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ABSTRACT

Background: Mammography screening, with
its primary aim of breast cancer mortality reduc-
tion, is well implemented in most OECD mem-
ber states. Overdiagnosis and overtreatment
are often controversially discussed as poten-
tial consequences of screening. The objective
of this study was to examine whether high
mammography screening rates are associated
with (a) higher incidence of and (b) lower mor-
tality rates from breast cancer, and (c) higher
inpatient mastectomy rates in OECD countries.

Methods: For this investigation, an ecologi-
cal study design was chosen. Data of mammo-
graphy screening rates, standardized incidence
and mortality rates of breast cancer and inpa-
tient mastectomy rates were derived from the
database OECD.Stat Extracts for 2008 (or ne-
arest year). Bar charts and scatter plots with
associated R2 were produced.

Results: Mammography screening rates
showed a broad distribution among OECD sta-
tes. Specific health indicators were, on average,
less favorable in those countries where more
women were screened. A high degree of va-
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riance explained by screening rates could be
found for incidence rates of breast cancer and
mastectomy rates (R?=0.522 and R2=0.258, re-
spectively). For mortality rates, this was lower,
but of medium size (R?=0.227).

Conclusion: Due to the ecological nature of
the data, international variations in treatment
guidelines and documentation of health indi-
cators, the results must be interpreted with
caution. However, the findings are in line with
the contemporary literature. In the light of the
observed correlation between mammography
screening and less favorable health indicators,
the role — whether explanatory or confounding
— of potential overdiagnosis, overtreatment,
and the time point of screening implementa-
tion remain controversial.

INTRODUCTION

AFemale breast cancer is the most prevalent
neoplasm worldwide. In 2008, 5.2 million women
were suffering from the disease !, which is also
the leading cause of death from cancer among
the female population in Europe 2. However, to-
day it is believed that evidence-based screening
tests, like mammography screening for breast
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cancer in women aged 50-69 years, followed by
appropriate treatments, have the potential to
prevent a large number of breast cancer deaths
and, by that, reduce mortality rates of breast
cancer 3. Therefore, mammography screening
programs, with the primary aim of breast can-
cer mortality reduction, have been implement-
ed in most of the OECD countries during the last
decade “°, in particular since the European
Council recommended the implementation in
December 2003 in all Member States °. After the
adoption of screening, many studies have exam-
ined the effect of this diagnostic intervention on
mortality rates and possible consequences, such
as overdiagnosis and overtreatment, referring to
the possibility that such breast cancers are diag-
nosed and treated which otherwise would have
never posed a risk #7710,

Nevertheless, to our best knowledge, the
overall perspective of all OECD states concerning
the association between mammography screen-
ing and health-related indicators has not been
well studied in a comprehensive manner. Con-
sequently, the aim of this investigation was to
examine whether high mammography screening
ratesin females, aged 50-69 years, are associated
with (a) higher incidence rates of breast cancer,
(b) lower mortality rates from breast cancer, and
(c) higher inpatient mastectomy rates, as a sur-
rogate for subsequent health care activities, in
OECD countries.

MATERIALS AND METHODS

Data sources and definitions

For this investigation, an ecological study de-
sign was chosen, as aggregate data concerning
mammography screening rates, incidence and
mortality rates of breast cancer and mastectomy
rates were available from the database OECD.
Stat Extracts (http://stats.oecd.org/; February
21st, 2014).

Mammography screening rate was defined
as the percentage of females aged 50-69 years
being screened. For some OECD countries, this
data was based on encounter data of a screen-
ing program, and for others, it was based on
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surveys °. Whenever information of both sources
were available for a country, the encounter data
was used, as it was assumed to be more accu-
rate. Breast cancer was defined as malignant ne-
oplasms of the female breast (ICD-10-CM code:
C50). Age-standardized incidence rates (for the
World Standard Population for 1960) '' and
age-standardized mortality rates (for the total
OECD population for 2010) *? of malignant neo-
plasms were included in the analysis per 100,000
females. Mastectomy rates were defined as in-
patient mastectomy procedures per 100,000 fe-
males (ICD-9-CM code: 85.4) 3.

Data from the index year 2008 were included
in the analyses. If no data for the index year were
available, the method of last observation carried
forward was applied (to a maximum of three
years back, i.e. 2005).

In this study, all 34 OECD states were includ-
ed initially. Poland, Spain and Sweden had to be
eventually excluded from all analyses, as mam-
mography screening rates — the main variable
of interest in this study — were not available for
these countries.

Statistical methods

Bar charts and medians with 25th and 75th
percentiles as well as minimum and maximum
percentages were presented to describe mam-
mography screening rates among OECD states.
Scatter plots with the corresponding R? as a
measure of explained variance, were produced.
This was used to estimate the bivariate correla-
tion between mammography screening, which
was determined as the independent variable, and
various dependent variables (incidence rates,
mortality rates and mastectomy rates; included
separately). Exponential, linear and logarithmic
regression models were tested and fitted, based
on which of the three types showed the best ex-
plained variance of the two variables examined.
For the interpretation of associations, a correla-
tion coefficient, extracted root of R? in a bivari-
ate analysis, between 0.1 - <0.3 was assumed to
represent a small effect, between 0.3 — <0.5 a
medium effect, and > 0.5 a large effect . Anal-
yses were carried out using the Microsoft Excel
2007 spread sheet.
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Figure 1.

Mammeaoagraphy sereening rates in females aged 50-82 years in OECD states

in 2008 (or nearast year)
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RESULTS
Mammography screening rates

Mammography screening rates in 2008
showed a considerably broad distribution among
OECD states, from 8.2% in Mexico up to 84.9%
in Finland (Figure 1, Supplementary Table 1). The
median screening rate was 60.0% with a 25th
Percentile of 48.4% and 75th Percentile of 73.7%.

Incidence rates

In countries where a high proportion of the fe-
male population aged 50-69 years was screened,
age-standardized incidence rates of breast can-
cer were higher than in OECD states where mam-
mography screenings were less often performed
(Figure 2). Overall, an exponential increase of
incidence rates was found with a high degree
of explained variance of R? = 0.522. Compared
to countries with similar screening rates, the
Slovak Republic was an outlier with a rather
high age-standardized incidence rate (53.4 per
100,000 females), while only few women had
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undergone mammography screening in 2008
(15.7%).

Mortality rates

The age-standardized mortality rates from
malignant neoplasms of the female breast were
higher in those OECD countries in which a larger
share of the female population was being
screened with mammography, shown by a log-
arithmic increase of mortality rates in relation
to screening rates (Figure 3). The variance in the
proportion of women screened could explain
observed mortality rates from breast cancer to
a medium degree (R?=0.227). Korea was an ex-
ception in this analysis. It was shown to have the
lowest breast cancer mortality of all OECD coun-
tries (7.3 per 100,000 females), whereas a rela-
tively high amount of women underwent mam-
mography screening (Screening rate of 51.4%).
Across all other countries with high mammog-
raphy screening rates (>40%), there was only a
small variation in mortality rates found. They
were all in the range of 20-40 deaths per 100,000
females.
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Figure 2.
Age=standardized incidence rates of breast cancer in relation to mammography screening rates
in females aged 30-62 years in OECD states in 2002 {or nearest year)
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Figure 3.

Age=standardized montality rates of breast cancer in relation to mammography screening rates
in females aged 30-62 years in OECD statesin 20028 {or nearest year)
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Mastectomy rates

Inpatientmastectomyrateswere higherin OECD
countries with higher percentages of women
screened, with an exponential relationship
between these two variables (Figure 4). The
variance in mammography screening rates could
explain, to a large degree, the observed mastec-
tomy rates (R?=0.258). However, 6 of the 31 coun-
tries considered had to be excluded due to miss-
ing mastectomy rates in the period under study.

Figure 4.

more than twice as high as in the Slovak Republic
(31.8% and 15.7%, respectively).

DISCUSSION

Discussion of methods

The international comparison of aggregate,
macro-level data comes with methodological
limitations which have to be kept in mind when
interpreting the results.

Mastectomy rates of breast cancer in relation to mammoaraphy screening rates
in females aged 50-69 years in OECD states in 2008 (or neareast year)
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Especially in the Netherlands and Finland, but
also in Belgium, the mastectomy rates were high
compared to OECD states with similar screening
rates. Chile and Slovak Republic were outliers
with rather low percentages of women screened
and subsequently low inpatient mastectomy
rates. Besides being outliers, both countries dif-
fer according to inpatient mastectomy rates and
corresponding mammography screening rates.
For Chile, the inpatient mastectomy rate is lower
compared to the Slovak Republic (28.8 and 33.6
per 100,000 females, respectively), whereas the
corresponding mammography screening rate is
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The concept of ecological fallacy has to be
mentioned in this context, as an ecological study
design was used '°. Results are based on aggre-
gate data for 2008 (or nearest year); therefore,
no assertions about causality or time trends re-
garding mammography screening and health or
health system related indicators can be made,
neither on national nor on individual level.
Mammography screening rates were based on
program or survey data, which are assumed
to be more imprecise because of recall bias °.
Hence, data acquisition is an additional bias.
Furthermore, international variations in treat-

IN OUR STUDY, IT WAS
FOUND THAT MORTALITY
RATES ARE LOGARITHMI-
CALLY INCREASING WITH
RESPECT TO SCREENING
RATES, WHICH IS IN CON-
TRAST T0 THE HYPOTHESIS
THAT, IN OECD STATES WITH
HIGHER SCREENING RATES,
MORTALITY FROM BREAST
CANCER IS LOWER.

ment guidelines and recommendations as well
as definitions and documentation of malignant
neoplasms influence incidence and mortality
rates. Comparable ICD-10 and ICD-9 codes were
used, which is an obvious advantage, but cod-
ing habits might vary across countries especially
with regard to coding of the underlying causes of
death 6, Beyond that, different age-standardiza-
tions were used within the OECD data. Incidence
rates were standardized for the World Standard
Population of 1960, and mortality rates for the
total OECD population of 2010, while inpatient
mastectomy rates were not age-standardized at
all. Due to these differences, as well as further
diversities in medical culture, communication to
patients, and selective access (e.g. via money or
time prices borne by the patient) to screening
tests across OECD countries, the conclusions to
be drawn from the various measures of associa-
tion between the rates studied and mammogra-
phy screening are rather limited.

The strength of our analysis is the comprehen-
sive comparison across OECD states. For most of
the 34 OECD states, data were available, even if
not all data for each indicator were available for
the index year. The exercise was of exploratory
nature, and the results found may be seen as a
contribution to hypothesis-generation for be-
spoke study designs.

Discussion of results

Mammography screening rates vary across
OECD states, which corresponds to former
study results of variations across European
countries 3. The type of screening program, as
in nationwide and/or additional opportunistic
screening, or population-based vs. non-popu-
lation-based, is strongly linked to variations in
screening rates >'/. Apart from that, while the
percentage of females screened is a key indica-
tor of screening coverage (and hence access),
the quality of administration and interpretation
of mammography screening (screening inter-
val, detection rates depending on technological
sensitivity, specificity and specialization of staff)
differs significantly between countries 3°7,
Mammography screening rates are strongly
dependent on the phase of implementation of

Mammography screening in the OECD
and its impact on health and health
system related indicators

screening (pre-screening, introduction phase
and fully-running program). Therefore, the com-
parison of screening programs as such across
countries is challenging /.

Overall, the type, quality and phase of imple-
mentation have important implications on health
and health system related indicators.

Concerning breast cancer incidence, an in-
crease of this rate is often associated with the
introduction phase of a novel mammography
screening program “17. During the course of a
screening program, detection rates are expected
to decrease again after a certain run-in phase /.
Therefore, different phases of implementation in
the OECD countries could explain the broad dis-
tribution of breast cancer incidence rates. Fur-
thermore, the incidence is also strongly depend-
ent on risk factors of the disease, such as genetic
predisposition, increased exposure to hormones,
overweight and alcohol consumption, which vary
widely across the countries under study °. The
exponential increase of incidence rates in rela-
tion to mammography fits the popular notion of
“when more is searched, more is found” or, on a
scientific level, the controversially discussed alle-
gation of a potential overdiagnosis of breast can-
cer as a result of wide screening #7%20_ |t is ar-
gued that through screening, many slow-growing
tumors with a long non-symptomatic phase are
detected which would otherwise not have been
found in the remaining life-span of the individuals
concerned, and would never have been fatal °.
A systematic review of randomized controlled
trials assumed a rate of overdiagnosis of about
30% ’. Recently, in a randomized screening trial in
Canada, it was found out that 22% of screen-de-
tected invasive breast cancers were over-diag-
nosed, corresponding to one over-diagnosed
case in 424 women screened. However, data col-
lection started in the 1980s, and mammography
screening at that time might not be comparable
to modern standards ©. An Independent UK Panel
on Breast Cancer Screening also warned that esti-
mates of overdiagnosis are subject to several un-
certainties,and onlyrelyonsmallamounts of data.
Although the Panel conceded that overdiagnosis
may occur, they found the most reliable estimates
of overdiagnosis in women invited to screening
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to be 11% of cancers diagnosed during lifetime,
and 19% of cancers diagnosed during screening
programs '°. In addition, as the severity of tum-
ors was not assessed in this study, it can only be
suspected that overdiagnosis of small invasive
breast cancers and in situ lesions contribute to
higher incidence rates in OECD states, where
more women are screened.

In our study, it was found that mortality rates
are logarithmically increasing with respect to
screening rates, which is in contrast to the hy-
pothesis that, in OECD states with higher screen-
ing rates, mortality from breast cancer is lower.
This could be explained by the “sticky diagno-
sis bias”: Due to mammography, the number of
women diagnosed with breast cancer increases;
subsequently, mortality rates inflate, because
the diagnosis might “follow” the individual and
influence decisions regarding coding of the un-
derlying cause of death “. Additionally, screening
might also increase mortality via more performed
radiotherapies, which are said to be harmful for
women with a low risk of local recurrence, which
often applies to tumors found by mammogra-
phy 7. Nevertheless, current research suggests
a decrease of mortality rates by screening of
15% 7, 26% after 6-11 years of follow-up 19,
or even up to 48% 2'. An explanation for these
varying results might be, apart from methodolog-
ical issues, that studies usually compared mortal-
ity rates before and after the implementation of
a screening program. With aggregated data used
in this study, it was only possible to compare the
rates in countries during one specific year, which
might explain the contrasting findings. Moreover,
mortality reduction at population level is expect-
ed to occur, at the earliest, several years after im-
plementation of mammography programs, and is
also depending on the implementation phase /.
This might be also the reason for a particularly
low mortality rate in Korea. An increase of the
mortality rate is expected as a result of an in-
creasing incidence rate in Korea within the last
years, maybe due to the adaption of western life-
styles. In turn, an increase of the mortality rate
at population level will be seen several years af-
terwards 22. Contrasting to these findings, it was
concluded in the current literature, based on re-
sults of a recent randomized screening trial, that
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mammography did not achieve to reduce mor-
tality from breast cancer for women aged 40-59,
and by that, authors recommended to reassess
the rationale for mammography screening .

Mastectomy rates seem to be exponentially
higher in OECD countries with higher mammog-
raphy screening rates, which corresponds to the
hypothesis that activity will follow diagnosis,
although data was incomplete for mastectomy
rates of the respective countries. Very much like
incidence rates, mastectomy rates depend on
the stage of screening implementation; whereby
mastectomy rates are expected to be higher
during implementation and are likely to decline
during fully-running screening programs /. This
might have influenced the differences in mas-
tectomy rates. Besides, variation in mastectomy
rates can be a result of diverse national interven-
tional policies (e.g. treatment guidelines and rec-
ommendations of therapy) independently from
screening policies 1723, Related to this, changes
in such guidelines, e.g. from mastectomy as the
standard treatment towards breast-conserv-
ing therapy, are important to take note of (and
correct for), as they may differ across OECD
states 724, For example, a lower decrease of
mastectomy rates during the mammography
screening implementation in Germany might be
due to a higher proportion of breast-conserving
surgeries as a new health policy . In analogy
to overdiagnosis, overtreatment — which means
‘aggressive’ therapy of tumors which would have
never posed a risk * —is a further possible reason
for higher mastectomy rates in states with higher
screeningrates. ACochranereview of randomized
trials pointed out that mastectomy rates in-
creased by 20% in women who underwent mam-
mography screening, compared to those who
were not screened /. For Denmark, which also
featured high mastectomy rates in our analysis,
33% overdiagnosis and overtreatment was re-
ported, which is still lower than previously ex-
pected °.

However, in the case of Germany, reliable data
on the effectiveness of mammography screening
with regard to decrease of breast cancer mor-
tality are not yet available, and are expected to
be published in five to seven years ?°. For the
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UK, the Independent Panel weighs in significant
benefits such as an estimated 20% reduction in
overall mortality in women invited to a 20-year
screening program, against possible harms of
diagnosis and treatment of cancer that would
never have caused problems, concluding that
the screening program should continue, with the
proviso that the pros and cons need to be clearly
communicated to women *°.

CONCLUSIONS

Due to ecological design used and international
variations in definitions, documentation, and
guidelines to name but a few, the interpretation
of the findings, i.e. the associations shown, needs
to be handled with extreme caution. However,
our results are in line with much of the current
body of the literature. As potential reasons for
less favorable levels of specific health indicators
in relation to mammography screening, the roles
of overdiagnosis, overtreatment as well as the
phase of screening implementation can be dis-
cussed controversially. Regarding mastectomy
rates, one must conclude that variation among
OECD states might be partly be independent of
screening coverage and due to national health
policies, which are themselves prone to differ
across OECD states, and even within the same
states over time. Contrary to an intuitive hypoth-
esis, mortality rates seem to be higher in OECD
states with higher screening coverage. This could
be biased or confounded by several factors, one
of which is that mortality is expected to decrease
in the general population only several years after
implementation of a screening program. There-
fore, ongoing research is necessary to assess the
harm-benefit balance based on data from mod-
ern and nationwide mammography screening
programs. |
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AUSTRALIA* 55.2 84.8
AUSTRIAt 80.2? 69.9

BELGIUM* 61.02 109.4
CANADAt 72.5 83.2
CHILE* 3.8 40.1
CZECH REPUBLIC* 49.6 67.7
DENMARK* 737 89.1
ESTONIA* 51.0 50.2
FINLAND* 84.9 86.6
FRANCE* 52.5 99.7
GERMANY* 53.0 81.8
GREECE 53.8 449
HUNGARY* 46.3 579
ICELAND* 62.0 86.2
IRELAND* 75.0 93.9
ISRAEL* 66.5 96.8
ITALY* 60.0 86.3
JAPANT 23.8 427
KOREA* 51.4 38.9
LUXEMBOURG* 64.5 82.3
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Mammography
screening rates

in females and
corresponding health
and health system-
related indicators in
OECD states in 2008
(or nearest year)

Data were available for
2008 or nearest year
(* 2007; 2 2006 and 3
2005). * corresponds
to program data and
to survey data. Poland,
Spain and Sweden
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screening rates were
not available.
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