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Abstract
Background: In recent decades, the prognosis for childhood leukemia has improved, especially for acute
lymphoblastic leukemia (ALL). In Thailand, though, the survival rate for ALL is unimpressive. In 2006, standard
national protocols for childhood leukemia treatment were implemented. We herein report the outcome of the
ALL national protocols and explanations behind discrepancies in outcomes between institutions. Materials and
Methods: Between March 2006 and February 2008, 486 children with ALL from 12 institutions were enrolled in
the Thai national protocols. There were 3 different protocols based on specific criteria: one each for standard risk,
high risk and Burkitt’s ALL. We classified participating centers into 4 groups of institutions, namely: medical
schools in Bangkok, provincial medical schools, hospitals in Bangkok and provincial hospitals. We also evaluated
supportive care, laboratory facilities in participating centers, socioeconomics, and patient compliance. Overall
and event-free survival were determined for each group using the Kaplan Meier method. Statistical differences
were determined using the log-rank test. Previous outcomes of Thai childhood ALL treatment between 2003 and
2005 served as the historic control. Results: Five-year overall survival of ALL treated using the Thai national
protocol was 67.2%; an improvement from the 63.7% of the 12-institute historical control (p-value=0.06). There
were discrepancies in event-free survival of ALL between centers in Bangkok and up-country provinces (69.9%
vs 51.2%, p-value <0.01). Socioeconomics and patient compliance were key elements in determining the outcome
(65.5% vs 47.5%, 59.4% vs 42.9%) (p-value < 0.02). Conclusions: Implementation of standard national protocols
for childhood leukemia in Thailand did not significantly improve the outcome of ALL. Factors leading to better
outcomes included (a) improvement of treatment compliance (b) prevention of treatment abandonment and (c)
financial support to the family.
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Introduction
A survey between 2003 and 2005 of the incidence and
survival rate of childhood cancer in Thailand by the Thai
Pediatric Oncology Group (ThaiPOG) showed that newly
diagnosed childhood cancers per year were around 1,000
cases while the incidence was 76.7 per million children.
The incidence in a long-term population-based cancer
registration in Khon Kaen registry (1985-2009) was 83
per million children (Wiangnon, 2014). Annually, new
cases of acute leukemia were about 700; of which 500
were acute lymphoblastic leukemia (ALL). The five-year
overall survival of ALL from the whole country was 64.9
percent (Wiangnon et al., 2011). This overall survival
rate is less than in developed countries, but Thailand has

different protocols among the various institutions caring
for leukemia treatment (Hunger et al., 2012; Allemani et
al., 2015).
In order to standardize treatment of leukemia, the
ThaiPOG proposed a package of national protocols for
childhood leukemia treatment in 2006 to the National
Health Security office (NHSO) of Thailand. Protocols
were sub-classified according to the subtype of leukemia
and clinical risk factors of patients at presentation
(Stanulla, 2009). New patients were enrolled to the
new protocols starting in March 2006. Herein we report
the outcomes of these ALL national protocols in Thai
children compared to the historical control. Also studied
were the factors influencing outcomes and comparisons
of outcomes among the different groups of institutions.
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Materials and Methods

patient characteristics are presented in Table 1.

Patients and hospital group
Between March 2006 and February 2008, all newly
diagnosed ALL patients between 0 and 15 years of age
from the 12 institutions throughout Thailand were enrolled
for treatment using the Thai national protocols. The
selection of the appropriate protocol was done according
to stratified risk factors. All patients were followed up
until December 2011.
The participating centers in the study included: 5 in
Bangkok (the capital), 4 in the northeastern region, 2 in
the northern region and 1 in the southern region. These
centers were classified into 4 groups: (a) medical schools
in Bangkok (n=4), (b) provincial medical schools (n=3),
(c) hospitals in Bangkok (n=1) and (d) provincial hospitals
(n=4).

Statistical methods
Patients and disease characteristics were demonstrated
using descriptive statistics. Overall survival (OS) was
defined as the time from diagnosis to death. Event-free
survival (EFS) was defined as time from diagnosis to
event. Events were defined either as relapse or death.
The Kaplan-Meier method was used to calculate survival
curves and statistical significance of differences were
determined using the log-rank test.

Treatment
Thai national protocol ALL-01-05 (standard risk
ALL) was used for patients between 1 and 10 years of
age with an initial WBC < 50,000/mm3. Protocol ALL02-05 (high-risk ALL) was used for patients > 10 years
or < 1 year of age or (a) an initial WBC > 50,000/mm3,
(b) CNS or testicular disease at diagnosis, (c) T cell ALL
and (d) specific abnormal chromosome. Protocol NHL04-06 was used for patients with Burkitt’s leukemia (L3
morphology). Figure 1 presents the medication used for
each protocol and the respective cumulative dosage.
Previous ALL survival between 2003 and 2005 from the
Thai Pediatric Oncology Group for the 12 centers was
used for outcome comparisons (Wiangnon et al., 2011).
Factors that impact on treatment outcome
In order to elucidate the factors that may affect the
outcome of ALL treatment in our study, we developed
a scoring system to classify all participating hospitals
in terms of supportive care and available laboratory
investigations. Grading of supportive care was based on:
(a) promptness in administering appropriate antibiotic and
antifungal agents; (b) use of granulocyte colony stimulating
factor (G-CSF); and, (c) the time required to prepare pack
red cells and platelet concentrate for transfusion support.
Grading for hospital laboratory investigations was based
on the availability of immuno-phenotype and chromosome
cytogenetic studies. The patient’s family socioeconomic
grade was based on monthly income and the number of
family members. Treatment compliance was based on
regularity of follow-up and frequency of abandonment
of chemotherapy. Details of hospital classification and

Results
Patient characteristic and treatment
We enrolled 486 children with ALL. Boys were
more common than girls (1.4:1). The mean age was 5.64
years. The median initial white blood cell count (WBC)
was 12,800/mm3. A respective 19 and 5 cases had CNS
and testicular involvement at diagnosis. Four cases were
diagnosed as having Down syndrome. A respective
63.6% (n=51), 10.5% (n=51), 1.8% (n=9) and 24.1%

Figure 1. Medication Used for Each Protocol and
Cumulative Dosage. *IT, intrathecal injection; Abbreviation:
6MP, 6-mercaptopurine; Ara-C, cytosine arabinoside; G-CSF,
granulocyte colony stimulating factor; L-asp, L-asparaginase;
MTX, methotrexate; VP-16, etoposide

Table 1. Questionnaire contents
For participating hospital

For patients and families

1. Supportive care
		
1) Antibiotic choice in febrile neutropenia
		
2) Antifungal treatment in prolonged fever
		
3) Time required to get packed red cells and platelet transfusion
		
4) G-CSF support
2. Laboratory facilities
		
1) Immuno-phenotype availability
		
2) Chromosome availability
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1. Socioeconomics of patient
1) Family income
2) Number of family members
2. Compliance
1) Regularity of follow up
2) Regularity of drug taking
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Asian Pacific Journal of Cancer Prevention, Vol 16, 2015

75.0

6.3

10.1

12.8

20.3
25.0

30.0

DOI:http://dx.doi.org/10.7314/APJCP.2015.16.11.4609
Outcome of Childhood Acute Lymphoblastic Leukemia Treated Using the Thai National Protocols

(n=117) immunophenotypes were classified as pre-B
lineage, T-cell lineage, Burkitt’s cell and non-specified
lymphoid leukemia. Fifty percent (n=244) were treated
with standard risk protocol (ALL-01-05), 48% (n=234)
with high risk ALL protocol (ALL-02-05), and 1.6% (n=8)
with Burkitt’s cell protocol (NHL-04-06). Cases were
from Bangkok (n=195), the northeast (n=175), the south
(n=60) and the north (n=56). Of the Bangkok cases 118
of 195 were treated at Bangkok medical schools, while
137 of 291 upcountry cases were treated at provincial
medical schools.
A respective 2, 7 and 3 hospitals were classified as
having good, fair and minimal supportive care, while 8 and
4 had good and fair laboratory investigations. Accordingly,
42, 230 and 213 patients received good, fair and minimal
supportive hospital care while 201 and 284 had good and
fair laboratory-facility hospitals, respectively.
A respective 56, 169 and 131 cases were of good,
fair and poor socioeconomic status while 373 and 28
demonstrated good and intermediate compliance.

Table 2. Results of Treatment

Results of treatment
Most (91.8%) of ALL patients achieved complete
remission after induction. The respective remission
rates were 95.1%, 87.2% and 100% for the ALL-01-05
(standard risk), ALL-02-05 (high risk) and NHL-04-05
(Burkitt’s cell leukemia) protocol. The death rates before
completed remission were higher for high risk ALL
compared to standard risk ALL (7.3% vs 1.6%). Of the
20.2% of ALL patients who relapsed, 17.1% were standard
risk, 22.7% high risk and 37.5% Burkitt’s cell leukemia.
Relapses of ALL patients were mostly in bone marrow
(7.7% in standard risk, 13.5% in high risk and 25% in
Burkitt’s cell leukemia) while CNS relapses were 6.5%
and 5.1% in standard risk and high risk ALL, respectively
(Table 2).
According to risk stratification, based on age and initial
WBC count, the worst outcome was for patients with a
WBC > 100,000/mm3 (Table 3).
The overall survival of ALL treated by these Thai
national protocols was 67.2%, which represents a nonstatistically significant improvement from the previous
63.7% from the same institutions (p-value=0.06 Figure
2). Event-free survival of ALL patients in this study was
58.7%, which when classified by treatment protocols is
66.5%, 51.2% and 37.5% for standard risk, high risk and
Burkitt’s ALL, respectively. This represents a statistically
significant difference in outcomes between the 3 risk
groups (p-value <0.01, Figure 3). When the patients were
classified according to hospital group, the respective
event-free survival rate was 70.0%, 53.4%, 69.6% and
49.5% for medical schools in Bangkok, hospitals in
Bangkok, provincial medical schools and provincial
hospitals (p-value <0.01, Figure 4). The outcome for
patients treated in Bangkok was better than those treated
upcountry (69.9% vs 51.2%, p-value<0.01) (Figure 5).
Since there were differences in event-free survival
between patients treated in Bangkok vs upcountry despite
using the same protocol, we tested the factor(s) that might
have an impact on these differences, whether related to
patient socioeconomics, treatment compliance or hospital

Table 3. Outcome of ALL by Age and Initial white
Blood Cell Count

Result of ALL treatment

ALL
01-05

ALL NHL
02-05 04-05

Death before complete induction 4
17
(1.6%) (7.3%)
Complete remission
234
204
8
(95.1%) (87.2%) (100%)
No remission
5
11
(2%)
(4.7%)
Not assessable
3
2
(1.2%) (0.9%)
Relapse
42
53
3
(17.1%) (22.7%) (37.5%)
Bone marrow (BM)
19
31
2
(7.7%) (13.3%) (25%)
Central nervous sysytem (CNS) 16
12
(6.5%) (5.1%)
Testis
1
		(0.4%)
BM + CNS
6
9
1
(2.4%) (3.9%) (12.5%)
BM + Testis
1 (0.4%)
-

Age group (year)
<1
1 to 10
>10
Initial WBC (/mm3)
<10,000
10,000-50,000
50,000-100,000
>100,000

Event free survival

p-value

58.69
56.89
54.35

0.59

Event free survival

p-value

58.31
60.28
60.88
44.12

<0.01

Figure 2. Survival in Children with Acute Lymphoblastic
Leukemia, 2006-2008

Figure 3. Survival in Children with Acute Lymphoblastic
Leukemia by Risk
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supportive care, or laboratory investigations. There were
in fact significant differences (p-value=0.02) in eventfree survival among the different socioeconomic groups
(i.e., 65.5%, 61.1% and 47.5% for good, fair and poor,
respectively). Event-free survival according to patient
compliance was significantly better for good compared to
intermediate compliance (59.4% vs 42.9%, p-value=0.02).
Event-free survival of patients according to hospital
supportive care was not significantly different (60.0%
vs 57.5% vs 59.8%, p-value=0.59). Similarly, event-free
survival of patients according to laboratory availability
in hospital was also not significantly different (59.9% vs

Figure 4. Survival in Children with Acute Lymphoblastic
Leukemia by Treating Hospital

Figure 5. Survival in Children with Acute Lymphoblastic
Leukemia by Treating Hospital in Bangkok and
Provinces

56.8%, p-value=0.27)(Figure 6).

Discussion
The global range in survival for ALL in children
varies from < 60% to ≥ 90% in developed countries
while survival in Thailand between 1995-2009 ranges
between 51% and 59% (Allemani, 2015). In 2006, the
Thai Pediatric Oncology Group (ThaiPOG) developed
the national guidelines for treatment of childhood
leukemia in order to meet the international standard
and implement a practicable treatment policy for the
country as a whole. Survival subsequently improved in
patients in the standard risk group but not in the high risk
group (Seksarn, 2011; Wiangnon, 2011). The survival
of children with ALL in Khon Kaen (in the northeastern
region) between 1985 and 2009 had already been rising,
but did especially so after implementation of the national
protocol in 2006 (Wiangnon, 2014). In the current study,
the overall survival of ALL treated using the Thai national
protocols trended to improve (i.e., from the previous
63.7% to 67.2%), albeit the difference was not statistically
significant. It is, therefore, not certain whether nationwide
implementation of standard protocols would be beneficial.
This outcome is, moreover, still less than that in developed
countries (Smith, 1999; Viana et al., 2001, Gutta et al.,
2005; Allemani et al., 2015) despite our (a) stratifying
patients according to risk factors (viz., age, white blood
cells and immunophenotype) and (b) treating Burkitt’s
ALL with a distinct protocol. This stratification, however,
might not represent the true risk as defined in other studies,
since a molecular study was not included in our current
study. Some patients, who were defined as low risk, might
actually have been intermediate or high risk. As such,
according to the risk stratification by the Thai national
protocol, the ratio of risk stratification of high risk to
low risk was notably higher than that observed in several
studies (Gu et al., 2008; Hazar et al., 2010, Mukda, 2011).
Since the treatment expenses for over 90% of the

Figure 6. Survival in Children with Acute Lymphoblastic Leukemia by Socioeconomic Status, Treatment
Compliance, Supportive care and Laboratory Facility of Treating Hospital
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studied patients were reimbursed by the Thai universal
health coverage system (Tangcharoensathien, 2010), all
socio-economic classes had access to treatment in a nearby
hospital. This means that treatment accessibility was not
limiting outcomes. The factor that was associated with
poorer outcomes in this study was an initial white blood
cell count (WBC) over 100,000/mm3. Notwithstanding,
Tharnprisarn showed that a relapse-rate in childhood ALL,
treated under the Thai national protocol, was significantly
associated with age under 1 year; not the initial WBC
(Tharnprisarn, 2014). A more appropriate approach is,
therefore, needed to control this group of ALL.
The reason why there is no significant improvement
in outcome may be due to multiple interacting factors,
including: (a) the lack of any significant difference in
protocols between the two eras in most hospitals; (b) the
supportive care facilities in some institutions may not be
adequate to cope with complications (Tharnprisarn, 2014);
(c) poor socioeconomics (Gupta et al., 2014; Tharnprisarn,
2014); and/or, (d) poor treatment compliance (Oliveira
et al., 2011; Gupta et al., 2014; de Tharnprisarn, 2014).
Our study showed that there were significant
differences in the outcome of ALL treated in Bangkok
compared to provincial hospitals. We tried to elucidate
the reasons behind this discrepancy by grading hospitals
(based on supportive care and laboratory facilities) and
grading patients (based on socioeconomics and treatment
compliance). Although we found no differences in
outcomes based on different grades of supportive care or
laboratory facilities, significant differences were found
in outcomes of patients with poorer socioeconomics and
compliance. Our findings agree with previous studies
in which socioeconomic status was a major influence
on treatment outcome (Mostert et al., 2011). Patient
compliance—both adherence to oral chemotherapy and
regular attendance to follow up clinics—is also considered
a major influence (Bhatia et al., 2012). Non-compliance
is hypothesized to be one of the mechanisms that underlie
the adverse influence of low socioeconomic on ALL
outcome (de Oliveira et al., 2004). Patients with a low
socioeconomic status trend to experience greater difficulty
attending scheduled clinics and adhering to prescribed
medication(s) (Prichard et al., 2006). Other factors related
to abandonment of treatment include disbelief in the
possibility of a cure and distress caused by side-effects
(Gupta et al., 2013).
The best way to achieve a better outcome for childhood
ALL treatment is to improve compliance to treatment
through an effective comprehensive program that includes:
(a) parental education; (b) family affective management;
(c) a patient tracking system; and, (d) social services for
families (i.e., transportation, food and lodging subsidies)
(Prichard et al., 2006; Gupta et al., 2013). To meet
international standards and improve treatment outcomes,
the ThaiPOG has revised the protocol for treatment of
acute leukemia in 2013 and implemented the practicable
treatment policy for the whole country (Thai Pediatric
Oncology Group, 2014).
In conclusion, the outcome of childhood leukemia in
Thailand remains inferior to rates in developed countries.
Implementation of the Thai national protocol did not

significantly improve the survival rate of ALL. Strict
adherence to treatment protocols and financial support
for families with a low socioeconomic status should be
the primary emphases for improving treatment outcomes..
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