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Plain English summary 

In the UK, people aged 50-70 are offered mammograms (x-ray images of the breasts) every 

three years to help detect breast cancer early. This national screening programme has success-

fully reduced breast cancer deaths by 20-40%. However, mammograms are less effective for 

persons with dense breasts, who also have a higher risk of cancer. About half of screened per-

sons have dense breasts, which can lead to missed cancers. 

A 2019 review by the National Screening Committee found that there was no evidence that add-

ing ultrasound to mammograms reduced cancers found between screenings, lowered mortality, 

or reduced NHS costs in participants with dense breasts who had negative screening results. 

Recently, other screening methods have been considered. Clinical guidelines in the US and Eu-

rope now recommend that people be informed about their breast density and, in some cases, 

receive additional screening like Magnetic Resonance Imaging (MRI).  

We have gathered information from clinical studies published in the medical literature on the 

performance of advanced imaging methods compared to traditional mammography for people 

with dense breasts. Our goal was to determine which imaging method -— such as MRI, 

handheld ultrasound (HHUS), automated breast ultrasound (ABUS), 3D mammography also 

known as digital breast tomosynthesis (DBT), or contrast-enhanced mammography (CEM) — 

could be added to standard breast mammography to improve cancer detection in people with 

dense breasts.  

We have identified 36 studies. Key findings include: 

• DBT, ABUS, and HHUS detected 1-3 extra cancers per 1,000 exams. 

• MRI detected about 19 extra cancers per 1,000 exams - a much higher rate. 

• In a single study (BRAID), CEM performed similarly to MRI. 

• The definition of recall rates (how often patients are called back for further testing) varied 

between studies, making direct comparisons difficult, however, the recall rates were 

generally below the recommended 10% threshold, making them acceptable given the 

additional cancers detected.  
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• There were small increases in biopsy rates (proportions of people who undergo a biopsy 

after an abnormal screening result) for ABUS and MRI compared with standard 

mammography. 

• Two large studies showed that adding MRI reduced cancers found between screenings 

compared with standard mammography. 

 

Overall, MRI and CEM appear to be superior to DBT, ABUS, and HHUS in identifying cancers 

missed by standard mammography. There are, however, some considerations regarding MRI 

studies, such as delays between mammograms and MRIs and the fact that some studies fo-

cused only on people with extremely dense breasts. Despite these limitations, current evidence 

suggests MRI, and possibly CEM, could improve early cancer detection in people with dense 

breasts who are at higher risk of cancer. 
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Executive summary 

Background 

The UK National Screening Committee (UK NSC) plays a vital role in early cancer detection, 

inviting women aged 50-70 years for mammography every three years. This national 

programme has led to a significant 20-40% reduction in breast cancer mortality risk. However, 

underdiagnosis remains a critical concern, particularly for women with dense breast tissue, a 

factor that not only increases cancer risk but also diminishes the effectiveness of 

mammograms. Nearly half of all women in screening programmes are classified as having 

heterogeneously or extremely dense breasts - categorised as BI-RADS (Breast Imaging 

Reporting and Data System) grades C and D, respectively - placing them at a heightened risk of 

missed breast cancer diagnoses. Given this substantial gap in detection, the question of 

whether additional imaging methods could improve outcomes has been a subject of ongoing 

debate. 

In 2019, the UK NSC commissioned an evidence review to evaluate the potential benefits of 

supplemental ultrasound screening for women with dense breasts following a negative 

mammogram. This review concluded that existing evidence did not demonstrate that ultrasound 

could reduce interval cancers and mortality, nor did it prove to be a cost-effective option for the 

NHS, leading to its rejection as an additional screening modality.  

Meanwhile, the landscape of breast imaging is rapidly evolving. In 2022, the European Society 

of Breast Imaging (EUSOBI) issued guidelines recommending that women be informed of their 

breast density and offered supplemental magnetic resonance imaging (MRI) screening for those 

with extremely dense breasts. In the US, the FDA has mandated that, from September 2024, 

mammogram reports must disclose breast density information and advice should be provided to 

patients that additional screening could aid cancer detection. In the UK, the recently completed 

multicentre BRAID (Breast Screening — Risk Adapted Imaging for Density) study investigated 

whether abbreviated MRI, contrast-enhanced mammography (CEM), and automated breast 

ultrasound (ABUS) could enhance cancer detection in women with dense breasts.  

Focus of the review 

The aim of this report is to examine the existing evidence related to the use supplemental 

imaging modalities compared with standard mammography in individuals with breast density 
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who underwent screening for breast cancer (UK NSC Criterion 4: There should be a simple, 

safe, precise and validated screening test). Comprehensive search strategies were developed 

by an information scientist and the following databases were searched from 2014 onwards: 

MEDLINE, Embase, Cochrane Database of Systematic Reviews, CENTRAL, Scopus, and Web 

of Science. Only articles published in full were eligible for inclusion.   

Findings of the review 

Thirty-six studies were included in this review, of which 18 investigated DBT as a 

supplementary modality, 6 investigated ABUS, 9 investigated HHUS, 6 investigated MRI, and 3 

investigated ‘other’ modalities, including a single study assessing CEM. 

DBT, ABUS and HHUS detected more cancers than mammography alone. The additional 

cancers detected per 1,000 screenings were on average 1.69 (95% CI 0.81, 2.58), 2.3 (95% CI 

1.28, 3.33), and 2.57 (95% CI 0.99, 1.44) for DBT, ABUS, and HHUS, respectively. In contrast, 

MRI demonstrated a greater mean difference, detecting an additional 18.92 (95% CI 15.41, 

22.43) cancers per 1,000 screenings compared to mammography. This estimate was based on 

five randomised studies where women with a negative mammogram underwent supplementary 

MRI. Sensitivity analysis, excluding small studies (<500 participants) did not substantially alter 

the findings, with MRI detecting 17.23 (95% CI 14.38, 20.08) cancers per 1,000 screenings 

across three large studies. For CEM, only one study investigated its effectiveness. The cancer 

detection rate (CDR) was comparable to MRI, suggesting its potential as a supplementary 

screening modality. The differential combined recall rate varied across supplementary 

modalities but was broadly similar for ABUS and HHUS and did not differ substantially for MRI. 

Interestingly, despite the considerably higher CDR for MRI, the recall rate did not increase as 

expected. Both the pooled recall rate estimate and the estimates of the four individual studies 

included in the MRI meta-analysis remained within the acceptable thresholds (<10%) set by the 

National Health System Breast Screening Programme. Notably, variability in the definition of 

‘recall rate’ across studies limited direct comparisons, although definitions were broadly 

consistent across MRI studies. Regarding biopsy rates, there was no difference between DBT 

plus mammography and mammography-only. Even though there was considerable 

heterogeneity in the data, we observed small increases in biopsy rates for ABUS and MRI in the 

supplementary screening group compared to mammography. CEM biopsy rates were 

comparable to those of MRI. 
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Data on interval cancer rates (cancers detected between screening rounds) were often not 

reported or inconsistently reported across included studies. Two studies reported lower interval 

cancers in the HHUS supplementary group. Two studies reported interval cancer data for MRI. 

The DENSE study reported that in the incidence screening round, there were 2.5 (95% CI 1.6 to 

3.8) interval cancers detected per 1,000 screenings in the MRI invitation group and 5.0 (95% CI 

4.3 to 5.5.8) in the mammography-only group. Among women who actually underwent MRI, the 

interval cancer rate was lower, with 0.8 interval cancers detected per 1,000 screenings. The 

German Kuhl study reported that no interval cancers were detected in over 2 years of follow-up 

in patients who had supplemental MRI. 

False positives were not widely reported across studies and imaging modalities. For MRI, 

reports from the DENSE study showed a notable reduction in false positive rates between 

screening rounds.  

Of the 36 included studies, 13 reported tumour characteristics with supplementary imaging 

generally out-performing mammography alone in detecting invasive cancers. Supplementary 

MRI detected 4, 32, 14 and 64 invasive cancers across four studies involving women with a 

negative mammogram. The reported median tumour sizes were 1.0 cm (IQR 0.8-1.5 cm) and 

0.7 cm (IQR 0.6-1.0 cm) in 2 studies. For CEM, the UK BRAID study found that 32 of 39 

detected cancers were invasive, and the median size of detected cancers was 1.1 cm (IQR 0.7-

1.5 cm). CEM was reported to detect three times as many invasive cancers as ABUS and have 

a performance comparable to MRI. 

There was little evidence of a formal attempt to measure the time required to conduct or 

interpret supplementary imaging. Among the 36 included studies, only nine studies reported 

some data on this aspect.  

Concerning the methodological quality of included studies, while most studies were deemed to 

have a low risk of bias in terms of patient selection, five studies were classified as high risk due 

to opportunistic recruitment. Applicability concerns were noted in 14 studies, mainly relating to 

the participants' age range. Two MRI studies focused exclusively on women with extremely 

dense breasts, while the scope of this systematic review encompasses both heterogeneous and 

extreme breast density. In one MRI study, the comparator group included individuals with both 

negative ultrasounds and negative mammography, raising some applicability concerns. The 
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main quality concerns stemmed from flow and design, including missing or insufficient details on 

follow-up, incomplete data reporting, and delays between index tests and comparator tests. 

Limitations  

In our review, we included both retrospective and randomised studies, which may elevate the 

risk of selection bias due to confounding factors. To address this, we excluded studies featuring 

‘selected’ populations with characteristics linked to higher cancer risk, ensuring the inclusion of 

women at average cancer risk, aside from dense breasts. This approach limited the number of 

studies, along with the review’s statistical power, but allowed for better representation of the 

general breast screening population. Additionally, since the review was focused on ‘dense’ 

breasts without distinguishing between heterogeneous and extremely dense types, we could not 

determine if supplementary modalities performed better for the densest breasts. As we included 

studies including women with negative mammography as well as studies of women assigned to 

a mammography-only arm, we reported differential data rather than absolute values. To capture 

the latest evidence in this rapidly evolving field, we conducted searches up to November 2024, 

including unpublished reports, which allowed us to incorporate a confidential version of the 

BRAID study. 

 

Considerations and uncertainties 

In terms of cancer detection, supplementary MRI and CEM demonstrated superiority over DBT, 

ABUS and HHUS in detecting cancers that were missed by mammography alone. Therefore, 

the following considerations focus mainly on these two modalities. 

This systematic review did not specifically differentiate between heterogeneously and extremely 

dense breasts. The meta-analysis of the supplementary MRI showed a high CDR and relatively 

low recall rates; however, it is important to note that the DENSE study exclusively examined 

women with extremely dense breasts, raising concerns about its broader applicability. In 

contrast, the BRAID study included women with both types of density, showing similar detection 

rates to the prevalence screening group of the DENSE study. The EUSOBI recommends MRI 

screening every 2-4 years for women with extremely dense breasts, citing robust evidence from 

the DENSE study. Given that breast density manifests as a continuum, the BRAID study 

suggests that the cancer-detecting benefits of supplementary MRI extend beyond those with the 

highest breast density.  
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The BRAID study used an abbreviated MRI protocol, whereas the other three studies employed 

a full MRI protocol. The feasibility of widespread MRI use as a supplementary screening tool 

may be limited by cost, availability, and the expertise required for conventional MRI. An 

abbreviated protocol could mitigate these limitations by increasing throughput and reducing 

costs. A retrospective study of 356 women supports the accuracy of abbreviated MRI, showing 

comparable performance to full-protocol MRI. 

In studies on supplementary MRI, the primary risk of bias relates to flow and timing. Our review 

identifies a potential risk of bias in the BRAID, Bakker, and Veenhuizen studies due to the time 

between index tests (negative mammography and supplementary MRI), with median intervals 

ranging from 8 to 20 weeks. The German Kaiser study, in its preliminary report, excluded 

participants without an index test within two months to rule out interval carcinoma being 

interpreted in favour of MRI. Although logistical issues can affect MRI access and availability, 

similar intervals were observed in the BRAID study for other modalities, such as ABUS and 

CEM. An applicability concern was also raised regarding the German study by Kuhl et al. as the 

comparator arm included participants who had both a negative mammogram and, in 65% of 

cases, a negative ultrasound. This could have led to an underestimation of MRI’s performance 

as some cancers missed by mammography may have been detected by ultrasound. However, 

the exact numbers of such cases were not given. 

Overall conclusions 

Standard screening mammography misses cancers in women with dense breasts. Our analysis 

of randomised evidence demonstrates that supplementary MRI is superior to ABUS, HHUS and 

DBT in detecting cancers missed by mammography. The UK-based BRAID study provides addi-

tional evidence to support the findings of the Netherlands-based DENSE study. It is important to 

note that detection rates, recall and biopsy rates may decline in the incident screening rounds, 

as observed in the second round of the DENSE study. The interval between negative mammog-

raphy and supplementary MRI could introduce a potential risk of bias. CEM was shown to have 

a similar performance to MRI, though this finding is based only on the BRAID study. Overall, 

these findings highlight supplementary screening modalities that have the potential to increase 

the number of cancers detected in women with dense breasts, contributing to a more refined 

approach to population-level screening. 
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Introduction and approach 

Background 

Breast cancer is the most common type of cancer among participants in the UK, accounting for 

15% of all new cancer cases. Each year around 55,900 are diagnosed, more than 150 daily.1 

Whilst breast cancer can occur at any age, it most commonly affects postmenopausal people 

over 50 years of age.  

The UK national screening programme invites individuals aged 50-70 years for mammograms 

every three years, significantly reducing breast cancer mortality risk by 20-40%.2-4 However, 

underdiagnosis remains a concern, particularly for individuals with dense breast tissue, which 

not only increases cancer risk but also makes mammograms less effective.5  

Breast density is determined by the proportion of fibroglandular tissue visible on a mammogram. 

It is classified into four categories (A,B,C,and D) according to the American College of 

Radiology Breast Imaging Reporting and Data System (ACR BI-RADS) system6 with categories 

C and D indicating heterogenous to extremely dense breasts. Nearly half of people in screening 

programmes fall into these two groups,7 making them more prone to missed diagnoses. In 

clinical practice, breast density has traditionally been assessed through a subjective manual 

evaluation, where radiologists visually inspect mammograms to categorise breast density. 

Ethnicity also plays a role. For example, women in Japan have denser breasts. Unlike Western 

countries, where screening has been associated with decreasing mortality, Japan has not 

observed a similar reduction in mortality rates,8 possibly due to underdiagnosis with standard 

mammography.9 
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Rationale for the review 

Criterion 4 — There should be a simple, safe, precise and validated screening test   

Question — What is the effect of an additional imaging modality to supplement 
standard mammography compared with standard mammography alone for identi-
fying breast cancer in people with dense breasts? 

In 2019, the UK National Screening Committee (NSC) commissioned an evidence review to 

evaluate the benefits of additional ultrasound screening for people with dense breasts after a 

negative mammogram.10  

The review found that increased breast density was associated with reduced mammography 

sensitivity and a higher risk of interval cancers. However, it also highlighted challenges in 

validating the breast density measurement methods and reported high false positive rates with 

ultrasound. Notably, no evidence supported ultrasound in reducing interval cancers and 

mortality, nor demonstrated its cost-effectiveness, leading to its rejection as a supplemental 

screening modality.10  

 

The field of breast imaging is rapidly advancing. In 2022, the European Society of Breast 

Imaging (EUSOBI) guidelines recommended informing women about their breast density and 

offering supplemental Magnetic Resonance Imaging (MRI) screening for those with extremely 

dense breasts.11 In the US, the FDA has mandated that, from September 2024, mammogram 

reports must disclose breast density and inform patients that additional screening may aid 

cancer detection.12  

In the UK, the multicentre Breast Screening - Risk Adapted Imaging for Density (BRAID) study, 

which investigates whether abbreviated MRI, Contrast Enhanced Mammography (CEM), and 

automated breast ultrasound (ABUS) improve cancer detection in women with dense breasts, 

has recently been completed. Its findings will contribute to the growing evidence base.13  

To inform future policy, the UK NSC has commissioned a suite of evidence reviews to assess 

supplemental imaging modalities to detect breast cancer in individuals with dense breasts and 

the role of these modalities within the national breast screening programme.  
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Objectives 

Specifically, these reviews address the following objectives: 

• Objective 1: To determine the agreement (concordance) between automated and manual 

measurement of mammographic breast density 

• Objective 2: To determine the effect of an additional imaging modality to supplement 

standard mammography compared with standard mammography alone for identifying 

breast cancer in individuals with dense breasts. 

• Objective 3: To review evidence on existing economic models assessing the costs and 

consequences of enhanced mammographic screening for individuals with breast density. 

This document addresses Objective 2 and complies with NSC criterion 4 for a population 

screening programme, which requires a simple, safe precise and validated screening 

test.   
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Methods 

General 

This systematic review was commissioned by the UK NSC and was conducted in accordance 

with the recommendations of the Cochrane Handbook for Systematic Reviews of Interventions14 

and in adherence with the Preferred Reporting Items for Systematic Reviews (PRISMA) guide-

lines.15 The methods were pre-specified in a protocol and registered with the PROSPERO Inter-

national Prospective Register of Systematic Reviews, available from: 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42024550250.  

 

Patient and public involvement (PPI) 

Two PPI partners were part of the study Advisory Group, which also included academic and 

clinical experts. One PPI partner has lived experience of undergoing mammography for routine 

breast screening and the other has lived experience of breast cancer. PPI partners participated 

in regular Advisory Group meetings, where they contributed to discussions and made recom-

mendations at each stage of the project. 

 

Language and inclusivity statement 

Most people who use the UK’s breast screening programme identify as women, though not all 

do. While using exclusively gender-neutral language can enhance inclusivity, it may also reduce 

clarity. None of the studies included in our review reported data on non-binary participants. We 

have, therefore, chosen to use both ‘women’ and gender-neutral language where appropriate. 

We recognise this is a compromise; however, when we refer to ‘women’, we ask the readers to 

interpret this as including all individuals who use the breast screening service, not only those 

who identify as women. 

 

Role of the funding source 

The NIHR Aberdeen-Belfast Evidence Collaboration (ABEC) was funded by the NIHR Evidence 

Synthesis Programme to conduct this review (project no. NIHR164221). The funder of the study 

and the UK NSC contributed to the conceptualisation of the research question and study de-

sign, but had no role in data collection, data analysis, data interpretation, or writing of the report. 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42024550250
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Eligibility for inclusion in the review 

 

Search strategy 

Comprehensive literature search strategies were developed by an Information Specialist (PM) 

to identify relevant published peer-reviewed articles. Major electronic databases were searched, 

including MEDLINE, Embase, Scopus, The Cochrane Database of Systematic Reviews, Web of 

Science, and CENTRAL. No language restrictions were applied to the searches, but results 

were limited to articles published within the last 10 years to capture the most relevant develop-

ments in imaging screening techniques. Abstracts of conference proceedings were screened for 

late-breaking studies; however, those without subsequent full-text publications were not in-

cluded. Searches were conducted up to end July 2024, with an additional search extending to 

early November 2024 to ensure the inclusion of potential new studies. The searches focused on 

imaging modalities to detect breast cancer in individuals with breast density and on manual and 

automated measurements of breast density. The search strategies included both relevant data-

base index terms and text words. The reference lists of articles selected for full-text appraisal 

were screened for additional sources of evidence. Ongoing trials were identified by searching 

major clinical trial registries. All references were exported to Endnote for recording and dedupli-

cation. Details of the MEDLINE search are reported in Appendix 1.  

 

Study selection 

One reviewer (SND) screened all citations identified by the search strategies using EPPI-re-

viewer.16 A second reviewer (CR) independently screened a random sample of citations (20%) 

to ensure consistency by comparing their results. Potentially relevant articles were retrieved in 

full, and while the protocol stated that each paper was to be assessed independently by two re-

viewers, due to time constraints, a 20% sample was assessed by a second reviewer (CR). Any 

disagreements were resolved through discussion between reviewers or consultation with the 

wider research team. Multiple publications of the same study were linked and considered to-

gether. The number of excluded studies was noted, and the main reasons for exclusion were 

documented. The study selection process for Objective 2 is depicted through a PRISMA flow 

diagram (Appendix 2, Figure 1). 
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The following information were recorded from the included studies: characteristics of publica-

tion: (first author, year of publication, recruitment dates, geographical location (urban/rural), 

name/number of centres, language, screening setting, objectives, inclusion and exclusion crite-

ria); characteristics of participants; number and experience of the health professional involved in 

the measurement of breast density; frequency of screening, and characteristics of relevant im-

aging modalities (MRI, CEM, HHUS, ABUS, DBT). Data were extracted by one reviewer using a 

bespoke data extraction form and checked by a second reviewer (EMcC). Any disagreements 

were resolved through discussion. Extracted data were recorded using Microsoft Excel®.  

A priori, the following approach was planned for prioritising studies for extraction:  

• Studies reporting predefined outcomes for supplementary imaging plus mammography 

versus mammography alone. The comparator for mammography had to be standard 2D 

mammography and not 3D or synthetic mammography. 

• In line with the inclusion criteria, only studies based on breast cancer screening 

programmes were considered eligible for inclusion. Studies involving selected 

populations (e.g. people with prior breast cancer, people with genetic risk for breast 

cancer, and people with strong family history of breast cancer) were excluded. 

• Only data relevant to people with dense breasts (heterogeneously dense and extremely 

dense) were deemed relevant. Studies that recruited a mixed population were included 

only if they reported data for people with dense breasts separately. 

• Studies involving people with negative DM results were deemed suitable for inclusion. In 

such cases, only data relevant to the supplementary imaging modality were extracted. 

• Some studies reported outcomes for people who received either supplementary imaging 

plus mammography, or mammography alone while others included only people who 

underwent supplementary imaging. If studies provided separate data for the 

supplementary imaging plus mammography and mammography alone, those were 

extracted. 

• Studies were examined for potential duplicate reporting. If concerns arose, study authors 

were contacted. Preliminary reports of subsequently published data were excluded from 

the final included set. 
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• Meta-analysis was performed only if at least three studies reported relevant outcome 

measures.  

• Studies with a small sample size (<500 participants) were not excluded but flagged. 

Sensitivity analyses were planned for those eligible for meta-analysis. 

• Attempts were made to contact authors for clarification where study details were unclear. 
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Table 1  Inclusion criteria for the key question  
 

 

Key question Inclusion criteria 
 

 Population Target  
condition 

Intervention Comparator Outcome Study type 

What is the ef-
fect of an addi-
tional imaging 
modality to 
supplement 
standard mam-
mography 
compared with 
standard mam-
mography 
alone for identi-
fying breast 
cancer in peo-
ple with dense 
breasts? 

Individuals 
between 40 
and 70 years 
of age un-
dergoing 
screening 
who have 
been strati-
fied by 
breast den-
sity catego-
ries using ei-
ther visual or 
automated 
methods 

Breast cancer 
in people with 
breast density 

Supplemental imaging 
modalities for detec-
tion of breast cancer in 
people with breast 
density. These in-
cluded: 
Magnetic resonance 
imaging (full MRI/ab-
breviated MRI) 
Contrast-enhanced 
mammography (CEM) 
Ultrasound (hand-held 
HHUS/automated 
ABUS) 
Digital breast tomogra-
phy (DBT) 

Mammography 
(standard 2D mam-
mography) 
We excluded articles 
that report direct 
comparisons of the 
diagnostic perfor-
mance of mammog-
raphy versus another 
imaging modality or 
articles that as-
sessed the diagnos-
tic performance of 
single imaging mo-
dalities. 

• Cancer detection rate 

• Interval cancer rate 

• Recall rate 

• Positive predictive val-
ues 

• False positive rate 

• Sensitivity 

• Specificity 

• Cancer stage and nodal 
involvement at detection 

• Time needed for the ad-
ditional imaging modal-
ity to be performed 

Studies published in Eng-
lish in the last 10 years 
that assessed the perfor-
mance of supplemental 
imaging modalities for the 
detection of breast cancer 
in people with dense 
breasts 
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Data extraction and risk of bias  

Two reviewers (SND and EMC) conducted data extraction using a prespecified data extraction 

form that was developed with input from the Advisory Group. This form was designed in 

accordance with PRO-EDI17 initiative guidelines to ensure consideration of equality, diversity 

and inclusion in participant characteristics within evidence syntheses. The Quality Assessment 

of Diagnostic Accuracy Studies-2 (QUADAS-2) tool was used to evaluate the risk of bias in 

individual studies.18 QUADAS-2 consists of four domains: patient selection, index test, reference 

standard, and flow and timing. For comparative accuracy studies, we used the QUADAS-C 

version of the tool to assess the risk of bias. Assessments were initially conducted by one 

reviewer (SND) and subsequently discussed with a second reviewer (GV), who also performed 

accuracy checks. To develop the risk of bias guidance table (Appendix 3, Table 6), input was 

sought from the review team and clinical experts.  

Data analysis 

The findings of included studies were summarised narratively and, when appropriate, through 

meta-analyses. For studies that compared the performance of supplemental imaging screening 

to standard mammography for dense breasts, we followed the methods recommended by the 

Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy and presented the re-

sults for each screening modality (e.g. HHSU, ABUS, MRI, CEM, DBT) separately. When possi-

ble, we presented pooled estimates with 95% CIs for efficacy screening outcomes (e.g., detec-

tion rate, recall rate, biopsy rate). Results of random-effects meta-analyses are presented in 

summary tables and displayed graphically using forest plots. The width of the CIs was used as 

a measure of the precision and reliability of the effect estimate. The I2 statistic was used to de-

scribe the percentage of total variation across included studies due to heterogeneity rather than 

chance.19 We used the following thresholds for the interpretation of I2: <30% will indicate low 

heterogeneity, 30–60% moderate heterogeneity and >60% substantial heterogeneity.17  
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Description of the evidence 

Database searches yielded 1,740 reports, which were screened at the title and abstract stage. 

Of those, 178 were selected for full-text screening. The main reasons for exclusion during full-

text assessment included: incorrect population (n=34), ineligible intervention (n=29), absence of 

relevant comparator [mammography] (n=24), incorrect publication type (n=15), no breast 

density stratification (n=14), inappropriate setting (n=11), duplicates (n=6), irrelevant outcomes 

(n=4) and incorrect study design (n=1). A total of 39 reports were judged to be relevant to 

address the research question, and an additional two articles were retrieved from other sources; 

one accessed in its draft version (pre-publication stage).20 One was retrieved during the Review 

1 search phase and was deemed applicable for Review 2.21 Of these 41 potentially relevant 

reports, 5  were subsequently excluded as they reported duplicate data, bringing the final 

inclusion to 36 reports of original data. As there were multiple reports of individual trials 

(reporting distinct population subsets), the 36 included studies represented findings from 32 

unique trials. The 36 included studies examined a total of 42 supplementary imaging modalities, 

as some studies assessed more than one imaging modality. Comprehensive results tables, 

covering demographic details, study characteristics, study design, and screening information for 

each supplementary screening modality, are provided in Appendix 3 (Tables 1.A to 5.B). A 

PRISMA flow diagram is presented in Appendix 2, Figure 1, alongside lists of both included and 

excluded studies. To explore the impact of small study sizes, we agreed with the study’s 

Advisory Group to conduct a sensitivity analysis excluding studies with fewer than 500 

participants. This represented a deliberate deviation from the original research protocol. 

Characteristics of the included studies  

Of the 36 identified studies investigating the role of supplementary imaging for the detection of 

breast cancer, 10 were published in the last two years (2023/4).20, 24-32 Geographically, 16 

studies focused on studies conducted in Europe,20-22, 28, 30, 32-42 10 on studies conducted in North 

America,39-48 and 10 on studies conducted in Asia.23-27, 29, 31, 53-55 Across these 36 studies, a total 

of 42 supplementary modalities were evaluated. The most frequently investigated modality was 

digital breast tomosynthesis (DBT), assessed in 18 studies, followed by handheld ultrasound 

(HHUS) in 9, automated breast ultrasound (ABUS) in 6, and magnetic resonance imaging (MRI) 

in 6. In addition, one study each evaluated contrast-enhanced mammography (CEM),20 whole 

breast sonography (WBS, a combination of ABUS/HHUS),49 and combined WBS/DBT49 

(Appendix 3, Tables 1.A to 5.B). As data extraction focused exclusively on people with dense 
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breasts, the mean age of these participants was not consistently reported across studies and 

some studies failed to provide age-related data. Few studies reported on the ethnicity of 

participants. 

Quality assessment  

The overall results of the risk of bias assessment for the 36 included studies are summarised in 

Figure 1 and detailed results for individual studies are provided in Table 2. In the text below, we 

describe the main risk of bias assessment issues according to the QUADAS-2 domains. 

Patient selection 

In most studies, patient selection was judged to be at low risk of bias. However, one study (3%) 

had an unclear risk due to insufficient reporting,29 while 5 studies (14%) were deemed at high 

risk due to opportunistic patient selection.25, 29, 45, 52, 53 Examples of this include people opting for 

supplementary screening, access being limited to those with health insurance, or availability 

through workplace programmes.  

There was no concern regarding case-control studies since these were excluded, as per our 

guidance. Similarly, our eligibility criteria restricted inclusion to studies conducted within the 

breast cancer screening setting. Studies focusing on high-risk populations, such as people with 

genetic mutations or prior history of breast cancer were excluded, except for those specifically 

assessing people with dense breasts. Inappropriate exclusions were rare but present in 5 stud-

ies (14%).25, 29, 45, 52, 53 In these cases, participants may have been excluded for reasons such as 

lack of insurance coverage for supplementary imaging, lack of workplace access to imaging, or 

personal choice to decline additional imaging after being informed of potential radiation expo-

sure.  

In terms of whether the study population aligned with the population of interest for this system-

atic review, 14 (39%) studies were deemed to have applicability concerns. The primary reason 

was that the age profile of most participants did not match the UK breast screening age range. 

Two studies from the Dutch DENSE trial on MRI were flagged for applicability concerns as they 

included participants with extremely dense breasts, whereas the scope of this systematic review 

includes both heterogeneously and extremely dense breast categories.37, 39 A further study on 

MRI was flagged for applicability concerns as the comparator arm was not a true mammogra-

phy-only group.22 In this study, approximately 65% of participants had both a negative ultra-
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sound and a negative mammography. Individuals who had a negative ultrasound were not eligi-

ble for inclusion in the MRI imaging study; however, the exact number was not specified. As a 

result, the comparator arm had an advantage compared with a mammography-only arm, likely 

leading to an underestimation of MRI’s cancer detection performance.  

We considered studies to be at low risk of bias if they used paired or randomised designs or 

provided evidence of an absence of key confounders imbalance; 17 (47.2%) studies 20-21, 23-24, 26, 

29, 30, 32, 34-41, 54 met these criteria. However, 6 studies (17%)22, 25, 28, 45, 52-53  were deemed at high 

risk of bias because of concerns over their non-randomised design, evidence of confounders 

imbalance with no statistical adjustment, or evidence that participants were assigned to the in-

dex groups based on non-random factors. In these high-risk studies, willingness to participate,25, 

28, 52 workplace or private screening availability,53 and willingness to accept a higher radiation 

dose45 were identified as key selection influences. Lastly, 13 studies (38%)27, 31, 33, 42-44, 46-51, 55  

were deemed to have an unclear risk of bias. These studies lacked a randomised or paired de-

sign and provided little or no detail on how participants were assigned to the index test groups, 

making it difficult to assess potential selection biases. 

Index test 

In some studies, supplementary imaging was conducted with knowledge of the comparator test, 

while in others, blinding was applied. Nevertheless, this was not considered to be a risk of bias 

for this systematic review, as supplementary imaging is intended to provide additive benefits to 

the comparator test by offering different perspectives. Instead, we regarded reciprocal masking 

as a potential source of heterogeneity warranting further investigation. Regarding pre-specific 

thresholds, most studies used a common index test threshold, such as BI-RADS or an equiva-

lent internationally recognised standard definition, which was assessed as low risk of bias. How-

ever, one study conducted in Spain was deemed high risk in terms of applicability because the 

supplemental imaging consisted of a combination of DBT and synthesised mammography.28 Alt-

hough this study met the general inclusion criteria, it was excluded from the meta-analysis for 

this reason. For comparative questions, all studies were assessed as low risk of bias.  

Reference standard 

Differential verification and incorporation biases are intrinsic in breast cancer screening studies. 

Typically, index test-positive participants undergo further tests, often biopsy, while those with 

negative index test results are verified through follow-up mammography or combined tests, after 

one or more years. Notably, statistical simulation studies suggest that the risk of biased esti-

mates due to incorporation and differential verification biases is generally low across most 
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breast cancer screening programmes.56 We expected low-risk studies to employ and clearly de-

scribe multiple case-finding methods beyond standard imaging follow-up. These could include 

linkage to cancer registries, electronic medical records, death certificates, or follow-up surveys. 

When studies did not specify such additional verification methods, we considered them to have 

an unclear risk of bias. Furthermore, if studies did not confirm repeat imaging after 1 or more 

years, we classified them at high risk of bias. Reassuringly, 24 studies (67%) adopted at least 

one of these methods, ensuring a low risk of bias. 20-21, 24, 26-28, 31-34, 36-44, 46, 47, 52, 54, 55 

However, a study from Japan raised some concerns, as it mentioned referral to a specialist in-

stitute but lacked sufficient details about the reference standard for positive or negative imaging 

cases.25 Ten studies (28%) were deemed to have a high risk of bias because of either the ab-

sence or inadequacy of follow-up details for participants with negative mammography results. 23, 

29, 30, 35, 45, 48-51, 53 

 

Flow and timing 

Most studies showed either an unclear (17, 47%)21, 25, 29, 30, 34, 35, 38, 40, 43-47, 49, 51, 53, 55 or high (8, 

22%)20, 22, 23, 27, 46, 48 risk of bias concerning the flow and timing domain of the QUADAS-2 tool. 

This was mainly due to insufficient details or missing data, particularly among participants who 

tested negative on the index screening and were subsequently verified through follow-up. In 

several cases where the risk of bias was high, participants with inadequate follow-up were ei-

ther excluded from the analysis,22, 24, 27, 31 lost to follow-up,26, 50, 52 or there were no details 

given.23  

For comparative analyses, we expected the supplementary imaging to be performed within a 

reasonable timeframe from digital mammography to ensure consistency in the assessment of 

their screening performance. However, in some studies (n=11, 31%), the interval between imag-

ing modalities was not reported, resulting in an assessment of unclear risk of bias. One study 

reported that the MRI supplementary imaging was scheduled “not to exceed two months”28 

while another study reported that some imaging occurred on the same day but did not specify 

the timing of the remaining tests.31 Moreover, some studies assessing MRI as a supplementary 

modality reported several months between screening tests and, therefore, were judged to have 

a high risk of bias.20, 37, 39 This was due to the possibility that cancers could develop or previous 

undetected cancers could become visible within that timeframe. In addition, 12 studies (33%) 
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were judged at unclear risk of bias because of potential discrepancies in missing data between 

single and combined imaging tests. 22-23, 34, 43, 45-48, 50-51, 53, 55 
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Figure 1 Risk of Bias and Applicability Assessments using QUADAS-2 and QUADAS-C  
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Table 2  Risk of Bias Judgements for Individual Studies  

 

Study Risk of bias 

(QUADAS-2) 

 Applicability con-

cerns 

(QUADAS-2) 

 Risk of bias 

(QUADAS-C) 

P I R FT  P I R  P I R FT 

Pulida-Car-

mona, 

202428 

 

✗ 

 

✓ 

 

✓ 

 

✓ 

  

✗ 

 

✗ 

 

✓ 

  

✗ 

 

✓ 

 

✓ 

 

✓ 

Gilbert, 

202420 
✓ ✓ ✓ ✓  ✓ ✓ ✓  ✓ ✓ ✓ ✗ 

Ha,  

202431 
✓ ✓ ✓ ✗  ✓ ✓ ✓  ? ✓ ✓ ? 

Lee,  

202427 
✓ ✓ ✓ ✗  ✓ ✓ ✓  ? ✓ ✓ ✓ 

Nakamura, 

202425 
✗ ✓ ? ?  ✗ ✓ ✓  ✗ ✓ ✓ ✓ 

Kaiser,  

202432 
✓ ✓ ✓ ✓  ✓ ✓ ✓  ✓ ✓ ✓ ? 

Olinder, 

202330 
✓ ✓ ✗ ?  ✓ ✓ ✓  ✓ ✓ ✓ ✓ 

Kwon,  

202324 
✓ ✓ ✓ ✗  ✗ ✓ ✓  ✓ ✓ ✓ ? 

Ren,  

202326 
✓ ✓ ✓ ✗  ✓ ✓ ✓  ✓ ✓ ✓ ✓ 

Rani,  

202329 
? ✓ ✗ ?  ✓ ✓ ✓  ✓ ✓ ✓ ✓ 

Pattacini, 

202236 
✓ ✓ ✓ ✓  ✓ ✓ ✓  ✓ ✓ ✓ ✓ 

Pang, 

202251 
✓ ✓ ✗ ?  ✓ ? ✓  ? ✓ ✓ ? 

Gatta,  

202133 
✓ ✓ ✓ ✓  ✓ ✓ ✓  ? ✓ ✓ ? 

Harada-

Shoji,202155 
✓ ✓ ✓ ?  ✗ ✓ ✓  ? ✓ ✓ ? 

Durand, 

202146 
✓ ✓ ✓ ?  ✓ ✓ ✓  ? ✓ ✓ ? 

Ban,  

202153 
✗ ✓ ✗ ?  ✗ ✓ ?  ✗ ✓ ✓ ? 

Veenhuizen, 

202139 
✓ ✓ ✓ ✓  ✗ ✓ ✓  ✓ ✓ ✓ ✗ 

Bakker, 

201937 
✓ ✓ ✓ ✓  ✗ ✓ ✓  ✓ ✓ ✓ ✗ 

Johnson, 

201941 
✓ ✓ ✓ ✓  ✓ ✓ ✓  ✓ ✓ ✓ ✓ 

Stepenak, 

201952 
✗ ✓ ✓ ✗  ✗ ✓ ✓  ✗ ✓ ✓ ✓ 
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Osteras, 

201921 
✓ ✓ ✓ ?  ✓ ✓ ✓  ✓ ✓ ✓ ✓ 

Buchberger, 

201834 
✓ ✓ ✓ ?  ✓ ✓ ✓  ✓ ✓ ✓ ? 

Upadhyay, 

201838 
✓ ✓ ✓ ?  ✗ ✓ ✓  ✓ ✓ ✓ ✓ 

Kuhl,  

201722 
✓ ✓ ? ✗  ✗ ✓ ✓  ✗ ✓ ✓ ? 

Chen,  

201723 
✓ ✓ ✗ ✗  ✗ ✓ ✓  ✓ ✓ ✓ ? 

Freer,  

201745 
✗ ✓ ✗ ?  ✗ ✓ ?  ✗ ✓ ✓ ? 

Rose,  

201748 
✓ ✓ ✗ ?  ✗ ✓ ✓  ? ✓ ✓ ? 

McDonald, 

201643 
✓ ✓ ✓ ?  ✓ ✓ ✓  ? ✓ ✓ ? 

Conant, 

201647 
✓ ✓ ✓ ?  ✓ ✓ ✓  ? ✓ ✓ ? 

Bernardi, 

201635 
✓ ✓ ✗ ?  ✓ ✓ ✓  ✓ ✓ ✓ ✓ 

Starikov, 

201649 
✓ ✓ ✗ ?  ✓ ✓ ✓  ? ✓ ✓ ✓ 

Tagliafico, 

201640 
✓ ✓ ✓ ?  ✓ ✓ ✓  ✓ ✓ ✓ ✓ 

Wilczek, 

201642 
✓ ✓ ✓ ✓  ✓ ✓ ✓  ? ✓ ✓ ✓ 

McDonald, 

201544 
✓ ✓ ✓ ✓  ✓ ✓ ✓  ? ✓ ✓ ? 

Brem,  

201550 
✓ ✓ ✗ ✗  ✗ ✓ ✓  ? ✓ ✓ ? 

Chang,  

201554 
✓ ✓ ✓ ✓  ✗ ✓ ✓  ✓ ✓ ✓ ✓ 

 

P = patient selection; I = index test; R = reference standard; FT = flow and timing 

✓ indicates low risk of bias; ✗ indicates high risk of bias; ? indicates unclear risk of bias   
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Review findings 

Meta-analyses were performed for four imaging modalities, DBT, ABUS, HHUS and MRI versus 

standard digital mammography (see Table 3 below). Sensitivity analyses were conducted to de-

termine the impact of removing studies with very small sample sizes (<500). Detailed results ta-

bles are presented in Appendix 3, Tables 1.A to 5.B. An MRI-specific results summary is pre-

sented in Table 6. 

 

Table 3  Combined pooled estimates of the screening performance measures of four 
supplementary imaging modalities compared to digital mammography, with and without sensitivity 

analysis 
 
 
CDR, cancer detection rate; DBT, digital breast tomosynthesis; ABUS, automated breast ultrasound; HHUS, hand-held ultra-
sound; MRI, magnetic resonance imaging. Data in parentheses are 95% confidence intervals 
^ Kaiser32 and Chen23 removed for MRI sensitivity analysis; § Upadhyay38 removed for DBT sensitivity analysis; # These values 

are zero because the comparator arm in the MRI studies is ‘negative mammography’;  Chen reports both abbreviated and full 
protocol MRI, so there are 6 comparisons in 5 studies represented in the MRI meta-analysis 

Parame-

ter 

 

 DBT  ABUS HHUS MRI 

CDR Number of studies 13 6 8 6 

CDR for mammography 

only, per 1,000 exams 

5.43 

(3.75, 7.11) 

4.52 

(3.03, 6.02) 

2.68 

(1.77, 3.59) 

- # 

 

Additional CDR, per 1,000 

exams 

1.69  

(0.81, 2.58) 

2.3  

(1.28, 3.33) 

2.57  

(0.99, 4.14) 

18.92 

(15.41, 22.43) 

Sensitivity analysis^ 

 

- - - 17.23 

(14.38, 20.08) 

Recall 

rate 

Number of studies 11 5 5 3 

Recall rate for mammogra-

phy only, % 

12.56 

(8.96,16.15) 

5.97 

(-0.32,12.27) 

4.25 

(1.37,7.12) 

- # 

Difference in recall rate, % -2.19 

(-4.03, -0.34) 

5.49 

(0.85, 10.13) 

6.65 

(1.02, 

12.27) 

7.98 

(4.62, 11.34) 

Sensitivity analysis§ 

 

-1.94 

(-3.83, -0.05) 

- - 9.55 

(8.85,10.24) 

Biopsy 

rate 

Number of studies 3 5 2 3 

Biopsy rate for mammogra-

phy only, % 

2.07 

(1.57,2.57) 

1.83 

(0.30,3.36) 

- -  

Difference in biopsy rate, 

% 

0.32 

(0.15, 1.32) 

1.62 

(0.54, 2.70) 

n/a  n/a 
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Cancer detection rate (CDR) 

Pooled estimates indicate that all four supplementary modalities detect more cancers compared 

to DM only (Figure 2, A-D). MRI demonstrates the most significant difference in CDR, with a 

pooled effect size of 18.92 (95% CI 15.41 to 22.43) across four studies, indicating that MRI 

detected nearly 19 additional cases per 1,000 patients compared to mammography alone. 

Notably, the MRI meta-analysis shows the lowest heterogeneity and provides the most precise 

estimate of the CDR increase. A sensitivity analysis excluding two studies with small sample 

sizes (Kaiser et al.,2024; Chen et al, 2017; <500 participants), resulted in a slightly lower, but 

consistent, CDR difference of 17.23 (95% CI 14.38 to 20.08), indicating that MRI detected over 

17 additional cancers per 1,000 participants, across three large studies.  

Findings from the DENSE studies illustrate the impact of screening rounds on CDR. The study 

by Veenhuizen et al.39 was not included in the meta-analysis as it reports data for the incident 

screening round. This study reported a CDR of 5.8 (95% CI 3.8 to 9) per 1,000 examinations, 

which is considerably lower than the Bakker study,37 which analysed the prevalent screening 

round (CDR 16.5, 95% CI 12.92 to 20.12). The BRAID study by Gilbert et al. (2024, confidential 

communication),20 and the German study by Kuhl et al.22 more closely align with the prevalent 

round of the DENSE trial in both context and outcome.37 However, both DENSE studies raised 

some concerns regarding patient selection applicability, as they exclusively included 

participants with extremely dense breasts, potentially limiting generalisability.37,39 The study by 

Kuhl et al. provided data for both prevalent and incident MRI screening rounds; however, only 

the prevalent round included data for individuals with dense breasts. Consequently, only the 

prevalent round data were included in this review.22 This study raised some concerns about 

applicability, as 65% of participants with negative mammography results also had negative 

ultrasound imaging. The number of participants excluded from the MRI screening study due to 

cancer detection on ultrasound - but not on mammography - was not specified. Consequently, 

the reported MRI detection rate of 20.28 additional cancers per 1,000 screenings is likely to be 

an underestimation of its true performance. 

The BRAID study utilised an abbreviated MRI protocol,20 while the DENSE and Kuhl studies 

employed a full MRI protocol.22, 37, 39 The Chinese study by Chen et al. assessed both 

abbreviated and full-protocol MRI.23 While we were not able to conduct separate meta-analyses, 
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Figure 2.D indicates that the studies using an abbreviated MRI protocol showed cancer 

detection rates comparable to those using a full MRI protocol.  

The other three supplementary modalities - DBT, ABUS, and HHUS - show smaller, yet 

statistically significant increases in CDR, with narrower confidence intervals compared to MRI. 

The pooled differences in CDR are 1.69 (95% CI 0.81 to 2.58), 2.30 (95% CI 1.28 to 3.33), and 

2.57 (95% CI 0.99 to 4.14) for DBT, ABUS, and HHUS, respectively. Both ABUS and HHUS 

show similar increases in CDR compared to mammography alone. It is worth noting that while 

DBT and HHUS analyses show considerable heterogeneity, ABUS demonstrates comparatively 

lower heterogeneity. The UK BRAID study (see Figure 2 B) reported the highest differential 

CDR among the six ABUS studies included in the meta-analysis (4.2, 95% CI 1.15 to 7.25).20  

CEM was not included in the meta-analysis, as only one eligible study - the BRAID trial - 

investigated this supplementary modality. In this study, the CDR for CEM following a negative 

mammogram was 19.2 (95% CI: 13.7–26.1) per 1,000 screenings, indicating that CEM 

identified, on average, 19 additional cancers per 1,000 women with a negative mammography 

result. This detection rate was comparable to that reported for MRI in the same study.20 

Interval cancers 

Only 2 DBT studies provided data on interval cancers. One study from Spain combined DBT 

with synthesised mammography in the supplemental arm and reported interval cancer rates (%) 

of 0.95 (95% CI 0.55 to 1.35) in the supplementary group and 3.17 (95% CI 2.64 to 3.62) in the 

mammography-only group.28 The Italian RETomo Trial reported interval cancer rates (%) of 

0.23% in the supplementary group and 0.25% in the mammography-only group.36 

None of the included ABUS studies assessed interval cancers. However, 2 HHUS studies 

provided relevant data. One study from Japan examined individuals aged 40-49 years and 

found a lower interval cancer rate (%) in the HHUS/mammography group (0.5, 95% CI 0.1 to 

1.1) compared to the mammography-only group (1.8, 95% CI 0.7 to 2.9).55 Similarly, 1 study 

from China studied a relatively younger cohort of individuals and reported “no interval cancers” 

in the HHUS/negative mammography group.54 

Two European studies reported on interval cancers for MRI. In the DENSE study,37 participants 

who’d had negative mammography were assigned to either MRI supplementary imaging, or to 

mammography only. There were 4 interval cancers detected in participants in the 
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supplementary MRI arm, and 16 were detected among those who were invited to MRI but did 

not participate. Participants in the mammography-only group had 161 interval cancers. These 

numbers were equivalent to 2.5 (95% CI 1.6 to 3.8) interval cancers per 1,000 exams in the MRI 

invitation group and 5.0 (95% CI 4.3 to 5.5.8) interval cancers per 1,000 in the mammography-

only group. Among those who underwent MRI, the interval cancer rate per 1,000 exams was 

0.8. The study by Kuhl et al. reported that no interval cancers were detected during a follow-up 

period of at least two years.22 

Recall rate  

Across all 4 supplementary modalities, we observed substantial heterogeneity (I2 >90%) leading 

to wide confidence intervals around the pooled effect sizes. The pooled differences in recall 

rates range from a 2.19% reduction to a 6.67% increase. Among studies comparing DBT with 

DM alone, most report a reduction in recall rate. This is reflected in the pooled difference of -

2.19 (95% CI -4.03 to 0.34). The sensitivity analysis excluding the Upadhyay 201838 study is 

consistent with a pooled difference of -1.94 (95% CI -3.83 to -0.05). For the other 3 modalities, 

the pooled differences represent increases in the percentage recall rate of 5.49% (95% CI 0.85 

to 10.13), 6.65% (95% CI 1.02 to 12.27), and 7.98% (95% CI 4.62 to 11.34) from ABUS, HHUS, 

and MRI, respectively. The MRI sensitivity analysis excluding one study32 of small sample size, 

results in a larger increase in recall rate (9.55%, 95% CI 8.85 to 10.24).  

There are notable differences among studies in their definition of recall rate, as illustrated by the 

individual studies' results in the meta-analysis forest plots (Figure 3). In the DBT meta-analysis 

(Figure 3, A), which includes 11 studies, the recall rate was defined as BI-RADS ‘0’ in three 

studies,48, 49, 52 BI-RADS 0,4 or 5 in two studies44, 51, BI-RADS 0,3,4, or 5 in another two and ‘a 

need for additional evaluation’ in two others,41, 49 while 2 studies did not report their 

definition.30,46 

For ABUS (Figure 3, B), among the 5 studies included in the meta-analysis, one defined recall 

rate as BI-RADS ‘0’,50 another as BI-RADS 3,4, or 5,20 and three other studies as ‘abnormal or 

suspicious findings’.24, 33, 42 The highest recall differential rate was observed in a US study 

(Brem et al),50 despite their reported definition of recall as BI-RADS ‘0’ (inconclusive), which 

seems inconsistent given their high recall rate. The authors attributed this increase to improved 

sensitivity with the combined ABUS/mammography approach. However, compared to the other 
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ABUS studies, the CDR reported by Brem et al. was not significantly higher.50 It is plausible that 

the younger age of the study population (>25 years) might partially explain the high recall rate. 

For HHUS (Figure 3, C), the recall rate was described variably across studies, including as BI-

RADS 0, 4 or 5,34 an abnormality score >9,27 BI-RADS 3, 4 or 5 (also referred to as Abnormal 

Interpretation Rate),27 or ‘additional testing required’.55 One study did not provide a definition.21 

While most HHUS studies reported a modest differential recall rate, the study by Ha (2024) had 

an exceptionally high difference in recall rate between the HHUS/mammography arm and the 

mammography-alone arm.31 However, it was not accompanied by a correspondingly large CDR 

increase (Figure 2, D).    

For MRI, the definition of recall was relatively consistent across all four studies reporting this 

parameter.20, 32, 37, 39 Three studies define recall as BI-RADS 3,4, or 5,20, 37, 39 while 1 study uses 

the definition ‘positive MRI findings’.32 The second round of the DENSE study39 was excluded 

from the meta-analysis as it was not deemed comparable to the other studies, each of which 

represents a prevalent screening context (Figure 3, D). Nevertheless, this study reported a 

lower recall rate for the second round of MRI screening (3.2%, 95% CI 2.61 to 3.79) compared 

to the pooled estimate of 7.98% (95% CI 4.62 to 11.34) for the MRI meta-analysis, mirroring the 

lower CDR observed in subsequent screening rounds.39 Consistent with the greater differential 

observed for CDR, MRI/mammography demonstrated a higher recall rate than mammography 

alone in both the BRAID20 study and the DENSE study (first round).37  

The BRAID study reported that the recall rate for CEM as a supplementary imaging modality 

was 9.7% (95% CI 8.4 to 11), matching the recall rate for MRI in the same study.20  
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Table 4  Sensitivity, specificity, PPV1 and PPV3, per supplementary modality; presented as % (95% CI) where reported 

 

 Author, 
year 
 

Arm Sensitivity, % (95% CI) Specificity, % (95% CI)^ PPV1 for recall, % 
(95% CI) 

PPV3 for biopsy, % (95% 
CI) 

DBT Olinder, 
202330 

DBT plus 
DM 

Grade C 78.4 (67.7, 86.2) 
Grade D 90.9 (72.2, 97.5) 
 

Grade C 96.1 (95.6, 96.6) 
Grade D 94.5 (93.1, 95.7) 

Grade C 23.6 (18.7, 
29.3)  
Grade D 23.3 (15.6, 
33.2) 

Grade C 40.6 (32.9, 48.8) 
Grade D 37.7 (25.9, 51.2) 
 

DM only Grade C 66.2 (54.9, 76) 
Grade D 50 (30.7, 69.3) 
 

Grade C 97.4 (96.9, 97.8) 
Grade D 96.3 (95.1, 97.2) 

Grade C 27.8 (21.7, 
34.9)  
Grade D 19.6 (11.3, 
31.8)  

Grade C 41.9 (33.3, 50.9) 
Grade D 32.4 (19.1, 49.2) 
 

Pattacini, 
20226 

DBT plus 
DM 

  18.4   

DM only   10.8  

Pang, 
202151 

DBT plus 
DM 

  Grade C 7.7 
Grade D 5.2 

 

DM only   Grade C 5.2 
Grade D 5.3 

 

Rose, 
201748 

DBT plus 
DM 

  2.5 17.2 

DM only   1.6 13.4 

Conant, 
201647 

DBT plus 
DM 

  6  

DM only   3.7  

Tagliofico, 
201640 

DBT plus 
negative 
DM 

   37 (21.3, 55.4) 

ABUS Kwon, 
202324 

ABUS plus 
DM 

63.6 (40.9, 81.8)  6.6 (5.6, 7.4) 27.8 (23.4, 31) 

DM only 94.6 (93.6, 95.5)  10.8 (8.8, 12.2) 33.3 (26.7, 37.8) 

Ren, 202326 ABUS plus 
DM 

Age 45-54y: 96.55 (80.37, 
99.82) 
Age 55-64y: 100 (69.87, 100) 
 

Age 45-54y: 97.11 (96.72, 
97.45) 
Age 55-64y: 98.01 (97.26, 
98.56) 

 Age 45-54y: 16.87 (11.68, 
23.63) 
Age 55-64y: 34.29 (19.69, 
52.27) 
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DM only Age 45-54y: 72.41 (52.51, 
86.55) 
Age 55-64y: 75 (42.84, 
93.31) 
 

Age 45-54y: 98.9 (98.65, 
99.11) 
Age 55-64y: 99.08 (98.52, 
99.44) 

 Age 45-54y: 24.71 (16.27, 
35.47) 
Age 55-64y: 40.91 (21.48, 
63.32) 

Gatta, 
202133 

ABUS plus 
DM 

93.5 (79.2, 98.2) 87 (71, 94.8) 24.8 (13.7, 43.2) 41 (26.4, 59.2) 

DM only 58.8 (30.9, 78.3) 94 (73, 98) 68 (41.3, 82.2) 58.8 (30.9, 78.3) 

Wilczek, 
201642 

ABUS plus 
DM 

100 
 

98.4 (97.8, 98.9) 28.9 (14.3, 42.3) 47.8 (27, 66.7) 

DM only 63.6 (33.3, 90.9) 99 (98.5, 99.4) 30.4 (12.3, 49.1) 63.6 (33.3, 90) 

Brem, 
201550 

ABUS plus 
DM 

100  2.6 (2.1, 3.1)  9.8 (8.1, 11.7) 

DM only 73.2  3.6 (3.28, 4.4) 14 (11.2, 16.8) 

HHUS Ha, 202431 HHUS plus 
DM 

97 (84.7, 99.5) 77.6 (76.5, 78.6) 2.5 (1.7, 3.4)  

DM only 57.6 (40.8, 72.8) 94.3 (93.6, 94.8) 5.5 (3.6, 8.5)  

Lee, 202427 HHUS plus 
DM 

100 (73.5, 100) 89.1 (87.3, 90.7)   

DM only 66.7 (34.8, 90.1) 96.2 (95, 97.2) 13.8 (9, 20.6) 53.3 (35.3, 70.6) 

Nakamura, 
202425 

HHUS plus 
DM 

  10.5  

DM only   9.5  

Ren, 202326 HHUS plus 
DM 

Age 45-54y: 93.1 (75.78, 
98.8) 
Age 55-64y: 100 (69.87, 100) 

Age 45-54y: 97.34 (96.97, 
97.67) 
Age 55-64y: 97.91 (97.15, 
98.48) 

 Age 45-54y: 15.34 (10.52, 
21.72) 
Age 55-64y: 
30 (17.09, 46.71) 

DM only Age 45-54y: 72.41 (52.51, 
86.55) 
Age 55-64y: 75 (42.84, 
93.31) 

Age 45-54y: 98.9 (98.65, 
99.11) 
Age 55-64y: 99.08 (98.52, 
99.44) 

 Age 45-54y: 24.71 (16.27, 
35.47) 
Age 55-64y: 40.91 (21.48, 
63.32) 

Rani, 
202329 

HHUS plus 
DM 

100 87.5   

DM only 25 100   

Harada-
Shoji, 
202155 

HHUS plus 
DM 

93.2 (85.7, 100) 85.4 (84.5, 86.3)   

DM only 70.6 (55.3, 85.9) 91.7 (91, 92.4)   

Buchberger, 
201834 

HHUS plus 
DM 

81.3 (72, 88.5)  10.5 (8.4, 12.9) 37.7 (31.1, 44.7) 

DM only 61.5 (51, 71.2)  13.3 (10.3, 16.8) 52.7 (43, 62.2) 
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Tagliafico, 
201640 

HHUS plus 
negative 
DM 

   48 (34.1, 63.9) 

MRI Kaiser, 
202432 

Fp-MRI 
plus nega-
tive DM 

  50.0 (15.7, 84.3)  

Veen-
huizen, 
202139 

Fp-MRI 
plus nega-
tive DM 

  18.2 (12.1, 26.4) 23.8 (16, 33.9) 

Bakker, 
201937 

Fp-MRI 
plus nega-
tive DM 

95.2 (88.1, 98.7) 92 17.4 (14.25, 21.2) 26.3 (21.7, 31.6) 

Chen, 
201723 

Fp- MRI 
plus nega-
tive DM 

100 94.6 41  

Ab-MRI 
plus nega-
tive DM 

93.8 88.3 27.7  

DBT, digital breast tomosynthesis; ABUS, automated breast ultrasound; HHUS, hand-held ultrasound; DM, digital mammography; MRI, magnetic resonance imaging; Fp-MRI, 
full protocol MRI; Ab-MRI, abbreviated MRI; CI confidence interval; PPV1, positive predictive value (number of cancers diagnosed per number of positive screens; PPV3, posi-
tive predictive value (biopsy proven predictive value); ^ Grade C and D refer to Breast Imaging Reporting and Data System (BI-RADS)6 density categories heterogeneously and 
extremely dense, respectively 
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Biopsy rate 

Biopsy rate (%) was reported in 13 studies; however, as only 2 studies34, 55 compared 

HHUS/mammography with mammography alone, no meta-analysis was performed for this mo-

dality. For DBT (Figure 4, A), the combined effect size of 0.32 (95% CI -0.12 to 0.76) indicates 

there is no significant difference in biopsy rate between DBT/mammography and mammography 

only. In contrast, ABUS showed a pooled effect size of 1.62 (95% CI 0.54 to 2.70), suggesting 

small increases in the biopsy rates for this modality (Figures 4, B). However, both meta-anal-

yses showed substantial heterogeneity (I2 >75%), precluding the ability to draw definitive con-

clusions. Among the ABUS studies, Brem et al, which reported the greatest difference in CDR, 

also demonstrated the largest increase in biopsy rate.50 While the biopsy rate was reported for 

three MRI studies, the second round of the DENSE study39 is not directly comparable to either 

the first round of the DENSE study37 or the BRAID study,20 as both of the latter present biopsy 

rates for the prevalent rounds. The biopsy rates in the BRAID20 and first-round DENSE37 studies 

were 4.93% (95% CI 3.98 to 5.88) and 6.27% (95% CI 5.58 to 6.96), respectively, while the bi-

opsy rate in the second round of the DENSE study39 was 2.44% (95% CI 1.93 to 2.96), illustrat-

ing that, like the CDR and recall rates, the biopsy rate decreases in subsequent screening 

rounds.  In the BRAID study, the CEM biopsy rate (4.4, 95% CI 3.5 to 5.4) was comparable to 

that of the MRI.20 

 

Sensitivity and specificity, PPV1 and PPV3 values 

These estimates of accuracy were not widely reported, and meta-analysis was not performed. 

Detailed values are shown in Table 4. Sensitivity was higher in most cases in the supplemen-

tary groups compared to the mammography-only groups. One exception was in a study from 

South Korea in which the ABUS plus mammography group had a lower sensitivity (63.6%, 95% 

CI 40.9 to 81.8) than the mammography-only group (94.6%, 95% CI 93.6 to 95.5).24 One MRI 

study reported a sensitivity of 95.2% (95% CI 88.1 to 98.7) for MRI following negative mammog-

raphy. A second study reported 100% sensitivity for full MRI protocol and 93.8% sensitivity for 

abbreviated MRI protocol, both following negative mammography. Specificity was >90% for 

most studies with a few exceptions: a study conducted in Italy reported a specificity of 87.0% 

(95% CI 71.0 to 94.8) in the ABUS plus mammography arm compared to 94.0% (95% CI 73.0 to 

98.0) in the mammography only arm.33 A study from South Korea reported a specificity of 77.6% 

(95% CI 76.5 to 78.6) in the HHUS plus mammography arm compared to a specificity of 94.3% 

(95% CI 93.6 to 94.8) in the mammography-only arm.31 Similarly, a Japanese study found a 
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specificity of 83.4% (95% CI 84.5 to 86.3) for HHUS plus mammography versus 97.7% (95% CI 

91 to 92.4) in the mammography-only arm.55 For supplementary MRI, one study reported 92% 

specificity for MRI following negative mammography,37 and a second small study of <500 partic-

ipants23 reported specificity of 94.6% and 88.5% for Fp-MRI and Ab-MRI, respectively. PPV1 

and PPV3 values are detailed in Table 4. 

 

False positives 

False positive rates were inconsistently reported across studies, with data available from only 

three DBT studies, two ABUS studies, two MRI studies, and one HHUS study. Due to this lim-

ited reporting, pooling of estimates of effects was deemed unsuitable. However, in general, 

false positives were more frequent in the supplementary imaging group than in the mammogra-

phy group across all modalities. 

DBT 
Among the three DBT studies, two found a higher false positive rate in the DBT/mammography 

group compared to mammography alone. In a Swedish study, for participants with grade C 

breast density, the false positive rate was higher in the DBT/mammography group (3.8%, 95% 

CI 3.3 to 4.4) compared to mammography alone (2.6%, 95% CI 2.2 to 3.1).40 Similarly, for those 

with extremely dense breasts, false positives were more frequent in the supplementary imaging 

group than in the mammography alone group. An Italian study reported similar findings, rein-

forcing the trend of increased false positives with DBT/mammography.33 However, a Norwegian 

study found the opposite, a higher false positive rate in the mammography-only group com-

pared to the supplementary DBT/mammography group.21 

ABUS 
Two studies reported false positive rates for ABUS, both indicating a higher rate in the 

ABUS/mammography group compared to mammography alone. A South Korean study found 

false positives to be significantly higher in the ABUS/mammography group (2.4 %, 95% CI 2.2 

to 2.6) compared to the mammography alone (1.3%, 95% CI 1.1 to 1.4).24 A Chinese study ex-

amined false positives across age groups, reporting that rates were higher in the supplementary 

imaging group, particularly among younger participants (age 45-54 years).26 
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Figure 2 Forest plots showing the effect size of supplementary A) DBT B) ABUS C) HHUS and D) MRI versus DM alone for Cancer Detection 
Rate 

^AB, abbreviated MRI; FP, full protocol MRI 
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Figure 3 Forest plots showing the effect size of supplementary A) DBT B) ABUS C) HHUS and D) MRI versus DM alone for % Recall Rate 
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Figure 4 Forest plots showing the effect size of supplementary A) DBT B) ABUS versus DM alone for % Biopsy Rate 
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HHUS 
The same Chinese study also reported false positive rates for HHUS and showed similar find-

ings, false positives were more frequent in the supplementary imaging group and among 

younger participants.26 

MRI 
Two studies reported false positive rates in DM-negative participants undergoing supplementary 

MRI as part of the DENSE study in the Netherlands.37, 39 The false positive rate was 79.8 per 

1,000 screenings (95% CI 72.4 to 87.9) in the first screening round, equivalent to 8%,37 de-

creasing to 26.3 per 1,000 screenings (95% CI 21.5 to 32.3) in the second round, equivalent to 

2.6% (Table 6).39 

 

Pathological characteristics of cancers detected 

Only 13 studies described the pathological characteristics of cancers detected across various 

imaging modalities. The nature of the detected cancers, alongside their tumour size where 

reported, is summarised below for each modality and further detailed in Table 5 below. 

DBT 

An Italian study found that DBT plus mammography detected 40 invasive cancers and ductal 

carcinoma in situ (DCIS) compared to 26 invasive cancers and five DCIS detected by 

mammography alone.36 Regarding interval cancers, 13 invasive cancers were diagnosed in the 

DBT/DM arm versus 15 invasive cancers in the mammography-only arm. A second Italian study 

reported that the mean (SD) invasive tumour size detected by supplementary DBT was 1.52 cm 

(SD 0.61) in participants who had negative mammograms. 

ABUS 

A UK study reported the identification of 9 invasive cancers in participants who had negative 

mammograms.20 A US study found that ABUS/mammography detected 79 invasive cancers 

compared to 51 invasive cancers detected by mammography alone.50 The mean tumour size of 

detected cancers did not differ between the supplementary imaging and mammography-only 

groups. 
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HHUS 

A Japanese study reported that 28 invasive cancers were detected in the HHUS/ 

mammography arm compared to 18 in the mammography-only arm.55 Among cancers detected 

in the HHUS group, 93% were <20mm, whereas in the mammography-only group, the 

corresponding proportion was 76%. A Chinese study detected five cancers of mixed histology 

(including invasive and high-grade DCIS) in participants who had negative mammograms.54 All 

detected cancers were <1.5 cm. An Italian study found that the mean (SD) invasive tumour size 

detected by supplementary HHUS was 1.51 cm (0.48 cm) in participants with negative 

mammograms. 

MRI 

Four studies reported the detection of 4,32 14,39 32,20 and 6437 invasive cancers, respectively, in 

participants who had been classified as negative for breast cancer following standard screening 

mammography. The median (IQR) tumour size of cancers detected by supplementary MRI was 

1.0 cm (0.8-1.5) and 0.7 cm (0.6-1.0) in two studies that reported these data. 

CEM 

In one UK study that investigated CEM as a supplementary modality, 32 of 39 cancers detected 

were invasive (15.7 of 1,000 exams were invasive).20 The median (IQR) cancer size detected 

was 1.1 (0.7-.1.5) cm. CEM detected three times as many invasive cancers as ABUS, with a 

similar performance to that of MRI. 

Time taken for additional supplementary imaging 

The total time needed to conduct additional imaging, including acquisition and interpretation 

time, was not consistently reported across the included studies. Only 9 studies reported the time 

taken to perform and/or interpret supplementary imaging modalities. One study reported that 

supplementary DBT took 3.7 seconds.39 Three studies reported that supplementary ABUS took 

additional i) 10 minutes before data were sent to the workstation,33 ii) 60 seconds acquisition 

time, with a total exam time of 15 minutes,50 and iii) 15 minutes per patient with radiologist 

interpretation taking 5-7 minutes.42 Two studies reported that supplementary HHUS took an 

average additional time of i) 10 minutes55 and ii) 15-20 minutes, respectively.54 One study 

reported that supplementary full-protocol MRI took 9 minutes and 57 seconds.32 This was 

mirrored by a second full protocol MRI study, which reported that the entire protocol took less 
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than ten minutes to perform.22 A third MRI study reported that the mean (SD) interpretation time 

for the full protocol MRI was 192 (44) seconds, while the interpretation time for the abbreviated 

MRI protocol in the same study was 42 (18) seconds.23 

 

Acceptance of MRI invitation 

The DENSE study37 reported that only 59% of invitees accepted the invitation for MRI. In the 

BRAID study, 188 women withdrew from the MRI arm of the study for a variety of reasons, most 

commonly ‘moved out of the area’, ‘unable to attend’, ‘health/personal reasons’, or 

‘contraindication to contrast’, or women opted to join a different study.20 In the study by Kaiser et 

al.,32 preliminary results were presented for 200 women; however, 80 women were screened 

but not scheduled for MRI for various reasons, including personal/health issues, language 

barriers, withdrawal of consent, or unwillingness to receive contrast medium. Neither the BRAID 

study nor the Kaiser study reported results according to acceptance rates. The other 

supplementary MRI studies did not mention women declining or failing to attend the MRI 

screening.22, 23 
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Table 5  Reported tumour characteristics per supplemental imaging modality  
 

Author 
(year) 
 

Study arm Cancer stage at detec-
tion, n (%) 

Invasive tumour size [cm] 
Mean (SD) (unless other-
wise stated) 

Cancer histology, n (%) Nodal involve-
ment, 
positive or nega-
tive, n (%) un-
less otherwise 
stated 

DBT 
 

Pattacini 
(2022)36 

DBT/DM NR NR SCREEN-DETECTED CANCERS: 
DCIS: 9 (0.15) 
Invasive: 40 (0.67)  
 
INTERVAL CANCERS:  
DCIS: 1 (0.02) 
Invasive: 13 (0.22) 

NR 

DM only NR NR SCREEN-DETECTED CANCERS: 
DCIS: 9 (0.15)  
Invasive: 40 (0.67)  
 
INTERVAL CANCERS:  
DCIS: 0 
Invasive: 15 (0.25) 

NR 

Tagliafico 
(2016)40 

DBT/DM nega-
tive 
 

NR 1.52 (0.61) NR NR 

ABUS 
 

Gilbert 
(2024)20 

ABUS/DM nega-
tive 

NR  DCIS: 0 
Invasive: 9 
 

 

Brem 
(2015)50 

ABUS/DM Stage IA or IB: 57  
Stage IIA or IIB: 14 
Stage IIIA, IIIB, or IIIC: 4 
Stage IV: 0  
Unknown stage: 4 

1.3 (0.78)^ DCIS: 33 
Invasive: 79 
(IDC: 59; ILC: 15; other invasive type: 
5) 

Positive: 4 

 DM only Stage IA or IB: 37 
Stage IIA or IIB: 9 

1.3 (0.79)^ DCIS: 31 
Invasive: 51 

Positive: 2 
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Stage IIIA, IIIB, or IIIC: 2 
Stage IV: 0 
Unknown: 3 
 

-(IDC: 38; ILC: 1; other invasive type: 
2) 

HHUS 
 

Nakamura 
(2024)25 

HHUS/DM Stage 0: 3 
Stage I: 13 
Stage II: 4 
Stage III: 0 
Stage IV: 1 
Unknown: 4 

NR NR NR 

 DM only Stage 0: 2 
Stage I: 11 
Stage II: 5 
Stage III: 0 
Stage IV: 0 
Unknown: 1 

NR NR NR 

Harada 
Shoji 
(2021)55 

HHUS/DM Stage 0 and I: 35 (85.4) 
Stage II or higher: 6 (14.6) 

n (%) 
<10 mm: 11 (39.3)  
11-20 mm: 15 (53.6)  
>20 mm: 2 (7.1) 

Non-invasive: 13 (31.7) 
Invasive: 28 (68.3) 
 

Positive: 5 (17.9) 
Negative: 23 
(82.1) 

DM only 0 and I: 19 (79.2) 
II or higher: 5 (20.8) 

n (%) 
<10 mm: 9 (50)  
11-20 mm: 4 (22.2)  
>20 mm:4 (22.2) 

Non-invasive: 6(25)  
Invasive: 18 (75) 
 

Positive: 2 (11.1) 
Negative: 15 
(83.3) 
Data missing: 1 
(5.6) 

Tagliofico 
(2016)40 

HHUS/DM neg-
ative 
 

NR 
 

1.51 (0.48) NR NR 

Chang 
(2015)54 

HHUS/DM neg-
ative 

NR (5 cancers detected) 
1. 1.2  
2. 1.0  
1. 0.5 
2. 0.5  
3. 0.8 
 
(ultimately 1.5cm, 1.0cm, 
0.7cm, 1.0cm and 1.0cm on 
pathology, respectively) 

(5 cancers detected) 
1. invasive mixed ductal and lobular 
carcinoma, grade II 
2. ICD, grade 1, with high grade DCIS 
3. IDC, grade II 
4. DCIS involving adenomyoepithelio-
sis 
5. DCIS, high grade 

NR 

MRI 
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Kaiser 
(2024)32 

fpMRI/DM nega-
tive 

NR NR DCIS: 1 
Invasive: 4 
 

NR 

Gilbert 
(2024)20 

AbMRI/DM neg-
ative 

NR NR DCIS: 5 
Invasive: 32 
 

NR 

Veenhuizen 
(2021)39 

FpMRI/DM -Stage II to IV: 0 
-High-grade (invasive 
cancers) 6.7% 

Median (IQR) 
0.7 (0.6, 1) 

DCIS: 6 (30) 
Invasive: 14  
 

Positive: 0 

Bakker 
(2019)37 

fpMRI/DM nega-
tive 

NR NR (%) 
DCIS: (19) 
Invasive: (81) 

Positive: 1.9 per 
1,000 exams 
Negative: 14.6 
per 1,000 exams 

CEM 
 

Gilbert 
(2024)20 

CEM/DM nega-
tive 

NR NR DCIS: 7 
Invasive: 32 
 

NR 

 
DBT, digital breast tomosynthesis; ABUS, automated breast ultrasound; HHUS, hand-held ultrasound; MRI, magnetic resonance imaging; CEM, contrast enhanced mammogra-
phy; SD, standard deviation; NR, not reported; DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; IQR, inter-quartile range; ^for 
invasive cancers only 
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Table 6  Summary of MRI study findings, additional details provided in Appendix 3, Table 4.A and 4.B 
 

Study 
Name 
Author, 
year 
(country) 

Study 
Question 
 
Supple-
mental 
screening 
modality / 
compara-
tor imag-
ing  
 

Number 
with dense 
breasts in 
study arm/ 
number 
with dense 
breasts in 
DM only 

arm   
 

Screening pro-
gramme interval  
 
(method of as-
sessment of 
breast density; 
manual or auto-
mated) 

CDR per 
1,000 exams 
(lower CI, up-
per CI) 

Recall 
rate 
 
% (lower 
CI, 
higher 
CI)  
 
(defini-
tion of 
recall 
rate^) 
 

PPV1 for 
recall  
 
% (lower 
CI, upper 
CI) 

Biopsy 
rate  
 
% (lower 
CI, upper 
CI) 

PPV3 for 
biopsy  
 
% (lower 
CI, upper 
CI) 

Interval 
cancers  
 
% (lower 
CI, higher 
CI) 

False 
nega-
tives 
 
 % (lower 
CI, 
higher 
CI) 

False 
posi-
tives 
 
 % 
(lower 
CI, 
higher 
CI) 

MA-DE-
TECT 
Kaiser, 
202432 
(Germany) 

Negative 
DM plus 
Fp-MRI  
 
 

200 / 200 
(partici-
pants un-
derwent 
both imag-
ing modali-
ties) 

NR 
 
(Manual) 

20 (5.5, 50.4) 40 (17.4, 
77.3) (per 
1,000 ex-
ams) 
 
(defini-
tion: posi-
tive MRI 
findings) 

50.0 
(15.7, 
84.3) 

NR NR NR NR NR 

BRAID 
Gilbert, 
202420 
(UK)  

Negative 
DM plus 
Ab-MRI  
 

2,130 / 
6,306 
(partici-
pants un-
derwent 
both imag-
ing modali-
ties) 

Triennial 
 
(Manual) 

17.4 (12.2, 
23.9) 

9.7 (8.4, 
11) 
 
(defini-
tion: BI-
RADS 3, 
4, or 5) 

NR 4.9 (4, 
5.9) 

NR NR NR NR 

DENSE 
(2nd 
Round) 
Veen-
huizen, 
202139 

Negative 
DM plus 
Fp-MRI  
 

3,436 / 
3,436 (par-
ticipants 
underwent 
both imag-
ing modali-
ties) 

Biennial 
 
(Automated; Vol-
para) 

5.8 (3.8, 9) 32 (26.6, 
38.4) (per 
1,000 ex-
ams) 
 

18.2 
(12.1, 
26.4) 

24.4 
(19.8, 
30.2) 

23.8 (16, 
33.9) 

NR NR 2.6 
 
26.3 
(21.5, 
32.3) 
per 
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(Nether-
lands) 

(defini-
tion: BI-
RADS 
3,4,5) 

1,000 
exams 

DENSE 
(1st 
Round) 
Bakker, 
201937 
(Nether-
lands) 

Negative 
DM plus 
Fp-MRI  
 
 

4,783 / 
4,783 (par-
ticipants 
underwent 
both imag-
ing modali-
ties) 

Biennial 
 
(Automated; Vol-
para) 

16.5 (13.3, 
20.5) 

9.5 
 
94.9 
(86.9, 
103.6) 
(per 
1,000 ex-
ams) 
 
(defini-
tion: BI-
RADS 
3,4,5) 

17.4 
(14.25, 
21.2) 

6.3 
 
62.7 
(56.2, 70) 
(per 
1,000 ex-
ams) 

26.3 
(21.7, 
31.6) 

n=4 
 
(n=161 in 
mammog-
raphy only 
arm) 

NR 8.0 
 
79.8 
(72.4, 
87.9) 
per 
1,000 
exams 

Kuhl, 
201722 
(Germany) 
 

Negative 
DM plus 
Fp-MRI 

1,282 / 
1,282 (par-
ticipants 
underwent 
both mo-
dalities) 

NR 
 
(Manual) 

n=26 (of 1,282 
exams) 

NR NR NR NR n=0 NR NR 

 
Chen, 
2017,23 
(China) 
 

Negative 
DM plus 
FP-MRI 
 
 
 

478 / 478 
(partici-
pants un-
derwent 
MM, FP-
MRI and 
Ab-MRI) 

NR 
 
(Manual) 

n=16 (of 478 
exams) 
 
 
 

NR 41 
 
 
 
 
 
 

NR NR NR NR NR 

Negative 
DM plus 
Ab-MRI 

478 / 478 
(partici-
pants un-
derwent 
MM, FP-
MRI and 
Ab-MRI 

NR 
 
(Manual) 

n=15 per 478 
exams 

NR 27.7 NR NR NR NR NR 

 

^Recall rate definition as reported by study authors 
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 Number of people with dense breasts in the MRI plus DM study arm, and in the DM only arm (according to BIRADS categories D and C corresponding to heteroge-
neously and extremely dense breasts, respectively) 
MRI, magnetic resonance imaging; Ab-MRI, abbreviated protocol MRI; Fp-MRI full protocol MRI; DENSE, Dense Tissue and Early Breast Neoplasm Screen-
ing; BRAID, Breast Screening; Risk Adaptive Imaging for Density; DM digital mammography; PPV1, positive predictive value (number of cancers diagnosed 
per number of positive screens); PPV3, positive predictive value (biopsy proven predictive value); CI, confidence interval; NR, not reported; CDR, cancer 
detection rate; BIRADS breast imaging reporting and data system 
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Discussion of findings 

Standard screening mammography misses cancers in people with dense breasts. When consid-

ering supplementary modalities, DBT detects the fewest additional cancers in this group, identi-

fying an additional 1-2 cancers per 1,000 screenings. Both ultrasound techniques, ABUS and 

HHUS, perform similarly, detecting 2-3 additional cancers per 1,000 screenings among partici-

pants with dense breasts. MRI is superior to both DBT and ultrasound in the detection of missed 

cancers, identifying almost 19 additional cancers per 1,000 screenings compared to mammog-

raphy alone. Taking a conservative view by excluding studies with small sample sizes (<500 

participants), MRI identified more than 17 additional cancers per 1,000 screenings. In the UK 

BRAID randomised study, which focused on participants with dense breasts of otherwise aver-

age risk, CEM identified 19 additional cancers per 1,000 screenings and was found to be com-

parable to MRI in detecting cancers missed by standard mammography. Although CEM has of-

ten been studied in participants at elevated risk of breast cancer, the BRAID study, which in-

cluded participants with 79% heterogeneous and 21% extremely dense breasts in the CEM 

group, demonstrates promising results for CEM as a supplemental screening modality for partic-

ipants with dense breasts and average cancer risk.20  

Whilst our review focused on people with dense breasts and average breast cancer risk, a sys-

tematic review published two years ago examined data for participants of both average and in-

termediate risk who had negative mammography results.57 That review, which was published in 

2023, included 22 studies up to March 2020. The authors concluded that MRI was the most ef-

fective supplemental imaging modality for participants with dense breasts at average or interme-

diate risk for breast cancer. They also highlighted the need for more research to assess the rel-

ative effectiveness of other modalities and to determine MRI advantages in terms of mortality 

rate and cost-effectiveness. In line with the fast-moving nature of this topic, our review included 

10 studies published in 2023 and 2024, with 18 studies published since 2020. 

Whilst CDR is a key outcome measure, breast screening programmes routinely refer to ‘referral 

to assessment rate’ (RAR), which is equivalent to ‘recall rate’ and useful to minimise harms like 

anxiety and interventions associated with false-positive findings.59 In the UK, a recall rate of 

<7% for prevalent screenings and <5% for incident screenings are considered to be achievable 

targets. Performance thresholds of <10% for prevalent screening and <7% for incident screen-

ing are deemed to be acceptable levels.55 Although elevated recall rates are undesirable, higher 

recall was associated with lower interval cancer rates in the National Health System Breast 
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Screening Programme (NHSBSP), with 80-84 additional recalls estimated to be required to 

avoid one interval cancer.59 Therefore, a minimal threshold for recall may be needed to maxim-

ise value for individuals undergoing breast cancer screening. 

Our meta-analyses found that recall rates varied across supplementary modalities but were 

broadly similar for ABUS, HHUS and MRI. This similarity was noted despite the substantially 

higher CDR per 1000 screenings observed in the MRI meta-analysis, which would typically be 

expected to translate into a higher recall rate. Moreover, the recall rate was higher in the 

BRAID20, Kuhl,22 and Bakker37 studies, which focused on prevalent (first-round) screening, 

compared to the Veenhuizen study39 which focused on incident screening. As prevalent 

screenings tend to detect more cancers than subsequent incident screenings, it is plausible that 

both recall rates and CDRs would decrease over time within the context of a population 

screening programme. Notably, the pooled recall rate for the MRI meta-analysis as well as that 

of the three individual studies included in the meta-analysis were below 10%, which is 

considered an acceptable level.59 The NHSBSP sets positive predictive value thresholds for 

referral to assessment  (PPV1) as follows:60 

Prevalent screening = acceptable level >8%, achievable level >12%,  

Incident screening = acceptable level >24% and achievable level >33%.  

PPV1 represents the proportion of people who are diagnosed with breast cancer among those 

who had a positive result on screening mammography. According to the NHSBSP criteria, the 

results of the prevalent screening round of the DENSE study (17.4%, 95% CI 14.25 to 21.2)37 

met the desired level while those of the incident screening round did not (18.2%, 95% CI 12.1 to 

26.4).39 The Kaiser study conducted in Germany reported a favourable PPV1 of 50% (95% CI 

15.7, 83.3), although this finding was based on a preliminary report from a larger ongoing trial.32 

It is worth noting that the BRAID study did not report PPV1.20 

Stark differences in how individual reports define ‘recall’ have likely contributed to the substan-

tial heterogeneity and wide confidence intervals observed in the meta-analysis estimates for 

each supplementary screening modality. The inclusion of BI-RADS 0, which indicates an ‘incon-

clusive’ result, may inflate recall rates. However, several studies48-50, 52 exclusively included BI-

RADS 0 in their definition of recall, further complicating direct comparisons. Given that recall 

rates serve as a key metric for evaluating the success of screening programmes, inconsisten-

cies in definitions across institutions and countries undermine their reliability as a comparative 
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benchmark. However, within the MRI group, recall definitions were more consistently applied, 

enabling greater confidence in the pooled estimates for this imaging modality. 

Interval rates were not widely reported across the included studies, but two MRI studies re-

ported this parameter.22, 37 One of these studies reported an interval cancer rate of 2.5 per 

1,000 exams in the supplementary MRI group compared to 5.0 per 1,000 in the mammography-

only group.37 Notably, only 59% of participants invited for MRI screening accepted the invitation. 

Among those who declined, the interval cancer rate was 4.9 per 1,000 screenings (16 cancers) 

whereas it was significantly lower - 0.8 per 1,000 exams (4 cancers) - among those who under-

went supplementary MRI. The second MRI study reported that no interval cancers were de-

tected in more than two years of follow-up in individuals who had supplemental MRI after nega-

tive mammography and ultrasound.22 These findings highlight the potential of supplemental MRI 

screening for individuals with extremely dense breasts, demonstrating a significantly lower inci-

dence of interval cancers compared to mammography alone. 

Sensitivity and specificity values were inconsistently reported across included studies, prevent-

ing a meaningful meta-analysis. Across the studies that reported these measures of accuracy, 

sensitivity was lower in the mammography-only groups, compared to supplementary modalities, 

while specificity was generally high for all groups. 

For our primary outcome, CDR, MRI and CEM demonstrated superior performance compared to 

DBT, ABUS and HHUS, detecting a greater number of cancers that were missed by mammog-

raphy alone in people with dense breasts. Given their higher screening yield, the rest of this dis-

cussion will focus specifically on MRI and CEM. 

 

Acceptance of MRI invitation 

The willingness of women to undergo MRI as a supplementary imaging modality for breast 

cancer screening is an important consideration that could impact the feasibility of implementing 

supplementary MRI screening. The DENSE, BRAID and Kaiser studies37, 39, 20, 32 report that 

some women did not accept the invitation to attend MRI screening, although the number was far 

greater in the DENSE study (only 59% accepted the invitation). The reasons for declination 

were not always due to personal preference or unwillingness/inability to undergo MRI but also 

included moving out of the area, travel issues, or health issues. 
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Heterogeneously versus extremely dense breasts 

In conducting this review, we were not asked to differentiate between heterogenous and ex-

tremely dense breasts. Although the supplementary MRI group meta-analysis showed a high 

CDR and a relatively low recall rate, the two DENSE studies37, 39 included only participants with 

extremely dense breasts, introducing an applicability concern. The BRAID study included indi-

viduals with both heterogeneously and extremely dense breasts (16.5% extremely dense in the 

MRI group).20 Following the findings of the DENSE studies, the EUSOBI, acknowledged that in-

dividuals with both heterogeneously and extremely dense breasts are underserved by mam-

mography or DBT alone. Consequently, they recommended that people be informed of their 

breast density, and that those with extremely dense breasts should be offered MRI screening 

every 2-4 years.10 Their guidance cited that robust evidence from the DENSE studies for ex-

tremely dense breasts, but noted the lack of such evidence for heterogeneously dense breasts. 

The UK-based BRAID study results were shared with the authors of this report in draft format 

via personal communication, but have not yet been published.20 BRAID is the second random-

ised, multicentre study evaluating supplementary MRI, corroborating the findings of the DENSE 

studies37 by demonstrating comparable detection and recall rates in a population with mixed 

breast density. Since breast density is a continuum, the BRAID study suggests that the cancer-

detecting benefits of supplementary MRI screening extend beyond those with the highest level 

of breast density.20 A preliminary report from the German MA-DETECT study was included in 

our MRI meta-analysis, although it was removed during sensitivity analysis due to an a priori de-

cision to conduct sensitivity analysis on studies with fewer than 500 participants. The MA-DE-

TECT RCT includes participants with both heterogeneous and extremely dense breasts and 

aims to determine the CDR and recall rate among individuals attending the national German 

screening programme. While the preliminary findings were based on a small cohort of 200 par-

ticipants, the study identified five cancers in cases where standard mammography had yielded 

negative results.32 

MRI protocols 

Of the six MRI studies, four32, 37, 39 used a full MRI protocol, the UK BRAID study20 used an ab-

breviated MRI protocol, while participants in a small study from China received either a full MRI 

protocol or an abbreviated MRI protocol, following negative mammography. Looking at the ef-

fect estimates of the individual studies included in our meta-analysis, we did not find that the 

cancer detection rates differed meaningfully between those that adopted an abbreviated MRI 
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protocol and those that adopted a full MRI protocol. The feasibility of implementing MRI in clini-

cal practice as a supplementary imaging modality at the population screening level may be con-

strained by the limited availability of MRI machines, higher costs, and potential shortage of ex-

pertise in image acquisition and interpretation. Adopting an abbreviated MRI protocol could im-

prove accessibility by increasing throughput and reducing examination costs while still maintain-

ing comparable diagnostic accuracy, as current evidence suggests.10 A retrospective study in-

volving 356 individuals with dense breasts and negative screening mammograms found no dif-

ference in cancer detection rates between abbreviated and full diagnostic MRI protocols.61   

Study quality 

In studies evaluating supplementary MRI, aside from applicability concerns relating to the re-

cruitment of participants with extremely dense breasts and the nature of the comparator, the 

most important risk of bias relates to flow and timing. The median interval between index tests is 

10 (IQR 8-14) weeks for the Bakker study,37 8 (IQR 3-13) weeks for the Veenhuizen study,39 

and 143 (IQR 98-183) days [around 20 (IQR 14-26) weeks] for the BRAID study.20 The Kaiser 

study did not report the median interval but excluded those who underwent the index test more 

than two months apart from the comparator test to prevent interval carcinoma from being misin-

terpreted in favour of breast MRI.32 The Chen study did not report the interval between MRI and 

mammography.23 The Kuhl study reported a median interval of 5 days (range of 1-28 days) be-

tween MRI and comparator tests.22 While delays between negative mammography and subse-

quent MRI may be attributed to logistical challenges such as MRI access, availability, cost, and 

expertise, similar intervals were observed for other imaging modalities in the BRAID study. Spe-

cifically, the reported median interval was 16 weeks (IQR 11, 21) for ABUS and 19 weeks (IQR 

13, 25) for CEM.20  

Need for additional evidence 

CEM was found to have a similar screening performance to MRI, but only in a single UK study, 

which leaves some uncertainty as to the generalisability of this finding.  Additional evidence 

would reduce the uncertainty about the ability of supplementary CEM to detect additional can-

cers compared to mammography alone in participants with dense breasts undergoing screen-

ing. In particular, additional evidence regarding the potential effectiveness of CEM compared to 

MRI would be welcome. There are several studies in process, including the CMIST62 (primary 

outcome data complete in early 2025) and C-MERIT63 studies (primary outcome data complete 

at the end of 2026), both of which are investigating supplementary CEM in participants with 
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dense breasts in a screening context, although neither compares its effectiveness directly with 

MRI. 

Limitations and strengths 

Our analysis included both retrospective studies and studies with randomised or paired designs, 

which could have introduced confounding factors associated with selection bias. However, to 

mitigate this risk, we excluded any studies that appeared to include a ‘pre-selected’ population, 

such as participants with characteristics linked to a higher cancer risk (e.g., family history, previ-

ous breast cancer, genetic risk). Our strict eligibility criteria ensured the inclusion of individuals 

at average cancer risk (apart from dense breasts) while excluding studies involving individuals 

at intermediate or high risk. While this approach reduced the number of studies retrieved - 

thereby affecting the statistical power of our review - it provided a more accurate representation 

of a typical breast screening population. Moreover, our commissioned review question referred 

broadly to ‘dense’ breasts rather than distinguishing between heterogeneously and extremely 

dense categories. As a result, we did not specifically assess whether supplementary imaging 

modalities performed better in the densest breast subgroups. Furthermore, we included studies 

examining both participants with negative DM findings and those assigned to mammography 

alone. Consequently, our combined estimates reflect differences in outcomes rather than abso-

lute values. Finally, given the fast-evolving nature of this research area, we conducted addi-

tional searches up to November 2024, including unpublished reports. This allowed us to include 

the most up-to-date evidence, including a draft version of the UK BRAID study, which has been 

recently completed but was still unpublished at the time of this report’s preparation. 



UK N S C external review – Risk-adapted breast imaging in population breast cancer screening: A UK Na-
tional Screening Committee Evidence Summary, [February 2025] 

56 

Discussion and Review Summary  

Our findings confirm that standard mammography alone is insufficient in detecting breast cancer 

in some individuals with dense breasts. While adjunctive imaging modalities such as ABUS, 

HHUS, and, to a lesser extent, DBT offer incremental improvement, their ability to identify 

missed cancers remains limited. Our meta-analysis combined five randomised studies (repre-

senting six comparisons) and demonstrated that supplementary MRI considerably enhances 

cancer detection rates.20, 32, 37, 39  

The UK-based BRAID study20 provides additional robust evidence, reinforcing the findings of 

the Netherlands-based DENSE studies,37, 39 and the German study by Kuhl et al. Two smaller 

studies on supplementary MRI also provided similar findings.32, 23  It is worth pointing out that 

detection, recall, and biopsy rates may decrease in the incident screening rounds, as indicated 

by the second phase of the DENSE study.39 The DENSE study also showed that significantly 

fewer interval cancers were subsequently detected in the supplemental MRI group compared to 

the mammography-only group,37 with the Kuhl study reporting no interval cancers with at least 2 

years of follow-up in those who had supplemental MRI screening.22 The interval between nega-

tive mammography and supplementary MRI in some studies could introduce a potential risk of 

bias in these results. CEM has shown a screening performance comparable to MRI, albeit in a 

recent single study.20 Overall, these findings highlight supplementary screening modalities that 

have the potential to improve cancer detection rates for individuals with dense breasts, support-

ing a more refined and personalised approach to population-level breast screening. 
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Appendix 1 — Search strategy 

Search Terms 

Search terms included combinations of free text and subject headings (Medical Subject 

Headings [MeSH] for MEDLINE, and Emtree terms for Embase), grouped into the following 

categories. Results were imported into Endnote and duplicates removed. 

 Table 1  Search strategy for MEDLINE, MEDLINE In-Process, MEDLINE Daily, Epub Ahead of Print and Embase 

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed Citations, 
Daily and Versions 

1. Mass Screening/ or Early Detection of Cancer/ 

2. Breast/ or breast?.tw. 

3. 1 and 2 

4. (breast adj3 (screen* or imag*)).tw,kf. 

5. 3 or 4 

6. breast density/ 

7. ((breast? or mammog*) adj5 dens*).tw,kf. 

8. 6 or 7 

9. *Mammography/ or mammogra*.tw,kf. 

10. *Magnetic Resonance Imaging/ or ("magnetic resonance imaging" or MRI).tw,kf. 

11. *Ultrasonography, Mammary/ or (sonogra* or ultrasound* or ultrasonogra* or echomammogra* or 
ABUS or HHUS).tw,kf. 

12. (("contrast-enhanced" adj3 mammogra*) or CEM).tw,kf. 

13. (tomosynthesis or "3D mammogra*" or "3-D mammogra*" or "digital breast tomogra*" or 
DBT).tw,kf. 

14. ((supplement* or enhance* or adjunct* or addit* or "risk-adapted" or "risk adapted") adj5 (screen* 
or imag*)).tw,kf. 

15. or/10-14 

16. 5 and 8 and 9 and 15 

17. (case reports or comment or editorial or letter or news).pt. 

18. 16 not 17 

19. limit 18 to yr="2014 -Current" 
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Appendix 2 — Included and excluded studies 

PRISMA flowchart 

Figure 1 summarises the volume of publications included and excluded at each stage of the 

review.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 Figure 1  PRISMA flowchart showing summary of publications included and excluded at each stage 
of the review 14 
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Publications included after review of full text articles 

Of the 178 publications included after the review of titles and abstracts, 34 were eligible for 

inclusion. An additional one report was retrieved in draft format, and one report was retrieved 

during the Review 1 and deemed eligible for Review 2, making 36 included studies in total. A 

further five studies were eligible for inclusion but contained duplicate reporting and were 

therefore not included in the final total. Details of the included reports are listed below: 

 

Bakker MF, de Lange SV, Pijnappel RM, et al. Supplemental MRI screening for women with 

extremely dense breast tissue. N Engl J Med. 2019;381(22):2091‐102. 

Ban K, Tsunoda H, Togashi S, et al. Breast cancer screening using digital breast tomosynthesis 

compared to digital mammography alone for Japanese women. Breast Cancer. 2021;28(2):459-

64. 

Bernardi D, Macaskill P, Pellegrini M, et al. Breast cancer screening with tomosynthesis (3D 

mammography) with acquired or synthetic 2D mammography compared with 2D mammography 

alone (STORM-2): a population-based prospective study. Lancet Oncol. 2016;17(8):1105-13. 

Brem RF, Tabar L, Duffy SW, et al. Assessing improvement in detection of breast cancer with 

three-dimensional automated breast US in women with dense breast tissue: the SomoInsight 

Study. Radiology. 2015;274(3):663-73. 

Buchberger W, Geiger-Gritsch S, Knapp R, Gautsch K, Oberaigner W. Combined screening 

with mammography and ultrasound in a population-based screening program. Eur J Radiol. 

2018;101:24-9. 

Chang JM, Koo HR, Moon WK. Radiologist-performed hand-held ultrasound screening at 

average risk of breast cancer: results from a single health screening center. Acta Radiol. 

2015;56(6):652-8. 

Chen, Shuang-Qing et al. Application of Abbreviated Protocol of Magnetic Resonance Imaging 

for Breast Cancer Screening in Dense Breast Tissue. Academic Radiology, Volume 24, Issue 3, 

316 – 320 



UK N S C external review – Risk-adapted breast imaging in population breast cancer screening: A UK Na-
tional Screening Committee Evidence Summary, [February 2025] 

60 

Conant EF, Beaber EF, Sprague BL, et al. Breast cancer screening using tomosynthesis in 

combination with digital mammography compared to digital mammography alone: a cohort 

study within the PROSPR consortium. Breast Cancer Res Treat. 2016;156(1):109-16. 

Durand MA, Friedewald SM, Plecha DM, et al. False-negative rates of breast cancer screening 

with and without digital breast tomosynthesis. Radiology. 2021;298(2):296-305. 

Freer PE, Riegert J, Eisenmenger L, et al. Clinical implementation of synthesized 

mammography with digital breast tomosynthesis in a routine clinical practice. Breast Cancer 

Res Treat. 2017;166(2):501-9. 

Gatta G, Cappabianca S, La Forgia D, et al. Second-generation 3D automated breast 

ultrasonography (Prone ABUS) for dense breast cancer screening integrated to mammography: 

effectiveness, performance and detection rates. J Pers Med. 2021;11(9). 

Gilbert FJ. Breast Screening - Risk Adaptive Imaging for Density. BRAID trial results (personal 

communication: Brazzelli, M. 2024). 2024. 

Ha SM, Jang M-J, Youn I, et al. Screening outcomes of mammography with AI in dense 

breasts: a comparative study with supplemental screening US. Radiology. 

2024;312(1):e233391. 

Harada-Shoji N, Suzuki A, Ishida T, et al. Evaluation of adjunctive ultrasonography for breast 

cancer detection among women aged 40-49 years with varying breast density undergoing 

screening mammography: a secondary analysis of a randomized clinical trial. JAMA Netw 

Open. 2021;4(8):e2121505. 

Johnson K, Zackrisson S, Rosso A, et al. Tumor characteristics and molecular subtypes in 

breast cancer screening with digital breast tomosynthesis: the Malmö Breast Tomosynthesis 

Screening Trial. Radiology. 2019;293(2):273‐81. 

Kaiser C, Wilhelm T, Walter S, Singer S, Keller E, Baltzer PAT. Cancer detection rate of breast-

MR in supplemental screening after negative mammography in women with dense breasts. 

Preliminary results of the MA-DETECT-Study after 200 participants. Eur J Radiol. 

2024;176:111476. 
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Kuhl CK, Strobel K, Bieling H, Leutner C, Schild HH, Schrading S. Supplemental Breast MR 

Imaging Screening of Women with Average Risk of Breast Cancer. Radiology. 2017 

May;283(2):361-370. 

Kwon M-R, Choi JS, Lee MY, et al. Screening outcomes of supplemental automated breast US 

in Asian women with dense and nondense breasts. Radiology. 2023;307(4):e222435. 

Lee SE, Yoon JH, Son N-H, Han K, Moon HJ. Screening in patients with dense breasts: 

comparison of mammography, artificial intelligence, and supplementary ultrasound. AJR Am J 

Roentgenol. 2024;222(1):e2329655. 
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Appendix 3 Summary and appraisal of individual studies 

Data Extraction – Characteristics and results tables for each supplementary imaging modality versus mammography alone 

Characteristics and results pertaining to DBT plus mammography versus mammography alone are presented below 

 

Table 1.A  Reported characteristics of studies comparing digital breast tomosynthesis (DBT) plus mammography with mammography-only in women with dense breasts 

Study name 
Author, year 
(country) 

Supplementary 
screening mo-
dality / compar-
ator imaging 
 
(interval be-
tween tests) 

Design (num-
ber of centres) 

Study 
years  

Number with 
dense breasts in 
study arm/ num-
ber with dense 
breasts in DM 
only arm   
 

Brief population descrip-
tion  
 
Age§ 

Screening 
programme 
interval 

Reference standard 

CBTST 
Pulido-Car-
mona, 202426 
(Spain)# 

DBT / DM 
 
(Interval: simul-
taneous) 

Retrospective 
study (1) 

2015 Jan 
to 2016 
Dec 

4,207 / 8,950 People 50-69y resident in 
Cordoba participating in 
breast cancer screening 
 
Age NR 

Biennial Linkage with multi-
ple registries and da-
tabase of centre’s 
Breast Unit 

MBTST 
Olinder, 202330 
(Sweden) 

DBT / DM 
 
(Interval: simul-
taneous -ac-
quired at one 
screening occa-
sion) 

Prospective 
screening trial 
(1) 

2010 Jan 
to 2015 
Feb 

6,645 / 6, 645 
(participants un-
derwent both im-
aging modalities) 

Random sample of people 
40-74y selected from 
screening registry in Malmö, 
Sweden 
 
Age NR (reported for highest 
density quintiles only) 
 

NR NR 

RETomo 
Pattacini, 
202236 (Italy) 

DBT / DM 
 
(Interval: simul-
taneous) 

RCT (3) 2014 Mar 
to 2017 
Aug 

5,970 / 5,978 
 
 
 

People aged 45–69y attend-
ing screening in one of three 
clinics 
 
Age NR 

45–49 y an-
nual 
50–74 y bien-
nial 

All recruited people 
followed up in 
screening pro-
gramme and Cancer 
Registry 
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Evaluation of surgi-
cal specimen con-
sidered final diagno-
sis of lesion 
 

Durand, 202146 
(USA) 

DBT / DM 
 
(Interval: NR) 

Retrospective 
study (10) 

DBT start 
dates be-
tween 
2011 Apr 
and 2012 
May to 
2013 Jun 
 
DM start 
dates NR 

86,571 / 95,914 Screening examinations 
from 10 academic and com-
munity practices 
Age: 
40-49y: 113,950 (29.9%) 
50-69y: 209,753 (55.1%)  
>70y: 45,019 (11.8%) 

Annual Linkage to site and 
state cancer regis-
tries 

Pang, 202151 
(Canada) 

DBT / DM 
 
(Interval: simul-
taneous; com-
bined DBT and 
DM) 

Observational 
(2) 

2015 to 
2018 

58,281 / 67,489 People >40y who underwent 
screening at two large vol-
ume multisite radiology 
groups in Alberta, Canada 
 
Age NR 
 
 

Biennial Linkage to Alberta 
Cancer Registry 

Ban, 202153  
(Japan) 

DBT / DM 
 
(Interval: NR) 

Prospective 
trial (1) 

2017 May 
to 2019 
Mar 

1,739 / 4,226 People attending popula-
tion-based screening in Ja-
pan who also had opportun-
istic DBT screening (work-
place/private) and were 
>30y  
 
Age: NR 

Biennial NR 

Oslo Tomosyn-
thesis Screen-
ing Trial 

DBT / DM 
 

Prospective 
clinical trial (1) 

2010 Nov 
to 2012 
Dec 

8,466 / 8,466 
(participants un-
derwent both im-
aging modalities) 

People aged 50-69y attend-
ing population-based 
screening program, Breast-
Screen Norway 

Biennial 2 years of follow-up 
to assess interval 
cancers 



UK N S C external review – Risk-adapted breast imaging in population breast cancer screening: A UK National Committee Evidence Summary, [February 
2025] 

79 

Osteras, 201921 
(Norway) 

(Interval: simul-
taneous [com-
bined DBT and 
DM]) 

 
Age: 
50–54y: 3,158 
55–59y: 2,390 
60–64y: 1,574 
65–69y: 1,624 
 

Stepanek, 
201952  
(USA) 

DBT / DM 
 
(Interval: simul-
taneous; com-
bined DBT and 
DM) 

Retrospective 
review (1) 

DM: 2010 
Sep to 
2011 Aug 
DBT/DM: 
2014 Jan 
to 2015 
Jun 

4,389 / 4,895 Screening programme with 
DM; DBT made available at 
an additional charge 
 
Age NR 
 
 

Annual Category 3 lesions 
followed for mini-
mum 2 y or cross-
referenced with the 
state tumour registry 
 
Negative findings BI-
RADS 1/2 resumed 
annual screenings 

MBTST 
Johnson, 
201941  
(Sweden) 

DBT / DM 
 
(Interval: simul-
taneous -one 
screening occa-
sion) 

Prospective, 
population-
based screen-
ing trial (NR) 

2010 Jan 
to 2015 
Feb 

6,202 / 6,202 
(participants un-
derwent both im-
aging modalities) 

Random sample of people 
from screening registry in 
the city of Malmö, Sweden 
 
Age NR 
 

NR  
Pathologic assess-
ment of surgical 
specimens 
 
Linkage with Cancer 
Registry 
 

Upadhyay, 
201838  
(UK) 

DBT / DM 
 
(Interval: simul-
taneous) 

Retrospective 
reader study (1) 

2013 Jan 
to 2013 
Dec 

423 / 423 (partici-
pants underwent 
both imaging mo-
dalities) 

People aged 46-53 were re-
cruited from the prevalent 
screening round of the NHS 
Breast Screening Pro-
gramme 
 
Age NR 

Triennial Recalls: Assessment 
within 3 weeks (fur-
ther imaging, biopsy 
as appropriate) 

Rose, 201748 
(USA) 

DBT / DM 
 
(Interval: Simul-
taneous -com-
bined DBT/DM 

Retrospective 
review of 
screening 
mammography 
audit data (31) 

2015 Jan 
to 2015 
Dec 

10,360 / 21,929  Community-based screen-
ing programme for people 
<50y  
 
Age NR 

NR Data validated by au-
diting patient out-
comes, imaging re-
ports, and pathology 
results for biopsy 
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for all or part of 
the analysis pe-
riod) 

and surgical speci-
mens 

Freer, 201745 
(USA) 

DBT / DM 
 
(Interval: simul-
taneous) 
 
 

Retrospective 
study with insti-
tutional data-
bases (NR) 

2013 Oct 
to 2014 
Dec (co-
hort 3 end 
date 2015 
Dec) 

521 / 8302 
 

People who presented for 
screening MM to any 
screening facility of their ac-
ademic medical centre 
 
Cohort 2:  Under 40: 1.7% ; 
40–49: 27.5%; 50–59: 
34.2%; 60–69: 25.3%; 70–
74: 6.9%; Over 74: 4.4% 
 
Cohort 3: Under 40: 1.4% ; 
40–49: 26.0%; 50–59: 
31.7%; 60–69: 25.5%; 70–
74: 7.8%; Over 74: 7.6% 

NR NR 

STORM-2 
Bernardi, 
201635  
(Italy) 

DBT / DM  
 
(Interval: simul-
taneous) 

Prospective 
population-
based screen-
ing 
study (1) 

2013 May 
to 2015 
May 

2,592 / 2,592 
(participants un-
derwent both im-
aging modalities) 

People >49y attending pop-
ulation-based screening 
programme 
 
Age NR 

Biennial Biopsy 
 
Recalled patients: 
completed assess-
ment outcome, in-
clusive of work-up 
imaging (with or 
without biopsy) 
 

Starikov, 
201649  
(USA) 

DBT / MM 
 
(Interval: same 
day) 

Retrospective 
observational 
case–control 
study (1) 

2013 Jan 
to 2013 
Dec 

1,875 / 7,117 People presenting for 
screening mammography 
 
Age: Majority of patients 
>40y 

Annual List of biopsy proven 
screen-detected 
breast cancers 

PROSPR 
Conant, 201647 
(USA) 

DBT / DM 
 
(Interval NR) 

Retrospective 
analysis of pro-
spective cohort 
data (3) 

2011 to 
2014 

21,133 / 44,303 People 40-74y with no 
known prior breast cancer 
 
Age: 

NR Biopsy information 
from electronic 
health records and 
pathology databases 
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40–49 years: 37,155 (26.0%) 
for DM, 18,668 (33.3%) for 
DBT 
50–59 years: 51,096 (35.8%) 
for DM, 20,839 (36.4%) for 
DBT 
60–74 years: 54,632 (38.2%) 
for DM, 16,941 (30.3%) for 
DBT 

-> 1 year of imaging 
follow-up 
 
Cancer data 
from local institu-
tional tumour regis-
tries, state registries, 
and one statewide 
surveillance system 
 

ASTOUND 
Tagliofico, 
201640  
(Italy) 

DBT / negative 
DM 
 
(Interval: simul-
taneous 

Prospective 
multicentre 
study (5) 

2012 Dec 
to 2015 
Mar 

3,231 / 3,231 
(participants un-
derwent both im-
aging modalities) 

Asymptomatic people with 
negative MM aged 38 years 
or older with dense breasts 
 
Age: median (IQR) age 51 y 
(44-78) (of those invited to 
study; 64 declined to partic-
ipate)) 
 

NR Biopsy 
 
Recalled subjects: 
work-up imaging 
with or without core-
needle biopsy 

MacDonald, 
201643  
(USA) 

DBT / DM 
 
(Interval NR) 

Retrospective 
analysis (1) 

2010 Sep 
to 2011 
Aug 

3,611 / 3,489 People underdoing screen-
ing mammography at the 
University of Pennsylvania 
 
Mean (SD) age: 
DM cohort: 56.9 (11.0)  

Unclear, likely 
annual 

Biopsy  
 
Pennsylvania State 
Cancer Registry que-
ried to determine in-
terval cancer rate 
 

MacDonald, 
201544  
(USA) 

DBT / DM 
 
(Interval NR) 

Retrospective 
analysis of a 
natural out-
comes experi-
ment (1) 

2010 Sept 
to 2013 
Feb 

632 / 405 
 

People underdoing screen-
ing mammography at the 
University of Pennsylvania 
 
Mean (SD) age: 
DM cohort:  49.2y (10.1) 
DBT cohort: 48.9y (10.6) 

NR Biopsy or surgical 
outcomes 
tracked within 180 
days of screening 
recall 
 
Min 12 months of fol-
low-up data 
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 available for all pa-
tients in both co-
horts 
 
Linkage to Pennsyl-
vania State Cancer 
Registry 

 
^ NR, but obtained via author correspondence 

 Number of people with dense breasts in the DBT plus DM study arm, and in the DM only arm (according to BIRADS categories D and C corresponding to heterogene-
ously and extremely dense breasts, respectively) 
§ Age shown if reported specifically for people with dense breasts; presented as mean, median, proportions as reported 
# Study was eligible for inclusion however as the intervention (supplemental modality) included synthesis mammography as well as digital breast tomosynthesis, study was 
not amenable to meta-analysis 
 
RCT, randomised controlled trial; CBTST, Córdoba Breast Tomosynthesis Screening Trial; MBTST, Malmö Breast Tomosynthesis Screening Trial; RETomo, Reggio Emilia 
Tomosynthesis; PROSPR, Population-based research optimizing screening through personalized regimens; STORM, Screening with Tomosynthesis Or standard Mammo-
graph; ASTOUND, Adjunct Screening With Tomosynthesis or Ultrasound in People With Mammography-Negative Dense Breasts; NR, not reported; DM, digital mammogra-
phy; DBT, digital breast tomosynthesis; MM, mammography; BIRADS, breast imaging reporting and data system; IQR, inter-quartile range; SD, standard deviation 

 
 

Table 1.B  Summary of CDR, recall rate, biopsy rate, interval cancers, false negatives, false positive, sensitivity and specificity for studies comparing digital breast tomo-
synthesis (DBT) plus mammography with mammography-only in people with dense breasts 

 
Study 
name 
Author, 
year 
(country) 

Study Ques-
tion 
 
Supplemental 
screening 
modality 
/comparator 
imaging 
 

CDR per 
1,000 ex-
ams (lower 
CI, upper 
CI) 

Recall rate 
 
% (lower 
CI, higher 
CI)  
 
(definition 
of recall 
rate^) 
 

PPV1 for 
recall  
% (lower 
CI, upper 
CI) 

Biopsy 
rate  
% 
(lower 
CI, up-
per CI) 

PPV3 
for bi-
opsy  
% 
(lower 
CI, up-
per CI) 

Inter-
val 
can-
cers % 
(lower 
CI, 
higher 
CI) 

False 
nega-
tives % 
(lower 
CI, 
higher 
CI) 

False 
posi-
tives % 
(lower 
CI, 
higher 
CI) 

Sensitiv-
ity  
% (lower 
CI, upper 
CI) 

Specific-
ity % 
(lower CI, 
upper CI)  
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CBTST 
Pulido-
Carmona, 
202428 
(Spain) 

DBT plus DM 
 
 

NR NR NR NR NR 0.95 
(0.55, 
1.35)  

NR NR NR NR 

DM only NR NR NR NR NR 3.17 
(2.64, 
3.62)  

NR NR NR NR 

MBTST 
Olinder, 
202330 
(Sweden) 

DBT plus DM 
 
 

Grade C 
density 
11.8 (9.1, 
15.2) 
 
Grade D 
density 
16.3 (10.6, 
25) 

Grade C 
density 5 
(4.4, 5.7)  
 
Grade D 
density 7 
(5.7, 8.6)  

Grade C 
density 
23.6 
(18.7, 
29.3)  
 
Grade D 
density 
23.3 
(15.6, 
33.2)  

Grade C 
density 
2.9 (2.5, 
3.4)  
 
Grade D 
density 
4.3 (3.3, 
5.6)  
 

Grade C 
density 
40.6 
(32.9, 
48.8) 
 
Grade D 
density 
37.7 
(25.9, 
51.2) 
 

NR NR Grade C 
density 
3.8 (3.3, 
4.4)  
 
Grade D 
density 
5.4 (4.2, 
6.8)  

Grade C 
density 
78.4 (67.7, 
86.2) 
 
Grade D 
density 
90.9 (72.2, 
97.5) 

Grade C 
density 
96.1 (95.6, 
96.6) 
 
Grade D 
density 
94.5 (93.1, 
95.7) 

DM only Grade C 
density 10 
(7.6, 13.2) 
 
Grade D 
density 8.9 
(5, 15.9) 

Grade C 
density 3.6 
(3.1, 4.1)  
 
Grade D 
density 4.6 
(3.5, 5.9)  
 
(definition: 
NR) 

Grade C 
density 
27.8 
(21.7, 
34.9)  
Grade D 
density 
19.6 
(11.3, 
31.8)  
 

Grade C 
density 
2.4 (2, 
2.8)  
Grade D 
density 
2.8 (2, 
3.8)  
 

Grade C 
density 
41.9 
(33.3, 
50.9) 
 
Grade D 
density 
32.4 
(19.1, 
49.2) 
 

NR NR Grade C 
density 
2.6 (2.2, 
3.1)  
 
Grade D 
density 
3.7 (2.7, 
4.9)  

Grade C 
density 
66.2 (54.9, 
76) 
 
Grade D 
density 50 
(30.7, 
69.3) 

Grade C 
density 
97.4 (96.9, 
97.8) 
 
Grade D 
density 
96.3 (95.1, 
97.2) 

RETomo 
Pattacini, 
202236  
(Italy) 

DBT plus DM 
 
 

n=49 NR 18.4  NR NR 0.23 % NR NR NR NR 

DM only 
 

n=31 NR 10.8  NR NR 0.25 % NR NR NR NR 

Durand, 
202146 
(USA) 

DBT plus DM 
 
 

2.6  114.6 (per 
1,000 ex-
ams) 

NR NR NR NR n=70 NR NR NR 
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DM only 2.1 133.6 (per 
1,000 ex-
ams) 
 
(definition: 
NR) 

NR NR NR NR n=72 NR NR NR 

Pang, 
202151 
(Canada) 

DBT plus DM 
 
 

Grade C 
density 6.5 
 
Grade D 
density 4 

Grade C 
density 8.5  
 
Grade D 
density 7.7  

Grade C 
density 
7.7 
 
Grade D 
density 
5.2 

NR NR NR NR NR NR NR 

DM only Grade C 
density 4.2 
 
Grade D 
density 3.7 

Grade C 
density 8.0  
 
Grade D 
density 7.0  
 
(definition: 
reported as 
Abnormal 
Call Rate; 
refers to BI-
RADS 
0,4,5) 

Grade C 
density 
5.2 
 
Grade D 
density 
5.3 

NR NR NR NR NR NR NR 

Ban, 
202153  
(Japan) 

DBT plus DM n=4 
 

n=46 
 

NR NR NR NR NR NR NR NR 

 DM only n=6 n=149 
 
(definition: 
reported as 
‘cases re-
quiring fur-
ther exami-
nation’) 

NR NR NR NR NR NR NR NR 

DBT plus DM 
 

n=106 NR NR NR NR NR NR n=995 NR NR 
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Oslo 
Tomosyn-
thesis 
Screening 
Trial 
Osteras, 
201921 
(Norway) 

DM only n=82 NR NR NR NR NR NR n=1044 NR NR 

Stepanek, 
201952 
(USA) 

DBT plus DM 
 
 

NR n=602 NR NR NR NR NR NR NR NR 

DM only NR n=760 
 
(definition: 
BIRADS 0) 

NR NR NR NR NR NR NR NR 

MBTST 
Johnson, 
201941 
(Sweden) 

DBT plus DM 
 
 

n=85 NR NR NR NR NR NR NR NR NR 

DM only 
 

n=64 NR NR NR NR NR NR NR NR NR 

Upadhyay, 
201838 
(UK) 

DBT plus DM 
 

NR 13.5 NR NR NR NR NR NR NR NR 

DM only NR 19.6 
 
(Definition: 
NR) 
 
 

NR NR NR NR NR NR NR NR 

Rose, 
201748 
(USA) 

DBT plus DM 
 
 

3.5  132 (per 
1,000 ex-
ams) 

2.5 20.4 
(per 
1,000 
exams) 

17.2 NR NR NR NR NR 

DM only 2.1 136 (per 
1,000 ex-
ams) 
 
(definition: 
BIRADS 0) 

1.6 16 (per 
1,000 
exams) 

13.4 NR NR NR NR NR 
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Freer, 
201745 
(USA) 

DBT plus DM 
 
 

NR 6.63 NR NR NR NR NR NR NR NR 

DM only NR 8.92 
 
(definition: 
screening 
for addi-
tional eval-
uation) 

NR NR NR NR NR NR NR NR 

STORM-2 
Bernardi, 
201635  
(Italy) 

DBT plus DM 
 

13.1 (9.1, 
18.3) 

NR NR NR NR NR NR 5.01 (4.2, 
5.93)~  

NR NR 

DM only 7.7 (4.7, 
11.9) 

NR NR NR NR NR NR 3.95 
(3.23, 
4.78)~ 

NR NR 

Starikov, 
201649 
(USA) 

DBT plus DM 
 
 

5.3 10.4 NR NR NR NR NR NR NR NR 

DM only 3.8 19.9 
 
(definition: 
BIRADS 0) 

NR NR NR NR NR NR NR NR 

PROSPR 
Conant, 
201647 
(USA) 

DBT plus DM 
 
 

6.8 10.3  6 2.2 NR NR NR NR NR NR 

DM only 4.7 12.69  
 
(definition: 
BIRADS 
0,3,4,5) 

3.7 2.2 NR NR NR NR NR NR 

ASTOUND 
Tagliofico, 
201640  
(Italy) 

Negative DM 
plus DBT 
 
 

4 (1.8, 6.2) NR NR NR 37 
(21.3, 
55.4) 

NR NR n=53 NR NR 

MacDon-
ald, 201641 
(USA) 

DBT plus DM 
 
 

6.6 NR NR NR NR NR NR NR NR NR 

DM only 5.2 NR NR NR NR NR NR NR NR NR 
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MacDon-
ald, 2015 
(USA)44 

DBT plus DM 
 
 

NR n=109 NR NR NR NR NR NR NR NR 

DM only NR n=85 
 
(definition: 
BIRADS 
0,4,5) 

NR NR NR NR NR NR NR NR 

 
± Grade C breast density refers to heterogeneously dense breasts and grade D density refers to extremely dense breasts, and may be described as such in some reports 
^Recall rate definition as reported by study authors 
~ reported as ‘false positive recalls’ 
 
CDR, cancer detection rate; CI, confidence interval; CBTST, Córdoba Breast Tomosynthesis Screening Trial; MBTST, Malmö Breast Tomosynthesis Screening Trial; RE-
Tomo, Reggio Emilia Tomosynthesis; PROSPR, Population-based research optimizing screening through personalized regimens; STORM, Screening with Tomosynthesis 
Or standard Mammograph; ASTOUND, Adjunct Screening With Tomosynthesis or Ultrasound in Women With Mammography-Negative Dense Breasts; NR, not reported; 
DM, digital mammography; DBT, digital breast tomosynthesis; MM, mammography; PPV1, positive predictive value (number of cancers diagnosed per number of positive 
screens); PPV3, positive predictive value (biopsy proven predictive value); BIRADS breast imaging reporting and data system 

 
 

Characteristics and results of ABUS plus mammography versus mammography alone are presented below 
 

Table 2.A  Reported characteristics of studies comparing automated breast ultrasound (ABUS) plus mammography with mammography-only in people with dense breasts 

 

 

Study name 
Author, year 
(country) 

Supplementary 
screening mo-
dality / com-
parator imag-
ing 
(interval be-
tween tests) 

Design (num-
ber of cen-
tres) 

Study 
years  

Number with 
dense breasts in 
study arm/ num-
ber with dense 
breasts in DM 

only arm   
 

Brief population 
description  
 
Age§ 

Screening pro-
gramme inter-
val 

Reference standard 
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BRAID, Gil-
bert, 202420 
(UK) 

ABUS/ negative 
screening MM 
 
(Interval median 
days [IQR]: 111 
[77-150]) 

RCT (10) 2019 
Sept to 
2024 Mar 

2,141 / 6,306 
 
 

MM-negative 
people attending 
UK population 
breast screening 
at 10 centres 
 
Median (IQR) 
age: 
56 (52-61) 
 

Triennial Recall cases: further imag-
ing and biopsy if lesion was 
confirmed 
 
Where doubt about lesion or 
not: repeat CEM or MRI/ 
short term follow up offered 

Kwon, 202324 
(South Korea) 

ABUS / DM 
 
(Mean interval 4 
days; range 0-
90 days) 

Retrospective 
analysis involv-
ing database 
search (1) 

2018 Jan 
to 2019 
Dec  

2,155 / 2,155 
(participants un-
derwent both im-
aging modalities) 
 

Database of con-
secutive asymp-
tomatic people 
breast cancer 
screening  
 
Age profile: 
<50y 40% 
>50y 60% 

NR Histopathologic results from 
surgical excision, US-guided 
core biopsy or vacuum-as-
sisted biopsy, stereotactic 
biopsy, or stability on follow-
up imaging 

Ren, 202326 
(China) 

ABUS/ DM  
 
(Interval NR, but 
people with an 
odd number at 
end of ID re-
ceive ABUS first 
while those with 
even number at-
tend DM first – 
suggesting im-
mediate) 
 
 

Multicentre, 
population-
based study 
(6) 

2018 Feb 
to 2022 
Aug 

Total group 
10,884 
 

Asymptomatic 
people attending 
breast cancer 
screening in 
China 
Median (IQR) 
age: 
51.54 (4.61) 

NR Biopsy or 1-year follow-up 

Gatta, 202133 
(Italy) 

ABUS/ FFDM 
 
(Interval NR) 

Prospective 
observational 
study (1) 

2017 Jun 
to 2019 
Feb  

1,165 / 1,165 
 

People with 
dense breasts at-
tending health 
screening centre  
 
Age: 

Annual (for 
dense breasts) 

No signs of malignancy:  
dense breast annual 
checkup  
 
Suspected malignancy: 
Biopsy 
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40-50y 68% 
50-60y 25% 
60-70y 7% 

Wilczek, 
201642 (Swe-
den) 

ABUS/ DM  
 
(Interval: imme-
diate) 

Prospective 
evaluation of a 
breast screen-
ing programme 
(1) 

2020 Nov 
to 2012 
Feb 

1,668 / 1,668 Asymptomatic 
people with 
dense breasts 
who had been in-
vited for breast 
cancer service 
screening mam-
mography 
 
Age: 
40-49y: 59.7% 
50-59y: 26.7% 
60-69y: 13.5% 

People aged 
40-49y every 18 
months 

Suspicious findings (DM or 
ABUS): recalled and sub-
jected to mammography 
work–up with complemen-
tary views and HHUS 
 
^Code 1–2: invited to the 
next screening after appro-
priate interval 
 
^Code 3–5: biopsy 

Somolnsight 
Brem, 201550 
(USA) 

ABUS/ DM  
 
(Interval: Imme-
diate) 

Observational, 
multicentre 
study (10) 

2009 to 
2019 

15,318 / 15,318 
 

People aged >25 
years with dense 
breast tissue 
 
Mean (SD) age 
53.3 (10) 

Annual Normal, benign, 
or probably benign: followed 
up for 12 months 
 
Developed breast symptoms 
during 
the follow-up period:  
clinically indicated evalua-
tion 

 
§ Age shown if reported specifically for people with dense breasts; presented as mean, median, proportions as reported 

 Number of people with dense breasts in the ABUS plus DM study arm, and in the DM only arm (according to BIRADS categories D and C corresponding to heterogene-
ously and extremely dense breasts, respectively) 
^ Five step coding: (1) normal, (2) benign, (3) probably benign, (4) highly suspicious of malignancy, (5) malignant 
 
SD, standard deviation; IQR, Inter-quartile range; RCT, randomised controlled trial; MM mammography; DM digital mammography; ABUS, automated breast ultrasound; 
BRAID, Breast Screening; Risk Adaptive Imaging for Density; HHUS, hand-held ultrasound; NR, not reported; CEM contrast enhanced mammography; BIRADS, breast 
imaging reporting and data system; MRI, magnetic resonance imaging 
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Table 2.B  Summary of CDR, recall rate, biopsy rate, interval cancers, false negatives, false positive, sensitivity and specificity for studies comparing automated breast 
ultrasound (ABUS) plus mammography with mammography-only in people with dense breasts 

 

 
 

Study 
name 
Author, 
year (coun-
try) 

Study Ques-
tion 
 
Supplemen-
tary screening 
modality / 
comparator  
 

CDR per 
1,000 ex-
ams (lower 
CI, upper 
CI) 

Recall rate 
 
% (lower CI, 
higher CI)  
 
(definition 
of recall 
rate^) 
 

PPV1 
for re-
call  
 
% 
(lower 
CI, 
upper 
CI) 

Biopsy 
rate  
 
% 
(lower 
CI, up-
per CI) 

PPV3 
for bi-
opsy  
 
% 
(lower 
CI, up-
per CI) 

Interval 
cancers  
 
% 
(lower 
CI, 
higher 
CI) 

False 
nega-
tives 
 
 % (lower 
CI, 
higher 
CI) 

False 
positives 
 
 % 
(lower 
CI, 
higher 
CI) 

Sensitiv-
ity 
  
% (lower 
CI, upper 
CI) 

Specific-
ity   
 
% (lower 
CI, upper 
CI)  

BRAID, Gil-
bert, 202420 
(UK) 

Negative DM 
plus ABUS  
 

4.2 (1.9, 8) 4 (3.2, 4.9) 
 
(Definition: 
BI-RADS 3, 
4, or 5) 

NR 1.5% 
(1, 2.1) 

NR NR NR NR NR NR 

Kwon, 
202324 
(South Ko-
rea) 

ABUS plus DM 
 
 

9.3 (7.7, 
10.3) 

14 (13.4, 
14.4) 

6.6 
(5.6, 
7.4) 

3.3 
(3.1, 
3.5) 

27.8 
(23.4, 
31) 

NR NR 2.4 (2.2, 
2.6) 

63.6 (40.9, 
81.8) 

NR 

DM only 6.5 (5.2, 
7.2) 

6 (5.7, 6.3) 
 
(Definition: 
reported as 
Abnormal In-
terpretation 
Rate) 

10.8 
(8.8, 
12.2) 

1.9 
(1.8, 
2.1) 

33.3 
(26.7, 
37.8) 

NR NR 1.3 (1.1, 
1.4) 

94.6 (93.6, 
95.5) 

NR 

Ren, 202326 
(China) 

ABUS plus DM 
 
 

Age 45-54y: 
3.3 (2.2, 
4.8) 
 
Age 55-64y: 
6.09 (3.3, 
10.9) 

NR NR NR Age 45-
54y: 
16.87 
(11.68, 
23.63) 
 
Age 55-
64y: 

NR NR Age 45-
54y: 1.63 
(1.38, 
1.93) 
 
Age 55-
64y: 1.17 

Age 45-
54y: 96.55 
(80.37, 
99.82) 
 
Age 55-
64y: 100 

Age 45-
54y: 97.11 
(96.72, 
97.45) 
 
Age 55-
64y: 98.01 
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34.29 
(19.69, 
52.27) 

(0.76, 
1.78) 

(69.87, 
100) 

(97.26, 
98.56) 

DM only Age 45-54y: 
2.48 (1.6, 
3.9) 
 
Age 55-64y: 
4.56 (2.3, 9) 

NR NR NR Age 45-
54y: 
24.71 
(16.27, 
35.47) 
 
Age 55-
64y: 
40.91 
(21.48, 
63.32) 

NR NR Age 45-
54y: 0.75 
(0.58, 
0.96) 
 
Age 55-
64y: 0.66 
(0.37, 
1.16) 

Age 45-
54y: 72.41 
(52.51, 
86.55) 
 
Age 55-
64y: 75 
(42.84, 
93.31) 

Age 45-
54y: 98.9 
(98.65, 
99.11) 
 
Age 55-
64y: 99.08 
(98.52, 
99.44) 

Gatta, 
202133 (It-
aly) 

ABUS plus DM 
 
 

6.8 (5, 8.1) 26.6 (16.2, 
30) (per 
1,000 ex-
ams) 

24.8 
(13.7, 
43.2) 

14 (5, 
28) 
(per 
1,000 
per-
sons) 

41 
(26.4, 
59.2) 

NR NR NR 93.5 (79.2, 
98.2) 

87 (71, 
94.8) 

DM only 3.4 (1.7, 
5.8) 

14.5 (9, 19.8) 
(per 1,000 
exams) 
 
(Definition: 
suspicious 
findings) 

68 
(41.3, 
82.2) 

7 (4.1, 
8.2) 
(per 
1,000 
per-
sons) 

58.8 
(30.9, 
78.3) 

NR NR NR 58.8 (30.9, 
78.3) 

94 (73, 98) 

Wilczek, 
201642 
(Sweden) 

ABUS plus DM 
 
 

6.6 (3, 10.2) 22.8 (16.2, 
30) (per 
1,000 ex-
ams) 
 
 
 

28.9 
(14.3, 
42.3) 

13.8 
(8.4, 
19.8) 
(per 
1,000 
exams) 

47.8 
(27, 
66.7) 

NR NR NR 100 
 

98.4 (97.8, 
98.9) 

DM only 4.2 (1.2, 
7.2) 

13.8 (9.0, 
19.8) (per 
1,000 ex-
ams) 
 

30.4 
(12.3, 
49.1) 

6.6 (3, 
10.8) 
(per 
1,000 
exams) 

63.6 
(33.3, 
90) 

NR NR NR 63.6 (33.3, 
90.9) 

99 (98.5, 
99.4) 
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(Definition: 
suspicious 
findings) 

Somoln-
sight 
Brem, 
201550 
(USA) 

ABUS plus DM 
 
 

7.3 (5.9, 
8.7) 

284.9 (278, 
292.2) (per 
1,000 ex-
ams) 

2.6 
(2.1, 
3.1)  

77 
(72.9, 
81) 
(per 
1,000 
exams) 

9.8 
(8.1, 
11.7) 

NR NR NR 100 NR 

DM only 5.4 (4.2, 
6.6) 

150.2 (144.1, 
155.7) (per 
1,000 exams 
 
(Definition: 
BI-RADS cat-
egory 0 or 
combined im-
pression of 
immediate 
manage-
ment) 

3.6 
(3.28, 
4.4) 

39.8 
(36.7, 
43.2) 
(per 
1,000 
exams) 

14 
(11.2, 
16.8) 

NR NR NR 73.2 NR 

 
Data presented as % (lower confidence interval, upper confidence interval) unless otherwise specified 
 
CDR, cancer detection rate; DM, digital mammography; ABUS, automated breast ultrasound; BRAID, Breast Screening; Risk Adaptive Imaging for Density; NR, not re-
ported; BIRADS breast imaging reporting and data system; PPV1, positive predictive value (number of cancers diagnosed per number of positive screens); PPV3, positive 
predictive value (biopsy proven predictive value); CI, confidence interval 
 

 

 

Characteristics and results of HHUS plus mammography versus mammography alone are presented below 

 Table 3.A  Reported characteristics of studies comparing hand-held ultrasound (HHUS) plus mammography with mammography-only in people with dense breasts 
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Study name 
Author, year 
(country) 

Supplementary 
screening mo-
dality / com-
parator imag-
ing 
(interval be-
tween tests) 

Design (num-
ber of cen-
tres) 

Study 
years  

Number with 
dense breasts in 
study arm/ num-
ber with dense 
breasts in DM 

only arm   
 

Brief population de-
scription  
 
Age§ 

Screening pro-
gramme inter-
val 

Reference 
standard 

Ha, 202431 
(South Korea) 

HHUS / DM 
 
(Interval NR, but 
some on same 
day) 

Retrospective 
study (1) 

2017 Jan 
to 2018 
Dec 

5,707 / 5,707 Consecutive asympto-
matic people (≥40 years) 
with dense breasts who 
underwent 
routine screening DM and 
supplemental US 
 
Age: 
Mean (SD) age 52.4 (7.9) 
y 
 
 
 

Annual Histologic exami-
nation and 1-year 
follow-up data 
 
Positive cases: 
short-interval fol-
low-up 
(6 months) and 
additional DM or 
biopsy recom-
mended 
 

Lee, 202427 
(South Korea) 

US/ DM 
 
(Interval: within 
1 month) 

Retrospective 
study (1) 

2017 Jan 
to 2017 
Dec 

1,325 / 1,325 Patients with dense 
breasts who underwent 
both screening DM and 
screening US 
 
Mean 53 years, median 
53 years 

At least biennial Cancer diagno-
sis: pathological 
evaluation 
 
Benign diagno-
ses: MM/US fol-
low-up docu-
menting at least 
24 months of im-
aging stability   
 

J-Start 
Nakamura, 
202425 (Ja-
pan) 

HHUS / DM 
 
(Interval NR) 

Retrospective 
analysis of 
breast cancer 
screening data 
(NR) 

2018 to 
2021 

6,271 / 11,765 People in their 40s under-
going breast cancer 
screening 
 
Age: NR 

NR Positive cases re-
ferred to special-
ised institution 
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for people with dense 
breasts 

Ren, 202326 
(China) 

HHUS / nega-
tive DM 
 
(Interval NR, but 
people with an 
odd number at 
end of ID re-
ceive ABUS first 
while those with 
even number at-
tend DM first – 
suggesting im-
mediately) 
 

Multicentre, 
population-
based study 
(6) 

2018 Feb 
to 2022 
Aug 

10,884 / 10,884 
(participants un-
derwent both im-
aging modalities) 

Asymptomatic people at-
tending breast cancer 
screening in China with 
negative DM 
 
Median (IQR) age: 
 51.54 (4.61)  
 

NR Biopsy or 1-year 
follow-up 

Rani, 202329 
(India) 

US / DM 
 
(Interval: ‘mam-
mography fol-
lowed by ultra-
sound’) 

Prospective, 
observational 
study (1) 

NR 125 / 125 (partici-
pants underwent 
both imaging mo-
dalities) 

Asymptomatic people 
coming for breast cancer 
screening 
 
Age > 40y 
 
 

Annual health 
screening - not 
clear if this was 
annual breast 
screening 

Biopsy  
 
BIRADS 3 le-
sions subjected 
to short interval 
follow up and few 
lesions had surgi-
cal excision 
 

J-Start  
Harada-Shoji, 
202155  
(Japan) 

HHUS / DM 
 
(Interval NR) 

Secondary 
analysis of a 
randomised 
clinical trial 
(42) 

2007 Jul 
to 2011 
Mar 

5,797 / 5,593 Asymptomatic people 
aged 40 to 49 years who 
were enrolled in J-START 
 
Mean (SD) age: 
44.8 (2.8) 

NR Linkage with hos-
pital discharge 
records and can-
cer registry data-
bases used to 
identify breast 
cancer diagnosis 
information 



UK N S C external review – Risk-adapted breast imaging in population breast cancer screening: A UK National Committee Evidence Summary, [February 
2025] 

95 

Buchberger, 
201834 
(Austria) 

HHUS / DM 
 
(Interval: at 
same visit) 

Observational 
data from a 
population-
based screen-
ing program 
(22) 

2008 Jun 
to 2010 
May 

31,918 / 31,918 
(participants un-
derwent both im-
aging modalities) 

Participants identified 
through the Tyrolean 
breast cancer screening 
program, included all peo-
ple aged 40–69 who lived 
in Tyrol and were covered 
by compulsory social in-
surance 
 
Age NR 

Aged 40– 59: 
annual 
Aged 60–69: bi-
ennial 

Linking the 
screening dataset 
to all breast can-
cer cases col-
lected in Cancer 
Registry of Tyrol 

ASTOUND 
Tagliafico, 
201640 (Italy) 

HHUS / nega-
tive DM 
 
(Interval un-
clear, but likely 
immediate) 

Prospective 
multicentre 
study (5) 

2012 Dec 
to 2015 
Mar 

3,231 / 3,231 (par-
ticipants under-
went both imaging 
modalities) 

Asymptomatic people with 
negative MM aged 38 
years or older with dense 
breasts 
 
 
Age: 
Median (IQR) 51 (44-78) 

NR Biopsy 
 
Recalled sub-
jects: work-up im-
aging with or 
without core-nee-
dle biopsy 
 

Chang, 201554 
(South Korea) 

HHUS / nega-
tive DM 
 
(Interval un-
clear: ‘Schedul-
ing simultane-
ously per-
formed’) 

Retrospective 
review of a da-
tabase (1) 

2008 Jan 
to 2008 
Dec 

990 / 990 (partici-
pants underwent 
both imaging mo-
dalities) 

MM-negative people at-
tending health screening 
centre  
 
62% of all participants 
<50y 

NR Most severe bi-
opsy results 
within 1 year of 
screening and 
clinical follow-up 
at 1 year or both 

 
Data presented as % (lower confidence interval, upper confidence interval) unless otherwise specified 
 
CDR, cancer detection rate; DM, digital mammography; ABUS, automated breast ultrasound; BRAID, Breast Screening; Risk Adaptive Imaging for Density; NR, not re-
ported; BIRADS breast imaging reporting and data system; PPV1, positive predictive value (number of cancers diagnosed per number of positive screens); PPV3, positive 
predictive value (biopsy proven predictive value); CI, confidence interval 
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Table 3.B  Summary of CDR, recall rate, biopsy rate, interval cancers, false negatives, false positive, sensitivity and specificity for studies comparing hand-held breast 
ultrasound (HHUS) plus mammography with mammography-only in people with dense breasts 

 

 
Study 
name 
Author, 
year 
(country) 

Study Ques-
tion 
 
Supplemen-
tary screen-
ing modality 
/ compara-
tor  
 

CDR per 
1,000 exams 
(lower CI, up-
per CI) 

Recall rate 
 
% (lower CI, 
higher CI)  
 
(definition 
of recall 
rate^) 
 

PPV1 for 
recall  
% (lower 
CI, upper 
CI) 

Biopsy 
rate  
% 
(lower 
CI, up-
per CI) 

PPV3 for 
biopsy  
% (lower 
CI, upper 
CI) 

Interval 
cancers 
% (lower 
CI, 
higher 
CI) 

False 
nega-
tives % 
(lower CI, 
higher 
CI) 

False 
positives 
% (lower 
CI, 
higher 
CI) 

Sensitivity  
% (lower 
CI, upper 
CI) 

Specificity 
% (lower 
CI, upper 
CI)  

Ha, 
202431 
(South 
Korea) 

HHUS plus 
DM 
 
 

5.6 (3.9, 7.9) 22.9 (21.8, 
24.0) 

2.5 (1.7, 
3.4) 

NR NR NR NR NR 97 (84.7, 
99.5) 

77.6 (76.5, 
78.6) 

DM only 3.3 (2.1, 5.2) 6 (5.4, 6.7) 
 
(reported as 
Abnormal In-
terpretation 
Rate) 

5.5 (3.6, 
8.5) 

NR NR 
 
  

NR NR NR 57.6 (40.8, 
72.8) 

94.3 (93.6, 
94.8) 

Lee, 
202427 
(South 
Korea) 

HHUS plus 
DM 
 

9.1 (4.7, 15.8) 11.7 (10, 
13.6) 

NR NR NR NR NR NR 100 (73.5, 
100) 

89.1 (87.3, 
90.7) 

DM only 
 

6 (2.6, 11.9) 4.4 (3.3, 5.6) 
 
(Definition 
NR) 

13.8 (9, 
20.6) 

NR 53.3 (35.3, 
70.6) 

NR NR NR 66.7 (34.8, 
90.1) 

96.2 (95, 
97.2) 

J-Start 
Naka-
mura, 
202425 
(Japan) 

HHUS plus 
DM 
 
 

n=25 3.8 10.5 NR NR NR NR NR NR NR 

DM only n=19 1.7 
 

9.5 NR NR NR NR NR NR NR 
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(Definition 
NR) 

Ren, 
202326 
(China) 

HHUS plus 
DM 
 
 

Age 45-54y: 
3.18 (2.2, 4.7) 
 
Age 55-64y: 
6.09 (3.3, 
10.9) 

NR NR NR Age 45-
54y: 15.34 
(10.52, 
21.72) 
 
Age 55-
64y: 
30 (17.09, 
46.71)  

NR NR Age 45-
54y: 1.76 
(1.5, 2.07) 
 
Age 55-
64y: 1.42 
(0.96, 
2.07) 

Age 45-
54y: 93.1 
(75.78, 
98.8) 
 
Age 55-
64y: 100 
(69.87, 
100) 

Age 45-
54y: 97.34 
(96.97, 
97.67) 
 
Age 55-
64y: 97.91 
(97.15, 
98.48) 

DM only Age 45-54y: 
2.48 (1.6, 3.9) 
 
Age 55-64y: 
4.56 (2.3, 9) 

NR NR NR Age 45-
54y: 24.71 
(16.27, 
35.47) 
 
Age 55-
64y: 40.91 
(21.48, 
63.32) 

NR NR Age 45-
54y: 0.75 
(0.58, 
0.96) 
 
Age 55-
64y: 0.66 
(0.37, 
1.16) 

Age 45-
54y: 72.41 
(52.51, 
86.55) 
 
Age 55-
64y: 75 
(42.84, 
93.31) 

Age 45-
54y: 98.9 
(98.65, 
99.11) 
 
Age 55-
64y: 99.08 
(98.52, 
99.44) 

Rani, 
202329 
(India) 

HHUS plus 
DM 
 
 

NR NR NR NR NR NR NR NR 100 87.5 

DM only 
 

NR NR NR NR NR NR NR NR 25 100 

J-Start  
Harada-
Shoji, 
202155 
(Japan) 

HHUS plus 
DM 
 
 

7.1 (4.9, 9.2) 15.2 NR 6.2% NR 0.5% (0.1, 
1.1) 

NR NR 93.2 (85.7, 
100) 

85.4 (84.5, 
86.3) 

DM only 4.3 (2.6, 6) 8.7 
 
(Definition: 
The need for 
any addi-
tional diag-
nostic testing 
after screen-
ing, including 

NR 2.3% NR 1.8% (0.7, 
2.9) 

NR NR 70.6 (55.3, 
85.9) 

91.7 (91, 
92.4) 
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imaging 
and/or bi-
opsy) 

Buchber
ger, 
201834 
(Austria) 

HHUS plus 
DM 
 
 

2.4 (1.9, 3) 11 (9.9, 12.2) 
(per 1,000 
exams) 

10.5 (8.4, 
12.9) 

6.5 (5.6, 
7.4) (per 
1,000 
exams) 

37.7 (31.1, 
44.7) 

NR NR NR 81.3 (72, 
88.5) 

NR 

DM only 1.8 (1.4, 2.4) 5.7 (4.9, 6.6) 
(per 1,000 
exams) 
 
(Definition: 
BI-RADS 0, 4 
and 5) 

13.3 
(10.3, 
16.8) 

3.5 (2.9, 
4.2) (per 
1,000 
exams) 

52.7 (43, 
62.2) 

NR NR NR 61.5 (51, 
71.2) 

NR 

ASTOUN
D 
Ta-
gliafico, 
201640 (It-
aly) 

Negative DM 
plus HHUS  
 
 

7.1 (4.2, 10) NR NR NR 48 (34.1, 
63.9) 

NR NR n=65 NR NR 

Chang, 
201554 
(South 
Korea) 

Negative DM 
plus HHUS  
 
 

5.1 (1.8, 12.1) NR NR NR NR n=0 NR NR NR NR 

 
^Recall rate definition as reported by study authors 
 
DM digital mammography; CDR, cancer detection rate; HHUS, hand-held ultrasound; J-START, Japan Strategic Anti-cancer Randomized Trial; CI confidence interval; 
ASTOUND; PPV1, positive predictive value (number of cancers diagnosed per number of positive screens); PPV3, positive predictive value (biopsy proven predictive 
value); CI, confidence interval; ASTOUND, Adjunct Screening With Tomosynthesis or Ultrasound in Women With Mammography-Negative Dense Breasts 
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Characteristics and results of MRI plus mammography versus mammography alone are presented below 

Table 4.A  Reported characteristics of studies comparing digital breast tomosynthesis (DBT) plus mammography with mammography-only in people with dense breasts 

 

Study Name 
Author, year 
(country) 

Supplementary 
screening mo-
dality / com-
parator imag-
ing  
 
(Interval be-
tween tests) 

Design (num-
ber of cen-
tres) 

Study 
years  

Number with 
dense breasts 
in study arm/ 
number with 
dense breasts 
in DM only arm 

  
 

Brief population de-
scription  
 
Age§ 

Screening 
programme 
interval 

Reference standard 

MA-DETECT 
Kaiser, 202432 
(Germany) 

Fp-MRI / nega-
tive screening 
DM 
 
(Interval: not to 
exceed 2 
months) 

Prospective 
screening 
study, prelimi-
nary report (1) 

2021 Jun 
to 2023 
Jun  

200 / 200 (partic-
ipants under-
went both imag-
ing modalities) 

MM-negative people 
attending national Ger-
man breast cancer 
screening programme; 
report for first 200 peo-
ple 
 
Age NR 

NR BI-RADS 3: MRI follow-up 
after 6 months 
 
BI-RADS 4 and 5: Biopsy 
(as per EUSOBI recom-
mendations) 

BRAID 
Gilbert, 202420 
(UK)  

Ab-MRI / nega-
tive screening 
DM 
 
(Interval median 
days [IQR]: 143 
[98-183]) 

RCT (10) 2019 Sept 
to 2024 
Mar  

2,130 / 6,306 
(participants un-
derwent both im-
aging modalities) 

MM-negative people 
attending UK popula-
tion breast screening 
at 10 centres 
 
 
 
Median (IQR) age: 
56 (52-61) 

Triennial Recall cases: further im-
aging and biopsy if lesion 
was confirmed 
 
Ab-MRI group: Fp-MRI 
conducted when no lesion 
found on assessment 
 
Where doubt about lesion 
or not: repeat CEM or 
MRI/ short term follow up 
offered 
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DENSE (2nd 
Round) Veen-
huizen, 202139 
(Netherlands) 

Fp-MRI / nega-
tive screening 
DM 
 
(Median [IQR] 
interval 8 [3-13] 
weeks) 

Prospective, 
multicentre trial 
embedded 
within the 
screening pro-
gramme (NR) 

2011 Dec 
to 2016 
Jan  

3,436 / 3,436 
(participants un-
derwent both im-
aging modalities) 

MM-negative people 
attending Dutch popu-
lation based biennial 
screening programme 
for second MRI (all ex-
tremely dense 
breasts) 
 
Median (IQR) age: 
54 (51-59) 

Biennial MRI screening and diag-
nostic work-up (biopsy 
and histopathological ex-
amination) 

DENSE (1st 
Round) 
Bakker, 201937 
(Netherlands) 

FpMRI/ negative 
screening DM 
 
(Median [IQR] 
interval: 10 [I8-
14] weeks) 

Multicentre 
RCT (8) 

2011 Dec 
to 2015 
Nov 

4,783 / 4,783 
(participants un-
derwent both im-
aging modalities) 

MM-negative people 
attending Dutch Na-
tional population-
based biennial screen-
ing for first round MRI 
(all extremely dense 
breasts) 
 
Median (IQR) age: 
DM only: 54 (51-61) 
MRI: 55 (51-61) 

Biennial Linkage with the Nether-
lands 
Cancer Registry 
 
MRI invitation group:  6-
month repeat screening 

Kuhl, 201722  
(Germany) 

Fp-MRI / nega-
tive screening 
DM 
 
(Median inter-
val: 5 days; 
range 0-28 
days) 

Prospective 
observational 
study (2) 

2005 Jan 
to 2013 
Dec 

1,282 / 1,282 
(participants un-
derwent both 
modalities) 

MM-negative women 
of average breast can-
cer risk invited to sup-
plemental screening at 
one of two academic 
centres.  
 
Some women also 
negative on ultra-
sound.  
 
First round data pre-
sented. 
 
Age NR  
 

NR Negative screens fol-
lowed with MM with or 
without US for at least an-
other 24 months 
 
BI-RADS 3 underwent 
short-term follow-up and 
returned to regular 
screening 
 
Suspicious findings un-
derwent biopsy with MRI 
screening 
 
High risk lesion: biopsy / 
surgical excision 
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Chen, 2017,23 
(China) 

Fp-MRI / nega-
tive DM 
Ab-MRI / nega-
tive DM 

NR (1) 2013 Jan 
to 2015 
Mar 

478 / 478 (partic-
ipants under-
went MM, FP-
MRI and Ab-
MRI) 

MM-negative women 
with dense breasts in-
vited to supplemental 
screening at a single 
institution in China 
 
Mean age: 49.3 

NR Biopsy and surgical pa-
thology 

 
§ Age shown if reported specifically for people with dense breasts; presented as mean, median, proportions as reported 
 Number of people with dense breasts in the MRI plus DM study arm, and in the DM only arm (according to BIRADS categories D and C corresponding to heterogeneously and 
extremely dense breasts, respectively) 
 
RCT, randomised controlled trial; BIRADS, breast reporting imaging data system; MRI, magnetic resonance imaging; Ab-MRI, abbreviated MRI; Fp-MRI, full protocol MRI; CEM, 
contrast-enhanced mammography; DENSE, Dense Tissue and Early Breast Neoplasm Screening; BRAID, Breast Screening; Risk Adaptive Imaging for Density; IQR interquartile 
range; DM digital mammography; EUSOBI, European Society of Breast Imaging; NR, not reported; MM, mammography; DM, digital mammography 
 

Table 4.B  Summary of CDR, recall rate, biopsy rate, interval cancers, false negatives, false positive, sensitivity and specificity for studies comparing magnetic resonance 
imaging (MRI) / abbreviated magnetic resonance imaging plus mammography with mammography-only in people with dense breasts 

 
Study Name 
Author, year 
(country) 

Study Ques-
tion 
 
Supple-
mental 
screening 
modality / 
comparator 
imaging  
 

CDR per 
1,000 ex-
ams 
(lower 
CI, upper 
CI) 

Recall rate 
 
% (lower CI, 
higher CI)  
 
(definition of 
recall rate^) 
 

PPV1 
for re-
call  
 
% 
(lower 
CI, up-
per CI) 

Biopsy 
rate  
 
% 
(lower 
CI, up-
per CI) 

PPV3 
for bi-
opsy  
 
% 
(lower 
CI, up-
per CI) 

Interval 
cancers  
 
% (lower 
CI, 
higher 
CI) 

False 
nega-
tives 
 
 % (lower 
CI, 
higher 
CI) 

False 
posi-
tives 
 
 % 
(lower 
CI, 
higher 
CI) 

Sensitiv-
ity 
  
% (lower 
CI, upper 
CI) 

Specific-
ity   
 
% (lower 
CI, upper 
CI)  

MA-DETECT 
Kaiser, 
202432 (Ger-
many) 

Negative DM 
plus Fp-MRI  
 
 

20 (5.5, 
50.4) 

40 (17.4, 
77.3) (per 
1,000 exams) 
 
(definition: 
positive MRI 
findings) 

50.0 
(15.7, 
84.3) 

NR NR NR NR NR NR NR 
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BRAID 
Gilbert, 
202420 (UK)  

Negative DM 
plus Ab-MRI  
 

17.4 
(12.2, 
23.9) 

9.7 (8.4, 11) 
 
(definition: 
BI-RADS 3, 
4, or 5) 

NR 4.9 (4, 
5.9) 

NR NR NR NR NR NR 

DENSE (2nd 
Round) 
Veenhuizen, 
202139 
(Nether-
lands) 

Negative DM 
plus Fp-MRI  
 

5.8 (3.8, 
9) 

32 (26.6, 
38.4) (per 
1,000 exams) 
 
(definition: 
BIRADS 
3,4,5) 

18.2 
(12.1, 
26.4) 

24.4 
(19.8, 
30.2) 

23.8 
(16, 
33.9) 

NR NR 26.3 
(21.5, 
32.3) per 
1,000 ex-
ams 

NR NR 

DENSE (1st 
Round) 
Bakker, 
201937 
(Nether-
lands) 

Negative DM 
plus Fp-MRI  
 
 

16.5 
(13.3, 
20.5) 

9.5 
 
94.9 (86.9, 
103.6) (per 
1,000 exams) 
 
(definition: 
BI-RADS 
3,4,5) 

17.4 
(14.25, 
21.2) 

6.3 
 
62.7 
(56.2, 
70) (per 
1,000 
exams) 

26.3 
(21.7, 
31.6) 

n=4 
 
(n=161 in 
mam-
mogra-
phy only 
arm) 

NR 8.0 
 
79.8 
(72.4, 
87.9) per 
1,000 ex-
ams 

95.2 (88.1, 
98.7) 

92 

Kuhl, 201722 
(Germany) 
 

Negative DM 
plus Fp-MRI 

n=26 (of 
1,282 ex-
ams) 

NR NR NR NR n=0 NR NR NR NR 

 
Chen, 
2017,23 
(China) 
 

Negative DM 
plus FP-MRI 
 
 
 

n=16 (of 
478 ex-
ams) 
 
 
 

NR 41 
 
 
 
 
 
 

NR NR NR NR NR 100 94.6 

Negative DM 
plus Ab-MRI 

n=15 per 
478 ex-
ams 

NR 27.7 NR NR NR NR NR 88.3 99.8 

 
 
^Recall rate definition as reported by study authors 
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MRI, magnetic resonance imaging; Ab-MRI, abbreviated protocol MRI; Fp-MRI full protocol MRI; DENSE, Dense Tissue and Early Breast Neoplasm Screening; BRAID, 
Breast Screening; Risk Adaptive Imaging for Density; DM digital mammography; PPV1, positive predictive value (number of cancers diagnosed per number of positive 
screens); PPV3, positive predictive value (biopsy proven predictive value); CI, confidence interval; NR, not reported; CDR, cancer detection rate; BIRADS breast imaging 
reporting and data system 
 

Characteristics and results of ‘other imaging modalities’ plus mammography versus mammography alone are presented 
below 

Table 5.A  A Reported characteristics of studies comparing ‘other imaging modalities’ plus mammography with mammography-only in people with dense 

Study name 
Author, year 
(country) 

Supplementary 
screening mo-
dality / com-
parator imag-
ing  
 
(interval be-
tween tests) 

Design (num-
ber of cen-
tres) 

Study 
years 
(number 
of cen-
tres) 

Number with 
dense breasts in 
study arm/ num-
ber with dense 
breasts in DM 

only arm   
 

Brief popula-
tion descrip-
tion  
 
Age§ 

Screening pro-
gramme interval 

Reference stand-
ard 

BRAID Gil-
bert, 202420 
(UK) 

CEM / DM 
 
(Interval median 
days [IQR]: 134 
[91-173]) 

RCT (10) 
 

2019 Sept 
to 2024 
Mar 

2,035 / 6,303 MM-negative 
people attend-
ing UK popula-
tion breast 
screening at 10 
centres 
 
Median (IQR) 
age: 
56 (52-61) 

Triennial Recall cases: fur-
ther imaging and 
biopsy if lesion 
confirmed 
 
Where doubt about 
lesion or not: re-
peat CEM or MRI/ 
short term follow up 
offered 

Starikov, 
201649 (USA) 

WBS / DM 
 
One third of 
WBS performed 
with ABUS ma-
chine, two thirds 
performed with 
HHUS 
 

Retrospective 
observational 
case–control 
study (1) 

2013 Jan 
to 2013 
Dec 

1,397 / 7,117 People pre-
senting for 
screening 
mammography 
 
Majority of pa-
tients >40y 

Annual List of biopsy 
proven screen-de-
tected breast can-
cers  
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(Interval: same 
day) 

Starikov, 
201649 (USA) 

WBS plus DBT / 
DM 
 
One third of 
WBS performed 
with ABUS ma-
chine, two thirds 
performed with 
HHUS 
 
(Interval: same 
day) 

Retrospective 
observational 
case–control 
study (1) 

2013 Jan 
to 2013 
Dec 

526 / 7,117 People pre-
senting for 
screening 
mammography 
 
Majority of pa-
tients >40y 

Annual List of biopsy 
proven screen-de-
tected breast can-
cers 

 
§ Age shown if reported specifically for people with dense breasts; presented as mean, median, proportions as reported 

 Number of people with dense breasts in the ‘other imaging modality’ plus DM study arm, and in the DM only arm (according to BIRADS categories D and C correspond-
ing to heterogeneously and extremely dense breasts, respectively) 
 
WBS, whole breast sonography; DM, digital mammography; RCT, randomised controlled trial; CEM contrast-enhanced mammography; MM, mammography; IQR, inter-
quartile range; MRI, magnetic resonance imaging; HHUS, hand-held ultrasound; ABUS, automated breast ultrasound; DBT digital breast tomosynthesis; BRAID, Breast 
Screening; Risk Adaptive Imaging for Density; BIRADS, breast imaging reporting and data system 

 

Table 5.B  Summary of CDR, recall rate, biopsy rate, interval cancers, false negatives, false positive, sensitivity and specificity for studies comparing magnetic resonance 
imaging (MRI) / abbreviated magnetic resonance imaging plus mammography with mammography-only in people with dense breasts 

 

 
Study 
name 
Author, 
year 
(country) 

Study Ques-
tion 
 
Supplemental 
screening 
modality / 

CDR  
 
per 
1,000 
exams 
(lower 

Recall 
rate 
 
% (lower 
CI, higher 
CI)  
 

PPV1 
for re-
call  
 
% 
(lower 

Biopsy 
rate  
 
% 
(lower 
CI, up-
per CI) 

PPV3 
for bi-
opsy  
 
% 
(lower 

Interval 
cancers  
 
% 
(lower 
CI, 

False 
negatives 
 
 % (lower 
CI, higher 
CI) 

False 
positives 
 
 % 
(lower 
CI, 

Sensitivity 
  
% (lower 
CI, upper 
CI) 

Specificity   
 
% (lower 
CI, upper 
CI)  
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comparator 
imaging  

CI, up-
per 
CI) 

(definition 
of recall 
rate^) 

 

CI, up-
per CI) 

CI, up-
per CI) 

higher 
CI) 

higher 
CI) 

BRAID 
Gilbert, 
202420 
(UK) 

CEM plus DM 
negative 
 
 

19.2 
(13.7, 
26.1) 

9.7 (8.4, 
11) 
 
(definition 
BIDRADS 
3,4,5) 

NR 4.4 
(3.5, 
5.4) 

NR NR NR NR NR NR 

Starikov, 
201649 
(USA) 

WBS plus DM 
 
 

7.2  20.8 
 
(definition: 
BIRADS 
0) 

NR NR NR NR NR NR NR NR 

DM only 3.8 19.9 NR NR NR NR NR NR NR NR 

Starikov, 
201649 
(USA) 

DBT plus 
WBS plus DM 
 
 

7.6 23.4 
 
(definition: 
BIRADS 
0) 

NR NR NR NR NR NR NR NR 

DM only 3.8 19.9 NR NR NR NR NR NR NR NR 
 
^Recall rate definition as reported by study authors 
 
CDR, cancer detection rate; WBS, whole breast sonography; DM, digital mammography; CEM contrast-enhanced mammography; PPV1, positive predictive value (number 
of cancers diagnosed per number of positive screens); PPV3, positive predictive value (biopsy proven predictive value); CI, confidence interval; DBT, digital breast tomo-
synthesis; NR, not reported; BRAID, Breast Screening; Risk Adaptive Imaging for Density 
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Appraisal for quality and risk of bias 

Risk of Bias Guidance and summaries are reported below.  

Table 6 Guidance for Risk of Bias Assessment (QUADAS-2 and QUADAS-C) 

Signalling questions 
 

Guidelines for Rating Notes 

Patient Selection: Risk of Bias 
 

Q1-1. Was a consecutive or 
random sample of patients 
enrolled? (Yes/No/Unclear) 

1. When "consecutive" or "ran-
dom" sampling was explicitly 
described: YES 
2. When "convenience sam-
pling" or "volunteer enrolment" 
was described: NO 
3. All other descriptions: UN-
CLEAR 

 

Q1-2. Was a case-control 
(two-gate) design avoided? 
(Yes/No/Unclear) 

Not applicable, as case-control 
studies excluded as per eligi-
bility criteria 

 

Q1-3. Did the study avoid in-
appropriate exclusions? 
(Yes/No/Unclear) 

1. All eligible participants were 
included who would normally 
attend screening programmes: 
YES 
2. Participants were excluded 
based on other reasons: NO 
3. Lack of detailed information 
about participant (or image) 
selection after enrollment: UN-
CLEAR 

Acceptable exclusions were 
those inherent to the screening 
programme, such as breast im-
plants, symptoms, high risk (e.g. 
high-risk gene), family history, 
age.  
 
Studies that include only people 
with dense breasts in the analy-
sis are also acceptable                                                                                                                        
 

Overall rating: Could the se-
lection of patients (or input 
images) have introduced 
bias? (Low/High/Unclear) 

1. All "Yes": LOW  
2. One or two "Unclear": UN-

CLEAR 
3. One "No" or more than 

three "Unclear": HIGH 

 

Patient Selection: Concerns Regarding Applicability 
 

Q1-4. Is there concern that 
the included patients do not 
match the review question? 
(Low/High/Unclear) 

Were the participant character-
istics comparable to those en-
countered in the screening set-
ting where the index test was 
intended to be used? 
Yes: LOW  
No: HIGH 
Not sure: UNCLEAR 

Participants must be from a pop-
ulation screening cohort and not 
a selected group (aside from a 
dense breast cohort), and should 
not be selected or volunteer for 
supplementary imaging.  
We did not expect the age profile 
to match the UK profile exactly, 
but studies with participants who 
were outside the UK range were 
deemed to be high risk of bias, 
along with those with a high pro-
portion outside the UK age 
range. 
While data from people with 
dense breasts only were in-
cluded, studies of participants 
with extremely dense breasts 
only were considered to have 
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high risk of bias in terms of ap-
plicability. 

Patient Selection: Comparative Accuracy 
 

C1-1. Was the risk of bias for 
each index test judged “low” 
for this domain? (Yes/No) 

 Applicable to "within-study" or 
"between-study" comparative 
studies 

C1-2. Was a fully paired or 
randomized design used? 
(Yes/No/Unclear) 

1. Either 1) fully paired or ran-
domised or 2) not random-
ised but evidence of ab-
sence of imbalance of key 
confounders; YES 

2. Not enough details re-
ported: UNCLEAR 

3. Evidence of imbalanced 
confounders and no statis-
tical adjustment: NO 

i.e. "within-study" comparative 
studies in which all participants 
received both index tests and the 
reference test; or, participants 
were randomised to receiving ei-
ther index test and the reference 
test 

C1-3. Was the allocation se-
quence random? 
(Yes/No/Unclear/Not applica-
ble) 

 Only applicable to randomised 
designs 

C1-4. Was the allocation se-
quence concealed until pa-
tients were enrolled and as-
signed to index tests? 
(Yes/No/Unclear/Not applica-
ble) 

 Only applicable to randomised 
designs 

Overall rating: Could the se-
lection of patients have intro-
duced bias in the compari-
son? (Low/High/Unclear) 

1. All "Yes": LOW  
2. One or two "Unclear": UN-

CLEAR 
3. One "No" or more than 

three "Unclear": HIGH 

 

Index Tests: Risk of Bias 
 

Q2-1. Were the index test re-
sults interpreted without 
knowledge of the results of 
the reference standard? 
(Yes/No/Unclear) 

 All studies deemed to be of low 
risk as image readers will not 
know results of future verification 
tests.  

Q2-2. If there was a thresh-
old, was it pre-specified? 

1. Yes: LOW 
2. No description or mention: 

UNCLEAR 
3. Mentions that various cut-

offs were explored; NO 

We expect that all studies on 
breast cancer screening use an 
accepted threshold (e.g. BI-
RADS category or equivalent) for 
judgement 

Overall rating: Could the 
conduct or interpretation of 
the index test have intro-
duced bias? (Low/High/Un-
clear) 

1. All "Yes”: LOW 
2. One or two "Unclear": UN-

CLEAR 
3. One "No" or more than 

three "Unclear": HIGH 

 

Index Test: Concerns regarding Applicability 
 
 

The index tests are clearly 
MM plus additional modality, 
and MM only (Low/High/Un-
clear) 

 Not applicable as studies that are 
not index tests plus MM versus 
MM alone were excluded as per 
study eligibility criteria 

Index test: Comparative Accuracy 
 

Is there concern that the in-
dex test, its conduct, or inter-

 As above, strict eligibility criteria 
meant that only studies compar-
ing index tests plus MM versus 
MM alone were included 



UK N S C external review – Risk-adapted breast imaging in population breast cancer screen-
ing: A UK National Committee Evidence Summary, [February 2025] 

108 

pretation differ from the re-
view question? 
(Low/High/Unclear) 

Reference Standard: Risk of Bias 
 

Q3-1. Is the reference stand-
ard likely to correctly classify 
the target condition? 
(Yes/No/Unclear) 

1. Reference standard is well-
described including stand-
ard biopsy for positive 
cases; surveillance, linkage 
with cancer registries/data-
bases, clinical evaluation 
for negative cases as ap-
propriate for negative 
cases: YES 

2. Additional capture method 
of index test negatives is 
not reported: UNCLEAR 

3. NO: unclear whether repeat 
imaging after 1 or more 
years 

We expect that breast screening 
programmes will have reference 
standard as routine; however, 
this should be described in the 
study. 
We will not rate RoB as HIGH for 
this item since bias with repeat 
imaging as reference standard 
(whether single or combined) is 
likely to be small. 

Q3-2. Were the reference 
standard results interpreted 
without knowledge of the re-
sults of the index test? 
(Yes/No/Unclear) 

 Not applicable as due to screen-
ing nature of the study, results 
will be known (e.g. positive MM 
result will follow cancer pathway)  
 

Overall rating: Could the ref-
erence standard, its conduct, 
or its interpretation have in-
troduced bias? 
(Low/High/Unclear) 

1. All "Yes": LOW 
2. One or two "Unclear": UN-

CLEAR 
3. One "No" or more than 

three "Unclear": HIGH 

 

Reference Standard: Concerns Regarding Applicability 
 

q3-3. Is there concern that 
the target condition as de-
fined by the reference stand-
ard does not match the re-
view question? 
(Low/High/Unclear) 

 Where no information given on 
reference standard: Unclear 

Reference Standard: Comparative Accuracy 
 

c3-1. Was the risk of bias for 
each index test judged “low” 
for this domain? (Yes/No) 

All "Yes": LOW 
All others: NO 

 

c3-2. Did the reference 
standard avoid incorporating 
any of the index tests? 
(Yes/No/Unclear) 

Not applicable since all studies 
will use repeated imaging as a 
reference standard in people 
not receiving biopsy, 

Flow and Timing: Risk of Bias 
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Q4-1. Was there an appropri-
ate interval between index 
test(s) and reference stand-
ard? (Yes/No/Unclear) 

1. Description of time frame 
depending on participant 
and setting :YES 

2. No information: UNCLEAR 
3. More than 1 month be-

tween index test and biopsy 
for test positives; or more 
than the standard adopted 
in each national context for 
test negatives  

We did not define an ideal inter-
val for conducting reference 
standard (e.g. biopsy or imaging), 
accepting that this may be spe-
cific to the institution/country  
 
In some cases, studies reported 
the nature of the reference stand-
ard but did not describe the inter-
val between index tests and ref-
erence standard; or the interval 
for one aspect of reference 
standard was described but not 
others. We expected that the in-
terval would be reported, and 
lack of information was deemed 
unclear 
 

Q4-2. Did all patients receive 
a reference standard? 
(Yes/No/Unclear) 

1. All study participants re-
ceived a reference stand-
ard: YES 

2. Not all study participants 
received a reference 
standard, and this was re-
lated to DM results: NO 

3. Lack of detailed infor-
mation: Unclear 

If some participants did not re-
ceive appropriate reference 
standard (dropouts, loss to fol-
low-up etc), this was deemed to 
be high risk of bias 
 
If there was insufficient detail this 
was deemed to be unclear 

Q4-3. Were all patients in-
cluded in the analysis? 
(Yes/No/Unclear) 

1. All included patients were 
analysed: YES 

2. There were missing data: 
NO 

3. Uncertainty or lack of de-
tailed information: UN-
CLEAR 

 

Overall rating: Could the pa-
tient flow have introduced 
bias? (Low/High/Unclear) 

All "Yes": LOW 
One, two, or three "Unclear": 
UNCLEAR 
At least one “No”: NO 

 

Flow and Timing: Comparative Analysis 
 

C4-1. Was the risk of bias for 
each index test judged “low” 
for this domain? (Yes/No) 

  

C4-2. Was there an appropri-
ate interval between the in-
dex tests? (Yes/No/Unclear) 

 We expected that the comparator 
(MM) and supplementary imaging 
would be conducted within a rea-
sonable timeframe.  
The reported interval varied ac-
cording to the nature of the imag-
ing (with some being done simul-
taneously on the same machine). 
We did not specify an ideal 
timeframe, however, where the 
supplementary test was con-
ducted up to several months 
later, this was deemed to be a 
high risk of bias. 
 
Where the interval was not re-
ported we deemed this to be an 
unclear risk of bias 
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C4-3. Was the same refer-
ence standard used for all in-
dex tests? (Yes/No/Unclear) 

 This was not applicable 

C4-4. Are the proportions 
and reasons for missing data 
similar across index tests? 
(Yes/No/Unclear) 

  

Overall rating: Could the pa-
tient flow have introduced 
bias in the comparison? 
(Low/High/Unclear) 

Both “Yes”: LOW 
At least one “Unclear”: UN-
CLEAR 
At least one “No”: NO 
 

 

 

MM, mammography; BI-RADS, Breast Imaging Reporting and Data System 
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Appendix 4 – UK N S C reporting checklist for evidence summaries 

All items on the UK N S C Reporting Checklist for Evidence Summaries have been addressed in this report. A summary of the checklist, along 

with the page or pages where each item can be found in this report, is presented in Table xx.  

Table 7 UK NSC reporting checklist for evidence summaries 

Section Item  Page no.  

Title and summaries  

Title Sheet  Identify the review as a UK N S C Evidence summary Title page 

Plain English 

summary 

Plain English description of the executive summary. 
5 

Executive 

summary 

Structured overview of the whole report. To include: the purpose/aim of the review; 

background; previous recommendations; findings and gaps in the evidence; 

recommendations on the screening that can or cannot be made on the basis of the review 

 
7 

Introduction and Approach 
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Section Item  Page no.  

Background and 

objectives 

Background – Current policy context and rationale for the current review – for example, 

reference to details of previous reviews, basis for current recommendation, 

recommendations made, gaps identified, drivers for new reviews 

Objectives – What are the questions the current evidence summary intends to answer? – 

statement of the key questions for the current evidence summary, criteria they address, and 

number of studies included per question, description of the overall results of the literature 

search. 

Method – briefly outline the rapid review methods used.  

 
7 
 
 
 
 
 
15 
 
 
 
 
 
 
16 

Eligibility for 

inclusion in the 

review 

State all criteria for inclusion and exclusion of studies to the review clearly(PICO, dates, 

language, study type, publication type, publication status etc.) To be decided a priori 

 
17 

 Appraisal for 

quality/ risk of 

bias tool 

Details of tool/ checklist used to assess quality, e.g. QUADAS 2, CASP, SIGN, AMSTAR. 
 
20 
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Section Item  Page no.  

Search strategy and study selection 

Databases/ 

sources 

searched 

Give details of all databases searched (including platform/ interface and coverage dates) 

and date of final search. 

 
54 

Search strategy 

and results  

Present the full search strategy for at least one database(usually a version of Medline), 

including limits and search filters if used.  

Provide details of the total number of (results from each database searched), number of 

duplicates removed, and the final number of unique records to consider for inclusion. 

 
54 
 
 
 
55 

Study selection State the process for selecting studies – inclusion and exclusion criteria, number of studies 

screened by title/abstract and full text, number of reviewers, any cross checking carried out. 

 
17 

Study level reporting of results (for each key question) 
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Section Item  Page no.  

Study level 

reporting, 

results and risk 

of bias 

assessment 

For each study, produce a table that includes the full citation and a summary of the data 

relevant to the question (for example, study size, PICO, follow-up period, outcomes reported, 

statistical analyses etc.). 

Provide a simple summary of key measures, effect estimates and confidence intervals for 

each study where available. 

For each study, present the results of any assessment of quality/risk of bias. 

 
19 
 
 
 
 
 
 
 
 
26 / 28 / 75 

Additional 

analyses 

Describe additional analyses (for example, sensitivity, specificity, PPV, etc.) carried out by 

the reviewer. [Remove if not performed] 

 
28 

Question level synthesis 

Description of 

the evidence  

For each question, give numbers of studies screened, assessed for eligibility, and inclusion 

in the review, with summary reasons for exclusion  

 
21 
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Section Item  Page no.  

Combining and 

presenting the 

findings 

Provide a balanced discussion of the body of evidence which avoids over reliance on one 

study or set of studies. Consideration of four compartments should inform the reviewer’s 

judgement on whether the criterion is “met”, “not met” or “uncertain”: quantity; quality; 

applicability and consistency. 

 
47 

Summary of 

findings 

Provide a description of the evidence reviewed and included for each question, with 

reference to their eligibility for inclusion.  

Summarise the main findings including the quality/ risk of bias issues for each question. 

Have the criteria addressed been “met”, “not met” or "uncertain”? 

 
47 

Review Summary 

Conclusions 

and implications 

for policy 

Do findings indicate whether screening should be recommended?  

IS further work warranted? 

Are there gaps in the evidence highlighted by the review? 

 
52 

Limitations Discuss limitations of the available evidence and of the review methodology if relevant. 
 
50 
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