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ABSTRACT
Introduction: Childhood cancer is a small proportion of all cancers but is still a major public health problem. Objective: To describe 
the 5-year incidence and mortality rates and net survival of childhood cancer in Uruguay. Method: Data on all malignant tumors 
diagnosed in children aged 0-14 were included for the period 2011-2015, obtained from the National Pediatric Registry of Cancer and 
from the Ministry of Health Mortality Registry, classified according to the International Classification of Childhood Cancer (ICCC-3). 
Information on the total population was obtained from national census records. Follow up was made until December 2020. Results: 
The standardized incidence rate was 128/million children per year. The distribution of the disease was similar to developed countries. 
The overall mortality rate was 28.2/million, with a net overall survival of 79.6% for the total population. Conclusion: Childhood cancer 
incidence in Uruguay is similar to developed countries. Progress in diagnosis and care have improved survival immensely, but efforts must 
continue to keep this trend and ameliorate the outcomes. 
Key words: neoplasms; infant mortality; survival rate; child; Uruguay.

RESUMO
Introdução: O câncer em crianças representa uma pequena proporção de 
todos os cânceres, mas continua a ser um importante problema de saúde 
pública. Objetivo: Descrever a incidência e a mortalidade, bem como a 
sobrevida do câncer infantil no Uruguai por um período de cinco anos. 
Método: Foram incluídos todos os tumores malignos diagnosticados em 
crianças de 0 a 14 anos de 2011 a 2015. Os dados foram obtidos do Registro 
Nacional de Câncer e dos Registros de Mortalidade do Ministério da Saúde. 
Os casos foram classificados de acordo com a International Classification 
of Childhood Cancer (ICCC-3). A informação total sobre a população foi 
obtida a partir de registros do censo nacional. O acompanhamento foi feito 
até dezembro de 2020. Resultados: A taxa de incidência padronizada foi 
de 128/milhão de crianças por ano. A distribuição foi semelhante à dos 
países industrializados. A taxa de mortalidade global foi de 28,2/milhão, 
com sobrevida global líquida de 79,6% para a população total. Conclusão: 
A incidência de câncer infantil no Uruguai é semelhante à dos países 
desenvolvidos. Os avanços no diagnóstico e no atendimento melhoraram 
substancialmente a sobrevida, mas os esforços devem continuar para se 
obter melhores resultados.
Palavras-chave: neoplasias; mortalidade infantil; taxa de sobrevida; criança; 
Uruguai.

RESUMEN
Introducción: El cáncer en los niños constituye una pequeña proporción de 
todos los cánceres pero continúa siendo un importante problema de salud 
pública. Objetivo: Describir la incidencia y mortalidad, así como la sobrevida 
neta del cáncer infantil en nuestro país durante cinco años. Método: Se 
incluyeron todos los tumores malignos diagnosticados en niños entre 0 y 14 
años desde 2011 a 2015. Los datos se obtuvieron del Registro Nacional del 
Cáncer así como de los Registros de Mortalidad del Ministerio de Salud. Los 
casos se clasificaron de acuerdo con International Classification of Childhood 
Cancer (ICCC-3). La información de la población total fue obtenida de 
los registros nacionales de censo. El seguimiento se hizo hasta diciembre de 
2020. Resultados: La tasa de incidencia estandarizada fue de 128/millón de 
niños por año. La distribución fue similar a la de los países industrializados. 
La tasa de mortalidad global fue de 28,2/millón, con una sobrevida global 
neta de 79,6% para el grupo total. Conclusión: La incidencia de cáncer 
infantil en Uruguay es similar a la de los países desarrollados. Los avances 
en el diagnóstico y el cuidado han mejorado notablemente la sobrevida, 
pero se deben continuar los esfuerzos para seguir mejorando los resultados.
Palabras clave: neoplasias; mortalidad infantil; tasa de supervivencia; niño; 
Uruguay.
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INTRODUCTION

Childhood cancer is a major public health problem 
in developed and developing countries. It is the principal 
cause of death by disease in children over 1 year of age and 
an important cause of morbidity1. The decreased mortality 
rate of pediatric cancers has been one of the major success 
stories of medicine in the 20th century, and it continues 
to improve in the early 21stcentury1.

The identification of epidemiological changes in cancer 
favors the understanding of its multifactorial etiology. 
Environmental and genetic factors are involved and are 
correlated with each other, demonstrated by variations of 
the incidence of tumors in different geographical areas, 
as well as the variety of presentation in diversified ethnic 
groups2. The analysis of data from population-based 
cancer registries is essential for the establishment of 
preventive measures, and optimization of health services 
through appropriate policies3-5.

Incidence and mortality rates of childhood cancers 
vary worldwide, but it remains as a rare condition6. 
Some of this variation may be attributable to differences 
in reporting3,7.

In children aged 0-14 years incidence rates range from 
less than 100 per million in Africa and India to more than 
150 per million in some populations in North America 
and Europe1,8,9.

The mean population of Uruguay is 3,440,000 
inhabitants, with a mean population of 737,589 
under 15 years old. As reported in previous national 
publications10,11 the incidence of childhood cancer was 
similar, but mortality rates were higher than those reported 
in developed countries. 

The objective of this study is to describe the incidence 
and mortality rates as well as net survival (the probability 
of surviving cancer in the absence of other causes of 
death - NS) of childhood cancer in Uruguay for a 5-year 
period of time.

METHOD 

Retrospective, descriptive, observational study 
including all cases of cancer diagnosed in children from 
0 to 14 years old from January 1, 2011 to December 31, 
2015. 

Data were obtained from the Pediatric Oncology 
Registry, part of the National Cancer Registry – 
CHLCC (Uruguay) based in the Hematology Oncology 
Department at Pereira Rossell Hospital, a national 
pediatric oncology reference center12. The criteria 
for data collection were established by international 
standards2,5. 

The list of all cancer deaths in all states of Uruguay 
was extracted from the National Mortality Registry from 
the Ministry of Public Health13.

The population by age group and sex for the study 
period was obtained from the lineal interpolation of the 
results of the 2004 Phase I Census and the 2011 National 
Population Census14.

All the cases were classiffied by the International 
Classification for Childhood Cancer (ICCC-3)5,15 based 
on the third revision of the International Classification of 
Diseases for Oncology (ICD-O-3)6 ,16. Benign tumors with 
morphology codes ended .0 by ICD-O-0 were excluded.

Annual age-standardized rates for incidence and 
mortality were adjusted by the world standard population17 

and presented per million children under 15 years of age. 
The population included patients from 0 to 14 years old 
as the national pediatric registry of cancer considers this 
age range for pediatric cancer. Data were also presented by 
age-groups and sex. The study closure date was December 
31, 2020.

The study was carried out using the Kaplan - Meier 
non-parametric test, determining the date of entry as the 
diagnosis, the end date is last follow-up, death date or end 
date of the period of the study (what happens first). Deaths 
by other causes were not included in the analysis, if any, 
they would be censored. There was no loss to follow-up 
as all the pediatric patients diagnosed are followed up 
annually until they are referred to adult centers. The NS 
was calculated as the quotient between overall survival for 
cancer patients and overall survival for individuals with 
similar characteristics but cancer-free18. The Log Rank 
test was used to compare the data. The significance level 
was 0.05 and the statistical software utilized was STATA 
v.16.019.

The Institutional Review Board (IRB) of Pereira 
Rossell Hospital approved the study.

RESULTS

There were 472 new childhood cases registrations in 
five years between 2011 and 2015, with a median follow-
up by December 31, 2020 of 5-years 8 months, IQR of 
4 years 3 months to 7 years 3 months. 

Boys were diagnosed more frequently (263 cases, 
55.7%) than girls (209 cases, 44.3%), a 1.25 male to 
female ratio. The number of new cases by age group were: 
0 to 4 years old, 195 cases (41.3%); 5 to 9 years old, 138 
cases (29.2%); 10 to 14 years old, 139 cases (21.4%). 

The standardized incidence of all sites for 2011-2015 
was 127.9 per million (147.4 per million in boys and 
109.7 per million in girls), as shown in Table 1. By age 
groups, the incidence was higher in children from 0 to 4 
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years old, 172cases/million (41.3%), 112/million (29.2%) 
in the age group of 5-9 and 104/million (29.4%) for 10 
to 14 years group.

The number of cases and standardized incidence are 
presented in Table 2 by ICCC-3 site groups. The most 
common cancers among children were divided into 12 
groups: 

Leukemias were diagnosed more frequently reaching 
39.3 per million, corresponding to 38.9% of all pediatric 
cancer cases, including acute lymphoblastic leukemia 

Table 1.Standardized incidence rate for pediatric cancer in Uruguay, 
2011-2015

Standardized 
incidence rate

CI 95% (*)

All patients (n=472) 127.9 (116.4-165.2)

Male patients (n=263) 147.4 (129.6-165.2)

Female patients (n=209) 109.7 (94.8-124.6)

Caption: CI = confidence interval. 
(*) rates expressed per million age under 15 years of age.

Table 2. Standardized incidence of childhood cancer by ICCC-3 (2011-2015)

ICCC-3 New cases
2011-2015 %

Standardized
Incidence Rate
(million/year)

All cancers 472 100.0 127.9

I) Leukemias, myeloproliferative diseases and 
myelodysplastic diseases
a) Lymphoid leukemias
b) Acute myeloid leukemias
c) Chronic myeloproliferative diseases
d) Myelodysplastic syndrome and other myeloproliferative diseases
e) Unspecified and other specified leukemias

145

117
22
---
3
3

38.9

24.8
4.7
---
0.6
0.6

39.3

31.7
5.9
---
0.8
0.8

II) Lymphomas and reticuloendothelial neoplasms 
a) Hodgkin lymphomas
b) Non-Hodgkin’s lymphomas (except Burkitt lymphoma)
c) Burkitt lymphoma

 69
35
20
14

14.6
7.4
4.2
2.9

18.7
9.5
5.4
3.8

(III) CNS and miscellaneous intracranial and intraspinal 
neoplasms
a) Ependymomas and choroid plexus tumor
b) Astrocytomas 
c) Intracranial and intraspinal embryonal tumors
d) Other gliomas
e) Other specified intracranial and intraspinal neoplasms

80

 5
25
20
18
12

16.9

1.1
5.3
4.2
3.8
2.5

21.7

1.4
6.8
5.4
4.9
3.3

(IV) NBL and other peripheral nervous cell tumors
a) NBL and ganglioneuroblastoma
b) Other peripheral nervous cell tumors

36
35
1

7.6
7.4
0.2

9.8
9.5
0.3

(V) Retinoblastoma 21 4.4 5.7

(VI) Renal tumors
a) Nephroblastoma and other nonepithelial renal tumors
b) Renal carcinomas

18
15
3

3.8
3.2
0.6

4.9
4.1
0.8

(VII) Hepatic tumors
a)	 Hepatoblastoma

2
2

0.4
0.4

0.5 
0.5 

(VIII) Malignant bone tumors
a)	 Osteosarcomas
b)	 Ewing tumor and related sarcomas of bone

37
 19
18

7.8
4.0
3.8

10.0
5.2
4.9

(IX) Soft tissue and other extraosseous sarcomas
a)	 Rhabdomyosarcomas
b)	 Other

32
 20
12

6.8
4.2
2.5

8.7
5.4
3.3

(X) Germ cell tumors, trophoblastic tumors, and neoplasms 
of gonads

15 3.2 4.1

(XI) Other malignant epithelial neoplasms and malignant 
melanomas

16 3.4 4.3

(XII) Other and unspecified malignant neoplasms 1 0.2 0.3

Captions: ICCC-3 = International Classification of Childhood Cancer; CNS = central nervous system; NBL = neuroblastoma. 
(*) Standardized incidence rate expressed per million under 15 years = old.
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(ALL) representing 24.8% of all cancers (31.7/million). 
By age groups, 41.1% (61) were diagnosed from 0 to 4 
years of age, 25.6% (30) from 5-9 and 22.2% (26) from 
10 to 14 years old. Central nervous system (CNS) tumors 
were 21.7 per million or 16.9% of the total cancers.

Lymphomas were 18.7 per million (14.6%) including 
Hodgkin’s lymphomas with 9.5 per million (7.4%), non-
Hodgkin’s lymphomas, 5.4 per million (4.2%) and Burkitt 
lymphomas, 3.8 per million (2.9%).

The mortality rate was 28.2 per million among 
children aged 0-14 for the study period. Standardized 
mortality by age group is shown in Table 3, the highest is 
39.7 per million for the 0-4 years old group. 

Table 3. Standardized Mortality Rate for pediatric cancer by age 
groups, both sexes, in Uruguay, 2011-2015	

Age 
groups

Population
2011- 2015

Death (%) Mortality (*)

0-4 1,135,886 45 (43.3) 39.7

5-9 1,228,085 28 (26.9) 22.8

10-14 1,323,972 31 (29.8) 23.4

Total 3,687,943 104 282

(*) standardized rates expressed per million under 15 years of age.

The 5-year NS among children aged 0-14 was 79.6% 
for all cancers. There was a significant difference in 
survival rate between girls (83.9%) and boys (75.8%), p 
value=0.017 (Figure 1).

Figure 1. 5-years NS for boys and girls with pediatric cancer in 
Uruguay, 2011-2015

NS for children aged 5 to 9 years old was 80.7%, 
similar to the group aged 0 to 4 years and 10 to 14, 78.2 
and 79.4%, respectively, p value=0.703 for NS compared 
by age group. 

The combined 5-years NS for all malignant neoplasms 
was 79% for this period, with 78% (368 patients) alive 
by the end of the study.

Figure 2 shows NS for the most frequent malignancies. 
ALL, the largest single disease group, had a 5-year NS of 
83.6%. For this condition, 82% (97/117) patients were 
alive by the end of the study.

Figure 2. NS for the most frequent malignancies, both sexes, in 
Uruguay, 2011-2015

AML (22 patients) 5-year NS was 60.5% (13/22 
patients alive, 59%). NS for Hodgkin’s lymphoma was 
97.1% (34/35, 97% patients alive). NS for non-Hodgkin’s 
lymphoma was 85.1% (29/35 patients alive). NS for CNS 
tumors was 58.9% for this period. 

DISCUSSION

This study presents the results of a five-year evaluation 
period of incidence and mortality for pediatric cancer 
in Uruguay from 2011 to 2015 and the opportunity to 
critically evaluate the progress made since former reports. 
The childhood cancer incidence pattern in Uruguay was 
similar to Europe’s and North America’s, a fact already 
reported in past publications10,11. However, compared 
to the results of the International Agency for Research 
on Cancer (IARC)’s the Automated Cancer Information 
System (ACCIS)20, the incidence of all tumors combined 
was slightly lower than those reported in developed 
countries. Considering childhood cancer as a group of 
uncommon diseases and the small size of the population, 
random fluctuations may be erroneously manifested as 
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trends. Leukemia, the most common cancer in children 
worldwide, has the largest impact on total cancer incidence 
and is mainly reflected in ALL, which was previously 
reported (35.5 per million), 31.8 per million according 
to the present study.

In the 1970s, the United States presented a mortality 
rate of 51 per million children and adolescents and 23 
for 20156,21. In Uruguay in the 90s the mortality rate 
was 62 per million children under 15 years old10, 
drawing attention to the remarkable disparity in ALL 
in comparison to North America with a mortality 
rate of 16.5 in Uruguay versus 6 per million in the 
United States and Canada. However, in 2012, this rate 
decreased to 31 per million children under 15 years 
old11 and achieving 28 per million according to the 
present study, showing a clear difference, a rate similar 
to developed countries. 

CNS tumors patients presented a 5-year NS of 58.9% 
because currently this type of neoplasms is the main cause 
of death secondary to all cancers. As this study did not 
include benign CNS tumors, in addition to the specific 
location, it is possible that a bias have occurred.

Childhood cancer treatment in Uruguay in the 
1980’s was assigned to departments and various health 
institutions. Although the centralization of childhood 
cancer began in 1992 when the first pediatric oncology 
ward was opened, several pathologies were still treated 
by non-pediatric specialists. The XXVIIth meeting of the 
International Society of Pediatric Oncology (SIOP) in 
1995 in Montevideo, for the first-time outside Europe 
or North America, was a remarkable contribution 
for the definitive understanding and development of 
the specialty. As a consequence, several national and 
international initiatives were developed in Uruguay and 
in other Latin American Countries – Argentine, Chile, 
Brazil – (twinning programs, Monza School of Pediatric 
Hematology Oncology for Latin America, participation in 
clinical trials, etc.). Since 2002, Uruguayan patients were 
included in Berlin-Frankfurt-Munster – BFM clinical 
trials and, a few years later, patients with solid tumors 
participated of the Latin America Pediatric Oncology 
Group (GALOP), a regional organization for clinical 
trials of solid tumors. 

Comparing the mortality rate of 2012 (31 per million) 
with publications from 1992 to 1994 (62 per million)10,11, 
there has been a drop of 28 per million. 

The mortality rate for pediatric cancer in children 
under 15 years old in Uruguay is the lowest among Latin 
American countries. Chile and Argentina have similar 
mortality rate of 34 and 36 per million, respectively, while 
Brazil, Ecuador and Colombia have higher rates, 40, 47 
and 46 per million22.

The 5-year NS for all malignant neoplasms combined 
was 79% for the period investigated with 78% (368 
patients) alive by the end of the study, 54.7% higher than 
in 1992-1994. Although it is not the objective of the 
study to compare with previous data because they do not 
report NS, the percentage of patients alive in 2011-2015 
is greater than in 1992-1994 especially considering ALL 
and AML. For ALL, 82% (97/117) patients were alive, 
in contrast with 53.4% in 1992-1994. For AML (13/22 
patients alive, 59%, versus 21% in the period 1992-1994). 
For Hodgkin’s lymphoma (34/35, 97% patients were alive 
vs 73% in 1992-1994). The percentage of patients alive is 
higher in the present study for non-Hodgkin’s lymphoma 
and CNS tumors. 

The 5-year NS for ALL, the largest single disease group, 
was 83.6%; for AML, 60.5%; for Hodgkin’s lymphoma 
was 97.1% and NS for non-Hodgkin’s lymphoma was 
85.1%. As previous reports don’t express this variable, 
further comparisons cannot be done, although the 
improvement in mortality rate is notorious. Future 
investigations in the department will continue to analyze 
survival for comparison and registration. 

The goals, comparable to international objectives, are 
to achieve homogeneous results that allow the cure and 
excellent care of pediatric cancer as well as to improve the 
long time follow up. New challenges for low-and-middle-
income countries are already being developed. Traditional 
diagnostic techniques and treatments approaches 
with chemotherapy had reached top results and costly 
molecular biology knowledge will be soon into bedside. 
Population-based analysis allows to evaluate results and 
project goals in short and long terms.

CONCLUSION

This study confirms that the standard of incidence 
of childhood cancer in Uruguay continues to be similar 
to developed countries and net survival shows a trend 
to improvement in comparison with previous years. 
Efforts need to continue to prioritize childhood cancer to 
ensure free access to standard quality of care in diagnosis, 
treatment and long term follow up, and to facilitate the 
innovative treatments required to improve the outcomes. 
Continuous collection of high-quality data is relevant for 
monitoring progress and identify opportunities for further 
improvements in childhood cancer. 

Centralized care and international cooperation are 
essential pillars for the development of new opportunities, 
increased awareness, and improved outcomes for 
childhood cancer. In Uruguay over time, the fundamental 
step was the support of a national foundation, which 
ensured social support for patients and families, as well 
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as the continuous improvement of the existing medical 
facilities, infrastructure, and human resources.
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