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Prognostic factors and outcomes of pediatric acute lymphoblastic

leukemia using ThaiPOG protocols: a single institute experience
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Abstract:

Background: Acute lymphoblastic leukemia (ALL) is the most common malignancy among children. Disease-based
risk stratification was incoporated in the Thai Pediatric Oncology Group (ThaiPOG) protocols to adjust intensive
chemotherapies,and central nervous system-directed treatment. Although treatment outcomes have improved
over the decade, excellent outcomes are counterbalanced by treatment-related toxicities, especially in countries
with limited resources like Thailand. Objective: The single institute study aimed to evaluate prognostic factors
associated with survival outcomes In pediatric ALL using ThaiPOG protocols at Phramongkutklao Hospital
Materials and methods: Pediatric patients with ALL treated at Phramongkutklao Hospital between 2014 and
2019 were retrospectively reviewed. Results: In total, 50 patients with a median age of 9.64 (range, 0.34-19.81)
years were studied. The most common immunophenotype was pre-B cell ALL (N = 42, 84%). The 5-year overall
survival (OS) and event-free survival (EFS) were 80% and 76%, respectively. The major mortality cause was
treatment-related infection (N = 7, 14%). Unfavorable cytogenetics was the only factor associated with OS (p =
0.006) and EES (p < 0.001). Conclusion: The outcomes of pediatric ALL in Thailand were comparable to those
of developed countries. Cytogenetic testing is essential for stratifying disease status and tailoring treatment
protocol accordingly. Infections remain the leading cause of death among pediatric patients with ALL.
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Introduction

Leukemia is the most common malignancy among
pediatric patients worlwide."” The most common sub-
type of leukemia is acute lymphoblastic leukemia (ALL),
accounting for more than 70%, followed by acute myeloid
leukemia and chronic myeloid leukemia, respectively.”*

The standard treatment for pediatric ALL consists
of multiagent systemic chemotherapies. Treatment
intensities are stratified based on risk groups according
to the risk-adapted therapy strategy, which relies on
clinical and diagnostic criteria.”® Prognostic factors
include age at diagnosis, initial white blood cell (WBC)
count, central nervous system (CNS) and testicular in-
volvement, immunophenotypes, cytogenetic abnormal-
ities, steroid pretreatment, minimal residual disease
(MRD) evaluation, and other specified conditions such
as constitutional trisomy 21.° However, some laboratory
diagnostics are inaccessible in many institutions across
Thailand, affecting treatment plans and subsequently
reflecting on outcomes.

Although treatment outcomes in pediatric ALL have
improved over time,” treatment-related toxicity or infectious
complications are still common. Infection remains the
most common cause of death in pediatric ALL, especially
in countries with limited resources,’ requiring prompt
and appropriate supportive and symptomatic care.

The Thai Pediatric Oncology Group (ThaiPOG) is
a national organization in Thailand dedicated exclu-
sively to the treatment of childhood and adolescent
cancers. ThaiPOG treatment protocols for ALL, named
ThaiPOG-ALL, were first established in the mid-2010s.
These protocols were adapted from standard Children
Oncology Group study protocols and have been used
as national protocols for treating pediatric ALL patients
in Thailand since 2013.

This study aims to describe the clinical characteris-
tics, prognostic factors, and outcomes in pediatric ALL
using ThaiPOG protocols in a single institution. The
results should provide a better comprehension of the
status of ALL, which may reflect the overall situation
of ALL in Thailand.

Materials and methods
Patient selection

The medical records of 50 newly diagnosed pediatric
patients with ALL were retrospectively reviewed. The
patients were treated primarily at the Department of
Pediatrics, Phramongkutklao Hospital, between January
1, 2014, and December 31, 2019.

The study’s inclusion criteria included patients with
newly diagnosed ALL aged < 18 years. Patients with
uncertain diagnoses, incomplete medical records, those
who refused or abandoned treatment, and those who
were lost to follow-up were excluded from the study.

Written informed consent and assent were waived.
This study was approved by the Ethics Committee and
Institutional Review Board of Phramongkutklao Hospital
and Phramongkutklao College of Medicine, Bangkok,
Thailand, in accordance with the ethics principles of the
Declaration of Helsinki (1975) and its revision (reference
number: IRBRTA1013/2567).

Clinical definitions

The cytogenetic technique used was conventional
chromosome karyotyping, while the molecular tech-
nique was multiplex RT-PCR for BCR/ABL p190, TEL/
AML1, E2A-PBX1, and MLL-AF4. At our institute,
we strive to perform both cytogenetic and molecular
investigations among patients with ALL. However,
financial constraints remain a significant obstacle in
resource-limited countries.

CNS involvement was classified into three categories;
CNS-1 was defined as the absence of blasts, CNS-2 as
< 5 WBCs/mm® with blasts or traumatic LP: and CNS-3
as > 5 WBCs/mm® with blasts or any facial nerves palsy,
or brain and eye involvement.

Steroid pretreatment was defined as the administra-
tion of systemic corticosteroids for more than 24 hours
at any time within two weeks before diagnosis.
Treatment protocols

Since 2013, Thai children with ALL have been
risk-stratified as standard, high, extremely high, Phil-
adelphia chromosome-positive, and infantile subgroup

according to the ThaiPOG National Protocol for ALL and
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treated accordingly under the ThaiPOG-ALL-1301 to 1307
protocols, respectively (excluding ThaiPOG-ALL-1305,
which constitutes the relapsed ALL protocol).

The ThaiPOG ALL protocol comprises a risk-stratified
therapy, classified based on clinical and molecular cri-
teria. Clinical criteria include immunophenotyping, age
groups, organ involvement (CNS and testicular), steroid
pretreatment, induction failure, and Down syndrome.
Molecular criteria include MRD status, favorable/unfa-
vorable cytogenetics, and other unfavorable molecular

features.

Results
Patient demographic data

A total of 50 patients with childhood ALL were
enrolled in this study. Patient characteristics including
age, sex, disease involvement, initial WBC count, CNS
status, immunophenotype, molecular features, bone mar-
row status after induction, and treatment stratification
are shown in Table 1.

The median age at diagnosis was 9.64 (range, 0.34-
19.81) years. The most common age group was 1 to
9.99 years (n = 32, 64%). The male-to-female ratio was
1:0.85. Extramedullary manifestations included CNS
involvement (n = 8, 16%) and mediastinal mass (n = 4,
8%). The initial WBC count at diagnosis was > 50,000/
mm’ in 30% of patients (n = 15). One patient (n = 2%)
received steroid pretreatment.

The most common immunophenotype was pre-B cell
ALL (n = 42, 84%). Cytogenetic studies were performed
in 80% (n = 40) of the patients due to the financial
limitation. Cytogenetic abnormalities were identified
in 15 (37.5%) of the 40 patients who underwent testing.
Favorable molecular features (n = 3, 7.56%) included
hyperdiploid (n = 2, 5%) and t(12;21) or ETV6/RUNXI,
TEL/AMLI (n = 1, 2.5%). Unfavorable molecular fea-
tures (n = 4, 10%) included hypodiploid (n = 1, 2.5%),
Philadelphia chromosome t(9;22) (n = 2, 5%), and 11923
or KMT2A (n = 1, 2.6%). The KMT2A rearrangement

was found in one infant with ALL, while the other infant

Table 1 Patient characteristics with acute lymphoblastic

leukemia

Age at diagnosis (years)
Median (range) 9.64 (0.34-19.81)

Age group (years)

Less than 1 2 4.0
1-9.99 32 64.0
10-13.99 12 24.0
14 or above 4 8.0
Immunophenotype
Pre-B-cell 42 84.0
T-cell 8 16.0
Mixed 0 0.0

CNS involvement’

CNS 1 42 84.0
CNS 2 5 10.0
CNS 3 3 6.0

Mediastinal mass
No 46 92.0
Yes 4 8.0

Testicular involvement

No 27 100.0

Yes 0 0.0
Steroid pretreatment

No 49 98.0

Yes 1 2.0
WBC count (cell/mm®)

Less than 50,000 35 70.0

50,000 and above 15 30.0
Cytogenetic investigation

Done 40 80.0

Not done 10 20.0
Molecular investigation

Done 20 40.0

Not done 30 60.0
Bone marrow status at day 29

M1 46 92.0

M2 0 0.0

M3 0 0.0

Not done 4 8
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Table 1 Patient characteristics with acute lymphoblastic

leukemia (continue)

n %
MRD status at day 29
Negative 43 93.6
Positive 3 6.5

Risk stratification and postinduction outcome

Standard 18 36.0
High risk 18 36.0
Very high risk 11 22.0
Infantile ALL 2 4.0
Death 1 2.0

Treatment protocol

ThaiPOG-ALL-1301 12 24.0
ThaiPOG-ALL-1302 21 42.0
ThaiPOG-ALL-1303 8 16.0
ThaiPOG-ALL-1304 2 4.0
Other 7 14.0

had normal cytogenetic. Other cytogenetic findings (n
= 3, 7.6%) included t(1,19) (n = 1, 2.5%), t(4;11) (n = 1,
2.5%) and t(9;11) (n = 1, 2.5%).

Most patients with ALL (n = 43, 86%) were treated
following the ThaiPOG-ALL protocols. Twelve patients
(24.0%) were classified as presenting standard risk, and
21 patients (42.0%) were classified as high risk. Eight
patients (16.0%) were classified as very high risk, while
two patients (4.0%) were classified as Philadelphia chro-

mosome-positive. Two patients (4.0%) were classified

0.50 0.75 1.00

0.25

0.00

as infantile risk. The remaining patients (n = 5, 10.2%)
received total therapy (total XV and total XVI) treatment
protocols, adapted from St. Jude Children’s Hospital,
TN, USA, based on institutional experts’ experiences.
Outcomes

At the end of the study, 10 (20%) patients died. Of
these, 2 (20%) died from disease relapse, and 8 (80%)
died from therapy-related infections. The relapsed
patients comprised a standard-risk patient and a very
high risk patient.

Unfortunately, one patient with high risk ALL died
during the induction phase due to disseminated fungal
infection and septic shock. Regarding postinduction
outcome, MRD (identified by flow cytometry) was posi-
tive in three patients (6.5%). The MRD-positive patients
included two in the high risk group and one in the very
high risk group. Cytogenetic or molecular abnormalities
resulted in major changes to risk stratification criteria.
Disease relapse occurred in two patients (20%). Among
these relapsed patients, one was a standard-risk patient
undergoing treatment in the maintenance phase during
cycle 7, week 1, and was classified as having an isolated
CNS relapse. The other patient was a very high-risk
patient who experienced a very early combined relapse
before starting the maintenance phase treatment. The
OS (Figure 1) and EFS (Figure 2) of pediatric patients
with ALL are demonstrated. Five-year OS and EFS
were 80% (95%CI: 74%-96%) and 76% (95%CI: 68%-87%),

respectively.
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Note: Survival outcomes were calculated using the Kaplan-Meier method.

Figure 1. Overall survival among patients with childhood acute lymphoblastic leukemia (n = 50)
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Note: Survival outcomes were calculated using the Kaplan-Meier method.

Figure 2 Event-free survival among patients with childhood acute lymphoblastic leukemia (n = 50)

Multivariate analysis of factors associated with out-
comes in childhood ALL

After adjusting for age at diagnosis, risk stratification,
steroid pretreatment, and extramedullary involvements, OS
and EFS were significantly associated with unfavorable
cytogenetics with statistical significance (HR = 10.422,

p = 0.006 and HR = 12.831, p < 0.001, respectively).

Discussion

Acute lymphoblastic leukemia is the most common
malignancy among the children."* The outcomes of the
disease and treatment have improved over the decades,
especially in developing or lower-middle income countries
(LMIC).** In Thailand, the drive to improve outcomes
led to the establishment of the National Child Cancer
Society (Thai pediatric oncology group - ThaiPOG) to
develop and reach the consensus on the national treat-
ment protocol in 2014. The national pediatric ALL
protocol was adapted from standard protocols used in
developed countries, such as Children Oncology Group
protocol in the US. By implementing risk stratification
criteria, multi-agent chemotherapy, and CNS prophy-
laxis via direct intrathecal therapy, treatment outcomes
improved significantly.® Consenquently, the survival
rate has improved substantially over the years.

Among patients with ALL, multiple prognostic fac-
tors--including the patients’ age at diagnosis, initial white

blood cell count, steroid pretreatment, immunophenotype

of leukemic cells, and cytogenetic abnormalities--were
respectively analyzed. In this study, the most common
age group in pediatric ALL was 1 to 9.99 years old and
immunophenotype Pre-B cell ALL (more than 80%) was
more common than T-cell ALL (less than 20%). The
findings align closely with data from the EU and US.*”
This age group and immunophenotype remain the most
common presentation of ALL **%°

The most common extramedullary manifestation
was CNS involvement, which is the most frequently
affected sanctuary site.” Thus, lumbar puncture for
CSF analysis with cytocentrifugation is recommended
for every patient with ALL, except in cases where con-
traindications exist, such as focal neurologic deficits or
bleeding tendencies."

Conventional karyotyping or molecular genetic test-
ing is crucial and often prioritized over patient history
or basic laboratory criteria, because it is essential for
refining risk stratification.” Pediatric oncology treatment
centers are increasingly equipped to perform these in-
vestigations. This study demonstrated that, beyond
refining risk criteria, these tools influence OS and EFS,
which will be discussed further. Moreover, bone mar-
row MRD investigation on Day 29 is recommended for
these patients.”

The induction-phase mortality rate was 2%, primarily

due to uncontrolled infection complications. Infections

remain a significant challenge, especially in LMIC. Early
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Table 2 Multivariable analysis of risk factors associated with outcomes in childhood acute lymphoblastic leu-

kemia (n = 50)

Overall survival (OS)

Event-free survival (EFS)

Hazard ratio p-value 95%CI Hazard ratio p-value 95%CI
Age group (years)
<1 2.617 0.500 0.160-42.732 4.589 0.490 0.301-50.378
1-9 1 1
10-13 0.621 0.698 0.056-6.900 1.032 0.513 0.170-7.932
>14 1.698 0.241 0.483-5.583 1.761 0.216 0.563-6.794
Sex
Male 1.340 0.651 0.378-4.752 1.632 0.881 0.482-5.172
Female 1 1
Immunophenotype
T-cell 3.140 0.100 0.805-12.251 4.537 0.092 0.914-14.782
Pre-B cell 1 1
Initial WBC count (/mm?)
> 50,000 2.759 0.109 0.797-9.554 3.184 0.089 0.871-10.643
< 50,000 1 1
Cytogenetic test
Unfavorable 10.422 0.006* 1.964-55.299 12.831 <0.001* 2.635-70.984
Favorable 1 1
MRD status Day 29 of induction
> 0.01% 3.887 0.217 0.451-33.511 5.120 0.131 0.572-43.834
< 0.01% 1 1
Protocol of treatment
ThaiPOG-ALL-1301 1 1
ThaiPOG-ALL-1302 1.004 0.997 0.167-6.018 1.002 0.996 0.178-5.648
ThaiPOG-ALL-1303 1.631 0.625 0.229-11.622 1.723 0.613 0.245-11.344
ThaiPOG-ALL-1304 1.869 0.494 0.311-11.244 1.992 0.437 0.362-10.982
Other 1.787 0.329 0.212-12.452 1.831 0.311 0.201-13.826

Notes: Univariate analysis was calculated using Cox’s Proportion Hazard Model. P-value < 0.05 was considered statistical signifi-

cance. Unfavorable cytogenetic abnormalities included hypodiploidy, t(1,19), and 11g23 (KMT2A). Hypodiploid was defined when

a chromosome count < 44 chromosomes or DNA index < 0.81. Abbreviations: CI, confidence interval; MRD, minimal residual

disease; WBC, white blood cell

detection, evaluation, close observation, and empirical
antibiotics are crucial for patients with ALL and febrile
neutropenia. Patients with prolonged febrile neutro-
penia are particularly susceptible to fungal infections,

empirical antifungal agents should be considered at

the initial stage.”

A total of 15 patients with ALL (27.5%) in this study

presented with cytogenetic abnormalities, a finding

comparable to related studies.”"* Hypodiploidy, t(1,19),

and 1123 (KMT2A)--considered unfavorable cytogenetic

abnormalities--were found in three patients (7.5%). This

study excluded t(9,22) because targeted therapy with-
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imatinib mesylate, launched in 2001 and incorporated
into the Children’s Oncology Group protocol (AALL0031)
has improved OS and EFS in pediatric ALL."® Thus,
t(9,22) was not considered an unfavorable cytogenetic
abnormality in this context. Moreover, t(1,19) was clas-
sified as a high-risk cytogenetic abnormality due to
its association with a higher risk for CNS involvement
and relapse.’

The five-year OS for pediatric ALL treated at Phra-
mongkutklao Hospital between 2014 and 2019 was 80%,
and the five-year EFS was 76%. Compared with the
related study,” OS and EFS have improved over the
years. This improvement may be attributed to the
implementation of the national protocol, advancement
in the multidisciplinary care team, and close follow-up
of patients.

The end-of-treatment follow-up among pediatric
patients with ALL showed that ten patients had died.
The major cause of death among seven patients (14%)
was bacterial and fungal infections. One hypodiploid,
high risk patient was lost during the induction phase;
one t(1;19), high-risk patient was lost during the aug-
mented-consolidation phase; one normal cytogenetic,
very high risk patient was lost during the augment-
ed-interim-maintenance phase; and one KMT2A infant
was lost during continuation phase IV. Additionally,
two normal cytogenetic, standard-risk patients were
lost during the maintenance phase. The remaining
patients were lost within six months after maintenance
due to CMV and cryptococcal infections. Clearly, infec-
tions remain the main cause of death among oncologic
patients.**"* Therefore, comprehensive, supportive, and
multidisciplinary care teams are required to care for
patients with cancer. Disease-related mortality was
found among two patients (20% of all mortality) and
was associated with disease relapse or refractory status.

Multivariate analysis in Cox’s proportional hazards
model revealed associated factors associated with OS

and EFS in pediatric ALL at Phramongkutklao Hospi-

tal, adjusted with age at diagnosis, risk stratification,

steroid pretreatment, and extramedullary involvements.
OS showed a statistically significant association with
unfavorable cytogenetics (HR = 10.422, p = 0.006); con-
sequently, the association with EFS was also statistically
significant (HR = 12.831, p < 0.001). As previously
mentioned, cytogenetic or molecular abnormalities were
more predictive than historical or basic laboratory criteria
because survival outcomes were statistically signifi-

13,14
cant.™

Even though a related study in Thailand did
not show any significant association with cytogenetics,’
this investigation, conducted among patients with ALL
(80%), was sufficient to distinguish differences in treat-
ment outcomes. Therefore, pediatric patients with ALL
and high risk cytogenetic abnormalities might benefit
from more intense multiagent chemotherapies, longer
treatment duration, and/or closed monitoring for disease
relapse.”

Moreover, other prognostic factors did not show any
significant association. Age group, T-cell immunophe-
notype, and initial WBC count showed no statistical
significance. Regarding age, a previous study showed
that age is a critical prognostic factor in pediatric ALL,
with children aged one to nine years experiencing
better outcomes compared to infants (< 1 year) and
adolescents (> 10 years)."” Historically, T-cell ALL has
been associated with poorer outcomes compared with
B-cell ALL due to higher relapse rates and resistance to
therapy. However, recent studies have demonstrated
significant improvements in survival rates for T-cell ALL
with contemporary protocols (e.g., Children’s Oncology
Group trials).” A high initial WBC count (> 50,000/
uL) is typically associated with poorer prognosis in
pediatric ALL'™ In this study, other factors, such as
MRD or cytogenetics, may have played a more domi-
nant role in determining outcomes. Furthermore, these
results might have stemmed from the well-organized
disease-based risk-stratification regimen,” resulting in
uniform distribution of risk groups and effective treat-
ment protocols that minimized the impact of these

factors. Moreover, MRD, which has been identified as
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the most potent prognostic factor in pediatric ALL in
related studies, was not associated with the disease
outcome in this study.”””® The reason may lie in close
postinduction monitoring. MRD after the end of the
induction phase (EOI) is itself a measure of disease
response and treatment outcome. Following positive
MRD results after EQI, risk stratification was upscaled
to high- or very-high-risk regimen and reevaluated after
the end of the consolidation phase (EOC).” In this study,
only one patient indicated positive MRD after both EQI
and EOC and was considered to have refractory disease.
This patient was unable to receive hematopoietic stem

cell transplantation and passed away from the disease.

Limitations

While the study covered a period of four years, the
relatively small sample size (50 patients) from single
center may limit the generalizability of the findings.
Despite this, our findings provide valuable insights into
the outcomes and challenges faced in treating ALL
within a pediatric population. Future studies with
larger cohorts and multi-center collaborations should
be conducted to explore, validate, and expand real sit-
uation in pediatric ALL in Thailand. Moreover, this

study was a retrospective investigation in which some

data were unavailable.

Conclusion

Improvement in outcomes for pediatric ALL was ad-
dressed in this study. It was advised that conventional
karyotyping analyses are necessary to stratify disease
status and designate treatment protocols accordingly.
Infections remained the main cause of death among
pediatric patients with ALL. Therefore, comprehensive,
supportive, and multidisciplinary care teams are required
for early detection, evaluation, and early prompt treat-

ment of ALL patients with infectious complications.
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