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Complete cancer prevalence in Europe in 2020 by disease
duration and country (EUROCARE-6): a population-based
study
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Summary

Background Cancer survivors—people living with and beyond cancer—are a growing population with different health
needs depending on prognosis and time since diagnosis. Despite being increasingly necessary, complete information
on cancer prevalence is not systematically available in all European countries. We aimed to fill this gap by analysing
population-based cancer registry data from the EUROCARE-6 study.

Methods In this population-based study, using incidence and follow-up data up to Jan 1, 2013, from 61 cancer
registries, complete and limited-duration prevalence by cancer type, sex, and age were estimated for 29 European
countries and the 27 countries in the EU (EU27; represented by 22 member states that contributed registry data)
using the completeness index method. We focused on 32 malignant cancers defined according to the third edition of
the International Classification of Diseases for Oncology, and only the first primary tumour was considered when
estimating the prevalence. Prevalence measures are expressed in terms of absolute number of prevalent cases, crude
prevalence proportion (reported as percentage or cases per 100000 resident people), and age-standardised prevalence
proportion based on the European Standard Population 2013. We made projections of cancer prevalence proportions
up to Jan 1, 2020, using linear regression.

Findings In 2020, 23711 thousand (95% CI 23 565-23 857) people (5-0% of the population) were estimated to be alive
after a cancer diagnosis in Europe, and 22347 thousand (95% CI 22210-22483) in EU27. Cancer survivors were more
frequently female (12818 thousand [95% CI 12720-12917]) than male (10892 thousand [10785-11000]). The five
leading tumours in female survivors were breast cancer, colorectal cancer, corpus uterine cancer, skin melanoma, and
thyroid cancer (crude prevalence proportion from 2270 [95%CI 2248-2292] per 100 000 to 301 [297-305] per 100 000).
Prostate cancer, colorectal cancer, urinary bladder cancer, skin melanoma, and kidney cancer were the most common
tumours in male survivors (from 1714 [95% CI 1686-1741] per 100000 to 255 [249-260] per 100 000). The differences
in prevalence between countries were large (from 2 to 10 times depending on cancer type), in line with the demographic
structure, incidence, and survival patterns. Between 2010 and 2020, the number of prevalent cases increased by 3-5%
per year (41% overall), partly due to an ageing population. In 2020, 14 850 thousand (95% CI 14 681-15018) people
were estimated to be alive more than 5 years after diagnosis and 9099 thousand (8909-9288) people were estimated to
be alive more than 10 years after diagnosis, representing an increasing proportion of the cancer survivor population.

Interpretation Our findings are useful at the country level in Europe to support evidence-based policies to improve the
quality of life, care, and rehabilitation of patients with cancer throughout the disease pathway. Future work includes
estimating time to cure by stage at diagnosis in prevalent cases.

Funding European Commission.

Copyright © 2024 Elsevier Ltd. All rights reserved.

Introduction The rapid increase in the number of cancer survivors

Cancer survivors (ie, any individual diagnosed with cancer
who is living) are a relatively understudied population
with diverse care needs depending on prognostic factors
and the phase of care (first line, surveillance, or terminal
care). Representative and reliable indicators quantifying
cancer prevalence by disease duration over time are
essential to develop follow-up guidelines, prevent late
health effects, better tackle the causes of inequalities, and
improve patients’ quality of life.
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in all ageing societies, combined with the cost of
innovative therapies, poses a major challenge to the
sustainability of public health systems. Detailed and
comparable prevalence indicators are therefore also
increasingly needed for cancer control planning and
Health Technology Assessment.

Cancer prevalence in a population indicates the
number (or proportion) of people living after a cancer
diagnosis at a given time (ie, the index date). This
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Research in context

Evidence before this study

We searched MEDLINE on April 18 and May 9, 2023, focusing on
documents published in English since Jan 1, 2002, when the
EUROPREVAL project published the first complete cancer
prevalence estimation in Europe using population-based cancer
registry data. We combined search terms relevant to cancer
(“cancer”, “neoplasms”) and to registries (“population-based”,
“registries”), with terms restricting the focus to prevalence

"o

(“prevalence”, “survivors”) and the European area (“Europe”).

We excluded irrelevant reports (prevalence of cancer as comorbid
condition and prevalence of risk factors and other conditions).
We prioritised evidence from population-based studies. We
identified a growing body of evidence on the health-care needs
of cancer survivors in Europe, but information on their actual
number and characterisation is scattered and not
comprehensive. Systematic estimates of cancer prevalence by
country are provided by the International Agency for Research
on Cancer only for short-term follow-up (within 5 years from
diagnosis). By contrast, complete prevalence, including all
people living longer than 5 years after a cancer diagnosis, is
not routinely available in Europe. A main reason for this is
that, unlike incidence or survival, complete prevalence cannot
be measured from cancer registry data, but it must be
estimated using specific methods to compensate for limited
follow-up.

Added value of this study

This study quantifies and characterises the total cancer
prevalence by country in Europe in 2020 using, to our
knowledge, the largest available population-based dataset
(EUROCARE-6). The number and proportion of cancer survivors
are estimated for 32 cancer entities by sex, age, disease
duration, and time period in 29 European countries, including
the UK and European Free Trade Association countries. The size
of the population covered (61 cancer registries, 23 of which are

estimate includes all people who have ever been
diagnosed, regardless of the time since diagnosis or
whether they are still under treatment or cured. Cancer
prevalence can be measured from incidence and survival
data collected by population-based cancer registries by
counting incident cases alive at the index date. However,
observed prevalence, unlike other registry statistics, is
intrinsically incomplete because it cannot include living
people diagnosed before the start of registration. A
virtually complete observed prevalence is only released
by registries operating for five or more decades.
Commonly, registration periods are shorter than five
decades and the number of cancer survivors, at any time
after diagnosis, can only be estimated using
statistical models.

Worldwide comparable estimates of cancer prevalence
limited to 5 years after diagnosis and based on projections
of cancer incidence and mortality are provided by the

national) strengthens the representativeness of the study.

A unique data collection protocol and central quality control
maximised the standardisation of individual data. The
completeness index method was used to optimise the accuracy
and international comparability of the estimates. The study
identifies the most common cancers among prevalent cases.
The demographic and case-mix characteristics of cancer
survivors differ from those of incident and deceased cancer
cases. The differences between countries are also remarkably
greater than for cancer incidence or mortality. Cancer survivors
beyond 5 years are found to be adominant and increasing
proportion of the cancer survivor population. Prevalence time
trends differ by cancer with a varying effect of demographic
ageing.

Implications of all the available evidence

Long-term cancer survivorship implies emerging health and
social needs that require an integrated approach throughout
the life course. Oncological rehabilitation should address all the
needs of survivors, including psychological, cognitive, social,
sexual, and nutritional symptoms. Our results allow
identification of specific high-risk populations and are helpful in
defining priorities for intervention and in the Health
Technology Assessment domain. Our results can usefully
complement studies on cancer recovery (time to cure) and
quality of life conducted in representative patient cohorts.
Prevalence estimates at the threshold of the COVID-19 era
provide a baseline with which to compare the evidence that will
emerge from population data after 2020, which is currently
limited in Europe. There is an increasing need for
comprehensive cancer prevalence estimates with continuity,
detail, and systematicity in Europe. The joint analysis of data
from European cancer registries provides immense added value
to what individual countries can do and should be sustained
over time.

International Agency for Research on Cancer (IARC; see
the Global Cancer Observatory) for all European
countries." Conversely, despite its informative potential,
complete cancer prevalence is not systematically
estimated in all European countries with active
population-based registries.

To fill this information gap, the European Innovative
Partnership for Action Against Cancer (iPAAC) Joint
Action has promoted the estimation and dissemination
of complete cancer prevalence indicators at the country
level in Europe.?

We report the main results of this joint effort to
estimate complete cancer prevalence in 2020 by country
in Europe. Particular attention has been paid to analyse
the proportion of long-term survivors. We also assessed
how much of the increase in prevalence between 2010
and 2020 can be explained by demographic ageing or
changes in incidence and survival.
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Methods
Study design and data collection
This population-based study was based on the

EUROCARE-6 study dataset.’ This dataset includes
standardised information on patients’ diagnosis and life
status, and on life expectancy in the general population,
which was collected from European cancer registries
using a unique study protocol. The data were quality
assured according to the European Network of Cancer
Registries, Joint Research Centre,” and EUROCARE®
criteria. The validity of individual records was checked to
identify errors and anomalies in single variables
(semantic checks) or between multiple variables (internal
consistency). Missing or invalid values in compulsory
variables were classified as major errors and excluded
from the analyses.

The final EUROCARE-6 database contains information
on more than 26 million patients diagnosed with cancer
between 1978 and 2015 and followed up until Dec 31, 2016,
at the latest. Overall, 109 cancer registries from
29 countries contributed data. Population coverage is
national in 23 countries and partial in six countries
(France, Germany, Italy, Portugal, Spain, and
Switzerland). As a result, the EUROCARE-6 dataset
covers 64% of the population of the 29 participating
countries (478 million inhabitants; the European pool)
and 52% of the population of 27 countries in the EU
(EU27) represented by 22 member states (Greece,
Hungary, Luxembourg, Romania, and Sweden did
not contribute).

For prevalence estimation, we selected 61 general
cancer registries with prevalence data available up to
Jan 1, 2013—the most recent common index date for
most cancer registries—and registries that had been
active since at least 2003 (2004 only for the national
registries of Belgium and Cyprus). The index date was
Jan 1, 2013, for all registries except those of Slovakia
(Jan 1, 2011) and the Canary Islands (Spain), Croatia,
Ferrara (Italy), Saarland (Germany), Sassari (Italy),
Tarragona (Spain), and Varese (Italy; Jan 1, 2012). These
exceptions allowed greater population coverage in
Europe and in Germany, Italy, and Spain, where many
registries did not meet the selection requirements.
Countries were grouped into five macro areas: central,
eastern, northern, and southern Europe, and Ireland and
the UK (appendix pp 12-14).

We focused on a list of 32 malignant cancers defined
according to the third edition of the International
Classification of Diseases for Oncology. Given the
heterogeneous classification of behaviour between
countries, brain and urinary bladder cancer are defined
to also include benign, uncertain, and in situ cancers to
improve comparability (appendix p 15). For each cancer
site (specific site or all cancers combined), only the first
primary tumour was considered (person-based
prevalence). People with multiple primary cancers
contribute to the prevalence counts of each specific
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cancer type. Therefore, cancer-specific prevalence counts
do not sum to the counts for all cancers combined.

Statistical analysis

Prevalence measures are expressed in terms of absolute
number of prevalent cases, crude prevalence proportion
(reported as percentage or cases per 100000 resident
people), and age-standardised prevalence proportion
based on the European Standard Population 2013.

Registry-specific observed limited-duration prevalence
was calculated by cancer, sex, and 5-year age group
(attained age at the prevalence index date) with the
counting method using SEER*Stat software
(version 8.3.5). Observed limited-duration prevalence
corresponds to the number of survivors diagnosed within
the previous 1, 2, 3, ... L years from the index date, where
L is the maximum length of registration period.
Individuals lost to follow-up who were estimated to be
alive are counted using registry-specific life-tables
stratified by cancer, sex, age group, and 10-year period of
diagnosis (appendix p 5).

Registry-specific complete prevalence was estimated
from observed prevalence data with the completeness
index method®** using COMPREV software (version 3.0.9).
This method involves adjusting the registry-specific
observed prevalence by a correction factor, known as the
completeness index, which quantifies the theoretical
completeness of observed prevalence as a function of the
registration time length (appendix p 5). This adjustment
enables supplementation of the prevalence observable at
the maximum duration with the unobservable part—ie,
accounting for individuals diagnosed before the start of
registration.

European completeness indexes (or R-indexes) were
estimated Dby modelling cancer-specific trends of
incidence and relative survival observed by the registries
with at least 30 years of observation (appendix pp 6-8,
26, 27).> Country-specific complete prevalence estimates
for countries with local registration systems were
obtained by pooling registry-specific estimates and
applying age-specific pooled estimates to the national
resident population stratified by age group (0-54, 55-64,
65-74, and =75 vyears). Country-specific complete
prevalence estimates were derived for the latest index
date and in the previous 5 years to extrapolate projections
on the basis of the latest prevalence observations.
Country-specific prevalence estimates were projected to
Jan 1, 2020, with linear regression by extrapolating the
prevalence time trend over the last three available index
dates. A sensitivity analysis was conducted using linear
and logistic regression and alternative basis for
projections (prevalence in the last three, four, or five
index dates). For each sensitivity scenario, the regression
was applied to prevalence estimates smoothed with
3-year moving averages and stratified by sex and age
(0-54, 55-64, 65-74, and =75 years). Validation against
published observed prevalence data for 2014-16 in Nordic

For SEER*Stat software see
https://seer.cancer.gov/seerstat/

For COMPREV software see
https://surveillance.cancer.gov/

comprev/
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Age-standardised prevalence

per100000

Crude prevalence per 100 000

Number of prevalent cases (thousands)

Population (thousands)

Females Males Total Females Males

Total

Males Female-

Females

Proportion
of European

Females Males Total
pool

Proportion

Total

population

population

to-male
ratio

population

population of European

pool

(Continued from previous page)

13 4232 4687 3764 4721 4947 4550
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(34-37)
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(44-46)

0:3%
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(79-82)

936

0-4% 965

1901

Northern
Ireland

(4614~ (4852- (4326~
a773)
4276

4827)
4607

(4598- (3605-

(4142-

5042)
4957

3923)
3936

4776)

5157

4323)
4562

105 1.4

(103-108)

145
(143-147)

1-1%

2810 2671 250
(247-254)

1.1%

5481

Scotland

(4178~
4374)
4380

(3840- (4544~ (4877-
5038)
4752

(5074~

(4498~

4670)
4546

5240) 4032)
4322

5178

4625)
4756

1.2

67
(66-69)

83

(81-85)

0-6%

1603 1559 150
(148-153)

07%

3163

Wales

(4660- (4266-

(4475-
4616)

(4212-
4783

(5077-
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5279)
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4961

12818 10892 12

100%

243974 233939 23711

477913 100%

European pool

(4610~ (4754~ (4747- (4872~
4702)
4699

(5213-

(4931~

(10785-
11000)
10270

(12720~
12917)

(23565-23857)

4965)
4941

4823)

4747

4813)
4767

5295)
5279

4992)
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12

12077
(11982-
12171)

22347

228764 218556

447320

EU27*

(4654- (4737- (4708~ (4896~
4744)

(5238-

(4965-

(10171~
10369)

(22210-22483)

4784) 4986)
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5320)

5026)

Number of prevalent cases (thousands), crude and age-standardised (European Standard Population 2013) prevalence proportions per 100 000 inhabitants with 95% Cls in parentheses. *27 countries in the EU represented by 22 member states

(Greece, Hungary, Luxembourg, Romania, and Sweden did not contribute so values for these countries were estimated from the corresponding macro region prevalence).

Table 1: Population (thousands) and estimated complete cancer prevalence in Europe (European pool of 29 countries in EUROCARE-6 and EU27) by country and sex as of Jan 1, 2020

registries” allowed us to choose the linear model with
3-year basis for projections (data not shown). Complete
(and limited-duration) prevalence was then projected
annually from Jan 1, 2014, to Jan 1, 2020, through the
final estimated model parameters. Projected versus
observed prevalence estimates in the Nordic registries
2014-20" are shown in the appendix (pp 28-29).

Estimates at the European level are provided for the
29 participating countries (European pool) and for EU27,
assuming prevalence equal to the respective macro area
for the five EU27 countries not participating in
EUROCARE-6.

Complete prevalence difference between Jan 1, 2010,
and Jan 1, 2020, was decomposed by determinant to
quantify the effect of incidence and survival changes
compared with demographic changes. The prevalence
change due to ageing is the difference in population
between Jan 1, 2020, and Jan 1, 2010, applied to prevalence
estimates in 2010. The prevalence change due to
incidence and survival dynamics is the difference in
prevalence between Jan 1, 2020, and Jan 1, 2010, applied
to population in 2020.

The delta method was used to compute the SE of
prevalence estimates up to 2013 (from the known
variance of the observed prevalence and completeness
indices) and the SE of prevalence projections (from the
variance of the linear slope parameter). For all indicators,
95% ClIs were estimated from SEs assuming a normal
distribution. Further methodological details are provided
in the appendix (pp 4-10). Statistical analyses were
performed with SAS (version 9.4).

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

A total of 19538317 primary cancer cases across the
61 cancer registries were confirmed to be eligible and
included in the analysis. The duration of observation at
the index date ranged from 9 years to 35 years (median
length 20 years [IQR 16-28]). The proportion of records
excluded due to major errors was 0-9% overall and never
exceeded 3% for any one registry. Proportion of cases
censored alive before the index date (ie, lost to follow-up)
was 0-6% overall (37575 of 6412099 individuals alive at
the index date) and was below 3-0% for most registries
(appendix p 3). Recording of non-malignant cases of
urinary bladder and brain cancer was not consistent
across Europe and was missing in some registries or
countries (appendix pp 12-14).

Overall, in the 29 European countries covered by the
study (477913 thousand inhabitants), 23711 thousand
(95% CI 23565-23857) people with a previous cancer
diagnosis were estimated to be alive on Jan 1, 2020,
irrespective of when they were diagnosed. They represent
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5-0% of the resident population (4961[95% CI 4931-4992]
per 100000 population; table 1). The same proportion
and a slightly lower number (22347 thousand [95% CI
22210-22483]) were estimated for EU27 (447 320 thousand
inhabitants).

Cancer survivors were more frequently female than
male (in the European pool: 12818 thousand [95% CI
12720-12917] vs 10892 thousand [10785-11000]; 5-3%
[95% CI 5-2-5-3] vs 4:7% [4-6—4-7]) in terms of crude
proportions, although the estimated ratio of female to
male cases varied between countries from 1.0 to 1.7
because of differences in cancer case-mix and demographic
structure (table 1). Estimated crude proportion of cancer
prevalence was higher in central Europe (5601 [95% CI
5541-5661] per 100 000), southern Europe (5198 [5146-5250]
per 100000), and northern Europe (5080 [5034-5126] per
100000); intermediate in Ireland and the UK
(4156 [4084-4228] per 100000); and lowest in eastern
Europe (3476 [3451-3502] per 100000). Between-country
differences in crude prevalence were estimated to be even
wider, ranging from 3562 (95% CI 3499-3626) per 100000
in Poland to 6338 (6177-6498) per 100000 in Italy for
females, and from 2372 (2321-2422) per 100000 in Bulgaria
to 5692 (5512-5873) per 100000 in Germany for males.
When comparing age-standardised prevalence estimates,
heterogeneity was reduced and some countries ranked
differently, as in the case of Italy and Germany, both of
which have a high proportion of people aged 65 years
or older.

Leading cancer types among survivors differed
remarkably by sex, reflecting different incidence and
survival profiles (table 2). Breast and prostate cancers
were estimated to account for approximately 40% of all
cancer survivors: 43-2% in females (5539 thousand
[95% CI 5486-5592]) and 36-8% in males
(4008 thousand [3944-4072]), respectively. Colorectal
cancer was the second most common tumour in both
sexes, with a higher crude prevalence in males
(691 [95% CI 682-699] per 100000) than in females
(564 [557-572] per 100000). Corpus uterine cancer
(932 thousand [95% CI 918-947]), cervical uterine
cancer (625 thousand [610-641]), ovarian cancer (396
thousand [389-403]), skin melanoma (779 thousand
[770-788]), thyroid cancer (734 thousand [724-744]), and
non-Hodgkin lymphomas (434 thousand [426-442])
accounted for a further third of prevalent cases among
female survivors. In male survivors, a third of prevalent
cases were diagnosed with urinary bladder cancer
(1027 thousand [95% CI 1013-1042]), kidney cancer
(595 thousand [583-608]), skin melanoma (612 thousand
[602-621]), lung cancer (519 thousand [507-531]), and
testicular cancer (493 thousand [485-500]).

The majority of cancer survivors in Europe were
estimated to be 65 years or older: 7955 thousand (62-1%)
of 12818 thousand female survivors and 7590 thousand
(69-7%) of 10892 thousand male survivors (table 2).
People aged 75 years or older comprised a substantial

www.thelancet.com/oncology Vol 25 March 2024

proportion of those living after a diagnosis of colorectal,
corpus uterine, prostate, urinary bladder, stomach, and
female kidney cancer, and chronic lymphocytic
leukaemia or small lymphocytic lymphoma. An
estimated 3741 thousand (95% CI 3701-3781) cancer
survivors were younger than 55 years and comprised
15-8% of all prevalent cases (2316 thousand [18-1%;
95% CI 2291-2341] were female and 1425 thousand
[13-1%; 1409-1441] were male). The majority of diagnoses
(about 60%) in this age group were for early-onset
cancers that have a good prognosis, such as Hodgkin
lymphoma or testicular cancer. The distribution by age
and sex for cancer sites with lower prevalence is shown
in the appendix (p 24).

The complete cancer prevalence estimates differed
substantially between countries. In female survivors,
crude prevalence proportion was more than two times
higher in the highest prevalence country versus the
lowest prevalence country for all the top eight cancers:
eg, breast (crude prevalences ranging from 1268 [95% CI
1246-1289] per 100000 in Poland to 2924 [2846—3002] per
100000 in Belgium), colorectal (339 [325-353] per 100 000
in Poland to 744 [722-766] per 100000 in Italy), and
corpus uterine cancer (249 [232-266] per 100000 in
Ireland to 609 [591-626] per 100 000 in Lithuania; figure 1;
appendix pp 16-19). The differences between countries
were even greater for tumours with substantial incidence
dynamics and geographical variability, such as thyroid
cancer (<130 cases per 100000 in Denmark and the
Netherlands, and in all countries in the Ireland and UK
macro region, and >700 per 100000 in Italy and Cyprus),
skin melanoma (83 per 100000 in Bulgaria and 700 per
100000 in Denmark), and cervical uterine cancer (from
<100 per 100000 in Malta and Finland to >550 per 100000
in Bulgaria and Lithuania).

Substantial differences (4-5 times) across countries
were also estimated for male prevalence of prostate
cancer (from 487 [95% CI 396-577] per 100000 in Bulgaria
to 2424 [2291-2556] per 100000 in France) and urinary
bladder cancer (from 156 [145-168] per 100000 in England
to 783 [751-815] per 100000 in Italy; figure 1; appendix
pp 20-23). As for female survivors, striking differences
were estimated for skin melanoma in males (from
60[95% CI 57-62] per 100000 in Bulgaria to 505 [500-511]
per 100000 in Denmark). Differences in cancer
prevalence between countries largely reflect differences
in incidence risk, as shown by the high goodness of fit of
the linear correlation between country-specific prevalence
profiles in 2020 and crude incidence rates in previous
years for the top eight cancers (appendix pp 30-31).

Cancer prognosis, median age at onset, and previous
incidence time trends (decreasing vs increasing) were
the main factors influencing prevalence patterns by
disease duration. In 2020, 14850 thousand (95% CI
14681-15018) people were estimated to be alive more
than 5 years after diagnosis and 9099 thousand
(8909-9288) people were estimated to be alive more
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Figure 1: Estimated complete prevalence proportion as of Jan 1, 2020, by sex and country
Data are shown for the eight cancers with the highest crude prevalence. Countries in the EUROCARE-6 dataset are ranked by complete cancer prevalence for all

cancers.

than 10 years after diagnosis, representing an increasing
proportion of the cancer survivor population. Overall, in
early 2020, the number of female survivors in the
European pool diagnosed with cancer within the past
2 years was estimated to be 2037 thousand (95% CI
1971-2104) or within the past 2-5 years was
2412 thousand (2330-2494; figure 2). Long-term
survivors (ie, living with cancer for more than 5 years)
accounted for 8368 thousand (65-3%) of 12 818 thousand
prevalent female cases, of whom 2757 thousand (21-5%;
95% CI 2682-2832) are estimated to have been living
with a diagnosis for more than 5 years to 10 years,
3233 thousand (25-2%; 3132-3334) for more than
10 years to 20 years, and 2378 thousand (18-5%;
2249-2507) for a duration longer than 20 years. Similar
distributions are estimated for females diagnosed with
breast cancer, colorectal cancer, corpus uterine cancer,
thyroid cancer, kidney cancer, urinary bladder cancer,
non-Hodgkin lymphoma, and skin melanoma.
5611 thousand (43-8%; 95% CI 5497-5726) of

12818 thousand females were very long-term survivors
(more than 10 years since diagnosis). The proportion of
very long-term survivors was highest for cervical uterine
cancer (447345 [71-5%] of 625179) and Hodgkin
lymphoma (97166 [64-3%)] of 151166), and lowest for
lung cancer (60188 [18-5%] of 324729).

Overall, in early 2020, in the European pool, the
number of males living for up to 2 years after a cancer
diagnosis was 2071 thousand (95% CI 2015-2127) and
2-5 years after a cancer diagnosis was 2340 thousand
(2252-2428; figure 2). Males surviving more than 5 years
after diagnosis represented 59-5% of all prevalent
male cases (6481 thousand [95% CI 6353-6608] of
10892 thousand). Among the latter, 2994 thousand
(27-5%; 95% CI 2868-3119) were estimated to have
been living with a cancer diagnosis for more than
5 years to 10 years, 2312 thousand (21-2%; 2169-2454)
for more than 10 years to 20 years, and 1175 (10-8%;
1032-1319) for a duration longer than 20 years. Similar
proportions were estimated for the tumours with the
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highest prevalence in men (prostate, colorectal, urinary Time since diagnosis,years*
bladder, skin melanoma, kidney, and non-Hodgkin DI« O (-5] O (5-10] £ (10-20] [ 20
lymphoma). The proportion of males surviving more Females
than 10 years was 32-0% (3487 thousand [95% CI ) _ -
3336-3638] of 10892 thousand). The latter proportion Cenvcaluterinecancer{ 41]_6G0] 78 | 13 | EE]
for males diagnosed with Hodgkin lymphoma and Hodgkinlymphoma [ 12 [ 17 24] 39] 58]
testicular cancer was more than 60% (103 thousand of Ovarian cancer 60 | 61 | 65 | 96 | 114]
165 thousand and 312 thousand of 493 thousand, Thyroid cancer 90 130 | 159 | 178 | 1771
respectively), whereas it was less than 25% (119 thousand Skin melanoma [TT10%] | 6] ) =
of 519 thousand and 955 thousand of 4008 thousand, stomach cancel =1 =1 =1 51 =
respectively) for those diagnosed with lung and -
prostate cancer. Corpus uterine cancer_ 123 | 159 | 214 | 257 | 179|
The estimated total number of cancer survivors in the All cancers [ 2037 | 2412 | 2757 | 3233 2378]
European pool has increased on average by 3-5% per Breast cancer| 775 | 1027 | 1223 | 1617 | 398]
year from 2010 to 2020, from 16805 thousand (95% CI Kidney cancer| 1l 7] 9] o1 ] 6]
16798-16813) on Jan 1, 2010, to 23710 thousand Urinary bladder cancer| 7 = 5] =T &l
(23565-23857) on Jan 1, 2020, a relative change of 41% ) -
(figure 3). A similar increase (37%) is estimated for the Non-Hodgkinlymphoma| 74l 89l ] o3 57
crude prevalence (from 3615 cases [95% CI 3613-3617] Colorectal cancer| 231 | 285 | 341 | EZE] M7
per 100000 to 4961 [4931-4992] per 100000). The age- Head and neck cancer 31 ] 34| 30] 29[ 35]
standardised prevalence is estimated to have increased | chroniclymphocytic leukaemiaor| T 57 5 =T9
less steeply (24%, from 3864 [95% CI 3862-3866] per small lymphocytic lymphomal
100000 to 4783 [4754—4813] per 100000), because it is not Lung cancer 126 | 79] 591 42]18]
affected by demographic changes. ' ' ' ' ' ' ' ' ' '
The prevalence of cases living within 5 years after a Males
diagnosis is estimated to have increased by 28% between Testicular cancer [EESTIISS] 5] 5] 7]
2010 (6932 thousand [95% CI 6927-6937]) and 2020 ) R
(8861 thousand [95% CI 8835-8887]). Conversely, the Hodgkin ymphomall_ T4 20] 2 = 53]
number of people living for more than 10 years after Brain cancer| 2] 20] 2] 2] 34]
diagnosis is estimated to have increased by 50% over the Thyroid cancer 30] 38] 47] 46] 35]
same period (from 6047 thousand [95% CI 6037-6057] to Stomach cancer| 48] 37] 3] 29] 35]
9099 thousand [8909-9288]) and is expected to become Skin melanomal 109 ] 9] 0] 50]
an increasingly important proportion of all cancer Laryngeal cancel i e i = 5
survivors in the near future. E
The impact of demographic ageing on the changes of Non-Hodgkin lymphomal &/l 104] 114] - 64
cancer prevalence in 2010-20, compared with the Urinary bladder cancer 197] 224] 242] 248] 116]
dynamics of incidence and survival, is shown in figure 4 Kidney cancer | 110] 134] 150] 136 65]
(details in the appendix p 25). The number of survivors All cancers | 3071 3340] 3594 3303] 1175
from all cancers is predicted to increase by 45-9% in Lung cancel] 7] ] 53] T
males, of which 26-9% is attributable to incidence and -
survival changes and 19-0% to ageing. The relative Colorectalcancer 298] 384 423 368 140)
percentage increase is predicted to be lower in females Head and neck cancer| 7] 771 68 61l 26l
(37-3%) than in males, with a smaller effect of ageing | Chroniclymphocytic leukaemia or 3] ] 73] 37
(12-2%), because of the different case-mix and lower smalllymphocytic lymphomal
average age at onset. The cancers with increasing Prostate cancer 6os] gzl 1573] 88 _[77
incidence and survival showed the steepest relative 0 10 20 30 40 50 60 70 8 90 100
percentage increase in the number of prevalent cases: Proportion of cases (%)

skin melanoma (77-9% in males and 55-3% in females), Fioore 2: Commlet. berof lent (inth dsyb A disease duration in E
o, . . Qo . Igure 2: Complete number of prevalent cancer cases (In thousanas) by sex an Isease duration in turope
female lung cancer (84'44’)’ thyrcnd cancer (76 8% in (European pool of 29 countries in EUROCARE-6) as of Jan 1, 2020

males and 63-6% in females)7 and prostate cancer  Cancersites with crude prevalence proportion higher than 50 per 100 000 are shown. Values ordered by decreasing
(70 . 9%)_ For these cancer sites, incidence and survival proportion of cases surviving 20 years or more after diagnosis. *Round brackets indicate excluded endpoints,
changes had a much greater impact (2_7 times) than the whereas square brackets indicate included endpoints.

ageing of the population between 2010 and 2020. For

smoking-related cancers (lung, head and neck, and
larynx), the increase in prevalence is estimated to be more
substantial in females, in line with less favourable
incidence trends in females than in males. Prevalence
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was estimated to decrease for cervical uterine cancer only
(-0-3%), but the increase was also limited for other
tumours with declining incidence, such as stomach
cancer (10-6% for males and 11-9% for females) and
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male laryngeal cancer (2:9%). In the absence of
demographic ageing, the prevalence of these cancers
would decrease. Demographic changes have a minimal
effect on the prevalence increase for juvenile cancers,
such as testicular cancer, brain cancer, or Hodgkin
lymphoma (1-4%).
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Figure 3: Change in estimated complete cancer prevalence between
Jan1,2010, and Jan 1, 2020, in Europe (European pool of 29 countries in
EUROCARE-6)

Overall number of prevalent cases by disease duration in years and complete
crude and age-standardised proportions per 100 000 (European Standard
Population 2013). *Round brackets indicate excluded endpoints, whereas square
brackets indicate included endpoints.

Discussion

We estimated that, in early 2020, an average of 5% of the
European population had a recent or distant history of
cancer. Most were female, older than 65 years, and living
more than 5 years after a cancer diagnosis. Overall, 38%
of all prevalent cases in Europe were living more than
10 years after a cancer diagnosis (44% female and 32%
male). These proportions are lower than those estimated
in the USA in Jan 1, 2020 (47% overall, 50% in women,
and 44% in males)" using the same methodology and
similar population-based data sources. A lower long-
term cancer prevalence in European populations is
consistent with the better prognosis generally reported
for patients in the USA than in Europe.”

Breast (in females), prostate (in males), and colorectal
cancers (in both sexes combined) alone account for 53%
of all cancer survivors. Less common tumours that occur
atyounger ages (skin melanoma, thyroid cancer, testicular
cancer, and cervical cancer) are more frequent in cancer
survivors than common fatal tumours diagnosed in older
people (pancreatic, oesophageal, and liver), which did not
reach crude prevalence estimates of 0-05%.

Our study also highlights the large differences between
countries in cancer prevalence, which are much greater
than those of cancer incidence or mortality. Incidence is
by far the most important determinant of geographical
variation, followed by differences in survival and
demographics, the latter partly inflating the crude
proportions in countries with an older population.”
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Figure 4: Estimated percentage relative difference for the period 2010-20 in complete prevalence counts, by cancer and sex, in Europe (European pool of

29 countries in EUROCARE-6)

Percentage difference is decomposed by determinant: demographic ageing or incidence and survival dynamics. Cancer sites with prevalence higher than 50 per
100000 for both sexes combined, or in males and females separately for sex-specific cancers.
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Variations between countries reflect both real differences
in incidence risk (as in the case of cutaneous melanoma
or lung cancer) and different levels of diagnostic intensity,
screening, and overdiagnosis, as in the case of thyroid
cancer™ or prostate cancer.” Country-specific estimates of
complete prevalence are consistent with limited-duration
prevalence estimates available in some countries (same
order of magnitude and higher values). Estimates for
urinary bladder and brain cancers are not fully comparable
across Europe because of missing non-malignant cases
for some registries. These missing data explain, for
example, the particularly low estimates for male urinary
bladder cancer in France and England. The selected
population coverage in countries with regional registration
(from 10% in France to a maximum of 20% in Switzerland)
might limit the representativeness of our estimates at
country level. To contain this limitation in Italy, where
within-country heterogeneity is particularly relevant, the
national estimate was obtained by combining separate
estimates for registries in the centre-north and south.

Projections to 2020 by country relied on prevalence
time trends over the latest 3-year period available
(2011-13). Validation against NORDCAN observations™
guided the choice of time base for projections and
confirmed the validity of assuming linear trends. Trends
in cancer prevalence are, indeed, rather smooth over
time, because the number of alive incident cases is
cumulated year after year. However, deviations from
linearity can occur when incidence changes sharply, as
was the case with prostate cancer,” which peaked in some
European countries around 2013 and then levelled off.

We have estimated a remarkable increase in the
number of cancer survivors in the decade 2010-20,
reflecting an increase for all cancers except those with a
more frequent declining incidence risk (stomach,
cervical uteri, and male larynx). This is probably not due
to an increase in the general population, which grew by
only 3% over the same period, but is partly due to the
ageing of the population, with the number of people
aged 65 years or older in Europe increasing by 20%
between 2010 and 2020. However, we found that trends
in incidence and survival had a greater or equal effect on
prevalence growth than demographic changes. The
number of cancer survivors increased faster in males
than in females, largely due to the increase in incidence
of prostate cancer, which was observed at different rates
in all countries.

Survivorship care services are increasingly being
advocated to improve cancer care throughout the life
course. We have extended the estimation of cancer
prevalence beyond the traditional 5-year prevalence and
found that long-term survivors are an increasing
population that should be focused on. They include
people who are cured and those who will die from the
disease. Among people who are cured, some will have no
further sequelae, whereas others will still need to be
monitored for late sequelae due to toxicity and long-term
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complications of cancer therapy or increased risk of
secondary malignancies.

Whenever a cure with no further sequelae is possible,
the time to cure—after which the risk of death of patients
reaches that of the general population without cancer—
can be estimated according to key prognostic factors to
complement and better qualify complete cancer
prevalence statistics.”

Estimates on complete cancer prevalence tell us how
prevalent cases are distributed by disease duration and
what their demographic characteristics are. They are
useful for quantifying the target population for
interventions aimed at specific subpopulations of
survivors, but not for deriving information on their actual
health status as a function of the time since diagnosis.

European prevalence completeness indexes were
computed wusing incidence and relative survival
observations from a pool of selected long-standing
registries. This approach ensured robust estimates over
the long term. A larger pool would have increased the
population coverage at the cost of reduced follow-up. All
European areas are represented in the selected pool used
to derive European R-indexes, and their performance has
been positively validated against registry-specific
observed prevalence in Europe and against alternative
indexes (US R-indexes).’

Projections to 2020 assume a constant linear trend in
prevalence from 2013 onwards. This assumption cannot
capture deviations from linearity occurring after 2013
due to epidemiological trends or changes in cancer
control strategies. Validation in the Nordic countries
showed these limits for cancers with declining prevalence
(cervix and stomach) and, to a lesser extent, for lung and
colon cancers.

Our projections are up to Jan 1, 2020, and represent a
pre-COVID-19 baseline. Changes in cancer incidence
(reduced diagnostic capacity), outcome (delayed referral),
and population age structure (high mortality among
older people) that occurred during the COVID-19
pandemic emergency do not allow a priori assumptions
of a stable prevalence trend after 2020. More recent data
and new assessments will be needed to draw more
firm conclusions.

The broad population coverage, including the EU27,
the UK, and the European Free Trade Association
countries, and the projections to early 2020 are major
strengths. Complete cancer prevalence is indeed not
routinely calculated in all countries, and the available
estimates in Europe are not up to date” or are limited to
specific countries.”®?

To optimise the accuracy and comparability of our
estimates, we used the completeness index method,*
one of the most validated methods for calculating
complete and limited-duration prevalence using
maximum available information observed by cancer
registries. The method is systematically applied in the
USA, where complete prevalence statistics are published
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annually,” and specific software (COMPREV) for
implementing the method is distributed. Compared with
international cancer prevalence estimates*” (including
those available on the Global Cancer Observatory), the
completeness index method is more firmly based on
observations. Estimates are registry-specific and derived
from observed prevalence at the maximum available
duration. For example, 5-year prevalence estimates are
fully observed until 2013 and then projected. In addition,
the completeness correction decreases with increasing
registration length. This feature ensures the highest
possible adherence of estimates to observations.

The distribution by short, long, and very long disease
duration is an additional strength of our study. Although
there is a growing body of evidence on the problems and
unmet needs of cancer survivors,? little is known about
their actual numbers and characterisation, especially in
the long term. Research on the quality of life of long-
term survivors after cancer, often based on representative
samples from cancer registry data,”* highlights a wide
range of issues that point to integrated models of care,
with an increasing role for patient-centred care
and community medicine.” Information on cancer
prevalence by disease duration is crucial not only at the
health-care level to plan patient care and rehabilitation,
but also at the societal level, to assess the impact of
policies to mitigate the socioeconomic consequences of
the disease, such as employment discrimination or
financial toxicity.””

The large and growing burden of cancer on the
European population confirms the need to strengthen
cancer prevention measures, as envisaged in Europe’s
Beating Cancer Plan and related action plans. Primary
prevention and early diagnosis are the most effective
tools to reduce in the coming years the burden of cancer
and improve the quality of life of patients.

People living after a juvenile cancer have been shown
to be an important component of long-term cancer
survivors. Addressing the health and socioeconomic
impact of cancer on this vulnerable subpopulation is
particularly valuable. Initiatives such as the survivorship
passport or the legislation on the right to be forgotten®
should be pursued in all countries.

Complete information on cancer prevalence at country
level is needed in Europe to develop evidence-based
policies on cancer survivorship. This information should
be systematically integrated into the European Cancer
Information System. Our study shows that an effective
way to ensure accurate and comparable estimates of
complete cancer prevalence at national level is to jointly
analyse data from European registries. Continuity in
these collaborative studies with high added value for
Europe is essential to make prevalence estimates
available on a regular and systematic basis. Future
developments in this area should incorporate the
analysis of cured cancer survivors and time to cure, to
provide robust epidemiological evidence useful for

responsibly optimising follow-up care guidelines and
recommendations.
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