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Background: This study aimed to provide a detailed analysis of the temporal trends of cancer incidence rates for 

individuals aged 0–19 years in selected regions globally from 1978 to 2012. 

Methods: Data were obtained from Volumes V-XI of Cancer Incidence in Five Continents (CI5), published by 

the International Agency for Research on Cancer. A total of 53 registries in 23 regions from the Americas, Asia, 

Europe, and Oceania that contained information on cancer incidence throughout 1978-2012 (35 years) were 

included in this study. Joinpoint regression was used for the analysis of trends. 

Results: Most regions showed increasing trends in overall childhood cancer among children (aged 0-14 years) and 

adolescents (aged 15-19 years). Nearly all regions showed rising trends in childhood and adolescent leukemia 

incidence rates, whereas the incidence of lymphoma among children generally decreased. Only France, Australia, 

and New Zealand showed decreasing trends for malignant central nervous system (CNS) tumors among adoles- 

cents. Kidney cancer and bone cancer incidence rates remained stable for most regions. The incidence of thyroid 

cancer among adolescents increased in most regions and that of testicular cancer decreased in approximately 

one-half of the regions studied. 

Conclusion: The international temporal trends of cancer incidents among children and adolescents are varied by 

region, cancer type, age group, and gender, and have changed over time. 
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. Introduction 

Cancer continues to be one of the leading causes of death among

hildren (0-14 years) and adolescents (15-19 years). 1 , 2 Recent evidence

uggests that changes in incidence rates over time might vary signifi-

antly between regions and populations. 3 For instance, while some stud-

es have shown stabilizing of childhood and/or adolescent cancer inci-

ence rates in Japan and in some parts of Europe, 4 , 5 other studies have
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ound an increase in the United States, Australia, India, and some Nordic

ountries. 6-9 In addition, different magnitudes of change or even their

irection have been observed for some individual cancer subtypes. 3 

The majority of early studies on childhood and/or adolescent can-

er have focused on trends in cancer incidence within a single coun-

ry or geographic location, such as China, India, and Europe. 10-12 Only

 few previous studies, attempting to capture geographic variations in

ancer incidence, have reported global cancer incidence for children

nd/or adolescents. 1 , 13-16 In Europe, trends for overall cancer incidence
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Table 1 

Age-standardized incidence rates (per 1,000,000 person-years) of overall cancer among children aged 0-14 years during the period of 1978-2012 

by country or region. 

1978-1982 1983-1987 1988-1992 1993-1997 1998-2002 2003-2007 2008-2012 APPC 95% CI 

Americas 

USA (excluding Hawaii) 129.29 137.13 142.79 135.52 154.03 149.31 151.20 2.7 0.5-6.0 

Hawaii, USA 100.66 177.44 130.29 146.41 142.61 128.62 142.93 1.2 -2.4-4.9 

Canada 137.24 152.71 139.84 143.52 142.26 149.61 167.52 1.6 -0.9-4.1 

Colombia 117.24 122.46 118.77 134.90 133.98 145.39 148.56 4.2 3.6-4.9 

Asia 

Chinese mainland 106.53 110.46 106.42 114.91 100.02 103.68 106.92 3.2 1.5-4.9 

Hong Kong, China 145.69 171.20 151.69 132.89 128.68 138.67 146.63 -3.1 -5.2–1 

India 70.33 78.76 79.87 90.32 96.97 88.36 88.88 4.5 1.5-7.6 

Israel 125.09 121.96 122.39 132.87 137.56 146.12 152.95 3.7 3.2-4.1 

Japan 110.05 124.55 128.54 127.96 111.05 118.18 123.89 0.6 -3.4-4.9 

Kuwait 88.28 108.59 111.02 101.79 205.28 127.00 110.00 4.7 -9.1-20.5 

Europe, others 

France 123.04 117.83 134.18 134.46 136.83 135.76 158.42 4.2 0.8-7.6 

Germany 122.86 146.54 118.27 166.21 122.50 138.75 138.22 0.5 -7.3-8.9 

Italy 138.70 147.64 137.98 166.91 200.50 178.04 171.37 6.1 4.6-7.6 

Slovakia 123.20 128.19 130.12 126.25 128.94 136.84 172.47 3.9 2.9-4.9 

Slovenia 110.16 109.11 113.17 139.40 142.79 138.17 135.47 0.0 -2.8-2.9 

Spain 140.42 129.29 134.41 159.48 173.23 154.82 159.53 3.8 0.5-7.2 

Switzerland 108.92 151.60 127.47 168.90 169.07 129.10 138.44 2.7 -3.1-8.9 

UK 124.61 123.41 133.09 131.07 130.17 134.00 130.75 0.9 0.2-1.5 

Europe, Scandinavian Countries 

Denmark 122.04 150.98 138.23 141.26 131.01 133.85 146.86 0.7 -2.7-4.2 

Iceland 115.67 126.73 110.09 140.55 110.96 109.45 128.82 0.0 -7.6-8.3 

Norway 131.05 150.47 129.06 149.14 127.90 144.30 146.43 0.4 -4.2-5.3 

Oceania 

Australia 143.85 130.17 140.47 151.05 143.45 148.35 154.40 2.0 0-4.1 

New Zealand 140.32 161.97 161.86 154.37 145.24 139.03 148.50 -0.7 -3.4-2 

Aberration: APPC, average period percentage change. 
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re similar in four regions (East, North, South, and West); 3 however,

ancer-type-specific trends were different between the four regions: de-

reasing incidence of childhood lymphomas in eastern Europe, increas-

ng incidence of childhood central nervous system (CNS) tumors in west-

rn Europe, and increasing leukemia incidence in the west, the east, and

he south, compared with the stable trends in other regions. 3 As the

imited number of studies failed to provide a solid summary of global

hildhood cancer temporal trends, it is important to investigate whether

emporal trends of specific types of cancer vary across regions globally.

urthermore, the temporal trends might not be linear, though previous

tudies usually make this assumption in estimating long-term trends. In

ddition, different methodologies in previous studies (e.g., data sources,

odels, time frames) might hamper a direct comparison of temporal

rends in cancer incidence across countries, based on reports from indi-

idual studies. It also remains unclear whether geographic variations in

emporal trends exist for adolescent cancer, and whether such variations

xist for different types of cancers globally. 

To address these challenges, we examined childhood and adolescent

ancer incidence data over the 35-year period from 1978 to 2012 for

3 selected regions in the Americas, Asia, Europe, and Oceania, to un-

erstand how childhood and adolescent cancer incidence (overall and

ype-specific) has changed over time (allowing non-linear trends) across

ifferent populations globally. 

. Materials and methods 

.1. Data sources 

Population-based cancer incidence data were obtained from Volumes

-XI of Cancer Incidence in Five Continents (CI5). The CI5 volumes com-

rised cancer data on 5-year incidence reported by selected population-

ased cancer registries covering regions within five continents (Volume

: 1978-1982, 36 regions; Volume VI: 1983-1987, 52 regions; Volume

II: 1988-1992, 53 regions; Volume VIII: 1993-1997, 60 regions; Vol-

me IX: 1998-2002, 63 regions; Volume X: 2003-2007, 74 regions; Vol-
79 
me XI: 2008-2012, 71 regions). 17 Comparability, completeness, and

alidity of submitted datasets in all registries in the CI5 have previ-

usly been ensured by the International Agency for Research on Cancer

IARC). 18 

Registries were included for the analysis if they reported data for

he full period of 1978 to 2012, except for the registries from Kuwait,

here the data were unavailable for the year 1978. Altogether, 23 re-

ions from America, Asia, Europe, and Oceania with 53 cancer registries

ontaining data for children (aged 0 to 14 years) and adolescents (aged

5 to 19 years) met the eligibility criteria and were included in the

resent study (Supplementary Table 1). No registry from the continent

f Africa, however, met the inclusion criteria. Although the “CI5 plus ”

ataset contained annual incidence rates for 124 selected populations

rom 108 cancer registries published in CI5, only 33 registries in 15 re-

ions contained annual incidence rates for at least 35 years. To cover

ore regions in our study, we chose CI5 Volumes V-XI instead of the

CI5 plus ” dataset. Not all regions in the CI5 dataset had a national cov-

rage by cancer registries for the full period of 1978-2012. The current

nalysis for each region included only registries that reported data for

he full period. 

Each individual registry contained information on related charac-

eristics, including sex, age at diagnosis (shown as five-year age group,

uch as 4, and 5–9), number of cases, person-years at risk, as well as

ancer site. The anatomic cancer site was based on the International

lassification of Diseases, ninth revision (ICD-9 for volumes 5-7) and

enth revision (ICD-10 for volumes 8-11). 

.2. Statistical analysis 

Various numbers of registries were included in different regions. To

btain cancer incidence rates for each region, we first calculated age-

tandardized incidence rates for children (0-14 years) at registry level

sing direct standardization to the World Health Organization’s (WHO)

ew World (WHO 2000-2025) Standard Population. 19 Because the ado-

escent group contained only one age group (15-19 years), incidence
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ates for adolescents were calculated as the quotient of the number of

ases and the number of person-years in the 15-19 year age group at

ach registry for a specified time period without age standardization.

he region-specific rates were estimated as a weighted average based

n the population size (children or adolescents) at each registry. All

ncidence rates were expressed per million person-years. We further as-

essed changes over time using the Joinpoint Regression Program (ver-

ion 4.7.0) applied for log-transformed rates in the analyses for both the

verall and type-specific cancer incidence rates in children and ado-

escents, respectively. We set a maximum of three joinpoints to test

hether an apparent change in trend was statistically significant, and

hen calculated the period percentage change (PPC) and corresponding

5% confidence interval (CI) for each joinpoint segment. Average pe-

iod percent change (APPC), a weighted average of PPCs, was used to

escribe changes in cancer incidence rates over the 35-year study period.

e ranked incidence rates during the most recent time period of all types

f cancer and analyzed the top five cancers for children and adolescents,

espectively. The top five childhood cancers included leukemia, CNS tu-

ors, lymphoma, kidney cancer, and bone cancer, while the top five

dolescent cancers included lymphoma, leukemia, thyroid cancer, CNS

umors, and testicular cancer. We also stratified all analyses by sex. An

lpha level of 0.05 was considered statistically significant. All analyses

ere conducted using SAS 9.4 (SAS Institute, Cary, NC) and Joinpoint

egression Program (SEER, version 4.7.0). 

. Results 

.1. Childhood cancers 

.1.1. Overall cancers 

The most recent (i.e., 2008-2012) age-standardized incidence rates

f overall childhood cancer showed considerable variation by region,

anging from 172.47 in Slovakia to 88.88 per million person-years

n India ( Table 1 ). Age-standardized incidence rates significantly in-

reased from 1978 to 2012 in 11 regions, namely the USA (excluding

awaii), Colombia, Chinese mainland, India, Israel, France, Italy, Slo-

akia, Spain, the United Kingdom (UK), and Australia ( Table 1 ). The

argest statistically significant APPC was observed in Italy followed by

ndia. Considerable decreases in age-standardized incidence rates were

bserved in the Hong Kong region of China. Notably, while the trends

howed monotonic increases or decreases for the majority of these re-

ions, cancer incidence rates in Hawaii of the USA, Hong Kong of China,

srael, and Australia showed statistically significant directional changes

ver time ( Fig. 1 , a1, a2). 

Boys generally experienced higher incidence rates than girls across

ll study periods and all regions except Switzerland, where girls expe-

ienced higher incidence rates than boys during the two time periods:

978-1982 and 2008-2012 ( Table 2 ). Significant increasing trends were

bserved among both boys and girls in the USA (excluding Hawaii),

olombia, India, Israel, and France; among boys only in Hong Kong of

hina, Italy, and the UK; among girls only in Germany, Slovakia, and

witzerland. 

.1.2. Leukemia 

Colombia had the highest incidence rate during the most recent

ime period, while India had the lowest rate (Supplementary Table 2.1).

ost regions showed significantly increasing trends in leukemia over

ime. Kuwait, followed by Hong Kong of China, Israel, and Colombia

howed the highest increase in leukemia incidence rates. Significant di-

ectional changes in incidence rates were observed in Hawaii of the USA,

olumbia, France, Slovakia, Denmark, and Australia ( Fig. 1 , b1, b2). 

Girls had lower incidence rates than boys with the exception of

hose from Switzerland (Supplementary Table 3.1). Increasing trends

ere observed among both girls and boys in Canada, India, and Aus-

ralia; among boys only in Hawaii of the USA, Chinese mainland, Israel,
80 
uwait, France, Italy, Slovakia, Switzerland, and Denmark; and among

irls only in Colombia, Germany, and the UK. 

.1.3. CNS tumors 

The highest age-standardized incidence rate of CNS tumors based on

he most recent 5 years of CI5 data was observed in Slovakia (36.41

er million person-years) and the lowest in Kuwait (10.91 per mil-

ion person-years) (Supplementary Table 2.2). Significantly rising trends

ere seen in Israel, the USA (excluding Hawaii), Kuwait, and India. A

ignificant decreasing trend occurred in five regions, namely Switzer-

and, Australia, Spain, France, and New Zealand. Fluctuating patterns of

ncidence rates were observed in Hawaii of the USA, Israel, and Switzer-

and ( Fig. 1 , c). Significantly increasing trends in India and significantly

ecreasing trends in Spain and New Zealand were observed in both

irls and boys (Supplementary Table 3.2). Additionally, significantly in-

reasing trends were observed among boys only in the USA (excluding

awaii), Israel, and Slovakia, and among girls only in Hawaii of the

SA, Colombia, and France; while decreasing trends among boys only

n Chinese mainland and Denmark. 

.1.4. Lymphoma 

The highest age-standardized incidence rate of childhood lymphoma

mong the most recent time period was 31.59 per million person-years

n Spain, while the lowest rate of 9.64 per million person-years was ob-

erved in Chinese mainland (Supplementary Table 2.3). Relatively stable

rends were observed in the majority of the regions, while an increasing

rend was noted for France, Spain, and Norway, and a decreasing trend

as observed for Hong Kong of China, Germany, and Japan. Significant

irectional changes were observed for Japan and Spain ( Fig. 1 , d). 

After stratification by gender, significant decreasing trends were ob-

erved among boys in Hong Kong of China and Slovakia, and girls in

apan and New Zealand; while significant increasing trends were found

mong girls in the USA (excluding Hawaii), Hawaii of the USA, Israel,

taly, Norway, and Australia; and among boys in Spain, Switzerland, and

orway (Supplementary Table 3.3). Lymphoma incidence rates were

uch higher among boys than girls across all regions and time periods.

.1.5. Kidney cancers 

The highest and the lowest incidence rates of childhood kidney can-

er were 12.16 per million person-years (Spain) and 1.53 per million

erson-years (Hawaii), respectively (Supplementary Table 2.4). Consid-

rable increases in childhood kidney cancer occurred in registries from

ndia, Kuwait, Italy, Spain, and Australia. Decreasing trends were ob-

erved in Japan and France. Fluctuating trends were observed in In-

ia and Spain ( Fig. 1 , e). Significantly increasing trends were observed

mong boys in Kuwait, Germany, Switzerland, Iceland, and Australia,

nd girls in Kuwait, Slovenia, Spain, Denmark, and Australia (Supple-

entary Table 3.4). While significantly decreasing trends were found

mong both boys and girls in Hawaii of the USA, Hong Kong of China,

nd Japan; among boys only in Norway, and New Zealand; and among

irls only in Iceland. 

.1.6. Bone cancers 

The highest age-standardized incidence rate of bone cancer based on

he most recent 5 years of CI5 data was observed in Germany (11.06 per

illion person-years) and the lowest in Japan (4.32 per million person-

ears) (Supplementary Table 2.5). Significantly rising trends were seen

n Canada, Chinese mainland, India, Slovakia, Denmark, Norway, Aus-

ralia, and New Zealand, and the trends of other countries remained sta-

le. A fluctuating trend was observed in Hawaii of the USA and Chinese

ainland over time ( Fig. 1 , f). Stratified by sex, significant increasing

rends were observed among boys in Hong Kong of China, India, Israel,

ermany, Italy, Slovakia, UK, Denmark, and New Zealand; and among

irls in Colombia, Chinese mainland, Slovakia, Iceland, Australia, and

ew Zealand (Supplementary Table 3.5). Decreasing trends occurred

mong boys in Canada and Iceland and among girls in Spain. 
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Table 2 

Age-standardized incidence rates (per 1,000,000 person-years) of overall cancer among children aged 0-14 years during the period of 1978-2012 by gender. 

1978-1982 1983-1987 1988-1992 1993-1997 1998-2002 2003-2007 2008-2012 APPC 95% CI 

Male Female Male Female Male Female Male Female Male Female Male Female Male Female Male Female Male Female 

Americas 

USA (excluding Hawaii) 133.40 125.01 145.13 128.81 152.24 132.9 146.16 124.37 160.14 147.61 158.88 139.31 158.74 143.31 2.8 2.9 0.7-5.1 2.1-3.7 

Hawaii, USA 113.14 87.45 183.56 178.87 136.72 123.41 159.71 132.29 157.51 126.86 132.65 124.17 162.05 122.80 1.7 0.5 -4.4-8.1 -0.2-1.1 

Canada 147.44 126.52 167.38 137.29 150.78 128.35 149.97 136.73 152.83 131.17 161.08 137.51 170.71 164.14 0.80 2.5 0-1.7 -1.9-7.2 

Colombia 127.77 106.81 135.16 110.10 125.84 111.40 135.85 133.87 140.93 126.78 150.76 139.92 150.52 146.51 2.50 5.6 1.2-3.8 2.4-8.9 

Asia 

Chinese mainland 112.91 99.76 124.66 95.41 117.44 95.28 128.03 101.14 106.85 92.91 106.57 100.67 117.24 95.86 -1.20 0.1 -6.6-4.4 -2.7-2.9 

Hong Kong, China 177.74 111.34 185.43 155.80 168.51 133.52 138.35 127.00 145.54 110.54 163.63 111.96 152.86 139.97 2.40 -3.9 0-6.8 -8.4-5.6 

India 86.61 53.16 93.44 63.41 94.94 64.48 106.41 73.19 111.96 80.78 104.49 70.75 106.14 69.90 3.40 5.2 0.1-6.9 0.8-9.8 

Israel 139.29 110.12 132.76 110.54 133.59 110.59 149.83 115.01 153.20 121.09 155.86 135.85 168.07 137.06 3.50 3.9 2.2-4.8 2-5.9 

Japan 122.05 97.40 133.19 115.43 138.65 117.92 138.54 116.86 124.14 97.31 124.63 111.40 125.86 121.82 -0.20 1.7 -2.7-2.4 -4.3-8 

Kuwait 102.03 74.08 122.58 93.66 122.37 99.60 117.31 85.70 214.18 195.65 146.99 106.06 125.57 93.62 4.60 4.7 -7.9-18.9 -10.8-22.9 

Europe, others 

France 132.25 113.33 138.59 95.99 139.29 128.83 159.49 108.23 148.55 124.41 130.40 141.42 167.26 149.18 4.40 6.1 2.8-6 4.1-8.2 

Germany 137.89 107.29 171.63 120.45 127.72 108.33 178.62 153.11 164.77 78.15 164.66 111.59 147.09 128.99 0.50 10.5 -1.3-2.4 4.9-16.3 

Italy 143.50 133.53 170.43 123.59 160.98 113.80 171.55 161.88 184.54 217.40 177.13 179.05 190.37 151.19 3.80 6.3 1.8-5.9 -4.1-18 

Slovakia 135.73 110.13 136.63 119.41 142.44 117.27 139.86 112.00 135.32 122.22 144.18 129.11 195.07 148.69 0.90 7.7 -0.4-2.3 5.4-10.1 

Slovenia 127.71 91.43 126.34 90.78 122.32 103.50 138.21 140.64 156.95 127.74 143.13 132.93 144.70 125.69 3.20 0.9 -0.8-7.3 -3.5-5.4 

Spain 172.95 105.84 138.75 119.22 144.54 123.58 186.30 130.87 164.44 182.66 181.06 127.06 172.77 145.50 2.60 4.0 -0.9-6.1 -5.9-15.1 

Switzerland 95.93 122.48 168.88 133.64 141.98 112.28 194.43 141.97 180.86 156.73 132.58 125.46 122.95 154.74 2.40 7.7 -2.2-7.2 4.3-11.2 

UK 130.84 118.05 131.65 114.75 144.02 121.59 146.07 115.37 143.45 116.21 143.28 124.26 140.50 120.52 1.00 0.4 0.4-1.7 -0.8-1.6 

Europe, Scandinavian Countries 

Denmark 134.37 109.12 157.39 144.28 149.06 126.89 157.94 123.75 139.31 122.28 138.61 128.86 154.48 138.84 0.30 1.2 -4.4-5.2 -0.6-3 

Iceland 131.00 99.61 130.26 123.14 141.65 77.21 142.72 138.15 114.33 107.57 149.05 68.26 146.32 110.37 -0.20 -1.8 -1.6-1.2 -15.7-14.4 

Norway 147.25 114.01 157.65 142.91 138.06 119.60 157.93 139.88 138.03 117.24 146.71 141.77 153.24 139.25 -0.50 1.5 -4.4-3.6 -4.3-7.7 

Oceania 

Australia 163.90 122.87 141.38 118.53 150.25 130.18 163.73 137.71 154.23 132.12 157.92 138.27 169.26 138.74 1.40 2.8 -1.2-4.1 1.3-4.4 

New Zealand 152.89 127.20 180.24 142.77 171.28 152.00 161.14 147.22 165.65 123.68 133.96 144.33 165.02 131.14 -1.30 0.1 -7.7-5.6 -5.2-5.7 

Abbreviation: AAPC, average period percentage change. 
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Fig. 1. Changing patterns of cancer incidence rates among children aged 0-14 years during the period of 1978-2012. 
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.2. Adolescent cancers 

.2.1. Overall cancers 

Incidence rates for all cancers in adolescents (15-19 years) had been

n increasing trends for most regions, with the largest increase taking

lace in Spain, followed by Slovenia and Ireland ( Table 3 ). Stable trends
82 
ere shown in Colombia, Chinese mainland, Hong Kong of China, In-

ia, Israel, Kuwait, Germany, the UK, and New Zealand. A significantly

irectional change in incidence rates was observed in France ( Fig. 2 , a).

ocusing on the most recent time period, Italy had the highest adoles-

ent cancer incidence rate (263.06 per million person-years), whereas

ndia had the lowest (94.54 per million person-years). 
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Fig. 1. Changing patterns of cancer incidence rates among children aged 0-14 years during the period of 1978-2012 (continued). 
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Boys generally experienced higher incidence rates than girls

 Table 4 ). Significantly increasing trends were observed among both

oys and girls in Colombia, India, Israel, and France; among boys only

n the USA (excluding Hawaii), Hong Kong of China, Italy, and the UK;

nd among girls only in Germany, Slovakia, and Switzerland. 

.2.2. Lymphoma 

The highest rate of adolescent lymphoma was observed in Italy

100.01 per million person-years), while the lowest rate was found in

ndia (14.63 per million person-years). Significant rising trends were

dentified in Hawaii of the USA, Canada, Chinese mainland, Japan, Aus-
83 
ralia, New Zealand, and most European countries (Supplementary Ta-

le 4.1). Substantial fluctuations in incidence rates were observed in

anada and France ( Fig. 2 , b). After stratification by gender (Supplemen-

ary Table 5.1), significantly increasing trends were evident for girls in

ost regions. In contrast, few regions including Japan, Spain, Iceland,

ustralia, and New Zealand showed significantly increasing trends in

oys. 

.2.3. Leukemia 

The USA (excluding Hawaii), Canada, France, Slovakia, Slovenia,

orway, Australia, and New Zealand showed significantly increasing
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Table 3 

Incidence rates (per 1,000,000 person-years) of overall cancer among adolescents aged 15-19 years during the period of 1978-2012. 

1978-1982 1983-1987 1988-1992 1993-1997 1998-2002 2003-2007 2008-2012 APPC 95% CI 

Americas 

USA (excluding Hawaii) 183.63 201.04 204.31 187.82 206.64 217.01 227.94 4.4 1-7.9 

Hawaii, USA 144.90 164.45 183.55 203.69 164.10 218.03 207.35 7.5 3.9-11.2 

Canada 177.77 207.07 193.87 194.44 199.52 205.09 228.42 2.6 0.6-4.6 

Colombia 153.50 144.21 115.01 145.46 184.17 164.74 174.72 1.6 -3.9-7.5 

Asia 

Chinese mainland 125.72 116.77 140.50 112.23 134.46 182.76 142.87 5.6 -6.9-19.8 

Hong Kong, China 162.17 196.62 196.86 169.99 143.98 144.67 158.66 -3.4 -8.4-2 

India 85.37 95.88 95.71 97.47 102.03 87.29 94.54 0.9 -3.3-5.3 

Israel 176.95 168.56 184.41 233.17 225.12 221.99 208.67 3.7 -0.7-8.2 

Japan 84.94 94.36 96.62 97.63 92.17 99.89 118.07 5.9 1.6-10.4 

Kuwait 172.30 96.12 121.47 165.61 133.69 131.91 150.31 -10.0 -30.3-16.3 

Europe, others 

France 169.11 162.21 166.16 186.18 187.07 203.92 211.52 4.4 3-5.9 

Germany 131.16 171.79 203.27 241.66 217.71 173.81 200.37 6.6 -0.1-13.8 

Italy 183.54 173.97 202.60 234.50 193.92 252.55 263.06 7.0 0.4-14.1 

Slovakia 139.93 139.62 163.77 166.03 176.78 191.73 223.20 7.9 5.8-10.1 

Slovenia 116.44 131.13 139.05 157.47 203.53 198.85 227.35 12.2 10.4-14 

Spain 133.06 157.23 177.44 253.48 198.11 235.43 249.86 14.0 8.6-19.7 

Switzerland 163.87 182.80 205.26 221.98 209.04 216.80 232.21 5.7 2.9-8.5 

UK 141.95 159.42 177.31 198.77 176.64 207.02 183.58 4.4 -0.2-9.3 

Europe, Scandinavian Countries 

Denmark 154.28 178.09 178.42 206.46 184.14 207.07 252.31 9.3 4.4-14.5 

Iceland 156.21 170.14 160.38 313.61 262.59 356.09 178.97 11.8 3.1-21.2 

Norway 179.68 186.42 181.62 216.57 208.70 224.47 209.23 3.6 2.2-5.1 

Oceania 

Australia 186.22 193.91 205.08 230.31 224.87 229.60 233.45 4.4 3.2-5.6 

New Zealand 217.14 200.07 191.86 199.67 201.43 228.59 218.96 0.8 -2.3-3.9 

Abbreviation: AAPC, average period percentage change. 
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2  
rends in leukemia incidence rates (Supplementary Table 4.2). In con-

rast, Hong Kong of China, Italy, and Spain had significantly decreas-

ng trends in adolescent leukemia incidence. Fluctuations in incidence

ates were also observed in Colombia and Slovakia ( Fig. 2 , c). Ger-

any had the highest incidence rate during the most recent time pe-

iod (54.65 per million person-years), while Switzerland had the low-

st rate (7.42 per million person-years). The observed significant trends

emained the same among both boys and girls in Canada, Slovenia,

nd Australia (Supplementary Table 5.2). Significantly increasing trends

mong boys were seen in Hawaii of the USA, France, Germany, Slo-

akia, Norway, and New Zealand, and among girls in the USA (exclud-

ng Hawaii), Hawaii of the USA, and India. A significantly decreasing

rend was observed among boys in Switzerland. Incidence rates were

igher in boys than in girls in most regions and during most of the time

eriods. 

.2.4. Thyroid cancer 

In general, there were significant trends towards an increase in ado-

escent thyroid cancer incidence rates in half of the regions with, the

argest annual increases occurring in France, followed by Slovakia, and

hinese mainland (Supplementary Table 4.3). Significant directional

hanges were found in Slovenia and Australia ( Fig. 2 , d). Incidence rates

uring the most recent time period ranged from 0 to 36.96 per million

erson-years, with the highest rate in Italy, followed by Chinese main-

and, and the USA (excluding Hawaii). Girls experienced much higher

ncidence rates than boys across almost all registries and all time periods

Supplementary Table 5.3). 

.2.5. CNS tumors 

Incidence rates of malignant CNS tumors in adolescents remained

table in the vast majority of regions except for Chinese mainland, In-

ia, France, Australia, and New Zealand (Supplementary Table 4.4).

egistries from Chinese mainland and India reported increasing inci-

ence rates over time, while registries from France, Australia, and New

ealand showed downward trends. No significant directional changes in

verall incidence rates were observed. However, trends for decreasing
84 
ncidence rates were observed among both girls and boys in Australia,

ut only among boys in France and New Zealand (Supplementary Table

.4). Significantly increasing trends were observed among girls in India,

ermany, and Italy, and among boys in Hong Kong of China, Italy, and

lovakia. 

.2.6. Testicular cancer 

Eleven regions [the USA (excluding Hawaii), Hawaii of the USA,

anada, Colombia, Chinese mainland, Hong Kong of China, Israel,

uwait, Italy, Slovenia, and Australia] showed significantly increasing

rends in testicular cancer incidence rates (Supplementary Table 4.5).

he highest increase in testicular cancer incidence was found among

dolescents in Hong Kong of China. Fluctuations in incidence rates were

lso observed in Hong Kong of China ( Fig. 2 , e). Slovakia had the high-

st incidence rate during the most recent time period (64.61 per million

erson-years), while India had the lowest rate (2.96 per million person-

ears). 

. Discussion 

The cross-region trends in childhood and adolescent cancer inci-

ence rates during the period of 1978-2012, estimated using high-

uality population-based registry data obtained from the CI5 covering

3 regions around the world, indicated that the international tempo-

al trends of cancer incidence rates varied by region, cancer type, age

roup, and gender, and had changed over time. 

The observed increasing trends of overall cancer incidence among

hildren and adolescents in most regions in our study were consistent

ith many early studies, including those using data from the Automated

hildhood Cancer Information System (ACCIS) 10 , 20-22 and CI5 plus

atabase. 23 A French study reported a stable trend of childhood over-

ll cancer incidence during 2000-2014, 24 while our study observed an

ncreasing trend. The Swiss Childhood Cancer Registry study suggested

n increase in the overall childhood cancer incidence rate from 1985 to

014, 25 while the present study showed a stable trend. Differences in
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Table 4 

Incidence rates (per 1,000,000 person-years) of overall cancer among adolescents aged 15-19 years during the period of 1978-2012 by gender. 

1978-1982 1983-1987 1988-1992 1993-1997 1998-2002 2003-2007 2008-2012 APPC 95% CI 

Male Female Male Female Male Female Male Female Male Female Male Female Male Female Male Female Male Female 

Americans 

USA (excluding Hawaii) 192.10 174.95 211.36 190.41 213.07 195.20 191.00 184.48 214.11 198.74 225.10 208.51 229.25 226.56 3.8 4.7 -0.4-8.3 1.9-7.6 

Hawaii, USA 141.16 149.14 132.30 199.56 164.41 204.38 228.84 176.82 184.59 141.64 257.85 173.40 190.95 224.99 8.5 7.0 1.6-15.9 -2.9-17.8 

Canada 194.74 160.06 210.4 203.58 196.88 190.71 203.1 185.28 204.52 194.24 207.71 202.31 241.4 214.73 3.8 3.0 0.2-7.4 2.7-3.4 

Colombia 178.41 134.7 159.28 132.16 137.04 97.12 169.61 125.62 198.13 170.25 194.69 136.35 179.73 169.54 2.5 2.0 -2.9-8.2 -2.9-7.2 

Asia 

Chinese mainland 132.38 118.92 121.89 111.2 151.06 128.79 124.83 101.05 140.06 128.78 174.58 191.18 124.7 161.3 -0.8 9.4 -7.6-6.6 -6.7-28.2 

Hong Kong, China 184.53 138.18 201.44 191.42 197.77 195.87 184.13 154.83 146.81 141.01 145.08 144.25 163.46 153.58 -4.5 -1.9 -11-2.5 -5.1-1.4 

India 96.62 71.76 104.2 86.17 106.82 83 107.65 85.55 110.88 90.92 95.11 77.13 98.09 89.99 0.1 2.0 -3.4-3.7 -3.4-7.8 

Israel 192.23 160.82 185.55 150.46 184.43 184.4 232.34 234.05 223.88 226.43 230.88 212.67 213.53 203.56 2.4 5.2 -0.8-5.7 -0.8-11.6 

Japan 97.36 72.01 107.64 80.34 102.19 90.74 107.51 87.29 103.98 79.88 99.38 100.43 125.8 109.98 4.6 7.7 -0.5-9.9 3.9-11.5 

Kuwait 178.65 164.9 111.34 79.61 134.21 108.74 162.45 168.99 123.59 144.63 125.55 138.83 171.93 126.46 -0.2 -11 -11.4-12.3 -34.8-21.4 

Europe, others 

France 185.17 152.82 188.91 134.69 179.1 152.83 195.42 176.62 198.26 175.57 207.64 200.12 187.56 236.08 1.4 8.2 0.2-2.7 4.3-12.2 

Germany 155.62 105.33 196.89 145.55 195.01 211.93 266.31 215.95 222.01 213.16 179.12 168.21 255.85 142.02 6.2 7.6 -5.6-19.4 2.7-12.8 

Italy 205.69 160.49 211.78 134.41 225.43 178.62 262.92 204.66 199.25 188.31 276.95 226.59 257.35 269.14 4.1 10.3 1.4-6.9 4.8-16.1 

Slovakia 153.48 125.74 160.09 118.25 177.95 149.04 182.07 149.34 198.55 154.05 222.04 160.15 270.68 173.53 9.3 2.7 5.3-13.4 -4.1-10.1 

Slovenia 106.34 126.82 151.81 109.8 172.55 104.1 207.71 104.34 220.08 186.2 211.03 186 222.84 232.12 12.6 11.6 10.5-14.8 -0.2-24.8 

Spain 135.59 130.42 177.82 135.78 182.52 172.11 246.77 260.58 185.89 211.13 255.26 214.25 239.12 261.27 9.8 12.1 -0.3-20.9 4.3-20.5 

Switzerland 212.41 118.38 188.42 177.34 255.92 153.75 241.06 202.52 233.59 183.74 191.31 243.17 247.03 216.79 -1.3 10.0 -9.7-7.8 2-18.6 

UK 149.48 134.12 178.13 139.86 187.46 166.73 192.89 204.94 179.76 173.43 189.27 225.71 203.43 162.87 5.0 4.1 2.7-7.5 1-7.4 

Europe, Scandinavian Countries - - 

Denmark 187.79 119.2 208.84 145.68 212.65 142.63 254.71 156.01 218.44 148.4 238.22 174.2 255.98 248.45 4.8 12.9 -0.2-10 5.6-20.7 

Iceland 165.48 146.47 240.95 96.45 240.3 77.07 298.45 329.35 349.59 172.15 302.62 412.39 249.58 104.83 8.7 3.2 0.3-17.9 -24.6-41.3 

Norway 194.95 163.58 203.39 168.55 203.24 159.02 230.69 201.79 230.51 185.75 240.04 208.08 230.19 186.96 3.8 3.4 2.7-5 1.4-5.5 

Oceania - - 

Australia 198.84 173.08 210.62 176.36 226.04 183.17 244.65 215.22 244.05 204.77 251.89 206.2 262.18 203.08 4.7 3.3 4-5.3 1.4-5.2 

New Zealand 214.98 219.4 201.7 198.36 207.8 175.44 219.35 179.39 199.1 203.89 232.1 224.92 229.29 208.08 1.5 0.1 -2.6-5.7 -4.6-5 

Abbreviation: AAPC, average period percentage change. 
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Fig. 2. Changing patterns of cancer incidence rates among adolescents during the period of 1978-2012. 
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overing registries between our study and the French and Swiss studies

ight be a reason for the inconsistent results. 

A 28-year-long study reported no significant increase in childhood

eukemia incidence in Germany, 26 which was consistent with our find-

ngs. The observed increasing trends of leukemia in children and ado-

escents in many regions in our study were found consistent with an-

ther report. 27 The findings of lymphoma in our study were similar to a

tudy that using CI5 data reported a significantly increasing incidence of

ymphoma in Northern and Southern European and Oceania countries

mong children aged 10-19 years during 1988-2012. 28 No significant

hanges were seen in incidence rates of childhood and adolescent CNS

umors in most regions in our study, which was similar to a previous

tudy that analyzed CI5 data among populations aged 0-24 years. 29 A re-

ent study analyzed individual CNS tumors using CI5 data and reported

 decreasing trend of astrocytic tumors and an increasing trend of other
86 
NS tumors from 1988 to 2012. 30 The observed increasing trends of kid-

ey cancer in India, Kuwait, Italy, Spain, and Australia and stable trends

n more than half of the studied regions in the current study were consis-

ent with other reports. 10 , 21 , 31 , 32 In a study conducted from Germany a

lightly increasing trend was reported for childhood bone cancer. 33 Our

tudy showed a nonsignificant increasing trend of childhood bone can-

er. The observed trends of thyroid cancer in our study were similar to

hose in a study that used the International Incidence of Childhood Can-

er Volume 3 (ICCC3) database and reported rapid increases in thyroid

ancer incidence in almost all countries among adolescents, particularly

n girls. 34 Since most testicular cancers are germ cell tumors, we com-

ared our testicular cancer results to a study of ovarian germ cell cancer

nd consistently reported increasing trends in Eastern Asia, Western Eu-

ope, Southern Europe, North America, and Oceania. 35 
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Fig. 2. Changing patterns of cancer incidence rates among adolescents during 

the period of 1978-2012 (continued). 
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87 
Reasons for the apparent rises in these incidence rates are poorly un-

erstood. The increasing trends for cancer incidence rates among chil-

ren and adolescents may reflect improved population-level data collec-

ion. 36 Differences in criteria and clinical practices related to the detec-

ion of childhood and adolescent cancers serve as one plausible expla-

ation for the observed trends in some regions. 37 A report from the USA

bserved increased incidence rates of radiographically-confirmed diag-

oses cancers such as malignant glioma and pilocytic astrocytoma. 38 

verdiagnosis of thyroid cancer might have also contributed to some

f the observed increasing trends of thyroid cancer among children and

dolescents as adult thyroid cancers. 34 , 39 However, as screening is gen-

rally not practiced among children and adolescents, the dramatic in-

rease in incidence rates in childhood and adolescent cancer may not be

ccounted to large-scale population screening that leads to increased de-

ection. The intercountry consistency regarding incidence trends specifi-

ally in childhood and adolescent thyroid cancer and leukemia might be

he result of adverse impacts of harmful environmental agents that exist

orldwide and modifiable individual risk factors. For instance, frequent

xposure to ionizing radiation, which has been linked to the develop-

ent of childhood and adolescent leukemia, thyroid cancer, and bone

ancer 40-42 , might contribute to the rising trends in cancer to some ex-

ent. It has been a long time since the latest atomic-bomb explosion and

uclear fallout, but medical radiation might pose new threats to global

ealth. Diagnostic and/or therapeutic radiation can increase the risk of

cute leukemia, thyroid cancer, and bone cancer. 43-45 Other increas-

ngly prevalent population risk factors, such as childhood obesity have

ecome a global epidemic and have been linked to the pathogenesis of

any types of cancers, including thyroid cancer. 46 Additionally, com-

on use of the cesarean section, observed in many parts of the world, 47 

ight help explain some of the rising rates in childhood leukemia, as de-

ivery by cesarean section has been suggested to be associated with a sig-

ificantly elevated risk of childhood leukemia. 48 , 49 Children with high

irth weight had an increased risk of leukemia, 50 CNS tumors, 51 , 52 kid-

ey cancer 51 , and osteosarcoma. 53 Increased height, which was found

o be associated with osteosarcoma and testicular cancer, 53 , 54 might

e due to high-calorie intake during childhood that promotes the de-

elopment of intrauterine testicular germ cell tumor precursors. 54 Girls

ith high fetal growth had an increased risk of Wilms tumor, especially

efore the age of 5 years. 55 Furthermore, early age at puberty has also

een reported to be correlated with an increased incidence of testicular

ancer. 54 Recent studies have also reported associations between per-

istent organic pollutants and increased risks for childhood cancers. For

xample, exposures to air toxics (or pollutants) and pesticides and ben-

ene have been linked to leukemia. 56-60 Bisphenol A (BPA), polychlo-

inated biphenyls (PCB), and polybrominated diphenyl ethers (PBDEs)

ave been implicated in the etiology of leukemia, thyroid cancer, and

esticular cancer. 61-65 An increased exposure to these environmental

hemicals might be responsible for at least part of the morbidity bur-

en that we observed for childhood and adolescent leukemia, thyroid

ancer, and testicular cancer. 

In addition, scientific advances related to the prevention of certain

ypes of cancer are likely to contribute to the geographical and temporal

ariations in cancer incidence rates. Declines in cancer incidence rates

n certain regions are likely attributable to improved cancer prevention

fforts. For example, the significant drop in childhood lymphoma inci-

ence in Japan, especially since the year 1998, is likely due to better

ontrol of the transmission of Epstein-Barr virus (EBV), 66 which is an

stablished risk factor for non-Hodgkin Lymphoma in children. 67 In the

SA, improved maternal folic acid intake during pregnancy might have

ontributed to the observed decrease in CNS tumor incidence through

ationwide recommendations for the consumption of folic acid supple-

ents and fortified foods. 68 Nevertheless, the stabilization or even de-

line in cancer incidence in high-resource populations could also be due

o an incidence “ceiling ”, 69 which represents a mature phase in the epi-

emic. Relatively low-resource populations are still in the early phase,

ith increases anticipated in the future. 
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To our knowledge, the present study is the first to assess and com-

are temporal trends in both childhood and adolescent cancers across

3 regions by sex over an extended period of time, allowing for a com-

rehensive evaluation of changes in overall and type-specific cancer in-

idence rates over 35 years. This study also provides the first analysis on

he time trend of thyroid cancer globally, the fastest increasing cancer

mong adolescents but less studied compared to other types of cancers

hat are commonly seen in children and adolescents. The present study is

dditionally strengthened by the incorporation of population-level high-

uality CI5 data. 

However, historical data on cancer incidence among children and

dolescents are rarely available for low-resource areas such as Africa,

hereby limiting our ability to investigate changes occurring in cancer

ncidence rates in these parts of the world. The estimated trends regard-

ng overall cancer incidence rates in some countries might also be under-

ined when local registries are treated as proxies of nationwide cancer

rofiles due to limited data availability. The disease patterns in the areas

overed were not necessarily typical of those across the whole country.

s the representativeness of these local registries has not been tested,

ur results should be interpreted with caution. A potential bias might be

roduced by selective diagnosis and treatment of cancers in male chil-

ren in contrast to female children. A further limitation of the study is

hat in CI5 cancers were classified according to ICD rather than Inter-

ational Classification of Diseases for Oncology (ICD-O). This makes it

mpossible to perform analyses for neuroblastoma and soft-tissue sar-

omas, two of the most frequent cancer types in children. Finally, it is

ifficult to gauge the extent to which the changes in cancer incidence

ver time truly reflect changes in cancer risk or other sociodemographic,

linical, or environmental factors. 

. Conclusion 

We observed a substantial increase in the incidence of most types

f childhood and adolescent cancers from 1978 through 2012 in ma-

ority regions examined in this study, except for childhood lymphoma,

hildhood leukemia, and adolescent malignant CNS tumors. Future eti-

logical and epidemiological research should focus on both genetic and

nvironmental factors that might help explain diverse global patterns

nd trends in cancer risk. Comprehensive preventative strategies should

lso be developed and implemented to reduce the morbidity and mor-

ality burden posed by cancer in young populations. 
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