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Economic evaluations

Healthcare systems worldwide are struggling with the introduction of new — and oftentimes more
expensive - health technologies (e.g., medicines, medical procedures, and screening programs) due
to a shortage of healthcare resources.'* In the Netherlands, for example, The increasing introduction
and use of novel health technologies in combination with the ageing of the population are expected
to increase healthcare spending by 2.9% per year up until 2040.*7 As a consequence, finding ways
to allocate already limited healthcare resources as efficiently as possible has become a high priority
in many countries.®1°

Economic evaluations can help inform resource allocation decisions in healthcare by providing
insight into the “value for money” of health technologies.” In an economic evaluation, the difference
in costs between two or more health technologies is related to the difference in effects between
the technologies.’? By doing so, economic evaluations provide an estimate of the incremental cost
per unit of effect gained, also known as the “Incremental cost-effectiveness ratio” (ICER). A health
technology can be considered cost-effective if the ICER is lower than the maximum amount of
money that healthcare decision-makers are willing to pay per unit of effect gained, or if a health
technology turns out to be both less expensive and more effective compared to its comparator.

Over the last decades, more and more healthcare systems worldwide have been reformed
to consider evidence of the cost-effectiveness of health technologies in their decision-making
processes.”> "> In the Netherlands, for example, cost-effectiveness evidence is one of the mandatory
criteria established by the Dutch Health Technology Assessment (HTA) agency (i.e., the National
Health Care Institute) when advising the Minister of Health, Welfare, and Sports about the inclusion
of pharmaceutical products, but very limited when dealing with non-pharmaceutical health
technologies, in the basic health insurance package.’'¢ In this way, grant organizations within and
outside the Netherlands increasingly require that economic evaluations are conducted alongside
the clinical trials that they fund (e.g., the National Institute for Health and Care Research — NIHR in
the UK, ZonMw in the Netherlands).!”'®

Different types of economic evaluations exist, which differ in how effect outcomes are
measured and valued."'? When the outcomes of the compared health technologies are expressed
as a clinical effect (e.g., pain intensity), an economic evaluation is labelled as a cost-effectiveness
analysis (CEA). When using clinical effects as outcomes in an economic evaluation, the results can
only be compared to results from studies on health technologies that aim to improve that specific
clinical effect. However, healthcare decision-makers often need to make a choice between health
technologies for different disorders that thus target different clinical effects. Therefore, more generic
outcome measures are needed. The most well-known example of such a comprehensive outcome
measure is the Quality-Adjusted Life-Year (QALY). If the QALY is used as an outcome in an economic
evaluation, it is labelled as a cost-utility analysis (CUA). Both CEA and CUA provide information on
how to maximize health benefits within a specific budget.'? A cost-benefit analysis (CBA) places
a monetary value on an effect outcome (e.g., by converting sickness absence days in costs) and
informs healthcare decision-makers about whether or not a health technology generates financial
savings compared with control.’? Finally, in a cost-minimization analysis (CMA) the outcomes of
two health technologies are considered to be equivalent and only costs are compared.™
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An economic evaluation can be designed as a model-based economic evaluation or a trial-based
economic evaluation.’”®® Model-based economic evaluations use a decision-analytic model to
estimate the differences in costs and effects between two or more health technologies and are
parametrized using multiple sources of information from the literature (e.g., clinical trials, cohorts,
systematic reviews, and metanalysis), registries, electronic health records, and other available
sources as input.' In this thesis, we focus on trial-based economic evaluations, which are economic
evaluations that are conducted alongside clinical trials and are sometimes referred to as “piggy-
back” studies. The random allocation of patients across study conditions in most trial-based
economic evaluations increases the internal validity of such studies, while the prospective collection
of patient-level cost and effect data reduces the possible influence of information bias (i.e., biases
that arise from systematic differences in the data collection).’~2 Preferably, a trial-based economic
evaluation is designed as a pragmatic or naturalistic trial, meaning that it resembles daily practice as
much as possible. In this way, findings can be easily generalized to real-world settings (i.e., increasing
external validity).

Health-related quality of life, utilities, and QALYs

HTA agencies typically require researchers to use QALYs as the primary outcome in their economic
evaluation, because QALYs enable the comparison of a broad range of health technologies for
different health conditions.'"1424

QALYs combine both the length of life and health-related quality of life (HRQoL) in a single
index.” The length of life is defined as the amount of time an individual experiences a particular
health state (e.g., 3 years).* HRQoL is expressed as a utility value, typically representing the general
public’s preference for a specific health state.?® Utility values are anchored at 0 and 1. A zero indicates
that it is valued as being equal to “death’, while a utility value of 1 indicates that a health state is
valued as being equal to “full health”. Negative utility values can also occur and indicate that a health
state is valued as being “worse than death”*

One of the most commonly used questionnaires for assessing HRQoL and estimating utility
values in trial-based economic evaluations is the EQ-5D.?”% The descriptive system of the EQ-5D
asks individuals to describe their health state based on five health dimensions (i.e., mobility, self-
care, usual activities, pain/discomfort, and anxiety/depression) with 3 or 5 response levels per
health dimension (i.e., EQ-5D-3L and EQ-5D-5L, respectively).?3° The EQ-5D version with 3-levels
describes 243 health states and was recently extended to a 5-level version to improve the sensitivity
and responsiveness of the instrument, resulting in a total of 3,125 health states.>' The health states
described by the two EQ-5D versions can be converted in utility values using so-called EQ-5D
value sets or tariffs.>? Such value sets are ideally obtained from a country population sample using
valuation protocols developed by the EuroQol group, which have evolved over the years to improve
the validity and reliability of utility values derived from the general public.3 This is typically done per
country to account for populations’ sociocultural differences.
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The importance of doing it “right”

An important prerequisite for using trial-based economic evaluation results in healthcare decision-
making is that they are valid and reliable. Amongst others, this means that research should be
“scrupulous”. Scrupulousness means that research is conducted “using methods that are scientific or
scholarly and exercising the best possible care in designing, undertaking, reporting and disseminating
research”* Scrupulousness is one of the research integrity principles stated in the Dutch Code
of Conduct for Research Integrity** which was solidly built from the Nuremberg Code* and the
Singapore Statement.*® Scrupulousness also implies that the use of less-than-optimal methods
when conducting trial-based economic evaluations can result in misleading conclusions and a waste
of already scarce healthcare resources. Nonetheless, research indicates that the methodological
quality of trial-based economic evaluations is far from optimal.>’

Existing gaps in knowledge

In the area of trial-based economic evaluations, various gaps in knowledge exist that make it unclear
how certain design and analysis steps can be scrupulously conducted. Three of these gaps in
knowledge will be addressed in this thesis and will be discussed in greater detail in the next sections.

The impact of using crosswalks on healthcare decision-making
The two versions of the EQ-5D, i.e., the EQ-5D-3L and EQ-5D-5L, are not equivalent; neither in terms
of the number of response levels and wording nor in terms of their country-specific valuation
protocols.3"3* With the increasing uptake of the EQ-5D-5L by HTA agencies, academic groups, and
companies, valuation studies of the EQ-5D-5L are being conducted in many countries. To guarantee
that the resulting value sets are valid and reliable, researchers conducting EQ-5D valuation studies
require extensive training and are recommended to use standardized EQ-5D valuation methods that
are evolving over time.3* However, conducting valuation studies is time-consuming, which explains
why EQ-5D-5L value sets are not available yet for many countries. As an interim solution, mapping
approaches, where EQ-5D-5L responses are mapped onto EQ-5D-3L responses and vice versa, were
developed to estimate utility values when value sets are missing for a certain version of the EQ-5D
or country.3*4

Given that HTA agencies might be confronted with evidence that is based on different EQ-5D
versions and/or value sets, guidance on choosing the most appropriate utility scoring method is
needed to ensure consistency across health technology appraisals.?* Literature shows that 5L
utility values mapped from the EQ-5D-3L using the copula mapping function of Herndndez Alava
& Pudney (2017 and 2020) produced substantially different cost-utility estimates compared to 3L
value sets.*>* As for the crosswalk approach developed by van Hout et al. (2012), one study showed
that the use of the crosswalk instead of the England 5L value set may increase the likelihood of
mental health interventions being considered cost-effective.®® It is unclear, however, whether this
finding can be applied to other countries that have elicited 5L value sets. In addition, a reverse
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crosswalk that predicts 3L utility values by mapping EQ-5D-5L to EQ-5D-3L was recently published*
and information on the impact of using reverse-mapped utility values on cost-utility outcomes is
not yet available.

Previous studies also indicate that different country-specific EQ-5D value sets may result in
different utility values and QALY estimates.** However, if the impact is equal in the intervention and
control groups, this will not affect incremental QALYs and cost-utility results. Further Investigation
of the impact of using different country-specific EQ-5D value sets on cost-utility outcomes is also
needed, particularly because some countries do not have value sets available yet and, therefore, use
a reference value set from another country.

Predicting health-related quality of life from disease-specific patient-reported outcome
measures
In situations that EQ-5D data are not available, utility values might be predicted based on condition-
specific patient-reported outcome measures (PROMs). In doing so, two strategies can be used:
1) utility values can be estimated directly using regression modelling techniques (e.g., regression
models*), and 2) utility values can be estimated indirectly by linking responses on a PROM (i.e.,
source instrument) to those of the EQ-5D (i.e., target instrument) first and then use this information
to estimate utility values (i.e., response mapping approach).*->

One of the most widely used condition-specific PROMs in studies conducted among patients
with low back pain (LBP) is the Oswestry Disability Index (ODI).>*** Although the EQ-5D and ODI
seem to be conceptually linked,>*>" it is unclear whether the ODI is suitable for predicting missing
EQ-5D utility values among patients with chronic LBP when EQ-5D scores are lacking. Previous
studies that used ODI scores to predict EQ-5D utility values,*®**® did not perform a qualitative
assessment of the conceptual overlap in the instruments’ underlying constructs. Moreover, previous
studies used regression modelling techniques, but did not include modelling techniques to account
for the ceiling effect of utility values (e.g., Tobit models) or response mapping approaches (e.g.,
crosswalk, and ordinal logistic regression).>? Evidence suggests, however, that response mapping
approaches perform better than regression modelling techniques. Amongst others, response
mapping approaches are thought to be better at preventing regression to the mean,®® because
they aim to align the scales between instruments so that the distributions of their responses are
linked.®'%2 Hence, response mapping approaches might result in more valid estimates of individual
scores on the target instrument. Up until now, however, it is unclear whether this is also the case for
mapping EQ-5D utility values from ODI.

Handling missing data in trial-based economic evaluations

An important methodological challenge in the analysis of trial-based economic evaluations is
the handling of missing data. Missing data are common in clinical trials as participants may skip
questions, follow-up assessments, and/or drop out of the study.®* Because costs and QALYs are
calculated as the sum of several cost and utility values that are measured at different time points,
one missing cost or utility value means that total costs and QALYs cannot be calculated.’2%% This
typically leads to high rates of missing data in trial-based economic evaluations.
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Historically, missing data in trial-based economic evaluations were handled by simply deleting
participants with missing values (i.e., complete-case analysis). However, deleting cases with
missing values from the analysis reduces a study’s power and potentially biases estimates.*
Simple imputation methods, such as mean imputation or last observation carried forward, may
underestimate the variance in outcome estimates and may lead to bias if dropout is selective (e.g.,
related to observed information). Advanced imputation methods, such as Multiple Imputation (MI)
were found to perform better when handling missing data in trial-based economic evaluations and
are therefore increasingly being used.®-"°

Another strategy to deal with missing data is through the use of Longitudinal Linear Mixed-
models (LLM). Although the primary reason to use LMM is to account for multiple measurements
within one patient, the maximum likelihood estimation uses all observed data and produces
unbiased estimates under the MAR assumption.”’ Particularly in the case of reasonably normally
distributed effect outcomes, Ml was found to be unnecessary to obtain unbiased estimates.”>”* Faria
etal. (2014) suggested that Ml is not required prior to LLM in trial-based economic evaluations either,
but this has never been empirically tested.® This is important, however, because there are three
distinct statistical challenges to trial-based economic evaluations that may affect the performance
of LLM when dealing with missing trial-based economic evaluation data: 1) costs are typically
heavily right-skewed and QALYs left-skewed; 2) costs and QALYs are cumulative sums over time, and
3) costs and QALYs are correlated. Hence, an investigation of whether Ml is necessary prior to LLM in
the context of trial-based economic evaluation is needed.

Aims and outline of the thesis

This thesis will address the aforementioned gaps in knowledge, leading to the following methodo-
logical research questions:

Health-related quality of life scoring methods:

1a. Does the use of crosswalks instead of EQ-5D value sets impact trial-based economic evaluation
results and decision-making? (Chapters 2 and 3)

1b. Does the use of different country-specific EQ-5D value sets impact trial-based economic
evaluation results and decision-making? (Chapter 4)

Predicting health-related quality of life from condition-specific PROM:s:
2. s it valid to predict EQ-5D utility values from a condition-specific PROM for patients with LBP
using mapping approaches for use in economic evaluations? (Chapters 5 and 6)

Handling missing data in trial-based economic evaluations:
3. Is Ml necessary when using a LLM model to estimate cost-utility outcomes and what is the
impact on trial-based economic evaluation results and decision-making? (Chapter 7)
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Addressing these methodological research questions alone, will not improve the conduct of trial-
based economic evaluations. To achieve this clear guidelines are needed for researchers on how to
optimize the methodological quality of their trial-based economic evaluations. Therefore, Chapters
8 and 9 include tutorial papers that provide step-by-step guidance for fellow researchers on how to
conduct, analyse, and interpret trial-based economic evaluations.

In the general discussion (Chapter 10), the main findings of this thesis are discussed in the
context of the current health economic literature, and recommendations and implications for
further research and practice will be provided.
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Abstract

This study compares the EQ-5D-5L crosswalks and the 5L value sets for England, the Netherlands, and
Spain and explores the implication of using one or the other for the results of cost-utility analyses.
Data from two randomized controlled trials in depression and diabetes were used. Utility value
distributions were compared and mean differences in utility values between the EQ-5D-5L crosswalk
and the 5L value set were described by country. QALYs were calculated using the area-under-the-
curve method. Incremental cost-effectiveness ratios (ICERs) were calculated, and uncertainty around
ICERs was estimated using bootstrapping and graphically shown in cost-effectiveness acceptability
curves. For all countries investigated, utility value distributions differed between the EQ-5D-5L
crosswalk and the 5L value set. In both case studies, mean utility values were lower for the EQ-5D-5L
crosswalk compared with the 5L value set in England and Spain, but higher in the Netherlands.
However, these differences in utility values did not translate into relevant differences across utility
estimation methods in incremental QALYs and the interventions’ probability of cost-effectiveness.
Thus, our results suggest that EQ-5D-5L crosswalks and 5L value sets can be used interchangeably
in patients affected by mild or moderate conditions. Further research is needed to establish whether
these findings are generalizable to economic evaluations among severely ill patients.
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Introduction

Generic preference-based measures of health (GPBMs) are pre-scored utility measures that can be
used to calculate quality-adjusted life-years (QALYs) for economic evaluations.' The EQ-5D is the
most frequently used GPBM and it is recommended by Health Technology Assessment agencies,
such as the National Institute for Health and Care Excellence? and the Dutch National Health Care
Institute.?

The EQ-5D comprises a standardized descriptive system through which health is described,
and a value set that reflects the strength of preferences of the general public for the health states
described. The original descriptive system of the EQ-5D (commonly referred to as EQ-5D-3L or
3L version) comprised 5 health dimensions (mobility, self-care, usual activities, pain/ discomfort,
anxiety/ depression), each of which had three levels of response i.e., no problems, some problems,
extreme problems.* Although theoretically, the EQ-5D-3L is applicable across all disease areas and
conditions, evidence suggests that it lacks responsiveness in specific populations, such as patients
with mental health issues, visual disorders, or neoplasms.” One possible explanation for this could
be the absence of an appropriate number of response levels to capture relevant changes in the
patient’s health-related quality of life (HRQoL). This has led to the development of a new EQ-5D
version; the EQ-5D-5L (commonly referred to as EQ-5D-5L or 5L version). This measure describes
health using the same dimensions of the EQ-5D-3L, but it uses five response levels i.e., no problems,
slight problems, moderate problems, severe problems, and extreme problems.®

The uptake of the EQ-5D-5L amongst researchers has significantly increased in the last years, and
numerous economic evaluations in the areas of musculoskeletal diseases, cardiovascular diseases,
and mental health are now using this measure.®® Given the importance of employing country-
specific value sets because of sociocultural differences among populations,® valuation studies of the
EQ-5D-5L are being undertaken in many countries. Nonetheless, 5L value sets are not available yet
for many countries, while the 3L value sets are. For this reason, many economic evaluations used and
plan to use a country-specific interim crosswalk'® which estimates the EQ-5D-5L utility values from
the EQ-5D-3L tariffs.>™

The predictive ability of the crosswalk may be affected by the protocols used for the valuation of
the EQ-5D-3L and EQ-5D-5L i.e. the Measurement and Valuation of Health (MVH) for the EQ-5D-3L
and the EuroQol Valuation Technology for the EQ-5D-5L."2"* Differences in protocols include, for
example, the use of different elicitation methods e.g. VAS or DCE, modes of administration e.g. face to
face or CAPI and modelling specifications e.g. N3 versus OLS. Moreover, there are also differences in
the design of the valuation studies for the same EQ-5D version between countries that might affect
the precision of the crosswalk. For example, while in the English and Spanish valuation studies 43
health states were directly valued and 12 health states were administered per responder, the Dutch
valuation study directly valued only 17 health states with each responder valuing all of them).'#-®

Two studies have shown that the EQ-5D-5L crosswalk and 5L value set for England differ in terms
of the decrements associated with the response levels and utility range/distribution.””'® With the
release of 5L value sets for the Netherlands and Spain, it became possible to investigate whether such
differences also exist between the crosswalk and value set for other countries. Moreover, the impact
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of using one utility estimation method over the other on the statistical uncertainty surrounding
cost-utility estimates is still unclear. The latter is particularly important as it provides insight into the
validity of reimbursement decisions based on economic evaluations that relied on interim crosswalk
QALY estimates."

This study builds on the work of Mulhern et al.’”” and Camacho et al.”® by assessing whether
the differences found between the EQ-5D-5L crosswalk and the 5L value set of England, also apply
to the Dutch and Spanish crosswalks and value sets. Additionally, this study explores whether the
different utility estimation methods have an impact on the outcomes of a cost-utility analysis, such
asincremental QALYs and an intervention’s probability of being cost-effective. For this purpose, data
from two pragmatic randomized clinical trials in patients affected by depression and diabetes were
used. These conditions are relevant for the comparison of the crosswalks and the value sets as they
are associated with significant impairments in HRQoL.”?°

Methods

Data

This study used data from two pragmatic cluster-randomized controlled trials performed in the
Netherlands. Full details of the trials are described elsewhere.®?' In brief, the first trial (referred to
as depression study in this paper) assessed the cost-effectiveness of a program consisting of four
sequential treatment steps to prevent major depression in comparison with usual care among
patients with subthreshold depression symptoms. In the second trial (referred to as the diabetes
study in this paper), the intervention consisted of group sessions aiming at improving symptom
recognition and management of hypoglycaemia by patients with diabetes. This intervention was
compared to current practice.

Both studies used the Dutch EQ-5D-5L value set for estimating utilities and found that the
intervention under study was not cost-effective compared to usual care. In the depression study,
the EQ-5D-5L was administered at baseline and every 3 months until a 12-month follow-up. In the
diabetes study, it was administered at baseline and at 2, 4, and 6-month follow-ups. Costs were
measured from a societal perspective, and included costs of the study interventions, health care
utilization, medication, and lost productivity (absenteeism and presenteeism).8?'

The EQ-5D-5L utility estimation methods

For both case studies, utility values were estimated using the EQ-5D-5L crosswalk approach' and
the 5L value sets of England,? the Netherlands,” and Spain.>* In the crosswalk method, utility values
for the 5L version were predicted from the 3L utilities of the United Kingdom (U.K. crosswalk),’ the
Netherlands (Dutch crosswalk),’® and Spain (Spanish crosswalk).'
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Analyses

Hypothetical health states

First, both utility estimation methods were compared in terms of possible changes in utility values
between hypothetical adjacent health states. For this purpose, the definition of adjacent health states
published by Mulhern et al.”” was used; i.e,, “as having one dimension with one level difference”. For
instance, in the mobility dimension, the utility differences between health states 11111 and 21111;
21111 and 31111; 31111 and 41111; 41111 and 51111 were calculated. This approach was also
applied to the other 4 dimensions, resulting in 25 adjacent hypothetical health states. Subsequently,
the utility values of the 25 hypothetical health states were calculated based on both methods and
compared. This analysis provides an overview of the potential magnitude of the differences due
to the utility estimation method used. We extend the analysis performed by Mulhern et al. by also
including the Dutch and Spanish sets.

Case studies - comparison of utility values

Hereafter, the pooled utility value distributions of all measurement points obtained from the samples
included in the case studies were compared using Kernel density histograms. Using these data, the
mean utility values, standard deviations of the mean utility values (SDs), ranges and 95% confidence
intervals (Cl) were estimated. Mean differences in utility values between the EQ-5D-5L crosswalk
and the 5L value set, including their 95% confidence intervals, were described by country. Also, the
utility values generated by both methods were used to calculate QALYs. QALYs were estimated by
the area-under-the-curve method with linear interpolation between time points.

Case studies - comparison of cost-utility outcomes

Subsequently, two cost-utility analyses were conducted per country; one using the EQ-5D-5L
crosswalk and one using the 5L value set. For both case studies, missing data were imputed using
multiple imputation by Chained Equations.” The EQ-5D-5L descriptive system was imputed, rather
than the corresponding utility values, to allow for the calculation of utility values based on different
value sets using the imputed EQ-5D-5L responses. Predictive mean matching was used to deal with
the skewed distribution of the costs and the categorical nature of the EQ-5D-5L descriptive system
data.?® All potential variables associated with the “missingness” of data, cost and effect outcomes,
and possible confounders were included in the multiple imputation model. Datasets were imputed
in order for the loss of efficiency to be less than 5%.? Ten datasets were analyzed separately, and
estimates were pooled using Rubin’s rules.?”

Incremental costs and incremental QALYs were estimated using seemingly unrelated regression
(SUR) analyses,® in which two separate regression models for costs and QALYs are estimated and the
correlation between costs and QALYs is accounted for through correlated error terms. Bias-corrected
and accelerated bootstrapping with 5,000 replications was used to estimate confidence intervals
surrounding incremental costs.? Incremental Cost-Effectiveness Ratios (ICERs) were calculated by
dividing incremental costs by incremental QALYs. Uncertainty surrounding the ICERs was estimated
using bootstrapping®*3' and by plotting cost-effectiveness acceptability curves (CEACs).>? CEACs
indicate the probability of an intervention being cost-effective compared with a control for a range
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of willingness-to-pay thresholds.>2 All data analyses were performed in Stata Statistical Software 14

version.

Results

Hypothetical health states

Table 1 compares the differences between the EQ-5D-5L crosswalks and the 5L value sets for the 25
adjacent hypothetical health states. The U.K,, the Dutch, and the Spanish crosswalks resulted in the
largest utility decrements between response levels 5 “extreme” and 4 “severe’, whereas the largest
decrements in their respective 5L value sets occurred between levels 4 “severe” and 3 “moderate”.

In the EQ-5D-5L crosswalk for UK. the utility decrement between levels 2 “slight” and 1 “no
problems” was larger than in the 5L value set for England in all five dimensions. In the Dutch
crosswalk, the utility decrement between levels “slight” and “no problems” was very similar and
slightly higher as compared to the Dutch 5L value set in all dimensions, except in the usual activities
dimension. In the Spanish crosswalk, the utility decrement between levels “slight”and “no problems”
was larger (but of small magnitude as compared to the U.K. crosswalk) than in the Spanish 5L value

set, except in the anxiety/depression dimension.

Case studies — comparison of utility values

Table S1 presents the background characteristics of the two samples at baseline. Figure 1 shows
the kernel density histograms for the EQ-5D-5L crosswalks and the 5L value sets by case study. Both
utility estimation methods result in a left-skewed distribution of utility values. In the depression
study, the EQ-5D-5L crosswalks and the 5L value sets resulted in a unimodal distribution whereas
in the diabetes study they resulted in a bimodal distribution. In both case studies, peaks for the
U.K. crosswalk were different than for the England 5L value set. However, there were only slight
differences in the utility value distributions for the Dutch and Spanish crosswalks, and their 5L value
sets and the peaks for the two methods were similar.
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Figure 1 | Kernel density histograms comparing the utility values distribution by the five-level (5L) EuroQol
five-dimension questionnaire crosswalks and the 5L value sets by country. Depression study: a.1, b.1,and c.1.
Diabetes study: a.2, b.2, and c.2.

Table 2 reports the minimum, maximum, and mean utility values estimated by the EQ-5D-5L
crosswalks and the 5L value sets in the two case studies. The maximum utility value was 1.000 for
both utility estimation methods in both case studies and for all countries. Differences in minimum
utility values were found between the EQ-5D-5L crosswalk and the 5L value set in both case studies,
and those differences were most pronounced for the Netherlands. Mean utility values were lower
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when generated using the EQ-5D-5L crosswalk compared with the 5L value set in both case studies
for England and Spain, whereas the opposite was true for the Netherlands.

Case studies - comparison of cost-utility outcomes

Table 3 shows the results of the economic evaluations using both utility estimation methods in
each case study per country. In both case studies and for all countries, relatively small differences in
incremental QALYs were found between the EQ-5D-5L crosswalk and the 5L value set (<0.0038). In
all scenarios, the intervention was on average less costly and less effective compared to the control
condition, resulting in negative ICERs. Thus, both interventions were dominated by the control
group for all countries. ICER point estimates differed between the two utility estimation methods
for both case studies and all countries, with differences in the magnitude of the ICER point estimates
ranging from -35,998€/QALY for Spain to 20,000€/QALY for the Netherlands in the depression study
and from -4,063€/QALY for England to 369€/QALY for Spain in the diabetes study. Although the
impact of using the EQ-5D-5L crosswalk or the 5L value set on the deterministic estimates of the
ICER was large in both case studies and in all countries, this was mainly due to the small differences
in QALYs between the treatment groups, and not to the utility estimation methods.

Despite the observed differences in utility value distributions, mean utility values, and ICER point
estimates, the distribution of bootstrapped cost-effect pairs on the cost-effectiveness plane was
similar for the EQ-5D-5L crosswalks and 5L value sets in both case studies for all countries (Table 3).

Table 4 and Figure 2 show the differences in the probability of cost-effectiveness between both
utility estimation methods by country and case study. In both case studies, the probabilities of cost-
effectiveness are relatively similar across methods in all three countries for all willingness-to-pay
thresholds (Table 4). Consequently, the CEACs of both utility estimation methods look similar for all
countries and case studies (Figure 2).
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Table 2 | Comparing utility values estimated by the EQ-5D-5L crosswalks and the 5L value sets of England,
the Netherlands and Spain

Method Mean utility (SD) Min Max 95% Cl
Depression

U.K. crosswalk 0.676 (0.19) -0.160 1 0.664; 0.687
England 5L value set 0.752 (0.20) -0.153 1 0.741;0.763
Mean difference -0.076 (0.02) -0.073;-0.080
Dutch crosswalk 0.720(0.17) -0.041 1 0.710; 0.730
Dutch 5L value set 0.706 (0.22) -0.344 1 0.694;0.719
Mean difference 0.014 (0.07) 0.010; 0.018
Spanish crosswalk 0.712(0.21) -0.282 1 0.700; 0.725
Spanish 5L value set 0.730 (0.19) -0.201 1 0.719; 0.741
Mean difference -0.017 (0.07) -0.013;-0.021
Diabetes study

U.K. crosswalk 0.808 (0.19) -0.038 1 0.792;0.824
England 5L value set 0.862 (0.16) 0.132 1 0.849; 0.875
Mean difference -0.054 (0.05) -0.049; -0.059
Dutch crosswalk 0.8234(0.17) 0.082 1 0.809; 0.837
Dutch 5L value set 0.8231(0.19) -0.006 1 0.808; 0.839
Mean difference 0.0003 (0.05) 0.003; 0.004
Spanish crosswalk 0.842 (0.18) -0.088 1 0.827;0.857
Spanish 5L value set 0.850 (0.16) 0.010 1 0.836; 0.864
Mean difference -0.008 (0.05) -0.004;-0.012

Abbreviations: 5L, five-level; Cl, confidence interval; EQ-5D-5L, five-level EuroQol five-dimension questionnaire; SD, standard
deviation.
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Table 3 | Results of the cost-utility analysis

Method Incremental costs  Incremental QALYs  ICER (€) Distribution of the
(95% Cl) (95% CI) Cost-Effectiveness plane (%)
North- South- South- North-
east® east”  west®  westd
Depression study
U.K. crosswalk €2,000 -0.0085 236282 28 8 3 61
[€-935; €5,122] [0.0553; 0.0387]
England 5L €2,000 -0.0080 -248,856 27 7 3 63
value set [€-951;€5,172] [-0.0526; 0.0365]
Difference - 0.0005 -12,574 1 1 0 2
Dutch crosswalk €2,000 -0.0067 -297,131 29 7 3 61
[€-957; €5,159] [-0.0462; 0.0327]
Dutch 5L €2,000 -0.0072 -277,071 31 7 3 59
value set [€-970; €5,150] [-0.058; 0.043]
Difference - -0.0005 20,060 2 0 0 2
Spanish crosswalk €2,000 -0.0084 -238,703 28 8 2 61
[€-935; €5,166] [-0.0582;0.0415]
Spanish 5L €2,000 -0.0073 -274,700 30 7 3 60
value set [€-966; €5,183] [-0.0530; 0.0385]
Difference - 0.0011 -35,997 2 1 1 1
Diabetes study
U.K. crosswalk €49 -0.0090 -5,441 15 12 33 40
[€-1205;€1,090]  [-0.0378;0.0197]
England 5L €49 -0.0052 -9,504 19 16 30 35
value set [€-1206; €1,077] [-0.0300; 0.0197]
Difference - 0.0038 -4,063 4 4 3 5
Dutch crosswalk €49 -0.0082 -6,014 15 12 34 39
[€-1202; €1,097] [-0.0342;0.0179]
Dutch 5L €49 -0.0066 -7/424 18 15 31 36
value set [€-1,205; €1,090] [-0.363; 0.0231]
Difference - 0.0016 -1,410 3 3 3 3
Spanish crosswalk €49 -0.0071 -6,932 16 14 32 38
[€-1204; €1,098] [-0.0344; 0.0202]
Spanish 5L €49 -0.0075 -6,563 16 13 33 38
value set [€-1204; €1,098] [-0.0332;0.0182]
Difference - -0.0004 369 0 1 1 0

Note: In both case studies, the new intervention was on average more costly and less effective and therefore was dominated
by control. Abbreviations: Cl, confidence interval; ICER, cost-effectiveness ratio; QALY, quality-adjusted life-year.

*New intervention is more effective but more costly compared with control. °®New intervention is more effective and less
costly compared with control. ‘New intervention is less effective and less costly compared with control. New intervention
is less effective and more costly compared with control.
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Table 4 | Comparing the probability of cost-effectiveness between the EQ-5D-5L crosswalk and the 5L value
set by country and case study at different willingness-to-pay thresholds

Method 0 20,000 34,000*
€/QALY gained €/QALY gained €/QALY gained
Depression study
England 5L value set 0.1039 0.1226 0.1382
U.K. crosswalk 0.1041 0.1256 0.1425
Difference -0.0002 -0.0030 -0.0043
Dutch 5L value set 0.1039 0.1281 0.1480
Dutch crosswalk 0.1025 0.1202 0.1346
Difference 0.0014 0.0079 0.0133
Spanish 5L value set 0.1041 0.1244 0.1413
Spanish crosswalk 0.1032 0.1292 0.1487
Difference 0.0009 -0.0048 -0.0073
Diabetes study
England 5L value set 0.4668 0.4059 0.3789
U.K. crosswalk 0.4669 0.3644 0.3234
Difference -0.0001 0.0415 0.0554
Dutch 5L value set 0.4669 0.3915 0.3621
Dutch crosswalk 0.4668 0.3703 0.3284
Difference 0.0001 0.0212 0.0337
Spanish 5L value set 0.4668 0.3783 0.3396
Spanish crosswalk 0.4669 0.3869 0.3536
Difference -0.0001 -0.0086 -0.0140

Note. The probability of cost-effectiveness is determined as the proportion of the bootstrapped cost-effect pairs where the
intervention is cost-effective (i.e., the proportion of the bootstrapped cost-effect pairs falling to the South-East quadrant of
the CE plane) given a willingness-to-pay threshold (e.g., the probability of the intervention being cost-effective was.1382
using U.K. crosswalk and.1425 using 5L value set for England at willingness-to-pay of €34,000/QALY gained, a difference
of.0043). Abbreviations: 5L, five level; EQ-5D-5L, five-level EuroQol five-dimension questionnaire; QALY, quality-adjusted life
year.

2U.K. upper commonly accepted willingness-to-pay threshold.
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Figure 2 | The five-level (5L) EuroQol five-dimension questionnaire crosswalks and the 5L value sets cost-
effectiveness acceptability curves by country and case study. The probability of the intervention being cost-
effective at different willingness-to-pay thresholds. QALY, quality-adjusted life year. Depression study:a.1, b.1,
and c.1. Diabetes study: a.2, b.2, and c.2

Discussion

The aim of the current study was to compare utility values generated using EQ-5D-5L crosswalks
and 5L value sets for England, the Netherlands and Spain, and to assess whether the use of these
different utility estimation methods affected cost-utility outcomes in two case studies. Results
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showed that differences exist in the utility value distribution, mean utility values, and ICER point
estimates between the EQ-5D-5L crosswalks and 5L value sets in all countries investigated. However,
in our case studies, differences in mean utility values between both utility estimation methods
were smaller than the minimum clinically important difference for EQ-5D utility values of 0.074.3
Moreover, the impact of using either one of those methods on the estimated utility values was
similar in the intervention and control groups, thereby not translating into relevant differences in
incremental QALYs and probabilities of the interventions being cost-effective.

The observed differences in utility values between the EQ-5D-5L crosswalk and the 5L value
set within and between countries could be due to differences in the descriptive system between
EQ-5D versions, the use of different modelling techniques, and differences in sociodemographic
characteristics of the study populations. It is noteworthy that mean utility values derived using the
EQ-5D-5L crosswalk were lower than those derived using the 5L value set in England and Spain, but
higher in the Netherlands. As EQ-5D-5L health states and predicted EQ-5D-3L health states were
similar in all countries, this is likely due to differences across countries regarding the decrements that
the general public attribute to the severity levels of both versions of the EQ-5D. Moreover, although
the observed differences did not impact the probability of cost-effectiveness in the uncertainty
analyses, deterministic outcomes of economic evaluations were affected by these differences.
Especially striking is the large difference in utility values between the U.K. EQ-5D-5L crosswalk and
the England 5L value set, which is in contrast with the results for Spain and the Netherlands. This
finding supports the recommendation of NICE to calculate utility values using the crosswalk from
the 3L value set and not the EQ-5D-5L values.®*

To the best of our knowledge, only three studies have been published comparing the EQ-5D-
5L crosswalk and 5L value set.''835 The first study, conducted by Mulhern et al., (2018) observed
that the England 5L value set produces utility values that are on average 0.085 points higher than
the UK. EQ-5D-5L crosswalk across 12 health conditions, including depression and diabetes. In
the current study, we observed similar differences in utility values for England (e.g., a 0.076 points
difference among depressed patients), but also that these differences were less pronounced for the
Netherlands and Spain.

The second study, conducted by Camacho et al., found mean utility values estimated using the
England 5L value set to be approximately 0.08 points higher than mean utility values estimated
using the U.K. EQ-5D-5L crosswalk in people with mental health issues. Consequently, they found
ICER point estimates to be higher for the U.K. EQ-5D-5L crosswalk than for the England 5L value set.™
In our study, similar differences in mean utility values and ICER point estimates were found across
utility estimation methods in both case studies for all countries investigated.

More recently, Yang et al3> explored the impact of using EQ-5D-5L crosswalks or 5L value
sets on incremental QALYs in a model-based economic evaluation for seven countries (including
England and the Netherlands, but not Spain). For this, they used data from patients at end-stage
renal disease. Similar to our results, they found that both utility estimation methods resulted in
comparable incremental QALYs for the Netherlands (mean difference: 0.009). However, they found a
relatively large difference in incremental QALYs between the U.K. EQ-5D-5L crosswalk and England
5L value set (mean difference: 0.098), which was in contrast with our results. This difference in results
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may be due to the fact that Yang et al. included severely ill patients, whereas moderately ill patients
were included in our case studies.

The current study went beyond the aforementioned studies by assessing the impact of using
either one of the utility estimation methods on utility values as well as cost-utility analysis outcomes,
such as incremental QALYs, ICER point estimates, and CEACs. Our results indicated that the identified
differences in the utility value distribution, mean utility values, and ICER point estimates between
the EQ-5D-5L crosswalks and the 5L value sets for England, the Netherlands, and Spain did not
translate into relevant differences in incremental QALYs and the probability of the interventions
being cost-effective as compared to the control group. This is likely caused by the high level of
uncertainty surrounding utility values and QALYs, and more importantly, by the fact that the impact
of using either one of the utility estimation methods was similar in the intervention and control
groups, thereby not affecting cost-utility outcomes, such as incremental QALYs and CEACs. However,
it is unclear whether this also applies to populations with more severe health conditions.

This study has some limitations. First, both case studies included relatively few patients with more
severe EQ-5D-5L health states, and the interventions under study were primarily aimed atimproving
quality of life, instead of increasing life expectancy. Therefore, further research is needed to assess
whether the current findings also apply to interventions aimed at more severely ill patients. This
is particularly important because utility decrements between response levels 5 and 4 are typically
larger in the EQ-5D-5L crosswalks than in the 5L value sets. Another potential limitation is that the
difference in QALYs between the intervention and control groups was relatively small and in favour
of the control group in both case studies. Future research should indicate whether the probability of
an intervention being cost-effective differs in economic evaluations where the difference in QALYs
across treatment groups is larger and in favour of the intervention group.

The strengths of our study are that we did not only explore differences in utility values but also
performed a full cost-utility analysis to assess the impact on cost-utility outcomes, i.e., incremental
QALYs and ICERs. Moreover, to the best of our knowledge, we are the first to assess the joint
uncertainty around ICER in two empirical longitudinal datasets in relation to the use of these
different utility estimation methods. Bearing in mind the importance of using country-specific value
sets in order to account for sociocultural differences among populations,® another strength is that
we explored the impact of using the crosswalk or value set in three different countries.

Conclusions

Inline with previous research, the current study found differences to exist in utility value distributions,
mean utility values, and ICER point estimates between EQ-5D-5L crosswalks and 5L value sets
for England, the Netherlands, and Spain. However, in our case studies, these differences did not
translate into relevant differences in incremental QALYs and the probability of the intervention
being cost-effective as compared to the control group at different willingness-to-pay thresholds. In
spite of the identified differences between both utility valuation methods, this suggests that EQ-5D-
5L crosswalks and 5L value sets can be used interchangeably in economic evaluations of patients
affected with mild or moderate conditions. Further research is needed to establish whether these
findings also apply in situations where the EQ-5D-5L is administered to severely ill patients.
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Supplementary Table 1 | Characteristics of samples from both case studies

Depression study Diabetes study

n=236 n=137
Age, mean (SD) 67 (10.0) 52(13.2)
Female, n (%) 107 (45.3) 63 (46.0)
Mobility
None 76 (35.0) 100 (73.0)
Slight 62 (28.5) 27 (19.7)
Moderate 47 (21.6) 4(2.9)
Severe 30(13.8) 5(3.6)
Extreme/ unable to 2(0.9) 1(0.7)
Self-care
None 188 (86.6) 128 (93.4)
Slight 18(8.3) 8(5.8)
Moderate 8(3.7) 1(0.7)
Severe 1(0.5) 0
Extreme/ unable to 2(0.9) 0
Usual activities
None 68 (31.3) 79 (57.7)
Slight 93 (42.9) 24 (17.5)
Moderate 41(18.9) 28 (20.4)
Severe 15 (6.9) 4(2.9)
Extreme/ unable to 0 2(1.5)
Pain/ discomfort
None 32(14.7) 73(53.3)
Slight 89 (41.0) 35(25.5)
Moderate 71 (32.7) 22 (16.1)
Severe 22(10.1) 6 (4.4)
Extreme/ unable to 3(1.4) 1(0.7)
Anxiety/ depression
None 105 (48.4) 74 (54.0)
Slight 79 (36.4) 39(28.5)
Moderate 29 (13.4) 17 (12.4)
Severe 4(1.8) 7(5.1)

Extreme/ unable to 0 0
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Abstract

Purpose
Inconsistent results have been found on the impact of using crosswalks versus EQ-5D value sets on
reimbursement decisions. We sought to further investigate this issue in a simulation study.

Methods

Trial-based economic evaluation data were simulated for different conditions (depression, low back
pain, osteoarthritis, cancer), severity levels (mild, moderate, severe), and effect sizes (small, medium,
large). For all 36 scenarios, utilities were calculated using 3L and 5L value sets and crosswalks (3L
to 5L and 5L to 3L crosswalks) for the Netherlands, the United States, and Japan. Utilities, quality-
adjusted life years (QALYs), incremental QALYs, incremental cost-effectiveness ratios (ICERs), and
probabilities of cost-effectiveness (pCE) obtained from values sets and crosswalks were compared.

Results

Differences between value sets and crosswalks ranged from -0.33 to 0.13 for utilities, from -0.18
to 0.13 for QALYs, and from -0.01 to 0.08 for incremental QALYs, resulting in different ICERs. For
small effect sizes, at a willingness-to-pay of €20,000/QALY, the largest pCE difference was found for
moderate cancer between the Japanese 5L value set and 5L to 3L crosswalk (difference=0.63). For
medium effect sizes, the largest difference was found for mild cancer between the Japanese 3L value
set and 3L to 5L crosswalk (difference=0.06). For large effect sizes, the largest difference was found
for mild osteoarthritis between the Japanese 3L value set and 3L to 5L crosswalk (difference=0.08).

Conclusion
The use of crosswalks instead of EQ-5D value sets can impact cost-utility outcomes to such an extent
that this may influence reimbursement decisions.
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Introduction

The EQ-5D is one of the most frequently used generic preference-based measures of health-related
quality of life in economic evaluations worldwide,'? as it is shown to be valid and responsive in
multiple health conditions®** and cultural contexts.® It comprises a standardized descriptive system
that describes health using five health dimensions (i.e., mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression). The original EQ-5D uses 3 severity levels per health dimension
(EQ-5D-3L) to describe an individual’s health state, that is “no problems’, “some problems”, and
“extreme problems” (further referred to as the EQ-5D-3L).5To increase its sensitivity to changes within
and between subjects’ health states and to reduce commonly observed ceiling effects, a 5-level
version of the EQ-5D was developed (further referred to as the EQ-5D-5L).”2 The EQ-5D-5L describes
health in terms of the same health dimensions, but uses 5 severity levels, that is “no problem’, “slight
problems”, “moderate problems’, “severe problems’, and “extreme problems”. Literature has shown
that the EQ-5D-5L has improved measurement properties compared with the EQ-5D-3L.%"

For Health Technology Assessment (HTA) purposes, EQ-5D health states are preferably scored
using country-specific value sets. A value set includes a number of utilities assigned to each of
the health states described by the EQ-5D." These utilities typically indicate the general public’s
preferences for a certain health state on a scale anchored at 0 (equaling death) and 1.0 (equaling full
health). Utilities below zero are possible for health states that are considered to be worse than dead.
By multiplying these utilities by the duration an individual spends in a certain health state, quality-
adjusted life years (QALY) are calculated, which is the main effect outcome in cost-utility analyses.'

In many countries, value sets are available for the EQ-5D-3L and/or the EQ-5D-5L. The use of
national EQ-5D value sets is advised, if they have been produced according to the latest standard
procedures (e.g., the EuroQol Valuation Technology - EQ-VT - protocol).''> Otherwise, the country-
specific value set may not be recommended to be used by HTA agencies. For example, the National
Institute for Health and Care Excellence (NICE) currently does not recommend using the EQ-5D-
5L value set for England™ due to methodological issues found in the initial version of the EQ-VT
protocol,”'” but to use the mapping approach developed by Herndndez-Alava & Pudney (2017)
as an interim scoring method instead.''? In other situations, EQ-5D-3L or EQ-5D-5L data may have
been collected in a clinical trial, while there is no national value set available at all for the country
in which the trial was performed. In those cases, researchers may use a reference value set close to
the socio-cultural context of application. It may also happen that a value set is only available for one
of the EQ-5D versions (e.g., 3L), while data have been collected using the other version (e.g., 5L). In
most of these cases, mapping approaches, such as crosswalks and copula mapping models, can be
used to estimate utilities for the other instrument.>22 The most widely used mapping approach
for HTA purposes? is the one of van Hout et al. (2012),° which estimates 5L utilities by mapping
EQ-5D-5L to EQ-5D-3L (i.e., 5L to 3L crosswalk). An extension of this mapping approach was recently
published by van Hout and Shaw (2021),22 which estimates 3L utilities from mapping EQ-5D-3L to
EQ-5D-5L (i.e,, 3L to 5L crosswalk).

Given that healthcare decision-makers can be confronted with scientific evidence that is based
on EQ-5D value sets or mapping approaches, guidance on choosing the most appropriate utility
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scoring method is urgently needed.” So far, the literature suggests that EQ-5D scoring methods
might result in different utility values, but inconsistent results have been found on the extent to
which these differences affect differences in QALY between treatment groups (i.e., incremental
QALY) and impact reimbursement decisions.'®?*?* Camacho et al. (2018), for example, concluded
that the use of crosswalks instead of England 5L value sets may increase the likelihood of mental
health interventions being cost-effective, while Ben et al. (2020) found that the probability of
interventions for mental health and diabetes being cost-effective was not significantly affected by
using crosswalks compared to 5L value sets for England, the Netherlands, and Spain. Both studies,
however, only used data of a small number of empirical studies (i.e., <5), which typically assessed a
restricted number of health conditions and interventions with relatively small effect sizes.

This study was, therefore, conducted to further investigate the impact of using the 5L to 3L
crosswalk compared to 5L value sets on cost-utility outcomes, and hence the possible impact on
reimbursement decisions, in a broad range of simulated scenarios. These scenarios included a
broader range of health conditions, particularly those that are associated with moderate and severe
EQ-5D health states. Moreover, as a 3L to 5L crosswalk® has recently been published, we also decided
to assess the impact of using the 3L to 5L crosswalk compared to the 3L value set in a wide range of
simulated scenarios.

Methods

To evaluate the impact of using crosswalks or EQ-5D value sets on cost-utility outcomes, trial-based
economic evaluation data were simulated. In total, 36 different scenarios were simulated including
four health conditions (i.e., depression, low back pain, osteoarthritis, and cancer), three severity
levels (i.e, mild, moderate, and severe), and three treatment effect sizes (i.e., small, medium, and
large). An overview of all scenarios can be found in Table 1. After using four EQ-5D scoring methods
to estimate utilities (i.e., 3L and 5L value sets, 3L to 5L and 5L to 3L crosswalks) for the Netherlands
(NL), the United States (US), and Japan (JP), cost-utility analyses were performed for all 36 scenarios.
Finally, results obtained from the country-specific EQ-5D value sets and mapping approaches (also
referred to as 3L to 5L and 5L to 3L crosswalks in this paper) were compared.

Data generation
Data from eight trial-based economic evaluations were used to inform the data generation process.
These datasets contained EQ-5D-3L and EQ-5D-5L data of patients with depression,?*° low back
pain,®'3? osteoarthritis,**3* and cancer.3>3

First, the probabilities of observing the different EQ-5D-3L and EQ-5D-5L response levels per
health dimension at baseline were extracted from the empirical data by treatment group (i.e.,
intervention and control). This was done for each EQ-5D version, health condition, and severity
level separately. An overview of the cut-off scores®**’** used to classify patients as either having
mild, moderate, or severe symptoms per health condition can be found in Appendix 1. Based on the
extracted baseline probabilities, 150 baseline profiles were generated for a hypothetical intervention
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and control group. This was done using the EQ-5D simulation laboratory R package developed by
Parkin et al., which is provided the EuroQol Foundation for simulation studies.* This package allows
researchers to generate datasets with EQ-5D health states (e.g., 12312) of artificial patients, based
on pre-specified probabilities of observing the specific response levels within the dimensions. In the
current study, these probabilities were based on empirical datasets.?*-3¢

Subsequently, 150 follow-up profiles were generated by treatment group for each EQ-5D
version, health condition, and severity level separately. This was done using a matrix of transition
probabilities which were also based on the empirical datasets.?¢ These transitions probabilities
were then tweaked to obtain small, medium, and large treatment effect sizes. The magnitude of the
effect sizes was based on Cohen’s d (0.1-0.3 small, 0.5-0.7 medium, and >0.8 large).*®

Finally, baseline characteristics (i.e., age and gender) and follow-up costs were generated and
linked to the health profiles using the simstudy R package.*” Age was generated from a uniform
integer distribution including minimum and maximum values of 25 and 75 years, respectively. The
proportion of male subjects was randomly generated from a binary distribution with a mean of
0.19. Follow-up costs were generated from a gamma distribution with a mean of €2000, a “true
value” of the mean difference between treatment groups of €250, and a variance of 1. Please note
that “true value” means that in 95% of the cases, €250 is included in the 95% confidence interval of
the generated cost difference. A negative correlation between costs and QALYs was implemented
(r=-0.10). This means that high costs are associated with lower QALYs and vice-versa. The R script for
the data generation can be found at https://github.com/angelajben/EQ5D-simulation-crosswalks or
in Appendix 2.

Scoring methods

Utilities were estimated using four EQ-5D scoring methods: 3L value set, 5L value set, 3L to 5L
crosswalk,?? and 5L to 3L crosswalk.?® For both versions of the EQ-5D, utilities were calculated for
NL, US, and JP using the eq5d R package.”® These three countries were chosen, because they differ
considerably in terms of the utility decrements assigned to the different health dimensions of the EQ-
5D. For example, for the EQ-5D-3L, the decrement of being “confined to bed” (response level 3 on the
mobility dimension) is 0.161 in NL, 0.490 in US and 0.418 in JP. Another example is the decrement of
being “extremely anxious or depressed” of the EQ-5D-5L (response level 5 in the anxiety/depression
dimension), which is 0.421 in NL, 0.340 in US, and 0.197 in JP. Subsequently, 3L to 5L and 5L to 3L
crosswalked utilities for the three countries were estimated using the mapping approaches available
on the EuroQol website: https://euroqol.org/support/analysis-tools/cross-walk/. These mapping
approaches were chosen as they are the ones mostly used in practice.?

Analysis

Utilities and QALYs

For all scenarios and countries, the utilities distribution of the two simulated measurement points
(i.e., baseline and follow-up) were assessed using Kernel density histograms. Additionally, mean
utilities at baseline and mean QALYs (estimated using the area under the curve method)™ as well
as their respective standard deviations and ranges were described. For the EQ-5D-3L, utilities and
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QALYs estimated using country-specific 3L value sets and their respective 3L to 5L crosswalks were
described. For the EQ-5D-5L, utilities and QALYs estimated using the country-specific 5L value
sets and their respective 5L to 3L crosswalks were described. Differences in utilities and QALYs
between EQ-5D value sets and mapping approaches were compared using paired t-tests and their
corresponding 95% confidence intervals (95% Cl) were described per country. To explore whether
the differences between scoring methods were clinically relevant, a minimally clinically important
difference of 0.074 was used as a threshold.*

Cost-utility analysis

Using QALYs derived from the four EQ-5D scoring methods, cost-utility analyses were performed
for all 36 scenarios per country. Incremental QALYs and costs between treatment groups and
surrounding 95% Cls were estimated using seemingly unrelated regression analyses.*® Incremental
cost-effectiveness ratios (ICERs) were calculated by dividing incremental costs by incremental
QALYs. Bias-corrected and accelerated bootstrapping with 2,000 replications was used to estimate
statistical uncertainty surrounding the ICERs.>*> The distribution of the bootstrapped estimates
was presented in the cost-effectiveness plane (CE-plane).’' The probability of an intervention being
cost-effective compared to control was estimated using the Incremental Net Benefit (INB) approach,
where the probability of cost-effectiveness was estimated as the probability that INB>0 for every
value of the willingness-to-pay (WTP) threshold (i.e., €0, €20,000, €30,000, and €50,000 per QALY).>
In this study, an intervention was considered cost-effective if the probability of cost-effectiveness
at a specific WTP threshold was >0.80. Cost-utility analysis outcomes were descriptively compared
across scoring methods (i.e.,, between EQ-5D value sets and crosswalks). Data analyses were
performed in StataSE 16° (StataCorp LP, CollegeStation, TX, US).

Table 1| Overview of simulated scenarios

Scenario Patient population Effect size
Health condition Severity level

(1) Depression Mild Small
) Medium
(3) Large
(4) Moderate Small
(5) Medium
(6) Large
(7) Severe Small
(8) Medium
9) Large
(10) Low back pain Mild Small
(11) Medium
(12) Large
(13) Moderate Small
(14) Medium
(15) Large
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Scenario Patient population Effect size
Health condition Severity level

(16) Severe Small
(17) Medium
(18) Large
(19) Osteoarthritis Mild Small
(20) Medium
(21) Large
(22) Moderate Small
(23) Medium
(24) Large
(25) Severe Small
(26) Medium
(27) Large
(28) Cancer Mild Small
(29) Medium
(30) Large
(31) Moderate Small
(32) Medium
(33) Large
(34) Severe Small
(35) Medium
(36) Large

Third-six different scenarios were simulated including four different conditions (i.e., depression, low back pain, osteoarthritis,
and cancer), three severity levels (i.e., mild, moderate, and severe health states), and three treatment effect sizes (i.e., small,
medium, and large) for the Netherlands, the United States and Japan.

Results

Utilities

The distribution of utilities at baseline estimated by the crosswalks differed in all scenarios and
countries from those estimated by 3L and 5L value sets. Differences in utilities distributions were
more pronounced for the EQ-5D-3L than for the EQ-5D-5L. An example of such differences is shown
in Figures 1 and 2. Detailed information can be found in Appendix 3.

Differences in baseline utilities between EQ-5D value sets and crosswalks ranged from -0.33 for
the severe low back pain scenario (i.e., between the US 5L value set and 5L to 3L crosswalk, Table
3) to 0.13 for severe cancer scenario (i.e., between the US 3L value set and 3L to 5L crosswalk, Table
2). Baseline utilities estimated by EQ-5D value sets differed statistically significantly from those
estimated using crosswalks in all health conditions and severity levels in the investigated countries,
except for the Dutch EQ-5D-3L estimates for severe osteoarthritis (difference=0.001, IC 95% -0.01;
0.01, Table 2) and for the Japanese EQ-5D-5L estimates for moderate depression (difference=-0.002,
1C 95%-0.01; 0.003, Table 3).
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No clinically relevant differences between the Japanese 3L value set and 3L to 5L crosswalk were
found, whereas clinically relevant differences were found in 17% of the 12 possible comparisons
between the Dutch 3L value set and 3L to 5L crosswalk and in 67% of those between the US value
setand 3L to 5L crosswalk (Table 2). No clinically relevant differences between the Japanese 5L value
set and 5L to 3L crosswalk were found, whereas, between the Dutch and US value sets and their
respective 5L to 3L crosswalks, clinically relevant differences were found in 33% and 50% of the
comparisons, respectively (Table 3).
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Figure 1| Utility distribution EQ-5D-3L value sets and 3L to 5L crosswalks for the Netherlands (NL), the United
States (US), and Japan (JP). Scenario 1): mild depression and small treatment effect size. Scenario 2): mild
depression and medium treatment effect size. Scenario 3): mild depression and large treatment effect size.



o~
scenario (1)

ﬂ/\

=

-

o 1
Utiity

NL 5L value set

5L to 3L crosswalk

1 scenario (2)

| )

Y

EQ-5D scoring and impact on cost-utility outcomes: a simulation study | 47

\
5 1

A

NL 5L value set

5L 1o 3L crosswalk_|

<1
| scenario (3)

Utiity.

5L o 3L crosswalk |

NL 5L value set

| scenario (1) | scenano (1)
/ \
/ [\
- \ | \40
i /
\ \ \
\ § e
Py \\ \ \ \
- / \ !
J \
\
8| - \ \
P
— \
e ~
° i — = od———" 2
-5 ] 5 1 0 2 4 6 8 1
Utility Utility
US 5L value set 5L to 3L erosswak P 5L vaiue set 5810 3L crosswalk |
° r
N7 scenaro (2) n o scenario 2)
[ \ '3
" [\
/\J/’\‘*
/
e [/ g | <
i /
-
- b — . R
5 o 5 1 0 2 4 6 8 1
Uity Utility
US 5L value set 5L t0 3L crosswalk JP 5L vaiue set 5010 3L crosswalk |
™ scenario (3) 7 scenario (3)
n
s il s
I
)
- | =
" . | —
-5 5 H o 2 8 i

Utilty.

——— US 5L value set 5L to 3L crosswalk

Utily

JP 5L value set 5L 10 3L crosswalk |

Figure 2 | Utility distribution EQ-5D-5L value sets and 5L to 3L crosswalks for the Netherlands (NL), the United
States (US), and Japan (JP). Scenario 1): mild depression and small treatment effect size. Scenario 2): mild
depression and medium treatment effect size. Scenario 3): mild depression and large treatment effect size.

Table 2 | Differences in utilities estimated by 3L value sets and 3L to 5L crosswalks

Country Scoring method Patient Mean utilities Min Max 3Lvs - 3L to 5L cw
population (SD) (95% CI)

NL 3L value set Mild 0.63 (0.12) -0.03 1 0.01 (0.003; 0.02)
3L to 5L crosswalk depression 0.62 (0.14) 0.07 0.95

us 3L value set 0.71(0.15) 0.27 1 0.08 (0.07; 0.08)
3L to 5L crosswalk 0.63 (0.15) 0.1 0.96

JP 3L value set 0.65 (0.08) 0.42 1 -0.02 (-0.03;-0.02)
3L to 5L crosswalk 0.67 (0.09) 0.42 0.92

NL 3L value set Moderate 0.57(0.22) -0.07 1 0.01 (0.001; 0.02)
3L to 5L crosswalk depression 0.56 (0.15) -0.03 0.95

us 3L value set 0.67 (0.16) 0.21 1 0.09 (0.09; 0.10)
3L to 5L crosswalk 0.58 (0.16) -0.02 0.96

JP 3L value set 0.62 (0.10) 0.15 1 -0.02 (-0.02;-0.01)
3L to 5L crosswalk 0.64 (0.09) 0.35 0.92
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Country Scoring method Patient Mean utilities Min Max 3Lvs - 3L to 5L cw
population (SD) (95% CI)

NL 3L value set Severe 0.30 (0.24) -0.23 0.80 -0.07 (-0.08; -0.06)
3L to 5L crosswalk depression 0.37(0.19) 015  0.80

us 3L value set 0.47 (0.19) -0.01 0.84 0.09 (0.08; 0.09)
3L to 5L crosswalk 0.38 (0.20) -0.18 0.86

JP 3L value set 0.50 (0.16) -0.01 0.78 -0.03 (-0.04; -0.02)
3L to 5L crosswalk 0.53(0.11) 0.24 0.81

NL 3L value set Mild low 0.79 (0.08) 043 1 0.06 (0.05; 0.06)
3L to 5L crosswalk back pain 0.73 (0.07) 050 095

us 3L value set 0.79 (0.06) 0.51 1 0.06 (0.05; 0.07)
3L to 5L crosswalk 0.73 (0.10) 0.38 0.96

JP 3L value set 0.70 (0.06) 0.51 1 -0.04 (-0.04; -0.04)
3L to 5L crosswalk 0.74 (0.07) 0.53 0.92

NL 3L value set Moderate low 0.68 (0.19) 0.09 1 0.03 (0.02; 0.04)
3L to 5L crosswalk back pain 0.65 (0.13) 024 095

us 3L value set 0.72(0.14) 0.31 1 0.09 (0.08; 0.09)
3L to 5L crosswalk 0.63 (0.14) 0.19 0.96

JP 3L value set 0.65 (0.08) 0.42 1 -0.03 (-0.03; -0.03)
3L to 5L crosswalk 0.68 (0.09) 0.44 0.92

NL 3L value set Severe low 0.43 (0.25) -0.11 0.81 -0.04 (-0.05;-0.02)
3L to 5L crosswalk back pain 0.47 (0.15) 001 074

us 3L value set 0.54(0.18) 0.08 0.82 0.11(0.09; 0.11)
3L to 5L crosswalk 0.43 (0.16) 0.001 0.77

JP 3L value set 0.54 (0.09) 0.05 0.72 -0.04 (-0.04; -0.03)
3L to 5L crosswalk 0.58 (0.08) 0.33 0.77

NL 3L value set Mild 0.80 (0.09) 0.37 1 0.05 (0.05; 0.06)
3L to 5L crosswalk osteoarthritis 0.75 (0.08) 055 095

us 3L value set 0.80 (0.09) 0.36 1 0.06 (0.05; 0.07)
3L to 5L crosswalk 0.74 (0.10) 0.46 0.96

JP 3L value set 0.71(0.10) 0.30 1 -0.04 (-0.04; -0.03)
3L to 5L crosswalk 0.76 (0.08) 0.55 0.92

NL 3L value set Moderate 0.76 (0.09) 0.33 1 0.08 (0.07; 0.08)
3L to 5L crosswalk osteoarthritis 0.68 (0.07) 050 095

us 3L value set 0.77 (0.07) 0.45 1 0.11(0.11;0.12)
3L to 5L crosswalk 0.65 (0.10) 0.38 0.96

JP 3L value set 0.66 (0.05) 0.51 1 -0.02 (-0.02; -0.02)
3L to 5L crosswalk 0.68 (0.07) 0.52 0.92

NL 3L value set Severe 0.52 (0.26) -0.03 0.89 0.001 (-0.01; 0.01)
3Lto 5L crosswalk osteoarthritis 0.52(0.16) 007 085

us 3L value set 0.61(0.18) 0.27 0.85 0.12(0.11;0.12)
3L to 5L crosswalk 0.49 (0.15) 0.09 0.83

JP 3L value set 0.58 (0.08) 0.38 0.77 -0.02 (-0.02;-0.02)
3L to 5L crosswalk 0.60 (0.78) 0.37 0.79
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Country Scoring method Patient Mean utilities Min Max 3Lvs - 3L to 5L cw
population (SD) (95% CI)

NL 3L value set Mild 0.92 (0.09) 0.69 1 0.05 (0.04; 0.05)
3L to 5L crosswalk cancer 0.87 (0.08) 0.62 0.95

us 3L value set 0.91 (0.08) 0.77 1 0.02 (0.02; 0.03)
3L to 5L crosswalk 0.89 (0.08) 0.62 0.96

JP 3L value set 0.88(0.12) 0.65 1 0.02 (0.01; 0.02)
3L to 5L crosswalk 0.86 (0.07) 0.66 0.92

NL 3L value set Moderate 0.73 (0.15) 0.21 1 0.03 (0.03; 0.04)
3L to 5L crosswalk cancer 0.70 (0.11) 0.38 0.95

us 3L value set 0.76 (0.11) 0.42 1 0.06 (0.05; 0.07)
3L to 5L crosswalk 0.70(0.13) 0.39 0.96

JP 3L value set 0.69 (0.09) 0.45 1 -0.03 (-0.03;-0.02)
3L to 5L crosswalk 0.72 (0.09) 0.50 0.92

NL 3L value set Severe 0.55 (0.40) -0.33 1 0.04 (0.03; 0.04)
3L to 5L crosswalk cancer 0.51(0.36) -0.31 1

us 3L value set 0.62 (0.34) -0.11 1 0.13(0.12; 0.14)
3L to 5L crosswalk 0.49 (0.40) -0.42 0.96

JP 3L value set 0.56 (0.34) -0.11 1 -0.04 (-0.05; -0.02)
3L to 5L crosswalk 0.60 (0.24) 0.10 0.92

3Lvs: EQ-5D-3L value set. cw: crosswalk. NL: the Netherlands. US: United States. JP: Japan. Cl: confidence interval. Differences
in utilities between 3L value set and 3L to 5L crosswalk >0.074 (i.e., the minimally clinically important difference) are
highlighted in bold.

For the Netherlands, differences were clinically relevant in 2 out of 12 patient populations (i.e., 17%), for the United States in
8 out of 12 (i.e., 67%), for Japan no clinically relevant differences were found. Note that only 12 possible comparisons could
be done as no treatment effect was simulated at baseline. That is, four health conditions times three severity levels, also
referred to as patient population.

Table 3 | Differences in utilities estimated by 5L value sets and 5L to 3L crosswalks

Country Scoring method Patient Mean utilities Min Max 3Lvs - 3L to 5L cw
population (SD) (95% Cl)
NL 5L value set Mild 0.66 (0.26) -0.29 1 -0.03 (-0.03;-0.01)

5L to 3L crosswalk depression 0.69 (0.20) 0.003 1
us 5L value set 0.70(0.28) -0.37 1 -0.06 (-0.08; -0.05)
5L to 3L crosswalk 0.76 (0.15) 0.20 1
JP 5L value set 0.71 (0.16) 0.13 1 0.01 (0.005; 0.01)
5L to 3L crosswalk 0.70(0.13) 0.30 1
NL 5L value set Moderate 0.58 (0.29) -0.41 1 -0.04 (-0.05; -0.03)
(
(
(
(
(

5L to 3L crosswalk depression 0.62 (0.23) -0.16 1

us 5L value set 0.62(0.31) -0.45 1 -0.10(-0.12; -0.08)
5L to 3L crosswalk 0.72 (0.17) 0.13 1

JP 5L value set 0.67 (0.17) 0.08 1 -0.002 (-0.01; 0.003)
5L to 3L crosswalk 0.67 (0.13) 0.24 1
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Country Scoring method Patient Mean utilities Min Max 3Lvs - 3Lto 5L cw
population (SD) (95% CI)

NL 5L value set Severe 0.37(0.37) -0.41 1 -0.08 (-0.10; -0.08)
5L to 3L crosswalk depression 0.45 (0.28) -0.26 1

us 5L value set 0.40 (0.40) -0.45 1 -0.20 (-0.22;-0.18)
5L to 3L crosswalk 0.60 (0.22) -0.04 1

JP 5L value set 0.55 (0.21) 0.07 1 -0.04 (-0.04; -0.03)
5L to 3L crosswalk 0.59 (0.17) -0.06 1

NL 5L value set Mild low 0.45 (0.34) -0.18 0.80 -0.10 (-0.11; -0.09)
5L to 3L crosswalk back pain 0.55(0.22) 017 081

us 5L value set 0.39(0.35) -0.22 0.78 -0.22 (-0.24; -0.20)
5L to 3L crosswalk 0.61(0.16) 0.35 0.81

JP 5L value set 0.52(0.18) 0.24 0.76 -0.03 (-0.04; -0.04)
5L to 3L crosswalk 0.55 (0.10) 0.41 0.69

NL 5L value set Moderate low 0.42(0.31) -0.28 0.86 -0.10 (-0.12; -0.09)
5L to 3L crosswalk back pain 0.52 (0.20) 011 084

us 5L value set 0.37(0.32) -0.32 0.90 -0.22 (-0.24; -0.20)
5L to 3L crosswalk 0.59(0.15) 0.06 0.83

JP 5L value set 0.52(0.18) 0.13 0.87 -0.03 (-0.04; -0.02)
5L to 3L crosswalk 0.54 (0.10) 0.005 0.77

NL 5L value set Severe low 0.24 (0.22) -0.08 0.75 -0.18 (-0.18;-0.16)
5L to 3L crosswalk back pain 042 (0.13) 027 072

us 5L value set 0.18(0.23) -0.15 0.65 -0.33 (-0.34;-0.31)
5L to 3L crosswalk 0.51(0.09) 0.39 0.72

JP 5L value set 0.45 (0.15) 0.25 0.71 -0.05 (-0.06; -0.04)
5L to 3L crosswalk 0.50 (0.07) 0.42 0.63

NL 5L value set Mild 0.82(0.17) 0.05 1 -0.001 (-0.01; 0.004)
5Lto3Lcrosswalk ~ Oosteoarthritis 0.82(0.13) 0.32 1

us 5L value set 0.82(0.20) -0.02 1 -0.006 (-0.02; 0.01)
5L to 3L crosswalk 0.83 (0.11) 0.44 1

JP 5L value set 0.82(0.15) 0.33 1 0.06 (0.05; 0.06)
5L to 3L crosswalk 0.76 (0.13) 0.44 1

NL 5L value set Moderate 0.78 (0.13) -0.08 1 -0.002 (-0.01; 0.002)
5Lto3Lcrosswalk ~ Osteoarthritis 0.78(0.10) 0.20 1

us 5L value set 0.75(0.15) -0.06 1 -0.03 (-0.04; -0.03)
5L to 3L crosswalk 0.79 (0.09) 0.38 1

JP 5L value set 0.75(0.12) 0.30 1 0.06 (0.05; 0.06)
5L to 3L crosswalk 0.69 (0.10) 0.43 1

NL 5L value set Severe 0.59 (0.35) -0.38 0.89 -0.05 (-0.07; -0.04)
5Lto3Lcrosswalk ~ osteoarthritis 0.65 (0.27) 023 0.87

us 5L value set 0.55 (0.38) -0.55 0.94 -0.13 (-0.15;-0.11)
5L to 3L crosswalk 0.68 (0.23) -0.07 0.86

JP 5L value set 0.63(0.23) -0.001 0.90 0.03 (0.03; 0.04)
5L to 3L crosswalk 0.60 (0.19) -0.09 0.81
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Country Scoring method Patient Mean utilities Min Max 3Lvs - 3Lto 5L cw
population (SD) (95% CI)

NL 5L value set Mild 0.85(0.20) -0.10 1 -0.01 (-0.01;-0.003)
5L to 3L crosswalk cancer 0.86 (0.18) -0.02 1

us 5L value set 0.85(0.22) -0.18 1 -0.03 (-0.04; -0.02)
5L to 3L crosswalk 0.88(0.15) 0.23 1

JpP 5L value set 0.85 (0.18) 0.20 1 0.01(0.01; 0.02)
5L to 3L crosswalk 0.83 (0.18) 0.31 1

NL 5L value set Moderate 0.76 (0.26) -0.34 1 -0.03 (-0.03; -0.02)
5L to 3L crosswalk cancer 0.79 (0.20) -0.06 1

us 5L value set 0.75 (0.28) -0.42 1 -0.06 (-0.07; -0.05)
5L to 3L crosswalk 0.81 (0.16) 0.18 1

JpP 5L value set 0.76 (0.21) 0.10 1 0.01(0.01; 0.02)
5L to 3L crosswalk 0.75 (0.19) 0.27 1

NL 5L value set Severe 0.55(0.50) -0.45 1 -0.06 (-0.08; -0.05)
5L to 3L crosswalk cancer 0.61(0.41) -0.33 1

us 5L value set 0.52(0.53) -.57 1 -0.16 (-0.19;-0.14)
5L to 3L crosswalk 0.69 (0.32) =11 1

JpP 5L value set 0.65 (0.33) -.02 1 -0.01 (-0.02; -0.005)
5L to 3L crosswalk 0.66 (0.30) =11 1

5Lvs: EQ-5D-5L value set. cw: crosswalk. NL: the Netherlands. US: United States. JP: Japan. NL: the Netherlands. US: United
States. JP: Japan. Cl: confidence interval. Differences in utilities between 5L value set and 5L to 3L crosswalk > 0.074 (i.e., the
minimally clinically important difference) are highlighted in bold. For the Netherlands, differences were clinically relevant
in 4 out of 12 patient populations (i.e., 33%), for the United States in 6 out of 12 (i.e., 50%), for Japan no clinically relevant
differences were found. Note that only 12 possible comparisons could be done as no treatment effect was simulated at
baseline. That is, four health conditions times three severity levels, also referred to as patient population.

QALYs

Differences in QALYs between EQ-5D value sets and crosswalks ranged from -0.18 (i.e., between the
US 5L value set and 5L to 3L crosswalk, Table 4, scenario 16) to 0.13 (i.e., between the US 3L value set
and 3L to 5L crosswalk, Table 4, scenario 26). QALYs statistically significantly differed between EQ-5D
value sets and crosswalks in all 36 scenarios for the three countries. No clinically relevant differences
between the 3L value set and 3L to 5L crosswalk were found for Japan and the Netherlands, whereas
differences were clinically relevant in 14% of scenarios for the US. Clinically relevant differences
between the 5L value set and 5L to 3L crosswalk were found in 8%, 25%, and 50% of scenarios, for
the Netherlands, Japan, and the United States, respectively.
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Table 4 | Overview of differences in QALY between EQ-5D value sets and crosswalks

Country Scoring method Scenario  Patient Effect size QALYs(SD) Min Max QALY - QALY cw

population (95% CI)

NL 3L value set (7) Severe Small 0.44(0.20) -0.07 0.88 -0.07 (-0.07;-0.06)
3L to 5L crosswalk depression 0.51(0.15) 0.06 0.84

us 3L value set 0.56 (0.15) 0.20 0.91 0.04 (0.04; 0.05)
3L to 5L crosswalk 0.52(0.15) 0.10 0.85

JP 3L value set 0.58(0.12) 0.25 091 -0.05(-0.05;-0.04)
3L to 5L crosswalk 0.63(0.08) 0.41 0.81

NL 3L value set (26) Severe Medium  0.28(0.13) -0.03 0.46 -0.05(-0.06;-0.05)
3L to 5L crosswalk osteoarthritis 0.33(0.08) 003 0.50

us 3L value set 045(0.09) 024 0.60 0.13(0.12;0.13)
3L to 5L crosswalk 0.33(0.08) -0.02 053

JP 3L value set 0.52(0.09) 030 0.65 0.002(-0.01;0.002)
3L to 5L crosswalk 0.52(0.04) 033 063

NL 5L value set (16) Severe low Small 0.42(0.18) -0.06 0.87 -0.07(-0.08;-0.07)
5L to 3L crosswalk back pain 049(0.15) 012 0.86

us 5L value set 0.39(0.18) -0.15 0.82 -0.18(-0.19;-0.18)
5L to 3L crosswalk 0.57(0.12) 0.23 0.86

JP 5L value set 0.43(0.15) 0.05 0.82 -0.15(-0.15;-0.14)
5L to 3L crosswalk 0.58(0.10) 0.21  0.81

NL 5L value set (22) Moderate Small 0.71(0.15) 0.13 0.96 0.02(0.02;0.02)
5L to 3L crosswalk osteoarthritis 0.69(0.14) 025 0.94

us 5L value set 0.69(0.15) 0.13  0.97 -0.03(-0.03;-0.02)
5L to 3L crosswalk 0.72(0.11) 037 0.93

JP 5L value set 0.73(0.12) 022 0.97 0.05(0.04;0.05)
5L to 3L crosswalk 0.68(0.10) 0.34 091

3Lvs: EQ-5D-3L value set. 5Lvs: EQ-5D-5L value set. cw: crosswalk. NL: the Netherlands. US: United States. JP: Japan. Cl:
confidence interval.

Scenario 7 represents the lowest difference in QALYs between 3L value sets and 3L to 5L crosswalks across all scenarios
(i.e., -0.07 in bold). Scenario 26 represents the largest difference in incremental QALYs between 3L value sets and 3L to 5L
crosswalks across all scenarios (i.e., 0.13 in bold).

Scenario 16 represents the lowest difference in QALYs between 5L value sets and 5L to 3L crosswalks across all scenarios
(i.e., -0.18 in bold). Scenario 22 represents the largest difference in incremental QALYs between 5L value sets and 5L to
3Lcrosswalks across all scenarios (i.e., 0.05 in bold).

Cost-utility analysis

Incremental QALYs

Over all scenarios, the largest difference in incremental QALYs between 3L value sets and 3L to
5L crosswalks was 0.06 using Dutch valuations (Table 5, scenario 9), while the largest difference
between 5L value sets and 5L to 3L crosswalks was 0.08 using US valuations (Table 6, scenario 33).
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ICER

The largest differences in ICERs between crosswalks and EQ-5D value sets were found in scenarios
with small effect sizes, particularly those with mild health states regardless to the health condition
(Table 5, scenarios 1 and 19; Table 6 scenarios 1, 19, 28, 31). Depending on the country, the
magnitude of the difference in ICERs was so large that it could in turn impact the decision of whether
an intervention is cost-effective or not (i.e, whether the ICER lies below a country’s WTP per QALY
gained). For example, in the scenario 1, ICERs estimated by 3L to 5L crosswalk, and the Japanese
3L value set differed tremendously, with the biggest difference being €11,063/QALY gained for
the 3L to 5L crosswalk and €855,681/QALY gained for the Japanese 3L value set (Appendix 3). The
differences in ICERs were generally larger for the EQ-5D-3L compared with the EQ-5D-5L and were
most pronounced for Japan. Detailed information on ICERs can be found in Appendix 4.

Probatbilities of cost-effectiveness

Larger differences between crosswalks and EQ-5D value sets were found in scenarios with small
treatment effect sizes, while this was less evident for scenarios with medium and large ones. For
example, for small effect sizes, at a WTP of €20,000/QALY gained, the largest differences in the
probability of cost-effectiveness between EQ-5D value sets and crosswalks were found for mild
depression (difference between 3L value set and 3L to 5L crosswalk=0.42, Table 5, scenario 1) and
moderate cancer (difference between 5L value set and 5L to 3L crosswalk=0.63, Table 6, scenario
31) using Japanese valuations. For medium effect sizes, at the same WTP threshold, the largest
differences were found for mild cancer (difference between 3L value set and 3L to 5L crosswalk=
0.06, Table 5, scenario 29) and for severe low back pain (difference between 5L value set and 5L to
3L crosswalk=0.01, Table 6, scenario 17) using Japanese valuations. For large effect sizes, the largest
difference was found for mild osteoarthritis using Japanese valuations (difference between 3L value
set and 3L to 5L crosswalk=0.08, Table 5, scenario 21) and no differences were found between 5L
value sets and 5L to 3L crosswalks. At a WTP of €50,000/QALY gained, the largest differences were
found in scenarios including small effect sizes for mild depression (difference between 3L value set
and 3L to 5L crosswalk=0.47, Table 5, scenario 1) and moderate cancer (difference between 5L value
setand 5L to 3L crosswalk=0.54, Table 6, scenario 31) using Japanese valuations, while no differences
were found in all scenarios with medium and large effect sizes, except for severe osteoarthritis using
Dutch valuations (difference between 3L value set and 3L to 5L crosswalk=0.01, Table 5, scenario 26).
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Discussion

Main findings

The aim of the current study was to evaluate the impact of using crosswalks or EQ-5D value sets
on reimbursement decisions in a wide variety of simulated trial-based economic evaluations for
the Netherlands, the United States, and Japan. Results showed that differences exist in means and
distributions of utilities, incremental QALYs, and ICER point estimates between scoring methods
in all simulated scenarios and countries. In our study, this only affected reimbursement decisions
in scenarios with small treatment effect sizes, especially in mild health states regardless of the
health condition. This impact was more pronounced in the United States and Japan than in the
Netherlands. In scenarios with medium and large effect sizes, the impact on the probability of cost-
effectiveness was relatively small in all countries. Our findings suggest that caution is warranted
when using crosswalks, especially when treatment effect sizes are small and in countries that were
not included in the crosswalk development studies (i.e., all countries except Denmark, England, Italy,
the Netherlands, Poland, and Scotland).

Interpretation of the findings and comparison with the literature

In line with previous studies,'®**-* our study found that different EQ-5D scoring methods resulted
in different utilities estimates, which in turn resulted in different incremental QALY and ICER
estimates. Differences in utilities and QALYs between EQ-5D scoring methods in certain scenarios
and conditions may be due to differences in utility decrements between health dimensions in the
different value sets but also to the probability of observing certain response levels within conditions
(e.g., low back pain patients have a high probability of scoring severe response levels on the “pain/
discomfort” dimension). The magnitude of the differences and their clinical relevance differed
across countries, with differences generally being larger in the United States and Japan than in the
Netherlands.

A previous study concluded that there was no impact on reimbursement decisions of the
scoring method used.” In contrast, we now show that in some scenarios, particularly those with
small treatment effect sizes, the use of crosswalks instead of country-specific EQ-5D value sets
impacts cost-utility outcomes to such an extent that this may influence reimbursement decisions.
The difference in findings and conclusion between our previous and current study may be explained
by the fact that the interventions of the case studies used in our previous study were on average
“less effective” and “more costly” than control. In the present study, we simulated scenarios with
interventions that were “more effective” and “more costly”, which is a more likely scenario to occur
in real-life reimbursement decisions. Our current findings also show that different EQ-5D scoring
approaches were more likely to impact a reimbursement decision for countries that were not used
in the development of the crosswalk. This may be due to the fact that the sample included in the
crosswalk development study may not represent the preferences of other populations, particularly
those with considerably different views on health-related quality of life.
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Strengths and limitations

One of the strengths of this study is that the impact on cost-utility outcomes was evaluated for three
different countries, two of which were not used for the development of the crosswalk and differed
considerably from the Dutch value set in terms of the utility decrements assigned to the different
health dimensions of the EQ-5D.2%% Another strength is our use of simulated data and a wide range
of scenarios. These scenarios were based on empirical studies in chronic health conditions that
have a high impact on populations’ health-related quality of life and/or life expectancy. Moreover,
the simulated scenarios included different severity levels of the included health conditions and
interventions with small, medium, and large impacts on health-related quality of life. Furthermore,
full trial-based economic evaluations were performed including the assessment of uncertainty
around ICER estimates.

A limitation of this study is that cost data were simulated in such a way that cost differences
were not statistically significant, but we do not expect this to change our overall conclusion that
caution is warranted when using crosswalks for estimating EQ-5D utilities, particularly when effect
sizes are small. Additionally, only three countries were investigated, whereas EQ-5D value sets are
available for many countries. However, we deliberately chose countries with considerably different
utility decrements to include the full spectrum of preferences from other countries.

Recommendations for research and practice

The current results indicate that the use of crosswalks may impact on reimbursement decisions
in situations where treatment effect sizes are small, and interventions are more costly compared
to control. Given the rigorous quality control protocols for the EQ-5D valuation studies, the most
appropriate EQ-5D scoring method is the available country-specific value set developed using the
most recent version of the EQ-VT protocol.” In case of multi-country randomized clinical-trials,
researchers are recommended to check the HTA guidelines of the participating countries for the
most appropriate choice. Nonetheless, there are cases in which the decision on which value set to
use is more complex, such as when a value set is only available for one of the EQ-5D version, while
data have been collected using the other version of the EQ-5D. In such situations, caution is needed
when using crosswalks as they may impact cost-utility outcomes, particularly in countries that were
not included in the developments of the crosswalks. For further details and guidance about the
choice of scoring methods, researchers are advised to check EuroQol recommendations.?

It is important to note that health economic models submitted to HTA agencies rarely use
directly measured utilities, and that there is considerable freedom in which utilities are used. Thus,
the finding of this study that there are considerable differences between the different valuation
approaches do not necessarily result in an impact on QALY estimates in these models.
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Conclusions

Crosswalks may be used when value sets are missing for a specific country or jurisdiction. However,
our findings indicate that reimbursement decisions may change in situations with small effect sizes
and countries that were not included in the development of the crosswalks. Therefore, when EQ-
5D value sets are not available, researchers and decision-makers should be aware that the use of
crosswalk is likely to impact decisions.
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Appendix 1 | Cut-off points of severity levels

Health condition Measure Mild Moderate Severe
Depression MADRS26, 33 0-26 27-34 35-60
IDS-SR26, 34 0-38 39-48 49-84
HADS-D26, 35 0-19 20-25 26-52
BDI-1136 0-19 20-28 29-63
Low back pain and osteoarthritis NRS37 0-3 4-6 7-10
Cancer MSI38, 39 0-10 11-16 17-20
ECOG40 0-1 2 3-4

MADRS: Montgomery-Asberg Depression Rating Scale. IDS-SR: The Inventory of Depressive Symptomatology, Clinician
Rating and Self-Report. HADS: Hospital Anxiety and Depression Scale. BDI-IIl: Beck Depression Inventory-Il. NRS: Numeric
Rating Scale. MSI: Multidimensional Fatigue Inventory. ECOG: Eastern Cooperative Oncology Group performance status.
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Appendix 2 | R script - Data generation

# EQ-5D-3L Baseline Profile Generator for R
# Version 2.00 March 2019

# 1. load libraries
library(readr)

# 2. Set up a working diretory
setwd(“<<directory path>>")

# 3. Load the function profGen.f to generate baseline profiles for the 3L version
profGen.f <<-function(cases){

dim.name <- c(“Mobility”'Self Care’;’Usual Act’;’Pain & Dis";’Anx & Dep';Profile”)
baseProf.m <<- matrix(0,nrow=cases, ncol=6)

colnames(baseProf.m) <<- dim.name

for (v1in 1:cases) {

prof=0

for (v2in 1:5) {

P=runif(1)

if(P <= prob.m[v2,1]) {

baseProf.m[v1,v2] <<- 1

Jelsef

if(P <=(prob.m[v2,1]+prob.m[v2,2])) {

baseProf.m[v1,v2] <<-2

}else { baseProf.m[v1,v2] <<-3}

}

prof=prof+(baseProf.m[v1,v2]*(10A(5-v2)))

}

baseProf.m[v1,6] <<- prof

}

cat("\n"/First 10 profiles’"\n")

print(baseProf.m[1:10,1:6])

}

#
## DISEASE (d) [i.e., DEPRESSION, LOW BACK PAIN, OSTEOARTHRITIS, CANCER]

## BASELINE PROFILE — MILD

## Import the disease baseline probability matrix control group
prob.m <-read.csv(“d_bpm_ml_t0.csv’, row.names=1)
profGen.f(150) # generate baseline profiles

write.csv(baseProf.m, “d_bp_ml_t0.csv”) # save baseline profiles
## Import the disease baseline probability matrix treatment group
prob.m <-read.csv(“d_bpm_ml_t1.csv’, row.names=1)
profGen.f(150)

write.csv(baseProf.m, “d_bp_ml_t1.csv")

## BASELINE PROFILE — MODERATE
## Import the disease baseline probability matrix control group
prob.m <- read.csv(“d_bpm_mo_t0.csv’, row.names=1)
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profGen.f(150)

write.csv(baseProf.m, “d_bp_mo_t0.csv")

## Import the disease baseline probability matrix treatment group
prob.m <- read.csv(“d_bpm_mo_t1.csv’, row.names=1)
profGen.f(150)

write.csv(baseProf.m, “d_bp_mo_t1.csv")

## BASELINE PROFILE — SEVERE

## Import the disease baseline probability matrix control group
prob.m <- read.csv(“d_bpm_se_t0.csv’, row.names=1)
profGen.f(150)

write.csv(baseProf.m, “d_bp_se_t0.csv”)

## Import the disease baseline probability matrix treatment group
prob.m <- read.csv(“d_bpm_se_t1.csv’, row.names=1)
profGen.f(150)

write.csv(baseProf.m, “d_bp_se_t1.csv")

HHHHHEHA AR AR AR R
# Package: EQSimLab3L

# Title: EQ-5D-3L Simulation Laboratory

# Version: 0.0.0.9000

#1. Load libraries
library(readr)
library(eq5d)
library(foreign)

# 2. Set up a working diretory
setwd(“<<directory path>>")

# 3. generate follow-up profiles by treatment group

## TREATMENT GOUP

eq_make_profile_change()

# Do you want to import probabilities from a data file? (y = yes) >y
# File Name? > 0-tp-mld3I-t1.txt

# # Base profile data file name ? > d_bp_mlt1.txt

# Matched outcome profile data file name ? > d_fp_mlt1.txt

## CONTROL GROUP - the same transition probabilities as mild depression small effect size
eq_make_profile_change()

# Do you want to import probabilities from a data file? (y = yes) >y

# File Name? > 0-tp-mld3I-t0.txt

# Base profile data file name ? > d_bp_mlt0.txt

# Matched outcome profile data file name ? > d_fp_mlt0.txt

# 4. Calculate baseline and follow-up utilities

# EQ-5D-5L country-specific value sets must be one of: Canada, China, Denmark, Egypt, England,

# Ethiopia, France, Germany, HongKong, Hungary, Indonesia, Ireland, Japan, Malaysia, Netherlands,
# Peru_cTTO, Peru_DCE, Poland, Portugal, SouthKorea, Spain, Sweden, Taiwan, Thailand, Uruguay,
# USA, Vietnam
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# 4.1 baseline utilities control group

“baseProf.m.t0" <- read.csv(“~/2020-EuroQol-call/EQ5D_laboratory/probabilities/d_bp_mlt0.txt", sep="")
names(baseProf.m.t0)[1] <-"“id”

names(baseProf.m.t0)[2] <-“MO”

names(baseProf.m.t0)[3] <-“SC”

names(baseProf.m.t0)[4] <-“UA”

names(baseProf.m.t0)[5] <-“PD"

names(baseProf.m.t0)[6] <-“AD"

names(baseProf.m.t0)[7] <-“Profile.b”

baseProf.m.t05trt <- 0

baseProf.m.tOSNL.utility.o <- eq5d(baseProf.m.t0, type="TTO’, version="3L, country = “Netherlands’, ignore.
incomplete = TRUE)

baseProf.m.tOSUS.utility.b <- eq5d(baseProf.m.t0, type="TTO", version="3L", country = “USA", ignore.incomplete =
TRUE)

baseProf.m.t0$JP.utility.b <- eq5d(baseProf.m.t0, type="TTO’, version="3L", country = “Japan’, ignore.incomplete =
TRUE)

# 4.2 follow-up utilities control group

“outProf.m.t0" <- read.csv(“~/2020-EuroQol-call/EQ5D_laboratory/probabilities/d_fp_mlt0.txt", sep="")
names(outProf.m.t0)[1] <-“id”

names(outProf.m.t0)[2] <-“MQ”

names(outProf.m.t0)[3] <-“SC”

names(outProf.m.t0)[4] <-“UA"

names(outProf.m.t0)[5] <-“PD"

names(outProf.m.t0)[6] <-“AD"

names(outProf.m.t0)[7] <- “Profile.f”

outProf.m.t0Strt <- 0

outProf.m.t0 <- data.frame(lapply(outProf.m.t0, function(x) as.numeric(as.character(x))))

outProf.m.tOSNL.utility.f <- eq5d(outProf.m.t0, type="TTO’, version="3L", country = “Netherlands’, ignore.incomplete
=TRUE)

outProf.m.toSUS.utility.f <- eq5d(outProf.m.t0, type="TTO’, version="3L", country =“USA", ignore.incomplete = TRUE)
outProf.m.t0$JP.utility.f <- eq5d(outProf.m.t0, type="TTO", version="3L’, country ="“Japan’, ignore.incomplete = TRUE)

#4.3. Merge baseline and follow-up data control group
control <- merge(baseProf.m.t0, outProf.m.t0, by ="id")

# 4.4 baseline utilities treatment group
“baseProf.m.t1" <- read.csv(“~/2020-EuroQol-call/EQ5D_laboratory/probabilities/dep_bp_mlt1.txt’; sep="")
names(baseProf.m.t1)[1] <-"“id”

names(baseProf.m.t1)[2] <-“MO”
names(baseProf.m.t1)[3] <-“SC"
names(baseProf.m.t1)[4] <-“UA”"
names(baseProf.m.t1)[5] <-“PD"
names(baseProf.m.t1)[6] <-“AD"”
names(baseProf.m.t1)[7] <- “Profile.b”
baseProf.m.t15trt <- 1
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baseProf.m.t1SNL.utility.b <- eq5d(baseProf.m.t1, type="TTO’, version="3L, country = “Netherlands’, ignore.
incomplete = TRUE)

baseProf.m.t15US.utility.b <- eq5d(baseProf.m.t1, type="TTO", version="3L", country = “USA", ignore.incomplete =
TRUE)

baseProf.m.t1$JPutility.b <- eq5d(baseProf.m.t1, type="TTO’, version="3L", country = “Japan’, ignore.incomplete =
TRUE)

# 4.5 follow-up utilities treatment group

“outProf.m.t1" <- read.csv(“~/2020-EuroQol-call/EQ5D_laboratory/probabilities/dep_fp_mlt1.txt’, sep=""
names(outProf.m.t1)[1] <-“id"

names(outProf.m.t1)[2] <-“MO”

names(outProf.m.t1)[3] <-“SC"

names(outProf.m.t1)[4] <-“UA”

names(outProf.m.t1)[5] <-“PD"

names(outProf.m.t1)[6] <-“AD"

names(outProf.m.t1)[7] <- “Profile.f”

outProf.m.t15trt <- 0

outProf.m.t1 <- data.frame(lapply(outProf.m.t1, function(x) as.numeric(as.character(x))))

outProf.m.t1$NL.utility.f <- eq5d(outProf.m.t1, type="TTO’, version="3L", country = “Netherlands’, ignore.incomplete
=TRUE)

outProf.m.t1SUS.utility.f <- eq5d(outProf.m.t1, type="TTO’, version="3L’, country =“USA", ignore.incomplete = TRUE)
outProf.m.t1$JP.utility.f <- eq5d(outProf.m.t1, type="TTO", version="3L, country ="“Japan’, ignore.incomplete = TRUE)

#4.6. Merge baseline and follow-up data treatment group
treatment <- merge(baseProf.m.t1, outProf.m.t1, by ="id")

# 5. Merge treatment and control
small.eff.size <- rbind(treatment, control)

# 6. Calculate cohen’s d = mean difference between groups/ sd
small.eff.sizeSNL.QALY <- (0.5%(small.eff.sizeSNL.utility.b + small.eff.sizeSNL.utility.f))
small.eff.sizeSUS.QALY <- (0.5%(small.eff.sizeSUS.utility.b + small.eff.sizeSUS.utility.f))
small.eff.size$JPQALY <- (0.5*(small.eff.sizeSUS.utility.b + small.eff.size$SJP.utility.f))

# 7. Prepare data to save in .dta

colnames(small.eff.size)[colnames(small.eff.size
colnames(small.eff.size)[colnames(small.eff.size
colnames(small.eff.size)[colnames(small.eff.size
colnames(small.eff.size)[colnames(small.eff.size)=="UA.x"] <-“UA_BASELINE"
colnames(small.eff.size)[colnames(small.eff.size)=="PD.x"] <-“PD_BASELINE"

( )=="trt.x"] <-“trt"
( ) ( )=
( ) ( )=
( ) ( )=
( ) ( )=

colnames(small.eff.size)[colnames(small.eff.size)=="AD.x"] <-“AD_BASELINE"
( ) ( )=
( ) ( )=
( ) ( )=
( ) ( )=
( )=

="MO.x"] <-“MO_BASELINE"
="SC.x"] <-"SC_BASELINE"

colnames(small.eff.size)[colnames(small.eff.size)=="MO.y"] <-“MO_T1"
colnames(small.eff.size)[colnames(small.eff.size)=="SC.y"] <-“SC_T1"
colnames(small.eff.size)[colnames(small.eff.size)=="UA.y"] <-“UA_T1"
colnames(small.eff.size)[colnames(small.eff.size)=="PD.y"] <-“PD_T1"
colnames(small.eff.size)[colnames(small.eff.size)=="AD.y"] <-“AD_T1"
small.eff.size$trty <- NULL

# 8. Check effect size NL, US, JP

NL.Im <-Im(NL.QALY ~ trt, data = small.eff.size)
summary(NL.Im)

sd.NL <- sd(small.eff.sizeSNL.QALY)
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cohen.d.NL <- NL.Im[[“coefficients"]][[“trt"]]/sd.NL
cohen.d.NL

US.Im <-Im(US.QALY ~ trt, data = small.eff.size)
summary(US.Im)

sd.US <- sd(small.eff.sizeSUS.QALY)

cohen.d.US <-US.Im[[“coefficients"]][[“trt"]]/sd.US
cohen.d.US

JPIm <-Im(JP.QALY ~ trt, data = small.eff.size)
summary(JPIm)

sd.JP <- sd(small.eff.sizeSJP.QALY)

cohen.d.JP <- JPIm[[“coefficients"]][[“trt"]]/sd.JP
cohen.d.JP

small.eff.size <<- chind(Case =c(1:nrow(small.eff.size)),small.eff.size)
small.eff.sizeSid <- NULL
colnames(small.eff.size)[colnames(small.eff.size)=="Case"] <- “id"

write.dta(small.effsize, file ="<<directory path>>/ml-small-effsize.dta”)

HHHHHHEH R R R R R
# Generate age, gender, and costs

#1. Load libraries

library(haven)

library(simstudy)

library(foreign)

# 2. Import EQ-5D dataset and prepare to merge with simulated dataset
setwd(“<<directory path>>")
dataset <- read_dta(“ml-small-effsize.dta”) # replace the name of EQ-5D dataset here

# 3. Generate baseline characteristics

def <- defData(varname ="age’, dist="uniformInt’, formula="25;75", id="id")
def <- defData(def, varname ="“gender’, formula = 0.19, dist ="binary", id="id")
simulatie <- genData(300, def)

# 4. Merge baseline characteristics and EQ-5D dataset
simulatie <- merge(simulatie,dataset, by ="id")

# 5. Generate correlated costs and QALYs

def1 <- defDataAdd(varname ="“costs”, formula =“2000 + 250*trt", variance = 1, dist ="gamma”)
simulatie <- addColumns(def1, simulatie)

simulatie <- addCorFlex(simulatie, def1, rho = 0.75, corstr =“cs”)

# 6. Check correlation
correlation <- simulatie[,cor(NL_QALY, i.costs)]
correlation



70 | Chapter 3

#7.Save data in .dta

write.dta(simulatie, file =“<<directory path>>/ml-small-effsize.dta")

HHHHHHE AR AR AR R R
# Package: EQSimLab5L

# Title: EQ-5D-5L Simulation Laboratory

# Version: 0.0.0.9000

#1. Load libraries
library(EQSimLab5L)
library(readr)
library(dplyr)
library(eq5d)
library(foreign)

# 2. Set up a working diretory
setwd(“<<directory path>>")

# 3. Generate baseline profiles per treatment group
## TREATMENT GOUP

eq_make_profile_data(150)

#Do you want to import probabilities? (y = yes) > n
# These are the probabilities that you have specified:
# Level 1 Level 2 Level 3 Level 4 Level 5

# Mobility 0.00 0.25 0.50 0.25 0

# Self Care 0.50 0.25 0.25 0.00 0

# Usual Activities 0. 00 0.25 0.25 0.50 0

# Pain & Discomfort 0.00 0.00 0.50 0.50 0

# Anxiety & Depression 0.25 0.50 0.00 0.25 0

# Save probability matrix? (y = yes) >y

# Save File Name? > d_bpm_ml5I_t1.txt

# Do you want to randomise by Profile or Dimension? (Choose p for Profile) > p
# Save File Name? > d_bp_ml5I_t1.txt

## CONTROL GROUP

eq_make_profile_data(150)

#Do you want to import probabilities? (y = yes) > n
# These are the probabilities that you have specified:
# Level 1 Level 2 Level 3 Level 4 Level 5

# Mobility 0.00 0.00 0.75 0.25 0

# Self Care 0.25 0.50 0.25 0.00 0

# Usual Activities 0.25 0.00 0.25 0.50 0

# Pain & Discomfort 0.00 0.00 0.75 0.25 0

# Anxiety & Depression 0.25 0.25 0.50 0.00 0

# Save probability matrix? (y = yes) >y

# Save File Name? > d_bpm_ml5I_t0.txt

# Do you want to randomise by Profile or Dimension? (Choose p for Profile) > p
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# Save File Name? > d_bp_ml5I_t0.txt

# 4. Generate follow-up profiles per treatment group

## TREATMENT GOUP

eq_make_profile_change()

# Do you want to import probabilities from a data file? (y = yes) >y
# File Name? > d_tp_ml5I_t1.txt

# Base profile data file name ? > d_bp_ml5I_t1.txt

# Matched outcome profile data file name ? > d_fp_ml5I_t1.txt

## CONTROL GROUP

eq_make_profile_change()

# Do you want to import probabilities from a data file? (y = yes) > y
# File Name? > d_tp_ml5I_t0.txt

# File name ? > d_bp_ml5I_t0.txt

# Matched outcome profile data file name ? > d_fp_ml5|_t0.txt

# 5. Calculate baseline and follow-up utilities

# 5.1 baseline utilities control group

“baseProf.m.t0" <- read.csv(“<<directory path>>/d_fp_ml5|_t0.txt", sep="")
names(baseProf.m.t0)[1] <-“id"

names(baseProf.m.t0)[2] <-“MO”

names(baseProf.m.t0)[3] <-“SC"

names(baseProf.m.t0)[4] <-“UA"

names(baseProf.m.t0)[5] <-“PD"

names(baseProf.m.t0)[6] <-“AD"

names(baseProf.m.t0)[7] <- “Profile.b”

baseProf.m.t0Strt <- 0

baseProf.m.tOSNL.utility.b <- eq5d(baseProf.m.t0, type="VT", version="5L", country =“Netherlands’, ignore.incomplete
=TRUE)

baseProf.m.t0$US.utility.b <- eq5d(baseProf.m.t0, type="VT’, version="5L", country ="USA’, ignore.incomplete = TRUE)
baseProf.m.t0$JP.utility.o <- eq5d(baseProf.m.t0, type="VT’, version="5L", country = “Japan’, ignore.incomplete =
TRUE)

# 5.2 follow-up utilities control group
“outProf.m.t0" <- read.csv(“<<directory path>>/d_fp_ml5|_t0.txt", sep="")
names(outProf.m.t0)[1] <-“id”

names(outProf.m.t0)[2] <-“MO”
names(outProf.m.t0)[3] <-“SC"
names(outProf.m.t0)[4] <-“UA”
names(outProf.m.t0)[5] <-“PD"
names(outProf.m.t0)[6] <-“AD"
names(outProf.m.t0)[7] <- “Profile.f”

outProf.m.t0Strt <- 0

outProf.m.t0 <- data.frame(lapply(outProf.m.t0, function(x) as.numeric(as.character(x))))

outProf.m.tOSNL.utility.f <- eq5d(outProf.m.t0, type="VT’, version="5L, country = “Netherlands’, ignore.incomplete
=TRUE)

outProf.m.toSUS.utility.f <- eq5d(outProf.m.t0, type="VT", version="5L", country =“USA’, ignore.incomplete = TRUE)
outProf.m.t0$JP.utility.f <- eq5d(outProf.m.t0, type="VT", version="5L", country ="Japan’, ignore.incomplete = TRUE)
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# 5.3. Merge baseline and follow-up data control group
control <- merge(baseProf.m.t0, outProf.m.t0, by ="id")

# 5.4 baseline utilities treatment group
“baseProf.m.t1" <- read.csv(“<<directory path>>/d_fp_ml5|_t1.txt", sep="")
names(baseProf.m.t1)[1] <-"“id"

names(baseProf.m.t1)[2] <-“MO”
names(baseProf.m.t1)[3] <-“SC"
names(baseProf.m.t1)[4] <-“UA”"
names(baseProf.m.t1)[5] <-“PD"
names(baseProf.m.t1)[6] <-“AD"”
names(baseProf.m.t1)[7] <-“Profile.b”

baseProf.m.t15trt <- 1

baseProf.m.t1$NL.utility.b <- eq5d(baseProf.m.t1, type="VT’, version="5L", country =“Netherlands’, ignore.incomplete
=TRUE)

baseProf.m.t15US.utility.b <- eq5d(baseProf.m.t1, type="VT’, version="5L", country ="USA", ignore.incomplete = TRUE)
baseProf.m.t1$JP.utility.b <- eq5d(baseProf.m.t1, type="VT’, version="5L", country = “Japan’, ignore.incomplete =
TRUE)

# 5.5 follow-up utilities treatment group
“outProf.m.t1" <- read.csv(“<<directory path>>/d_fp_ml5|_t1.txt", sep="")
names(outProf.m.t1)[1] <-“id”

names(outProf.m.t1)[2] <-“MO”
names(outProf.m.t1)[3] <-“SC"
names(outProf.m.t1)[4] <-“UA”
names(outProf.m.t1)[5] <-“PD"
names(outProf.m.t1)[6] <-“AD"
names(outProf.m.t1)[7] <-“Profile.f”

outProf.m.t1$trt <-0
outProf.m.t1 <- data.frame(lapply(outProf.m.t1, function(x) as.numeric(as.character(x))))

outProf.m.t1SNL.utility.f <- eq5d(outProf.m.t1, type="VT’, version="5L", country = “Netherlands’, ignore.incomplete
=TRUE)

outProf.m.t1$US.utility.f <- eq5d(outProf.m.t1, type="VT", version="5L", country ="“USA’, ignore.incomplete = TRUE)
outProf.m.t1$JP.utility.f <- eq5d(outProf.m.t1, type="VT’, version="5L’, country ="Japan’, ignore.incomplete = TRUE)

# 5.6. Merge baseline and follow-up data treatment group
treatment <- merge(baseProf.m.t1, outProf.m.t1, by ="id")

# 6. Merge treatment and control
small.eff.size <- rbind(treatment, control)
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#7. Calculate QALY

small.eff.sizeSNL.QALY <- (0.5*(small.eff.sizeSNL.utility.b + small.eff.sizeSNL.utility.f))
small.eff.size$JP.QALY <- (0.5%(small.eff.sizeSUS.utility.b + small.eff.sizeSJP.utility.f))
small.eff.sizeSUS.QALY <- (0.5*(small.eff.sizeSUS.utility.b + small.eff.sizeSUS.utility.f))

# 8. Check effect size (cohen’s d = mean difference bewteen groups/ sd)
colnames(small.eff.size)[colnames(small.eff.size)=="trt.x"] <- “trt”

NL.Im <-Im(NL.QALY ~ trt, data = small.eff.size)
summary(NL.Im)

sd.NL <- sd(small.eff.sizeSNL.QALY)

cohen.d.NL <- NL.Im[[“coefficients"]][[“trt"]]/sd.NL
cohen.d.NL

US.Im <-Im(US.QALY ~ trt, data = small.eff.size)
summary(US.Im)

sd.US <- sd(small.eff.sizeSUS.QALY)

cohen.d.US <-US.Im[[“coefficients"]][[“trt"]]/sd.US
cohen.d.US

JPIm <-Im(JP.QALY ~ trt, data = small.eff.size)
summary(JPIm)

sd.JP <- sd(small.eff.size$JP.QALY)

cohen.d.JP <- JPIm[[“coefficients"]][[“trt"]]/sd.JP
cohen.d.JP

#9. Prepare data to save in .dta
colnames(small.eff.size)[colnames(small.eff.size

( ="MO.x"] <-“MO_BASELINE"
colnames(small.eff.size)[colnames(small.eff.size

(

(

="SC.x"] <-"SC_BASELINE"
="UA.x"] <-"UA_BASELINE"
="PD.x"] <-"PD_BASELINE"

colnames(small.eff.size)[colnames(small.eff.size
colnames(small.eff.size)[colnames(small.eff.size

colnames(small.eff.size)[colnames(small.eff.size
colnames(small.eff.size)[colnames(small.eff.size
colnames(small.eff.size)[colnames(small.eff.size
colnames(small.eff.size)[colnames(small.eff.size
colnames(small.eff.size)[colnames(small.eff.size
small.eff.sizeStrt.y <- NULL

)=

( )=

( )=

( )=
colnames(small.eff.size)[colnames(small.eff.size)=
( )=

( )=

( )=

( )=

)=

="AD.x"] <-"AD_BASELINE"
="MO.y"] <-"MO_T1"
="SCy"] <-"SC_T1"
="UA.y"] <-"UA_T1"
="PD.y"] <-"PD_T1"
="AD.y"] <-"AD_T1"

write.dta(small.effsize, file ="<<directory path>>/ml-small-effsize.dta")
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R R R R
# Generate age, gender, and costs

#1. Load libraries

library(haven)

library(simstudy)

library(foreign)

# 2. Import EQ-5D dataset and prepare to merge with simulated dataset

dataset <- read_dta("<<directory path>>/ml-small-effsize.dta") # replace the name of EQ-5D dataset here
dataset <- as.data.frame(dataset)

dataset <- remove_label(dataset)

# 3. Generate baseline characteristics

def <- defData(varname ="age’, dist="uniformInt’, formula="25;75" id="id")
def <- defData(def, varname ="“gender’, formula = 0.19, dist =“binary", id="id")
simulatie <- genData(300, def)

# 4. Merge baseline characteristics and EQ-5D dataset
simulatie <- cbind(simulatie, dataset)
names(simulatie)[4] <-“id.x"

simulatieSid.x <- NULL

#5. Generate correlated costs and QALYs
def1 <- defDataAdd(varname ="“costs’, formula =“2000 + 250*trt’, variance = 1, dist =“gamma”)
simulatie <- addColumns(def1, simulatie)

# 6. Check correlation
correlation <- simulatie[,cor(NL_QALY, costs)]
correlation

#7.Save datain .dta
write.dta(simulatie, file ="“<<directory path>>/ml-small-effsize.dta")
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Appendix 3 | Kernel density histograms

Kernel density histograms comparing utility distributions of the 3L value sets and 3L to 5L crosswalks.
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Scenario (1): mild depression and small treatment effect size.
Scenario (2): mild depression and medium treatment effect size.
Scenario (3): mild depression and large treatment effect size.

3L value set: EQ-5D-3L value set. rev. crosswalk: 3L to 5L crosswalk
NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (4): moderate depression and small treatment effect size.

Scenario (5): moderate depression and medium treatment effect size.

Scenario (6): moderate depression and large treatment effect size.
3L value set: EQ-5D-3L value set. rev. crosswalk: 5L to 3L crosswalk
NL: the Netherlands. US: the United States. JP: Japan.
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SEVERE DEPRESSION
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Scenario (7): severe depression and small treatment effect size.
Scenario (8): severe depression and medium treatment effect size.
Scenario (9): severe depression and large treatment effect size.

3L value set: EQ-5D-3L value set. rev. crosswalk: 5L to 3L crosswalk
NL: the Netherlands. US: the United States. JP: Japan.
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MILD LOW BACK PAIN

1 scenario (10) ™ scenario (10) © scenario (10)
ok -
o
a
~
o o -
5 0 5 1 0 2 4 8 1 0 2 4 5 8 1
Uity Uty Uty
[ NL3L value set NL rev.crosswalk US 3L value set US rev. crosswalk [ JP 3Lvalue set IP rev. crossvalk
1 scenario (1) | scenario (1) 11 scenario (11)
-
-
o
o
° o o
-5 ] 5 1 -5 1 ] 5 1
Utity Usiiy Uty
[ NL3L value set NL rev. crosswalk [ US 3L value set US rev. crosswalk JP 3Lvalue set JPrev. crossvak |
21 scenario (12) &1 scenario (12) © 1 scenario (12)
@
e
-
e
-
~
o
o
5 - o
2 4 1) ] 1 2 4 5 ) 1 4 5 3 1
Uity Uty Utity
NL3L value set NL rev. crosswalk US 3L value set US rev.crosswalk 1P 3Lvalue set 1P rev. rosswak

Scenario (10): mild low back pain and small treatment effect size.

Scenario (11): mild low back pain and medium treatment effect size.

Scenario (12): mild low back pain and large treatment effect size.
3L value set: EQ-5D-3L value set. rev. crosswalk: 5L to 3L crosswalk
NL: the Netherlands. US: the United States. JP: Japan.
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MODERATE LOW BACK PAIN
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Scenario (13): moderate low back pain and small treatment effect size.
Scenario (14): moderate low back pain and medium treatment effect size.
Scenario (15): moderate low back pain and large treatment effect size.

3L value set: EQ-5D-3L value set. rev. crosswalk: 5L to 3L crosswalk

NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (16): severe low back pain and small treatment effect size.

Scenario (17): severe low back pain and medium treatment effect size.

Scenario (18): severe low back pain and large treatment effect size.
3L value set: EQ-5D-3L value set. rev. crosswalk: 5L to 3L crosswalk
NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (19): mild osteoarthritis and small treatment effect size.
Scenario (20): mild osteoarthritis and medium treatment effect size.
Scenario (21): mild osteoarthritis pain and large treatment effect size.
3L value set: EQ-5D-3L value set. rev. crosswalk: 5L to 3L crosswalk
NL: the Netherlands. US: the United States. JP: Japan.
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MODERATE OSTEOARTHRITIS
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Scenario (22): moderate osteoarthritis and small treatment effect size.
Scenario (23): moderate osteoarthritis and medium treatment effect size.
Scenario (24): moderate osteoarthritis pain and large treatment effect size.
3L value set: EQ-5D-3L value set. rev. crosswalk: 5L to 3L crosswalk

NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (25): severe osteoarthritis and small treatment effect size.
Scenario (26): severe osteoarthritis and medium treatment effect size.
Scenario (27): severe osteoarthritis pain and large treatment effect size.
3L value set: EQ-5D-3L value set. rev. crosswalk: 5L to 3L crosswalk

NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (28): mild cancer and small treatment effect size.

Scenario (29): mild cancer and medium treatment effect size.

Scenario (30): mild cancer and large treatment effect size.

3L value set: EQ-5D-3L value set. rev. crosswalk: 5L to 3L crosswalk
NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (31): moderate cancer and small treatment effect size.
Scenario (32): moderate cancer and medium treatment effect size.
Scenario (33): moderate cancer and large treatment effect size.
3L value set: EQ-5D-3L value set. rev. crosswalk: 5L to 3L crosswalk

NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (34): severe cancer and small treatment effect size.
Scenario (35): severe cancer and medium treatment effect size.
Scenario (36): severe cancer and large treatment effect size.

3L value set: EQ-5D-3L value set. rev. crosswalk: 5L to 3L crosswalk
NL: the Netherlands. US: the United States. JP: Japan.
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Kernel density histograms comparing utility distributions of the 5L value sets and 5L to 3L crosswalks.
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Scenario (1): mild depression and small treatment effect size.
Scenario (2): mild depression and medium treatment effect size.
Scenario (3): mild depression and large treatment effect size.

5L value set: EQ-5D-5L value set. crosswalk: 5L to 3L crosswalk
NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (4): moderate depression and small treatment effect size.
Scenario (5): moderate depression and medium treatment effect size.
Scenario (6): moderate depression and large treatment effect size.

5L value set: EQ-5D-5L value set.

NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (7): severe depression and small treatment effect size.
Scenario (8): severe depression and medium treatment effect size.
Scenario (9): severe depression and large treatment effect size.

5L value set: EQ-5D-5L value set.

NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (10): mild low back pain and small treatment effect size.
Scenario (11): mild low back pain and medium treatment effect size.
Scenario (12): mild low back pain and large treatment effect size.

5L value set: EQ-5D-5L value set.

NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (13): moderate low back pain and small treatment effect size.

Scenario (14): moderate low back pain and medium treatment effect size.

Scenario (15): moderate low back pain and treatment large effect size.

5L value set: EQ-5D-5L value set.

NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (16): severe low back pain and small treatment effect size.

Scenario (17): severe low back pain and medium treatment effect size.

Scenario (18): severe low back pain and large treatment effect size.
5L value set: EQ-5D-5L value set.
NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (19): mild osteoarthritis and small treatment effect size.
Scenario (20): mild osteoarthritis and medium treatment effect size.

Scenario (21): mild osteoarthritis pain and large treatment effect size.

5L value set: EQ-5D-5L value set.
NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (22): moderate osteoarthritis and small treatment effect size.
Scenario (23): moderate osteoarthritis and medium treatment effect size.
Scenario (24): moderate osteoarthritis pain and large treatment effect size.
5L value set: EQ-5D-5L value set.

NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (25): severe osteoarthritis and small treatment effect size.
Scenario (26): severe osteoarthritis and medium treatment effect size.
Scenario (27): severe osteoarthritis pain and large treatment effect size.
5L value set: EQ-5D-5L value set.

NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (28): mild cancer and small treatment effect size.

Scenario (29): mild cancer and medium treatment effect size.

Scenario (30): mild cancer and large treatment effect size.

5L value set: EQ-5D-5L value set.
NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (31): moderate cancer and small treatment effect size.
Scenario (32): moderate cancer and medium treatment effect size.
Scenario (33): moderate cancer and large treatment effect size.

5L value set: EQ-5D-5L value set.

NL: the Netherlands. US: the United States. JP: Japan.
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Scenario (34): severe cancer and small treatment effect size.

Scenario (35): severe cancer and medium treatment effect size.

Scenario (36): severe cancer and large treatment effect size.
5L value set: EQ-5D-5L value set.
NL: the Netherlands. US: the United States. JP: Japan.
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Abstract

Purpose
To assess the impact of EQ-5D country-specific value sets on cost-utility outcomes.

Methods

Data from 2 randomized controlled trials on low back pain (LBP) and depression were used. 3L
value sets were identified from the EuroQol Web site. A nonparametric crosswalk was employed for
each tariff to obtain the likely 5L values. Differences in quality-adjusted life years (QALYs) between
countries were tested using paired t tests, with United Kingdom as reference. Cost-utility outcomes
were estimated for both studies and both EQ-5D versions, including differences in QALYs and cost-
effectiveness acceptability curves.

Results

For the 3L, QALYs ranged between 0.650 (Taiwan) and 0.892 (United States) in the LBP study and
between 0.619 (Taiwan) and 0.879 (United States) in the depression study. In both studies, most
country-specific QALY estimates differed statistically significantly from that of the United Kingdom.
Incremental cost-effectiveness ratios ranged between €2044/QALY (Taiwan) and €5897/QALY
(Zimbabwe) in the LBP study and between €38,287/QALY (Singapore) and €96,550/QALY (Japan) in
the depression study. At the NICE threshold of €23,300/QALY (=£20,000/QALY), the intervention’s
probability of being cost-effective versus control ranged between 0.751 (Zimbabwe) and 0.952
(Taiwan) and between 0.230 (Canada) and 0.396 (Singapore) in the LBP study and depression study,
respectively. Similar results were found for the 5L, with extensive differences in ICERs and moderate
differences in the probability of cost-effectiveness.

Conclusions

This study indicates that the use of different EQ-5D country-specific value sets impacts on cost-
utility outcomes. Therefore, to account for the fact that health state preferences are affected by
sociocultural differences, relevant country-specific value sets should be used.
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Introduction

In economic evaluations of health care interventions, quality-adjusted life years (QALYs) are often
used as a metric of health effects. QALYs combine the length of life and the health-related quality
of life (HRQol) into 1 metric. HRQoL is measured in terms of utility units. A utility is a weight that
typically indicates the general public’s strength of preference or desirability for a given health state
or condition. A utility of zero represents dead and a utility of 1 full health, whereas negative values
are assigned to those states considered worse than death.’?

Utility values are typically estimated using generic preference-based measures of health*
including the EuroQol 5-dimension questionnaire (EQ-5D),° the short form 36 health survey
questionnaire (SF-6D),° the Health Utilities Index Mark 3 (HUI3),” the Assessment of Quality of Life
instrument (AQoL),® and the 15-dimensional measure of HRQoL (15D).° These measures describe
health in terms of dimensions and severity levels, and come with a value set or tariff that assigns a
utility value to each of the health states described.? Such value sets have been traditionally estimated
using cardinal response methods, such as the time trade-off (TTO), the visual analogue scale
(VAS), and the standard gamble (SG), and more recently using ordinal response methods, such as a

Discrete Choice Experiment including duration (DCE_ ) on a subset of all possible health states.’'?

TTO
The derived data are modelled and result in a tariff through which the full set of health states can be
obtained.>

The EQ-5D® is, among the other generic preference-based measures, the most commonly used
worldwide.? The original EQ-5D uses a classification system consisting of 5 health dimensions, that
is mobility, self-care, usual activities, pain/discomfort, and anxiety/depression, and 3 severity levels,
that is no problems, some problems, severe problems (further referred to as the 3L).° To increase the
3Ls sensitivity to changes in health and to reduce its commonly observed ceiling effects,' a 5-level
version of the EQ-5D was developed (further referred to as the 5L).' The 5L maintained the same
health dimensions, but described health using 5 severity levels. Currently, a large number of value
sets is available for estimating EQ-5D health states’ utility values. As evidence suggests that health
state preferences are affected by sociocultural differences, such value sets are typically developed
per country separately."”

Previous studies indicate that different country-specific EQ-5D value sets result in different
utility values and QALY estimates.'>'®'® However, this does not necessarily mean that the identified
differences also impact cost-utility outcomes, and thus, the health technology assessment process.
This is because the identified differences across countries may be equal in the intervention and
control group, thereby not affecting cost-utility outcomes, such as incremental cost-effectiveness
ratios (ICERs) and cost-effectiveness acceptability curves (CEAC).” To address this research gap,
the present study aimed to explore the impact of country-specific EQ-5D value sets on cost-utility
outcomes.
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Methods

The impact of country-specific EQ-5D value sets on cost-utility outcomes was explored by comparing
the results of 2 cost-utility analyses, employing different EQ-5D country-specific value sets, for both
the 3L and 5L.

Data of 2 published randomized controlled trials performed in the Netherlands were used to
estimate cost-utility outcomes.?®?" As the EQ-5D focuses on physical as well as mental aspects of
health, one of these studies included patients with a physical disorder [i.e., low back pain (LBP)] and
the other included patients with a mental disorder (i.e., depression).

The LBP study evaluated the cost-effectiveness of a treatment-based classification system for
subacute and chronic LBP patients in comparison with usual care. The study had a 52-week follow-
up. A total of 156 patients were included, of which 74 in the intervention group and 82 in the control
group.?’ The depression study evaluated a nurse-led self-help treatment in combination with usual
care for recurrent depression patients in comparison with usual care alone. The study had a 65-week
follow-up. For the purpose of this study, only data collected up until 52 weeks were used. A total of
248 patients were included, of which 124 in the intervention group and 124 in the control group.?'

In both studies, costs were measured from a societal perspective, including health care and lost
productivity costs. All costs were expressed in Euros 2013. A detailed description of the example
studies’ measurement and valuation of costs can be found elsewhere.?*-% Baseline characteristics
of the example studies’ participants can be found in Appendix 1, Supplemental Digital Content
1 (https://links.lww.com/MLR/C111). A summary of the health states of the example studies’
participants can be found in Appendix 2, Supplemental Digital Content 2 (https://links.lIww.com/
MLR/C112).

Country-specific EQ-5D utility values
In the LBP study, the 3L was administered at baseline, 8, 26, and 52 weeks. In the depression study, it
was administered at baseline, 13, 26, 39, and 52 weeks.

Country-specific 3L value sets were identified from the EuroQol Web site (http://euroqol.org). In
total, 33 3L value sets were available on the EuroQol Web site, of which 23 were developed using TTO
and 10 were developed using VAS or a combination of both. Of them, we only included TTO-based
value sets, because previous evidence indicates that TTO values tend to be systematically higher
than VAS values, irrespective of country.?* Herewith, we wanted to ensure that possible differences
across countries were due to sociocultural differences, rather than the previously established
differences between VAS and TTO values. On top of that, value sets were excluded if they were
derived from populations other than the general population, and if they contained interaction
terms, quadratic variables, and/or additional health states, such as death or unconscious. Eventually,
16 different country-specific value sets were included (Appendix 3, Supplemental Digital Content 3,
https://links.lww.com/MLR/C113).'854The participants’'EQ-5D health states were converted into 3L
utility values using all of the identified value sets. In addition, 5L utility values were estimated for all
countries using the crosswalk approach.” To do that, the observed 3L health states were converted
into possible 5L health states using the nonparametric crosswalk developed by van Hout et al.#’
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Statistical analysis

Missing EQ-5D descriptive system data and cost data were imputed using multivariate imputation
by chained equations.48 Pooled estimates were calculated using Rubin’s rules.”® Imputation models
were constructed per study, and included total costs, EQ-5D item responses at all measurement
points, variables related to the “missingness” of data, variables differing between treatment groups
at baseline, and variables that were related to the outcomes. Imputation models were stratified for
study group.

Cost-utility outcomes were estimated for both studies, all countries, and both versions of the
EQ-5D. QALYs were estimated by multiplying the participants’ utility value of a health state by the
duration of time they spent in that health state using linear interpolation between measurement
points. Subsequently, it was explored whether there were minimally clinically important differences
between the country-specific QALY estimates and the UK QALY estimate. The UK QALY estimate
was used as reference, as a quick Google Scholar search indicated the UK value set to be the most
frequently referenced one. The minimally clinically important difference for QALYs was set at
0.057.49,50 Paired t tests were used to test whether country-specific QALY estimates statistically
significantly differed from that of the United Kingdom.

ICERs were calculated by dividing the mean differences in costs by the mean differences
in QALYs. Mean differences in costs and QALYs across groups were estimated using seemingly
unrelated regression analyses.®™ For all country-specific ICERs, it was explored whether they were
above or below the upper and lower bound of the Dutch willingness-to-pay threshold (ie, €10,000/
QALY to €80,000/QALY) as well as the NICE threshold of £20,000/QALY (ie, about €23,300/QALY).
Bias-corrected and accelerated bootstrapping with 5000 replications was used to estimate the
uncertainty surrounding cost differences and ICERs. Bootstrapped cost-effect pairs were plotted
on cost-effectiveness planes. To provide a summary measure of the joint uncertainty surrounding
cost and QALY differences, CEAC were constructed.®® A CEAC provides insight into the probability
of an intervention being cost-effective compared with a control for a range of ceiling ratios (ie,
the maximum amount of money decision-makers are willing to pay per additional unit of effect).5?
Analyses were performed in STATA version 12 and statistical significance was set at P<0.05.

Sensitivity analysis

For countriesin whichan EQ-5D value setis already available for the 5L (see Appendix 1, Supplemental
Digital Content 1, https://links.lww.com/MLR/C111), alternative 5L utility values were estimated. In
these cases, the transition probabilities of van Hout et al.” were multiplied by the 5L utility values
instead of the 3L utility values. Using the alternative 5L utility values, cost-utility outcomes were
estimated for both studies and all applicable countries again.
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Results

Quality-adjusted Life Years

In the LBP study, QALY estimates derived from the 3L ranged between 0.650 (Taiwan) and 0.892
(United States) (Table 1). Except for the Japanese case, country-specific QALY estimates statistically
significantly differed from that of the United Kingdom. For Germany, the United States, South Korea,
Singapore, and Taiwan, this difference was also clinically relevant (Table 1). Similar results were
found when calculating QALYs for the 5L using the nonparametric crosswalk, with QALY estimates
ranging between 0.644 (Taiwan) and 0.884 (United States); 14 of 15 country-specific QALY estimates
statistically significantly differing from that of the United Kingdom, and 4 of 15 country-specific
QALY estimates clinically relevantly differing from that of the United Kingdom.

In the depression study, QALY estimates derived from the 3L ranged between 0.619 (Taiwan)
and 0.879 (United States) (Table 1). Once again, except for the Japanese case, country-specific QALY
estimates statistically significantly differed from that of the United Kingdom, and for Germany, the
United States, South Korea, Singapore, and Taiwan this difference was clinically relevant (Table 1).
Similar results were found when calculating QALYs for the 5L using the nonparametric crosswalk,
with these ranging between 0.612 (Taiwan) and 0.870 (United States), 14 of 15 country-specific
QALY values statistically significantly differing from that of the United Kingdom, and 4 of 15 country-
specific QALY values clinically relevantly differing from that of the United Kingdom.

Incremental Cost-Effectiveness Ratio and Cost-Effectiveness Acceptability Curves

In the LBP study, ICERs derived from the 3L ranged between €2044 per QALY (Taiwan) and €5897
per QALY (Zimbabwe) (Table 2). All ICERs were below the Dutch as well as the NICE threshold. The
corresponding probabilities of the intervention being cost-effective compared with the control
differed moderately across countries; at the lower bound of the Dutch threshold (ie, €10,000 per
QALY), this probability ranged between 0.569 (Zimbabwe) and 0.810 (Taiwan) and at the NICE
threshold itranged between 0.751 (Zimbabwe) and 0.952 (Taiwan) (Table 4; Figure 1A). Similar results
were found for the 5L, with extensive differences in ICERs and the probability of cost-effectiveness
ranging between 0.565 (Zimbabwe) and 0.806 (Taiwan) at the lower bound of the Dutch threshold
(Tables 2-4).

Inthe depression study, ICERs derived from the 3L ranged between €38,287 per QALY (Singapore)
and €96,550 per QALY (Japan) (Table 3). None of the ICERs was below the lower bound of the Dutch
threshold and the NICE threshold, and 14 (88%) ICERs were below the upper bound of the Dutch
threshold. Again, differences were found across countries in the probability of the intervention
being cost-effective compared with the control. At the NICE threshold, this probability ranged
between 0.230 (Canada) and 0.396 (Singapore) (Table 4; Figure 1B). Similar results were found for
the 5L, with extensive differences in ICERs and the probability of cost-effectiveness ranging between
0.283 (Japan) and 0.394 (Singapore) at the NICE threshold (Tables 2—-4).

Please note that countries with the most similar QALY estimates (Table 1; e.g., United Kingdom
and Japan) do not necessarily have the most similar ICERs (Tables 2, 3). This is due to the fact that
QALYs were estimated for all participants of the example studies, whereas ICERs were based on the
mean differences in QALYs across study groups.
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Sensitivity analysis
Results of the sensitivity analysis were similar to those of the main analysis, with QALY estimates

and ICERs differing extensively across countries and moderate differences across countries in the

probability of the intervention being cost-effective compared with the control at all thresholds, in
both studies (Tables 2-4).

Table 1 | Mean QALYs after 52 weeks based on the 3L and 5L, differences between QALYs of the various
countries and that of the United Kingdom - Based on the Low Back Pain study and the Depression study

Low Back Pain study

Depression study

Mean QALY
(95% CI)

QALY country - QALY

UK (95% ClI)

Mean QALY
(95% CI)

QALY country - QALY

UK (95% ClI)

Country - 3L

United Kingdom

0.767 (0.747;0.786)

0.757 (0.739; 0.755)

Spain 0.809 (0.790; 0.828)  0.042 (0.039; 0.045) 0.802 (0.784;0.819)  0.045 (0.040; 0.051)
Japan 0.772(0.758;0.787)  0.005 (-0.002; 0.013) 0.762 (0.750; 0.775)  0.005 (-0.003; 0.014)
Zimbabwe 0.788(0.777;0.799)  0.021 (0.013; 0.030) 0.812(0.800;0.823)  0.055 (0.048; 0.062)
Germany 0.856 (0.841;0.871)  0.089 (0.083; 0.095) 0.869 (0.854;0.833)  0.112(0.106;0.117)

United States

0.892 (0.878; 0.906

0.125(0.118;0.133

0.879 0.866; 0.892)

0.122(0.115;0.129

Netherlands

0.807 (0.790; 0.824

0.040 (0.036; 0.043

0.776 (0.760; 0.792

0.019(0.015; 0.022

South Korea

0.867 (0.855; 0.879

0.858 (0.847; 0.868

( )
( )
0.100 (0.091; 0.108)
( )

( )
( )
0.101 (0.092; 0.109)
( )

(
(
(
(
0.714(0.691; 0.736
(
(
(

)

) ( )

) ( )
Denmark 0.799 (0.783;0.815)  0.032(0.028; 0.036 0.784(0.770; 0.798)  0.027 (0.022; 0.031
France ) -0.052 (-0.060; -0.046) 0.704 (0.684; 0.724) -0.053 (-0.058;-0.048)
Thailand 0.712(0.693;0.732) -0.053 (-0.060; -0.049) 0.709 (0.693; 0.726) -0.048 (-0.053;-0.043)
Canada 0.812(0.798;0.826)  0.045 (0.039;0.051) 0.797 (0.784;0.809)  0.040 (0.033; 0.046)
China 0.815(0.800;0.830)  0.048 (0.042; 0.054) 0.805(0.793;0.818)  0.048 (0.041; 0.055)
Italy 0.804 (0.788;0.820)  0.037 (0.032; 0.042) 0.791(0.777;0.805)  0.034 (0.029; 0.040)
Singapore 0.690 (0.663;0.717) -0.077 (-0.087;-0.066) 0.665 (0.640; 0.689) -0.092 (-0.101;-0.083)
Taiwan 0.650(0.621;0.675) -0.117(-0.124;-0.109) 0.619(0.597;0.641) -0.138(-0.145;-0.132)
Country - 5L

United Kingdom

0.759 (0.740; 0.779)

0.749 (0.730; 0.767)

Spain 0.801(0.783;0.820  0.042 (0.039; 0.045) 0.793 (0.775;0.810)  0.044 (0.041;0.047)
Japan 0.765 (0.751;0.779)  0.006 (-0.002; 0.013) 0.754 (0.742;0.766)  0.005 (-0.003; 0.014)
Zimbabwe 0.781(0.770;0.792)  0.022(0.013; 0.030) 0.780(0.770;0.789)  0.031 (0.022; 0.040)
Germany 0.848 (0.833;0.862)  0.089 (0.083; 0.094) 0.859(0.845;0.873)  0.110(0.105;0.115)

United States

0.884 (0.870; 0.897)

0.125(0.117;0.132)

0.870(0.857; 0.882)

0.121(0.114;0.128)

Netherlands

0.799 (0.782; 0.816)

0.039 (0.036; 0.043)

0.767 (0.751; 0.783)

0.018(0.015; 0.022)

South Korea

0.858 (0.847;0.870)

0.099 (0.091;0.107)

0.849 (0.839; 0.859)

0.100 (0.092; 0.108)

Denmark 0.791(0.775;0.807)  0.032(0.027;0.036) 0.775(0.761;0.789)  0.026 (0.021; 0.030)
France 0.843(0.823;0.864)  0.084 (0.076; 0.092) 0.809 (0.791;0.826)  0.060 (0.052; 0.067)
Thailand 0.705 (0.686; 0.725) -0.054 (-0.060; -0.048) 0.702 (0.685;0.718) -0.047 (-0.052;-0.042)
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Low Back Pain study

Depression study

Mean QALY
(95% CI)

QALY country - QALY
UK (95% ClI)

Mean QALY
(95% CI)

QALY country - QALY
UK (95% ClI)

Canada

0.804 (0.790; 0.818)

0.045 (0.038; 0.051)

0.788 (0.776; 0.800)

0.039 (0.033; 0.046)

China

0.807 (0.793; 0.822)

0.048 (0.042; 0.054)

0.797 (0.784; 0.809)

0.048 (0.041; 0.055)

Italy

0.796 (0.780; 0.812)

0.037 (0.0.32; 0.042)

0.783 (0.769; 0.797)

0.034 (0.029; 0.039)

Singapore

0.683 (0.656; 0.710)

-0.076 (-0.086; -0.066)

0.657 (0.633; 0.681)

-0.092 (-0.100; -0.082)

Taiwan

0.644 (0.619; 0.668)

-0.115(-0.123;-0.108)

0.612 (0.590; 0.633)

-0.137 (-0.143;-0.130)

Table 2 | Differences in pooled mean costs and effects (95% confidence intervals), incremental cost-
effectiveness ratios, and the distribution of incremental cost-effect pairs around the quadrants of the cost-
effectiveness planes — based on the Low Back Pain study

AC (95% Cl) € AE (95% Cl) Points  ICER €/point Distribution CE-plane (%)
NE’ SE? Sw3 Nw*
Country - 3L
United Kingdom  122(-725;1045)  0.047 (0.008; 0.085) 2,605 59.4 39.7 0.3 0.6
Spain 122 (-725;1045)  0.042(0.042; 0.079) 2,913 59.1 39.5 0.5 0.9
Japan 122 (-725;1045)  0.036 (0.007; 0.064) 3,421 59.6 39.8 0.2 0.4
Zimbabwe 122 (-725;1045)  0.021 (-0.001; 0.043) 5,897 57.9 388 1.2 2.1
Germany 122 (-725;1045)  0.036 (0.006; 0.066) 3,385 59.4 39.7 0.3 0.6
United States 122 (-725;1045)  0.025 (-0.003; 0.052) 4,945 57.5 386 1.4 2.5
Netherlands 122 (-725;1045)  0.040 (0.007; 0.074) 3,022 59.4 39.7 0.3 0.6
South Korea 122 (-725;1045)  0.025(0.001; 0.048) 4,901 58.8 39.3 0.7 1.2
Denmark 122 (-725;1045)  0.035 (0.003; 0.066) 3,510 59.0 394 0.6 1.0
France 122 (-725;1045)  0.048 (0.003; 0.093) 2,526 589 394 0.6 1.1
Thailand 122 (-725;1045)  0.049 (0.010; 0.087) 2,509 59.6 39.8 0.2 0.4
Canada 122 (-725;1045)  0.031 (0.003; 0.059) 3,945 59.1 39.5 0.5 0.9
China 122 (-725; 1045) 0.030 (0.001;0.060) 4,034 58.6 39.2 0.8 14
Italy 122 (-725;1045)  0.034 (0.002; 0.066) 3,575 58.9 393 0.7 1.1
Singapore 122 (-725;1045)  0.053 (-0.0002; 0.106) 2,296 58.5 39.1 0.9 14
Taiwan 122 (-725;1045)  0.060 (0.010; 0.109) 2,044 59.4 39.7 0.3 0.5
Country - 5L
United Kingdom 122 (-725;1045)  0.046 (0.008; 0.084) 2,647 59.4 39.7 0.3 0.6
Spain 122 (-725;1045)  0.041 (0.004; 0.078) 2,963 59.0 39.5 0.5 1.0
Japan 122(-725;1045)  0.035 (0.007; 0.063) 3,487 59.6 39.8 0.2 0.4
Zimbabwe 122 (-725;1045)  0.020 (-0.001; 0.042) 6,048 57.8 388 2 2
Germany 122(-725;1045)  0.035 (0.006; 0.065) 3,446 59.4 39.7 0.3 0.6
United States 122 (-725;1045)  0.024 (-0.003; 0.051) 5,063 574 386 1.4 26
Netherlands 122 (-725;1045)  0.040 (0.006; 0.073) 3,075 59.4 39.7 0.3 0.6
South Korea 122 (-725;1045)  0.024 (0.001; 0.047) 5,020 58.8 39.3 0.7 1.2
Denmark 122 (-725;1045)  0.034 (0.003; 0.065) 3,579 59.0 394 0.6 1.0
France 122 (-725;1045)  0.038 (-0.002; 0.079) 3,182 58.0 38.8 1.2 2.0
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AC (95% Cl) € AE (95% Cl) Points  ICER €/point Distribution CE-plane (%)
NE' SE2 Sws Nw*
Thailand 122 (-725;1045)  0.048 (0.0100; 0.086) 2,548 59.6 39.8 0.2 0.4
Canada 122(-725;1045)  0.030 (0.003; 0.057) 4,035 59.1 39.5 0.5 0.9
China 122 (-725;1045)  0.029(0.001; 0.058) 4,121 58.6 39.2 0.8 1.4
Italy 122 (-725;1045)  0.033 (0.002; 0.065) 3,644 589 39.3 0.7 1.1
Singapore 122 (-725;1045)  0.052 (-0.0003; 0.105) 2,330 58.4 39.1 0.9 1.6
Taiwan 122(-725;1045)  0.059(0.010; 0.108) 2,074 59.4 39.7 0.3 0.6
Sensitivity analysis
United Kingdom  122(-725;1045)  0.075(0.015; 0.134) 1,634 59.6 39.8 0.2 0.4
Spain 122(-725;1045)  0.076 (0.016; 0.137) 1,594 59.6 39.8 0.2 0.4
Japan 122 (-725;1045)  0.02z3 (0.000; 0.046 5,262 58.6 39.1 0.9 14
Germany 122 (-725;1045)  0.076 (0.015;0.136) 1,609 59.6 39.8 0.2 0.4
Netherlands 122 (-725;1045)  0.029 (-0.000; 0.058) 4,245 583 39.0 1.0 1.7
South Korea 122(-725;1045)  0.020 (0.001; 0.039) 6,045 59.9 394 0.6 0.1
Thailand 122(-725;1045)  0.072(0.014; 0.130) 1,680 59.6 39.7 0.2 0.4

Cl indicates confidence interval; CE, cost-effectiveness; ICER, incremental cost-effectiveness ratio.

Table 3 | Differences in pooled mean costs and effects (95% confidence intervals), incremental cost-
effectiveness ratios, and the distribution of incremental cost-effect pairs around the quadrants of the cost-
effectiveness planes — Based on the and Depression study

AC(95%Cl) € AE (95% ClI) Points  ICER €/point Distribution CE-plane (%)
NE' SE? SW? Nw*

Country - 3L

United Kingdom 1463 (-1734;4322)  0.033 (-0.003; 0.069) 44,452 76.8 19.7 04 0.3
Spain 1463 (-1734;4322) 0.032(-0.002; 0.067) 45,366 77.1 19.8 0.3 2.8
Japan 1463 (-1734;4322) 0.015 (-0.009; 0.039) 96,550 70.4 18.6 14 9.5
Zimbabwe 1463 (-1734;4322) 0.017 (-0.005; 0.039) 87,779 73.7 193 0.8 6.2
Germany 1463 (-1734;4322)  0.028 (0.000; 0.057) 51,715 77.5 19.9 0.2 24
United States 1463 (-1734;4322)  0.026 (0.000; 0.051) 56,879 78.0 19.9 0.2 1.9
Netherlands 1463 (-1734;4322) 0.029(-0.003;0.061) 50,574 76.7 19.7 0.4 33
South Korea 1463 (-1734;4322) 0.019 (-0.025; 0.040) 78,462 76.4 19.7 0.4 35
Denmark 1463 (-1734;4322) 0.024 (-0.004; 0.052) 61,266 76.0 19.6 0.5 39
France 1463 (-1734;4322)  0.030 (-0.009; 0.069) 48,834 74.9 184 0.7 6.1
Thailand 1463 (-1734;4322) 0.022(-0.011; 0.054) 67,799 71.2 18.9 1.2 8.8
Canada 1463 (-1734;4322) 0.019 (-0.006; 0.043) 78,345 741 193 0.7 5.8
China 1463 (-1734;4322)  0.020 (-0.005; 0.045) 72,438 75.0 19.6 0.6 49
Italy 1463 (-1734;4322) 0.024 (-0.004; 0.052) 61,384 757 19.7 0.5 4.1
Singapore 1463 (-1734;4322) 0.038 (-0.010; 0.087) 38,287 744 19.5 0.6 54
Taiwan 1463 (-1734;4322) 0.031 (-0.012; 0.074) 47,179 72.8 193 0.9 7.0
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AC (95% Cl) € AE (95% Cl) Points  ICER €/point Distribution CE-plane (%)
NE' SE2 Sws Nw*
Country - 5L
United Kingdom 1463 (-1750; 4368) 0.032 (-0.002 to 0.069) 45,050 76.8 19.9 0.3 3.0
Spain 1463 (-1750; 4368) 0.032 (-0.002 to 0.066) 46,013 77.0 19.9 0.3 2.8
Japan 1463 (-1750; 4368) 0.015 (-0.009 to 0.039) 98,726 70.1 18.8 14 9.8
Zimbabwe 1463 (-1750; 4368) 0.017 (-0.001 to 0.035) 86,867 76.9 19.9 0.3 29
Germany 1463 (-1750; 4368) 0.028 (-0.001 to 0.056) 52,593 77.6 22.0 0.2 23
United States 1463 (-1750; 4368) 0.025 (0.000 to 0.050) 57,827 78.0 20.0 0.2 1.8
Netherlands 1463 (-1750; 4368) 0.028 (-0.003 to 0.060) 51,298 76.6 19.8 0.3 3.2
South Korea 1463 (-1750; 4368) 0.018 (-0.028 to 0.038) 82,973 76.1 19.7 0.5 37
Denmark 1463 (-1750; 4368) 0.024 (-0.004 to 0.052) 60,914 76.1 19.7 0.5 3.7
France 1463 (-1750; 4368) 0.022 (-0.014 to 0.057) 67,444 69.7 18.9 1.2 10.2
Thailand 1463 (-1750; 4368) 0.021 (-0.011 to 0.054) 68,894 70.9 19.0 1.2 8.9
Canada 1463 (-1750; 4368) 0.018 (-0.006 to 0.042) 79,843 73.9 194 0.8 5.9
China 1463 (-1750; 4368)  0.020 (-0.004; 0.044) 73,847 74.9 19.6 0.6 49
Italy 1463 (-1750; 4368) 0.023 (-0.004; 0.051) 62,423 75.7 19.7 0.5 4.1
Singapore 1463 (-1750; 4368) 0.038 (-0.010; 0.086) 38,724 74.4 19.5 0.6 5.4
Taiwan 1463 (-1750; 4368)  0.031 (0.012; 0.073) 47,733 72.8 193 0.9 7.0
Sensitivity analysis
United Kingdom 1463 (-1750; 4368) 0.018(-0.031; 0.067) 82,226 59.3 16.7 35 20.6
Spain 1463 (-1750; 4368) 0.018 (-0.031; 0.068) 79,684 59.6 16.7 34 20.3
Japan 1463 (-1750; 4368) 0.013 (-0.006; 0.032) 109,920 71.9 19.1 1.1 7.9
Germany 1463 (-1750; 4368)  0.020 (-0.029; 0.070) 71,229 61.8 173 29 18.0
Netherlands 1463 (-1750; 4368)  0.023 (-0.003; 0.048) 64,703 76.2 19.7 0.4 3.6
South Korea 1463 (-1750; 4368) 0.012 (-0.004; 0.027) 125,958 735 19.3 0.8 6.4
Thailand 1463 (-1750; 4368) 0.017 (-0.031; 0.065) 85,764 58.8 16.6 3.6 21.0

Clindicates confidence inteval; CE, cost-effectiveness; ICER, incremental cost-effectiveness ratio.
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Table 4 | Probabilities of cost-effectiveness at a ceiling ratio of €0 per QALY, €10,000 per QALY, €23,330 per
QALY and €80,000 per QALY - Based on the Low Back Pain study and the Depression study

Low Back Pain study - ceiling ratio Depression study - ceiling ratio
€0/ €10,000/ €23,330/ €80,000/ €0/ €10,000/ €23,330/ €80,000/

QALY QALY QALY QALY QALY QALY QALY QALY
Country - 3L
United Kingdom 0.396 0.748 0.928 0.984 0.215 0.275 0.367 0.675
Spain 0.396 0.718 0.904 0.976 0.215 0.274 0.364 0.669
Japan 0.396 0.682 0.890 0.983 0.215 0.242 0.284 0.445
Zimbabwe 0.396 0.569 0.751 0.930 0.215 0.245 0.290 0.477
Germany 0.396 0.683 0.887 0.981 0.215 0.266 0.344 0.631
United States 0.396 0.599 0.786 0.932 0.215 0.261 0.331 0.603
Netherlands 0.396 0.711 0.906 0.982 0.215 0.267 0.348 0.635
South Korea 0.396 0.603 0.800 0.956 0.215 0.248 0.298 0.505
Denmark 0.396 0.674 0.873 0.972 0.215 0.258 0.324 0.576
France 0.396 0.752 0.919 0.974 0.215 0.271 0.356 0.635
Thailand 0.396 0.761 0.938 0.988 0.215 0.255 0.316 0.542
Canada 0.396 0.648 0.853 0.970 0.215 0.249 0.230 0.505
China 0.396 0.642 0.840 0.959 0.215 0.252 0.307 0.526
Italy 0.396 0.669 0.866 0.968 0.215 0.259 0.324 0.574
Singapore 0.396 0.770 0.918 0.966 0.215 0.287 0.396 0.703
Taiwan 0.396 0.810 0.952 0.987 0.215 0.274 0.362 0.641
Country - 5L
United Kingdom 0.396 0.744 0.925 0.948 0.215 0.275 0.366 0.670
Spain 0.396 0.713 0.901 0.975 0.215 0.274 0.363 0.664
Japan 0.396 0.678 0.887 0.983 0.215 0.243 0.283 0.451
Zimbabwe 0.396 0.565 0.745 0.927 0.215 0.246 0.291 0.478
Germany 0.396 0.679 0.884 0.980 0.215 0.266 0.343 0.625
United States 0.396 0.595 0.780 0.929 0.215 0.261 0.330 0.597
Netherlands 0.396 0.707 0.903 0.981 0.215 0.268 0.347 0.629
South Korea 0.396 0.598 0.795 0.955 0.215 0.247 0.294 0.490
Denmark 0.396 0.669 0.870 0.971 0.215 0.259 0.325 0.577
France 0.396 0.752 0.974 0.975 0.215 0.257 0.319 0.541
Thailand 0.396 0.757 0.936 0.988 0.215 0.255 0.315 0.538
Canada 0.396 0.643 0.848 0.969 0.215 0.249 0.299 0.500
China 0.396 0.637 0.836 0.958 0.215 0.252 0.306 0.521
Italy 0.396 0.664 0.862 0.967 0.215 0.258 0.325 0.569
Singapore 0.396 0.766 0.916 0.965 0.215 0.288 0.394 0.700
Taiwan 0.396 0.806 0.951 0.986 0.215 0.273 0.360 0.680

QALY indicates quality-adjusted life year.
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Figure 1 | A) Cost-effectiveness acceptability curves developed using the various country-specific value sets
for the 3L- based on the low back pain study. B) Cost-effectiveness acceptability curves developed using the
various country-specific value sets for the 3L-based on the depression study.

Discussion

This study explored the impact of using different country-specific EQ-5D value sets on cost-utility
outcomes by employing 16 different EQ-5D country-specific value sets for both the 3L and 5L. Results
showed that the use of different value sets may impact on cost-utility outcomes. To illustrate, for the
3L, ICERs ranged between €2044/QALY (Taiwan) and €5897/QALY (Zimbabwe) in the LBP study and
between €38,287/QALY (Singapore) and €96,550/QALY (Japan) in the depression study. Moreover,
at the lower bound of the Dutch QALY threshold, the probability of a treatment-based classification
system for subacute and chronic LPB patients being cost-effective compared with usual care was
found to range between 0.569 in Zimbabwe and 0.810 in Taiwan.
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Previous studies on the impact of country-specific EQ-5D value sets were mostly based on the
3L.1318353-55 |n |ine with the present findings, these studies found Danish, German, Dutch, United
States, and Japanese utility values derived from the 3L to be generally higher than those of the
United Kingdom.™33% Also, Badia et al."® and Kiadaliri et al.>*® found Spanish and Swedish 3L utility
values to be either higher or lower than those of the United Kingdom, depending of the severity
of a health state. Another study of Lien et al.>* found that United States, Danish, French, German,
Japanese, and Dutch ICERs derived from the 3L differed extensively with that of Canada, with relative
differences ranging from —17% (Germany) to +16% (United Kingdom). Similar results have recently
been found for the 5L, when using both crosswalks and available 5L value sets.'*” To the best of our
knowledge, the impact of country-specific EQ-5D value sets on the probability of an intervention
being cost-effective compared with the control has never been explored, whereas this is one of the
most important outcomes of a cost-utility analysis for decision-making purposes.

Strengths of this study include the fact that it was the first to systematically assess the impact
of country-specific EQ-5D value sets on the probability of an intervention being cost-effective, its
inclusion of a broad range of countries, and its use of empirical study data of patients suffering
from both a physical and a mental health problem. Also, special efforts were made to ensure that
the observed differences across countries could be ascribed to sociocultural differences instead of
methodological ones. This was done by excluding value sets derived using elicitation methods other
than the TTO, value sets that were derived from populations other than the general population,
and value sets that contained interaction terms, quadratic variables, and/or additional health states,
such as death or unconscious. By using the crosswalk approach, we were able to assess the impact
of country-specific EQ-5D value sets for both the 3L and the 5L. Even though evidence suggests that
utility values derived using the nonparametric crosswalk approach cannot be used interchangeably
with those derived using available 5L value sets, both have previously been found to be associated
with similar differences across countries.'®*” This suggests that our use of crosswalks as a proxy of
actual 5L utility values provides important preliminary evidence that using different country-specific
EQ-5D value sets may impact on cost-utility outcomes. Further research using actual 5L utility values
is needed to confirm this.

Several limitations are noteworthy as well. First, even though special efforts were made to
ensure comparability across countries with regards to the methods they used to elicit population
preferences, the impact of using different value sets could also depend on factors other than
sociocultural differences, such as (a) the applied modeling technique and (b) the quality of the
underlying data.’’*® The way in which these factors impact on cost-utility outcomes should,
therefore, be explored in a future study. Second, in both example studies, some cost and EQ-5D
descriptive system data were missing. Missing data were handled using multiple imputation under
the assumption that they were only related to observed data and not to unobserved data (ie,
Missing At Random). As missing data are common in trial-based economic evaluations and multiple
imputation is the recommended approach for dealing with missing data in such studies we do not
expect the presence of missing data to have severely biased our results.>*% Also, it is important
to mention that the present cost-utility analyses were only intended to illustrate the possible
implications of the use of different country-specific value sets and not to serve as a bona fide cost-
utility analysis of the interventions under study. For the latter, we refer to previous publications.???*
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Third, both example studies included data from 2 relatively small Dutch randomized controlled trials
with specific patient populations and relatively few patients presenting more severe EQ-5D health
states. Therefore, our findings should be viewed as an important indication that the use of different
EQ-5D country-specific value sets might result in different cost-utility outcomes and further research
is needed to investigate whether these results are generalizable to other studies, countries, and/or
patient groups. Fourth, the nonparametric crosswalk of van Hout et al.*’ is based on self-reported
health status of 3L and 5L versions of the EQ-5D in responders of 6 European countries, which
include Denmark, the United Kingdom, Italy, the Netherlands, Poland, and Scotland. Therefore, it
may not adequately capture differences in 5L utility values that might exist for other countries. To
assess the possible impact of this issue, a sensitivity analysis was performed, in which the transition
probabilities of van Hout et al.”” were multiplied by 5L utility values, instead of 3L utility values, for
countries that already have a 5L value set.*” As the results of this sensitivity analysis were in line with
those of the main analysis, we do not expect our reliance on the nonparametric crosswalk to have
severely biased our results.

This study indicates that the use of different EQ-5D country-specific value sets has an impact on
cost-utility outcomes, for both the 3L and 5L. This indicates that cost-utility outcomes may not be
directly transferable across countries. Transferring economic evaluation results across countries is
sometimes necessary, because many jurisdictions request information on the cost-effectiveness of
interventions, while it is not possible to provide this information for every jurisdiction separately.’
As country-specific value sets are thought to better reflect sociocultural differences,'*¢' this does not
mean that more generic value sets, such as the European one,®? are preferred. Instead, researchers
are encouraged to conduct sensitivity analyses to assess the impact of using different country-
specific value sets on their results and to develop methods for transferring cost-utility outcomes
across countries. Health care decision-makers, on the other hand, are recommended to interpret
cost-utility analysis results from other countries with caution.

Until now, various studies have been performed to assess the transferability of cost-utility
outcomes across countries and/or to develop methods forimproving their transferability.*"%-% These
studies indicate that various factors influence the transferability of cost-utility outcomes across
countries, including not only differences in value sets, but also differences in resource use patterns,
unit costs, and baseline risks. Up until now, the majority of research focused on the cost side of the
equation.®%3-%> Recently, however, the “ISPOR Good Research Practices Task Force” emphasized the
importance of the fact that utilities are not directly transferable across countries as well;*’ something
which was confirmed by the present study. Oddershede and colleagues were the first to develop a
method for converting Dutch and German 3L utility values into United Kingdom ones.®'%3-%> This
set of analyses, however, only included a limited number of countries and did not account for the
severity level of a health state. Therefore, more research into this area is warranted, particularly
because the existence of successful methods for transferring cost-utility outcomes across countries
could reduce the number of required studies and ensures that health care decisions can be made in
a much more timely manner.%
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In conclusion, this set of analyses indicates that the use of different EQ-5D country-specific value
sets have an impact on cost-utility outcomes. Therefore, to account for the fact that health state
preferences are affected by sociocultural differences, relevant country-specific value sets should be
used in cost-utility analyses. Health care decision-makers are recommended to interpret cost-utility
outcomes from other countries with caution and researchers are encouraged to develop methods
for successfully transferring cost-utility outcomes from one country to another.
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Appendix 1 | Baseline characteristics of the example studies’ participants

Baseline characteristics Low Back Pain study Depression study
Control group Intervention group  Control group Intervention group
(n=82) (n=74) (n=124) (n=124)

Age (years) [mean, SD] 42 (10.9) 43 (11.7) 49 (11.5) 49 (12)
Gender [n, %]

Female 49 (60%) 40 (54%) 84 (68%) 89 (72%)

Male 33 (40%) 34 (46%) 40 (32%) 35 (28%)
Level of education [n, %]

Low 13 (16%) 14 (19%) 80 (65%) 71 (57%)

Middle 38 (46%) 23 (31%) N.A. N.A.

High 31 (38%) 37 (50%) 44 (35%) 53 (43%)
Perceived recovery (Yes) [n, %] 36 (44%) 45 (61%) N.A. N.A.
Marital status [n, %]

Partner 63 (73%) 56 (76%) 80 (65%) 80 (65%)

No partner 25 (26%) 17 (23%) 44 (35%) 44 (35%)

Missing 1(1%) 1(1%) 0 (0%) 0 (0%)
Previous complaints (Yes) [n, %] 66 (81%) 68 (92%) N.A. N.A.
Treated per protocol (Yes) [n, %] 76 (93%) 66 (89%) N.A. N.A.
Type of complaints [n, %]

Acute 19 (23%) 13 (18%) N.A. N.A.
Chronic 63 (77%) 61(82) N.A. N.A.
Onset (years) [mean, SD] N.A. N.A. 27 (12.4) 28(12)

Antidepressants [n, %]
Yes N.A. N.A. 53 (53%) 50 (40%)
No N.A. N.A. 43 (35%) 48 (39%)
Missing N.A. N.A. 28 (12%) 26 (21%)

Utility [mean, SD] 0.77 (0.21) 0.83(0.15) 0.78 (0.19) 0.77 (0.21)
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Appendix 2 | Overview of the example studies’ participants EQ-5D health states at baseline.

Low Back Pain study Depression study

(n=156) (n=248)
Mobility [n (%)]
No problems 111 (71%) 195 (79%)
Some problems 43 (28%) 40 (16%)
Extreme problems 1 (1%) 3(1%)
Missing 1(1%) 10 (4%)
Self-care [n (%)]
No problems 124 (79%) 225 (91%)
Some problems 32 (21%) 13 (5%)
Extreme problems 0 (0%) 0 (0%)
Missing 0(0%) 10 (4%)
Usual activities [n (%)]
No problems 58 (37%) 132 (53%)
Some problems 94 (60%) 98 (40%)
Extreme problems 4 (3%) 8 (3%)
Missing 0(0%) 10 (4%)
Pain/ discomfort [n (%)]
No problems 25 (16%) 101 (41%)
Some problems 115 (74%) 126 (51%)
Extreme problems 16 (10%) 11 (4%)
Missing 0(0%) 10 (4%)
Anxiety/ depression [n (%)]
No problems 122 (78%) 128 (54%)
Some problems 32 (21%) 105 (42%)
Extreme problems 2 (1%) 5(2%)

Missing 0(0%) 10 (4%)
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Abstract

Purpose
To assess whether regression modelling can be used to predict EQ-5D-3L utility values from the
Oswestry Disability Index (ODI) in low back pain (LBP) patients for use in cost effectiveness analysis.

Methods

EQ-5D-3L utility values of LBP patients were estimated using their ODI scores as independent
variables using regression analyses, while adjusting for case-mix variables. Six different models were
estimated: 1) Ordinary Least Squares (OLS) regression, with total ODI score, 2) OLS, with ODI item
scores as continuous variables, 3) OLS, with ODI item scores as ordinal variables, 4) Tobit model,
with total ODI score, 5) Tobit model, with ODI item scores as continuous variables, 6) Tobit model,
with ODI item scores as ordinal variables. The models’ performance was assessed using explained
variance (R?) and Root Mean Squared Error (RMSE). The potential impact of using predicted instead
of observed EQ-5D-3L utility values on cost-effectiveness outcomes was evaluated in two empirical
cost-effectiveness analysis.

Results

Complete individual patient data of 18,692 low back pain patients were analysed. All models had
a more or less similar R? (range: 45-52%) and RMSE (range: 0.21-0.22). The two best performing
models produced similar probabilities of cost-effectiveness for a range of willingness-to-pay (WTP)
values compared to those based on the observed EQ-5D-3L values. For example, the difference in
probabilities ranged from 2% to 5% at a WTP of 50,000 €/QALY gained.

Conclusion
Results suggest that the ODI can be validly used to predict low back pain patients’ EQ-5D-3L utility
values and QALYs for use in cost-effectiveness analyses.
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Introduction

Low Back Pain (LBP) has an estimated incidence of 250 million people worldwide and is characterized
by a high burden of disease. Patients with LBP typically experience difficulties in different aspects
of health-related quality of life, such as their daily functioning, social participation,** and working
ability.** These difficulties may affect patients’health-related quality of life considerably,>¢ and have a
significant impact on healthcare and societal costs.”® As limited (healthcare) resources are available,
decision-makers are not only interested in the effectiveness of LBP treatments recommended in
international guidelines, but also in their cost-effectiveness compared to alternative treatments.

Cost-effectiveness analysis provides insight into the relative cost-effectiveness of treatments by
comparing their incremental costs to their incremental effects.’ These effects are often expressed
in Quality-Adjusted Life-Years (QALYs), which combine both the quality and quantity of life into a
single outcome.’® For estimating QALYs, health-related quality of life is typically measured using
preference-based quality-of-life measures. Health states obtained from these measures can be
converted into utility values, which represent the preferences of the general population of a country
for given health states." In many countries, it is recommended to estimate utility values using the
EuroQol five-dimension questionnaire (EQ-5D) and national tariffs to account for the fact that health
state preferences differ across countries.’>'* Unfortunately, EQ-5D data are not always available in
clinical trials,”® as higher priority is sometimes given to condition-specific measures that assess more
clinically relevant outcomes.'®

When utility values are missing, QALYs cannot be calculated. However, information about the
incremental cost per QALY gained is typically required by healthcare decision-makers, particularly at
the national level.’>® In the absence of the EQ-5D or another generic preference-based quality-of-
life measure, a condition-specific measure might be used to predict utility values.'” In LBP, one of the
most frequently used condition-specific measures is the Oswestry Disability Index (ODI).”® The ODI
measures limitations of a patient’s performance,’ and is recommended in the core outcome set for
clinical trials in nonspecific LBP* and management of LBP?'

A previous study assessed the predictive ability of the ODI in estimating utility values from
the EQ-5D-3L by using data from 14,544 patients with lumbar degenerative pathology treated in
a tertiary spine centre.?? Linear regression analysis was performed to predict the patients’ EQ-5D
utility values based on their ODI total or individual item scores and patients reported severity of
back and leg pain. Based on a root mean squared error (RMSE) of 0.14, the authors concluded that
it is not possible to estimate EQ-5D-3L utility values based on the ODI. However, given the bounded
nature of EQ-5D data as well as the possible existence of other contextual factors that influence
health-related quality of life in LBP, it is likely that the models’ performance might be improved by
using a Tobit model to account for possible ceiling effects. The model’s performance might also be
improved by including a wider variety of LBP patients treated in various settings, while adjusting for
more case-mix variables. Moreover, the authors only based their conclusions on the models’ RMSE
without assessing the impact of using predicted utility scores in cost-effectiveness. Therefore, this
study aimed to assess the feasibility of using different regression models to predict EQ-5D-3L utility
values in LBP patients based on the ODI in cost-effectiveness analyses while adjusting for a broad
range of case-mix characteristics.
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Methods

Source of data
Individual patient data included in this study originated from four previously conducted prospective
studies; i.e., the minimal interventional treatments (MINT) study, the rehabilitation after lumbar disc
surgery (REALISE) study, the Nijmegen Decision Tool study, and a study evaluating a treatment-
based classification system.?32 These studies were conducted among sub-acute and chronic
LBP patients treated in primary care, secondary care, and/or tertiary care. For all patients, various
sociodemographic variables were assessed at baseline, and both the ODI and EQ-5D-3L utility
values were assessed at baseline and at one or more follow-up moments. In total, 21,500 patients
were included in these studies. For developing the models, only baseline data were used in the
present study, because the proportion of participants with missing data was low at baseline (i.e.,
<5%), thereby preventing the need for imputation of missing values. To assess the final models’
performance in a trial-based cost effectiveness analysis setting, baseline as well as follow-up data
were used of the MINT study,?** and the treatment-based classification system study.*3°

The MINT study,?? the REALISE study®'?? and the treatment-based classification system
study?3° obtained ethical approval from the Medical Ethics Committee of the Erasmus Medical
Centre Rotterdam or Medical Ethics Committee of the VU University Medical Centre in Amsterdam.
For the Nijmegen Decision Tool study,?2 ethical approval was not required, because the “Dutch
Act on Medical Research involving Human Subjects” does not apply to screening questionnaires that
are part of routine practice. More detailed information on the design and study population of the
different studies is provided in Appendix A.

Utility values

Utility values were based on the EQ-5D-3L, which is a generic preference-based measure that asks
participants to describe their health state on five health dimensions (i.e., mobility, self-care, usual
activities, pain/ discomfort, and anxiety/depression) using three severity levels (i.e.,, no problems,
moderate problems, and severe problems).23The participants’'EQ-5D-3L health states were converted
into utility values using the Dutch tariff.>* Utility values are presented on a continuous scale that is
anchored at 1 (indicating full health) to 0 (indicating a state as bad as being dead). Negative values
may also occur, which represent health states that are regarded as worse than a state that is as bad
as being dead 10. Dutch EQ-5D-3L utility values can range between -0.33 and 1.

Oswestry Disability Index

The ODI measures the limitations of a patient’s performance compared with that of a fit person, and
consists of ten items assessing various aspects of daily living (e.g. lifting, walking, and travelling).
Each item is scored on a six-point scale, ranging from 0 to 5. The overall ODI score was estimated by
summing the values of all individual items, subsequently dividing this score by the total possible
score, and multiplying this score by 100. The total score ranges from 0 to 100%, with higher scores
indicate higher level of disability.’”*> For this study, the “sex life” (item 8) was not included, as this
item is frequently omitted in applied studies as well.*¢3# Including this item would have hampered
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the generalization of the results to a large number of LBP studies. The cross cultural adapted Dutch
language version of the ODI version 2.1a was used in all studies included.*

Predictors

The following case-mix variables were included; age (years), gender (male/female), education level
(low/moderate/high), living together with a partner (yes/no), type of LBP (sub-acute/chronic),
setting (primary care/secondary care/ tertiary care), and back pain (Numeric Rating Scale (NRS: 0-10)
Pain score: low 0-3, moderate 4-6, and severe 7-10).#°4' These variables were included, because
they were expected to increase the predictive value of the models***” and to be measured in most
applied studies, thereby increasing applicability of the models.

Statistical analysis

Baseline characteristics were described using frequencies and percentages for categorical variables
and means and standard deviations for continuous variables. Prior to the development of the
models, linearity and additivity assumptions (i.e., normally distributed residuals, homoscedasticity,
influential cases and outliers) were assessed using diagnostic plots (i.e., scatterplot, density plot, and
boxplots), and diagnostic tests (e.g., Grubbs test). Pearson’s correlation coefficient was used to assess
the strength of the linear relationship between the patients’ EQ-5D-3L based utility values and ODI
total scores. To assess the agreement between the EQ-5D-3L and the ODI the Intra Class Correlation
(ICC) was calculated using a two-way random effects model.

Model development and variable selection
Models were developed using two regression techniques; i.e.,, Ordinary Least Squares (OLS)
regression and Tobit regression (i.e. censored or truncated regression). OLS regression was included,
because it is still one of the most frequently used linear modelling techniques. OLS regression is
used to estimate the strength of the association between a continuous outcome variable and one
or more independent variables.*® OLS, however, does not take into account the bounded nature
of utility values which can be accounted for in a Tobit regression.* This model can estimate linear
relationships between variables, where the range of the dependent variable is constrained. This is
done using a so-called latent variable that accounts for the fact that the true independent variable
is — in our case - bounded at 1. Hereby, biased and inconsistent estimates, that may occur when
using OLS regression, may be prevented.*

For both the OLS and Tobit model, three different regression models were developed;
1) including the overall ODI score as independent variable, 2) using all nine ODI items scores as
independent variables and assuming them to be continuous, and 3) using all nine ODI items scores
as independent variables and assuming them to be ordered. This resulted in six different models;
1) OLS, with the total ODI score, 2) OLS, with the ODI item scores as continuous variables, 3) OLS,
with the ODI item scores as ordinal variables, 4) Tobit model, with the total ODI score, 5) Tobit model,
with the ODI item scores as continuous variables, 6) Tobit model, with the ODI item scores as ordinal
variables. To assess which variables increased the predictive value of the models, a bi-directional
stepwise selection procedure,® using Akaike Information Criterion (i.e., the trade-off between the



146 | Chapter 5

goodness of fit of the model and the simplicity of the model),*? with a 5% significance level was
used. Stepwise selection combines the elements of forward and backward selection by sequentially
adding variables, based on the most contributing predictors, and omitting variables that no longer
provide an improvement in the model fit after adding a new variable to the model. Final models only
included case-mix variables that increased the predictive value.

Model performance and internal validation

The original dataset was split into a training sample (70%), and a validation sample (30%) using the
‘create Data Partition’ function in R. This function creates a balanced split of the data by performing
a stratified random split of the data based on the mean of the dependent variable, which leads
to a comparable mean EQ-5D-3L utility value in both the training and validation dataset. After
developing the models in the training sample, their performance was assessed in the validation
sample using the RMSE (i.e., the absolute fit of the model) and the adjusted R? (i.e., the relative fit
of the model). The minimal important difference (MID) of the EQ-5D-3L was used to determine an
acceptable RSME, which was set at a cut of point of 0.0353. A correlation of 0.5 or higher (i.e., a
relatively moderate correlation as the R squared indicates that about half of the variance of the
utility values is explained by the ODI) was considered sufficient for performing regression analysis.
Recommended models were selected based on parsimony, which is the trade-off between between
simplicity of the model (i.e., low AIC) and explanatory predictive power (i.e., high R?). To assess
agreement between the actual and estimated EQ-5D-3L based utility values a Bland Altman analysis
was performed for all models.

Sensitivity Analyses

In addition to the main analysis, three sensitivity analyses (SA) were performed. In the first sensitivity
analysis (SA1) the variable mental health status was added to the case-mix variables (SA1). SAT was
only performed on a sub-set of the data, as only one of the four datasets (i.e., the MINT study23-25)
assessed mental health using the Four Dimensional Symptom Questionnaire (4DSQ),** and only part
of the sample (n=4,123) completed this questionnaire. The 4DSQ assesses four different aspects of
mental health (i.e.,, distress, depression, anxiety, and somatisation), all of which were included in
the models as a separate variable. In SA2, the variable living with a partner was omitted. In SA3
the patients’ EQ-5D-3L utility values were converted to EQ-5D-5L utility values using the reverse
crosswalk (SA3).5> Reversed cross walk values make it possible to link EQ-5D-3L responses to EQ-
5D-5L value sets, and can be used when 5L values are wanted but only 3L data is available.*>*® The
5-level EQ-5D version is an adapted version of the EQ-5D-3L, which is known to be more sensitive
and has less ceiling effects, including through changing the number of levels of perceived problems
per dimension from 3 to 5.%7

Cost-effectiveness analysis

To assess the models’'impact on cost-effectiveness outcomes, complete cases from two randomized
controlled trials were used, i.e., empirical dataset 1 (n=68; Apeldoorn et al.?*3°) and empirical dataset
2 (n=424; Maas et al.>*%). In both studies, QALYs were estimated based on both the actual EQ-5D-3L
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scores (i.e., actual QALY values) and based on the patients’ ODI scores (i.e., predicted QALY values).
Agreement between the actual and estimated EQ-5D-3L based utility values was assessed by
performing a Bland Altman analysis for each of the empirical datasets.

Then, full trial-based cost effectiveness analyses were conducted for each of the six models
as well as the patients’ actual QALY values (i.e.,, QALYs based on the measured EQ-5D-3L scores).
For each trial-based cost effectiveness analysis, mean differences in costs and QALYs between
treatment groups were estimated using seemingly unrelated regression analyses. Incremental Cost-
Effectiveness Ratios (ICERs) were calculated by dividing the difference in costs by the difference
in effects. Uncertainty around cost and QALY differences was estimated using bootstrapping. The
percentage of bootstrapped cost-effect pairs was reported per quadrant of the Cost-Effectiveness
Plane (i.e., north-east, south-east, north-west, and south-west). Subsequently, Cost-Acceptability
Curves (CEACs) were plotted. CEACs indicate an intervention’s probability of cost-effectiveness
compared to control for a range of willingness-to-pay (WTP) values (i.e., thresholds of 0, 30,000 euro
and 50,000). These probabilities were assessed on their decision sensitivity (i.e., how sensitive is the
conclusion of a cost effectiveness analysis is to using a particular statistical method).*® Analyses were
performed in R software, version 3.4.0.

Results

Participants

Out of the individual patient data that included 21,500 patients, 18,692 complete cases were
included for analysis. These patients had sub-acute (n=3248) or chronic LBP (n=15,444). The mean
age of the patients was 53.9 years (SD=14.7, range 18.1-91.9) and 61% of the sample was female.
The patients’mean ODI score at baseline was 41.23 (SD=15.4, range 0-100) and their mean baseline
EQ-5D-3L based utility value was 0.46 (SD=0.29, range -0.3290-1.00). More details on the patients’
characteristics are shown in Table 1.

Variables included and model performance

The diagnostic plots showed a linear relationship between EQ-5D-3L based utility values and the
ODI, and homogeneity of variance of the residuals. Even though the patients’ baseline EQ-5D-3L
based utility values followed a bimodal distribution, the corresponding residuals were normally
distributed. Hence, the normality of residuals assumption of linear regression was met. No outliers
or influential cases were identified. Pearson’s correlation coefficient between the patients’ baseline
EQ-5D-3L utility values and ODI total score was 0.63. The ICC showed an agreement of 0.23 between
individual ODI items and EQ-5D-3L items.



148 | Chapter 5

Table 1 | Baseline characteristics of included patients

Characteristic n=18,692
Age (mean (SD), range) 53.9 (14.7), 18.1-91.9
Gender; female (n, %) 11,345 (60.7)
Education (n, %)
Low (no education, primary level education, lower vocational and lower 5,398 (28.9)
secondary education)
Moderate (higher secondary education or undergraduate) 9,078 (48.6)
High (tertiary, university level, postgraduate) 4,216 (22.6)

Living with a partner (n, %)

14,085 (75.4)

Type of LBP (n, %)

Subacute (<3 months) 3,248 (17.4)
Chronic (>3 months) 15,444 (82.6)
Post-surgery (n, %) 1,587 (8.5)
Setting (n, %)
Primary care (i.e., physiotherapy clinics) 150 (0.8)
Secondary care (i.e., pain clinics) 4,123 (22.1)
Tertiary care (i.e., hospital) 14,419 (77.1)
NRS Pain (mean (SD)) 6.99 (1.9)
Utility score (mean (SD), range) 0.467 (0.299), -0.3290-1.00
ODlI score® (mean (SD), range) 41.23 (15.4), 0-100

ODI 1 mean (SD)/ median (IQR)

ODI 2 mean (SD)/ median (IQR)

ODI 3 mean (SD)/ median (IQR)

ODI 4 mean (SD)/ median (IQR) 144 (1.22)/ 1

ODI 5 mean (SD)/ median (IQR) 2.11(1.09)/2(1

ODI 6 mean (SD)/ median (IQR) 2.85(1.29) /3 (2-

ODI 7 mean (SD)/ median (IQR) 1.49(1.09) /1 (0-
(IQR) 1
n 1-

2.66(0.93) / 3 (2-
1.11(1.04) /1 (
(
(

278(1.32)/3

0-
2-
0-

4)
)
)
)
)

2
4
2
-3
-4

)

ODI 9 mean (SD)/ median (I 2.14(1.20) / 2 (
ODI 10 mean (SD)/ median (IQR) 1.98(1.32)/2(

2)
-3)
-3)

2 excluding item 8 sex life
LBP= Low Back Pain; NRS= Numeric Rating Scale (range 0-10); Utility (range -0.33 to 1); ODI= Oswestry Disability Scale
(range 0-100); ODI individual item (range 0-5) ; SD= Standard Deviation IQR= Inter Quartile Range

An overview of the independent variables that were included in the final models, as well as their
respective regression coefficients, can be found in Appendix B. The case-mix variables age, gender,
education, partner and NRS were included in all models, whereas type of LBP was not included in
any of the models. The variable setting was included in all models except for model 1 (i.e., OLS with
ODI total scores). In the models using Tobit regression, 74 of the 13,087 observations in the training
set were right censored.
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The performance of the different models was more or less the same, with explained variances
ranging from 45% to 51% and RMSEs ranging from 0.21 to 0.22. Based on parsimony of the models,
model 2 and 5 seem most appropriate to use. More details on the performance of the different
models are shown in Table 2.

The mean difference between estimated and actual utility values for model 2 was -0.068 (95% Cl
-0.495, 0.359), and for model 5 -0.086 (95%Cl -0.512, 0.341). Bland Altman plots of models 2 and 5 are
shown in Figure 1. The plots for other all models are presented in Appendix C.

a Bland-Altman Plot Model 2 b Bland-Altman Plot Model 5

Difference utility values
Difference utility values

00 04 08 00 04 08
Average Average

Figure 1 | Bland Altman plots models 2 and 5 - validation set

X-axis: Average measurement of the estimated and actual utility values, Y-axis: Difference in measurements between the
two instruments

Solid line: Average difference in measurements between the estimated and actual utility values, Dashed lines: 95%
confidence interval limits for the average difference

Table 2 | Performance measures in the training and validation sets

Performance in the training set Performance in validation set
(n=13,087) (n=5,605)
R? RMSE AIC R? RMSE AIC

Model 1: OLS with ODI total scores 0.45 0.22 -2326.48 0.46 0.22 -1083.26
Model 2: OLS with ODI individual item 0.50 0.21 -3423.24 0.50 0.21 -1513.73
total scores continuous
Model 3: OLS with ODI individual item 0.51 0.21 -3769.51 0.52 0.21 -1638.09
total scores ordered
Model 4: Tobit with ODI total scores 0.45 0.22 -2061.91 0.46 0.22 -951.61
Model 5: Tobit with ODI individual item 0.50 0.21 -3164.37 0.50 0.21 -1385.32
total scores continuous
Model 6 Tobit with individual item total 0.51 0.21 -3474.88 0.52 0.21 -1494.06

scores ordered

OLS: Ordinary Least Squares Regression, ODI: Oswestry Disability Index, R%: proportion of variance for the dependent
variable, RMSE: Root Mean Squared Error, AIC: Akaike Information Criteria.
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a  Bland-Altman Plot Empirical Dataset 1 Model 2 b Bland-Altman Plot Empirical Dataset 2 Model 2
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Figure 2 | Bland Altman plots models 2 and 5 — empirical datasets

X-axis: Average measurement of the estimated and actual utility values, Y-axis: Difference in measurements between the
two instruments.

Solid line: Average difference in measurements between the estimated and actual utility values, Dashed lines: 95%
confidence interval limits for the average difference.

Sensitivity analysis

Adding mental health variable(s) to the models resulted in an increase of the explained variance
of 2-4%, whereas the RMSE remained similar. Omission of the variable ‘living with a partner’ (SA2)
did not change the models’ performance. Using the patients’ reversed cross-walked EQ-5D-5L
utility values (SA3) improved the models’ explained variance by 3-4%, and the RMSE reduced with
0.06-0.07. More details on the results of the sensitivity analyses are provided in Appendix D.

Results cost-effectiveness analysis

The mean difference between estimated and actual utility values for empirical dataset 1 model 2 was
-0.039 (95% CI -0.075, -0.002), and for model 5 -0.057 (95% Cl -0.097, -0.018). The mean difference
between estimated and actual utility values for empirical dataset 2 model 2 was 0.295 (95% Cl 0.246,
0.344), and for model 5 the mean difference was 0.294 (95% Cl 0.248, 0.341). Bland Altman plots of
models 2 and 5 for both empirical datasets are shown in Figure 2. The plots for other all models are
presented in Appendix E.
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In both empirical datasets, the difference between the predicted and actual differences in QALYs
was small for the two most parsimonious models (i.e. models 2 and 5:A<0.004) and the distributions
of cost-effect pairs across the four quadrants of the cost-effectiveness plane were comparable. The
cost-effectiveness acceptability curves based on both predicted and actual QALY values were also
similar. The predicted probability of an intervention being cost-effective at a willingness to pay of
50,000 was slightly higher in both models than the actual probabilities (i.e., 2-5% in model 2, and
3-5% in model 5). More details on the cost-effectiveness outcomes for all models in both empirical
studies are shown in Table 3 and Figure 3.

Cost-effectiveness acceptability curve: Empirical data 1
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€0 €5.000 €10.000 €15.000 €2Q000 €25.000 €30000

Willingness-to-pay thresholds: €/QALY gained

Figure 3 | Cost-effectiveness acceptability curves — empirical dataset 1

M1= Model 1; M2= Model 2; M3= Model 3; M4= model 4; M5= Model 5; M6= model 6
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Table 3 | Cost-effectiveness outcomes for an intervention in comparison with usual care by predictive models

Predictive AE AC ICER Cost-effectiveness  Cost-effectiveness acceptability curve
models (95% ClI) (95% ClI) plane

NE SE SW NW P_(0) P,(10,000) P (30,000) P, (50,000)

Empirical dataset 1 28, 29 N= 86

Actual -0.041 -110 2697 2% 4% 51% 42% 0.55 0.36 0.16 0.11

values (-0.091; 0.009) (-1761; 1283)

Model 1 -0.035 -110 3091 1% 10% 45% 44% 0.55 0.39 0.25 0.20
(-0.094; 0.021) (-1761; 1283)

Model 2 -0.043 -110 2559 1% 7% 48% 44% 0.55 0.36 0.21 0.16
(-0.106; 0.015) (-1761; 1283)

Model 3 -0.027 -110 4068 1% 13% 43% 43% 0.55 0.42 0.30 0.24
(-0.081;0.018) (-1761; 1283)

Model 4 -0.036 -110 3058 1% 10% 45% 44% 0.55 0.39 0.25 0.20
(-0.095; 0.021) (-1761; 1283)

Model 5 -0.044 -110 2514 1% 7% 48% 44% 0.55 0.36 0.21 0.16
(-0.107; 0.015) (-1761; 1283)

Model 6 -0.027 -110 4084 2% 13% 42% 43% 0.55 042 0.30 0.25

(-0.080; 0.021) (-1761; 1283)
Empirical dataset 2 22-24 N = 424

Actual -0.004 1576 -371566 38% 0% 0% 62% 0.001  0.002 0.017 0.048

values (-0.034; 0.027) (596; 2575)

Model 1 -0.007 1576 -226441 32% 0% 0% 68% 0.001 0.002 0.014 0.037
(-0.037; 0.023) (596; 2575)

Model 2 0.0002 1576 6670132 51% 0% 0% 49% 0.001 0.003 0.025 0.070
(-0.030; 0.029) (596; 2575)

Model 3 -0.001 1576 -2099247 48% 0% 0% 52% 0.001 0.002 0.015 0.028
(-0.026; 0.024) (596; 2575)

Model 4 -0.007 1576 -224080 32% 0% 0% 67% 0.001  0.002 0.014 0.038
(-0.037;0.024) (596; 2575)

Model 5 0.0003 1576 5105447 51% 0% 0% 49% 0.001  0.003 0.025 0.073
(-0.030; 0.030) (596; 2575)

Model 6 -0.001 1576  -2417793 48% 0% 0% 51% 0.001  0.002 0.018 0.053

(-0.027;0.026) (596; 2575)

Recommended models are presented as bold text. N= number of observations in the analysis; AC= difference in costs;
95% Cl= 95% confidence interval; AE= difference in effects; ICER= Incremental Cost-Effectiveness Ratio; NE= northeast;
SE= southeast; SW= southwest; NW= northwest; P__ (0)= probability that the intervention is cost-effective as compared to
usual care with a threshold of 0; PCE( )= probability that the intervention is cost-effective as compared to usual care with
willingness-to-pay thresholds of 0, 10,000, 30,000, and 50,000 Euros.
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Discussion

Main findings

There were no large differences in the models’ performance between OLS and Tobit regression, nor
between using the patients’ total ODI scores and ODI individual item scores. The explained variance
of the developed models ranged from 45% to 51%, and the RMSE ranged from 0.21 to 0.22. Models
2 and 5 are recommended based on the best fit and parsimony. The models’ relatively low absolute
fit (RMSE) indicates that they are not suitable for estimating utility values for individual patients.
Nonetheless, they can be used to predict differences in LBP patients’ EQ-5D-3L utility values and
QALY’s, as the systematic bias in mean scores does not affect the differences between the groups.
Cost-effectiveness outcomes of models 2 and 5 based on predicted and actual values were similar.
These findings enable researchers to perform a cost-effectiveness analysis with QALYs as the
outcome measure, even if EQ-5D-3L data are missing.

Comparison with literature

Our findings regarding the performance measures are more or less in line with the previous study by
Carreon et al.,® who aimed to predict individual LBP patients’ EQ-5D-3L utility values based on their
ODlI scores. Their model performed slightly better in terms of its explained variance (i.e., R was 61%)
and its absolute fit (i.e., RMSE is 0.149), which is probably the result of a more homogenous study
population, and therefore may indicate overfitting of their model. Based on the RMSE, Carreon et
al?° concluded that individual patients’ EQ-5D-3L utility values could not validly be predicted from
their ODI scores. Although we agree with this conclusion, we would like to stress that a low RMSE
does not necessarily mean that the models cannot be used in the context of a cost-effectiveness
analysis. This is true when the bias surrounding the predicted utility values does not translate
into relevant differences in incremental QALYs and the probability of the intervention being cost-
effective compared to the control group (i.e., decision-based validity).” This may be explained by the
fact that the bias is likely to be similar in the intervention and control groups, thereby not affecting
incremental QALYs and CEACs.*

Strengths and limitations

To develop the models, a large sample of LBP patients from various settings (i.e., primary, secondary,
and tertiary care) and with various complaint durations (i.e., subacute and chronic LBP) was used,
which increases both the reliability and generalisability of the models. Moreover, next to OLS models,
Tobit models were used to account for the constrained range of utility values.***® Although the
added value of the Tobit model in this LBP population turned out to be rather limited, this might be
different for LBP populations with milder symptoms, in which a larger share of patients is expected
to report full health (i.e., a utility value of 1).

Our study also had some limitations. First, part of the sample was derived from two RCTs.
Although RCT data may have limited generalisability, we chose to add these RCTs to our sample to
create a more diverse sample and provide a better representation of the LPB population. Second,
during the analysis, balanced data splitting was used to create the training and validation set.
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Although this balanced split provides better distribution of data then a random split, it might have
been more appropriate to use K-fold cross validation.®® Unfortunately, running the Tobit model using
k-fold cross validation was not feasible as the R package for the Tobit model was not compatible
with the K-fold package. In a post-hoc analysis we developed and validated the OLS models with
k-fold cross validation and this produced similar results as our main analysis (data not shown). We
also expect this to be the case for the Tobit models. Third, EQ-5D-3L utilities were used instead of
EQ-5D-5L utilities. This is a limitation because EQ-5D-5L is known to be more sensitive and therefore
recommended in pharmacoeconomic guidelines. Nonetheless, some countries still use the EQ-5D-
3L. Therefore, we preferred to use the current relatively large dataset with EQ-5D-3L utility values of
nearly 20,000 patients for developing and validating the models, instead of using a relatively small
dataset with EQ-5D-5L. As the performance measures in the sensitivity analysis using the EQ-5D-5L
reversed crosswalk were comparable with those of the EQ-5D-3L version, we expect that EQ-5D-5L
values can also be validly estimated using ODI scores. Fourth, the models were based on Dutch
utility values. Previous research' has shown that there are differences in utilities, QALYs, ICERs, and
CEACs between countries due to the use of different value sets per country. Therefore, we added
the regression coefficients of models 2 and 5 for different countries in Appendix F. These regression
coefficients are based on the available value sets (tariffs) for different countries and can be used
to calculate utility values and QALYs. Fifth, some data that were used to assess the performance
of the developed models in a trial-based cost-effectiveness analysis setting were also part of the
training set. However, as this was only a small percentage of the total training set (3.1%), we do not
expect it to have influenced the validity of our finding that the difference between the estimated
and true QALYs is small. Last, for assessing the performance of the developed models in a trial-based
cost-effectiveness analysis setting, we only used data of two clinical trials, both of which found the
intervention far from being cost-effective. That is, the probability of the interventions being cost-
effective was low regardless of the willingness to pay threshold. In datasets where the interventions’
cost-effectiveness is less conclusive, even small differences in the probability of an intervention
being cost-effective might impact the overall conclusion of a study. Further research in the form
of a simulation study, using simulated data to examine the generalisability beyond the datasets,
is needed to assess the performance of the developed models in a wide range of trial-based cost-
effectiveness analysis settings.

Implications for research and practice

Our findings suggest that predictive modelling can be used to estimate utility values from disease-
specific measures, such as the ODI amongst LBP patients when assessing incremental costs per
QALY gained (as part of a cost-effectiveness analysis) or differences in utilities between groups. This
is helpful for assessing cost-effectiveness in trials that did not directly measure utilities. Given the
relatively large RMSE (i.e., low absolute fit of the models) and the relatively low r-square value (i.e.,
low relative fit) it is strongly discouraged to use the developed models to estimate the utility values
of individual patients. Further research is needed to validate the models in order to 1) assess whether
these models yield comparable results in other empirical datasets on LBP interventions, especially
in analysis of interventions that are expected not to be more conclusive in their cost-effectiveness,
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and 2) to improve their generalisability among different LBP patients by external validation in
another sample. This study focussed on assessing the validity of predictive regression modelling
in estimating EQ-5D-3L utility values from the ODI and the impact of these estimated utility values
on cost-effectiveness analysis. Results show that this is feasible for estimating QALYs and ICERs, but
not for estimating individual utility scores. Further research is needed to explore whether adjusted
regression techniques, such as response mapping techniques like non-parametric and multinomial
logistic regression,'®>** result in better predictive accuracy in estimating individual utility values
of preference-based measures, such as the EQ-5D. This is important because studies suggest these
mapping methods might be better at preventing regression to the mean.®’ Additional research
might not only result in more accurate estimated utility values but would also provide insight into
the relative performance of different methods to estimate these values.

In the meantime, researchers can use the developed models in their cost-effectiveness analysis
when utility values are lacking. Of them, the OLS model (i.e.,, model 2) is recommended in samples in
which only a small number of patients has a utility value of 1 at baseline or follow-up measurement,
whereas the Tobit model (i.e.,, model 5) is recommended in samples in which a substantial part of the
sample has a utility score at baseline or at follow-up measurement. Although it seems possible to
estimate utility values from disease-specific measures it is important to stress that it is still preferred
to use preference-based quality of life measurements when setting up new studies.

Conclusions

Results of this study suggest that the ODI can be used to predict LBP patients’ EQ-5D-3L utility
values when the aim is to perform a cost-effectiveness analysis for QALYs, if utility values are missing,
in order to compare the difference between groups of patients. The models are not suitable for
estimating utility values for individual patients. Further research is needed to validate the models in
order to assess whether these models yield comparable results in other empirical datasets on LBP
interventions, to improve generalisability of the estimated models, and to compare the performance
of predictive modelling compared to a mapping approach for estimating utility values. In the
meantime, researchers can use the developed models in their cost-effectiveness analysis when
utility values are lacking.
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