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Abstract
Background  Treatment of paediatric acute myeloid leukaemia (AML) is challenging in low- and middle-income 
countries (LMICs) due to resource constraints with subsequent poorer outcome. This study evaluated treatment 
outcomes and the determinants of survival in paediatric AML patients in Uganda.

Methods  This retrospective cohort study reviewed data from children with AML treated at three centres in Uganda 
between January 2016 and December 2022. Treatment comprised induction with daunorubicin and cytarabine and 
consolidation with high-dose cytarabine. Patients with acute promyelocytic leukaemia were treated on protocols 
adapted from Children's Oncology Group AAML 1331. All patients received supportive care. The data were analysed 
using SPSS Version 20.

Results  One-hundred and fifty-nine children with AML were included with a median age at diagnosis of 9.0 years 
(IQR: 3.0–12.0). Of the 149 patients who initiated therapy, 69 (46.3%) achieved complete remission after the first 
induction therapy (CR1), and 81 (54.4%) achieved complete remission (CR) overall. Treatment-related mortality 
occurred in 50 (31.4%) of the patients, with an early death rate of 27.7% (n = 44). Among the 81 patients who achieved 
CR, 37 (45.7%) relapsed, of whom 27 (73.0%) subsequently died. The one-, three-, and five-year OS were 39.0%, 25.1%, 
and 16.7%, respectively. The corresponding EFS were 37.0%, 22.9%, and 15.2%, respectively. Median OS and EFS were 
7.4 months (95% CI: 4.3–10.6) and 6.9 months (95% CI: 4.4–9.6), respectively. Factors significantly associated with poor 
OS included poor nutritional status (p = 0.026), delayed neutrophil recovery following induction (p = 0.030), failure to 
achieve CR1 (p = 0.031), and failure to complete treatment (p < 0.001).

Conclusions  Survival rates among children with AML in this study were low. Several clinical and biological 
prognostic factors influenced survival outcomes in this resource-limited setting. Improving outcomes will require 
improving supportive care or adopting resource-adapted treatment protocols that address the supportive care 
challenges in such a resource-limited setting.
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Introduction
Paediatric acute myeloid leukaemia (AML) treatment 
remains a significant challenge in many low- and mid-
dle-income countries (LMICs), including across Africa, 
and is a major cause of morbidity and mortality in these 
settings [1–3]. Chemotherapy combined with multidis-
ciplinary care continues to be the cornerstone of AML 
management [4, 5]. Despite substantial improvements 
over recent decades, driven by advances in understand-
ing disease heterogeneity at clinical, cytogenetic, and 
molecular levels [6–8], AML remains a life-threatening 
malignancy in children, with great disparity in prognosis 
by geographic and socioeconomic contexts.

In high-income countries (HICs), treatment outcomes 
for paediatric AML have improved substantially over 
recent decades, achieving five-year overall survival (OS) 
rates as high as 74% ± 2% for AML overall [9, 10]. Excel-
lent outcomes have particularly been observed in patients 
with acute promyelocytic leukaemia (APML), with two-
year event-free survival (EFS) and OS rates of 98% and 
99%, respectively, for standard-risk disease, based on 
data from the Children’s Oncology Group (COG-AAML 
1331) [11]. These improvements are largely attributed to 
the availability of advanced supportive care to alleviate 
the high toxicity of AML protocols [9, 12], in addition to 
refined risk stratification and risk-adapted regimens, and 
improved salvage therapies, including haematopoietic 
stem cell transplantation (HSCT) [9, 12, 13]. Advanced 
supportive care remains a vital component to improved 
and sustained good outcomes given the high intensity 
and toxicity of AML protocols [13].

Treatment of childhood AML remains exceptionally 
challenging in low-income countries (LICs) despite the 
fact that over 80% of childhood cancer cases worldwide 
occur in these settings [14, 15]. Survival rates in children 
with AML in LICs, including across Africa, remain low, 
with five- year overall survival (OS) rates below 40% [2, 
16]. This poor prognosis is largely attributed to late pre-
sentation, lack of standardised risk-adapted treatment 
protocols, a high prevalence of comorbidities such as 
malnutrition, infectious complications, and lack of blood 
product support. These factors exacerbate the toxicity of 
intensive chemotherapy regimens amid suboptimal sup-
portive care leading to increased treatment-related mor-
bidity and mortality, most notably early deaths [3, 17, 18]. 
In many LMICs, mortality associated with both the dis-
ease and the related treatment can reach up to 50% [19], 
compounded by high rates of treatment abandonment 
and relapse [2, 3]. For example, in Kenya, Van Weelderen 
et al. reported two-year OS and EFS probabilities of 7% 
and 4%, respectively [14], and in Egypt, relapse and mor-
tality rates reached 21.7% and 69.6%, respectively [20] 
which are all substantially inferior to outcomes observed 
in HICs. Treatment approaches for paediatric AML vary 

considerably across LICs; in many African centres, pallia-
tive care remains the primary option [1, 21].

The likelihood of cure for a given patient with paedi-
atric AML depends on multiple prognostic factors [22], 
most importantly genetic abnormalities and the achieve-
ment of minimal residual disease (MRD) negativity, 
which denote superior survival outcomes [23, 24]. While 
these factors have become integral to routine AML 
management, particularly in HICs, they remain largely 
unavailable in most LMICs. However, several clinical and 
morphological factors also influence treatment response 
and outcomes in AML [25]. Age, sex, ethnicity, and geo-
graphic variation have been identified in multiple studies 
as important prognostic determinants [26, 27]. Addition-
ally, French-American-British (FAB) subtypes correlate 
with prognosis; subtypes M5, M6, and M7 are generally 
associated with poorer outcomes compared to M1–M4, 
with M0 carrying the worst prognosis overall [25]. How-
ever, context-specific data from many LMICs on how 
these clinical parameters affect paediatric AML out-
comes remain limited.

Uganda, a LIC in East Africa, has relatively new pae-
diatric-focused oncology services with limited treatment 
facilities for childhood cancers and lacks harmonised 
treatment protocols. A preliminary single-centre report 
of adult and paediatric AML patients diagnosed and 
treated from 2016 to 2020 revealed a 30-day induction 
mortality rate of 32% and a 12-month mortality rate of 
70% [28]. Additionally, 39% of patients were undernour-
ished, which is associated with increased risk of death 
from toxicity and reduced EFS in LMICs [28, 29]. Despite 
this, there remains a paucity of contextual data on prog-
nostic factors, treatment approaches and outcomes for 
paediatric AML in Uganda, as well as in the broader Afri-
can and LMIC contexts. This study aimed to evaluate 
treatment outcomes and the factors that inform progno-
sis of paediatric AML at a national level.

Methods
This was a multicentre, retrospective cohort study inves-
tigating the records of children and adolescents under 
18 years of age, diagnosed with and treated for AML at 
three cancer treatment centres in Uganda from January 
2016 to December 2022. Two of the facilities were from 
the central region, including the national referral cancer 
centre, and one was in the western region. Collectively, 
the three centres manage approximately 700 new child-
hood cancer diagnoses per year. All children diagnosed 
with AML between January 2016 and December 2022 
under the age of 18  years were included. Patients were 
excluded if management data were not available.

Diagnosis was established based on the morphologi-
cal evaluation of bone marrow aspirates and/or periph-
eral blood smears by experienced haematologists. Flow 
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cytometry was performed in a limited subset of cases 
where the service was available. Cytogenetic and molec-
ular analyses were not routinely accessible within the 
country and were conducted only for a few patients 
through referral to external laboratories. Central nervous 
system (CNS) involvement was evaluated through the 
analysis of cerebrospinal fluid (CSF) and was defined as 
the presence of more than 5 white blood cells (WBCs)/
mm3 of CSF with blasts in a non-bloody sample, which 
was classified as CNS3 [30]. Additional investigations—
such as chest radiography, abdominal ultrasonography, 
and brain computed tomography (CT)—were under-
taken when clinically indicated.

Patients diagnosed with AML were treated with two 
courses of anthracycline-based induction chemotherapy. 
Each induction course comprised intravenous infusion 
of daunorubicin at 50 mg/m2/day on days 1, 3, and 5, in 
combination with cytarabine 100  mg/m2/day given as 
a 12-hourly infusion on days 1–10. The second induc-
tion course was identical to the first, except that cytara-
bine was administered for eight days, in accordance with 
the 10 + 3 protocol (Supplementary Tables 1 and 2). A 
few patients received induction treatment based on the 
7 + 3 schedule, where cytarabine, at the same dose as 
above, was administered from days 1–7 for both induc-
tion courses. Induction therapy was followed by two 
courses of consolidation therapy with high-dose cytara-
bine (HiDAC) at 3,000 mg/m2 given every 12 h on days 
1, 3, and 5 (Supplementary Tables 3 and 4). Patients with 
APML received all-trans retinoic acid (ATRA)-based 
protocols adapted from the Children’s Oncology Group 
AAML1331 study (Supplementary Tables 5 and 6). All 
patients routinely received prophylactic triple intrathecal 
therapy (TIT)—comprising hydrocortisone, methotrex-
ate, and cytarabine—during each cycle of treatment. For 
patients with CNS involvement, TIT was administered 
twice weekly until CSF clearance was achieved, followed 
by two additional doses thereafter and monthly TIT 
until completion of chemotherapy. In cases of relapse, 
for some patients, salvage therapy was provided using 
the fludarabine, cytarabine (Ara-C), and granulocyte 
colony-stimulating factor (FLAG) regimen (Supplemen-
tary Table  7). All patients received supportive therapy, 
including intravenous fluid administration, transfusion of 
blood and blood products, and antibiotic prophylaxis and 
treatment, as well as antifungal and antiviral prophylaxis. 
However, the availability of blood and blood product 
(e.g., platelet) transfusions remained inconsistent, posing 
a significant challenge in this setting. Similarly, paediatric 
intensive care services, including mechanical ventilation 
and vasopressor support, were largely unavailable.

Data collected included socio-demographic charac-
teristics (age and sex); disease features (baseline labora-
tory values, central nervous system [CNS] status, FAB 

classification, and nutritional status); treatment (chemo-
therapy regimens); and outcomes (current status, dates of 
relapse, death, disease progression, and last follow-up). 
Nutritional status was assessed on the basis of weight-for-
height, body mass index (BMI)-for-age, and mid-upper-
arm circumference (MUAC) z-scores, and categorized 
as normal (z-score > −2 SD), moderately (z-score < −2 
and > −3SD), or severely (z-score < −3 SD) malnourished 
as per the World Health Organization criteria [31]. For 
comparison, age was grouped as < 10 years and ≥ 10 years 
based on the median age (9.0 years) as a cut point, which 
is also consistent with other studies. [1, 32], while WBC 
was categorized as < 50,000/L and ≥ 50,000/L [21, 32], 
platelets (< 20,000 and ≥ 20,000/L) and haemoglobin (< 7 
and ≥ 7  g/dL) [21], and LDH as < 500 U/L and ≥ 500 U/L 
[33].

Response to chemotherapy was assessed based on bone 
marrow (BM) morphology on day 28 of induction ther-
apy after haematologic recovery. Complete Remission 
(CR): was defined as less than 5% bone marrow blasts on 
BM morphology and absence of extramedullary disease. 
Partial remission (PR) was defined as failure to achieve 
CR after the first course of induction chemotherapy, with 
residual blasts > 5% but < 15%, followed by achievement 
of CR after two courses of induction therapy. Refractory 
disease (RD) was defined as failure to achieve CR after 
one course of induction chemotherapy – characterised 
by less than a 50% reduction in blasts and > 15% residual 
blasts – with failure to achieve CR after two courses of 
induction chemotherapy [21, 34]. Relapse was defined by 
detection of ≥ 5% blasts in the BM, identification of cir-
culating blasts, or emergence of extramedullary disease 
after initial CR [35]. Treatment-Related Mortality (TRM) 
was defined as death occurring within 35  days of any 
chemotherapy cycle without evidence of disease relapse 
[17]. Early Death (ED) was defined as death occurring 
during induction before CR assessment or achievement, 
or within 42 days of diagnosis. Treatment abandonment 
was defined as the failure to initiate or complete cura-
tive treatment or an unplanned hiatus of four weeks or 
longer in the scheduled treatment, excluding cases in 
which palliative care was chosen or treatment was dis-
continued due to toxicity, as determined by the primary 
oncologist [36]. Overall Survival (OS) was defined as 
time from diagnosis to death from any cause. Event-Free 
Survival (EFS) was defined as time from diagnosis to the 
first event, defined as disease progression, relapse, treat-
ment abandonment or death from any cause, whichever 
occurred first.

Data were analysed using Statistical Package for Social 
Sciences software (SPSS for Windows, Version 27.0. 
Chicago, SPSS Inc.). Categorical variables were sum-
marised as proportions, while continuous variables were 
reported as means (± standard deviation) for normally 
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distributed data or medians (interquartile range) for non-
normally distributed data. Survival probabilities were 
estimated using the Kaplan–Meier method, with differ-
ences compared by the log-rank test [37]. Patients alive 
at the end of follow-up or last contact were censored. 
The impact of covariates on survival was assessed using 
Cox proportional hazards regression [38]. Variables sig-
nificant in bivariable analysis were included in the mul-
tivariable model. Adjusted hazard ratios (aHR) with 95% 
confidence intervals (CI) were reported. A two-sided 
p-value < 0.05 was considered statistically significant.

Results
Data from 159 children diagnosed with AML were ana-
lysed – 135 (84.9%) were non-APML/ML-DS AML, 13 
(8.2%) were APML, and 11 (6.9%) were myeloid leukae-
mia of Down syndrome (ML-DS). Overall, 57 (35.8%) of 
the cases had flow cytometry confirmation, including 
nine of the 13 (69.2%) APML subtype. The median age at 
diagnosis was 9.0  years (interquartile range [IQR]: 3.0–
12.0 years). Median age was higher among children with 
APML at 12.0 years (IQR: 10.5–14.0) and notably lower 
in those with ML-DS at 1.6  years (IQR: 0.7–2.0). Males 
constituted 87 patients (54.7%) with a male-to-female 
ratio of 1.2:1. Thirty-nine percent (n = 62) of children 
were malnourished (Table 1).

Haematological and biochemical characteristics of 
paediatric AML
The most common FAB classifications observed were M7 
(24.4%), M5 (22.2%), and M4 (17.8%). Cytogenetic test-
ing was performed in only 10 (6.3%) patients, of whom 
six (60.0%) had t(8;21) translocation. The median base-
line WBC count for the whole cohort was 32.0 × 109/L 
(IQR: 10.3–81.6), with 18.2% (n = 29) of patients pre-
senting with WBC ≥ 50.0 × 109/L. Of the 96 patients with 

documented CNS status, 14.6% (14/96) had CNS involve-
ment (Table 2).

Age and baseline WBC distribution among children with 
AML
The age distribution did not significantly differ by sex 
(Fig.  1A) but showed a statistically significant variation 
across FAB subtypes and AML categories. Patients with 
FAB M3 AML were older (median age 12.0 years; range 
6.0–15.0  years), whereas those with the FAB M7 sub-
type were notably younger (median age 1.7 years; range 
11 months-10.0 years) (p < 0.001) (Fig. 1B). Children with 
ML-DS were significantly younger (median age 1.7 years; 
range 11 months-2.6 years) than the other AML patients 
(median age 9.0 years; range 11 months-17.0 years) and 
the AML M3 (APML) subtype (median age 12.0  years; 
range 6.0–15.0  years) (p < 0.001) (Fig.  1C). WBC counts 
at diagnosis did not significantly vary between AML sub-
types (Fig. 1D).

Management and outcomes of children with AML
Chemotherapy was initiated in 149 (93.7%) of the 
patients. The most common reasons for not initiating 
treatment were early death before initiation (n = 4; 40.0%) 
and parental refusal of treatment (n = 4; 40.0%). The 10 + 3 
AD (cytarabine-arabinoside plus daunorubicin) protocol 
was the predominant chemotherapy regimen, used in 92 
(61.7%) of cases. More than half of the patients who initi-
ated therapy (n = 78; 52.3%) completed treatment, defined 
as receiving all required chemotherapy cycles: two induc-
tion and two consolidation cycles for AML, and all the 
cycles for APML. The primary reasons for non-com-
pletion were death in 56 patients (78.9%) and treatment 
abandonment in 12 patients (16.9%). Complete remission 
after the first induction (CR1) was achieved in 69 (46.3%) 
patients. Overall, 81 (54.4%) achieved CR after two 

Table 1  Sociodemographic characteristics of children with AML (n = 159)
Variable Whole cohort AML (non-APML/ML-DS) M3 subtype (APML) ML-DS

n % n % n % n %
Number of patients 159 100 135 84.9 13 8.2 11 6.9
Age (years)
  Median (IQR) 9.0 3.0–12.0 9.0 4.0–12.0 12.0 10.5–14.0 1.6 0.7–2.0
  < 1 9 5.7 7 5.2 0 0.0 2 18.2
  1–9.9 80 50.3 69 51.1 2 15.4 9 81.8
  ≥ 10 70 44.0 59 43.7 11 84.6 0 0.0
Sex
  Male 87 54.7 76 56.3 4 30.8 7 63.6
  Female 72 45.3 59 43.7 9 69.2 4 36.4
Nutritional status
  Normal 97 61.0 80 59.3 9 59.3 8 72.7
  Moderately malnourished 30 18.9 28 20.7 1 20.7 1 9.1
  Severely malnourished 32 20.1 27 20.0 3 20.0 2 18.2
APML Acute promyelocytic leukaemia, ML-DS Myeloid leukaemia of Down syndrome, IQR Interquartile range
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induction courses. By the end of the follow-up period, 
most patients (n = 97; 61.0%) had died. Treatment-related 
mortality (TRM) occurred in close to one-third (31.4%; 
n = 50) of the patient cohort (Table 3).

Relapse and outcome
Thirty-seven (45.7%) patients who achieved CR expe-
rienced relapse, including two with APML. Among the 
relapses, 30 (81.1%) were confined to the bone marrow 
(BM), four (10.8%) involved both BM and CNS, and one 
(2.7%) each had isolated CNS relapse, combined BM 
and testicular relapse, and combined BM and cutaneous 
myeloid sarcoma relapse. The median time from diagno-
sis to relapse was 9.1  months (range: 1.4–33.9  months). 
Two (5.4%) relapsed patients were treated with curative 
intent post-relapse and received haematopoietic stem 
cell transplantation (HSCT) abroad; both were alive at 
the time of this study. Among patients who experienced 
relapse, 28 (75.7%) received salvage chemotherapy, while 
seven (18.9%) received supportive care only. The most 

commonly administered salvage regimen was FLAG 
(fludarabine, cytarabine, and granulocyte-colony stimu-
lating factor) (Supplementary Table 7). Of the 35 patients 
who received palliative care, 27 (77.1%) died, five (14.3%) 
had an unknown outcome, and three (8.6%) remained 
alive.

Survival outcomes of children with AML
The median follow-up time from diagnosis was 
49.6  months (95% CI 35.5–63.8). The median OS was 
7.4  months (95% CI: 4.3–10.6). The one-, three-, and 
five-year OS rates were 39.0% (95% CI 31.4–46.6), 25.1% 
(95% CI 17.8–32.4), and 16.7% (95% CI 8.5–24.9), respec-
tively (Fig. 2A). The median event-free survival (EFS) was 
6.9 months (95% CI: 4.4–9.6), with one-, three-, and five-
year EFS rates of 37.0% (95% CI 29.4–44.6), 22.9% (95% 
CI 16.0–29.8), and 15.2% (95% CI 7.6–22.8), respectively 
(Fig. 2B).

OS and EFS were significantly better in children with 
diagnostic white blood cell (WBC) counts less than 
50 × 109/L, normal nutritional status, no central nervous 
system (CNS) involvement, post-induction absolute neu-
trophil count (ANC) recovery time of less than 21 days, 
achievement of complete remission after induction, and 
those who completed treatment. Specifically, the three-
year OS was 30.0% in children with baseline WBC less 
than 50 × 109/L, compared to 16.9% in those with WBC 
greater and equal to 50 × 109/L (p = 0.021). Correspond-
ing EFS rates were 28.1% and 14.3% for the low and high 
WBC groups, respectively (p = 0.012). OS was 30.8% 
among well-nourished children, decreasing to 23.3% and 
6.7% in moderately and severely malnourished children, 
respectively (p < 0.001). EFS followed a similar pattern, 
with rates of 27.1% in well-nourished children and 6.7% 
in severely malnourished children (p < 0.001). Children 
without CNS involvement had a three-year OS of 31.5%, 
compared to 26.8% in those with CNS involvement 
(p = 0.035). The EFS rates were 31.5% for children without 
CNS involvement and 21.4% for those with CNS involve-
ment (p = 0.005) (Table 4; Figs. 3A–D).

The three-year OS was 44.6% in children with a post-
induction one ANC recovery time of less than 21  days, 
decreasing sharply to 8.4% in those with a recovery time 
of 21 days or more (p = 0.003). Corresponding EFS rates 
were 41.5% and 6.8% for the less than 21 days and 21 days 
or more groups, respectively (p = 0.001). Children who 
achieved complete remission after the first induction 
(CR1) had a three-year OS of 43.6%, compared to 9.9% in 
those who did not achieve CR1 (p < 0.001). EFS was 40.4% 
in the CR1 group versus 19.8% in those who did not 
achieve CR1 (p < 0.001). Patients who completed treat-
ment had a significantly better three-year OS of 46.3%, 
while treatment non-completion resulted in a significant 
drop in OS to 2.2% (p < 0.001). Likewise, EFS was 43.6% 

Table 2  Haematological and Biochemical characteristics of 
paediatric AML (n = 159)
Variable n %
FAB classification (n = 90)
  M0/M1 0 0.0
  M2 10 11.1
  M3 13 14.5
  M4 16 17.8
  M5 20 22.2
  M6 9 10.0
  M7 22 24.4
Specific cytogenetics (n = 10)
  t(8;21) 6 60.0
  t(2;7) 1 10.0
  Monosomy 7 1 10.0
  Normal karyotype 2 20.0
CNS involvement (n = 96)*
  Yes 14 14.6
  No 82 85.4
Haematological parameters Median Ranges
  WBC counts (× 109/L) (median + IQR) 32.0 10.3–81.6
  < 50 130 81.8
   ≥ 50 29 18.2
  ANC counts (× 109/L) 3.5 1.4–13.0
  Monocytes (× 109/L) 7.0 1.7–25.6
  Baseline Hb level (g/dL) 5.8 4.3–7.6
  PLT counts (× 109/L) 24.5 10.8–56.0
Biochemical parameters
  LDH (U/L) 750.5 444.5–1699.3
  Serum albumin (g/L) 33.1 30.0–38.0
WBC White blood cell, ANC Absolute neutrophil count, Hb Haemoglobin, 
PLT Platelets, PBF Peripheral blood film, BM Bone marrow, LDH Lactate 
dehydrogenase
*CNS Central nervous system – five of whom had clinical sings of CNS disease
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in patients who completed treatment and dropped dras-
tically to 1.5% in those who did not complete treatment 
(p < 0.001) (Table 4; Figs. 3E–3H).

Multivariable analysis identified malnutrition (OS: 
p = 0.026; EFS: p = 0.035), delayed ANC recovery follow-
ing the first induction chemotherapy (OS: p = 0.030; EFS: 
p = 0.039), failure to achieve complete remission after 
the first induction course (OS: p = 0.031; EFS: p = 0.035), 
and treatment non-completion (p < 0.001 for both OS 
and EFS) as the most statistically significant predictors 
of inferior OS and EFS among children with AML in the 
current study setting (Table 5).

Discussion
Acute myeloid leukaemia represents a challenging dis-
ease to treat, particularly in low-resource settings [3, 39]. 
This study was conducted in Uganda, a low-income coun-
try that currently lacks comprehensive data on the treat-
ment outcomes of paediatric AML and offers a unique 
opportunity to explore contextual factors that influence 
the disease treatment outcomes. Our study demonstrates 
low OS and EFS rates, alongside high treatment-related 
mortality, among children with AML in the study setting. 
Independent poor prognostic factors identified included 

poor nutritional status, delayed ANC recovery following 
first induction chemotherapy, failure to achieve remission 
after the first induction, and treatment non-completion.

The 10 + 3 chemotherapy protocol is the predominant 
treatment regimen for childhood AML in the current 
study setting, with nearly one-fifth of patients receiving 
upfront palliative care. This contrasts with many other 
settings, where the 7 + 3 protocol is more commonly 
used [1, 14], highlighting variability in AML treatment 
approaches. The absence of in-country cytogenetic test-
ing capacity means that patients with adverse cytoge-
netics cannot be identified. This limitation, common 
to many LICs, is particularly significant given the well-
established prognostic value of cytogenetic abnormali-
ties, which are important for optimal risk stratification 
and treatment planning and have become the standard 
of care in high-resource settings [21, 40]. This finding is 
of clinical significance, as AML patients from different 
geographic regions or ethnic backgrounds may exhibit 
distinct genetic abnormalities [33]. The lack of African 
based data further underscores the need for cytogenetic 
profiling to inform tailored treatment strategies in Afri-
can settings [41].

A. B.

C. D.

Fig. 1  Box plot of Sex, FAB classification and AML subtype with Age and baseline WBC count. A Age distribution by sex. B Age distribution by FAB clas-
sification. C Age distribution by AML subtype. D Baseline WBC by AML subtype
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In this cohort, 54.4% of paediatric AML patients 
achieved CR following induction chemotherapy, with 
46.3% achieving CR after the first cycle (CR1) and an 
additional 8.1% after the second (CR2). The remission 

rate in our cohort is considerably lower than the 80% 
reported by Ghafoor et al. in Pakistan [42], the 85.7% 
reported by Jastaniah et al. in Saudi Arabia [43] and the 
82%–95% range reported by cooperative study groups 
in HICs [7, 44]. The observed disparity in CR rates may 
reflect multifactorial challenges in LMIC settings, includ-
ing treatment abandonment, upfront palliative intent, 
uncharacterised high-risk disease biology, and TRM. 
Achieving CR1 was independently associated with 
improved survival and reduced mortality, aligning with 
findings from cooperative oncology groups in HICs, 
where achieving CR was also associated with longer 
relapse-free survival [45]. This may be explained by the 
fact that patients with poor prognostic features, such as 
delayed response, are more likely to achieve only partial 
remission rather than CR [46], underscoring the need for 
early response monitoring (e.g., morphological and MRD 
assessments).

TRM remains a major challenge in the management 
of AML in LMICs, including resource-limited settings 
in Africa [2, 3], a pattern also observed in our patient 
cohort. In this study, the TRM was occurred in 31.4% 
(n = 50) of the whole cohort, with an early death (ED) rate 
of 27.7% (n = 44), including eight patients who died before 
initiation of chemotherapy. The TRM rate in our cohort 
is slightly higher than the 23.3% and 20.8% reported by 
Gupta et al. [17] in Central America and Jastaniah et al. 
[40] in Saudi Arabia, respectively. The ED rate observed 
here contrasts sharply with the 4.1%–5.9% rates reported 
by cooperative groups in HICs [43, 47]. Notably, the Japa-
nese Childhood AML Cooperative Study Group recently 
reported induction death rates as low as 0.9% and 1.7% 
[48, 49]. The substantially higher TRM and ED rates 
observed in our cohort highlight the significant chal-
lenges encountered in LICs, including limited supportive 
care infrastructure amidst dose-intensive chemotherapy 
protocols, inadequate antimicrobial and microbiological 
support, treatment interruptions, as well as unexplored 
pharmacogenomics. Evidence suggests that differences in 
the incidence and severity of chemotherapy-related tox-
icities across patient populations can often be linked to 
ethnicity, primarily through pharmacogenomic variation 
[50–52]. As a result, expert opinion increasingly supports 
genotype-guided dosing over broad, ethnicity-based 
modifications [50].

Relapse is a major cause of mortality in patients with 
AML, with relapse rates typically reported between 30 
and 40% [17, 47]. In the present study, 45.7% of patients 
who achieved complete remission post-treatment experi-
enced relapse, a rate comparable to that reported in other 
LMICs [14, 53]. This high relapse rate may be attributed 
to MRD positivity following induction therapy. Evidence 
indicates that residual MRD after induction is associ-
ated with a significantly worse prognosis compared to 

Table 3  Management and outcomes of children with AML
Variable n %
Management characteristics
Chemotherapy initiation
  Yes 149 93.7
  No 10 6.3
Reason for not initiating treatment (n = 10)
  Died before initiation 4 40.0
  Declined 4 40.0
  Too sick 1 10.0
  Referred abroad 1 10.0
Therapeutic intent (n = 149)
  Curative 110 73.8
  Palliative 28 18.8
  Curative followed by palliative 11 7.4
Treatment protocol (n = 149)
  10 + 3 protocol 92 61.7
  7 + 3 protocol 5 3.4
  APML protocol 13 8.7
  ML-DS protocol 11 7.4
  Palliative protocol 28 18.8
Treatment outcomes
Completed treatment¥ (n = 149)
  Yes 78 52.3
  No 71 47.7
Reasons for not completing treatment (n = 71)
  Died 56 78.9
  Abandoned treatment 12 16.9
  Discharged on total palliation 3 4.2
Post-induction one outcome* (n = 149)
  CR1 69 46.3
  No CR1 21 14.1
  Not assessed 59 39.6
Overall post-induction CR* (n = 149)
  CR 81 54.4
  No CR/not assessed 68 45.6
Final outcome at end of follow-up (n = 159)
  Alive 32 20.2
  Died 97 61.0
  Abandoned treatment 12 7.5
  Lost to follow-up 12 7.5
  Discharged on total palliation 6 3.8
Treatment-related Mortality (n = 159)
  Yes 50 31.4
  No 109 68.6
APML Acute promyelocytic leukaemia, ML-DS Myeloid leukaemia of Down 
Syndrome, CR Complete remission

¥That is, received all the required cycles of chemotherapy – 2 induction and 2 
consolidation for AML, and all the course of chemotherapy for APML
*Denotes CR rates among patients who were alive at the end of induction and 
were therefore assessed
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MRD-negative status in paediatric AML [7, 54]. In this 
study, post-induction remission was defined morphologi-
cally by fewer than 5% blasts in bone marrow (haemato-
logical complete remission), with limited assessment of 
MRD. Nearly all patients with relapsed disease received 
only palliative care, with the majority succumbing to 
their illness. This outcome likely reflects the absence 
of salvage therapies, including haematopoietic stem 
cell transplantation (HSCT), which has been shown to 
improve survival in relapsed AML [42]. This benefit was 
also demonstrated by the two patients in this cohort who 
received HSCT abroad following relapse.

The current study demonstrated low OS and EFS 
probabilities, with median survival times of 7.4 and 
6.9  months, respectively. The three-year OS and EFS 
rates in our cohort were 25.1% and 22.9%, respectively, 
which are considerably lower than those reported in 
high-income contexts, where 5-year OS for paediatric 
AML has reached up to 75% [9, 55], as well as some other 
LMICs [56]. However, these survival rates are consis-
tent with reports from many LMICs [14, 17, 18, 39]. For 
example, in Tanzania, no patients survived beyond two 
years post-diagnosis, while in Kenya, the two-year OS 
and EFS probabilities were 7.0% and 4.0%, respectively 
[14, 18]. These survival disparities are likely attributable 
to inadequate supportive care, high treatment-related 
mortality, challenges in risk stratification, and lack of sal-
vage therapies including HSCT [3], compounded by high 
rates of treatment abandonment and comorbidities such 
as malnutrition.

Malnutrition remains a significant factor associated 
with poor treatment outcomes in childhood cancers in 
LMICs [21], a finding confirmed in the present study. 
Survival was markedly worse among severely mal-
nourished children, with three-year OS and EFS rates 
of 6.7% ± 4.6%. Malnutrition also emerged as an inde-
pendent predictor of mortality. This is consistent with 
reports from Pakistan by Ghafoor et al. [21, 42] and is 
likely attributable to decreased chemotherapy tolerance, 

increased toxicity, and a higher risk of TRM among mal-
nourished patients [21, 57, 58]. Furthermore, malnutri-
tion impairs immune function by reducing complement 
proteins, cytokines, and immunoglobulins, thereby 
increasing susceptibility to infections. This underscores 
the importance of correcting nutritional deficiencies and 
considering prophylactic antibiotics in undernourished 
children undergoing chemotherapy for AML [59]. Tar-
geted nutritional interventions for high-risk groups have 
been shown to improve morbidity and mortality, as dem-
onstrated in low-income country settings [58].

Time to neutrophil recovery following the first induc-
tion chemotherapy emerged as a significant clinical pre-
dictor of survival outcomes in this study. Both OS and 
EFS rates were significantly lower among patients with 
delayed neutrophil recovery beyond 21 days. In resource-
limited settings, where supportive care infrastructure 
such as broad-spectrum antimicrobials and intensive 
care units is often inadequate, prolonged neutropenia 
substantially elevates the risk of treatment-related mor-
tality [42, 56]. Overall and event-free survival rates were 
significantly higher in patients presenting with a lower 
WBC count (< 50 × 10⁹/L). This finding aligns with results 
from the Medical Research Council AML12 trial in pae-
diatric AML [60], as well as several other studies [21, 42]. 
Hyperleukocytosis has been associated with an increased 
risk of TRM and lower CR rates [21, 42]. In the current 
study, 69.5% of children with diagnostic WBC equal 
to or more than 50 × 10⁹/L died, compared to 56.0% of 
those with WBC less than 50 × 10⁹/L. This may be due to 
the heightened risk of metabolic complications such as 
tumour lysis syndrome and leukostasis, particularly in 
critical organs like the lungs and brain. Recognition and 
proactive management of hyperleukocytosis could thus 
improve outcomes.

Strengths and limitations of the study
This study was undertaken at more than one site in 
the country, including the national oncology referral 

Fig. 2  Survival curves for children with AML. A Overall survival (OS). B Event-free survival (EFS)
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Table 4  Bivariable analysis of prognostic factors for OS and EFS among children with AML
Variable n 3-year OS 3-year EFS

Value ± SE p-value Value ± SE p-value
Sex
  Male 83 30.2 ± 5.4% 0.187 26.3 ± 5.0% 0.313
  Female 71 19.9 ± 5.1% 19.3 ± 5.0%
Age (years)
  < 10 85 27.2 ± 5.0% 0.836 25.1 ± 4.8% 0.801
  ≥ 10 69 23.5 ± 5.6% 21.2 ± 5.2%
Nutrition status
  Normal 95 30.8 ± 5.2%  < 0.001* 27.1 ± 4.8%  < 0.001*
  MAM 29 23.3 ± 8.0% 27.2 ± 8.3%
  SAM 30 6.7 ± 4.6% 6.7 ± 4.6%
Baseline WBC
  < 50 99 30.0 ± 4.9% 0.021* 28.1 ± 4.8% 0.012*
  ≥ 50 55 16.9 ± 5.3% 14.3 ± 4.8%
Platelets
  ≥ 20 72 27.4 ± 5.7% 0.082 24.5 ± 5.3% 0.120
  < 20 81 24.5 ± 4.9% 22.9 ± 4.7%
Haemoglobin
  ≥ 7 98 27.1 ± 4.8% 0.242 24.3 ± 4.5% 0.335
  < 7 55 23.6 ± 6.0% 21.9 ± 5.8%
FAB subtype
  M2 9 51.9 ± 17.6% 0.155 44.4 ± 16.6% 0.120
  M3 12 10.4 ± 9.7% 10.4 ± 9.7%
  M4 16 18.8 ± 9.8% 18.8 ± 9.8%
  M5 19 23.0 ± 10.5% 15.8 ± 8.4%
  M6 9 44.4 ± 16.6% 44.4 ± 16.6%
  M7 22 36.4 ± 10.3% 36.4 ± 10.3%
CNS involvement 
  No 80 31.5 ± 5.3% 0.035* 31.5 ± 5.3% 0.005*
  Yes 14 26.8 ± 12.3% 21.4 ± 11.0%
  Unknown 60 15.9 ± 5.5% 12.3 ± 4.5%
LDH (U/L)¥
  < 500 20 34.8 ± 12.8% 0.052 28.5 ± 11.3% 0.073
  ≥ 500 44 18.1 ± 6.3% 15.2 ± 5.6%
Time to ANC recovery (ID-1)
  < 21 days 75 44.6 ± 5.9% 0.003* 41.5 ± 5.8% 0.001*
  ≥ 21 days 22 8.4 ± 7.3% 6.8 ± 6.1%
Time to ANC recovery (ID-2)
  < 21 days 65 41.1 ± 6.3% 0.150 38.6 ± 6.2% 0.220
  ≥ 21 days 12 65.6 ± 14.0% 58.3 ± 14.2%
Remission after induction 1
  CR 69 43.6 ± 6.3%  < 0.001* 40.4 ± 6.1%  < 0.001*
  No CR 21 9.9 ± 8.4% 19.8 ± 9.4%
  Not assessed 51 6.0 ± 3.9% 4.6 ± 3.1%
Treatment completion
  Yes 78 46.3 ± 6.0%  < 0.001* 43.6 ± 5.9%  < 0001*
  No 68 2.2 ± 2.1% 1.5 ± 1.5%
MAM Moderate acute malnutrition, SAM Severe acute malnutrition, WBC White blood cell count, ANC absolute neutrophil count, ID-1 Induction 1, ID-2 Induction 2, 
FAB French-American-British classification, CNS Central nervous system, LDH Lactate dehydrogenase

¥Categorization was based on the prognostic level in childhood lymphoma documented by Song et al. [33]; **Normal karyotype, monosomy 7, t(2;7) and inv9; CR 
Complete remission
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Fig. 3  Survival curves for children with AML. A OS by baseline WBC count. B EFS by baseline WBC count. C OS by nutrition status. D EFS by nutrition 
status. E OS by time to ANC recovery after first induction. F EFS by time to ANC recovery after first induction. G OS by Complete remission status after first 
induction. H EFS by Complete remission status after first induction
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centre. A notable limitation of the study is its retrospec-
tive design, with some incomplete or missing data that 
consequently restricted the sample size available for 
certain analyses. Likewise, cytogenetic and immuno-
phenotypic profiling for disease characterisation were 
unavailable, and diagnoses were based solely on morpho-
logical features, rendering definitive diagnosis challeng-
ing and susceptible to diagnostic error. Nevertheless, the 
study offers valuable insights into treatment strategies 
and outcomes for paediatric acute myeloid leukaemia 
(AML) in real-world, resource-limited settings.

Conclusion
Survival outcomes among children with AML in this 
setting were low, with high rates of TRM and disease 
relapse. Several clinical and laboratory prognostic fac-
tors significantly influenced survival among children with 
AML in the study setting. Improvements of outcomes 
and quality of life of children with AML will require 
strategies to reduce TRM, including effective supportive 
care measures to manage the toxicity associated with the 
high intensity AML protocol and increase research into 
salvage strategies for AML in the African setting.
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