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Cancer is not a top priority program in most developing 
countries including the study of childhood cancer 
epidemiology. Studies on epidemiology of childhood cancer 
in developing countries only a few available. A hospital based 
registry is more reliable to do in most developing countries. 
This registry is needed for health planning, clinical research to 
adjust treatment protocol with local situation.
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ABSTRACT

Background. In most developing countries, incidence data for childhood cancers are 
less reliable, because very few population- based registries exist. The aim of this study 
was to present the epidemiology of childhood leukemia in the Dr. Sardjito Hospital (DSH) 
region, which catchment area extends beyond the boundaries of the Yogyakarta Special 
Province (YSP). 

Procedure. Health records of children, 0–14 years of age, who were diagnosed with 
leukemia between January 1998 and December 2009, were reviewed. Diagnosis of 
leukemia was confirmed by morphological and histochemical examination of marrow 
samples. 

Results. The estimated average annual incidence rate (AAIR) of childhood acute leukemia 
in DSH was 46.2 per million per year. Interestingly, the annual incidence rate (AIR) of 
childhood acute leukemia from the catchment area of DSH significantly increased from 35 
in 1999 to 70 in 2009 (ANOVA, P=0.003). The YSP population data, analyzed separately, 
showed an increase in AIR from 15.7 to 32.9 (ANOVA, P=0.325) and an AAIR of 28.8. 
Remarkably, a relatively high frequency (25.5% in DSH and 27.7% in YSP) of children with 
AML was found in the group of acute leukemias. 

Conclusion. The DSH incidence calculations may be overestimated due to an under- 
estimation of the population number. Since the population count for YSP is more precise, 
the data of YSP were used for comparison with developed countries. AAIR of ALL (20.8) 
is relatively low compared to Western countries (22.4-37.9). The AAIR of AML (8.0) is 
similar to Western countries (5.0-8.0) resulting a relatively high percentage of AML versus 
ALL (27.7%) in YSP. 

Key words. Childhood leukemia, epidemiology, incidence rate, Indonesia, low-income 
country
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Introduction

Cancer among children is relatively uncommon, with approximately one in 7,000 
children between 0 and 14 years of age being newly diagnosed with cancer each 
year in the United States. [1] Leukemia, a malignant disorder of hematological 
progenitor cells, is the most frequent type of cancer in children. [2] It constitutes 
approximately one-third of cancers in children (0-14 years of age) and 10% of 
cancers in adolescents (15-19 years of age).

Acute lymphoblastic leukemia (ALL) is the commonest childhood leukemia 
reported. In the United States of America, ALL accounts for approximately 75% of 
childhood leukemias, with an annual incidence rate (AIR) in children (0-14 years 
of age) was 34.6 per million. Acute myeloid leukemia (AML) accounts for 15-20% 
with an incidence of 7.1. [3,4] In Europe, during 1988-1997, the overall incidence 
rate of leukemia in children and in adolescents was 44 and 22.6 per million person 
years, respectively. Lymphoid leukemia accounted for 81%, acute non-lymphocytic 
leukemia for 15%, chronic myeloid leukemia for 1.5%, and unspecified leukemia 
for 1.3% of cases. Males are more frequently affected than females. Incidence of 
childhood lymphoid leukemia, including ALL increased 1.4% per year [5,6] and in 
adolescents (1.9% per year). [7] The reported incidence of ALL in other parts of the 
world is quite variable, from a low of 11.0 in India [8] to a highest incidence of 43.1 
reported from Costa Rica. [9] There is a difference between West Germany (36.4) 
and East Germany (24.0) before the reunion of both states and there is an upward 
trend for ALL (0.7% per year) in West Germany during 1998-2004 and 2.1% in East 
Germany during 1991-2004. [10] 

In low-income countries (LIC), where more than 80% of world children live, there is 
a paucity of published data on the incidence of childhood leukemia due to lack of 
infrastructure and there are questions with respect to validity and representation. 
[11-13] The reported incidence of childhood leukemia is generally lower in LIC than 
those in more developed countries. It varies from 1.1 (Uganda) to 40.5 (Pakistan), 
giving a mean annual incidence of leukemia for LIC of 16.5 [standard deviation 
(SD) 13.6]. Registration of childhood leukemia requires recognition of symptoms, 
rapid access to primary and tertiary medical care (ideally in a pediatric cancer 
unit), accurate diagnosis, and a data management infrastructure. In LIC, where 
these facilities are lacking, some children with leukemia may die before diagnosis 
and registration. In this environment, epidemiologic studies would seem to be an 
unaffordable luxury, but in reality represent a key element for progress. Hospital-
based registries are both feasible and essential in LIC. [14,15] The aim of this study 
is to describe the epidemiology of childhood leukemia in the catchment area of the 
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Dr. Sardjito Hospital (DSH), Yogyakarta, Indonesia, the capital of Yogyakarta Special 
Province (YSP). The catchment area for DSH extends beyond the boundaries of YSP.

Materials and methods 

Design

Data from health records including laboratory results from children with leukemia, 
which were compiled and maintained at the Pediatric Cancer Unit (PCU) of DSH, 
were reviewed. The information in our Pediatric Oncology database for the study 
period January 1998-December 2009 was crosschecked with health records 
maintained at DSH by medical students from VU University, Amsterdam, during 
their elective rotations in our program.

Population

Dr. Sardjito Hospital (DSH) is the designated tertiary care and teaching hospital 
for YSP and is located in Yogyakarta, the capital of the province. All patients newly 
diagnose with, or suspected of, leukemia are referred here. Its catchment area 
extends beyond the borders of the Special Region into the southern part of Central 
Java (Figure 1), serving an estimated population of 5.8 million of whom 1.3 million 
children below 15 years of age. [16] The Department of Pediatrics at DSH consists 
of 13 subspecialties including the PCU, which serves inpatients and outpatients. The 
PCU is staffed by five pediatric hemato-oncologists, and two well-trained laboratory 
technicians. In addition, a strong collaboration exists with a nursing staff and three 
medical psychologists. A Pediatric Intensive Care Unit is available.

Yogyakarta Special Region (YSP) in South-Central Java is the second smallest 
province in Indonesia. In 2005, this region had 3.3 million population, proportion of 
children under 15 years of age was 21.3%, with the male/female ratio being equal. 
[16] Indonesia is a low-income country; over half of the population lives in poverty.
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Figure 1. Map of Indonesia illustrating the catchment area of Yogyakarta Special Province 
and the south part of Central Java.

Diagnosis

Bone marrow (BM) aspirate and peripheral blood (PB) samples were obtained from 
all new patients suspected of leukemia. Blood and BM aspirate smears were stained 
with May-Grunwald-Giemsa. Morphological and quantitative analysis of the blood 
and BM slides were performed by trained technicians, then reviewed with a pediatric 
oncologist, and on occasion with clinical pathologists.

In all cases, the diagnosis of leukemia was confirmed on examination of a BM smear. 
Histochemical stains (Sudan Black B and periodic acid–Schiff) were also performed 
in some cases to differentiate the type of leukemia. All blood and BM smears were 
examined by an experienced technician and confirmed by the oncologists. This 
could successfully classify the leukemia in most cases while <5% of patient samples 
had to be discussed with a pathologist. Leukemia was classified according to the 
FAB classification: (1) ALL (2) AML, and (3) chronic myelocytic leukemia (CML). 
There were no cases of chronic lymphocytic leukemia. As of 2006, the diagnosis 
were checked by immunophenotyping.
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Statistical Analysis

Patients were stratified to one of four groups at diagnosis: (1) <1 year of age; (2) 1-4 
years of age; (3) 5-9 years of age; (4) 10-14 years of age. Patients over 15 years of age 
at diagnosis were excluded from the analysis because most of them were referred 
for diagnosis and management to the adult service.

AIR was calculated according to age group and type of leukemia. For calculating AIR 
cases were stratified to one of three age groups at diagnosis: (1) <5 years of age; (2) 
5-9 years of age; and (3) 10-14 years of age. The determination of the age structure 
of the 0-14 year population was based on: biologic characteristic, availability of 
demographic data, and researches on childhood leukemia referred to this age 
structure. The average annual incidence rate (AAIR) of childhood leukemia was 
calculated assuming a catchment area of the hospital of 5.8 million and a children’s 
population (0-14 years of age) of 1.3 million. The population denominators that were 
used were the number of population in each specific age characteristic: 0-4 years of 
age: 433,057; 5-9 years of age: 433,673; and 10-14 years of age 433,145 (ratio of male 
and female is 1:1).

DSH has a coverage area of YSP, which has 3.3 million population and south part 
of Central Java, including nine districts in this area and the number of population 
within this area was estimated as 2.5 million. All leukemia cases are referred to this 
hospital as a tertiary hospital (Figure 1). Because the catchment area of the PCU 
might not be the same as that for the hospital as a whole, a separate analysis was 
made of patients whose address was in the province of Yogyakarta. Here, reliable 
population data are available, with a population of children below 15 years of age of 
711,691 in the year 2005. [16]  To avoid the potential influence of population changes 
in the calculation of rates, we used mid census (2005) data, which are often used as 
representative data to calculate the rates. Data analysis was performed using SPSS 
12 statistical software package.

Results 

During the study period, January 1998 to December 2009, a total of 720 cases of 
childhood leukemia diagnosed at 0-14 years of age were identified. The number 
increased from 31 per year at the start of the study period to 91 per year in 2009 
(Figure 2). Assuming a catchment area of 1.3 million children, this brings the AAIR 
of leukemia in children 0-14 years of age and diagnosed in Yogyakarta for a 12 years 
period to 46.2 per million person years. The majority of cases were ALL (L1 and L2), 
accounting for 68.9% of all leukemia cases, while 23.6% cases were AML. CML and 
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ALL-L3 were rare (4.2% and 3.3%, respectively). Of the total 720 patients, males 
accounted for 419 (58.2%) while 301 cases (41.8%) were females. The proportion 
of patients by age category is given in Table 1. Male/female ratio is similar to that 
reported from other countries. AML patients were equally divided between males 
and females in all age categories. Table 2 gives these data with an estimate of AAIR. 
In Table 3, this is split up by year of registration. The first year was excluded from 
the calculation due to the fact that registration was not yet optimal. In the later 
years, the AIR doubled from 34.6 in 1999 to 70.0 in 2009 (ANOVA, P=0.003). Because 
we were not sure of the accurate population count in this specific catchment area, 
we decided to make a separate analysis of the patients from the YSP. In 2005, this 
province had 3.3 million people of whom 711,691 children 0-14 years of age (21.3%) 
with a male-female ratio of 1.2. There were 242 patients with ALL and AML in the 
study period. The AAIR of childhood acute leukemia in the YSP is given in Table 4. 
The AIR in this region was 15.7 in the first year of the study and became 32.9 at the 
end of the study (ANOVA, P=0.325).

Figure 2. Histogram of annual incidence rate of childhood leukemia, admitted at Dr. Sardjito 
Hospital, January 1998-December 2009. Black bars represent acute lymphoblastic leukemia 
and the white bars represent the acute myeloid leukemia cases.

Of a total 666 patients diagnosed with ALL and AML, patients with ALL accounted 
for 496 cases (74.5%), while the 170 patients with AML comprised 25.5%. Among 
them, 384 (57.7%) were males and 42.3% were females. Peak age at diagnosis for 
patients with ALL was 2-3 years of age, with the mean age was 6.0 years, while 
patients with AML had two peaks, at 2 and 11 years of age (Figure 3). In the YSP, the 
proportion of AML was 27.7%, which is almost twice as high as reported in Western 
countries.



38 Diagnostic Advances for Improved Treatment of Childhood ALL in Indonesia

Table 1. Childhood leukemia recorded at Dr Sardjito Hospital, 1998–2009

n, number of patients; ALL, acute lymphoblastic leukemia; AML, acute myeloblastic leukemia; CML, chronic 
myelocytic leukemia; ALL-L3, acute lymphoblastic leukemia type L3.

Table 2. AAIR* of childhood leukemia at DR. Sardjito Hospital 1998-2009

AAIR, average annual incidence rate; ALL, acute lymphoblastic leukemia; AML, acute myeloblastic leukemia; CML, 
chronic myelocytic leukemia; ALL-L3, acute lymphoblastic leukemia type L3. 
* Estimated a catchment area of 5.8 million population; 0-4 years: 433,057, 5-9 years: 433,673, 10-14 years: 433,145 
(ratio male/female is 1:1)
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Table 3. AIR of childhood leukemia at Dr. Sardjito Hospital 1998-2009

AAIR, Average annual incidence rate; ALL, acute lymphoblastic leukemia; AML, acute myeloblastic 
leukemia; CML, chronic myelocytic leukemia; ALL-L3, acute lymphoblastic leukemia type L3. * 
Estimated a catchment area of 5.8 million population

Table 4. AAIR childhood leukemia at Yogyakarta Special Province 1998 – 2009

Children (0-14 yrs) population: 711,691 (male: 387,525; female: 324,166), AAIR, average annual 
incidence rate; ALL, acute lymphoblastic leukemia; AML, acute myeloblastic leukemia.
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Discussion

Between 1998 and 2009, children were registered with leukemia admitted to the 
PCU of the DSH where most of patients with cancer in the catchment area were 
sent. In the first year of registration, referrals might still have been low, therefore, 
the numbers of 1998 were omitted from AAIR calculations. The number of children 
increased from 45 per year at the second year of the study period to 91 per year 
at 2009. This resulted in a significant increase in AIR of 34.6 in 1999 to 70.0 in 
2009 (ANOVA, P= 0.003). The AIR for each separate year was computed using the 
estimated catchment area of 1.3 million children. ALL and AML showed a different 
age pattern, similar to that reported in The Netherlands. [17] ALL had a peak age at 
2-3 years of age, this finding was similar with world’s ALL peak age z[1] while AML 
had two peaks at 2 and 10 years of age. In The Netherlands, the ALL peak age was 
reported to be 2-4 years of age, while AML peak ages were in the first year of life 
followed by a second peak at age 14-16 years of age. [7] However, the latter age 

Table 5. AIR of childhood leukemia at  Yogyakarta Special Province 1998-2009

n, number of patients; AIR, annual incidence rate based on a population of children (0-14 yrs): 
711,691 (male: 387,525; female: 324,166); ALL, acute lymphoblastic leukemia; AML, acute 
myeloblastic leukemia; AAIR, average annual incidence rate.
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category fell outside our study population. The age distribution of ALL and AML of 
all patients in the catchment of DSH and those from only the YSP was similar.

The increase in leukemia incidence can partly be attributed to the Pediatric 
Leukemia Seminar and Workshop on improving leukemia diagnostics and patient 
care, which was held in Yogyakarta in 1998. In this seminar, the basis was laid for a 
cost-effective protocol and data management was set up. A new treatment protocol 
was also introduced. [18] As a result, increasing numbers of new cases of pediatric 
leukemia were referred to the DSH. In the next decade, the total number of new 
cases admitted with ALL and AML in Yogyakarta roughly doubled (Table 5).

Incidence rates for acute leukemia reported worldwide are 30-50 per million children 
per year. [19] When compared with this number, the AAIR in DSH started in the 
lower range of 34.6 in 1999 and rose to 70 in 2009 (ANOVA, P=0.003). The AAIR 
might have been distorted by inaccurate population counts of the catchment area 
of the DSH. Therefore, we made a separate analysis of the YSP, where the number 
of inhabitants is reliably known. The AAIR in the YSP was 20.8 for ALL and 8.0 for 
AML. The AIR for 2009 was 25.7 for ALL and 7.1 for AML. By recruiting children and 
registry data from remote hospitals to DSH most leukemia cases will have been 
accounted for. However, it cannot be excluded that a small number of children were 
referred to hospitals outside the catchment area and were thereby missed in the 
registration.

The lower incidence rates in the early years of this study could be due to several 
reasons. It cannot be excluded that cases have been missed because they died of 
leukemia before being seen by a physician, which may be explained by: minimal 
knowledge of the disease, under diagnosis, low socio-economic and educational 
status, long traveling distance and limited access by public transport to health care 
facilities and smaller catchment area. It is likely that all these factors have improved 
over the years. On the other hand, a small rise in incidence rates could be anticipated 
since in Western countries a rise in incidence has also been reported over the 
past years. [6,18] For instance, in the United Kingdom the incidence of childhood 
leukemia has risen 4% every 5 years. In The Netherlands, the incidence rates of ALL 
increased over the period 1978-1997 by approximately 0.8% per year in children. [7] 
McNally et al. [20] showed an increase in the childhood peak (1-4 years of age) of 
3% of precursor-B ALL rise per year. The worldwide increase in leukemia incidence 
is as of yet still unexplained for. Etiology of leukemia should give an explanation 
for that, however, contradicting results have been published on what factors are 
important for leukemia development. For instance, a potential role of infection 
and immune response in childhood leukemia was postulated. [21] The hypothesis 
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that immunological isolation in infancy increases the risk of ALL seems now well 
supported. [19,232,23] Other studies showed a statistically significant increased risk 
in association with childhood exposure to infections. [24-27] Moreover, there are 
also findings showing that early infection reduces the risk of ALL. [28-30] Population 
mixing may also play a role in an increased risk of ALL. [31-33]

We found an AAIR of 20.8 for ALL in the YSP, which is relatively low compared to 
the Western countries; the lowest was Norway (22.4) and the highest was Australia 
(37.9) [8] Our AIR of 25.7 for ALL in 2009 is also relatively low compared to AIR data 
for the USA (34.6) as well as for West Germany (36.4), but it is quite close to that 
cited for East Germany (24.0). A low incidence of ALL might be explained by the 
circumstance that in Indonesia the early mixing of children, and early exposure to 
infectious agents is very common. Due to this relatively low incidence of ALL the 
proportion of AML is relatively high (25% vs. 15% in developed countries). We found 
in YSP that 27.7% of all referred acute leukemia had AML, while in Western Germany 
the relative incidence of AML is 13.1% and in the USA (Whites) it is 15.6%. [8] The 
AAIR of AML (8.0) is more comparable to the Western countries although in the 
high range; the lowest AAIR is from Canada Western provinces (4.6) and the highest 
is from Norway (8.0). However, our AAIR data are lower compared to other Asian 
countries such as Japan (9.7) and China, Shanghai (12.1). [8,34]

In conclusion, an increase in the number of children with leukemia was found in the 
YSP and surrounding South Central Java during 1998-2009. Part of the explanation 
may be that the PCU of the DSH was first organized in 1998, and subsequently 
referrals increased. The final AAIR of childhood leukemia was still lower compared 
to Western countries.
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