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Summary

Background—Approximately 90% of children with cancer live in low-income and middle-

income countries (LMICs), where 5-year survival is lower than 20%. Treatment-related mortality 

in high-income countries is approximately 3–5%; however, in LMICs, treatment-related mortality 

has been reported in up to 45% of children with cancer. This study aimed to systematically explore 

the burden of treatment-related mortality in children with cancer in LMICs and to explore the 

association between country income level and treatment-related mortality.

Methods—For this systematic review and meta-analysis we identified articles published between 

Jan 1, 2010, and June 22, 2021, describing treatment-related mortality in paediatric patients (aged 

0–21 years) with cancer in LMICs. We searched PubMed, Trip, Web of Science, Embase, and the 

WHO Global Metric Index databases. The search was limited to full-text articles and excluded 

case reports (<10 patients) and haematopoietic stem-cell transplantation recipients. Two reviewers 

independently screened studies for eligibility, extracted data from included publications, and 

evaluated data quality. Random and mixed-effects models were used to estimate treatment-related 

mortality burden and trends. The Cochran-Q statistic was used to assess heterogeneity between 

studies. This study is registered on PROSPERO (CRD42021264849).

Findings—Of 13 269 identified abstracts, 501 studies representing 68 351 paediatric patients 

with cancer were included. The treatment-related mortality estimate was 6·82% (95% CI 5·99–

7·64), accounting for 30·9% of overall mortality (4437 of 14 358 deaths). Treatment-related 

mortality was inversely related to country income. Treatment-related mortality was 14·19% (95% 

CI 9·65–18·73) in low-income countries, 9·21% (7·93–10·49) in lower-middle-income countries, 

and 4·47% (3·42–5·53) in upper-middle-income countries (Cochran-Q 42·39, p<0·0001). In upper-

middle-income countries, the incidence of treatment-related mortality decreased over time (slope 

−0·002, p=0·0028); however, outcomes remained unchanged in low-income (p=0·21) and lower-

middle-income countries (p=0·16).

Interpretation—Approximately one in 15 children receiving cancer treatment in LMICs die 

from treatment-related complications. Although treatment-related mortality has decreased in 

upper-middle-income countries over time, it remains unchanged in LMICs. There is an urgent 

need for targeted supportive care interventions to reduce global disparities in childhood cancer 

survival.

Funding—American Lebanese Syrian Associated Charities and National Cancer Institute.
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Introduction

Advances in childhood cancer care have led to improved patient outcomes and overall 

survival. In high-income countries (HICs), improved treatment regimens and supportive 

care have enabled 5-year survival to surpass 80%.1–3 In low-income and middle-income 

countries (LMICs), however, cancer outcomes lag considerably. Although LMICs represent 

approximately 90% of the 400 000 incident childhood cancer cases annually, the 5-year 

survival rate is substantially lower, with estimates ranging from less than 10% in low-income 

countries to 55% in upper-middle-income countries.3–6 Thus, the burden of childhood 

cancer is disproportionately shifted to countries with scarce resources and reduced capacity 

to provide quality cancer care.

To address the disproportionate burden of childhood cancer deaths in LMICs, high-intensity 

treatment regimens are adapted on the basis of the availability of resources and supportive 

care. Although these regimens offer an increased probability of cure and potentially survival, 

such protocols may result in increased mortality due to treatment toxicity. Some studies have 

documented a paradoxical decrease in event-free survival in paediatric cancer patients in 

sub-Saharan Africa following the adoption of high-intensity treatment protocols designed in 

HICs—a decrease in relapse counterbalanced by increased mortality due to toxicity.7,8 Such 

outcomes are largely attributed to the absence of protocol adaptations to local methods of 

staging, risk stratification, diagnostics, infrastructure, and supportive care.9,10 Conversely, 

protocols that reduce treatment intensity and adapt to local resources and barriers to care in 

LMICs, such as treatment abandonment, have been shown to increase overall survival.11–15

Understanding and quantifying the burden of treatment-related mortality in LMICs is 

necessary to improve outcomes, however, current evidence is scarce. Historically, treatment-

related mortality has been vaguely and interchangeably used with terms such as “early”, 

“toxic”, and “induction” death. Alexander and colleagues16 proposed the first consensus-

based definition for treatment-related mortality in 2015 as “death occurring in the absence 

of progressive cancer”. Conventional understanding of treatment-related toxicity is largely 

derived from studies conducted in HICs, where primary causes of treatment-related 

mortality include infection and sepsis, haemorrhage, and encephalopathy.17–19 Hospital and 

population-level retrospective reviews in HICs report a cumulative incidence of treatment-

related mortality of 3–5% in paediatric cancer patients, representing approximately 30–50% 

of overall deaths from cancer.17,20,21

Literature on treatment-related mortality in LMICs has largely included studies of specific 

cancers, treatment regimens, or clinical trials in single-centre or regional studies.22 

Therefore, reported treatment-related mortality incidence varies widely. For example, a 

review in India found that in-hospital treatment-related mortality rates ranged from 3·8% 

to 24% for acute lymphoblastic leukaemia and from 5·7% to 45% for acute myeloblastic 

leukaemia, with no population-level data available.23 In El Salvador, where one hospital 

delivers all paediatric cancer care for the country, the incidence of treatment-related 

mortality was reported to be 35·4% for acute myeloblastic leukaemia.24 However, in another 

study conducted across El Salvador, Honduras, and Guatemala, the early death rate for 

acute myeloblastic leukaemia was substantially lower, at 18·3%.25 Despite this variability, 
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treatment-related mortality in LMICs is likely to be higher than in HICs, because LMICs 

may implement cancer treatment protocols that were designed in HICs with more scarce 

access to infrastructure to provide appropriate supportive care.14,17,24–26

The aim of this study was to examine the incidence and primary causes of treatment-related 

mortality in children with cancer in LMICs, as well as to explore the relationship between 

country income level and treatment-related mortality.

Methods

Search strategy and selection criteria

This systematic review and meta-analysis was completed in accordance with the 

PRISMA guidelines (appendix p 2).27,28 The protocol is registered on PROSPERO 

(CRD42021264849).

We conducted a systematic, comprehensive search of the following databases: PubMed (Jan 

1, 2010, to June 22, 2021), Trip (Jan 1, 2010, to June 18, 2021), Web of Science (Jan 1, 

2010, to June 22, 2021), Embase (Jan 1, 2010, to June 22, 2021), and the WHO Global 

Metric Index (Jan 1, 2010, to June 22, 2021). The search was designed to identify relevant 

publications based on a combination of terms capturing “[pediatric]” AND “[neoplasm]” 

AND “[LMICs]” AND “[treatment-related mortality]”. Medical subject headings terms and 

keywords were used when available. The search for “treatment-related mortality” extended 

to other key terms such as “induction”, “toxic” or “early” death and an expansive list 

of causes of death in children with cancer. The search was limited to full-text articles, 

English-language abstracts, and studies published between Jan 1, 2010, and June 22, 2021. 

The complete search strategy is provided in the appendix (pp 3–4).

The systematic review included studies describing treatment-related mortality in paediatric 

patients (aged 0–21 years) who received cancer-directed treatment (such as chemotherapy, 

surgery, or radiotherapy) in an LMIC.29 LMICs were classified as low-income, lower-

middle-income, or upper-middle-income countries in accordance with the World Bank 

country classifications in 2021, unless a study explicitly stated its classification as a low-

income or middle-income country for the duration of the study. Previous studies varied in 

their definition or quantification of treatment-related mortality despite the consensus-based 

classification published in 2015.16 As a result, studies were not excluded on the basis of 

their definition of treatment-related mortality unless this was in direct contradiction to the 

consensus classification.

This systematic review excluded conference proceedings, systematic reviews, meta-analyses, 

editorials, case reports, or case series with fewer than ten patients, letters, and conference 

abstracts. Studies were only included if the lower age limit of included patients was below 

18 years; the upper age limit was 21 years due to common inclusion of patients aged up to 

21 years in some paediatric cohorts among searched publications. Haematopoietic stem-cell 

transplantation recipients (and subsequent reporting of transplant-related complications) 

were excluded due to the underlying difference in cause and frequency of treatment-related 

mortality in these patients. Studies were further excluded if they only reported data for a 
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subset of high-risk patients with cancer already experiencing treatment complications, such 

as solely reporting data for patients with specific infections or critical illness. Studies were 

not excluded if patients had co-infections, such as HIV, before starting treatment.

Among included studies, only patients meeting all inclusion criteria were included in the 

analysis. Studies that collected data for both children and adults were included only if 

data could be extracted for children (aged 0–21 years). Similarly, studies including patients 

treated with haematopoietic stem-cell transplantation were only included if outcomes data 

could be extracted for patients who did not receive a transplant. Screening criteria and 

guidelines are summarised in the appendix (p 5).

Data analysis

Literature search results were extracted to and deduplicated with Covidence software.30,31 

Duplicate studies reporting outcomes for an identical or overlapping cohort of patients 

were manually excluded. In such cases, studies with a smaller sample size, fewer years of 

observation, or lower quality assessment scores were excluded. All abstracts and full-text 

articles were screened for inclusion in the study by two reviewers, and disagreements were 

resolved by a third investigator. Data from included studies were initially extracted in 

RedCap by one author and subsequently reviewed by a second reviewer.32

Extracted data included study design, years of data observation, study location (country), 

patient age range, sample size, cancer diagnoses, treatment methods, overall survival, 

reported statistic for treatment-related mortality, and quantified causes of treatment-related 

causes of death (see the appendix, pp 6–7, for the case report form). Data were extracted 

separately in multiple cohorts if a study reported separate outcomes from treatment 

conducted during different time periods.

All deaths during treatment in the absence of cancer progression or relapse, including 

induction deaths, were considered as treatment-related mortality. This study did not capture 

death before treatment initiation or due to external causes. In LMICs, decisions to start 

treatment are multifactorial and not solely based on the clinical status of the patient (eg, cost, 

family preference, treatment refusal, and so on), and reporting of this data was inconsistent 

and difficult to interpret across different studies. Treatment-related mortality was calculated 

for each study as the number of deaths due to treatment-related mortality divided by the 

number of treated patients.

The primary outcome of this study was the incidence of treatment-related mortality, and 

the secondary outcome was causes of death. Causes of death were extracted as listed by 

study authors, and reviewers applied the criteria described by Alexander and colleagues16 

for treatment-related mortality when assessing causes of death. Of studies identifying causes 

of death, most defined one primary cause. In the few case series with multiple listed causes, 

reviewers used the available information to identify the primary cause of death.

The methodological quality and bias of included articles was assessed in accordance with 

STROBE guidelines and based on the Newcastle-Ottawa Quality Assessment Scale and 

Joanna Briggs Institute critical appraisal checklists for cohort and case-series studies.33,34 
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Nine items were scored with a maximum point value of 14 based on quality. As part of 

the bias tool, studies were categorised as including standard-risk, low-risk, or high-risk 

patients (when described) to account for selection bias. Studies that included early stages of 

presentation (I or II) were indicated as low risk, and patients in later stages of cancer (III 

or IV), or those with relapsed or metastatic cancer were indicated as high risk. The overall 

quality scores were categorised as high (≥12 points), medium (7–11 points), or low (≤6 

points) quality on the basis of data trends. The quality assessment tool and associated point 

values are described in the appendix (pp 8–9).

Descriptive statistics were used to summarise study characteristics, including patient sample 

size, country income level, and year of study conduct (reported as the midpoint year between 

start and end dates for patient inclusion). Quality assessment score cutoffs were identified 

on the basis of treatment-related mortality trends (appendix p 10). Restricted maximum 

likelihood random-effects and mixed-effects models were used to obtain overall pooled 

treatment-related mortality estimates (with 95% CIs), as well as treatment-related mortality 

estimates by cancer subtype and country income group. In the mixed-effects models, 

“study” was considered as a random effect to adjust for heterogeneity between studies 

due to differences in patient characteristics and disease distributions. Generalised Cochran 

heterogeneity statistics (Cochran-Q) was used to assess the heterogeneity of pooled data 

under the null hypothesis τ2=0 and significance level α1=α2=0·025.35 χ2 and Fisher’s exact 

tests were used to test associations between categorical data; the non-parametric Wilcoxon 

rank sum test was used to compare medians in two groups; and medians for three or more 

groups were compared with Kruskal–Wallis rank sum test. p values less than 0·05 were 

considered significant. Data were analysed with R (version 4.2.2), and the metafor package 

(version 3.8–1).36

Role of the funding source

The funders of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the manuscript.

Results

The search identified 13 269 studies after the removal of duplicates. Following abstract 

screening, 1788 full-text articles were assessed for eligibility. 1287 studies were excluded; 

the primary reason for exclusion was the absence of quantifiable treatment-related mortality 

data (n=481). Ultimately, 501 publications met the inclusion criteria (figure 1; appendix pp 

11–65). Included studies described data across 506 patient cohorts and comprised 68 351 

children with cancer from 66 countries across all WHO regions (figure 2). 286 (57·1%) of 

501 studies were conducted in upper-middle-income countries, 207 (41·3%) were conducted 

in lower-middle-income countries, and 20 (4·0%) were conducted in low-income countries. 

Studies were done between 1970 and 2021 (median year 2009, mid-year range 1989–2021), 

and the median time for follow-up was 3·6 years (IQR 2·3–5·0). A complete summary of 

study characteristics is provided in tables 1 and 2 (appendix p 66).

The median lower age limit of children included in this study was 1·0 years and the 

upper age limit was 15·9 years. 51 186 (74·9%) of 68 351 patients were diagnosed with 
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haematological malignancies, 6240 (9·1%) were diagnosed with CNS tumours, and 10 785 

(15·8%) were diagnosed with non-CNS solid tumours. The most common cancer diagnoses 

were acute lymphoblastic leukaemia (33 507 [49·0%]), acute myeloblastic leukaemia 

(6826 [10·0%]), non-Hodgkin lymphoma (6009 [8·8%]), and retinoblastoma (5034 [7·4%]). 

Studies conducted in low-income countries had a higher proportion of patients with CNS 

tumours and a lower proportion with haematological malignancies than in lower-middle-

income and upper-middle-income countries (appendix p 67).

Treatment-related mortality occurred in 6976 (10·2%) of 68 351 patients. Based on the 

random-effects model, the aggregated treatment-related mortality estimate was 6·82% (95% 

CI 5·99–7·64). This estimate was significantly higher in patients with haematological 

malignancies (10·42% [95% CI 9·26–11·58]) than in those with non-CNS solid tumours 

(2·91% [1·49–4·34]) and CNS tumours (1·96% [0·00–4·05]; p<0·0001). There was 

significant heterogeneity in treatment-related mortality across all studies (Cochran-Q 

5434851·38, p<0·0001) and among cancer subtype: haematological malignancy versus CNS 

and solid tumours (Cochran-Q 86·07, p<0·0001). The treatment-related mortality estimate 

was 10·59% (95% CI 8·34–12·85) for acute lymphoblastic leukaemia, 16·17% (13·19–19·14) 

for acute myeloblastic leukaemia, and 10·64% (8·16–13·12) for non-Hodgkin lymphoma 

(figure 3; appendix pp 68–69).

Treatment-related mortality was inversely related to country income group, with low-income 

countries having a higher treatment-related mortality point estimate (14·19%, 95% CI 9·65–

18·73) than lower-middle-income countries (9·21%, 7·93–10·49) and upper-middle-income 

countries (4·47%, 3·42–5·53; p<0·0001). There was significant heterogeneity between 

income groups (Cochran-Q 42·39, p<0·0001). Using the mid-year of study data, the 

overall estimate for treatment-related mortality did not change between 1989 and 2021 

(slope −0·001, p=0·14). Although treatment-related mortality remained unchanged in low-

income countries (slope over time 0·010, p=0·21) and lower-middle-income countries (slope 

over time −0·003, p=0·16), treatment-related mortality decreased in upper-middle-income 

countries (slope over time −0·002, p=0·0028; figure 4).

Causes of treatment-related mortality were unspecified for 2604 (37·3%) of 6976 patients, 

and broadly characterised as “induction deaths” in 803 (11·5%). Among specified causes 

of death, leading causes included sepsis or infection (2560 [71·7%] of 3569), haemorrhage 

(379 [10·6%]), and unspecified complications secondary to tumour lysis syndrome (174 

[4·9%]; the complete list of causes is shown in table 3). Causes of treatment-related 

mortality differed significantly between patients with haematological malignancies and 

solid (CNS and non-CNS) tumours (Fisher’s exact test, p<0·0001). Infection or sepsis 

accounted for a higher proportion of treatment-related deaths in patients with haematological 

malignancies (2069 [73·9%] of 2798) than in those with CNS (28 [56·0%] of 50) and other 

solid tumours (101 [50·8%] of 199; Fisher’s exact test, p<0·0001). Conversely, treatment-

related mortality was more likely to be caused by surgical complications in children with 

CNS (seven [14·0%] of 50) and solid tumours (25 [12·6%] of 199) than in those with 

haematological malignancies (two [0·1%]; Fisher’s exact test, p<0·0001; table 3).
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Of the 506 study cohorts included in this systematic review and meta-analysis, 374 

(73·9%) reported overall mortality. 132 (26·1%) of 506 cohorts did not report overall 

survival outcomes and only described treatment-related mortality. Of all 50 146 patients 

with identified causes of death, 14 358 (28·6%) died during the study observation period. 

Treatment-related mortality accounted for 4437 (30·9%) of 14 358 overall deaths. A 

significantly higher proportion of deaths was attributable to treatment-related mortality in 

children with haematological malignancies (3355 [37·0%] of 9065 of overall deaths), than in 

children with CNS tumours (158 [18·2%] of 868) and non-CNS solid tumours (223 [11·9%] 

of 1881; p<0·0001). The proportion of overall deaths accounted for by treatment-related 

mortality varied significantly across country income level: 209 (42·1%) of 496 deaths in 

low-income countries, 1866 (40·5%) of 4613 deaths in lower-middle-income countries, 

and 2098 (25·2%) of 8313 deaths in upper-middle-income countries (p<0·0001). Causes 

of treatment-related mortality also varied significantly by country income level (p<0·0001; 

appendix p 70), and low-income countries reported a significantly higher proportion of 

treatment-related mortality due to unspecified causes than did middle-income countries 

(p<0·0001; appendix p 71). The appendix shows causes of death for the most common 

oncological diagnoses (p 72) and survival outcome data by country income group and WHO 

region (p 73).

The overall quality of included articles ranged widely. Based on the bias assessment tool, 

most study cohorts were categorised as high (184 [36·4%] of 506) or medium quality 

(294 [58·1%]), with a minority (28 [5·5%]) categorised as low quality (appendix p 10). 54 

(10·8%) of 501 studies only included high-risk patients, and 18 (3·6%) of 501 included 

only low-risk patients. Studies with standard-risk patients had significantly higher rates of 

treatment-related mortality than studies with any other risk categories (7·55% [95% CI 6·64–

8·45] vs 3·69% [1·84–5·54]; Cochran-Q 13·44, p=0·0002). The length of patient follow-up 

was less than 1 year or unspecified in 99 (19·8%) of 501 studies. 81 (16·2%) of 501 

studies reported loss of patients to follow-up, and 175 (34·9%) of 501 did not report or 

account for all causes of death in the sample. Cohorts with no loss of patients to follow-up 

had a significantly lower incidence of treatment-related mortality than studies with any 

or unspecified loss to follow-up (p=0·0093). There was no improvement in the quality of 

studies over time (p=0·36).

The mixed-effects model found that high-quality studies were associated with lower 

treatment-related mortality estimates than low-quality and medium-quality studies 

(p=0·0035). Study quality was directly related to country income group; studies conducted 

in low-income countries were of lower quality than those done in middle-income countries 

(p=0·0212). When controlling for diagnostic category, country income group, and quality 

assessment score in the multivariable mixed-effects model, both country income group 

(low income: p=0·0011, lower middle income: p=0·0084) and oncological diagnosis 

(haematological malignancy p<0·0001) significantly affected treatment-related mortality, 

whereas quality score did not (p=0·96; appendix p 74).

Significant heterogeneity in treatment-related mortality estimates was observed among 

cohorts with or without loss to follow-up (p<0·0001) and among cohorts with low or 

medium study quality compared to those with high study quality (p<0·0001). There was also 
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significant heterogeneity in treatment-related mortality within countries, probably due to the 

variability of oncological diagnoses captured in included studies (appendix p 75).

Discussion

This systematic review and meta-analysis analysed mortality data across 506 patient cohorts 

and 68 351 children with cancer from 66 LMICs. Approximately one in 15 children with 

cancer receiving treatment in LMICs die from treatment-related complications (based on the 

treatment-related mortality estimate of 6·82%), which accounts for almost a third (30·9%) 

of overall deaths and is higher than treatment-related mortality estimated in HICs (3–5%).17 

Our study established an inverse, stepwise relationship between country income level and 

treatment-related mortality. Compared to published data in HICs, our findings demonstrate 

an approximately two-times increase in treatment-related mortality in lower-middle-income 

countries (9·21%), and an approximately three-times increase in treatment-related mortality 

in low-income countries (14·19%).17,20,21 Although this study is the most comprehensive 

systematic assessment of treatment-related mortality in LMICs to date, these findings 

are likely to represent an under estimate of the true treatment-related mortality burden 

due to under-representation of published studies from low-income countries that report 

comprehensive patient outcomes.5

Our results showed a lack of improvement in the incidence of treatment-related mortality in 

LMICs since the 1990s, despite global advancements in cancer-directed therapy. However, 

when modelling outcomes by income level, the incidence of treatment-related mortality was 

found to decrease over time in upper-middle-income countries, while remaining unchanged 

in low-income and lower-middle-income countries. Although overall survival has increased 

in LMICs over time, supportive care interventions have lagged behind treatment advances, 

resulting in unchanged treatment-related mortality outcomes. These results show widening 

disparities in treatment-related mortality in children with cancer between high-resource 

and low-resource settings, representing an increasing threat to equity in childhood cancer 

outcomes globally.

Although the incidence of treatment-related mortality reported in this study is higher 

than in HICs, the patterns of mortality in LMICs reflect those in high-income settings, 

suggesting that childhood cancer care presents similar challenges globally. As in HICs, 

infection or sepsis, and haemorrhage were identified as the leading causes of death in 

this study.17–19,37–39 Additionally, our findings showed that patients with haematological 

malignancies had significantly higher treatment-related mortality than patients with CNS 

and other solid tumours.17 Notably, several documented adaptations in treatment regimens 

that reduced treatment intensity or established additional supportive care guidelines have 

been shown to reduce treatment-related mortality in LMICs while increasing event-free 

survival. Future work must assess not only populational-level mortality data, but also 

disease-specific mortality outcomes based on specific protocol adaptations and patient 

characteristics.

The WHO Global Initiative for Childhood Cancer outlined the need to implement cost-

effective, contextually appropriate supportive interventions such as provision of adequate 
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nutrition, infection prevention and control, and symptom management to curb the impact of 

treatment toxicity.40 The association between malnutrition and decreased paediatric cancer 

survival has been well documented, and is likely to be significantly more prevalent in 

low-income countries.40 Inadequate transportation and insufficient family resources might 

further contribute to later staging at initial presentation, and subsequently worse outcomes. 

Moreover, hospital resources, diagnostics, and staffing affect treatment outcomes, and many 

low-income countries do not have the dedicated paediatric personnel and specific clinician 

training in paediatric oncology.26,41 Additionally, other essential resources might be more 

scarce in these settings, because hospitals need to have adequate access to blood bank 

services and transfusion medicine to prevent delayed delivery of critical blood products.42,43 

Future research must further explore the association between hospital-level and patient-level 

factors and treatment outcomes. Ultimately, implementing interventions to reduce treatment-

related mortality would also improve the overall quality of supportive care within resource-

limited hospitals, thus strengthening patient care more broadly.

Efforts based on implementation science methods are necessary to adapt sustainable 

supportive care interventions and promote their use to reduce treatment-related mortality 

in LMICs. For example, paediatric early warning systems (PEWS) are cost-effective quality-

improvement tools to decrease rates of clinical deterioration events and promote early 

paediatric intensive care unit transfer for paediatric patients with cancer who develop 

organ dysfunction or sepsis.42–47 PEWS implementation in resource-diverse settings has 

been shown to improve multilevel outcomes on patient, provider, interdisciplinary team, 

and institutional levels without requiring additional human or material resources.46–48 

Additionally, early recognition of complications and initiation of appropriate treatment, 

including antimicrobial therapy in sepsis, could improve outcomes of infection and reduce 

mortality.49,50 Protocols to mitigate the effect of infection, however, must be tailored to 

epidemiological differences across centres.51 To be effective, programmes must have the 

ability to diagnose and treat antimicrobial-resistant pathogens that have a higher incidence in 

LMICs.52

In this systematic review, high-quality studies were more likely to be published in high-

resource settings and to report lower treatment-related mortality than in low-resource 

settings. This association could be explained by the lower incidence of treatment-related 

mortality in upper-middle-income than in low-income countries. In LMICs, cancer is often 

detected at late stages, with higher rates of treatment abandonment and loss to follow-up 

contributing to cancer-related mortality.10,53–55 All of these factors could contribute to a 

greater proportion of deaths due to disease progression and less accurate capture of mortality 

data in low-resource settings compared with high-resource settings, further complicating our 

estimate of treatment-related mortality.

This study also revealed a wide variability in the definition of treatment-related mortality 

and the quality of reported mortality data.56 Approximately a third of full-text articles 

screened were excluded because of incomplete reporting of reported causes for mortality. 

Among included studies, a large subset did not account for all deaths or identify all 

causes of mortality. Included studies were also likely to face challenges experienced in high-
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income settings, including under-reporting of early deaths (ie, within 1 month of diagnosis), 

resulting in underestimation of the true burden of treatment-related mortality.57,58

Ultimately, differences in the quality of studies and the way they reported causes of death 

might generate less reliable estimates of treatment-related mortality in LMICs and serve 

as a call to action to standardise the reporting of causes of mortality among paediatric 

patients with cancer. Future studies should define all terms such as “early” or “induction” 

death and apply validated, consensus-based criteria of treatment-related mortality.16 The 

quality of reported data will be further enhanced by identifying and quantifying specific 

causes of mortality or toxicity within broader categories of complications (ie, infection, 

haemorrhage, tumour lysis, and so on), which is a necessary step to develop targeted 

supportive care interventions aimed at the most prevalent complications. Data should also 

be reported for disease-related mortality and external causes of death preceding treatment 

initiation. Implementation of hospital and population-based cancer registries in LMICs is 

crucial to improve and standardise the quality of collected and published treatment outcomes 

data. Existing tools include the SJCARES Registry tool, a free, cloud-based, paediatric 

hospital-based cancer registration and reporting system. Other platforms can be strategically 

used to improve delivery of treatment and supportive care in LMICs, such as Adapted 

Resource and Implementation Application (ARIA), a collaboration between St Jude and 

the International Society of Paediatric Oncology—an online clinical resource providing 

comprehensive, resource-stratified, evidence-based guidelines for treatment of paediatric 

malignancies across global settings.

This study has several limitations. The search was restricted to English-language abstracts, 

which might have limited inclusion of all studies published from LMICs. This restriction 

was necessary given the complexity of extracted data, the need to ensure alignment of 

causes of treatment-related mortality with the established definition, and to fully assess the 

quality of included studies. Our study also included substantially fewer studies published in 

low-income countries, skewing aggregate results away from countries with fewer resources 

and a higher incidence of treatment-related mortality. Although treatment-related mortality 

outcomes were reported separately by country income group, certain WHO regions, such 

as Africa, were under-represented. Selection bias might have also played a role as this 

analysis was based on published studies, as opposed to registry-based data. Additionally, 

this study did not collect data about hospital characteristics, such as funding structure 

(public vs private) or staffing (paediatric vs adult providers), that might affect patient 

outcomes. Similarly, in this comprehensive analysis of treatment-related mortality, the 

impact of individual protocols and other treatment factors on outcomes for specific 

oncological diagnoses could not be assessed, nor could the impact of individual patient 

characteristics (eg, age and stage at presentation) be evaluated. These important factors 

should be evaluated in future studies. Last, because studies were frequently excluded 

because of unclear reporting of treatment-related mortality, a disproportionate number of 

included studies reported 100% overall survival, where a treatment-related mortality of zero 

could be assumed. Although we attempted to account for some of this heterogeneity among 

studies by using random-effects and mixed-effects models, our systematic review probably 

underestimates the true burden of treatment-related mortality in LMICs.
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In conclusion, understanding the global burden of childhood cancer is the first step 

towards improving outcomes and reducing global disparities. Treatment-related mortality 

accounts for at least a third of childhood cancer deaths globally, and disparities in treatment-

related mortality are widening over time between lower-income and higher-income settings. 

Furthermore, poor reporting quality and scarce population-based data probably result in 

an underestimation of the problem. The absence of improvement in patient outcomes in 

low-resource settings over the past few decades highlights the need for better use of adaptive 

therapies, improved supportive care, and higher quality data. These findings serve as a call to 

action to improve the reporting of treatment-related mortality in paediatric oncology studies 

in LMICs and to develop and adapt effective supportive care interventions to reduce global 

disparities and improve childhood cancer survival worldwide.
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Research in context

Evidence before this study

Evidence quantifying the burden of childhood cancer treatment-related mortality in low-

income and middle-income countries (LMICs) is scarce. Conventional understanding of 

treatment toxicity is largely derived from studies conducted in high-income countries. 

We searched PubMed, Trip, Web of Science, Embase, and the WHO Global Index 

databases for publications describing paediatric cancer, LMICs, and general terms for 

treatment-related mortality (ie, “early”, “induction” and “toxic” death). To date, no 

systematic review has been conducted to estimate the incidence of treatment-related 

mortality among paediatric cancer patients in LMICs.

Added value of this study

To our knowledge, this is the first systematic review and meta-analysis to describe 

treatment-related mortality in children with cancer in LMICs. Approximately one in 15 

children receiving cancer treatment in LMICs dies from treatment-related complications, 

with infection or sepsis being the leading causes of death. Treatment-related mortality 

accounts for a third of overall cancer mortality in these settings. Although treatment-

related mortality has decreased over time in upper-middle-income countries, outcomes 

have remained unchanged in low-income and lower-middle-income countries.

Implications of all the available evidence

Our study demonstrates that disparities in treatment-related mortality between countries 

of varying income levels are increasing with time. Our findings identify an urgent need 

for the development of targeted supportive care interventions to improve childhood 

cancer survival in resource-limited settings and to reduce global disparities in childhood 

cancer outcomes.
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Figure 1: Study selection
*Deduplicated using Covidence software.

Ehrlich et al. Page 17

Lancet Oncol. Author manuscript; available in PMC 2024 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2: Map of included studies
World map depicting number of studies included in this systematic review from each 

country. Countries in grey represent those without included published studies.
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Figure 3: Estimated treatment-related mortality by cancer diagnosis
Forest plot of estimated treatment-related mortality by cancer diagnosis by use of a mixed-

effects model. Estimated treatment-related mortality is shown with 95% CIs. The size 

of the square representing the estimate corresponds to the sample size of patients. The 

vertical dotted line represents the aggregated treatment-related mortality estimate for all 

patients included in this systematic review and meta-analysis. *Treatment-related mortality 

estimates based on random-effects model. †Subcategories of diagnoses with a small number 

of studies, where treatment-related mortality could not be estimated.
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Figure 4: Trends in treatment related-mortality over time
The figure depicts treatment-related mortality by study mid-year, calculated as the middle 

year of study conduct (average between start and stop of study inclusion years). Treatment-

related mortality rates are depicted for all study patients (A), patients receiving treatment 

in low-income countries (B), patients receiving treatment in lower-middle-income countries 

(C), and patients receiving treatment in upper-middle-income countries (D). The size of the 

circle represents the size of the study sample. Mixed-effects model was used to explore the 

relationship between treatment-related mortality estimates and the year of study conduct (as 

depicted by the trend line shown).
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Table 1:

Characteristics of included studies

Included studies (n=501)

Type of study

Single-centre 431 (86·0%)

Multicentre (1 country) 56 (11·2%)

Multicentre (≥2 countries) 14 (2·8%)

Study design

Randomised controlled trial 9 (1·8%)

Prospective cohort or case-series 98 (19·6%)

Retrospective cohort or case-series 367 (73·3%)

Unspecified cohort or case-series 22 (4·4%)

Other 5 (1·0%)

Country income level*

Low income 20 (4·0%)

Lower-middle income 207 (41·3%)

Upper-middle income 286 (57·1%)

WHO region †

Western Pacific region 124 (24·8%)

South-East Asia region 99 (19·8%)

Region of the Americas 72 (14·4%)

Eastern Mediterranean region 100 (20·0%)

European region 63 (12·6%)

African region 46 (9·2%)

Data are n (%).

*
12 studies involved more than one country income level.

†
One study involved four WHO regions.
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Table 2:

Characteristics of included cohorts

Included cohorts (n=506)

Mid-year* of data observation 2009 (2006–2012)

Years of follow-up 3·6 (2·3–5·0)

Age range (years)
Starting age (lower limit) 1·0 (0·3–2·5)

 Ending age (upper limit) 15·9 (13·0–18·0)

Median sample size (IQR) 59 (28–152)

Type of cancer-directed treatment

 Surgery 219 (43·3%)

 Chemotherapy 469 (92·7%)

 Radiotherapy 179 (35·4%)

 Other† 22 (4·3%)

Data are median (IQR) or n (%), unless otherwise stated.

*
Defined as the midpoint year between initial and final years of study conduct.

†
Other cancer-directed treatment includes modalities such as immunotherapies and gene therapies.
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Table 3:

Identified causes of treatment-related mortality

All cancers (n=3569) Haematological malignancy 
(n=2798)

CNS solid tumour 
(n=50)

Non-CNS solid 
tumour (n=199)

Total number of patients* 68351 51186 6240 10785

Sepsis or infection 2560 (71·7%) 2069 (73·9%) 28 (56·0%) 101 (50·8%)

Haemorrhage 379 (10·6%) 306 (10·9%) 4 (8·0%) 4 (2·0%)

Metabolic causes (tumour lysis 
syndrome)

174 (4·9%) 162 (5·8%) 0 1 (0·5%)

Disseminated intravascular 
coagulation

13 (0·4%) 12 (0·4%) 0 0

Surgical complications 51 (1·4%) 2 (0·1%) 7 (14·0%) 25 (12·6%)

Neurological complications 
(encephalopathy or raised 
intracranial pressure)

26 (0·7%) 21 (0·8%) 1 (2·0%) 1 (0·5%)

Seizures 4 (0·1%) 2 (0·1%) 2 (4·0%) 0

Cardiac failure 43 (1·2%) 17 (0·6%) 0 15 (7·5%)

Respiratory failure 99 (2·8%) 80 (2·9%) 0 6 (3·0%)

Superior vena cava syndrome 5 (0·1%) 5 (0·2%) 0 0

Hyperleukocytosis 8 (0·2%) 8 (0·3%) 0 0

Other chemotherapy toxicity 90 (2·5%) 32 (1·1%) 6 (12·0%) 33 (16·6%)

Other organ failure 98 (2·7%) 72 (2·6%) 1 (2·0%) 6 (3·0%)

Other 19 (0·5%) 10 (0·4%) 1 (2·0%) 7 (3·5%)

Data are n (%), unless otherwise stated.

*
Due to the inclusion of studies with multiple diagnoses across several diagnostic categories, the total number of patients with any malignancy is 

greater than the sum of patients in the given categories.
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