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Abstract

Background: Acute lymphoblastic leukemia accounts for approximately 75% of
childhood leukemias worldwide. The overall survival exceeds 90% in high-income
countries. The Outcome in low- and middle-income countries remains suboptimal,
including Ethiopia (10—-40%). Relapse is reported in 25—-35% of LMIC cases and is a major
contributor to mortality. Predictors of relapse in this setting remain insufficiently

characterized.

Methods: A retrospective cohort study included children younger than 18 years with
newly diagnosed ALL treated at Tikur Anbessa Specialized Hospital between 2020 and
2025. Overall and relapse-free survival were demonstrated with Kaplan—Meier survival
analysis, predictors for death and relapse were evaluated with R using bivariate and

multivariate Cox proportional hazards models at p < 0.05.

Results: A total of 251 children were included (male: female (1.5:1); median age 6.2
years; median follow-up 20.1 months). At diagnosis, 52.2% were standard-risk and 47.8%
high-risk; nearly half were undernourished. Immunophenotyping and cytogenetic testing
were infrequently performed. Infections accounted for 42 % of deaths, mainly during
induction. Treatment abandonment occurred in 11.2%. OS was 74.9% at 1 year and
54.5% at 4 years. Relapse occurred in 14.4%, predominantly in the bone marrow (36.8%),
with RFS of 70.5% at 1 year and 45.9% at 4 years. Relapse had a dismal outcome with
an OS of 32.9 at 3 years. Infants had higher mortality (AHR 4.58 vs >10 years; AHR =
11.1 vs 1-10 years), and treatment abandonment increased mortality 2.41-fold. High
WBC strongly predicted relapse: >100,000/uL (AHR = 7.47) and 50,000-100,000/uL
(AHR = 3.52) compared with WBC <20,000/uL.

Conclusion: Survival and relapse outcomes in pediatric ALL patients in Ethiopia remain
suboptimal, with infant age, elevated WBC, infection, and treatment abandonment driving
mortality and relapse. Strengthening supportive care, early diagnosis, and diagnostic

capacity is crucial for improving outcomes.

KEY WORDS: Pediatric Acute Lymphoblastic Leukemia,Relapse,
Outcomes, Treatment Abandonment, Predictors for outcomes
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1. Introduction
1.1. Background of the Study

Acute lymphoblastic leukemia is the most common hematologic malignancy in children,
making up about 75% of all childhood leukemia cases worldwide (1). Most pediatric ALL
cases are B-cell precursor ALL, which accounts for nearly 85%, while T-cell ALL accounts
for the rest (2).

The disease starts when lymphoid progenitor cells in the bone marrow become
cancerous, causing them to multiply uncontrollably and crowd out normal blood cell
production. This often leads to anemia, low platelets, and low neutrophil counts, which
show up as fatigue, bleeding, and more frequent infections in children (3). Leukemia
potentially spreads to other sites including the CNS, lymph nodes, liver, spleen, and
testes. (3).

Molecularly, ALL is a heterogeneous characterized by diverse genetic and epigenetic
alterations. These alterations potentially disrupt the normal lymphoid differentiation, cell
cycle regulation, and apoptotic pathways. These play a leukemogenesis and influence
treatment response and relapse risk. Increasing evidence indicates that specific
molecular subtypes, with PAX5 altered and IKZF1 deleted leukemia, are associated with

inferior outcomes and higher relapse rates (4).

Over the past several decades, the prognosis of pediatric ALL has improved dramatically
in high-income countries. The implementation of risk-adapted, multi-agent chemotherapy
protocols, supported by advances in supportive care and by minimal residual disease-
guided treatment intensification, has resulted in long-term survival rates exceeding 90%
in many settings (5)(7). Large cooperative group trials, such as those conducted by the
Children’s Oncology Group, have been instrumental in refining treatment strategies and
optimizing outcomes through protocol modifications (7).

In contrast, children in low- and middle-income countries continue to experience
substantially poorer outcomes with reported survival rates in LMICs ranging widely
between 20% and 70%, reflecting marked disparities in access to timely diagnosis,
advanced diagnostics, consistent chemotherapy delivery, and adequate supportive care

1



(6)(11). Relapse rates are correspondingly higher, frequently reported between 25% and
35%, and contribute significantly to disease-related mortality in these settings (12).
Factors such as delayed presentation, limited diagnostic capacity for cytogenetic and
molecular risk stratification, treatment interruptions, infectious complications, and

socioeconomic barriers collectively undermine treatment success (13).

Relapsed ALL represents the leading cause of treatment failure and cancer-related death
in children worldwide. Although only a minority of patients fail frontline therapy, the
absolute burden of relapsed disease remains substantial, given the global incidence of
ALL (8). The reappearance of leukemic blasts defines relapse after achieving complete
remission. It is strongly associated with adverse biologic features, suboptimal early
treatment response, and persistent minimal residual disease (1)(7). Established clinical
predictors, including age at diagnosis and initial white blood cell count, remain relevant,

but their prognostic performance may vary significantly across healthcare settings (1).

The management of relapse requires intensive salvage chemotherapy. Selected high-risk
patients for hematopoietic stem cell transplantation. These approaches offer curative
potential despite being associated with considerable treatment-related toxicity, long-term
morbidity, and diminished quality of life (14). Survivors of relapse therapy frequently
experience prolonged immunosuppression, recurrent infections, fatigue, and
neurocognitive impairments that affect educational attainment and psychosocial
development (15). Moreover, the protracted and resource-intensive nature of relapse
treatment imposes substantial emotional, social, and financial burdens on affected

families, particularly in resource-constrained environments (16).

In Ethiopia, pediatric cancer care is challenged by structural and systemic limitations.
Although population-based cancer registry data are lacking, available institutional reports
indicate that ALL is the most common childhood malignancy diagnosed in the country
(17)(18). Delays in diagnosis are frequent due to limited public awareness, inadequate
diagnostic infrastructure at peripheral health facilities, and prolonged referral pathways to
specialized centers (19). At Tikur Anbessa Specialized Hospital, the primary national

referral center for pediatric oncology, access to advanced diagnostic modalities such as



flow cytometry, cytogenetics, molecular testing, and MRD assessment remains limited by

financial constraints, supply shortages, and workforce gaps (20).

In addition to diagnostic limitations, treatment abandonment and interruption represent
significant threats to successful outcomes. Reported abandonment rates in Ethiopia are
substantially higher than those observed in HICs, particularly among families from rural
areas. These are driven by socioeconomic hardship, travel distance, and limited
psychosocial support (21). The inadequacy of a comprehensive national cancer registry
further restricts systematic monitoring of disease incidence, relapse patterns, and
treatment outcomes, hindering evidence-based policy development and programmatic

improvement (22).

Given these challenges, there is a critical need for locally generated evidence to
characterize treatment outcomes and identify context-specific predictors of relapse
among Ethiopian children with ALL. Understanding the relative contributions of clinical,
biologic, and treatment-related factors in this setting is essential for refining risk
stratification, optimizing resource allocation, and developing targeted interventions to

improve survival and reduce disparities in pediatric ALL care.

1.2. Statement of the problem

Despite significant global advances in pediatric ALL management, substantial disparities
in clinical outcomes persist between high-income and low- and middle-income countries
(LMICs), including Ethiopia. Children diagnosed with ALL in resource-constrained
settings face significantly higher risks of relapse and mortality. (23) (24)This elevated risk
is primarily driven by a confluence of factors, including delayed diagnosis leading to
advanced presentation, limited access to comprehensive diagnostic tools such as MRD
monitoring and detailed cytogenetics, high rates of treatment abandonment, often linked
to socioeconomic barriers, and systemic deficiencies within the healthcare infrastructure.
(24-28)(26).

Although risk-adapted treatment protocols and sophisticated MRD monitoring have
markedly improved prognostic accuracy and survival rates in HICs, these resource-

intensive strategies remain largely inaccessible or are inconsistently implemented in
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Ethiopia. Furthermore, the absence of a national cancer registry impedes accurate
surveillance of disease incidence, relapse patterns, treatment effectiveness, and long-

term outcomes on a population level (28-30).

Systematic, locally derived data on the specific predictors of relapse in pediatric ALL
remain scarce at Tikur Anbessa Specialized Hospital, Ethiopia’s primary pediatric
oncology center. This critical evidence gap hampers the development and validation of
context-specific risk stratification models and the design of tailored supportive care or
therapeutic interventions(31-33). Without a clear understanding of the relative
contributions of clinical, biological, treatment-related, and socioeconomic factors to
relapse within this specific patient population, efforts to improve therapeutic outcomes,
optimize the use of limited resources, and reduce the profound disparities in pediatric

oncology care are severely limited.(32,34)

This study directly addresses this critical knowledge gap by retrospectively analyzing
pediatric ALL cases treated at TASH to identify treatment outcomes and determine the
magnitude and predictors of relapse within the Ethiopian context. The findings are
intended to inform the adaptation or development of risk-adapted management strategies,
guide clinical decision-making at the point of care, and support evidence-based policy

initiatives to enhance outcomes for Ethiopian children diagnosed with ALL.(27,35,36)

1.3. Significance of the Study

Pediatric ALL relapse remains a significant cause of cancer-related morbidity and
mortality among children globally, with pronounced and unacceptable disparities in
outcomes between HICs and LMICs like Ethiopia. Despite ALL being a common pediatric
malignancy encountered at TASH, context-specific data on relapse patterns, associated

risk factors, and the impact of local systemic challenges remain limited.

By systematically identifying the clinical, biological, treatment-related, and socioeconomic
predictors of relapse within the TASH patient cohort, this study directly addresses a
critical national evidence gap. The findings will be crucial for informing the development

or adaptation of contextually appropriate risk stratification frameworks. This allows for
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more tailored therapeutic intensity, potentially sparing lower-risk patients from excessive
toxicity while identifying higher-risk patients who might benefit from intensified therapy or
closer monitoring, even within resource constraints. Furthermore, understanding
predictors can guide targeted supportive care interventions and optimize institutional-

level resource allocation strategies.

Moreover, the results will provide valuable, locally generated evidence for health
policymakers and hospital administrators, potentially supporting strategic investments in
diagnostic infrastructure, improving access to tests to better risk-stratify patients,
strengthening referral pathways, enhancing pharmacy supply chains, and developing
programs to mitigate treatment abandonment through patient navigation or psychosocial
support. Ultimately, this study's contribution extends beyond the national context; by
enriching the scientific discourse with robust data from an underrepresented LMIC setting,
it supports broader global efforts to understand and reduce inequities in childhood cancer

outcomes worldwide.



2. Literature review

2.1. Epidemiology of ALL

Acute lymphoblastic leukemia is the most common malignancy affecting children and
adolescents, accounting for approximately one quarter of all pediatric cancers and nearly
75-80% of leukemia diagnoses in this age group worldwide (1)(37). Even though ALL is
found worldwide, its epidemiology varies significantly by age, sex, ethnicity, and region,

indicating complex interactions among genetics, environment, and healthcare factors.

The incidence of pediatric ALL is highest in high-income countries, where population-
based cancer registries report annual rates ranging from 3 to 5 cases per 100,000 children
younger than 15 years (9). A distinctive feature of ALL epidemiology is the pronounced
age-specific incidence peak occurring in early childhood, particularly between 2 and 5
years of age. This peak is most evident in B-cell precursor ALL and is less prominent in
T-cell ALL, which tends to present in older children and adolescents (1)(38). Following
early childhood, incidence rates decline through late childhood and adolescence before

rising again in adulthood.

Across most populations, pediatric ALL exhibits a consistent male predominance, with
reported male-to-female ratios typically ranging from 1.2:1 to 1.4:1 (39). Sex-related
differences are more pronounced in specific subtypes, particularly T-cell ALL, which is
more common in males. Variations in incidence by ethnicity have also been well
documented, particularly in studies from HICs. Children of Hispanic and White ethnic
backgrounds have been reported to have higher incidence rates compared with children
of African or Asian descent (1). These disparities are thought to arise from a combination
of inherited genetic risk factors and differential environmental or early-life exposures,

although the precise mechanisms remain incompletely understood (40).

Marked geographic differences in reported ALL incidence exist between HICs and low-
and middle-income countries (LMICs). In many LMIC settings, reported incidence rates
are substantially lower than those observed in HICs (11). However, this apparent
difference likely reflects, at least in part, underdiagnosis, delayed presentation, limited

access to diagnostic services, and incomplete cancer registration systems rather than



actual differences in disease occurrence (41). In the absence of comprehensive
population-based registries, the actual burden of pediatric ALL in many LMICs remains

underestimated.

Temporal trends in pediatric ALL incidence further illustrate epidemiologic complexity.
Several long-term studies from HICs have demonstrated a modest but steady increase in
ALL incidence over recent decades, particularly for B-cell precursor subtypes (42)(43).
Proposed explanations include changes in environmental exposures, lifestyle factors, and
patterns of early-life infections that may influence immune system development.
Nonetheless, definitive causal pathways have yet to be established, and comparable

trend data from LMICs are scarce.

While incidence provides insight into disease occurrence, prevalence has become
increasingly relevant for improving survival. In HICs, dramatic advances in therapy have
resulted in a growing population of childhood ALL survivors, many of whom face long-
term treatment-related complications requiring ongoing medical follow-up (14)(44). In
contrast, the prevalence of long-term survivors in LMICs is lower, reflecting reduced
survival, higher treatment-related mortality, and substantial rates of treatment
abandonment (45). These differences underscore the unequal global distribution of the
burden of survivorship and the need for health system planning tailored to local

epidemiology.

In Ethiopia, reliable population-based incidence and prevalence data for pediatric ALL are
lacking due to the lack of a national cancer registry. Available information is derived
primarily from institutional and regional reports, which consistently identify leukemia,
predominantly ALL, as the most common childhood cancer diagnosed in the country
(17)(18). However, these data likely underestimate the true incidence, particularly in rural
and underserved regions, where access to diagnostic and referral services is limited.
Improved epidemiologic surveillance is therefore essential to accurately define disease
burden, guide resource allocation, and inform national childhood cancer control

strategies.



2.2. Overview of ALL: Clinical, Laboratory, and Molecular Aspects

Acute Lymphoblastic Leukemia (ALL) manifests through a range of clinical features that
stem from the underlying biology of uncontrolled lymphoid proliferation and subsequent
bone marrow failure. A thorough understanding of both the patient's clinical presentation
and the molecular aberrations driving the disease is essential for accurate diagnosis,

appropriate risk stratification, and effective therapeutic planning.

Presenting complaints are typically non-specific and arise primarily from the infiltration of
the bone marrow by leukemic blasts, which suppresses normal hematopoiesis.
Consequently, patients commonly experience symptoms related to cytopenias: fatigue,
pallor, and irritability due to anemia; easy bruising, petechiae, or bleeding episodes like
epistaxis resulting from thrombocytopenia; and increased susceptibility to infections,
often manifesting as persistent fever or recurrent ilinesses, due to neutropenia(3) (1).
Bone and joint pain can be a prominent feature, sometimes severe enough to cause
limping or refusal to bear weight, attributed to leukemic expansion within the bone marrow
cavity and periosteal infiltration. While less common than in other hematologic
malignancies, systemic symptoms such as unexplained fever, weight loss, or night
sweats may also occur. Physical examination often corroborates these symptoms,
revealing pallor, cutaneous signs of bleeding, and frequently, lymphadenopathy and
hepatosplenomegaly indicative of extramedullary leukemic spread(2). Testicular
involvement in boys and central nervous system (CNS) infiltration, which can present with
neurological symptoms or be clinically silent, represent other significant sites of potential

extramedullary disease requiring specific diagnostic evaluation and management(41).

Initial laboratory investigations, particularly the complete blood count (CBC), typically
show anemia and thrombocytopenia. The total white blood cell (WBC) count varies,
ranging from low to markedly elevated (hyperleukocytosis), but examination of the
peripheral blood smear often reveals circulating lymphoblasts. Definitive diagnosis
necessitates bone marrow aspiration and biopsy, with confirmation based on
morphological, cytochemical, and immunophenotypic analysis demonstrating =20%

lymphoblasts, according to current classifications(46). Certain clinical and laboratory



parameters present at diagnosis carry significant prognostic weight and are crucial for
initial risk assessment. These include the patient's age (with infants <1 year and those
210 years generally facing higher risks), the initial WBC count (where hyperleukocytosis
often predicts poorer outcomes), the specificimmunophenotype, the presence and extent
of extramedullary disease (especially CNS or testicular involvement), and the rapidity and
depth of response to initial therapy, most accurately measured by Minimal Residual

Disease assessments (1)(9)(47).

The molecular pathogenesis of ALL involves a multi-step accumulation of genetic and
epigenetic alterations within a lymphoid progenitor cell, disrupting standard controls over
differentiation, proliferation, and survival.(9) (3). These molecular lesions define distinct
ALL subtypes with differing biological behaviors and therapeutic sensitivities.
Chromosomal rearrangements are particularly characteristic, often serving as initiating
events. These include translocations that create oncogenic fusion genes, such as BCR-
ABL1 [t(9;22)], KMT2A rearrangements [e.g., t(4;11)], and ETV6-RUNXT [t(12;21)], each
associated with specific prognoses and sometimes offering targets for therapy (e.g.,
tyrosine kinase inhibitors for BCR-ABL1). Aneuploidy, or abnormal chromosome
numbers, is also significant; high hyperdiploidy generally correlates with favorable

outcomes in B-ALL, whereas hypodiploidy is linked to inferior prognosis.(48)(49)(49) .

Complementing these large-scale chromosomal changes are sequence mutations—point
mutations or small insertions/deletions—affecting genes critical for cellular function,
which often accrue as secondary leukemogenic events. Frequently mutated genes
include those encoding transcription factors essential for lymphoid development, such
as PAXS, IKZF1 (Ikaros), and TCF3, whose alteration impairs differentiation; deletions
of IKZF1 are notably associated with increased relapse risk (9)(47). Mutations also
commonly occur in components of key cell signaling pathways, such as RAS-MAPK and
JAK-STAT, which drive proliferation and survival, as well as in tumor suppressor genes
such as TP53 and CDKN2A/B (Roberts et al., 2014; Hof et al., 2011). Furthermore, genes
involved in epigenetic regulation, including histone modifiers (CREBBP, KMT2A) and

chromatin remodelers (e.g., INO80 complex members), are frequently mutated,



contributing to aberrant gene expression programs that sustain the malignant phenotype

(9).

2.3. Pediatric ALL in Low- and Middle-Income Countries (LMICs): Challenges and

Disparities

Remarkable progress in the treatment of pediatric acute lymphoblastic leukemia has
transformed the disease into one with high cure rates in high-income countries, where
long-term survival now exceeds 90%. In contrast, outcomes in low- and middle-income
countries remain substantially inferior, with reported survival rates often below 60% and,

in some settings, considerably lower (50).

Delayed diagnosis represents a major contributor to poor outcomes in LMICs. Limited
public awareness of childhood cancer symptoms, inadequate training and diagnostic
suspicion among primary healthcare providers, and prolonged referral pathways
frequently result in children presenting at advanced stages of disease (19)(51).
Consequently, many patients are diagnosed with high leukemic burden, severe
cytopenias, malnutrition, or active infections, all of which increase early treatment-related

morbidity and mortality and compromise tolerance to intensive chemotherapy (52).

Deficiencies in diagnostic capacity further exacerbate these challenges. While
morphological diagnosis of ALL is often achievable, access to advanced diagnostic
modalities, essential for accurate risk stratification, is severely constrained in many LMIC
settings. Multi-parameter flow cytometry for immunophenotyping, cytogenetic analysis for
detection of prognostically relevant chromosomal abnormalities, and molecular testing for
recurrent gene fusions are frequently unavailable, inconsistently accessible, or financially
prohibitive (20)(41). Moreover, routine assessment of minimal residual disease, a
cornerstone of modern risk-adapted therapy in HICs, is rarely feasible in LMICs (7). As a
result, treatment decisions are commonly based on limited clinical parameters, leading to

suboptimal risk stratification and less individualized therapy.

Challenges in treatment delivery constitute another critical determinant of poor outcomes.

In many LMICs, the availability of essential chemotherapeutic agents is inconsistent due
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to procurement delays, supply chain disruptions, and financial constraints (563). Treatment
interruptions and dose modifications are therefore common and may reduce therapeutic
efficacy. Compounding these issues is the limited availability of comprehensive
supportive care services. Restricted access to safe blood products, broad-spectrum
antibiotics, antifungal agents, nutritional rehabilitation, and intensive care support
significantly increases the risk of treatment-related mortality, particularly during intensive
phases such as induction (13)(54). In some LMIC settings, deaths related to infection or

toxicity rival or exceed relapse as the leading cause of treatment failure.

Treatment abandonment represents a particularly devastating challenge in pediatric
oncology within LMICs. Abandonment rates exceeding 30-50% have been reported in
several resource-constrained settings, in stark contrast to rates below 5% in HICs (21).
Families may discontinue therapy due to financial hardship, long travel distances to
treatment centers, loss of income, lack of accommodation, sociocultural beliefs, or
inadequate understanding of the prolonged and intensive nature of ALL treatment.
Treatment abandonment effectively precludes cure and significantly inflates mortality

statistics, distorting survival estimates and undermining programmatic success.

Underlying these clinical barriers are broader systemic constraints, including shortages
of trained pediatric oncologists, oncology nurses, pathologists, and laboratory specialists.
Health systems in many LMICs also lack robust health information infrastructure, limiting
the ability to monitor treatment outcomes, relapse patterns, and long-term survival. The
absence of comprehensive, population-based cancer registries in most LMICs, including
Ethiopia, hampers accurate estimation of disease burden and impedes evidence-based

planning and policy development (17).

Recognizing these disparities, global initiatives have increasingly focused on improving
childhood cancer outcomes in LMICs. International collaborations, institutional twinning
programs, and the development of resource-stratified treatment guidelines aim to adapt
effective therapies to constrained settings while minimizing toxicity (53). The World Health
Organization’s Global Initiative for Childhood Cancer exemplifies such efforts to achieve

at least 60% survival for children with cancer worldwide. However, the successful
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implementation of these initiatives requires locally generated data to guide context-

specific adaptations.

Importantly, prognostic models and treatment algorithms developed in HICs may not
perform equivalently in LMIC environments. Factors such as malnutrition, endemic
infections, treatment interruptions, and high abandonment rates can modify the
prognostic significance of traditional risk factors, including age and leukocyte count
(1)(36). Therefore, research conducted within LMIC settings is essential to identify locally
relevant predictors of outcome and relapse. Such evidence is critical for developing
feasible risk stratification strategies, optimizing resource utilization, and designing
interventions that address the unique challenges faced by children with ALL in resource-

limited contexts.
2.4. Treatment Abandonment: A Major Barrier

Treatment abandonment represents one of the most significant barriers to improving
survival and relapse rates for pediatric ALL in Ethiopia. Reported abandonment rates are
alarmingly high, estimated between 40% and 60%, particularly affecting families from
rural areas or lower socioeconomic backgrounds(55). This starkly contrasts with rates
below 5% in HICs. The complex drivers include the substantial direct and indirect financial
burdens placed on families, long travel distances to Tikur Anbesa specialized hospital,
lack of adequate accommodation and social support in Addis Ababa, communication
barriers, and sometimes, a lack of complete understanding of the protracted nature of
ALL therapy.(55). High abandonment rates preclude the possibility of a cure for a large
proportion of diagnosed children. (21).

2.5. Relapse and Predictor Factors

Relapse remains the most significant cause of treatment failure and disease-related
mortality in pediatric acute lymphoblastic leukemia, despite substantial improvements in
frontline therapy. Although the majority of children achieve complete remission following
induction chemotherapy, a clinically significant proportion subsequently experience

disease recurrence, which is associated with markedly reduced survival and increased
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treatment-related morbidity (1)(8). The burden of relapse is disproportionately higher in
low- and middle-income countries, where limitations in diagnostic precision, treatment

delivery, and supportive care compromise long-term disease control (12).

Relapse in ALL is defined by the re-emergence of leukemic blasts after the achievement
of morphologic remission and may occur in the bone marrow, extramedullary sites, or
both. Bone marrow relapse is the most common presentation and is generally associated
with poorer outcomes compared with isolated extramedullary relapse, particularly when
it occurs early during or shortly after completion of therapy (7). Central nervous system
and testicular relapses, while less frequent, pose unique therapeutic challenges and often

reflect inadequate initial disease control at sanctuary sites.

The timing of relapse is a critical determinant of prognosis. Early relapse, typically
occurring within 18 months of diagnosis or during ongoing therapy, is consistently
associated with inferior survival outcomes, reflecting underlying chemoresistance and
aggressive disease biology (8). Intermediate and late relapses, occurring after completion
of therapy, generally carry a more favorable prognosis but still require intensive salvage
treatment. In LMICs, delayed recognition of relapse due to limited follow-up capacity and

restricted access to diagnostic evaluations may further worsen outcomes.

Multiple clinical and biological factors have been identified as predictors of relapse in
pediatric ALL. Traditional clinical predictors include age at diagnosis and initial white blood
cell (WBC) count, both of which are incorporated into conventional risk stratification
systems. Children younger than one year or older than ten years, as well as those
presenting with markedly elevated WBC counts, have consistently demonstrated higher
relapse risk (1). However, the prognostic value of these factors may vary across

healthcare settings and treatment protocols.

Immunophenotype also influences relapse risk, with T-cell ALL historically associated with
higher relapse rates compared with B-cell precursor ALL. Although contemporary
treatment regimens have narrowed this gap in HICs, outcomes for T-cell ALL remain
inferior in many LMIC settings, where intensified protocols and advanced supportive care

may not be uniformly available (38). Additionally, male sex has been associated with an

13



increased risk of relapse in some studies, potentially related to sanctuary site involvement

and pharmacokinetic differences, though findings have been inconsistent.

At the biological level, specific cytogenetic and molecular abnormalities play a central role
in determining relapse risk. Favorable genetic features, such as high hyperdiploidy and
ETV6-RUNX1 fusion, are associated with excellent treatment responses and low relapse
rates. In contrast, adverse-risk abnormalities, including hypodiploidy, KMT2A
rearrangements, BCR-ABL1 fusion, and deletions involving IKZF1, are strongly linked to
treatment resistance and disease recurrence (4)(36). Unfortunately, routine detection of
these abnormalities is often limited or unavailable in LMICs, restricting their use in risk-

adapted therapy.

Early treatment response is among the most powerful predictors of relapse. In HICs,
minimal residual disease assessment during induction and consolidation therapy has
emerged as the single most important prognostic marker, surpassing traditional clinical
factors (7). However, the absence of routine MRD testing in many LMIC settings
necessitates reliance on less sensitive surrogate markers of response, such as
morphologic remission status and peripheral blood count recovery, which may fail to

identify high-risk patients.

Treatment-related factors also contribute significantly to relapse risk. Inadequate
chemotherapy intensity, treatment delays, dose reductions, and premature
discontinuation of therapy can compromise disease control and facilitate clonal
persistence (53). In LMICs, these issues are frequently driven by drug stockouts, toxicity-
related interruptions, infections, malnutrition, and socioeconomic barriers. Treatment
abandonment, in particular, represents an extreme form of therapy failure and is often
indistinguishable from relapse in survival analyses, further complicating outcome

assessment (21).

Emerging evidence suggests that host-related factors, including nutritional status,
comorbid infections, and treatment adherence, may modify relapse risk, particularly in
resource-limited settings. Malnutrition has been associated with altered drug

pharmacokinetics, increased toxicity, and impaired immune function, all of which may
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contribute to inferior leukemia control (52). These factors are seldom incorporated into

conventional risk models but may be highly relevant in LMIC populations.

2.6. Molecular Markers and Genetic Predictors of Relapse

The accurate prediction of relapse risk in pediatric Acute Lymphoblastic Leukemia has
been significantly advanced by the identification and integration of specific molecular and
genetic markers into risk stratification algorithms, particularly in high-income
countries.(47). These biological features, encompassing cytogenetic abnormalities,
specific gene fusions, copy number alterations, and gene mutations, provide crucial
insights into leukemia biology, chemoresistance, and patient prognosis, allowing for the

refinement and tailoring of treatment.(7).

Established cytogenetic abnormalities are fundamental predictors of outcome. Ploidy, the
number of chromosomes in leukemic cells, is a significant factor, with high hyperdiploidy
generally conferring a favorable prognosis in B-cell precursor ALL. In contrast,
hypodiploidy signifies a very high risk of relapse. Specific chromosomal translocations
creating recurrent gene fusions also carry significant prognostic weight. The BCR-
ABL1 fusion (Philadelphia chromosome, t(9;22)), while historically indicating poor
outcomes, now represents a high-risk feature manageable with the addition of tyrosine
kinase inhibitors (TKIs) (47)(9) the ETV6-RUNXT fusion (t(12;21)), the most common
alteration in childhood B-ALL, is associated with an excellent prognosis(47).
Rearrangements involving the KMT2A gene (11923), prevalent in infants, generally

portend a poor prognosis(9).
2.7. Burden and Diagnosis of Pediatric ALL in Ethiopia

The challenges characterizing pediatric Acute Lymphoblastic Leukemia management in
low- and middle-income countries are acutely reflected in Ethiopia. As established from
institutional and regional data, ALL represents the most common pediatric malignancy
diagnosed in the country(17)(18). However, the true incidence and prevalence remain
uncertain due to the absence of a comprehensive, population-based national cancer

registry (17). Current understanding relies heavily on data extrapolated from major
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treatment centers, primarily TASH in Addis Ababa, the nation's principal referral hospital

for pediatric oncology.

Diagnostic capabilities, while improving, face significant constraints. Delays in diagnosis
are common, often stemming from limited awareness among the public and primary
healthcare providers, inadequate diagnostic facilities at peripheral health centers, and
complex, lengthy referral processes to reach specialized care(51). At tertiary centers like
BLSH, access to essential diagnostic tools for comprehensive ALL workup remains
limited and inconsistent. While morphological diagnosis is standard, crucial techniques
such as multi-parameter flow cytometry for accurate immunophenotyping, cytogenetic
analysis for identifying key prognostic chromosomal abnormalities, and molecular testing
for specific genetic lesions are often restricted by cost, reagent availability, equipment
maintenance issues, and shortages of trained laboratory personnel(20) . The capacity for
routine Minimal Residual Disease monitoring, a cornerstone of risk-adapted therapy in
high-income countries, is largely absent or accessible only on a limited, often research-
driven, basis (20). This lack of detailed diagnostic and prognostic information severely
hampers the ability to implement contemporary risk stratification algorithms effectively,
often necessitating the use of less tailored treatment approaches based primarily on

clinical parameters.
2.7.1. Applicability of advanced diagnostics in the Ethiopian Context

Despite the established prognostic significance of these molecular and genetic markers
in HICs, their practical application in guiding risk stratification and predicting relapse in
Ethiopia is severely constrained. As previously discussed, routine access to the
necessary diagnostic technologies — including comprehensive cytogenetics, FISH or PCR
for specific gene fusions, genomic profiling for CNAs like IKZF1 deletions, and critically,
standardized MRD monitoring — is largely unavailable at centers like BLSH due to
resource limitations(20) (50). This forces reliance on less precise risk stratification based
mainly on clinical features (age, initial WBC count) and morphological response(12)(13) .
This diagnostic gap prevents the effective tailoring of therapy based on underlying biology

and creates a significant knowledge gap regarding the true prevalence and prognostic
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impact of these genetic alterations within the Ethiopian pediatric ALL population, making
it difficult to ascertain whether these markers hold the same predictive power or if other

factors dominate relapse risk in this specific, resource-constrained setting (13)(41).

2.8 Treatment of relapsed leukemia

The treatment for relapsed ALL is intensive chemotherapy followed by allogeneic
Hematopoietic Stem Cell Transplant (HSCT) for patients who have an early bone marrow
relapse or suboptimal response to reinduction chemotherapy. Standard reinduction
chemotherapy includes an anthracycline combined with vincristine, asparaginase,
prednisone or dexamethasone, and Central nervous system (CNS) directed therapy(57).
Twelve months of intensive systemic chemotherapy with reduced-dose cranial radiation
(18 Gy) is highly effective for children with isolated CNS relapse and CR1 of 18 months
or more. Novel strategies are needed for patients with CR1 of less than 18 months(58).
The ALL R3 showed an improvement in outcome for CNS relapses treated with
Mitoxantrone compared to ldarubicin; a potential benefit for matched donor transplant for
those with very early and early isolated-CNS relapses. (59) A 5-year overall survival rate
of 73.1% * 8.3% was achieved in children with first isolated testicular relapse (ITR) of B-
ALL occurring more than 18 months after initial complete remission (CR1), when treated

with intensive chemotherapy while minimizing testicular radiation. (58)

2.9. Implications and Need for Local Research

Collectively, factors such as delayed presentation, limited diagnostic capacity, challenges
in treatment delivery, inadequate supportive care, and extremely high abandonment rates
create a problematic environment for managing pediatric ALL in Ethiopia(50) (54).
Consequently, outcomes lag behind HICs, with relapse and TRM as major contributors
to treatment failure. (12). The unique interplay of these factors suggests HIC prognostic

models may have different predictive weights in Ethiopia.(1) .

Crucially, there is a significant paucity of systematic studies investigating relapse
predictors specifically among Ethiopian pediatric ALL patients. Existing institutional data
from BLSH require comprehensive analysis to identify key drivers of relapse, considering

diagnostic limitations and systemic challenges. Relapse rates in Ethiopia are estimated
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at 25-35%(12) , fueled by factors including limited MRD access, treatment interruptions,
and socioeconomic barriers impacting adherence (39). This underscores the critical need
for local research, such as the present study, to identify specific clinical, biological (where
available), and socioeconomic predictors of relapse at BLSH. Such knowledge is
essential for developing contextually appropriate risk stratification, improving adherence,
reducing abandonment, optimizing resource allocation, and ultimately enhancing survival

outcomes in Ethiopia. (39).
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3. Research Objectives

3.1. General Objective

e To assess outcomes of pediatric acute lymphoblastic leukemia and identify key
clinical, biological, treatment-related, and socioeconomic predictors for outcomes

among patients treated at TASH.

3.2. Specific Objectives:

e To describe the baseline characteristics and treatment outcomes of pediatric acute
lymphoblastic leukemia patients managed at Tikur Anbessa Specialized Hospital.
e To evaluate the associations between sociodemographic factors, baseline clinical
characteristics, and therapeutic variables with the occurrence of relapse and death
e To characterize survival and event patterns in pediatric ALL patients at initial

diagnosis and following relapse.
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4. Research methodology and design

4.1. Research Design

This study adopts a quantitative, retrospective cohort design to investigate treatment
outcomes in acute lymphoblastic leukemia and the burden of relapse, along with
associated predictors, among pediatric patients diagnosed with Acute Lymphoblastic
Leukemia and treated at Tikur Anbesa Specialized Hospital in Addis Ababa, Ethiopia. The
approach involves identifying eligible patients diagnosed within a defined timeframe and
systematically reviewing their historical medical records to extract relevant data on
predictor variables, including clinical characteristics, available biological markers,
treatment-related factors, and socioeconomic status. These variables, recorded at
diagnosis or during the treatment period, will be assessed in relation to subsequent

relapse status and time-to-relapse.

The retrospective cohort design is particularly well-suited for examining associations
between baseline or time-varying exposures and the risk of relapse within a clearly
defined patient population, utilizing pre-existing longitudinal data. This methodology is
both methodologically sound and operationally feasible within a resource-constrained
healthcare setting. The primary outcome of interest is patient and disease profile, overall

survival, relapse-free survival (RFS), and their associated factors.

4.2. Study Setting and Population

The study will be conducted at the Pediatric Oncology Unit of TASH, including inpatient
wards and outpatient follow-up clinics. TASH is the largest tertiary referral hospital in
Ethiopia and the primary center for pediatric cancer care in the country. The study
population will comprise all pediatric patients aged < 18 years at diagnosis who were
newly diagnosed with ALL between September 2020 and September 2025. This
timeframe provides a sufficient sample size and an adequate follow-up duration to
observe outcomes and relapse events. Consecutive eligible patients meeting these

criteria within the study period will be included to minimize selection bias.
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4.3. Sample Size Determination

The sample size was calculated based on the expected relapse rate in children with ALL.
Previous studies in LMICs, including Ethiopia, report relapse rates of approximately 25—

35%. Assuming an expected relapse rate of 30%, a 95% confidence

level, and a margin of error of 5%, the sample size for estimating the proportion of relapse

was calculated using the formula for a single proportion:

Z%.P-(1-P)

n

Where:

Z = 1.96(for 95% confidence)

P = 0.30(expected proportion of relapse)
d = 0.05(margin of error)

_ Z*p(1-p) L ((1.96)* x 0.30 x 0.70) _

il Al 1
"o PE 0 0.0025 318

A finite population correction (N = 620) was applied:

FPC — no—l FPC — 317 — .
1+ N 1+m

Adjusting for 20% incomplete or missing records:

210.4
Nfinal = 9730

4 4. Inclusion criteria

¢ Confirmed diagnosis of ALL based on morphology and available
immunophenotyping
e Age within the specified range at diagnosis

¢ |Initiation of ALL treatment at TASH according to institutional protocols
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¢ Availability of core medical record data
4.5. Exclusion criteria

e Patients with ambiguous diagnoses or confirmed mixed-phenotype acute
leukemia, unless specifically analyzed

e Patients who received the receiving more than half of their initial therapy outside
TASH

e Records with grossly insufficient data to determine baseline characteristics or

outcomes

Patients with Down syndrome
4.6. Data Collection Techniques

This study has utilized retrospective medical record abstraction as its data collection
technique. The process commenced with identifying eligible patient records from the
specified timeframe using hospital charts, electronic records, and pediatric oncology unit
logbooks, TASH. Following identification, the core data sources, predominantly paper-
based medical charts, were retrieved from the medical records department,

supplemented by any relevant information available in auxiliary electronic systems.

The cornerstone of the data collection process is a standardized data collection form,
meticulously designed to capture all predefined study variables with clear definitions.
Trained data collectors will employ this instrument to conduct a manual review of each
patient's chart. This systematic review involved carefully examining various sections of
the medical record, including admission notes, physician and nursing progress notes,
laboratory results, consultation reports, chemotherapy flowsheets, and discharge
summaries, to locate and extract the required information accurately. The use of trained
personnel is crucial for ensuring consistency in interpretation and abstraction across all

records.

Once abstracted onto paper forms, the data were entered into a secure electronic

database using SPSS 27, and data analysis was conducted using R. To enhance data
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fidelity, techniques such as double data entry for a subset of records or the
implementation of validation rules within the database software were employed.
Integrated quality control measures are vital throughout the process. These include pilot
testing the data collection form, providing ongoing supervision and support to data
collectors, and conducting periodic reviews of abstracted forms for completeness and

consistency.

4.7. Data Analysis

Data has been analyzed using R statistical software. Descriptive statistics were
summarized with patient demographics, clinical characteristics, treatment details, and
outcomes. Continuous variables will be reported as mean = SD or median with

interquartile range, and categorical variables as frequencies and percentages.

Time-to-event outcomes, including overall survival (OS) and relapse-free survival (RFS),
will be estimated using Kaplan—Meier methods. The Cox proportional hazards model was
used for univariate and multivariate analyses to identify independent predictors of relapse
and mortality. Variables with clinical relevance or p < 0.25 in univariate analysis will be
included in multivariate models. Hazard ratios (HR) with 95% confidence intervals (Cl)
will be reported. The proportional hazards assumption will be assessed using Schoenfeld

residuals, and statistical significance will be set at p < 0.05.
4.8. Ethical Considerations

Ethical approval will be obtained from the REC of the Department of Pediatrics and Child
Health, College of Health Sciences, Addis Ababa University. As the study involves
retrospective review of existing medical records, a waiver of individual informed consent
will be requested, contingent on ensuring patient confidentiality. All data abstracted will
be fully anonymized using unique study identifiers, and the database will be stored

securely, accessible only to the research team.
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4.9. Dissemination of Findings

The results of the study have been presented at the research defense in the département
of Pediatrics and Child Health, and a formal report will be submitted to the DPCH. The

research output will also be published in local or international peer-reviewed scientific

journals and shared with governmental agencies to improve access to health services,

including chemotherapy drugs and essential supportive care.

4.10. Operational definitions

Pediatric Acute Lymphoblastic Leukemia: An individual below 18 years at the
time of initial ALL diagnosis, identified through TASH records. Diagnosis must be
documented based on bone marrow morphology.

Relapse: The primary outcome event; operationally defined as the first

documented reappearance of leukemia after achieving Complete Remission.

Risk Stratification: The initial risk group, Standard Risk, High Risk, and
intermediate risk, is assigned to the patient based on the criteria documented as
per NCI risk classification.

Relapse-Free Survival (RFS): A primary time-to-event outcome measure;
defined as the time duration from the date of achieving initial Complete Remission
(CR) to the date of first Relapse or the date of last follow-up/data cut-off if relapse-
free (censored).

Overall Survival (OS): A key secondary time-to-event outcome measure; defined
as the time duration from the date of initial ALL diagnosis to the date of death from

any cause or the date of last follow-up if alive (censored).

Treatment abandonment is defined as failing to start or continue treatment for

four or more consecutive weeks without a medical reason.

Laboratory TLS is defined by the presence of two or more specific lab
abnormalities (hyperuricemia, hyperkalemia, hyperphosphatemia,
and hypocalcemia) within a 3-day window before or a 7-day window after starting

treatment.
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https://www.google.com/search?q=hypocalcemia&sca_esv=4fc95be2d6bdf9cb&rlz=1C1UEAD_enUS1059ET1059&sxsrf=AE3TifM61Kw0zGWeN39-3tJhoaQHKrZn2Q%3A1763120560081&ei=sBUXacjVBJ23hbIPo6jZyAM&oq=cariro+bishop+defination+of+&gs_lp=Egxnd3Mtd2l6LXNlcnAiHGNhcmlybyBiaXNob3AgZGVmaW5hdGlvbiBvZiAqAggAMgYQABgWGB4yBhAAGBYYHjILEAAYgAQYhgMYigUyCxAAGIAEGIYDGIoFMgsQABiABBiGAxiKBTIIEAAYgAQYogQyCBAAGIAEGKIESPVUULALWN5IcAF4AJABAJgBlwSgAe5iqgEGNC0yNS4zuAEByAEA-AEBmAIdoAKNZMICDhAAGIAEGLADGIYDGIoFwgIKECMY8AUYJxieBsICBBAjGCfCAgsQABiABBiRAhiKBcICDRAAGIAEGLEDGEMYigXCAhEQLhiABBixAxjRAxjHARiKBcICBRAuGIAEwgIREC4YgAQYsQMY0QMYgwEYxwHCAg4QABiABBixAxiDARiKBcICEBAjGPAFGIAEGCcYigUYngbCAgoQABiABBhDGIoFwgILEAAYgAQYsQMYgwHCAggQABiABBixA8ICChAjGIAEGCcYigXCAhAQIxjwBRiABBgnGMkCGIoFwgIREC4YgAQYkQIY0QMYxwEYigXCAhAQABiABBixAxhDGIMBGIoFwgIFEAAYgATCAg4QABiABBgKGAsYRhj5AcICCRAAGIAEGAoYC8ICDBAAGIAEGLEDGAoYC8ICCRAuGIAEGAoYC8ICKBAAGIAEGAoYCxhGGPkBGJcFGIwFGN0EGEYY-QEY9AMY9QMY9gPYAQHCAg0QIxjwBRixAhgnGMkCwgIFECEYoAHCAg0QIxjwBRiwAhgnGMkCwgIHEAAYgAQYDcICCBAAGAgYDRgemAMA4gMFEgExIECIBgGQBgS6BgYIARABGBOSBwYxLjQtMjigB9KHArIHBDQtMji4B4lkwgcMMC4yNC4zLjEuMC4xyAd6&sclient=gws-wiz-serp&mstk=AUtExfCoIBdRqB0Uozt2h1YTp1uKXzn-2wbSXBiv3jO9PE5B1AWy_OQnF1zdE-YZjBfyMdlTmcNIw3PS89p4wMkNmdhHOu_2EjLVaHVXY0mHtBTysKBH-0Vj8-nK2C0_U4D04qPfHjbOzJwALXZqtrafocSA7M7jKhshko1Bdwpd9b7rM5OkQ4YM1y4qeuQKNZxNHmgAOkLz8nPPbCLAg4ZZq9dxFDk-YTiWUSvA6oXLF4JnPitJVZD0mk99H-z-fAhqQWZ3pxwiIPN26M_YbTqczkbV_VZvibWyIj64ozTHWc0BKA&csui=3&ved=2ahUKEwju6pfayPGQAxXzVEEAHaxJIFoQgK4QegQIARAH

Clinical TLS is defined when laboratory TLS is present along with signs of
significant clinical toxicity requiring intervention, such as acute kidney injury,

cardiac arrhythmias, or seizures.

Lymphadenopathy: one or more enlarged lymph nodes on physical examination

or ultrasound attributed to disease presentation.

Liver involvement: ultrasonographic or physical findings of hepatomegaly

attributed to disease presentation

Splenic involvement, ultrasonographic or physical findings of splenomegaly

attributed to disease presentation

Testicular involvement: ultrasonographic or physical findings of testicular

enlargement attributed to disease presentation

Mediastinal involvement: radiographic findings of mediastinal mass attributed to

disease presentation

Renal involvement: ultrasonographic or physical findings of renal enlargement

attributed to disease presentation

Cancer death is defined when cancer is identified as the underlying cause of
death, the health condition that began the chain of events leading directly to the

person's death.

Treatment interruption: a treatment interruption is an unplanned temporary

pause in therapy due to various causes
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5. Results

5.1. Demographics and clinical characteristics

During the 5-year study period , 251 children diagnosed with acute lymphoblastic

leukemia were included in the cohort. The children’s ages ranged from 3 months to 17

years, with a mean age of 6.24 years (SD = 3.33). The majority of participants (206,

82.1%) were aged 1-10 years.

Of the 251 participants, 152 (60.6%) were male. With a male-to-female ratio of (1:1.5).
The Majority of the children were from the Oromia region (40.6%), followed by Addis

Ababa (20.6%). Most caregivers reported a monthly income between 4,000 and 8,000

ETB. Additionally, the majority of participants (77.3%) received support from the support

group TAPPCO. The mean follow-up duration was 20.1 months (SD = 18 months).

Table 1: Comprehensive Patient Demographics and Clinical Data of pediatric ALL

patients treated at TASH from 2020 to 2025

Variable Category Frequency Percentage / Mean
+ SD

Total participants - 251 -

Age (years) - - 6.24 + 3.33

Age group Less than 1 year 5 0.1%
1-10 206 82.1%
10-18 45 17.9%

Sex Male 152 60.6%
Female 99 39.4%

Residence Addis Ababa 43 17.1%
<100 km from AA 22 8.8%
100-300 km from AA 59 23.5%
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Variable Category Frequency Percentage / Mean
+ SD
300-600 km from AA 101 40.2%
>600 km from AA 26 10.4%
Region Oromia 102 40.6%
Addis Ababa 51 20.3%
Amhara 43 17.1%
South Ethiopia 15 6.0%
Central Ethiopia 19 7.6%
Somali 8 3.2%
South West Ethiopia 5 2.0%
Sidama 5 2.0%
Afar 2 0.8%
Benishangul 1 0.4%
Caregivers’ highest level No formal education 89 35.5%
of education Primary school 68 271%
Secondary school 65 25.9%
Higher education 29 11.6%
Caregivers’ monthly <4,000 33 13.1%
income (ETB) 4,000-8,000 101 40.2%
8,000-12,000 96 38.2%
>12,000 21 8.4%
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Variable Category Frequency Percentage / Mean
+ SD
Support from TAPPCO Yes 194 77.3%
No 57 22.7%
Follow-up duration - - 20.1+£18

(months)

5.2. Initial Clinical Presentation and Physical Findings

Children diagnosed with acute lymphoblastic leukemia commonly present with systemic

symptoms. Fever was the predominant symptom (30.7%), followed by malaise (21.5%).

The mean duration of symptoms before presentation was 5.67 weeks (SD 5.28). Symptoms

lasted more than 6 weeks in 29.5%. Nutritional assessment showed 26.7% had moderate

acute malnutrition and 15.9% had severe acute malnutrition. Physical examination and

imaging findings indicated that lymphadenopathy was present in 85.7%of children.

Splenic involvement was observed in 74.5%, liver involvement in 79.7%, renal

involvement in 8.8%, and mediastinal mass in 6.4%.
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Table 2: Initial Clinical Presentation and Physical Findings of pediatric ALL patients

treated at TASH from 2020-2025

Category Feature Frequency Percentage
Presenting symptom Fever 77 30.7%
Malaise 54 21.5%
Lymphadenopathy 34 13.5%
Bone and joint pain 20 8.0%
Bleeding 15 6.0%
Cough 15 6.0%
Abdominal swelling 14 5.6%
Body swelling 8 3.2%
Lower extremity weakness 4 1.6%
Vomiting 3 1.2%
Abdominal pain 3 1.2%
Pallor 1 0.4%
Chest pain 1 0.4%
Seizure 1 0.4%
Shortness of breath 1 0.4%
Duration of Symptoms <2 weeks 24 9.6%
2—6 weeks 153 61.0%
>6 weeks 74 29.5%
Nutritional Status Normal 144 57.4%
Moderate acute malnutrition 67 26.7%
Severe acute malnutrition 40 15.9%
Physical Examination and Lymphadenopathy 215 85.7%
Imaging Findings Testicular involvement 2 0.8%
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Category Feature Frequency Percentage

Splenic involvement 187 74.5%
Liver involvement 200 79.7%
Renal involvement 22 8.8%
Mediastinal mass 16 6.4%

5.3. Laboratory and pathologic findings

At diagnosis, the majority of children (45.2%) had a white blood cell count less than
20,000/uL. WBC counts of 20,000-50,000/uL and 50,000-100,000/uL were each
observed in 46 children (18.4% each), with a median count of 23,000 (IQR 63,600).
Hemoglobin levels were low in most children; 47.2% had hemoglobin <7 g/dL, and 44.0%
had hemoglobin between 7-10 g/dL (mean 7.07, SD 2.11). Platelet counts were also
frequently reduced, with 55.4% having 10,000-50,000/uL, and 21.9% having 50,000—
100,000/uL(median 32,000, IQR 48,500).

Lactate dehydrogenase was elevated in most children, with 62.5% having levels of 250—
1000 U/L and 31.5% having levels>1000 U/L (median IQR 689). Serum uric acid was <8
mg/dL in 74.1%, while 25.9% had levels >8 mg/dL (mean 6.68, SD 3.13). Tumor lysis

syndrome at presentation was uncommon, with 81.7% having no TLS.

According to the FAB classification, 55.4% had L1 morphology, and 19.9% had L2
morphology. Immunophenotyping was performed in only 6% of 4 children; 1.6% were T-
cell, 11 4.4% B-cell. Methods used included immunohistochemistry (26%) and flow
cytometry (74%). Cytogenetic testing was only performed in 0.8% of children for BCR-
ABL testing. Most children (92.8%) were classified as CNS1 at diagnosis, 0.8% as CNS2.
Traumatic lumbar puncture was reported in 10.6%; among these, 12 were classified as
CNS positive.
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Table 3: Laboratory and pathologic findings of pediatric ALL patients treated at TASH
from 2020 to 2025

Category/ Percentage
Test Parameter/ Finding Frequency (n) (%) Median(IQR)
WBC Count - - - 23,000( 63,600)
(/uL)
<20,000 113 45.2% -
20,000-50,000 46 18.4% -
50,000-100,000 46 18.4% -
>100,000 45 18.0% -
Hemoglobin - - - 7.07 (2.11)
(g/dL)
<7 118 47.2% -
7-10 110 44.0% -
10-12 20 8.0% -
>12 2 0.8% -
Platelet Count - - - 32,000 (48,500)
(/uL)
<10,000 30 12.0% -
10,000-50,000 139 55.4% -
50,000-100,000 55 21.9% -
100,000-150,000 13 5.2% -
>150,000 14 5.6% -
LDH (U/L) - - - 689(724).
<250 15 6.0% -
250-1000 157 62.5% -
>1000 79 31.5% -
Uric Acid - - - 6.68 (3.13)
(mg/dL)
<8 186 74.1% -
=8 65 25.9% -
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Category/ Percentage
Test Parameter/ Finding Frequency (n) (%) Median(IQR)
Tumor Lysis  No 205 81.7% -
Syndrome
(TLS) Laboratory TLS 40 15.9% -

Clinical TLS 6 2.4% -
FAB L1 139 55.4% -
Classification

L2 50 19.9% -

Undetermined 62 24.7% -
Immunophen  Not done / 236 94.0% -
otype available

T-cell 4 1.6% -

B-cell 11 4.4% -
Method of IHC 4 1.6% -
Phenotyping

Flow cytometry 11 4.4% -
Cytogenetic ~ Not performed 249 99.2% -
Testing

Performed 2 0.8% -
CNS Status CNS1 233 92.8% -
at Diagnosis

CNS2 2 0.8% -

CNS3 11 4.4% -

Unknown 5 2.0% -
Traumatic No 219 89.4% -
Tap

Yes 26 10.6% -

5.4. Treatment and treatment response

All patients received treatment according to the COG-adapted protocol based on their risk

status. At the time of diagnosis, slightly more than half of the cohort (52.2%) were

classified as standard risk, while 47.4% were high risk according to the NCI classification.
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Treatment interruptions were documented in 31.9% of patients. Interruptions occurred

most frequently during the maintenance phase (43%), followed by induction (25.8%) and

consolidation (23.7%). The primary reasons for interruptions were severe infection

(47.3%) and severe neutropenia (33.3%). Early treatment response was generally

favorable. Prednisolone response was good in 80.1% of patients. Bone marrow

evaluation at the end of induction showed that 76.1% of patients achieved M1 status.

Table 4: Treatment and treatment response of pediatric ALL patients treated at TASH

from 2020 to 2025

Category Subcategory Count Percentage
Treatment Protocol Received COG adapted protocol 251 100%
Risk Status at Diagnosis Standard Risk 131 52.2%
Intermediate Risk 1 0.4%
High Risk 119  47.4%
Documented Treatment No 171 68.1%
Interruptions Vos 80 3T o%
Phase of Treatment Interruption Induction 24 25.8%
Consolidation 22 23.7%
Interim Maintenance 3 3.2%
Delayed Intensification 4 4.3%
Maintenance 40 43.0%
Reason for Treatment Interruption Severe Infection 44 47.3%
Severe Neutropenia 31 33.3%
Severe 6 6.5%
Thrombocytopenia
Drug Unavailability 4 4.3%
Failure to Attend Follow- 3 3.2%

up
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Category Subcategory Count Percentage
Severe Toxicity 1 1.1%
Refusal to Take 1 1.1%
Medication
Hepatitis 1 1.1%
Pancreatitis 1 1.1%
Inadequate Blood 1 1.1%
Products

Prednisolone response Good 201 80.1%
Poor 8 3.2%
Not Done 37 14.7%
Died Before 5 2.0%
Determination

Bone Marrow Status at End of M1 191 76.1%

Induction
M2 5 2.0%
Not Diagnostic 3 1.2%
Died Before 39 15.5%
Determination
On Induction 6 2.4%

5.5. Treatment Abandonment

Treatment abandonment was reported in 11.2% of patients. Among the patients who

abandoned therapy, the leading reasons included financial difficulties in27.6%, opting for

religious healing in 20.7%, and family issues in 20.7%. Community unrest contributed to

13.8% of cases.
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Table 5: Treatment abandonment and attributed reasons of pediatric ALL patients treated
at TASH from 2020 to 2025

Variable Category Count Percentage
Treatment abandonment No 223 88.8%
occurred
Yes 28 11.2%
Reason for abandonment Financial issues 8 27.6%
Religious healing 6 20.7%
Family issues 6 20.7%
Community unrest 4 13.8%
Too far to come 2 6.9%
Poor prognosis 2 6.9%
The parent is afraid of 1 3.4%

toxicity

5.6. Disease-related mortality

In this cohort, 35.2% of patients died. The leading cause of death was severe infection,
accounting for 46.2% of deaths, and intracranial hemorrhage in15.4%. Less frequent
causes included leukostatic lung injury and pulmonary hemorrhage; 32% of deaths had
unknown causes since they happened at home or other health care settings where the
cause of death can not be ascertained. Most deaths occurred in the oncologic ward
(38.5%), followed by home deaths in 19.8%. Regarding the phase of treatment during
which death occurred, the majority were during induction in 30.8%, followed by patients

who had abandoned therapy in 18.7%.

Table 6: causes of disease-related mortality and characteristics of pediatric ALL patients
treated at TASH from 2020 to 2025

Variable Category Count Percentage
Death occurred No 162 64.8%

Yes 88 35.2%
Cause of death Severe infection 42 46.2%
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Variable Category Count Percentage

Unknown 29 31.9%
Intracranial hemorrhage 14 15.4%
Leukostatic lung injury 3 3.3%
Pulmonary hemorrhage 3 3.3%
Where death occurred Oncology ward 35 38.5%
Home 18 19.8%
Emergency unit 15 16.5%
Other healthcare settings 15 16.5%
ICU 8 8.8%
Phase of treatment during death Induction 28 30.8%
Abandoned 17 18.7%
Prephase 10 11.0%
Reinduction 9 9.9%
Maintenance 8 8.8%
Delayed intensification 7 7.7%
Palliative oral chemotherapy 5 5.5%
Consolidation 4 4.4%
Interim maintenance 2 2.2%
Completed therapy 1 1.1%

5.6.1. Time-to-Event Analysis for Mortality

Survival for this cohort of 251 patients declined rapidly during the first month, down to
84.2%, reflecting a high early mortality burden. After this steep initial decline, survival
continued to decrease more gradually over time, reaching 80.5% at two months and
75.2% by month eight. The curve then showed a steady downward trend through the first
two years, with survival at 63.6% by month 24. Beyond 2 years, declines were smaller
but continued progressively, reaching 55.8% at month 48 and then falling suddenly to

45.1% by month 55, reflecting very small cohorts remaining in the study under our
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observation. Overall, the data demonstrate high early mortality, followed by a slow,

continuous decline, with approximately 45% of patients surviving at five years.

Figure 1: Time-to-Event Analysis of Mortality: Kaplan—Meier Survival and Cumulative

hazard curves of pediatric ALL patients treated at TASH from 2020 to 2025
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5.6.2. Predictors of time to death

In the Bi-variable Cox proportional hazards analysis, several variables had p-values <0.25
and were therefore included in the multivariable Cox regression model. These variables
included TLS at presentation, treatment abandonment, age at presentation, risk status,
WBC count, prednisolone response, bone marrow status at the end of induction,

nutritional status at diagnosis, CNS status, and presenting symptoms.

After adjusting for potential confounders in the multivariable Cox proportional hazards
model, two variables remained statistically significant independent predictors of mortality.
Patients younger than one year at presentation had a significantly higher hazard of death
compared to older children. Similarly, treatment abandonment was independently
associated with an increased risk of death.

children presenting before 1 year of age had 4.58-fold risk of death compared with those
aged >10 years, (AHR=4.58;95% CI: 3.13-6.71; p < 0.00001). Compared with patients
aged 1-10 years, infants had an even higher risk of death, with an 11.1-fold increased
risk (AHR = 11.1; 95% CI: 6.30-19.55; p < 0.00001). Patients who abandoned treatment

37



were at a 2.43-fold higher risk of death compared with those who completed therapy (AHR
=2.41;95% CI: 1.19-4.88; p = 0.014).

Table 7: Bi-variable and Multivariable Cox Proportional Hazard Model death for patients
on treatment of pediatric ALL patients treated at TASH from 2020 to 2025

Variable Category CHR (95% CI) P-value AHR (95% CI) P-
value
Age (years) <1 1 — 1 -
1-10 0.090 (0.029— <0.001 0.018 (0.010- <0.001
0.281) 0.032)
>10 0.218 (0.067— 0.012 0.036 (0.019— <0.001
0.711) 0.066)
Treatment Yes 2.307 (1.353— 0.002 2412 (1.192— 0.014
abandonment 3.933) 4.881)
No 1 - 1 -
TLS Clinical 2.918 (1.061- 0.03 0.32(0.063—  0.176
8.028) 1.658)
Laboratory 1.575 (0.935- 0.08 1.00(0.356- 0.986
2.654) 2.887)
No 1 1
CNS status CNS 3 3.354 (1.563— 0.002 2.854 (0.970- 0.057
7.196) 8.393)
CNS 2 3.465 (0.477- 0.2189 2.86329 0.457
25.137) (0.178557-
45.914776)
CNS 1 1 - 1 -
Category of 50,000- 1.890 (1.071- 0.028 1.275 (0.672— 0.458
WBC at 100,000 3.338) 2.420)
di ,
'agnosts >100,000  2.936 (1.716—  <0.001 _ 1.234 (0.630— 0.539
5.022) 2.420)
20,000- 0.701 (0.345- 0.325 0.74(0.297- 0.517
50,000 1.423) 1.839)
<20,000 1 - 1 -
(ref)
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Variable Category CHR (95% ClI) P-value AHR (95% CI) P-

value
Nutritional SAM 2.074 (1.214—- 0.008 0.751 (0.366— 0.434
status 3.544) 1.540)
MAM 0.987 (0.589- 0.961 1.023 (0.458- 0.955
1.658) 2.282)
Normal 1 — 1 -
Bone marrow M2 inf <0.001 — —
status at the
end of M1 1 - - -
induction
Prednisolone  Poor inf <0.001 - -
response Good — — —

Figure 2: Kaplan—Meier survival curves for death with Abandonment status and age
category of pediatric ALL patients treated at TASH from 2020 to 2025

Kaplan—Meier Survival by Treatment Abandonment
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5.6.3. Test of proportional hazard assumption

The proportional hazards assumption of the Cox model was assessed using Schoenfeld
residuals. No covariates violated the assumption (all p > 0.05), and the global test was
non-significant (p = 0.113), indicating an adequate model fit. Graphical assessment of
scaled Schoenfeld residuals also showed no systematic deviations, supporting the

reliability of the estimated hazard ratios over time.
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Table 8: Proportional Hazards Test Table of pediatric ALL patients treated at TASH from
2020-2025

Variable Chi-sq df p-value

Category of WBC count 3.0879187 3 0.37826748
TLS at presentation 1.4824374 2 0.47653281
Treatment abandonment occurred 2.5609765 1 0.10953091
Age category 5.7999735 2 0.05502395
CNS status at diagnosis 0.4127346 3 0.93759945
category of uric acid 0.5820525 1 0.44550893
GLOBAL 18.0768364 12 0.11337734

Figure 3: Scaled Schoenfeld residuals plotted against time for each predictor included in

the Cox proportional hazards model.
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5.7. Relapse Predictors, Characteristics, Post-Relapse Treatment, and Follow-Up

In this cohort, 14.3% of patients experienced relapse, with 81% of the cohort being male.
Among the relapsed patients, 57.9% were classified as high-risk at initial presentation.
Relapses occurred predominantly within the first 18 months following initial treatment
(63.2%). The most common presenting symptoms at relapse were fever (26.3%),
headache (18.4%), and bleeding (13.2%), with the bone marrow (36.8%) and CNS
(34.2%) being the most frequently involved sites. At relapse, 38 patients had a WBC of
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32,045 + 98,628/uL, hemoglobin 9.07 + 10.41 g/dL, platelets 71,095 + 73,506/uL, LDH
527.5 + 660.2 U/L, and uric acid 5.00 + 3.16 mg/dL, reflecting marked laboratory

heterogeneity. Treatment for relapse was predominantly with curative intent (68.4%),

most often involving chemotherapy alone (76.3%), while a smaller proportion received

combined chemoradiation (13.2%). Post-relapse outcomes indicated that 52.6% of

patients achieved a second remission, whereas 28.9% died during treatment, resulting in

an overall post-relapse mortality of 52.6%. These findings highlight that relapse occurs

early, commonly affects the bone marrow and CNS, and carries a substantial risk of

mortality despite intensive therapy.

Table 9: Relapse Characteristics, Post-Relapse Treatment of pediatric ALL patients
treated at TASH from 2020-2025

Variable Category Count Percentage
Relapse occurred No 215 85.7%
Yes 38 14.3%
Sex Male 31 81.6%
Female 7 18.4%
Risk status at diagnosis  High risk 22 57.9%
initial Standard risk 16 42.1%
Time of relapse <18 months 24 63.2%
18-36 months 7 18.4%
>36 months 7 18.4%
Presenting symptom Fever 10 26.3%
Headache 7 18.4%
Bleeding 5 13.2%
Headache + Blurred Vision 4 10.5%
Change in Mentation 4 10.5%
Visual Difficulty 3 7.9%
Easy Fatigability 3 7.9%
Chest Pain 1 2.6%
Testicular Swelling 1 2.6%
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Variable Category Count Percentage

Site of relapse Bone Marrow 14 36.8%
CNS 13 34.2%
Testicular 1 2.6%
Combined CNS + Bone Marrow 8 21.1%
Combined Testicular + Bone Marrow 1 2.6%
Combined CNS + Bone Marrow + 1 2.6%
Testicular

Intent of treatment Curative 26 68.4%
Palliative 12 31.6%

Therapy after relapse Chemotherapy 29 76.3%
Chemotherapy + Radiation 5 13.2%
Supportive 3 7.9%
Sent Abroad 1 2.6%

Current status Alive 17 44.7%
Dead 20 52.6%

5.7.1. Time-to-Event Analysis for relapse-free survival

Relapse-free Survival in the cohort of 251 patients showed an early decline in the first few
months, 74.1 % by month 7. A gradual decline continued throughout follow-up, with
relapse-free survival reaching 66.1% by month 15 and 55.3% by month 26. The later
months showed a slower but steady reduction, with survival decreasing to 50.0% by
month 40 and stabilizing at 45.9% by month 48 onward. A sharp decline was noted after

55 months, reflecting very small cohorts remaining in the study under our observation.
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Figure 4: Time-to-Event Analysis of relapse: Kaplan—Meier Survival and Cumulative

hazard curves of pediatric ALL patients treated at TASH from 2020-2025
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5.7.2. Predictors of time to relapse

In the Bl-variable Cox proportional hazards analysis, several variables, including sex,

nutritional status at diagnosis, WBC count, mediastinal mass, uric acid level, and

prednisolone response, had a p-value <0.25 and were included in the multivariable Cox

proportional hazards model. After adjusting for potential confounders, the multivariable

model identified elevated WBC count at diagnosis as an independent predictor of hazard.

Patients with WBC counts >100,000 had a 7.47-fold higher risk of relapse compared to
patients with WBC counts <20,000 (AHR: 7.469; 95% CI: 2.570-21.710; p = 0.0002).
Similarly, patients with WBC 20,000-50,000 had a 2.99-fold higher hazard compared to

the reference group (AHR: 2.992; 95% CI: 1.186-7.548; p = 0.0203).
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Table 10: Bi-variable and Multivariable Cox proportional hazard Model of relapse for
patients on treatment of pediatric ALL patients treated at TASH from 2020-2025

Variables Category CHR (95% CI) P value AHR (95% CI) P value
Sex Male (ref) 1 - 1 -
Female 0.38 (0.17- 0.022 0.52 (0.22—- 0.143
0.87) 1.25)
Nutritional Normal 1 - 1 -
status at (ref)
diagnosis MAM 1.37 (0.69- 0.373 0.83 (0.39- 0.639
2.72) 1.79)
SAM 0.27 (0.04- 0.195 0.22 (0.03- 0.143
1.97) 1.67)
Risk status  Standard 1 - - -
at diagnosis risk (ref)
High risk 2.98 (1.53- 0.001 3.10 (1.24- 0.07
5.82) 7.70)
Mediastinal  No (ref) 1 — 1 -
mass Yes 0.38 (0.13- 0.069 0.56 (0.18- 0.322
1.08) 1.77)
WBC <20 1 - 1 -
category 20-50 3.10 (1.24- 0.015 2.79 (1.11- 0.029
(x10%/pL) 7.70) 6.99)
50-100 3.44 (1.24- 0.018 3.52 (1.24- 0.018
9.53) 9.99)
>100 6.91 (2.71- <0.001 7.02 (2.53- 0.0002
17.61) 19.47)
Hemoglobin <7 (ref) 1 - - -
category 7-10 0.42 (0.21- 0.015 - -
(g/dL) 0.85)
10-12 Inf - - -
>12 Inf - - -
Uric acid <8 (ref) 1 - 1 -
>8 0.53 (0.21- 0.186 0.42 (0.16— 0.091
1.36) 1.15)
Prednisolon Good (ref) 1 - - -
€response  poor 5.43 (1.27- 0.023 - -
23.29)
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Variables Category CHR (95% CI) P value AHR (95% CI) P value

Not done 1.58 (0.69- 0.283 - -
3.63)
Bone M1 (ref) 1 - - -
marrow at 2 inf - - —
the end of
induction

Figure 5: Kaplan—Meier survival curves for relapse by WBC count category of pediatric
ALL patients treated at TASH from 2020-2025
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5.7.3. Test of proportional hazard assumption

The proportional hazards assumption of the Cox model was assessed using Schoenfeld
residuals. All covariates satisfied the assumption (p > 0.05), and the global test was non-
significant (p = 0.138), indicating no violation. Graphical assessment of scaled Schoenfeld
residuals against log time also supported proportionality. These results suggest that the

Cox model fits the data well, and hazard ratios can be interpreted reliably over time.
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Table 11: Proportional hazard assumption checking using Schoenfeld residual

Degree of
Variable Chi-square Freedom p-value
Sex 1.653 1 0.199
Nutritional status at diagnosis 3.338 2 0.188
Presence of mediastinal mass at diagnosis 3.110 1 0.078
WBC category 3.503 3 0.320
Uric acid >8 0.655 1 0.418
GLOBAL 12.313 8 0.138

Figure 6 : Scaled Schoenfeld residuals plotted against time for each predictor included

in the Cox proportional hazards model.
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5.8. Post relapse follow-up and survival

In this cohort of 35 patients, 52.6% of the patients died. survival declined most sharply

during the first 8 months, dropping from 100% at baseline to 44.5% by month 8, reflecting
46



the highest-risk period early in follow-up. Additional events reduced survival to 33.4% by
month 19, after which it remained stable through month 40. Overall, about one-third of

patients survived to the end of follow-up, with the early months representing the critical
period for mortality.

Figure 7: Time-to-Event Analysis of post-relapse death: Kaplan—Meier Survival and

Cumulative hazard curves
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6. Discussion

The age distribution in this cohort (mean 6.24 years; majority aged 1-10 years) matches
global ALL patterns. Similar early-childhood peaks are reported in low-income settings
such as Ethiopia, Uganda, and India(35)(60)(61)as well as high-income regions, including
the COG and European registry studies (62) (3).The male predominance (60.6%; ~1.5:1)
is also consistent with reports from sub-Saharan Africa, South Asia, and the Middle
East(60) (63)(64) and with SEER and COG data showing persistent male excess across
pediatric age groups(9) (65)These findings indicate that the demographic profile of

childhood ALL is similar across both low- and high-income countries.

In this cohort, the mean duration of symptoms before diagnosis was 5.67 weeks (SD
5.28), with 29.5% of children experiencing symptoms for more than six weeks. Prolonged
symptom duration is common in low-income countries due to delayed recognition, long
travel distances, socioeconomic barriers, and reliance on traditional healers(19) (66).
(67)In contrast, high-income countries report shorter symptom durations, typically 2—4
weeks, facilitated by better access to primary care and systematic referral, which
contributes to lower tumor burden and improved outcomes (9)(3). Symptom duration in
LMICs likely contributes to the high frequency of hepatosplenomegaly, lymphadenopathy,
and systemic manifestations at presentation, highlighting the need for early diagnosis

interventions to improve survival.

Baseline diagnostic findings in our cohort revealed that many children presented with high
leukocyte counts, anemia, thrombocytopenia, and varying degrees of tumor burden.
Several children also presented with hyperleukocytosis, which is known to increase the
risk of early mortality, tumor lysis syndrome, and later relapse. These findings are
consistent with sub-Saharan studies, which document delayed health-seeking, lack of
early referral systems, and low community awareness, all contributing to advanced
disease at presentation(24)(21). In Gondar and Addis Ababa cohorts, more than half of
children presented with significant tumor burden anemia, thrombocytopenia,
leukocytosis, and liver/spleen enlargement, all associated with poorer early outcomes

(68) (69) Similarly, African and Asian LMIC studies report that late presentation with high
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tumor burden is typical, largely attributable to socioeconomic barriers, limited diagnostic

infrastructure, or misdiagnosis at the primary care level(70)(71)

In our cohort, 81.7% of children with acute lymphoblastic leukemia (ALL) had no tumor
lysis syndrome (TLS) at presentation. LMIC studies report higher TLS incidence, with
rates ranging from 11-62.6% in pediatric hematologic malignancies, including a Pakistani
ALL cohort reporting 62.6% TLS, with a proportion occurring spontaneously. Common
biochemical abnormalities included hyperuricemia and hyperphosphatemia, and
differences in TLS definitions and monitoring contribute to variability (72) (73) In contrast,
HIC data, such as the Chinese Children’s Cancer Group (CCCG), reported TLS in 1.4%
of 5537 pediatric ALL patients.(74)The lower incidence in our cohort may reflect
underestimation due to incomplete work-up, limited laboratory follow-up, and variable

timing of TLS assessment.

In our cohort, 92.8% of children were classified as CNS1 at diagnosis, indicating no
detectable CNS leukemia. Most studies report CNS involvement at diagnosis as <5%
(13); however, CNS2 can be seen in 13-20% after protocol changes [3]. Conventional
CSF cytospin may underestimate low-level CNS disease, while more sensitive methods,
such as CSF flow cytometry, detect occult blasts in patients initially classified as
CNS1(75) (76). These data suggest that the high CNS1 proportion in our cohort may
reflect true absence of disease or under-detection due to limitations of cytospin and
differences in assessment protocols. The rate of traumatic taps is comparable with other
studies, both in LMIC and HIC countries, ranging from 5-20%(59)(13)

At diagnosis, 52.2% of children were classified as standard-risk and 47.4% as high-risk
according to NCI criteria, mainly on age, CNS status, and initial white blood cell count,
without cytogenetics or immunophenotyping. This distribution aligns with many pediatric
ALL cohorts, though LMIC studies often report a higher proportion of high-risk patients
due to delayed presentation and higher tumor burden. Clinical NCI risk stratification
remains useful for guiding therapy intensity where advanced diagnostics are limited(3)
(77)(9)(13)

Early treatment response was generally favorable, with 80.1% had good prednisolone
response and 76.1% achieving M1 marrow at the end of induction. While this aligns with
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many pediatric ALL cohorts (13)(5)some LMIC studies report lower M1 rates (60-65%)
due to delayed diagnosis, higher tumor burden, or treatment interruptions (78) highlighting

the impact of healthcare and socioeconomic factors on early outcomes.

Treatment interruptions were documented in 31.9% of patients, while these rates are
consistent with LMIC reports highlighting infection and limited supportive care as major
contributors(10)(76) some studies, particularly from high-income countries, report
significantly lower interruption rates (<15%) due to better infection control, prophylactic
measures, and resource availability (3)(9)These discrepancies underscore the influence
of healthcare infrastructure and supportive care on uninterrupted therapy and overall

outcomes.

In this cohort, mortality was high at 35.2%, with severe infection responsible for 46.2% of
deaths, consistent with LMIC reports where infection remains the dominant cause of
treatment-related mortality due to limited supportive care and high infectious burden [1,2].
Intracranial hemorrhage accounted for 15.4% of deaths, and leukostatic lung injury and
pulmonary hemorrhage were less frequent, patterns similarly described in other resource-
limited settings(79)(80) Additionally, 32% of deaths had unknown causes because they
occurred at home or in external facilities without diagnostic confirmation, reflecting well-
documented gaps in emergency access, referral pathways, and continuity of care in LMIC
pediatric oncology systems (62). Importantly, mortality occurred early, with the highest
proportion during induction (30.8%), mirroring LMIC findings of elevated early death rates
during intensive initial therapy, in contrast to high-income countries where induction
mortality is generally <2% owing to superior supportive care, infection control, and rapid
critical care access (13)(81)Multiple Ethiopian and regional studies have emphasized
sepsis and supportive-care shortfalls (limited blood products, antibiotic availability, ICU
beds) as central contributors to early mortality(35) (69)(68)(24).

Overall survival (OS) in our cohort demonstrated 1-year OS was 74.9% and 4-year OS
was 54.5%. Other Ethiopian studies similarly report poor long-term outcomes. A Prior
study at TASH, including 164 patients, showed an OS at 1, 3, and 5 years was 79 %, 62
%, and 55 % respectively, indicating no major changes in OS in the past 5 years(82).

Gondar's study showed 5-year OS ~21%, (24)Jimma University reported a 3-year OS
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~39%, with frequent abandonment and low treatment completion.(17) These patterns
mirror outcomes across sub-Saharan Africa, where 3-5-year OS often remains below
50%(83) (84)and in LMICs such as Pakistan (5-year OS 52.9%)(84) and Indonesia (3-5-
year OS 20-60%)(85)By contrast, high-income countries report markedly higher survival,
with Sweden >90% and EUROCARE-5 European cohorts >85% at 5 years(86)(87).
These disparities underscore the importance of standardized protocols, adequate
supportive care, early diagnosis, and measures to prevent treatment abandonment.
Strengthening pediatric oncology infrastructure, improving adherence, and ensuring

follow-up are crucial to improving long-term survival in Ethiopia.

After multivariable adjustment, infancy was the strongest predictor of mortality, with
infants showing markedly higher adjusted hazard ratios for death than older children. This
is consistent with extensive evidence that infant ALL carries uniquely aggressive biology,
most notably the high frequency of KMT2A/MLL rearrangements, hyperleukocytosis, and
poor chemotherapy tolerance, leading to significantly worse outcomes in both high-
income and LMIC settings. (88) (89)(35)(69)(90)(34) confirming the external validity of
our observation. Treatment abandonment occurred in 11.2% of our cohort and
independently predicted mortality (AHR = 2.4). This finding is consistent with extensive
LMIC literature showing that abandonment is among the leading, and importantly
modifiable, causes of childhood cancer mortality(91)(92) (21)(93)Systematic reviews and
multi-country studies emphasize that abandonment rates in sub-Saharan Africa and
South/Southeast Asia range widely often 10—-40% or higher depending on setting and
tumor type, with social determinants—poverty, long travel distances, caregiver
unemployment, cultural or religious preferences, and perception of poor prognosis being
principal drivers (94) Ethiopian work has repeatedly documented similar reasons for
abandonment (financial hardship, travel burden, use of traditional or religious healing,
and family factors) and has linked abandonment to striking reductions in survival (35)
(68)Our distribution of reasons including financial issues, opting for religious healing,
family issues, community unrest matches these prior reports, underlining that

abandonment is not only a medical issue but a social one.
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In this cohort, 14.3% of patients experienced relapse. This rate is comparable to or slightly
lower than many LMIC reports, where relapse rates range from 15-25% due to delayed
diagnosis, treatment interruptions, and limited supportive care (76).(10) In contrast, high-
income countries generally report lower relapse rates of 10-15%, reflecting timely
diagnosis, intensive risk-adapted therapy, and robust supportive care systems(81) (13).
In a previous study in the same center commencing in 2019 showed a relapse rate of
21.4 implying an improved relapse rate in the two cohorts. A similar study in northern
Ethiopia showed a relapse rate of 10.1% both cohorts have not described associated
predictors for relapse (82) (29),(35). Relapses in our cohort were most common within 18
months, and bone marrow and CNS were the predominant sites, again mirroring LMIC
patterns. Post-relapse survival was poor; more than half of the relapsed patients died on
follow-up. These outcomes align with reports from other LMICs where salvage options
are restricted, and HSCT capacity is limited or absent; relapse is therefore frequently fatal.
Studies that show better post-relapse survival typically come from centers with access to
advanced salvage regimens, targeted agents, and HSCT resources commonly
unavailable in many LMIC settings (95)(23)(96) (97)

We found that WBC at diagnosis was the only variable that independently predicted
relapse risk in multivariable analysis: children with WBC >100,000/uL had dramatically
higher relapse hazard (AHR = 7.0) compared with those with WBC <20,000/uL, and even
moderately elevated WBC (50,000-100,000/uL) showed increased relapse risk
(AHR=3.5). This association has strong biologic plausibility—elevated WBC reflects
higher disease burden, a greater risk of sanctuary disease (CNS/testes), and a higher
probability of minimal residual disease (MRD) persistence when MRD monitoring is not
widely available—and is consistently reported in LMIC and HIC literature. In LMIC cohorts
lacking comprehensive MRD capabilities, baseline leukocyte count often remains among
the most reliable early prognostic markers. Comparative LMIC evidence: multiple studies
from South Asia (India, Pakistan, Nepal), Southeast Asia (Indonesia), North Africa
(Egypt), and Africa (Kenya, Tanzania) have demonstrated that hyperleukocytosis at

diagnosis is associated with increased relapse and inferior event-free survival. For
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example, Indian and Pakistani center reports show that children with very high initial WBC
counts are likelier to relapse early and to have lower salvage rates post-relapse, largely
because of limits in access to intensive salvage regimens and HSCT (95) (23)(70)(96). In
Ethiopia and neighboring African cohorts, relapse rates are comparable. Elevated WBC
has also been repeatedly associated with induction complications, tumor lysis, (82)

(29),(35) .Our findings accord with this evidence base.
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7. Strengths and limitations

A major strength of this study is the use of a sizable single-center cohort with
comprehensive clinical, laboratory, treatment, and survival information, which allowed for
robust survival analyses and multivariable modeling. The application of appropriate
statistical methods, including Cox proportional hazards modeling with formal diagnostics
to assess proportionality, further strengthens the validity of our findings. Additionally, the
uniformity of care pathways within a single institution minimizes variability in treatment

practices, enhancing internal consistency.

However, the study also has important limitations. As a retrospective review, it was
inherently affected by incomplete documentation and missing data, which may have
influenced the precision of some estimates. Furthermore, limitations in diagnostic
capacity, including incomplete baseline evaluations and tests such as
immunophenotyping and cytogenetic testing, restricted optimal risk stratification and
prevented comparison with internationally established risk-based treatment protocols.
These constraints reflect broader resource limitations common in many low- and middle-
income countries and underscore the need for improved diagnostic infrastructure to

enhance care and research accuracy.
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8. Recommendations

Based on the findings of this study, several targeted interventions are recommended to
improve treatment outcomes for children with acute lymphoblastic leukemia in Ethiopia

and comparable low- and middle-income countries.

8.1. Strengthening Early Diagnosis and Referral Systems

Early diagnosis is critical to reducing disease burden at presentation and improving
survival. Community-based and primary healthcare training programs should be
implemented to enhance early recognition of childhood leukemia symptoms. In addition,
streamlined and clearly defined referral pathways from rural and peripheral health
facilities to specialized pediatric oncology centers should be established to minimize

diagnostic delays and prevent presentation with advanced disease.

8.2. Improving Diagnostic Capacity for Risk Stratification

Accurate risk stratification is essential for optimizing treatment intensity and reducing
relapse. Expansion of access to key diagnostic modalities, including immunophenotyping,
cytogenetic analysis, and minimal residual disease testing, should be prioritized.
Strengthening laboratory quality assurance systems and ensuring completion of baseline
diagnostic evaluations for all suspected ALL cases are necessary to support consistent

and reliable diagnosis.

8.3. Strengthening Supportive Care Infrastructure

Enhancing supportive care services is vital for reducing treatment-related mortality,
particularly during intensive phases such as induction. Consistent availability of broad-
spectrum antibiotics, antifungal agents, blood products, and electrolyte monitoring tools
should be ensured. Infection prevention strategies, including dedicated isolation facilities,
adequately trained nursing staff, and standardized sepsis management protocols, should

be reinforced across pediatric oncology units.

8.4. Developing Strategies to Reduce Treatment Abandonment

Treatment abandonment remains a major barrier to cure in resource-limited settings.
Targeted psychosocial and financial support programs should be implemented for families

at high risk of discontinuing therapy. Improved access to accommodation, transportation
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support, and structured counseling services may mitigate socioeconomic and logistical
challenges. Engagement of community and religious leaders is also recommended to

address misconceptions about cancer treatment and to promote trust in medical care.

8.5. Enhancing Relapse Management Capacity

Strengthening relapse management is essential to improving long-term survival.
Standardized salvage chemotherapy protocols and early relapse detection strategies
should be introduced. Clear referral pathways to centers with hematopoietic stem cell
transplantation capacity should be established, and regional or international
collaborations should be expanded to improve access to transplantation for eligible

patients.

8.6. Strengthening Data Systems and Long-Term Follow-Up

Robust data systems are necessary for monitoring outcomes and guiding policy
decisions. Development and strengthening of pediatric cancer registries and electronic
medical record systems should be encouraged to improve data completeness and quality.
Additionally, structured long-term follow-up programs should be implemented to facilitate

early relapse detection and management of late treatment-related complications.

8.7. Policy Engagement and Resource Mobilization

Sustained improvements in pediatric ALL outcomes require strong policy support.
Advocacy efforts should be directed toward increasing national budget allocation for
pediatric oncology medications, diagnostics, and supportive care services. Partnerships
with international pediatric oncology networks should be fostered to support workforce

training, infrastructure development, and procurement of essential supplies.
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9. Conclusion

In this cohort of Ethiopian children with acute lymphoblastic leukemia, early mortality,
relapse, and treatment abandonment remain major challenges to achieving optimal
survival outcomes. Infant age and treatment abandonment emerged as the strongest
independent predictors of mortality, underscoring the vulnerability of very young children
and the substantial impact of social and economic barriers on treatment completion.
Elevated leukocyte count at diagnosis was the only independent predictor of relapse,
highlighting the ongoing reliance on clinical and hematologic parameters for risk
stratification in settings where advanced diagnostics such as cytogenetics and MRD

testing are limited.

The high burden of advanced disease at presentation, coupled with constrained
supportive care and limited salvage options, mirrors patterns reported across many low-
and middle-income countries. Despite these challenges, the study demonstrates that
improved survival is attainable with strengthened early diagnosis, comprehensive

supportive care, reduction of treatment abandonment, and enhanced diagnostic capacity.

Overall, the findings emphasize the urgent need for coordinated health-system
interventions, investment in diagnostic infrastructure, and patient-centered support
programs to improve treatment outcomes for children with ALL in Ethiopia and similar
resource-limited settings. Continued efforts to address both medical and socioeconomic
barriers are essential to narrowing the survival gap between LMICs and high-income

countries.
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Appendix
1.Data Collection Questionaries

Based on the Research Questions and Objectives for the study at Black Lion Specialized
Hospital (BLSH), here is an outline of the necessary data points to collect, structured like

a data abstraction form or questionnaire for retrospective chart review.
Data Abstraction Form: Predictors of Relapse in Pediatric ALL at TASH (2020-2025)

Instructions: Collect data retrospectively from patient medical records. Use "NR" for "Not
Recorded" or "NA" for "Not Applicable". Ensure patient confidentiality is maintained; use

study IDs only.
Section A: Patient Identification

1. Study ID:

2. Hospital Record Number (MRN): (Use only for data collection

linkage, remove/anonymize for analysis)

3. Age (years)

4. Sex: oMale o Female
Section B: Socioeconomic and demographic Factors

1. Estimated Distance from Home to BLSH:

oln Addis Ababa olLess than 100 km from Addis Ababa ©=100-300 km from Addis
Ababa ©0300-600 km from Addis Ababa omore than 600 km from Addis Ababa

2. Caregivers highest level of education:

oNo Formal Education oPrimary School (Grades 1-8) oSecondary School (Grades 9-
12)oTertiary (College/University/Vocational)pUnknown

3. Care givers monthly income:

oLess than 4000 birr 0 4000-8000 birr ©o8000-12000 birr  omore than 12000 birr
4. Documented Need for Financial Assistance/Support during treatment?

oYes (e.g., Social work) oNo indication found o NR
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Section C: Clinical Characteristics at initial Diagnosis

1. Duration since diagnosis in months:

2. Age atDiagnosis: _ Years

3. Initial White Blood Cell (WBC) Count at Diagnosis: /UL (or x10%/L)
4. Initial Hemoglobin at diagnosis gm/dl

5. Initial Platelet count at diagnosis /microliter

6. Presence of CNS disease at Diagnosis:
OCNS 1 OCNS 2 oCNS 3 o Image/ Clinical diagnosis
7. Presence of Testicular disease at Diagnosis (Males only):
oYes (Documented by clinical exam/ultrasound) oNo oNot Assessed / NR
oNot Applicable (Female)
6. Splenic involvement at diagnosis oYes ©No
7. Liverinvolvement at diagnosis oYes oNo
8. Renal involvement at diagnosis oYes oNo

9. Presence of Mediastinal Mass at Diagnosis: oYes ©No
Section D: Biological Factors (Relates to RQ2 & Obj 2)

1. Cytogenetic Analysis Performed? Cytogenetic Results

oNot performed oHyperdiploidy (>50 chromosomes)
oHypodiploidy (<44 chromosomes) ot(9;22) [BCR-ABL1]
o0t(12;21) [ETV6-RUNX1] oMLL (KMT2A) rearrangement
oOther abnormality (Specify: )

2. Immunophenotype:
oB-cell precursor ALL oT-cell ALL ( cAmbiguous/Mixed Phenotype)
oNot Determined / Not Recorded
3. Method of Immunophenotyping:
oFlow Cytometry olmmunohistochemistry cMorphology only oNot Specified / NR
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Section E: Treatment Details & Related Variables (Relates to RQ4 & Obj 4)

1. Duration since treatment initiated: months

2. Treatment Protocol Received:

oCOG adapted protocol oBFM ALL Protocol oOther specify)

3. Risk status of patient
oStandard risk  olntermediate risk oHigh risk

3. Documented Treatment Interruptions (excluding planned breaks)?
o Yes o No oNR

4. If Yes, Number of Documented Interruptions:

5. If Yes, Primary Reason(s) for Interruptions: (Check all that apply)

oSevere Toxicity / Side Effects (e.g., mucositis, organ damage) oUnavailability of
Chemotherapy Drugs opatient didn’t come for follow up oRefusal to take medication oNot

applicable

6. Treatment Abandonment Occurred? oYes oNo
(Use operational definition: e.q., failure to return for scheduled curative therapy
for >[Specify duration, e.q., 4-8 weeks] without medical justification despite

contact attempts)
7. Reason for Abandonment (if documented):

oFinancial issues oFamily issues o©Was too far away to come oOpted for traditional or

religious medicine ounrest in the oReason Unknown oNot applicable
Section F: Treatment response

1. Prednisolone response for Pro phase
oNot done oPrednisolone good response oprednisolone poor response
2. Bone marrow status at the end of induction?
oM1 oM2 oM3 oNot available
Section G: Characteristics of relapse (Only for relapsed patients )

1. Number of relapses
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2. Time of first relapse since treatment has been started in months

3. Site of First Relapse:

oBone Marrow oCentral Nervous System (CNS)oTesticular tCombined (CNS and bone

marrow:) oCombined Testicullar and bone marrow oOther

Section H: Treatment of relapse

1, Intent of therapy for relapse oCurative oPalliative

2. Type of therapy after relapse oChemotherapy oRadiation(Testicular or

Craniospinal ) o chemotherapy plus radiotherapy osent abroad for better therapy

oReferred abroad for better care

3. Out come after treatment

o Achieved second remission oFailed remission oDied on treatment oUnknown
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