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Abstract

Delivery of screening mammography differs substantially between the United States (US) and 

Denmark. We evaluate whether there are differences in screening sensitivity and specificity. We 

included screens from women screened at age 50-69 years during 1996-2008/2009 in the US 

Breast Cancer Surveillance Consortium (BCSC) (n=2,872,791), and from two population-based 

mammography screening programs in Denmark (Copenhagen, n=148,156 and Funen, n=275,553). 

Women were followed for one year. For initial screens, recall rate was significantly higher in 

BCSC (17.6%) than in Copenhagen (4.3%) and Funen (3.1%). Sensitivity was fairly similar in 

BCSC (91.8%) and Copenhagen (90.5%) and Funen (92.5%). At subsequent screens, recall rates 

were 8.8%, 1.8% and 1.4% in BCSC, Copenhagen and Funen, respectively. The BCSC sensitivity 

(82.3%) was lower compared to Copenhagen (88.9%) and Funen (86.9%), but when stratified by 

time since last screen, the sensitivity was similar. For both initial and subsequent screening, the 

specificity of screening in BCSC (83.2 and 91.6%) was significantly lower than in Copenhagen 

(96.6 and 98.8%) and Funen. (97.9 and 99.2%). Taking time since last screen into account, 

American and Danish women had the same probability of having their asymptomatic cancers 

detected at screening. However, the majority of women free of asymptomatic cancers experienced 

more harms in terms of false-positive findings in the US than in Denmark.
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Introduction

International comparisons of performance between countries with different screening 

organization are important, notably to identify areas for improvement. Nevertheless, 

comparisons are often not straightforward.

The delivery of screening mammography differs substantially between the United States 

(US) and Denmark. Recommendations vary with respect to age of initiation and screening 

frequency, outreach and follow-up strategies, health insurance coverage and access and ad-

hoc adoption vs. systematic program implementation. Although the US has national 

guidelines for starting and stopping ages and frequency, such as the US Preventive Services 

Task Force and American Cancer Society recommendations,1,2 the actual use of screening is 

largely determined by the woman, medical practitioner and access to health care. Many 

women in the US are screened every one or two years from the age of 40 years onwards.1-3 

By contrast, in Denmark screening mammography takes place in organized programs, where 

all women aged 50-69 years are personally invited to screening every two years, with both 

screening and work-up free of charge.4 However, previous comparative studies indicated 

that both recall rates and interval cancer rates were higher in the US than in Europe, 5-8 

suggesting both lower sensitivity and lower specificity.

In the present study we compared performance between the US and Denmark using data 

from the Breast Cancer Surveillance Consortium (BCSC, http://breastscreening.cancer.gov/) 

in the US, and from two long-standing, organized, population-based screening programs in 

Copenhagen and Funen, Denmark.4 We used standardized definitions and analytic methods 

to compare sensitivity and specificity between the two countries.

Materials and Methods

BCSC

The BCSC is a collaborative network of seven regional mammography registries covering a 

population with a composition comparable to that of all US women (http://

breastscreening.cancer.gov/).9 All mammography facilities in the BCSC are accredited by 

the US Food and Drug Administration, and they operate under the rules and regulations of 

the Mammography Quality Standards Act.10 Furthermore, the BCSC data reflect the current 

practice of screening in the US, and contain data from counties that include 5% of the US 

population.8,11

Within the BCSC, screening is performed in a wide range of delivery systems, including 

traditional fee-for-service, solo and group radiology practices, managed care organizations, 

hospital-based radiology practices, free standing mammography centers and mobile van 

programs. The standard screening procedure is two-view mammography with a single 
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radiology reading. However, some facilities have double reading. The use of computer aided 

detection (CAD) increased in the US during the study period; in a Medicare population, 

CAD was used for 39% of screens in 2004 to 74% in 2008.12 In the US, radiologists are 

required to read at least 960 mammograms every two years.10 Where available, 

mammograms from previous rounds were used for comparison.

Copenhagen and Funen

The organized, population-based screening programs in Copenhagen and Funen started in 

1991 and 1993, respectively. Women aged 50-69 are personally invited to biennial 

screening.4 Both programs adhere to the European Guidelines for Quality Assurance in 

Mammographic Screening.13 Women targeted by the two programs constituted around 20% 

of Danish women 50-69 years.

Screening in Copenhagen and Funen took place at two specialized clinics, supplemented by 

a mobile van in Funen. At first screen all women had two projections. At subsequent screens 

until 2004, women with fatty breast tissue had one projection, while women with mixed/

dense breast tissue had two. From 2004 and onwards, all women had two projections. 

Independent double reading was performed. At least one of the readers was a senior 

radiologist, i.e., in accordance with the European Guidelines, a radiologist reading a 

minimum of 5000 mammograms a year. 13 Where available, mammograms from up to three 

previous rounds were used for comparison. CAD was not used. Disagreements were 

resolved by a senior radiologist.14 We analyzed data separately for Copenhagen and Funen, 

as previous studies have found different performance of the programs, despite almost 

identical organization.4,15 Work-up was undertaken at the coordinating radiology 

departments in Copenhagen and Funen, respectively.

Study population

In both countries, mammography register data included date of birth, date of screening, type 

of mammogram and screening result. We included screens undertaken in 1996-2009 in the 

BCSC (cancer follow-up until 2010) and in 1996-2008 in Copenhagen and Funen (cancer 

follow-up until 2009) in women aged 50-69 years at the time of screening.

In the BCSC, a mammogram was classified as a screening mammogram based on the 

indication reported by the radiologist.9,16 In Denmark, all program mammograms were 

classified as a screening mammogram, excluding those undertaken for work-up of positive 

screens.

In both countries, we excluded women who at the time of the screening, a) had a history of 

invasive breast carcinoma or ductal carcinoma in situ (DCIS), b) had a unilateral 

mammogram, c) had a radiological exam within the previous 270 days, or d) had prior 

mastectomy. We also excluded BCSC women with breast implants, while in Denmark, the 

few women with breast implants were excluded only if the screening was not technically 

possible.
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Definitions

We used standardized definitions and analytic methods to compare sensitivity and 

specificity between the two countries.

Based on the woman's screening history, screens were divided into initial screens, including 

only the first screen in her life, and subsequent screens, including all other screens, 

independently of whether the woman attended screening regularly or not. Subsequent 

screens were stratified by time since last screen into 9-17 months, 18-29 months, and 30+ 

months.

The BCSC radiologists used the American College of Radiology's Breast Imaging Reporting 

and Data System (BI-RADS).17 A positive or negative screen referred to the result of the 

initial assessment which included screening views only. A screen was considered positive if 

the BI-RADS assessment was 0 (needs additional imaging evaluation), 4 (suspicious 

abnormality), 5 (highly suggestive of malignancy), or 3 (probably benign finding) with a 

recommendation for immediate work-up. In the present study, a screen was considered 

negative if the BI-RADS assessment was 1 (negative), 2 (benign finding), or 3 (probably 

benign finding) without a recommendation for immediate work-up. Screens with BI-RADS 

3 and missing information on need for immediate work-up were included in the analysis as 

negative (n=1444). Denmark did not use BI-RADS; all screens that led to recall were 

defined as positive and recalled for work-up.

The term breast cancer was used to include both invasive breast cancer and ductal carcinoma 

in situ (DCIS).

Follow-up

For BCSC, incident breast cancers were identified from the regional Surveillance, 

Epidemiology, and End Results registries; state cancer registries; and pathology databases. 

Completeness of cancer ascertainment has been estimated to be >94.3%.18 In Denmark, 

incident breast cancers were identified from the Danish Cancer Registry, the Danish Breast 

Cancer Cooperative Group, and the Danish Pathology Register. Reporting to the Danish 

Cancer Registry is mandatory by law in Denmark, and the registry is essentially complete 

for invasive breast cancers19, and supplemented by the other registers above, for DCIS too.

Women were followed from the date of their initial screen, or their first subsequent screen, 

until their next screen, diagnosis of breast cancer, or for one year, whichever came first. A 

breast cancer was classified as screen-detected if it was diagnosed within one year of a 

positive screen (or before the next screen), and as interval cancer if it was diagnosed within 

one year of a negative screen (or before the next screen). If the same woman had both 

invasive breast cancer and DCIS, the earliest result was used if the two diagnoses were more 

than 60 days apart, otherwise invasive breast cancer combined with the earliest date was 

used.
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Performance measures

We calculated the following performance measures: a) recall rate: number of screens 

resulting in recall for work-up as a proportion of all screens, b) screen-detection rate: 

number of screen-detected cases per 1000 screens, c) interval cancer rate: number of interval 

cancers per 1000 screens, d) sensitivity: proportion of screen-detected cases among all breast 

cancers (screen-detected/(screen-detected+interval cancer)),e) specificity: proportion of 

negative screens among all women free of breast cancer (true negative screens/(true negative 

screens+false-positive screens)), and also included f) proportion of invasive cancers ≤10 mm 

as proportion among all invasive breast cancers, including those with unknown size, and g) 

invasive proportion as proportion of invasive screen-detected cancers among all screen-

detected cancers.

The results were stratified by time since last screen, and rates were age-standardized using 

the World Standard Population (WHO 2000-2025). For both crude and age-standardized 

rates we computed 95% exact confidence intervals (CI). The BCSC and Danish data were 

analyzed separately. Non-overlapping confidence intervals were interpreted as representing 

a statistically significant difference. Data were analyzed using SAS (version 9.3 and 9.4, © 

SAS Institute Inc.), R statistical software (version 3.0.3) and Stata (StataCorp. 2011. Stata 

Statistical Software: Release 12. College Station, TX: StataCorp LP).

Ethics

BCSC registries and the Statistical Coordinating Center received Institutional Review Board 

approval for active or passive consenting processes or a waiver of consent to enroll 

participants, link data, and perform analysis and a Federal Certificate of Confidentiality and 

other protections for the identities of women, physicians, and facilities. All procedures were 

Health Insurance Portability and Accountability Act compliant. For Danish registries, use of 

screening data and tumor-related information was approved by the Danish Data Inspection 

Agency (2008-41-2191).

Results

We included 2,872,791 screens from BCSC (1.8% were initial screens), 148,156 from 

Copenhagen (22.5% initial screens), and 275,553 from Funen (14.7% initial screens). More 

than 80% were film mammograms (Table 2).

Initial screens

For initial screens, the age-standardized recall rate was significantly higher in the BCSC 

(17.6%) than in Copenhagen (4.3%) and Funen (3.1%) (Table 3). The age-standardized 

screen-detection rates were fairly similar across the 3 sites; being 9.7 (95% CI 8.9-10.6); 9.1 

(95% CI 7.0-11.3) and 10.2 (95% CI 7.5.-12.8) per 1000 screens. Interval cancer rates were 

similar, being 0.8 (95% 0.6-1.1); 1.0 (95% CI 0.3-1.6) and 0.7 (95% CI 0.1-1.2) per 1000 

screens. Initial screening sensitivity was similar between areas at 91.8% in the BCSC, as 

compared to 90.5% in Copenhagen and 92.5% in Funen. The specificity of initial screens 

was significantly lower in BCSC (83.2%) than in Copenhagen (96.6%) and Funen (97.9%). 

At initial screens, the percentage of invasive cancers ≤10 mm was lower in BCSC (20.9%) 
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than in Copenhagen (28.5%) and Funen (21.6%). The percentage of invasive out of all 

screen-detected cancers was 81.4% in BCSC, which is similar to Copenhagen (86.5%) but 

significantly lower than in Funen (90.3%).

Subsequent screens

Recall rates decreased by half compared to initial screens and were 8.8%, 1.8% and 1.4% in 

the BCSC, Copenhagen and Funen, respectively (Table 4). Age-standardized screen-

detection rate for subsequent screens was significantly lower in the BCSC, 4.3 (95% CI 

4.3-4.4), than in Copenhagen, 5.8 (95% CI 5.4-6.3), and Funen, 5.5 (95% CI 5.2-5.8) per 

1000 screens, and the interval cancer rates were fairly similar in the BCSC, 0.9 (95% CI 

0.9-1.0), Copenhagen, 0.7 (95% CI 0.6-0.9), and Funen, 0.8 (95% CI 0.7-0.9) per 1000 

screens. Sensitivity was significantly lower in the BCSC (82.3%) than in Copenhagen 

(88.0%) and Funen (86.9%), and also specificity was significantly lower in the BCSC 

(91.6%) than in Copenhagen (98.8%) and Funen (99.2%), not accounting for time between 

screens. The proportion of small invasive cancers was significantly lower in BCSC (27.3%) 

than in Copenhagen (39.9%) and Funen (34.5%), and invasive cancers constituted a 

significantly lower percentage of screen-detected cancers in BCSC (74.9%) than in 

Copenhagen (81.1%) and Funen (89.8%).

There were important differences in the time between screens. In BCSC, 66.5% of 

subsequent screens were undertaken 9-17 months after the previous screen; 22.2% 18-29 

months after, and 11.3% 30+ months after. In the Danish programs very few women were 

rescreened within 9-17 months, and in Funen almost all women were rescreened within 

18-29 months (Table 1). In BCSC, recall rates increased significantly by time since last 

screen and as did screen-detection rates, from 3.6 per 1000 screens for 9-17 months, to 4.7 

for 18-29 months, and 6.8 for 30+ months, while interval cancer rates decreased slightly 

from 1.0 to 0.8 to 0.7 per 1000 screens (Table 5). Recall rates for subsequent screens in 

Copenhagen did not appear to differ between those screened 18-29 months or 30+ months 

previously, but the screen-detection rate increased from 5.6 to 7.2 per 1000 screens, while 

the interval cancer rate remained fairly stable. At 18-29 months after the last screen, the 

sensitivity was 85%; 87.5%; and 86.7%, respectively, in BCSC, Copenhagen and Funen, 

and with longer intervals it was 90.1% in BCSC, 90.2% in Copenhagen and 92.3% in Funen.

Sensitivity was significantly higher for initial screens as compared with subsequent screens 

in the BCSC; in contrast, there were only minor differences between initial and subsequent 

screens in Copenhagen and Funen (Figure 1).Specificity was significantly lower for initial 

than for subsequent screens, from 83.2% to 91.6% in BCSC, from 96.6% to 98.8% in 

Copenhagen and from 97.9% to 99.2% in Funen (Table 3).

Discussion

Main finding

Women screened in the US were at a four-six-fold increased risk of being recalled for work-

up as compared with Danish women. At initial screens, the sensitivity was fairly similar in 

the US and Denmark and for subsequent screens when stratified by time since last screen. 

Jacobsen et al. Page 6

Int J Cancer. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The specificity of screening in the US was considerably lower than in Denmark at both 

initial and subsequent screens. The proportion of small invasive cancers was lower in the US 

than in Denmark. The percentage of DCIS was higher in the US than in Denmark.

Strengths and limitations

The strengths of this study included the use of comprehensive data from the BCSC, 

representing screening practice in the US in 1996-2009, and the two Danish programs 

covering all screens undertaken in 1996-2008, in women aged 50-69 years. To overcome the 

differences in procedures and terminology between the US and Denmark, we carefully 

applied inclusion and exclusion criteria and defined the screening outcomes in a comparable 

way. Furthermore, the cancer registries provided almost complete cancer data. Initial and 

subsequent screens were analyzed separately as the performance of screening tended to 

differ between the two.6,11,20 This difference has been explained by a) the longer sojourn 

time of the tumors at initial screen and hence easier detection, and b) the larger proportion of 

young women receiving initial screens.11

Differences in the populations studied might remain, as we were not able to include 

potentially important variables such as postmenopausal hormone use, breast density and 

family history of breast cancer. Postmenopausal hormone use has been considerably higher 

in US than Danish women.21 But hormone use is associated with increased breast density 

and thus decreased performance of mammography.22,23 It should also be taken into account 

that screening and work-up was not free of charge in the US, and that many women were not 

covered by insurance. In the US, some women with a positive screen may therefore not have 

returned for work-up, while this was rare in Denmark. The US sensitivity might thus be 

underestimated.

International screening comparisons are important for assessing the effectiveness of 

different screening strategies, outreach, practice and intervals. In the US, 67% of screened 

women were rescreened within 9-17 months, while this was very rare in Denmark. As the 

follow-up for screen-detected cases and interval cancers stopped after the earlier of one year 

or the next screen, this means that the follow-up of the American women was on average 

shorter than the follow-up of Danish women. This difference might have increased the 

number of false-positives and decreased the number of false-negatives in the US data, which 

could lead to underestimation of specificity and overestimation of sensitivity in the US 

compared to Denmark. However, we expect only minor bias from this source because we 

excluded screens with a radiology exam within the previous 270 days and because only 

1.8% of subsequent screens in the BCSC were performed within one year of the previous 

screen (data not shown).

The different screening strategies also explain why the outcome of 2-year follow-up, which 

might have been more reasonable for the Danish data, was not calculated. Almost the same 

number of interval cancers was registered in the second year as in the first year in the US, 

while in Denmark the number of interval cancers doubled from the first to the second year 

(data not shown). This could be due to the US data often being censored before two years, 

thus shortening the period where an interval cancer could occur. In the BCSC data, a screen-

detected cancer could have been misclassified as an interval cancer if the next screening 
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examination occurred outside the BCSC. Hence, comparison of interval cancers beyond one 

year was not possible. Even a comparison based on rates per person-years at risk might be 

biased if those screened with longer intervals were not representative of all screened women 

in the US.

We did not stratify the analysis by mammography technology as the proportion of digital 

mammograms was low in Copenhagen. However, the distribution of mammograms by type 

was fairly similar in the BCSC and Funen at subsequent screens so we do not expect this to 

explain the differences in performance. Prior studies comparing digital with film-screen 

mammograms have produced inconsistent results on the association with performance.24-27 

One study based on a subset of our BCSC population found fairly similar performance of 

digital and film-screen mammograms among women aged 50-69 years.24 Another study 

based on women aged 50-69 years enrolled in the Norwegian Breast Cancer Screening 

Program, which should be compatible to our Danish populations, found a lower recall rate 

among women screened with digital mammograms than among film-screened women.27

Comparison with other studies

Higher recall rates and somewhat lower screen-detection rates in subsequent screens in the 

US as compared to Europe were also observed in the large, classic study by Smith-Bindman 

et al.28 covering the years 1996-1999, suggesting not much has changed since then in the US 

with respect to recall of screened women for work-up. This is probably due to a combination 

of less centralized screening in the US, less reading experience required of US radiologists, 

less use of double reading, different guidelines for acceptable levels of mammograms judged 

as abnormal (<5% in Europe) and (10% in US) and the litigious environment in the 

US.13,17,29,30 Smith-Bindman et al.28 included women aged 50+ years in the BCSC, the US 

National Breast and Cervical Cancer Early Detection Program, and in the UK National 

Health Service Breast Screening Program. Using age-standardization to the combined study 

population on subsequent screens, they found US recall rates of 8.0% and 6.8% and screen-

detection rates of 3.6 and 3.4 per 1000. Our numbers for the US, age-standardized to the 

WHO population, were 8.8% and 4.3 per 1000, respectively. Danish recall rates of 1.8%/

1.4% were only half of that found for the UK, 3.6%, while the Danish and UK screen-

detection rates were similar at 5.8/5.5 and 5.4 per 1000. In another study that used data from 

1997-2003 for women aged 50-69 years and age-standardization to the combined Vermont 

(US; one of the BCSC registries) and Norwegian population, Hofvind et al.5 found the 

Vermont recall rate to be 9.8% and the screen-detection rate to be 4.01 per 1000, while in 

Norway the recall rate was 2.7% and the screen-detection rate 5.08 per 1000.

Higher screen-detection rates are expected in the European programs, with biennial or 

triennial screening, as compared to the predominantly annual screening in the US. This is 

due to an increasing pool of cancers for detection given longer time of development. In our 

study, the BCSC data on subsequent screens showed an increase in the screen-detection rate 

from 3.6 per 1000 for annual screens, 4.7 for biennial, and 6.8 for longer intervals. In the 

Vermont data reported by Hofvind et al.5 these numbers were 3.53, 4.55, and 8.27, 

respectively. For Copenhagen, our data showed a screen-detection rate of 5.6 per 1000 for 
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biennial screening, and of 7.2 per 1000 for longer intervals. In the Norway data reported by 

Hofvind et al.5 the rates were 4.96 and 9.13, respectively.

Both the recall rate and screen-detection rate reflect screening performance as well as the 

underlying risk of breast cancer. A purer picture of performance is therefore obtained by 

comparing screening sensitivity and specificity. Using a 1-year follow-up for the Vermont 

and Norway data on subsequent screens, Hofvind et al.31 found a sensitivity of 83.8% and 

91.0%, and a specificity of 90.6% and 97.8%, respectively. These data largely agree with 

ours, as we found the BCSC sensitivity to be 82.3% and the Danish sensitivity to be 88.0%/

86.9%, and the specificities to be 91.6% and 98.8%/99.2%. For subsequent screens, the two 

studies thus showed a consistent pattern of 6-7% higher sensitivity (when not stratified for 

time since last screen) and 7% higher specificity in the organized Nordic programs as 

compared to the mixed setting of BCSC. However, a third study comparing interval cancers 

after subsequent screens with 1 year of follow-up in North Carolina (US; one of the BCSC 

registries) and Norway, Hofvind et al.6 found rates of 1.29 and 0.54 per 1000 screens. In our 

data, per 1000 screens we get 0.9 for the BCSC and 0.7/0.8 for Denmark with overlapping 

confidence intervals.

We found a lower proportion of ≤10 mm invasive cancers in the BCSC than in the Danish 

programs. Assuming similar biology characteristics, this was surprising as tumor size is a 

time-dependent factor and higher tumor-size should be correlated with less frequent 

screening. However, using a cut-off of ≤15 mm, Hofvind et al.5 found almost similar 

proportions of 62% and 67% for Vermont and Norway. The highest proportion of DCIS was 

detected in the BCSC, for subsequent screens 25% as compared to 19% in Copenhagen and 

10% in Funen. Hofvind et al.5 found 24% for Vermont and 18% for Norway. The higher rate 

of DCIS in the US could be due to the use of CAD which can increase the detection of 

DCIS.32

The difference in performance measures between Copenhagen and Funen might reflect a 

true performance difference between the programs. Nevertheless, it also reflects the well-

known urban-rural gradient in screening participation4, in combination with small 

differences between the programs that might influence on the screening population15. 

However, it suggests that comparisons of performance measures are not straightforward, 

even when comparing within a small country like Denmark.

Clinical implications

Cross-national performance comparisons are important because they allow us to identify 

differences in performance and relate these to specific differences in program organization, 

which might help to improve performance. International comparisons offer possibilities to 

study variations in performance beyond comparisons within nations. The most obvious 

difference in performance between the US and Denmark was the recall rates. Of 21 women 

recalled for work-up after a subsequent screen in the US, 1 was diagnosed with breast cancer 

within a year. In Denmark, these numbers were 1 out of 3. Recalling women who, on further 

work-up, are found not to have breast cancer induces increased costs and increased anxiety 

for the women involved.33,34 These factors could affect women's general acceptance of 

screening mammography and hence their willingness to participate and have a large impact 
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on the quality and value of any screening program. It might though be difficult to map 

participation, especially in US settings where women can attend screening at different 

facilities and where there is no central database. Ultimately, high participation is necessary 

to ensure a favorable impact of screening on breast cancer mortality.

Conclusion

International comparisons of screening sensitivity and specificity are complex. The number 

of screen-detected cancers depends on time since the last screen, and interval cancers can be 

counted only until the next screen, factors that can differ by nation. By stratifying by time 

since the last screen and restricting follow-up to one year after the screen we sought to 

accommodate the different screening schemes in the US and Europe.

Our study showed that the American and Danish women taking time since last screen into 

account had the same probability of having their asymptomatic breast tumors detected at 

screening. However, the majority of women, who are tumor-free, pay a much higher price in 

terms of false-positive findings in the US than in Denmark.

This balance between US and European screening performance has persisted for more than 

ten years.
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What is new?

Women screened for breast cancer in the US were recalled for work-up four-six times 

more frequently than women screened in Denmark. American and Danish women had the 

same probability of having their asymptomatic cancers detected at screening. However, 

in the US only one out of 21 women recalled for work-up had breast cancer, while this 

was one out of three in Denmark.
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Figure 1. 
Distribution of recall rates, sensitivity and specificity after initial and subsequent screens 

presented as age-standardized rates (World 2000-2025) for screening mammography in the 

Breast Cancer Surveillance Consortium (BCSC), United States, and in the organized 

programs in Copenhagen and Funen, Denmark

CI: Confidence interval.
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