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ABSTRACT

Introduction: Leukaemia is the fourth leading cause of death among children aged 0 to 14. This study aimed  
to determine the prognostic factors of death in childhood leukaemia in Malaysia. Methods: A retrospective  
cohort study was conducted for all childhood leukaemia patients aged 0 to 19 years diagnosed between  
2010 and 2014 using data from the Malaysian National Cancer Registry database. Death dates were updated  
until 31st December 2019. The Cox proportional hazard model was used to determine the prognostic  
factors and hazard ratios. Results: Among the 1,212 children with leukaemia, females had a 19% (HR: 0.81, 95%  
CI: 0.68, 0.96) reduced risk of death than males. Meanwhile, patients aged less than one year, or between  
10-14 and 15-19 years old reported adjusted hazard ratios of 1.7 (p<0.05), 1.7 (p<0.001), and 2.2 (p<0.001),  
respectively, when compared with patients aged 1-4 years old. Malay children with leukaemia had a 33%  
(HR: 1.33, 95% CI: 1.05, 1.68) higher risk of mortality than the Chinese. Patients with Mature B-cell (1a2)  
subtypes, acute myeloid leukaemia (AML)  (1b) subtypes, and “unspecified and other” leukaemia (1e) subtypes 
showed 1.6 (p<0.05), 1.5 (p<0.001), and 1.6 (p<0.001) times the risk of death as compared to acute lymphoid  
leukaemia (ALL) (1a1) subtypes. Conclusion: Sex, age, ethnicity, and leukaemia subtypes were the four  
prognostic factors of mortality among pediatric patients. Early detection and treatment may improve childhood  
leukaemia survival.
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INTRODUCTION

Childhood leukaemia is the most common childhood 
malignancy, accounting for 30% of childhood cancer 
cases. Globally, it is also the commonest cause of 
death among children aged 0 to 19 (1). In Malaysia, 
39.1% of all cancer cases among children 0-19 
years were leukaemia. 48% of leukaemia cases are 
lymphoid leukaemia followed by myeloid (28%) and 
nonspecific leukaemia (24%). Males recorded a higher 
rate of childhood leukaemia than girls. Ethnicity-wise, 
Malay children were associated with a higher rate of  
leukaemia, followed by Chinese and Indians (2). 

Upon diagnosis of leukaemia, clinical and laboratory 
symptoms can be used to predict the prognosis of 
the disease. The identification of prognostic factors  
affecting survival is one of the key ways to improve  
cancer survival and lower the overall burden(3,4). 
In developed countries, cytogenetic and molecular 

approaches are currently employed to evaluate 
prognosis (5). However, large-scale testing is not 
feasible in most resource-limited countries. The  
relevant evidence on the prognostication of childhood 
leukaemia remains sparse in Malaysia. It is vital to  
obtain country-specific prognostic variables as the 
impact of the major causes can differ greatly among 
patient populations in different countries. In addition, 
prognostic factors and their impact on all-cause  
mortality can help healthcare providers in Malaysia to 
better chart the best course of action for patients and 
caregivers in Malaysia as well as to convey disease 
progression to the patients and family members. This 
study aimed to determine the prognostic factors of  
death in childhood leukaemia in Malaysia.

MATERIALS AND METHODS

This was a retrospective cohort study using data from 
the Malaysian National Cancer Registry (MNCR), 
a population-based cancer surveillance system. 
Included were all Malaysian and permanent residents 
of Malaysia childhood leukaemia patients aged 0-19 
years diagnosed with Groups 1a, 1b, and 1e leukaemia 
based on the International Classification of Childhood 
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Cancers Third Edition (ICCC-3) between 1 January 2010 
and 31 December 2014. Chronic myeloproliferative 
diseases (ICCC-3 Group 1c), myelodysplastic syndrome, 
other myeloproliferative diseases (ICCC-3 Group 1d) 
and any inaccurate or incomplete information, such as 
registration based on a death certificate only (DCO) or 
autopsy, as well as those with invalid incidence dates 
(diagnosed less than two weeks from the patient’s date 
of death), were excluded. For patients diagnosed with 
leukaemia more than once (duplicates) between 2010 
and 2014, only the first record was kept. 

The time-to-event formula was used to determine the 
sample size (6). The significance level for α (two-sided) 
and power (1-β) of the study was set at 0.05 and 0.84, 
respectively. The hazard ratio for Malay compared 
to Chinese was 1.82 based on a previous study (7). 
Meanwhile, the proportion for both groups was fixed  
at 0.5 and missing values of 20% were anticipated.  
As a result, the final required sample size required  
was 470. Nonetheless, we included all the eligible 
cases in the registry to ensure that the population was 
accurately represented. 

Data retrieved from the registry included registry  
number, age, sex, ethnicity, residential distance 
to tertiary care, leukaemia subtypes, vital status, 
date of death, date of the last follow-up, as well as 
chemotherapy, radiotherapy, and surgery received at 
diagnosis. Ethnicity was grouped as “Malay”, “Chinese”, 
“Indian,” and “Others”. “Others” is Bumiputera Sabah 
and Sarawak and all other ethnic groups. Meanwhile, 
age was classified as “<1”,   “1-4”, “5-9”, “10-14”, and 
“15-19” as reported in most literature (8–10). Since 
childhood leukaemia patients require specialized  
care, the distance between the patient’s home and  
the nearest tertiary care facility was measured. The 
residential addresses of patients were manually  
converted into World Geodetic System (WGS) 
coordinates before being loaded into the QGIS. The 
shapefile for tertiary healthcare facilities in Malaysia 
was divided into Peninsular Malaysia and East  
Malaysia. Subsequently, each residential area was 
measured for the shortest distance to the tertiary care 
centre by car. The distances were later categorized as 
“<10”, “10-25”, “25-50”, “50-100”, and “>100” km 
(11).

Statistical Analysis
Data were analyzed using SPSS version 27. The time-
to-event was the outcome of interest in this study. All  
1,212 patients who fulfilled the study criteria were 
followed up until the 31st of December 2019, resulting 
in a minimum of 5 years (60 months) of follow-ups 
for all patients. Those who were still alive at the end 
of the follow-up period were censored. Univariable 
Cox regression was used to investigate the association 
between each variable. Variables with p-values less 
than 0.25 (12) were subsequently included in the 

multivariable Cox regression analysis. A forward and 
backward likelihood ratio method was used to obtain 
the best predictors of death. The variables were chosen 
based on p-values less than 0.05 for variable inclusion 
and p-values greater than 0.1 for variable removal. The 
hazard functions and a log-minus-log plot were used  
to test the proportional hazard assumption against  
time. The final model included a hazard ratio, 95% 
confidence interval, and p-value. Covariates with 
p-values lesser than 0.05 were considered prognostic 
indicators for death in childhood leukaemia.

Ethics Approval
The Ethical Committee of the Faculty of Medicine 
and Health Sciences at Universiti Malaysia Sabah 
(UMS) (JKEtika 1/21 (10)) and the Medical Review and 
Ethical Committee of the Ministry of Health Malaysia 
NMRR-21-385-58568 (IIR) granted clearance for the 
study. Following that, approval was also obtained from 
the National Cancer Institute’s Director (Reference 
No.: IKN.CRC/760-2/4/1 JLD.2 (38)) and Malaysia’s 
National Geospatial Centre’s Director (Reference No.: 
KeTSA.600-4/2/2) for the usage of pediatric leukaemia 
data and healthcare facility geospatial data. Patient 
consent was not required because there was no 
identifiable patient data.

RESULTS

Characteristics of Patients
From 2010 to 2014, the event (death) was met in  
548 cases while the remaining 664 cases were alive 
(censored). Table I provides an overview of the 
characteristics and present status (alive or dead) of  
the childhood leukaemia patient population in this 
study.

Cox Regression Analysis
The univariable Cox regression analysis was done  
for all variables. The significant factors of p-value less 
than 0.25 were sex, age groups, ethnicity, leukaemia 
and chemotherapy at diagnosis (Table II). However, 
multiple Cox regression analysis (Table III revealed 
that sex (p<0.05), age at diagnosis (p<0.001), ethnicity 
(p<0.05), and leukaemia subtypes (p<0.001) were 
important predictive factors for death. Females had 
a 19% (HR: 0.81, 95% CI: 0.68, 0.96) reduced  
likelihood of death than males. Meanwhile, patients 
aged less than one year, 10-14, and 15-19 years old 
had 1.7 (p<0.05), 1.7 (p<0.001), and 2.2 (p<0.001) 
times the risk of death compared to patients aged 1-4 
years old. Malay children with leukaemia had a 33% 
(HR: 1.33, 95% CI: 1.05, 1.68) higher risk of death  
than Chinese patients. Mature B-cell (1a2) subtypes, 
AML (1b) subtypes, and unspecified and other  
leukaemia (1e) subtypes had 1.6 (p<0.05), 1.5 
(p<0.001), and 1.6 (p<0.001) times the likelihood of 
dying from childhood leukaemia as compared to ALL 
(1a1) subtypes.
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Table I : Characteristics of childhood leukaemia patients included in the study (n=1,212)

 Characteristics n Alive (%) Dead (%)

Total 1,212 664 (54.8) 548 (45.2)

Sex

Male 705 366 (51.9) 339 (48.1)

Female 507 298 (58.8) 209 (41.2)

Age

< 1 year old 48 21 (43.8) 27 (56.3)

1 to 4 years old 464 306 (65.9) 158 (34.1)

5 to 9 years old 282 170 (60.3) 112 (39.7)

10 to 14 years old 212 101 (47.6) 111 (52.4)

15 to 19 years old 206 66 (32.0) 140 (68.0)

Ethnicity

Malay 768 395 (51.4) 373 (48.6)

Chinese 211 125 (59.2) 86 (40.8)

Indian 72 43 (59.7) 29 (40.3)

Others 161 101 (62.7) 60 (37.3)

Distance (km)

<10 612 328 (53.6) 284 (46.4)

10-25 457 256 (56.0) 201 (44.0)

25-50 116 63 (54.3) 53 (45.7)

50-100 22 14 (63.6) 8 (36.4)

>100 5 3 (60.0) 2 (40.0)

Leukaemia subtypes

All lymphoid leukaemia (1a) 608 388 (63.8) 220 (36.2)

Precursor-cell (ALL;1a1) 530 347 (65.5) 183 (34.5)

Mature B-cell (1a2) 49 23 (46.9) 26 (53.1)

Mature T-cell and NK. cell (1a3) 4 1 (25.0) 3 (75.0)

Lymphoid leukaemia NOS (1a4) 25 17 (68.0) 8 (32.0)

Acute myeloid leukaemia (AML; 1b) 327 150 (45.9) 177 (54.1)

Unspecified and other leukaemia (1e) 277 126 (45.5) 151 (54.5)

Treatment

Chemotherapy

Yes 867 492 (56.7) 375 (43.3)

No 109 55 (50.5) 54 (49.5)

Unrecorded 236 117 (49.6) 119 (50.4)

Radiotherapy

Yes 5 2 (40.0) 3 (60.0)

No 384 193 (50.3) 191 (49.7)

Unrecorded 823 469 (57.0) 354 (43.0)

Surgery

Yes 15 8 (53.3) 7 (46.7)

No 385 193 (50.1) 192 (49.9)

Unrecorded 812 463 (57.0) 349 (43.0)
n: number of cases, %: Percentage, Alive: Censored, Dead: Event
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DISCUSSION

In this study, data from the MNCR was retrieved to  
identify the predictive determinants for death among 
childhood leukaemia patients who were diagnosed 
between 2010 and 2014. Sex, age, ethnicity, and 

leukaemia subtypes substantially impacted the survival 
rate. According to the results, sex was a significant 
prognostic factor, with females having a 19% lower 
risk of death than males. Differences in biological 
and genetic factors between males and females may 
contribute to varying outcomes in leukaemia patients. 

Table II : Univariable Cox Regression Analysis for Prognostic Factors for Death of Childhood Leukemia, 
Malaysia, 2010-2014 (n=1,212)

Variables Crude HR (95% CI) p-value

Sex 0.066

Male 1 (ref.)

Female 0.85 (0.72, 1.01) 0.066

Age <0.001

1 to 4 years old 1 (ref.)

< 1 year old 1.97 (1.31, 2.97) 0.001

5 to 9 years old 1.21 (0.95, 1.54) 0.127

10 to 14 years old 1.74 (1.37, 2.22) <0.001

15 to 19 years old 2.43 (1.94, 3.06) <0.001

Ethnicity 0.011

Chinese 1 (ref.)

Malay 1.30 (1.03, 1.64) 0.030

Indian 1.11 (0.75, 1.63) 0.938

Others 0.98 (0.65, 1.50) 0.513

Distance (km) 0.861

<10 1 (ref.)

10-25 0.94 (0.78, 1.12) 0.478

25-50 1.04 (0.78, 1.40) 0.778

50-100 0.75 (0.37, 1.51) 0.420

>100 0.96 (0.24, 3.84) 0.948

Leukemia subtypes <0.001

Lymphoid leukemia

Precursor-cell (ALL;1a1) 1 (ref.)

Mature B-cell (1a2) 1.77 (1.18, 2.68) 0.006

Mature T-cell and NK cell (1a3) 3.09 (0.99, 9.69) 0.052

Lymphoid leukemia NOS (1a4) 0.90 (0.44, 1.82) 0.766

Acute myeloid leukemia (AML; 1b) 1.85 (1.51, 2.28) <0.001

Unspecified and other leukemia (1e) 1.88 (1.52, 2.33) <0.001

Treatment

Chemotherapy 0.020

Yes 1 (ref.)

No 1.31 (0.98, 1.74) 0.064

Unrecorded 1.29 (1.05, 1.58) 0.017
Univariable analysis using simple Cox regression model; HR: Hazard ratio; 95% CI: 95% confidence interval; n: number of cases, (ref.): reference
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Hormonal influences, immune responses, and genetic 
predispositions can affect disease progression and 
response to treatment. The finding that females had 
a lower risk of death than males suggests potential 
underlying biological mechanisms influencing 
leukaemia survival. The disparity between sexes might 
also be related to leukaemia lineage, especially in ALL, 
as reported in a recent study (4). 

In addition, children below the age of one year and 
between 10-19 years showed a higher risk of death  
than children between the ages of 1-4 years. In the 
literature, infancy was strongly associated with a poor 
prognosis of childhood leukaemia due to genetic 
damage, poor response to induction treatment in  

babies, especially with ALL, as well as the presence  
of CD10 negativity and Pro-B immunophenotype (13–
15). In comparison, adolescents were more likely to  
die from leukaemia if they were diagnosed with 
biologically high-risk leukaemia (16), did not  
participate in clinical trials and were treated with adult 
regimens (17). It is also important to note that the  
reasons behind the higher mortality risk among these  
age groups are multifactorial. Hence, to address the 
higher risk of death among infants and adolescents 
diagnosed with leukaemia in Malaysia, several  
solutions can be implemented. These include improving 
early detection and diagnosis, enhancing specialized 
pediatric oncology services, optimizing treatment 
protocols for infants, promoting treatment adherence 

Table III : Multivariable Cox Regression Analysis for Prognostic Factors for Death of Childhood Leukaemia, 
Malaysia, 2010-2014 (n=1,212)

Variables Adjusted HR (95% CI) p-value

Sex 0.018

Male 1 (ref.)

Female 0.81 (0.68, 0.96) 0.018

Age <0.001

< 1 year old 1.66 (1.10, 2.50) 0.017

1 to 4 years old 1 (ref.)

5 to 9 years old 1.25 (0.98, 1.60) 0.071

10 to 14 years old 1.70 (1.33, 2.18) <0.001

15 to 19 years old 2.24 (1.77, 2.84) <0.001

Ethnicity 0.031

Malay 1.33 (1.05, 1.68) 0.020

Chinese 1 (ref.)

Indian 0.95 (0.62, 1.46) 0.824

Others 1.04 (0.75, 1.46) 0.801

Leukaemia subtypes <0.001

Lymphoid leukaemia 

Precursor-cell (ALL;1a1) 1 (ref.)

Mature B-cell (1a2) 1.63 (1.07, 2.47) 0.022

Mature T-cell and NK cell (1a3) 2.52 (0.79, 8.04) 0.120

Lymphoid leukaemia NOS (1a4) 0.91 (0.45, 1.85) 0.786

Acute myeloid leukaemia (AML; 1b) 1.52 (1.22, 1.89) <0.001

Unspecified and other leukaemia (1e) 1.60 (1.28, 2.00) <0.001

Treatment

Chemotherapy 0.187

     Yes 1 (ref.)

     No 1.21 (0.90, 1.63) 0.201

     Unrecorded 1.19 (0.96, 1.47) 0.119

HR: Hazard ratio; 95% CI: 95% confidence interval; n: number of cases, (ref.): reference
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and participation in clinical trials, strengthening 
supportive care services, and enhancing public health 
education. Collaboration among healthcare providers, 
policymakers, researchers, and the community is 
essential for the successful implementation of these 
solutions.

Ethnicity has been established as a predictor of death  
in childhood leukaemia in many studies (18–20). 
However, one earlier study found that ethnicity did 
not affect survival (21). The Malaysian population is 
made up of three main ethnicities: Malay, Chinese, and 
Indian, each with its distinctive history, culture, and 
social standing. In our study, ethnicity is a predictor 
of death. Malay children had a 33% higher risk of 
dying from childhood leukaemia compared to Chinese 
children. Similar results were found in another local 
study (7). In East Malaysia, specifically in regions such as  
Sabah and Sarawak, the presence of distinctive 
socioeconomic (22,23), educational (24,25), and 
cultural (26) intricacies may contribute to the 
exacerbation of disparities in health outcomes and 
access to leukaemia care for children, despite the 
insignificance of ‘Other’ ethnicity as prognostic 
factors for death. Moreover, ethnicity is one of 
the major social health factors contributing to 
disparities in health outcomes, particularly among 
disadvantaged populations (27). Delays in diagnosis and  
abandonment of therapy as a result of socioeconomic 
disadvantages often lead to disease progression and 
recurrence (28). Additionally, other cultural factors 
such as parents’ educational level, health perception, 
and health-seeking behaviour also contributed to the  
ethnic disparities in the prognosis and outcomes of 
childhood leukaemia (29–31). Therefore, to address 
ethnic disparities in health outcomes, particularly in 
childhood leukaemia, in Malaysia, several approaches 
can be taken. These include improving access to 
healthcare, increasing awareness and education, 
enhancing culturally sensitive healthcare services, 
reducing socioeconomic barriers, and supporting  
patient advocacy groups. These strategies aim to  
promote equitable access to healthcare, address 
cultural beliefs and barriers, and improve overall health 
outcomes for all ethnic groups in Malaysia.

Regarding leukaemia subtypes, childhood leukaemia 
patients with AML showed almost two times greater  
risk of death than those with ALL. Our result  
corresponded with a study in California, United 
States (20). The poor prognosis in AML patients is 
often attributed to relapse, disease complications, 
and medication adverse effects (32–34). In this study, 
chemotherapy treatment was not a prognostic factor  
for death. Even though it was significant in the 
univariable analysis, it was not significantly associated 
with mortality once adjusted in the multivariable 
analysis. However, different methods of evaluating  
the treatment could have impacted the study outcomes. 

For instance, in a recent study (35), the outcomes of 
different subtypes of leukaemia kinds were assessed 
based on specific treatment methods.

The strength of our study is the large population-based 
data on childhood leukaemia from the MNCR. Hence, 
the results represent a reliable overview of the overall 
cancer care for childhood leukaemia in Malaysia. In 
addition, the completeness of the alive/dead status 
at the end of the follow-up period was another key 
strength. However, there are also several limitations in 
our study. Since the study relied on secondary registry 
data, chemotherapy types, socioeconomic status, 
treatment adherence, follow-up status, and residence 
type (rural or urban) were not analysed. Moreover, there 
was a high number of missing data on radiotherapy 
and surgical treatment because this section of  
notification was voluntary in the registry, thus updates 
on treatment following diagnosis were scarce. Hence, 
future studies need to seek alternative strategies to 
address this limitation. Nevertheless, despite these 
limitations, this study provided important baseline 
evidence on the prognostic factors for death among 
childhood leukaemia patients in Malaysia

CONCLUSION

In conclusion, four major prognostic factors of death 
among pediatric leukaemia patients were identified 
in this study, namely gender, age, ethnicity, and the 
subtypes of leukaemia. Chemotherapy treatment at 
diagnosis was not a significant predictor of death. 
However, early detection and treatment may improve 
survival. Future research should expand the collection 
of all other relevant variables. Like-minded researchers 
should aim to fill the gaps in current evidence on the 
prognostication of pediatric leukaemia, especially in 
terms of leukaemia subtype-specific treatment types, 
individual and neighbourhood-level socioeconomic 
disparities, and access to health care services among 
different ethnicities.

ACKNOWLEDGEMENT

Our gratitude to the Director-General of Health  
Malaysia for allowing this article to be published. 
Please accept our sincere thanks to the National  
Cancer Institute and National Geospatial Centre 
Directors in MOH Malaysia as well as to the Head of  
the Department of the Malaysia National Cancer 
Registry.

REFERENCES
 
1.  International Agency for Research on Cancer 

[homepage on the Internet]. GLOBOCAN: Cancer 
Today; 2020 [cited 2021 Aug 11]. Available from: 
https://gco.iarc.fr/today/online-analysis-multi-ba
rs?v=2020&mode=cancer&mode_&population=



Mal J Med Health Sci 19(SUPP20): 64-71, Dec 2023 70

900&populations=900&key=asr&sex=0&cance
r=39&type=0&statistic=5&prevalence=0&popu
lation_group=0&ages_group%5B%5D=0&ages_
group%5B%5D=3&nb_items=10&g

2.  Azizah AM, Nor Saleha IT, Noor Hashimah A, 
Asmah ZA, Mastulu W, Puteri NA, et al. Synopsis 
of Childhood Cancer Incidence in Malaysia 2007-
2011. Putrajaya; 2018.

3.  Hunger SP, Lu X, Devidas M, Camitta BM, 
Gaynon PS, Winick NJ, et al. Improved survival for 
children and adolescents with acute lymphoblastic 
leukaemia between 1990 and 2005: a report 
from the children’s oncology group. J Clin Oncol. 
2012;30(14):1663-1669. https://doi.org/10.1200/
JCO.2011.37.8018

4.  Sumit G, Teachey DT, Chen Z, Rabin KR, Dunsmore 
KP, Larsen EC, et al. Sex-based disparities in 
outcome in pediatric acute lymphoblastic 
leukaemia: a Children’s Oncology Group report. 
Cancer. 2022;128(9):1863-1870. https://doi.
org/10.1182/blood-2020-136609 

5.  Lee JW, Cho B. Prognostic factors and treatment 
of pediatric acute lymphoblastic leukaemia. 
Korean J Pediatr. 2017;60(5):129-137. https://doi.
org/10.3345/kjp.2017.60.5.129

6.  In J, Lee DK. Survival analysis: Part I - analysis of 
time-to-event. Korean J Anesthesiol. 2023;76(1):83. 
https://doi.org/10.4097/kja.d.18.00067.e1

7.  Azizah AM, Noor Hashimah A, Khalijah MY, Wan 
Abdul Rahim WM, Norma S, Noriklil Bukhary IB, 
et al. Malaysian study on cancer survival (MySCan). 
Putrajaya. 2018. 

8.  Bonaventure A, Harewood R, Stiller CA, Gatta G, 
Clavel J, Stefan DC, et al. Worldwide comparison 
of survival from childhood leukaemia for 1995–
2009, by subtype, age, and sex (CONCORD-2): 
a population-based study of individual data for 
89 828 children from 198 registries in 53 countries. 
Lancet Haematol. 2017;4(5):e202–17. https://doi.
org/10.1016/S2352-3026(17)30052-2

9.  Wang Y, Huang J, Rong L, Wu P, Kang M, Zhang 
X, et al. Impact of age on the survival of pediatric 
leukemia: An analysis of 15083 children in the 
SEER database. Oncotarget [Internet]. 2016 [cited 
2020 Nov 18];7(50):83767–74. Available from: /
pmc/articles/PMC5347803/?report=abstract

10.  Steliarova-Foucher E, Colombet M, Ries LAG, 
Moreno F, Dolya A, Bray F, et al. International 
incidence of childhood cancer, 2001–10: a 
population-based registry study. Lancet Oncol. 
2017;18(6):719–31. https://doi.org/ 10.1016/
S1470-2045(17)30186-9

11.  Tøstesen M, Nørgaard M, Nørgaard JM, Medeiros 
BC, Marcher CW, Overgaard UM, et al. Longer 
distance to specialized treatment centres does not 
adversely affect treatment intensity or outcomes 
in adult acute myeloid leukaemia patients. A 
Danish national population-based cohort study. 
Clin Epidemiol. 2019;11:769-780. https://doi.

org/10.2147/CLEP.S210456
12. Hosmer DW, Lemeshow S. Applied logistic 

regression. 2nd ed. United States of America: 
Wiley 2000. 

13.  Gao C, Liu SG, Yue ZX, Liu Y, Liang J, Li J, et al. 
Clinical-biological characteristics and treatment 
outcomes of pediatric pro-B ALL patients enrolled 
in BCH-2003 and CCLG-2008 protocol: a 
study of 121 Chinese children. Cancer Cell Int. 
2019;19:293. https://doi.org/10.1186/s12935-019-
1013-9

14.  Lustosa de Sousa DW, de Almeida Ferreira FV, 
Cavalcante Félix FH, de Oliveira Lopes MV. 
Acute lymphoblastic leukaemia in children and 
adolescents: prognostic factors and analysis 
of survival. Rev Bras Hematol Hemoter. 
2015;37(4):223-229. https://doi.org/10.1016/j.
bjhh.2015.03.009 

15.  Möricke A, Ratei R, Ludwig W-D, Harbott J, 
Borkhardt A, Viehmann S, et al. Prognostic impact 
of age in children and adolescents with acute 
lymphoblastic leukaemia: data from the trials ALL-
BFM 86, 90, and 95. Klin Padiatr. 2005;217(6):310-
320. https://doi.org/10.1055/s-2005-872515

16.  Tricoli J V., Seibel NL, Blair DG, Albritton K, Hayes-
Lattin B. Unique characteristics of adolescent and 
young adult acute lymphoblastic leukaemia, breast 
cancer, and colon cancer. J Natl Cancer Inst. 
2011;103(8):628-635. https://doi.org/10.1093/
jnci/djr094 

17.  Alken S, Owens C, Gilham C, Grant C, Pears 
J, Deady S, et al. Survival of childhood and 
adolescent/young adult (AYA) cancer patients in 
Ireland during 1994-2013: comparisons by age. 
Ir J Med Sci. 2020;189(4):1223-1236. https://doi.
org/10.1007/s11845-020-02236-0

18.  Bhatia S, Sather HN, Heerema NA, Trigg ME, Gaynon 
PS, Robison LL. Racial and ethnic differences in 
survival of children with acute lymphoblastic 
leukemia. Blood. 2002;100(6):1957-1964. https://
doi.org/10.1182/blood-2002-02-0395 

19.  Kadan-Lottick NS, Ness KK, Bhatia S, Gurney 
JG. Survival variability by race and ethnicity in 
childhood acute lymphoblastic leukaemia. JAMA. 
2003;290(15):2008-2014. https://doi.org/10.1001/
jama.290.15.2008

20.  Kent EE, Sende LS, Largen JA, Anton-Culve H. 
Leukemia survival in children, adolescents, and 
young adults: influence of socioeconomic status 
and other demographic factors. Cancer Causes 
Control. 2009;20(8):1409-1420. https://doi.
org/10.1007/s10552-009-9367-2

21.  Pui C-H, Boyett JM, Meyer WH, Crist WM, Hancock 
L. Outcome of treatment for childhood cancer in 
black as compared with white children. The St Jude 
Children’s Research Hospital experience, 1962 
through 1992. JAMA. 1995;273(8):633-637. https://
doi.org/10.1001/jama.1995.03520320043039

22.  Lim TS, Cheong JQ, Beatrice LFY, Rafiq I. Income 

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)



Mal J Med Health Sci 19(SUPP20): 64-71, Dec 202371

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Differentials in Sabah, Malaysia. In: Demographic 
and Socioeconomic Changes in Sabah [Internet]. 
Universiti Malaysia Sabah; 2021. p. 115–42. 
Available from: https://books.google.com.my/
books?hl=en&lr=&id=V-twEAAAQBAJ&oi=fnd&
pg=PA115&dq=socioeconomic+sabah+and+sa
rawak&ots=x-oW7enu5J&sig=GdsU49nPWycY-
4 u 2 H C D G X H b e k d Y & r e d i r _
esc=y#v=onepage&q=socioeconomic sabah and 
sarawak&f=false

23.  Yap S, Wong SS, Chew K, Swee-hui J. Assessing the 
Relationship between Socio-demographic , Clinical 
Profile and Financial Toxicity : Evidence from 
Cancer Survivors in Sarawak. 2020;21:3077–83. 
https://doi.org/ 10.31557/APJCP.2020.21.10.3077 

24.  United Nations Childrens’ Fund Malaysia. Children 
Out of School. The Sabah Context. 2019. 

25.  Jores D, Abdullah AR, Rahman MM. Association 
Between Preventive Behaviour on Colorectal 
Cancer and Health Literacy Among the Adult 
Population in Sarawak, Malaysia. Malaysian J 
Public Heal Med. 2021;21(1):190–7. https://doi.
org/10.37268/mjphm/vol.21/no.1/art.774

26.  Tay NP. Population Growth, Distribution and 
Composition. In: Demographic and Socioeconomic 
Changes in Sabah [Internet]. Universiti Malaysia 
Sabah; 2021. p. 1–29. Available from: https://
books.google.com.my/books?hl=en&lr=&id=V-
twEAAAQBAJ&oi=fnd&pg=PR1&dq=socioecon
omic+sabah+and+sarawak&ots=x-oW7enu5J&
sig=VLBjN4qvDgabcwBlSRbXbq3tIAA&redir_
esc=y#v=onepage&q=socioeconomic sabah and 
sarawak&f=false

27.  U.S. Department of Health and Human Services. 
Health Equity and Health Disparities Environmental 
Scan. Rockville, MD: U.S. Department of Health 
and Human Services, Office of the Assistant 
Secretary for Health, Office of Disease Prevention 
and Health Promotion; 2022.

28.  Hamidah A, Doris Lau SC, Loh C-K, Harrison CJ, 
Eswaran J. Improved Treatment of Childhood ALL in 
Malaysia. Blood. American Society of Hematology 

[Internet]. 2019 [cited 2020 Nov 10]. Available 
from: https://ashpublications.org/blood/article/134/
Supplement_1/5828/425782/Improved-Treatment-
of-Childhood-ALL-in-Malaysia

29.  Nirmala B-P, Mikael Hartman, Cheng-Har Yip, 
Nakul Saxena, Aishah Taib Nur, Siew-EngLim, et 
al. Ethnic differences in survival after breast cancer 
in South East Asia. PLoS One. 2012;7(2):e30995. 
https://doi.org/10.1371/journal.pone.0030995

30.  Noorfariza N, Majdi YN, Hashimah AN, Mohd 
HS. Survival Time and Prognostic Factors for 
Breast Cancer among Women in North-East 
Peninsular Malaysia. Asian Pac J Cancer Prev. 
2018;19(2):497-502. https://doi.org/10.22034/
APJCP.2018.19.2.497

31.  Rodriguez CP, Baz R, Jawde RA, Rybicki 
LA, Kalaycio ME, Advani A, et al. Impact of 
socioeconomic status and distance from treatment 
centre on survival in patients receiving remission 
induction therapy for newly diagnosed acute 
myeloid leukaemia. Leuk Res. 2008;32(3):413-420. 
https://doi.org/10.1016/j.leukres.2007.07.015

32.  Logan C, Koura D, Taplitz R. Updates in infection 
risk and management in acute leukaemia. 
Hematology Am Soc Hematol Educ Program. 
2020;2020(1):135-139. https://doi.org/10.1182/
hematology.2020000098

33.  Rooij JDE de, Zwaan CM, Heuvel-Eibrink M van 
den. Pediatric AML: From Biology to Clinical 
Management. J Clin Med. 2015;4(1):127-149. 
https://doi.org/10.3390/jcm4010127

34.  Arora RS, Arora B. Acute leukaemia in children: 
A review of the current Indian data. South 
Asian J Cancer. 2016;5(3):155-160. https://doi.
org/10.4103/2278-330X.187591

35.  Hany A, Syaza AR, Leong SH, Chiew EK-H, Lin HP, 
Quah TC, et al. Malaysia-Singapore (MASPORE) 
leukaemia study group: From common history to 
successful collaboration. Pediatr Hematol Oncol 
J. 2020;5(1):11–6. https://doi.org/10.1016/j.
phoj.2020.03.009


