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ABSTRACT
Introduction  Oral anticancer drugs (OADs) have rapidly 
expanded with more than 70 OADs targeting several 
molecular targets. Many of the OADs exert an exposure–
response relationship but still, a ‘one-size fits-all’ dose is 
used, ignoring interindividual variability. Several of these 
OADs share similar mechanisms of actions and thus 
target the same cancer and has resulted in a substantial 
research focus on comparing the health benefit of each. 
However, significantly less is known about the cost–benefit 
associated with OADs. This paper will provide a protocol to 
systematically review studies that have evaluated the cost-
effectiveness of OADs and their associated individualised 
dosing interventions.
Methods and analysis  Systematic review methodology 
will be applied to identify, select and extract data from 
published economic evaluation (costs and outcomes/
benefits) studies of OADs and their associated 
individualised dosing interventions. Bibliographic 
databases (eg, Ovid EMBASE, Ovid MEDLINE) will be used 
to perform the systematic literature search (between 1 
January 2000 and October 2020). Only full economic 
evaluations will be included, but no restrictions on study 
outcomes will be applied. The quality of included primary 
studies will be assessed using the Consolidated Health 
Economic Evaluation Reporting Standards checklist for 
reporting economic evaluations. Studies with low-quality 
evidence will be excluded. A narrative synthesis of the 
results from the 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 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. Findings from this review 
will provide evidence to direct and inform policy-makers 
where cost-neutral strategies may be effective or where 
dose individualising strategies may be economically 
beneficial. Additionally, gaps will be identified in the 
current literature to inform future-related research.
PROSPERO registration number  CRD42020218170.
Electronic supplemental material  The online version 
of this article contains supplemental material, which is 
available to authorised users.

INTRODUCTION
Since the introduction of several targeted 
therapies such as small molecule kinase inhib-
itors (KIs) and monoclonal antibodies, treat-
ment options have increased, and have led to 
improved survival outcomes.1 2 The majority 
of these targeted therapies are oral anticancer 
drugs (OADs) with more than 70 European 
Medicines Agency and/or US Food and Drug 
Administration-approved OADs.2 Not only 
have OADs reshaped the convenience of how 
we administer anticancer treatments and thus 
avoid the need for repeated hospital visits for 
parenteral treatment, reducing healthcare 
costs, but they also have superior survival 
benefit compared with the conventional and 
cytotoxic chemotherapies.2 3 At the same 
time, associated costs in non-elderly patients 

Strengths and limitations of this study

►► In the past two decades, the clinical use of targeted 
therapies has increased significantly, and high costs 
are associated with these drugs; therefore, this sys-
tematic literature review will be used for up-to-date 
cost-effectiveness analyses on all oral anticancer 
drugs (OADs).

►► A big focus has been put on ‘precision medicine’, but 
very little focus has been put on ‘precision dosing’, 
therefore, this study will be the first to summarise 
available costs associated with all dose individualis-
ing strategies for all OADs.

►► Since most economic evaluations exclude low-
income and middle-income countries, our study will 
include data from such countries in a subgroup anal-
yses (separate to the high-income countries) to re-
flect a global and more realistic cost representation.

►► Our study only focuses on OADs since the use has 
significantly increased, however, a large proportion 
of patients still undergo chemotherapies, which our 
study does not include (unless it was compared with 
an OAD).
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have increased by more than factor two from US$3381 
patient per month in 2001 to US$7370 in 2011 and will 
have continued to increase since then4 and the economic 
impact of cancer costs is significant.5 OADs mainly consist 
of small molecule inhibitors such as KIs, poly adenosine 
diphosphate-ribose polymerase (PARP) inhibitors 
(PARPi) and isocitrate dehydrogenase inhibitors (IDHIs). 
Hormone drugs (HDs) are also OADs but have been used 
for several decades6 with only a few newer drugs released 
in the past decade. However, for the inhibitors such as 
the KIs, many next-generation drugs have been approved 
for the same cancers in the past two decades, resulting 
in many treatment options available and subsequently, an 
attraction in research studies comparing health and cost–
benefit of each, with the latter being the least studied.7 
High costs are associated with targeted OADs; therefore, 
economic evaluations are critical.2 Currently, to the best 
of our knowledge, no up-to-date systematic review exists 
that focuses on the cost-effectiveness of OADs.

A well-known disadvantage of most anticancer drugs is 
the wide interindividual variability in patient responses, 
because of the variability in their pharmacokinetic prop-
erties, that is, absorption, distribution, metabolism and 
elimination.1 In the case of OADs, variability is further 
complicated by the absorption phase due to passing 
through the gastrointestinal tract, which intravenously 
given drugs do not have.1 3 Typically, with many of these 
targeted therapies, a strong focus on ‘precision medi-
cine’ has been observed, using, for example, genetics for 
optimal drug selection (‘the what’: what to give). However, 
despite wide variability in pharmacokinetics resulting in 
wide variability in the amount of the drug concentrations 
in the blood, no strategy is used for optimal dose selec-
tion (‘the how’: how much drug, how often, how long).8 9 
Several OADs have a clear concentration-response rela-
tionship, meaning the amount of drug in the blood 
relates to how the individual will respond. Despite, 
knowing this, the majority of OADs are currently dosed 
with a ‘one-size-fits-all’ approach, which means irrespec-
tive of each patient’s individual characteristics, they will 
receive the same dose. Therefore, it is no surprise that 
such large variability in response is observed.1 8 9 This 
large variability in response has major clinical implica-
tions and results in suboptimal outcomes with patients 
experiencing serious adverse events or therapeutic failure 
due to underdosing or overdosing, respectively. This wide 
variability in patient responses is a well-recognised clinical 
problem and has resulted in many ‘individualised dosing’ 
strategies. Such strategies typically include therapeutic 
drug monitoring (TDM), toxicity-adjusted dosing (TAD), 
model-informed precision dosing (MIPD), genotyping or 
phenotyping approaches.1 Although significant evidence 
exists to support precision dosing, the broader clinical 
uptake of precision dosing is hindered by the apparent 
preclusive cost and complexity of generating sufficiently 
powered evidence to support the clinical validity of the 
benefit. It has been suggested that this approach is not 
currently implemented due to high costs.1 However, the 

economic healthcare costs have not been assessed in the 
real-world setting to date. As such, significant research 
effort is required to address the cost-effectiveness of 
OADs in order to evaluate the true cost associated with 
their use and to identify the most expensive drugs when 
health benefit is incorporated. This will direct where cost-
neutral strategies may be effective or where dose indi-
vidualising strategies may not only improve the health 
benefit but also the cost–benefit. Therefore, this paper 
will provide a protocol to systematically review economic 
evaluation studies that have assessed the costs and bene-
fits of OADs and finding evidence to improve efficiency 
through dose tailoring.

RESEARCH AIMS AND OBJECTIVES
This study aims to systematically review evidence on the 
cost-effectiveness of (1) OADs when compared directly 
with other anticancer treatments for the same cancers 
and (2) individualised dosing interventions when 
compared with standard dosing. Secondary objectives 
include assessing the evidence and limitations around 
the methods of cost-effectiveness analyses, as well as the 
variation of outcomes and costs included between inter-
ventions, settings and countries.

METHODS AND ANALYSIS
Patient and public involvement
There will be no patient or public participation involve-
ment as this systematic review is capturing previous find-
ings. However, 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 system-
atic literature review too.

Inclusion criteria
►► Studies comparing OADs directly with other anti-

cancer treatments for the same cancers or studies 
comparing individualised dosing interventions (in 
cancer) to standard dosing.

►► Full economic evaluation studies (where both costs 
and outcomes are compared).

►► Trial-based or non-trial-based studies.
►► Descriptive, quantitative or simulation-based studies.
►► Studies published in the English language.
Depending on the type of economic evaluation, meas-

ures of outcome differ. For example, quality-adjusted 
life-years (QALYs) are the standard outcome measures 
in cost utility analysis, monetary outcomes in cost-benefit 
analysis while clinical outcomes such as survival are used 
in cost-effectiveness studies.10 All types of economic eval-
uations will be included. Studies applying either QALYs, 
monetary or clinical outcomes as a measure of effective-
ness will be included. Studies undertaken in low-income 
and middle-income countries (LMICs) will be included 
as a subgroup analyses (separate to the high-income 

V
eterinaerm

edizinische B
ibl. P

rotected by copyright.
 on N

ovem
ber 12, 2021 at F

R
E

IE
 U

N
IV

E
R

S
IT

A
E

T
 B

E
R

LIN
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047173 on 17 A

ugust 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


3van Dyk M, et al. BMJ Open 2021;11:e047173. doi:10.1136/bmjopen-2020-047173

Open access

countries) where appropriate due to inherent differ-
ences in healthcare systems pricing and funding. This is 
a pragmatic approach because the percentage of gross 
domestic product allocated to healthcare in developed 
nations such as the UK, Spain, Australia is approximately 
9%–12%, compared with 4%–6% in LMICs.

Exclusion criterion
►► Studies that do not investigate both costs and 

outcomes in OADs.
►► Economic evaluations of individualised dosing inter-

ventions of OADs prescribed for supportive cancer 
treatments (eg, antimicrobials and steroids).

The reviewers will extract relevant data on study design, 
population, intervention(s), outcome(s) and effect 
size(s). These data will be used for the quality assessment 
of the review.

Condition or domain
Condition or domain under the study is cancer.

Population
Real or simulated individuals of any gender and ethnicity, 
inpatients or outpatients, who are on OADs.

Cost and outcome measures
There will be no restrictions on study outcomes because 
the purpose of the review is to assess all outcomes 
reported within economic evaluations of OADs. Rele-
vant primary outcomes will include disability-adjusted 
life-years, QALYs, perceived quality of life/health status 
measurements and/or clinical outcomes such as patient 
survival, treatment response, patient cure rate, duration 
of treatment, adherence, estimation of adverse events 
after a follow-up period of 6–12 weeks (and longer if avail-
able), hospitalisations and change of drug prescribed/
treatment over time for the same cancers.

Exposures/interventions
The primary exposure in this review will be any OADs (KIs, 
HDs, PARPIs, IDHIs) used for the treatment of cancer in 
adult patients. Any intervention aimed at individualising 
drug dosage such OADs will also be included. Consid-
ering that treatment and individualised dose strategies/
interventions are likely to be diverse, the findings will be 
synthesised separately for all types of interventions (TDM, 
TAD, MIPD, genotyping or phenotyping approaches).

Study design
The systematic review will consider quantitative studies 
of good quality, as outlined below, published between 
1 January 2000 and October 2020. The searches will be 
rerun just before the final analyses and further studies 
retrieved for inclusion.

Search strategies
The following steps will be undertaken to perform the 
search strategy. As well as addressing the objectives stated 
above, this review will also update a previous review 

conducted by Smieliauskas et al7 and their search strategy 
will be updated to include the concepts below. First, we 
will search Google scholar and MEDLINE (PubMed) in 
order to develop key terms for the pre-defined concepts 
relating to the research question:

►► Concept 1: will look at the health economics terms 
such as cost-effectiveness, cost–benefit, cost–utility, 
economic evaluation and QALYs.

►► Concept 2: will focus on the disease area with terms 
such as cancer and neoplasms

►► Concept 3: will be interventions being compared, that 
is, orally administered drugs with terms related to the 
actual drugs in this group

Concepts 1, 2 and 3 will be connected by ‘AND’ to run 
the full search strategy. A detailed search strategy applied 
in Medline is provided in online supplemental appendix 
1.

Second, we will carry out a full search using all identi-
fied keywords and index terms across the following data-
bases: Ovid Embase, Ovid MEDLINE, Ovid Cochrane, 
EBSCO CINAHL, Ovid Econlit, SCOPUS, Web of Science, 
Ovid EmCare and NHS EED. Finally, we will undertake 
backward and forward citation chaining of relevant 
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 a citation 
management software, EndNote and into the systematic 
review software Covidence. Titles and abstracts will be 
distributed among six independent reviewers (researchers 
in life sciences/health economics and healthcare profes-
sionals), for screening against the inclusion criteria, with 
15% assigned to all reviewers. The strength of agree-
ment between reviewers will be estimated by calculating 
the intraclass correlation coefficient.12 Two reviewers 
will then assess the full text of selected articles for eligi-
bility against the inclusion criteria. Any disagreement or 
conflicting views between the reviewers over the eligibility 
of specific studies 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. Both stages of the selection 
process will be piloted and if necessary modified.

Quality assessment
Quality of studies will be assessed using the Consoli-
dated Health Economic Evaluation Reporting Standards 
tool/checklist for reporting economic evaluations.13 
The Checklist contains 24 items, each item given a 1 
or 0 depending on whether it is achieved or not in the 
study. Studies with fewer than 20 out of 24 will be consid-
ered to contain a high risk of bias and therefore will not 
be included in the final analysis. In addition, model-
ling studies will be assessed using the ‘Good Practice 
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Guidelines for Decision-Analytic Modelling in Health 
Technology Assessment’.14 Studies with low-quality 
evidence will be excluded. The transferability of results 
will also be assessed using the European Network of 
Health Economic Evaluation Databases transferability 
checklist.15 The scoring of the papers will be divided 
into four categories: poor quality (scoring 40%–55%), 
good quality (scoring 55%–70%), very good quality 
(scoring 70%–85%) and excellent quality (scoring 85% 
or higher). To validate the quality assessment process, the 
process will be independently checked for completeness 
and accuracy by a third reviewer.

Analysis of subgroups or subsets
Subgroup analysis will be conducted for studies comparing 
the same OAD or intervention, same disease and within 
the same healthcare system.

Data extraction
Quantitative data will be extracted from papers included 
in the review using the standardised Joanna Briggs 
Institute (JBI) data extraction tool for economic evalu-
ations.16 17 The JBI is an independent, international, not-
for-profit research and development organisation that 
develops critical appraisal checklists for qualitative and 
qualitative research including economic evaluations of 
healthcare interventions.

The data extracted will include specific details about the 
intervention and comparators, the settings, the popula-
tion and sample size, costs and outcomes as well as details 
of the results. This tool will be modified to include any 
other information that is relevant for this study. A copy 
of the tool is provided in online supplemental appendix 
2. Whenever, there is missing or unclear data, we will 
contact the authors of primary studies. If no response is 
received, interpolation, digitising and citing articles will 
be explored. Primary reviewers will independently check 
the data extraction. The information to be extracted will 
include that on the study population and setting, inter-
vention and comparator, economic evaluation methods, 
analytic perspective(s), source of effectiveness data, 
prices and currency, analytical duration, cost-effectiveness 
method, sensitivity analysis, measures of resource use, 
cost and health outcome(s) as well as summary of the 
cost-effective analysis (CEA) results, for example, incre-
mental cost-effectiveness ratios.

Strategy for data synthesis
Following data extraction, the reviewers will provide a 
qualitative narrative synthesis of the results from the 
included studies, structured around general characteris-
tics, characteristics of the intervention programmes and 
economic findings (basic characteristics, study perspec-
tives, resource use, cost categories, cost-effectiveness 
findings and sensitivity analysis), along with a critique of 
methods used for economic evaluation. The emphasis of 
the analysis will be on the cost-effectiveness of the inter-
ventions compared, the methodology applied, detail 

of derivation and adjustment of costs and outcomes 
for different times, and applicability of results to other 
healthcare settings. Cost related inputs will be converted 
to US$ (2020) for ease of comparison. For model based 
economic evaluation studies comparing the same inter-
ventions, the health states included, measures of effective-
ness, levels of effectiveness and other model parameters 
will be extracted and compared directly to other studies. 
Model designs will also be compared with discuss limita-
tions of study results as well as the sensitivity analysis.

Ethics and dissemination
This systematic review will not require ethics approval as 
there will not be any collection of primary data. There-
fore, no participant consent will not be required. 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 provide evidence of cost-
effectiveness support of, or against the hypothesis that 
some OADs are value-for-money compared with others, 
and whether individualised dosing of OADs improves 
patient outcomes at a lower cost due to a decrease in non-
compliance and/or a reduced rate of adverse events, or 
therapeutic failure.
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