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Abstract

Background: Pediatric cancer incidence has been steadily increasing over the last several decades with the largest increases
reported in infants. Few evaluations have looked at international pediatric cancer incidence trends in the youngest children.
The aim of this analysis was to evaluate trends in cancer incidence in children under 5 years of age, overall and by type, using
data from Cancer Incidence in 5 Continents (CI5) from 1988 to 2012 (CI5 volumes VII–XI).
Methods: Rates of cancers in children ages 0–4 years were extracted from registries available in CI5 from 1988 to 2012. To over-
come small numbers in individual registries, numerators and denominators were aggregated within regions corresponding
to the United Nations’ geoscheme. Average annual percent change (AAPC) was estimated using Poisson regression. Robust
standard errors were used in all models to correct for overdispersion in some regions, and 95% Wald confidence intervals and
P values were reported. The top five cancers by increasing AAPC were ranked within each region.
Results: Overall, in children under 5 years, increasing incidence was seen in multiple regions for acute lymphoblastic
leukemia, acute myeloid leukemia, ependymal tumors, neuroblastoma, and hepatoblastoma. Hepatoblastoma had the
largest AAPC in 11 out of 15 regions and showed an increase in all regions except southern Asia. Astrocytic tumors were the
only cancer that decreased over the time period.
Conclusions: We evaluated 25 years of cancer incidence in children ages 0–4 years and observed increases in incidence for
hepatoblastoma, leukemia, neuroblastoma, and ependymal tumors. Further etiologic evaluation will be required to explain
these increases in incidence.

To date, few international studies have been conducted to com-
pare trends in pediatric cancer incidence. When conducted, in-
ternational comparisons have shown differences in overall
childhood cancer incidence and trends by geographic region but
have been less successful in identifying etiologic insight than
similar studies of adult cancers (1,2). Furthermore, studies have
shown that pediatric cancer incidence rates have been steadily
increasing (1,3). Steliarova-Foucher et al. showed that overall
cancer in 0- to 14-year-olds increased from 124.0 per million
person-years in the 1980s to 140.6 per million person-years in
2001–2010 (3). Estimates using data from registries in Europe
and North America suggest that infants are the age group with
the strongest increase in incidence (1).

Most of the current literature evaluates pediatric cancer inci-
dence in the 0–14 or 0–19 years age range. Although currently
known risk factors account for a small percentage of the overall
disease burden, it is plausible that known risk factors such as
birthweight, parental age, congenital abnormalities, chronic
infections, and genetic syndromes may differ in infants and
young children compared to adolescents (4–12). Moreover, con-
centration on the 0- to 4-year-old age range captures the peak of
the acute lymphoblastic leukemia (ALL) and embryonal tumor
incidence curves. Although it is recognized that pediatric can-
cers should be classified by histology rather than site (13), some
previous analyses have reported incidence rates by site because
of limitations in available registry data. Lastly, current literature
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often focuses on one region or country and is difficult to com-
pare as manuscripts often report incidence trends for disparate
time periods.

The Cancer Incidence in Five Continents (CI5) series presents the
opportunity to look at global trends in childhood cancer inci-
dence in children under 5 years old using peer-reviewed data
from population-based cancer registries worldwide (14). The se-
ries also adheres to stringent criteria on quality for registry in-
clusion (15). Starting with volume VII (1988–1992), the CI5 data
were expanded to include cancer by histology rather than just
primary site, which permits the evaluation of trends in child-
hood cancer incidence using the more appropriate histologic
classification. The aim of this analysis was to evaluate pediatric
cancer incidence trends in children under 5 years old in each
geographic region from 1988 to 2012.

Methods

Incident cases and population data were extracted from regis-
tries with data available during 1988–1992, 1993–1997, 1998–
2002, 2003–2007, and 2008–2012 (16). The analysis was limited to
these volumes because histological subtypes were available.
Incidence rates were aggregated into regions using the regional
and subregional categories provided by the United Nations geo-
scheme system, devised by the United Nations Statistics
Division (UNSD), as a way to divide countries into macro-
geographical and regional and subregional groups for statistical
analysis (17). This aggregation was implemented to overcome
small numbers in individual registries. Aggregation was also
performed by human development index (HDI) category and
change in HDI from 1990 to 2012. Countries were categorized as
low, medium, high, or very high HDI according to their 2012 HDI
scores and changes were categorized as movement from low to
medium, low or medium to high, and medium to very high HDI
during 1990 to 2012. Aggregation of the data into regions and
HDI categories was conducted by pooling the cases and popula-
tion from each registry within a region. Incidence rates for each
time period were calculated by dividing pooled case numbers by
pooled population denominators (18). As our analysis was lim-
ited to the 0- to 4-year-old age category, incidence rates did not
require age adjustment. Because of lower sample size and varia-
tion in the registries available over time, Africa was split into
northern and sub-Saharan Africa rather than the five UNSD
subregions. Oceania was largely comprised of Australia and
New Zealand and, therefore, was not broken down into further
regions. Of note, Costa Rica was the only country with registry
data in Central America, and although South America com-
prises a continent, the UNSD does not break them down further.

Central Asia was excluded because it did not have registry
data for two or more time periods. There was variability in the
countries and number of registries included in each region over
time. Generally, more registries and countries were eligible for
inclusion in later volumes (see Supplementary Table 1, available
online, for registries included in each volume). To avoid drop-
ping cancers entirely from analysis, we did not impose a cutoff
for the number of cases needed to include a disease or registry
in the dataset. Inclusion criteria for CI5 registries has been de-
scribed in detail elsewhere (16).

Childhood cancer was classified using International
Childhood Cancer Classification – 3 (ICCC-3) categories (13). We
included specific subtypes of childhood cancer that comprised
more than 2% of the cancers in children less than 5 years old in
the United States (9) with the exception of rhabdomyosarcoma

(9). Kidney tumors were not classified histologically but were
presumed to be overwhelmingly nephroblastoma. We included
11 cancers: acute lymphoblastic leukemia (ALL), acute myeloid
leukemia (AML), non-Hodgkin lymphoma (NHL), astrocytic
tumors (AST), ependymal tumors (EPN), medulloblastoma (MB),
neuroblastoma (NB), retinoblastoma (RB), kidney tumors (KT),
hepatoblastoma (HB), and testicular germ cell tumors (TGCT).

Statistical Analysis

Total and sex-specific incidence was calculated and expressed
as per one million children for cancers diagnosed at ages 0–4
years. Incidence was not calculated when there were fewer
than five cases. For trends in incidence, the crude average an-
nual percent change (AAPC) was estimated using Poisson re-
gression to model counts as previously described (19). We
controlled for population size heterogeneity by using the log
population size as an offset term in the model. Robust standard
errors were used in all models to correct for overdispersion in
some regions or cancers. All analyses were conducted
using SAS software version 9.4 (Cary, NC).

Results

We compared estimated AAPC and 95% confidence interval (CI)
for each cancer by region (Figure 1). Notable results for each ma-
jor cancer grouping are described below. An analysis was also
completed by HDI category (Table 1) and HDI change from 1990
to 2012 (Supplementary Table 2, available online). Additionally,
we include detailed information with the estimated AAPC, 95%
confidence interval, incidence, and sex-specific incidence for all
regions in Supplementary Tables 3–13 (available online).

Leukemias

ALL showed increasing incidence in most regions, with the ex-
ception of southern Asia, North America, northern Europe, or
Africa, although the AAPC did not reach statistical significance
in all regions (Figure 1; Supplementary Table 3, available online).
When stratified by HDI, there was a statistically significant in-
crease in ALL within high HDI countries (Table 1). There was ev-
idence of increased incidence of AML in Europe, eastern and
western Asia, and South and North America (Figure 1;
Supplementary Table 4, available online). HDI stratified results
showed that the AML increase was statistically significant and
precise in very high HDI countries (AAPC ¼ 1.47%, 95% CI ¼ 1.42
to 1.53) (Table 1).

Lymphoma

NHL incidence decreased in eastern Europe and southeastern
Asia (Figure 1; Supplementary Table 5, available online). The
AAPC estimates for Central America, western Asia, and south-
ern Asia suggested a decrease but were imprecise and did not
reach statistical significance. There were no statistically signifi-
cant changes in NHL when countries were stratified by HDI
(Table 1).

Central Nervous System (CNS) Tumors

Incidence for EPN increased statistically significantly in four
regions (Figure 1). Southern Asia, eastern Europe, and Oceania
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showed the sharpest and statistically significant increases at
4.37%, 5.46%, and 3.13%, respectively (Supplementary Table 6,
available online). When AAPCs were estimated by HDI category
(Table 1), EPN had increases in medium, high, and very high cat-
egories. In contrast to EPN, incidence of AST decreased or

remained constant in all areas but northern Africa (Figure 1).
The estimate was imprecise in northern Africa (95% CI ¼ -3.88
to 40.7), but the magnitude of the effect (AAPC ¼ 16.3) was large
(Supplementary Table 7, available online). HDI stratified results
also suggested decreases in AST (Table 1; Supplementary Table

Figure 1. Estimated annual average percent change (AAPC) and 95% confidence intervals (CI) by region for each cancer. *Three or more time periods had less than five

cases. AAPC ¼ average annual percent change; CI ¼ confidence interval.
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2, available online). MB incidence increased in South America
and decreased in northern Europe over this time period, but
there were no other statistically significant changes (Figure 1;
Supplementary Table 9, available online).

Non-CNS Embryonal Tumors

Overall, NB trended toward increasing incidence (Figure 1).
Statistically significant increases were observed in Europe and
Central America, whereas nonsignificant increases were

observed in six additional regions (Supplementary Table 8,
available online). In contrast to other regions, NB incidence sta-
tistically significantly decreased in Southern Asia. NB increases
appear to be driven by increased incidence in very high HDI
countries (Table 1). RB decreased in northern Europe and south-
ern Asia, but no other changes in incidence were observed by
subregion or HDI category (Figure 1; Supplementary Table 10,
available online; Table 1). There were no statistically significant
changes in KT incidence over the time period in any subregion
or HDI category (Figure 1; Supplementary Table 11, available on-
line; Table 1). HB incidence increased in all areas except

Table 1. Estimated average annual percent change (AAPC) and incidence (per million) of pediatric cancer by human development index (HDI)
category and year of diagnosis

Cancer HDI level†

Year of diagnosis
AAPC

(95% CI)1988–1992 1993–1997 1998–2002 2003–2007 2008–2012

Acute lymphoblastic leukemia Low * 3.3 2.2 1.8 5.9 4.04 (�2.96 to 11.55)
Medium 23.5 25.2 28.3 23.9 25.6 0.10 (�0.92 to 1.13)
High 29.9 33.5 43.7 41.5 44.7 1.72 (0.70 to 2.76)
Very high 49.6 51.6 54.1 57.7 53.3 0.44 (�0.20 to 1.08)

Acute myeloid leukemia Low * * 3.1 1.8 * 1.55 (�10.86 to 15.68)
Medium 6.1 6.4 4.3 6.4 5.8 �0.14 (�2.46 to 2.23)
High 8.1 6.9 9.3 7.8 9.3 0.89 (�0.61 to 2.41)
Very high 8.2 8.8 9.4 10.2 10.9 1.47 (1.42 to 1.53)

Non-Hodgkin lymphoma Low 11.4 23.0 14.5 49.2 21.0 3.88 (�4.04 to 12.46)
Medium 5.9 6.9 7.9 6.6 4.5 �1.50 (�4.07 to 1.13)
High 10.6 10.3 12.4 10.4 8.8 �1.10 (�2.56 to 0.39)
Very high 10.2 9.7 8.4 8.2 10.8 0.16 (�1.68 to 2.04)

Ependymal tumors Low * * * * * ‡
Medium 0.5 0.5 0.7 1.0 1.0 3.92 (1.76 to 6.13)
High 0.7 1.0 3.0 2.0 2.7 4.74 (�0.36 to 10.10)
Very high 3.4 3.5 3.7 3.9 4.3 1.19 (0.91 to 1.48)

Astrocytic tumors Low * * * * * ‡
Medium 2.4 2.6 2.6 1.8 1.6 �2.67 (�4.38 to -0.92)
High 2.7 3.9 4.4 5.0 3.9 0.98 (�1.60 to 3.63)
Very high 8.8 11.0 6.7 6.8 6.6 �2.19 (�4.36 to 0.04)

Medulloblastoma Low * * * * * ‡
Medium 3.1 2.0 2.7 2.8 2.1 �0.50 (�3.17 to 2.24)
High 1.8 2.8 2.7 3.4 4.2 3.70 (2.59 to 4.82)
Very high 4.7 5.4 5.2 5.2 5.2 0.27 (�0.29 to 0.83)

Neuroblastoma Low * 2.2 * * * ‡
Medium 3.8 5.3 4.4 3.8 2.1 �3.42 (�6.65 to -0.07)
High 1.9 4.7 11.0 6.5 6.6 2.10 (�3.90 to 8.48)
Very high 10.3 11.7 13.0 13.6 14.2 1.51 (1.04 to 1.98)

Retinoblastoma Low 12.6 14.8 12.3 25.0 12.8 1.52 (�3.34 to 6.62)
Medium 10.2 11.8 8.5 10.8 7.6 �1.56 (�3.70 to 0.63)
High 6.8 6.8 11.8 9.0 8.6 0.65 (�2.06 to 3.43)
Very high 8.5 8.8 8.4 8.6 8.6 0.02 (�0.24 to 0.28)

Kidney tumors Low 20.8 15.6 18.9 33.9 24.6 2.80 (�1.10 to 6.86)
Medium 8.6 8.8 10.3 9.9 9.6 0.60 (�0.27 to 1.48)
High 8.5 10.3 14.9 15.5 15.2 2.38 (0.58 to 4.22)
Very high 17.6 17.2 17.0 17.3 17.3 �0.04 (�0.21 to 0.13)

Hepatoblastoma Low * * * * * ‡
Medium 2.7 1.7 1.9 2.5 2.6 1.37 (�1.44 to 4.26)
High 0.8 1.8 2.2 2.8 4.2 7.19 (5.55 to 8.86)
Very high 0.8 3.2 4.3 4.5 5.6 3.43 (2.73 to 4.13)

Testicular germ cell tumors Low * * * * * ‡
Medium 2.4 2.4 2.2 2.6 1.9 �0.73 (�2.34 to 0.90)
High 3.7 2.9 2.1 2.8 3.9 1.17 (�2.11 to 4.56)
Very high 3.2 3.1 3.1 2.5 2.7 �1.17 (�2.12 to -0.20)

*Rates were not calculated for time periods with less than five cases. CI ¼ confidence interval.

†There were 5 countries with low HDI, 7 countries with medium HDI, 21 countries with high HDI, and 53 countries with very high HDI.

‡AAPCs were not calculated when greater than two time periods had zero cases.
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southern Asia, although the 95% confidence interval for the
AAPC overlapped the null in several regions, particularly those
with imprecise estimates (Figure 1; Supplementary Table 12,
available online). In contrast to the rest of the regions, the AAPC
in southern Asia indicated decreasing incidence. When we
stratified countries by HDI, the strongest increases were seen in
high and very high HDI countries at 7.19% (95% CI ¼ 5.55 to 8.86)
and 3.43% (95% CI ¼ 2.73 to 4.13), respectively.

Germ Cell Tumors

TGCTs decreased in western Europe, northern Europe, and east-
ern Asia, and increased in western Asia and potentially in east-
ern Europe and South America (Figure 1; Supplementary Table
13, available online). No changes in incidence were seen when
stratifying countries by HDI (Table 1).

Trends in Incidence Rate Changes

To better visualize the childhood cancers with the fastest rising
incidence, we ranked the five largest AAPC estimates for each
region (Figure 2). Notably, the AAPC was the highest for HB in 11
of 15 regions, with AAPC estimates ranging from 2.6% in North
America to 14.3% in Central America. In addition, the AAPC for
HB ranked in the top five for southeastern Asia (4.9%), northern
Africa (1.9%), and western Asia (2.9%). Southern Asia was the
only region in which HB did not show an increase (-2.2%). ALL,
AML, NB, and EPN were also common in the five largest AAPC
estimates.

We compared the increased incidence in HB to NB, the most
commonly diagnosed cancer in infants, and ALL, the most com-
mon cancer in 1- to 4-year-olds, by plotting the log of the inci-
dence of HB, ALL, and NB for each region over time (Figure 3) (1).
Rates were not calculated, or plotted, for time periods where
there were fewer than five cases. Although the incidence of HB
is smaller than the incidence of NB and ALL, the slope is greater
in most regions. Our results indicate that HB is the fastest rising
cancer globally in children younger than 5 years of age.

Discussion

Using the CI5 data, we compared incidence and estimated aver-
age annual percent change for the most common types of child-
hood cancer in children aged 0–4 years from 1988 to 2012.
Generally, we observed increasing incidence in HB, AML, ALL,
NB, and EPN and decreasing incidence for AST. We recognize,
particularly in comparisons of international rates, that not all
population-based registries are created equal (2). However,
these results show consistency in the trends in childhood can-
cer incidence in many regions.

A major limitation of these findings are the sparse data
available in some regions. Generally, the patterns we recognized
represent those in high and very high HDI countries, which
comprised most of the data. Sub-Saharan Africa and South
America are large and ethnically diverse regions; however, be-
cause of the limitations of the available data, we were unable to
analyze these regions in any further subregional breakdowns.
There was also a great deal of heterogeneity in the registries in-
cluded in each time point. We also must acknowledge that
Costa Rica is the only country that provided data for Central
America. Data is missing for some regions entirely, like Central
Asia. The results of this analysis are limited by the data avail-
ability and should be interpreted with those limitations in
mind.

Previously, increases in leukemias were reported in Europe,
Beijing, Canada, Australia, and the United States (19–23).
Although diagnostic differences could be partially responsible
for the increase in incidence, ALL is less susceptible than other
cancers to underdiagnosis (24). The increases in ALL incidence
were generally 1%–2% per year, but much greater increases
were seen in western Asia (3.68%) and the Caribbean (4.4%).
Future studies should evaluate what proportion of the increase
is due to diagnostic or screening changes in these regions. As
previously reported (25) Costa Rica had the highest incidence of
ALL, with a reported incidence rate of 95.4 per million in males
in the latest time period (Supplementary Table 3, available on-
line). In the United States, Hispanic children have the highest
leukemia rates (3,23). The share of the US population that was

Figure 2. Top five ranked estimated average annual percent change (AAPC) for each region. *Three or more time periods had less than five cases. Underlined AAPCs are

statistically significant. ALL ¼ acute lymphoblastic leukemia; AML ¼ acute myeloid leukemia, AST ¼ astrocytic tumor; EPN ¼ ependymal tumor; HB ¼ hepatoblastoma

¼ KT ¼ kidney tumor; NB ¼ neuroblastoma; NHL ¼ non-Hodgkin lymphoma; MB ¼medulloblastoma; RB ¼ retinoblastoma; TGCT ¼ testicular germ cell tumor.
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Hispanic or Latino grew over time, which may explain some of
the increase seen in North America.

As noted earlier, leukemias overall have been reported to
be increasing in several regions, but little attention has been
given to AML specifically. In our analysis, AML incidence is
increasing, with the largest increases noted in eastern Europe
(AAPC ¼ 2.34%) and western Asia (AAPC ¼ 4.09%), but these
countries still report lower incidence at 7.8 and 8.8 per mil-
lion, respectively. AML incidence has been reported to in-
crease in highly developed settings (24). In support of this,
our HDI stratified results showed the AML increase was only
statistically significantly increasing in very high HDI coun-
tries (Table 1) with a particularly notable increase in coun-
tries that changed from medium to very high HDI during the
time period (Supplementary Table 2, available online). The
increases in eastern Europe and western Asia may thus be
explained in part because of these regions becoming more
developed (26).

Particular attention should be given to the changes in inci-
dence rates for CNS tumors. EPN incidence is often evaluated to-
gether with AST as combined CNS tumors. We report that EPN
incidence is increasing, and AST incidence is decreasing. This
trade-off could suggest that different etiologic factors are in-
volved in these subtypes, and they should be evaluated sepa-
rately for better understanding. However, these tumors have
been reported to have overlapping imaging features, and preop-
erative diagnostic differentiation has often posed challenges
(27,28). So, it may be possible that better diagnostic distinction
has resulted in an artificial increase in EPN and decrease in AST.

Although these other changes in incidence are noteworthy,
the most striking change in incidence occurred for HB. HB is a
rare childhood cancer that comprises most cases of liver cancer
in children 0–5 years (9,29). Increases in HB incidence have been
reported in the United States, Germany, and Taiwan (30–32).
Other regions have also reported an increase in hepatic tumors
that may be driven by HB (19–22). However, international

Figure 3. Log incidence (per million) for acute lymphoblastic leukemia, neuroblastoma, and hepatoblastoma. *Rates were not calculated or plotted for time periods

with less than five cases. Regions were not included if they did not have at least two time periods plotted.
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incidence reports have yet to evaluate HB trends globally, and
reports from individual countries looked at different time peri-
ods and are not directly comparable. Furthermore, few investi-
gations have compared HB trends to other cancers predominant
in children under 5 years of age. Our data suggest that HB has
the largest increase in incidence during the time period
investigated.

The etiologic risk factors for HB are still poorly understood,
thus it is difficult to determine what is responsible for the in-
crease in incidence over the past three decades. An alternative
explanation for the increase in HB incidence is the increase in
the ability to differentiate HB from other liver cancers (31). If
this were the case, we would expect to see a decrease in liver
cancers of unspecified morphology over the same time period.
However, when we evaluated the trend in unspecified liver can-
cer tumors during this time period, their decrease was not

present in all countries with rising HB incidence (data not
shown). The correlation between the estimated AAPC for unspe-
cified liver tumors and HB was weak (0.26) and not statistically
significant (P ¼ .08). We also recalculated our estimated AAPC
with the conservative assumption that all unspecified liver
tumors were HB, and our conclusions did not change for any re-
gion. HB was still the fastest rising cancer in all regions reported
in Figure 2. Although the ability to differentiate between HB and
other liver cancers may not explain the difference, there is still
a possibility that changes in registration, reporting, or health
service delivery account for the observed increases.

There are a number of strengths to this analysis, including
the high-quality and consistent standards used to gather the
registry data, the availability of a geographically diverse dataset,
and the classification of cancers by histology rather than site.
However, a number of limitations should also be considered.

Figure 3. Continued.
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First, although robust standard errors were used in the model,
the model assumes that the incidence rates are constant within
five-year periods and that the new cancer cases follow a
Poisson distribution. Second, cancer in this age group is very
rare. Small numerators can give rise to unstable incidence rates,
and this factor is especially important when considering sex-
specific estimates (2). Likewise, 95% confidence intervals serve
to provide context for descriptive analysis but are not statisti-
cally rigorous. Third, it is possible that changes in rates reflect
changes in reporting, surveillance, diagnostics, and health-care
delivery over this time period. Our analyses of rates in countries
with increasing HDI suggest that this is not likely to explain the
increases in incidence observed here. Although HDI may not be
a sufficient indicator of health system improvements, our anal-
ysis suggests that the observed changes are not purely a result
of health system strengthening. Furthermore, it is unlikely that
these changes would affect one cancer to the point that it would
display a higher rate in most regions. Finally, caution should be
applied to comparing incidence rates between countries be-
cause the wide variation in childhood cancer incidence may be
in part due to underdiagnosis, underreporting, care abandon-
ment, or comorbid conditions, particularly in low-income coun-
tries (3,33). As stated previously, the data in low- and medium-
income countries are sparse and do not permit us to draw defin-
itive conclusions regarding trends in incidence rates.

In our evaluation of international trends in pediatric cancers
over 25 years, we found evidence that HB, ALL, AML, NB, and
EPN are increasing in children under 5 years of age. Analyses
stratified by HDI and HDI change show the increases in inci-
dence we observed are mainly driven by increases in high and
very high HDI countries. Further exploration should be devoted
to determining which increases cannot be explained by changes
in health systems over the time period. Etiologic exploration
should be devoted to those cancers with unexplained increases
in incidence.
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