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Changing geographical patterns and trends in cancer
incidence in children and adolescents in Europe, 1991-2010
(Automated Childhood Cancer Information System):

a population-based study

Eva Steliarova-Foucher, Miranda M Fidler, Murielle Colombet, Brigitte Lacour, Peter Kaatsch, Marion Pifieros, Isabelle Soerjomataram,
Freddie Bray, Jan Willem Coebergh, Rafael Peris-Bonet, Charles A Stiller, on behalf of the ACCIS contributors*

Summary

Background A deceleration in the increase in cancer incidence in children and adolescents has been reported in
several national and regional studies in Europe. Based on a large database representing 1-3 billion person-years over
the period 1991-2010, we provide a consolidated report on cancer incidence trends at ages 0-19 years.

Methods We invited all population-based cancer registries operating in European countries to participate in this
population-based registry study. We requested a listing of individual records of cancer cases, including sex, age, date
of birth, date of cancer diagnosis, tumour sequence number, primary site, morphology, behaviour, and the most valid
basis of diagnosis. We also requested population counts in each calendar year by sex and age for the registration area,
from official national sources, and specific information about the covered area and registration practices. An eligible
registry could become a contributor if it provided quality data for all complete calendar years in the period 1991-2010.
Incidence rates and the average annual percentage change with 95% ClIs were reported for all cancers and major
diagnostic groups, by region and overall, separately for children (age 0-14 years) and adolescents (age 15-19 years).
We examined and quantified the stability of the trends with joinpoint analyses.

Findings For the years 1991-2010, 53 registries in 19 countries contributed a total of 180 335 unique cases. We excluded
15162 (8-4%) of 180335 cases due to differing practices of registration, and considered the quality indicators for the
165173 cases included to be satisfactory. The average annual age-standardised incidence was 137-5 (95% CI
136-7-138.- 3) per million person-years and incidence increased significantly by 0-54% (0-44-0-65) per year in children
(age 0-14 years) with no change in trend. In adolescents, the combined European incidence was 176-2 (174-4-178-0)
per million person-years based on all 35138 eligible cases and increased significantly by 0-96% (0-73-1-19) per year,
although recent changes in rates among adolescents suggest a deceleration in this increasing trend. We observed
temporal variations in trends by age group, geographical region, and diagnostic group. The combined age-standardised
incidence of leukaemia based on 48 458 cases in children was 46-9 (46 -5-47 - 3) per million person-years and increased
significantly by 0-66% (0-48-0-84) per year. The average overall incidence of leukaemia in adolescents was
23-6 (22-9-24-3) per million person-years, based on 4702 cases, and the average annual change was 0-93%
(0-49-1-37). We also observed increasing incidence of lymphoma in adolescents (average annual change 1-04%
[0-65-1-44], malignant CNS tumours in children (average annual change 0-49% [0-20-0-77]), and other tumours in
both children (average annual change 0-56 [0-40-0-72]) and adolescents (average annual change 1-17 [0-82-1-53]).

Interpretation Improvements in the diagnosis and registration of cancers over time could partly explain the observed
increase in incidence, although some changes in underlying putative risk factors cannot be excluded. Cancer
incidence trends in this young population require continued monitoring at an international level.

Funding Federal Ministry of Health of the Federal German Government, the European Union’s Seventh Framework
Programme, and International Agency for Research on Cancer.
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Introduction

Cancer is an important disease burden in children as it is
not easily prevented, with known causes explaining only a
small proportion of cases. In Europe, incidence rates

range from 140170 per million person-years (ie, number
of incident cases divided by the number of person-years
at risk) in populations younger than 15 years and from
180-240 per million in those aged 15-19 years.! During
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Research in context

Evidence before this study

We searched PubMed with no language restrictions to identify
studies published since Jan 1, 2004, that investigated cancer
incidence trends in children (age 0-14 years) and adolescents
(age 15-19 years) in Europe and other high-income countries,
using the search terms ‘child* cancer incidence trends’ and
‘adolescen* cancer incidence trends’. Evidence from retrieved
studies suggested that after a substantial increase in childhood
cancer incidence towards the end of the last century, the rate of
increase has declined in the 2000s. However, the limitations of
most of these studies, in terms of number of cases or
timeframe, might have hampered the full understanding of the
dynamisms behind the observed trends in this population.

Added value of this study
We used all quality data available in Europe for the full calendar
years in the period 1991-2010 to evaluate incidence patterns

the past three decades, incidence increased by about
1% per annum for all cancers combined and this increase
affected most major diagnostic groups, including
leukaemias, lymphomas, and CNS tumours.? However, in
the past decade, incidence appears to have stabilised
overall and for the major diagnostic groups in European
populations.*™

Leukaemias, lymphomas, and tumours of the CNS
represent 70% of all cancers observed in European
populations younger than 15 years and half of all cancers
in those aged 15-19 years' and therefore contribute
considerably to the overall incidence. Changing incidence
could result from numerous factors, including variations
in diagnostic capacity, completeness of registration,
population composition, and exposure to risk factors.
Monitoring these trends is important for planning
health-care delivery and for aetiological research.

In this study, we documented and interpreted incidence
trends in Europe for cancers diagnosed at ages 0-19 years
using quality-assured population-based cancer registries.
We focused on the 20-year period 1991-2010, assessing
the trends separately in children (aged 0-14 years) and
adolescents (aged 15-19 years), for all cancers combined
and for the major diagnostic groups. Our results update
the Automated Childhood Cancer Information System
(ACCIS) studies, extending the previously reported
period of observation by over a decade.*"

Methods

Data acquisition

We invited all population-based cancer registries
operating in European countries (as defined by the UN
Statistics Division”) and Cyprus to participate in this
population-based registry study. We requested a listing of
individual records of cancer cases, and the population in
each calendar year by sex and age from official national
sources, accompanied by specific information about the

and trends in children and adolescents. Overall, incidence
continued to increase during the study period by 0-5% per year
in children and 1-0% per year in adolescents. However, we
observed some evidence of a deceleration in increasing cancer
trends, modulated by age group, European region, and
diagnostic group. Based on the large scale of all available
European data, our findings add an authoritative account on
the geographical patterns and temporal trends of cancer in
children and adolescents in Europe.

Implications of all the available evidence

The increasing trends might have resulted from improvements
in cancer diagnosis or registration in this age group, although the
influence of other factors cannot be excluded. The paucity of
evidence of stabilisation of cancer incidence in Europe and the
variability of the observed trends support the need for continued
international monitoring and research into causal mechanisms.

geographical and administrative area covered and
registration practices.

Information on cancer cases included coded data on
sex, age, date of birth, date of diagnosis, tumour sequence
number, primary site, morphology, behaviour, and the
most valid basis of diagnosis. Most registries coded
tumours according to the International Classification of
Diseases for Oncology, Third Edition (ICD-O-3%) as
required, and International Classification of Diseases for
Oncology, Second Edition* codes were converted to
ICD-0O-3 codes. Subsequently, neoplasms were classified
according to the International Classification of Childhood
Cancer, Third Edition (ICCC-3)."” We examined individual
records for internal consistency, verifying unlikely
combinations of site with morphology, age or sex with
tumour type, basis of diagnosis with morphology, and
rare tumour entities. The proportions of cases micro-
scopically verified, identified from death certificate only,
or with unknown basis of diagnosis and unspecified
morphology contributed to data evaluation. The ACCIS
Scientific Committee assessed the distribution of new
cases across years and plausibility of case mix and age
distribution. Standardised tables, charts, statistics, lists of
selected questioned records, and any relevant information
provided by the registry or known from published sources
were discussed at meetings of the ACCIS Scientific
Committee, who decided on the inclusion of each dataset
in the ACCIS database. Only datasets with high-quality
data were eligible for inclusion in the analyses.

The cancers included in the analyses were all malignant
tumours diagnosed during the complete calendar years
19912010, in people younger than 20 years and resident
in the contributing registration areas. Several cancer
types were excluded because they were not eligible for
registration in all participating registries or during the
whole study period: myelodysplasias (ICD-O-3 M-codes
starting with 998), pilocytic astrocytoma (ICD-O-3 code
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M-9421), non-melanoma skin cancer (ICCC-3 subgroup
Xle and XIIb with site code C44), and carcinoid tumour
of the appendix (ICD-O-3 site code C18.1 and M-8240).

The data used in this study were submitted and validated
during the years 2015-16. Our study design was reviewed
and approved by the International Agency for Research on
Cancer (IARC) Ethics Committee on June 17, 2015.

Dataset constitution

An eligible registry could become a contributor if it
provided quality data for all complete calendar years in
the 20-year period 1991-2010. The 53 contributing
registries in 19 countries (appendix p 2) included nine
paediatric registries. The paediatric registries collected
and provided data for those aged 0-14 years, and the
other cancer registries and the paediatric registry of
Belarus provided data for the full target age range
(0-19 years). The French national paediatric registry
registered haematological malignancies only.

Some populations in France, Germany, Italy, Spain,
Switzerland, and the UK were covered by both paediatric
and general cancer registries. To avoid double counting of
cases in two registries while using the maximum number
of cases for analyses in these populations, we allocated
each registry to one or more datasets (appendix p 2). We
built three datasets—one with 39 registries contributing
to the analyses of all cancers, CNS tumours, and other
tumours in ages 0-14 years, a second with 32 registries
contributing to the analyses of leukaemia and lymphoma
in ages 0-14 years, and a third with 45 registries
contributing to all the analyses of those aged 15-19 years.
The first and second datasets (ages 0-14 years) differed
only in the contribution from France; the analyses of all
cancers and CNS tumours used a dataset that included
data from the French general cancer registries, while the
leukaemia and lymphoma dataset included data from the
French national paediatric registry of haematological
malignancies. The French national registry increased the
person-years by ten times and provided 11770 more
haematological malignancies compared with the
combined contribution of the French regional registries.

Subnational numbers of cases and person-years were
pooled to produce national cancer incidence and countries
were further pooled into four European regions (appendix
P 2) according to UN definitions.” The person-years
available in each region are shown in the appendix (p 3).

Statistical analysis

The number of incident cases in the covered areas of the
participating registries during the study period determined
our sample size. Incidence was calculated as the number
of cases divided by the number of person-years in the
categories of geographical area, sex, age, and diagnostic
group for the given 20-year period and expressed per
million person-years. As the age distribution of population
at risk differs between countries and over time, we
adjusted the reported incidence for the age range 0-14 years
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Table 1: Number of new cases, world age-standardised incidence per million person-years, and average annual percentage change by diagnostic category in children aged 0-14 years, by European region, 1991-2010
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Figure 1: Incidence trends of cancer in children aged 0-14 years in Europe, 1991-2010
Jagged thin lines indicate annual age-standardised rates in countries and smooth red thick lines indicate modelled incidence trends in regions.

for age via direct standardisation using weights 12, 10,
and 9 for the three age groups 0—4 years, 5-9 years,
and 10-14 years, respectively.” We also calculated 95% ClIs.
As each combination of calendar year, sex, and age group
had a positive person-years count, we encountered no
missing data.

To graphically portray incidence trends for all cancers,
we plotted observed incidence against calendar year for
each country, and the rates for the four European regions

were smoothed using a locally weighted regression™ of
the incidence on year.

To assess the average annual percentage change, we fit
the natural logarithm of the incidence with year using
generalised linear regression models adjusting for age
group and region, as appropriate. We quantified changes
in incidence as the average annual percentage change,
with corresponding 95% ClIs. The null hypothesis
corresponded to no change in the annual rate, which was
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Figure 2: Overview of observed incidence trends of cancer in children aged 0-14 years for the entire study period and for any time segments identified in joinpoint analysis, by diagnostic

group and region of Europe, 1991-2010

Red indicates an increasing trend, blue indicates a decreasing trend, and white indicates no significant trend. Absence of bars indicates no joinpoint was identified for a given category.

equivalent to 0 lying within the 95% CI for the average
annual percentage change. We analysed each cancer
category, overall and by European region, using Stata
(version 14). We examined incidence trends for changes
during the study period using Joinpoint Regression
Program (version 4.1.0) applied to the log rates, separately
for the age groups 0-14 years and 15-19 years in the total
dataset, and in each cancer category, overall and by region.
The null hypothesis assumed the annual percentage
change was constant throughout the study period. We
used the permutation test” to determine the number of
joinpoints, by default set to a maximum of three for Europe
and five for analyses adjusted for region. Where joinpoints
were detected, we reported the annual percentage change
with corresponding 95% Cls for each of the linear
segments identified between two significant joinpoints.

Role of the funding source

The funders of the study external to the collaborating
institutions had no role in study design, data collection,
data analysis, data interpretation, or writing of the
report. MC, MMF, and ES-F had full access to all
the data used in the study. The corresponding author
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had final responsibility for the decision to submit for
publication.

Results
During the full calendar years of the period 1991-2010,
the 53 registries contributed 1-3 billion person-years and
180335 unique cases. 15162 (8-4%) of 180 335 cases were
excluded, and the proportion of excluded cases varied
slightly between age groups and regions. We considered
the quality indicators for the 165173 included cases to
be satisfactory (appendix p 3). In 2010, the available
population at risk represented 53-2 million (46-6%) of
114-1 million of the European population aged 0-14 years
and 9-8 million (22-6%) of 43 -2 million aged 15-19 years,
with reference to UN population estimates.” In western
Europe, coverage of the childhood population was almost
complete for haematological malignancies (27-9 million
[93-3%)] of 29-9 million), and 17-5 million (58-5%) of
29-9 million were covered for the other malignancies,
while 2.1 million (20-1%) of 10-6 million adolescents
were covered (appendix p 3).

We included all 118 265 eligible cases in patients aged
0-14 years in our analyses of incidence of all cancers.
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Table 2: Number of new cases, age-specific incidence per million person-years, and average annual percentage change by diagnostic category in adolescents aged 15-19 years, by European region, 1991-2010

The average annual age-standardised incidence was
137-5 (95% CI 136-7-138-3) per million person-years
and incidence increased significantly by 0-54%
(0-44-0-65) per year on average (table 1), with no break
in the time trend. There was a large decrease in
incidence for the national registry of Belarus,
contributing to the regional pattern (figure 1). The large
fluctuation of annual incidence in Iceland was due to
small population size and did not visibly affect the
shape of the regional curve (figure 1). The trend in the
east was split into two segments, both with non-
significant trends (figure 2).

We investigated incidence for four diagnostic groups
in patients aged 0-14 years (table 1, figure 2, appendix
p 4), and included all eligible cases. The combined
age-standardised incidence of leukaemia based on
48458 cases in patients aged 0-14 years was 46-9 (95% CI
46-5-47-3) per million person-years and increased by
0-66% (0-48-0-84) per year, with no change in slope.
We observed an increase in each region, although only
during the first decade in the north. The overall
age-standardised incidence of lymphoma was 15-8
(15-6-16-0) per million person-years (based on
18458 cases) and varied modestly by region. Incidence
increased in the west and decreased in the east, and we
detected no change in the slopes. The overall age-
standardised incidence of malignant CNS tumours
(19413 cases) of 22-2 (95% CI 21-9-22-6) per million
person-years was observed to rise at 0-49% (0-20-0-77)
per annum with no joinpoints; by region, we observed
an increasing trend only in the west, as the rates were
stable in the three other regions.

In patients aged 0-14 years, the combined incidence of
all 43706 other cancers increased in Europe overall and
in all regions except the north. In joinpoint analysis, the
European trend increased only over the first few years,
similar to the trend in the west (figure 2).

In adolescents (aged 15-19 years), the combined
European incidence was 176-2 (95% CI 174-4-178-0) per
million person-years based on all 35138 eligible cases
and incidence increased by 0-96% (95% CI 0-73-1-19)
per year in the period 1991-2010 (table 2), although no
significant change in trend was seen in the second
decade (figure 3). We investigated incidence trends by
country and region, and regional trends by diagnostic
group (figure 4, appendix p 5). In addition to large
variations due to small numbers of cases for some
countries, we observed a large range in incidence
(between around 140 and 240 per million person-years)
for Belarus. The slopes of trends in the regions were
uneven, except in the south. In the east, a decrease was
noted over the time segment 1999-2008 (figure 3).

For adolescents, the overall incidence of leukaemia was
236 (95% CI 22-9-24-3) per million person-years (based
on all 4702 eligible cases) and varied little between
regions (table 2). Incidence increased except in the north,
where it was fairly stable, resulting in an average annual
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Overall trend
Average annual
percentage change

Significantly different time segments identified in joinpoint analysis
Average percentage change during a time segment (95% Cl)

Malignant CNS tumours

(95% Cl)
1991-2010 1991 1993 1995 1997 1999 2001 2003 2005 2007 2010

All cancers

East 123(0-62t01.84)] | -025(-3-73t03:34) | 7:37 (1-82t01322) [ -1.57 (-273 t0 -0-40) [ 7-69 (-4-19 to0 21.05) |

North 0-62(028t00-96)| [563(243101436)] —3:55(-11-20t04-76) | 110 (0-74 to 1-46)

South 178 (136 t0 2-20)

West 108 (072t0143)| | 3.81(1-54 to 6-14) [ 0-47 (0-04 to 0-90)

Europe 096 (0-73t0119) | | 159 (1:03 t0 2:14) -018 (-1:3210 0-97) [ 462(-209t01179)|
Leukaemia

East 179 (0-43t03-17)

North 0-08 (-0-62t0 0-78)

South 2-03 (0-66 t0 3-42)

West 1.35(0-33t0 2:38)

Europe 0:93 (0-49to0 1-37)
Lymphoma

East 068 (010t0126) | | -3-46 (-6-99 t0 0-20) | 1161(-034t02499) | 7:04(-1704t0417) | 151 (037 to 2-66) |

North 0-82 (0-12t0 1.52)

South 213 (126 to 3-01)

West 159 (0-67t0252) | | 3.71(2:2210522) [ -828(-27:60t016-20) | 542 (-1.76 t0 13-14) |

Europe 1.04 (0-65 to 1-44)

East ~0-09 (-1-23t0 1-07)

North -0-91 (-2-48 to 0-68),

South 0-94 (-0-71t0 2-62)

West -0-10 (-1-43 t0 1-25)

Europe | -0-40 (-1-19t0 0-39)

Other tumours

East 165(077t0254) | | 4.95 (3-66 to 6:27) -3:39 (-5-92 to -0-80) [1198 (5200 32:28)|

North 0-97 (0-65 to 1-28)

South 1-61(0-80to 2-42)

West 0-95(0-51t0139) | [ 511 (0-58 to 9-85) [ 035 (-0-20t0 0-90)

Europe 117 (0-82t0153) | | 2:27 (146 t0 3:08) [ -0-64 (-2:26 10 1-00) | 5:58 (-3-96 t0 16-06)|
1991-2010 1991 1993 1995 1997 1999 2001 2003 2005 2007 2010

Calendar year

Figure 3: Overview of observed incidence trends of cancer in adolescents aged 15-19 years for the entire study period and for any significant time segments identified in joinpoint analysis, by

diagnostic group and region of Europe, 1991-2010

Red indicates an increasing trend, blue indicates a decreasing trend, and white indicates no significant trend. Absence of bars indicates no joinpoint was identified for a given category.

change of 0-93% (0-49-1-37). No change in the slopes
was detected. Lymphoma (9446 cases) occurred more
frequently than did leukaemia (4702 cases) or malignant
CNS tumours (2983 cases) in adolescents compared with
children (table 2), and the overall incidence of 47-4
(46-4-48-3) per million person-years varied moderately
by region. An increase in incidence was observed for all
European data combined and in all European regions
investigated. Changes in this trend were detected in the
east and west, where the increase was limited to the
second and first half of the study period, respectively
(figure 3). The overall age-specific incidence of malignant
CNS tumours was 15-0 (14-4-15-5) per million person-
years. Incidence was stable overall and in the four defined
regions (figure 3), with no change in the slopes.

The overall rate for all other cancers in adolescents
(18007 cases) was 90-3 per million. The European
avearge annual change of 1-17% (0-82-1-53) differed
between three segments—among them a significant
increase was detected during the first decade only. The
pattern of changes in the slopes by region was similar to
that observed for all cancers (figure 3).
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Discussion

In this population-based registry study, we reported
on cancer incidence trends in the European population
of children (aged 0-14 years) and adolescents (aged
15-19 years) during the full calendar years 1991-2010,
thus extending the ACCIS study by 10-13>" years of
observation. The overall incidence for children and
adolescents increased significantly over this 20-year
period.

The increase in incidence was not constant by cancer
type, region, or over time, and there was a suggestion of
stabilisation in the trend for all cancers in adolescents
in the dataset for the whole of Europe (appendix p 6).
The most pronounced inter-regional diversities included
the decreasing incidence of childhood lymphomas in
the east (compared with stable or increasing incidence
in the other regions), an increase in the incidence of
childhood CNS tumours in the west (compared with
little change observed in the other regions), and the
stable incidence of leukaemia in adolescents in the
north (relative to increasing incidence in the other
regions).
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Figure 4: Incidence trends of cancer in adolescents aged 15-19 years in Europe, 1991-2010
Jagged thin lines indicate annual age-specific rates in countries and smooth thick red lines indicate modelled incidence trends in regions.

Although our results are largely confirmatory and
incremental from previous findings, a major strength of
our study is its large size, which permits detection of a
moderate rate of increase of 0-5% per year in the age group
0-14 years. Data from large paediatric cancer registries
helped to increase the coverage and creation of a specific

dataset for childhood haematological malignancies enlarged
the relevant person-years in the west (583-8 million) by
53% compared with data available for other neoplasms
(380-5 million). We examined the trends separately in
children and adolescents to allow for variations in trends
between these populations with a different case mix.
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We validated the quality and completeness of the data
from the included registries during a thorough dataset
assessment. We consider our results to provide the
best available estimates of incidence trends in the
European population of children and adolescents for
1991-2010.

A limitation of our study is the variable coverage of the
regions, which might affect the representativeness of
the incidence at the national and European regional
levels. The available data do not allow speculation on
what the incidence would be if coverage was complete—
increase of coverage and quality of registration is
required for a full picture of the cancer burden.
Meanwhile, by use of all quality information available for
the study period, our results maximise the number of
person-years of comparable data, and provide evidence of
changing trends in European populations.

We excluded several cancer types that are usually
included in reports of childhood cancer incidence from
our analyses. The excluded cancer types are classified by
the ICCC-3" and contribute to the total cancer burden,
and it is therefore preferable that they are registered.
In particular, exclusion of non-malignant CNS tumours
might have shaped the observed trends. We plan to
examine this assumption in a focused analysis of trends
of all CNS tumours, by behaviour and diagnostic
subgroup, and by considering the differences and
changes in coding and their reportability.

Our reported total incidence was 5% to 15% lower
(depending on the region) than in another report
assessing the period 2001-10.! This disparity is explained
by the exclusion of several groups of neoplasms from our
study and the period starting one decade earlier, which
would, in the presence of an increasing trend, resultin a
lower overall rate.

The overall average annual change of 0-54% in children
aged 0-14 years is lower than the 1% reported by an
ACCIS study based on diagnoses in the 1970s through to
the 1990s? or for the period 1978-97,* and might indicate
a deceleration in the increase of cancer incidence,
although the registry datasets included differ somewhat
between the studies. A lower rate of increase could
suggest the end of an improvement in reporting, but
might also reflect reduced reporting discipline, a change
in classification of cancers, or other factors. Cancer-specific
studies might provide more precise interpretation of
these trends.

Studies in European populations of smaller sizes
reported stabilising of cancer incidence in children
overall and in the three major diagnostic groups.™™
By contrast, data collected in the longstanding registries
of the Surveillance, Epidemiology, and End Results
(SEER) Program suggest continued minor increases in
overall childhood cancer incidence over the most
recently assessed period 1995-2014, consistent with
our study. In adolescents aged 15-19 years, varying
incidence trends were observed in different European
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populations for leukaemia, lymphoma, or CNS
tumours.’*” As for the SEER data,” our study found an
increase in overall cancer incidence and leukaemia and
lymphoma incidence, but no change in trends for
malignant CNS tumours. A large US study? reported
stable incidence over the period 2001-09 overall and for
the three major diagnostic groups in the population
younger than 20 years. We identified changes in overall
trends that provide some evidence of a deceleration
of time trends during the most recent years of our
study, along with varying patterns across age
groups, regions, and cancer types, although significant
joinpoints should not be taken to imply abrupt changes
in underlying trends in risk.” The variability we found
warrants continued monitoring of incidence patterns
in large populations over long periods, as trends that
are not significant over short intervals might result in
significant increases over a longer timeframe, and
grouping smaller populations with no trend could
yield a significant change in a pooled dataset. These
considerations might also explain the discrepancy in
the measured rate of change between our study and
smaller European datasets.™™

Kroll and colleagues* have linked the increase in
childhood cancer incidence in Great Britain with
advances in diagnostic technology and improved cancer
registration, because of the concurrence of a step
increase in leukaemia and non-CNS solid tumour
incidence in 2002 with a registration plan enacted in
2001. Similarly, the rise in the incidence of CNS tumours
in 1992 coincided with the introduction of innovative
methods of diagnosis. As a result, childhood cancer
might have been under-reported in Great Britain during
parts of the period assessed in this study. Although we
are not aware of similar studies in other countries,
analogous effects on childhood cancer incidence cannot
be excluded elsewhere in Europe and could have affected
our results.

The gradual convergence of environmental factors,
lifestyle, and health services across Europe might have
contributed to the similarities in incidence trends across
the regions, although such changes will probably have
less of an effect on cancer in childhood than in older
age. Nevertheless, some opposing trends (notably for
lymphoma in the east) suggest caution should be taken
in ascribing the slowly increasing trends exclusively to
improved detection, at least before further detailed
analyses by cancer type, age group, and geographical
region are done.

Overall incidence in children is weighted towards
leukaemia, which, in 75% of cases, is the precursor B-cell
lymphoid leukaemia. The age-specific curve for this cancer
type currently peaks around age 2—4 years in most
high-income countries. With increasing social development
over time, this peak shifts towards younger ages and
becomes more pronounced.?* This change is unlikely to be
driven by improved registration, which would affect all
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ages in the same way. The deficit of lymphoid leukaemia
cases seen in poorer settings can be ascribed in part to
underdiagnosis,®” but inequalities across social strata
might also operate through relevant exposures, such as
parental occupation, diet, or reproduction characteristics.”
Continuous socioeconomic development and increasing
awareness of primary care practitioners might have
contributed to the observed increase in leukaemia cases,
although reasons for the stabilisation of leukaemia
incidence in northern Europe are unclear.

Incidence of lymphoma was relatively high compared
with incidence of leukaemia in children in eastern
Europe. Considering the likely infectious origin of
lymphoma at young ages,” our observed decreasing
incidence could be attributed to elimination of certain
viral exposures. Furthermore, diagnosis of lymphoma
might be delayed until older ages, especially if the
decreasing trend in children is accompanied by an
increasing trend in adolescents, as seen in the east over
the second decade. Possible selective under-reporting
could also be considered, as the incidence of leukaemia
and other cancers continues to increase in children in
the east. The high incidence in southern Europe is
consistent with previous reports of possible environ-
mental exposures. A further assessment of lymphoma
trends by diagnostic subgroups, narrower age groups,
and sex could help provide a more specific explanation of
the observed temporal changes.

The stability of malignant CNS tumour incidence in
adolescents is encouraging, although drawing firm
conclusions should be postponed until incidence trends
are examined using data that include non-malignant
tumours in the populations in which these are ascertained
completely to exclude the possible effect of changes in
classification of tumours. In children, because of the
shown persisting increase in incidence in malignant CNS
tumours, and the exclusion of non-malignant tumours—
specifically pilocytic astrocytoma—from our analyses, a
further detailed assessment is warranted, especially
considering the poor outcome for such tumours.

The trends for all other cancers combined show that
the overall increase in incidence is not explained solely
by changes in the three major groups of childhood and
adolescent cancer. This fact is especially relevant in
adolescents, as many cases are germ cell tumours and
carcinomas.! The candidate explanatory groups for the
increase in at least a part of the period are thyroid
carcinoma,” testicular tumours,” and melanoma.” In
particular, the patterns for Belarus are probably shaped
by the pronounced increase and later waning of thyroid
cancer incidence during the study period, reflecting
exposure to the radioactive fallout from the Chernobyl
accident.* These observations also merit detailed studies.

In summary, in this study we aimed to provide an
overview of cancer incidence trends in children and
adolescents in Europe, as an introduction to a detailed
investigation of patterns and trends and their possible

determinants by diagnostic group and other subcategories
in a concerted series of studies. We found a continued
increase in cancer incidence in children and adolescents in
Europe over the 20-year period 1991-2010. The diversity of
trends across the regions and tumour groups warrants
further monitoring and a more detailed assessment of the
high-quality data collected by cancer registries, by specific
tumour types and population subgroups. Whether the
observed increase in cancer incidence in children and
adolescents is due to enhanced discovery of cases or
changing risk factors, the known frequency of cancer in
young people should be considered in cancer control
programmes. Without an accurate quantification of the
possible causes of this increase, whether real or artifactual,
it is prudent to continue aetiological research into the
causes of cancer in children and adolescents and to explore
possible preventive measures.

Contributors

ES-F, BL, PK, JWC, RP-B, and CAS designed the study, and contributed
to data acquisition and evaluation. MC managed the acquired data and
prepared evaluation material. ES-F, MMF, BL, MP, IS, FB, JWC, RP-B,
and CAS contributed to the detailed plan of data analysis. MF and MC
did data analyses and prepared relevant output. ES-F did the literature
search and drafted the manuscript, which was reviewed, modified, and
approved by all coauthors.

Declaration of interests
We declare no competing interests.

Acknowledgments

We gratefully acknowledge the cofunders of this study. Data acquisition
was partly supported by the Federal Ministry of Health of the Federal
German Government and the development of infrastructure relevant to
this study was enabled through the EU’s Seventh Framework Programme
(FP7/2007-2013) under grant agreement LSSH—-CT—-2008-21 9453
(EUROCOURSE). The required funding was completed by the
International Agency for Research on Cancer.

References

1  Steliarova-Foucher E, Colombet M, Ries LAG, et al. International
incidence of childhood cancer, 2001-10: a population-based registry
study. Lancet Oncol 2017; 18: 719-31.

2 Steliarova-Foucher E, Stiller C, Kaatsch P, et al. Geographical
patterns and time trends of cancer incidence and survival among
children and adolescents in Europe since the 1970s (the ACCIS
project): an epidemiological study. Lancet 2004; 364: 2097-105.

3 AIRTUM Working Group, AIEOP Working Group. Italian cancer
figures, report 2012: cancer in children and adolescents.
Epidemiol Prev 2013; 37 (suppl 1): 1-225.

4 Marcos-Gragera R, Galceran ], Martos C, et al. Incidence and
survival time trends for Spanish children and adolescents with
leukaemia from 1983 to 2007 Clin Transl Oncol 2017; 19: 301-16.

5  Nakata K, Ito Y, Magadi W, et al. Childhood cancer incidence and
survival in Japan and England: a population-based study
(1993-2010). Cancer Sci 2018; 109: 422-34.

6 Svendsen AL, Feychting M, Klaeboe L, Langmark F, Schiiz J.
Time trends in the incidence of acute lymphoblastic leukemia
among children 1976-2002: a population-based Nordic study.

J Pediatr 2007; 151: 548-50.

7 Karim-Kos HE, Hackl M, Mann G, et al. Trends in incidence,
survival and mortality of childhood and adolescent cancer in
Austria, 1994-2011. Cancer Epidemiol 2016; 42: 72-81.

8 Desandes E, Guissou S, Chastagner P, Lacour B. Incidence and
survival of children with central nervous system primitive tumors
in the French National Registry of Childhood Solid Tumors.
Neuro Oncol 2014; 16: 975-83.

9  Schmidt LS, Schmiegelow K, Lihteenmiki P, et al. Incidence of
childhood central nervous system tumors in the Nordic countries.
Pediatr Blood Cancer 2011; 56: 65—69.

www.thelancet.com/oncology Vol 19 September 2018



Articles

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Peris-Bonet R, Salmerén D, Martinez-Beneito MA, et al.
Childhood cancer incidence and survival in Spain. Ann Oncol 2010;
21 (suppl 3): iii103-10.

Steliarova-Foucher E, Coebergh JW, Kaatsch P, Pritchard-Jones K,
Stiller CA. Cancer in children and adolescents in Europe.

Eur J Cancer 2006; 42: 1913-2019.

UN Statistics Division. Methodology. Geographic regions.
https://unstats.un.org/unsd/methodology/m49/ (accessed

Feb 21, 2018).

Fritz A, Percy C, Jack A, et al. International classification of diseases
for oncology, third edition. Geneva: World Health Organization,
2013.

Percy C, Van Holten V, Muir CS. International classification of
diseases for oncology, second edition. Geneva: World Health
Organization, 1990.

Steliarova-Foucher E, Stiller C, Lacour B, Kaatsch P. International
Classification of Childhood Cancer, third edition. Cancer 2005;

103: 1457-67.

Ferlay J, Burkhard C, Whelan S, Parkin DM. Check and conversion
programs for cancer registries (IARC/IACR tools for cancer
registries). Lyon: International Agency for Research on Cancer, 2005.
Segi M, Fujisaku S, Kurihara M, Narai Y, Sasajima K.

The age-adjusted death rates for malignant neoplasms in some
selected sites in 23 countries in 1954-1955 and their geographical
correlation. Tohoku J Exp Med 1960; 72: 91-103.

Cleveland WS. Robust locally weighted regression and smoothing
scatterplots. ] Am Stat Assoc 1979; 74: 829-36.

Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for
joinpoint regression with applications to cancer rates. Stat Med 2000;
19: 335-51.

UN Department of Economic and Social Affairs, Population
Division. World population prospects 2017, https://esa.un.org/
unpd/wpp/ (accessed Feb 21, 2018).

Kaatsch P, Steliarova-Foucher E, Crocetti E, Magnani C, Spix C,
Zambon P. Time trends of cancer incidence in European children
(1978-1997): report from the Automated Childhood Cancer
Information System project. Eur ] Cancer 2006; 42: 1961-71.
Howlader N, Noone AM, Krapcho M, et al, eds. SEER cancer statistics
review, 1975-2014. Bethesda: National Cancer Institute, 2017,

Siegel DA, King J, Tai E, Buchanan N, Ajani UA, Li J. Cancer
incidence rates and trends among children and adolescents in the
United States, 2001-2009. Pediatrics 2014; 134: €945-55.

www.thelancet.com/oncology Vol 19 September2018

24

25

26

27

28

29

30

31

32

33

34

Kroll ME, Carpenter LM, Murphy MF, Stiller CA. Effects of changes
in diagnosis and registration on time trends in recorded childhood
cancer incidence in Great Britain. Br ] Cancer 2012; 107: 1159-62.
Shah A, Coleman MP. Increasing incidence of childhood leukaemia:
a controversy re-examined. Br J Cancer 2007; 97: 1009-12.

Kroll ME, Stiller CA, Richards S, Mitchell C, Carpenter LM.
Evidence for under-diagnosis of childhood acute lymphoblastic
leukaemia in poorer communities within Great Britain.

Br J Cancer 2012; 106: 1556-59.

Marquant F, Goujon S, Faure L, et al. Risk of childhood cancer and
socio-economic disparities: results of the French Nationwide Study
Geocap 2002-2010. Paediatr Perinat Epidemiol 2016; 30: 612-22.
Kehm RD, Spector LG, Poynter JN, Vock DM, Osypuk TL.
Socioeconomic status and childhood cancer incidence:

a population-based multilevel analysis. Am ] Epidemiol 2018;

187: 982-91.

Chabay PA, Preciado MV. EBV primary infection in childhood and
its relation to B-cell lymphoma development: a mini-review from a
developing region. Int | Cancer 2013; 133: 1286-92.

Stiller CA, Parkin DM. International variations in the incidence of
childhood lymphomas. Paediatr Perinat Epidemiol 1990; 4: 303-24.
Carlberg M, Hedendahl L, Ahonen M, Koppel T, Hardell L.
Increasing incidence of thyroid cancer in the Nordic countries with
main focus on Swedish data. BMC Cancer 2016; 16: 426.

Pauniaho SL, Salonen J, Helminen M, Heikinheimo O,
Vettenranta K, Heikinheimo M. Germ cell tumors in children and
adolescents in Finland: trends over 1969—2008.

Cancer Causes Control 2014; 25: 1337-41.

Eggen CAM, Durgaram VVL, van Doorn R, et al. Incidence and
relative survival of melanoma in children and adolescents in the
Netherlands, 1989-2013. J Eur Acad Dermatol Venereol 2018;

32: 956-61.

Steliarova-Foucher E, Stiller CA, Pukkala E, Lacour B, Plesko I,
Parkin DM. Thyroid cancer incidence and survival among European
children and adolescents (1978-1997): report from the Automated
Childhood Cancer Information System project. Eur | Cancer 2006;
42: 2150-69.

1169



	Changing geographical patterns and trends in cancer
incidence in children and adolescents in Europe, 1991–2010
(Automated Childhood Cancer Information System):
a population-based study
	Introduction
	Methods
	Data acquisition
	Dataset constitution
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


