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KEYWORDS Abstract Introduction: Over the last decades, ovarian cancer mortality in Europe has been
Ovarian cancer; decreasing, but disparities in trends were observed. In this paper, we analysed ovarian cancer
Epidemiology; mortality trends in Europe over the period 1990-2020 and predicted the number of deaths and
Trends; rates by 2025.
Europe Methods: We extracted population and death certification data from ovarian cancer in

women for 31 European countries, between 1990 and 2020 from the World Health
Organization database. We computed age-standardised mortality rates (ASMR) per 100,000
women-years, based on the world standard population. We also obtained predictions for 2025
using a joinpoint regression model and calculated the number of avoided deaths over the
period 1994-2025.

Results: Over the observed period, mortality from ovarian cancer showed a favourable pat-
tern in most countries. In the EU-27, rates declined by 5.9% from 2010-2014 to 2015-2019,
reaching an ASMR of 4.66/100,000. During the same period, the decline in ovarian cancer
mortality was more pronounced in the EU-14 countries (—7.0%) compared to Transitional
countries (—2.1%). Declines were also observed in the United Kingdom, to reach an ASMR of
5.29. Decreases in mortality from ovarian cancer are predicted until 2025, to 4.17/100,000 for
the EU-27.
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Conclusions: Favourable trends in ovarian cancer mortality are expected to persist in Europe
and can be mainly attributed to the increased use of oral contraceptives in subsequent gen-
erations of European women. Decreased use of menopausal Hormone Replacement Therapy
and improved diagnosis and management may also have played a role.
© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Ovarian cancer mortality has been increasing in Europe
until the late 1980s. Over the past three decades, this
trend has reversed, and a decline in ovarian cancer
mortality has been observed in most European coun-
tries, with however different patterns [1]. While France
and Italy followed the average European trends in
mortality, Germany experienced a shift in trend in the
early 1980s, while Spain and Poland’s declines started
later [1]. The recent declines in mortality rates in Europe
are largely the result of favourable changes in Western
European countries. In Eastern Europe, the slope of
decline has been noticeably slower [2]. Therefore, it is
important to monitor ovarian cancer mortality trends in
Europe with geographical comparisons.

Using data provided by the World Health
Organization (WHO), this study aims at analysing
trends and patterns in ovarian cancer mortality across
Europe over the period 1990-2020, as well as predic-
tions of mortality rates for the largest European coun-
tries and selected European regions to 2025. We
identified a group of so-called Transitional countries
[3,4]. These are Central and Eastern European countries
that became market economies after the period of
transformations in the early 1990s

2. Material and methods

We retrieved official death certification data from
ovarian cancer for selected European countries, from
1990 up to 2020 or the most recent available calendar
year, provided WHO mortality database [5]. To classify
deaths from ovarian cancer, we used three different Re-
visions of the International Classification of Diseases
(ICD) available over the study period, with the following
codes: “183” for the ICD-8 and ICD-9 [6,7] and “C56-
C57.4" for the ICD-10 [8]. From the same WHO data-
base, we extracted estimates of the resident populations,
based on official censuses and, when unavailable, we used
the Eurostat database [9]. We restricted the analysis to
countries with a high mortality coverage (i.e. over 90%),
high data quality, and more than 2 million women,
identifying a total of 31 European countries.

Using the merged database with certified deaths and
resident populations, we computed annual age-specific
rates for 5-year age groups (from 0-4 to 85+ years). We
then obtained the age-standardised mortality rates

(ASMR) per 100,000 person-years, based on the world
standard population [10], at all ages and at age groups
20-49, 50-69, 70-79 and 80+. We also derived ASMRs
for the European Union defined as 27 Member States
(EU-27), for the EU-14 (as 14 EU Member States before
2004), and for a group of countries defined as “Transi-
tional countries” (including Belarus, Bulgaria, Croatia,
Czech Republic, Estonia, Hungary, Latvia, Lithuania,
North Macedonia, Poland, Republic of Moldova, Ro-
mania, Serbia, Slovakia, and Slovenia). We reported the
ASMRs during the calendar years 2010-2014 and
2015-2019 with the corresponding change in rates.

For 21 major countries (with more than 3 million
resident women), plus the EU-27, EU-14 and
Transitional countries, we carried out a joinpoint re-
gression analysis over the 1990-2020 period [11]. We
thus identified the time point(s), called ‘joinpoints’,
when a change in the linear slope (on a log scale) of the
temporal trend occurred, by testing from zero up to a
maximum of four joinpoints. We estimated the annual
percent change for each identified linear segment, and
the weighted average annual percent change over the
entire study period [12,13].

We also predicted age-specific numbers of deaths and
95%  prediction intervals (PIs) for 2025, for France,
Germany, Italy, Poland, Spain, and the United
Kingdom (UK), and for the EU-27, EU-14 and
Transitional countries, by applying linear regression to
the mortality data from each age group over the most
recent trend segment identified by the joinpoint model.
We computed predicted age-specific and age-standar-
dised death rates with 95% PIs using predicted age-
specific numbers of deaths and predicted populations
from the Eurostat [9].

We estimated the number of avoided cancer deaths over
1994-2025 by comparing observed deaths and expected
ones on the basis of the 1993 age-specific peak rates.

Statistical analyses were computed using the software
SAS (SAS Institute Inc., Cary, NC), R software version
4.1.1 (R Development Core Team 2017) and Joinpoint
software version 4.9.0.0.

3. Results

Table 1 gives ASMRs from ovarian cancer at all ages in
the 31 selected European countries, the EU-27, EU-14
and Transitional countries, in 2010-2014 (quinquen-
nium) and 2015-2019, the annual average deaths of the
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Table 1

Age-standardised (world population) mortality rates per 100,000
women from ovarian cancer at all ages in selected European countries
in 2010-2014 and 2015-2019 (or the last available year indicated in
parenthesis), annual average deaths of the latest period and the cor-
responding change in rates (%).

ASMR ASMR  Annual % Difference
2010-14 2015-19 average 2015-19
deaths versus
2015-19 2010-14

EU countries
Austria 4.68 4.49 515 -4.1
Belgium (2018) 4.65 4.01 607 -13.8
Bulgaria 5.60 5.26 424 —6.1
Croatia 6.25 6.15 328 -1.6
Czech Republic 6.23 5.44 672 -12.7
Denmark (2018)  5.89 5.23 368 -11.2
Finland 5.72 5.43 424 =51
France (2017) 4.33 3.96 3482 -8.5
Germany 5.05 4.62 5573 -8.5
Greece 3.78 4.00 553 5.8
Hungary 6.20 5.88 711 =52
Ireland (2018) 7.26 6.39 280 -12.0
Italy (2017) 4.21 4.02 3342 —4.5
Latvia 7.76 8.16 201 5.2
Lithuania 7.61 7.03 263 7.6
Netherlands 5.51 4.74 1035 -14.0
Poland 6.87 6.61 2755 -3.8
Portugal (2018) 2.97 2.83 386 -4.7
Romania 5.05 5.12 1076 1.4
Slovakia 5.87 5.46 309 -7.0
Slovenia 5.82 5.92 150 1.7
Spain 3.79 3.60 2002 =5.0
Sweden (2018) 5.30 4.84 585 -8.7
Other European

countries
Belarus (2018) 4.90 4.71 469 -3.9
Norway (2016) 6.09 5.70 307 -6.4
Republic of 3.90 3.99 116 2.3

Moldova

(2018)
Russian 5.58 5.12 7620 -8.2

Federation
Serbia 5.69 5.76 456 1.2
Switzerland 4.41 4.04 443 -8.4
Ukraine 5.71 5.04 2130 -11.7
UK 5.83 5.29 4147 -9.3
EU-27 (2017) 4.95 4.66 25,934 =59
EU-14 (2017) 4.54 4.22 19,011 -7.0
Tansitional 6.05 5.92 7634 -2.1

countries

(2018)

ASMR: Age-standardised mortality rate.

latest period and the corresponding change in rates.
Fig. 1 gives the mortality rates observed in 2010-2014
and 2015-2019, ordered from the highest to the lowest
2015-2019 rate. Ovarian cancer mortality rates declined
in all analysed countries during the studied period. In
the EU-27, mortality decreased from 4.95/100,000
women to 4.66/100,000 women (—5.9%). During the
same time frame, the decline in mortality was more
pronounced in the EU-14 countries (—7.0%) compared
to the Transitional countries (—2.1%). The largest

declines were observed in the Netherlands (—14.0%) and
Belgium (—13.8%), while the lowest one was observed in
Croatia (—1.6%). Increases in mortality rates were ob-
served in Greece (5.8%), Latvia (5.2%), the Republic of
Moldova (2.3%), Slovenia (1.7%), Romania (1.4%), and
Serbia (1.2%). In 2015-2019 the highest mortality rates
were observed in Latvia (8.16/100,000 women) followed
by Lithuania (7.03/100,000 women), Poland (6.61/
100,000 women) and Ireland (6.39/100,000 women). The
lowest mortality rates were observed in Portugal (2.83/
100,000), Spain (3.60/100,000), and France (3.96/
100,000). In the same period, the ASMR was 5.92/
100,000 women in Transitional countries and 4.22/
100,000 in the EU-14. The mortality rate for women in
the UK was 5.29/100,000.

Table 2 gives ASMRs from ovarian cancer for dif-
ferent age groups in 31 European countries and the EU-
27, EU-14 and Transitional countries, in the periods
2010-2014 and 2015-2019, the annual average number
of deaths in 2015-2019 and percent changes in rates
between 2010 and 2014 and 2015-2019. Among women
aged 20-49 years, decreases in mortality were observed
in all countries, and were generally larger than at older
ages. Declines were similar in the EU-14 countries
(—11.3%), the EU-27 (—10.1%) and Transitional coun-
tries (—11.2%). Among individual European countries,
the largest declines were observed in Lithuania
(—27.1%), but decreases greater than 20% were also
observed in Croatia, Denmark, Ireland, and Poland.
Increases in mortality were noted in Greece, Latvia,
Portugal, Slovakia, Slovenia, Norway, the Republic of
Moldova, and Serbia. Among women aged 50-69, de-
creases in mortality were observed in most countries,
except in Greece, Latvia, Slovenia, the Republic of
Moldova, Romania, Belarus, and Serbia. The change in
mortality rate for women in this age group was —7.6% in
the EU-27 and —8.8% in the EU-14, while in the
Transitional countries, it was —2.7%. The largest dif-
ferences were observed in the oldest age groups of
women. Among women aged 70-79, increases in mor-
tality were observed in Croatia, Norway, Poland, and
the Republic of Moldova. Mortality decreased in the
rest of the analysed countries and the largest drops were
in Eastern European countries (Belarus, the Czech Re-
public, and Slovakia). In this age group, a stable mor-
tality trend was observed in the EU-27 countries, while
in older women, mortality slightly decreased (—1.9%). In
the EU-14 countries, mortality decreased in the 70-79
age group (—2.5%) and the older women group (—3.0%).
In Transitional countries, mortality increased (5.9% in
the 70-79 age group and 6.3% in older women). The
largest proportional differences between individual
countries were observed in the 80+ age group. Most
countries experienced decreases in mortality, excluded
Belarus, Croatia, Finland, Lithuania, and Poland.

Joinpoint analysis results for the EU-27, the EU-14,
the Transitional countries and major European countries
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Fig. 1. Bar plots of age-standardised (world population) mortality rates per 100,000 from ovarian cancer for the periods 2010-14 and
2015-19 in selected European countries, the EU-27, the EU-14, and the transitional countries.



Table 2

C. Wojtyla et al. | European Journal of Cancer 194 (2023) 113350

Age-standardised (world population) mortality rates per 100,000 women from ovarian cancer for different classes of age in selected European
countries during 2010-2014 and 2015-2019 (or the last available year as indicated in parenthesis), average annual deaths over the latest period and
the corresponding change in rates (%).

Country Group of age ASMR ASMR Annual average % Difference 2015-19 versus
20102014 2015-2019 deaths 2015-2019 20102014
EU countries
Austria 20-49 1.19 1.14 24 —4.2
50-69 15.55 14.71 174 =54
70-79 37.31 37.40 163 0.2
80+ 60.06 54.85 155 -8.7
Belgium (2018) 20-49 1.17 0.99 25 -154
50-69 15.15 12.06 182 -20.4
70-79 38.32 37.91 186 -1.1
80+ 61.01 53.61 215 -12.1
Bulgaria 20-49 3.15 2.67 44 -15.2
50-69 19.87 19.05 201 —4.1
70-79 28.35 28.77 116 1.5
80+ 29.84 28.46 63 —4.6
Croatia 20-49 2.58 2.06 19 -20.2
50-69 22.42 21.40 134 —4.5
70-79 39.41 44.35 96 12.5
80+ 43.81 57.42 80 31.1
Czech Republic 20-49 1.85 1.60 40 —-13.5
50-69 22.86 19.96 301 -12.7
70-79 44.63 38.39 202 -14.0
80+ 49.01 45.17 129 -7.8
Denmark (2018) 20-49 1.48 1.09 13 -26.4
50-69 20.03 17.34 132 -134
70-79 47.25 46.32 128 -2.0
80+ 67.73 61.64 95 -9.0
Finland 20-49 1.30 1.21 13 -6.9
50-69 19.05 16.89 140 -11.3
70-79 51.08 51.54 144 0.9
80+ 62.27 66.68 127 7.1
France (2017) 20-49 1.07 0.95 136 -11.2
50-69 14.54 12.70 1161 -12.7
70-79 35.53 34.96 943 -1.6
80+ 50.51 49.03 1241 -2.9
Germany 20-49 1.39 1.20 215 -13.7
50-69 16.48 15.13 1797 -8.2
70-79 42.73 38.62 1777 -9.6
80+ 57.00 55.60 1783 -2.5
Greece 20-49 1.45 1.58 41 9.0
50-69 13.02 13.68 202 5.1
70-79 24.17 26.48 146 9.6
80+ 37.74 38.01 164 0.7
Hungary 20-49 2.46 2.24 54 -8.9
50-69 21.53 19.87 288 =7.7
70-79 43.12 43.65 223 1.2
80+ 47.62 48.14 146 1.1
Ireland (2018) 20-49 1.63 1.21 14 -25.8
50-69 25.13 21.11 110 -16.0
70-79 59.09 59.88 89 1.3
80+ 80.55 73.46 67 -8.8
Italy (2017) 20-49 1.47 1.38 212 -6.1
50-69 14.56 13.66 1178 -6.2
70-79 29.66 29.56 956 -0.3
80+ 38.96 38.05 994 -23
Latvia 20-49 3.59 3.72 17 3.6
50-69 26.56 29.30 86 10.3
70-79 47.73 48.81 58 2.3
80+ 56.87 51.81 40 -89

(continued on next page)
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Country Group of age ASMR ASMR Annual average % Difference 2015-19 versus
2010-2014 2015-2019 deaths 2015-2019 2010-2014
Lithuania 20-49 3.51 2.56 17 -27.1
50-69 27.18 25.29 110 -7.0
70-79 44.06 47.90 77 8.7
80+ 51.56 52.39 60 1.6
Netherlands 20-49 1.38 1.14 43 -17.4
50-69 18.22 14.45 347 -20.7
70-79 47.54 45.63 348 -4.0
80+ 61.44 59.73 297 -2.8
Poland 20-49 2.75 2.18 185 =20.7
50-69 25.69 24.37 1359 =5.1
70-79 41.29 46.21 713 11.9
80+ 41.70 44.30 498 6.2
Portugal (2018) 20-49 0.95 1.06 27 11.6
50-69 10.30 9.57 144 =7.1
70-79 21.80 20.94 113 -3.9
80+ 27.12 25.11 102 -7.4
Romania 20-49 2.17 2.07 102 -4.6
50-69 18.77 18.83 513 0.3
70-79 30.38 32.02 290 5.4
80+ 25.49 29.72 170 16.6
Slovakia 20-49 2.06 2.14 28 3.9
50-69 20.45 19.14 146 -6.4
70-79 41.92 36.87 81 -12.0
80+ 43.93 43.73 54 -0.5
Slovenia 20-49 2.01 2.05 10 2.0
50-69 19.67 20.82 62 5.8
70-79 39.49 40.97 39 3.7
80+ 65.07 54.22 39 -16.7
Spain 20-49 1.47 1.21 146 -17.7
50-69 13.20 12.68 770 -3.9
70-79 24.84 25.01 512 0.7
80+ 33.25 32.21 573 -3.1
Sweden (2018) 20-49 1.10 1.02 21 =13
50-69 18.75 16.22 204 -13.5
70-79 44.32 44.26 206 -0.1
80+ 52.46 49.41 153 =58
Other European countries
Belarus (2018) 20-49 2.44 2.05 46 -16.0
50-69 18.94 19.10 279 0.8
70-79 24.19 19.80 77 —-18.1
80+ 14.51 24.03 67 65.6
Norway (2016) 20-49 1.18 1.22 14 34
50-69 22.87 20.27 129 -114
70-79 42.84 48.31 92 12.8
80+ 65.60 52.18 72 -20.5
Republic of Moldova (2018) 20-49 2.01 2.05 17 2.0
50-69 14.95 15.26 73 2.1
70-79 17.86 20.26 21 134
80+ 12.37 7.37 4 -40.4
Russian Federation 20-49 2.87 2.49 838 -13.2
50-69 20.50 19.04 4225 =7.1
70-79 29.93 27.79 1662 =72
80+ 23.14 22.92 887 -1.0
Serbia 20-49 2.50 2.57 40 2.8
50-69 20.51 20.66 230 0.7
70-79 35.89 36.53 123 1.8
80+ 32.21 31.99 63 -0.7
Switzerland 20-49 1.01 0.83 17 -17.8
50-69 14.09 12.38 136 -12.1
70-79 39.11 40.39 150 33
80+ 57.16 52.06 141 -89

(continued on next page)



C. Wojtyla et al. | European Journal of Cancer 194 (2023) 113350 7

Table 2 (continued)

Country Group of age ASMR ASMR Annual average % Difference 2015-19 versus
20102014 2015-2019 deaths 2015-2019 2010-2014
Ukraine 20-49 3.42 2.87 290 -16.1
50-69 21.34 18.95 1222 -11.2
70-79 25.70 24.01 477 —6.6
80+ 12.29 10.94 139 -11.0
UK 20-49 1.45 1.33 192 -8.3
50-69 19.63 17.12 1427 -12.8
70-79 48.99 46.44 1328 =52
80+ 62.77 61.86 1198 -1.4
EU-27 (2017) 20-49 1.59 1.43 1466 -10.1
50-69 17.16 15.85 9702 -7.6
70-79 36.45 36.12 7575 -0.9
80+ 46.77 45.87 7181 -1.9
EU-14 (2017) 20-49 1.33 1.18 927 -11.3
50-69 15.31 13.96 6470 -8.8
70-79 35.77 34.86 5710 -2.5
80+ 47.97 46.53 5897 -3.0
Tansitional countries (2018) 20-49 2.49 2.21 593 -11.2
50-69 22.11 21.52 3617 -2.7
70-79 37.08 39.25 2054 5.9
80+ 38.46 40.87 1368 6.3

ASMR: Age-standardised mortality rate.

are presented in Fig. 2 and Supplementary Table 1. Re-
cent trends were downward in most European countries,
except for Croatia, Greece, Hungary and Romania
showing stable rates over the most recent period. How-
ever, most Western and Northern European countries
have shown favourable trends since the beginning of the
1990s, as well as some Eastern European countries, i.e.
Belarus, the Czech Republic and Hungary. In the re-
maining Eastern European countries, despite an initial
increase in mortality rates, a change in trend was gen-
erally observed in the second half of the 1990s, except in
Poland, the Russian Federation and Serbia where a trend
reversal only occurred during the first two decades of the
21st century. Transitional countries showed less favour-
able recent mortality trends than EU-27 and EU-14. In
contrast, over the whole studied period, Bulgaria, Greece
and Romania showed increasing mortality trends,
starting however from lower ovarian cancer mortality
rates at the beginning of the 1990s than the rest of
Europe. In the EU-27 and EU-14, ovarian cancer mor-
tality trend has been decreasing since the beginning of
1990s, while it remained stable in Transitional countries.

Fig. 3 shows join point analysis results for different
age groups, for the EU-27, the EU-14 and the transi-
tional countries. In the EU-27 and EU-14, a decrease in
mortality was observed across all age groups of women,
while the largest differences were observed in Transi-
tional countries. Among women aged 20-49, the trend
was similar to the other two analysed country groups.
Among women aged 50-69, mortality rates remained
stable throughout the entire analysed period. Among

women aged 70-79 and the oldest age group, mortality
rates increased over the observed period.

Table 3 presents ovarian cancer mortality predictions
for 2025 for the seven major European countries and the
three groups of countries considered. Compared to
2015-2019 rates, the largest decrease was predicted for
Germany (about —20.6%), reaching a predicted mor-
tality rate of 3.67/100,000 women. A substantial de-
crease was also predicted for the Russian Federation
(—18.3%), followed by France (—14.6) and the UK
(—11.8%). The highest mortality rate in 2025 is predicted
for Poland, with an ASMR of 5.98/100,000 women,
while the lowest ones are in Spain and France, with
ASMRs around 3.4/100,000. Italy is the only major
country where no decrease in ovarian cancer mortality is
predicted. In all analysed groups of countries, ovarian
cancer mortality is expected to decrease. The largest
decrease in mortality is predicted to be in Transitional
countries (—14.4%), followed by EU-14 (—14.2%), and
EU-27 (—10.6%).

Fig. 4 shows the estimated number of avoided
ovarian cancer deaths in the six major European coun-
tries and three groups of European countries, between
1994 and 2025, assuming constant age-specific rates in
1993 (light grey area). Over the 33-year period con-
sidered, we estimated about 24,600 avoided ovarian
cancer deaths in France, 12,700 in Italy, 59,500 in
Germany and 20,100 in the UK. The corresponding
figure in the EU-27 is 130,700 deaths, while around
7000 averted ovarian cancer deaths were estimated for
the Transitional countries. No appreciable number of
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Fig. 3. Annual age-standardised (world standard population) mortality rates from ovarian cancer per 100,000 women at age 20-49, 50-69,
70-79, and over 80 years in the EU-27, EU-14, and transitional countries.

avoided deaths from ovarian cancer was estimated in
Poland and Spain.

4. Discussion

Our study shows a decrease in ovarian cancer mortality
rates in the last decades in most European countries,
with only a few exceptions. In most EU-14 countries,
the favourable mortality trend has been observed since
the beginning of the 1990s, while in most Transitional
countries it occurred later. We predicted a further de-
cline in mortality rates from ovarian cancer in the near
future.

Ovarian cancer has the highest mortality rates among all
gynaecological neoplasms [14]. The overall 5-year survival

Table 3

rate is below 40%, and only moderate improvements have
been recorded since the 90s in Europe overall [15]. It is the
eighth most commonly diagnosed cancer in women in
Europe [16]. According to Global Cancer Observatory da-
tabase (GLOBOCAN 2020), the highest incidence rates
were observed in Central, Eastern-Europe with age-stan-
dardised incidence rates exceeding 10.0/100,000 women,
while lower incidence rates in the other European areas
(around 7.1-8.8/100,000) [16].

Differences in the geographical mortality patterns can
be partly related to changes in the prevalence of risk
factors. Among these, there are mainly changes in the use
of oral contraceptives (OCs), a well-known protective
factor for ovarian cancer [17]. The widespread use of OCs
plays a key role in the favourable trends in ovarian

Number of predicted deaths and mortality rates from ovarian cancer, for all ages, for the year 2025 and comparison figures for 2015-2019, for the
most populous European countries, plus the EU-27, EU-14 and transitional countries group, with 95% prediction intervals (PIs).

Country Annual average Predicted number Observed ASMR Predicted
deaths 2015-2019 of deaths 2025 2015-2019 ASMR 2025
(95% PI) (95% PI)
France 3482 3650 (3310-3990) 3.96 3.38 (3.00-3.76)
Germany 5573 4900 (4580-5170) 4.62 3.67 (3.43-3.90)
Italy 3342 3900 (3790-4110) 4.02 4.42 (4.20-4.64)
Poland 2755 2900 (2740-3080) 6.61 5.98 (5.53-6.42)
Russian Federation 7620 7100 (6320-7910) 5.12 4.19 (3.61-4.76)
Spain 2002 2100 (1940-2210) 3.60 3.40 (3.15-3.65)
UK 4147 4150 (3960-4340) 5.29 4.67 (4.39-4.94)
EU-27 25,934 26,900 ( 25,640— 28,260) 4.66 4.17 (3.95-4.38)
EU-14 19,011 18,700 ( 18,080 19,350) 4.22 3.62 (3.47-3.77)
Transitional countries 7634 10,100 (9050 11,130) 5.92 5.07 (4.40-5.73)

ASMR, age-standardised mortality rates (using the world standard population).
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Fig. 4. Estimated numbers of avoided ovarian cancer deaths between the top rate in 1993 and 2025 (light grey area); observed and
predicted numbers of ovarian cancer deaths from 1994 to 2025 (black line); estimated numbers of ovarian cancer deaths by applying 1993

age-specific peak mortality rates (grey line).

cancer mortality in Europe and can explain some of the
differences across countries [1,17,18]. The strength of the
protective effect of OCs depends on the duration of its
use and persists for up to 30 years after discontinuation.
For women who never used OCs, it was estimated that
1.2 out of 100 are diagnosed with ovarian cancer by age
80 years, and 0.7 die from it. After 10 years of OC use the
cumulative incidence declined to 0.8 and 0.5 per 100
women respectively. OC use in the period 1960-1989 was
associated with similar proportional risk reductions, in-
dependently for the type of OCs [19]. Since the 1960s,
OCs have been widely available in Northern Europe and
were adopted earlier in Western and Northern European
countries compared to Southern Europe. Before 1990,
OCs were available in most countries of Central and
Eastern Europe, but their accessibility was limited and
high cost was an additional barrier to their use [20]. The
prevalence of OC use increased in the 1990s in this part of
Europe, which is reflected in the shifted patterns of
ovarian cancer mortality.

Besides the major favourable impact of increasing
OC use in subsequent generations, increases over time in

oophorectomy and salpingectomy following surgery for
uterine myomas and other benign conditions may also
have played a favourable role, though adequate data for
various countries are not available.

The reduction in the use of menopause hormone re-
placement therapy (HRT) may also have contributed to
the decline in mortality in some Western European
countries. The results of the Women'’s Health Initiative
(WHI) randomised controlled trial and the Million
Women Study had a significant impact on the use of
HRT in Europe [21,22]. Before 2002, countries of Cen-
tral and Northern Europe had the highest prevalence of
HRT utilisation. However, following the results of the
WHI, there was a sharp decrease in HRT use [23], which
may have contributed to the more marked decline in
ovarian cancer mortality rates in those countries.

Other risk factors for ovarian cancer, such as early
age at menarche, and late age at menopause are unlikely
to have had an appreciable impact on ovarian cancer
mortality [18] The fertility rate steadily declined from
the mid-1960s in Europe. For nearly three decades,
there has been an observed trend of approximately
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stable fertility rates in most European countries [24].
Changes in fertility rates, however, did not reflect
ovarian cancer mortality. The low mortality rates ob-
served in Mediterranean countries can be at least in part
explained by the favourable impact of diet in reducing
the risk of ovarian cancer [25,26]. Parity, a recognised
protective factor for ovarian cancer, was higher in
Mediterranean countries than in Central and Northern
Europe, but it had already decreased (to about 2.5 births
per woman) in women diagnosed with ovarian cancer in
the period considered, largely born between the 1920s
and the 1950s. A transgenerational epigenetic effect can
therefore be considered, at least as a hypothesis [27].
Other modifiable risk factors, such as overweight and
obesity, as well as lack of physical activity, are weakly
linked to ovarian cancer occurrence [28]. However,
those potential risk factors likely had no noticeable
impact on mortality rates, as their prevalence is stable or
slightly increasing in Europe [29,30].

The decline in ovarian cancer mortality can also be
partly attributed to advancements in surgery and novel
chemotherapeutic regimens, as well as the ability to offer
these treatments to older women [1]. The gold standard
treatment for ovarian cancer is surgical cytoreduction
followed by chemotherapy, and an important prognostic
factor influencing the survival of women with ovarian
cancer is the extent of residual disease after cytoreduction
[15,31]. Platinum-based chemotherapy schemes were im-
plemented almost 40 years ago, and taxanes use started
10 years later. These drugs remain to date the first-line
treatment of ovarian cancer. More recently, the use of
gemcitabine, bevacizumab, and Poly(adenosine dipho-
sphate-ribose) polymerase inhibitors as well as in-
traperitoneal chemotherapy have been proposed
[1,15,32.33]. Progresses in the proposed forms of therapy
continue, such as the development of SIK2 inhibitors
[34]. Despite an initial response to primary therapy, ap-
proximately half of the women experience disease recur-
rence within the first few years after completing
treatment, and in some cases, they also develop platinum
or primary chemotherapy resistance.

The pandemic of Covid-19 may have some impact on
ovarian cancer diagnosis, incidence, and mortality.
However, at least in 2020, the impact of the pandemic
was major on respiratory, vascular and metabolic dis-
eases, but negligible on cancer [35]. Still, some future
impact due to delayed diagnosis/treatment at the peaks
of the epidemic in 2020 and 2021 is possible but prob-
ably minor. The Russian aggression in Ukraine has
caused major damage to health infrastructure and a
substantial impact on the Ukrainian population, influ-
encing to an undefined degree any estimation for 2025
[36]. For this reason, we were unable to make a valid
prediction for Ukraine.

We retrieved death certification data provided by the
WHO mortality database, which may entail some lim-
itations, like national coverage or inaccuracy in death

certificates. To minimise these limitations, we included
only countries with death certification coverage over
90%. The use of the 3-digit code in ICD-9 classification
(183) was due to deficiencies in codification in the form
of 4-digit codes for most European countries, including
Transitional countries and other less populous Eastern
countries and Russia. Some of the cancers certified as
ovarian may have arisen from fallopian tubes, but these
present similar pathological and clinical characteristics
as well as similar classification, diagnosis, management
and treatments.

5. Conclusions

Over the study period, ovarian cancer mortality has
been declining in most of Europe, and favourable trends
are also expected in the near future. Ovarian cancer,
especially in the early stages, poses significant diagnostic
challenges. This is due to its early asymptomatic nature,
discreet tumour development, and lack of an effective
screening programme [37-39]. Furthermore, frequent
relapses contribute to the persistently high mortality
rate, which is expected to increase globally in the coming
decades [40], despite the favourable short-term projec-
tions in European countries. Emphasis should be on
primary prevention, reducing the strongest well-known
risk factors, such as HRT use. Moreover, increasing the
availability and access to high-quality ovarian cancer
care and treatment could improve the prognosis.
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