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Abstract  

Purpose: To systematically review studies on the effectiveness of supplementary imaging for 

breast cancer screening in women with dense breasts. 

Materials and methods: A systematic search of peer-reviewed publications in English 

(January 2000 to March 2021) was carried out. Eight databases were used to retrieve the 

studies: MEDLINE, CINAHL, Cochrane Central Register of Controlled Trials, Cochrane 

Clinical Answers, Cochrane Database of Systematic Reviews, Cochrane Methodology 

Register, PubMed, and Web of Science. Two radiographers and an academic independently 

reviewed the articles to determine if the studies met inclusion criteria. Study quality was 

assessed using the Quality Assessment of Diagnostic Accuracy Studies-2 tool. Summary 

estimates of diagnostic accuracy were obtained by using proportion and diagnostic metanalysis.  

Results: From 3764 studies that underwent title and abstract screening, 221 studies underwent 

full-text screening. Of these 42 were included in the qualitative and quantitative synthesis. 

Results for sensitivity, specificity, positive and negative predictive values, cancer detection 

rates, recall and biopsy rates in women with dense breasts undergoing supplementary imaging 

were reported. Studies included in this review were heterogeneous, as was the proportion of 

women undergoing prevalence and incidence screening rounds.  

Conclusions: Supplementary screening among women with dense breasts who had recent 

negative mammograms can consistently identify additional cancers and lead to further recalls 

and biopsies. 
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Introduction 

Many countries have implemented mammography screening programs to decrease breast 

cancer mortality via early diagnosis (1,2). In mammography screening, identifying breast 

cancer in the denser breast has been highlighted as an area of concern for several years (3). The 

American College of Radiology Breast Imaging-Reporting and Data System [BI-RADS] (4) 

categorises levels of breast density. It employs the letters ‘a’ to ‘d’, where ‘a’ refers to breasts 

which are almost entirely fatty, ‘b’ refers to breasts which have scattered areas of fibro-

glandular density, ‘c’ is defined as breasts that are heterogeneously dense and ‘d’ refers to 

extremely dense breasts. Recently the European Society of Breast Imaging (EUSOBI) 

guidelines recommend women should be appropriately informed about their breast density and 

that supplemental screening should be in place for women with extremely dense breasts (Mann 

et al, 2022).  

 

Women with either heterogeneously or extremely dense breast tissue can be classified as 

having high mammographic density. High mammographic breast density decreases the 

sensitivity of full-field digital mammography [FFDM] to around 47% due to its masking effect. 

It can increase false positives owing to the superimposition of the dense parenchymal patterns 

(5). Given that women with dense breasts experience reduced sensitivity with FFDM, imaging 

modalities, namely Digital Breast Tomosynthesis [DBT], Magnetic Resonance Imaging [MRI], 

Hand-held Ultrasound [HHUS], Automated Breast Ultrasound [ABUS], Contrast-enhanced 

Digital Mammography [CEDM] and Molecular Breast Imaging [MBI], have been introduced 

as supplemental screening to FFDM (6–8). Published results within the last ten years [2011-

2021] have demonstrated improved breast cancer detection and decreased interval cancer rates 

associated with the introduction of supplemental screening for dense breasts (9–11). 

 

Systematic reviews have examined the role of individual supplementary imaging modalities 

such as HHUS or DBT (12,13). In addition, Melnikow and colleagues (14) evaluated the 

diagnostic test performance and clinical results of supplementary screening with HHUS, 

ABUS, MRI and DBT (14). Another systematic review and meta-analysis by Scaranelo and 

colleagues (15) was ‘ongoing’ at the time of writing. Furthermore, the revised European Breast 

Guidelines (16) was informed by systematic reviews of the evidence conducted between March 

2016 and December 2018.  



Since previous systematic reviews (14,16) did not include CEDM or MBI as supplementary 

screening, the purpose of the current systematic review was to build on existing systematic 

reviews and include CEDM and MBI. The current systematic review also builds on the existing 

knowledge gained from previous systematic reviews as it includes both prevalent screens and 

incident screens.  Moreover, the field of breast imaging is a rapidly evolving one with new 

imaging modalities such as CEDM, MBI and ABUS which supports the need for an updated 

systematic review of the literature in the field with the aim to evaluate supplementary imaging 

modalities for breast cancer screening in women with dense breasts. 

 

Methods 

Protocol Registration  

The review protocol was registered in PROSPERO (17) [registration number 

CRD42019145308].  

Eligibility Criteria 

A set of criteria for inclusion and exclusion of studies were set beforehand on the understanding 

of the literature as per PRISMA guidelines [Table 1] (18).  

 

For retrieved studies to be included in the systematic review, the studies had to include 

asymptomatic women with dense breasts BI-RADS c or d; prospective or retrospective 

observational studies, randomised controlled trials or diagnostic test accuracy studies; studies 

published in English; studies published from 1st January 2000 up to end of March 2021, and 

peer-reviewed studies. Cancers detected by supplementary testing only were included in the 

sensitivity calculation, and no limit was set on the minimal number of patients per cohort. 

 

For retrieved studies to be excluded from this systematic review, studies were prior systematic 

reviews, meta-analyses, editorials and opinions; studies not published in English; studies 

published before 1st January 2000 and after March 2021 and non-peer-reviewed studies. 

Cancers detected by mammography were not included in the calculation of sensitivity values.  



Information Sources and Search  

Eight data sources were used to retrieve the studies, namely Medical Literature Analysis and 

Retrieval System Online Complete [MEDLINE], Cumulative Index of Nursing and Allied 

Health Literature Complete [CINAHL], the Cochrane Central Register of Controlled Trials, 

Cochrane Clinical Answers, Cochrane Database of Systematic Reviews and Cochrane 

Methodology Register through EBSCO; PubMed and Web of Science [All databases]. These 

data sources were selected to minimise database selection bias. The reference lists of the studies 

and retrieved systematic reviews were screened for any potentially relevant articles that were 

not identified in the database searches. Articles suggested by experts were also retrieved (19). 

This was done by contacting a key organisation in breast density for recently published studies 

related to the research question (20).  

All searches were performed in the English language, and the dates of coverage were from 1st 

January 2000 up to the end of March 2021. Studies published before 1st January 2000 were not 

considered for this review since FFDM was only approved by the U.S. Food and Drug 

Administration in 2000 (21) and since studies have shown that the implementation of FFDM 

has led to significantly higher cancer detection when compared with film (22). The PICOS 

concepts were determined and translated into search terms using Medical Subject Headings 

[MeSH]. A list of synonyms, abbreviations and spelling variants was then produced. Table 2 

presents the complete electronic search method for one database, comprising the restrictions 

utilised. 

 

Study Selection 

Articles identified from the search were loaded into Mendeley Reference Management 

Software [Elsevier, London, UK], and duplicates were removed (23). To manage and conduct 

the systematic review, a review team was established. The review team was composed of two 

radiographers [DM & NM] who specialised in breast imaging and an academic [FZ] proficient 

in systematic reviews and statistics. Having three reviewers minimised bias and error at all 

stages of the review (19). The review team followed a predetermined review protocol based on 

the PRISMA guidelines (18). Two reviewers [DM & NM] independently reviewed the titles 

and abstracts of identified articles to determine if studies met the inclusion criteria [Table 1]. 

Discordant publications were reviewed by the third reviewer [FZ]. Finally, two reviewers [DM 

& NM] independently evaluated the full-text articles to determine which would be included in 



the analysis. Disagreements in the full-text review were resolved by discussion between the 

review team, and the final decision was reached with a majority vote.  

 

For screened women to be included in the diagnostic performance characteristics analysis 

[sensitivity, specificity, PPV and NPV], studies were required to report a reference standard 

[biopsy - the gold standard to diagnose breast cancer; or one-year follow-up for negative 

results]. For such studies, the interval cancer rate could be determined. On the other hand, the 

cancer detection rate, recall rate and biopsy rate could be calculated even in studies that did not 

report a reference standard. Studies were required to report outcomes from two or more 

radiologists to ensure accuracy in the study findings.  

 

Data Collection Process and Data Items 

A predefined validated form was developed and used to extract information from the studies 

that met the review's inclusion and exclusion criteria. Authors of primary studies were 

contacted to provide missing or additional data, with some of the authors providing the needed 

data (24). The information extracted comprised population aspects, namely breast density, 

demographics and personal or family history of breast cancer; information on study design, 

namely inclusion/exclusion criteria, follow-up, and rounds of screening; information on 

screening test aspects, namely number of readers, their experience and the reference standard. 

The diagnostic performance characteristics extracted included sensitivity, specificity, NPV, 

PPV, true positives, true negatives, false positives, and false negatives. Moreover, the breast 

cancer detection rates, recall rates and biopsy rates were abstracted.  

 

Risk of Bias in Individual Studies and across Studies  

The quality of the included studies in the review was assessed using the Quality Assessment of 

Diagnostic Accuracy Studies-2 (QUADAS-2) tool. The assessment of bias and applicability in 

QUADAS-2 across four domains reflects the typical test accuracy study design stages. This 



tool is recommended for systematic reviews to evaluate the risk of bias and applicability of 

primary diagnostic accuracy studies (25).  

 

Summary Measures and Quantitative Synthesis of Results 

Summary evidence tables were created to synthesise data separately for sensitivity and 

specificity, cancer detection rates, recall rates and biopsy rates. These tables were the basis of 

the qualitative synthesis. To conduct the qualitative synthesis, the range of results was 

examined in the context of study quality and looked for possible associations between study 

results and population or modality characteristics. When required, sensitivity, specificity, PPV, 

NPV, cancer detection rates, recall and biopsy rates were calculated for women with dense 

breasts subgroups. 95% confidence intervals were calculated for each study estimate of 

sensitivity, specificity, PPV, NPV, cancer detection rates, recall and biopsy rates. Confidence 

intervals for sensitivity and specificity were Clopper-Pearson confidence intervals. Confidence 

intervals for the predictive values were the standard logit confidence intervals (26).  

 

Meta-analysis was performed to estimate the proportion of cancers detected, recalls and 

biopsies and to calculate sensitivity and specificity for all the imaging modalities using random-

effects models using the OpenMetaAnalyst software. Subgroup meta-analysis was performed 

for each supplementary imaging modality to plot summary data in comparison. By doing so 

the difference and heterogeneity of studies in comparison was illustrated. Under the fixed 

effects model, it was assumed that all studies came from a standard population and that the 

effect size (the proportions) was not significantly different among the different studies. This 

assumption was tested by the Heterogeneity test (Cohran's Q). Q is the weighted sum of squares 

on a standardised scale. It was reported with a P-value with low P-values indicating the 

presence of heterogeneity (27). The random-effects model was more appropriate if this test 



yielded a low P-value (P<0.05). The random variation within the studies and the variation 

between the different studies were incorporated.  

Heterogeneity across studies was quantified with the I² measure. I2 is the percentage of 

observed total variation across studies due to real heterogeneity rather than chance. It is 

calculated as: 

I2 = 100% x (Q - df) 

Q 

Where Q is Cochran's heterogeneity statistic, and df is the degrees of freedom. Negative values 

of I2 were put equal to zero so that I2 was between 0% and 100%. A value of 0% indicated no 

observed heterogeneity, and larger values showed increasing heterogeneity (27).  

Subgroup analysis was also undertaken for breast cancer detection, recall and biopsy rates as 

described by Viechtbauer (28). In all analyses, p-values <0.05 were considered statistically 

significant.  

 

Results  

Search Results 

A total of 3764 studies were eligible for a title and abstract screening, and 221 studies were 

checked at full-text reading [Figure 1]. Forty-two met the predefined inclusion criteria and were 

included in the qualitative synthesis; study inclusion with reasons for exclusion are described 

in Figure 1. 

The review team identified and reviewed studies of diagnostic test characteristics with HHUS, 

ABUS, MRI, DBT, MBI and CEDM among women with dense breasts and negative screening 

mammography. Twenty-one studies reported HHUS (29,30,39–48,31,49,32–38), five studies 

reported ABUS (50–54), five studies reported MRI (9,55–58), six studies reported DBT 

(11,59–63), one study reported CEDM (64) and two studies MBI (65,66). There were also two 

studies reporting HHUS and DBT (67,68). Tables 3-8 represent the information extracted, 

including the population characteristics [baseline demographics, breast density, family or 

personal history of breast cancer], study design [inclusion/exclusion criteria, follow-up, 

screening rounds], and screening test characteristics [reference standard, number of readers, 

radiological experience] for the different supplementary imaging modalities. 



 

Sensitivity, Specificity, PPV and NPV 

There is limited evidence on the diagnostic test performance of potential supplementary 

screening modalities for women identified as having dense breasts. Seven studies of HHUS 

(32,33,38,40,44,49,67) were relatively consistent in estimates of sensitivity and NPV. 

However, the specificity of HHUS studies varied considerably, and the PPV was generally low, 

resulting in many false-positive recalls and biopsies. The studies for DBT (63,67), MRI (9,69), 

CEDM (64) and MBI (65) were consistent in estimates of sensitivity, specificity, and NPV. 

Nevertheless, the PPV for MBI and CEDM was low, resulting in many false-positive recalls 

and biopsies. Although the specificity and NPV for the two studies of ABUS (52,54) were 

similar, being high for both studies, the sensitivity and PPV varied considerably.  

 

Seventeen studies were included in the meta-analysis of performance characteristics and 

sensitivity and specificity [Figure 2], but a degree of heterogeneity was noted (I2 = 45.97%). 

Based on a fixed effects model (p=0.020), the sensitivity of supplementary imaging 

examinations would likely be 89% (95% CI: 81% to 94%), while the specificity of 

supplementary imaging examinations would likely be 91% (95% CI: 79% to 96%). 

Subgroup meta-analysis by individual supplementary imaging modalities resulted in: 

• HHUS having no heterogeneity (I2 = 0.09%) and based on a fixed effects model 

(p=0.433), the sensitivity of supplementary HHUS would likely be 86% (95% CI: 77% 

to 92%), while the specificity of supplementary HHUS would likely be 86% (95% CI: 

75% to 93%).  

• ABUS having high heterogeneity (I2 = 86.9%) and based on a fixed effects model 

(p=0.006), the sensitivity of supplementary ABUS would likely be 90% (95% CI: 30% 

to 100%), while the specificity of supplementary ABUS would likely be 99% (95% CI: 

97% to 100%).  

• MRI having no heterogeneity (I2 = 0%) and based on a fixed effects model (p=0.516), 

the sensitivity of supplementary MRI would likely be 95% (95% CI: 87% to 98%), 

while the specificity of supplementary MRI would likely be 53% (95% CI: 7% to 

100%).  



• DBT having moderate heterogeneity (I2 = 72.8%) and based on a fixed effects model 

(p=0.055), the sensitivity of supplementary DBT would likely be 84% (95% CI: 23% 

to 99%), while the specificity of DBT would likely be 99% (95% CI: 78% to 100%).  

• For MBI and CEDM subgroup analysis by individual supplementary imaging 

modalities was not applicable since only one study was included in each subgroup 

metanalysis. 

Breast Cancer Detection, Recall and Biopsy Rates  

Supplementary imaging consistently detected additional breast cancers not identified by 

mammography [Appendix A]. Only two studies did not detect any additional breast cancers 

(41,50). The highest breast cancer detection rate was with MRI [33.5 per 1000 women] 

(Appendix A) (55). In terms of the proportion of breast cancers detected, 43 studies were 

included in the meta-analysis. Again, high heterogeneity was noted (I2 = 91.85%) [Figure 3]. 

Based on a random-effects model (p< 0.001), 304,713 supplementary imaging examinations in 

women with negative mammograms would likely lead to a detection of an additional 4 per 

1,000 women cancer cases (95% CI: 4.0 to 5.0 per 1,000 women) [Figure 3].  

 

Subgroup meta-analysis by individual supplementary imaging modalities resulted in: 

• HHUS having high heterogeneity (I2 = 91.42%) and based on the random effects model 

(p< 0.001), 237,085 supplementary HHUS examinations in mammography negative 

women would likely lead to a detection of an additional 3 per 1,000 women cancer 

cases (95% CI: 2.0 to 4.0 per 1,000 women).  

• ABUS having high heterogeneity (I2 = 92.59%) and based on the random effects model 

(p< 0.001), 23,008 supplementary ABUS examinations in mammography negative 

women would likely lead to a detection of an additional 6 per 1,000 women cancer 

cases (95% CI: 2.0 to 10.0 per 1,000 women). 

• MRI having high heterogeneity (I2 = 91.88%) and based on the random effects model 

(p< 0.001), 10,044 supplementary MRI examinations in mammography negative 

women would likely lead to a detection of an additional 20 per 1,000 women cancer 

cases (95% CI: 10.0 to 30.0 per 1,000 women). 

• DBT having high heterogeneity (I2 = 84.69%) and based on the random effects model 

(p< 0.001), 30,890 supplementary DBT examinations in mammography negative 



women would likely lead to a detection of an additional 4 per 1,000 women cancer 

cases (95% CI: 2.0 to 6.0 per 1,000 women). 

• MBI having no heterogeneity (I2 = 0%) and based on the fixed effects model (p= 0.516), 

3117 supplementary MBI examinations in mammography negative women would 

likely lead to a detection of an additional 9 per 1,000 women cancer cases (95% CI: 5.0 

to 12.0 per 1,000 women). 

• For CEDM subgroup analysis by individual supplementary imaging modalities was not 

applicable since only one study was included in the systematic review for CEDM.  

Additionally, sub-analysis by individual supplementary imaging modalities (Chi-Squared test) 

did not identify any statistically significant differences (p>0.05) concerning cancer detection 

rates. 

Recall rates and biopsy rates were increased by supplementary screening, with the highest 

recall rate reported by HHUS [370 per 1000 women] (33) and the highest biopsy rate reported 

by MRI [146 per 1000 women] (Appendix A) (55). Thirty-three studies were included in the 

meta-analysis for ‘recalls’. Again, the included studies had high heterogeneity in reporting the 

proportion of breast cancer detection (I2 = 99.7%) [Figure 4]. The proportion of recall across 

all modalities as per the random-effects model (p<0.001) was 109 per 1,000 women (95% CI: 

94 to 125 per 1,000 women), based on 154,422 supplementary imaging examinations (Figure 

4).  

 

Subgroup meta-analysis by individual supplementary imaging modalities resulted in: 

• HHUS having high heterogeneity (I2 = 99.71%) and the proportion of recall with HHUS 

as per the random effects model (p< 0.001), was 134 per 1,000 women (95% CI: 111 

to 157 per 1,000 women), based on 99,841 supplementary imaging examinations.  

• ABUS having high heterogeneity (I2 = 99.81%) and the proportion of recall with ABUS 

as per the random effects model (p< 0.001), was 132 per 1,000 women (95% CI: 4 to 

259 per 1,000 women), based on 15,243 supplementary imaging examinations.  

• MRI having high heterogeneity (I2 = 98.04%) and the proportion of recall with MRI as 

per the random effects model (p< 0.001), was 73 per 1,000 women (95% CI: 30 to 117 

per 1,000 women), based on 8762 supplementary imaging examinations.  



• DBT having high heterogeneity (I2 = 99.59%) and the proportion of recall with DBT as 

per the random effects model (p< 0.001), was 60 per 1,000 women (95% CI: 26 to 95 

per 1,000 women), based on 26,890 supplementary imaging examinations.  

• MBI having no heterogeneity (I2 = 0%) and the proportion of recall with MRI as per 

the fixed effects model (p=0.777), was 82 per 1,000 women (95% CI: 73 to 92 per 1,000 

women), based on 8762 supplementary imaging examinations.  

• For CEDM subgroup analysis by individual supplementary imaging modalities was not 

applicable since only one study was included in the systematic review for CEDM.  

Additionally, sub-analysis by individual supplementary imaging modalities (Chi-Squared test) 

did identify a statistically significant difference in recall rates between HHUS and MBI 

(p=0.039) and HHUS and CEDM (p=0.016). 

 

Twenty-five studies were included in the meta-analysis of biopsy rates. Studies had a high 

heterogeneity in reporting the proportion of breast cancer detection (I2 = 98.91%) [Figure 5]. 

The proportion of biopsies in all modalities as per the random-effects model (p<0.001) was 36 

per 1,000 women (95% CI: 29 to 43 per 1,000 women), based on 122,059 supplementary 

imaging examinations (Figure 5).  

Subgroup meta-analysis by individual supplementary imaging modalities resulted in: 

• HHUS having high heterogeneity (I2 = 98.76%) and the proportion of biopsies with 

HHUS as per the random effects model (p< 0.001), was 33 per 1,000 women (95% CI: 

25 to 41 per 1,000 women), based on 95,299 supplementary imaging examinations.  

• ABUS having high heterogeneity (I2 = 98.44%) and the proportion of recall with ABUS 

as per the random effects model (p< 0.001), was 24 per 1,000 women (95% CI: 4 to 43 

per 1,000 women), based on 18,103 supplementary imaging examinations.  

• MRI having high heterogeneity (I2 = 98.33%) and the proportion of recall with MRI as 

per the random effects model (p< 0.001), was 73 per 1,000 women (95% CI: 35 to 112 

per 1,000 women), based on 8657 supplementary imaging examinations.  

• For DBT, MBI and CEDM subgroup analysis by individual supplementary imaging 

modalities was not applicable since no study was included in the respective meta-

analysis of biopsy rates. 



Additionally, sub-analysis by individual supplementary imaging modalities (Chi-Squared test) 

did not identify any statistically significant differences (p>0.05) in terms of biopsy rates.  

Although the current systematic review examined subsets of women without specific risk 

factors, the authors suspect that, in general, these women were at higher risk. This is due to the 

wide range of cancer prevalence in these additional examinations [Appendix A]. This implies 

that the populations were not asymptomatic screening cohorts. For this reason, the results of 

this systematic review cannot be generalised to the general screening population of women 

with dense breasts. 

 

Quality of Studies 

An evaluation of the quality of the studies using the QUADAS–2 framework revealed a 

potential risk for bias in terms of patient selection, the index tests, reference standard and flow 

and timing [Figure 6a]. The QUADAS-2 tool also revealed some potential issues with the 

applicability of the findings, mainly due to patient selection [Figure 6b]; the overview of the 

risk of bias and applicability is presented in Appendix B. 

 

Out of the 42 included studies, eighteen studies were at high risk of bias, and nine studies had 

applicability concerns regarding patient selection. The reasons for the increased risk of bias 

were; namely, supplementary imaging was performed self-financed or self-referred by the 

women themselves; supplementary imaging was offered to women who had dense breasts but 

also feared breast cancer or wanted a thorough examination of the breasts; heterogeneous dense 

breasts [BI-RADS c] were excluded, and only dense breasts [BI-RADS d] were included; 

supplementary imaging was performed based on availability; some women also had additional 

risk factors such as family or personal history of breast cancer (35,60,70); in retrospective 

studies, not all consecutive exams were included. 

 

Eleven of 42 studies were at high risk of bias in terms of index tests since mammogram and 

index tests were not performed independently, and the reader was not blinded to clinical data. 

Thus, the conduct or interpretation of the index test could have introduced bias in these eleven 

studies. This was not the case for the applicability concern since all the 42 studies had a low 

risk of applicability concern related to the index test. Therefore, there was no concern that the 

index test, its conduct, or interpretation differed from the review question. 



 

Out of the 42 studies, seventeen were at high risk of bias in terms of a reference standard. Only 

a biopsy was performed, and there was no follow-up of normal results. In one of the eleven 

studies by (51), biopsy and one-year follow-up were performed, but only 88% of follow-up 

was completed when the article was published. This means that the reference standard, its 

conduct, or its interpretation would have introduced bias. 

 

There were concerns about one study related to the reference standard used (66). This is 

because 966 out of 1696 women were lost to follow-up after one year. Thus, the target condition 

as defined by the reference standard does not match the review question. The other studies had 

the appropriate target condition investigated.  

 

Thirteen studies were at high risk of bias regarding flow and timing domain because not all 

patients received a reference standard. Thus, the patient flow in these 13 studies could have 

introduced bias. 

 

Discussion  

Main Findings 

The findings from this systematic review are consistent with previous studies (7,12,13) that 

indicate that supplementary screening among women with dense breasts and recent negative 

mammography can consistently identify additional cancers and lead to further recalls and 

biopsies. Based on the meta-analysis, the sensitivity of supplementary imaging examinations 

was 89% and specificity 91%. The highest breast cancer detection rate was with MRI [33.5 per 

1000 women] (Appendix A) (55). Recall rates and biopsy rates were increased by 

supplementary screening, with the highest recall rate reported by HHUS [370 per 1000 women] 

(33) and the highest biopsy rate reported by MRI [146 per 1000 women] (Appendix A) (55). 

Also, supplementary imaging examinations in women with negative mammograms would lead 

to a detection of an additional 4 per 1,000 women cancer cases (p<0.001). The additional 

women who would need to be recalled for further investigations would be 109 per 1,000 

women (p<0.001), and the additional women who would need a biopsy would be 36 per 1,000 

women (p<0.001). Since 34 studies reported on only a single round of screening [only one 

study reported on six screening rounds (71)], the cumulative effect of recall for additional 

imaging and biopsy is likely to be more significant over time.  



 

The high risk of bias and applicability in the included studies resulted in very heterogeneous 

studies. There are problems in the data quality of the included studies. Poor-quality studies had 

important limitations (inadequate reference standard; population including high-risk women) 

that could limit the generalisability of this systematic review and meta-analysis. 

 

Review novelty  

A gap existed in the literature when considering the additional cancers detected with the 

supplementary screening of women with dense breasts and the additional women recalled for 

additional imaging and biopsies, leading to high false-positive rates. The current systematic 

review started to bridge the gap in the literature by systematically reviewing all available 

studies on supplementary imaging procedures when used to screen women with dense breasts 

for cancer. 

 

Although limited studies [n=2] were randomised trials (9,58), both mammography and 

supplementary imaging in the selected studies were undertaken sequentially in the same 

women. All women acted as their own controls, thereby accounting for between-patient 

variability. Also, most of the included studies defined women with dense breasts as per BI-

RADS breast density c and d, with only three studies, (9,55,58) including women with BI-

RADS density d, and one study (52) used the Wolfe Classification (Wolfe, 1976). This ensured 

that there were minimal differences in the study designs. 

 

Critical synthesis of results 

Twenty-four studies (9,11,42,45,51,52,56,58,59,61,62,65,30,67,68,72,73,31–34,36,40,41) 

focused exclusively on women with BI-RADS c and d density, while others reported on mixed 

populations (29,35,53,54,60,64,66,71,74,75,37–39,44,46–48,50). These studies reporting on 

mixed populations included women with elevated risk due to BRCA1 and BRCA2 mutations, 

women with a personal history of breast cancer, women with a family history of breast cancer, 

women with previous benign biopsies or women with a history of uterine cancers. Only the 

studies in which most women had a risk factor of dense breasts were included. In some cases, 

it was possible to represent women with dense breasts as a sole risk factor for breast cancer to 



isolate the subgroup of women with dense breasts without any of the other risk factors. 

Nevertheless, the current review is limited because some study populations were at higher risk 

of breast cancer than would be presented by increased breast density alone. This limitation of 

the study raises questions about the generalisability of findings to the broad population of 

women with dense breasts. Future work should include RCTs or well-designed comparative 

observational studies to provide stronger evidence about sensitivity, specificity, PPV and NPV 

of supplementary screening for women with dense breasts as the only known risk factor.  

 

Other sources of variation may relate to variability in competency among interpreting 

radiologists, with some radiologists reporting only one year of experience (40) while others 

have a 41 years’ experience (62). Also, studies had variations in technology used for 

supplementary imaging and the skill of health care professionals using supplementary imaging, 

leading to intra- and inter-operator variability. Another difference among studies was the 

outcome definitions that may contribute to some observed heterogeneity. Studies performed in 

the United States (35,36,65,66,70,76,38,41,45,48,50,51,60,61) used the BI-RADS system for 

reporting recall whereas the European studies (9,11,62,67,68,71,77,30,31,34,37,47,54,58,59) 

used a simplified ‘recall or no recall’ reporting for screen-readings. Another factor that may 

have affected the heterogeneity between the studies is the proportion of studied women 

undergoing prevalence [first] and incidence [any subsequent] screening rounds. 

 

Moreover, to facilitate comparison, an assumption of independent screens was made, which 

might not be the case in the eight studies that included more than one screening round 

(9,34,38,49,56–58,61) or where study populations might overlap. Also, the studies differed in 

the degree to which image interpretation of supplementary screening could be influenced by 

knowledge of mammography imaging and vice versa [although this detail was not consistently 

reported] and in how the studies selected their study populations [e.g., by whether screening 

was organised or opportunistic]. All these factors may have led to slightly different selections 

of women in terms of their risk profile. Thus, the studies included in this review were 

heterogeneous in several aspects, and due to this, the meta-analysis results should be interpreted 

with caution. 

 

A limitation of the studies identified in this systematic review is that the current evidence 

suggests that the number, quality, and rigour of studies on diagnostic test performance were 



quite limited. Only three studies (64–66) included MBI and CEDM as supplementary imaging 

modalities for women with dense breasts following a negative mammogram. The limited 

number of studies indicates the need for further studies on these modalities. 

 

Several studies lacked a complete reference standard or a clear follow-up description, so they 

could not calculate sensitivity, specificity, PPV and NPV. Moreover, some studies did not 

provide data for women with dense breasts only, and it was not possible to calculate the 

diagnostic test performance for this subgroup of women. Most studies assessed short-term 

incremental impact among women undergoing screening mammography and supplementary 

screening. Eighteen studies included mixtures of women at increased breast cancer risk due to 

risk factors other than breast density, limiting the generalisability of findings in these studies 

to the general screening population of women with dense breasts. Studies of breast MRI 

focused on women with multiple risk factors; very little data were available for women with 

dense breasts and no other major risk factors for breast cancer. The quality of the literature on 

HHUS, ABUS, DBT, MRI, CEDM and MBI for women with dense breasts was minimal and 

more studies are needed before any firm conclusions can be reached. 

Other limitations are due to the evidence base. Many studies had short follow-ups in most 

studies. Due to the recent introduction of the supplementary imaging modalities, the lack of 

extended follow-up [although the optimum follow-up period is unknown] makes it impossible 

to assess whether the improved cancer detection rate and sensitivity of supplementary 

screening further reduce breast cancer mortality through screening compared to screening with 

FFDM alone. Very little data were available for women with dense breasts and no other major 

risk factors for breast cancer. This is because there is limited published evidence which meets 

the eligibility and quality criteria for this review. 

 

Clinical Implications  

The included studies were predominately designed to estimate the incremental impact of 

additional testing on cancer detection rates and diagnostic testing. Eighteen studies lacked 

sufficient follow-up (minimum one year) to identify false negatives (11,29,58–61,66–

68,74,30,36,45–48,51,55). Given the importance of identifying false negatives to estimate the 

impact of supplementary imaging modalities in women with dense breasts, these studies 

provide limited value to this systematic review. None of these studies compared potential 



surrogates for breast cancer mortality among two groups of women with dense breasts 

undergoing mammography screening versus supplementary imaging.  

Moreover, from the metanalysis results, it can be determined that while more women with 

dense breasts would be diagnosed with breast cancer, an even more significant proportion of 

these women would have undergone further imaging and biopsies, leading to potential 

additional anxiety and the need for more resources.  

In summary, evidence suggests that supplementary imaging examinations' sensitivity would 

likely be 89% and specificity 91%. More breast cancers will be detected (4 per 1,000 women) 

by supplementary HHUS, ABUS, MRI, DBT, CEDM and MBI screening of women with dense 

breasts, but this is associated with increased recall (109 per 1,000 women) and biopsy rates (36 

per 1,000 women) for diagnostic investigation among women who do not have breast cancer, 

 

Conclusion 

While further research is required to focus on women with dense breasts as their only risk 

factor, supplementary imaging is beneficial for women with dense breasts. The highest breast 

cancer detection rate and biopsy rate in women with dense breasts were associated with 

supplemental MRI. The highest recall rate was associated with HHUS.  
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