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Abstract

Background: Cancer is one of the leading causes of death in children. The incidence of cancer in children
under the age of 15 year varies worldwide. Despite significant advances in the treatment and early detection,
cancer is the second major cause of child mortality in developed world. In some developed countries such as
Australia, Ireland, Switzerland and the United States, the incidence of childhood cancer has been estimated at
140 - 160 per 1 million children.

Objectives: To determine the outcomes of induction treatment in childhood acute lymphoblastic leukemia at
Children Hospital, Vientiane Capital, Lao PDR.

Methodology: A prospective descriptive study at Hematology - Oncology department, Children hospital, in
Vientiane Capital, Laos.From December 2021 to November 2022. The include criteria was the newly acute
lymphoblastic leukemia who received chemotherapy treatment during induction phase. The descriptive
statistic was analyzed with SPSS version 26 and reported by table, chart with frequency

Results: A total participants 36 newly acute lymphoblastic leukemia including the male was higher the female,
the clinical profile showed fever and pale were most common, during the induction were including the
complication of specific treatment and supportive treatment. Seven (19.4%) patients died due to infection the
pathogen of hemoculture were acetobacter, klebsiella pneumonia, pseudomonas aeruginosa and ESBL,
bleeding and tumor lysis syndrome during the course of induction therapy. After induction therapy twenty-two
(61.1%) patients went into the complete remission (<5%blast cells in bone marrow), five patients (13.9%) was
not in remission (>5%blast cells in the bone marrow).Seven (19.4%) patients died and 2 patients were refuse
of treatment including the problem of financial and family.

Conclusion: The rate of complete remission of induction therapy and death during induction therapy of the
outcome in acute lymphoblastic leukemia was high, the male of remission is higher than female and the most
classification of risk group was high risk group. The feature of clinical acute lymphoblastic leukemia paediatric
was fever and pallor. The majority cause of death is infection
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Introduction

Cancer is one of the leading causes of death in
children. Particularly among children under the age of
15. Despite significant progress in treatment and early
detection, it remains the second major contributor to
child mortality in developed nations [14] [9]. Varied
incidence rates are observed globally, with estimates in
developed countries such as Australia, Ireland,
Switzerland, and the United States ranging from 140 to
160 cases per 1 million children [2] [10]. Leukaemia
emerges as the most prevalent childhood malignancy,
accounting for 27% to 35% of childhood cancers in
different regions [10] [3].

The mortality rates of leukemia, especially acute
lymphoblastic leukemia (ALL), have seen a decline in
Europe, the United States, and Japan due to therapeutic
advancements [9]. Despite the low incidence of acute
leukemia, its high mortality deems it of crucial
importance [7]. Acute lymphoblastic leukemia comprises
approximately 30% of all childhood malignancies, with
survival rates exceeding 85% and five-year event-free
survival rates surpassing 93% for low-risk groups [12].
Disparities exist globally, as seen in Thailand with
survival rates ranging from 51% to 59% between 1995
and 2009 [4].

In Chiang Mai, Thailand, the five-year overall
survival rate for children was 59.04%, varying in high-
risk and standard-risk groups. The overall incidence of
childhood cancer, including acute lymphoblastic
leukemia (ALL), has been gradually increasing since
1975, with childhood cancer mortality decreasing by
more than 50% between 1975 and 2010. The 5-year
survival rate for ALL has notably increased from 60%
to around 90% for children under 15 years and from 28%
to over 75% for adolescents aged 15-19 years [4].

Acute lymphoblastic leukemia remains the most
common cancer diagnosed in children, representing
approximately 25% of cancer diagnoses among those
under 15 years. Geographic and ethnic variations in
childhood ALL incidence exist, attributed partly to
ancestry-related genetic differences. While
comprehensive data on ALL in North America and
Europe are available, most Asian countries lack
sufficient information due to the absence of registries
and diagnostic methods [4]. Initiatives like the Thai POG
national protocol in 2006 have aimed to standardize
treatment, impacting survival rates positively [4]. In
Laos, the Childhood Cancer project has identified 35
cases since 2012, emphasizing the need for ongoing
research and treatment efforts. Therefore, the aims of
this study are to determine the outcomes of induction
treatment in childhood acute lymphoblastic leukemia at
Children Hospital, Vientiane Capital, Lao PDR

Material and Methods
Study design

A prospective descriptive study was conducted at
the Hematology-Oncology department of Children's
Hospital in Vientiane Capital, Laos.

Study site

The Hematology-Oncology department at National
Children's Hospital in Vientiane, Lao PDR, served as the
study site. This facility boasts 100 beds and 13 wards,
with the outpatient ward typically attending to 200 cases
per day.

Study period
The study spanned from December 1%, 2021, to
November 31", 2022, covering a 12-month period.

Sample population

The study focused on all newly diagnosed Acute
Lymphoblastic Leukemia (ALL) patients aged 1-15
years undergoing the induction phase of chemotherapy
as per the National protocol for treatment of childhood
cancers by the Thai Pediatric.

Inclusion criteria

All children newly diagnosed with Acute
Lymphoblastic Leukemia, aged 1-15 years, undergoing
chemotherapy treatment during the induction phase.

Exclusion criteria

Children with a history of relapsed ALL, those not
providing consent for participation, aged less than 1
year, and receiving chemotherapy treatment outside the
induction phase.

Data collection

Data collection occurred over the 12-month period,
involving newly diagnosed ALL patients (Figure 1).
Diagnosis was based on physical examination, medical
history, and complete blood count. Physical examination
included assessing vital signs, lymphadenopathy,
hepatosplenomegaly, anemia, bleeding, and bone pain.
Complete blood counts identified bicytopenia or
pancytopenia, with blasts observed in peripheral blood
smears. Patient consent was obtained for bone marrow
aspiration, performed by qualified medical professionals
using the Kilma-Rosegger marrow needle. The criteria
for a positive bone marrow aspiration diagnosis were the
presence of over 25% lymphoblasts, as determined by
hematologists.

Data management and Analysis

Following data collection, a comprehensive review
was conducted. The data were coded and stored in a
computerized database. The statistical analysis was
performed using SPSS software, employing measures
such as frequency, mean, and percentage.
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Ethics clearance

This study received approval from the Committee
of Ethical Research at the University of Health Sciences
(Approval No.274/REC). All ethical guidelines and
regulations were strictly adhered to throughout the
research process.

Figure 1: Flow chart: data collection
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Results
Social-demographic

The prospective study involving 36 newly acute
lymphoblastic leukemia including participant ages were
distributed as follows: 5.6 % (n = 2) were 1 year of age,
86.1% (n= 31) were between 2 and 10 years of age and
8.3% (n= 3) were more than 10 years of age. The
minimum of age was 1 year and 12 years was the
maximum, the mean of age 4.72. Gender distribution
revealed that 77.8 % (n=28) of participants were male,
while 22.2% (n=8) were female. The mean of age 4.72
(Table 1).

Table 1: The social-demography

Frequency Percentage

Variables (n=36) (%)
Age
1 year 2 5.6
2 and 10 years 31 86.1
More than 10 years 3 8.3
Gender
Male 28 77.8
Female 8 22.2

The clinical profile

The clinical profile at diagnosis consists of the chief
complaint 55.4% (n=31) were fever, 16.1% (n=9) were
fatigue, 2.8% (n=1) were cough, 17.9% (n=10) were
bone pain and 8.9% (n=5) were abdomen pain. The
clinically presented 28.6% (n=34) were pale, 20.2%
(n=24) were lymphadenopathy, 21% (n=25) were

hepatomegaly, 15.1% (n=18) were splenomegaly, 2.5%
(n=3) were edema, 12.6% (n=15) were bleeding. The
laboratory at diagnosis was included WBC< 10.000 was
36.1% (n=13), WBC 10.000-50.000 were 22.2% (n=8),
50.000-100.000 were 36.1% (n=13) and WBC >100.000
was 5.6% (n=2), the haemoglobin separated in 3 parts:
<7g/dl was 30.6% (n=11), 41.7% (n=15) were Hb 7.1-
8.9 g/dl and 27.8% (n=10) were Hb >9g/dl. About the
platelet count was <20.000 were 19.4% (n=7), 20.000-
90.000 were 41.7% (n=15) and 38.9% (n=14) was the
platelet count >100.000. The found the blast cell in the
peripheral blood smear was 91.7% (n=33) and we were
seen the lymphoblast >25% in bone marrow was 100%
(n=36). There were 6 patients for flow cytometry consist
of 66.7% (n=4) were B-cell ALL and 33.3% (n=2) were
T-cell ALL (Table 2).

Table 2: The clinical profile

Variables Frequency Percentage

(n=36) (%)

Chief complaint

Fever 31 55.4

Fatigue 9 16.1

Cough 1 2.8

Bone pain 10 17.9

Abdomen pain 5 8.9
Physical exam

Pale 34 28.6

Lymphadenopathy 24 20.2

Hepatomegaly 25 21

Splenomegaly 18 15.1

Edema 3 25

Bleeding 15 12.6
WBC count at diagnosis

WBC < 10.000 13 36.1

10.000 - 50.000 8 22.2

50.000-100.000 13 36.1

>100.000 2 5.6
Hemoglobin at diagnosis

<7 g/l 11 30.6

7.1-8.9 g/dl 15 417

>9 g/dl 10 27.8
Platelet count at diagnosis

PLT < 20.000 7 194

20.000- 90.000 15 41.7

>100.000 14 38.9
Seen blast in

PBS 33 91.7

BMA 36 100
Flow cytometry (n=6)

B cell ALL 4 66.7

T cell ALL 2 33.3
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The risk of evaluation

The patients were classified into different risk
group according Thai POG 2019 protocol, the high-risk
group was the most frequent 55.6% (n=20), follow by
the standard risk was 38.9% (n=14) and the lastly very
high risk had 5.6 % (n=2) as shown in (Table. 3).

Table 3: The risk group of evaluation

Variables Frequency Percentage
Risk group of ALL
Standard risk 14 38.9
High risk 20 55.6
Very high risk 2 5.6

The complication during induction

An overview of the complication for the study
participants, complication was including 18% (n=23)
were the infection, 13.3% (n=17) were the drug, 20.3%
(n=26) were the tumor lysis syndrome, 21.1% (n=27)
were the bleeding and 27.3% (n=35). Twenty-three
patients of the 35 complication patients who have
infection were in the following of types infections: 17.9%
(n=5) were pneumonia, 25% (n=7) were gastro-intestinal,
3.6% (n=1) were urinary tract infection, 7.1% (n=2). In
the infection reports were the febrile neutropenia 50%
(n=23), taken hemoculture were 37% (n=17) and presents
disseminated intravascular coagulation 13% (n=6). The
result of hemoculture was seventeen patients including
35.3% (n=6) were growth such as: ESBL, Kklebsilla
pneumonia, acetobacter, pseudomonas and 64.7% (n=11)
were no growth. The complication of drug presented in
table 4 including: 15% (n=3) were vincristine, 10 % (n=2)
were L-asparaginase, 30 % (n=6) were doxorubicin, 45%
(n=9) were steroid and there was not the methotrexate.
Summarizes the supportive care, we found the hydration
and allopurinol were 25.4% (n=36), 23.2% (n=33) were
the blood transfusion, 16.3% (n=23) were antibiotic and
9.2% (n=13) were pain control (Table 4).

Table 4: Complication including infection, drug, tumor
lysis syndrome, bleeding and anemia.

Frequency Percentage

Variables (n=36) (%)

Complication
Infection 23 18
Drug 17 13.3
Tumor lysis syndrome 26 20.3
Bleeding 27 21.1
Anemia 35 27.3

Types of infection
Pneumonia 5 17.9
Gastro - intestinal 7 25
Urinary Tract Infection 1 3.6
Cellulitis 2 7.1
Mucositis 6 214
Other 7 25

Frequency Percentage

Variables (n=36) (%)
Infection (n=23)
Febrile neutropenia 23 50
Hemoculture 17 37
DIC 6 13
Hemoculture (n=17)
No growth 11 64.7
Growth 6 35.3
Complication of drug
Vincristine 3 15
Asparaginase 2 10
Doxorubicin 6 30
Steroid 9 45
Methotrexate 0 0
Supportive care
Hydration 36 255
Allopurinol 36 255
Blood transfusion 33 23,4
Antibiotic 23 16.3
Pain control 13 9.2
Cause of death
Infection 4 57.1
Bleeding 2 14.3
Tumor lysis syndrome 1 28.6

The outcome induction

The induction therapy presented twenty-seven
patients including the gender, age and risk group of ALL,
74.1% (n=20) were male and 25.9% (n=7), < 1 year was
7.4 % (n=2), 2 and 10 years was 85.2% (n=23) and more
than 10 years was 7.4% (n=2). 48.1% (n=13) were
standard risk group, 48.1% (n=13) were high risk group
and 3.7% (n=1) were very high risk. Finally, the survival
was twenty-seven patients and taken the bone marrow
aspiration for evaluation were 100%.

The outcomes presented of 36 patients who initiated
treatment, after induction therapy we found 27 patients,
61.1% (n=22) patients went into the complete remission
(<5% blast cells in bone marrow), 13.9% (n=5) was not
in remission (>5% blast cells in the bone marrow).
Seven patients died due to 57.1% (n=4) infection the
pathogen of hemoculture were acetobacter, klebsiella
pneumonia, pseudomonas aeruginosa and ESBL, 28.6%
(n=2) bleeding and 14.3% (n=1) tumor lysis syndrome
with AKI during the course of induction therapy and 2
patients were refuse of treatment including the problem
of financial and family (Table 5).
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Table 5: The outcomes after induction therapy

Variables Frequency Percentage

(n=36) (%)

Gender (n=27)

Male 20 74.1

Female 7 25.9
Age (n=27)

1 year 2 7.4

2 and 10 years 23 85.2

more than 10 year 2 7.4
Risk group of ALL

Standard risk 13 48.1

High risk 13 48.1

Very high risk 1 3.7
Outcome

Remission 22 61.1

Not remission 5 13.9

Death 7 194

Refuse of treatment 2 5.6
Cause of death

Infection 4 57.1

Bleeding 2 14.3

Tumor lysis syndrome 1 28.6

Discussion

This is the first description of the outcomes after
complete induction chemotherapy and the observation
the complications between induction chemotherapy for
patients pediatric ALL, who received induction
chemotherapy at the main referral hospital for pediatric
ALL patients in Vientiane. The study also established
associations between hematological laboratory finding,
sociodemographic and clinical variables of the patients.

In the present study, we found pediatric ALL have
many clinical manifestations and symptoms. In our
study, it was presented fever (55.4%), pallor (28.6%),
hepatomegaly (21%), lymphadenopathy (20.2%),
splenomegaly (15.1%) and bleeding (12.6%) were the
most frequency of the clinical profile of pediatric ALL
was similar the previous study at An-Najah National
Hospital. For the gender was male, higher than in
Children Hospital complex Mulan (68%). For the mean
of age was higher than comparable to those reported in
a previous study 3.28 years in 2016 at Vientiane. In
Riyadh, Saudi Arabia, the lab of flow cytometry, the B-
cell type is more common than the T-cell type, it was
similar to the results of our study [8]. In contrast , other
studies by the approximately 55.6% of patients were
high risk and 38.9% with standard risk of the study in
Egypt who reported 50.5% was standard risk and 49.5
% of high risk., the most frequent of types infection
were gastro intestinal infection, mucositis and the result
of  hemoculture  were Kklebsiella  pneumonia,
pseudomonas aeruginosa was similar in China [15].

The total of death before the complete induction
therapy that was lower than other results at Oncology
Center of Mansoura University in Egypt (23%) and
infection, bleeding and tumor lysis were the major of
death was similar in Baghdad, the fourth death related
infection had done hemoculture, the microorganism
were acetobacter, klebsiella pneumonia, pseudomonas
aeruginosa and ESBL was similar in Egypt [1].
Induction therapy outcome of ALL at our oncology
center, the percent of remission status (61.1%) was
higher than the percent of not remission status (13.9%)
by the bone marrow aspiration , it was similar in
Pakistan, they were the bone marrow aspiration was
done in 38 (100%) and Immunophenotyping in 34
(89%) patients. At day 28 of induction therapy, 28(74%)
patients went into complete remission (<5% blast cells
in bone marrow), 2 (5%) into partial remission (5-25%
blast cells in bone marrow) and 1(3%) was not in
remission (>25% blast cells in the bone marrow). Seven
patients died due to febrile neutropenia and sepsis
during the course in induction therapy [13].

Some limitations are noted in our study, First,
Recently, our centers have introduced minimal residual
disease testing, immunohistochemistry, and flow
cytometry into routine patient follow-up, aiming to
enhance the accuracy of future diagnoses. Second, a
limitation persists in the interpretation of bone marrow
biopsy and aspiration by hematopathologists,
particularly in precisely diagnosing acute lymphoblastic
leukemia. Finally, our study faced challenges in
estimating overall survival (OS) due to patients refusing
treatment, socio-economic issues, and the high cost
associated with chemotherapy.

Limitations of study

The limitation is shared by other studies from
developing countries where resources or expertise are
restricted. Minimal residual, immunohistochemistry and
the flow cytometry testing has recently been introduced
in our centers and it has been integrated into the routine
follow-up of patients. And the limitation for the
pathologist of hematology to interpret the bone marrow
biopsy and aspiration to exactly diagnosis acute
lymphoblastic leukemia.

Conclusion and Recommendation

The outcome of induction treatments in childhood
acute lymphoblastic leukemia, the complete remission
was high than the not remission, who were admitted to
the hematology - oncology ward at Nation Children
Hospital. The male of remission is higher (74.1%) than
female (25.9%) and the most classification of risk group
was high risk group. The feature of clinical ALL
pediatric was fever and pallor. The majority cause of
death is infection including acetobacter, klebsiella
pneumonia, pseudomonas aeruginosa and ESBL for the
cause of refuse treatment was financial. Addressing
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shared limitations in developing countries, supporting
hematopathologists for accurate bone marrow biopsy
interpretation, and finding solutions to challenges in
estimating overall survival, including patient refusals
and socio-economic barriers, are crucial for
comprehensive patient care and prognosis.
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