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Abstract
Background  Atypical hemolytic uremic syndrome is a rare disease caused by complement dysregulation that can lead to 
progressive kidney damage or death if untreated. Owing to its rarity, the impact of atypical hemolytic uremic syndrome and 
available therapies (eculizumab and ravulizumab) on patients’ health-related quality of life is difficult to describe, but such 
data are required for an economic evaluation.
Objective  The objective of this study was to estimate utility values for atypical hemolytic uremic syndrome-related attributes 
in five countries for an economic evaluation.
Methods  Using discrete choice experiment surveys, key atypical hemolytic uremic syndrome-related attributes (life expec-
tancy, administration frequency, risk of meningitis, need for hospitalization, and risk of kidney impairment) were evaluated 
in adult general population samples from Australia, Canada, the Netherlands, Sweden, and the UK. Survey choice sets were 
constructed using a published orthogonal array. A mixed-effects logit model estimated preference strength for each attribute. 
Utilities were estimated using marginal substitution rates between overall survival and other attributes, weighted against 
average life expectancy.
Results  Across all countries (N = 2382), utility weights revealed a consistent pattern: participants were averse to the risk of 
kidney impairment (disutility/utility weight range: −0.185 to −0.158), risk of meningitis (−0.041 to −0.032), and the need 
for hospitalization (−0.063 to −0.048), but preferred 8-weekly vs 2-weekly infusions over 1 h (0.013–0.039).
Conclusions  Although all attributes played a role in determining treatment preferences, the largest drivers were life expec-
tancy and risk of kidney impairment. Participants favored 8-weekly dosing (corresponding to ravulizumab administration 
frequency) vs 2-weekly dosing. The discrete choice experiment was designed such that estimated (dis)utility weights can be 
used in future cost-effectiveness models in atypical hemolytic uremic syndrome.
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1  Introduction

Atypical hemolytic uremic syndrome (aHUS) is a rare dis-
ease of uncontrolled complement activation that causes pro-
gressive organ damage leading to severe morbidity or pre-
mature death [1]. Globally, depending on the region and age 
group, prevalence figures range from approximately two to 
nine per million population, while incidence ranges between 
0.23 and 1.9 per million population annually [2].

Prior to the availability of terminal complement inhibi-
tor therapies, outcomes in patients with aHUS were poor 
despite the use of plasma exchange/infusion, with patients 
experiencing impaired kidney function and progression to 
end-stage renal disease, resulting in the need for dialysis 
or kidney transplant [3, 4]. Approved in 2011 [5, 6], ecu-
lizumab, a humanized monoclonal antibody that blocks 
terminal complement activation at C5, has been shown to 
be effective in treating aHUS [7–11] and has become the 
standard of care for aHUS disease management, although 
the optimal duration of therapy is a key point of discussion 
in the literature [12, 13]. Eculizumab requires a standard 
treatment regimen of intravenous infusions every 2 weeks 
(q2w) in patients with a body weight of ≥ 10 kg [5, 6]. 
Ravulizumab, approved in the USA, Europe, and Japan 
for the treatment of aHUS [14–16], was engineered from 
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Key Points for Decision Makers 

The measurement of utilities for cost-effectiveness mod-
eling of orphan treatments is very challenging.

This study employs the discrete choice experiment 
approach to estimate health utility values for atypical 
hemolytic uremic syndrome-related attributes in different 
countries for economic modeling.

Among the atypical hemolytic uremic syndrome-related 
attributes explored in this study, the largest drivers of 
disutility were the risk of kidney impairment and the risk 
of meningitis; in addition, a less frequent dosing sched-
ule was preferred.

outcomes in aHUS. This approach is designed to provide a 
general public-derived valuation for aHUS-related attributes 
using choice-based methods [22].

2 � Methods

2.1 � Survey Design

Surveys started with screening questions (including age, sex, 
and geographic region) to determine the eligibility of poten-
tial participants and ensure representativeness of the sam-
ple. The next section contained sociodemographic questions 
(including education, employment status, ethnicity, and the 
presence of a long-term condition or rare disease) tailored 
to each study country, Australia, Canada, the Netherlands, 
Sweden, and the UK. These are countries that typically 
require cost-effectiveness analysis in the health technology 
assessment.

The selection of attributes was driven by the need to cap-
ture utility weights for specific aHUS-related events, out-
comes, and treatment characteristics, which could then be 
incorporated into a cost-effectiveness model. The descrip-
tion of the attributes and levels for the DCE was based on 
clinical opinion and findings from a targeted literature search 
in aHUS and associated treatments. The attribute develop-
ment process aimed to avoid conceptual overlap or associa-
tion between attributes because this may lead to implausible 
hypothetical scenarios. The following five attributes were 
selected: (1) life expectancy; (2) frequency of treatment 
administration; (3) risk of meningitis as a potential side 
effect of treatment; (4) need for hospitalization as a result 
of the disease; and (5) risk of impaired kidney function. 
Risk of meningitis was included as it is a serious potential 
side effect of treatment with eculizumab or ravulizumab 
[11, 14, 24]. Individuals with aHUS are at risk of impaired 
kidney function, including kidney failure that requires the 
need for dialysis [3, 4]; therefore, this risk was included 
as an attribute. Three levels were selected for all attributes 
except life expectancy, for which six levels were selected 
to increase the sensitivity of this attribute by minimizing 
the distance between levels. Attributes and levels are sum-
marized in Table 1. The terminal complement inhibitors 
approved for the treatment of aHUS, eculizumab and ravuli-
zumab, are administered via intravenous infusion q2w and 
q8w, respectively. Administration q8w for ~3 h corresponds 
to a ravulizumab dose of 10 mg/mL (approved in the USA, 
Europe, and Japan) [14–16], and q8w for ~1 h corresponds 
to a dose of 100 mg/mL (approved in the USA and Europe) 
[14, 15]; thus frequency of administration was included as a 
treatment-related attribute.

The DCE section of the survey started with an introduc-
tion to aHUS without naming the condition; the disease 

eculizumab to leverage the clinical benefits and safety pro-
file while decreasing drug clearance and reducing infusion 
frequency to every 8 weeks (q8w) [17–19]. The recently 
approved (USA and Europe) 100 mg/mL formulation also 
serves to reduce infusion time vs the 10-mg/mL formulation 
[14, 15]. Given its less frequent administration, ravulizumab 
has the potential to decrease the burden of treatment and the 
cost of managing aHUS, as well as improve the overall qual-
ity of life for patients and caregivers because of the reduced 
amount of time spent in treatment [20, 21].

Health technology assessment bodies, such as Aus-
tralia’s Pharmaceutical Benefits Advisory Committee, the 
Canadian Agency for Drugs and Technologies in Health, 
and the National Institute for Health and Care Excellence 
in the UK, evaluate the benefits of a new treatment against 
the existing treatment in terms of the incremental cost per 
quality-adjusted life-year. Quality-adjusted life-year estima-
tion requires data on health-related quality of life, expressed 
as utility data [22]. Health technology assessment bodies 
typically state that they prefer utility data to be derived 
from patients who describe their health (in terms of generic 
dimensions of health), which is separately rated by the gen-
eral public using preference data. The collection of utility 
values in rare diseases can be challenging because of limited 
patient numbers. In addition, a clinical trial may not capture 
the health-related quality of life (HRQoL) data on all impor-
tant health states for the analysis.

The objectives of this study were to estimate utility val-
ues for aHUS-related attributes for use in cost-effectiveness 
analyses. In the study, descriptions of health were developed 
by the study team from different sources and then weighted 
by the public using a stated-preference discrete choice exper-
iment (DCE) survey [23] to assess the value that general 
population samples from Australia, Canada, the Netherlands, 
Sweden, and the UK place on attributes of treatments and 
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was anonymized to ‘XMX’ to prevent participants from 
researching the disease. Each attribute was then described; 
the description for treatment risks informed participants 
that patients with disease XMX would be vaccinated for 
meningitis before starting treatment. Attributes and defined 
levels were combined into sets of 36 paired-choice questions 
using a published orthogonal fractional factorial array [25] 
(example shown in the Electronic Supplementary Material 
[ESM]). Attributes in each paired choice were the same, but 
attribute levels were systematically varied from ‘choice a’ to’ 
choice b’ using the Street and Burgess’ shifting method (e.g., 
level 1 becomes level 2, level 2 becomes level 3, and level 
3 becomes level 1) [26]. Choice questions were the same 
for each study country except Sweden, where the survey 
stated that the treatment is administered in hospital; all other 
countries’ surveys stated that it is administered at home. 
Thirty-six was the minimum required number of choices that 
retained the orthogonal properties of a full factorial design. 
Owing to the large number of choice questions, this part of 
the survey was divided into two blocks (A and B) and par-
ticipants were randomized to one block. To check whether 
participants were fully engaged/giving logical answers, one 
choice question was reversed and repeated to check consist-
ency in the response, and another ‘logic check’ question 
included a choice that was better in all aspects than the alter-
native. Surveys were administered in the language native to 
each study country.

2.2 � Participants

The survey was administered to a general population sample 
(aged ≥ 18 years) resident in either Australia, Canada, the 
Netherlands, Sweden, or the UK. Participants were identi-
fied by a specialist recruitment agency from online recruit-
ment panels in each country comprised of individuals from 
the general population with an interest in participating in 
research studies. Potential study participants were contacted 
by e-mail with a link to the survey and were screened for eli-
gibility. Recruitment quotas were set for geographic region, 
age, and sex, to achieve a representative sample within two 
percentage points of the census data in each study country 
[27–31]. No formal sample size estimation was conducted; 
sample sizes reported in previous valuation research was 
used as a guide [32]. Eligible participants were given addi-
tional information about the study and provided online 
informed consent. Only those who consented were able to 
access and complete the survey.

Initially, a pilot survey (UK only; N = 418, results not 
shown) was conducted to assess: (1) whether attribute coef-
ficients were in the expected direction (i.e., that participants 
would prefer to live longer, have treatment less frequently, 
have a lower risk of meningitis, not be admitted to hospi-
tal, and have a lower risk of impaired kidney function); (2) 

the appropriateness of the threshold for ‘speeding’ (based 
on participants taking ~20 s to complete the first choice 
question and 5–15 s for subsequent choice questions); and 
(3) whether participants were reading the questions care-
fully. Based on pilot study findings, it was decided that only 
participants who completed the main survey in > 2 min  
45 s (estimated to be a reasonable minimal completion time 
and an optimal cut-off point to exclude respondents making 
multiple illogical responses) would be eligible for inclusion 
in the main study analyses. Additionally, as a quality-control 
measure, it was decided that participants would be excluded 
if their responses suggested that they did not understand the 
question or had not interpreted it incorrectly.

2.3 � Statistical Analyses

Sociodemographic data were analyzed using descriptive sta-
tistics. Discrete choice data were analyzed using a mixed-
effects logit regression model [33] to estimate preference 
strength for each attribute while accounting for preference 
heterogeneity among respondents. The model was esti-
mated using the maximum simulated likelihood approach. 
The strength of preference associated with each attribute 
level was measured with respect to a reference level. For 
categorical variables, the least severe level was selected as 
the reference; for continuous variables, the model presents 
the odds of treatment selection for a 1-year reduction in life 
expectancy. An alternative-specific constant was added to 
the model to account for any bias in selecting the left or 
right option. This refers to a bias in which participants are 
more likely to choose either Treatment A (left column in the 
paired choice) or Treatment B (right column in the paired 
choice), after having accounted for the study attributes.

Marginal rates of substitution (MRS) indicate the extent 
to which participants were willing to trade years of life to 
avoid certain levels of other attributes. Marginal rates of 
substitution were estimated by taking a ratio of the coef-
ficients for two attributes: the life expectancy coefficient for 
1 year (obtained by entering life expectancy as a continuous 
variable into the models) and another treatment attribute. 
Utilities were calculated by dividing the MRS estimates 
for each attribute level by the remaining life expectancy for 
each country (calculated based on the proportion of men 
and women, and the average life expectancy of each, for 
each country) [34–38]; average remaining life expectancy 
for the UK, Australia, Canada, the Netherlands, and Swe-
den was calculated as 33.8, 39.3, 36.7, 38.2, and 36.3 years, 
respectively. The 95% confidence interval for the MRS and 
utility values were calculated in the same manner, using the 
95% confidence intervals obtained from the mixed-effects 
models.

Because treatment in Sweden is administered in a 
hospital rather than at home, and because Quebec has a 
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different health technology assessment body from the rest 
of Canada, interaction analyses were conducted to explore 
whether distance from a hospital or participant geographic 
location influenced preferences for the frequency of treat-
ment administration for participants resident in Sweden or 
Canada, respectively (ESM). All data were analyzed in Stata 
Version 16.0.

2.4 � Sensitivity Analyses

Sensitivity analyses were conducted to explore whether 
results from the main analyses differed from patient sub-
groups in which participants answering one logic question 
wrong and giving an illogical reason for this response were 
excluded, and in which participants from all countries who 
were older than the UK average life expectancy minus 10 
years (i.e., age > 69 years for male individuals; age > 73 
years for female individuals) were excluded. Older partici-
pants are likely to have fewer years of life remaining; thus, 
it was hypothesized that they may have different treatment 
preferences.

3 � Results

3.1 � Study Population

In total, a sample of 2382 members of the general popula-
tion was analyzed in the study (Australia, n = 477; Can-
ada, n = 471; the Netherlands, n = 481; Sweden, n = 476; 
UK, n = 477). Sample disposition can be seen in Fig. 1 and 
a summary of participant characteristics by country is pre-
sented in Table 2.

Overall, participants had a mean age of 47.6 years (mean 
range 44.9–50.0 years), with similar proportions of men 
(47.8%) and women (52.0%). In total, 46.2% of participants 
reported having a long-term condition requiring medication, 
with proportions similar across the sampled countries (range 
42.9–50.1%), and 7.7% reported a diagnosis of a rare disease 
(range 5.9–10.1%).

Most quotas for geographic region, age, and sex were met 
(value within two percentage points of the country census 
data) within samples from Canada, the Netherlands, Sweden, 
and the UK with the following exceptions: in Canada, the 
18–34 years of age group was slightly under-represented 
and the 35–54 years of age group was slightly over-repre-
sented; in the Netherlands, men and those in the 35–54 years 
of age group were slightly under-represented, and women 
were slightly over-represented; and in Sweden and the UK, 
men and those in the 18–34 years of age group were slightly 
under-represented. All quotas were met for Australia.

3.2 � Estimation of Preference Strength

Results of the mixed-effect logit regression model are shown 
in Table 3. Participants from all countries showed a prefer-
ence for choices that did not reduce life expectancy; for every 
year of life lost, treatments had a significantly lower odds of 
being chosen (odds ratios 0.582–0.631; all p < 0.001). In 
all countries, frequency of treatment administration had the 
smallest impact on treatment choice; however, treatments 
that were administered q8w for 1 h had a significantly higher 
odds of being chosen than q2w treatment for 1 h (odds ratios 
1.273–1.946; all p < 0.001). Australia and Sweden were 
the only countries in which treatments that were adminis-
tered q8w for 3 h had a significantly higher odds of being 
chosen than q2w treatment for 1 h (odds ratio [95% confi-
dence interval] 1.193 [1.032–1.380], p = 0.017 and 1.511 
[1.310–1.744], p < 0.001, respectively). In all countries, 

Excluded (completed survey 
in < 2 min 45 s), N = 1686

Australia: n = 315
Canada: n = 302

Netherlands: n = 363
Sweden: n = 286

UK: n = 420

Excluded (> 1 error in response
to logic questions), N = 120

Australia: n = 19
Canada: n = 29

Netherlands: n = 18
Sweden: n = 23

UK: n = 31

Completed survey, N = 4188
Australia: n = 811
Canada: n = 802

Netherlands: n = 862
Sweden: n = 785

UK: n = 928

Eligible for inclusion in the analyses, N = 2502
Australia: n = 496
Canada: n = 500

Netherlands: n = 499
Sweden: n = 499

UK: n = 508

Study analysis population, N = 2382
Australia: n = 477
Canada: n = 471

Netherlands: n = 481
Sweden: n = 476

UK: n = 477

Fig. 1   Sample disposition
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participants placed significant weight on the avoidance of 
treatments that increased the risk of meningitis, the need 
for hospitalization within the next year, or impaired kidney 
function within the next year. For all countries, the constant 
coefficient showed a statistically significant effect, indicating 
the presence of a right bias, which was not (fully) accounted 
for by the treatment attributes (Table 3). This means that 
participants were more likely to choose the treatment shown 
on the right (‘Treatment B’) over the one on the left (‘Treat-
ment A’) in the paired choices.

In the interaction analyses, for Sweden, interaction terms 
were positive, suggesting that respondents who live further 
from a hospital have a stronger preference for less frequent 
treatment administration (ESM), while for Canada, the inter-
action terms were negative, suggesting that respondents who 
were not from Quebec had a stronger preference than those 
from Quebec for less frequent treatment administration 
(ESM).

Table 2   Sample characteristics

Percentages may not sum to 100% because of rounding
BTEC Business and Technology Education Council, GCSE General Certificate of Secondary Education, ONC Ordinary National Certificate, SD 
standard deviation
a O level/GCSE or equivalent (age 16 years)
b Includes the categories ‘higher education below degree level’, ‘A level (age 18 years)’, and ‘further education certificate (ONC/BTEC)’
c College degree or higher

Characteristic Australia Canada The Netherlands Sweden UK
n = 477 n = 471 n = 481 n = 476 n = 477

Age, mean (SD), years 44.9 (16.2) 47.4 (15.1) 46.3 (16.9) 50.0 (16.8) 49.2 (15.6)
Age range, n (%), years
 18–34 167 (35.0) 118 (25.1) 146 (30.4) 112 (23.5) 128 (26.8)
 35–54 181 (37.9) 202 (42.9) 172 (35.8) 176 (37.0) 175 (36.7)
 ≥ 55 129 (27.0) 151 (32.1) 163 (33.9) 188 (39.5) 174 (36.5)

Sex, n (%)
 Male 235 (49.3) 239 (50.7) 220 (45.7) 224 (47.1) 221 (46.3)
 Female 241 (50.5) 232 (49.3) 261 (54.3) 249 (52.3) 256 (53.7)
 Other 1 (0.2) 0 (0) 0 (0) 3 (0.6) 0 (0)

Educational level, n (%)
 No formal qualifications 5 (1.1) 7 (1.5) 0 (0) 5 (1.1) 14 (2.9)
 Left school at age 15 or 16 years 55 (11.5) 81 (17.2) 6 (1.3) 42 (8.8) 119 (24.9)a

 Left school at age 17 or 18 years 123 (25.8) 38 (8.1) 191 (39.7) 176 (37.0) 148 (31.0)b

 University degree or higher 227 (47.6) 335 (71.1) 255 (53.0) 204 (42.9)c 187 (39.2)
 Other 66 (13.8) 7 (1.5) 29 (6.0) 44 (9.2) 9 (1.9)
 Prefer not to answer 1 (0.2) 3 (0.6) 0 (0) 5 (1.1) 0 (0)

Employment status, n (%)
 Full-time employment 169 (35.4) 226 (48.0) 148 (30.8) 151 (31.7) 192 (40.3)
 Part-time employment 89 (18.7) 41 (8.7) 99 (20.6) 44 (9.2) 56 (11.7)
 Self-employed 29 (6.1) 37 (7.9) 26 (5.4) 25 (5.3) 26 (5.5)
 Looking after family/home/caregiver 27 (5.7) 5 (1.1) 31 (6.4) 4 (0.8) 35 (7.3)
 Retired 81 (17.0) 99 (21.0) 67 (13.9) 129 (27.1) 113 (23.7)
 Seeking work, unemployed 32 (6.7) 24 (5.1) 22 (4.6) 44 (9.2) 28 (5.9)
 Not working, health problems 19 (4.0) 18 (3.8) 42 (8.7) 29 (6.1) 23 (4.8)
 In education/training 25 (5.2) 15 (3.2) 36 (7.5) 36 (7.6) 1 (0.2)
 Other 4 (0.8) 3 (0.6) 8 (1.7) 13 (2.7) 2 (0.4)
 Prefer not to answer 2 (0.4) 3 (0.6) 2 (0.2) 1 (0.2) 0 (0)

Health status, n (%)
 Long-term condition requiring medication 236 (49.5) 202 (42.9) 214 (44.5) 209 (43.9) 239 (50.1)
 Diagnosis of rare disease 40 (8.4) 28 (5.9) 39 (8.1) 48 (10.1) 28 (5.9)
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3.3 � Estimation of Utility

Marginal rates of substitution were estimated to indicate the 
number of years of life that an individual was willing to trade 
to avoid being in the state described by the attribute level. 
Utility increases and losses (disutility) derived from MRS 
estimates rescaled against remaining average life expectancy 
revealed a consistent pattern across the different countries. 
Participants had a significant preference for q8w vs q2w 
infusions over 1 h (utility scores: Australia 0.020; Canada 
0.014; the Netherlands 0.016; Sweden 0.039; UK 0.013) 
(Fig. 2a) and were averse to the risk of meningitis, the need 
for hospitalization, and the risk of impaired kidney func-
tion (Fig. 2b). The disutility for a health state with a 5% 
chance of kidney failure in the next year ranged from −0.185 
(Canada and Sweden) to −0.158 (UK). The disutility for a 
health state with a 5% chance of moderate kidney damage 
ranged from −0.057 to −0.048. The disutility associated 

with the risk of meningitis (vs no increased risk) ranged 
from −0.022 to −0.009 and −0.041 to −0.032 for low and 
moderate risk, respectively. The disutility associated with 
the need for hospitalization in the next year (vs no hospital 
admittance) ranged from −0.030 to −0.016 for the need for 
admission to a general ward and from −0.063 to −0.048 
for the need to be admitted to intensive care followed by a 
general ward stay.

3.4 � Sensitivity Analyses

Associations were marginally stronger, but were unchanged 
overall compared with the main analysis, when participants 
who got one logic question wrong and gave an illogical rea-
son for their response (Australia n = 9; Canada n = 11; the 
Netherlands n = 17; Sweden n = 13; UK n = 12; data not 
shown) and older participants (Australia n = 29; Canada  
n = 24; the Netherlands n = 39; Sweden n = 57; UK n = 47; 
data not shown) were excluded from the regression analyses.

Table 3   Results of the mixed-effects logit regression model of participant preference

For categorical variables, an OR >1.0 indicates that the attribute level has a higher odds of being chosen by the individual over the Ref; an OR < 
1.0 indicates that the attribute level has a lower odds of being chosen over the Ref. For life expectancy (continuous variable), an OR < 1.0 indi-
cates that for every year of life lost, treatments had a lower odds of being chosen
Marginal rates of substitution were obtained by taking a ratio of the coefficients for two attributes, where the coefficient = ln(OR)
CI confidence interval, OR odds ratio, Ref reference level

Attribute level OR (95% CI)

Australia, n = 477 Canada, n = 471 Netherlands, n = 481 Sweden, n = 476 UK, n = 477

Alternative-specific constant 
(Ref: treatment A [left 
column])

1.628 (1.487–1.783)
p < 0.001

2.013 (1.812–2.236)
p < 0.001

1.525 (1.393–1.670)
p < 0.001

1.350 (1.237–1.472)
p < 0.001

1.455 (1.326–1.595)
p < 0.001

Reduction in life expectancy, 
years

0.628 (0.601–0.657)
p < 0.001

0.587 (0.558–0.616)
p < 0.001

0.631 (0.603–0.659)
p < 0.001

0.624 (0.598–0.651)
p < 0.001

0.582 (0.554–0.612)
p < 0.001

Frequency of treatment administration (Ref: every 2 weeks, 1 h)
 Every 8 weeks, 3 h 1.193 (1.032–1.380)

p = 0.017
0.966 (0.825–1.132)
p = 0.668

1.042 (0.902–1.203)
p = 0.580

1.511 (1.310–1.744)
p < 0.001

1.132 (0.982–1.306)
p = 0.088

 Every 8 weeks, 1 h 1.450 (1.285–1.638)
p < 0.001

1.305 (1.151–1.480)
p < 0.001

1.336 (1.182–1.510)
p < 0.001

1.946 (1.724–2.196)
p < 0.001

1.273 (1.130–1.434)
p < 0.001

Risk of meningitis (Ref: no increased risk)
 1% risk in next 5 years (low 

risk)
0.716 (0.640–0.800)
p < 0.001

0.835
(0.741–0.941)
p = 0.003

0.688
(0.614–0.770)
p < 0.001

0.682
(0.610–0.763)
p < 0.001

0.716
(0.638–0.804)
p < 0.001

 1% risk in next 2 years 
(moderate risk)

0.477 (0.417–0.545)
p < 0.001

0.537 (0.468–0.615)
p < 0.001

0.545 (0.476–0.623)
p < 0.001

0.555 (0.491–0.626)
p < 0.001

0.535 (0.470–0.609)
p < 0.001

Need for hospitalization in the next year (Ref: not admitted to hospital)
 In general ward, no inten-

sive care
0.696 (0.618–0.783)
p < 0.001

0.724 (0.635–0.827)
p < 0.001

0.587 (0.519–0.663)
p < 0.001

0.639 (0.566–0.721)
p < 0.001

0.627 (0.556–0.708)
p < 0.001

 In intensive care and general 
ward

0.403 (0.349–0.465)
p < 0.001

0.330 (0.281–0.387)
p < 0.001

0.327 (0.280–0.381)
p < 0.001

0.441 (0.386–0.503)
p < 0.001

0.359 (0.307–0.419)
p < 0.001

Risk of impaired kidney function in the next year (Ref: no risk of impaired kidney function)
 5% chance of moderate 

kidney damage
0.393 (0.343–0.450)
p < 0.001

0.325 (0.279–0.379)
p < 0.001

0.364 (0.314–0.422)
p < 0.001

0.391 (0.340–0.449)
p < 0.001

0.417 (0.362–0.480)
p < 0.001

 5% chance of kidney failure 0.049 (0.037–0.064)
p < 0.001

0.027 (0.019–0.037)
p < 0.001

0.045 (0.034–0.059)
p < 0.001

0.042 (0.032–0.055)
p < 0.001

0.056 (0.043–0.072)
p < 0.001
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Fig. 2   Estimate utilities (a) and disutilities (b) for differences in 
attribute levels. Utility weights were calculated by dividing the mar-
ginal rates of substitution estimates for each attribute level by the esti-
mated remaining life expectancy per country. For example, in the UK, 
the marginal rates of substitution value for a 5% chance of kidney 
failure was 5.340 (assuming average life expectancy). The estimated 

remaining life expectancy of the UK sample was 33.8 years. The util-
ity weight associated with a 5% chance of kidney failure is therefore 
estimated as 5.34/33.8 = −0.158 (negative figure indicates disutility). 
CI confidence interval, q2w every 2 weeks, q8w every 8 weeks, Ref 
reference level
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4 � Discussion

The DCE surveys presented in this study were designed to 
estimate utilities for use in cost-effectiveness modeling in 
aHUS where it is challenging to capture sufficient data with 
measures such as the EQ-5D. The study was designed to 
capture health utility data for key aHUS-related attributes 
(frequency of treatment administration, treatment risks, need 
for hospitalization, and impaired kidney function), which 
could be incorporated into an economic evaluation. The 
impact of these variables would be difficult to capture using 
a patient-directed prospective observational study in patients 
with aHUS. The DCE method of estimating utilities for cost-
effectiveness analyses can be useful for healthcare decision 
makers in relation to rare diseases for which utility data are 
not available. In the current DCE, participants were pre-
sented with the prospect of a treatment for a disease, ‘XMX’, 
with attributes and levels tailored to those of aHUS-related 
events, outcomes, and treatment characteristics associated 
with eculizumab and ravulizumab. In aHUS, both eculi-
zumab and ravulizumab have been shown to have a positive 
effect on patient outcomes through improving patient mor-
tality and morbidity [11, 18], with ravulizumab having the 
advantage of a reduced infusion frequency, thus offering the 
potential to decrease treatment burden.

Similar patterns of results were seen across all countries. 
Not surprisingly, participants placed significant value on 
treatments that would help them live longer, avoid admit-
tance to a hospital, were administered less frequently, had 
a lower risk of meningitis, and had a lower risk of impaired 
kidney function. Although all attributes played a role in 
determining treatment preferences, the risk of reduced life 
expectancy and the risk of impaired kidney function were 
the largest drivers of treatment choice within this analysis. 
The inclusion of the attribute that described years of life lost 
meant that we were able to estimate the extent to which par-
ticipants were willing to trade years of life against gains in 
health or improvements in the health state, making the task 
comparable to a time trade-off exercise. There is an implicit 
assumption in the study that these events or attributes may 
affect a person’s health state and participants are being asked 
to make a judgment regarding the extent to which the health 
state is affected by their occurrence, and therefore how many 
years of life they may be willing to forego to avoid this dete-
rioration in their health state. Participants were significantly 
less likely to choose a treatment for every year of life lost, or 
to choose a treatment that increased the risk of kidney failure 
by 5% in the next year. Renal impairment is recognized as a 
severe complication of aHUS and a substantial proportion 
of patients with aHUS progress to end-stage renal disease 
after the initial thrombotic microangiopathy manifestation 
[3, 4]. Eculizumab and ravulizumab have both been shown 
to improve renal function [7–10, 18].

Estimated disutilities should be interpreted as a reflec-
tion on the prospect of a year of life when a disease-related 
event or outcome is expected to happen (e.g., a year of life 
in which there was a risk of impaired kidney function). 
Across all countries, living with a risk of kidney failure had 
the most marked disutility (−0.185 to −0.158), which was 
comparable to that seen in a previous study of adult kidney 
transplant recipients [39]. One way to interpret this is that 
this disutility reflects the loss of HRQoL associated with a 
5% risk of kidney failure. This could be attributed to this 
state causing symptoms that limit HRQoL and the possible 
impact on an individual’s ability to continue with their daily 
activities. Some patients with aHUS can expect relatively 
frequent hospital admissions and lengthy stays [40, 41]. The 
prospect of a year in which a patient can expect to end up 
in intensive care and on the general ward for a period was 
associated with a disutility of between −0.063 and −0.048. 
This specific attribute was designed to understand the pros-
pect of a year of life during which such a serious hospital 
admission occurs, and thus the disutility can be applied for 
12 months in any model. However, this may be considered 
double counting if a further disutility were to be applied for 
the period spent in hospital.

A lower frequency of treatment administration (i.e., q8w 
vs q2w) was associated with significant utility increases in 
the general population samples from all countries; this was 
most pronounced for Sweden. This is likely because of the 
need to travel to a hospital to receive treatment administra-
tion in Sweden, rather than being administered at home in 
the other countries. This is coupled with the finding from 
the interaction analyses for Sweden suggesting that respond-
ents who live further from a hospital have a stronger prefer-
ence for less frequent treatment administration. Across all 
countries, treatments administered q8w for 1 h (the dosing 
schedule associated with that of the ravulizumab 100 mg/mL  
formulation) were more likely to be chosen than those 
with the same duration of infusion but administered q2w, 
whereas Australia and Sweden were the only countries in 
which there was a significant preference for less frequent 
treatment regardless of administration time (i.e., q8w for  
3 h also had a significantly higher odds of being chosen than 
treatment q2w for 1 h in these countries). The results from 
the DCE support the less frequent administration of ravuli-
zumab as a favorable benefit.

A strength of this study is the implementation of vari-
ous quality-control procedures including a minimum time 
limit to prevent participants from speeding through the ques-
tionnaire, as well as additional ‘logic’ questions to deter-
mine whether participants were paying attention/properly 
engaged. In the pilot, setting a minimum time limit con-
siderably reduced the number of participants who made 
errors on the logic questions; as a result, this same limit 
was implemented in the main analyses. Another strength 
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was the method of choice pairing, which retained the level 
balance, allowed all attribute levels to be different (in each 
choice), and has been shown to produce designs that are  
> 99% efficient [26]. This study shows strength as an alter-
native method for estimating utility weights outside of a 
clinical trial, when such data are unavailable.

One limitation of this study is the challenge associated 
with asking the general population to imagine how it feels 
to be in the states described by the different attribute lev-
els. For example, they may not be able to fully appreciate 
what it means to have an infusion q2w for 1 h or q8w for 
3 h—a difference that would be more relatable to individu-
als with diseases such as aHUS, for which treatment via an 
intravenous infusion may be required. Although the attrib-
ute descriptions were informed by key papers identified in 
the targeted literature review, a systematic review may have 
been more robust for identifying relevant studies. Addition-
ally, while the attribute development process aimed to avoid 
conceptual overlap, it is acknowledged that renal impairment 
and meningococcal infection could require hospitalization 
and thus overlap may be perceived by some participants. It 
is possible that cognitive debrief interviews with members of 
the general population would have ensured that the questions 
were easily understood. Furthermore, despite large sample 
sizes, it is possible that this study may be under-powered 
to detect some associations. Future studies should consider 
published guidance on determining minimum sample size 
requirements to detect an effect in a DCE [42]. Although 
the findings are largely consistent across countries indicat-
ing a level of reliability to the results, repeating the survey 
would also add a greater level of certainty to the findings. 
Another limitation is that the DCE methodology means that 
the value placed on years of life/survival is effectively re-
estimated for every new study. The estimates of disutility are 
very sensitive to the preference weights for survival in the 
DCE model. Therefore, any framing effects that influence 
the importance of the overall survival attribute could have a 
substantial impact on the estimated disutilities. In addition, 
the covariance between attributes was not accounted for in 
the calculation of the confidence intervals around the MRS 
and utility estimates, which may bias the precision of these 
estimates [43].

5 � Conclusions

From a DCE survey designed to capture health utility data 
for key aHUS-related attributes, it was found that although a 
reduced infusion burden played a positive role in determin-
ing treatment preferences in a general adult population, the 
largest drivers were life expectancy and the risk of impaired 
kidney function, which highlights the value of effectively 
treating aHUS. Participants favored treatment administration 

q8w vs q2w, which supports the less frequent administration 
of ravulizumab as a favorable benefit. Utility (or disutility) 
weights estimated for each aHUS-related attribute level in 
this study can be used in future cost-utility models in aHUS. 
This is a potentially useful approach for estimating utility 
weights in rare and ultra-rare conditions in which patient 
recruitment and collection of sufficient data to estimate the 
impact of disease and its treatment on patients’ HRQoL can 
be very challenging.
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