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ABSTRACT

Introduction: Paediatric patients with acute lymphoblastic leukaemia (ALL) have shown a better overall survival (OS) 
and event-free survival (EFS) over the recent decades. This is due to advancement of diagnostic modalities, individ-
ualized treatment and improved supportive care. This study was done to determine common clinical presentations, 
prognostic factors associated with disease outcome and the overall survival in patients treated with UKALL protocol. 
Materials and methods: This was a retrospective cohort study done in the year 2022  involving data interpretation 
from medical records of children diagnosed with ALL and received treatment with UKALL protocol in Hospital Uni-
versiti Sains Malaysia from 1st January 2008 until 31st December 2018. Kaplan-Meier analysis with log-rank were 
performed to determine the 3-year survival probability. Multivariate analysis with simple and multiple Cox regression 
were performed to determine the significant prognostic factors of poor disease outcome. Results: A total of 97 patients 
were included in the study. The commonest clinical presentations were fever (83.5%), pallor (82.5%) and lethargy 
(52.6%). Clinical examinations revealed most patients had hepatomegaly (92.8%), splenomegaly (83.5%) and lymph-
adenopathy (82.5%). The 3-year OS is 72.2%. In this study, Kaplan -Meier analysis showed that the weight percentile 
(p=0.002), and  the presence of blast in CSF (p=0.023) were significant factors in survival analysis of leukaemia pa-
tients. Multivariate analysis showed that the weight percentile of 10th – 95th percentile, significantly predicted the poor 
survival outcome (p=0.002) in this study. Conclusion: Most of paediatric ALL patients usually presented with com-
mon clinical presentations of acute leukaemia. Our overall survival (OS) is comparable to other developing countries. 
Patient with weight percentile of 10th -95th percentile and blast in CSF significantly predicted poor survival outcomes. 
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INTRODUCTION

Leukaemia accounts for 25 to 30% of childhood cancer. 
Vast majority of acute leukaemia comprised of acute 
lymphoblastic leukaemia (ALL) which is estimated 
around 80% of the cases. Peak incidence of paediatric 
ALL is in between 2 to 5 years old.(1) 

Studies and research on risk factors and outcome of 
ALL therapy has been done for decades to improve the 
survival of children affected by the illness. Hospital 
Universiti Sains Malaysia (Hospital  USM) has been one 
of the oncology centre for the east coast of Peninsular 
Malaysia and has been implementing multiple  protocols 
for treatment of childhood ALL since early 1990s. In 

Malaysia, a few studies were done on treatment outcome 
in paediatric ALL patients. In our centre, Nasir A. et al. 
(2020) did a study on overall outcome and survival of 
childhood ALL patient.(1) Their study involved patients 
diagnosed from 1990 to 2010 thus most of the patients 
were on different protocol , which was European 
Organization for Research and Treatment of Cancer ( 
EORTC) protocol. 

Multiple studies have found 5-year overall survival (OS) 
varied from developed and developing countries. Recent 
studies showed that 5-year OS of 80% to 90-95% in 
developed country and in Asia the 5- year OS ranged 
from 44.3% to 80%.(2,3) Malaysian Study on Cancer 
Survival (MySCan) over a period of 5 years from 2007 
to 2011 reported the 5-year OS in paediatric leukaemia 
was 62.3%.(4)

Multiple prognostic factors have been identified from 
multiple studies which might affect the OS and event-
free survival (EFS) in the ALL patient. Adverse prognostic 
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factors include male gender, age younger than 1 year 
old or older than 10 years old, high white cell count 
on presentation, T-cell immunophenotype, abnormal 
cytogenetic such as hypoploidy and Philadelphia 
chromosome, high level of minimal residual disease 
(MRD) at day 28 of chemotherapy and poor early 
response at day 8 of induction with steroid.(5,6,7)

Over the years, multiple treatment protocols were 
developed to improve the outcome of paediatric ALL 
patients. Hospital USM has been implementing the 
United Kingdom National Randomised Trial for Children 
and Young Adults with Acute Lymphoblastic Leukaemia 
and Lymphoma (UKALL) treatment regimens for our 
patients. This protocol was started in Hospital USM 
in year 2007 and was fully implemented on new ALL 
cases by year 2008. Patients on UKALL protocol were 
stratified according to disease risk factor and specific 
treatment regimen. UKALL protocol had underwent 
multiple upgrading since its introduction. Although 
there were not  many changes to the medication used, 
the overall disease stratification for patient’s treatment 
had improved significantly since the introduction of 
cytogenetic analysis and MRD analysis.  

ALL patient has better survival outcomes due to 
advancement of diagnostic modalities, better and more 
specific risk stratification strategies and improvement in 
treatment approach and supportive care. 

This study was done to determine the clinical 
characteristics and prognostic factors involved in the 
outcome of paediatric ALL patients on UKALL regimen. 
We also looked at the 3-year survival probability of 
patient with ALL. This study also included other factors 
that were not discussed in the earlier study in our 
centre such as patient nutritional status and cytogenetic 
outcome.	

MATERIALS AND METHODS 

This was a retrospective cohort study of children 
diagnosed with ALL in Hospital USM from 1st January 
2008 till 31st December 2018. The list of children 
with ALL was obtained from the registry in Paediatric 
Oncology Unit and Medical Record Unit, Hospital 
USM. Patient medical records were traced using coding 
expert systems (codEt ) for Hospital USM. All available 
medical records were reviewed, and the information 
was collected based on a standardized case recording 
form. Patients less than 13 years old at presentation, 
diagnosed with ALL and on UKALL protocol during 
period of study were included. Patients with insufficient 
data, on different treatment protocol or transfer out to 
other centre in the middle of treatment were excluded. 
Study approval was issued by Human Research Ethics 
Committee (USM/JEPeM/22020099).

Data analysis was performed using IBM SPSS Statistics 

for Windows, Version 26.0. Armonk, NY: IBM Corp. 
Numerical data were presented as mean ± standard 
deviation (SD) and categorical variables were expressed 
as frequencies and percentages. OS was analysed 
using the Kaplan-Meier method consisting of time 
from diagnosis to study event. A log-rank test was 
used to compare the survival curves between selected 
subgroups (gender, age group, lineage, response to 
chemotherapy, and history of relapse). Simple Cox 
regression was performed on all potential variables to 
get the preliminary model. Significant variables were 
analysed using multiple Cox proportional hazards to get 
the final model. A p-value of less than 0.05 was deemed 
statistically significant.

RESULTS

A total of 178 patients who fulfilled the inclusion 
criteria were identified and 97 patients were available 
for analysis. Eighty one patients were excluded from the 
study . From the 81 patients excluded from the study, 59 
patients had insufficient or unavailable data, 17 patients 
were on different treatment protocol and 5 patients 
were transferred out to other hospital in the middle of 
treatment. 

From 97 patients included in the study, majority of 
the patients were males (n=62) compared to females 
(n=35). Majority of patients (91.8%) were aged 1 year 
old and above to less than 10 years old with overall 
median age of 5.2 ± 2.9 years old. Most of the patients 
were Malay (96.9%), followed by Chinese (1.0%) and 
Orang Asli (2.1%). About 61.9% of patients were in the 
weight of 10th – 95th percentile. Thirty five patients were 
underweight (36.1%) and 2 patients were overweight 
(2.1%). Large majority of patients were referred from 
tertiary centre without oncology facility (55.7%). Referral 
from secondary and primary centre were 23.7% and 
20.6% respectively. Only one patient had first degree 
relative with ALL (1.0%). 

Regarding initiation of treatment,  82 patients (84.5%) 
received treatment within 4 weeks of diagnosis. Fifteen 
patients (15.5%) received treatment more than 4 weeks 
after diagnosis.

Three patients defaulted after initial diagnosis but 
returned after three to seven months. Twelve patients 
had delayed  treatment about five to eight weeks due to 
severe infection or diagnostic issue.

UKALL regimens are stratified to three risk groups: 
standard risk (regime A), intermediate risk (regime B), 
and high risk (regime C). Our study found that more 
than half of patients were treated with regime A (57.7%), 
followed by regime B (35.1%) and regime C (7.2%). 
Seventy patients (72.2%) had completed chemotherapy 
during the study period. Another 27 patients (27.8%) 
were unable to complete the chemotherapy due to 
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multiple causes such as, defaulted chemotherapy (n=7), 
relapse of disease (n=17) and  succumbed to death 
during initiation of treatment (n=3).

The commonest initial clinical presentations were 
fever (n=81), pallor (with or without anaemia 
symptoms) (n=80) and lethargy (n=51). Other clinical 
presentations were constitutional symptoms (44.3%), 
bruises (22.7%), joint pain (20.6%), abdominal pain or 
distension (14.4%). Patients were also found to have 
organomegaly: hepatomegaly (n=90), splenomegaly 
(n=81), and lymphadenopathy (n=80). Some of the 
patients were presented with less typical presentation 
such as joints pain (n= 3), muscle weakness (n=1) or 
vomiting at presentation (n=2). 

Common poor prognostic factors for ALL patients are 
age at diagnosis < 1 year old or ≥ 10 years old, male 
gender, T cell immunophenotypes, hyperleukocytosis, 
hepatosplenomegaly > 5 cm or early treatment response 
(Table I).

CONTINUE

had renal complications (tubulopathy and acute kidney 
injury). Chromosome/cytogenetic analysis was done for 
56 patients and the rest was not done due to possible 
inadequate sampling or unable to get sample due to dry 
tap during bone marrow aspiration. Out of 56 patients, 
21 patients had normal results while 16 patients had 
abnormal results. The chromosome abnormalities 
were divided into three categories. Favorable risk 
(12.5%) consisted of hyperdiploidy (n=1) and ETV6-
RUNX1 (n=1). Unfavorable risk (68.8%) consisted of 
hypodiploidy (n=4), BCR-ABL1 (n=4), trisomy 21 (n=2), 
t (1:19) (n=1). Unknown risk (18.8%) consisted of 1 
patient with 25% chromosome with monosomy 22, 1 
patient with 46 XY, inv (1) (p13.3:q21) [14], 46XY [8], 
and 1 patient with t (12:17) (p13:q12).

This study showed that the overall survival rate for 
paediatric ALL patient at 1-year, 3-year, and 5-year were 
87.6%, 72.2%, and 61.9%, respectively. ALL patients 
that experienced events such as relapse or death, were 
higher among male (65.7%), aged 1-10 years (91.8%) 
and patients with body weight within 10th – 95th weight 
percentile (65.7%). When comparing survival according 
to the prognostic factors using Log-rank test, the result 
showed a difference in overall survival distributions in 
weight percentile and CSF involvement with p- value 
< 0.05. (Table II) . Kaplan-Meier survival analysis of 
paediatric ALL patients in Hospital USM showed the 
overall median survival time was 27 months (95% CI: 
12.37, 41.63) (Figure 1).

Table I: Initial clinical presentations of ALL patients (N=97)

Variables n (%)

Fever 81(83.5)

Constitutional symptoms 43 (44.3)

Lethargy 51 (52.6)

Pallor/anaemia 80 (82.5)

Petechiae 5 (5.2)

Bruises 22 (22.7)

Vomiting 2 (2.1)

Abdominal pain/distension 14 (14.4)

Joint pain 20 (20.6)

Bone pain 3 (3.1)

Muscle weakness 1 (1.0)

Hepatomegaly 90 (92.8)

Splenomegaly 81 (83.5)

Lymphadenopathy 80 (82.5)

Scrotal pain/swelling 1 (1.0)

Majority of patients in this study had good initial response 
to chemotherapy (91.8%), while poor initial response 
was 7.2% and 1% was not able to assess the response as 
patient passed away prior to marrow reassessment. About 
77.3% of patients had episodes of febrile neutropenia 
throughout the duration of chemotherapy. Ten patients 
(10.3%) had reaction to Asparaginase therapy (one 
patient had anaphylaxis episode, three patients had 
transient diabetes, two patients developed lower limb 
deep vein thrombosis and the rest of the patients had 
mild reaction). 									      
	    
Twenty nine patients had liver toxicity episodes with 
variable degree throughout chemotherapy. Eight patients 
(8.2%) had neurology complication (vincristine induced 
transient peripheral neuropathy and methotrexate 
toxicity with encephalopathy). Five patients (5.2%) 

Table II: The overall survival of ALL paediatric patients UKALL 
protocol in Hospital Universiti Sains Malaysia (N=97)

Variable(s) Total 
n(%)

Events 
n(%)

1-year 
survival 
n(%)

3-year 
survival 
n(%)

5-year 
survival 
n(%)

Overall 
survival

97 
(100.0)

35 
(100.0)

85 
(87.6)

70 
(72.2)

60 
(61.9)

Gender 
   Female 
   Male

 
35(36.1) 
62(63.9)

 
12(34.3) 
23(65.7)

 
29(34.1) 
56(65.9)

 
26(37.1) 
44(62.9)

 
22(36.7) 
38(63.3)

BMI 
   <18.5 
   18.5–24.5

 
87(89.7) 
10(10.3)

 
32(91.4) 
3(8.6)

 
76(89.4) 
9(10.6)

 
62(88.6) 
8(11.4)

 
55(91.7) 
5(8.3)

Weight 
percentile 
<10th per-
centile 
10th – 95th 
percentile 
>95th per-
centile

 
 
35(36.1) 
 
60(61.9)

2(2.0)

12(34.3)

23(65.7)

0(0.0)

32(37.6)

51(60.0)

2(2.4)

27(38.6)

41(58.6)

2(2.)

25(41.7)

33(55.0)

2(3.3)

Lineage 
   T cell 
   B cell

 
10(10.3) 
87(89.7)

 
3(8.6) 
32(91.4)

 
9(10.6) 
76(89.4)

 
7(10.0) 
63(90.0)

 
6(10.0) 
54(90.0)

Liver size 
   ≤5cm 
   >5cm

 
68(70.1) 
29(29.9)

 
22(62.9) 
13(37.1)

 
60(70.6) 
25(29.4)

 
51(72.9) 
19(27.1)

 
46(76.7) 
14(23.3)

Spleen size 
   ≤5cm 
   >5cm

 
78(80.4) 
19(19.6)

 
26(74.3) 
9(25.7)

 
70(82.4) 
15(17.6)

 
58(82.9) 
12(17.1)

 
53(88.3) 
7(11.7)
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The survival distribution for patient with or without CSF 
involvement were statistically significant (p=0.023). 
The median survival time of ALL patients with CSF 
involvement was shorter compared to those without CSF 
involvement. The median survival time was 1 month 
(95% CI: 0.00, 0.00) and 27 months (95% CI: 13.14, 
40.86), respectively. However, multivariate analysis was 
not significant .

From this study, we also found other prognostic factors 
though did not show statistically significant results but 
still contributed to shorter median survival time such as 
liver or spleen size of more than 5 cm below subcostal 
margin, patients with T-cell immunophenotype, 
hyperleukocytosis when total white cell (TWC) 
more than 100 x 109/L, patient in high risk treatment 
group, poor early treatment respond and patient with 
unfavorable chromosome or cytogenetic abnormality.

Both simple and multiple cox regression analyses 
showed that weight percentile have statistical significant 
association with poor survival outcome in paediatric 
ALL patients. Patients with weight within 10th – 95th 
weight percentile have increased risk of having poor 
prognosis by 4.56 compared to those with weight less 
than 10th percentile for age (Adjusted HR=4.56; 95% 
CI: 1.76, 11.80; p value = 0.002).
 
DISCUSSION

Acute lymphoblastic leukaemia (ALL) is a malignant 
disorder of lymphoid progenitor cells affecting both 
children and adults with peak prevalence between 
2 to 5 years old.(1,8) Most of clinical presentations in 
ALL patients are caused by blast cells proliferation 
and accumulation in the bone marrow resulted in 
suppression of haematopoiesis. This marrow abnormality 
led to presentation of anaemia, thrombocytopenia and 
neutropenia. Increase production of lymphoblast and 
extramedullary accumulation of the blast in various 
organ such as liver, spleen and lymph nodes resulted in 
organomegaly.(5,9)

In this study, we found that our patients commonly 
presented with fever, pallor, lethargy, and bruises. Most 
of the patients also presented with organomegaly such 
as hepatomegaly, splenomegaly or lymphadenopathy 
during physical examination. More than half of the 
patients were males (63.9%). Peak age group were 
between 2 to 5 years old. These findings were similar to 
previous literatures. (1,5,6,9,10,11,12,13)

The OS rate from our study at 1-year, 3-year and 5-year 
were 87.6%, 72.2 % and 61.9 %, respectively. Previous 
study at our centre by Nasir A. et al (2020) on paediatric 
ALL patients from 1990-2010 showed the OS at 1- year, 
3- year and 5- year were 77.7%, 66.9% and 63.5%.(1) 
Study done in another centre in Malaysia by Alias H et 
al (2019) found that the 5-year OS for the standard risk 

Regarding the survival analysis of different prognostic 
factors, there were two factors that significantly affecting 
the poor outcome in this study. The survival distribution 
between the weight percentile were statistically 
significant (p= 0.002). The median survival time of ALL 
patients with weight < 10th percentile were 38 months 
(95% CI: 9.39, 20.61) compared to 15 months (95% 
CI: 26.12, 49.88) in patients with 10th – 95th weight 
percentile (Figure 2). 

Table II: The overall survival of ALL paediatric patients UKALL 
protocol in Hospital Universiti Sains Malaysia (N=97) (CONT.) 

Variable(s) Total 
n(%)

Events 
n(%)

1-year 
survival 
n(%)

3-year 
survival 
n(%)

5-year 
survival 
n(%)

TWC>100 
   No 
   Yes

 
85(87.6) 
12(12.4)

 
31(88.6) 
4(11.4)

 
74(87.1) 
11(12.9)

 
62(88.6) 
8(11.4)

 
52(86.7) 
8(13.3)

CSF in-
volvement 
No 
Yes

94(96.9) 
3(3.1)

34(97.1) 
1(2.9)

83(97.6) 
2(2.4)

68(97.1) 
2(2.9)

59(98.3) 
1(1.7)

Early re-
sponder 
   Poor 
   Good

7(7.2) 
89(91.8)

6(17.1) 
28(80.0)

6(7.1) 
79(92.9)

2(2.9) 
68(97.1)

2(3.3) 
58(96.7)

Disease 
risk  
Standard(A)
Interme-
diate(B)
High(C)

56(57.7) 
34(35.1)

7(7.2)

15(42.9) 
18(51.4)

2(5.7)

47(55.3) 
31(36.5)

7(8.2)

44(62.9) 
20(28.6)

6(8.6)

39(65.0) 
18(30.0)

3(5.0)

Genetic 
risk 
   Favour-
able 
   Unfa-
vourable   
Unknown   
NA

2(2.1)

11(11.3) 
 
3(3.1) 
81(83.50

1(1.6)

5(8.1)

2(3.2) 
27(87.1)

2(2.4)

10(11.8)

3(3.5) 
70(82.5)

1(11.1)

6(66.7)

2(22.2) 
61(87.1)

2(25.0)

4(50.0)

2(25.0) 
52(86.7

Note: Disease risk (treatment regime), TWC = total white cell, CSF =cerebrospinal fluid, BMI 
= body mass index

Figure 1: Survival estimates of OS for paediatric ALL patients in 
Hospital USM

Figure 2: Overall survival functions of ALL pediatric patients 
according to weight percentile  in Hospital USM 
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group was 86.6%, with 3-year and 5-year EFS of 88.1% 
and 83.4%, respectively. The 5-year OS for the high risk 
group was 65.7%, while 3-year and 5-year EFS were 
64.7% and 58.2%, respectively.(2) Study done in Mexico 
by P. Muñoz-Aguirre et al. (2021) found that OS for ALL 
patient at 1-year, 3-year and 5-year were 83.2%, 68.1% 
and 61.7%.(14) 

From this study, there were improvement in OS in 
our centre and the outcomes were comparable with 
other study done in different centre. This showed 
that improvement in treatment protocol and disease 
recognition did influence a better disease risk 
stratification and individualized therapy for ALL patient. 
The weight percentile was found to be a significant 
poor prognostic factor in this study. More than 60% of 
patients were in between 10th – 95th weight percentile at 
diagnosis. From the study, we found that patients with 
average body weight (10th – 95th percentile) at diagnosis 
were at increased risk of poor prognosis compared to 
patients who were underweight (< 10th percentile). Study 
done in California which was  published in 2014 found 
that extreme weight whether underweight or obesity at 
diagnosis and through pre-maintenance chemotherapy 
thus have addressable risk factor affecting the EFS 
and morbidity in ALL patients. The 5-year EFS rates (± 
standard deviation [SD]) for patients with obesity  and 
underweight at diagnosis were 64%±3% and 65%±5%, 
respectively, as compared with 74% ± 1% for normal/
overweight patients.(15) This study however was done on 
patients in high risk group with higher risk of treatment 
related toxicity.

With regard to the contradicting outcome of our study, 
patients in the study were not divided into specific 
disease risk group thus there were mixed of standard and 
high risk patients in the weight percentile category. This 
outcome might be due to more of the high risk patients 
with poor prognosis being included in the 10th – 95th 

weight percentile group. Analyzing the effect of body 
weight or BMI at one single interval also might resulted 
in the outcome of the study as it is found from the study 
mentioned that the EFS and treatment related toxicity did 
improve if there were improvement of body weight from 
diagnosis to the pre-maintainance treatment period. 

In our centre, patient’s body weight and body 
surface area (BSA) were measured at diagnosis and 
subsequently were documented weekly and during 
each admission at different chemotherapy phase. Most 
of the time chemotherapy medications were calculated 
to the most recent BSA per body weight (in kilogram). At 
times when patients body weight were less than 10 kg, 
other calculations and titration will be done especially 
when patients developed side effects to chemotherapy 
medications. Another significant prognostic factor is 
the poorer survival in patients with CSF involvement 
which involved three patients in this study. These 
patients were found to have median survival time of 13 

months. Patients involved were in high risk group, had 
unfavorable lineage and associated with unfavorable 
chromosome/cytogenetic abnormality. We also found 
poor survival outcome in patients associated with other 
prognostic factors but were not found to be statistically 
significant  in our study. Patients with liver size more 
than 5 cm below subcostal margin had median survival 
rate of 16 months (95% CI: 0.00, 48.25) compared to  
27 months ( 95% CI: 15.79, 38.22) for those with liver 
size less than 5 cm. Patients with spleen > 5 cm below 
subcostal margin had median survival rate of 13 months 
(95% CI: 0.00, 30.53) compared to 27 months (95% CI: 
14.99, 39.00) in patients with spleen size less than 5 
cm. Patient with T-cell immunophenotype had median 
survival rate of 15 months (95% CI: 2.20,27.80) in 
comparison to B-cell phenotypes with 27 months (95% 
CI: 9.66,44.45). Hyperleukocytosis (TWC> 100 x 109/L) 
patients had median survival rate of 13 months (95%CI: 
0.00, 36.52). 

Patient in high risk treatment group, poor responder 
to early treatment and patient with unfavorable 
chromosome or cytogenetic abnormality also had shorter 
median survival rate. Patients with these associations, 
might relapse earlier or frequently relapse, had poor 
initial treatment response, and sometimes succumbed to 
death at early phase of disease or developed advance 
stage of ALL. 

Recent studies now are identifying genetic risk group 
of patients regarding patient respond to ALL treatment. 
Prediction of disease relapse in ALL, are dependent 
on genetic subtype, effectiveness of chemotherapy 
given and host genetics affecting drug metabolism 
with additional post treatment MRD  assessment. For 
example, Lee S.H.R et al (2021) reported that patients 
with ETV6-RUNX1gene fusion and hyperploidy has rapid 
MRD clearance of 44% to 58% at day 19 of treatment.
(16) For patients with end Philadelpphia and BCR-ABL1 
fusion gene, they were found to have poorer outcome 
before the introduction of tyrosine kinase inhibitor (TKI) 
such as imatinib in the treatment regime.(16) Cytogenetic 
analysis in our centre was limited before and in the past 
one to two years, the availability of HemaVision test had 
improved our disease stratification in ALL patients. MRD 
analysis implementation since 2018 also allowed better 
monitoring of patient outcome in our centre. In our study 
the finding of  hypodiploidy, positive BCR-ABL, trisomy 
and translocation 1:19 which indicate unfavorable risk 
has guided managing team to escalate treatment to 
more intensive regime. On the otherhand  factor like 
hyperdiploidy and mutation in gene like ETV6-RUNX1 
that indicate good prognosis were found in our patients.

Besides prognostic factors that affect the survival of 
patients with ALL, we also observed several treatment 
complications that  resulted in recurrent hospital 
admission and delayed in completion of chemotherapy. 
Among known complications were febrile neutropenia 
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05678-6

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

14.	 Paloma Munoz-Aguirre, Rodrigo Huerta-Gutierrez, 
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Bautista-Arredondo, Ricardo Perez-Cuevas, Roberto 
Rivera-Luna, Michael R.Reich, and Martin Lajous. 
Acute Lymphoblastic Leukaemia Survival in Children 
Covered by Seguro Popular in Mexico: A National 
Comprehensive Analysis 2005–2017. Health Systems 
& Reform 2021, 7:1, e1914897. doi.org/10.1080/232
88604.2021.1914897.

15.	 Orgel E, Sposto R, Malvar J, et al.: Impact on survival 
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treatment for pediatric acute lymphoblastic leukemia: 
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(77.3%), liver toxicity of various degrees (29.9%), adverse 
reaction to Aspariginase therapy (10.3%) and 8.2% with 
neurology complications during chemotherapy. 

Our study is still limited in its methodology approach. 
More than half of ALL patients were excluded from the 
study due to insufficient data and missing case note. 
Some of the outcomes were not significant due to the 
small sample size. Other prognostic determinants such 
as socioeconomic status, MRD level and other social 
factors were not fully incorporated due to missing or 
unavailable information. Future reassessment of this 
study will be beneficial to include larger sample with 
longer study duration for an adequately powered study. 
Inclusion of recent data for cytogenetic analysis and 
MRD analysis in the next few years will be a great source 
for survival analysis in the centre.

CONCLUSION

Acute lymphoblastic leukaemia is one of the commonest 
blood malignancies in children. Paediatric ALL patient 
typically presented with common presentations such 
as anaemia and fever. Overall survival has improved 
and was comparable with other developing countries. 
Hyperleukocytosis, cerebrospinal fluid involvement 
and unfavorable cytogenetics are predictive of poor 
outcomes in ALL patients but the weight percentile of the 
10th to 95th percentile and CSF involvement significantly 
predicted poor survival outcome in our study.
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