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Background: Cancer mortality in Europe has been decreasing since the late 1980s or 1990s in some countries with different
patterns in many areas. In this study, we updated trends in cancer mortality in Europe.

Materials and methods: We extracted data from the World Health Organization mortality database for 24 cancer sites, 36
European countries and the European Union (EU) as a whole over the 1990-2017 period. We computed age-standardized death
rates per 100 000 person-years, and we carried out a joinpoint regression analysis of mortality trends from all cancers and selected
major neoplasms. The estimated annual percent change (APC) for each identified linear segment, and the weighted average APC
(AAPC) over the entire study period were provided as summary measures of the changes in rates over the time period.

Results: In 2015, the age-standardized mortality rates from all cancers in the EU were 137.5 deaths per 100 000 in men and 85.7
in women. Eastern European countries showed the highest rates with values over 150 deaths per 100 000 in men and over 100

deaths per 100 000 in women. Mortality from all cancers in the EU declined annually by 1.5% in men since 2006 and by 0.8% in
women since 2007. Most cancer sites showed decreasing trends, with steady declines over the whole period for cancers of
stomach, intestines, lung in men, breast and prostate. Unfavourable mortality trends persisted for cancers of liver, lung in

women, pancreas, besides skin and kidney in men.

Conclusions: The downward trends in total cancer mortality in Europe still continue over the last decade. However, the trends
were less favourable in most eastern European countries. Tobacco control in men (but not in women), improvements in
diagnosis and therapy were the main underlying factors of these trends.
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Introduction

Cancer mortality shows substantial variation across Europe.
Steady declines were observed since the 1980s in most western
European countries and a decade later in central and eastern
Europe [1]. Such favourable trends have been attributed not only
to the reduced prevalence of smoking in men [2, 3] and decreased
alcohol consumption in Mediterranean countries [4], but also to
the increased availability of screening, early diagnosis and treat-
ment. However, suboptimal tobacco control, inadequate adop-
tion of modern diagnostic techniques and effective treatment
have produced remarkable disparities in cancer mortality across
Europe [5] with systematically less favourable mortality trends in
eastern European countries [1, 6].

In this study, we provide updated data on cancer mortality in
Europe.

Materials and methods

We extracted official death certification data from the World Health
Organization (WHO) database for 24 cancer sites and all neoplasms in 36
European countries, plus the European Union 28 Member States (EU-28) as
awhole, for the 1990-2017 period [7]. All the countries considered had death
certification coverage over 95%, except Serbia (84%). During the considered
calendar years, we used three different Revisions of the International
Classification of Diseases (ICD) and coded cancer deaths for all calendar
years and countries, according to the 10™ Revision of the ICD [8].
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We obtained estimates of the resident population, based on official
censuses, from the same WHO database [7]. Since population estimates
for France and Ireland in 2015, Spain in 2016 and Switzerland in 2014
and 2015 were not available in the WHO database, these were obtained
from the EUROSTAT database [9].

No interpolations were made for missing data in a few countries and cal-
endar years, except for the calculation of the rates for the EU-28 as a whole.

Using the dataset with death counts and resident populations, we cal-
culated age-specific rates for 18 age groups (from 0-4 to 80-84, and
>85years), sex and calendar year. We then computed age-standardized
mortality rates per 100 000 person-years (at all ages and the 35-64 age-
group), based on the world standard population [10].

For the EU-28 as a whole and a subset of 24 selected major countries
(i.e. with populations over 5 million inhabitants), we carried out a join-
point regression analysis on mortality data for all neoplasms, and selected
major cancers (i.e. intestines, lung, breast and prostate), over the 1990—
2017 period [11]. We thus identified the time point(s), called ‘join-
points’, when a change in the linear slope (on a log scale) of the temporal
trend occurred [12], by testing from a zero up to a maximum of four
joinpoints. The estimated annual percent change (APC) for each identi-
fied linear segment, and the weighted average APC (AAPC) over the en-
tire study period (1990-2017) as a summary measure, were computed for
each joinpoint model [12, 13].

Results

Tables 1 and 2 provide the overall age-standardized mortality
rates per 100 000 men and women, respectively, and the number
of deaths from selected cancers registered in 2015 in 36 European
countries and the EU-28 as a whole. Supplementary Figures S1—
S8, available at Annals of Oncology online, show rates (from larg-
est to smallest) for the EU-28 by cancer site (supplementary fig-
ure S1, available at Annals of Oncology online), and for all
neoplasms (supplementary figure S2, available at Annals of
Oncology online) and selected major cancers (supplementary fig-
ures S3-S8, available at Annals of Oncology online) by country
(supplementary material, available at Annals of Oncology online).

In men, all neoplasms mortality rate in the EU-28 was 137.5/
100 000 corresponding to 760 123 deaths in 2015. Most eastern
European countries and Russia showed the highest mortality
rates, while northern European countries had the lowest ones.
With regard to major cancers, in the EU-28, male mortality rates
were 34.8/100 000 for lung cancer, 16.1 for intestinal cancer, 10.7
for prostate cancer, 7.9 for pancreatic cancer and 6.3 for stomach
cancer. Mortality rates from lung cancer ranged between 15 and
23/100 000 in Scandinavian countries, 27 and 36 in the UK,
France, Germany, Italy and Spain to 45-63 in eastern European
countries and Russia. Mortality rates from intestinal cancer
ranged from about 13 to 15/100 000 in major western countries
to around 30/100 000 in Hungary, Slovakia and Croatia. The
Russian rate was 18.7/100 000. Mortality from prostate cancer
showed the highest rates (14-21/100 000) in Baltic and
Scandinavian countries, while the lowest ones (7-9/100 000)
were in Italy and other southern European countries. Mortality
from pancreatic cancer ranged between 6.5 and 8.6/100 000 in the
UK, Spain, Italy, France, and Germany to around 10-11/100 000
in several central and eastern European countries. Stomach can-
cer mortality rates ranged from 3—4 deaths/100 000 in northern
and central European countries to 19.4/100, 000 in Russia, fol-
lowed by other eastern European countries. Portugal, Italy and
Spain had relatively high rates, too.

In women, the total cancer mortality rate in the EU-28 was
85.7/100 000, corresponding to 603 984 deaths in 2015. The high-
est mortality rate was observed in Hungary, followed by other
eastern and northern countries. In contrast, the lowest mortality
rates were observed in southern and eastern countries, with the
lowest one in Spain. With regard to major cancers, EU-28 female
mortality rates were 14.5/100 000 for breast cancer, 14.3 for lung
cancer, 9.4 for intestinal cancer, 5.5 for pancreatic cancer and 2.9
for stomach cancer. The highest breast cancer rates were in Serbia
and other central European countries (around 15-18) and Russia
(15.7), while the lowest ones were in Norway, other Scandinavian
countries and Spain (about 10-11/100 000). The highest lung
cancer rates were in Hungary (29.6/100 000), followed by some
northern countries, while the lowest ones (3—6/100 000) were in
eastern Europe. Mortality rates from intestinal cancer ranged be-
tween 7 and 8 deaths/100 000 in Austria, Greece, Switzerland and
France to 15.1/100 000 in Hungary. Mortality from pancreatic
cancer ranged from 3.6/100 000 in Ukraine, around 4 in Portugal
and Spain to 7.3 deaths/100 000 in Hungary. Mortality from
stomach cancer ranged from 1.5/100 000 in France, followed by
most western and northern European countries (rates around 2)
to 7.9/100 000 in Russia.

Corresponding figures for the 35-64 age group are displayed in
the supplementary tables S1 and S2 (available at Annals of
Oncology online).

Figure 1 and supplementary table S3, available at Annals of
Oncology online show the joinpoint regression analysis of mortal-
ity trends for 23 cancer sites plus all neoplasms in the EU-28 from
1990 to 2015 at all ages and for the 35-64 age group, in men and
women. The downward trends in total cancer mortality started in
the early 1990s and the mortality rate at all ages declined annually
by 1.5% in men since 2006 and by 0.8% in women since 2007.
Downward trends were observed for most major cancer sites,
with steady declines for cancers of stomach, intestines, lung in
men, breast and prostate. In contrast, unfavourable trends were
observed for lung cancer in women and increasing or stable rates
were observed for pancreatic cancer. Favourable trends were also
observed for most other cancer sites, except liver over the recent
calendar years, skin and kidney in men.

Figure 2A-E (supplementary table S4a—e, available at Annals
of Oncology online) give the results from the joinpoint analysis
of mortality trends (1990-2017) for all neoplasms and major
cancer sites in 24 selected countries. Mortality from all neo-
plasms declined in most countries for both sexes, with the
exceptions of Bulgaria, Greece and Romania. The favourable
trends started after the mid-1990s in most eastern countries,
Norway and Spain. Upward trends were observed in mortality
rates from intestinal cancer in East Europe. Lung cancer mor-
tality decreased in most countries in men, except in Bulgaria,
Portugal and Romania. Lung cancer mortality in women
increased in most countries, while breast cancer decreased by
2%—4% per year over the most recent period in most northern
European countries, and around 1.5% in most western and
southern countries. In Russia, breast cancer mortality started
to decline over the last few years. Greater declines in breast can-
cer were observed among middle-aged women. After the
increasing trends observed over the 1990s, mortality from pros-
tate cancer declined in most countries, with a few exceptions in
East Europe.
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Figure 1. Joinpoint analysis of trends in age-standardized (world population) mortality rates from 23 cancer sites and all neoplasms in the

Non-Hodgkin’s Lymphoma
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Discussion

Mortality rates from major cancer sites continued to decline in
the EU-28 over the 2000s, with the only exception of pancreatic,
skin and kidney (only in men) cancers and of some increase in
mortality from liver cancer in both sexes and lung cancer in
women. However, there are substantial differences among EU
countries, with less favourable trends taking place in some eastern
European countries.

The downward trends in overall cancer mortality are mainly
driven by the declines in mortality from most tobacco-related
cancers in men consequent to the reduction in male smoking
prevalence across Europe [2, 3]. The opposite trend in female
lung cancer mortality reflects the different stage in the smoking
epidemic between sexes and the lagged decline in smoking preva-
lence in women compared with men [2, 14, 15].

The potential impact of tobacco reduction in men on mortality
from pancreatic cancer was partly counterbalanced by the rising
prevalence of obesity and diabetes over the last three decades
[16]. Moreover, improved diagnosis and certifications may have
played some role on the unfavorable mortality trend from pan-
creatic cancer.

Apart from the smoking prevalence reduction in men, the
steady decline in stomach cancer mortality could also be attrib-
uted to improved water sanitation, lifestyle and environmental
conditions that resulted in reduced prevalence of Helicobacter
pyloriinfection [17]. The reduced consumption of food preserved
by salting, pickling and smoking may has also contributed to the
downward trend [18].

Improved working conditions and less exposure to occupa-
tional carcinogens [19, 20] have also contributed to the down-
ward trends in mortality from lung and bladder cancer.

Reductions in alcohol consumption, especially in southern
Europe, partly explain the decline in cancer of oral cavity, phar-
ynx and esophagus [4]. On the other hand, increased alcohol con-
sumption in northern Europe and increased prevalence of HCV
in northern and eastern Europe [4] have driven the increment in
primary liver cancer mortality all over Europe [21, 22].

Screening and early diagnosis have contributed to the reduc-
tion in mortality from colorectal cancer [23, 24]. However, the
screening uptake differs among countries due to resource avail-
ability that may explain some of the between-country variability
in mortality patterns and trends [25, 26].

Mammography screening programs, early diagnosis and most-
ly availability of effective therapy, including progress in radio-
therapy and surgery are the key factors for the substantial
downward trends in breast cancer mortality in Europe [27, 28],
as in other (high-income) areas of the world [29]. Some eastern
countries, including Romania, Russia and Ukraine showed less
favorable trends. Breast cancer rates in those areas of the contin-
ent were particularly low in the past [30], and this may reflect
some levelling of rates across Europe. In addition, delays in the
adoption of effective screening programs and treatments are pos-
sible in those countries [6].

Wider adoption of radical prostatectomy in combination with
adjuvant hormonal therapy for localized cancers may partly ex-
plain the downward trend in prostate cancer mortality observed
since the late 1990s in Europe, though a favourable role of PSA
testing is likely, but still unquantified [31].

Annals of Oncology

The decline in mortality from cancer of the testis observed
since 1970s continued over the 1990s but levelled off during the
2000s. This pattern has been mainly attributed to the adoption of
effective treatments, mainly platinum-derived chemotherapy and
its analogues [32].

Subsequent advancements in therapies were the key underlying
factors of the downward trend in mortality from leukaemias, tar-
geted therapy has improved the prognosis of patients with chron-
ic myelogenous leukemia and allogeneic hematopoietic cell
transplantation improved survival in all malignant hematologic
diseases [33-36].

The less favorable trend in mortality from skin cancer may re-
flect the increased recreational exposure to sunlight ultraviolet
radiation and use of tanning beds [37], while the growing obesity
[16] and hypertension rates are possible explanation of the
increased mortality due to kidney cancer [38].

Despite possible problems in data quality, death certification is
reasonably valid in all the European countries considered and
allows therefore to obtain a meaningful time trends analysis for
most countries considered [39, 40].
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