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ABSTRACT
Introduction Childhood leukaemia is the most common 
type of cancer in children and represents among 25% of 
the diagnoses in children <15 years old. Childhood survival 
rates have significantly improved within the last 40 years 
due to a rapid advancement in therapeutic interventions. 
However, in high- risk groups, survival rates remain poor. 
Pharmacokinetic (PK) data of cancer medications in 
children are limited and thus current dosing regimens are 
based on studies with small sample sizes. In adults, large 
variability in PK is observed and dose individualisation 
(plasma concentration guided dosing) has been associated 
with improved clinical outcomes; whether this is true for 
children is still unknown. This provides an opportunity 
to explore this strategy in children to potentially reduce 
toxicities and ensure optimal dosing. This paper will 
provide a protocol to systematically review studies that 
have used dose individualisation of drugs used in the 
treatment of childhood leukaemias.
Methods and analysis Systematic review methodology 
will be applied to identify, select and extract data from 
published plasma guided dosing studies conducted in a 
paediatric leukaemia cohort. Databases (eg, Ovid Embase, 
Ovid MEDLINE, Ovid Cochrane) and clinical trial registries 
(CENTRAL,  ClinicalTrials. gov and ISRCTN) will be used to 
perform the systematic literature search (up until February 
2021). Only full empirical studies will be included, with 
primary clinical outcomes (progression- free survival, 
toxicities, minimal residual disease status, complete 
cytogenetic response, partial cytogenetic response and 
major molecular response) being used to decide whether 
the study will be included. The quality of included studies 
will be undertaken, with a subgroup analysis where 
appropriate.
Ethics and dissemination This systematic review will 
not require ethics approval as there will not be collection 
of primary data. Findings of this review will be made 
available through publications in peer- reviewed journals 
and conference presentations. Gaps will be identified in 
current literature to inform future- related research.
PROSPERO registration number CRD42021225045.

INTRODUCTION
Globally, leukaemia is the most common 
(25%) childhood cancer with the highest inci-
dence in children aged 1–4 years.1 In 2018, 
it was estimated that worldwide more than 
29 000 childhood cancer deaths were due to 
leukaemia.2 Acute lymphoblastic leukaemia 
(ALL) is the most common childhood 
leukaemia; the 5- year survival rate within low 
risk and standard risk groups has improved to 
90% during the past 40 years due to increased 
participation in studies, allowing clinicians to 
build on previous successes.3 However, 5- year 
survival rates within paediatric patients with 
ALL identified as high risk or very high risk 
remain between 40% and 50%.4 Therapies 
have become more risk stratified with the 
potential to reduce toxicity and long- term 

Strengths and limitations of this study

 ► This review will be the first to summarise available 
studies regarding dose individualisation of drugs 
used to treat childhood leukaemias, and how they 
have been used in clinical practice.

 ► This review will assess associations between spe-
cific chemotherapeutic plasma concentration data 
and clinical outcomes.

 ► Our review includes a focus on small molecule tar-
geted therapies, monoclonal antibodies and che-
motherapies encompassing many of the current 
treatment options for childhood leukaemia, thereby 
forming an up- to- date analysis of treatments avail-
able for our study indication.

 ► This review assesses available information about 
the associations between clinical outcome data and 
the pharmacokinetics of drugs used to treat child-
hood leukaemia and how it is being clinically ap-
plied; this type of data are scarce.
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sequelae.3 4 For childhood acute leukaemias (ALL and 
acute myeloid leukaemia; AML) treatments largely 
consists of protocolised combination pharmacotherapy 
including standard chemotherapy, targeted therapy and 
corticosteroids (further detailed in online supplemental 
appendix 1). For ALL, these therapies are used over the 
course of 2–3 years.5 6 For AML the therapy duration 
is much shorter lasting for approximately 6 months. 
Small molecule kinase inhibitors are commonly used in 
specific cancers such as Philadelphia chromosome posi-
tive chronic myeloid leukaemia (CML) and ALL.5 6 In 
addition, bispecific T cell engagers are now available for 
the first- line therapy of paediatric patients with ALL and 
for management of relapse or refractory disease.7 Simi-
larly, monoclonal antibodies have now been incorporated 
into chemotherapeutic regimens to improve outcomes in 
children with AML.6 It is well recognised that these novel 
treatment regimens may have short- term toxicities7 and 
that long- term effects are still unknown8

The accepted practice of paediatric dosing is either by 
body surface area or weight- based dosing (ie, mg/kg) due 
to concerns related to the narrow therapeutic index of 
cytotoxic anticancer drugs and the assumed relationships 
between body size and drug disposition in these patients.9 
Many factors that may need to be considered include the 
maturity of drug metabolising enzyme systems, differ-
ences in enzyme activity that may be genetic, the effects 
of obesity and concomitant medications and diet.10 Our 
rationale for assessing data on plasma concentration 
guided dosing of drugs used in the treatment of child-
hood leukaemia include: (1) It is well recognised that 
pharmacokinetic (PK) data of anticancer drugs in chil-
dren are extremely limited and thus dosing regimens 
are often extrapolated from adult data and based on 
paediatric studies with a small sample size;11 12 (2) When 
administering drugs, there are notable differences in PK 
and pharmacodynamic properties between adults and 
children such as age- related differences in the way drugs 
are absorbed, distributed, metabolised and eliminated;13 
(3) There is an opportunity to assess the current state of 
the art for the optimal dosing in paediatric patients with 
leukaemia14 as in adults with leukaemia (eg, imatinib 
TDM for CML), therapeutic drug monitoring (TDM), 
using target plasma concentration guided dosing has 
been demonstrated to optimise exposure and is asso-
ciated with favourable treatment outcomes (response 
and survival).15 These target concentrations have not 
been defined for many drugs used for the treatment of 
leukaemia in children; and (4) In addition, as childhood 
ALLs require cancer chemotherapy on an ongoing basis 
for many months, adherence to prescribed therapies may 
not be consistent or unexpected toxicities may occur with 
routine dosing. TDM as part of plasma concentration 
guided dosing provides additional benefits of monitoring 
for adherence to prescribed therapies and optimising 
dosing. Furthermore, the relationship between target 
plasma drug concentration and outcome/toxicity 
and whether plasma concentration guided dosing will 

improve the outcome of the treatment has been poorly 
investigated in childhood leukaemia. Finally, this review 
will assess the evidence and the quality of the evidence for 
plasma guided dosing of all drugs used for the treatment 
of childhood leukaemia.

RESEARCH AIMS AND OBJECTIVES
This study aims to conduct a systematic review of the 
approach of using target plasma concentration guided 
dosing for drugs used to treat childhood leukaemia’s.

METHODS AND DESIGN
Patient and public involvement
There will be no patient or public participation involve-
ment as this systematic review is capturing previous find-
ings. However, to increase insight and perspective from 
people living with cancer, we involve members from 
our consumer engagement group to provide feedback 
on our research study design. Therefore, we would like 
to acknowledge Mr Ryan Hodges, from our consumer 
engagement group, who have provided verbal feedback 
on our study design for this protocol paper and will 
continue that into the systematic literature review (SLR) 
too.

Inclusion criteria
 ► Studies investigating any medications used to treat 

childhood leukaemias, both approved or off- label 
(chemotherapy, targeted therapies, monoclonal 
antibodies,) that report on plasma concentration 
guided dosing strategies in a paediatric population 
(0–21 years, including neonates, infants and young 
children).

 ► Studies that directly compare monitoring of medi-
cations used for the treatment of leukaemia in adult 
cohorts that are extrapolated to paediatric cohorts.

 ► Retrospective, prospective, case series, descriptive, 
quantitative or simulation- based studies reporting 
plasma concentrations in paediatrics.

 ► Trial- based or non- trial- based studies, randomised 
clinical trials or non- randomised controlled studies.

 ► Studies published in conference abstracts.
 ► Studies published in the English language.

Exclusion criterion
 ► Studies that only included adult populations.
 ► Studies that are not reporting data on plasma concen-

trations, (modelling, simulation based, therapeutic 
drug monitoring, plasma dosing, serum adjusted 
levels).

 ► Studies that have a non- clinical experimental design 
or written as reviews (reviews may be used as a data 
source to find relevant studies).

 ► Study will be excluded if it does not relate to the 
condition or domain being reviewed (childhood 

https://dx.doi.org/10.1136/bmjopen-2021-053308
https://dx.doi.org/10.1136/bmjopen-2021-053308


3van Dyk M, et al. BMJ Open 2022;12:e053308. doi:10.1136/bmjopen-2021-053308

Open access

leukaemia) or does not include a drug therapy used 
to treat leukaemias.

Condition or domain
Condition or domain under study is childhood leukaemia.

Population
Real patients or data simulated from paediatric patients 
of any sex and race, inpatients or outpatients, who are 
treated with any antileukaemia agents such as chemother-
apies and targeted therapies such as kinase inhibitors and 
monoclonal antibodies.

Outcome measures
Relevant primary outcomes will include clinical outcomes 
such as patient survival (eg, overall survival and relapse- 
free survival). Where there is opportunity to be more 
specific, secondary outcomes such as rates of major molec-
ular response (MMR), complete cytogenetic response 
(CCyR) and partial cytogenetic response (PCyR) in the 
case of paediatric CML and achievement of minimal 
residual disease (MRD) negativity in paediatric ALL will 
also be assessed. Where possible, toxicity data and dura-
tion of therapies will also be reported.

Exposures/interventions
The primary exposure in this review will be plasma 
concentrations of any kinase inhibitor, monoclonal 
antibody or chemotherapy used for the treatment of 
leukaemia in paediatric patients. Any intervention aimed 
at individualising drug dosage (toxicity adjusted dosing, 
model- informed precision dosing, genotyping or pheno-
typing approaches) will also be included as secondary 
exposures.

Study design
The systematic review will consider quantitative studies 
of good quality (based on quality assessment below) 
published from the databases’ inception until February 
2021. The searches will be rerun immediately prior to 
the final analyses and any further studies retrieved will be 
screened for inclusion.

Search strategies
The following steps will be undertaken to perform the 
search strategy. An initial focused search of MEDLINE 
(PubMed) and Google Scholar will be undertaken. 
An analysis of the text words contained in the title and 
abstracts, and the index terms assigned to the results will 
then be used to develop the Medical Subject Headings 
(MeSH) and key terms for the search. Four predefined 
search concepts relating to the research question will be 
used; these are detailed below:

 ► Concept 1: will include all MeSH, substance names 
and key terms for all approved and off- label medica-
tions for treating childhood leukaemias.

 ► Concept 2: will focus on the disease area and will 
include the MeSH of leukaemia as well as key terms 
including cancer, leukaemia, oncology and neoplasms.

 ► Concept 3: will be interventions such as precision- 
based dosing. MeSH terms include precision medi-
cine and drug monitoring; additional key terms will 
include individualised dosing, plasma guided dosing, 
therapeutic drug monitoring, plasma concentrations 
and optimal dosing.

 ► Concept 4: will focus on the patient cohort. MeSH 
terms include adolescent and child and an exten-
sive set of key terms including paediatric, childhood, 
neonatal, infant and youth.

A detailed search strategy applied in MEDLINE is 
provided in the online supplemental appendix 1.

Second, the search will be adapted, using all identified 
keywords and index terms, specifically for the following 
databases: Ovid Embase (1974+), Ovid MEDLINE 
(1946+), Ovid Cochrane (2005+), Ovid EmCare (1995+), 
EBSCO CINAHL Plus (1936+), Scopus (1996+),  Clinical-
Trials. gov (2000+) and Web of Science (1945+). Finally, we 
will undertake backward and forward citation chaining of 
relevant documents (including Food and Drug adminis-
tration, Therapeutic Goods Aministration and European 
Medicines Agency documents).

Study selection
Titles and abstracts from each database will be screened 
and relevant records selected for a full- text appraisal. The 
study selection process will follow the Preferred Reporting 
Items for Systematic Reviews and Meta- Analyses guide-
lines.11 Search results will be exported into the citation 
management software EndNote, and into the system-
atic review software, Covidence. Titles and abstracts will 
be distributed among three independent reviewers for 
screening against the inclusion criteria. The strength 
of agreement between reviewers will be estimated by 
calculating the intraclass correlation coefficient.16 Two 
reviewers will then assess the full text of selected arti-
cles for eligibility. Any disagreement or conflicting views 
will be resolved by discussion or the final judgement of 
a third reviewer. Included articles will then progress to 
quality assessment or critical appraisal, data extraction 
and analysis.

Quality assessment
The review will include studies with differences in study 
design, therefore, the selected papers will be assessed 
for methodological validity using a Mixed Methods 
Appraisal Tool.17 Studies will not be excluded based on 
the outcome of the quality assessment as the assessment 
is aimed to offer general information about the quality 
and strength of the existing frameworks and evidence 
of plasma concentration guided dosing of drugs used to 
treat leukaemia in children.

Data extraction
Two reviewers will screen the initial articles based on 
title and abstract in Covidence. The reviewers will inde-
pendently perform a full- text review on the identified 
articles against the inclusion and exclusion criteria. The 
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data extracted will include specific details about the 
dosing strategies (ie, standard (one- size fits- all), body 
weight- based, body surface area- based, plasma concentra-
tion guided dosing strategies), the settings, the popula-
tion and sample size and outcomes as well as details of 
the results. In the case that the data are not interpretable, 
citing articles will be explored and if this information is 
insufficient, the study will be excluded.

Strategy for data synthesis
Following data extraction, the reviewers will provide 
a narrative synthesis of the results from the included 
studies, structured around general characteristics, char-
acteristics of the intervention programmes and treat-
ment endpoints concluded in the study (progression- free 
survival, overall survival, disease- free survival, relapse- 
free survival, event- free survival, death, toxicity and 
disease- specific endpoints such as MMR, CCyR, PCyR and 
MRD). The statistical analyses of the data conducted by 
the included studies will also be briefly discussed in this 
review.

Analysis
We are interested in the relationship between plasma 
concentrations (or exposures) of drugs used to treat 
leukaemias and clinical outcomes in children. There-
fore, a narrative synthesis of the outcomes of the selected 
studies will be presented in the final review. The plasma 
concentration parameter (eg, minimum plasma concen-
tration: Cmin, maximum plasma concentration: Cmax or 
area under the plasma concentration versus time curve: 
AUC), control group, sample size, demographic and clin-
ical characteristics and clinical endpoints will be included.

ETHICS AND DISSEMINATION
This systematic review will not require ethics approval as 
there will not be any collection of primary data. Findings 
of this review will be disseminated through publications 
in peer- reviewed journals, presentations at workshops or 
conferences and sharing through a media release.

CONCLUSION
This systematic review will assess and summarise available 
studies regarding associations between plasma concentra-
tion data for drugs used to treat childhood leukaemia, and 
clinical outcomes. It will specifically review the evidence 
of plasma concentration guided dosing in children with 
leukaemia and how they have been used in clinical prac-
tice. It will provide support for, or against, the hypothesis 
that individualised dosing of therapies used to treat child-
hood leukaemia could improve patient outcomes due 
to optimised patient dosing and reduction in the rate of 
adverse events/toxicities.
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