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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, osteoar-
thritis, 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 QALYSs, 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 system that describes health using five health dimensions

(i.e., mobility, self-care, usual activities, pain/discomfort,

The EQ-5D is one of the most frequently used generic pref-
erence-based measures of health-related quality of life in
economic evaluations worldwide [1, 2], as it is shown to be
valid and responsive in multiple health conditions [3, 4] and
cultural contexts [5]. It comprises a standardized descriptive
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and anxiety/depression). The original EQ-5D uses three
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) [6]. To 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)
[7, 8]. The EQ-5D-5L describes health in terms of the same
health dimensions, but uses five 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 [9-11].
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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
[12]. 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 consid-
ered 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 [13].

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 Valua-
tion Technology—EQ-VT—protocol) [14, 15]. Otherwise,
the country-specific value set may not be recommended
by HTA agencies. For example, the National Institute for
Health and Care Excellence (NICE) currently does not rec-
ommend using the EQ-5D-5L value set for England [16] due
to methodological issues found in the initial version of the
EQ-VT protocol [15, 17], but to use the mapping approach
developed by Hernidndez-Alava and Pudney (2017) as an
interim scoring method instead [18, 19]. 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 hap-
pen 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., SL). In most of these cases, map-
ping approaches, such as crosswalks and copula mapping
models, can be used to estimate utilities for the other instru-
ment [20-22]. The most widely used mapping approach for
HTA purposes [23] is the one of van Hout et al. (2012) [20],
which estimates 5L utilities by mapping EQ-5D-5L to EQ-
5D-3L (i.e., 5L to 3L crosswalk). An extension of this map-
ping 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 scoring method is urgently needed [23].
So far, 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., incre-
mental QALY) and impact reimbursement decisions [18,
24-29]. Camacho et al. (2018), for example, concluded that
the use of crosswalks instead of England 5L value sets may
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increase the likelihood of mental health interventions being
cost-effective, while Ben et al. (2020) found that the prob-
ability of interventions for mental health and diabetes being
cost-effective was not significantly affected using crosswalks
compared to SL value sets for England, the Netherlands, and
Spain. Both studies, however, only used data of a small num-
ber 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 SL
value sets on cost—utility outcomes, and hence the possible
impact on reimbursement decisions, in a broad range of sim-
ulated 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 SL crosswalk [22] 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 evalua-
tion 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 lev-
els (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 SL 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 [29, 30], low back pain [31, 32], osteoarthritis
[33, 34], and cancer [35, 36].

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 treat-
ment 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 [30, 37-44]
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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
®) Medium
) Large
(10) Low back pain Mild Small
(11 Medium
(12) Large
(13) Moderate Small
(14) Medium
(15) Large
(16) Severe Small
a7 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

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 inter-
vention 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 [45]. This package allows researchers to generate
datasets with EQ-5D health states (e.g., 12,312) 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 [29-36].

Subsequently, 150 follow-up profiles were generated
by treatment group for each EQ-5D version, health condi-
tion, and severity level separately. This was done using a
matrix of transition probabilities which were also based on
the empirical datasets [29-36]. These transitions probabili-
ties 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) [46].

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 [47]. Age was gener-
ated 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 treat-
ment 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 dif-
ference. A negative correlation between costs and QALY's
was implemented (r & —0.10). This means that high costs
are associated with lower QALY and vice-versa. The R
script for the data generation can be found at GitHub 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 [22], and
5L to 3L crosswalk [20]. For both versions of the EQ-5D,
utilities were calculated for NL, US, and JP using the equa-
tion 5d R package [48]. These three countries were chosen,
because they differ considerably in terms of the utility dec-
rements 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 anx-
ious 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 SL 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/
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Fig.1 Utility distribution EQ-5D-3L value sets and 3L to 5L cross-
walks for the Netherlands (NL), the United States (US), and Japan
(JP). Scenario (1): mild depression and small treatment effect size.

cross-walk/. These mapping approaches were chosen as they
are the ones mostly used in practice [23].

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 QALY's
(estimated using the area under the curve method) [13] as
well as their respective standard deviations and ranges were
described. For the EQ-5D-3L, utilities and QALY's estimated
using country-specific 3L value sets and their respective 3L
to 5L crosswalks were described. For the EQ-5D-5L, utili-
ties and QALYSs estimated using the country-specific SL

@ Springer

Scenario (2): mild depression and medium treatment effect size. Sce-
nario (3): mild depression and large treatment effect size

value sets and their respective SL to 3L crosswalks were
described. Differences in utilities and QALYs between
EQ-5D value sets and mapping approaches were compared
using paired ¢ tests and their corresponding 95% confidence
intervals (95%CI) were described per country. To explore
whether the differences between scoring methods were clini-
cally relevant, a minimally clinically important difference of
0.074 was used as a threshold [49].

Cost-utility analysis

Using QALY derived from the four EQ-5D scoring meth-
ods, cost—utility analyses were performed for all 36 sce-
narios per country. Incremental QALYs and costs between
treatment groups and surrounding 95%Cls were estimated
using seemingly unrelated regression analyses [50]. Incre-
mental cost-effectiveness ratios (ICERs) were calculated by
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Fig.2 Utility distribution EQ-5D-5L value sets and 5L to 3L cross-
walks 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. Sce-
nario (3): mild depression and large treatment effect size

dividing incremental costs by incremental QALYs. Bias- Results
corrected and accelerated bootstrapping with 2000 replica-
tions was used to estimate statistical uncertainty surrounding Utilities

the ICERs [51, 52]. The distribution of the bootstrapped
estimates was presented in the cost-effectiveness plane
(CE-plane) [51]. The probability of an intervention being
cost-effective compared to control was estimated using the
Incremental Net Benefit (INB) approach, where the prob-
ability of cost-effectiveness was estimated as the probabil-
ity 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) [53]. In this study, an intervention was consid-
ered 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 meth-
ods (i.e., between EQ-5D value sets and crosswalks). Data
analyses were performed in StataSE 16® (StataCorp LP,
CollegeStation, TX, US).

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 differ-
ences is shown in Figs. 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 sta-
tistically significantly from those estimated using crosswalks

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

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

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

usS 3L value set 0.71 (0.15) 0.27 1 0.08 (0.07; 0.08)
3L to 5L crosswalk 0.63 (0.15) 0.11 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 depression 0.57 (0.22) —0.07 1 0.01 (0.001; 0.02)
3L to 5L crosswalk 0.56 (0.15) -0.03 0.95

UsS 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

NL 3L value set Severe depression 0.30 (0.24) -0.23 0.80 —0.07 (—0.08; —0.06)
3L to 5L crosswalk 0.37(0.19) —0.15 0.80

usS 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 back pain 0.79 (0.08) 0.43 1 0.06 (0.05; 0.06)
3L to 5L crosswalk 0.73 (0.07) 0.50 0.95

UsS 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 back pain 0.68 (0.19) 0.09 1 0.03 (0.02; 0.04)
3L to 5L crosswalk 0.65 (0.13) 0.24 0.95

UsS 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 back pain 0.43 (0.25) —0.11 0.81 —0.04 (-0.05; —0.02)
3L to 5L crosswalk 0.47 (0.15) 0.01 0.74

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 osteoarthritis 0.80 (0.09) 0.37 1 0.05 (0.05; 0.06)
3L to 5L crosswalk 0.75 (0.08) 0.55 0.95

UsS 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 osteoarthritis 0.76 (0.09) 0.33 1 0.08 (0.07; 0.08)
3L to 5L crosswalk 0.68 (0.07) 0.50 0.95

UsS 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
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Table 2 (continued)

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

NL 3L value set Severe osteoarthritis 0.52 (0.26) —0.03 0.89 0.001 (-0.01; 0.01)
3L to 5L crosswalk 0.52 (0.16) 0.07 0.85

usS 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

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

[ON] 3L value set 0.91 (0.08) 0.77 1 0.02 (0.02; 0.03)
3L to SL 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 cancer 0.73 (0.15) 0.21 1 0.03 (0.03; 0.04)
3L to SL crosswalk 0.70 (0.11) 0.38 0.95

UsS 3L value set 0.76 (0.11) 0.42 1 0.06 (0.05; 0.07)
3L to SL 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 SL crosswalk 0.72 (0.09) 0.50 0.92

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

UsS 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; CI 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

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 depres-
sion (difference =—0.002, IC 95% —0.01; 0.003, Table 3).

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
set and 3L to SL 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 com-
parisons, respectively (Table 3).

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 cross-
walk, Table 4, scenario 26). QALY statistically signifi-
cantly 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 sce-
narios 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 3 Differences in utilities estimated by 5L value sets and 5L to 3L crosswalks

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

NL 5L value set Mild depression 0.66 (0.26) -0.29 1 —0.03 (-0.03; —0.01)
5L to 3L crosswalk 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 depression 0.58 (0.29) -0.41 1 —0.04 (—0.05; —0.03)
5L to 3L crosswalk 0.62 (0.23) —0.16 1

usS 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

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

usS 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 back pain 0.45 (0.34) —0.18 0.80 —0.10 (—=0.11; —0.09)
5L to 3L crosswalk 0.55(0.22) 0.17 0.81

usS 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 back pain 0.42 (0.31) —0.28 0.86 —0.10 (—-0.12; —0.09)
5L to 3L crosswalk 0.52 (0.20) —0.11 0.84

usS 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 SL value set 0.52 (0.18) 0.13 0.87 —0.03 (—=0.04; —0.02)
SL to 3L crosswalk 0.54 (0.10) 0.005 0.77

NL 5L value set Severe low back pain 0.24 (0.22) —0.08 0.75 —0.18 (—0.18; —0.16)
SL to 3L crosswalk 0.42 (0.13) 0.27 0.72

UsS SL value set 0.18 (0.23) —0.15 0.65 —0.33 (—0.34; —0.31)
SL to 3L crosswalk 0.51 (0.09) 0.39 0.72

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

NL SL value set Mild osteoarthritis 0.82 (0.17) 0.05 1 —0.001 (=0.01; 0.004)
SL to 3L crosswalk 0.82 (0.13) 0.32 1

UsS SL value set 0.82 (0.20) -0.02 1 —0.006 (—=0.02; 0.01)
SL to 3L crosswalk 0.83 (0.11) 0.44 1

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

NL 5L value set Moderate osteoarthritis 0.78 (0.13) —0.08 1 —0.002 (-=0.01; 0.002)
SL to 3L crosswalk 0.78 (0.10) 0.20 1

UsS 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
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Table 3 (continued)

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

NL SL value set Severe osteoarthritis 0.59 (0.35) —0.38 0.89 —0.05 (—0.07; —0.04)
5L to 3L crosswalk 0.65 (0.27) -0.23 0.87

usS SL 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 SL 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

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

usS SL 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

JP SL 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 cancer 0.76 (0.26) —-0.34 1 —0.03 (—0.03; —0.02)
5L to 3L crosswalk 0.79 (0.20) —0.06 1

usS 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

JP 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 cancer 0.55 (0.50) —0.45 1 —0.06 (—0.08; —0.05)
5L to 3L crosswalk 0.61 (0.41) —0.33 1

usS 5L value set 0.52 (0.53) -0.57 1 —0.16 (—0.19; —0.14)
5L to 3L crosswalk 0.69 (0.32) —0.11 1

JP 5L value set 0.65 (0.33) —0.02 1 —0.01 (—0.02; —0.005)
5L to 3L crosswalk 0.66 (0.30) —0.11 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; CI

confidence interval

Differences in utilities between SL 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

Cost-utility analysis
Incremental QALYs

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

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 SL crosswalk and €855,681/QALY gained for the Japa-
nese 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.

Probabilities 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 dif-
ferences in the probability of cost-effectiveness between
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Table 4 Overview of differences in QALY between EQ-5D value sets and crosswalks

Country  Scoring method Scenario  Patient population Effect size QALYs (SD) Min Max QALY-QALY cw
(95% CI)

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

UsS 3L value set 0.56 (0.15) 0.20 091 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) 041 081

NL 3L value set (26) Severe osteoarthritis Medium 0.28 (0.13) —0.03 046 —0.05(-0.06; —0.05)
3L to 5L crosswalk 0.33 (0.08) 0.03 0.50

UsS 3L value set 0.45 (0.09) 0.24  0.60 0.13 (0.12; 0.13)
3L to 5L crosswalk 0.33 (0.08) -0.02 0.53

JP 3L value set 0.52 (0.09) 0.30 0.65 0.002 (-0.01; 0.002)
3L to 5L crosswalk 0.52 (0.04) 0.33  0.63

NL 5L value set (16) Severe low back pain Small 0.42 (0.18) —-0.06 0.87 —0.07 (-0.08; —0.07)
5L to 3L crosswalk 0.49 (0.15) 0.12  0.86

UsS 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 osteoarthritis ~ Small 0.71 (0.15) 0.13  0.96 0.02 (0.02; 0.02)
5L to 3L crosswalk 0.69 (0.14) 025 094

UsS 5L value set 0.69 (0.15) 0.13 097 -0.03 (-0.03; —0.02)
5L to 3L crosswalk 0.72 (0.11) 0.37 093

JP 5L value set 0.73 (0.12) 0.22 097 0.05 (0.04; 0.05)
SL 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; CI confidence interval

Scenario 7 represents the lowest difference in QALY between 3L value sets and 3L to SL 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 QALY's 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 3L crosswalks across all scenarios (i.e.,

0.05 in bold)

EQ-5D value sets and crosswalks were found for mild
depression (difference between 3L value set and 3L to SL
crosswalk=0.42, Table 5, scenario 1) and moderate can-
cer (difference between 5L value set and 5L to 3L cross-
walk =0.63, Table 6, scenario 31) using Japanese valua-
tions. For medium effect sizes, at the same WTP threshold,
the largest differences were found for mild cancer (differ-
ence between 3L value set and 3L to SL crosswalk =0.06,
Table 5, scenario 29) and for severe low back pain (differ-
ence 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 osteo-
arthritis using Japanese valuations (difference between 3L

@ Springer

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 (differ-
ence between 3L value set and 3L to 5L crosswalk =0.47,
Table 5, scenario 1) and moderate cancer (difference
between 5L value set and 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 reimburse-
ment 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, espe-
cially when treatment effect sizes are small and in coun-
tries 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 [18, 24-29], our study found
that different EQ-5D scoring methods resulted in different
utilities estimates, which in turn resulted in different incre-
mental QALY and ICER estimates. Differences in utilities
and QALY between EQ-5D scoring methods in certain sce-
narios 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 differ-
ences 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 [29]. In
contrast, we now show that in some scenarios, particularly
those with small treatment effect sizes, the use of cross-
walks instead of country-specific EQ-5D value sets impacts
cost—utility outcomes to such an extent that this may influ-
ence 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 repre-
sent the preferences of other populations, particularly those
with considerably different views on health-related quality
of life.

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 develop-
ment 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
[20, 22]. 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 sce-
narios included different severity levels of the included
health conditions and interventions with small, medium,
and large impacts on health-related quality of life. Fur-
thermore, full trial-based economic evaluations were per-
formed including the assessment of uncertainty around
ICER estimates.

A limitation of this study is that cost data were simu-
lated in such a way that cost differences were not statisti-
cally 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 coun-
tries were investigated, whereas EQ-5D value sets are
available for many countries. However, we deliberately
chose countries with considerably different utility decre-
ments 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 treat-
ment effect sizes are small, and interventions are more costly
compared to control. Given the rigorous quality control pro-
tocols for the EQ-5D valuation studies, the most appropri-
ate EQ-5D scoring method is the available country-specific
value set developed using the most recent version of the
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EQ-VT protocol [15]. 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 ver-
sion, 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 devel-
opments of the crosswalks. For further details and guidance
about the choice of scoring methods, researchers are advised
to check EuroQol recommendations [23].

It is important to note that health economic models sub-
mitted to HTA agencies rarely use directly measured utili-
ties, and that there is considerable freedom in which utili-
ties 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.

Conclusion

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 situ-
ations 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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