screening participated in the first round.
Most mentioned reasons for non-participation were MRI-
related inconveniences, such as claustrophobia, and/or self-
reported contraindications, personal reasons, or anxiety
regarding the result of supplemental screening. For a breast
cancer screening program to be effective, it is important
that women attend on a regular basis [9]. To inform the
discussion about implementing MRI screening for women
with extremely dense breasts, it is important to know
whether they re-attend after one or more MRI screening
rounds, and if not, why. Here, we present the re-attendance
rates in subsequent screening rounds of the DENSE trial
and reasons given by participants to discontinue screening
during subsequent screening rounds. Knowledge of these
MRI re-attendance rates and reasons for discontinuation
in subsequent screening rounds could facilitate efforts to
improve MRI screening uptake and experience.

Materials and methods

Study design and participants

The Dutch Minister of Health, Welfare and Sport, who
was advised by the Health Council of the Netherlands
(2011/2019 WBO, The Hague, The Netherlands),
approved the DENSE trial on November 11, 2011. All
participants provided written informed consent.

The DENSE trial is embedded within the Dutch pop-
ulation-based digital mammography screening program
(age 50-75) and consists of three biennial screening
rounds. The study design and outcomes of the first and
second rounds have been described previously [6, 7,
10]. Women were eligible for the DENSE trial if they
had extremely dense breasts (grade 4 or d) as measured
with Volpara version 1.5 (Volpara Health Technologies)
and if they had a negative mammography result (Breast
Imaging Reporting and Data System [BI-RADS] cat-
egory 1 or 2).

All MRI examinations were performed on 3.0-T MRI
systems with the macrocyclic gadolinium-based contrast
agent gadobutrol (0.1 mmol/kg body weight) (Gadovist;
Bayer AG). Details on the full screening MRI protocol
have been described previously [6].

Workflow screening rounds DENSE trial

Between December 2011 and January 2016, 4783 women
were randomised to the intervention arm and partici-
pated in the first screening round of the DENSE trial.
Women with a breast cancer diagnosis, an age outside
the age range of the screening program (>75 years) or
women who passed away or moved abroad during or
after the previous screening round, were not invited for
subsequent screening rounds. All other women were
invited again for mammographic screening 2 years
after the previous (first or second) MRI round; women
who participated in this mammographic screening and
again had a negative (‘normal’) mammography result
were invited for the next MRI round. Women who were
referred for diagnostic work-up as a result of the mam-
mographic screening were excluded from the corre-
sponding MRI round (not invited).
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Calculation of the re-attendance rate

We assessed the re-attendance rate as follows: the numera-
tor consisted of all women who participated in the second
(or third) MRI round of the DENSE trial. The denominator
consisted of all women who were invited for the second (or
third) MRI round.

As a sensitivity analysis, we used a different denominator
consisting of all women who were invited for the second
(or third) MRI round but also the women who had actively
unsubscribed for further participation in the DENSE trial
before they were invited, and women who had declined
their invitation for mammography. We performed this sen-
sitivity analyses because a woman’s decision to decline the
mammography invitation could have been influenced by
their previous MRI experience. To further elaborate this
hypothesis, we analysed the previous MRI experiences in
attendance subgroups (participants, non-participants of
MRI, non-participants of mammography and MRI). Infor-
mation on reasons for declining mammography screening
invitations was not available.

Participant characteristics related to re-attendance
We described participant characteristics of women who re-
attended and those who did not.

Participants completed a self-report questionnaire about
demographic, reproductive and lifestyle factors, and their
(family) medical history. We collected information about
postal codes from the data available from the Dutch mam-
mography program to classify socioeconomic status (SES).

Factors related to MRI screening experience

MRI-related (serious) adverse events ((S)AEs) were
reported directly after the MRI and were self-reported by
women within 30 days after the MRI examination when
applicable. An MRI screen-specific items questionnaire
was administered 2 days after each MRI examination to
assess pain, discomfort, and anxiety experienced during the
MRI examination [11]. A false-positive finding was defined
as a positive MRI result (BI-RADS 3, 4, or 5) without a
diagnosis of breast cancer.

Collection of self-reported reasons for discontinuation

Women were able to discontinue participation in the
DENSE trial at any time. In this case, they were asked to
provide one or more reasons for discontinuation. Subse-
quently, all reasons were registered, and we classified them
into the following categories: MRI-related inconveniences
and/or self-reported contraindications, anxiety regarding
the outcome, personal reasons, practical reasons, burden
too high, or reasons related to surveillance (e.g. already
under active surveillance) [8]. We classified concerns
around gadolinium retention in the brain as a reason for
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discontinuation under MRI-related inconveniences and/or
self-reported contraindications [12, 13]. From March 2020
onwards, women were also able to provide ‘not wanting
to go to the hospital due to the COVID-19 pandemic’ as a
reason, which we categorised as a practical reason. When
women declined the invitation due to a later acquired con-
traindication, we classified this as an MRI-related incon-
venience and/or self-reported contraindication. Reasons
were classified by two authors, and in case of disagreement,
consensus was reached upon assessment of a third author.

Data analyses

The outcome for the analyses was screening re-attend-
ance as defined previously. We reported characteristics
and previous MRI experience as proportions (percent-
age) of women in the category that re-attended. We
reported the means with standard deviation for normally
distributed continuous variables.

We examined differences between participants and
non-participants using Pearson’s chi-squared tests for
categorical variables and ¢-tests for normally distributed
continuous variables. We calculated p-values for trend.
Additionally, we determined whether factors were asso-
ciated with re-attendance, by fitting logistic regression
models adjusted for age to calculate odds ratios (ORs)
with corresponding 95% confidence intervals (Cls). An
OR above 1 indicates that women are more likely to
drop-out, thus less likely to re-attend, in the next MRI
screening round.

We summarised reasons to discontinue screening using
descriptive statistics for all women who actively unsub-
scribed for further participation in the trial after the first
or second round or who declined the invitation for the
subsequent MRI screening round.

Calculations were based on the data collected until
2020-10-06.

We performed all analyses using RStudio software
(RStudio, version 1.3.1093).

Results

Re-attendance rates

Figure 1 shows the flowchart of participation in the first,
second, and third rounds of the DENSE trial. In the first
MRI round, 4783 women participated. Between the first
round and before the invitations for the second MRI round,
women were excluded for various reasons (e.g. moved
abroad, passed away, outside age range). A total of 3458
women participated in the second MRI screening round.
The denominator of the re-attendance rate was 4252, which
was the number of women who were invited for the second
MRI screening round. This resulted in a re-attendance rate
in the second DENSE MRI round of 81.3% (3458/4252).
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4783 completed first round
DENSE

A 4

4381 completed second

83 breast cancer diagnosis

44 outside the age range for screening

11 passed away

3 moved abroad

261 declined mammography screening
invitation

mammography screening

A

71 referred for diagnostic work-up after the
second mammography (excluded from MRI
screening)

4310 negative mammography

(‘Normal result’)

A
4252 invited for second MRI

29 not invited (due to technical issues
women did not receive an invitation)
29 actively unsubscribed from further
participation in MRI screening

round

794 declined invitation MRI round

3458 (81.3%) of 4252 women
participated in the second
DENSE round

A

22 had an unsuccessful MRI measurement

3436 completed second
round DENSE

A 4

3251 completed third
mammography screening

23 breast cancer diagnosis

22 outside the age range for screening
7 passed away

1 moved abroad

132 declined mammography screening
invitation

Y

40 referred for diagnostic work-up after the
third mammography (excluded for MRI
screening)

3211 negative mammography

(‘Normal result’)

A
3160 invited for third MRI

22 not invited (due to technical issues
women did not receive an invitation)
29 actively unsubscribed from further
participation in MRI screening

round

467 declined invitation MRI round

2693 (85.2%) of 3160 women
participated in the third
DENSE round

15 had an unsuccessful MRI measurement

2678 completed third round
DENSE

Fig. 1 Flowchart of re-attendance in the DENSE trial. Second round: 4252 (100%) women were invited for the second MRI screening. Of these, 3458
(81.3%) women participated. Third round: 3160 (100%) women were invited for the third MRI screening. Of these, 2693 (85.2%) women participated
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Between the second and third MRI screening rounds,
women were excluded for various reasons (e.g. moved
abroad, outside age range). A total of 2693 women par-
ticipated in the third MRI screening round. The denomi-
nator of the re-attendance rate was 3160, which was the
number of women who were invited for the third MRI
screening round. This resulted in a re-attendance rate in
the third MRI round of 85.2% (2693/3160).

As a sensitivity analysis, we calculated the re-attendance
rate with the same numerator but a different denomina-
tor (including the women who declined the mammog-
raphy screening invitation and the women who actively
unsubscribed for further participation in MRI screen-
ing). This resulted in a re-attendance rate in the second
MRI round of 76.1% (3458 / (425242614 29=4542))
and a re-attendance rate in the third MRI round of 81.1%
(2693 / (3160+132+29=3321)). Related to this analy-
sis, we created subgroups to check the hypothesis that
a previous MRI experience could influence the decision
to decline the next mammography invitation (see Sup-
plemental Tables 1 and 2). Of the women who experi-
enced very much anxiety during the first MRI round, 29%
(5/17) declined the next mammography invitation, com-
pared to 26% (153/586) of the women who experienced
no anxiety during the previous MRI round (p=0.04). Of
the women who had a false-positive result in the first
MRI round, 43% (46/108) declined the next mammogra-
phy invitation, compared to 22% (215/976) of the women
who experienced no anxiety during the previous MRI
round (p <0.01). These women, who did not attend mam-
mographic screening, were not invited for MRI screen-
ing. Similar results were observed for the third round,
although less profound (Supplemental Table 2).

Study population characteristics

After adjusting for age, nine characteristics were sta-
tistically significantly associated with re-attendance in
the second screening round (Table 1). Older women
(70-74 years) were more likely to drop-out than younger
women (50-54 years) (OR, 2.09; 95% CI, 1.28-3.31).
Women with a BMI between 18.5-24.9 and 25-30 (kg/
m?) were less likely to drop-out than women with a BMI
below 18.5 (OR, 0.57, 95% CI, 0.41-0.80; OR, 0.50, 95%
CI, 0.33-0.76, respectively.). Women who had a higher
education were less likely to drop-out than women who
had a lower education (OR, 0.52; 95% CI, 0.30-0.94).
Women who were currently employed were less likely
to drop-out than women who were not employed (OR,
0.49; 95% CI, 0.37-0.67). Women who currently smoked
were more likely to drop-out than women who never
smoked (OR, 1.59; 95% CI, 1.26-1.99). Women with a
moderate alcohol consumption were less likely to drop-
out than women with no alcohol consumption (OR, 0.59;
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95% CI, 0.47-0.75). Women were more likely to drop-
out with increasing pain during the previous MRI round
(OR'tte, 1.95; QR™derate, 2 64; OR'™ ™M, 8,04). Women
were more likely to drop-out with increasing discomfort
during the previous MRI round (OR"", 1.49; QR™oderate,
2.63; OR*Y ™uch 4,73) Women were more likely to drop-
out with increasing anxiety during the previous MRI
round (OR'™, 1.89; OR™oderte, 4.72; ORYe ™uh, 2.97),
The results of the third screening round were compara-
ble to that of the second screening round; however, the
associations between age or education and re-attendance
were less profound.

Reasons for discontinuation

Table 2 summarises the reasons for discontinuation for
the women who either actively unsubscribed for further
participation or who declined the invitation (#=595 in
the second round and #=496 in the third round). In
the second round, women who discontinued provided a
total of 952 reasons.

Approximately 39.1% (372/952) of all provided reasons
were MRI-related inconveniences and/or self-reported
contraindications. MRI-related inconveniences can be
subdivided into MRI-specific reasons (25.4%), such as
claustrophobia and too much noise at the MRI examina-
tion, and contrast agent-related reasons (13.7%), such
as refusing gadolinium. Moreover, 8.3% of all provided
reasons to discontinue were related to anxiety caused
by the MRI examination, 23.1% to practical reasons,
and 16.6% to personal reasons. In the third screening
round, women who discontinued provided a total of 566
reasons. Approximately 34.8% of all provided reasons
were MRI-related inconveniences and/or self-reported
contraindications. MRI-related inconveniences can be
subdivided into MRI-specific reasons (14.3%), such as
claustrophobia and too much noise at the MRI examina-
tion, and contrast agent-related reasons (20.5%), such as
refusing gadolinium. Moreover, 6.7% of all provided rea-
sons to discontinue were related to anxiety caused by the
MRI examination, 24.4% to practical reasons, and 18.9%
to personal reasons. The reasons to discontinue in the
second or third rounds were similar.

Discussion

In this study, we investigated the re-attendance in sub-
sequent screening rounds of the DENSE trial. Among
those invited, the re-attendance rates were high: 81.3%
(3458/4252) in the second and 85.2% (2693/3160) in the
third round of the DENSE trial. Women who did not re-
participate, in both screening rounds: more often had a
very low BMI (< 18.5); were less often employed; were
more often current smokers; were less often moderate
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Table 2 Reasons of discontinuation in the second and third screening round of the DENSE trial provided by women who actively

dropped out or declined the invitation

Reason Second round Third round
Frequency (%) Frequency (%)
Number of women declining/opting out of MRI screening 595 496
Total reasons given 952 (100%) 566 (100%)
MRI-related inconveniences and/or self-reported contraindications 372 (39.1) 197 (34.8)
MRI specific 242 (25.4) 81 (14.3)
Claustrophobia 71 (7.5) 32 (5.7)
Refusing MRI 6 0.6) 3 0.5)
Physical inability to adopt to/tolerate the right positioning for MRI 8 (0.8) 7 (1.2)
Contraindication for MRI; (self-reported); such as intracorporal metal 11 (1.2) 5 0.9)
Unpleasant MRI experience 27 (2.8) 7 (1.2)
Painful MRI experience 53 (5.6) 8 (1.4)
Too much noise at MRl examination 66 (6.9) 19 (34)
Contrast agent related 130 (13.7) 116 (20.5)
Refusing/fear for needles 8 (0.8) 2 (0.4)
Refusing gadolinium or (self-reported) contraindication for gadolinium 54 (5.7) 61 (10.8)
Due to extra information letter on gadolinium health risks 62 (6.5) 47 (8.3)
Allergic reaction during MRI 6 (0.6) 3 0.5
GFR too low/creatinine too high 0 (0.0) 3 (0.5)
Anxiety caused by MRI examination 79 (8.3) 33 (6.7)
Emotional burden too high 66 6.9) 19 (34)
Concerns about false positives or over-diagnostics 6 (0.6) 4 0.7)
Aversion to hospitals or refusing any medical procedures 7 0.7) 10 (1.8)
Practical reasons 220 (23.1) 138 (24.4)
Time constraints 116 (12.2) 45 (8.0)
The questionnaires 47 (4.9) 33 (5.8)
Travel related inconveniences 10 (1.1) 7 (1.2)
Other priorities 37 (3.9) 49 8.7)
Financial concerns (costs possible additional interventions/diagnostics) 6 (0.6 0 (0.0)
Impossible to schedule MRI appointment/no show 4 04) 2 0.4)
Not willing to come to the hospital due to the corona pandemic (March 2020) onwards) 0 0.0) 2 (0.4)
Personal reasons 158 (16.6) 107 (18.9)
Other disease/health concerns 85 (8.9) 59 (104)
Low estimate of own risk (‘'The regular screening program is sufficient for me’/ 'l feel safe after one 37 (3.9 24 4.2)
negative MRI’)
Inability to oversee consequences/aims of the study 0 0.0) 0 (0.0)
Personal reasons without further explanation 17 (1.8) 15 (2.7)
Age 1 0.1) 0 (0.0)
Not satisfied with the way being treated 18 (1.9) 9 (1.6)
Burden too high (without explanation) 20 (2.1) 10 (1.8)
Surveillance related 8 (0.8) 4 (0.7)
Already under active surveillance/recently referred before MRI 3 0.3 2 (0.4)
Made an appointment with my GP 0 0.0) 0 (0.0)
Participation was discouraged by others/my GP 2 0.2) 2 04)
Aversion to extra prevention 2 0.2) 0 (0.0)
Don't want to participate in an RCT/research 1 0.1) 0 (0.0)
Reason could not be classified 4 (0.4) 5 (0.9)
Reason not given or specified 91 (9.6) 72 (12.7)
No interest; not specified (I'm not interested anymore’) 75 (7.9 60 (10.6)
No reason given 14 (1.5 10 (1.8)
Died 2 0.2) 2 (04)
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GP, general practitioner; GFR, glomerular filtration rate; RCT, randomised controlled trial

Reasons for discontinuation reported by women actively dropping out of the DENSE trial or declining invitation for the DENSE trial in the second or third round.
Women could give several reasons. The number of reasons in each category is presented and the percentages are calculated by dividing the number by the total

number of reasons given in that round

alcohol consumers; and more often perceived pain, dis-
comfort, or anxiety during the previous MRI round.
MRI-related inconveniences, specifically reasons such
as claustrophobia and too much noise, were mentioned
most frequently in both screening rounds as a reason not
to continue screening.

We do not have much literature to compare our study
with, as there are limited screening MRI studies with
multiple screening rounds. Multiple studies address
adherence in mammographic screening programs. Our
results are in line with the results of a meta-analysis con-
ducted by Damiani et al, who concluded that women with
a higher educational status were more likely to adhere to
mammographic breast cancer screening than women
with a lower educational status [14].

Furthermore, we studied the reasons for discontinuing
screening; MRI-specific inconveniences such as claustro-
phobia and too much noise at the MRI examination were
most frequently mentioned reasons to discontinue in our
study. This indicates that a prior unfavourable experience
with breast MRI could have a negative impact on women’s
willingness to re-attend in another screening round. In a
previous paper on initial reasons for non-participation in
the DENSE trial, MRI-specific inconveniences, with claus-
trophobia being the most frequently cited, were also most
often given as reason to not participate [8]. A recent study
conducted by Berg et al investigated patient preferences
for contrast-enhanced mammography (CEM) versus
MRI as supplemental screening options [15]. One fre-
quently mentioned reason for preferring CEM over MRI
was also claustrophobia. However, it should be noted that
the effectiveness of CEM in a population-based screen-
ing setting merits further validation. A potential approach
to reduce the concern about claustrophobia would be
to offer an abbreviated form of MRI, in which women
spend less time inside the MRI machine. Additionally, it is
important to give the opportunity to women to communi-
cate any concerns or potential discomforts with the medi-
cal staff before the MRI examination. They can provide
guidance on how to manage or alleviate some of these
discomforts. Finally, among the MRI-related inconven-
iences, contrast agent—related reasons were given, which
likely would affect not only MRI, but also other contrast-
enhanced techniques, including CEM. An alternative
study that does not require contrast is ultrasound. How-
ever, due to limited incremental cancer detection yield
of ultrasound, the European Society of Breast Screening

(EUSOBI) recommends this technique only in situations
where MRI screening is unavailable [16].

We found no difference in re-attendance in both MRI
screening rounds between women who had a false-pos-
itive result in the previous MRI screening round and
women who had not. However, in the sensitivity analy-
ses, we found that women who had a false-positive result
in the previous MRI screening round less often par-
ticipated in the subsequent mammographic screening
round. Women who did not attend the mammographic
screening did not receive an invitation for the next MRI
screening round. This finding is in line with most previ-
ous studies that investigated the effect of a false-positive
result on re-attendance in mammographic screening;
women with a false-positive mammogram were less likely
to re-attend and were more likely to delay their subse-
quent screening [17, 18]. However, some studies have
found the opposite effect of a false-positive result [19].
In a previous paper, we showed that the false-positive
rate decreased from 79.8/1000 screenings in the first
MRI round to 26.3/1000 screenings in the second MRI
round [10]. It is expected that the false-positive rate will
decrease further during subsequent screening rounds.
Thus, any adverse effects on attendance due to false posi-
tives are expected to decrease with incidence screening.

A major strength of this study is the large sample size.
Moreover, the sample population is a good representa-
tion of the domain under study due to the multicentre
design of the trial and its embedment in the national
breast cancer screening program. A limitation, however,
is that we do not have any direct information about eth-
nicity, since it is illegal to register ethnicity in The Neth-
erlands. This makes it more difficult to extrapolate these
results to other populations. Another limitation of the
study is that we had no information on reasons for drop-
out for women who did not return to the mammographic
screening program. An unfavourable MRI screening
experience in the preceding screening round might be a
reason not to return to the mammographic breast cancer
screening program.

Recently, the EUSOBI recommended MRI as a supple-
mental screening technique for women with extremely
dense breasts, but the debate on its implementation in
breast screening programs is ongoing [19]. From our study,
we conclude that for many women MRI is an acceptable
screening method, as re-attendance rates were high —
even for screening in a clinical trial setting. To further
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increase (re-)attendance, one option could be to improve
MRI experience. This could be accomplished by imple-
menting the use of wide-bore MRI scanners, which might
decrease feelings of claustrophobia [20, 21], or implement-
ing abbreviated forms of MRI which reduce acquisition
time and noise levels. Furthermore, the occurrence of
false-positive MRI results could potentially be reduced in
the future, by using prediction rules for false-positive out-
comes based on patient and imaging characteristics and/or
introducing machine learning methods that could better
distinguish malignant from benign breast cancer lesions
on an MRI scan [22]. Finally, awareness and better edu-
cation about extremely dense breasts and supplemental
screening might increase (re-)attendance.

Abbreviations

CEM Contrast-enhanced mammography

@] Confidence interval

DENSE trial  Dense Tissue and Early Breast Neoplasm Screening
EUSOBI European Society of Breast Imaging

MRI Magnetic resonance imaging

OR Odds ratio

SAE Serious adverse events

SES Socioeconomic status
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