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Introduction: Atypical hemolytic uremic syndrome (aHUS) is a progressive and potentially life-threatening

disease characterized by complement-mediated thrombotic microangiopathy. Patients with aHUS may

experience fatigue, which can negatively impact their lives, but there is a knowledge gap regarding disease

burden in these patients.

Methods: In this longitudinal study, patients with aHUS from the Global aHUS Registry who completed

patient-reported outcome assessments (Functional Assessment of Chronic Illness Therapy-Fatigue scale

[FACIT-Fatigue], general health status, and work status) at $2 time points were assessed relative to

treatment status: (i) never treated with eculizumab; (ii) on eculizumab at registry enrollment and continued

therapy; and (iii) started eculizumab after registry enrollment.

Results: Patients who started eculizumab after the baseline visit (n ¼ 23) exhibited improvements in fa-

tigue (nearly 75% achieved clinically meaningful improvement), improved general health status (55%), and

25% to 30% rate reduction in symptoms of fatigue, weakness, irritability, nausea/vomiting, and swelling at

last follow-up. Among patients already on eculizumab at registry enrollment (n ¼ 295) and those never

treated (n ¼ 233), these parameters changed minimally relative to the baseline. Emergency room visits and

hospital admissions were similar between groups. The number of health care provider visits and work

days missed were higher in patients who started eculizumab after registry enrollment.

Conclusion: These real-world findings confirm the detrimental effects of aHUS on patients’ daily lives,

including high levels of fatigue and impairments in general health status. The results suggest clinically

meaningful improvement in fatigue, other patient-reported outcomes, and symptoms with eculizumab

initiation after enrollment into the aHUS registry.
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A
typical hemolytic uremic syndrome (aHUS) is
secondary to uncontrolled complement activation,

and can cause severe progressive organ damage or
death.1,2 aHUS affects both children and adults, and is
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characterized by microangiopathic hemolytic anemia,
thrombocytopenia, and organ dysfunction, most
commonly affecting the kidney.1,3 Management of
aHUS may include plasma exchange/plasma infusion,
inhibition of the alternative pathway of complement
with eculizumab or ravulizumab, supportive care (e.g.,
dialysis and treatment of hypertension), and kidney
transplantation in patients who progress to end-stage
renal disease.

Since the introduction of eculizumab, a humanized,
monoclonal antibody that blocks terminal complement
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activation at C5, a paradigm shift has occurred in the
management of patients with aHUS, together with a
corresponding change in the clinical course of the
disease.4

Patient perspectives on diseases and their associ-
ated treatments have been a major focus of the US
Food and Drug Administration, with an emphasis on
the need for patient-reported outcomes and generation
of real-world evidence and data outside of clinical
trials.5 Recent reports of real-world data have revealed
that the overall efficacy and safety of eculizumab re-
mains consistent with findings reported in prior
clinical trials6–8; however, there is a lack of under-
standing regarding the impact of aHUS on patients’
daily lives, as well as a paucity of real-world, patient-
reported outcome data in patients with aHUS outside
of the clinical trial setting.

A global aHUS patients’ research agenda using input
from patients, patient advocacy groups, and caregivers
was developed.9 The research agenda identified several
knowledge gaps, including the impact of aHUS-related
treatments on clinical, psychological, and socioeco-
nomic patient-reported outcomes.

Previous cross-sectional analyses have illustrated the
detrimental effects of aHUS on fatigue and associated
functional impairment.10,11 The objective of the present
longitudinal study was to evaluate change in fatigue
levels over time and other real-world, patient-reported
outcomes to better describe the impact of this disease,
such as general health and work status, among patients
enrolled in the Global aHUS Registry. A plain language
summary of this study is provided in Supplementary
Figure S1.
METHODS

Patient Selection

The Global aHUS Registry is an ongoing, observational,
noninterventional, multicenter, multinational study
(NCT01522183) designed to retrospectively and pro-
spectively collect information on the long-term out-
comes and health status of patients with aHUS, as well
as the long-term safety and effectiveness of eculizumab
in this population.12 Methodology for registry enroll-
ment has been reported previously.12 Briefly, patients
with a preexisting diagnosis of aHUS were included,
and those with evidence of Shiga toxin-producing
Escherichia coli infection and those with ADAMTS13
activity #5%, if performed, were excluded. Written
informed consent was obtained from all enrolled pa-
tients or their parents/guardians; assent was obtained
when appropriate.

This analysis included all pediatric ($5 to <18
years) and adult ($18 years) patients with aHUS
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enrolled in the Global aHUS Registry who completed
the patient-reported outcomes assessments (Functional
Assessment of Chronic Illness Therapy-Fatigue scale
[FACIT-Fatigue], general health status, and work sta-
tus forms) at a minimum of 2 time points. The data
cutoff for this analysis was July 8, 2019. The popu-
lation selected for this analysis was divided into 3
mutually exclusive groups of patients who were (i)
never treated with eculizumab; (ii) on eculizumab at
registry enrollment and continued therapy; and (iii)
started eculizumab after registry enrollment. All
comparisons were made between 2 data points for
each patient (baseline and last follow-up). Baseline
was defined as the date of enrollment for patients who
were not treated with eculizumab and those who were
on eculizumab at the time of enrollment; for the group
who started eculizumab after registry enrollment,
baseline was defined as the closest date before the start
of eculizumab.

Patient-Reported Outcomes Assessments

Fatigue was assessed using the FACIT-Fatigue scale, a
validated tool for measuring health-related quality of
life.11 The FACIT-Fatigue scale for adults is a 13-item,
self-completed questionnaire assessing fatigue and its
impact on daily activities and function, expressing
fatigue as a score ranging from 0 to 52.11 The PedsFACIT-
Fatigue is an 11-item questionnaire that expresses
fatigue as a score ranging from 0 to 44.13 Low FACIT-
Fatigue and PedsFACIT-Fatigue scores are associated
with greater functional impairment,13–16 whereas higher
scores indicate better quality of life.17 The FACIT-Fatigue
scale for adults has been validated extensively in the
literature for reliability and clinical validity in measuring
health-related quality of life.18 Although the PedsFACIT-
Fatigue scale shares some aspects of the FACIT-Fatigue
scale, it was developed for the pediatric population to
measure fatigue in cancer and customized based on
children’s literacy levels and perceptions of fatigue.13

A systematic review of minimum clinically important
differences derived from patients with cancer, systemic
lupus erythematosus, and rheumatoid arthritis found
that minimum clinically important differences for FACIT-
Fatigue score improvement varied from 2.8 to 6.8.19 Other
studies have reported minimum clinically important
differences of 3.0 for the FACIT-Fatigue score (patients
with rheumatoid arthritis)20 and 4.7 for the PedsFACIT-
Fatigue score (pediatric patients with cancer).13 Here,
we defined the minimum clinically important difference
indicating improvement as an increase in FACIT-Fatigue
and PedsFACIT-Fatigue score of >3 units from baseline.
FACIT-Fatigue scores were calculated for subgroups
based on clinical status (dialysis, transplant, recent plasma
exchange/plasma infusion, and recent hospitalization).
Kidney International Reports (2020) 5, 1161–1171
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We measured change over time in general health
status (poor, fair, good, very good, excellent), work
status, patient symptoms (anxiety, chest pain, confu-
sion, diarrhea, easy bruising/abdominal bleeding,
headache, irritability, nausea/vomiting, shortness of
breath, swelling, weakness, jaundice, other), and
resource utilization, as captured in the registry pa-
tient questionnaire. Resource utilization was calcu-
lated as the total number of events (health care
provider [HCP] visits, emergency room visits, hos-
pital admissions, and missed days of work due to
illness) between baseline and last follow-up divided
by the time of exposure during this period (i.e.,
number of completed forms multiplied by 0.5 years,
as forms are collected every 6 months). Patients $65
years old were excluded from analyses of resource
utilization.
Statistical Analysis

The findings reported in this study are reported as
descriptive statistics: median change over time be-
tween the first (i.e., baseline) and last data points
(including the range), and proportion of patients
with clinically meaningful changes in FACIT-Fatigue
score and other patient-reported outcomes. Missing
dates were imputed where necessary. We performed
statistical comparisons for change from baseline to last
visit in each of the 3 patient groups; between-group
comparisons were not performed because the main in-
terest was to assess changes in patient-reported out-
comes in patients who initiated eculizumab; the other 2
groups served as reference groups and we did not
prespecify any hypothesis testing for between-group
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comparisons. For the 2 cohorts never treated with
eculizumab and on eculizumab at the time of enroll-
ment, baseline was defined as the first score after
enrollment and was compared with that at last follow-
up. If the patient discontinued eculizumab, the first
score after enrollment was compared with that at the
last evaluation point while on eculizumab. For the
group that started eculizumab after enrollment, baseline
was defined as the before eculizumab score closest to
start of eculizumab and was compared with the last
score while on eculizumab. Predefined subgroup ana-
lyses included by dialysis (yes/no), kidney transplant
(yes/no), and recent (within 6 months) prior hospitali-
zation (yes/no).

RESULTS

Baseline Patient Demographics and Disease

Characteristics

A total of 551 patients with aHUS were included in this
analysis (never treated with eculizumab: n ¼ 233; on
eculizumab at enrollment: n ¼ 295; and started eculi-
zumab after enrollment: n ¼ 23) (Figure 1). Overall, the
registry included 1811 patients as of July 8, 2019, but
471 were excluded, and of the 1340 who remained,
551 completed the FACIT-Fatigue questionnaire and
patient-reported outcomes assessments at a minimum of
2 timepoints.

Patient demographics, disease characteristics, and
genetics for the overall population and by cohort are
shown in Table 1. Median patient age was 28.6
years at aHUS diagnosis and 32.5 years at registry
enrollment. More than half (59.7%) of the patients
were female. Among patients treated with eculizumab,
f 08-JUL-2019 
811)

Eculizumab after 
enrollment (n = 119)

 enrollment 
84)

maining 
340)
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f Chronic Illness Therapy-Fatigue; PROs, patient-reported outcomes;

1163



Table 1. Baseline demographics and disease characteristics

Characteristic
All

(N [ 551)
Never on eculizumab

(n [ 233)
Eculizumab on enrollment

(n [ 295)
On eculizumab after
enrollment (n [ 23)

Median age at enrollment, yr (range) 32.5 (5.0–82.6) 32.1 (5.0–82.6) 32.5 (5.1–80.8) 36.2 (11.4–68.6)

Pediatric, n (%) 128 (23.2) 58 (24.9) 67 (22.7) 3 (13.0)

Adult, n (%) 423 (76.8) 175 (75.1) 228 (77.3) 20 (87.0)

Age at aHUS diagnosis, yr (range) 28.7 (0.1–82.6) 25.7 (0.2–82.6)a 29.7 (0.1–80.6)b 32.9 (0.1–68.6)

Gender

Female, n (%) 329 (59.7) 138 (59.2) 179 (60.7) 12 (52.2)

Male, n (%) 222 (40.3) 95 (40.8) 116 (39.3) 11 (47.8)

Time from aHUS diagnosis to initiation of eculizumab, mo (range) 0.72 (�1.2 to 357.6) N/A 0.6 (1.2–357.6)c 0.84 (0.0–266.4)

Dialysis, n (%)

Not on dialysis 437 (79.3) 178 (76.4) 243 (82.4) 16 (69.6)

Acute (#3 mo) 11 (2.0) 2 (0.9) 8 (2.7) 1 (4.3)

Chronic (>3 mo) 89 (16.2) 48 (20.6) 35 (11.9) 6 (26.1)

Missing 14 (2.5) 5 (2.1) 9 (3.1) 0

Had kidney transplant before or at baseline, n (%) 157 (28.5) 67 (28.8) 85 (28.8) 5 (21.7)

Renal functiond (eGFR, ml/min per 1.73 m2), n (%)

$90 57 (12.6) 35 (19.1)e 21 (8.3)f 1 (6.3)g

<90 to $60 57 (12.6) 21 (11.5) 35 (13.9) 1 (6.3)

<60 to $30 76 (16.9) 24 (13.1) 50 (19.8) 2 (12.5)

<30 to $15 26 (5.8) 6 (3.3) 15 (6.0) 5 (31.3)

<15 22 (4.9) 6 (3.3) 14 (5.6) 2 (12.5)

Missing 213 (47.2) 91 (49.7) 117 (46.4) 5 (31.3)

Extrarenal manifestation related to aHUS within the past 6 mo, n (%)

Cardiovascular 174 (31.6) 42 (18.0) 124 (42.0) 8 (34.8)

Gastrointestinal 206 (37.4) 55 (23.6) 141 (47.8) 10 (43.5)

Neurologic 165 (29.9) 44 (18.9) 115 (39.0) 6 (26.1)

Pulmonary 77 (14.0) 18 (7.7) 55 (18.6) 4 (17.4)

Hospitalization in the past 6 mo, n (%)

Yes 197 (35.8) 66 (28.3) 113 (38.3) 18 (78.3)

PE/PI in the past 6 mo, n (%)

Yes 123 (22.3) 27 (11.6) 86 (29.2) 10 (43.5)

Genetics, n (%)

Tested for $5 pathogenic variants with no pathogenic variant identified 153 (27.8) 69 (29.6) 75 (25.4) 9 (39.1)

Tested for <5 pathogenic variants 40 (7.3) 21 (9.0) 17 (5.8) 2 (8.7)

Any pathogenic variant found 203 (36.8) 73 (31.3) 122 (41.4) 8 (34.8)

Anti-CFH‒antibody positive 78 (14.2) 29 (12.4) 45 (15.3) 4 (17.4)

Anti-CFH‒antibody negative 279 (50.6) 118 (50.6) 149 (50.5) 12 (52.2)

Any pathogenic variant found or anti-CFH‒antibody positive 245 (44.5) 92 (39.5) 142 (48.1) 11 (47.8)

aHUS, atypical hemolytic uremic syndrome; anti-CFH, anti-complement factor H; eGFR, estimated glomerular filtration rate; N/A, not applicable; PE, plasma exchange; PI, plasma
infusion.
an ¼ 226.
bn ¼ 293.
cn ¼ 288.
dPatients on dialysis at baseline excluded.
en ¼ 183.
fn ¼ 252.
gn ¼ 16.
Baseline is defined as the date of enrollment for never on eculizumab and eculizumab on enrollment groups, and the closest date before eculizumab start for the third group (on
eculizumab after enrollment).

CLINICAL RESEARCH LA Greenbaum et al.: Fatigue and Patient-Reported Outcomes in aHUS
median time from aHUS diagnosis to eculizumab
initiation was 0.06 years. The proportion of patients
on acute versus chronic dialysis was 2.0% and 16.2%,
respectively. At baseline, the proportion of patients
with renal, cardiovascular, gastrointestinal, neuro-
logic, and pulmonary signs and symptoms was
similar between patients already on eculizumab at
the time of registry enrollment and those who started
eculizumab after enrollment, and was relatively
higher in these groups than in those never treated
with eculizumab.
1164
Changes in Patient-Reported Outcomes

The median duration of follow-up time was 29.1
months in patients never treated with eculizumab,
23.0 months in those already treated with eculizumab
at the time of registry enrollment, and 17.5 months in
patients who started eculizumab after registry
enrollment. Among patients who were already
treated with eculizumab at the time of registry
enrollment, the median (range) duration of eculizu-
mab treatment before enrollment was 5.85 (0.03–
92.68) months.
Kidney International Reports (2020) 5, 1161–1171
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Figure 2. Median Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-Fatigue) score at baseline and follow-up, all groups.
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FACIT-Fatigue

The greatest increase in median FACIT-Fatigue score
was observed in patients who started eculizumab after
registry enrollment (change of þ9.0 from baseline [P ¼
0.0031] vs. 0.0 [P ¼ 0.1880] and þ1.0 [P ¼ 0.0303] in
patients who never received eculizumab and those on
eculizumab at the time of enrollment, respectively;
Figure 2). The proportion of patients who reported
clinically meaningful improvements in fatigue (i.e.,
increase of >3 in FACIT-Fatigue score) was also greatest
in patients who started eculizumab after registry
enrollment (73.9% vs. 32.6% and 37.3% in never
treated and those on eculizumab at the time of registry
enrollment, respectively). Among those who started
eculizumab after enrollment, all pediatric patients (n ¼
3, $5 to <18 years) and 70% (n ¼ 14) of adult patients
reported a clinically meaningful improvement in fa-
tigue, with median changes in FACIT-Fatigue scores of
12.3 and 8.0, respectively.
Table 2. Subgroup analyses of FACIT-Fatigue scores in all patients

Variable
Median (range), unless otherwise stated Baselineb Last follow-upc

Overall on dialysis (n ¼ 67) 35.0 (5.0–51.0) 36.0 (1.0–51.0)

Overall not on dialysis (n ¼ 423) 42.0 (0.0–52.0) 44.0 (3.0–52.0)

Overall kidney transplant (n ¼ 157) 44.0 (5.0–52.0) 42.0 (3.0–52.0)

Overall no kidney transplant (n ¼ 362) 39.0 (0.0–52.0) 43.0 (1.0–52.0)

Overall with recent hospitalization (n ¼ 197) 33.0 (0.0–52.0) 39.0 (1.0–52.0)

Overall without recent hospitalization (n ¼ 354) 44.0 (0.0–52.0) 44.2 (3.0–52.0)

BL, baseline; FACIT-Fatigue, Functional Assessment of Chronic Illness Therapy-Fatigue; LFU, la
aClinically meaningful improvement is defined as an increase in FACIT-Fatigue score of more tha
and no change is any change in FACIT-Fatigue score from baseline of �3, �2, �1, 0, 1, 2, or
bBaseline is defined as the date of enrollment for never on eculizumab and eculizumab on enr
eculizumab after enrollment.
cIf the patient discontinued eculizumab, LFU was the last evaluation point while on eculizuma

Kidney International Reports (2020) 5, 1161–1171
FACIT-Fatigue Scores by Subgroup (Dialysis Status,

Kidney Transplant Status, and Recent

Hospitalization)

Changes in FACIT-Fatigue scores by subgroup in the
overall population are summarized in Table 2. Over-
all, median FACIT-Fatigue scores were numerically
lower among patients on dialysis compared with
those who were not on dialysis; within each of these
subgroups, there was no substantial change in
FACIT-Fatigue score from baseline to last follow-up.
At last follow-up, the median FACIT-Fatigue score
was similar in the overall population regardless of
kidney transplant history. The median FACIT-Fatigue
score in patients with a recent hospitalization was
numerically lower than in those without a recent
hospitalization. In each subgroup, at least 25% of
patients reported a clinically meaningful increase
in FACIT-Fatigue score between baseline and last
follow-up.
Proportion with clinically
meaningful change,a n (%)

Change (LFU ‒ BL) Improvement No change Worsening

0.0 (�33.0 to 36.0) 29 (43.3) 18 (26.9) 20 (29.9)

0.0 (�38.6 to 47.0) 146 (34.5) 167 (39.5) 110 (26.0)

�1.0 (�38.6 to 36.0) 42 (26.8) 66 (42.0) 49 (31.2)

1.25 (�31.0 to 47.0) 148 (40.9) 127 (35.1) 87 (24.0)

3.0 (�38.6 to 47.0) 93 (47.2) 59 (29.9) 45 (22.8)

0.0 (�31.0 to 47.0) 112 (31.6) 143 (40.4) 99 (28.0)

st follow-up.
n 3 units from the baseline, worsening is a decrease of more than 3 units from baseline,
3.
ollment groups; and the closest date before eculizumab start for the group that started

b.
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Table 3. Subgroup analyses of FACIT-Fatigue scores in patients starting on eculizumab after enrollment
Proportion with clinically

meaningful change,a n (%)

Variable
Median (range), unless otherwise stated BLb LFUc Change (LFU ‒ BL) Improvement No change Worsening

Overall (n ¼ 23) 29.0 (0.0–49.0) 41.0 (4.0–52.0) 9.0 (�28.0 to 47.0) 17 (73.9) 2 (8.7) 4 (17.4)

Dialysis (n ¼ 3) 30.0 (6.0–30.0) 36.0 (4.0–42.3) 6.0 (�2.0 to 12.3) 2 (66.7) 1 (33.3) 0

No dialysis (n ¼ 14) 32.5 (0.0–49.0) 44.5 (8.0–51.0) 10.0 (�28.0 to 47.0) 10 (71.4) 3 (21.4) 1 (7.1)

Kidney transplant (n ¼ 5) 31.0 (5.0–47.0) 40.0 (21.0–51.0) 9.0 (0.0 to 16.0) 4 (80.0) 1 (20.0) 0

No kidney transplant (n ¼ 16) 28.5 (0.0–49.0) 40.1 (4.0–51.0) 11.5 (�28.0 to 47.0) 11 (68.8) 3 (18.8) 2 (12.5)

With recent hospitalization (n ¼ 18) 29.5 (0.0–49.0) 39.6 (4.0–52.0) 10.5 (�28.0 to 40.0) 13 (72.2) 4 (22.2) 1 (5.6)

Without recent hospitalization (n ¼ 5) 25.0 (0.0–35.0) 40.0 (8.0–47.0) 11 (�13.0 to 47.0) 4 (80.0) 0 1 (20.0)

BL, baseline; FACIT-Fatigue, Functional Assessment of Chronic Illness Therapy-Fatigue; LFU, last follow-up.
aClinically meaningful improvement is defined as an increase in FACIT-Fatigue score of more than 3 units from the baseline; worsening is a decrease of more than 3 units from baseline;
and no change is any change in FACIT-Fatigue score from baseline of �3, �2, �1, 0, 1, 2, or 3. Missing data: dialysis/no dialysis, n ¼ 6; kidney transplant/no kidney transplant, n ¼ 2.
bBaseline defined as the before eculizumab score closest to start of treatment.
cLast score while on eculizumab.

CLINICAL RESEARCH LA Greenbaum et al.: Fatigue and Patient-Reported Outcomes in aHUS
Among patients who initiated treatment with ecu-
lizumab following registry enrollment, subgroup ana-
lyses showed improvements in median FACIT-Fatigue
score regardless of dialysis, kidney transplant, or
recent hospitalization status (Table 3). Median (range)
increase in the score ranged from 6.0 (�2.0 to 12.3) to
11.5 (�28.0 to 47.0) across the subgroups analyzed. The
proportion of patients with a clinically meaningful
improvement in FACIT-Fatigue score was >65%
regardless of subgroup, and was highest in the sub-
groups of patients without dialysis, with a kidney
transplant, and without a recent hospitalization
(Table 3).

General Health

Overall, 69.1% of all patients with aHUS reported
excellent (10.0%), very good (23.7%), or good (35.4%)
health status at baseline; 30.9% of patients reported
fair (23.9%) or poor (7.0%) health status. Findings at
last follow-up were similar, with 76.5% reporting
19.3% 1
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29.7% 3
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Figure 3. General health status, all groups. Shifts in general health calcu
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excellent (11.2%), very good (28.2%), or good (37.2%)
health status, and 23.5% reporting fair (19.2%) or poor
(4.3%) health status. The proportion of patients with
improved general health at last follow-up compared
with baseline was greatest in the cohort of patients who
started eculizumab after enrollment (Figure 3).

Patient Symptoms

In the overall population, fatigue, headache, and
weakness were the most commonly reported symptoms
at baseline, reported by 61.4% (n ¼ 314), 54.4% (n ¼
278), and 46.4% (n ¼ 237) of patients, respectively;
these remained the top 3 symptoms at last follow-up,
reported by 64.4% (n ¼ 329), 55.0% (n ¼ 281), and
42.3% (n ¼ 216) of patients, respectively. Table 4 re-
ports patient symptoms at baseline and last follow-up
by treatment group. Consistent with FACIT-Fatigue
score results, the greatest reduction in proportion of
patients reporting fatigue as a symptom (65%, n ¼ 13,
9.7%
10.0%

5.2%

35.0%

5.1%

55.0%

ab at enrollment
Started eculizumab after

enrollment

o change Improved

lated by comparing last follow-up to baseline in each group.
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down from 95%, n ¼ 19, at baseline) was observed in
the cohort that started eculizumab after enrollment.

In patients who started eculizumab after enrollment,
the proportion reporting the following symptoms
decreased by at least 10% at last follow-up compared
with baseline: anxiety, diarrhea, easy bruising/
abdominal bleeding, fatigue, irritability, nausea/vom-
iting, shortness of breath, swelling, weakness, and
jaundice. The proportion of patients in this group
reporting confusion as a symptom increased by 10%.

FACIT-Fatigue scores were also analyzed in the
presence or absence of patient symptoms. Overall, pa-
tients who reported at least 1 clinical symptom (n ¼
450) had a lower baseline median (range) FACIT-Fatigue
score than those who did not report symptoms (n ¼ 55)
(39 [0.0–52.0] vs. 50 [28.0–52.0]). Similar findings were
observed at last follow-up (data not shown).

Resource Utilization

Health care resource utilization and work days missed
are summarized in Table 5. The rate of emergency room
visits and hospital admissions were similar across all
groups, whereas patients who started eculizumab after
enrollment reported more HCP visits and missed days
of work. Overall, patients with aHUS reported a median
of 0.38 HCP visits per year, 0.13 emergency room visits
per year, 0.17 hospital admissions per year, and 1.58
work days missed per year.

Work Status

Of all patients (N ¼ 511), at baseline 21.1% (n ¼ 108)
reported holding a full-time job and 11% (n ¼ 56)
worked part-time. In addition, 5.9% (n ¼ 30) and 4.5%
(n ¼ 23) were not working or not working full-time,
respectively, due to aHUS; 6.1% (n ¼ 31) were not
working for pay for reasons unrelated to aHUS. A
category of “other” was selected by 23.5% (n ¼ 120;
composed primarily of homemakers, self-employed,
and individuals on disability), whereas 22.9% (n ¼
117) were students, and 5.1% (n ¼ 26) were retired.
There were no notable differences in work status across
the 3 patient groups (data not shown).
DISCUSSION

This analysis of data from the Global aHUS Registry
represents the first evaluation of fatigue and other
patient-reported outcomes directly from patients
enrolled in the registry, including general health sta-
tus, health care resource utilization, work status, and
symptoms, and provides important insights into the
burden of aHUS. Previous descriptions of health-
related quality of life in patients with aHUS have
focused on the effect of eculizumab on health-related
quality of life,21 whereas this analysis provides
1167



Table 5. Annual resource utilization rates, all groups (HCP visits, emergency room visits, hospital admissions, and work days missed)
All Never on eculizumab On eculizumab at enrollment Started eculizumab after enrollment

HCP visits

n 208 73 121 14

Median (range) 0.38 (0.0–10.67) 0.33 (0.05–10.67) 0.40 (0.05–5.33) 0.88 (0.0–8.40)

Emergency room visits

n 114 39 64 11

Median (range) 0.13 (0.0–0.88) 0.10 (0.05–0.75) 0.13 (0.05–0.58) 0.13 (0.0–0.88)

Hospital admissions

n 139 47 77 15

Median (range) 0.17 (0.0–3.00) 0.14 (0.05–1.00) 0.17 (0.05–3.00) 0.17 (0.0–0.67)

Work days missed

n 84 30 51 3

Median (range) 1.58 (0.06–45.50) 1.25 (0.08–9.00) 1.83 (0.06–43.50) 6.90 (0.56–45.50)

HCP, health care provider.
Rate calculated as the total number of events between baseline and last follow-up divided by the time of exposure during this period (i.e., number of completed forms multiplied by 0.5
years).
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insights into the overall burden and quality of life in
patients with aHUS, regardless of treatment.

In the current analysis, there were few differences in
any patient-reported outcomes within the groups of
patients who were never on eculizumab and those who
were already treated with eculizumab at the time of
enrollment in the registry. In addition, within those
groups, changes from baseline to last follow-up were
minimal. Both groups reported baseline median FACIT-
Fatigue scores of 41, which is close to the mean score
reported in the general population (43.6),22 and thus it
is not surprising that the median increases from base-
line to last follow-up among these patients were small
(0.0 and 1.0, respectively). This may suggest that these
groups had less severe disease than those who needed
to initiate eculizumab treatment. The cohorts who were
never on eculizumab and those who were already
treated with eculizumab at the time of enrollment had
less frequent dialysis, plasma exchange/plasma infu-
sion, and hospitalization than the cohort that started
eculizumab, which is important, as these symptoms
have been shown to worsen fatigue in previous, cross-
sectional analyses10,11 and thus they likely represent a
stable disease course. Furthermore, an analysis of
subgroups based on dialysis, kidney transplant, and
recent hospitalization status revealed small or no
changes in median FACIT-Fatigue score over time
regardless of subgroup, and at least 25% of patients
across all subgroups reported a clinically meaningful
increase in FACIT-Fatigue score.

Differences in patient-reported outcomes between
the group on eculizumab at enrollment and those who
started eculizumab after registry enrollment are likely
attributable to the effects of treatment plateau versus
treatment initiation. For example, approximately 40%
of patients on eculizumab at enrollment reported a
clinically meaningful improvement in fatigue at last
follow-up, with a median change of þ1 in FACIT-
1168
Fatigue score, compared with approximately 75% of
patients who started eculizumab after registry enroll-
ment who reported a clinically meaningful change and
a median change of þ9 points in FACIT-Fatigue score.
These findings suggest that the improvements experi-
enced by patients on initiation of eculizumab are sus-
tained over time with continuous treatment.

Given that fatigue is associated with impaired pro-
ductivity, depression, and decreased quality of life,
and strongly associated with functional decline,23–25

the benefits of eculizumab on fatigue are likely to be
valued by patients. The change in FACIT-Fatigue
scores in patients treated with eculizumab in this
current analysis is similar to what has previously
been reported in an eculizumab clinical trial in adult
patients with aHUS.14 We believe findings from our
study are likely more reflective of everyday practice
and provide valuable insights for clinicians and pa-
tients. The differences in baseline FACIT-Fatigue
scores between the groups never treated with eculi-
zumab and those who started eculizumab after reg-
istry enrollment also suggest that patients in the
registry who never received eculizumab may have a
different disease phenotype than those who received
eculizumab. This might be expected in a real-world
setting and could be indicative of confounding by
disease severity.

We also assessed patient-reported general health
status, and believe this is the first report of this
outcome in patients with aHUS. More than 75% of
patients with aHUS reported good, very good, or
excellent health status at last follow-up. Among pa-
tients who initiated treatment with eculizumab after
registry enrollment, most (55%) reported an improve-
ment in general health status from baseline to last
follow-up. In addition, this group had the lowest
proportion of patients with worsened general health
status (10%).
Kidney International Reports (2020) 5, 1161–1171
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We also believe this is the first analysis to evaluate
patient-reported symptoms in patients with aHUS. The
top 3 patient-reported symptoms were fatigue, head-
ache, and weakness. Overall, fatigue was the most
commonly reported symptom at baseline and at last
follow-up. Among patients treated with eculizumab at
the time of registry enrollment, the proportion of pa-
tients reporting fatigue as a symptom was relatively
unchanged; in contrast, among those who initiated
eculizumab after registry enrollment, the proportion
decreased from 95% to 65%. Taken together, these
findings further support the real-world benefits of
complement inhibitors such as eculizumab in patients
with aHUS. In addition, they emphasize the importance
and relevance of patient-reported outcomes, which
provide information from the patient perspective and,
when used in conjunction with clinical assessments
performed by physicians, reflect the full spectrum of
disease as well as the overall effectiveness of treatment.
A greater understanding of the burden of aHUS on
patients could contribute to the body of evidence on
the benefit of treating these patients.

Health care resource utilization and work status
were similar among all 3 patient groups, with the
exception of the number of HCP visits and number of
work days missed, which were higher among patients
who initiated eculizumab treatment after registry
enrollment. The increase in number of HCP visits and
number of work days missed in this group was not
surprising and is likely secondary to the clinical man-
ifestations (e.g., thrombotic microangiopathy) that led
clinicians to initiate eculizumab and the need for more
monitoring in a patient beginning a new therapy. This
is anticipated to decrease over time and likely to
become similar to resource utilization rates in patients
who were on eculizumab at registry enrollment,
although this should be confirmed in future analyses of
data from this registry.

Limitations of these findings include the use of a
patient-reported outcomes instrument that is not dis-
ease specific and the inherent limitations of using
patient-reported outcomes from a global registry (i.e.,
missing data and underreporting or overreporting of
outcomes). Inherent challenges associated with patient
questionnaires, such as information bias, can lead to
inaccurate outcome estimates.26 Self-reporting bias and
recall bias have also been widely reported to impact the
results of patient questionnaires, and present a chal-
lenge in data analysis when working with real-world
outcomes from a patient registry, especially for those
with a 6-month recall period.26 The generalizability of
our results is also limited due to the small sample size of
some of the cohorts studied, but longer follow-up,
which should also increase sample sizes, should
Kidney International Reports (2020) 5, 1161–1171
provide further validation of our results. Last, patients
who were not treated with eculizumab were unable to
report information on change in outcomes after treat-
ment, and may thus have underestimated their overall
level of fatigue.

The median follow-up in the 3 groups in this study
ranged from 17.5 to 29.1 months. The Global aHUS
Registry continues to collect patient-reported out-
comes, and this should enable future reporting of
longer follow-up data that may provide new insights
into the burden of aHUS and how it interferes with
patients’ activities of daily living, working, and health
care resource utilization. Moreover, future analyses
will provide an opportunity to describe changes in
patient-reported outcomes for patients who switch
from every-2-week dosing with eculizumab to every-8-
week dosing with ravulizumab.

CONCLUSION

In summary, this analysis of patient-reported outcomes
from the Global aHUS Registry provides new insight
into the patient burden associated with aHUS. Patients
who were not on eculizumab at the time of baseline
measurements, but started after enrollment, showed
clinically meaningful improvement in fatigue, general
health, and other patient-reported outcomes, whereas
changes in these outcomes were minimal over time in
patients who never received eculizumab and those who
were already on eculizumab at registry enrollment.
Results of this registry analysis describe the burden of
aHUS and support the use of C5 inhibition by treat-
ments such as eculizumab to improve patient-reported
outcomes in patients with aHUS.
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