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ABSTRACT

This study aimed to understand and appraise the approaches
taken to handle the complexities of a multisystem disease

in published decision-analytic model-based economic
evaluations of treatments for SLE. A systematic review was
conducted to identify all published model-based economic
evaluations of treatments for SLE. Treatments that were
considered for inclusion comprised antimalarial agents,
immunosuppressive therapies, and biologics including
rituximab and belimumab. Medline and Embase were
searched electronically from inception until September 2018.
Titles and abstracts were screened against the inclusion
criteria by two reviewers; agreement between reviewers was
calculated according to Cohen’s k. Predefined data extraction
tables were used to extract the key features, structural
assumptions and data sources of input parameters from
each economic evaluation. The completeness of reporting
for the methods of each economic evaluation was appraised
according to the Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) statement. Six decision-
analytic model-based economic evaluations were identified.
The studies included azathioprine (n=4), mycophenolate
mofetil (n=3), cyclophosphamide (n=2) and belimumab (n=1)
as relevant comparator treatments; no economic evaluation
estimated the relative cost-effectiveness of rituximab. Six
items of the CHEERS statement were reported incompletely
across the sample: target population, choice of comparators,
measurement and valuation of preference-based outcomes,
estimation of resource use and costs, choice of model, and
the characterisation of heterogeneity. Complexity in the
diagnosis, management and progression of disease can
make decision-analytic model-based economic evaluations
of treatments for SLE a challenge to undertake. The findings
from this study can be used to improve the relevance of
model-based economic evaluations in SLE and as an agenda
for research to inform future health technology assessment
and decision-making.

INTRODUCTION

SLE is a complex autoimmune disease that
can affect many systems of the body and is
characterised by an extremely heterogeneous
presentation of symptoms.' The estimated
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prevalence of SLE is low, relative to other auto-
immune diseases, and variable between coun-
tries.”® People with SLE experience an uncer-
tain trajectory of health outcomes that may
comprise photosensitive skin rashes, fatigue,
anaemia, neuropsychiatric manifestations and
involvement of the pulmonary, cardiac and
renal organ systems. Lupus nephritis occurs
in up to 60% of people with SLE and may lead
to end-stage renal disease.” SLE is associated
with higher mortality and lower quality of life
compared with the general population.’

SLE is managed by rheumatologists and
other specialists including nephrologists and
dermatologists. The objective(s) of treatment
are to reduce disease activity and prevent irre-
versible organ damage.® The presentation of
multifaceted symptoms and the imperfect
criteria for diagnosis may increase the time
to confirm a case of SLE in routine clinical
practice. The development of treatments for
SLE has been characterised by a landscape of
clinical trials that failed to reach their primary
end point due to, for example, the inclusion
of patients without active disease, the influ-
ence of background concomitant therapies
and the use of instruments that were insen-
sitive to detect response to treatment.”” As a
result, approved therapeutic alternatives for
SLE are limited, encompassing off-label and
licenced agents, and their use is subject to
regional variation.'” ' Treatments comprise
glucocorticoids to control inflammation in
the short term, antimalarial agents such as
hydroxychloroquine,'”  immunosuppressive
therapies such as azathioprine, methotrexate,
mycophenolate mofetil, and newer biologic
agents such as intravenous rituximab and
belimumab."

New therapeutic targets are expected to be
identified and, in turn, therapies are likely
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to be developed in the future."* Existing treatments may
also be repositioned within the therapeutic paradigm and
precision medicine initiatives, such as the 'MAximizing
Sle ThERapeutic Potential. by Application of Novel and
Stratified approaches' (MASTERPLANS) consortium,
are aiming to identify biomarkers predictive of remission
and low disease activity from treatment."” '® Biomarkers
may also inform an earlier diagnosis of SLE,17 monitoring
of disease activity, and be used as inclusion criteria in
randomised controlled trials (RCTs).'"® ' Changes to the
management of SLE will have a subsequent impact on
cost and health outcomes that must be considered before
being recommended in routine clinical practice. The use
of economic evaluation will be essential to demonstrate
that these new management strategies are a relatively
cost-effective use of limited resources for health care and
to inform the value of further research. Decision-analytic
models are one method used internationally by health
technology assessment agencies and decision-makers to
estimate the relative cost-effectiveness of specific manage-
ment strategies by synthesising all relevant evidence from
different sources.’

Complexity in the (1) Diagnosis, (2) Management,
and (3) Progression of disease can pose challenges when
designing de novo decision-analytic model-based cost-
effectiveness analyses for SLE. For example, structural
assumptions with respect to the inclusion or exclusion of
disease states and events, and the characterisation of care
pathways in the presence of variation within and between
decision-making jurisdictions, can have an impact on esti-
mates of relative cost-effectiveness.”’ The estimation of
clinical input parameters, health-related quality of life and
resource utilisation may also be difficult if the evidence
that underpins these values are limited or of low quality.
The strengths and limitations of existing economic eval-
uations can be useful to inform the development of a de
novo economic evaluation, the availability of relevant data
and an agenda for further empirical research.?® There-
fore, the aim of this study was to understand and appraise
the approaches taken to handle the complexities of a
multisystem disease in published decision-analytic model-
based economic evaluations of treatments for SLE.

METHOD
A systematic review of published economic evalua-
tions in SLE was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA).* The protocol for the systematic review is
available from the authors on request. The criteria for
inclusion in the systematic review, based on the Popula-
tion, Intervention, Comparator, Outcome, Study-design
framework, are reported in table 1. A full economic eval-
uation was defined as, ‘the comparative analysis of alter-
native courses of action in terms of both their costs and
» 20 which encompassed cost-effectiveness,

consequences’,
cost-utility and cost-benefit analyses that used a

Table 1 Systematic review inclusion criteria

Criteria Definition

Population Adults with SLE, lupus nephritis or ‘lupus’

Intervention Any treatment

Comparator Any treatment

Outcome Expected costs and expected health
outcomes

Study Full economic evaluation (cost-

effectiveness analysis; cost-benefit
analysis; cost-utility analysis) that used a
decision-analytic model

decision-analytic model. Conference abstracts and manu-
scripts written in a non-English language were excluded.

Study identification

The Medline and Embase databases were searched
electronically from inception until September 2018.
The search strategy (reported in online supplemen-
tary appendix 1) comprised disease-specific terms for
SLE and terms to identify published economic evalua-
tions according to the filters reported by the Centre for
Reviews and Dissemination.”* The title and abstract of
each study identified by the search strategy were screened
independently against the inclusion criteria by two
authors (SG and KP). Disagreement between the authors
was resolved by including the study at the abstract-review
stage and making a subsequent decision about whether to
include the study at the full-text review stage. The degree
of agreement between reviewers was calculated according
to Cohen’s k.”” Studies that remained after screening were
read in full by one author (SG) to determine whether the
inclusion criteria were met.

Data extraction and analysis

The following study features, structural decisions and
parameter data were extracted and tabulated from
each economic evaluation: target population; alterna-
tives compared; country; type of economic evaluation;
type of decision-analytic model; time horizon; measure
of benefits; costs included; discount rate; currency;
sources of data; deterministic and probabilistic sensi-
tivity analyses; value of information (VOI) analyses;
base-case results; probabilistic results; VOI results; and
key drivers of relative cost-effectiveness. The Consoli-
dated Health Economic Evaluation Reporting Standards
(CHEERS) statement®™ was used to evaluate whether
each economic evaluation had reported 17 items with
respect to its methods (1) In full, (2) Partially, or (3)
Not at all. Concordance with the CHEERS statement was
presented visually?” to illustrate common methodolog-
ical characteristics that may have been challenging to
report. Key features of the sample and specific reporting
issues identified by the CHEERS statement were summa-
rised by a narrative synthesis.
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Figure 1 Flow diagram of included studies.

RESULTS

Six decision-analytic model-based economic evaluations
of treatments for SLE were included in the systematic
review.” ™ A PRISMA flow diagram of the study inclu-
sion process is illustrated in figure 1. The key features
extracted from the six economic evaluations are reported
in table 2; complete data extraction tables are reported
in online supplementary appendix 2. Cohen’s kappa was
0.973 which indicated almost perfect agreement between
the two reviewers that screened abstracts. Eleven full-text
articles were assessed against the inclusion criteria. Five
full-text articles were excluded due to being conference
abstracts (n=2), written in a non-English language (n=1),*
not being a full economic evaluation (n=1) and duplicating
(reporting the same method and results) a study included
in the review that was published earlier (n=1) 3

The economic evaluations considered azathioprine
(n=4), mycophenolate mofetil (n=3), cyclophosphamide
(n=2) and belimumab (n=1) as relevant comparator ther-
apies. No published economic evaluation assessed the
relative cost-effectiveness of rituximab for SLE. The types
of decision-analytic model used by the studies comprised
individual patient-level simulations (n=3),%3%% 3 cohort
Markov model (n=1)?° and decision trees (n=2).2%%!

The completeness of reporting in each manuscript, by 17
items in the CHEERS statement, is illustrated in figure 2.
Six features of the economic evaluations included in the
systematic review were reported incompletely across the
sample (target population, comparators, measurement
and valuation of preference-based outcomes, estimation
of resource use and costs, choice of model, and the char-
acterisation of heterogeneity). These six features are now
described in detail.

Target population

The target population of two economic evaluations
comprised people with rheumatoid arthritis or SLE; the
proportion of people with SLE or the severity of disease
were not reported by either of these studies.”®*' Three

economic evaluations specified a target population of
people with lupus nephritis; however, the clinical outcome
used to define the specific features of these target popu-
lations were not reported.” ** ** For example, Mohara
et al’’ did not define active and severe lupus nephritis.
Wilson et af’® did not use a clinical outcome measure to
define a renal flare. Nee ¢t af’’ did not define the criteria
for response to lupus nephritis induction therapy. One
economic evaluation defined the target population clearly
in terms of an autoantibody biomarker assessment.

Relevant comparators

All economic evaluations included in the systematic
review reported justification for the intervention and
immediate comparator. However, all relevant compar-
ator therapies may not have been included by each study.
For example, Nee et al’ compared azathioprine and
mycophenolate mofetil for lupus nephritis maintenance
therapy. By contrast, Mohara et al?? also included cyclo-
phosphamide and compared all maintenance therapy
strategies in a fully incremental analysis. Specchia et al?
compared belimumab plus ‘standard of care’ (SOC) with
‘SOC’ only. The therapies included within the ‘SOC’ arm
were defined in the manuscript; however, the relative
proportion of patients that received each therapy was not
reported. Oh et af’' and Marra et al”® compared a geno-
type testing strategy with no testing before azathioprine
was prescribed. The clinical context or severity of SLE
was not reported by these two studies and, hence, other
therapies (eg, mycophenolate mofetil) could have been
included as potentially relevant comparators.

Choice of model

Two economic evaluations structured their decision-
analytic models as decision trees with a time horizon
of lyear.® > These decision trees did not characterise
the progression of SLE over time. The structure of two
decision-analytic models used mutually exclusive Markov
health states to represent relapsing and remitting lupus
nephritis over time.2? 3 However, these Markov health
states were not defined explicitly by outcome measures
used in routine clinical practice. Wilson et al’® assumed a
specific dose for cyclophosphamide given a lack of dose
standardisation in the literature. The authors expressed
that their findings may not hold if there is substantial
regional variation in clinical practice.

Health-related quality of life

Four economic evaluations reported expected health
outcomes using quality-adjusted life years.29 303233 One
study29 estimated health-related quality of life directly
from a sample of patients (n=18) in four hospitals. The
three remaining studies identified health-related quality
of life values from the published literature. Wilson et al?
did not identify published values for health states that
characterised lupus nephritis specifically. The estimates of
health-related quality of life associated with active disease
and partial response to treatment were, instead, assumed
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Figure 2 Reporting of each economic evaluation according to the Consolidated Health Economic Evaluation Reporting

Standards (CHEERS) criteria.

to be equivalent to the values derived from having a
minor and major infection, respectively. Specchia et al’*
reported using published data from the Belimumab in
Subjects with SLE (BLISS) trials®™ *” to identify health-
related quality of life for each health state. However, the
specific health states, input parameter values or instru-
ment of measurement were not reported in the manu-
script. Nee et al’’ reported that different methods (time
trade-off and patientlevel visual analogue scales) were
used to estimate the health-related quality of life values
identified within the literature.

Resources

Specchia et al? stated that direct health care costs (for
treatments, diagnostic tests, specialist visits) were included
per clinical outcome (Safety of Estrogens in Lupus
Erythematosus National Assessment—Systemic Lupus
Erythematosus Disease Activity Index; SELENA-SLEDAI)
score and for organ damage. However, the magnitude of
these costs was not reported in the manuscript. Mohara et
al’® estimated health care resource use by reviewing the
medical records of patients with lupus nephritis in four
hospitals. The methods used to undertake this review of
medical records were not reported. Nee et al’ sourced
estimates of mean resource use for each Markov health
state from the published literature. The authors, however,
expressed uncertainty in these values by assuming they
ranged above and below the mean by 25%. Oh et al! esti-
mated the cost of hospitalisations from four patient cases
but the method to estimate these values was not reported.
Marra et al’® estimated the probability and duration of
hospitalisations from experts. The specific method used
to elicit this information from experts was not reported
in the manuscript.

Heterogeneity

The two studies that used a decision tree evaluated a
genetic testing strategy to reveal heterogeneity in response
to azathioprine.”®*' Specchia et af”® presented an analysis
for a target population that had a specific result from a
biomarker test. Heterogeneity in the estimates of relative
cost-effectiveness, or subgroup analyses based on patient-
level characteristics, were not reported by any economic
evaluation included in the systematic review.

DISCUSSION
This study reported a systematic review of all published
decision-analytic model-based economic evaluations of
treatments for SLE. Six full economic evaluations that
used a decision-analytic model were identified.” ™ Six
domains of the CHEERS criteria were reported incom-
pletely across these economic evaluations which may
indicate common challenges when producing economic
evidence of treatments for SLE to decision-makers
responsible for population-level resource allocation for
health care: definition of the target population, choice
of relevant comparators, measurement and valuation of
preference-based outcomes, estimation of resource use
and costs, choice and structure of the decision-analytic
model, and the characterisation of heterogeneity.
Model-based economic evaluations of treatments for
chronic conditions should be designed to represent
the progression of disease over the lifetime of a patient
cohort to account for all relevant cost and health
outcomes. SLE is a complex multisystem disease; for
example, patients may experience different trajectories
of damage to different organ systems over time. This
complexity may make the characterisation of lifetime
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outcomes a challenge within decision-analytic models
that simulate a homogeneous cohort.”® The simula-
tion of patients individually can be used to handle
first-order uncertainty over the progression of lifetime
outcomes.” However, patientlevel simulations that
have complex structures may require more data to
populate compared with cohort simulations which can
be a barrier to their use in practice.” Two economic
evaluations in this systematic review, including the most
recent study, simulated patients individually over a
lifetime time horizon.” ** By contrast, the two earliest
studies conducted their analysis using decision trees.*®*!
The use of different methods by the economic evalua-
tions in this review may reflect the development of new
analytical techniques that were available to researchers
over time. Statistical analyses of the natural history of
disease can underpin a decision-analytic model to char-
acterise long-term outcomes of individual patients. For
example, Watson et al'’ developed a disease model for
SLE using data from the Hopkins Lupus Cohort that
estimated the annual change in disease activity, dose of
steroids, damage to specific organ systems and mortality.
This disease model was used subsequently to estimate
input parameter values for the decision-analytic model
by Specchia et al®® However, results based on the
Hopkins Lupus Cohort may not generalise to a wider
population of patients with SLE because the cohort is
characterised by a large number of African-American
individuals and individuals with lower socioeconomic
backgrounds.*” In recognition of this potential lack of
generalisability, Watson et al’’ suggested that further
research to externally validate their disease model may
be required.

The target population of the economic evaluations
in this systematic review were not reported completely
which limits the ability of decision-makers to determine
whether the findings have relevance to their own health
care jurisdictions. Inclusion criteria for clinical trials are
not used as diagnostic criteria in clinical practice and,
therefore, are notlikely to be appropriate to define target
populations of cost-effectiveness analyses.* Defining
target populations using (1) Clinical outcomes (eg, a
score to indicate disease activity or damage), (2) Posi-
tioning on care pathways (eg, after inadequate response
to hydroxychloroquine), or (3) Molecular biomarkers,
can improve the relevance of economic evaluations
for SLE with respect to the requirements of decision-
makers. In general, the reporting of cost-effectiveness
analyses has improved as guidelines for reporting have
been adopted by publishers; this trend may help to
explain why the most recent study in this systematic
review defined their target population explicitly.

There are few RCTs of the existing treatments currently
used to manage SLE and, as a consequence, treatment
decisions often rely on using medicines outside of their
licensed indication. The lack of an economic evalua-
tion of rituximab, specifically, and of other treatments
for SLE, more generally, may be due to a paucity of

RCT evidence, relevant to patients with SLE, on which
to base economic analyses. Off-label prescribing deci-
sions incur opportunity costs and health benefits which
should be evaluated to understand their relative cost-
effectiveness. Rituximab, for example, was approved for
managing SLE in National Health Service England via
an interim clinical commissioning policy as part of the
specialised services scheme which prioritises treatments
for complex or rare conditions according to their cost
and evidence of clinical benefit.** Evidence of clinical
benefit in this commissioning policy referred to open-
label studies and secondary analyses of RCTs.* No
economic evaluation identified by this systematic review
included rituximab in a fully incremental analysis as
either an intervention or comparator strategy to provide
evidential support for this commissioning policy. Future
research to estimate the relative cost-effectiveness of
rituximab for SLE may, therefore, provide useful infor-
mation for decision-makers in different health care
systems internationally.

The structure of a decision-analytic model should
reflect the current and future pathways of care within
a health care system.” It may be challenging for
decision-makers to determine whether the results
of an economic evaluation are informative for their
own specific health care system because strategies to
manage SLE can vary within and between countries.
For example, Rydén-Aulin e al'' estimated that up to
1.2% of patients with SLE in the UK received rituximab
whereas up to 4.5% of patients with SLE received ritux-
imab in Sweden. A recent survey of rheumatologists by
Keeling et al** also reported variation in diagnosing,
monitoring and treating SLE within Canada. Structural
uncertainty within model-based economic evaluations
can occur when different ways of delivering care are
possible.”’ A greater understanding of current practice
for SLE can facilitate the development of value proposi-
tions for new management strategies; for example, early
economic evaluations can be undertaken to identify the
key drivers of cost-effectiveness when using precision
medicine strategies across the care pathway to stratify
treatments or when introducing shared-decision tech-
niques to increase the involvement of patients within
their routine prescribing and management decisions.
National clinical guidelines, such as the recommen-
dations for SLE published by the British Society for
Rheumatology in 2018,” can resolve some structural
uncertainty and treatment variation in practice. The
use of conceptual models, methods to elicit informa-
tion formally from experts and further research using
observational data from routine clinical decisions could
also be used to characterise pathways of care for SLE
more appropriately.*®

The choice of relevant comparators within model-
based economic evaluations of SLE can be a challenge
due to variations in clinical decisions between jurisdic-
tions. Off-label prescribing or a lack of head-to-head
trial evidence are not sufficient grounds to exclude
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treatments as comparators if they are used as such in
routine clinical practice. For example, belimumab was
not compared with rituximab (which has been available
for alonger period of time) by Specchia et al,*® yet either
biologic agent could be prescribed to the same patient
population or used in sequence. The incremental
benefit of a health technology can be exaggerated by
comparing it with a strategy that is not the next-best
alternative; in turn, inappropriate comparators can
result in overestimating relative cost-effectiveness.®’
Greater transparency at the scoping stage of future
economic evaluations in SLE may be valuable to define
the decision problem and select relevant comparators
appropriately.

Innovations in the design of clinical trials for SLE
(such as the use of composite end points and inclusion
criteria based on molecular biomarkers) have been
introduced to address the requirements of regulatory
agencies and the limitations of historic trials that failed
to reach their primary end points. The requirements
of decision-makers that use health technology assess-
ment to inform the reimbursement and recommen-
dation of any new treatment for SLE are different to
the requirements of regulatory agencies. Uncertainty
in the economic evidence base can inform the need
for further collection of data and the design of future
primary studies.*® * Only one economic evaluation in
this systematic review performed a VOI analysis to inves-
tigate the need for further research to reduce uncer-
tainty in the estimates of relative cost-effectiveness. Nee
et al’® estimated the expected value of perfect informa-
tion (the upper-bound on the cost of future research) to
be USD $2058 206; however, estimates of the expected
value of partial perfect information, which identify the
specific input parameters that would benefit most from
future research, were not reported.

The studies identified by this systematic review demon-
strated limitations with respect to their estimates of
health care resources. Inappropriate estimates of incre-
mental health care resources may have, subsequently,
underestimated the opportunity cost (health forgone)
of strategies to manage SLE. New techniques to manage
SLE (eg, biomarker-based algorithms or shared decision-
making tools) will incur additional health care resources
that should be quantified appropriately. Microcosting
studies may be a valuable source of evidence to estimate
the magnitude and value of these additional resources in
future model-based economic evaluations in SLE.”

The four economic evaluations identified by this
systematic review that expressed benefits in quality-
adjusted life years had limitations to their estimates of
health-related quality of life. Estimates derived from
generic preference-based outcomes will likely differ
between people with SLE conditional on the specific
organ systems involved in their disease. Using a small
sample to estimate health-related quality of life for SLE
may, therefore, provide values that are not representa-
tive of the target population. Disease-specific quality of

life measures for SLE comprise domains that are not
captured by generic outcome measures explicitly, such
as fatigue.”’ Empirical research to estimate mapping
algorithms between disease-specific and generic quality
of life measures may be valuable to improve the esti-
mates of health-related quality of life in future model-
based economic evaluations in SLE.”

National decision-makers provide adoption and
research recommendations conditional on subgroup-
specific estimates of cost-effectiveness regularly.” People
with SLE may comprise subgroups of individuals with
different outcomes from treatment across the extent of
disease (early diagnosis; treatment selection; treatment
monitoring; prediction of flares in disease activity).
No study identified by this systematic review reported
subgroup-specific estimates of cost-effectiveness based
on patientlevel variables. Future economic evaluations
in SLE could incorporate subgroup-specific estimates
of cost-effectiveness or the use of clinical and molecular
biomarker information to reveal known heterogeneity in
outcomes. Recommendations based on subgroup-specific
estimates may, subsequently, lead to improved relative
cost-effectiveness and higher population health.”*

One limitation of this systematic review was that only
Medline and Embase were searched for published
model-based economic evaluations. However, it was
unlikely that further studies would have been iden-
tified by searching additional databases. A second
potential limitation of this study was that the inclusion
criteria were restricted to decision-analytic model-based
economic evaluations and did not include trial-based
designs. Model-based economic evaluations, however,
will be more relevant to decisionmakers than trial-based
designs because of their ability to extrapolate lifetime
cost and health outcomes of people with SLE beyond
the duration of short-term RCTs.°” In addition, model-
based economic evaluations can be designed to inform
decisions for a specific target population observed in
clinical practice whereas the characteristics of the
patients recruited to an RCT may not be representative
of this target population.”’

CONCLUSIONS

Complexity in the diagnosis, management and progres-
sion of disease can make model-based economic eval-
uations of SLE a challenge to undertake. The choice
of structural assumptions, characterisation of care path-
ways and estimation of input parameters can each have
an impact on estimates of relative cost-effectiveness.
The approaches taken to handle these complexities in
the six studies identified by this systematic review have
highlighted common challenges faced by authors when
producing economic evidence for decisionmakers
responsible for population-level health technology
assessment. Developments in the methods for decision-
analytic model-based cost-effectiveness analysis, such as
patient-level simulations, may help analysts to address
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some of these challenges. New strategies to manage SLE
will require economic evidence to support their use in
routine clinical practice. The findings from this study
can, therefore, be used to improve the quality and rele-
vance of future model-based economic evaluations of
treatments for SLE.

Author affiliations

"Manchester Centre for Health Economics, Division of Population Health, Health
Services Research and Primary Care, School of Health Sciences, Faculty of Biology,
Medicine and Health, The University of Manchester, Manchester, UK

%Centre for Epidemiology Versus Arthritis, Centre for Musculoskeletal Research,
Division of Musculoskeletal and Dermatological Sciences, School of Biological
Sciences, Faculty of Biology, Medicine and Health, The University of Manchester,
Manchester, UK

®NIHR Manchester Biomedical Research Centre, Manchester University NHS
Foundation Trust, Manchester Academic Health Science Centre, Manchester, UK

Twitter lan Bruce @Lupusdoc

Contributors All authors made substantial contributions to the conception of the
study. SG and KP conducted data collection and analysis. SG wrote the manuscript
and all authors revised it critically for important intellectual content. All authors
approved the final version to be published.

Funding This research was funded by the Medical Research Council as part of
the MAximizing Sle ThERapeutic Potential by Application of Novel and Stratified
approaches (MASTERPLANS) consortium (MR/M01665X/1) and Lupus UK. IB is
also supported by the NIHR Manchester Biomedical Research Centre and Versus
Arthritis. The views expressed are those of the authors and not necessarily those of
the NHS, the NIHR or the Department of Health and Social Care.

Competing interests SG and KP have no competing interests to declare. IB reports
grants and personal fees from GSK, personal fees from Eli Lilly, Merck Serono,
Medimmune, Astra Zeneca, ILTOO, and grants from Genzyme Sanofi outside the
submitted work.

Patient and public involvement statement Thank you to the patient and public
partners who were involved in the MASTERPLANS consortium

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iD
Sean Gavan http://orcid.org/0000-0003-3659-056X

REFERENCES

1 Tsokos GC. Systemic lupus erythematosus. N Engl J Med
2011;365:2110-21.

2 Rees F, Doherty M, Grainge MJ, et al. The worldwide incidence and
prevalence of systemic lupus erythematosus: a systematic review of
epidemiological studies. Rheumatology 2017;56:1945-61.

3 Danchenko N, Satia JA, Anthony MS. Epidemiology of systemic
lupus erythematosus: a comparison of worldwide disease burden.
Lupus 2006;15:308-18.

4 Saxena R, Mahajan T, Mohan C. Lupus nephritis: current update.
Arthritis Res Ther 2011;13:240-12.

5 Rees F, Doherty M, Grainge MJ, et al. Mortality in systemic lupus
erythematosus in the United Kingdom 1999-2012. Rheumatology
2016;55:854-60.

6 Reynolds J, Bruce I. Overview of the management of systemic lupus
erythematosus. Reps Rheum Dis 2013;7:1-11.

7 Bruce IN, Gordon C, Merrill JT, et al. Clinical trials in lupus: what have
we learned so far? Rheumatology 2010;49:1025-7.

8

9

10

20

21

22

23

24

25

26

27

28

29

30

31

32

Mahieu MA, Strand V, Simon LS, et al. A critical review of clinical
trials in systemic lupus erythematosus. Lupus 2016;25:1122-40.
Bruce IN. Re-Evaluation of biologic therapies in systemic lupus
erythematosus. Curr Opin Rheumatol 2010;22:273-7.

Gatto M, Kiss E, Naparstek Y, et al. In-/off-label use of
biologic therapy in systemic lupus erythematosus. BMC Med
2014;12:1-6.

Rydén-Aulin M, Boumpas D, Bultink 1, et al. Off-Label use of
rituximab for systemic lupus erythematosus in Europe. Lupus Sci
Med 2016;3:¢000163-8.

Lee S-J, Silverman E, Bargman JM. The role of antimalarial agents
in the treatment of SLE and lupus nephritis. Nat Rev Nephrol
2011;7:718-29.

Muangchan C, van Vollenhoven RF, Bernatsky SR, et al. Treatment
algorithms in systemic lupus erythematosus. Arthritis Care Res
2015;67:1237-45.

Merrill JT, Erkan D, Buyon JP. Challenges in bringing the bench

to bedside in drug development for SLE. Nat Rev Drug Discov
2004;3:1036-46.

Pirone C, Mendoza-Pinto C, van der Windt DA, et al. Predictive
and prognostic factors influencing outcomes of rituximab therapy
in systemic lupus erythematosus (SLE): a systematic review. Semin
Arthritis Rheum 2017;47:384-96.

Mendoza-Pinto C, Pirone C, van der Windt DA, et al. Can we identify
who gets benefit or harm from mycophenolate mofetil in systemic
lupus erythematosus? A systematic review. Semin Arthritis Rheum
2017;47:65-78.

Choi MY, Barber MRW, Barber CEH, et al. Preventing the
development of SLE: identifying risk factors and proposing pathways
for clinical care. Lupus 2016;25:838-49.

Pisetsky DS, Rovin BH, Lipsky PE. New perspectives in
rheumatology: biomarkers as entry criteria for clinical trials of

new therapies for systemic lupus erythematosus: the example

of antinuclear antibodies and anti-DNA. Arthritis Rheumatol
2017;69:487-93.

Smith MF, Hiepe F, Dérner T, et al. Biomarkers as tools for
improved diagnostic and therapeutic monitoring in systemic lupus
erythematosis. Arthritis Res Ther 2009;11:1-7.

Drummond M, Sculpher M, Claxton K, et al. Methods for the
economic evaluation of health care programmes. 4 ed. Oxford:
Oxford University Press, 2015.

Bojke L, Claxton K, Sculpher M, et al. Characterizing structural
uncertainty in decision analytic models: a review and application of
methods. Value Health 2009;12:739-49.

Anderson R. Systematic reviews of economic evaluations: utility or
futility? Health Econ 2010;19:350-64.

Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that
evaluate healthcare interventions: explanation and elaboration. BMJ
2009;339:b2700-27.

Centre for Reviews and Dissemination. Systematic reviews: CRD's
guidance for undertaking reviews in health care. 1 ed. York: Centre
for Reviews and Dissemination, 2009.

Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics 1977;33:159-74.

Husereau D, Drummond M, Petrou S, et al. Consolidated Health
Economic Evaluation Reporting Standards (CHEERS)--explanation
and elaboration: a report of the ISPOR Health Economic Evaluation
Publication Guidelines Good Reporting Practices Task Force. Value
Health 2013;16:231-50.

Zafari Z, Bryan S, Sin DD, et al. A systematic review of health
economics simulation models of chronic obstructive pulmonary
disease. Value Health 2017;20:152-62.

Marra CA, Esdaile JM, Anis AH. Practical pharmacogenetics: the
cost effectiveness of screening for thiopurine S-methyltransferase
polymorphisms in patients with rheumatological conditions treated
with azathioprine. J Rheumatol 2002;29:2507-12.

Mohara A, Pérez Velasco R, Praditsitthikorn N, et al. A cost-
utility analysis of alternative drug regimens for newly diagnosed
severe lupus nephritis patients in Thailand. Rheumatology
2014;53:138-44.

Nee R, Rivera |, Little DJ, et al. Cost-Utility analysis of
mycophenolate mofetil versus azathioprine based regimens for
maintenance therapy of proliferative lupus nephritis. Int J Nephrol
2015;2015:1-13.

Oh K-T, Anis AH, Bae S-C. Pharmacoeconomic analysis of thiopurine
methyltransferase polymorphism screening by polymerase chain
reaction for treatment with azathioprine in Korea. Rheumatology
2004;43:156-63.

Specchia ML, de Waure C, Gualano MR, et al. Health technology
assessment of belimumab: a new monoclonal antibody for the

8 Gavan S, et al. Lupus Science & Medicine 2020;7:€000350. doi:10.1136/lupus-2019-000350

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1senb Aq Gz0z AeN ST uo wod'fwg sndny//:sdny wouy papeojumod "020zZ AINC 82 U0 0SE000-6T0Z-SNAN|/9ETT 0T Se paysiignd 1si1y :BUIDIPSIN 7P 80UBIDS sndn


https://twitter.com/Lupusdoc
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-3659-056X
http://dx.doi.org/10.1056/NEJMra1100359
http://dx.doi.org/10.1093/rheumatology/kex260
http://dx.doi.org/10.1191/0961203306lu2305xx
http://dx.doi.org/10.1186/ar3378
http://dx.doi.org/10.1093/rheumatology/kev424
http://dx.doi.org/10.1093/rheumatology/kep462
http://dx.doi.org/10.1177/0961203316652492
http://dx.doi.org/10.1097/BOR.0b013e3283374e78
http://dx.doi.org/10.1186/1741-7015-12-30
http://dx.doi.org/10.1136/lupus-2016-000163
http://dx.doi.org/10.1136/lupus-2016-000163
http://dx.doi.org/10.1038/nrneph.2011.150
http://dx.doi.org/10.1002/acr.22589
http://dx.doi.org/10.1038/nrd1577
http://dx.doi.org/10.1016/j.semarthrit.2017.04.010
http://dx.doi.org/10.1016/j.semarthrit.2017.04.010
http://dx.doi.org/10.1016/j.semarthrit.2017.01.009
http://dx.doi.org/10.1177/0961203316640367
http://dx.doi.org/10.1002/art.40008
http://dx.doi.org/10.1186/ar2834
http://dx.doi.org/10.1111/j.1524-4733.2008.00502.x
http://dx.doi.org/10.1002/hec.1486
http://dx.doi.org/10.1136/bmj.b2700
http://dx.doi.org/10.2307/2529310
http://dx.doi.org/10.1016/j.jval.2013.02.002
http://dx.doi.org/10.1016/j.jval.2013.02.002
http://dx.doi.org/10.1016/j.jval.2016.08.003
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/12465143
http://dx.doi.org/10.1093/rheumatology/ket304
http://dx.doi.org/10.1155/2015/917567
http://dx.doi.org/10.1093/rheumatology/keh001

33

34

35

36

37

38

39

40

41

42

43

44

treatment of systemic lupus erythematosus. Biomed Res Int
2014;2014:1-9.

Wilson ECF, Jayne DRW, Dellow E, et al. The cost-effectiveness of
mycophenolate mofetil as firstline therapy in active lupus nepbhritis.
Rheumatology 2007;46:1096-101.

DAaz-Cerezo S, AGarcAa-Aparicio, Parrondo J, et al.

Andlisis Coste-efectividad de belimumab en Pacientes

Con Lupuseritematoso Sistémico en Espafa. Farm Hosp
2015;39:161-70.

Pierotti F, Palla I, Treur M, et al. Assessment of the economic impact
of belimumab for the treatment of systemic lupus erythematosus

in the Italian setting: a cost-effectiveness analysis. PLoS One
2015;10:e0140843.

Navarra SV, Guzman RM, Gallacher AE, et al. Efficacy and safety of
belimumab in patients with active systemic lupus erythematosus:

a randomised, placebo-controlled, phase 3 trial. Lancet
2011;377:721-31.

Furie R, Petri M, Zamani O, et al. A phase lll, randomized, placebo-
controlled study of belimumab, a monoclonal antibody that

inhibits B lymphocyte stimulator, in patients with systemic lupus
erythematosus. Arthritis Rheum 2011;63:3918-30.

Caro JJ. Pharmacoeconomic analyses using discrete event
simulation. Pharmacoeconomics 2005;23:323-32.

Karnon J, Stahl J, Brennan A, et al. Modeling using discrete event
simulation: a report of the ISPOR-SMDM Modeling Good Research
Practices Task Force--4. Value Health 2012;15:821-7.

Watson P, Brennan A, Birch H, et al. An integrated extrapolation

of long-term outcomes in systemic lupus erythematosus: analysis
and simulation of the Hopkins lupus cohort. Rheumatology
2015;54:623-32.

Aggarwal R, Ringold S, Khanna D, et al. Distinctions between
diagnostic and classification criteria? Arthritis Care Res
2015;67:891-7.

NHS England. Interim clinical commissioning policy statement:
rituximab for the treatment of systemic lupus erythematosus in
adults. A13/PS/a. London: NHS England, 2013.

Roberts M, Russell LB, Paltiel AD, et al. Conceptualizing a model: a
report of the ISPOR-SMDM Modeling Good Research Practices Task
Force--2. Value Health 2012;15:804-11.

Keeling SO, Bissonauth A, Bernatsky S, et al. Practice variations

in the diagnosis, monitoring, and treatment of systemic lupus
erythematosus in Canada. J Rheumatol 2018;45:1440-7.

45

46

47

48

49

50

51

52

53

54

55

56

57

Gordon C, Amissah-Arthur M-B, Gayed M, et al. The British Society
for rheumatology guideline for the management of systemic lupus
erythematosus in adults. Rheumatology 2018;57:e1-45.

Tappenden P. Problem Structuring for Health Economic Model
Development. In: Culyer A, ed. Encyclopedia of health economics. 1
ed. Oxford: Elsevier, 2014: Vol. 3. 168-79.

O'Mahony JF, Naber SK, Normand C, et al. Beware of kinked
frontiers: a systematic review of the choice of comparator strategies
in cost-effectiveness analyses of human papillomavirus testing in
cervical screening. Value Health 2015;18:1138-51.

Claxton K, Ginnelly L, Sculpher M, et al. A pilot study on the use of
decision theory and value of information analysis as part of the NHS
health technology assessment programme. Health Technol Assess
2004;8:1-118.

Sculpher M, Claxton K. Establishing the cost-effectiveness of new
pharmaceuticals under conditions of Uncertainty —When is there
sufficient evidence? Value Health 2005;8:433-46.

Jani M, Gavan S, Dixon W, et al. A Microcosting study of
immunogenicity and TNFi drug level tests for therapeutic monitoring
in clinical practice. Rheumatology 2016;55:2131-7.

Castelino M, Abbott J, McElhone K, et al. Comparison of the
psychometric properties of health-related quality of life measures
used in adults with systemic lupus erythematosus: a review of the
literature. Rheumatology 2013;52:684-96.

Wailoo AJ, Hernandez-Alava M, Manca A, et al. Mapping to estimate
Health-State utility from Non-Preference-Based outcome measures:
an ISPOR good practices for outcomes research Task force report.
Value Health 2017;20:18-27.

Ramaekers BLT, Joore MA, Grutters JPC. How should we deal

with patient heterogeneity in economic evaluation: a systematic
review of national pharmacoeconomic guidelines. Value Health
2013;16:855-62.

Sculpher M. Subgroups and heterogeneity in cost-effectiveness
analysis. Pharmacoeconomics 2008;26:799-806.

Espinoza MA, Manca A, Claxton K, et al. The value of heterogeneity
for cost-effectiveness subgroup analysis: conceptual framework and
application. Med Decis Making 2014;34:951-64.

Gavan SP, Thompson AJ, Payne K. The economic case for precision
medicine. Expert Rev Precis Med Drug Dev 2018;3:1-9.

Sculpher MJ, Claxton K, Drummond M, et al. Whither trial-based
economic evaluation for health care decision making? Health Econ
2006;15:677-87.

Gavan S, et al. Lupus Science & Medicine 2020;7:€000350. doi:10.1136/lupus-2019-000350

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1senb Aq Gz0z AeN ST uo wod'fwg sndny//:sdny wouy papeojumod "020zZ AINC 82 U0 0SE000-6T0Z-SNAN|/9ETT 0T Se paysiignd 1si1y :BUIDIPSIN 7P 80UBIDS sndn


http://dx.doi.org/10.1155/2014/704207
http://dx.doi.org/10.1093/rheumatology/kem054
http://dx.doi.org/10.1371/journal.pone.0140843
http://dx.doi.org/10.1016/S0140-6736(10)61354-2
http://dx.doi.org/10.1002/art.30613
http://dx.doi.org/10.2165/00019053-200523040-00003
http://dx.doi.org/10.1016/j.jval.2012.04.013
http://dx.doi.org/10.1093/rheumatology/keu375
http://dx.doi.org/10.1002/acr.22583
http://dx.doi.org/10.1016/j.jval.2012.06.016
http://dx.doi.org/10.3899/jrheum.171307
http://dx.doi.org/10.1093/rheumatology/kex286
http://dx.doi.org/10.1016/j.jval.2015.09.2939
http://dx.doi.org/10.3310/hta8310
http://dx.doi.org/10.1111/j.1524-4733.2005.00033.x
http://dx.doi.org/10.1093/rheumatology/kes370
http://dx.doi.org/10.1016/j.jval.2016.11.006
http://dx.doi.org/10.1016/j.jval.2013.02.013
http://dx.doi.org/10.2165/00019053-200826090-00009
http://dx.doi.org/10.1177/0272989X14538705
http://dx.doi.org/10.1080/23808993.2018.1421858
http://dx.doi.org/10.1002/hec.1093

	Generating evidence to inform health technology assessment of treatments for SLE: a systematic review of decision-­analytic model-­based economic ﻿
﻿evaluations
	ABSTRACT
	Introduction
	Method
	Study identification
	Data extraction and analysis

	Results
	Target population
	Relevant comparators
	Choice of model
	Health-related quality of life
	Resources
	Heterogeneity

	Discussion
	Conclusions
	References


