COMMENT AND DEBATE

Norwegian mammography screening -
numerous self-contradictions in the evaluation

Public mammography screening was introduced in Norway in 1996. The goal was to reduce mortality from
breast cancer by 30 per cent. In 2006, the Research Council of Norway was charged with evaluating the Mam-
mography Programme. The report contains a number of self-contradictions: screening does not cause fewer
women to develop neoplasm metastasis, but nevertheless reduces breast cancer mortality.

The 2015 evaluation report concludes that
breast cancer mortality has been reduced by
20-30 per cent, and that for every death
from breast cancer prevented, five women
are overdiagnosed (1).

The incidence of breast cancer has been
estimated after adjustment for hormone use

BOX 1

In this imaginary scenario, which describes 20
years of mammography screening, altogether
550 additional women are diagnosed with
breast cancer from 50 to 69 years of age
because of mammography screening, compa-
red to a situation in which they had not under-
gone screening (extra cases). Of these 550,

a total of 50 women have received a genuine
early diagnosis, whereas 500 have been over-
diagnosed (Figure 1).

If when estimating the level of overdiagnosis
(the right column in the figure] we assume
that 20 per cent of the extra cases are due
to an underlying increase in incidence (20
years with an annual increase of one per
cent) (16), the number of extra cases is
reduced from 550 to 440.

We further assume that women above the
screening age (70-79 years) also have a one
per cent annual increase in breast cancer
incidence. If there were 400 cases in this
age group before the introduction of scree-
ning, we can expect 480 cases in light of the
20 per cent increase. When we then observe
350 cases in this age group (400 minus the
50 who have received a genuine early dia-
gnosis), these are 130 fewer than those 480
that were expected. If these 130 are sub-
tracted from those 440 extra cases for rea-
sons of early diagnosis, we conclude that
310 women have been overdiagnosed.

By modelling an underlying increase in inci-
dence of one per cent per year while also
assuming that there are numerous tumours
with long lead times that require follow-up
of individuals for ten years after they are no
longer invited to screening, the amount of
overdiagnosis can be underestimated by
approximately 40 per cent.
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and an assumed underlying increase in inci-
dence, while the analyses of mortality have
not been similarly adjusted. Moreover, it

is assumed that there is little or no effect

of improved forms of treatment on breast
cancer mortality.

Mammography is an x-ray examination
of the breasts, and the purpose of mammo-
graphy screening is to detect tumours while
they are still small and localised, thus to
enable curative treatment of the women con-
cerned. When a tumour is detected, a biopsy
is performed, and approximately one in five
turns out to be invasive breast cancer (1).
Mammography also assists in detection of
a number of tumours restricted to the mam-
mary glands, so-called ductal carcinoma in
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Figure 1 Scenario of extra cases of cancer caused
by mammography screening. Left column: Of those
550 women who were diagnosed with breast cancer,
altogether 50 have received a genuine early diagnosis,
while 500 have been overdiagnosed. Right column: If
the estimates of overdiagnosis take into account that
20 per cent of the 550 extra cases are caused by an
underlying increase in incidence (20 years with a one
per cent increase annually] (16], the number of extra
cases is reduced from 550 to 440

situ (DCIS). Some of these tumours develop
into invasive breast cancer, but the majority
of them do not develop any further (2, 3).
Today we are unable to predict which of
these tumours have a potential to develop,
and which of them will remain unchanged
or regress, and the treatment is therefore the
same as for invasive breast cancer.

The report from the Research Council
of Norway is based on various types of ana-
lyses of incidence and mortality from breast
cancer. A competitive process resulted in
the selection of seven different research
groups to conduct the analyses. They were
required to use a shared data set consisting
of individual data from the Norwegian
Cancer Registry and the Causes of Death
Registry, linked to a number of other health
registries.

Overdiagnosis

Overdiagnosis means diagnosis of tumours
that would otherwise not have resulted in
any symptoms during the patient’s lifespan
(4). Overdiagnosed tumours may include
neoplasms that grow very slowly, do not
grow and remain subclinical, or disappear
spontaneously. Overdiagnosis can easily be
estimated in randomised studies, but rando-
mised studies of mammography screenings
may no longer be undertaken. Methods
have also been developed to estimate the
extent of overdiagnosis in public mammo-
graphy programmes, and a significant diffe-
rence between the methods is the type of
tumours that are included in the denomi-
nator. Irrespective of whether we include
all cases of breast cancer in the age group
50—-69 years (the screening age), 50—74
years or 50—84 years, or whether we esti-
mate the expected number of tumours
without screening, the scope of overdia-
gnosis will vary between 10 and 50 per cent
when using the same figure in the nume-
rator (4). While this variability is caused
by varying definitions, not bias in the ana-
lyses, we will in the following provide three
examples of statistical adjustment in the
report that in fact increases the risk of bias
and underestimation of overdiagnosis.

Example 1. Adjustment for use of hormones
against menopausal symptoms

The report from the Research Council

of Norway states that the use of hormones
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Figure 2 The breast cancer mortality in the age group 55- 74 years was approximately 76 per 100 000 women
before screening was introduced (black arrow), and in the period 2005-09 it amounted to approximately 55 per
100 000. The solid red curve includes the four counties [Akershus, Oslo, Rogaland and Hordaland] that intro-

duced screening in 1996-97, and the blue curve is the rest of Norway. The solid black line is the regression line
before the introduction of screening, and the grey line is the expected mortality with no screening. The green line

is the regression line after 1996. It shows a reduction of 28 per cent from 1991-95 to 2005-09

against menopausal symptoms was a key
reason for the steep increase in breast
cancer incidence in Norway during the
1990s, and that it is essential to adjust for
the use of hormones with the aid of indivi-
dual-level data (1).

In 2000, approximately 40 per cent of
all post-menopausal women used hormones
against menopausal symptoms (1, 5). The
report ignores the fact that only half of
these women used combination drugs (5),
and that only combination drugs increase
the risk of breast cancer (5—7). Nor has
it been emphasised that the association
between hormone use and the risk of breast
cancer appears to be 2—4 times stronger
in observation studies than in randomised
intervention studies (5—7). The likely
reason is that hormone use causes the breast
to be less penetrable by x-rays, with less
contrast between pathological and healthy
tissue, and this delays the time of diagnosis
(6, 8).

Hormone use is a time-dependent variable,
and the start time and duration of the treat-
ment must be included when making the
adjustment. Unfortunately, such data were
unavailable to the researchers who evaluated
the Mammography Programme, and who
therefore needed to categorise the women as
users, former users or non-users of hormones
against menopausal symptoms (5). By cate-
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gorising women in this way in observation
studies, the risk of breast cancer from hor-
mone use among women is overestimated
by several hundred per cent (6, 7). When an
excessive part of the increase in breast cancer
incidence is explained with reference to hor-
mone use, the estimates of overdiagnosis will
be too low.

Example 2. Adjustment

for an underlying increase in incidence

The report adjusts for an underlying increase
in the incidence of breast cancer over time.
The incidence of breast cancer increased

by approximately one per cent per year for
all women in the period 1953—1985. This
increase may have been caused by changes
in fertility, diet or other lifestyle-related
factors. However, the increase may have
also been caused by enhanced attention

and more opportunistic screening, and thus
detection of more small, slow-growing
tumours (1, 9—12). After 1985, the incidence
increased only in the age group 50—69 years
(13), and opportunistic screening most likely
plays a significant role in explaining this
age-specific increase. If a major proportion
of the observed increase in breast cancer
incidence can be explained by an underlying
increase in incidence, much of the overdia-
gnosis can be adjusted away in the analyses
(Box 1).
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Example 3. Adjustment for long lead times
The report claims that short lead times are
a key source of error in estimates of over-
diagnosis. We take this to mean the number
of years of follow-up after women are no
longer invited to mammography screening.
This will be significant if there are many
tumours with a long lead time.

The lead time is the time interval from
the detection of a tumour by screening to
the point when the tumour would have been
detected clinically. For example, women
must be followed up until at least age 79 if
many of the tumours detected by screening
in the age group 65—69 have a lead time
of ten years. In theory, a comparison of
cumulative rates until age 79 would then
be an appropriate method for estimating the
extent of overdiagnosis, because there will
be only a small possibility of bias. The dis-
advantage is that the confidence interval
around the cumulative rates will grow with
the length of the follow-up period (14), cau-
sing statistical uncertainty to increase. Long
follow-up periods are therefore not neces-
sarily any better than short ones.

It is more serious that the combination
of adjustment for long lead times and
adjustment for an underlying increase in
breast cancer incidence in excess of its real
level has introduced a serious bias in the
results. In studies of women with tumours
that have been diagnosed by mammography
but not operated on, the average lead time
has amounted to approximately one year
(4). Analyses of observational data show
the same result (4).

The notion that the average lead time is
2—7 years is based on mathematical models
that assume that all tumours grow, and that
all increases in incidence found by scree-
ning are caused by early diagnosis (i.e. no
overdiagnosis is assumed) (4). This self-
contradiction —assuming zero overdiagnosis
when estimating the amount of overdiagno-
sis — is completely unreasonable. Moreover,
such mathematical models have been falsi-
fied in various ways (4, 15). If too long lead
times are assumed, the level of overdiagno-
sis is underestimated (Box 1).

Regression of cancer

In a widely quoted article from the Norwe-
gian Mammography Programme, which is
not referred to in the report from the Research
Council of Norway, we estimated the propor-
tion of cancerous tumours detected by scree-
ning that would have disappeared sponta-
neously (15).

In this study, women who have been
invited for mammography screening on
three occasions over six years (the test
group) are compared to women who have
not been screened for four years before
being screened once over the subsequent
two years. This study has been designed in
such a way as to adjust for nearly all diffe-
rences in risk between the groups, by inclu-

1617



COMMENT AND DEBATE

ding the same women in both the test group
and the control group.

Without any overdiagnosis, the total
number of tumours should be the same in
both groups after six years, but we found
22 per cent more tumours in the test group.
The study can be interpreted as much of the
increase in breast cancer incidence detected
by screening includes tumours that would
have gone into spontaneous regression had
they not been diagnosed by mammography.
In addition, nearly all ductal carcinomas
in situ must disappear spontaneously or
remain unchanged, because surgical treat-
ment does not lead to fewer cases of breast
cancer. The purpose of treating and remo-
ving carcinomas in situ is to prevent them
from developing into cancer at a later stage.
Two randomised studies in which women
are offered active follow-up versus surgery
have been initiated to investigate the regres-
sion of ductal carcinoma in situ (2, 3).

Mortality

Approximately half of all mortality in
women aged 50—74 years is due to cancer,
but only 6 per cent of this total mortality

is caused by breast cancer (6). The report
assesses only the effect of mammography
screening on breast cancer-specific morta-
lity, not the effect of screening on total mor-
tality or total cancer mortality. The two
latter end points are also interesting, since
they capture possible increased mortality as
a result of cancer treatment (chemotherapy
and radiotherapy increase mortality from
cardiovascular diseases and other types of
cancer) (9).

The report highlights one particular study
as being the most credible, and the conclu-
sions on the effect of mammography scree-
ning are based exclusively on this (17).
While this study concludes with a 28 per
cent reduction in mortality from breast
cancer, two other studies (18, 19) show a
non-significant reduction of approximately
10 per cent — substantial differences in esti-
mates may also be interpreted as reflecting
uncertainty as to the real nature of this
effect. The preferred study does not adjust
for individual risk factors, is based on a sta-
tistical method which is described in vague
terms and is thus hard to understand as well
as not in common use, and the analysis is
based on unstated assumptions that have
not been validated.

One of the main unstated assumptions
is the way in which the effect of better treat-
ment has been modelled. Mortality from
breast cancer started to fall in Norway
around 1993, i.e. just before the introduc-
tion of public mammography screening
(Figure 2) (20). Much of this reduction in
mortality after 1993 was probably due to
the introduction of modern forms of treat-
ment for breast cancer, such as hormone
therapy, chemotherapy and trastuzumab
(Herceptin). Improved treatment has been
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estimated to reduce breast cancer-specific
mortality by 30 per cent (21).

The key question is how the effect of
improved treatment has been distinguished
from the effect of public mammography
screening. If it is found that nearly the
entire reduction is due to mammography
screening, this is an unreasonable finding.
A validation analysis has been undertaken,
in which pseudo-invitations to screening
of women aged 50—69 years in 1990—94
have been added and where a relative risk
of approximately one per cent is found (17).
Unfortunately, this exercise does not help
validate the method.

No mammography screening program-
mes (10), including the Norwegian one
(11), have reduced the incidence of meta-
static breast cancer. While the report draws
its conclusions exclusively on the basis of
mathematical modelling of mortality from
breast cancer, a simple observation tells a
different story: without any reduction in
advanced-stage breast cancer, it is difficult
to imagine a reduction in mortality — and
nearly all increases in incidence are over-
diagnosis.

Conclusion

The report concludes that the Mammo-
graphy Programme has caused a reduction
in breast cancer-specific mortality of 20—30
per cent, and that for every death from breast
cancer prevented, five women are overdia-
gnosed. This result must be interpreted with
caution. The conclusion is based on a narrow
selection of available knowledge, and only
a few of the end points recommended for
evaluation of screening programmes have
been included: the authors have not studied
whether mammography screening helps
detect cancer at an earlier stage or whether
total mortality declines. It does not inspire
confidence that adjustment for hormone use
and an assumed increase in breast cancer
incidence are fundamental for the analyses
of incidence, but not in the analyses of mor-
tality.

What is most surprising, however, is to
see how the effect of improved treatment
in the period after introduction of screening
has been addressed. Changes in treatment
have been estimated to reduce mortality
from breast cancer by 30 per cent. It is
unreasonable, though, to assume that the
treatment effect and the screening effect
should both amount to 30 per cent — which
would have caused a 60 per cent reduction
in breast cancer mortality.
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