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Key statement  

Research question 
The aims of the present investigation are to assess the benefit of mammography screening for 
breast cancer versus no screening (or breast palpation alone) 

- in women aged 45 to 49 years with no signs of breast cancer and no specifically increased risk 
of breast cancer (Question 1) and 

- in women aged 70 years and older with no signs of breast cancer and no specifically increased 
risk of breast cancer (Question 2) 

with regard to patient-relevant outcomes. 

Conclusion 
Question 1: Age group 45 to 49 years 
For breast cancer-specific mortality, the data provide a hint of a benefit of mammography 
screening versus no screening in women aged 45 to 49 years. With regard to all-cause mortality, 
there was no statistically significant result. The result on all-cause mortality is no argument 
against a benefit of mammography screening, because all-cause mortality is considerably 
influenced by other causes of death. It is assumed that the overall effect of reduced breast cancer 
mortality through screening was too small to have an impact on all-cause mortality. 

However, mammography screening leads to negative consequences (indication of harm) 
through false-positive screening results. In addition, overdiagnosis occurs (hint of harm). 
However, the extent of harm is not so great that it outweighs the mortality advantage. With 
regard to mastectomies, the data provide no hint of a benefit or harm from mammography 
screening. No data were available for adverse events and health-related quality of life, so no 
hint of a benefit or harm was shown for these outcomes. However, the effect of screening on 
the rate of adverse events and on health-related quality of life is likely to be essentially captured 
by the outcome of overdiagnosis. 

In summary, the data provide a hint of a benefit of mammography screening for women aged 
45 to 49 years versus no screening; the benefit of mammography screening thus outweighs 
harm. However, an individual assessment and weighing of benefits and harms is still essential 
in view of the very small mortality advantage in this age group. Therefore, all conditions must 
be fulfilled to enable women to make an informed decision. 

Question 2: Age group 70 years and older 
For breast cancer-specific mortality, the data provide a hint of a benefit of mammography 
screening versus no screening in women aged 70 to 74 years. This is based on the results for 
this age group, the transferability of effects from adjacent younger age groups, and the 
confirmatory results of the modelling performed. With regard to all-cause mortality, there was 
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no statistically significant result. This is no argument against a benefit of mammography 
screening, because with increasing age, breast cancer accounts for a smaller and smaller 
proportion of all deaths, and all-cause mortality is greatly influenced by competing causes of 
death. It is therefore assumed that the overall effect of reduced breast cancer mortality through 
screening was too small to have an impact on all-cause mortality. 

Mammography screening leads to overdiagnosis and to negative consequences of false-positive 
screening results (in each case a hint of harm in women aged 70 and older). It is assumed that 
the expected mortality advantage outweighs the expected harm. No data were available for 
mastectomies, adverse events and health-related quality of life, so no hint of a benefit or harm 
was shown for these outcomes. 

In summary, the data provide a hint of a benefit of mammography screening versus no screening 
in women aged 70 to 74 years; the benefit of mammography screening thus outweighs harm. 
However, an individual assessment and weighing of benefits and harms, considering the 
individual health status and life expectancy, is still essential in view of the very small mortality 
advantage, harm observed from overdiagnosis and the consequences of false-positive results, 
as well as the uncertainties regarding the quantification of effects. Therefore, all conditions 
must be fulfilled to enable women to make an informed decision. 

An ongoing randomized controlled trial (AgeX) is expected to provide meaningful data for both 
questions of this report in the near future. As soon as the study results are available, it should 
therefore be examined whether the results are in line with the recommendations to extend the 
age limits. 

Mammography screening for women aged 75 and older currently offers neither a benefit nor a 
potential versus no screening due to a lack of informative data. The possible benefit with regard 
to breast cancer-specific mortality, which is, however, quite questionable in this age group, is 
likely to be countered by harm expected from overdiagnosis and consequences of false-positive 
screening results. 
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1 Background 

Breast cancer or mammary carcinoma (ICD-102 C50) refers to a malignant neoplasm of the 
mammary gland. The International Agency for Research on Cancer (IARC) estimated that in 
2020, breast cancer was the most common cancer among all new cancers (excluding non-
melanoma skin cancer) in women worldwide and the leading cause of cancer death [1]. 
According to data from the Robert Koch Institute (RKI), this is also true for women in Germany 
[2]. Known factors influencing the risk of developing breast cancer include age, hormones (e.g., 
age at first menstrual period, number of births, age at first birth, hormone replacement therapy 
during or after menopause), previous breast cancer, and benign breast lesions [2]. Breast density 
has also been described as an independent risk factor. In addition, higher breast density is 
associated with a decrease in the sensitivity and specificity of mammography [3]. In addition 
to general factors, women with a family history or genetic predisposition for breast cancer have 
a specific increased risk of developing breast cancer [4]. 

The mammography screening programme is a scheme for the early detection of breast cancer 
in women in Germany. All women in a certain age group are offered a breast x-ray examination 
at set intervals. If the screening results are abnormal, further procedures are performed for 
clarification. If an ultrasound examination or a repeated mammography is not sufficient to 
exclude the suspicion of cancer, the removal of a tissue sample (biopsy) from the breast is 
recommended [5]. The aim of mammography screening is to improve the chances of a cure by 
detecting the cancer at an early stage, while less burdensome treatment options are possible due 
to the earlier tumour stage [3]. At the same time, screening can also lead to false-positive results 
and thus unnecessary biopsies [6,7]. A proportion of breast cancer diagnoses are overdiagnoses, 
that is, diagnoses of cancerous changes that would not have been detected without screening 
and would not have caused symptoms. Accordingly, the treatment that follows this 
overdiagnosis is unnecessary. Like overdiagnosis, the diagnosis of ductal carcinoma in situ 
(DCIS) after mammography [8] can also result in unnecessary treatment. DCIS, which has a 
highly variable potential for malignancy, is considered to be a precancerous breast lesion. 
However, whether DCIS actually develops into invasive breast cancer cannot be reliably 
predicted [3]. 

To ensure the best possible treatment, the current guideline recommendation is that patients 
with abnormal biopsies should receive further therapy at certified breast centres [3]. If the 
malignancy of the specimen is pathologically confirmed, besides surgery, there are various 
therapeutic options such as radiation, hormone therapy, and chemotherapy. In this context, for 
all non-advanced breast cancer, complete removal of the tumour is the basis of therapy [3]. 

In Germany, mammography screening was included in the guideline of the Federal Joint 
Committee (G-BA) on the early detection of cancer, based on European guidelines [9]. In 2005, 
the national screening programme started [3]. In Germany, every woman between the ages of 

                                                 
2International Statistical Classification of Diseases and Related Health Problems, Revision 10. 
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50 and 69 years is currently invited to participate in mammography screening every 2 years, 
unless she has objected to the invitation [10]. According to the current guidelines for breast 
cancer screening and diagnosis by the European Commission Initiative for Breast Cancer 
(ECIBC), mammography screening is also recommended for women aged 45 to 49 years and 
70 to 74 years with no signs and an average risk of breast cancer. Screening is not recommended 
for women younger than 45 years, and there is currently no recommendation for or against 
screening for women older than 74 years [11]. In contrast, non-European guidelines, such as 
the guideline of the Canadian Task Force on Preventive Health Care, do not recommend 
mammography screening for the age group of women between 40 and 49 years, while, as in the 
European guideline, women between 70 and 74 years are recommended to be screened every 2 
to 3 years [6]. 

Whether and to what extent women between 45 and 49 years of age and women aged 70 years 
and older can also benefit from mammography screening is the question addressed in the 
present benefit assessment.  

2 Research question 

The aims of the present investigation are to assess the benefit of mammography screening for 
breast cancer versus no screening (or breast palpation alone) 

 in women aged 45 to 49 years with no signs of breast cancer and no specifically increased 
risk of breast cancer (Question 1) and 

 in women aged 70 years and older with no signs of breast cancer and no specifically 
increased risk of breast cancer (Question 2) 

with regard to patient-relevant outcomes. 

3 Methods 

The target population of the benefit assessment for Question 1 was women aged 45 to 49 years 
with no signs of breast cancer and no specifically increased risk of breast cancer. The target 
population of the benefit assessment for Question 2 was women aged 70 years and older with 
no signs of breast cancer and no specifically increased risk of breast cancer. The test 
intervention for both questions was mammography screening. The control intervention was no 
screening or breast palpation alone. 

The following patient-relevant outcomes were considered in the assessment:  

 Mortality (e.g. all-cause mortality and breast cancer-specific mortality) 

 Morbidity (e.g. breast amputations, consequences of false screening results, 
overdiagnosis) 

 Health-related quality of life 
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 Adverse events 

Randomized controlled trials (RCTs) were included in the benefit assessment. Studies that were 
designated as randomized by the authors, but were considered quasi-randomized studies in the 
context of the present assessment, were also included. There was no restriction with regard to 
study duration. 

For Question 1 (women 45 to 49 years of age), studies were included even if less than 80% of 
the women corresponded to the relevant age group. Other age ranges were considered if the 
data referred to an age group overlapping with the above age group (e.g., 40 to 49 years), 
because it was sufficiently plausible that such findings would be applicable to the target 
population of women 45 to 49 years of age. For Question 2, the problem of overlapping age 
ranges did not exist, as there were no data that referred to women both under and over 70 years 
of age. If within a question, no usable data on an outcome were available at all for the relevant 
age group or the corresponding 10-year age group, data from a subgroup with a broader age 
range were used and issues of transferability were considered accordingly. 

In parallel with the preparation of the protocol (report plan), a search for systematic reviews 
was conducted in the MEDLINE (also includes the Cochrane Database of Systematic Reviews) 
and HTA databases, as well as on the websites of the National Institute for Health and Care 
Excellence (NICE) and the Agency for Healthcare Research and Quality (AHRQ). The search 
was limited to articles published from 2011 onwards. 

It was checked whether at least 1 high-quality and current systematic review was eligible where 
information retrieval could be used as a basis for the assessment (hereinafter: basic SR).  

As this was the case, a supplementary search for studies for the period not covered by the basic 
SR was performed in a second step. 

The systematic literature search for studies was performed in MEDLINE, Embase, and the 
Cochrane Central Register of Controlled Trials. 

The following sources of information and search techniques were also used: study registries, 
documents sent by the G-BA, and screening of reference lists. 

Relevant studies were selected by 2 persons independently from one another. Any discrepancies 
were resolved by discussion. Data were extracted into standardized tables. To assess the 
qualitative certainty of results, criteria across outcomes and outcome-specific criteria for the 
risk of bias were assessed, and the risk of bias was rated as high or low in each case. The results 
of the individual studies were organized according to outcomes and described. 

In addition to the comparison of the results of the individual studies, meta-analyses and 
sensitivity analyses were to be conducted and effect modifiers investigated, provided that the 
methodological prerequisites had been met. 
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For each outcome, a conclusion was drawn on the evidence for (greater) benefit and (greater) 
harm, with 4 levels of certainty of conclusions: proof (highest certainty of conclusions), 
indication (moderate certainty of conclusions), hint (lowest certainty of conclusions), or neither 
of the above 3. The latter is the case if no data are available or the available data do not permit 
classification into one of the 3 other categories. In that case, the conclusion “There is no hint of 
(greater) benefit or (greater) harm” was drawn. 

Subsequently, an assessment of benefit and harm was carried out across outcomes. 

If no hint of a benefit or harm could be derived, a conclusion was drawn on the potential of the 
intervention.  

In addition to the benefit assessment, a modelling study was conducted by an external expert 
group. In the modelling study, the following outcomes were calculated, among others: the 
lifetime risk of dying from detected invasive breast cancer, the remaining life expectancy, the 
quality-of-life-adjusted remaining life expectancy in quality-adjusted life years (QALY), and 
the lifetime risk of overdiagnosis (see Section A4, p. 19 of the full report). The modelling results 
were incorporated into the report as supplemental information. Details are provided in Section 
5. The methods for this modelling study (and its results) are presented in Section A4 of the full 
report. 

4 Results 

4.1 Information retrieval results 

One systematic review was assessed as a basic SR and considered for the purpose of identifying 
primary studies. 

Information retrieval identified 9 studies relevant to the research question, including 8 
randomized and 1 quasi-randomized controlled trial (Table 1). One ongoing study was 
identified. Planned studies were not identified. Search strategies for bibliographic databases 
and study registries are provided in the Appendix. The last search was performed on 11 March 
2022. 
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Table 1: Study pool of the benefit assessment 
Study Documents available 

Full-text publication (in scientific 
journals) 

Registry entry / Results report from 
study registries 

AgeX Pilot yes [12] yes [13] / no 
CNBSS yes [14-22] no / no 
Edinburgh yes [23-25] no / no 
Gothenburg yes [26-28] no / no 
HIP yes [29-35] no / no 
Malmö yes [36-40] no / no 
Stockholm yes [41-44] no / no 
Swedish Two-County  yes [45-55] yes [56] / no 
UK Age yes [57-64] yes [65] / no 
CNBSS: Canadian National Breast Screening Study; HIP: Health Insurance Plan of Greater New York 
 

4.2 Characteristics of studies included in the assessment 

All 9 eligible studies included women aged 45 to 49 years (Question 1), even though none of 
the studies covered the exact age range of the question. Only 3 studies were identified that 
included women aged 70 years and older (Question 2). These 3 studies referred to women up 
to a maximum of 74 years at the time of randomization. 

The AgeX Pilot study [12] is a multicentre cluster RCT involving 6 breast cancer units in the 
United Kingdom. Between June 2009 and May 2010, the pilot study recruited women aged 47 
to 49 years and 71 to 73 years. Thus, the study is used for both Question 1 and Question 2. The 
screening period lasted only 12 months, as it was essentially a feasibility study (for the currently 
ongoing AgeX study, see Section 4.6). Accordingly, no mortality data were collected and there 
was no follow-up beyond the screening period. In the screening group, 47- to 49-year-old 
women and 70- to 73-year-old women each underwent 1 screening in addition to the national 
screening programme offered between 50 and 70 years of age. 

The Canadian National Breast Screening Study (CNBSS) [17] is a multicentre RCT with study 
centres in Canada. It started in 1980 and includes 2 age groups (women 40 to 49 years and 
women 50 to 59 years), where data from the younger age group can be used for Question 1. 
Before randomization, women underwent a clinical breast examination and received breast self-
examination guidance. Women in the intervention group were invited for annual screening. The 
duration of the screening period (the term here and hereafter refers to the period during which 
one study group is screened and the other is not) was up to 5 years, but the women recruited 
later participated in only 3 or 4 rounds of screening. Women in the control group received breast 
self-examination guidance and were contacted annually. 

The Edinburgh study [24] is a cluster RCT that started in 1979. A large proportion of the city's 
GP practices consented to participate. Practices were randomly assigned to the screening or 
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control group. Women in the age group 45 to 64 years registered with each practice were 
assigned to the groups according to the allocation by the practice. Women in the intervention 
group were screened every 2 years for a total of 7 years. Women in the control group were not 
screened.  

The Health Insurance Plan of Greater New York (HIP) study [34] is by far the oldest of the 
studies included. The HIP study started in New York in 1963, 13 years earlier than the second 
oldest study included. By 1966, over 61,000 women aged 40 to 64 years had been recruited and 
randomly assigned to either annual screening for 4 rounds of screening or to a no-screening 
group. 

Four of the studies included were conducted in Sweden: the Gothenburg Study [26], the Malmö 
Study [37], the Stockholm Study [42], and the Swedish Two-County Study [51].  

The Gothenburg Study started in 1982 and included about 52,000 women aged 39 to 59 years, 
of whom about half were under 50 years. The screening period for this age group (39 to 49 
years) was 7 years. During this time, women in the intervention group were offered screening 
every 18 months, for a total of 5 rounds of screening. 

The Malmö Study comprises 2 study populations recruited according to the same study 
protocol: The first Mammographic Screening Trial (MMST 1) started in 1976 and included 
women who were between 45 and 70 years of age at recruitment. Age grouping in one of the 
analyses was based on exact age at randomization (rather than year of birth), so separate data 
were available for 70-year-old women, allowing the study to be used for both Question 1 and 
Question 2. In MMST 2, which started in 1978, women aged 44 to 49 years were recruited. The 
screening period lasted a mean of 8.8 years, based on the entire study population (MMST 1 and 
2). Women underwent up to 9 (MMST 1) or a mean of 5 (MMST 2) screenings during the 
period, with a screening interval between 1.5 and 2 years. The 70-year-old women underwent 
a maximum of 6 screenings. Separate data on screening parameters for the two age groups 
relevant to this report were not available. 

The Stockholm study, which started in 1981, recruited women who were between 40 and 64 
years old at baseline. Although the study was described as randomized in the associated 
publications, because allocation to the screening and control groups was based on the day of 
birth, it was classified as quasi-randomized. Women in the intervention group were screened 
twice with an interval of 2 years, which was only once more than women in the control group, 
who underwent a final screening. 

The cluster RCT Swedish Two-County Study recruited women in Kopparberg (Dalarna) and 
Östergötland from 1977 onwards and evaluated results from women aged 40 to 74 years. The 
study is thus used for both Question 1 and Question 2. The screening period lasted between 6 
and 8 years, and during that time, the 40- to 49-year-old women underwent 4 rounds of 
screening and the 70- to 74-year-old women underwent 2 rounds of screening. The scheduled 
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screening interval was 2 or 3 years, depending on age. For women from 40 to 49 years of age, 
the mean screening interval was 24 months, and for women 50 years of age and older, 33 
months; separate data on women of 70 years of age and older were not available. 

The UK Age Study [60] included women aged 39 to 41 years at randomization. The study 
started in 1991 and included 23 study sites in the United Kingdom. The screening period lasted 
until the age of 48, ranging from 7 to 9 years. Thus, this is the only one of the studies included 
whose study population remained below 50 years of age throughout the screening period. 
Women in the intervention group were invited for annual mammography. Women in the control 
group received standard care without screening. With over 160,000 randomized women, UK 
Age is the largest study included. 

In all studies included (except the AgeX Pilot study), breast cancer-specific mortality was 
considered the primary outcome. The inclusion criteria for all studies comprised only the age 
and the place of residence of the women (in the HIP study, instead of the place of residence, 
membership in the HIP). Exclusion criteria were only mentioned in 3 studies; besides previous 
breast cancer (CNBSS, Edinburgh and Gothenburg study), they comprised a current pregnancy 
as well as a mammogram in the last year (CNBSS). Furthermore, the studies differed with 
regard to the screening strategy: although all women in the screening group underwent 
mammography screening, the number of screening rounds (1 to 8) and the screening interval, 
i.e., the interval between screening rounds varied (12 to 24 months). 

In 3 studies (Gothenburg, Stockholm, Swedish Two-County), women from the control group 
underwent screening after the end of the screening period as part of the study. In another 4 
studies, the national screening programme started soon after the end of the screening period 
(AgeX Pilot, Edinburgh, Malmö, UK Age), so that women from both groups subsequently 
received a screening offer, sometimes restricted to certain age groups. In 1 study (AgeX Pilot), 
women aged 71 to 73 years underwent 1 screening following the national screening programme. 
In the remaining 2 studies, no information was available on whether and, if yes, when screening 
of all women occurred after the end of the screening period (CNBSS, HIP); at least in the HIP 
study, however, it can be assumed that screening of all women did not follow initially. 

Data characterizing the study population were available from only 1 of the 9 studies (CNBSS). 
In this study, selected prognostic characteristics (e.g., reproductive status, smoking status) were 
presented in addition to demographic information (e.g., marital status, occupation). A family 
history, one of the main prognostic characteristics, was present in 9493 women (37.6%) in the 
intervention group and 9652 women (38.3%) in the control group. 

4.3 Overview of patient-relevant outcomes 

Data on patient-relevant outcomes could be extracted from 9 studies. Table 2 shows an 
overview of the usable data on patient-relevant outcomes from the studies included. For 
mastectomies, usable data were only available for Question 1. No usable data on adverse events 
and health-related quality of life were available from any study.  
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With the exception of the UK Age Study, which included women between 39 and 41 years of 
age, all studies contained results broken down by age subgroups, mostly summarized into 10-
year age groups (e.g., 40 to 49 years), each based on age at the time of randomization. 

Age subgroups used for Question 1 
Data on precisely the relevant age group of 45- to 49-year-olds were available only sporadically. 
However, it seemed plausible with sufficient certainty that results from slightly younger women 
would be applicable to the actual target population. Data were therefore used from all age 
subgroups that included the 39- to 49-year age range (e.g., 39-49 years, 39-41 years, 45-49 
years, 47-49 years).  

Age subgroups used for Question 2 
The AgeX Pilot study provided data on the 71- to 73-year-old age group. From the Malmö 
study, data on the age subgroup of over 69-year-olds could be used. It can be assumed that these 
were exclusively 70-year-old women (see Section 4.2). From the Swedish Two-County Study, 
data on the age subgroup of 70- to 74-year-olds were used. 
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Table 2: Matrix of patient-relevant outcomes 
Study  Outcomes 
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Question 1 
AgeX Pilot – – – ● – – – 
CNBSS ● ● ● ● – ● – 
Edinburgh – ● – – – – – 
Gothenburg ● ● – ● – ● – 
HIP – ● – ● – ● – 
Malmö – ● – – – ● – 
Stockholm – ● – ● – – – 
Swedish Two-
County  

● ● – – – ● – 

UK Age ● ● – ● – ● – 
Question 2 
AgeX Pilot – – – ● – – – 
Malmö – ● – – – – – 
Swedish Two-
County  

● ● – – – ● – 

●: Data available and usable. 
–: Data not available and not usable.  
CNBSS: Canadian National Breast Screening Study; HIP: Health Insurance Plan of Greater New York; HrQoL: 
health-related quality of life 
 

4.4 Assessment of the risk of bias of the results 

The risk of bias of the studies included was rated as low across outcomes for 1 study (UK Age) 
and as high for the remaining 8 studies. For the 3 studies that were included for both questions, 
there were no differences in the assessment of the risk of bias between Question 1 and 2. 

In 7 of 8 studies with a high risk of bias, it was unclear whether allocation to the intervention 
and control groups was concealed. At this point, special reference should be made to the 
CNBSS study. In this study, a clinical breast examination was performed before randomization. 
Compared with other studies, each of which diagnosed fewer cases of advanced breast cancer 



Extract of final report S21-01 Version 1.1 
Age limits in the mammography screening programme  16 August 2022 

Institute for Quality and Efficiency in Health Care (IQWiG) - 10 - 

in the screening group than in the control group, it is notable that there were markedly more 
cases of advanced breast cancer in the screening arm of the CNBSS than in the control group 
[66]. Therefore, some authors in the literature have critically questioned whether women with 
a palpable tumour in the clinical examination may have been more likely to be assigned to the 
screening group [66-68]. If this were true, the results of the CNBSS with regard to all outcomes 
might be strongly biased against screening and could only be used with restrictions. The 
preferential allocation of women with palpable tumours to the screening group would, among 
other things, lead to an overestimation of the total number of breast cancer cases in this group 
compared with the control group. Consequently, no valid estimate would be possible with 
regard to overdiagnosis, because not only would more breast cancer cases be identified in the 
intervention group by screening, but additional cases would result from the arbitrary assignment 
of women with abnormal palpable findings. This would potentially overestimate the screening 
effect for the outcome of overdiagnosis. Furthermore, since the prognosis of advanced breast 
cancer is less favourable than that of early breast cancer, the increased number of women with 
advanced breast cancer in the screening group would be expected to result in increased mortality 
compared with the control group. Consequently, there would be an underestimation of the 
screening effect. However, whether such arbitrary allocation and associated bias actually 
occurred remains unknown on the basis of the data.  

In 4 studies (Edinburgh, Gothenburg, HIP, Swedish Two-County), it was also unclear whether 
the randomization sequence was adequately generated. In the Edinburgh study, cluster 
randomization led to group differences in social status [69] and thus to apparently unequal 
groups, which was also reflected in a marked difference in all-cause mortality (related to the 
total study population of 45- to 64-year-olds, not presented in the report for this reason). A 
relevant bias in the results on breast cancer-specific mortality was therefore also possible; this 
was taken into account in sensitivity analyses.  

For one other study (Stockholm), the generation of the randomization sequence was not 
adequate because assignment to groups was based on date of birth. The Stockholm study was 
therefore considered quasi-randomized.  

The high risk of bias across outcomes directly translates to the risk of outcome-specific bias, so 
that all outcomes reported in these 8 studies have a high risk of outcome-specific bias. 

Thus, the outcome-specific risk-of-bias criteria were assessed only for the UK Age study. 
Outcome-specific risk of bias for the results on all-cause mortality, breast cancer mortality, and 
overdiagnosis was assessed as low. For the results on consequences of false-positive screening 
results (biopsies with benign findings), on the other hand, it was assessed as high because the 
blinding of the outcome assessors and the adequate implementation of the intention-to-treat 
(ITT) principle were unclear due to insufficient reporting. 
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4.5 Results on patient-relevant outcomes 

4.5.1 Question 1: age group 45 to 49 years 

4.5.1.1 Results on mortality 

Results on all-cause mortality  
For all-cause mortality, usable data separated by age subgroups were available from 1 study 
with a high (UK Age) and 3 studies with a moderate qualitative certainty of results (CNBSS, 
Gothenburg, Swedish Two-County). Data from 10-year age groups (40-49 and 39-49 years) 
were used from 3 studies (CNBSS, Gothenburg, Swedish Two-County), and data from the 
entire study population, women aged 39 to 41 years, were used from the fourth study (UK Age). 
Results referred to follow-up periods between 7.9 and 22.8 years since randomization, with data 
available at multiple times in 2 studies (CNBSS, UK Age). Data from 7.9 to 13 years of follow 
up were included in the pooled estimate. 

Neither the study with a high qualitative certainty of results at 3 different times nor the pooled 
estimate from all 4 studies showed a statistically significant effect (incidence density ratio 
[IDR] 0.98; 95% confidence interval [95% CI]: [0.90; 1.08]; p = 0.602).  

There was no effect modification on all-cause mortality for the characteristics “screening 
interval” and “screening period duration”. No data were available to examine effect 
modification by the characteristics “age” and “breast density”. 

Thus, there is no hint of a benefit or harm of mammography screening for all-cause mortality. 

Results on breast cancer-specific mortality 
For breast cancer-specific mortality, usable data were available from all 8 studies, including 1 
study (UK Age) with a high, 6 with a moderate (CNBSS, Edinburgh, Gothenburg, HIP, Malmö, 
Swedish Two-County), and 1 with a low qualitative certainty of results (Stockholm). Data from 
the following age groups were used: the 10-year age groups (40-49 and 39-49 years) from 3 
studies (CNBSS, Stockholm, Swedish Two-County), the 5-year age group (45-49 years) from 
1 study (Edinburgh), both the 10- and 5-year age groups from 2 studies (Gothenburg, HIP), as 
well as the age groups of 44 to 49 years from 1 study (Malmö) and 39 to 41 years from 1 study 
(entire study population, UK Age). From the Gothenburg and HIP studies, data from the 5-year 
age group were primarily used, whereas data from the 10-year age group, which actually do not 
fit the report question so well, were used to test the overall impact of a broader definition of the 
age group limit in a sensitivity analysis. Results of follow-up periods between 4 and 24 years 
since randomization were presented. 

Meta-analyses were performed at 4 different times, summarizing results at approximately 5, 10, 
15, and 20 years after randomization. At about 10 years, data from all 8 studies could be 
included; at the other times, data could be included only from 4 or 5 studies. 



Extract of final report S21-01 Version 1.1 
Age limits in the mammography screening programme  16 August 2022 

Institute for Quality and Efficiency in Health Care (IQWiG) - 12 - 

Neither the results of the one study with a high certainty of results (UK Age) included in the 
meta-analyses at the 4 times of analysis, nor the respective pooled estimate, showed a 
statistically significant difference. In the meta-analysis at approximately 10 years – the time at 
which most of the data were available – statistical significance was narrowly missed (IDR 0.85; 
95% CI: [0.73; 1.002]; p = 0.052). 

In the UK Age study, data were available at 2 different times (9 years and 10.7 years), both of 
which matched the time of approximately 10 years and from which the data at the later time 
(10.7 years) were selected for the main analysis. The data at 9 years after randomization (also 
with a high certainty of results) showed a statistically significant effect (IDR 0.75; 95% CI: 
[0.58; 0.96]). A sensitivity analysis was performed to examine the extent to which it makes a 
difference as to which of the two times in the UK Age Study that fits this analysis is included 
in the meta-analysis. In contrast to the main analysis, this sensitivity analysis yielded a 
statistically significant result (IDR 0.83; 95% CI: [0.70; 0.99]; p = 0.041). There is already an 
indication of an effect of the statistically significant result of the single study with a high 
qualitative certainty of results. The pooled estimate from all studies confirms this effect. 
Therefore, proof of an effect in favour of mammography screening is derived in the sensitivity 
analysis. 

According to the study authors, a possible explanation for the fact that the UK Age Study 
showed an effect at 9 years, but no longer at 10.7 years, is that while there was a survival 
advantage for women with Stage 1 and 2 tumours in both the short and long term, for women 
with Stage 3 tumours, this advantage was only shown within the first 10 years. From this, they 
concluded that screening may prolong survival in women with more aggressive tumours, but 
does not prevent death from breast cancer, thus diluting the effect. This explanation seems 
plausible, and prolongation of survival should also be considered an advantage. 

Therefore, when the main analysis at 10 years (which only narrowly misses statistical 
significance) and the sensitivity analysis with the 9-year data from the UK Age Study (proof of 
an effect) are considered together, the data provide a hint of a benefit from mammography 
screening.  

The fact that there was no statistically significant effect at the other times (5, 15, and 20 years) 
does not contradict the results at 10 years. This is because at the other times, data were available 
from only 4 and 5 studies, with correspondingly lower precision of the pooled effect estimate. 
Furthermore, an effect is most likely to be expected at about 10 and 15 years, based on the fact 
that it takes at least 9 to 12 years for an effect of screening to become apparent [70], and on the 
fact that any effect that may be present is expected to be diluted with increasing time after the 
end of the screening period. 

Further sensitivity analyses did not contradict these results. 
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No effect modification was shown for the characteristics “screening interval” and “screening 
period duration”. No data were available to investigate effect modification by the characteristics 
“age” and “breast density”. 

Overall, the results on breast cancer-specific mortality thus provide a hint of a benefit of 
mammography screening. 

Overall assessment of mortality 
For all-cause mortality, there was no hint of a benefit or harm from mammography screening, 
but for breast cancer-specific mortality, there was a hint of a benefit. Since causes of death other 
than breast cancer are much more common in this age group – only 12.7% of deaths in women 
aged 45 to 54 years are attributable to breast cancer (ICD-10 code C50) [71] – the result for all-
cause mortality is no argument against a benefit of mammography screening. 

4.5.1.2 Results on mastectomies 

Mammography screening aims to reduce mortality from breast cancer by detecting and treating 
breast cancer cases at an earlier stage. In addition, starting treatment at an earlier stage of the 
disease is associated with the expectation that therapy can be less invasive without jeopardizing 
the success of treatment. An advantage for breast cancer patients may therefore result from the 
fact that breast-conserving surgery can be performed more frequently without having a 
detrimental effect on mortality. However, a lower proportion of mastectomies among all breast 
cancer surgeries in the screening group can only be considered an advantage if the absolute rate 
of mastectomies in relation to all randomized women is also lower in the screening group than 
in the control group. 

For breast cancer surgery, usable data were available from 1 study with a moderate qualitative 
certainty of results (CNBSS). Results were available for 40- to 49-year-olds. Breast-conserving 
surgery and mastectomies were reported in the study. Results after 7 years were used. The 
results after the first round of screening are presented only as supplemental information. This 
is because a relevantly higher number of mastectomies can be expected at this time, since 
screening also detects more breast cancers. 

As expected, after the first round of screening there was a statistically significant difference to 
the disadvantage of screening with respect to total surgeries (odds ratio [OR] 1.58; 95% CI: 
[1.15; 2.18]; p = 0.004) as well as mastectomies (OR 1.67; 95% CI: [1.10; 2.52]; p = 0.014). 
The proportion of mastectomies among all breast cancer surgeries was not statistically 
significantly different between the groups (61.2% vs. 58.1%; OR 1.14; 95% CI: [0.60; 2.18]; p 
= 0.709). 

After 7 years, the total number of surgeries was statistically significantly higher in the screening 
group than in the control group (OR 1.33; 95% CI: [1.15; 1.54]; p < 0.001). However, there was 
no statistically significant difference in mastectomies between groups (OR 1.17; 95% CI: [0.94; 
1.45]; p = 0.158). Similarly, the proportion of mastectomies among all breast cancer surgeries 
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was not statistically significantly different between groups (44.1% vs. 50.2%; OR 0.78; 95% 
CI: [0.58; 1.05]; p = 0.116).  

Thus, the higher number of surgeries in the screening group at 7 years was not associated with 
a reduced absolute rate of mastectomies, i.e., a discernibly lower invasiveness of surgeries. 
Based on this, the data provide no hint of a benefit or harm from mammography screening. 

4.5.1.3 Results on consequences of false-positive screening results 

For the outcome “consequences of false-positive screening results“, data were used for 
screening participants who had a positive screening result and for whom the suspicion of breast 
cancer was not confirmed in the subsequent invasive diagnostic procedures. For this outcome, 
both data on purely diagnostic interventional clarification and on surgical therapeutic 
interventions were relevant if the diagnostic and therapeutic intervention for breast tissue of 
unclear histological classification (malignant or benign) could not be clearly separated. Results 
were available on biopsies with benign findings (AgeX Pilot, CNBSS, HIP, Malmö, Stockholm, 
UK Age) and surgery with benign findings (AgeX Pilot, Gothenburg). By definition, data on 
this outcome refer only to screened women. A group comparison is therefore not applicable, 
even though diagnostic and therapeutic interventions with benign findings may also occur in 
the control group. 

Usable data on the consequences of false-positive screening results were available from 6 
studies, 5 of which had a moderate certainty of results (AgeX Pilot, CNBSS, HIP, Malmö, UK 
Age) and 1 of which had a low certainty of results (Stockholm). Data from the following age 
groups were used: the 10-year age groups (40-49 years; CNBSS, HIP), the 5-year age groups 
(45-49 years; Malmö, Stockholm) as well as the age groups of 47 to 49 years (entire study 
population, AgeX Pilot) and 39 to 41 years (UK Age). Events were presented differently in the 
studies: in 1 study (HIP), only data on the proportion of biopsies with benign findings out of all 
biopsies were available, without specifying the reference period. The results of the remaining 
5 studies referred either to the number per screening year (up to a maximum of 5 years; CNBSS) 
or per screening round (up to a maximum of 5 rounds; Malmö, Stockholm, UK Age) or 
cumulatively to the entire follow-up period (AgeX Pilot: 12 months; Malmö: 10 to 15.5 years). 
Therefore, no overall summary estimate is provided for this outcome, but a range of effect 
estimates from the individual studies [minimum; maximum]. 

The proportion of women in the first screening round or year who had a biopsy only because 
of a false-positive result in screening ranged from 0.16% to 3.4%. In subsequent screening 
rounds or years, the proportions per round or year were somewhat lower, ranging from 0.07% 
to 1.8%. The proportion of biopsies with benign findings among all biopsies was 90% (HIP 
study). 

The proportion of screening participants who underwent surgery only because of a false-
positive screening result ranged from 0.15% (AgeX Pilot) to 0.27% (Gothenburg) in the first  
screening round and from 0.03% to 0.13% (Gothenburg) in subsequent rounds. Among these, 
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the proportion of surgeries with benign findings among all breast cancer surgeries ranged from 
16% (4/25) to 65% (32/49) in the Gothenburg study, and the proportion of surgical procedures 
with benign findings was 23% (19/84) in the AgeX Pilot study. It is to be expected that with 
current diagnostics, fewer surgeries with benign findings occur than in the 1980s, when the 
Gothenburg study was performed. Therefore, the results of the AgeX Pilot study are more 
reflective of the current status. 

Thus, for consequences of false-positive results, based on the results on biopsies with benign 
findings and surgeries with benign findings, overall there is an indication of harm from 
mammography screening. 

4.5.1.4 Results on adverse events 

No data were available on this outcome.  

4.5.1.5 Results on overdiagnosis  

For overdiagnosis (based on breast cancer incidence), data were available from 6 studies, 1 with 
a high (UK Age) and 5 with a moderate qualitative certainty of results (CNBSS, Gothenburg, 
HIP, Malmö, Swedish Two-County). Data from 10-year age groups were available from 5 
studies (CNBSS, HIP, Swedish Two-County: 40-49 years; Gothenburg: 39-49 years; Malmö: 
45-54 years). In 2 studies, additional data on 5-year age groups were available (Gothenburg, 
HIP: 45-49 years). Data on 39- to 41-year-olds were available from 1 study (UK Age). 

The methods used for this assessment to calculate overdiagnosis were only meaningfully 
applicable in 2 studies (CNBSS, HIP). This is because this calculation is based on a comparison 
of the breast cancer incidence of screened women with a control group without screening, i.e., 
in which only symptomatic breast cancer cases were recorded. In each of the other 4 studies 
there was a final screening in the control group or screening of all women after the end of the 
screening period. Once a control group is also screened, this group will include pre- and 
asymptomatic breast cancer cases. In such cases, sufficiently valid results on overdiagnosis are 
therefore not to be expected on the basis of the methods used for the present assessment.  

Overdiagnosis related to women invited for screening 
In the CNBSS study, the risk of overdiagnosis related to women invited for screening was 
0.41%. At 0.04% (age group 40-49 years) and 0.01% (age group 45-49 years), the values in the 
HIP study were markedly lower. 

If the limited validity of the calculation method in the other 4 studies is disregarded, the risk for 
the Malmö study would be 0.49% (after screening of controls) and for the Swedish Two-County 
Study, it would be 0.25% (after screening of controls). These two values are between those of 
the CNBSS and HIP studies. 

As in the Malmö and Swedish Two-County studies, an approximate calculation of the risk of 
overdiagnosis was not possible for the Gothenburg and UK Age studies, as the number of breast 
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cancer diagnoses in the control group was higher than in the screening group at the analysis 
times reported. However, the authors of the UK Age study themselves reported a value of 0.2% 
in relation to the women invited for screening [57]. The calculation included test sensitivity and 
sojourn time (duration of preclinical detectability of asymptomatic breast cancer), which was 
estimated using interval carcinomas. The reported value of 0.2% lies in the range of the values 
calculated in this report for the other studies included. 

It should be noted that it cannot be excluded that the value of 0.41% determined for the CNBSS 
study is overestimated. As described in Sections 4.2 and 4.4, a clinical breast examination was 
performed in all women prior to randomization. During the course of the study, a striking cluster 
of advanced breast cancers was observed in the screening group, which presumably had already 
been palpable at the initial examination. Some authors therefore suspected that women with 
abnormal or unclear findings might have been preferentially assigned to the screening group 
[67]. If this were true, it would influence the overall number of breast cancer diagnoses in both 
the screening group and the control group, which would lead to an overestimation of the risk of 
overdiagnosis.  

In the overall view of the results of all studies, however, this does not result in a limitation, 
since, at 0.01% to 0.41%, the values for the overdiagnosis risk in relation to the women invited 
for screening in the age group between 45 and 49 years point in one direction in all studies. A 
meta-analytical summary of the results was not performed because the proportions were 
markedly different. 

Overdiagnosis related to women diagnosed with breast cancer during the screening 
period 
In the CNBSS study, the risk of overdiagnosis among women who received a breast cancer 
diagnosis during the screening period was 31.61%. At 8.06% (age group 40-49 years) and 
2.63% (age group 45-49 years), the values in the HIP study were markedly lower.  

If the limited validity of the calculation method in the other 4 studies were disregarded, the risk 
would be 12.98% for the Malmö study (after screening of controls) and 21.00% for the Swedish 
Two-County Study (after screening of controls). These two values lie between those of the 
CNBSS and HIP studies. 

For the Gothenburg and UK Age studies, an approximate calculation of the risk of 
overdiagnosis in women who had received a breast cancer diagnosis during the screening period 
was also not possible, since at the analysis times reported, the number of breast cancer 
diagnoses was higher in the control group than in the screening group. However, the authors of 
the UK Age study report a value of 8.5% [57]. The calculation included test sensitivity and 
sojourn time, which was estimated using interval carcinomas. The reported value of 8.5% lies 
in the range of the values calculated in this report for the other studies included. 
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As already noted in the upper section, it cannot be excluded that the calculated value of the 
CNBSS overestimates the risk of overdiagnosis.  

In the overall view of the results of all studies, however, this does not result in a limitation, 
since, at 2.63% and 31.61%, the values for the risk of overdiagnosis in women in the age group 
between 45 and 49 years who had received a breast cancer diagnosis during the screening period 
point in one direction in the studies. A meta-analytic summary of the results was not performed 
because the proportions were markedly different. 

Summarized assessment for overdiagnosis 
After invasive diagnostics to confirm the diagnosis, breast cancer diagnoses are usually 
followed by treatment. Both the further diagnostic procedures and the subsequent treatment 
carry a risk of adverse effects and complications. Since overdiagnosis represents the diagnosis 
of a disease that would never have become apparent and would not have caused any symptoms 
without screening, the subsequent interventions, together with their consequences, are 
superfluous. Even if in some cases less invasive therapeutic approaches are used today (e.g. 
more frequent breast-conserving surgeries instead of mastectomies), overtreatment remains a 
detriment.  

Overall, there is therefore a hint of harm from mammography screening versus no screening 
with respect to the outcome of overdiagnosis in women between 45 and 49 years of age. 

4.5.1.6 Results on health-related quality of life 

No data were available on this outcome.  

4.5.2 Question 2: age group from 70 years 

4.5.2.1 Results on mortality 

Results on all-cause mortality 
For all-cause mortality, usable data with a moderate qualitative certainty of results were 
available from 1 study (Swedish Two-County) at 7.9 years after randomization.  

There was no statistically significant effect (relative risk [RR] 0.98; 95% CI: [0.93; 1.03]; p = 
0.384).  

No suitable data were available to examine effect modifiers. 

Thus, for all-cause mortality, there is no hint of a benefit or harm of mammography screening 
in women aged 70 years and older. 

Results on breast cancer-specific mortality 
For breast cancer-specific mortality, usable data with a moderate qualitative certainty of results 
were available from both studies. Data were available at 13.6 years after randomization from 
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the Malmö study and at 7.9, 10.8, and 20 years from the Swedish Two-County Study. Because 
of the different data cuts, only the results at 13.6 and 10.8 years were summarized meta-
analytically. In the pooled estimate from both studies, there was no statistically significant 
difference at this point (IDR 0.91; 95% CI: [0.61; 1.36]; p = 0.655). Here, the result of the 
pooled estimate is driven by the Swedish Two-County Study because of the approximately 20-
fold higher weighting. The results at the other 2 times in the Swedish Two-County Study also 
showed no statistically significant difference, but considerably more favourable effect estimates 
(7.9 years: IDR 0.77; 95% CI: [0.47; 1.27]; p = 0.3; 20 years: RR 0.76; 95% CI: [0.53; 1.08]; p 
= 0.113). Why the mean data cut yielded a different result than the consistent results before and 
after is unclear. All results are used for the further weighing of benefits and harms. 

For interpretation purposes it must be taken into account that in the Swedish Two-County 
Study, the sample size for the 70 to 74-year-old age group is considerably lower than for the 
middle-aged groups (e.g., only half as large as that for 60-69 year-old women). This results in 
a correspondingly lower precision of the estimate. However, the relative effect in women aged 
70-74 years, for example, when looking at 20-year results (IDR 0.76, 95% CI: [0.53; 1.08]), is 
consistent with that in the middle-aged groups (50-59 years: RR 0.86; 95% CI: [0.68; 0.97]; 60-
69 years: RR 0.67; 95% CI: [0.54; 0.83], see, for example, the meta-analyses in [72]). The 
results of the study suggest that the effect might be somewhat smaller in women between 70 
and 74 years of age than in the middle-aged segment. However, there is no reason to assume 
that the effects differ strongly, that there is no effect, or even that there is a reversal of effects. 

The two studies, in this case predominantly the Swedish Two-County Study, are the best 
evidence available on this sub-question. However, when interpreting them it must be taken into 
account that screening started more than 40 years ago. Since then, the remaining life expectancy 
of 70-year-old women (from 1986/1988 to 2018/2020) has increased by an average of 3.5 years 
(from 13.5 to 17.0 years) [73], i.e. by a good 25%. The consistent effect described above is 
further supported by the plausible assumption that 65- to 69-year-old women in the 1980s are 
equivalent to today’s 70- to 74-year-old women in health status and life expectancy. Thus the 
effect of screening on mortality among the then 60- to 69-year-old women can essentially be 
transferred to today’s 70- to 74-year-olds.     

However, the age of the studies, which is partly due to the need for very long follow-up periods, 
also leads to interpretation problems, as the health care situation has changed. Influencing 
factors that could have an impact on the prognosis of the disease and possibly also on the effect 
of screening are primarily further developments in breast cancer diagnostics and therapy (see 
e.g. [74,75]). With today’s technology, more and different tumours are being found, and better 
health care through less invasive surgical techniques, modern chemotherapy and radiation 
techniques, psycho-oncology, and palliative care should contribute to a better prognosis in early 
and late stages. However, it is unknown how these improvements in health care affect 
mammography screening outcomes individually and, more importantly, collectively. 
Incidentally, the changes would affect all age groups, so would by no means only call screening 
in older age groups into question. 
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Overall, there are no reasons not to use the two studies as a basis for assessment and 
recommendation.   

Finally, the assumption of a positive screening effect on breast cancer-specific mortality in 70- 
to 74-year-olds is also supported by our own modelling results. The modelling results on breast 
cancer-specific mortality appear robust because at the lower age limit, they are consistent with 
the results from the RCTs. To this extent, this robustness can also be assumed for the upper age 
limit. 

In the overall view of the data and arguments, there is a hint of a benefit of mammography 
screening in women aged 70 to 74 years for breast cancer-specific mortality as a basis for 
expansion of the current screening programme. 

In contrast to the age group up to 74 years, no data are available for even higher age groups (≥ 
75 years). Currently – entirely without corresponding data – it is not assumed that the screening 
effect is transferable to breast cancer-specific mortality in even higher age groups. For women 
aged 75 years and older, there is therefore no hint of a benefit or harm of mammography 
screening in this respect. 

Summary for mortality 
For all-cause mortality, there was no hint of a benefit or harm from mammography screening, 
but for breast cancer-specific mortality, there was a hint of a benefit in women 70 to 74 years 
of age. Since breast cancer accounts for an increasingly smaller proportion of all deaths with 
increasing age [76], the result on all-cause mortality is no argument against a benefit with regard 
to mammography screening. 

4.5.2.2 Results on mastectomies 

No usable data are available on this outcome.  

4.5.2.3 Results on consequences of false-positive screening results 

For the outcome of consequences of false-positive screening results, data were used for 
screening participants who had a positive screening result and for whom the suspicion of breast 
cancer was not confirmed in the subsequent invasive diagnostic procedures. For this outcome, 
both data on purely diagnostic interventional clarification and on surgical therapeutic 
interventions were relevant if the diagnostic and therapeutic intervention for breast tissue of 
unclear histological classification (malignant or benign) could not be clearly separated. By 
definition, data on this outcome refer only to screened women. A group comparison is thus not 
applicable, even though diagnostic and therapeutic interventions with benign findings may also 
occur in the control group. 

Usable data on the consequences of false-positive results were available from 1 study with a 
moderate qualitative certainty of results (AgeX Pilot). The results referred to the age group 
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from 71 to 73 years. Data on needle biopsies with benign findings and surgeries with benign 
findings after 1 round of screening could be extracted from the study. 

The proportion of screening participants who underwent needle biopsy only because of a false-
positive screening result was reported to be 0.66% in this study. The proportion of screening 
participants who underwent surgery, also only because of a false-positive screening result, was 
0.03%. The proportion of surgeries with benign findings was 3% (2/72) of all surgeries. 

Thus, based on the results on needle biopsies with benign findings and surgeries with benign 
finding, for the outcome of consequences of false-positive results there is a hint of harm from 
mammography screening in women aged 70 years and older. 

4.5.2.4 Results on adverse events 

No data are available on this outcome. 

4.5.2.5 Results on overdiagnosis  

Data on overdiagnosis (based on breast cancer incidence) were available from only 1 study with 
a moderate qualitative certainty of results (Swedish Two-County Study). The age group 
included women aged 70 to 74 years. 

However, the methods used for this assessment to calculate overdiagnosis were not applicable 
to this study. This is because the calculation is based on a comparison of the breast cancer 
incidence of screened women with a control group without screening, i.e., in which only 
symptomatic breast cancer cases were recorded. However, in the Swedish Two-County Study, 
final screening was performed in the control group. Once a control group is also screened, pre-
symptomatic and asymptomatic breast cancer cases will be included in this group, resulting in 
a higher total number of breast cancer cases in the control group, thus underestimating the true 
effect. Nevertheless, these data from the Swedish Two-County Study were used in the analysis 
to give an idea of the effect size. 

Overdiagnosis in relation to women invited for screening 
If the limited validity of the calculation method is disregarded for the Swedish Two-County 
Study, the risk of overdiagnosis in relation to all women invited for screening is 0.48% (after 
screening controls). 

Overdiagnosis related to women diagnosed with breast cancer during the screening 
period 
If the limited validity of the calculation method is disregarded for the Swedish Two-County 
Study, the risk of overdiagnosis in relation to women diagnosed with breast cancer during the 
screening period is 19.45% (after screening controls). 
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Summarized assessment of overdiagnosis 
Invasive diagnostic procedures confirming the diagnosis of breast cancer are followed by 
treatment in almost all cases. Both diagnostic procedures and subsequent treatment carry a risk 
of adverse effects and complications. Since overdiagnosis represents the diagnosis of a disease 
that would never have become apparent and would not have caused any symptoms without 
screening, the subsequent interventions along with their consequences are superfluous. Even if 
in some cases more gentle therapeutic approaches are used today (e.g., more frequent breast-
conserving surgery instead of mastectomies), overtreatment remains a detriment.  

Even though the certainty of the results of the Swedish Two-County Study with regard to the 
calculation of overdiagnosis is limited due to the use of data from the control group after the 
final screening (thus an underestimation of the effect must be assumed), the results show that 
overdiagnosis occurs in breast cancer screening in this age group. 

Thus, the data provide a hint of harm from mammography screening versus no screening with 
respect to the outcome of overdiagnosis in women aged 70 years and older. 

4.5.2.6 Results on health-related quality of life 

No data on this outcome were available.  

4.6 Summarized assessment of results 

Evidence map 
The following Table 3 shows the evidence map in relation to patient-relevant outcomes.  
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Table 3:Evidence map in relation to patient-relevant outcomes 
 Mortality Morbidity HrQoL 
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Question 1: 45–49 years ⇔ ⇗ ⇔ ⇓ – ⇘ – 
Question 2: ≥ 70 years ⇔ ⇗a – ⇘ – ⇘ – 
⇗: hint of a benefit 
⇔: no hint, indication, or proof; homogeneous result 
⇘: hint of harm 
⇓: indication of harm 
–: no data reported 
a. Limited to women aged 70 to 74 years 
HrQoL: health-related quality of life 
 

Assessment of the extent of unpublished data 
The available information does not indicate publication bias.  

Ongoing AgeX study 
An ongoing cluster randomized trial in the United Kingdom was identified with 4.4 million 
women recruited at ages 47 to 49 and 71 to 73 years (AgeX [77]; the previous AgeX pilot study 
has been completed and was included in this report). 

The ongoing AgeX study, which completed recruitment in spring 2020, is expected to provide 
further meaningful evidence on both questions of the report in the mid-2020s. It is the largest 
randomized trial to date of the benefit of screening versus no screening and, apart from the UK 
Age Study, the only known study investigating the extension of age limits of an already 
established breast cancer screening programme. The study also meets the question of the present 
report better than the previously studies included with regard to the age groups considered, 
although the screening interval of 3 years investigated in the study deviates from that currently 
used in Germany. 

In the comments on the preliminary report, different opinions were provided on the extent to 
which the study can be expected to produce meaningful results for the German context. This 
question was therefore also discussed during the oral debate. Among other things, it was stated 
that the results could only be applied to a limited extent due to the different screening interval. 
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However, the evidence available to date on the possible influence of the screening interval 
(examination of a possible effect modification, see Section 4.5.1.1; modelling, see Section A4 
of the full report; ECIBC analyses comparing screening intervals, see [78]) so far provide no 
reason to assume markedly different effects on breast cancer-specific mortality based on the 
screening interval. 

As soon as the study results are available, it should therefore be examined whether they confirm 
the previous recommendations to extend the age limits in mammography screening. 

Weighing of benefits and harms 
All screening causes harm through false screening results and overdiagnosis. Screening is only 
justified if the harm is more than outweighed by the benefit. In addition, when weighing benefits 
and harms, it must be taken into account that the results for the different outcomes must be 
weighted differently. 

Question 1 
The following Table 4 shows an overview of all patient-relevant outcomes of Question 1.  
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Table 4: Question 1 – Overview of the results for all patient-relevant outcomes used for a weighing of benefits and harms (2-page table) 
Patient-relevant outcomes  Results Basic riska 

per 10 000 
women 

Riskb per 10 000 
invited women 

Absolute effect per 
10 000 invited women 
[95% CI] 

Comments 

Mortality 
All-cause mortality after 7.9 
to 13 years of follow up 

IDR 0.98; 
95% CI: [0.90; 1.08]; 
p = 0.602  

273 268 5 [−22; 27]  It is not proven that mammography 
screening decreases or increases all-cause 
mortality. 

Breast-cancer specific 
mortality after approx. 10 
years 

IDR 0.85; 
95% CI: [0.73; 1.002]; 
p = 0.053 

35 30 5 [0; 9] Without mammography screening, 35 out 
of 10,000 women die of breast cancer. 
With mammography screening, 30 out of 
10,000 women die of breast cancer. 
Mammography screening prevents about 5 
in 10,000 women from dying of breast 
cancer within about 10 years. 
Looking at the sensitivity analysis, 35 
women die of breast cancer without 
mammography screening and 29 out of 
10,000 women die with mammography 
screening. Mammography screening thus 
prevents about 6 out of 10,000 women from 
dying of breast cancer within about 10 
years.  

Morbidity 
Mastectomies OR 1.17c; 

95% CI: [0.94; 1.45]c; 
p = 0.158c 

62 72 −10 [−28; 4] It is not proven that mammography 
screening decreases or increases the risk of 
mastectomy. The impact of mammography 
screening on the proportion of 
mastectomies among all breast surgeries is 
not proven.  

Consequences of false-
positive screening results: 
biopsies with benign finding 

See Table 29 of the full 
report  

- - 7 to 340 7 to 340 out of 10,000 women undergo 
invasive diagnostic clarification per year or 
per screening round, with subsequent 
benign findings. 
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Table 4: Question 1 – Overview of the results for all patient-relevant outcomes used for a weighing of benefits and harms (2-page table) 
Patient-relevant outcomes  Results Basic riska 

per 10 000 
women 

Riskb per 10 000 
invited women 

Absolute effect per 
10 000 invited women 
[95% CI] 

Comments 

Consequences of false-
positive screening results: 
surgery with benign finding 

See Table 30 of the full 
report 

- - 15d 15 of 10,000 women undergo surgery after 
first screening round, with a subsequent 
benign findingd. 

Adverse events No data reported - - -  - 
Overdiagnosis Range [minimum; 

maximum] of point 
estimates from individual 
studies for overdiagnosis 
risk relative to women 
invited for screening: 
0.01% to 0.41%e 

- - 1 to 41 Screening detects breast cancer in 1 to 41 of 
10,000 screened women that would not 
have caused symptoms during their 
remaining life. 
These women are subjected to diagnostic 
and therapeutic procedures that are 
unnecessary and, in some cases, associated 
with complications. 
The overdiagnosis risk calculated from the 
individual studies in relation to the women 
diagnosed with breast cancer during the 
screening period ranges from 2.63% to 
31.61%e 

HrQoL 

HrQoL No data reported - - - - 
a. Median risk of the control group  
b. Median risk of the intervention group 
c. Based on the study CNBSS 7 years after start of study 
d. Based on the results of the study AgeX Pilot 
e. Based on the results of the studies CNBSS and HIP 
CI: confidence interval; CNBSS: Canadian National Breast Screening Study; HIP: Health Insurance Plan of Greater New York; HrQoL: health-related quality of life; 
IDR: incidence density ratio; OR: odds ratio 
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Mammography screening prevents about 5 out of 10 000 women from dying of breast cancer 
within about 10 years. However, based on the study results, it cannot be shown that screening 
also affects all-cause mortality. It is assumed that, due to competing causes of death, the 
reduction in breast cancer mortality was not large enough to statistically show an effect on all-
cause mortality. Overall, the result on all-cause mortality is no argument against a hint of a 
benefit of mammography screening with respect to breast cancer-specific mortality.  

It is not proven that mammography screening reduces or increases the risk of needing a 
mastectomy. An impact of mammography screening on the proportion of mastectomies among 
all surgeries is also not proven. 

In the case of false-positive screening results, women screened suffer harm from being informed 
about a suspicious finding, from the subsequent diagnostic clarification, and from any resulting 
complications. 7 to 340 women out of 10,000 invited to screening undergo invasive diagnostic 
clarification per year or per screening round, with subsequent benign findings. In addition, 15 
of 10,000 women invited to screening undergo surgery after one round of screening with 
subsequent benign findings. 

The risk of overdiagnosis relative to women with a breast cancer diagnosis during the screening 
period ranged from 2.63% (in the HIP study) to 31.61% (in the CNBSS). Relative to women 
invited for screening, the overdiagnosis risk ranged from 0.01% (in the HIP study) to 0.41% (in 
the CNBSS) for the same period. The studies thus found that an estimated 1 to 41 of every 
10,000 women in the age group investigated who were invited to mammography screening 
would have received a diagnosis of breast cancer that, however, would not have caused any 
symptoms during their remaining life.  

No data were available on adverse events of mammography screening. Possible adverse events 
associated with mammography screening are mainly due to the subsequent treatments, e.g. 
infection and anaesthesia risks of surgery as well as adverse effects of any chemotherapy, radio- 
and/or hormonal therapy. Adverse events due to diagnosis and treatment of cancer should be 
considered as harm from screening if they are due to overdiagnosis; otherwise, (early) diagnosis 
and subsequent treatment (with the related adverse events) represent a goal of screening and 
should therefore not be considered as harm from screening. It can therefore be assumed that the 
effect of screening on the rate of adverse events is mainly represented by the outcome of 
overdiagnosis. In addition, adverse events can also be expected among women who eventually 
receive a negative screening result. First, the psychological distress reported by some women, 
especially anxiety, until notification of the negative screening result [79] should be taken into 
account here, although this is generally likely to last only a few days. Second, pain from breast 
compression during mammography can also be considered an adverse event. Although pain 
was not recorded in the present studies, other studies showed that many women experience the 
examination as painful, although the pain is usually mild [80]. In this regard, a disadvantage of 
mammography screening should be considered proven.  
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No data were available on health-related quality of life. It can be assumed that being informed 
about an abnormal result affects the health-related quality of life of screening participants. Since 
this effect is likely to be only short-term in the case of false-positive results, a relevant 
impairment is to be expected primarily in screening participants with true-positive results. 
Impairment of health-related quality of life due to diagnosis and treatment of cancer should be 
considered as harm from screening if it is due to overdiagnosis; otherwise, (early) diagnosis 
and subsequent treatment (including the associated impairment of health-related quality of life) 
are a goal of screening and should therefore not be considered as harm from screening. The 
effect of screening on health-related quality of life is therefore likely to be mainly reflected by 
the outcome of overdiagnosis. 

Whether mammography screening over several years, including follow-up diagnostics, is 
permissible in this age group under German radiation protection law is to be determined in the 
near future by the Federal Ministry for the Environment, Nature Conservation, Nuclear Safety 
and Consumer Protection (BMUV; formerly Federal Ministry for the Environment, Nature 
Conservation and Nuclear Safety) in the form of a legal ordinance. An older analysis by the 
Federal Office for Radiation Protection (BfS) noted that mammography screening before the 
age of 46 should be viewed very critically [81]. 

Overall, across outcomes the data provide a hint of a benefit of mammography screening in 45- 
to 49-year-old women. This is because the harm identified is not so large that it outweighs the 
mortality advantage. However, given the comparatively small mortality advantage in this age 
group, an individual assessment and weighing of benefits and harms is still essential. 

Question 2: age group 70 years and older 
A tabular comparison of benefits and harms for Question 2 was omitted because the data on 
benefits and harms were not sufficient to present absolute effects. 

The available data from 3 studies with about 25,000 participants analysed refer to women up to 
a maximum age of 74 years at the time of randomization. Data on mortality were available for 
about 18,000 women, too few for a sufficiently precise estimate of the effect. The conclusion 
on the evidence available is therefore additionally based on data from the middle-aged groups, 
on considerations concerning the applicability of the results, and on the modelling results (see 
Chapter 5 and Section A4 of the full report), so that overall, it can be assumed that screening 
also reduces breast cancer-specific mortality in the age group 70-74 years. However, these data 
do not allow an estimation of absolute effects. 

Furthermore, it cannot be shown on the basis of the study results that screening also has an 
effect on all-cause mortality. It is assumed that – to an even greater extent than in women 
between 45 and 49 years – due to other causes of death, the reduction in breast cancer mortality 
was not large enough to be able to show statistically an effect on all-cause mortality. Overall, 
the result on all-cause mortality is no argument against a hint of a benefit of mammography 
screening with regard to breast cancer-specific mortality. 
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With regard to women aged 70 years and older, special attention must be paid to the risk of 
overdiagnosis, which increases with age and is caused by competing risks [3]. This is especially 
true for women with a lower remaining life expectancy due to serious comorbidities. Although 
data on overdiagnosis are available from 1 RCT and already provide a hint of harm, further data 
would be needed to reliably assess the extent of overdiagnosis in this age group. It is possible 
that the AgeX study will help to close this data gap. 

Data on the consequences of false-positive results are available from 1 study on the age group 
of women between 71 and 73 years. These data also suggest a hint of harm in the age group 70 
years and older.  

No data were available on mastectomies, adverse events and health-related quality of life. As 
was already the case in the age group of 45-49 year old women, it can be assumed that the effect 
of screening on adverse events and health-related quality of life in the age group 70 years and 
older is largely represented by the outcome of overdiagnosis. 

The BfS is currently assessing whether under the German radiation protection law, 
mammography screening over several years, including follow-up diagnostics, is also 
permissible for this age group. 

Overall, the data provide a hint of a benefit of mammography screening in 70- to 74-year-old 
women across all outcomes. This is because it is assumed that the expected mortality advantage 
outweighs the expected harm. However, in view of the very small mortality advantage expected 
in this age group, the harm observed from overdiagnosis and consequences of false-positive 
results, as well as the uncertainties regarding the quantification of the effects (especially breast 
cancer-specific mortality and overdiagnosis), an individual assessment and weighing of benefit 
and harms, considering individual health status and remaining life expectancy, is still essential.  

Assessment of potential 
No data could be identified for women aged 75 years and older in this assessment. It is also at 
least questionable whether the effects of mammography screening on breast cancer-specific 
mortality in 50- to 69-year-old women can also be applied to this even older population. The 
review of the systematic reviews revealed only 1 study that specifically dealt with screening in 
the age group of 75 years and older. This comparative observational study with screened 
compared to unscreened women aged 80 years and older [38] tends to support the assumption 
that, at least from this age, the harm from overdiagnosis and consequences of false-positive 
results outweighs the benefit. Therefore, on the basis of the available evidence, no potential of 
mammography screening for the age group 75 years and older could be identified. 
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5 Classification of the assessment result 

Informative value of results 
When interpreting the studies, some aspects have to be taken into account that influence the 
informative value of the results. The main ones are explained below. 

Study designs 
This report assesses the benefits and harms of extending the age limits of mammography 
screening. The core question is therefore whether screening that starts earlier or is carried out 
for longer has an additional benefit compared to the established screening programme 
(screening every 2 years between 50 and 69 years). In contrast, the studies available so far have 
mainly aimed to show the benefit of screening over no screening. Such studies were considered 
to be a sufficient approximation to the actual research question of the report. Nevertheless, the 
questions investigated in the studies included vary in their similarity to the questions 
investigated in the present report. Studies where final screening was offered to the control group 
after the screening period (Gothenburg, Stockholm, Swedish Two-County) or in which a 
general screening programme started after the screening period (Gothenburg in women >50, 
Edinburgh, Malmö, UK Age; AgeX Pilot plays no role here due to missing mortality data) 
better represent the question of earlier vs. later screening (Question 1) than those studies in 
which no final screening and no transition to a general screening programme took place 
(CNBSS; data missing for the HIP study, but it can be assumed that initially there was no 
follow-up screening for all women). The influence of the different study designs on the 
interpretation and applicability of the results differs for the outcomes considered. This is 
explained below. 

Breast cancer-specific mortality 
Breast cancer-specific mortality was analysed differently in the studies. Either only those breast 
cancer cases detected within the screening period were included in the analysis (evaluation 
model, see Section A1.2 of the full report) or all breast cancer cases were considered, including 
those only occurring after the end of the screening period (follow-up model, see Section A1.2 
of the full report). With regard to Question 1, studies in which general screening of all women 
begins after the screening period and in which breast cancer-specific mortality is analysed using 
the follow-up model best reflect the question asked in this report. With this type of analysis, 
however, a dilution effect is to be expected, as the breast cancer-specific mortality rates in both 
groups converge through the later screening. Studies with such a design are the UK Age Study 
and the Gothenburg Study. 

Both studies contain additional analyses according to the evaluation model. If one compares 
the results of the different analysis types within these two studies, however, no marked 
differences can be observed. This suggests that the type of analysis used in each case did not 
have a major influence on the results. 
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Overdiagnosis 
Overdiagnosis could only be meaningfully calculated in 2 studies (CNBSS, HIP) according to 
the methods used for this assessment. However, the results on overdiagnosis from these two 
studies should be interpreted with caution for other reasons (see Section 4.5.1.5). In addition, 
the relevant literature also notes that aggregated data often overestimate overdiagnosis [39]. 
Even if the data available make it difficult to draw reliable conclusions on the extent of 
overdiagnosis, there is no question that screening inevitably leads to overdiagnosis [3]. 

According to Duffy et al [40], overdiagnoses result from 2 different disease entities. One is 
potentially progressing tumours, which, however, occur in women who die for other reasons 
before the tumour becomes symptomatic. The other consists of non-progressive or very slowly 
progressing tumours. A substantial proportion of DCIS cases probably belong to these tumour 
types. The two entities described play a different role in the two age groups considered. For 
example, it is to be expected that only very few women under 50 die of other causes before the 
tumour becomes symptomatic. This form of overdiagnosis therefore contributes very little to 
the overall cases of overdiagnosis in this age group, so that a large part of the cases of 
overdiagnoses can be expected to consist of non-progressing or slowly progressing tumours. 
With regard to Question 1, it can therefore be expected that bringing forward the start of 
screening by 5 years will not result in many additional cases of overdiagnosis, because in most 
cases only the time of diagnosis (and thus also the time of overdiagnosis) is brought forward. 
The modelling results support this expectation: with the established screening strategy 
(screening every 2 years between 50 and 69 years), a lifetime risk of overdiagnosis of 6.3% 
related to all participating women is calculated, which increases only moderately to 7.2% when 
screening is extended to the 45- to 49-year-old age group (see Table 11 in Section A4 of the 
full report). 

In contrast, for older women (Question 2) it is estimated that the risk of overdiagnosis increases 
markedly with screening [41], mainly due to competing causes of death. However, this is not 
reflected in the modelling results: a lifetime risk of overdiagnosis of 6.3% to 6.6% is calculated 
for an extension of screening beyond 69 years, depending on the screening interval and the end 
of screening (compared to 6.3% for the reference strategy), which is a marginal difference at 
best compared to the established screening programme. A possible explanation for the fact that 
in modelling, the risk of overdiagnosis is not greater in older women than in younger ones could 
be a different frequency of DCIS cases in the age groups. However, the authors of the modelling 
report also point out that, due to the underlying empirical data, there is great uncertainty with 
regard to the outcome of overdiagnosis. 

Age subgroups investigated 
For Question 1, only few data are available that refer exactly to the age range of 45- to 49-year-
olds under investigation, so that data from age subgroups that included women under 45 years 
of age (e.g. age subgroup 39-49 years) were also used for the assessment. Under the premise 
that the effect of mammography screening on mortality decreases with younger age, the 
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inclusion of “too young” women in the age subgroup considered tends to result in a conservative 
estimate of the screening effect. However, during the screening period, some of the women who 
are in the age range searched for (45-49 years) at the beginning of the screening period grow 
into the age at which the screening programme begins in Germany. This means that the effect 
in women who are between 40 and 49 years old at the start of the study is partly due to women 
whose breast cancer was not detected until after the age of 50 and would thus have also been 
found with the established screening programme. In terms of mortality, this tends to lead to an 
overestimation of the effect of screening in the 45-49 age group. It is not possible to answer 
which of the two opposing effects has a stronger impact here or whether they cancel each other 
out. 

For Question 2, the potential problem of larger and overlapping age ranges did not exist, as the 
available data referred to the age group 70-74 years, which is completely within the range of 
the target population of this question. 

Study age and applicability  
Only the AgeX Pilot study, with a recruitment period between 2009 and 2010, can still be 
considered a current study, but it provides only limited information due to its nature as a pilot 
study. The study start date for most of the other studies included was in the 1970s and 1980s. 
Exceptions are the HIP study, which started in 1963 and thus even 13 years earlier than the second 
oldest study included – at that time, adjuvant chemotherapy for breast cancer had not even become 
established – and the UK Age study, which started in 1991. Except for the AgeX Pilot study, 
which does not include results on mortality and overdiagnosis, all studies included were thus 
conducted in the context of a different health care situation and under different social 
circumstances. It makes sense that the applicability of the study results to today’s situation 
decreases with the increasing age of the study. As already explained in Section 4.5.2.1, today’s 
higher life expectancy contributes to the fact that the effect of screening on breast cancer-specific 
mortality is likely to be more evident today, at least among 70- to 74-year-olds. However, it is 
not known how the further developments in breast cancer diagnostics and therapy individually 
and in their entirety affect the effects of screening. Despite these limitations, the studies included 
here represent the best available evidence, and overall there are no reasons not to use them as a 
basis for assessment and recommendation. Nevertheless, other data sources should be considered, 
especially the modelling performed, as this source better reflects the current life expectancy and 
health care situation.  

Classification of the modelling results 
The modelling carried out as part of this assessment (see Section A4 of the full report) brings 
together data from various sources and makes predictions beyond the period covered by the 
studies available to date. Modelling alone is insufficient to answer the question of benefits and 
harms. However, modelling is based on RCTs and reliable epidemiological data and thus 
represents a solid basis for assessment and is therefore suitable to greatly support the 
conclusions based on the RCTs analysed. The strength of modelling also lies in the fact that it 
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can support the weighing of benefits and harms by showing how benefits and harms are related 
to each other and in which direction and to what extent benefits and harms shift when certain 
screening parameters are changed.  

A key finding of modelling is that survival is potentially prolonged the longer and more often 
mammography screening is performed, but that at the same time, beyond a certain screening 
intensity, the incremental harm-benefit ratio deteriorates again. (The incremental harm-benefit 
ratio expresses what additional harm must be accepted in order to achieve an additional unit of 
benefit). 

According to the modelling results, the strategy with the largest incremental QALY gain versus 
the reference strategy is screening from 45 to 74 years every 2 years (3.5 per 100 women 
screened; Table 10 in Section A4 of the full report), which supports the conclusions based on 
the studies included. The modelling results also fit the meta-analysis conducted: raising the 
upper age limit (screening up to age 74 every 2 years) versus decreasing the lower age limit 
(screening from age 45 every 2 years) in the base case analysis yields less than half the benefit 
in terms of lifetime gained versus the reference strategy (screening from age 50 to 69 every 2 
years), (2.4 versus 6.0 years per 100 women, Table 10 in Section A4 of the full report). In the 
modelling of QALYs, the better benefit-harm ratio becomes even more apparent at the lower 
versus the upper age limit, because here the incremental QALY gain differs by about a factor 
of about 5 (3.1 versus 0.6 per 100 women; Table 10 in Section A4). However, there are also 
modelled outcomes for which more additional harm is to be expected in the 5-year interval at 
the lower age limit than at the upper age limit, e.g. with regard to the rate of false-positive 
screening results (see Table 11 in Section A4 of the full report). 

In addition to empirical data, modelling is based on several (more or less reliable) assumptions 
and thus represents a partially simplified reflection of reality. Different results between meta-
analysis and modelling therefore do not necessarily indicate a contradiction. The fact that 
modelling also calculates a survival advantage when screening is extended beyond the age of 
70 (Question 2), while the available study results on women between 70 and 74 showed no 
statistically significant difference, can most likely be explained by the fact that the actual 
absolute survival advantage was not large enough to achieve sufficient statistical precision with 
the studies available so far.  

However, it should be noted that the consequences of the different screening strategies in the 
modelling study are essentially based on test accuracy. On the basis of this, the stage shift 
resulting from the changes in the screening programme parameters is modelled with the 
inclusion of numerous other input parameters. In combination with stage-specific survival, this 
manifests itself in a survival advantage of the more intensive strategies. On the basis of 
modelling alone, it is therefore not possible to say with absolute certainty how well the 
calculated effect reflects reality in women aged 70 and over. Overall, however, modelling 
supports the conclusion, based on the studies included, that the benefit in terms of breast cancer-
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specific mortality outweighs the harm from overdiagnosis and consequences of false-positive 
screening results. 

Findings from observational studies 
For Question 1, the studies included already provided a sufficient basis for assessment, so that 
the additional consideration of observational studies does not play a relevant role here. The 
situation is different for Question 2. In view of the sparse evidence based on RCTs, the question 
arises here whether sufficient evidence for conclusions on the benefits and harms of 
mammography screening can be obtained with the additional inclusion of observational studies. 
However, based on the review of systematic reviews in the context of information retrieval (see 
Section A7.1 of the full report), no observational studies could be identified that refer to 
screening in 70- to 79-year-old women; only one observational study comparing screened 
versus unscreened women aged 80 years and older was found ([82], see Section 4.6).  

Several observational studies were submitted during the hearing on the preliminary report. 
These data essentially confirm the results of the RCTs for the age groups of 50-69 years 
currently included in regular screening (see Section 4.5.2.1). However, they do not provide any 
robust information on screening in 70- to 74-year-olds. A detailed discussion of the submitted 
studies is provided in Section A5.3.1 of the full report.  

Considerations on the screening interval  
If mammography screening were extended to 45- to 49-year-old or 70- to 74-year-old women, 
it would be necessary to determine whether the screening interval of 2 years established for 50- 
to 69-year-olds would be retained or adjusted. In most screening programmes in countries of 
the European Union, mammography screening is offered every 2 years, also in relation to the 
age groups 45-49 and 70-74 years, if included (as of 2016) [86]. However, there is still a need 
for research on the question of which screening interval is optimal, especially for younger 
women [3]. This question cannot be answered satisfactorily on the basis of the studies included. 
The screening intervals in the studies were 1 to 2 years. In Question 1, no influence of the 
screening interval on the outcomes examined could be shown when considering studies with a 
screening interval of ≤ 1.5 years or > 1.5 years. In Question 2, a corresponding analysis was not 
possible due to the lack of evidence available. However, modelling could help in this regard. 

Question 1 
In the modelling study (see Section A4 of the full report), the impact of different screening 
intervals (in each case keeping the 2-year screening interval in 50- to 69-year-olds) on certain 
outcomes was investigated in comparison to the established screening strategy – i.e. to 
screening every 2 years between 50 and 69 years. The results suggest that for women who start 
screening at age 45, the average gain in lifetime per woman could be greater with screening 
once per year between 45 and 49 years of age than with screening every 2 years. However, the 
absolute difference between the two strategies is small (38.77 years versus 38.76 years of 
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remaining life expectancy per woman; 38.70 years of remaining life expectancy is calculated 
with the established screening strategy; see Table 10 in Section A4). 

According to the modelling study, the lifetime risk of overdiagnosis changes only moderately 
from 6.3% per participating woman to 7.2% (for both screening intervals studied, i.e. for 1 and 
2 years) due to the start of screening 5 years earlier. However, false-positive screening results 
become more frequent, from 86.7 events per 100 participating women in the reference strategy 
to 147.4 (for a 1-year interval) and 123.1 events (for a 2-year interval) per 100 women (see 
Table 11 in Section A4 of the full report). Given the rather small difference in remaining life 
expectancy between 1- and 2-year intervals, the change in false-positive results is the most 
important and supports preference of a 2-year interval. The incremental harm-benefit ratios also 
indicate a more favourable outcome with a 2-year interval. 

Question 2 
Modelling also considered the impact of different screening intervals (2 years or 3 years) 
beyond 69 years of age on the outcomes studied. The absolute difference between the two 
strategies is negligible (38.71 years versus 38.73 years remaining life expectancy per woman 
after age 45; with the established screening strategy, 38.70 years remaining life expectancy is 
calculated; see Table 10 in Section A4). In view of the comparatively short time span between 
70 and 74 years, a substantial influence of the screening interval would not be expected, because 
with a short interval the women receive only 1 screening examination more than with the longer 
interval. However, as with the extension of the lower age limit, false-positive screening results 
become more frequent, namely from 86.7 events per 100 participating women in the reference 
strategy to 104.8 (if the interval of 2 years is continued) or 92.9 events per 100 women (if the 
interval is extended to 3 years in over 70-year-olds, see Table 11 in Section A4 of the full 
report). Given the small difference in remaining life expectancy between the 2-year and 3-year 
intervals, the change in false positives is more important and may support the extension of the 
interval from 70 years of age. However, organizational reasons could be cited against this. In 
addition, a change to a longer interval might not find sufficient acceptance [78]. 

Perspective of women affected 
In discussions during the preparation of the present report with women affected, these women 
reported potential reasons for not participating in the screening. These included pain during the 
examination and an atmosphere that was perceived as very impersonal during the entire 
appointment. According to the women, the latter was mainly because there was almost no 
communication with them from the staff carrying out the mammography and the women felt 
left alone. The women also found the transmission of findings by post stressful. Such or similar 
problems are known from the literature [79,87]. 

The points of criticism raised by the women interviewed could indeed be taken into account in 
the context of a screening. This could also contribute to increasing the participation rate of 
currently about 50% in Germany [70]. Because the individual weighing of benefits and harms 
is crucial in mammography screening (especially at the lower and upper age limits), 
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communication and counselling should be optimally organized. The decision aid distributed to 
all eligible women in Germany can only represent supportive information here [88]. 

Public health perspective 
The World Health Organisation (WHO) only makes a (conditional) recommendation for 
mammography screening for women aged 40 to 49 years or 70 to 75 years if resources are 
sufficient [89]. In contrast, if resources are limited, it is against screening in these age groups 
[89]. With regard to the question as to whether sufficient resources are available in the German 
health care context for an extension of the age limits, medical and para-medical personnel 
resources should be considered as possible limiting factors in addition to monetary resources. 

Need for research on other screening methods 
In a comment on the preliminary report, sonography and magnetic resonance imaging are 
addressed as possible alternative or supplementary screening methods, especially for younger 
women or women with higher breast density. As an advantage over mammography, the lack of 
radiation exposure and, with regard to sonography, the better suitability for high breast density 
are emphasized. In guidelines, however, the use of these screening methods is not generally 
recommended at present, with reference to the evidence base [3,90] and a need for research is 
seen in this regard [3]. In addition, tomosynthesis, another mammography-based procedure that 
could be suitable as a screening procedure, is currently being investigated (e.g. [91]). 

6 Conclusion 

Question 1: Age group 45 to 49 years. 
For breast cancer-specific mortality, the data provide a hint of a benefit of mammography 
screening versus no screening in women aged 45 to 49 years. With regard to all-cause mortality, 
there was no statistically significant result. The result on all-cause mortality is no argument 
against a benefit of mammography screening, because all-cause mortality is considerably 
influenced by other causes of death. It is assumed that the overall effect of reduced breast cancer 
mortality through screening was too small to have an impact on all-cause mortality. 

However, mammography screening leads to negative consequences (indication of harm) 
through false-positive screening results. In addition, overdiagnosis occurs (hint of harm). 
However, the extent of harm is not so great that it outweighs the mortality advantage. With 
regard to mastectomies, the data provide no hint of a benefit or harm from mammography 
screening. No data were available for adverse events and health-related quality of life, so no 
hint of a benefit or harm was shown for these outcomes. However, the effect of screening on 
the rate of adverse events and on health-related quality of life is likely to be essentially captured 
by the outcome of overdiagnosis. 

In summary, the data provide a hint of a benefit of mammography screening for women aged 
45 to 49 years versus no screening; the benefit of mammography screening thus outweighs 
harm. However, an individual assessment and weighing of benefits and harms is still essential 
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in view of the very small mortality advantage in this age group. Therefore, all conditions must 
be fulfilled to enable women to make an informed decision. 

Question 2: Age group 70 years and older 
For breast cancer-specific mortality, the data provide a hint of a benefit of mammography 
screening versus no screening in women aged 70 to 74 years. This is based on the results for 
this age group, the transferability of effects from adjacent younger age groups, and the 
confirmatory results of the modelling performed. With regard to all-cause mortality, there was 
no statistically significant result. This is no argument against a benefit of mammography 
screening, because with increasing age, breast cancer accounts for a smaller and smaller 
proportion of all deaths, and all-cause mortality is greatly influenced by competing causes of 
death. It is therefore assumed that the overall effect of reduced breast cancer mortality through 
screening was too small to have an impact on all-cause mortality. 

Mammography screening leads to overdiagnosis and to negative consequences of false-positive 
screening results (in each case a hint of harm in women aged 70 and older). It is assumed that 
the expected mortality advantage outweighs the expected harm. No data were available for 
mastectomies, adverse events and health-related quality of life, so no hint of a benefit or harm 
was shown for these outcomes. 

In summary, the data provide a hint of a benefit of mammography screening versus no screening 
in women aged 70 to 74 years; the benefit of mammography screening thus outweighs harm. 
However, an individual assessment and weighing of benefits and harms, considering the 
individual health status and life expectancy, is still essential in view of the very small mortality 
advantage, harm observed from overdiagnosis and the consequences of false-positive results, 
as well as the uncertainties regarding the quantification of effects. Therefore, all conditions 
must be fulfilled to enable women to make an informed decision. 

An ongoing randomized controlled trial (AgeX) is expected to provide meaningful data for both 
questions of this report in the near future. As soon as the study results are available, it should 
therefore be examined whether the results are in line with the recommendations to extend the 
age limits. 

Mammography screening for women aged 75 and older currently offers neither a benefit nor a 
potential versus no screening due to a lack of informative data. The possible benefit with regard 
to breast cancer-specific mortality, which is, however, quite questionable in this age group, is 
likely to be countered by harm expected from overdiagnosis and consequences of false-positive 
screening results. 
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Appendix A – Search strategies 

A.1 – Searches in bibliographic databases 

 Search for systematic reviews 
1. PubMed 
Search interface: NLM 
# Searches 
1 mammography screening 
2 systematic [sb] 
3 #1 and #2 
4 #3 AND 2011:2021[DP] 

 

2. Health Technology Assessment Database 
Search interface: INAHTA 
# Searches 
1 mammography 
2 screening 
3 #2 AND #1 2011 to 2021 

 

Search for primary studies 
1. MEDLINE 
Search interface: Ovid 
 Ovid MEDLINE(R) 1946 to March 10, 2022 

The following filters were adopted: 

 RCT: Lefebvre [92] – Cochrane Highly Sensitive Search Strategy for identifying 
randomized trials in MEDLINE: sensitivity-maximizing version (2008 revision) 

# Searches 
1 exp Breast Neoplasms/ 
2 (breast* adj3 (cancer* or carcinoma* or tumour* or tumour*)).ti,ab. 
3 or/1-2 
4 Mass Screening/ 
5 Early Detection of Cancer/ 
6 screening*.mp. 
7 or/4-6 
8 exp Mammography/ 
9 mammogr*.ti,ab. 
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# Searches 
10 or/8-9 
11 and/3,7,10 
12 randomized controlled trial.pt. 
13 controlled clinical trial.pt. 
14 (randomized or placebo or randomly or trial or groups).ab. 
15 drug therapy.fs. 
16 or/12-15 
17 16 not (exp animals/ not humans.sh.) 
18 and/11,17 
19 18 not (comment or editorial).pt. 
20 19 and (english or german).lg. 
21 20 and 20160401:3000.(dt). 

 

Search interface: Ovid 
 Ovid MEDLINE(R) Epub Ahead of Print and In-Process, In-Data-Review & Other Non-

Indexed Citations March 10, 2022 

# Searches 
1 (breast* adj3 (cancer* or carcinoma* or tumour* or tumour*)).ti,ab. 
2 screening*.mp. 
3 mammogr*.ti,ab. 
4 and/1-3 
5 (clinical trial* or random* or placebo).ti,ab. 
6 trial.ti. 
7 or/5-6 
8 and/4,7 
9 8 not (comment or editorial).pt. 
10 9 and (english or german).lg. 
11 10 and 20160401:3000.(dt). 
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2. Embase 
Search interface: Ovid 
 Embase 1974 to 2022 March 10 

The following filters were adopted: 

 RCT: Wong [93] – Strategy minimizing difference between sensitivity and specificity 

# Searches 
1 exp Breast Cancer/ 
2 (breast* adj3 (cancer* or carcinoma* or tumour* or tumour*)).ti,ab. 
3 or/1-2 
4 Cancer Screening/ 
5 screening*.mp. 
6 or/4-5 
7 exp Mammography/ 
8 mammogr*.ti,ab. 
9 or/7-8 
10 (random* or double-blind*).tw. 
11 placebo*.mp. 
12 or/10-11 
13 12 not (exp animal/ not exp human/) 
14 and/3,6,9,13 
15 14 not (Conference Abstract or Conference Review or Editorial).pt. 
16 15 and (english or german).lg. 
17 16 and 20160401:3000.(dc). 
18 17 not medline.cr. 

 

3. The Cochrane Library  
Search interface: Wiley 
 Cochrane Central Register of Controlled Trials: Issue 2 of 12, February 2022 

# Searches 
#1 [mh "Breast Neoplasms"] 
#2 (breast* NEAR/3 (cancer* or carcinoma* or tumour* or tumour*)):ti,ab 
#3 #1 or #2 
#4 [mh ^"Mass Screening"] 
#5 [mh ^"Early Detection of Cancer"] 
#6 screening*:ti,ab 
#7 #4 or #5 or #6 
#8 [mh "Mammography"] 
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# Searches 
#9 mammogr*:ti,ab 
#10 #8 or #9 
#11 #3 and #7 and #10 
#12 #11 not (*clinicaltrial*gov* or *who*trialsearch* or *clinicaltrialsregister*eu* or *anzctr*org*au* or 

*trialregister*nl* or *irct*ir* or *isrctn* or *controlled*trials*com* or *drks*de*):so 
#13 #12 not ((language next (afr or ara or aze or bos or bul or car or cat or chi or cze or dan or dut or es or 

est or fin or fre or gre or heb or hrv or hun or ice or ira or ita or jpn or ko or kor or lit or nor or peo or per 
or pol or por or pt or rom or rum or rus or slo or slv or spa or srp or swe or tha or tur or ukr or urd or 
uzb)) not (language near/2 (en or eng or english or ger or german or mul or unknown))) 

#14 #13 with Cochrane Library publication date from Apr 2016 to present, in Trials 
 

A.2 – Searches in study registries 

1. ClinicalTrials.gov 
Provider: U.S. National Institutes of Health 
 URL: http://www.clinicaltrials.gov 

 Type of search: Expert Search 

Search strategy 
mammography AND screening AND breast 

 

2. International Clinical Trials Registry Platform Search Portal 
Provider: World Health Organization 
 URL: https://trialsearch.who.int 

 Type of search: Standard Search 

Search strategy 
mammogr* AND screen* AND breast OR mammography AND screening AND breast 

 

http://www.clinicaltrials.gov/
https://trialsearch.who.int/
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