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Purpose: This study aimed to determine the survival rates and treatment outcomes of patients with childhood Acute Lymphoblastic
Leukemia (ALL) in a single-center study at Indonesia.

Patients and Methods: Factors contributing to the relapse and survival of ALL in Bandung, Indonesia, were evaluated. Data were
collected from the medical record and the Indonesian Pediatric Cancer Registry (IPCAR). Subsequently, univariate and multivariate
analyses were evaluated using Cox proportional hazard regression and Kaplan Meier was used for survival analysis. An analytic
observational study was conducted on newly diagnosed children aged 1-18 with ALL from January 2019 to December 2022.
Results: A total of 137 children were included in the analysis, 30 (21,9%) were dropped out during treatment and 60.5% died during the
study period. Most of the deaths occurred after relapse in 32 (38.5%) with a high early relapse (70.5%), occurring mainly during the
maintenance phase (42.4%). At the one-year mark, the observed overall survival (OS) rate was at 36%, while event-free survival (EFS) was
lower, at 19%. Univariate Cox regression analysis showed that the leucocyte counts at diagnosis (p=0.005) and response to induction phase
(p < 0.008) was associated with the death of ALL. Furthermore, a response to induction phase was significant [hazard ratio 4.67 (CI 95%:
1.64-13.29); p = 0.004] in the multivariate analysis.

Conclusion: In conclusion, this study underscored the persistent challenges of high treatment discontinuation rates and the occurrence
of very early relapses in low- to middle-income countries (LMICs), which significantly impacted the OS of children diagnosed with
ALL.
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Introduction

Childhood cancer is a global concern that showcases varying survival rates depending on geographical location. In high-
income countries, the survival of childhood cancer was more than 80%, while in low- and middle-income countries
(LMIC) survival rate was only about 20%." Acute Lymphoblastic Leukemia (ALL) is the most common childhood
cancer, and its survival rate has significantly increased in the last two decades, with more than 90% in high-income
countries. This has also improved in LMIC, although comprehensive data on global ALL survival in LMICs remain
limited.> Several studies in Indonesia showed a survival rate of childhood ALL between 20% and 60%.

The mortality of ALL primarily occurs during or even before the induction phase. Prognostic factors play a pivotal
role in treatment risk stratification, predicting treatment outcomes, the possibility of failure, and the risk of relapse. The
goal of treatment risk stratification is to enhance survival by increasing the intensity of therapy. Several known prognostic
factors in ALL were age at diagnosis, gender, initial leucocyte count, mediastinal mass, central nervous system (CNS)

involvement, and response to initial therapy or induction phase.®® Minimal residual disease (MRD) using flow cytometry
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emerged as a strong predictor of outcome and relapse. However, MRD was not a routine examination due to limited
facilities, particularly in Indonesia.'®!!

Managing ALL in LMIC comes across challenges to improve outcomes and increase survival. To increase the
survival of ALL, survival hinges on designed risk-based therapies rooted in prognostic factors that influence the outcome.
Strategic selection of treatment intensity during the induction phase mitigates recurrence risks and minimizes treatment-
related toxicity and death, while paying attention to compliance treatment to avoid treatment abandonment. This study

aimed to determine the survival rates and treatment outcomes of children with ALL.

Materials and Methods

A retrospective cohort study was conducted from January 2019 to December 2022. This study involved newly diagnosed
children ALL aged 1-18 years treated at the pediatric oncology division child health department, Hasan Sadikin Hospital,
Bandung (provincial referral hospital in West Java, Indonesia). Patients falling under the categories of ALL L3, those
above 18 years of age during the treatment period, or those who had passed away before commencing treatment were
excluded. French-American-British classification was still used over the molecular/cytogenetic biomarkers of WHO
classification due to unavailability of cytogenetic examination facility in our center.

The data collection process involved sourcing information from medical records and the Indonesian Pediatric Cancer
Registry (IPCAR), including the demographic of the patients, nutritional status, presenting signs and symptoms, and date
of diagnosis. The nutritional status was measured during the diagnosis phase and classified based on the WHO growth
chart. Additionally, specific medical criteria were used for defining splenomegaly (enlarged spleen, Schuffner stage 1 or
greater) and hepatomegaly (spleen positioned more than 2 cm below the arcus costae). Essential diagnostic factors such
as the initial leucocyte count, chest X-ray, presence of leukemic blast in cerebrospinal fluid, and bone marrow
morphology during diagnosis and evaluation after induction therapy were obtained. The evaluation of the induction
phase was presented as remission if bone marrow morphology evaluation showed blast percentages of 5% or less.
However, blast percentages exceeding this threshold were classified as induction failure. The patients’ outcome was
determined by relapse and remission during the evaluation after treatment. Specifically, relapse denoted the presence of
leukemic blasts exceeding 20% in bone marrow morphology after patients had previously achieved complete remission.
The timing of relapse was stratified into three categories: “very early relapse” if it occurred within 18 months of
diagnosis, “early relapse” for relapses between 18 and 36 months, and “late relapse” for occurrences after 36 months
post-diagnosis.

According to the Hematology Oncology Coordination Unit of the Indonesian Pediatric Society, the categorization of
risk stratification was divided into groups, a standard risk (SR) and high risk (HR). High risk was characterized by an
inadequate or poor response to prednisone defined by blast cell count >1000/uL found in peripheral blood at day eight
after 7 days of prednisone and 1 dose of intrathecal methotrexate, absence of complete remission within six weeks with
morphology examination, and meeting one or more of the subsequent criteria at the time of diagnosis: age <1 or >10
years old, leucocyte >50x10%/uL, mediastinal mass more than 1/3 of the thoracic cavity, CNS involvement (presence of
leukemic blast in cerebrospinal fluid), testicular involvement, mixed leukemia, T-cell as determined by immunopheno-
typing, while cases not meeting these conditions were classified as standard risk.

All patients were treated according to Indonesian Protocol ALL 2018 based on risk stratification (HR and SR).
Patients monitoring occurred in the treatment course until the conclusion of the study period. Instances that were
considered events for measuring event-free survival (EFS) encompassed relapse, treatment failure, or mortality.
Patients who were selected to discontinue or withdraw from the study were accounted for until the last follow-up
date. Statistical analysis for survival employed the Kaplan-Meier and was performed with SPSS IBM (Statistical
Package for the Social Science Inc., Version 17). The factors affecting the survival of ALL were evaluated with
univariate and multivariate analysis using Cox proportional hazard regression method with a confidence interval of
95% and p<0.05. This study was approved by the Ethics Committee of Hasan Sadikin General Hospital. All the data
accessed has been authorized by Hasan Sadikin General Hospital for use in this study and kept anonymized using
patient code.
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Results

Study Population

This study identified 216 ALL children aged 1-18 years old with newly diagnosed ALL from January 2019 to
December 2022. From all ALL patients identified in Hasan Sadikin Hospital, 31 had missing data. Only 185 patients
were included, while 3 were diagnosed with bone marrow morphology of L3, 39 died before starting treatment, and 6
were transferred to another hospital. The data of the remaining 137 patients were subjected to analysis, as shown in
Figure 1.

Patients Characteristics

The majority of subjects were male (52.2%), with a median age of 6 (1.0—17.7). Subsequently, nutritional status was normal
(54.5%) in most subjects during diagnosis. A total of 83 (60.5%) children died until December 2022 and 32 (38.5%) of the
cases occurred due to relapse. The majority of relapses transpired during the maintenance phase (42.4%), whereas occurrences
during the induction and consolidation phases were observed in 4 (12.1%) and 5 (15.1%), respectively. The median time from
the initial diagnosis to relapse was 15.38 months. Subsequently, most relapses occurred very early (<18 months) in 24 (70.5%)
children, occurred early (18-36 months) in 7 (20.5%), and 1 (2.9%) child had late relapses. While 10 (7.3%) children
completed therapy until the end of the maintenance phase and 2 children had a relapse after completing the treatment. The
demographical and clinical characteristics of the subjects are shown in Table 1.

Survival Analysis

The cumulative overall survival (OS) and EFS rates at 1 year were 36% and 19%, respectively, as shown in Figure 2. In the
survival curve, the inclusion of 30 children (21.9%) who dropped out during treatment was marked as censored data. The one-
year OS rates for the standard risk (SR) and high-risk (HR) stratification groups were 54% and 29%, while the corresponding
one-year EFS rates stood at 64% and 18% (Figure 3). Survival analysis with various demographic and clinical characteristics
of subjects was carried out using the Cox regression method. Based on the results of univariate analysis, it was found that the
initial leukocyte count >50x10%/uL (p=0.005) and relapse during the induction-phase therapy evaluation (p<0.008) were
associated with the death of ALL (Table 2). Moving to the multivariate analysis, the sole statistically significant variable was
the absence of bone marrow remission post the induction phase, which carried a fourfold higher risk of death (Table 3).

Identification ALL patients aged 1-18 years old with newly
diagnosed childhood ALL in Hasan Sadikin Hospital from January
2019-December 2022

Missing data (n=31)

\ 4

A 4

Eligible ALL children for inclusion (n=185)

Excluded from analysis (n=48)

* ALL-L3 (n=3)

* Died before start treatment (n=39)

* Transferred to another hospital (n=6)

A\ 4

ALL children for analysis (n=137)

Figure | Flow chart of subject selection.
Abbreviations: ALL, acute lymphoblastic leukemia; ALL-L3, acute lymphoblastic leukemia with bone marrow morphology showed L3.
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Table 1 Demographical and Clinical Characteristics of Subjects

Characteristic N (%)
I. Gender

Male 72 (52.2)

Female 66 (47.8)
2. Age at diagnosis (years)

I-10 98 (71.0)

>10—<18 40 (29.0)
3. Nutritional status

Normal 73 (54.5)

Mild malnutrition 9 (6.7)

Moderate malnutrition 44 (32.8)

Severe malnutrition 8 (6.0)
4. Leucocyte

<50 x103/uL 100 (78.1)

250 x10%/uL 28 (21.9)
5. Splenomegaly

Yes 59 (58.4)

No 42 (41.6)
6. Hepatomegaly

Yes 46 (44.7)

No 57 (55.3)
7. Mediastinal mass

Yes I (1.0)

No 95 (99.0)
8. Risk Stratification

HR 87 (64.0)

SR 49 (36.0)
9. Evaluation after the induction phase

Failure to respond 7 (11.5)

Remission 54 (88.5)
10. CNS involvement

Negative 85 (92.4)

Positive 7 (7.6)
1. Outcome

Relapse 35 (55.5)

Remission 28 (44.5)

Abbreviations: HR, high risk; SR, standard risk; CNS, central nervous system.

Discussion
The result of this study showed 62 (59.7%) children with ALL died during and after chemotherapy, with a low
cumulative OS rate. This is consistent with the previous studies conducted in several cities in Indonesia, which showed
that the survival rate of ALL in children ranges from 20% to 60%.'%"'* The survival rate in low-middle-income countries
based on CONCORD-2 data was 34.3-73.1%.%' Neutropenia was the main cause of death-related treatment enhanced
by infection, leading to life-threatening conditions requiring further treatment and may contribute to the delay of therapy
during the induction phase.'®

Most of the deaths occurred after children had relapsed (<18 months from diagnosis). This is consistent with previous
studies in Indonesia and Latin America, showing that most deaths occur after relapse and most relapses occur very
early.'”'® Furthermore, a high rate of very early relapse indicated that the therapy given was inadequate to maintain
remission and clearance of leukemic cells due to the contributions of several factors, such as delay of diagnosis and
treatment, abandonment of therapy, and longer duration of the induction phase. Factors that contributed to the longer
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Figure 2 Kaplan—Meier curves of probable cumulative OS and EFS.

duration of the induction phase included infection during the induction phase, waiting for the chemotherapy room to be
available, or side effects of previously administered chemotherapy. Inadequate clearance of leukemic cells during the
induction phase might increase the risk of induction failure, as well as lead to a higher risk of relapse and severe
complication.'’

The result showed a high dropout rate of 21.9% due to treatment abandonment, which was still the main problem in
developing countries, causing inadequate therapy and reducing the survival rate of ALL. Economic difficulties and lack
of parental education might be barriers to therapy compliance despite the provision of national health insurance to cover
all examination and treatment costs. Parents or guardians still needed to pay for daily living and the long duration of ALL
treatment makes it difficult for parents to work and earn an income. Some were also hesitant to give chemotherapy to
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Figure 3 Kaplan—Meier curves of probable OS and EFS SR and HR risk stratification group.
Abbreviations: SR, standard risk; HR, high risk.

their children due to its severe side effects, long-term complications, and incurability beliefs.”'”** Treatment abandon-
ment should be fixed up in LMIC as one of the preventable factors of treatment failure in ALL.

Initial leucocyte count showed a significant result related to the outcome of ALL. The higher number of leucocyte
counts at diagnosis showed the high proliferation of malignancy cells. Hyperleukocytosis leads to circulatory stasis due
to the increased blood viscosity with blasts. This is related to the inflammatory process and the release of cytokines that
cause ischemic tissue injury and damage by the entry of leukemic cells into the microcirculation.’’*? A high initial
leucocyte count was considered in the therapy risk stratification as one of the factors that worsened the prognosis. High-
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Table 2 Association Between Demographical and Clinical Characteristics to the Outcome and Hazard Ratio to Overall Survival (OS)

Characteristics Outcome p-value* Univariate Analysis
Survive Death Hazard Ratio for p-value
Death (CI 95%)
I. Gender 0.267
Male 33 (53.2) 29 (46.8) 1.16 (0.69-1.94) 0.57
Female 25 (43.1) 33 (56.9)
2. Age at diagnosis (years) 0.140
1-10 47 (52.2) 43 (47.8)
>10—<18 Il (36.7) 19 (63.3) 1.72 (0.99-1.94) 0.055
3. Nutritional status 0.825
Normal 31 (50.8) 30 (49.2)
Mild malnutrition 3 (50) 3 (50.0) 1.82 (0.54-6.04) 0.340
Moderate malnutrition 17 (41.5) 24 (58.5)
Severe malnutrition 4 (50.0) 4 (50.0)
4. Leucocyte 0.468
<50 x10°/uL 41 (48.2) 44 (51.8)
250 x10°/uL 10 (40.0) 15 (60.0) 0.641 2.44 (1.31-4.52) 0.005
5. Splenomegaly
Yes 25 (49.0) 26 (51.0) 1.05 (0.56—1.95) 0.881
No 20 (54.1) 17 (45.9) 0.408
6. Hepatomegaly
Yes 19 (46.3) 22 (53.7) 1.00%* %1.%2 (0.56—1.85) 0.969
No 27 (55.1) 22 (44.9)
7. Mediastinal mass
Yes 0 | 0.004* 1.53 (0.21-11.33) 0.676
No 32 (41.6) 45 (58.4)
8. Risk Stratification
HR 28 (38.4) 45 (61.6) 0.045%* 0.67 (0.43—-1.04) 0.077
SR 30 (65.2) 16 (34.7)
9. Evaluation after the induction phase
Failure to respond 1 (14.3) 6 (85.7) 1.00%* 4.00 (1.43-11.15) <0.008
Remission 29 (58.0) 21 (42.0)
10. CNS involvement
Positive 3 (42.9) 4 (57.1) 0.54 (0.19-1.54) <0.250
Negative 29 (39.7) 44 (60.3)
Notes: *Chi-square test; **Exact fisher test.
Abbreviations: HR, high risk; SR, standard risk; CNS, central nervous system.
Table 3 Multivariate Cox Regression Analysis
Variable ] SE (B) p-value Hazard Ratio Adjusted (Cl 95%)
Initial model:
Age at diagnosis (210-18 years) ~0.847 0.884 0.338 0.43 (0.08-2.42)
Initial leucocyte count (250x10%/uL) 0.718 0.556 0.197 2.05 (0.69-6.10)
Risk stratification (HR) 0.275 0.382 0.471 1.32 (0.62-2.78)
CNSS involvement (positive) ~1.543 1.265 0222
Evaluation after induction (failure) 1.806 0.676 0.008 6.09 (1.62-22.90)
End model:
Evaluation after induction (failure) 1.541 0.534 0.004 4.67 (1.64-13.29)
Abbreviations: CNS, central nervous system; SE, standard error; HR, high risk; Cl, confidence interval.
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risk patients had lower OS and EFS as mentioned in many previous studies due to poorer prognosis and more intensive
therapy.'®?* Most of the patients were in the high-risk stratification group. In addition to the high rate of relapse, the
delay in patients getting diagnosed and receiving treatment may lead to further progressivity of leukemic cells requiring
the administration of more intensive therapy.

Early response to induction-phase therapy was a significant predictive factor in the outcome of children with ALL.
Patients who have induction failure often experience disease progression to become more severe and even cause death.
Steroid response, morphological assessment, and MRD evaluation strongly predict therapy outcomes guide the adjust-
ment of treatment intensity and estimate the likelihood of relapse. Response to steroids, morphological assessment, and
MRD assessment are strong predictors for predicting therapy outcomes, adjusting the intensity of therapy given, and
estimating the likelihood of relapse. In several developing countries with limited MRD facilities, morphological
examination at the end of the induction phase still plays an important role in the assessment of ALL therapy.**> The
longer duration of the induction phase could worsen the prognosis and the outcome of therapy, as well as increase the risk
of failure. Induction phase therapy was the most important because it eliminated all leukemic cells, while other phases
prevented the risk of relapse and maintained EFS.®

The limitations of this study were in its retrospective design and conducted at a single center, potentially resulting in
low external validity. In addition, the high dropout rate means that children cannot be followed until the end of therapy or
until relapse occurs. Early death before starting treatment was caused by late of diagnosis and some had refused to
referred to tertiary hospital. Many variables showed insignificant results in terms of ALL therapy in this study, as it might
be influenced by the small number of subjects investigated. Future studies are expected to assess characteristics that may
influence the survival of ALL in LMIC, such as socio-economic factors, parental education, family perception of the
disease, and distance between home and health facilities. This assessment should be incorporated into the prospective
cohort design of the study.

In conclusion, the evaluation conducted after the induction phase by bone marrow morphology remained
a remarkable predictor for the outcome of ALL therapy, specifically in limited resources settings. Treatment delay and
abandonment also played an important role in the outcome of ALL in LMIC. Furthermore, improving the survival of
ALL remained a challenge in LMIC to determine optimal treatment intensity with less treatment-related toxicity and
maintain compliance, as well as reduce delay of diagnosis and treatment.
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