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Progress in cancer epidemiology: avoided deaths in Europe 
over the last three decades
Carlo La Vecchiaa, Eva Negria,b and Greta Cariolia,c  

Progress in cancer epidemiology and prevention has been 
a key determinant of the fall in cancer mortality in Europe. 
Using mortality and population figures from the WHO and 
Eurostat databases, we estimated the number of averted 
cancer deaths in the EU27 over the period 1989–2021, for 
both sexes, for all cancers, and nine major cancer sites. 
We also computed the avoided deaths for all cancers in 
five major European countries and the UK. We estimated 
a total of 4 958 000 (3 339 000 men and 1 619 000 
women) avoided deaths for all neoplasms over the period 
1989–2021 and 348 000 (246 000 men and 102 000 
women) in 2021 alone in the EU27. For both sexes, we 
estimated 1 679 000 avoided deaths for stomach cancer, 
747 000 for colorectum, 227 000 for bladder, 102 000 for 
leukemias. Avoided deaths for lung cancer accounted for 
1 156 000 in men, while no reduction was estimated for 
women. For breast and uterine cancer, avoided deaths 
were about 300 000, for ovary 105 000 and for prostate 
352 000. In the UK, a total of 1 061 000 (721 000 men 
and 340 000 women) deaths was avoided. Elimination 
of tobacco may avoid a further 20% of cancer mortality 
by 2050. Control of alcohol, overweight and obesity, and 

occupational and environmental carcinogens may avoid 
an additional 10% of cancer deaths. A similar reduction 
may be due to optimal adoption of cervical, colorectal, 
breast, and probably, lung and prostate cancer screening. 
Thus, primary and secondary cancer prevention can avoid 
an additional third of cancer deaths in Europe up to 2050. 
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Introduction
Cancer mortality in Europe has been steadily increasing 
until the late 1980s, but has levelled off and declined 
over the last three decades (Rosso et al., 2018).

A large portion of such decline is due to progresses in 
cancer epidemiology and prevention, including mainly, 
but not only, tobacco control in men.

We estimated, therefore, the number of avoided cancer 
deaths over the last three decades, and discussed the key 
role of epidemiology and prevention in these figures.

Materials and methods
We obtained official death certification data from the WHO 
database for total cancer mortality and 9 major cancer sites. 
Cancer deaths were recoded according to the 10th ICD 
Revision: total cancers (C00–D48), stomach (C16), colorec-
tum (C17–C21, C26), lung (C33–C34), breast (C50), uterus 
(cervix and corpus) (C53–C55), ovary (C56), prostate (C61), 
bladder (C67) and leukemias (C91–C95). We obtained res-
ident population estimates from the same WHO database, 

and when data were missing, from Eurostat database. We 
derived figures from 1970 to 2015 for the EU (current 
27 member states; data were missing for Cyprus) and for 
its five most populous countries (France, Germany, Italy, 
Spain and Poland), and the UK.

We calculated country- and sex-specific deaths rates for 
each 5-year age group (0–4 to 85+ years) and calendar 
year. To predict figures and rates, we fitted a logarith-
mic Poisson joinpoint regression model to each 5-year 
age-specific number of certified deaths, setting a max-
imum of five joinpoints; we identified the most recent 
trend segment. We estimated age-specific numbers of 
deaths and the corresponding 95% prediction intervals 
(PIs) for 2021 by fitting a linear regression to the mortality 
data from each age group over the most recent trend seg-
ment identified by the joinpoint model. Using the matri-
ces of predicted age-specific numbers of deaths obtained 
from our model and predicted populations retrieved from 
Eurostat, we computed predicted age-specific death rates 
with 95% PIs (Carioli et al., 2021).

We estimated the number of averted cancer deaths for the 
EU27 for total neoplasms and the nine major cancer sites, 
for men and women, over the 1989–2021 period, by com-
paring observed deaths and expected ones on the basis of 
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the 1988 age-specific peak rate. We also estimated the total 
neoplasms avoided deaths for the five major European 
countries and for the UK over the 1989–2021 period.

Results
Table  1 and Figure  1 show the estimated number of 
averted cancer deaths for the EU27 by sex and cancer 
site from 1989 to 2021, as well as in 2021 alone. In the 
EU27, we estimated a total of 4 958 000 (3 339 000 men 
and 1 619 000 women) avoided deaths for all neoplasms 
over the 33-year period and 348 000 (246 000 men and 
102 000 women) in 2021 alone. For both sexes, we esti-
mated 1  679  000 avoided deaths for stomach cancer, 
747 000 for colorectum, 227 000 for bladder and 102 000 
for leukemias. Avoided deaths for lung cancer accounted 
for 1 156 000 in men, while a rise of deaths for this cancer 
was estimated in women, as compared to the 1988 rates, 
622  000 deaths over the entire period considered and 
42  000 in 2021. For breast and uterine cancer, avoided 
deaths since 1989 were about 300 000, for ovary 105 000 
and for prostate 352 000.

Table  2 and Figure  2 show the estimated number of 
averted deaths for all neoplasms for the five major 
European countries and the UK, by sex, from 1989 to 
2021, as well as in 2021 alone. Over the 33-year period, 
in France, a total of 972 000 cancer deaths were avoided 
(759  000 in men and 213  000 in women), in Germany 
1 670 000 (1 026 000 in men and 644 000 in women), in 
Italy 1 025 000 (748 000 in men and 277 000 in women), 
in Spain 334 000 (187 000 in men and 147 000 in women), 
in the UK 1  061  000 (721  000 in men and 340  000 in 
women). In Poland, 70 000 deaths were averted for men, 
while no reduction was estimated for women.

Discussion
Primary and secondary prevention had a key role in the 
substantial fall in cancer mortality – around five million 
– over the last three decades in Europe.

At least 80% of the decline in lung cancer mortality in 
men is due to reduced smoking prevalence (Malhotra 

et al., 2016). Since in several European countries the 
decline in smoking prevalence has been levelling 
off over the last few years, additional intervention on 
tobacco control in European men is required. Tobacco 
control in women remains a key priority since female 
lung cancer rates are still rising. The reduced smoking 
prevalence in men had a favourable impact on the pre-
vention and hence reduced mortality of other tobac-
co-related cancers, including bladder, stomach and 
colorectum.

The impact of alcohol, the second major cause of can-
cer in Europe, on cancer trends is heterogeneous, since 
alcohol consumption has substantially declined in south-
ern Europe over the last few decades, but has increased 
in most central and northern Europe (La Vecchia et al., 
2014).

Primary prevention had also a major role on the reduction 
of gastric cancer mortality, especially through eradication 
of Helicobacter pylori, but also through improvement in 
food conservation, diet and nutrition and tobacco control 
(Lyons et al., 2019).

Another aspect of primary prevention is vaccination 
against hepatitis B on liver cancer (available across 
Europe in the late 1980s) (Bosetti et al., 2014) and HPV 
on cervical, oropharyngeal and anal cancers (available 
around 2005) (Villain et al., 2015). The impact of these 
interventions (particularly that of HPV) on cancer mor-
tality is however still moderate but will increase in the 
future.

The avoidance of cervical cancer deaths is due to second-
ary prevention, mainly PAP test and, more recently HPV 
testing. There is however scope for improving organised 
cervical cancer screening programs, particularly in central 
and eastern Europe, where rates remain unacceptably 
high (Wojtyla et al., 2020).

Secondary prevention had a relevant role in the avoid-
ance of colorectal and breast cancer deaths. Various 
approaches to screening and early diagnosis of colorectal 
cancer, including faecal occult blood testing, colonos-
copy and sigmoidoscopy can reduce incidence (by elimi-
nating pre-neoplastic lesions) and mortality of colorectal 
cancer by 30–40%. A similar estimate can be applied to 
mammography in the avoidance of breast cancer mor-
tality, which may account for about a third of the sub-
stantial reduction in breast cancer mortality observed in 
Europe. Improved treatment is responsible for an even 
larger proportion in breast cancer deaths (Carioli et al., 
2017; Tabár et al., 2019). Part of the fall in prostate can-
cer mortality is likely due to screening and early diagno-
sis through PSA (Cuzick et al., 2014), though its impact 
remains difficult to quantify. Low-dose computed 
tomography may reduce lung cancer mortality (Rota et 
al., 2019), but its adoption is still limited across Europe. 
The Covid pandemic may have an unfavourable impact 

Table 1 Avoided cancer deaths for total neoplasms and for nine 
major cancer sites in men and women for the EU27 as a whole, 
over the period 1989–2021 and in 2021 alone

 
 Avoided deaths over 

1989–2021
 Avoided deaths in 

2021

 Men Women Men Women

Stomach 987 000 692 000 58 000 39 000
Colorectum 218 000 529 000 22 000 39 000
Lung 1 156 000 - 87 000 -
Breast - 301 000 - 21 000
Uterus (Cervix & Corpus) - 301 000 - 15 000
Ovary - 105 000 - 7000
Prostate 352 000 - 32 000 -
Bladder 190 000 37 000 14 000 3000
Leukemias 65 000 37 000 4000 2000
All neoplasms 3 339 000 1 619 000 246 000 102 000
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on cancer screening, if the organised programs are not 
rapidly re-installed (Carioli et al., 2021; Martin-Moreno 
and Lessof, 2021)

Conclusion
Cancer prevention remains a key factor in cancer 
control in Europe. Elimination of tobacco may avoid 

a further 20% of cancer mortality by 2050. Reduction 
of alcohol drinking, control of overweight and obesity, 
and further improvements in exposures to occupational 
and environmental carcinogens may avoid an additional 
10% of cancers and cancer deaths. Widespread adop-
tion of cervical, colorectal, breast and probably lung and 
prostate cancer screening may contribute to a further 
reduction by 5–10% in cancer mortality. Thus, primary 
and secondary cancer prevention can in principle addi-
tionally avoid over a third of cancer deaths in Europe 
by 2050.
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Fig. 1

Avoided cancer deaths for all neoplasms and 9 major cancer sites for the EU27 men and women between the top rate in 1988 and 2021 (light 
grey area); observed numbers of cancer deaths from 1970 to 2015 and predicted cancer deaths from 2016 to 2021 (black line); estimated num-
bers of cancer deaths by applying 1988 age-specific peak mortality rate (dark grey).

Table 2 Avoided cancer deaths for total neoplasms in men and 
women for the five major European countries and the UK, over 
the period 1989–2021 and 2021 alone

 
 Avoided deaths over 

1989–2021  Avoided deaths in 2021

 Men Women Men Women

France 759 000 213 000 57 000 13 000
Germany 1 026 000 644 000 71 000 37 000
Italy 748 000 277 000 54 000 19 000
Spain 187 000 147 000 22 000 10 000
Poland 70 000 - 9000 -
UK 721 000 340 000 47 000 22 000
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Fig. 2

Avoided cancer deaths for all neoplasms, in men and women, in the 5 major European countries and the UK between the top rate in 1988 and 
2021 (light grey area); observed numbers of total cancer deaths from 1970 to 2015 and predicted cancer deaths from 2016 to 2021 (black line); 
estimated numbers of total cancer deaths by applying 1988 age-specific peak mortality rate (dark grey).
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