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A B S T R A C T

Background: Most of the world’s population is not covered by cancer surveillance systems or vital registration,
and worldwide/UN-regional cancer incidence is estimated using a variety of methods. Quantifying the cancer
burden in children (< 15 years) is more challenging than in adults; childhood cancer is rare and often presents
with non-specific symptoms that mimic those of more prevalent infectious and nutritional conditions.
Methods: A Baseline Model (BM) was constructed comprising a set of quality assured sex- and age-specific cancer
rates derived from the US Surveillance, Epidemiology and End Results (SEER) program, for diagnostic groups of
the International Classification of Childhood Cancers (ICCC-3) 3rd edition, and information on a known risk
factor for endemic Burkitt lymphoma and Kaposi’s sarcoma. These rates were applied to global country-level
population data for 2015 to estimate the global and regional incidence of childhood cancer. Results were
compared to GLOBOCAN 2018, extrapolations from the International Incidence of Childhood Cancer (IICC-3)
and estimates from the Global Childhood Cancer (GCC) model (based on IICC-3 data combined with information
on health care systems and other parameters).
Results: The BM estimated 360,114 total childhood cancers occurring worldwide in 2015; 54% in Asia and 28%
in Africa. BM estimated standardised rates ranged from ∼178 cases per million in Europe and North America,
through to ∼218 cases per million in West and Middle Africa. Totals from GLOBOCAN and extrapolations from
the IICC-3 study were lower (44.6% and 34.7% respectively), but the estimate from the GCC model was 10.2%
higher. In all models, agreement was good in countries with very high human development index (HDI), but
more variable in countries with medium and low HDIs; the discrepancies correlating with registration coverage
across these settings.
Conclusion: Disagreements between the BM estimates and other sources occur in areas where health systems are
insufficiently equipped to provide adequate access to diagnosis, treatment, and supportive care. Incorporating
aetiological evidence into the BM enabled the estimation of the additional burden of Burkitt lymphoma and
Kaposi sarcoma; similar adjustments could be applied to other cancers, as and when information becomes
available.

1. Introduction

With a view to providing the best available information for re-
searchers and policy-makers, WHO’s International Agency for Research

on Cancer (IARC) collates cancer data from around the world.
Information on cancer burden observed in areas covered by population-
based cancer registries is disseminated through the Cancer Incidence in
Five Continents series (http://ci5.iarc.fr) and International Incidence of
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Childhood Cancer (http://iicc.iarc.fr). In the GLOBOCAN project
(http://gco.iarc.fr/) IARC uses a variety of increasingly sophisticated
methods to estimate incidence in countries, UN regions and the world
[1,2] for cancer sites defined by the International Classification of
Diseases (ICD-10) [3]. Quantifying global and regional cancer incidence

is, however, challenging, since the majority of the world’s population is
not adequately covered by vital registration, cancer surveillance sys-
tems or both; the evidence suggesting that around two-thirds live in
countries with incomplete death/birth notification and three-quarters
in countries with no cancer registration [1,4–6].

Fig. 1. A) Estimated coverage of re-
gional childhood populations in 2015
by population-based cancer registries
contributing to IICC-3. Red line denotes
coverage as a percentage and stacked
columns depict estimated regional po-
pulations of children aged< 15 years
(millions) in 2015 [19] (filled) and es-
timated population coverage of re-
gistries contributing to IICC-3 (open)
[32]. B) United Nations world regions
[33]. (For interpretation of the refer-
ences to colour in this figure legend, the
reader is referred to the web version of
this article.)

Fig. 2. A) Estimated coverage of child-
hood populations by human develop-
ment index (HDI) in 2015 by popula-
tion-based cancer registries
contributing to IICC-3. Red line denotes
coverage as a percentage and stacked
columns depict estimated populations
of children aged<15 years (millions)
in 2015 [19] by HDI group (filled) and
estimated population coverage of re-
gistries contributing to IICC-3 (open)
[32]. B) Countries categorised by HDI
in 2015 [34]. (For interpretation of the
references to colour in this figure le-
gend, the reader is referred to the web
version of this article.)
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Globally, childhood cancer is a significant, but comparatively ne-
glected, cause of morbidity and mortality [7,8]. In many regions with
inadequate coverage of registration systems, morbidity from non-cancer
causes is often very high [9,10] and the comparative rarity of childhood
cancer increases the difficulty in accurately quantifying incidence. An
additional complication is that the types of cancers that develop in
children differ from those diagnosed at older ages with respect to their
biology, behaviour, symptoms, modes of presentation, treatment op-
tions, and outcomes [5]. Notably, childhood cancers comprise a het-
erogeneous cancer group within which adult-type carcinomas, which
underpin definition of the ICD-10 coding system, are rare [11]. Ac-
cordingly, childhood cancers are classified by morphology (histology)

and topography (site); the International Classification of Childhood
Cancers, currently in its third edition (ICCC-3) [11], groups cancers
coded to WHO’s third revision of the International Classification of
Diseases for Oncology (ICD-O3) [12] into twelve main diagnostic
groups, which reflect the cancer types occurring in children. In practice
this means that, aside from providing an estimate of the totality of
childhood cancer, GLOBOCAN’s estimates for ICD-10 categories cannot
be used to characterise all clinically meaningful subtypes in children.

While some childhood cancers (e.g. Burkitt’s lymphoma and re-
tinoblastoma) have symptoms and signs that are relatively easy to re-
cognize, others (e.g. acute leukaemia and astrocytoma) tend to present
with non-specific symptoms, indicative of other more common

Fig. 3. Estimated incidence in children aged< 15 years in 2015, based on the Baseline Model; distribution of estimated cancers by ICCC-3 main diagnostic group
showing total cancers and crude and age-standardised (WHO) rates (per million) in UN regions.

Table 1
Number of cancer cases among children aged< 15 years, as estimated by the Baseline Model (BM) for 2015 and GLOBOCAN 2018 by UN region and the human
development index category, ordered by the difference of between the BM and GLOBOCAN estimates.

Estimated cancers Difference

BM (%) GLOBOCAN (%) N %

World 360,114 (100.0) 199,645 (100.0) −160,469 (-44.6)
UN Region Middle Africa 15,461 (4.3) 4,241 (2.1) −11,220 (-72.6)

Western Africa 34,145 (9.5) 10,881 (5.5) −23,264 (-68.1)
Southern Africa 3,446 (1.0) 1,324 (0.7) −2,122 (-61.6)
South-Central Asia 100,084 (27.8) 42,383 (21.2) −57,701 (-57.7)
Eastern Africa 35,278 (9.8) 18,355 (9.2) −16,923 (-48.0)
Eastern Asia 50,655 (14.1) 30,298 (15.2) −20,357 (-40.2)
South-Eastern Asia 30,532 (8.5) 19,846 (9.9) −10,686 (-35.0)
Northern Africa 13,273 (3.7) 8,830 (4.4) −4,443 (-33.5)
Western Asia 13,895 (3.9) 9,647 (4.8) −4,248 (-30.6)
Eastern Europe 8,375 (2.3) 6,381 (3.2) −1,994 (-23.8)
Latin America & Caribbean 29,002 (8.1) 23,110 (11.6) −5,892 (-20.3)
Oceania 1,680 (0.5) 1,348 (0.7) −332 (-19.7)
Northern Europe 3,211 (0.9) 2,766 (1.4) −445 (-13.8)
Southern Europe 3,904 (1.1) 3,451 (1.7) −453 (-11.6)
Western Europe 5,285 (1.5) 4,834 (2.4) −451 (-8.5)
North America 11,889 (3.3) 11,950 (6.0) 61 (0.5)

Human Development Index Unclassified 3,156 (0.9) 1,256 (0.6) −1,900 (-60.2)
Low 85,370 (23.7) 34,019 (17.0) −51,351 (-60.2)
Medium 143,024 (39.7) 69,372 (34.7) −73,652 (-51.5)
High 87,822 (24.4) 59,775 (29.9) −28,047 (-31.9)
Very High 40,742 (11.3) 35,223 (17.6) −5,519 (-13.5)
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conditions and therefore require access to more sophisticated technol-
ogies to make a precise diagnosis. However, this access is missing or
limited in many countries [5], notably those where childhood mor-
bidity and mortality from infectious and parasitic diseases is a major
public health issue [13,14]. In such settings the opportunity to miss
cases of childhood cancer presenting with symptoms of infection such

as fever (e.g. leukaemia), or vomiting and weight loss (e.g. brain tu-
mours), is compounded by the extreme rarity of cancer in this age group
and the barriers affecting utilisation of services; including accessibility
to health care, cultural factors, disease awareness and financial cir-
cumstances [15–17].

Currently, the most comprehensive data compendium is the

Fig. 4. Estimated numbers of cancers in children aged< 15 years by (A) UN Region (B) human development index (HDI) from GLOBOCAN 2018 and the BM for
2015. Regional rankings are indicated on the right.

Table 2
Estimated numbers of cancers in children aged< 15 years in 2015, as derived from the IICC-3 data and the Baseline Model (BM) by UN Region and human
development index (HDI); only countries contributing to IICC-3 are included in both estimates, regions ordered by the scaling factora required to extrapolate IICC-3
registry data to countries with participating registries in each UN region or HDI group.

Region Scaling Factora Estimated cancers Difference

BM (%) IICC-3 (%) N (%)

IICC-3 Countries 5.53 231,871 (100.0) 151,435 (100.0) −80,436 (-34.7)
UN Region South-Central Asia 48.61 82,632 (35.6) 42,971 (28.4) −39,661 (-48.0)

Eastern Asia 19.39 48,823 (21.1) 35,008 (23.1) −13,814 (-28.3)
Eastern Africa 18.21 9,466 (4.1) 5,749 (3.8) −3,717 (-39.3)
Middle Africa 12.38 2,183 (0.9) 1,242 (0.8) −941 (-43.1)
Western Africa 11.52 1,864 (0.8) 1,347 (0.9) −517 (-27.7)
Northern Africa 11.19 10,339 (4.5) 6,624 (4.4) −3,715 (-35.9)
South-Eastern Asia 9.64 12,030 (5.2) 7,615 (5.0) −4,416 (-36.7)
Latin America & Caribbean 5.29 23,117 (10.0) 17,411 (11.5) −5,706 (-24.7)
Western Asia 3.69 6,586 (2.8) 5,229 (3.5) −1,357 (-20.6)
Southern Europe 2.81 3,090 (1.3) 2,945 (1.9) −145 (-4.7)
Eastern Europe 2.05 7,721 (3.3) 5,998 (4.0) −1,723 (-22.3)
Oceania 1.13 985 (0.4) 833 (0.6) −152 (-15.4)
Northern Europe 1.13 2,825 (1.2) 2,298 (1.5) −527 (-18.7)
Southern Africa 1.11 3,054 (1.3) 760 (0.5) −2,294 (-75.1)
North America 1.02 11,889 (5.1) 10,811 (7.1) −1,078 (-9.1)
Western Europe 0.97 5,268 (2.3) 4,596 (3.0) −673 (-12.8)

Human Development Index Medium 34.65 207,782 (44.8) 111,218 (36.7) −96,563 (-46.5)
Low 32.44 19,238 (4.1) 12,310 (4.1) −6,928 (-36.0)
High 28.19 158,079 (34.1) 113,909 (37.6) −44,170 (-27.9)
Very High 2.70 78,193 (16.9) 65,137 (21.5) −13,056 (-16.7)
Unclassified 1.63 449 (0.1) 296 (0.1) −154 (-34.2)

a Scaling factor = (total 2015 regional or HDI populations in IICC-3 countries based [19])/(sum of average annual populations covered by registries in IICC-3
[32]).
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International Incidence of Childhood Cancer study, volume 3 (IICC-3)
[18], which summarises ICCC-3 coded registrations [11] from more
than 500 quality assured registries in 81 countries and territories.
Among the contributing registries covering local, regional or national
populations, more affluent regions of the world are far better re-
presented; the disparity is illustrated in Figs. 1 and 2, where the po-
pulations covered in IICC-3 and the UN world estimates for 2015 [19]
are categorised by WHO Region and human development index (HDI).
With large parts of Africa, Asia and Latin America missing, countries
outside the very high HDI category are poorly represented. One ex-
ception is the UN region of Southern Africa, where two countries
(Botswana and South Africa) provided data from cancer registries es-
timating a regional coverage of 80%, the third highest globally. The
lowest estimated coverage is noted for Eastern Africa (1.5%), Middle
Africa (1.1%), and Western Africa (0.5%).

Current estimates of the global burden of cancer [1,20,21] suggest
broad scale geographic variations in the incidence of childhood cancer.
In reality, however, it is unclear what the relative contributions of
genuine differences in the risk of childhood cancer and variations in
reporting standards and under-diagnosis of childhood cancer cases in
different settings make to the registration patterns observed [5,22].

With the aim of correcting for possible underdiagnosis, Ward and
colleagues developed a Global Childhood Cancer (GCC) model in which
they extrapolated both the available cancer incidence data and health
system measures across regions and within groups of countries with
similar levels of development [23]. With this model, they estimated the
total observed and unobserved worldwide childhood cancer incidence
and described regional variations in the underlying risk of childhood
cancer and levels of underdiagnosis. However, although this approach
acknowledges, and attempts to account for variation in the availability
and accessibility of healthcare, it remains susceptible to sparsity of data
(Fig. 1). For example, estimates for populous Western Africa are heavily
reliant on just one registry in Mali.

In this paper we present regional and global childhood cancer in-
cidence estimates derived from a baseline model (BM); which was
specifically developed to integrate established aetiological information
into estimates of childhood cancer incidence. To develop the BM we
used rates from the Surveillance, Epidemiology and End Results (SEER)

program [24] and augmented them with data from other sources to take
account of the aetiological associations of P. falciparum with endemic
(African) Burkitt’s lymphoma (eBL) [25–28] and Kaposi Sarcoma (KS)
[29,30]. In addition, we have assessed the strengths and weaknesses of
the BM model by comparing it to national extrapolations of the registry
data presented in the IICC-3 study for the 81 participating countries
[18], the estimates based on the data available worldwide from cancer
registries and vital statistics published by GLOBOCAN [31], and finally,
to the GCC model [23].

2. Methods

Population data for 2015 were downloaded from the UN World
Population Prospects dataset [19] (https://esa.un.org/unpd/wpp/) and
population density estimates from the European Commission’s Global
Human Settlement Layer [35] (https://ghsl.jrc.ec.europa.eu/index.
php). Cancer incidence data were obtained from four sources: SEER
[36] using SEER*Stat software version 8.3.5 [37]; IICC-3 [32] (http://
iicc.iarc.fr/results); supplementary information published by Ward and
colleagues [23]; and GLOBOCAN 2018 [31] (http://gco.iarc.fr/today).

Malaria arising from infection with Plasmodium falciparum is
strongly associated with the distribution of endemic Burkitt lymphoma
(eBL) [38] and, to a lesser degree, Kaposi sarcoma (KS) [39–43]. To
quantify the relationship between the incidence of these cancers and
the proportion of the population at a high risk of P. falciparum infection,
cancer incidence data and population density estimates were linked to
the estimated spatial distribution of human P. falciparum infection
[44,45]. P. falciparum data were downloaded using the Malaria Atlas
Project [46] interactive map tool (https://map.ox.ac.uk/explorer/#/),
and the resulting regression equations were used to estimate country-
specific eBL and KS rates.

The incidence rates in the Baseline Model (BM) were based initially
on age-, sex- and ICCC-3 diagnosis-specific rates extracted from SEER
data for the year 2014 (see Table S1). Age- and sex-specific rates of BL
and KS were augmented with BL and KS rates based on the P. falciparum
risk in each country. Thus, all age- and sex-specific incidence rates were
assumed to be the same worldwide with the exceptions of those for BL
and KS. Full details of the SEER data used and the derivation of the

Fig. 5. Estimated incidence in children aged<15 years in 2015, based on IICC-3 reported rates and extrapolated to the countries represented in IICC-3 (Table S5);
distribution of estimated cancers by ICCC-3 main diagnostic group showing total cancers and crude and age-standardised (WHO) rates (per million) in UN regions.
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supplemental BL and KS rate are given in the supplement. The numbers
of cancers occurring in 2015 were estimated by multiplying the age-
sex- and diagnosis-specific rate in the BM by the corresponding age and
sex groups in the UN estimated national populations [19].

Estimated numbers of childhood cancers in 2015 arising from the
BM were compared to GLOBOCAN and the GCC [23]. To enable com-
parison of the BM results with IICC-3, age-, sex-, and ICCC-3 diagnosis-
specific rates using data from all years from each selected registry
(Table S5) were used to estimate the number of childhood cancers
nationally in 2015 based on UN population estimates [19].

All incidence rates were determined based on estimated cancers and
populations in 2015 apart from the GLOBOCAN estimates which were
based on the estimated 2018 populations. Where possible, incidence
rates were age-standardised using the WHO (2000–2025) standard
population [47]. Ratios of estimated numbers of cancers were used to
compare the different methods. The relationships between the Human
Development Index and the incidence rates from either the IICC-3 data
or the GCC model were estimated using linear regression and Pearson
correlation statistics.

BM derivation and comparative analyses were undertaken using the
SAS System version 9.4 [48] (The SAS Institute, Cary, NC, USA). Maps
were created and spatial data processed using ArcGIS version 10.5.1
[49] (ESRI, Redlands, CA, USA), and common scales and colouring of
maps depicting rates, numbers and ratios have been applied
throughout. Countries were grouped by United Nations regions
(https://population.un.org/wpp/Download/Standard/Population/)
and Human Development Index (http://hdr.undp.org/en/data).

3. Results

3.1. Baseline Model (BM): estimated childhood cancers in 2015

Application of crude SEER rates to the 2015 global childhood po-
pulation (Fig. S1), yielded a global total of 344,543 cancers (ASR
(WHO): 178.0 per million); 56% occurring in Asia and 26% in Africa
(Fig. S2). Using the augmented BM rates which accounted for the role of
exposure to P. falciparum, the expected number increased by 4.5% to
360,114 (186.0 per million); 54% occurring in Asia and 28% in Africa.

Fig. 6. Age-standardised (WHO) cancer incidence in 2015 based on national extrapolation of data from IICC-3 registries against the 2015 human development index
(HDI) by ICCC-3. HDI indicated by colour, with circles proportional to the number of cases. Linear regression line and Pearson correlation values shown, with those in
bold having p < 0.004 (Bonferroni adjustment).
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Driven in part by varying age structures within national child popula-
tions (Fig. S1), estimated standardised rates ranged from around 178
cases per million (e.g. Europe and North America) through to 218 cases
per million (e.g. West and Middle Africa). Estimated numbers and rates
are distributed by age, sex, region and HDI in Tables S3 and S4.

Leukaemias were the most common cancer in all regions (28.8%
overall, range: 25.6%–30.4%), followed by CNS tumours (24.0 %
overall, range: 20.3% to 25.3%) and lymphomas (11.2% overall, range:
8.8%–17.7%) (Fig. 3). Only in those regions most affected by P. falci-
parum did the distribution of estimated cancers differ: soft tissue sar-
comas (which includes KS) were the fourth most common cancer
(Fig. 3).

3.2. GLOBOCAN 2018 and BM estimates compared

The GLOBOCAN estimate for total cancers< 15 years is 199,645;
160,469 (44.6%) fewer than the BM. Differences between the regional
estimates were largest in Africa and Asia (Table 1). Whilst both
methods rank South-Central Asia and Eastern Asia as having the largest
numbers of cancers, rankings outside these two regions differ (Fig. 4).

The GLOBOCAN estimate had proportionally more cancers in countries
classified with high/very high HDIs (Table 1, Fig. 4).

Only in North America did the GLOBOCAN estimate exceed the BM
estimate where there were an additional 61 (0.5%) cases (Table 1). This
small difference may be due to differences in the source data under-
pinning the two models or may simply reflect year-to-year variability in
observed rates; the BM is based on SEER rates from 2014 only.

3.3. IICC-3 extrapolations and BM compared

In a single year, the selected registries participating in IICC-3 re-
corded an average of 31,583 cancers in an estimated childhood popu-
lation of 231,530,179; the individual registry data contributing to these
totals are presented in Table S5. Extrapolating to the participating re-
gistries’ national populations (1,279,969,991 children, 2015) yielded a
total of 151,435 estimated average annual cancers (Table 2); 80,436
(34.7%) fewer than the BM for the same countries. Age-standardised
(WHO) incidence among participating countries was 117.6 cases per
million, ranging from 44.1 (South Africa) to 188.1 cases per million
(Croatia).

Fig. 7. Country-level ratios of IICC-3-based estimates to BM estimates of childhood cancers in 2015. A) Total cancers, countries coloured by ratio. B) Median and
range of ratios for each ICCC-3 main diagnostic group, grouped by human development index (HDI). All ratios have been log10 transformed.
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Larger differences in national BM and IICC-3 estimates correlated
with larger scaling factors (Table 2); the exception being Southern
Africa, where despite the comparatively high estimated childhood po-
pulation coverage (80%), and correspondingly low scaling factor, the
difference in estimated numbers of cancer was 75%. This reflects the
fact that the two national registries in this region (South Africa and
Botswana) are outliers, reporting the lowest overall crude rates (44.2
and 54.7 cases per million, respectively (Table S5, Fig. S9).

Cancer-specific estimates for countries in Middle, Western and
Eastern Africa (Fig. 5) showed the greatest differences in comparison
with the BM (Fig. 3); notably lymphomas, soft tissue sarcomas, re-
tinoblastoma and renal tumours were relatively more frequent, and
leukaemia and CNS tumours less so in the IICC-3-based estimates. IICC-
3 estimates also showed leukaemias as being more common in Latin
America and less common in Northern Africa in comparison with BM.
The relative frequency of cancers in the other and unspecified diag-
nostic group (ICCC-3 group XII) was highest in Africa, Asia and Latin
America.

Countries with higher HDI had the highest age-standardised rates of
neuroblastoma, CNS tumours, leukaemias and germ cell tumours
(Fig. 6). Conversely, countries with lower HDIs had the highest rates of
soft tissue sarcomas (which includes KS), lymphomas (which includes
eBL), other and unspecified tumours, and retinoblastoma.

Overall, agreement between IICC-3-based extrapolations and BM
estimates was best among countries with high HDIs, the high level of
agreement being apparent for most diagnostic groups (Fig. 7). As HDI
decreased, agreement decreased: BM estimates for leukaemias, CNS
tumours, neuroblastoma, and germ cell tumours were larger than the
IICC-3 extrapolations. Agreement for numbers of lymphomas and soft
tissue sarcomas remained good (Fig. 7). Other and unspecified tumours
was the only diagnostic group where estimated cancers based on IICC-3
were consistently higher than those of the BM (Fig. 7); in 11 countries
this was more than ten-fold, most notably Mali (66 times higher) and
Uganda (21 times higher).

3.4. Global Childhood Cancer (GCC) and BM compared

The GCC model estimated a total worldwide childhood cancer

incidence of 396,670 cases in 2015 [23]; 36,556 (10.2%) higher than
the BM (Table 3). There was widespread agreement at the national level
(Fig. 8), with BM estimates falling within the GCC 95% uncertainty
interval for 121 countries (60.5 % of 200 countries in both estimates;
Fig. S16). Regions where estimates differed most were primarily those
requiring larger extrapolations of underpinning IICC-3 rates (Table 3).
Most notably Western Africa, where the GCC estimate was nearly twice
that of the BM; the IICC-3 scaling factor here was 213.04, more than
double that of any other region (Fig. 8, Table 3). By contrast, the GCC
estimate for Southern Africa was nearly 41% lower than the BM; the
IICC-3 scaling factor was only 1.25, similar to countries with very high
HDI (Table 3, Fig. 8). These two regional differences were reflected in
different ranks for these regions (Fig. 9).

As expected, regional patterns seen within IICC-3 (Fig. 5) were ap-
parent in GCC estimates (Fig. 10); leukaemias as the dominating cancer
type in many regions. African regions showed fewer leukaemias and
more cases of lymphoma, retinoblastoma and other and unspecified
tumours. Southern Africa had the lowest estimated childhood cancer
incidence, 107.2 cases per million (crude rate; Fig. 10).

Agreement between GCC and BM estimates on the level of diag-
nostic groups varied with HDI (Fig. 8). Among countries with high and
very high HDI, agreement was generally good. However, in countries
with medium and low HDI, the GCC model estimated fewer cases of
leukaemia, CNS tumours and neuroblastoma than the BM, but more
cancers of other types; particularly retinoblastoma and other and un-
specified tumours (Fig. 8, Fig. S17).

4. Discussion

We developed a Baseline Model (BM) of childhood cancer using
population-based rates from the US Surveillance, Epidemiology and
End Results (SEER) programme, which are broadly similar to those of
other countries with good quality registries and high standards of care
[18,50]. Aetiological links between some cancers and infectious agents
have been established, and two such associations were incorporated
into the current version of the BM: augmenting the SEER rates for
Burkitt Lymphoma and Kaposi Sarcoma by relating locally observed
rates of these cancers to the occurrence of an established risk factor (P.

Table 3
Incidence of cancer in children aged<15 years in 2015 as estimated by the Baseline Model (BM) and the Global Childhood Cancer (GCC) model by UN region and
human development index (HDI) ordered by the scaling factora required to extrapolate IICC-3 registry data to all countries in a UN region or HDI group.

Region Scaling Factora Estimated cancers Difference

BM (%) GCC model (%) N (%)

World 8.34 360,114 (100.0) 396,670 (100.0) 36,556 (10.2)
UN Region Western Africa 213.04 34,145 (9.5) 66,977 (16.9) 32,832 (96.2)

Middle Africa 88.48 15,461 (4.3) 20,121 (5.1) 4,660 (30.1)
Eastern Africa 68.77 35,278 (9.8) 41,599 (10.5) 6,321 (17.9)
South-Central Asia 58.87 100,084 (27.8) 106,448 (26.8) 6,364 (6.4)
South-Eastern Asia 24.50 30,532 (8.5) 30,079 (7.6) −453 (-1.5)
Eastern Asia 20.13 50,655 (14.1) 39,606 (10.0) −11,049 (-21.8)
Northern Africa 14.39 13,273 (3.7) 15,542 (3.9) 2,269 (17.1)
Western Asia 7.73 13,895 (3.9) 12,222 (3.1) −1,673 (-12.0)
Latin America & Caribbean 6.64 29,002 (8.1) 32,197 (8.1) 3,195 (11.0)
Southern Europe 3.55 3,904 (1.1) 3,655 (0.9) −249 (-6.4)
Eastern Europe 2.22 8,375 (2.3) 7,165 (1.8) −1,210 (-14.5)
Oceania 1.89 1,680 (0.5) 1,300 (0.3) −380 (-22.6)
Northern Europe 1.28 3,211 (0.9) 2,504 (0.6) −707 (-22.0)
Southern Africa 1.25 3,446 (1.0) 2,047 (0.5) −1,399 (-40.6)
North America 1.02 11,889 (3.3) 10,882 (2.7) −1,007 (-8.5)
Western Europe 0.97 5,285 (1.5) 4,326 (1.1) −959 (-18.1)

Human Development Index Low 149.84 85,370 (23.7) 124,708 (31.4) 39,338 (46.1)
Medium 23.72 143,024 (39.7) 152,545 (38.5) 9,521 (6.7)
High 15.66 87,822 (24.4) 81,143 (20.5) −6,679 (-7.6)
Unclassified 11.28 3,156 (0.9) 2,642 (0.7) −514 (-16.3)
Very High 1.41 40,742 (11.3) 35,632 (9.0) −5,110 (-12.5)

a Scaling factor = (total 2015 regional or HDI population [19])/(sum of average annual populations covered by registries in IICC-3 [32]).

W.T. Johnston, et al. Cancer Epidemiology xxx (xxxx) xxxx

8



falciparum transmission). Using this model, we estimated that 360,114
cases of cancer would occur among children<15 years in 2015 glob-
ally. This estimate represents a significant increase compared to the
WHO’s GLOBOCAN project and indicates> 40% of childhood cancers
may remain undiagnosed worldwide, with most of the undocumented
cases occurring in less developed regions.

The main contribution of the BM relates to the incorporation of
established aetiological factors into the model. For childhood cancers
where such proven determinants are absent, we have assumed that the
rates would be broadly similar across the globe. With a projected an-
nual global total of 360,114 in 2015, the BM worldwide estimate is
substantially higher than those founded on the global pattern of ob-
served registrations: the 2018 GLOBOCAN estimate being 44.6% lower,
and the IICC-3 estimate based on extrapolations for 81 included coun-
tries, 34.7% lower (Table 4). While the estimate of 200,000 new
childhood cancers in GLOBOCAN is based upon the available data from
cancer registries and vital statistics in the countries [1], the 360,000
from the BM also includes additional cases, notably those that might
remain undetected in the regions where a large proportion of the po-
pulation is exposed to endemic P. falciparum infection as well as those

that could potentially be diagnosed in a well-functioning health system.
The GLOBOCAN and IICC-3 estimates, to differing degrees, rely on

cancers diagnosed and registered from within the health care system. In
developing the GCC model, the authors used the IICC-3 rates as a
baseline and estimated the levels of underdiagnosis by compensating
for reported variations in health care systems [23]. Overall, the re-
sulting GCC estimate, at 396,670, is 50.0% higher than GLOBOCAN and
10.2% higher than the BM (Table 4). The major discrepancies emanated
from countries with low HDIs, being particularly pronounced for can-
cers with complex symptom profiles and no obvious visible presenting
signs (e.g. CNS tumours and leukaemias) where diagnosis requires ac-
cess to highly trained personnel and front-line diagnostics [8].

The GCC African pattern of total cancer rates (Fig. S14) is largely
due to fact that it was seeded by IICC-3 data; which contains both the
highest (Mali), and the lowest (Southern Africa), estimates of total
childhood cancer among the IICC-3 registries. Hence, the highest GCC
rates were in Western Africa, the region where Mali’s comparatively
small Bamako registry rate is the seed used to extrapolate to the entire
region; the 16 affected countries includes Nigeria which, with an esti-
mated 79.9 million<15 years in 2015, is the third most populous

Fig. 8. Country-level ratios of GCC estimates to BM estimates of childhood cancers in 2015. A) Total cancers, countries coloured by ratio. B) Median and range of
ratios for each ICCC-3 main diagnostic group, grouped by HDI. All ratios have been log10 transformed.
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childhood nation [18,19]. Apart from having a comparatively high
overall standardised rate (159.5 per million), which could reflect nu-
merator/denominator incompatibility, the Bamako registry has by far
the highest level of other and unspecified cancers (28.2 per million;
56.4 times larger than in SEER) of all IICC-3 datasets, and an unusual
cancer distribution; a reflection of the capacity to adequately diagnose
cancer in childhood. By contrast, at the other end of the scale, Southern
Africa presents the other extreme [18]. With two seed registries, the
average annual population of 14,640,692 covered by the South African
national paediatric registry, represents 77% of the total childhood po-
pulation of the Southern Africa region. Hence, cancer rates across the
region (5 countries, 19.1 million children) are heavily weighted

towards data submitted by South Africa, which has the lowest incidence
of all registries accepted to IICC-3 (Fig. 8). As both South Africa and
Botswana reported data from the whole country (while most other
African cancer registries covered urban areas), under-ascertainment
from rural areas or under-reporting from certain data sources seems a
likely explanation [51].

A major advantage of the Baseline Model relates to its adaptability
and comparatively simple structure; the key components being an in-
itial set of sex-, and age-specific cancer rates and some information on
known risk factors for specific cancers. Both elements can be changed: a
different set of base rates could be selected or constructed, and further
geographically varying risk factors could be added, as and when they

Fig. 9. Estimated numbers of cancers in children aged< 15 years in 2015 by (A) UN Region (B) human development index (HDI) from the GCC model and the BM.
Regional rankings are indicated on the right.

Fig. 10. Estimated incidence in children aged<15 years in 2015, based on the GCC model; distribution of estimated cancers by ICCC-3 main diagnostic group
showing total cancers and crude rates (per million) in UN regions. An age-standardised rate could not be determined from the available data.
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emerge. For example, like BL and KS, retinoblastoma has relatively high
reported levels in less economically developed regions of the world
[18], to the point where rates are in excess of those reported in SEER. In
addition, diagnosis is possible based on clinical observations [52],
meaning that misdiagnosis is not as likely as for other cancers. As yet,
however, clear associations with environmental or lifestyle exposures
have yet to be identified and described in the detail required for use in
the BM [53–56].

The estimates derived from the BM are reliant on the suitability and
accuracy of country-specific population estimates, as well as SEER in-
cidence rates (numerators and denominators). The extent to which
variability and uncertainty in these measures will have affected the
results is not clear. The model underpinning the World Population
Prospects population estimates used in this study is based on a wide
range of sources and is expected to be robust to errors in the source data
[19]. Nonetheless, systematic under or overestimation of specific sub-
populations will affect both observed and expected cancer rates. With
respect to SEER, the model used rates averaged across all locations,
ethnicities, and socio-demographic groups; hopefully providing robust
estimates from a socially and ethnically diverse population, and ame-
liorating the impact of any systematic errors arising from particular
subgroups. However, such an approach could mask potential aetiologic
variations. For example, childhood acute lymphoblastic leukaemia in-
cidence rates within SEER tend to vary with ethnicity; rates among
those categorized as Hispanic White being twice that of those cate-
gorized as non-Hispanic Black, with rates among non-Hispanic Whites
and Asians lying between the two [57]. The underpinning reasons for
such differences, which could at least be partly due to numerator/de-
nominator incompatibilities, is a topic of current research that may
yield results that could be used to refine future BM estimates.

Another key assumption made in constructing the BM is the initial
uniformity conferred by the application of age- and sex-specific rates
derived by the SEER programme to all countries around the world. As
such, the BM’s global geographic patterning is driven by differences in
age structure and inclusion of two well-known geographically mediated
causal associations: the IICC-3 incidence of BL and KS being correlated
with the proportion of the population exposed to P. falciparum. Hence,
as presently constructed, the BM takes no account of other potential
geographically varying risk factors. Such information can, however, be
incorporated once causal mechanisms for other childhood cancer sub-
types are more fully elucidated, and data on relevant exposure markers
become available.

5. Conclusions

Using the original baseline model (BM) we estimated that ap-
proximately 360,000 cancers occurred in children in 2015 worldwide.
These data were derived by imputing identical background incidence of
childhood cancer to all world regions and correcting them for an effect
of P. falciparum infection according to the known spread of this

exposure. Our approach suggests that up to 45% of incident childhood
cancers may be undocumented within existing (childhood) cancer
surveillance systems. A majority of the children whose cancer diagnoses
are missed reside in countries with lower human development index;
indicating a need for improved provision, accessibility and utilisation of
appropriate diagnostics and care and documentation of diagnosed
cases.
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