
426 Klin Onkol 2019; 32(6): 426– 435

ORIGINAL ARTICLE

Epidemiological Trends for Childhood and 
Adolescent Cancers in the Period 1994– 2016  
in the Czech Republic

Epidemiologické trendy onkologických onemocnění u dětí 
a adolescentů v období 1994– 2016 v České republice

Krejci D.1,2, Zapletalova M.2, Svobodova I.1,2, Pehalova L.2, Muzik J.1,2, Klimes D.2, Snajdrova L.1, Bajciova V.3, 
Mudry P.3, Kodytkova D.3, Smelhaus V.4, Janotova I.4, Vrzalova A.4, Luks A.4, Sterba J.3, Stary J.4, Dusek L.1,2 
1 Institute of Biostatistics and Analyses, Faculty of Medicine, Masaryk University, Brno 

2 Institute of Health Information and Statistics of the Czech Republic, Prague 

3 Department of Paediatric Oncology, Faculty of Medicine, Masaryk University and University Hospital Brno 

4 Department of Paediatric Haematology and Oncology, 2nd Faculty of Medicine, Charles University and University Hospital in Motol, Prague

Summary
Background: Our study aimed to evaluate incidence and mortality trends for childhood and 
adolescent cancers in the period 1994– 2016 in the Czech Republic. Material and methods: Data 
on childhood cancers, which are recorded in the Czech National Cancer Registry, were validated 
us ing a clinical database of childhood cancer patients and combined with data from the Natio-
nal Register of Hospitalised Patients and with data from death certificates. These validated data 
were used to establish cancer incidence. Data from death certificates were used to evaluate 
long-term trends in mortality. Incidence and mortality trends were assessed by the average 
annual percentage change. Results: The age-standardised incidence trend for childhood can-
cers (i.e. those dia gnosed in patients aged 0– 19 years) showed a statistically significant slight 
long-term increase in the number of new cases, +0.5% annually on average (p < 0.01), more 
specifically an increase of +0.6% in girls and a statistically insignificant decrease of −0.1% in 
boys. In children aged 0– 14 years, other malignant epithelial neoplasms and malignant mela-
nomas showed the largest statistically significant average annual increase in incidence (+4.9%; 
p < 0.01), followed by central nervous system neoplasms (+1.3%; p < 0.05). Lymphomas, by 
contrast, showed a statistically significant average annual decrease in incidence in children 
aged 0– 14 years (−2.1%; p < 0.01). In adolescents aged 15– 19 years, other malignant epithelial 
neoplasms and malignant melanomas also showed a statistically significant average annual 
increase in incidence (+5.2%; p < 0.01), followed by central nervous system neoplasms (+1.5%; 
p < 0.05). Mortality trends showed a statistically significant long-term decrease: on average, 
−5.1% annually in children aged 0– 14 years (p < 0.01), and −3.7% annually in adolescents aged 
15– 19 years (p < 0.01). Conclusion: Available data make it possible to analyse long-term trends 
in childhood cancer incidence and mortality. 
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Introduction
Based on data from the Czech Natio-
nal Cancer Registry, which were vali-
dated us ing clinical data from participat-
ing childhood cancer centres, data from 
the National Register of Hospitalised Pa-
tients and data from death certificates, 
our study aimed to evaluate incidence 
and mortality trends for cancers dia g-
nosed in children (aged 0– 14 years) and 
in adolescents (aged 15– 19 years) in the 
period 1994– 2016 in the Czech Republic.

Available data on childhood and 
adolescent cancers in the Czech 
Republic
High-quality data play a key role in the 
assessment of epidemiology of child-
hood and adolescent cancers. In partic-
ular, the follow ing data sources are used 
for this purpose in the Czech Republic:
•	 Czech National Cancer Registry (CNCR) –  

a nationwide population-based registry 
into which new cancer cases are recor-
ded and followed up regularly. Cancer 
registration is enshrined in Czech le-
gislation and is obligatory [1]; 

•	  Clinical databases of childhood can-
cer patients –  internal databases main-
tained in two major centres provid-
ing care to childhood cancer patients 
(the Department of Paediatric Haema-
tology and Oncology at the University 
Hospital in Motol and the Department 
of Paediatric Oncology at the Uni-
versity Hospital Brno). These databa-

ses contain basic dia gnostic and clini-
cal data on childhood cancer patients; 
data from the period 1994– 2016 were 
available at the time of our analysis [2];

•	  National Registry of Hospitalised Pa-
tients (NRHOSP)  –  a  nationwide po-
pulation-based registry contain ing 
records on persons who were hospita-
lised in inpatient wards, and who were 
discharged from hospital in the mo-
nitored period [3]. NRHOSP was used 
to look up more recent data from the 
years 2015 and 2016;

•	  Death certificate  –  the basic source 
of information on each death. The 
examin ing physician fills the certifi-
cate immediately after his/ her exami-
nation of the deceased person. Apart 
from the basic sociodemographic cha-
racteristics, the physician also records 
the succession of causes lead ing to 
death (coded by ICD-10); the evalua-
ted data were last updated on 31 De-
cember 2016 [4];

•	  Demography of the Czech Repub-
lic –  all demographic data on the po-
pulation of interest in the period 
1994– 2016 were drawn from data pro-
vided by the Czech Statistical Office 
(CZSO) [5].

Data on childhood cancers, which are 
recorded in the Czech National Cancer 
Registry, were validated us ing a clinical 
database of childhood cancer patients 
and subsequently combined with data 

from the National Register of Hospital-
ised Patients and with data from death 
certificates. These combined data were 
used to establish cancer incidence. Data 
from death certificates were used to de-
termine long-term mortality trends in 
the period 1994– 2016.

Methods
The cancers were classified into groups 
accord ing to the International Classifi-
cation of Childhood Cancer (ICCC)  [6]. 
Malignant neoplasms (cancers) were 
defined as those belong ing to all dia g  - 
nostic groups (I– XII) in the ICCC clas-
sification with behaviour code 3, plus 
those belong ing to dia gnostic groups III 
(central nervous system (CNS) and mis-
cellaneous intracranial and intraspinal 
neoplasms) and Xa (intracranial and in-
traspinal germ cell tumours) with be-
haviour code 0/ 1. Incidence is the num-
ber of new cases dia gnosed in a given 
period in a  given population. Mortal-
ity is the number of deaths from a given 
dia gnosis (so-called cause-specific mor-
tality) occurr ing in a  given period in 
a given population. Crude incidence (or 
crude mortality) is the number of new 
cases aris ing (or deaths occurring) per 
1 million persons in a given population; 
depend ing on the context, the number 
of persons is equal to the entire popu-
lation of children and adolescents aged 
0– 19  years, children aged 0– 14  years, 
adolescents aged 15– 19 years, only boys 

Souhrn
Východiska: Cílem studie bylo zhodnotit trendy incidence a mortality zhoubných nádorů u dětí a adolescentů v období 1994–  2016 v České 
republice. Materiál a metody: Údaje o novotvarech dětí evidované v Národním onkologickém registru byly validovány pomocí klinické databáze 
dětské onkologie a dále kombinovány s údaji Národního registru hospitalizovaných a Listu o prohlídce zemřelého. Z těchto validovaných dat 
byly zjištěny hodnoty incidence novotvarů. Ke sledování dlouhodobého trendu mortality byla použita data z Listu o prohlídce zemřelého. Trendy 
incidence a mortality byly hodnoceny průměrnou roční procentuální změnou. Výsledky: Trend věkově standardizované incidence zhoubných 
nádorů u dětí ve věku 0– 19 let vykazuje statisticky významný dlouhodobý mírný nárůst nových případů průměrně o +0,5 % ročně (p < 0,01), 
u dívek o +0,6 %, zatímco u chlapců statisticky nevýznamný pokles o −0,1 %. Nejvýraznější statisticky významný průměrný roční nárůst incidence 
u dětí ve věku 0– 14 let byl pozorován u jiných maligních epiteliálních novotvarů a maligních melanomů (+4,9 %; p < 0,01), ale také u onemocnění 
centrální nervové soustavy (+1,3 %; p < 0,05). Naopak statisticky významný průměrný roční pokles incidence u dětí ve věku 0– 14 let vykazují 
lymfomy (−2,1 %; p < 0,01). U adolescentů ve věku 15– 19 let byl pozorován statisticky významný průměrný roční nárůst incidence u jiných ma-
ligních epiteliálních novotvarů a maligních melanomů (+5,2 %; p < 0,01), ale také u onemocnění centrální nervové soustavy (+1,5 %; p < 0,05). 
Trend mortality zhoubných nádorů vykazuje statisticky významný dlouhodobý pokles průměrně o −5,1 % ročně u dětí ve věku 0– 14 let (p < 0,01), 
a o −3,7 % ročně u adolescentů (p < 0,01). Závěr: Dostupná data umožňují analyzovat dlouhodobé trendy incidence a mortality zhoubných ná-
dorů u dětí a adolescentů. 

Klíčová slova
zhoubné nádory –  děti –  adolescenti –  incidence –  mortalita –  časový trend
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The joinpoint regression method [8] was 
used to evaluate incidence and mor-
tality trends; the joinpoint regression 
model assumes that its regression mean 
function is piecewise linear and the seg-
ments (with different gradients) are con-
tinuously connected at several time 
points, which are generally unknown. 
Apart from the obtained curve, the  

of new cases (or deaths) per 1  million 
persons if the population of interest had 
the same age structure as the standard 
population. In our calculations, we used 
the world standard population (W) [7], 
i.e. a  theoretical population for which 
the percentages of persons in indi-
vidual age categories correspond ap-
proximately to a given real population. 

or only girls in a given age group. Age-
-standardised incidence rate (or age-
-standardised mortality rate) (ASR) – is 
the weighted mean of crude incidence 
(or mortality) rates in age categories, 
with weights of crude rates in individual 
age categories be ing proportional to the 
number of persons in a standard popula-
tion. In other words, ASR is the number 

Tab. 1. Numbers of cases annually and crude incidence rates according to ICCC groups, sex and age in the period 1994–2016.

% Number of cases 
annually

Crude incidence  
(per 1 million children)

total boys girls total boys girls total B/G ratio

age 0–14 years

I leukaemias 29.2 45 35 80 53.8 43.9 49.0 1.2 : 1

II lymphomas 12.3 23 10 34 27.9 13.1 20.7 2.1 : 1

III CNS and miscellaneous intracranial and intraspinal neoplasms 21.8 33 27 60 39.2 33.8 36.6 1.2 : 1

IV neuroblastoma and other peripheral nervous cell tumours 7.9 11 10 22 13.6 13.0 13.3 1.0 : 1

V retinoblastoma 2.4 3 3 7 4.2 3.9 4.0 1.1 : 1

VI renal tumours 4.8 6 7 13 7.1 9.2 8.1 0.8 : 1

VII hepatic tumours 1.5 3 1 4 3.2 1.6 2.4 2.0 : 1

VIII malignant bone tumours 4.6 7 6 13 8.3 7.0 7.7 1.2 : 1

IX soft tissue and other extraosseous sarcomas 6.5 10 8 18 12.0 9.7 10.9 1.2 : 1

X germ cell tumours, trophoblastic tumours and neoplasms of gonads 2.9 3 4 8 4.1 5.6 4.8 0.7 : 1

XI other malignant epithelial neoplasms and malignant melanomas 5.9 6 10 16 7.6 12.2 9.8 0.6 : 1

XII other and unspecified malignant neoplasms 0.2 0 0 < 1 0.2 0.6 0.4 0.3 : 1

total 100% 152 122 274 181.1 153.6 167.7 1.2 : 1

 
age 15–19 years

I leukaemias 11.1 10 5 15 29.0 17.1 23.2 1.7 : 1

II lymphomas 25.8 18 17 35 55.0 52.5 53.8 1.0 : 1

III CNS and miscellaneous intracranial and intraspinal neoplasms 10.4 8 6 14 25.0 18.1 21.6 1.4 : 1

IV neuroblastoma and other peripheral nervous cell tumours 0.5 0 0 < 1 1.0 1.2 1.1 0.8 : 1

V retinoblastoma – – – – – – – –

VI renal tumours 0.7 0 < 1 1 1.3 1.8 1.5 0.7 : 1

VII hepatic tumours 0.3 0 0 < 1 0.8 0.4 0.6 2.0 : 1

VIII malignant bone tumours 6.1 5 3 8 16.3 9.0 12.7 1.8 : 1

IX soft tissue and other extraosseous sarcomas 5.6 4 4 8 11.6 11.9 11.7 1.0 : 1

X germ cell tumours, trophoblastic tumours and neoplasms of 
gonads

14.0 15 4 19 45.1 12.7 29.3 3.6 : 1

XI other malignant epithelial neoplasms and malignant melanomas 25.0 11 23 34 31.9 73.5 52.2 0.4 : 1

XII other and unspecified malignant neoplasms 0.4 0 0 < 1 0.7 1.1 0.9 0.6 : 1

total 100% 73 64 136 217.6 199.3 208.7 1.1 : 1

ICCC – International Classification of Childhood Cancer, B/G – boys/girls, CNS – central nervous system
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in 2016), namely an increase of +0.6% in 
girls (95% CI +0.3, 1.0; p < 0.01) and a sta-
tistically insignificant decrease of −0.1% 
in boys (95% CI −2.3, +2.1; p = 0.93). The 
incidence trend for solid tumours in pa-
tients aged 0– 19 years in the Czech Re-
public showed a statistically significant 
increase in the number of new cases an-
nually, +1.4% on average (95% CI +1.0, 
+1.8; p  <  0.01), in the entire period 
1994– 2016 (ASR-W: 119 cases per 1 mil-
lion children in 2016). By contrast, the in-
cidence trend for malignant neoplasms 
of the lymphoid and haematopoietic 
tissue showed a statistically significant 
slight decrease in the number of new 
cases, −0.8% annually on average (95% 
CI −1.4; −0.3; p < 0.01) (ASR-W: 65 cases 
per 1 million children in 2016), as shown 
in Graph 1.

The largest statistically significant 
aver age annual increase in incidence 
was observed in the group of other ma-
lignant epithelial neoplasms and malig-
nant melanomas (+5.1%; 95% CI +4.0, 
+6.3; p < 0.01) (ASR-W: 28 cases per 1 mil-
lion children in 2016), followed by CNS 
neoplasms (+1.4%; 95% CI +0.4, +2.4; 
p < 0.01) (ASR-W: 38 cases per 1 million 
children in 2016). By contrast, a statisti-
cally significant average annual decrease 
in incidence was observed in lympho-
mas (−1.5%; 95% CI −2.5, −0.5; p < 0.01) 
(ASR-W: 26 cases per 1 million children in 
2016). A statistically significant average 
annual decrease in incidence of germ 
cell tumours, trophoblastic tumours and 
neoplasms of the gonads was only ob-
served in girls (−3.3%; 95% CI −5.9, −0.7; 
p < 0.05) (ASR-W: 5 cases per 1 million 
girls in 2016). Let us examine the main 
subgroups of the most important ICCC 
groups in more detail:
•	  ICCC Group II: The incidence trend for 

Hodgkin’s lymphoma showed a statis-
tically significant slight decrease over 
the entire period 1994– 2016, −1.4% an-
nually on average (95% CI −2.4, −0.4; 
p < 0.01) (ASR-W: 13 cases per 1 million 
children in 2016). The incidence trend for 
non-Hodgkin’s lymphoma also showed 
a statistically significant decrease in the 
number of new cases, −2.3% annually 
on average (95% CI −3.5, −1.0; p < 0.01)  
(ASR-W: 7 cases per 1 million children 
in 2016). The opposite was observed 

fluctuations, cancer incidence in abso-
lute numbers decreased steadily until 
2007 and could be considered as stable 
from that time until 2016. The incidence 
rate per 1 million children, however, had 
a slightly increas ing trend in the entire 
period of interest, apart from the stabi-
lisation in the most recent years. A total 
of 378  cases were newly dia gnosed in 
the Czech Republic in 2016, correspond-
ing to 181 cases per 1 million children 
(183  cases in girls, i.e. 180  cases per 
1  million girls, and 195  cases in boys,  
i.e. 185 cases per 1 million boys). In the 
period 1994– 2016, incidence was some-
what higher in boys than in girls in both 
age groups of interest: 0– 14 years (boys/
girls ratio 1.2; p < 0.01) and 15– 19 years 
(1.1; p  <  0.05). The higher incidence of 
cancer in boys aged 0– 14 years, as com-
pared to girls in the same age group, is 
due to a  markedly higher incidence of 
lymphomas (ICCC Group II). The numbers 
of cases annually and crude incidence 
rates by ICCC groups, sex and age in the 
period 1994– 2016 are given in Tab. 1.

The most common childhood and 
adolescent cancers affect ing the age 
group of < 19 years in the Czech Repub-
lic in the period 1994– 2016  involved 
leukaemia, which accounted for almost 
1 in 4 of all cases, followed by CNS neo-
plasms (18.0%) and lymphomas (16.8%). 
Other malignant epithelial neoplasms 
and malignant melanomas also con-
tributed significantly to the incidence 
of childhood and adolescent cancers 
(12%). Leukaemia (29.2%) and CNS neo-
plasms (21.8%), followed by lymphomas 
(21.8%), were the most common cancers 
in children aged 0– 14  years, whereas 
lymphomas (25.8%), other malignant 
epithelial neoplasms and malignant 
melanomas (25.0%) and germ cell tu-
mours, trophoblastic tumours and neo-
plasms of the gonads (14.0%) were the 
most common cancers in adolescents 
aged 15– 19 years, as shown in Tab. 1.

The age-standardised incidence trend 
for childhood cancers (i.e. those dia g  - 
nosed in patients aged 0– 19  years) 
showed a  statistically significant long-
term slight increase in the number 
of new cases, +0.5% annually on av-
erage (95% CI +0.2, +0.8; p  <  0.01)  
(ASR-W: 184 cases per 1 million children 

average annual percentage change 
(AAPC) is an important result of this 
method. If any joinpoints occur, the 
annual percentage change (APC) for 
a  given period can be evaluated, sup-
plemented with statistical significance 
and confidence intervals. The IBM SPSS 
Statistics 25 software was used to carry 
out the analysis. The Joinpoint Regres-
sion Program (version 4.6) [9] was used 
as a specialised software to calculate the 
joinpoint regression.

Results
Demography
Accord ing to the CZSO data, there were 
10,565,284  people liv ing in the Czech 
Republic on 1 July 2016. The population 
age structure revealed that a  total of 
1,635,342 children aged 0– 14 years and 
458,382  adolescents aged 15– 19  years 
lived in the Czech Republic at that 
time; the population of interest there-
fore comprised a total of 2,093,724 per-
sons aged 0– 19  years, account ing for 
approximately 20% of the total popu-
lation. Although a steady decline in the 
number of children aged 0– 19 years was 
observed in the Czech Republic from 
1994  onwards, a  slight increase in the 
number of both boys and girls was ob-
served in 2015– 2016. The percentages 
of age groups < 1 year and 10– 14 years 
was virtually unchanged in the period 
1994– 2016, whereas the percentages of 
children aged 1– 4 years and 5– 9 years 
increased slightly and the percentage 
of adolescents aged 15– 19  years de-
creased steadily. The ratio of boys to girls 
has not changed in the period of interest 
(there were 51.3% boys and 48.7% girls 
in 2016).

Current epidemiological trends for 
childhood and adolescent cancers in 
the Czech Republic
A total of 9,435  children and adoles-
cents under the age of 19  were dia g  - 
nosed with cancer in the period 
1994– 2016, i.e. 410  cases annually on 
average (274  cases in children aged 
under 14 and 136 cases in adolescents). 
The age group distribution was as fol-
lows: < 1 year (6.7%), 1– 4 years (22.8%), 
5– 9 years (17.2%), 10– 14 years (20.1%) 
and 15– 19 years (33.2%). Despite minor 
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solid tumours (N = 5,663) 
regression curve according 
to joinpoint regression
AAPC = +1.4** (+1.0; +1.8)

neoplasms of lymphoid 
and haematopoietic tissue 
(N = 3,772)
regression curve according 
to joinpoint regression
AAPC = −0.8** (−1.4; −0.3)

Graph 1. Incidence trends for solid tumours and neoplasms of lymphoid and haematopoietic tissue in children and adolescents 
aged 0–19 years.
ASR-W – age-standardised incidence rate – world standard population, AAPC (95% CI) – average annual percentage change (95% confi-
dence interval)
** p-value < 0.01

Tab. 2. Incidence trends and average annual percentage change in selected ICCC groups according to age and sex, 1994–2016.

Diagnosis 
according  
to ICCC

ICCC I. Leukaemias ICCC II. 
Lymphomas 

ICCC III. CNS and 
miscellaneous intracranial 
and intraspinal neoplasms

ICCC XI. Other malignant 
epithelial neoplasms and 

malignant melanomas

0–14 years

AAPC −1.5 (−4.3; 1.3) −2.1** (−3.5; −0.7) +1.3* (0.2; 2.5) +4.9** (3.4; 6.4)

AAPC in boys −0.1 (−1.3; 1.2) −2.5** (−4.3; −0.8) +1.1 (−0.3; 2.6) NA

AAPC in girls −1.9 (−4.4; 0.7) −0.8 (−2.5; 1.0) +1.6* (0.3; 2.9) +5.4** (3.6; 7.1)

15–19 years

AAPC +1.0 (−1.0; 3.1) −0.8 (−2.5; 0.8) +1.5* (0.1; 2.9) +5.2** (3.8; 6.7)

AAPC in boys +0.8 (−1.4; 3.1) −1.1 (−2.6; 0.5) +0.9 (−1.2; 3.1) +5.7** (3.8; 7.6)

AAPC in girls +1.2 (−1.5; 4.0) −0.5 (−2.0; 1.0) +2.3 (−0.3; 5.1) +5.0** (3.5; 6.7)

0–19 years

AAPC −1.3 (−3.8; 1.2) −1.5** (−2.5; −0.5) +1.4** (0.4; 2.4) +5.1** (4.0; 6.3)

AAPC in boys 0.0 (−1.2; 1.2) −1.9** (−3.3; −0.6) +1.3* (0.1; 2.5) +5.0** (3.6; 6.6)

AAPC in girls −1.6 (−4.0; 0.7) +0.1 (−2.0; 2.2) +1.6** (0.5; 2.8) +5.1** (3.7; 6.5)

ICCC – International Classification of Childhood Cancer, CNS – central nervous system, AAPC (95% CI) – average annual percentage 
change 
*p-value < 0.05, **p-value < 0.01
NA – AAPC could not be estimated reliably because N = 0 was reported in at least 1 year from the follow-up period; AAPC was cal-
culated from the age-standardised incidence rate for children aged 0–14 years and for the entire group (0–19 years); AAPC was cal-
culated from the crude incidence rate for adolescents aged 15–19 years.
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per 1  million children in 2016), unlike 
cancer incidence in adolescents aged 
15– 19 years, which showed a statistically 
significant long-term increase in the 
number of new cases, +1.0% annually 
on average in boys (95% CI +0.2, +1.7; 
p = 0.02) (crude incidence: 225 cases per 
1 million boys in 2016), and even +1.7% 
in girls (95% CI +0.9, +2.5; p  <  0.01) 
(crude incidence: 215 cases per 1 million 
girls in 2016).

Trends in cancer incidence in children 
aged 0– 14 years
The incidence trend for leukaemia can 
be considered as stable since 1996 (age-
-standardised incidence: 42  cases per 
1  million children in 2016). The inci-
dence of lymphomas showed a  statis-
tically significant decrease, −2.1% an-
nually on average (95% CI −3.5, −0.7; 
p  <  0.01) (ASR-W: 17  cases per 1  mil-
lion  children in 2016), whereas CNS 

nually on average (95% CI +0.5, +3.6; 
p < 0.05), (ASR-W: 8 cases per 1 million 
children in 2016).

•	  ICCC Group XI: Incidence trends for 
other and unspecified carcinomas, 
thyroid carcinomas and malignant me-
lanomas all showed statistically signi-
ficant average annual increases over 
the entire period 1994– 2016, namely 
+4.9% in other and unspecified car-
cinomas (95% CI +2.9, +7.0; p < 0.01) 
(ASR-W: 9 cases per 1 million children 
in 2016), of 6.5% in thyroid carcinomas 
(95% CI +4.5, +8.5; p < 0.01) (ASR-W: 
8 cases per 1 million children in 2016) 
and of 5.1% in malignant melanomas 
(95% CI +2.6, +7.7; p < 0.01) (ASR-W: 
7 cases per 1 million children in 2016).

Accord ing to available data, cancer in-
cidence had a  stable trend in children 
aged 0– 14 years (AAPC = +0.2%; 95% CI 
−0.2, +0.6; p = 0.34) (ASR-W: 173 cases 

in the incidence trend for Burkitt lym-
phoma, which showed a  statistically 
significant increase, +3.3% annually on 
average (95% CI +0.5, +6.2; p  <  0.05) 
(ASR-W: 4 cases per 1 million children 
in 2016).

•	  ICCC Group III: The incidence trend for 
astrocytomas showed a statistically in-
significant slight increase over the en-
tire period 1994– 2016, +0.2% annually 
on average (95% CI −1.1, +1.5; p = 0.73) 
(ASR-W: 20 cases per 1 million children 
in 2016), and a similar trend was ob-
served for ependymomas and choroid 
plexus tumours, i.e. an insignificant  
slight increase in incidence, +0.5% an-
nually on average (95% CI −1.9, +3.0; 
p  =  0.68) (ASR-W: 2  cases per 1  mil-
lion children in 2016). The incidence 
trend for intracranial and intraspinal 
embryonal tumours, however, sho-
wed a statistically significant increase 
in the number of new cases, +2.1% an-

Tab. 3. Numbers of deaths and crude mortality rates for childhood and adolescent cancers according to age and selected years 
from the period 1994–2016. 

Number of deaths Crude mortality (per 1 million children)

Malignant 
neoplasms

Solid 
tumours

Neoplasms of lymphoid 
and haematopoietic 

tissue

Malignant 
neoplasms

Solid 
tumours

Neoplasms  
of lymphoid and 

haematopoietic tissue

0–14 years

1994 112 69 43 56.6 34.9 21.7

2000 76 49 27 45.1 29.1 16.0

2005 34 29 5 22.5 19.2 3.3

2010 39 26 13 25.9 17.3 8.6

2016 35 25 10 21.4 15.3 6.1

15–19 years

1994 49 28 21 54.5 31.2 23.4

2000 33 20 13 47.8 29.0 18.8

2005 19 13 6 29.0 19.8 9.2

2010 19 17 2 31.7 28.4 3.3

2016 10 7 3 21.8 15.3 6.5

0–19 years

1994 161 97 64 56.0 33.7 22.2

2000 109 69 40 45.9 29.0 16.8

2005 53 42 11 24.4 19.4 5.1

2010 58 43 15 27.5 20.4 7.1

2016 45 32 13 21.5 15.3 6.2
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accord ing to age and selected years from 
the period 1994– 2016, are given in Tab. 3. 

Malignant neoplasms of the brain, 
spinal cord and other parts of the CNS 
(C70– C72) were the most common 
causes of cancer deaths in patients aged 
0– 19 years in the Czech Republic in the 
period 1994– 2016, followed by leukae-
mia (C91– C95) and then by less com-
mon neoplasms, namely malignant 
neoplasms of the bone and articular car-
tilage (C40– C41), malignant neoplasms 
of the connective and soft tissue (C47, 
C49) and non-Hodgkin’s lymphoma 
(C82– C86). The age group distribution 
was as follows: < 1 year (4.6%), 1– 4 years 
(19.2%), 5– 9 years (21.4%), 10– 14 years 
(22.0%) and 15– 19  years (32.8%). In 
the period 1994– 2016, malignant neo-
plasms of the brain, spinal cord and 
other parts of the CNS were the most 
common causes of cancer deaths in 
children aged 0– 14  years (account ing 
for more than 1  in 3  cancer deaths in 
this age group), followed by leukaemia 
(23.4%) and malignant neoplasms of the 
connective and soft tissue (9.1%). Leu-
kaemia (23.9%), followed by malignant 
neoplasms of the brain, spinal cord and 
other parts of the CNS (18.9%) and ma-

cantly, +5.2% annually on average (95% 
CI +3.8, +6.7; p < 0.01) (crude incidence: 
70 cases per 1 million children in 2016).

Incidence trends and the AAPC for 
the four most common ICCC groups 
dia gnosed in children and adolescents, 
accord ing to age and sex, are described 
in Tab. 2.

Cancer mortality in patients aged 
0– 19 years decreased over the entire pe-
riod 1994– 2016, both in absolute num-
bers and calculated per 1  million chil-
dren. Mortality was mostly higher in 
boys than in girls (both in absolute num-
bers and calculated per 1  million per-
sons)  –  except the most recent year, 
when girls had a higher mortality than 
boys. There were 161  cancer deaths in 
children in the Czech Republic in 1994,  
i.e. 56  deaths per 1  million children. 
By contrast, there were only 45  cancer 
deaths in children in the Czech Repub-
lic in 2016, correspond ing to 22 deaths 
per 1 million children (25 deaths in girls, 
i.e. 25  deaths per 1  million girls, and 
20 deaths in boys, i.e. 19 deaths per 1 mil-
lion boys). The numbers of deaths and 
crude mortality rates for malignant neo-
plasms, solid tumours and neoplasms of 
the lymphoid and haematopoietic tissue, 

neoplasms showed the opposite trend,  
i.e. a statistically significant average an-
nual increase of +1.3% (95% CI +0.2, 
+2.5; p  <  0.05) (ASR-W: 43  cases per 
1 million children in 2016). The incidence 
of other malignant epithelial neoplasms 
and malignant melanomas grew signifi-
cantly, +4.9% annually on average (95% 
CI +3.4, +6.4; p < 0.01) (ASR-W: 16 new 
cases per 1 million children in 2016).

Trends in cancer incidence  
in adolescents aged 15– 19 years
The incidence trend for leukaemia 
showed a slight but statistically insignif-
icant increase, +1.0% annually on aver-
age (crude incidence: 31 cases per 1 mil-
lion children in 2016). The incidence of 
lymphomas showed an average an-
nual decrease of 0.8%, which, however, 
was statistically insignificant (crude in-
cidence: 55 cases per 1 million children 
in 2016). By contrast, CNS neoplasms 
showed the opposite trend, i.e. a statisti-
cally significant average annual increase 
of +1.5% (95% CI +0.1, +2.9; p  <  0.05) 
(crude incidence: 20 cases per 1 million 
children in 2016). The incidence of other 
malignant epithelial neoplasms and  
malignant melanomas grew signifi-
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Graph 2. Changes over time in the proportion of deaths from different cancer types (according to ICD-10) in children and adolescents.
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plasms of the lymphoid and haemato-
poietic tissue, accord ing to age and sex, 
are described in Tab. 4. Please note that 
over the entire period 1994– 2016, the 
mortality trend for solid tumours in boys 
aged 15– 19 years in the Czech Repub-
lic showed a statistically significant de-
crease in the number of deaths, −4.0% 
annually on average (95% CI −5.3, −2.7; 
p < 0.01), whereas an average annual in-
crease of +0.6% was shown in girls (95% 
CI −1.8, +3.1); this increase, however, 
was statistically insignificant.

Discussion
In the period 1994– 2016, the age-stand-
ardised incidence trend for childhood 
cancers (i.e. those dia gnosed in patients 
aged 0– 19 years) in the Czech Republic 
showed a statistically significant increase 
in the number of new cases, +0.5% an-
nually on average (95% CI +0.2, +0.8; 
p  <  0.01); this is comparable to trends 
in the US, where cancer incidence in pa-
tients under 20 years of age grew +0.6% 
annually on average (p < 0.05) in the pe-
riod 1975– 2014  [10]. When compar ing 
European countries, the Czech Republic 
has one of the highest incidence rates 

2016). The mortality trend for solid tu-
mours in patients aged 0– 19 years in the 
Czech Republic showed a  statistically 
significant decrease in the entire period 
1994– 2016, −3.8% annually on aver-
age (95% CI −4.4, −3.2; p < 0.01) (ASR-
W: 15  deaths per 1  million children in 
2016). The mortality trend for malignant 
neoplasms of the lymphoid and haema-
topoietic tissue showed a similar situa-
tion, i.e. a  statistically significant long-
term decrease in the number of deaths, 
−6.5% annually on average (95% CI −7.9, 
−5.1; p  <  0.01) (ASR-W: 6  deaths per 
1 million children in 2016), as shown in 
Graph 3.

The mortality trend for childhood can-
cers showed a  statistically significant 
long-term decrease in both age groups 
of interest: −5.1% annually on average in 
children aged 0– 14 years (95% CI −5.7, 
−4.4; p  <  0.01) (ASR-W: 21  deaths per 
1  million children in 2016) and −3.7% 
annually on average in adolescents 
aged 15– 19  years (95% CI −4.8, −2.6; 
p < 0.01) (crude mortality: 22 deaths per 
1 million adolescents in 2016). Mortal-
ity trends and the AAPC for malignant  
neoplasms, solid tumours and neo-

lignant neoplasms of the bone and ar-
ticular cartilage (15.9%) were the most 
common causes of cancer deaths in ad-
olescents aged 15– 19 years. Malignant 
neoplasms of the brain, spinal cord and 
other parts of the CNS remained the 
most common causes of cancer death 
in children aged 0– 14 years of the entire 
period of interest. In adolescents aged 
15– 19  years, leukaemia was the most 
common causes of cancer deaths until 
2010, when it was replaced by malig-
nant neoplasms of the brain, spinal cord 
and other parts of the CNS in the more 
recent period (2011– 2016), as shown in 
Graph 2.

The age-standardised mortality trend 
for childhood cancers (i.e. those dia g - 
nosed in patients aged 0– 19  years) 
showed a  statistically significant long-
term decrease in the number of deaths, 
−4.7% annually on average (95% CI −5.3, 
−4.1; p < 0.01) (ASR-W: 21.5 deaths per 
1  million children in 2016), more spe-
cifically −5.1% annually in boys (95% CI 
−5.8, −4.3; p < 0.01) (ASR-W: 19 deaths 
per 1 million boys in 2016) and −4.1% an-
nually in girls (95% CI −5.1, −3.2; p < 0.01) 
(ASR-W: 25 deaths per 1 million girls in 

0

5

10

15

20

25

30

35

40

A
SR

-W
 (m

or
ta

lit
y 

pe
r 1

 m
ill

io
n 

ch
ild

re
n)

year

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

solid tumours (N = 1,246) 
regression curve according 
to joinpoint regression
AAPC = −3.8** (−4.4; −3.2)

neoplasms of lymphoid 
and haematopoietic tissue 
(N = 589)
regression curve according 
to joinpoint regression
AAPC = −6.5** (−7.9; −5.1)

Graph 3. Mortality trends for solid tumours and neoplasms of lymphoid and haematopoietic tissue in children and adolescents aged 
0–19 years.
ASR-W – age-standardised mortality rate – world standard population, AAPC (95% CI) – average annual percentage change (95% confi-
dence interval)
** p-value < 0.01
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pointed out a statistically significant de-
crease in the incidence of lymphomas 
in Eastern European countries (−1.32%; 
95% CI −2.08; −0.56), as opposed to sta-
ble trends in Northern, Southern and 
Western European countries [12]. Simi-
lar trends in the incidence of individual 
cancers dia gnosed in children aged 
0– 14 years in the period 1994– 2014  in 
the Czech Republic were described by 
Kodytkova et al. [13].

Cancer incidence in Czech adolescents 
showed a significant long-term increase 
in the number of new cases in the pe-
riod 1994– 2016: +1.0% annually on aver-
age in boys (95% CI +0.2; +1.7; p = 0.02) 
and even +1.7% in girls (95% CI +0.9; 
+2.5; p < 0.01). In the period 1991– 2010, 
a  significant increase in cancer inci-
dence in adolescents (+0.96%; 95% CI 
+0.73; +1.19) was reported in other Eu-
ropean countries, too (45 registries from 
19 countries in total) [12]. In the period 
1994– 2016, the incidence of other ma-
lignant epithelial neoplasms and malig-
nant melanomas in adolescents aged 
15– 19 years in the Czech Republic grew 
significantly, +5.2% annually on average 

largest statistically significant average 
annual increase in incidence (+4.9%; 
95% CI +3.4, +6.4; p  <  0.01), followed 
by CNS neoplasms (+1.3%; 95% CI +0.2, 
+2.5; p < 0.05). Studies published in re-
cent years also reported a  significant 
increase in the incidence of these two 
cancer groups: in Austria, for exam-
ple, the incidence of CNS neoplasms 
increased +2.9% annually on average 
(95% CI +0.9, +5.0; p < 0.01) in the pe-
riod 1994– 2011, and an average annual 
increase of +1.8% (95% CI +0.6, +3.1; 
p < 0.05) in the incidence of CNS neo-
plasms was observed in Italy in the pe-
riod 1988– 2008; a significant increase in 
the incidence of other malignant epithe-
lial neoplasms and malignant melano-
mas, +4.1% (p < 0.05) was also observed 
in Italy [14,15]. By contrast, lymphomas 
in children aged 0– 14 in the Czech Re-
public showed a statistically significant 
average annual decrease in incidence 
(−2.1%; 95% CI −3.5, −0.7; p  <  0.01); 
this trend, although statistically insig-
nificant, was also observed in Austria 
(−0.7%) [14]. Apart from that, the most 
recent paper by Steliarova-Foucher et al. 

of cancer dia gnosed in children aged 
0– 19 years. The age-standardised (world) 
incidence rate per 1 million children in 
the Czech Republic (173.5 in the period 
1990– 2012) is similar to that in Portu-
gal, for example (173.8; 1991– 2012). The 
highest incidence has been reported in 
Belgium (211.1; 2004– 2013) and in Italy 
(206.2; 1992– 2013), whereas Bulgaria 
reported the lowest incidence (124.6; 
1990– 2013) [11].

The trend in age-standardised inci-
dence of cancer dia gnosed in children 
aged 0– 14 years in European countries 
(39 registries from 19 countries in total) 
has seen a  statistically significant in-
crease in the period 1991– 2010 (+0.54%; 
95% CI +0.44; +0.65)  [12]. A  similar 
trend –  but of borderline significance –  
was observed in the Czech Republic in 
the period 1994– 2014  (+0.6%; 95% CI 
0.01; 1.12) [13]. In the period 1994– 2016, 
however, the incidence of childhood 
cancer in the Czech Republic already had 
a stable trend (+0.2%; 95% CI – 0.2; +0.6; 
p = 0.34). In children aged 0– 14 years, 
other malignant epithelial neoplasms 
and malignant melanomas showed the 

Tab. 4. Mortality trends and average annual percentage change in selected neoplasms according to age and sex, 1994–2016.

Malignant neoplasms Solid tumours Neoplasms of lymphoid  
and haematopoietic tissue

0–14 years

AAPC −5.1**(−5.7;−4.4) −4.2**(−4.8;−3.7) −6.7**(−8.4;−5.1)

AAPC in boys −5.2**(−6.1;−4.3) −4.2**(−5.3;−3.0) −6.9**(−8.8;−5.0)

AAPC in girls −4.7**(−6.0;−3.4) −4.2**(−5.1;−3.3) −5.6**(−8.3;−2.7)

15–19 years

AAPC −3.7**(−4.8;−2.6) −2.2**(−3.6;−0.8) −5.6**(−7.6;−3.5)

AAPC in boys −4.8**(−6.2;−3.4) −4.0** (−5.3;−2.7) NA

AAPC in girls −1.8 (−3.8; 0.3) 0.6 (−1.8; 3.1) NA

0–19 years

AAPC −4.7**(−5.3;−4.1) −3.8**(−4.4;−3.2) −6.5**(−7.9;−5.1)

AAPC in boys −5.1**(−5.8;−4.3) −4.2**(−5.1;−3.2) −6.5**(−8.3;−4.7)

AAPC in girls −4.1**(−5.1;−3.2) −3.2**(−4.0;−2.3) −6.1**(−8.3;−3.9)

AAPC (95% CI) – average annual percentage change (95% confidence interval)
**p-value < 0.01
NA – AAPC could not be estimated reliably because N = 0 was reported in at least one year from the follow-up period; AAPC was 
calculated from the age-standardised mortality rate for children aged 0–14 years and for the entire group (0–19 years); AAPC was 
calculated from the crude mortality rate for adolescents aged 15–19 years.
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search on Cancer. [online]. Available from: http:/ / iicc.iarc.
fr/ results/ .
12. Steliarova-Foucher E, Fidler MM, Colombet M et al. 
Chang ing geographical patterns and trends in can-
cer incidence in children and adolescents in Europe, 
1991– 2010 (Automated Childhood Cancer Informa-
tion System): a population-based study. Lancet Oncol 
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423-6.
13. Kodytkova D, Bajciova V, Krejci D et al. Trends in in-
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10.4149/ neo_2018_170517N358.
14. Karim-Kos HE, Hackl M, Mann G et al. Trends in inci-
dence, survival and mortality of childhood and adoles-
cent cancer in Austria, 1994– 2011. Cancer Epidemiol 
2016; 42: 72– 81. doi: 10.1016/ j.canep.2016.03.015.
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adolescents. Epidemiol Prev 2013; 37 (Suppl 1): 1– 225.
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ruary 2017. [online]. Available from: http:/ / www.ncri.
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In the Czech Republic in the period 
1994– 2016, the mortality trend for child-
hood cancers showed a statistically sig-
nificant long-term decrease in both 
age groups of interest: −5.1% annually 
on aver age in children aged 0– 14 years 
(95% CI −5.7, −4.4; p < 0.01) and −3.7% 
annually on average in adolescents aged 
15– 19 years (95% CI −4.8, −2.6; p < 0.01). 
Studies published in recent years also re-
ported a significant decrease in mortal-
ity: in Austria in the period 1994– 2011, 
for example, cancer mortality decreased 
−2.4% annually on average (95% CI 
−3.7, −1.2; p  <  0.001) in children aged 
0– 14 years and −2.0% (95% CI −4.6, 0.5; 
p > 0.05) in adolescents [14]; and in Ire-
land, cancer mortality decreased −2.6% 
annually on average (95% CI −3.0, −2.1) 
in boys aged 0– 14  years in the period 
1964– 2013, and −2.9% annually on aver-
age (95% CI −3.4, −2.3) in girls aged 
0– 14 years in the period 1968– 2013 [18].

Conclusion
Our study provides the latest and com-
prehensive information on the devel-
opment of epidemiological trends for 
childhood and adolescent cancers in the 
Czech population. This paper proves the 
availability of adequate data sources for 
the above-mentioned analyses.
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nually on average  [14]. An increase in 
the incidence of other malignant epithe-
lial neoplasms and malignant melano-
mas (+5.3%; 95% CI +3.3, +7.3; p < 0.05) 
was also observed in Italy in the period  
1988– 2008 [15].

The mortality trend for solid tu-
mours in patients aged 0– 19  years in 
the Czech Republic showed a statisti-
cally significant decrease in the entire 
period 1994– 2016,– 3.8% annually on 
average (95% CI −4.4, −3.2; p  <  0.01) 
and a similar situation was observed in 
the mortality trend for malignant neo-
plasms of the lymphoid and haema-
topoietic tissue, i.e. a  statistically sig-
nificant long-term decrease in the 
number of deaths, −6.5% annually on 
average (95% CI −7.9, −5.1; p < 0.01). 
In the US in the period 1998– 2006, 
the mortality trend for malignant neo-
plasms of the lymphoid and haema-
topoietic tissue showed a  statistically 
significant decrease of −2.2% annually 
on average (95% CI −3.1, −1.2; p < 0.05) 
in patients under 20  years of age, 
whereas mortality trends for other ma-
lignant neoplasms were stable in the 
period 1996– 2006 (−0.3%; 95% CI −1.1, 
+0.5) [17].


