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Introduction 

Leukemia is the most common cancer in children accounting for approximately 35% of all childhood 

cancers [1]. Around 75% of leukemias among children are acute lymphoblastic leukemia (ALL), and most 

of the remaining cases include acute myeloid leukemia (AML), whereas, chronic leukemias are rare in 

children [1] Although the overall survival in children with newly diagnosed ALL has improved 

dramatically over the years reaching almost 90% today [2], relapse is the most common cause of treatment 

failure occurring in approximately 15%-20% of patients, and around 2% patients are refractory to 

induction chemotherapy [2,3,4]. Thus, relapsed ALL is considered as the fourth most common childhood 

malignancy [4]. The treatment of relapsed ALL requires very intensive chemotherapy and stem cell 

transplantation (SCT) [4,5,6and expensive newer agents/drugs [7], where only 30–50% of patients can be 

cured [4].  

During the past decade, numerous promising immunotherapeutic drugs have been developed, and current 

research focuses on how to best incorporate these drugs into salvage regimens, changing the treatment 

landscape for children with relapsed ALL [8]. Relapsed ALL patients incur almost three times greater 

costs, with four times longer hospital stays, and four times more admissions than patients who did not 

relapse [9]. Children with AML experience high relapse rates of about 30% [10]. Outcomes of pediatric 

relapsed AML remain poor despite intensive therapy, based on a recent systematic review, with overall 

survival reaching up to 40% [11]. Similarly, the costs of relapsed AML in children are very high, with 

inpatient resource utilization being the largest cost driver [12]. 

As such, the treatment of relapsed acute leukemia in children (ALL and AML) impose great financial and 

economic burden on health systems. Yet, the outcomes of treatment are not very rewarding, and there is a 

need to generate the evidence to determine which treatment interventions have the greatest value for 

money, in terms of costs relative to improved health outcomes/effects through cost-effectiveness analysis 

[13]. Optimal decisions would require best evidence of cost-effectiveness outcomes [13]. Although a 

previous systematic review by Russell et al (2013) summarized the evidence about economic evaluation of 

pediatric cancer treatment, nevertheless it did not address cost-effectiveness of treatments for relapsed 

ALL or AML [14]. Therefore, there is a gap in evidence about the cost-effectiveness of treatment for 

children with relapsed and/or refractory acute leukaemia. This systematic review will establish the health-

economic evidence base for costs and cost-effectiveness of the treatment interventions for 

relapsed/refractory acute leukemia in children. 



Review question/aim 

What is the health-economic evidence on the cost-effectiveness of treatment interventions for 

relapsed/refractory acute leukaemia in children? 

The primary objective is to summarize the health-economic evidence on the cost-effectiveness of treatment 

for relapsed/refractory acute leukemia in children. 

Secondary objective is to determine the cost-effectiveness of treatment for relapsed/refractory acute 

leukemia in children in LMICs or developing countries. 

Methods  

We followed the guidelines by the Centre for Reviews and Dissemination (CRD) for conducting 

systematic reviews of economic evaluation [15]. and the Campbell and Cochrane Economic Methods 

Group (CCEMG) guidance for incorporating economics evidence [13]. The review was developed and will 

be reported according to PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis 

Protocols) checklist [16]. The systematic review protocol will be registered on PROSPERO database. 

Types of studies to be included 

Full economic evaluation studies will be included in this review. These are defined and classified in 

accordance with the definitions provided by the Campbell and Cochrane Economic Methods Group 

(CCEMG) [13]. Full economic evaluation studies include a comparative analysis of alternative courses of 

action in terms of both costs (resource use) and consequences (outcomes, effects), where costs and 

outcomes data of the alternatives are examined and a comparison of two or more interventions is 

undertaken [13]. These include primary economic evaluation studies with either cost-effectiveness analysis 

(CEA), cost-benefit analysis (CBA), or cost-utility analysis (CUA) of treatment interventions, using any of 

the following approaches:   

- Trial-based model (in RCTs) 

- Non-trial based 

- Simulation-based 

- Decision model 

Other inclusion criteria: 

- Cost-effectiveness studies assessing primary (first line) and second-line treatment (treatment of 

relapse/refractory) of paediatric acute leukemia in children. 

- There will be no restrictions based on perspective, follow-up duration, sample size or setting.  



- Studies from both developed and developing countries will be included. 

- Studies will be included if published in the English language from inception till date of the searches. 

The following types of studies will be excluded: 

- Partial economic evaluation studies that do not make clear comparisons between alternative 

interventions in terms of both costs (resource use) and consequences (effects), including cost 

comparison/cost analysis, cost descriptions and/or cost-of-illness (CoI) studies, and cost-outcome 

descriptions [13]. 

- Studies reporting only survival outcomes, quality of life (QOL), patient-reported outcomes and 

utilities without the costs; 

- Qualitative studies, conference abstracts, reviews, editorials, commentaries or methodological 

articles. Bibliographies of systematic reviews will be utilized to examine relevant studies for 

inclusion. However, the reviews will not be eligible for inclusion. 

Condition or domain being studied 

Cost-effectiveness of treatment for relapsed/refractory acute leukemia in children; including acute 

lymphoblastic leukemia (ALL) and acute myeloid leukemia (AML). This may include first-line and 

subsequent lines of treatment for relapsed disease. 

Participants/population 

Children (aged 0–18 years) with relapsed/refractory acute leukaemia (ALL and AML) who received any 

treatment intervention will be included. There will be no restrictions on patient or disease characteristics 

such as gender, ethnicity, disease risk at diagnosis, or country. Patients will be included if they received 

treatment after first or subsequent relapses.  

Intervention(s), exposure(s) 

The cost-effectiveness of any treatment intervention used to manage relapsed/refractory acute leukemia in 

children will be evaluated, including (but not limited to): chemotherapy, immunotherapy, bone marrow 

transplant (BMT). This may include first-line and subsequent lines of treatment for relapsed disease. The 

treatment interventions for ALL and AML will be evaluated and reported separately.   

Comparator(s)/control 

There will be no restrictions on the types of comparator(s). For example, the comparator can be either no 

intervention or another intervention. However, the study should have a clear definition of the comparison. 



Context 

There will be no restrictions on settings. 

Outcomes 

Main outcomes 

a) Measures of Cost-effectiveness: cost-effectiveness outcomes [13] will be reported in terms of: -  

o “Incremental Cost-Effectiveness Ratio” (ICER),  

o “Incremental cost per Quality-Adjusted Life Year (QALY)” 

o “Incremental cost per Disability-Adjusted Life Year (DALY)”,  

o “Incremental cost-benefit ratio”, and  

o other measures of economic evaluations without restrictions. 

Additional outcomes 

All outcomes as mentioned above. 

 

Search strategy  

The following electronic bibliographic databases of published studies will be searched: 

- MEDLINE 

- EMBASE (Ovid) 

- Web of Science 

- EconLit 

- Cochrane Central Register of Controlled Trials (CENTRAL) and Cochrane Database of 

Systematic Reviews (CDSR) 

- Centre for Reviews and Dissemination (CRD) Databases (Database of Abstracts of Reviews of 

Effects (DARE), the National Health Service, Economic Evaluation Databases (NHS EED), 

Health Technology Assessment Database (HTA))  

- Cost-Effectiveness Analysis (CEA) Registry 

 

Search will be done from inception to date (30th July 2021) and will be restricted only to the English 

language. We will scan the reference lists of eligible full-text articles to search for potential articles 

not identified in the original database search. The searches will be re-run just before the final analyses and 

further studies retrieved for inclusion, as appropriate. The search strategy will include use of a combination 



of free text, indexing terms, database-specific limits and databases-specific subject headings/vocabulary 

(e.g. MeSH).  

The first step will involve developing multiple search terms for each of the four domains. The domains 

will then be combined using “AND”. Finally, database-specific filters will be used to limit the search to 

“Humans”, and “English”. 

Combining the four domains below: 

1. Acute leukaemia; acute lymphoblastic leukaemia; acute myeloid leukaemia 

2. Children; paediatric; infants 

3. Relapse; recurrence, refractory disease 

4. Cost-effectiveness; costs, economic evaluation, economic analysis 

 

Potential search terms 

1. Acute leukaemia; acute lymphoblastic leukaemia; acute myeloid leukaemia 

((Acute leukemia) OR (Acute leukaemia) OR (leukaemia) OR (leukemia) OR (acute lymphoblastic 

leukemia) OR (acute lymphoblastic leukaemia) OR (acute myeloid leukemia) OR (acute myeloid 

leukaemia)) OR (Acute lymphocytic leukemia) OR (Acute lymphocytic leukaemia) OR (acute lymphoid 

leukemia) OR (acute lymphoid leukaemia) OR (Acute myelogenous leukemia) OR (Acute myelogenous 

leukaemia)) 

2. Children; paediatric; infants 

(infan* or newborn* or new-born* or perinat* or neonat* or baby* or babies or toddler* or minors or 

minors* or kid or kids or child* or schoolchild* or adolescen* or juvenil* or youth* or teen* or 

under*age* or pubescen* or pediatric* or paediatric* or peadiatric* or prematur* or preterm*). 

3. Relapse; recurrence, refractory disease 

((Relapse) OR (relapsed) OR (relapsing) OR (recurrent) OR (recurrence) OR (refractory) OR (refractory 

disease) OR (Treatment failure) OR (Induction failure)) 

4. Cost-effectiveness; costs, economic evaluation, economic analysis 



"costs and cost analysis"/ or "cost allocation"/ or cost-benefit analysis/ or cost-utility analysis/ or "cost 

savings"/ or "cost of illness"/ or health care costs/ or direct service costs/ or drug costs/ or hospital costs/ or 

health expenditures/ 

Clinical outcomes/ survival/ survival rate/ life years saved/ complete remission/  

Health Expenditures/ 

ECONOMICS/ 

quality-adjusted life years/ QALYs/ QUALYs/ Cost per QALY gained/ Incremental cost-effectiveness 

ratio 

disability-adjusted life years/ DALYs/ Cost per DALY averted/ Cost per life saved 

(costs or "cost analysis" or economics or "cost savings" or "cost of illness" or "health care costs" or 

"healthcare costs" or "health costs" or "direct service costs" or "drug costs" or "treatment costs" 

or "hospital costs" or "health expenditures" or "cost effectiveness" or "cost-effectiveness" or "cost of 

treatment" or "cost of disease" or "cost of care" or "health care cost" or 

"healthcare cost" or "economic evaluation" or "cost analyses" or "economic analysis" or "cost benefit 

analysis" or “cost-utility analysis” or "cost allocation" or "cost of services" or "medicine costs" or 

"hospital cost" or "health expenditure" or "out-of-pocket" or expenses or expenditure or "household 

expense" or "household expenditure" or QALY or "quality-adjusted life 

year" or DALY or "disability-adjusted life year") 

 

Study selection procedure 

The studies will be reviewed by one author (RS) and paper selection will be based on the predefined 

inclusion and exclusion criteria on two stages: 

a) First, screening of titles and abstracts against the selection criteria, and when in doubt the full-text 

article will be reviewed.  

b) Second, all full-text papers will be reviewed and a final decision made based on the 

inclusion/exclusion criteria. 

Any disagreement or conflicting views over the eligibility of specific studies will be resolved by 

discussion or the final judgement of another reviewer. Both stages of the selection process will be piloted 

and if necessary modified. A PRISMA flow diagram will be used to illustrate the study selection 

processes [17]. Details of articles excluded at the second stage will be recorded along with the reason for 

exclusion [17]. 

 



Data extraction (selection and coding) 

Data extraction will be performed on a pilot-tested standardized form on Microsoft Excel by one author 

(RS) and reviewed by other two author (IS and SM). The form will be structured based on the format and 

guidelines used to summarize findings of economic evaluations studies, such as the NHS Economic 

Evaluation Database (NHS EED) [18] the CCEMG [13], the “Consolidated Health Economics Evaluation 

Reporting Standards (CHEERS)” statement [19], and data items included in published studies [14,20] 

Disagreements between the authors will be resolved by discussion and consensus in the presence of senior 

reviewers (AE and CH).  

Extracted information in the data extraction sheet may include (as appropriate):  

- Authors 

- Publication year 

- Country 

- Currency unit 

- Study design 

- Setting 

- Target population 

- Sample size 

- intervention 

- Comparator 

- Measures of effectiveness 

- Model specification 

- Study perspective 

- Length of follow-up 

- Time horizon 

- Methods for collecting resource use 

- Price year 

- Costs categories 

- Largest cost drivers 

- Opportunity cost 

- Excluded costs 

- Discount rate 

- Total/average intervention costs 

- ICER 

- Uncertainty analysis 

- Sensitivity analysis 

- Funding source 

 

 



Quality assessment of included studies 

Risk of bias and quality assessment will be done as per Murthy et al (2017) depending on the type of 

economic evaluation in the study [21], as appropriate: 

• Trial-based economic evaluation studies: CHEERS statement [19], Consensus Health Economic 

Criteria (CHEC) Criteria list [22], and Drummond Checklist [23] 

• Model-based economic evaluation studies: CHEERS statement [19], and the Phillips checklist [24] 

[35] 

• Cost-Benefit Analysis studies: Benefit-Cost Validity scale [25]  

Additionally, a few questions that are relevant to the pediatric setting will be used from the Pediatric 

Quality Appraisal Questionnaire (PQAQ) to appraise the quality of the pediatric health economics 

literature [28]. 

One reviewer (RS) will appraise the methodological quality of the studies. To validate the quality 

assessment process, the process will be independently checked for completeness and accuracy by two 

other reviewers (IS and SM). Discordance in quality assessment was resolved by discussion. 

 

Strategy for data synthesis 

We will summarize the characteristics and results of the included studies using “Characteristics of included 

studies” tables for ALL and AML separately. This will be supported by a narrative summary that will 

compare and evaluate the methods used and the main results among the included studies. We will also 

report the findings of the critique of methods used for economic evaluation in the included studies, 

including the CHEERS checklist score for each study. 

The currency and price year will be reported. Available costs, incremental costs and cost-effectiveness 

outcomes will be converted to 2020 International Dollars value using implicit price deflators for GDP and 

GDP Purchasing Power Parities as recommended by CCEMG [13].  

 

Analysis of subgroups or subsets 

Subgroups analysis will be conducted and reporting of findings will separated individually for children 

with ALL and AML.  
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