COMMENT AND DEBATE

Why are results of organised mammography
screening so difficult to interpret?

Mammography screening has prompted debate in scientific journals and in the media for the past decade.
Researchers disagree on the relative benefits and harms of screening. There are a number of methodological
challenges associated with evaluating mammography screening. In this article | will describe and discuss
the methods used in some published observational studies of overdiagnosis and mortality following the
implementation of organised mammography screening in Norway.

The Norwegian Breast Cancer Screening
Program (NBCSP) started in four pilot
counties in 1995/96 and was gradually
expanded in 2004 to include all the counties
(1). The primary aim of screening is

to reduce breast cancer-specific mortality.
Overdiagnosis, defined as breast cancers
that would not have been diagnosed in
the woman’s lifetime unless she had been
invited to or had attended screening (2),
is considered the greatest disadvantage.

Methodological challenges
There are many methodological challenges
associated with evaluating organised
screening programmes. They contribute
to researchers arriving at different results
and conclusions (3—6). The field is charac-
terised by a great deal of disagreement and
has been the subject of much debate, also
in the Journal of the Norwegian Medical
Association (7, 8). I will concentrate here
on the challenges associated with the level
of detail of the data and the length of the
follow-up time in the Norwegian publica-
tions. These factors have been commented
on previously with respect to some of the
studies (9—11), but are systematised here
and illustrated with new calculations and
visual presentations.

A number of other factors are also deci-
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Figure 1 Women are invited according to birth
cohort [parallelogram] to attend the Norwegian
Breast Cancer Screening Program. Approximation
using age [quadrate] will lead to inaccurate results.
The example illustrates how women born in 1950
and invited in 2001 cannot be correctly approximated
as 51-year-old women
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sive for the differing results (3—6). Among
others, these include whether the efficacy
is evaluated within an intention-to-treat per-
spective (for invited women) or a per-pro-
tocol perspective (for attending women),
the assumptions as to what the situation
would be without screening, the measure
of overdiagnosis applied, whether ductal
carcinoma in situ (DCIS) is included in the
analyses or not, and whether total mortality
or breast cancer mortality is studied.

Design and data
Two main types of data are used in the stu-
dies: data at group level and data at indivi-
dual level. In studies using data at group
level (ecological studies), there are more
limited possibilities to control for confoun-
ding factors than in studies where indivi-
dual data are used as the unit of analysis
(12). If summarial figures are used as indi-
vidual data, it is important to have control
of the errors which they may cause.
Women in birth cohorts corresponding
to the age range 50—69 years are invited to
attend the NBCSP every two years. On the
basis of the biennial screening interval and
the date when the counties implemented
screening (information from the Cancer
Registry of Norway), the actual age at the
date of invitation varied from 48 to 73.3
years (Falk appendix). To avoid erroneous
classification of the women’s invitation
status (invited/not invited), the data must
be analysed on the basis of birth cohort
(parallelograms), not age (quadrates), since
the women are invited according to birth
cohort (Fig 1).

Follow-up

Diagnosis can be advanced by screening
(lead-time). An increase in incidence can
be expected while the screening is ongoing
and a decrease in incidence once screening
has ended. Long-term follow-up is neces-
sary, to estimate both overdiagnosis and
breast cancer mortality. Studies of overdia-
gnosis show that a follow-up period of at
least ten years after screening ends is neces-
sary to be able to include the compensatory
drop in incidence among screened women
(4, 5). If the follow-up period is limited,
modelling techniques must be resorted to
in order to adjust for lead-time.

It takes time from the (first) invitation
to screening, to a breast cancer diagnosis,
and it takes even more time before women
die of the disease. The data from the Cancer
Registry show that half the women who
were aged 50—69 at the time of diagnosis
for clinical breast cancer and who died of
the disease in 1991-95, had lived more
than 5.5 years with the disease. Since the
purpose of screening is to detect tumours
at an asymptomatic stage, a longer follow-
up period will be required to estimate the
effect on mortality of the programme.

Norwegian mortality studies
The results of three breast cancer mortality
studies have been published since the
implementation of the NBCSP (13-15).
Kalager et al. estimated a decrease of
10 % in breast cancer mortality for invited
compared with non-invited women (13).
They applied the turn of the year closest
to the counties’ date of implementation as
the approximated date of invitation for the
women in the invited group. Based on my
own calculations, this means that a woman
may have been classified as invited up to
2.5 years before receiving her first invita-
tion to the NBCSP (Falk appendix). They
analysed the data in relation to age (Fig. 1,
quadrate). The women were followed until
the end of 2005, which means that the
average follow-up time is 2.2 years from
the date of diagnosis (13) and, according
to my calculations, about 3.5 years from
the date of invitation (Falk appendix).
Olsen et al. have calculated the decrease
in breast cancer mortality in the four pilot
counties as 11 % for invited women (14).
The five counties that began the programme
last were used as control counties, while
the ten counties that began in the years
1999-2001 were not included. The women
were followed to the end of 2008. This
means that the average follow-up time
was 5.9 years from the date of invitation.
Hofvind et al. carried out a cohort study
in which individual data were based on a
precise date of invitation and attendance
at screening (15). After correcting for self-
selection they calculated that the decrease
in breast cancer mortality was 43 % for
women who attended screening compared
with women who did not attend. They esti-
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Figure 2 Follow-up after end of screening. Schematic illustration of birth cohorts invited in the four pilot coun-
ties of the Norwegian Breast Cancer Screening Program (NBCSP] in the period 1996-2009. The pink-shaded
area indicates women who received an invitation. The yellow-shaded area indicates women previously invited.
The blue-shaded area indicates women who have never been invited. All three studies evaluating overdiagnosis
after the implementation of the NBCSP include women aged 70-79 in the post-screening period (18-20). The
red line marks the authors’ demarcations. Based on the population data (21] and the start date of the NBCSP in
the different counties [information from the Cancer Registry], | have calculated the proportion of women-years
within the red demarcation line who have been invited previously [Falk appendix). The study by Falk et al. (20)
applies individual data with 100 % previously invited (left-hand panel). Zahl & Maehlen (18] studied the period
1998-2009 with 52 % previously invited [middle panel. Kalager et al. (19] studied the period 1996 -2005 with 29 %

previously invited [right-hand panel]

mated the invitation effect as 36 %. The
women were followed to the end of 2010,
which gives an average follow-up time
of 8.3 years from date of invitation and
5.7 years from date of diagnosis.

Norwegian overdiagnosis studies
Currently, five studies have been published
that estimate the extent of overdiagnosis
since the implementation of the NBCSP
(16—20). The two oldest studies (16, 17) will
not be discussed here, as Zahl & Mahlen
have overlapping data and longer follow-up
time (18).

Zahl & Mahlen have performed an
ecological cross-sectional study (18).
They concluded that 50 % of the breast
cancer cases among invited women in the
four pilot counties were representative of
overdiagnosis. They analysed the numbers
in relation to age (Fig. 1, quadrate) up to
the end of 2009 (Fig 2, middle panel).
My own calculations, based on data from
Statistics Norway (21), indicate that 48 %
of the women-years have been erroneously
included in the post-screening period (Falk
appendix). The proportion of overdiagnosis
was measured as excess breast cancer cases
in relation to cases without screening in the
age group 50—69.
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Kalager et al. reported that 15-25 %
of the breast cancer cases among invited
women constituted overdiagnosis (19).
They studied the incidence rates of breast
cancer among women in the study group
compared with incidence rates in three dif-
ferent control groups. They considered the
women in relation to age (Fig. 1, quadrate)
up to the end of 2005 (Fig. 2, right-hand
panel). This means, based on my calcula-
tions, that 71 % of the women-years in the
four pilot counties have been erroneously
included in the post-screening period (Falk
appendix). I calculate that this percentage
was even higher for the other counties:
81-100 % (Falk appendix). The proportion
of overdiagnosis was measured as excess
breast cancer cases in relation to cases
without screening in the age group 50—79.

We carried out a cohort study using ano-
nymised individual data (20). The women
were followed from the date of first invita-
tion and up to the end of 2009 (Fig. 2, left-
hand panel). A woman’s attendance was
classified in relation to her screening his-
tory. The proportion of overdiagnosis
was estimated for women who follow the
national recommendations for ten scree-
nings between the ages of 50 and 69. The
time perspective without screening was cal-
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culated for age 50 and older. The proportion
of overdiagnosis of breast cancer among
invited women was estimated as 10—11 %.
There are significant differences between
these studies with respect to the accuracy
of the data and the length of follow-up.
Figure 1 illustrates the inaccuracies which
arise if age is used instead of birth cohort
in the analysis. In studies of the post-scree-
ning period, it is a prerequisite that a// the
women included should have been invited
previously, in order to include the compen-
satory drop in incidence. This condition is
not fulfilled for two of the studies (Fig. 2).
The measure of overdiagnosis is defined
for different women and for different age
groups in the three studies mentioned.

Summary

There are many methodological challenges
associated with evaluating the NBCSP,
and the results must be seen in the light of
whichever method is applied. Using sum-
marial figures may lead to erroneous classi-
fication of the women’s invitation status.

It is therefore necessary to apply individual
data. Evaluation of mortality and overdia-
gnosis require long-term follow-up data

to provide correct estimates.

This paper is based on a trial lecture for a PhD
held at the Institute of Clinical Medicine, Faculty
of Medicine, University of Oslo, on 26 September
2013.

See appendix at www.tidsskriftet.no/
falkengappendiks
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