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Aim: Ravulizumab and eculizumab are complement C5 inhibitors approved for the treatment of atypical
hemolytic uremic syndrome (aHUS). Ravulizumab requires less frequent infusions than eculizumab, which
may reduce treatment burden. This study investigated patients’ treatment preferences and the impact
of both treatments on patient and caregiver quality of life. Materials & methods: Two surveys were
conducted (one for adult patients with aHUS and one for caregivers of pediatric patients with aHUS) to
quantitatively assess treatment preference and the patient- and caregiver-reported impact of ravulizumab
and eculizumab on quality of life. Patients were required to have a diagnosis of aHUS, to be currently
receiving treatment with ravulizumab and to have received prior treatment with eculizumab. Participants
were recruited via various sources: the Alexion OneSource™ patient support program, the Rare Patient
Voice recruitment agency, the aHUS Foundation and directly via a clinician involved in the study. Results:
In total, 50 adult patients (mean age: 46.5 years) and 16 caregivers of pediatric patients (mean age:
10.1 years) completed the surveys. Most adult patients (94.0%) and all caregivers reported an overall
preference for ravulizumab over eculizumab; infusion frequency was one of the main factors for patients
when selecting their preferred treatment. Fewer patients reported disruption to daily life and the ability to
go to work/school due to ravulizumab infusion frequency (4.0% and 5.7%, respectively) than eculizumab
infusion frequency (72.0% and 60.0%), with similar results for caregivers. Conclusion: Adult patients and
caregivers of pediatric patients indicated an overall preference for ravulizumab than eculizumab for the
treatment of aHUS, driven primarily by infusion frequency. This study contributes to the emerging real-
world evidence on the treatment impact and preference in patients with aHUS.

Plain language summary
What is this article about? Atypical hemolytic uremic syndrome, also called aHUS, is a rare disease that
causes kidney damage. Ravulizumab and eculizumab are medications given as intravenous (IV) infusions
to treat people who have aHUS. Ravulizumab does not have to be taken as often as eculizumab. In this
research, the investigators made surveys to ask people which medication they preferred to treat aHUS
and how the medications affected their lives. Those who took part were either adult patients with aHUS,
or people who were caring for a child with aHUS. Patients had experience being treated with both
ravulizumab and eculizumab.
What were the results? The survey responses showed that most people preferred ravulizumab over
eculizumab. One of the main reasons they preferred ravulizumab was that they did not have to take
ravulizumab as often as eculizumab, and their answers showed that this led to less disruption to their
daily lives and their work/school attendance.
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What do the results mean? These findings should help doctors, patients and caregivers to decide whether
ravulizumab or eculizumab is best for the patient.

Tweetable abstract: Surveys of patients and caregivers of pediatric patients with #aHUS showed an overall
preference for ravulizumab over eculizumab, driven primarily by infusion frequency. Ravulizumab had a
more positive impact on quality of life than eculizumab.

First draft submitted: 17 March 2023; Accepted for publication: 14 July 2023; Published online:
29 July 2023

Keywords: aHUS • atypical hemolytic uremic syndrome • caregiver preference • eculizumab • patient-reported
outcomes • patient preference • quality of life • ravulizumab • treatment preference

Atypical hemolytic uremic syndrome (aHUS) is a rare disease that manifests as a thrombotic microangiopathy char-
acterized by uncontrolled complement activation leading to the development of microthrombi and organ damage,
particularly in the kidneys [1–3]. A diagnosis of aHUS is considered upon the presentation of microangiopathic
hemolytic anemia, thrombocytopenia and renal impairment after the other clinical causes of thrombotic microan-
giopathy, including thrombotic thrombocytopenic purpura and Shiga toxin-producing Escherichia coli hemolytic
uremic syndrome, have been excluded [1,4]. Early diagnosis is important to initiate effective treatment [5,6]. Terminal
complement C5 inhibition is considered the standard of care for the treatment of aHUS [1].

Eculizumab, a complement C5 inhibitor, has been the standard of care for patients with aHUS since its approval,
initially in the USA in 2011 [7,8]. Eculizumab has since been approved in other regions such as the European
Union [9–11]. The efficacy and safety profile of eculizumab has been demonstrated in previous research [5,12–15]. The
maintenance dosing frequency for eculizumab is every 2 weeks for patients weighing 10 kg or more [7]. Ravulizumab
(10 mg/ml), first approved in the USA in 2019 for the treatment of aHUS, was engineered from eculizumab to
achieve a reduced maintenance dosing frequency of 4–8 weeks, depending on body weight [16,17]. In clinical trials,
ravulizumab was an effective treatment for adult and pediatric patients with aHUS and was associated with an
acceptable safety profile [18–21]. An indirect treatment comparison of eculizumab and ravulizumab using aHUS
clinical trial data demonstrated no apparent differences in efficacy between the two treatments [22]. Further, the
100 mg/ml formulation of ravulizumab, approved in the USA in 2020, enabled shorter overall infusion time per
year (3.3–10.4 h) than the original formulations of ravulizumab (13.0–24.7 h) and eculizumab (15.2–52.0 h) [23,24].

There is a need for real-world studies to compare the impact of these treatments on quality of life, particularly
the impact associated with the reduced administration frequency of ravulizumab. Additionally, there is a need
to understand patients’ and caregivers’ treatment preferences and the factors that influence those preferences to
enable clinicians to make informed treatment recommendations. The objectives of this study were (1) to evaluate
preference for ravulizumab or eculizumab in adult patients with aHUS and caregivers of pediatric patients with
aHUS who have experience with both treatments, and (2) to understand the impact of the disease and treatments
on patient and caregiver quality of life.

Materials & methods
Study design
This study used web-based surveys to quantitatively assess preference for ravulizumab or eculizumab and treatment
impact of ravulizumab versus eculizumab. Two surveys, one for adult patients with aHUS and one for caregivers of
pediatric patients with aHUS, were developed following methodological best practices (Supplementary Text 1).

The final surveys assessed demographics and health information, aHUS disease and management, preference for
ravulizumab or eculizumab, the impact of each treatment on aspects of quality of life, time involved in receiving
infusions and overall time lost owing to treatment (Supplementary Table 1). Content included in the online surveys
is provided in Supplementary Text 2. Qualtrics XM software (Provo, UT, USA) was used to collect survey data.
The target sample size was 50 participants per cohort (adult patients and caregivers).

This study was conducted in compliance with the Declaration of Helsinki and the International Council for
Harmonisation guidelines. Informed consent was obtained from each participant before enrollment into the study
and study materials were approved by the WCG institutional review board (approval reference no. 1297161).
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Study population
The cohorts were adult patients (aged 18 years or older) with aHUS, and primary caregivers or the legal
parents/guardians (aged 18 years or older) of pediatric patients (aged 1 month to 17 years) with aHUS. Par-
ticipants were recruited via the Alexion OneSource™ patient support program, the Rare Patient Voice recruitment
agency, the aHUS Foundation and directly via a clinician involved in the study. To be eligible for inclusion, patients
were required to have either a clinician-confirmed diagnosis or a medical document or communication showing
evidence of aHUS that could be verified by the study investigators, and to have previously received eculizumab
followed by three or more doses of ravulizumab as treatments for aHUS.

Survey administration
Participants eligible for inclusion were contacted by study personnel to be granted access to the web-based survey
via a link that was unique to them and the survey could be completed on a computer or mobile device. This
approach was taken to prevent unauthorized access to the study materials and participation. The survey was open
for responses between 27 May and 10 December 2021. All data collected were de-identified, with participants
identified using an assigned number. All documents and electronic files were stored securely, and all identifiers were
removed from the data at the time of study completion.

Statistical analysis
Adult patient and caregiver data were analyzed separately, and no statistical comparisons were made between these
cohorts. Categorical variables were described by their frequency and the percentage of each response. Missing data
were minimal as the web-based surveys required responses to proceed, therefore, the data were analyzed as observed
and any missing data arising for any other reasons were not included in percentage calculations, nor were missing
data imputed. Quantitative variables were described using their frequency, mean, standard deviation (SD), and
minimum and maximum values. Target sample sizes were based on general principles of ideal minimum numbers
of participants needed to detect statistical differences between participant experience with ravulizumab versus prior
treatment with eculizumab. However, the final sample size was based on availability in this rare population.

For statistical comparisons, statistical tests were two-sided using a significance level of p < 0.05. Owing to small
sample sizes, all presented p-values are at the nominal level. For questions that examined treatment preference on
a 5-point Likert scale (from ‘strongly prefer ravulizumab’ to ‘strongly prefer eculizumab’), the binomial test was
used to compare the proportion of those who indicated any preference for ravulizumab versus those who indicated
either ‘no preference’ or any preference for eculizumab. For the analysis of responses to parts of the surveys that
assessed the impact of ravulizumab and eculizumab on quality of life, responses on the 5-point Likert scale were
combined into ‘not at all/a little bit’, ‘somewhat’ and ‘quite a bit/very much’ to assist with analyses given the small
sample sizes. Given that patients received both treatments, a repeated measures comparison of treatment impact
was performed with the McNemar–Bowker test of symmetry or paired t-tests, as appropriate for the variable type.
Survey responses of “not applicable” were excluded from the analyses. All statistical analyses of survey data were
performed with SAS version 9.4 or higher (SAS Institute, Inc., NC, USA).

If sample size was sufficient (prespecified as n = 30), additional subgroup analyses were performed for patients
who received the 100 mg/ml formulation of ravulizumab separately from patients who received the 10 mg/ml
formulation of ravulizumab for the treatment preference and treatment impact portions of the surveys.

Results
Survey respondents
A total of 355 individuals in the USA were screened between 13 December 2020 and 22 November 2021, and 133
were eligible for inclusion. The most common reasons for exclusion were that the patient had not received both
eculizumab and ravulizumab, or that the patient in the caregiver cohort was aged 18 years or older. Of the eligible
participants, 76 provided informed consent and suitable confirmation of aHUS diagnosis, and 66 non-duplicate
surveys were completed (49.6% response rate, calculated as the number of completed surveys as a proportion of the
133 participants eligible for inclusion). The recruitment target of 50 adult patients was achieved, while recruitment
for the caregiver cohort halted at 16 completed surveys despite efforts to attain the target sample size of 50.

Study population
Table 1 lists the demographics of survey respondents and pediatric patients. Adult patients, caregivers and pediatric
patients were predominantly female (80.0%, 93.8% and 62.5%, respectively), White (92.0%, 100% and 100%,

10.57264/cer-2023-0036
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Table 1. Adult patient, caregiver and caregiver-reported pediatric patient demographics.
Demographic variable Adult patients (n = 50) Caregivers (n = 16) Pediatric patients (n = 16)

Sex, n (%)
Female
Male

40 (80.0)
10 (20.0)

15 (93.8)
1 (6.3)

10 (62.5)
6 (37.5)

Age†, years
Mean (SD)
Range

46.5 (13.9)
19–71

43.1 (9.6)
29–57

10.1 (4.8)
2–16

Ethnicity, n (%)
Hispanic/Latino
Not Hispanic/not Latino

3 (6.0)
47 (94.0)

0 (0.0)
16 (100)

0 (0.0)
16 (100)

Race, n (%)
White
Black/African American
Other‡

46 (92.0)
3 (6.0)
1 (2.0)

16 (100)
0 (0.0)
0 (0.0)

16 (100)
0 (0.0)
0 (0.0)

Highest education completed§, n (%)
Not yet of school age
Elementary school
Middle school
High school
Did not complete high school
High school diploma or General Educational Development
Some college, certification program or currently enrolled
College, technical college or university degree
Graduate degree

1 (2.0)
4 (8.0)
15 (30.0)
19 (38.0)
11 (22.0)

0 (0.0)
0 (0.0)
3 (18.8)
8 (50.0)
5 (31.3)

3 (18.8)
6 (37.5)
3 (18.8)
4 (25.0)

Current work status, n (%)
Employed full-time¶

Employed part-time#

Homemaker
Student
Retired
Disabled
Unemployed

21 (42.0)
7 (14.0)
8 (16.0)
6 (12.0)
9 (18.0)
4 (8.0)
2 (4.0)

7 (43.8)
3 (18.8)
7 (43.8)
0 (0.0)
0 (0.0)
0 (0.0)
1 (6.3)

†Represents the reported participant age at the time of participation.
‡The full text response to ‘other’ was “Mexican”.
§Elementary school = kindergarten to 5th grade, middle school = 6th to 8th grade, high school = 9th to 10th grade.
¶40 h per week or more.
#Fewer than 40 h per week.
Percentages may not sum to 100 owing to rounding, and because multiple answers could be selected for current work status.
SD: Standard deviation.

respectively), and non-Hispanic/non-Latino (94.0%, 100% and 100%, respectively). The mean (SD) age (at the
time of enrollment) of adult patients was 46.5 (13.9) years and the mean age of pediatric patients was 10.1 (4.8)
years. Most adult patients (60.0%) and caregivers (81.3%) had a college degree or higher; 42.0% of adult patients
and 43.8% of caregivers were in full-time employment.

Disease and management characteristics are presented in Table 2. The participant-reported mean (range) number
of years since aHUS diagnosis was 6.8 (1–48) years for adult patients, and 6.1 (1–14) years for pediatric patients. For
adult patients, the mean (SD) length of treatment with eculizumab and ravulizumab was 46.9 (33.4) months and
12.9 (6.0) months, respectively. For pediatric patients, caregivers reported that the mean (SD) length of treatment
with eculizumab and ravulizumab was 46.5 (32.1) months and 13.6 (5.7) months, respectively.

For eculizumab infusions, 34.0% and 62.5% of adult and pediatric patients, respectively, had a venous access port
previously implanted. For ravulizumab infusions, 30.0% and 50.0% of adult and pediatric patients, respectively,
had venous access ports currently implanted. Overall, 78.0% of adult patients and 75.0% of pediatric patients were
receiving the 100 mg/ml formulation of ravulizumab at the time of the study.

Treatment preference
In total, 47 of 50 adult patients (94.0%) and all caregivers reported an overall preference for ravulizumab over ‘no
preference’ or eculizumab (p < 0.001; Figure 1). For specific factors that may influence patients’ treatment pref-
erences, adult patients preferred ravulizumab over ‘no preference’ or eculizumab. When considering the frequency
of infusions, all adult patients preferred ravulizumab. There was also a strong preference for ravulizumab over ‘no
preference’ and eculizumab regarding the ability to travel/go on vacation, the benefit to quality of life, infusion
duration and the ability to plan social activities (all p < 0.001 vs preference for eculizumab or ‘no preference’).

10.57264/cer-2023-0036 J. Comp. Eff. Res. (2023) e230036
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Overall treatment preference (n = 50)

Frequency of infusions  (n = 50)

Ability to travel/go on vacation (n = 49)

Benefit to patient’s quality of life (n = 50)

Ability to plan social activities (n = 49)

Infusion duration (n = 50)

Ability to go to school/work (n = 41)

Ability to control aHUS (n = 50)

 Perfection of effectiveness (n = 50)

Cost of treatment (n = 49)

Convenience of treatment location

(e.g. home, infusion center) (n = 44)

Concern related to aHUS worsening (n = 48)

Concern related to infusion (n = 48)

Convenience of infusion injection  (n = 38)

Proportion of respondents (%)

0 10 20 30 40 50 60 70 80 90 100

94 4 2

100

98 2

86 4 10

86 14

74 16 10

68 5 27

54 6 40

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.01

p < 0.05

p < 0.05

52 10 38

43 4 53

45 5 50

42 8 50

38 6 56

38 4 58

37 5 58

Perception of side effects and safety (n = 48)

Somewhat/strongly prefer ravulizumab Somewhat/strongly prefer eculizumab No preference

Overall treatment preference (n = 16)

Benefit to caregiver’s quality of life (n = 16)

Benefit to patient’s quality of life (n = 16)

Ability to travel/go on vacation (n = 16)

Frequency of infusions (n = 16)

Ability to plan social activities (n = 16)

Caregiver’s ability to go to school/work

(n = 12)

Patient’s ability to go to school/work (n = 14)

Infusion duration (n = 16)

Ability to control aHUS (n = 16)

Convenience of treatment location

(e.g. home, infusion center) (n = 14)

Concern related to infusion (n = 15)

Concern related to aHUS worsening (n = 16)

Convenience of infusion injection (n = 14)

Cost of treatment (n = 16)

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.01

p < 0.05

100

100

100

100

100

94 6

92 8

79 21

56 25 19

50 50

50 50

44 6 50

40 7 53

38 6 56

31 69

36 64

25 696 p < 0.05

Perception of side effects and safety (n = 16)

Perception of effectiveness (n = 16)

Proportion of respondents (%)

0 10 20 30 40 50 60 70 80 90 100

Figure 1. Treatment preference between ravulizumab and prior eculizumab treatment by factor for (A) adult
patients and (B) caregivers of pediatric patients. For survey items relating to concerns (e.g. concern related to
infusion), respondents indicated which treatment they preferred to overcome their concern. The binomial test was
used to compare the proportion of those who indicated any preference for ravulizumab versus those who indicated
either ‘no preference’ or any preference for eculizumab.
aHUS: Atypical hemolytic uremic syndrome.
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Table 2. Disease and management characteristics as reported by adult patients and by caregivers on behalf of pediatric
patients.
Demographic variable Adult patients (n = 50) Pediatric patients (n = 16)

Years since diagnosis
Mean (SD)
Range

6.8 (7.5)
1–48

6.1 (3.8)
1–14

Trigger
Infection
Severe hypertension
Autoimmune disease
Pregnancy or childbirth
None
Other†

Unsure

11 (22.0)
2 (4.0)
1 (2.0)
9 (18.0)
2 (4.0)
12 (24.0)
13 (26.0)

6 (37.5)
0 (0.0)
0 (0.0)
0 (0.0)
4 (25.0)
2 (12.5)
4 (25.0)

Length of eculizumab treatment, months
Mean (SD)
Range

46.9 (33.4)
2–133

46.5 (32.1)
3–119

Site of last eculizumab treatment
Hospital (inpatient)
Hospital (outpatient)
Clinic
Home

0 (0.0)
10 (20.0)
24 (48.0)
16 (32.0)

1 (6.3)
6 (37.5)
4 (25.0)
5 (31.3)

Length of ravulizumab treatment, months‡

Mean (SD)
Range

12.9 (6.0)
0–25

13.6 (5.7)
4–27

Site of last ravulizumab treatment
Hospital (inpatient)
Hospital (outpatient)
Clinic
Home

0 (0.0)
8 (16.0)
28 (56.0)
14 (28.0)

1 (6.3)
6 (37.5)
4 (25.0)
5 (31.3)

Current ravulizumab formulation
100 mg/ml
10 mg/ml
Unsure

39 (78.0)
8 (16.0)
3 (6.0)

12 (75.0)
2 (12.5)
2 (12.5)

Venous access port previously implanted for eculizumab
Yes
No

17 (34.0)
33 (66.0)

10 (62.5)
6 (37.5)

Venous access port currently implanted for ravulizumab
Yes
No

15 (30.0)
35 (70.0)

8 (50.0)
8 (50.0)

†Participant free-text responses mentioned medication use, transplantation, surgery, pulmonary hemorrhages, pneumonia, pregnancy, infections, stress and vaccination.
‡Length of treatment was calculated using the difference between the dates of the first and last treatments as reported by participants. The minimum value of 0 months on ravulizumab
may be caused by a participant adding the same date for both responses.
SD: Standard deviation.

For caregivers, the benefit to their quality of life, the benefit to the pediatric patient’s quality of life, the ability to
travel/go on vacation, the frequency of infusions and the ability to plan social activities were the five factors with
the highest proportions of participants reporting preference for ravulizumab over ‘no preference’ or eculizumab (all
p < 0.001).

The factors that participants most frequently ranked in their top five considerations when deciding their overall
treatment preference are shown in Figure 2. The frequency of infusions, the ability to control aHUS and the benefit
to the patient’s quality of life were the three most important factors when selecting a preferred treatment in both
cohorts.

Treatment impact
Among adult patients, markedly fewer responded that ravulizumab infusion frequency disrupted their daily lives
or impacted their ability to go to work/school at least somewhat (4.0% and 5.7%, respectively) versus eculizumab
(72.0 and 60.0%, respectively; p < 0.001; Figure 3). More participants responded that they were able to enjoy life
‘quite a bit/very much’ while receiving ravulizumab (91.8%) than while receiving eculizumab (66.0%; p < 0.05).
The majority of adult patients responded ‘quite a bit/very much’ when asked if they were able to talk to their doctor
or nurse as often as they would have liked while receiving ravulizumab or eculizumab (81.6 and 87.5%, respectively;

10.57264/cer-2023-0036 J. Comp. Eff. Res. (2023) e230036
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Frequency of infusions

Ability to control aHUS

Ability to travel/go on vacation

Infusion duration

Ability to plan social activities

Ability to go to work/school

Cost of treatment

Concern related to aHUS worsening

Convenience of infusion injection

Convenience of treatment location

(e.g., home, infusion center) 

Concern related to infusion

None of the above

Proportion of respondents (%)

0 10 20 30 40 50 60 70 80 90 100

80

60

56

54

44

28

28

24

18

14

14

12

10

6

0

Perception of side effects or safety

Perception of effectiveness

Benefit to patient’s quality of life

Proportion of respondents (%)

0 10 20 30 40 50 60 70 80 90 100

Frequency of infusions

Ability to control aHUS

Ability to travel/go on vacation

Abilitiy to go to work/school

Infusion duration

Cost of treatment

Concern related to aHUS worsening

Ability to plan social activities

Concern related to infusion

Convenience of infusion injection

None of the above

94

88

63

38

38

38

31

19

13

13

13

0

0

0

0

Convenience of treatment location

(e.g., home, infusion center) 

Perception of effectiveness

Perception of side effects or safety

Benefit to quality of life

Figure 2. Frequencies of participant responses when asked to select up to five most-important factors when
deciding overall preference between treatments for (A) adult patients and (B) caregivers of pediatric patients.
Participants were asked to select up to five factors that were most important to them when deciding their overall
preference between prior eculizumab treatment and ravulizumab.
aHUS: Atypical hemolytic uremic syndrome.
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Figure 3. Comparison of impacts of ravulizumab and prior eculizumab treatment reported by adult patients
(n = 50). For each statement, participants were asked to select how much they agreed based on their own experience.
Bar labels show the survey questions verbatim and have been grouped by negative (bar groups 1–6) and positive (bar
groups 7–10) statements. It is acknowledged as a possible limitation that respondents may interpret ‘impact’
differently and not according to the intended directionality. Percentages may not sum to 100 owing to rounding.
aHUS: Atypical hemolytic uremic syndrome.
*p < 0.05; ***p < 0.001.

p = 0.392). When considering treatment effectiveness and side effects, the distribution of adult responses was similar
between both ravulizumab and eculizumab.

Greater proportions of caregivers reported little to no disruption to their daily lives (p < 0.01) and impact on
their (p < 0.05) or their child’s (p < 0.05) ability to go to work/school as a result of the infusion frequency of
ravulizumab versus eculizumab (Figure 4). Across these three factors, the infusion frequency of ravulizumab was
associated with a minimal negative impact on daily life and the ability to go to work/school, while the infusion
frequency of eculizumab was associated with a greater impact on daily life compared with ravulizumab. The majority
of caregivers felt that their families were able to enjoy life with ravulizumab or eculizumab (93.8% and 87.5%,
respectively, responded quite a bit/very much) and that they were able to talk to a healthcare professional as often
as they would have liked (62.5% and 81.3%). All caregivers perceived ravulizumab and eculizumab to be effective
for the treatment of aHUS.
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Figure 4. Comparison of impacts of ravulizumab and prior eculizumab treatment reported by caregivers of pediatric patients (n = 16).
For each statement, participants were asked to select how much they agree based on their own experience. Bar labels show the survey
questions verbatim and have been grouped by negative (bar groups 1–8) and positive (bar groups 9–13) statements. It is acknowledged as
a possible limitation that respondents may interpret ‘impact’ differently and not according to the intended directionality. Percentages
may not sum to 100 owing to rounding.
aHUS: Atypical hemolytic uremic syndrome.
*p < 0.05; **p < 0.01.

When participants were asked to indicate the impact of the treatments on productivity at work/school, the
ability to maintain work/school schedules and goals and financial well-being, eculizumab and ravulizumab were
generally rated similarly by both cohorts.

The sample size for adult patients was sufficient to allow subgroup analysis of factors related to treatment impact
while receiving the 100 mg/ml formulation of ravulizumab compared with eculizumab (n = 39). The results of
this analysis were consistent with the non-subgroup analysis with the exception of the survey item assessing the
ability of patients to maintain their work/school schedule, with a larger proportion of patients responding that they
could maintain their work/school schedule quite a bit/very much when receiving the 100 mg/ml formulation of
ravulizumab (73.1%) versus eculizumab (46.2%; p < 0.05).

Time lost to treatment
Adult patients reported that they required less time each month to manage their aHUS when receiving treatment
with ravulizumab (mean [SD], 2.8 [4.4] h) versus eculizumab (5.4 [6.7] h; p < 0.01; Table 3). For caregivers, the
mean (SD) time needed each month to help manage aHUS was similar between ravulizumab (1.7 [3.5] h) and
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Table 3. Patient- and caregiver-reported hours needed per treatment session and hours needed per month to manage
aHUS.
Survey item Eculizumab Ravulizumab p-value

Adult patient response (n = 50) (n = 50)

Time needed per treatment session, h
n†

Mean (SD)
49
3.5 (2.5)

48
3.2 (2.3)

.1886

Time needed per month to manage aHUS, h
n†

Mean (SD)
49
5.4 (6.7)

49
2.8 (4.4)

.0014

Caregiver response (n = 16) (n = 16)

Caregiver time needed per treatment session, h
Mean (SD) 6.3 (3.8) 4.4 (3.2)

.1063

Caregiver time needed per month to manage aHUS, h
Mean (SD) 3.3 (6.2) 1.7 (3.5)

.3203

Patient time needed per treatment session, h
Mean (SD) 5.3 (3.5) 4.9 (2.9)

.7193

Patient time needed per month to manage aHUS, h
Mean (SD) 2.9 (6.1) 1.7 (3.5)

.4369

†Values that were clear outliers (possible misunderstanding of the question/response requirement) were removed.
Time (h) needed per treatment session included time taken to travel for/receive treatment. Time (h) needed per month to manage aHUS excluded time needed to receive treatment.
The p-value compares the proportion of paired responses between eculizumab and ravulizumab using paired t-tests.
aHUS: Atypical hemolytic uremic syndrome; SD: Standard deviation.

eculizumab (3.3 [6.2] h; p > 0.05). For both cohorts, there was no clear difference in the mean number of hours
needed per treatment session for ravulizumab versus eculizumab.

Discussion
This study used a survey that was developed using methodological best practices to understand patient and caregiver
perspectives on two approved treatments for aHUS. Results demonstrated a patient and caregiver preference for
ravulizumab over eculizumab. To our knowledge, prior to this study, the only published patient survey that examined
patient satisfaction with complement C5 inhibitor treatment for aHUS focused solely on eculizumab [25]. In our
study, the frequency of treatment infusions, impact on quality of life and the ability to control aHUS were the
most important factors for patients when selecting their preferred treatment. This concurs with the findings of a
previous discrete-choice experiment assessing utility values associated with aHUS-related attributes, which showed
that a reduced infusion frequency was preferable among a sample of the general population [26].

In our study, participants indicated that the impacts of both ravulizumab and eculizumab on daily life and
productivity were mostly positive, but there were several notable differences in patients’ treatment preferences.
The ability to travel or go on vacation, the ability to plan social activities and the benefits of treatment on both
patient and caregiver quality of life were important factors that patients and caregivers considered when selecting
ravulizumab over eculizumab. It should be noted that over 40% of the participants were in full-time employment,
and at least 60% had a college degree or higher qualification. Most adult patients and caregivers indicated that the
infusion frequency of ravulizumab did not substantially restrict their, or the pediatric patients’, ability to go to work
or school. It is likely that the reduced infusion frequency of ravulizumab contributes to greater patient freedom
to participate in daily activities with minimal restrictions. Participants were less concerned about the impact of
the infusion frequency of ravulizumab versus eculizumab on daily life and the ability to go to work or school.
The time lost per treatment session did not differ between eculizumab and ravulizumab; this may be because the
majority of patients received the 100 mg/ml dose, which has an estimated infusion duration that is comparable
with eculizumab (depending on body weight) [23].

Importantly, adult patients and caregivers reported that they were able to enjoy their lives when receiving
either treatment. This could be an indication of the effectiveness of the treatments, in line with previous studies
showing that patients receiving either treatment exhibited improvements in Functional Assessment of Chronic
Illness Therapy – Fatigue Scale scores [5,14,20,27] and US time trade-off index in the EQ-5D questionnaire for
eculizumab [14,28]. Almost all patients indicated that both treatments were effective for their aHUS. This is
consistent with previous literature showing that the efficacy of ravulizumab was consistent with eculizumab [22,29],
and that ravulizumab and eculizumab were associated with acceptable safety profiles [5,12–15,18–21].
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Patient advocacy groups recognize that eculizumab is a transformative therapy, but note that there are some
concerns surrounding treatment costs and side effects [11]. Meningococcal infectionis a treatment-related risk
associated with complement C5 inhibitors that has been assessed in multiple long-term, real-world studies of
eculizumab [15,30]. For ravulizumab, no meningococcal infections were reported in a 2-year analysis of clinical trials
in both adult and pediatric patients [31]. Our study demonstrated that side effects were not a substantial concern
for the majority of patients and caregivers. Up to 25% of participants reported that treatment affected their overall
financial well-being ‘quite a bit’ or ‘very much’. However, participants in this study were not asked whether they had
health insurance. Previous research has shown a cost benefit and a reduction in lost productivity with ravulizumab
versus eculizumab treatment [32,33]. There may be some concern that the reduced infusion frequency of ravulizumab
reduces the contact time between patients and healthcare providers. However, in our study, participants reported
minimal perceived differences in their ability to talk to healthcare providers when receiving ravulizumab compared
with eculizumab.

There is ongoing discussion regarding the optimal duration of complement C5 inhibitor treatment [34,35]. The
decision to discontinue treatment should be based on a thorough assessment of risks and patients should be closely
monitored [34–36]. Additionally, given that treatment for aHUS can often be long term [37], patient preference for
treatment and the impact of treatment on the daily lives of patients and caregivers are important considerations.

A limitation of this study is that the target sample size of 50 caregivers was not achieved, likely owing to aHUS
being a rare disease and the relatively recent approval of ravulizumab for the treatment of aHUS, thus limiting
the power of statistical analyses for caregiver responses. There may be factors relating to the responsibilities of
caregivers that limit their ability to participate in research, or that prompted a reluctance to participate. Another
limitation is that the participant sample consisted predominantly of White and non Hispanic/Latino individuals,
females and those educated to a college level or higher, limiting the generalizability of the findings to the wider
population. However, for adults, the proportion of White patients in the current study sample (92.0%) was similar
to that reported among 516 patients in the global aHUS registry (90.5%), while the proportions of White pediatric
patients differed (100% of the current study sample vs 80.6% in the global aHUS registry). The proportions of
adult and pediatric patients who were female in the current study (80.0% and 62.5%, respectively) is higher than
in the registry (61.6% and 40.3%, respectively) [38]. The lack of diversity could have arisen from the use of online
surveys, which may have been challenging to access for participants with more limited time or resources, including
participants from lower socioeconomic backgrounds. A potential solution would be to recruit participants in-person
in the clinical setting during a routine visit and collect data via paper copies of surveys administered by personnel in
clinicians’ offices. Providing the survey and study materials in other languages, such as Spanish, may have resulted
in a more diverse distribution of ethnicities among the participant sample. Furthermore, there could be a recall
bias associated with between-treatment comparisons given that the participants had more recent experience with
ravulizumab than eculizumab. The key strengths of this study were that it captured the real-world experience of
participants who had received ravulizumab and eculizumab outside of the clinical trial setting and that the surveys
were developed using a robust development process that was based on clinical expert, patient and caregiver input
using industry best practices.

Conclusion
Patients and caregivers had a positive perception of both eculizumab and ravulizumab. Most participants indicated
preference for ravulizumab over eculizumab for the treatment of aHUS, and ravulizumab was shown to have a more
positive effect on patient and caregiver quality of life than eculizumab. This preference was primarily driven by
the reduced infusion frequency of ravulizumab, allowing patients more freedom. These results add to the emerging
body of real-world evidence on treatment impact and treatment preferences of patients with aHUS.
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