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Abstract

Objectives  Although the contribution of health care to
survival from cancer has been studied extensively, much
less is known about its contribution to population health.
We examine how medical innovations have influenced
trends in cause-specific mortality at the national level.
Methods Based on literature reviews, we selected six
innovations with proven effectiveness against cervical
cancer, Hodgkin’s disease, breast cancer, testicular cancer,
and leukaemia. With data on the timing of innovations and
cause-specific mortality (1970-2005) from seven European
countries we identified associations between innovations
and favourable changes in mortality.
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Results For none of the five specific cancers, sufficient
evidence for an association between introduction of inno-
vations and a positive change in mortality could be found.
The highest association was found between the introduc-
tion of Tamoxifen and breast cancer mortality.
Conclusions The lack of evidence of health care effec-
tiveness may be due to gradual improvements in treatment,
to effects limited to certain age groups or cancer subtypes,
and to contemporaneous changes in cancer incidence.
Research on the impact of health care innovations on
population health is limited by unreliable data on their
introduction.
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Introduction

Cancer is a major cause of death in the European Union,
killing about 1.9 million persons every year (Ferlay et al.
2010). Age-standardised death rates have been falling,
from just over 200/100,000 in 1990 to 170/100,000 in 2010
(WHO Health for All Database). However, this overall
trend conceals a more complex picture, with marked dif-
ferences by cancer site (Leon 2011). These are driven by
changes in incidence (themselves representing historic
changes in risk factors, such as declining rates of smoking
for males) but also by improvements in early detection and
treatment. Yet, in the current climate of austerity, when
expenditure on health care is coming under scrutiny
(McKee et al. 2012), it is not clear how much health care
has contributed to this improvement (Meerding et al.
2007). Although there is a large body of research on the
contribution of specific treatments to survival, there is
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much less evidence on the impact on mortality at a popu-
lation level (Carr-Hill et al. 1987; Charlton and Velez
1986; Mackenbach et al. 1988).

This has led to calls for research on the extent to which
innovations in health care have actually contributed to
population health (Mackenbach et al. 1990; Westerling
1996), especially in the light of questions about the
effectiveness of programmes such as mammographic
screening (Gotzsche et al. 2012). This study seeks to
determine whether the introduction of selected health care
innovations coincided with a favourable change in the
trend of mortality from five cancers in seven European
countries. A brief review of health care interventions for
which effectiveness was shown in clinical studies is given
below. Selected references for the timing of each innova-
tion in each country are offered as Online Resource.

Breast cancer

A modelling study from the USA estimated that screening
reduced breast cancer mortality by 12.4 % and treatment
reduced it by 14.6 % (Mandelblatt et al. 2006). The evi-
dence that mammographic screening is effective in saving
lives (Duffy et al. 2010) has been disputed (Autier et al.
2011; Gotzsche et al. 2012) but a recent report from the UK
concluded that it was effective (Marmot et al. 2012).
Second, Tamoxifen has been shown to be effective in
prolonging survival, especially in women with oestrogen
receptor-positive disease (McGuire 1978). Although the
benefits of screening are still controversial, it is likely that
the observed reductions in population level mortality
reflected the combined effect of both screening and adju-
vant therapy. We chose screening with mammography and
treatment with Tamoxifen as key interventions.

Cervical cancer

A long-term decline in cervical cancer mortality has con-
tinued over the last decade, widely attributed to the wider
adoption of organised screening programmes in western and
northern Europe (La Vecchia et al. 2010). This view has
been supported by the observed clear association between
coverage and comprehensiveness of screening programmes
and mortality reduction across countries (Office of Popu-
lation Censuses and Surveys 1975/1982) (Laara et al. 1987).
Survival from cervical cancer has also been improving in
the past decades (de Kok et al. 2011). As key intervention
we chose cervical screening (Department of Health and
Social Security 1988). It is difficult to ascertain how much
of the observed decline in mortality can be attributed to
screening because of changing incidence. Nonetheless,
where population-based screening programmes exist, a
substantial reduction in mortality has been achieved. There
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is little evidence to suggest that new treatments for invasive
cervical cancer treatment are having a significant effect at a
population level (Tewari and Monk 2009).

Testicular cancer

Testicular cancer mortality has declined in the EU from 0.47
in 1990-1994 to 0.35 per 100,000 in 2000-2004 (La Vecchia
et al. 2010). Relative survival has risen from 96 % (1 year
after diagnosis) and 91 % (5 years after diagnosis) in
19861990 to 98 % (1 year) and 97 % (5 years) in
1996-1999 (Nur et al. 2008). These improvements have
resulted from advances in combination chemotherapy.
Although the combination of developments at the time it was
being introduced makes it difficult to quantify its effect on
mortality with certainty, we chose the introduction of Cis-
platin to be the key intervention against testicular cancer.

Hodgkin’s disease

Age-adjusted mortality rates from Hodgkin’s disease in 19
European countries fell by 70-80 % between 1965-1969
and 1995-1998 (Levi et al. 2002). Five-year relative survival
rate for Hodgkin’s disease between 1940 and 1964 improved
from 24 to 41 % (Frei and Gehan 1971). Since the 1940s,
when combined chemo- and radiotherapy was introduced,
and when 5-year relative survival rates of 40 % were already
being achieved with rudimentary regimes (Pederson and
Mukherjee 2011), a series of advances in treatment have
approximately doubled the survival rate (Janssen-Heijnen
et al. 2005). The key intervention in the period 1970-2005 is
high dose therapy combined with peripheral blood stem cell
transplantation (Robinson et al. 2001).

Leukaemia

Mortality from acute non-lymphocytic leukaemia (ANLL)
and chronic myeloid leukaemia (CML) fell by 7 % per year
and 5 % per year, respectively (own analysis for UK).
Despite variations in survival in relation to age, country,
histological subtype and period of diagnosis overall 5-year
relative survival was 37 % for ANLL and 44 % for CML
(Dama et al. 2006). We chose as key intervention the
improved treatment of disease process and complications
combined with the inclusion of younger patients.

Methods
Mortality data

We studied Estonia, France, West Germany, The Nether-
lands, Spain, Sweden and the United Kingdom as examples
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of different European health systems. For these countries,
cause-specific mortality data covering the whole popula-
tion and covering the period from 1970 to the latest
available year (2005, 2006 or 2007) by 5-year age groups
and gender were provided by the national statistical offices.
Data on mortality from Hodgkin’s disease could not be
used in Estonia because the Soviet coding system was used
in the early part of the period. An overview of the number
of deaths and the exact ICD coding is given in Table 1.

Selection of relevant innovations

To define a distinct clinical innovation of proven effec-
tiveness introduced between 1970 and 2005, a series of
systematic literature reviews was undertaken, which sought
two types of evidence on the effectiveness of the innova-
tion on mortality: first, well-conducted observational
studies documenting a decline in mortality that could
plausibly be attributed to the intervention and second,
randomised controlled trials showing a decline of 30 % or
more. Applying these criteria yielded six interventions
related to the chosen conditions (Table 2).

Timing of introduction of innovations

Country-specific information was obtained on the year of
introduction and the process of diffusion for six health care
innovations related to the five causes of death. We devel-
oped a questionnaire in which national experts were asked
to identify sources of information about the introduction of
innovations and to provide information from a wide range
of data sources, such as national guidelines, committee
reports, scientific publications, expert interviews, and data
on registration and on introduction and sales of pharma-
ceuticals (the questionnaire can be found in our project
report at http://amiehs.Ishtm.ac.uk). Furthermore, a litera-
ture review was performed for each innovation and country
(a selection of references to the introduction of each

innovation for each country is offered as Online Resource).
This was integrated within a theoretical framework of
“diffusion of innovation” (Ryan and Gross 1943), further
developed by Rogers (2002). Then we derived periods of
4-10 years where a decline in cause-specific mortality
could be expected, taking into account a time lag for a
sufficient diffusion of the innovation and one for the impact
on mortality on the patient level. We looked for both very
early indicators of early adopters introducing the method
and indicators of a continued diffusion of the method. We
used specific criteria for defining hypothesis on the time
period when we would expect a favourable shift in mor-
tality trends due to the introduction of the innovation.

Criteria 1

The first documented year of introduction of the innovation
in a specific country was used to define the year of the start
of diffusion. The start of first clinical trials or studies,
available sales statistics from the introduction period or
evaluation reports describing the introduction of the inno-
vation were accepted as data on the start of diffusion.
When no data was available, the year of registration or
national decision was used.

Criteria 2

To define a hypothesis of expected influence on the mor-
tality trends we also need data indicating a continued
diffusion of the innovation. This was indicated by further
clinical trials, evaluation reports, guidelines, national pro-
grammes and sales statistics. A maximum period of
10 years was used as implementation period.

The choice of time period was limited to the study
period 1970-2005, i.e. when the main part of the expected
period was found to be outside this study period no time
period was defined. Further criteria details for specific
situations have been published elsewhere (Plug et al.

Table 1 Number of deaths in the study period by cause (ICD-9 and ICD-10), country and gender

Breast cancer Cervical cancer Testicular cancer Hodgkin’s Leukaemia
(174;,C50) (180;C53) (186;C62) disease (204-208;C91-C95)
(201;C81)

Women Women Men Men Women Men Women
Estonia (1970-2005) 7,201 3,063 271 1,151 1,010 1,782 1,765
France (1970-2005) 344,901 29,941 5,814 9357 6,110 72652 60,882
W-Germany (1970-2005) 490,979 71,797 9,788 1,4011 11,540 83,225 79,244
Netherlands (1970-2007) 116,825 11,377 1,611 2,829 1,968 19,623 16,258
Spain (1970-2007) 176,423 15,892 1,799 6,978 4,440 39,723 31,368
Sweden (1970-2006) 547,14 77,90 771 1,634 1,151 13,380 11,092
UK (1970-2006) 452,158 62,330 5,366 1,0150 6,955 67,519 56,434
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Table 2 Overview of periods of expected mortality decline based on innovations in health care, and favourable changes in mortality matching

these periods

Cause of death  Breast cancer Cervical cancer

Testicular cancer ~ Hodgkin’s disease Leukaemia

Innovation Mammography = Tamoxifen  Introduction Cisplatin High dose therapy and Improved treatment
cervical screening peripheral blood stem (management of the
cell transplantation disease process and
its complications for
younger patients)
Estonia
Period Nhd 1992-2001  2003- 1995-2003 NA NA
Match 2000 (F)
France
Period 1989-1996 1981-1988  Nhd 1977-1984 1992-1999 1980-1987
Match 1989 (F) 1985(M)/1981(F)
W-Germany
Period 2001-2005 1981-1988  1971-1978 1973-1980 1988-1995 1978-1985
Match 1986 (F) 1973 (F) 1977 (M) 1990 (F) 1978 (F)
Netherlands
Period 1975-1982 1981-1988  1980-1987 1976-1983 1994-2001 1972-1979
Match
Spain
Period 1992-1999 1988-1995  Nhd 1981-1988 1992-1999 1978-1985
Match 1993 (F) 1993 (F) 1993 (F)
Sweden
Period 1976-1983 1976-1985  1970-1977 1981-1988 1985-1992 1975-1982
Match 1980(M)/1977(F)
UK
Period 1979-1986 1976-1983  1985-1992 1976-1983 1999— 1977-1984
Match 1988 (F) 1976 (M) 2002 (M)

NA not available, because sufficient information on the introduction of the innovation was not available

F female; M male, Nhd no hypothesis defined

2011). It should be noted that we apply an ecological
design without information on individual treatment or
individual mortality outcome.

Description of mortality trends

To identify significant changes in mortality that might be
associated with health care, mortality trends based on
annual data need to be simplified to see only significant
changes of the trend. We used joinpoint models based on
Poisson linear spline regression (using the software R) to
identify “knots” in the national gender specific mortality
trend that mark the years in which a significant change in
mortality occurred (Otto et al. 2003). This method is
especially apt for the analysis of time trends because it uses
dummies in the regression model that equal 1 in a certain
period and O otherwise. Periods differ in their slopes and
the lengths of the periods are estimated in an iterative
process until the optimal fit to the mortality trend is found.
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For our analysis, we concentrated on “favourable” changes
in mortality which means either a change from mortality
increase to decrease, a change towards a slower increase, or
a change towards a faster decrease. Besides the timing of
the knots this analysis also produced the per cent annual
change for each of the periods between the knots.

Within the period between 1970 and 2005 several ICD
revisions were used. We developed a method to calculate
correction factors to adjust for the influence of changes in
ICD coding on the mortality trends (Rey et al. 2011) based
on the Polydect method (Zhang et al. 2009). To identify
any possible cohort effect on mortality trends an age—per-
iod—cohort (APC) analysis was performed. As these
analyses did not identify cohort effects, we retained the
original analyses. Based on the spline regression, we pro-
duced figures with the mortality trend age-standardised to
the European standard population. In a first set of analyses
no age limit was used, then we repeated the analysis for the
age range 0-74.
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Association between mortality trends and innovations
in health care

We established whether a favourable change in mortality
(“knot”) occurred during the period of expected mortality
decline. If a knot falls within this period, this was defined
as a “match”, suggesting that the innovation may have had
a positive impact on mortality. To conclude that a certain
number of matches provide sufficient evidence for an
association we followed two approaches:

1. Likelihood test: for each cause of death, we calculated
the likelihood to find the observed number of matches
under the assumption that the knots are randomly
distributed in time. From this expected probability we
derived the expected number of matches, compared
this to the observed number of matches and reported
the statistical significance of this difference. Because
of problems with the reliability of the available data on
the introduction of innovations, we performed a
sensitivity analysis that divided the innovation data
into two groups of more and less reliability and
repeated the statistical test for both groups.

2. Count of matches by condition on the country-level:
To reveal which of the causes of death was responsive
to innovations in health care, we counted the countries
that show a match for a condition. For cancers that can
occur in both sexes, we weighted countries where only
one showed the association by 0.5. If more than half of
all countries with available data show the association,
we took this as evidence for an impact of the
innovation. A detailed description of our study meth-
ods is published elsewhere (Hoffmann et al. 2012).

Results

Table 2 gives an overview of the periods of expected
mortality decline for each innovation. If a knot falls within
this period, we present the year of this match in the row
below the period.

Figures 1, 2, 3, 4, and 5 show the mortality trends of the
five causes of death for all countries. The straight hori-
zontal lines below the mortality graphs indicate the period
of mortality decline that can be expected as a consequence
of the specific innovation in health care. Mortality trends
across countries for breast cancer (Fig. 1) show a clear
inverse U-shaped pattern with turning points from
increasing to decreasing mortality concentrated around the
year 1990. However, there are countries having this turning
point much earlier, such as Sweden in the early 1970s, or
much later, such as Estonia in 2000. For mortality from
cervical cancer (Fig. 2), we see a steep continuous decline
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Fig. 1 Estimated standardised all-age mortality trend from breast
cancer for women (1970-2005) and expected period of mortality
decline based on introduction of mammography (upper panel) and
Tamoxifen (lower panel)

in all countries, except for Spain that experienced an
increase levelling off after 1989. All countries show
declining mortality from testicular cancer (Fig.3) with
decreases starting to flatten in the 1990s. In Spain the
decline is preceded by a sharp increase. In all countries,
mortality from Hodgkin’s disease (Fig. 4) has decreased
throughout the study period with several fluctuations of this
decline. For example, in Germany the decline is preceded
by a short period of increasing mortality before 1980.
Mortality trends for leukaemia (Fig. 5) show convergence
between countries between 1970 and 1990 with some
improving countries (Sweden, Netherlands) but also
increasing mortality, e.g. in Spain. After 1990 there is
mostly parallel decline between countries for males but
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Fig. 2 Estimated standardised all-age mortality trend from cervical
cancer for women (1970-2005) and expected period of mortality
decline based on timing of introduction cervical screening
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Fig. 3 Estimated standardised all-age mortality trend from testicular
cancer for men (1970-2005) and expected period of mortality decline
based on introduction of Cisplatin

mortality is increasing for females in Estonia. Overall,
mortality from the different cancers shows a declining
trend, with some exceptions. We also see convergence of
mortality between countries.

The upper part of Table 3 shows the results of the
likelihood test for the randomness of the occurrence of
matches. The assumption of a random distribution cannot
be rejected for any of the five causes of death because the
difference between the expected and the observed proba-
bility of a match is always non-significant. It should be
mentioned that the statistical power of this test by cause of
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Fig. 4 Estimated standardised all-age mortality trend from Hodg-
kin’s disease (1970-2005) for men (upper panel) and women (lower
panel) and expected period of mortality decline based on timing of
introduction of high dose therapy/peripheral stem cell transplantation
note: after discussion of the Estonian mortality data with national
experts we decided to exclude Estonia from the study of Hodgkin’s
disease, because the mortality data was unreliable

death is low and so is the chance of a significant difference.
We also performed a sensitivity analysis that grouped the
data on the timing of innovation into data that allowed a
direct indication of the time period and data only allowing
for an indirect indication. Direct indication means that we
have an empirical indication of the method being in use, for
instance in clinical trials or from evaluation reports. Indi-
rect indication means that the earliest data source used for
deciding the year of introduction is a registration year or
guidelines stating that it would be possible or recom-
mended to use the method. This analysis shows that the
subset of more reliable periods shows a significantly higher
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Fig. 5 Estimated standardised all-age mortality trend from leukaemia
(1970-2005) for men (upper panel) and women (lower panel) and
expected period of mortality decline based on introduction of
improved treatment

association between innovations and mortality trends
(results not shown).

Our main criterion for identifying evidence of an effect
of health care is the count of countries showing an asso-
ciation between health care and mortality (Table 3, lower
part). We counted the number of countries where we found
(1) a match for both sexes, (2) a match for only one sex,
and (3) no match. To explore the age-sensitivity of our
results, according to the common assumption that the
amenability of mortality is higher below a certain age limit,
we repeated the analysis for the age range 0-74. Overall,

this did not result in a closer correlation between innova-
tion dates and changes in mortality. Only improved
treatment of leukaemia shows an association after changing
the age range (age specific results shown in project report).

Discussion

This study sought to determine whether the introduction of
selected health care innovations coincided with a favour-
able change in the trend of mortality in five cancers across
seven European countries. For none of the five cancers
sufficient evidence for such association could be found at
the national level. In addition to these new findings on a
potential effect of health care innovations on population
health, our study demonstrates a rigorous approach linking
changes in population health to the timing of innovations.
Some limitations must be mentioned: first, we focus on the
timing of introduction of innovations. Yet, improvements in
population health due to health care reflect three factors: the
introduction of the innovation itself, further improvements
in the quality with which care is delivered, and expanded
coverage of the patient population. Although desirable, it is
not possible, in international comparisons over time, to take
account of the other factors given the absence of adequate
data. Moreover, all three dimensions may progress gradu-
ally without perceptible short term changes. Second,
although we based our analysis of the timing of innovations
on the best available information, this information has still
some uncertainty as shown by our sensitivity analysis.
Innovation is a process and as such difficult to measure. For
screening programmes, the timing of introduction also
seems to vary between different regions and health
administrative areas in the countries which limits the con-
clusion to be drawn on the population effectiveness of the
programmes from analyses on the national level. This may
for instance be the case for mammography in the United
Kingdom (UK Trial of Early Detection of Breast Cancer
Group 1988; Forrest 1986) and Sweden (National Board of
Health and Welfare 1986). We want to mention that it was
not our aim to verify whether the innovation as such was
effective or not (this can be done better by clinical studies)
but rather to see if mortality variations at the national level
may indicate variations in the performance of medical care
for certain conditions. By looking at more specific sub-
groups, for example in terms of region, age range or subtype
of the condition, we theoretically could have increased the
probability of a match, but our aim was to check whether
this association exists on the national and the population
level. Third, the study period was limited to 1970-2005.
When the introduction was partly just before or after this
period, the analysis on the national level may not be able to
verify a potential linkage with a shift in mortality trend.
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Table 3 Test for the likelihood of the number of matches found and counts of countries with a match between 1970 and 2005 in Estonia, France,

W-Germany, Netherlands, Spain, Sweden, and UK

Likelihood test for each cause of death Breast Cervical Testicular Hodgkin’s Leukaemia
cancer cancer cancer disease

Number of favourable knots, M + F for all countries 28 6 10 17 22

Expected probability of a match 0.204 0.204 0.204 0.204 0.204

Expected number of matches 5.7 1.2 2.0 35 4.5

Observed number of matches 5 2 2 3 5

Observed probability of a match 0.179 0.333 0.200 0.176 0.227

p value for the difference between expected and observed probability 0.364 0.254 0.488 0.384 0.396

(one-sided Chi-square test)

Counts of matches

Mammography Tamoxifen Introduction cervical Cisplatin High dose therapy

Improved treatment

for each intervention screening and peripheral blood stem (management of the disease
cell transplantation process and its complications
for younger patients)

Two sexes match NA NA NA NA 0 2

One sex matches 2 3 2 3 1

No match 5 5 3 3

No data 0 0 0 1 1

Association no no no no no no

For some conditions data on mortality could not be used or data on innovations were unavailable, therefore the total number of countries that

could be taken into account is sometimes <7
NA not available

Fourth, there are underlying trends that have to be taken into
account when interpreting the mortality trends presented
here. Most importantly we cannot differentiate between
incidence, prevalence and mortality. For example, inci-
dence of testicular cancer has increased in most countries
over the last 50 years. Fifth, due to our ecological study
design it is not possible to interpret the observed associa-
tions on the aggregated level as a causal impact or to
determine the respective role of progress in care and other
factors such as smoking or alcohol consumption. Sixth, to
use the mortality data across several decades and European
countries implies data quality and comparability issues.
However, we are confident that we did what is possible to
take them into account, for example by developing an
advanced method to detect biases due to ICD coding
changes or by consulting national experts to understand
coding habits. In rare cases where problems could not be
corrected, we decided to exclude certain causes of death.
Our study relates to two strands of epidemiologic liter-
ature; the first explores the general impact of health care on
cancer, the second tries to more specifically look at certain
conditions as indicators of amenable mortality based on the
obvious requirement that to be a useful indicator for the
quality of health care, mortality from a chosen cause of
death needs to be responsive to major innovations in health
care. With regard to the first, the literature on this topic that
we presented above found a significant effect of health care
on cancer mortality. Our international comparative
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approach offers the opportunity to assess the effect of
health care on a larger geographical scale. On the other
hand it also requires the availability and reliability of
national data describing the timing of innovations in health
care, including the timing of their widespread adoption.
Our test of likelihood combining all expected periods of
mortality decline for all countries for one cause of death
showed that the overall correlation between our predictions
and changes in mortality is weak. Our second approach,
counting the number of countries in which an association
between innovations and mortality could be found, con-
firms this. It seems to be very difficult to prove
effectiveness of specific health care innovations against
cancer on the population level given available data. This is
due to the incremental and simultaneous improvements in
health care, the underlying trends in risk factor exposure,
and the differences in the effect of health care between
subtypes of cancer and age groups that are even finer than
we could study here. The innovations we studied did not
have a large enough effect, within the time-window that we
imposed, to be visible in population mortality trends. That
does not necessarily imply that the effects were small, only
that the effects were smaller than those of some other
determinants of cause-specific mortality trends, or were
spread out over a longer period than we assumed.

The more specific issue of validating amenable mortality
as an outcome of health care has been addressed in liter-
ature by two means; first, by time series analyses showing
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considerable declines in amenable mortality in recent
decades (Mackenbach et al. 1988, 1990; Poikolainen and
Eskola 1986). This has been used to support the argument
that at least part of the overall mortality decline is due to
improvements in health care, but a clear correlation
between therapeutic innovation and mortality on the pop-
ulation level has never been established. Second, several
studies of geographical variation also find mortality dif-
ferences among countries or regions (e.g. Charlton and
Velez 1986) which are interpreted as being partly due to
differences in health care, but no clear association between
predictors in health care and mortality could be found. The
fact that our study confirms none of the five potential
indicators of amenable mortality among cancers (one of
them only in the age group 0-74), led us to the conclusion
that such indicators have to be interpreted with caution
when being used as indicators of health care performance
in a specific country (Mackenbach et al. 2013). Rates are
likely to reflect the influence of health care, but also of
many other factors such as life style, incidence and prev-
alence. Single interventions may have little measurable
impact on their own because any effect is likely to be
incremental as reductions in mortality typically reflect the
progressive combination of multiple innovations. Our
results identify the need for further analysis that takes into
account not only innovations in health care but also quality
of health care and population coverage which should also
take into account socioeconomic differences. Such analy-
ses crucially depend on better available data on the timing
of innovations and routinely collected data linking health
care use and mortality. Currently, the lack of such data is a
barrier for monitoring the contribution of health care to
population health, even though it undeniably exists.
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