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ABSTRACT

Objective. The burden of cervical cancer varies considerably in the European Union.
In this paper, we describe trends in incidence of and mortality from this cancer in the
five most affected member states.

Methods. Data on number of deaths from uterine cancers and the size of the female
population of Estonia, Latvia, Lithuania, Bulgaria and Romania were extracted from
the WHO mortality database. Mortality rates were corrected for inaccuracies in the
death certification of not otherwise specified uterine cancer. Incidence data were ob-
tained from the national cancer registries. Joinpoint regression was used to study the
annual variation of corrected and standardized incidence and mortality rates.
Changes by birth cohort were assessed for specific age groups and subsequently syn-
thesized by computing standardized cohort incidence/mortality ratios.

Results. Joinpoint regression revealed rising trends of incidence (in Lithuania, Bul-
garia and Romania) and of mortality (in Latvia, Lithuania, Bulgaria and Romania). In
Estonia, rates were rather stable. Women born between 1940 and 1960 were at con-
tinuously increasing risk of both incidence of and mortality from cervical cancer.

Conclusions. Rising trends of cervical cancer in the most affected EU member states re-
veal a worrying pattern that warrants urgent introduction of effective preventive actions
as described in the European guidelines. Free full text available at www.tumorionline.it

Introduction

The burden of cervical cancer varies widely among the member states of the Euro-
pean Union (EU)1. The world-age standardized incidence rate for 2004 was estimated
to be 10 (expressed per 100,000 women-years) in the 15 older member states, situat-
ed in West and South Europe, but was 17 among the ten new member states that
joined the Union in this year and that are predominantly situated in Central or East-
ern Europe2. Moreover, in Bulgaria and Romania, the two newest member states that
acceded to the EU in 2007, rates were still higher (age-standardized incidence [2004]
of respectively 20 and 22 per 100,000). The incidence of and mortality from cervical
cancer in Romania was approximately five and twelve times higher compared to Fin-
land, the country in Europe with lowest cervical cancer burden at present. In Eastern
Europe, cervical cancer is now the gynecological cancer associated with the highest
incidence and mortality3.

We assessed trends of cervical cancer incidence and mortality in the five countries of
the EU with the highest mortality from cervical cancer: in the North-East of the EU (Es-
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tonia, Latvia and Lithuania) and two countries in South-
East Europe (Bulgaria and Romania). These five countries
currently receive support from the European Commis-
sion through the EUROCHIP-3 Network to assess the sit-
uation and to increase adherence to organized cervical
screening in accordance to European guidelines4-6.

In the current paper, we summarize findings from
more comprehensive trend analyses which describe in
more detail how cancer cases of and deaths from cancer
originating from the uterus not otherwise specified
(NOS) can be reallocated to obtain corrected rates for
cervix uteri cancer7,8. We subsequently describe varia-
tions in incidence and mortality over time and try to re-
late these to historical changes in exposure to risk fac-
tors, implementation of screening and treatment of in-
vasive cancer.

Materials and methods

Data sources and reallocation of uterus cancers

Data on the number of deaths from uterine cancers
and the size of the female population, aggregated by
calendar year, 5-year age group and country were ex-
tracted from the World Health Organization (WHO)
mortality database (http://www.who.int/whosis/
mort/download/en/) for Bulgaria, Estonia, Latvia,
Lithuania and Romania7.

The cancer registries of these five countries provided
data files containing the number of newly diagnosed
cancer cases originating from the same anatomical lo-
calizations, by 5 year-age group for available calendar
years. The period-range of the obtained data is shown in
Table 1. The ranges of incidence data received from the
cancer registries was larger than those included in the
volumes of Cancer in 5 Continents (http://www-
dep.iarc.fr/data/), which are submitted to systematic
quality control (Table 1).

Algorithms, described previously, were applied to re-
allocate deaths ascribed to cancer of the uterus, where

the exact origin (cervix uteri or corpus uteri) was not
specified7. Shortly, good quality data from Lithuania for
the period 1993-2004 (<25% NOS among all uterus can-
cer deaths) were imputed to older periods of Lithuania
and used to reallocate uterus NOS cancer deaths from
Estonia and Latvia. The period- and age-specific pro-
portions of cervix over total uterus deaths, derived for
Hungary, were used to adjust mortality rates in Bulgaria
and Romania7,9.

The proportion of uterus NOS cancers among all uter-
ine cancers was small (<25%) in all the registries. There-
fore, a simple correction formula (random allocation)
could be applied to correct incidence rates based on the
age- and country-specific repartition of certified cervix
and corpus uteri cancer cases7.

Time trends

Age-standardized rates were computed using the
world standard population as reference10. Joinpoint re-
gression was used to analyze time trends of the stan-
dardized corrected incidence or mortality rates, as a lin-
ear function of year of cancer incidence or death11. Join-
point regression identifies periods with distinct linear
slopes that can be separated by joinpoints, where the
slope of the trends changes significantly12,13. For each
linear segment, the average annual percentage of
change (APC) and corresponding 95% confidence inter-
vals were calculated. Trends were plotted on a logarith-
mically (log10) scaled Y-axis, where rates changing at a
constant percentage over time are presented as a
straight line14.

Age-specific trends were analyzed by 5-year calendar
period and by 10-year birth cohort. Five-year periods
were defined using years ending with zero or five as
starting year. According to availability of data, first and
last periods did not always span five years. Birth cohorts
(k = calendar period – age) were identified by the medi-
an year within each category15. Standardized cohort
mortality (SCMR) or incidence (SCIR) ratios were com-
puted to assess birth cohort effects. The SCMR repre-
sents the relative risk of a certain cohort of dying from
cervical cancer compared to the mean mortality rate of
all generations together16,17.

Results

Age standardized incidence and mortality

Age-standardized incidence trends increased linearly
in Bulgaria and Romania and, in Lithuania between
1992 and 2004 (ACP statistically significantly >0, Figure
1). The incidence was initially decreasing, in Estonia
and Latvia, but became stable since the early 1980s. The
rates, expressed per 100,000 women-years, observed in
the latest available years, were respectively: 12.3 in
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Table 1 - Period range of incidence and mortality data ob-
tained and availability of incidence data in Cancer in 5 conti-
nents (CI5) (source: http://www-dep.iarc.fr/data/)

Included in current
trend analysis

Country Inclusion in CI5 Incidence Mortality

Bulgaria* 1998-2002* 1980-2006 1964-2004
Estonia 1968-2002 1968-2006 1968-2004
Latvia 1983-2002 1980-2004 1980-2004
Lithuania 1998-2002 1978-2007 1990-2004
Romania None 1982-2004 1959-2004

*Low % of histological verified cases.
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Latvia (2004), 15.4 in Estonia (2006), 18.4 in Lithuania
(2007), 21.3 in Romania (2004) and 21.4 in Bulgaria
(2006).

The standardized corrected mortality rates increased
at a constant rate in Latvia (APC = 0.7, 95% CI: 0.2-1.2)
and Lithuania (APC = 1.0, 95% CI: 0.6-1.4) (Figure 1).
Trends that were statistically significantly rising over a
limited time period were observed in Bulgaria (APC =
3.5, 95% CI: 1.2-5.7, between 1981 and 1988) and in Ro-
mania (APC = 0.4, 95% CI: 0.2-0.6, since 1980). The cor-
rected mortality rates, observed in 2004, were respec-
tively: 6.1 in Estonia, 7.2 in Bulgaria, 7.4 in Latvia, 9.0 in
Lithuania and 11.1 in Romania.

Age-specific trends by birth cohort

Age-specific incidence and mortality trends are plot-
ted against birth cohort in Figure 2. Age groups starting
with 5 (25-29, 35-39, ...75-79) were omitted for reasons
of graphical clarity.

In the Estonia, Latvia and Lithuania, women aged 50
or older and born before 1940 displayed a decreasing or
horizontal incidence trend, whereas incidence rates
among younger women, born after 1940, were rising.
Mortality rates in women older than 50 were stable or
slightly declining. The cohorts born 1940-1965, exhibit-
ed rising mortality rates, in particular in the age groups
40-49 in Estonia, age groups 30-49 in Latvia and age

Figure 1 - Age standardized rate (world standard) of cervical cancer incidence (at left) and mortality (at right) in Estonia, Latvia and Lithua-
nia (on top) and in Bulgaria and Romania (bottom). Dots represent observed rates, lines those fitted using joinpoint regression.
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Figure 2 - Age-specific rates of cervical cancer incidence (left) and mortality (right) by birth cohort.
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groups 25-49 in Lithuania. The slopes of the mortality
rates among younger age groups were stable or decreas-
ing.

In Bulgaria and Romania, incidence rates generally
raised in all age groups with a more steep increase after
1940. However, the youngest cohorts, born since 1960
did not show any further increase anymore. For both
countries, mortality data were available over longer pe-
riods (since 1959 for Romania and 1964 for Bulgaria).
The mortality rates in these two countries, decreased
slightly for women aged 55 or older, born before 1940.
For the age groups 25-54, mortality increased over the
range of cohorts 1940-1960, but the trend was interrupt-
ed for the youngest cohorts born later.

Cohort effects

Statistically significant V-shaped cohort effects (with
decreasing and increasing or stable risks for women
born before and after the 1935-1940 cohorts, respective-
ly) were observed for incidence in all the five countries
and for mortality in Bulgaria, Lithuania and Romania.
The evolution of the cohort effect in the incidence and
mortality is illustrated for Lithuania in Figure 3.

Discussion

The main etiologic factor for cervical cancer is per-
sistent infection with sexually transmittable high-risk
human papillomaviruses18. By well-organized screening
and treatment of screen-detected high-grade cervical
intraepithelial neoplasia (CIN) invasive cancer can be
avoided19. Therefore, trends in incidence of cervical
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 cohorts20,21.

We will subsequently discuss the elements that may
have driven the trends in the five studied countries.

Data quality

An important question is whether the applied correc-
tion for inaccuracies in the certification of death causes
allows the study of the true rates of cervical cancer mor-
tality. For Lithuania, the proportion of uterus NOS
deaths was small (<25%) and therefore corrected rates
can be considered as reliable. Even if the assumption of
random allocation was incorrect, the error would be
limited. The assumption that the Lithuanian propor-
tions are applicable to those of Estonia and Latvia looks
plausible given the common background risk and histo-
ry of preventive health care9. However, the application
of proportions from Hungary to adjust data from Bul-
garia and Romania could be considered as problematic.
In order to find more reliable solutions to correct for
NOS and CRPNOS cancer deaths, we propose further
research, involving linkages between mortality and can-
cer registries22-24.

Incidence data received from the five national cancer
registries suffered less from certification problems since
the proportion of NOS cases among all uterine cancers
was small. However other biases may have intervened.
In Latvia for instance, the abrupt drop in incidence be-
tween 1980 and 1983, in the period before the CI5 qual-
ity control (Figure 1) looks spurious. Exclusion of carci-
noma in situ cases, abrupt in the first years and more
gradual thereafter could have hidden a rise in incidence
of invasive cervical cancer. An alternative explanation is
the under-declaration of cases by the Latvian cancer
registry after 1983. Arguments for this latter statement
are: the higher and increasing mortality/incidence ra-
tios in Latvia (0.48 in the 1980s and 0.64 after 2000) in-
dicating worsening survival. In the two other Baltic
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countries the incidence/mortality ratios were lower and
rather stable over time: 0.46 and 0.47 in respectively Es-
tonia and Lithuania in the 1980s and, 0.44 in both coun-
tries after 2000. In Lithuania, since 2006, personalized
information from death certificates is unavailable for
the cancer registry and Death Certificated Only (DCO)
cases are not added to the incident cases anymore. This
change in registration practice could be responsible for
the observed incidence decrease in years 2006 and 2007.

Cohort effects

In general, the risk of developing cervical cancer or
dying from it decreased for women born between the
two world wars, whereas cohorts born after 1940 ex-
pressed increasing risks. These cohort effects were also
observed in many other industrialized countries9. The
decreasing risk before 1940 may be due to poorly un-
derstood etiological (co-) factors, linked to improved so-
cial conditions and access to health care25. The greater
SCIR and SCMR in the cohorts born between the 1940s
and 1960s are most plausibly explained by changes in
sexual behavior resulting in higher rates of HPV infec-
tion which may be enhanced by increased frequency of
smoking and oral contraception26-29. It is also possible
that some other factors such as early diagnosis of inva-
sive cancer among younger women due to increased ac-
cess to gynecological care may be responsible for cohort
effects observed in the deaths rates.

Screening effects

In most West-European countries with either well-or-
ganized screening programs or widespread opportunis-
tic screening, it was shown that the rising cohort effect
(also observed for women born after 1940) was counter-
balanced by a protective period effect. This period effect
was strongly correlated with screening coverage20,30-34.

The increasing trends of cervical cancer incidence
and/or mortality observed in all the five countries is
most plausibly explained by the absence of screening
programs or by the poor quality and coverage of oppor-
tunistic screening practice since the last decades.

Recently, national cytology-based screening programs
were initiated in the three Baltic countries and a region-
al program was set up in the province of Cluj (Romania),
whereas, in Bulgaria, plans for organized screening are
not started yet19,35,36. All these programs suffer of under-
staffing, insufficient resources and management capac-
ity and reach less than 20% of the target population. Ob-
viously, more time, continued efforts and comprehen-
sive EU support will be needed to bend cervical cancer
trends downwards.

Survival

Among the five countries studied, only Estonia and
Lithuania are included in international survival com-

parisons37-39. The average European 5-year age-stan-
dardized relative survival among cervical cancer pa-
tients diagnosed from 1990 to 1994 was 63%, whereas
53% for Estonia37. The trend of the 5-year survival re-
vealed a slow but steady increase of about 2% per year
among cancer patients diagnosed in the period 1983-94
in Europe39. No improvement was noted in the areas
where survival was lowest (Central/Eastern Europe and
UK). A more recent period-based analysis, over the
years 2000-04, showed lowest survival rates for Lithua-
nia (52%) and Poland (53%) without significant im-
provement38. Low 5-year survival was also reported for
patients with cervical cancer in Bulgaria for the period
1993-200240.

Conclusion

There is an elevated burden of cervical cancer in the
three Baltic countries, Bulgaria and Romania. Moreover,
incidence and mortality rates tend to increase or remain
stable. Public health authorities should set-up well-or-
ganized cervical cancer prevention programs without
delay as recommended by the European Council41,42 ac-
cording to the European Guidelines for Quality Assur-
ance in Cervical Cancer Screening5. It is particularly
challenging for public health experts to define, in the fu-
ture, how prophylactic HPV vaccination besides screen-
ing will contribute in tackling this preventable disease.
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