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Introduction

The purpose of breast cancer screening is to reduce breast 
cancer mortality. In order to achieve this purpose, an X-ray 
search—a mammography examination—is made of the 
breast tissue of healthy women to detect potential cancers 
that have not given rise to symptoms. With early detection, 
a woman with breast cancer can be offered a more efficient 
treatment than it would otherwise had been possible. If 
screening works, women with screen-detected breast cancer 
will have a better prognosis than women diagnosed with 
symptoms of breast cancer.

It is an underlying assumption in breast cancer screening 
that screen-detected cancers would—in the absence of 
screening—have progressed to symptomatic disease. 
However, by searching for symptom-free breast cancer in 
the breast tissue of healthy women, the possibility may arise 
that breast cancers are detected that would otherwise not 
have progressed to symptomatic disease in the women’s 
lifetime. These extra cases are called overdiagnosed or 
overdetected breast cancers. As overdiagnosis is the most 
commonly used term in the literature, this concept will be 
used in the rest of this paper. Even in early stages breast 
cancer is treated with surgery and radiation therapy, and 
it is a considerable burden on women to undergo breast 
cancer treatment. Overdiagnosis can therefore have serious 
consequences. On this basis, overdiagnosis is an important 
potential, negative side effect of breast cancer screening.

Premises for understanding overdetection

There are two important premises for the understanding  

of overdiagnosis. 

Epidemiology not biology

The first point is that an overdiagnosis breast cancer case is a 
true positive screening result, it is not a false positive result. At 
the time of screening and assessment of screen positive women, 
it is not possible to distinguish between potentially progressive 
and potentially non-progressive—and consequently 
overdiagnosed—breast cancer cases. If any biology test at the 
time of diagnosis could distinguish between the two types, this 
test would of course have been used.

Overdiagnosed breast cancer is therefore not a 
biological, but entirely an epidemiological phenomenon. 
It is not possible to say whether or not a given woman 
had a truly progressive or an overdiagnosed breast cancer. 
Overdiagnosis can therefore be studied only at the 
population level.

Dynamic of breast cancer incidence rate during screening

The second point is that breast cancer screening is an 
intervention on the natural course of the disease, as the 
diagnoses are made earlier in time than they would have 
been in the absence of screening. This time period between 
the time of diagnosis in screening and the time of diagnosis 
after symptoms is called the lead time (Figure 1). 

Screening will therefore change the age-specific 
incidence rate of breast cancer (1,2). This is most easily 
illustrated from settings where breast cancer screening 
is organized in biennial rounds say from age 50 to 70. 
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During the first round, there will be cases that would have 
been diagnosed in the absence of screening and there 
will be the extra screen-detected cases. This will lead to a 
sharp increase in the age-specific incidence rate called the 
prevalence peak (Figure 2). During the subsequent rounds, 
there will be the screen-detected cases, and due to the 
earlier detection, these cases will be diagnosed at a younger 
age than they would have been without screening. This 
leads to a slight increase in the age-specific incidence rate 
called the artificial aging. When screening stops, the cases 
that would have occurred in the absence of screening have 
been diagnosed already. Therefore new cases are missing. 

This leads to a decrease in the age-specific incidence rate 
called the compensatory dip. 

Overdiagnosis occurs if the increases in the incidence 
rate during the prevalence peak and the artificial aging 
are not fully compensated by the decrease during the 
compensatory dip. 

Measuring overdiagnosis

In order to measure overdiagnosis it is necessary to compare 
the incidence of breast cancer between a screened cohort of 
women and an unscreened cohort of women from the age 
when screening starts until at least 10 years after the end of 
screening to cover both the prevalence peak, the artificial 
aging, and the compensatory dip. For women offered 
screening from the age of 50 to 70 years, this means that 
for a proper analysis of overdiagnosis, follow-up data from 
a 30-year period are required from both a screened cohort 
and from an unscreened comparison cohort of women. Such 
long-term data are not available, and various proxy methods 
have therefore been used to measure overdiagnosis. 

Randomized controlled trials (RCTs)

The RCT is the golden standard for the testing of medical 
interventions. Breast cancer screening has been tested in 
a number of RCTs (3), and the decrease in breast cancer 
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Figure 2 Breast cancer incidence for unscreened and screened women. (A) Observed incidence of breast cancer in a birth cohort of 
unscreened women and expected incidence of breast cancer in a birth cohort of screened women (adapted from Boer et al., 1994). Full line: 
unscreened women; dotted line: screened women; (B) observed relative risk of breast cancer incidence in screened women from Funen 
County, Denmark, as compared with unscreened women (adapted from Njor et al., 2013).
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mortality found in these RCTs forms the basis for the 
recommendation of screening (4,5).

The RCT has a screened group and an unscreened 
control group. But in most trials, the unscreened control 
group was screened at the end of the trial, and the trials 
did therefore not have long-term incidence data for an 
unscreened control group. In three RCTs, the control 
group was not screened at the end of the trial. Based on 
data from these three RCTs, Marmot et al. (6) estimate 
overdiagnosis to be 11%. However, neither these three 
RCTs were optimal for the measurement of overdiagnosis. 
In the Malmö trial from Sweden in the 1980s, women 
were screened until the average age of 76.5 years leaving 
insufficient remaining years of life for the compensatory dip 
to materialize. Two Canadian trials covered women aged 
40–49 and 50–59 years, respectively. The control groups 
were not screened after the end of these trials, but shortly 
afterwards service screening was offered to all women aged 
50–69 years in the majority of the Canadian provinces from 
which the trial population was recruited (7).

Observational data

In lack of reliable RCT data, several attempts have been 
made to estimate overdiagnosis from observational data. 
Denmark offers a particular good possibility for the study 
of the effect of service screening because population-based 
screening programs were introduced in two geographical 
regions up to 17 years before screening was introduced 
in the rest of Denmark. Denmark at the same time has 
national population and health data that can be linked via 
unique personal identification numbers. 

We studied overdiagnosis in Denmark using the 
difference-in-differences methodology on individual cohort 
data (8). The breast cancer incidence in the screening 
region during screening was compared with the breast 
cancer incidence in the same region before screening. To 
take account of other factors that might have changed 
the incidence, the comparison from the screening 
region was adjusted with a similar comparison from the  
non-screening region. Our analysis showed a prevalence 
peak, an artificial aging, and a compensatory dip (Figure 2).  
The cumulative breast cancer incidence including both 
invasive breast cancer and ductal carcinoma in situ in women 
observed for at least eight years after end of screening was  
2.3% higher than expected in the absence of screening. 
Thus, overdiagnosis was estimated to be 2.3%.

Other researchers have estimated overdiagnosis in 

Denmark to be 48.3% of all breast cancer (9), meaning that 
almost every second screen-detected breast cancer should 
be overdiagnosed (10). However, this analysis was affected 
by serious methodological flaws. First, the use of absolute 
differences in changes over time despite different baseline 
levels; second, a focus on only non-advanced cancers, 
and third, an inadequate study design where part of the 
compensatory dip was calculated based on data from women 
never invited to screening (10). 

The idea of estimating overdiagnosis from analysing 
advanced and non-advanced cancers separately was first 
proposed by Welch et al. based on data from the United 
States (US) concluding that in screening, women were 
more likely to have breast cancer detected “that was 
overdiagnosed than to have earlier detection of a tumor 
that was destined to become large” (11). This analysis was 
based on the assumption that over time “the underlying 
probability that clinically meaningful breast cancer would 
develop was stable” given no screening; an assumption not 
substantiated by pre-screening breast cancer incidence data. 
Furthermore, the opportunistic and gradually implemented 
screening in the US does not allow for identification of the 
prevalence peak, the artificial aging, and the compensatory 
dip. It is consequently very difficult based on US data to 
separate out a possible screening effect from the underlying 
time trend (12). 

Some overdiagnosis will inevitably occur in breast cancer 
screening as some women with screen-detected cancers will 
die from competing causes of death during the lead time. A 
modelling study based on data from England & Wales and 
Norway indicated the inevitable overdiagnosis to be 2–4% (13).

The lack of sufficiently long-term data for the 
proper measurement of overdiagnosis has left room for 
a lot a controversy about the size of the phenomenon. 
Overdiagnosis beyond the inevitable part due to competing 
causes of death seems to be limited. The most plausible 
range of overdiagnosis overall was between 1% and 10% in 
European observational data (14). 

Perception of overdiagnosis

Benefit-to-harm ratio

As the purpose of breast cancer screening is to decrease 
breast cancer mortality and as overdiagnosis is the most 
serious, negative side effect, efforts have been made 
to weight the two indicators against each other. The 
benefit-to-harm ratio is the number of prevented breast 
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cancer deaths divided by the number of overdiagnosed 
breast cancer cases (15). Using data from the difference-
in-differences analysis of individual cohort data from 
Denmark, we estimated the benefit-to-harm ratio for breast 
cancer screening in Denmark to be 2.6 for women aged  
50 years, invited to screening biennially, and followed until 
age 79; and to 2.5 for screened women (16). An overall 
estimate for screened women from European studies was 
at the same level (15), but the estimate from the Marmot 
review of RCTs (6) was 0.33 only, and from Norwegian data 
0.7 (17). Not surprisingly, the variation in these estimates 
derived from variation in the estimated overdiagnosis, 
which is the most difficult component for measure. 

The benefit-to-harm ratio is calculated for a given 
population, and it is therefore first of all a tool for health 
authorities to decide on offering breast cancer screening 
or not to this population. In Europe, most health care 
authorities recommend and provide screening for women in 
a certain age range, e.g., 50–69 or 50–74 years. According 
to the US Preventive Services Task Force, screening is 
recommended for women aged 50–74 years; while the 
decision to start screening below age 50 should be an 
individual one; and the current evidence is considered 
insufficient to assess the benefits and harms of screening in 
women 75 years and older (5). 

Personal choice

As the data on outcome of breast cancer screening derive 
from the population at large, it has been a challenge 
for health care authorities to translate these data into 
information for the individual woman. As a consequence, 
efforts have been made to develop decision tools to be used 
in shared decision making between the woman and her care 
provider primarily for decisions about screening below the 
age of 50 (18). 

In another approach, women aged 74 years were 
presented with hypothetical cases of outcomes of screening 
beyond this age, either as a mammogram helping her 
live to 86 years of age, or as a mammogram finding a 
slow-growing cancer only (19). Four themes emerged in 
the women’s response to this scenario: (I) resistance to 
the concept of overdiagnosis; (II) role of the physician’s 
recommendation for screening; (III) confusion with other 
harms of screening; and (IV) comparison with other health 
conditions. The authors also found that some women 
understood overdiagnosis as a concept that applied to 
populations rather than individuals. We agree with these 

women’s interpretation, as overdiagnosis is not a biological, 
but entirely an epidemiological phenomenon. With the 
presently available diagnostic tools it is not known whether 
or not a given, newly detected breast cancer will progress 
or not to become life threatening in the woman’s life time. 
On this basis, we are also sceptical about the authors’ idea 
to “develop interventions that present personal, experiential 
harms … differently than harms that reside primarily at the 
population level” (19). 

The effect of screening on breast cancer mortality 
has not been studied in RCTs in women above the age 
of 74 years. Nevertheless, the American Cancer Society 
(ACS) recommends that “women should continue screening 
mammography as long as their overall health is good and 
they have a life expectancy of ≥10 years” (20). The time 
period of the 10 years after end of screening in the ASC 
guideline would ensure that women lived through the  
10 years of the compensatory dip, and would thus limit 
the number of diagnosed breast cancers not compensated 
for. The average life expectancy for US women aged  
75 years is at present 13.1 years, and above 10 years for all 
ethnic groups (21), so according to the ACS guideline they 
would all qualify for continued screening. As the remaining 
life expectancy is strongly affected by comorbidity, it has 
been suggested also to take this factor into account in 
personalized recommendations on age to stop or continue 
screening (22). While stratified recommendations can make 
sense from the point of view of the health care authorities, 
it might be difficult to implement at the personal level, 
because most women at the age of 75 years—even those 
with comorbidity—do not know whether or not they will 
die within the next 10 years. 

Conclusions

It is not possible at the time of screen-detection to known 
whether a breast cancer will progress or not become life 
threatening. Overdiagnosis is therefore not a biological 
characteristic of a cancer that can be tested at the time 
of diagnosis. It is an epidemiological phenomenon that 
can be studied at the population level only. Breast cancer 
screening changes the natural course of the incidence of 
the disease creating a prevalence peak, and artificial aging, 
and a compensatory dip. Overdiagnosis occurs if the 
increase during the first two phases is not compensated 
by the decrease during the third phase. In order to study 
overdiagnosis properly, data are needed for a screened 
cohort and an unscreened comparison cohort for a least  
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30 years. Such long-term data are not available, and various 
proxy methods—with very different outcomes—have been 
used in the study of overdiagnosis. The most reliable data 
indicate overdiagnosis to account for 1–10% of all incident 
breast cancer cases, with the inevitably part due to deaths 
during the lead time constituting a considerably part of 
this. Overdiagnosis is thus limited given that screened 
women live at least 10 years after end of screening. This 
can be used as a guideline at the population level, but it 
is for most women difficult to translate into personalized 
recommendations.
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