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1. Introduction

According to recent estimates for the year 2004, approximately
34,300 women in the European Union (EU) developed cervical
cancer and about 16,300 died from the disease.’ The main eti-
ologic factor for cervical cancer is persistent infection with
sexually transmittable high-risk human papillomaviruses.?
By well organised screening and treatment of screen-detected
high-grade cervical intraepithelial neoplasia (CIN) invasive
cancer can be avoided.? Therefore, trends in incidence of cervi-
cal cancer largely reflect coverage and quality of screening, as
well as changes in exposure to risk factors which are mainly
related to sexual habits of successive cohorts.*>

Mortality trends are determined by the incidence and case
fatality rate. Survival (the complement of case fatality) is influ-
enced by stage and age of diagnosis, and access to and effec-
tiveness of cancer treatment.*” Screening also plays a role in
detecting invasive cancer at an early curable stage.® The study
of incidence trends would be more pertinent to assess the im-
pact of cervical cancer screening. However, incidence data re-
ported by cancer registries are less comprehensive than
mortality statistics, which have been compiled from nearly
all European countries for several decades by the World Health
Organisation (WHO). Furthermore, cancer incidence statistics
from early periods in certain registries are inflated by inclusion
of pre-invasive lesions, and cancer registries often do not sep-
arate micro-invasive (easily curable) from fully invasive cancer
cases (resulting in substantial mortality).’

Trend analyses of cervical cancer mortality are often ham-
pered by inaccuracies in certification of cause of death, since,
in many countries, a substantial fraction of uterine cancer
deaths are coded as cancer from the uterus not otherwise
specified (NOS) where it is not determined whether the cancer
originated form the cervix or the corpus uteri.’®** Moreover, in
the 8th International Codification of Diseases, cancer of the
corpus uteri or of the uterus NOS were grouped in one 3-digit
code. In a previous special issue dedicated to cervical cancer
screening in Europe, Levi et al. analysed the trend of mortality
from cervical cancer in Europe.® No attempt was made to cor-
rect for inaccuracies in the certification of death by uterine
cancers. As a proxy for cervical cancer mortality, cancer of all
uterus cancers combined was studied among women aged
younger than 45 years, since in this age group the large major-
ity of uterine cancers originate from the cervix.'® However, this
age group may not enable assessment of the full population
impact of screening, as the majority of deaths from cervix can-
cer occur after the age of 45 years. In the current study, an algo-
rithm was developed to reallocate deaths from the uterus NOS
or combined groups, building further on previously published
methods.'®*! Finally, the trends of the corrected rates are ten-
tatively explained as a result of secondary prevention taking
into account changes in exposure to risk factors and the im-
pact of oncologic treatment on survival.

2. Materials and methods

2.1.  Source of data

Data on number of deaths from uterine cancers and the size
of the female population, aggregated by calendar year, 5-year

age group (with the last category being >85 years) and coun-
try (current member states of the EU) was obtained from the
WHO mortality database (http://www.who.int/whosis/mort/
download/en/). We distinguished the 15 old (Austria, Belgium,
Denmark, Finland, France, Germany, Greece, Ireland, Italy,
Luxembourg, Portugal, Spain, Sweden, The Netherlands and
the United Kingdom) from the 12 new member states (Bul-
garia, Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lith-
uania, Malta, Poland, Romania, Slovakia and Slovenia) which
acceded to the EU in 2004 or later.

The following uterine cancers were distinguished: cervix
uteri cancer (CVX), corpus uteri cancer (CRP), cancer from
the uterus not otherwise specified (NOS) and some other very
rare cancers such as placenta cancer (OTH). Separate Interna-
tional Codification of Diseases (ICD) codes were used to iden-
tify cervical cancer (180 in the 8th and 9th, and C53 in the 10th
ICD edition). Corpus uteri cancer and uterus NOS cancer were
codified separately in the 9th and 10th ICD edition (182 [ICD-9]
and C54 [ICD-10] for corpus cancer; 179 [ICD-9] and C55 [ICD-
10] for uterus NOS cancer). However, in the 8th edition, 182
was used for both corpus and uterus NOS cancer. The rare
other cancers of the uterus were coded with 181 in the 8th and
9th editions and C57/C58 in the 10th edition.

2.2. Reallocation rules

The number of deaths from cervix uteri cancer (corCVX) can
be estimated from the number of deaths certified as originat-
ing from cancer of the uterine cervix (CVX), the uterine corpus
(CRP), the uterus not otherwise specified (NOS), or of combina-
tions including CRP and NOS (CRPNOS or CRPNOSOTH) using
three different reallocation rules.

According to Loos et al.!, when the proportion of NOS of
all uterus cancer was less then 25%, adjustments could be
made using allocation rule 1, assuming that the NOS death
certification was allocated at random:

where the indices i and j correspond with age group and year
at death, respectively.

If allocation rule 1 could not be applied for certain periods
(because pNOS>25% or because NOS was not available as a sep-
arate group but included in CRPNOS or CRPNOSOTH), allocation
rule 2 was used. Rule 2 consisted of imputing*'¢ the age-spe-
cific proportion of corrected cervical cancer (pcorCVX;; = cor-
CVX;;/UTy, [UT;; being the sum of the number of deaths from
all parts of the uterus]) of a given country where reallocation
rule 1 was applied (source period) to a relevant neighbouring
target period, usingalinearregression (containingan age * year
interaction) as explained in a more comprehensive report.”

Certain countries, where reallocation rules 1 and 2 were ap-
plied, were used for reallocation in countries where conditions
for allocation rules 1 and 2 could never be applied (allocation
rule 3, see Table 1): corCVXjjc = UTyc * pcorCVXyj, where c refers
to a given country and t to its respective template country.

2.3. Presented trends

Age-standardisation was performed using the World standard
population.’® Due to the lack of available data, the last period
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Table 1 - List of template countries used to correct data from countries where >25% of uterine cancer deaths were of

unspecified origin (NOS) or were included in mixed code groups.

Template countries (t)

Countries (c) with >25% NOS or mixed codes (CRPNOS, CRPNOSOTH)

Finland
Hungary
Lithuania

The Netherlands
England & Wales

Sweden
Bulgaria, Romania, Slovenia
Estonia, Latvia

Austria, Belgium, France, Germany, Greece, Italy, Luxembourg, Malta, Portugal, Spain

Ireland, Northern Ireland, Scotland

did not always span 5 years. Certain newly founded states
contributed data over a limited period: Estonia (>1981), Latvia
(>1980), Lithuania (>1981), Slovenia (>1985), Czech Republic
(>1986) and Slovakia (>1992). For Germany, data were added
from East- and West-Germany from 1973 to 1989 and data
from the unified Germany were used thereafter. For the Uni-
ted Kingdom (UK), we present separate data for England and
Wales, Northern Ireland and Scotland. For Cyprus, no mortal-
ity data was available.

Joinpoint regression was used to analyse trends of the
standardised corrected mortality rates, as a linear function
of year at death, starting at 1970, for all member states with
available data.'® 1970 was chosen as the starting year for
two reasons: (a) availability of data and (b) plausibility of the
reallocation rules (see above), which are more questionable
before 1970. Joinpoint regression identifies periods with dis-
tinct linear slopes that can be separated by joinpoints, where
the slope of the trends changes significantly.’®?? Joinpoint
regression badly suits data with an autoregressive structure
or periodic fluctuations, but is appropriate to identify abrupt
or non-cyclic changes, which is the purpose of the current
analysis. The maximum number of joinpoints was set at
three. For each linear segment, the average annual percentage
of change (APC) and corresponding 95% confidence intervals
(CIs) were calculated. Trends were plotted on a logarithmi-
cally (log10) scaled Y-axis as proposed by Devesa.?” Rates that
change at a constant percentage every year are presented by a
straight line on a log scale.

We selected three countries with data available over a
longer period and representative for three typical situations:
Finland (low burden of cervical cancer, well organised screen-
ing), France (low burden, non-organised but widespread
screening) and Romania (high burden, low level of screening).
For these countries we plotted age-specific trends by 5-year
period and the standardised cohort mortality ratio (SCMR).
The SCMR represents the relative risk of a certain cohort of
dying from cervical cancer compared to the mean mortality
rate of all generations together.?>?* It consists of the ratio of
the number of observed deaths in a given cohort, k, over the
number of expected deaths if the average age-specific mortal-
ity rates are applied to the respective age segments of the
population in cohort k.

3. Results

Fig. 1 shows the joinpoint regression plots for the age-stand-
ardised cervical cancer mortality corrected according to the
three reallocation rules for all countries. The Y-axis is scaled

equally in all graphs facilitating visual interpretation and
comparison. Table 2 identifies the joinpoints and the annual
percentage of change in each linear segment.

In Eastern Europe, standardised trends were localised
above those observed in most other parts of Europe. The
trends were decreasing in the Czech Republic, Hungary and
Poland. In Slovakia, the trend did not differ significantly
throughout the analysed period (APC=-1.3, 95% CI: -1.3 to
0.1%). In Bulgaria and Romania, mortality trends rose from
the 1980s onwards (APC=3.5% [95% CI: 1.2 to 5.7%] and
0.4% [95% CI: 0.2-0.6%)], respectively). However, in Bulgaria,
the increasing trend was not statistically significant after
1988.

In Northern Europe, trends were decreasing in Denmark,
Finland, Sweden and the UK. In Finland, the negative slope
of the trend was very steep in the first years (APC =-15.6%)
of analysis but became less pronounced subsequently
(APC =-4.7%). In Sweden, the APC did not differ from zero
after 1995. England and Wales and Scotland showed a join-
point near the end of the 1980s with a modest negative slope
before and a steeper negative slope thereafter. Ireland showed
a modest regularly decreasing trend (APC=-1.1% [-1.4 to
-0.7%], no significant joinpoint). There was no statistically sig-
nificant slope in Estonia, whereas in Latvia (APC=0.7) and
Lithuania (APC = 1.0) the trend was rising.

Decreasing trends in cervical cancer mortality were ob-
served in Southern and Western Europe. In Portugal, Spain
and the Netherlands, mortality rates showed one joinpoint
and decreased less in recent periods. In the other countries,
mortality rates dropped at a monotonous rate.

Fig. 2 compares the standardised rates of cervical cancer
mortality in the periods 1970-1974 and 2000-2004, unless
otherwise specified. Countries are ranked by decreasing mor-
tality rate in the most recent period. All new member states of
the EU, with the exception of Malta, rank highly. In all the old
member states the ratio of the rate old/recent period was less
than 0.5 with the exception of Ireland. In the new member
states the contrast between recent and old periods was smal-
ler (ratio > 0.60), with the exception of Hungary (ratio = 0.51).
In Lithuania, Latvia and Bulgaria, age-standardised trends
were higher in the most recent period (ratio > 1), whereas in
Romania, Estonia and Slovakia differences were small
(ratio > 0.85).

Fig. 3 shows the age-specific corrected cervical cancer
mortality rates by 5-year period (on the left) and the standard-
ised cohort mortality ratio by birth cohort (on the right) for
the three selected countries. Finland and France show
decreasing trends in age groups older than 30 years from
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Table 2 - Joinpoints, years where slopes of linear trends changed, (including 95% CI around this year), and magnitude of

the annual percentage of change (APC) in each linear segment and its 95% CI.

Region Country Number joinpoints Joinpoint (95% CI) APC (95% CI)
Eastern Europe Bulgaria 2 1981 (1972-1986) 0.02 (-0.8 to 1.2)
1988 (1984-1994) 3.5 (1.2 t0 5.7)
0.3 (-0.2 to 0.8)
Czech Rep. 0 - —2.1" (2.5 to -1.6)
Hungary 0 - -21" (2.2 to -2.0)
Poland 2 1975 (1972-1997) 2.7 (4.4 to -1.0)
1988 (1983-2003) -0.8" (-1.3 to -0.3)
-1.8" (2.1 to -1.6)
Romania 1 1980 (1979-1983) -2.7" (-3.3 to -2.0)
0.4 (0.2 to 0.6)
Slovakia 0 - -1.3 (-2.6 to 0.1)
Northern Europe Denmark 0 - -3.3" (-3.6 to -3.0)
England & Wales 1 1988 (1986-1989) -1.1" (-1.4 to -0.8)
-5.2" (-5.6 to —4.8)
Estonia 0 - -0.3 (-1.1 to 0.5)
Finland 1 1973 (1972-1976) -15.6 (-25.7 to —4.0)
—4.1" (-4.6 to -3.6)
Ireland 0 - -1.1" (1.4 to -0.7)
Latvia 0 = 0.7 (0.2 to 1.2)
Lithuania 0 - 1.0° (0.6 to 1.4)
N. Ireland 0 - 24" (-2.9 to -1.9)
Scotland 1 1989 (1985-1992) -1.1" (-1.7 to -0.5)
5.0 (-6.0 to —4.0)
Sweden 1 1995 (1987-1998) 4.4 (—4.8 to0 4.0)
-0.8 (-3.4 to 1.9)
Southern Europe Greece 1 1972 (1972-1980) 12.8 (-12.9 to 46.0)
-3 4 (-3.7 to -3.0)
Italy 0 = 8" (5.0 to —4.6)
Malta - 2. 5 (-3.6 to -1.4)
Portugal 1 1980 (1976-1984) -5.3" (-6.4 to —4.1)
-2.6 (-3.1to -2.2)
Slovenia 0 - —2.2" (3.1 to -1.4)
Spain 2 1972 (1972-1989) 3.6 (-10.1 to 19.3)
1982 (1976-2002) 4.9 (-6.2 to -3.6)
-3.1" (-3.6 to -2.7)
Western Europe Austria 0 - 7 (4.9 to -4.5)
Belgium 0 - —3 5 (-3.9 to -3.1)
France 0 - —3 7" (-3.9 to -3.5)
Germany 0 - 2" (4.4 to -3.9)
Luxembourg 0 - 8 (5.7 to -3.8)
Netherlands 1 1982 (1979-1987) 5.7 (-6.7 to —4.7)
-3.2" (-3.7 to -2.7)

* Indicates that the magnitude of the APC is statistically significantly different from zero (p < 0.05).

the 1960s onwards. In Finland the slopes were steeper than in
France in the age group 35-54 in the period 1965-1974. In
Romania, rising trends are observed among women in the
age range 25-60 in the more recent periods. For Finland and
France a flattening in mortality trends could be distinguished
for women younger than 50 years in the more recent periods.
This flattening or rising tendency occurred progressively later
in older age groups indicating a cohort effect. Indeed, as
shown in the SCMR plots, all three countries show a breaking
point at the 1940 birth cohort, after which trends become flat
or start to rise. In Romania, the rising cohort effect is evident.
Women belonging to the cohorts Ci9,0-C1935s had a progres-
sively lower risk of dying from cervical cancer. For the oldest
cohorts (C1800-C1920), We observed a steep, less steep and flat

course of the SCMR for Finland, France and Romania,
respectively.

4, Discussion

The current trend analyses confirm previous reports revealing
the large contrasts in the burden of cervical mortality between
the old and new member states of the EU.»"*> Moreover, our
study indicates that these contrasts will increase in the future
since mortality rates continue to decrease in the western part
of Europe, whereas in Eastern Europe and in the Baltic states
they are either decreasing at a lower intensity (Czech Republic,
Poland), remaining constant at a high rate (Estonia, Slovakia) or
even increasing (Bulgaria, Latvia, Lithuania, Romania).
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Fig. 2 - World-age-standardised rates of corrected cervical
cancer mortality in 1970-1974 (blue bars) and 2000-2004
(orange bars) unless otherwise specified (see 1/+). t (for

countries where data were not available for 1970-1974, the
earliest available period is indicated); * (for countries where
data were not available for 2000-2004, the latest available
period is indicated). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web
version of this article.)

4.1.  Quality of data

An important question is whether the applied correction for
certification inaccuracies allows the study of the true rates

of cervical cancer mortality. If the assumption of random allo-
cation (applied in rule 1) is incorrect, the error would be lim-
ited since the rule is only applied when the proportion of NOS
is rather small. For Finland, we compared our corrected cervi-
cal cancer mortality rate with that adjusted by linkage be-
tween the cause of death register and the cancer registry.
Both corrected rates overlapped well, indicating that - at least
in this example - reallocation rule 2 provided satisfactory re-
sults.’” Less evidence of reliable correction can be found for
reallocation rule 3. The assumption that the Lithuanian pro-
portions are applicable to those of Estonia and Latvia look
plausible given the common background risk and history of
preventive health care. However, the application of propor-
tions from the Netherlands to adjust data from different
countries, such as Austria, France, Germany, Greece, Italy,
Portugal or Spain, could be considered problematic. With
alternative assumptions, it might be possible to obtain differ-
ent patterns in the adjusted trends. Moreover, it is unclear
whether cause-specific registration of deaths was accurate
with respect to the uterus as a primary site or whether other
errors may have affected data quality such as duplication of
some disease groups due to the use of various coding rules.
Concerning Spain, LLorca et al. concluded that the rate of cer-
vical cancer mortality, based on certified cervix cancer
deaths, was increasing.?® This conclusion was considered as
possibly spurious®” since the proportion of uterus NOS cancer
deaths progressively decreased (NOS;/UT;: 86% in the 1950s,
26% near the end of the 1990s). In a later study, cervical cancer
mortality was corrected by considering fixed proportions of
NOS as being of cervical origin.?® The conclusion was that
mortality was increasing among younger women. We found
a nearly horizontal recent trend among young women in
the Spanish data. We believe that corrections need to be
age- and period-specific. Nevertheless, we are aware that
such adjustments using a non-representative template coun-
try could also yield incorrect results. In order to find more reli-
able solutions to correct for NOS and CRPNOS cancer deaths,
we propose further research, involving linkages between mor-
tality and cancer registries.’! These same procedures are
required for producing current regular cancer statistics.

4.2.  Cohort effects

Strong cohort effects could be discerned and some were com-
mon to nearly all European countries. The continuous de-
crease in cohorts born in the first decades of the 1900s,
observed for Finland, France and many other countries but
not for Romania, may be due to poorly understood etiological
(co-) factors, linked to improved social conditions and access
to health care.*? Women born between 1920 and 1940 showed
a progressively lower risk of dying from cervical cancer,
whereas women born thereafter tended to have increasing
risk. This cohort effect is most plausibly explained by changes
in sexual behaviour resulting in higher rates of HPV infection
in younger cohorts as shown from studies using serum Finn-
ish biobanks.>*** Available data on HPV prevalence from
other countries concern recent periods® but historical data
are lacking. Therefore, it is impossible to use them to inter-
pret trends. At most it can be noticed that Denmark had high
mortality in the 1970s and also has a current high prevalence
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Fig. 3 - Mortality from cervical cancer corrected for certification problems. Left: age-specific* rate by 5-year period; right:
standardised cohort mortality ratio (SCMR) by birth cohort with 95% confidence interval (interrupted line). Only the following
age groups are displayed in the plots on the left: 20-24, 30-34, 40-44, 50-54, 60-64, 70-74, 80-84 (see legend); the in-between

age groups are omitted for reasons of clarity.

of HPV suggesting that the background risk without screen-
ing is higher.

The increased frequency of smoking and oral contracep-
tion, both established risk factors for cervical cancer, may
also have contributed to the recent rise of the SCMR. It is also
possible that some other factors such as early diagnosis of
invasive cancer among younger women due to increased ac-
cess to gynaecological care may be responsible for cohort ef-
fects observed in the deaths rates.

In the future, the cohort effects will possibly be influenced
by prophylactic HPV vaccination and further by screening
practices in vaccinated cohorts.

4.3. Screening effects

In another paper, included in this issue of the European
Journal of Cancer, we showed that substantial reductions
in incidence and mortality, observed in several countries,
correlated with the level of implementation of organised
screening.®® Opportunistic screening also resulted in a
reduction of cervical cancer incidence and mortality in
several other West-European countries.>** Difference
in coverage and quality of screening most plausibly
explain the large differences between old and new
member states.
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The declining trend of cervical cancer mortality was ini-
tiated before screening became commonly practiced. The
fact that increased coverage in the target population did
not result in a further decrease in cervical cancer mortality
has sometimes been suggested as evidence for a failure of
screening.’”-*® However, this viewpoint ignores the strong
recent cohort effects which we have illustrated for three
countries. It seems that screening has counter-balanced
the effect of increased exposure to etiologic factors in youn-
ger cohorts, by limiting the upward tendency of the SCMR.
In countries without established screening programmes, the
cohort effect was steeper (see Fig. 3 for Romania and the
small differences between grey and black bars in several
black and grey bars) than in countries with well organised
screening.

The contrast between the 1970-74 and 2000-04 periods
underestimates the effect of screening in Finland where
organised screening was already established in the 1960s
and where age-standardised corrected mortality rates have
dropped by 80% over the last 45 years.* It was estimated from
an age-period-cohort model that without screening, stand-
ardised cervical cancer mortality, in 2003-07 in Finland, would
have been 6.5/10°/year whereas observed rates were 0.7/10°/
year.*®

The greatest contrasts over the studied 35-year span were
observed in Austria and Luxembourg (ratios of 0.22 and 0.18,
respectively). However, we cannot ascertain that these de-
creases should be explained exclusively as the effects of the
intensive opportunistic screening existing in these coun-
tries.®® Because of the particularly high rate of total uterus
mortality in both countries in the earliest periods we cannot
exclude that poor quality of historical data has driven these
negative slopes.

4.4.  Improved survival

A recent trend study of the 5-year survival from cervical can-
cer revealed a slow but steady improvement of about 2% per
year among cancer patients diagnosed in the period 1983-94
in Europe.*! No improvement was noted in the areas where
survival was lowest (Central/Eastern Europe and the UK).
Reduction of the case fatality can be expected by down stag-
ing through expansion of screening and by improved treat-
ment. Unfortunately, there is no systematic data currently
available on the quality of cervical cancer treatment in
Europe.

Behind age-standardised trends, complex changes over
time, age and birth cohort can be hidden which require more
detailed analyses. We are currently performing age-period-
cohort modelling of European mortality data and comparing
incidence and mortality trends with the purpose of disentan-
gling the separate effects of screening and exposure to risk
factors. These studies provide indirect evidence of the effec-
tiveness of preventive measures. Ideally, the evaluation of
performance of secondary prevention should come from link-
ages of individual screening histories with cancer and mortal-
ity registries, as recently described in the 2nd edition of the
European Guidelines for Quality Assurance in Cervical Cancer
Screening.*?
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