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Introduction: Atypical hemolytic uremic syndrome (aHUS) is a progressive rare disease that, if untreated,

can result in severe organ damage and death. Ravulizumab, a next-generation terminal complement in-

hibitor, provides immediate, complete, and sustained complement C5 inhibition. Real-world data in pa-

tients with aHUS who switched to ravulizumab from eculizumab are lacking.

Methods: The Global aHUS Registry is a multicenter study (NCT01522183) collecting data on adult or

pediatric patients with an aHUS diagnosis, regardless of treatment. Patient characteristics, genetic data,

hematological and renal parameters, clinical events (e.g., dialysis and kidney transplantation), and adverse

events (AEs) were extracted from patients who switched to ravulizumab from eculizumab up to July

3, 2023.

Results: Overall, 60 patients switched to ravulizumab (adult: n ¼ 43; pediatric: n ¼ 17); 11 patients were

excluded from effectiveness and genetic analyses (N ¼ 49; adult: n ¼ 40; pediatric: n ¼ 9) because they

received <3 months ravulizumab treatment and/or had >1 month between eculizumab discontinuation

and ravulizumab initiation. Pathogenic complement variants were identified in 11 of 49 patients (22%); the

most common was a complement factor H variant (n ¼ 5/49 [10%]). During ravulizumab treatment, 20 AEs

occurred in 13 patients, with no unexpected AEs and only 3 treatment-related AEs (infusion reaction,

headaches, and fatigue). No meningococcal infections or deaths were reported. No new events of dialysis,

kidney transplantation, or thrombotic microangiopathy were reported. Renal and hematological param-

eters remained stable after switching to ravulizumab.

Conclusion: This is the first real-world cohort analysis of data from patients treated with ravulizumab and

reinforces the real-world safety and effectiveness data of ravulizumab in patients with aHUS who switched

from eculizumab.
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A
typical hemolytic uremic syndrome (aHUS) is a
progressive rare disease that, if untreated, can

result in severe organ damage and death.1 aHUS is a
form of thrombotic microangiopathy caused by com-
plement dysregulation that leads to uncontrolled ter-
minal complement activation, and it can manifest in the
presence or absence of a trigger or associated
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condition.1–3 The annual incidence of aHUS, as esti-
mated by a systematic review, ranges from 0.23 to 1.9
per million individuals overall, and between 0.26 and
0.75 per million individuals aged # 20 years.4

Eculizumab, a humanized monoclonal antibody that
blocks terminal complement activation by inhibiting
cleavage of complement C5, was approved for the treat-
ment of aHUS in 2011 and revolutionized the clinical
management of aHUS.5–7 Ravulizumab, a next-generation
terminal complement inhibitor,8 introduces 4 amino acid
changes into the eculizumab frame at the complementary
binding and neonatal Fc regions, resulting in efficient
recycling and augmented endosomal dissociation of C5.
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This means that ravulizumab is associated with an
extended duration of C5 inhibition while retaining the
proven efficacy and safety of eculizumab.9 It is admin-
istered once every 4 to 8 weeks using individualized
weight-based dosing, and is approved for the treatment
of aHUS (among other indications) in the USA (2019),
Europe (2020), Japan (2020), and other regions.10–12 The
efficacy and safety of ravulizumab in patients with aHUS
have been demonstrated in clinical trials, in which rav-
ulizumab was shown to provide immediate, complete,
and sustained complement C5 inhibition.13–16

Cohort-level real-world evidence, such as claims
studies and surveys, for ravulizumab in patients with
aHUS has only recently emerged,17,18 yet the efficacy
and safety of ravulizumab in a single large cohort has
not been reported beyond clinical trials. In addition,
clinical trials did not include adult patients with aHUS
who switched to ravulizumab from eculizumab. To
address this important data gap for ravulizumab, we
assessed the real-world clinical characteristics and
outcomes of patients with aHUS who switched to rav-
ulizumab from eculizumab, by using data from the
Global aHUS Registry.
METHODS

Study Design

The Global aHUS Registry is a multicenter study (Clin-
icalTrials.gov: NCT01522183) sponsored by Alexion
Pharmaceuticals, Inc. collecting both prospective and
retrospective data on demographics, characteristics,
natural history, and treatment outcomes in patients with
aHUS.19 The registry was initiated in April 2012 and has
collected data from patients in 23 countries (Australia,
Austria, Belgium, Canada, Czechia, Denmark, Finland,
France, Germany, Israel, Italy, Norway, Poland, Republic
of Korea, Russia, Spain, Sweden, Switzerland, Taiwan,
Turkey, UAE, UK, andUSA). Patients who are ongoing in
the registry are from 15 countries (Australia, Belgium,
Canada, Denmark, France, Germany, Israel, Italy, Poland,
Republic of Korea, Spain, Taiwan, Turkey, UK, and
USA). The registry has the largest real-world cohort of
patients with aHUS and is open to all patients, regardless
of treatment status, providing reasonable representation
of the global aHUS patient population. The safety anal-
ysis population for the current study included all pa-
tients with aHUS who switched to ravulizumab from
eculizumab. The main analysis population included all
patients with aHUS who switched to ravulizumab from
eculizumab with at least 3 months of ravulizumab
treatment (i.e., sufficient treatment duration to attain at
least 1 maintenance dose) and less than 1 month between
eculizumab discontinuation and ravulizumab initiation,
with an initiation date on or after October 1, 2019. These
Kidney International Reports (2024) 9, 2648–2656
criteria ensured inclusion of patients had a clinically
meaningful ravulizumab treatment duration and exclu-
sion of patients who discontinued eculizumab, relapsed,
and then initiated treatment with ravulizumab. Age at
ravulizumab initiation was used to determine the adult
($18 years) or pediatric (<18 years) classification for each
patient. Safety analyses were performed on all patients
who switched to ravulizumab, regardless of treatment
duration or time after switching from eculizumab. The
data cut-off for this analysis was July 3, 2023.

Patient Characteristics

The patient characteristics extracted for analysis were as
follows: sex, age at ravulizumab initiation, geographic
location, extrarenal manifestations, family history of
aHUS, aHUS triggers or associated conditions (occurring
at any time during the analysis), time from aHUS onset to
eculizumab initiation, ravulizumab and eculizumab
treatment duration, time from eculizumab discontinua-
tion to ravulizumab initiation, the number of patients
who switched from ravulizumab back to eculizumab (and
reasons for doing so), complement gene variants, and
anti-complement factor H (CFH) antibody status. Infor-
mation regarding vaccination status was not recorded.

Outcomes

Both effectiveness and safety outcomes were evaluated.
Laboratory parameters included estimated glomerular
filtration rate (eGFR; calculated using the Chronic
Kidney Disease Epidemiology Collaboration method for
adult patients [normal range for adults: >90 ml/min per
1.73 m2] and the Schwartz method for pediatric pa-
tients), platelet count (normal range: 150–450 � 106),
lactate dehydrogenase level, creatinine, and hemoglo-
bin. Assessed clinical events included kidney trans-
plantation, dialysis, and thrombotic microangiopathy
symptoms, measured before and after ravulizumab
initiation. The safety analysis included AEs, meningo-
coccal infections, and deaths.

Statistical Analysis

This was a descriptive study. Continuous data were
summarized as median (range). Categorical data were
summarized as number and percentage of patients.
Laboratory parameters were presented as median
(interquartile range).

RESULTS

Demographic and Clinical Characteristics

Overall, data for 60 patients with aHUS who switched
to ravulizumab from eculizumab (adult: n ¼ 43, pedi-
atric patients: n ¼ 17) were available in the Global
aHUS Registry database. All patients were included in
the safety analysis set; following application of
2649



Table 1. Study analysis populations

Study analysis populations and reasons for
exclusion from the main analysis set

All patients
(N [ 60)

Adult
patients
(n [ 43)

Pediatric
patients
(n [ 17)

Safety analysis set, n (%) 60 (100) 43 (100) 17 (100)

Main analysis set, n (%) 49 (82) 40 (93) 9 (53)

Patients excluded from the main
analysis set, n (%)

11 (18) 3 (7) 8 (47)

Ravulizumab treatment
duration of <3 mo

6 (10) 1 (2) 5 (29)

Gap between eculizumab discontinuation
and ravulizumab initiation > 1 mo

5 (8) 2 (5) 3 (18)
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inclusion and exclusion criteria, 49 patients were
included in the main analysis set (Table 1). At rav-
ulizumab initiation, most patients in the main analysis
set were adult (n ¼ 40/49 [82%]) and female (n ¼ 36/49
[73%]), with a median age of 35 years (range: 2–72
years; Table 2); 9 of 49 patients (18%) reported a family
history of aHUS. The median (range) time on treatment
was 66 (11–155) months for eculizumab and 23 (3–41)
months for ravulizumab. The most common extrarenal
manifestations at any time were gastrointestinal (n ¼
22/49 [45%]). Most patients (n ¼ 43/49 [88%]) had no
identified aHUS trigger or associated condition; the
most common aHUS trigger or associated condition was
“autoimmune disease” (n ¼ 3/49 [6%]) (Supplementary
Table S1).
Genetic Analyses

Overall, 11 of 49 patients (22%) had pathogenic
complement variants, 9 of 49 patients (18%) were
Table 2. Demographic and clinical characteristics
Characteristics All patients (N

Sex, female, n (%) 36 (73)

Age at ravulizumab initiation, years, median (range) 35 (2–72

Geographic location, n (%)

Germany 26 (53)

USA 7 (14)

Denmark 6 (12)

UK 5 (10)

Spain 3 (6)

Israel 2 (4)

Extrarenal manifestations at any time, n (%)

Gastrointestinal 22 (45)

Central nervous system 17 (35)

Cardiovascular 15 (31)

Pulmonary 6 (12)

Family history of aHUS, n (%)

Yes 9 (18)

Unknown 7 (14)

Missing 1 (2)

Time from aHUS onset to eculizumab initiation, median (range), mo 1 (0–30

Eculizumab treatment duration, median (range), mo 66 (11–1

Ravulizumab treatment duration, median (range), mo 23 (3–41

aHUS, atypical hemolytic uremic syndrome.

2650
anti-CFH antibody tested and positive, and 18 of 49
patients (37%) had pathogenic complement variants
or were anti-CFH antibody positive. In addition, 4 of
49 patients (8%) were tested for $5 variants with no
pathogenic complement variant found, and 31 of 49
patients (63%) had incomplete data, were not tested,
or had no identified pathogenic complement variant
or anti-CFH antibodies (Table 3). The most common
pathogenic variant was a CFH mutation (n ¼ 5/49
[10%]) (Table 4).

Clinical Events

Overall, 28 patients (57%) had a history of dialysis
before or during eculizumab treatment; 24 were not
receiving dialysis at the point of switching to rav-
ulizumab, and the remaining 4 patients were on dial-
ysis before eculizumab initiation for at least 1 year and
had ongoing dialysis during treatment with eculizumab
and ravulizumab (Table 5). No new events of dialysis
were reported while receiving ravulizumab. In total, 15
patients received a kidney transplant before rav-
ulizumab initiation, and there were no new events of
kidney transplantation reported during ravulizumab
treatment. One additional patient who switched to
ravulizumab while receiving dialysis for the manage-
ment of their extrarenal manifestation switched back to
eculizumab (per local guidelines) to undergo a planned
kidney transplantation, with the intention to reinitiate
ravulizumab posttransplantation. There were no new
events of thrombotic microangiopathy symptoms re-
ported after ravulizumab initiation.
[ 49) Adult patients (n [ 40) Pediatric patients (n [ 9)

29 (73) 7 (78)

) 37 (19–72) 8 (2–15)

22 (55) 4 (44)

4 (10) 3 (33)

5 (13) 1 (11)

5 (13) 0

3 (8) 0

1 (3) 1 (11)

19 (48) 3 (33)

14 (35) 3 (33)

11 (28) 4 (44)

4 (10) 2 (22)

6 (15) 3 (33)

7 (18) 0

1 (3) 0

4) 2 (0–304) <1 (<1–28)

55) 66 (11–155) 62 (15–89)

) 23 (3–40) 20 (7–41)

Kidney International Reports (2024) 9, 2648–2656



Table 3. Pathogenic variants in complement genes and anti-CFH antibody status
Genotype and anti-CFH antibody status, n (%) All patients (N [ 49) Adult patients (n [ 40) Pediatric patients (n [ 9)

Any pathogenic variant found 11 (22) 9 (23) 2 (22)

Tested for $5 variants with no pathogenic variant found 4 (8) 4 (10) 0

Anti-CFH antibody tested and positive 9 (18) 7 (18) 2 (22)

Any pathogenic variant found or anti-CFH antibody positive 18 (37) 15 (38) 3 (33)

Data incomplete/not tested/no pathogenic variant
or anti-CFH antibody found

31 (63) 25 (63) 6 (67)

CFH, complement factor H.
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Changes in Laboratory Parameters Over Time

Estimated glomerular filtration rate, platelet count, and
lactate dehydrogenase levels remained stable following
the switch from eculizumab and during subsequent
treatment with ravulizumab (Figure 1). Similarly,
creatinine and hemoglobin levels remained stable after
switching to ravulizumab from eculizumab
(Supplementary Table S2).
Safety

In the safety analysis population (N ¼ 60), 20 AEs
were reported in 13 patients (Table 6). Of those, 3
serious AEs were reported in 3 patients (1 event each
of squamous cell carcinoma, atrial fibrillation, and
SARS-CoV-2 infection). Ten of the AEs were reported
in 8 patients who received a kidney transplant
before ravulizumab initiation (these were infection [4
events], atrial fibrillation [2 events], gastroenteritis [2
events], malignancy [1 event], and seizures [1 event]).
Overall, no unexpected AEs were reported. Three
treatment-related AEs occurred in 2 patients during
ravulizumab treatment. In 1 patient, an infusion re-
action was assessed to be probably related to rav-
ulizumab treatment by the reporting investigator; the
event resolved within 24 hours and the patient
continued ravulizumab treatment. Another patient
experienced headaches and fatigue during rav-
ulizumab treatment, which resolved after switching
back to eculizumab. The most common AE was
infection (7 events), including SARS-CoV2 infection
(n ¼ 4), influenza (n ¼ 1), infection without focus
(n ¼ 1), and pulmonary nodular infiltration (n ¼ 1);
all infections were resolved except for 1 event of
SARS-CoV2 infection, which was ongoing or persis-
tent at data cut-off. After infection, the most
Table 4. Genotype status stratified by age
Pathogenic variant, n (%) All patients (N [ 49)

Complement factor H variant 5 (10)

Complement C3 variant 3 (6)

Complement factor I variant 3 (6)

Complement CD46 (MCP) variant 0

CD46, cluster of differentiation 46; MCP, membrane cofactor protein.
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common AEs were atrial fibrillation (2 events),
gastroenteritis (2 events), and malignancy (2 events).
Overall, 3 patients switched back to eculizumab; 1
due to AEs (headaches and fatigue, as described
above) and 2 due to physician decision. No menin-
gococcal infections or deaths were reported during
ravulizumab treatment.
DISCUSSION

This Global aHUS Registry study is the first cohort-
level analysis to include safety and efficacy data from
patients with aHUS treated with ravulizumab and re-
ports the longest real-world treatment exposure and
follow-up data to date. During ravulizumab treatment,
no meningococcal infections or deaths were reported,
only 3 AEs were assessed as related to ravulizumab
treatment, and no unexpected AEs were reported,
which confirmed the favorable safety profile of rav-
ulizumab demonstrated in clinical trials.13–16 Further,
both kidney function (as measured by estimated
glomerular filtration rate and creatinine levels) and
hematological parameters remained stable after
switching to ravulizumab from eculizumab. These re-
sults align with data from a real-world study of 6 pe-
diatric patients with aHUS20 and a clinical trial of 10
pediatric patients with aHUS16 who maintained stable
renal and hematological parameters after switching to
ravulizumab from eculizumab.

Importantly, switching to ravulizumab from eculi-
zumab did not necessitate any new events of dialysis or
kidney transplantation. These results align with those
from a retrospective analysis of claims data from pa-
tients with aHUS in the Clarivate Real World Database
who switched to ravulizumab from eculizumab, in
which the proportion of patients with claims for key
Adult patients (n [ 40) Pediatric patients (n [ 9)

4 (10) 1 (11)

3 (8) 0

2 (5) 1 (11)

0 0
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Table 5. Clinical events
Clinical event, n (%) All patients (N [ 49) Adult patients (n [ 40) Pediatric patients (n [ 9)

Kidney transplantation

Before or at ravulizumab initiation 15 (31) 15 (38) 0

After ravulizumab initiationa 0 0 0

Last follow-up 0 0 0

Dialysis

Before or at ravulizumab initiation 28 (57) 26 (65) 2 (22)

Ongoing at ravulizumab initiation 4 (8) 4 (10) 0

After ravulizumab initiation 0 0 0

Ongoing at last follow-up 4 (8) 4 (10) 0

aOne patient reverted to eculizumab (per local guidelines) for a planned kidney transplantation with the intention to return to ravulizumab post transplantation.

CLINICAL RESEARCH F Schaefer et al.: Switching to Ravulizumab from Eculizumab in aHUS
procedures, such as dialysis and transplantation,
remained low after treatment switch.18

An ongoing concern with complement C5 inhibitors
is the risk of meningococcal infection.17,21 Previous
studies have reported rates of meningococcal infection
in patients with aHUS treated with eculizumab,
including an aHUS Registry study that reported a rate
of 0.17 cases per 100 patient years in adults, and a 10-
year pharmacovigilance study that reported a rate of
0.29 cases per 100 patient years.21,22 Although no
meningococcal infections were reported during treat-
ment with ravulizumab in clinical trials of patients
with aHUS,13–15 real-world data are lacking. Notably,
in this study no meningococcal infections were re-
ported during ravulizumab treatment. Furthermore,
recent analyses of pharmacovigilance data for rav-
ulizumab across approved indications demonstrated a
real-world rate of 0.12 cases per 100 patient years, with
no suggestion of any increased risk compared with
eculizumab.23

Of note, collection of genetic data is not mandated
by the Global aHUS Registry; thus, there was a high
proportion of patients with incomplete data (63%),
which prevented categorization. This may have
contributed to the lower-than-expected proportion of
patients with any pathogenic variant found.24,25 In
addition, the proportions of patients who were anti-
CFH antibody tested and positive was 18% and 22%
in the overall, adult, and pediatric cohorts, respec-
tively. These values may be higher than anticipated
and we suspect that the heterogenous population and
high proportion of patients with incomplete data may
have contributed to this.25,26

Previous Global aHUS Registry studies have pro-
vided valuable insights into multiple aspects of the use
of eculizumab in the management of patients with
aHUS, and further registry studies of ravulizumab
could yield similar insights. For example, outcomes for
188 kidney transplant recipients with aHUS treated
with eculizumab enrolled in the Global aHUS Registry
2652
were improved in comparison with previous reports of
patients with aHUS who were not treated with eculi-
zumab.27 In contrast, published outcomes for rav-
ulizumab are currently limited to case reports of 2 adult
patients (both switched to ravulizumab from eculizu-
mab) and 1 pediatric patient (complement C5 inhibitor-
naive) which demonstrated that ravulizumab is also
effective in kidney transplant recipients with aHUS.28–30

Our study included 15 patients (31%) who had kidney
transplantation before ravulizumab initiation, indi-
cating a substantial opportunity for further analysis in
this subpopulation. The real-world findings from the
Global aHUS Registry also suggest clinically meaning-
ful improvements in fatigue and other patient-reported
outcomes with eculizumab after enrollment into the
registry.31 Notably, these data are lacking for patients
who switched and those who are naive to ravulizumab
treatment; therefore, comparable real-world data for
these subpopulations would provide valuable insights
into the overall effect of ravulizumab on patients’
quality of life. This may be particularly important in
the switch population owing to the reduced dosing
frequency associated with switching to ravulizumab
from eculizumab, which may benefit patient quality of
life.

Limitations of this study include those inherent to
registry-derived data, such as missing data and vari-
able lengths of follow-up. Further, the main analysis
population did not include patients initiating comple-
ment C5 inhibition with ravulizumab only, owing to
low numbers at the time of data collection; analysis of
these patients is important to comprehensively deter-
mine the real-world effectiveness of ravulizumab.

In conclusion, this analysis from the Global aHUS
Registry is the first cohort-level analysis of real-
world data from adult and pediatric patients with
aHUS who switched from eculizumab to rav-
ulizumab, with the longest real-world treatment
exposure and follow-up data to date. Overall, no
unexpected AEs, meningococcal infections, or deaths
Kidney International Reports (2024) 9, 2648–2656
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Figure 1. Laboratory parameters: change over time in (a) estimated glomerular filtration rate, (b) platelet count, and (c) LDH levels. eGFR,
estimated glomerular filtration rate; IQR, interquartile range; LDH, lactate dehydrogenase.
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were reported during treatment with ravulizumab.
These data provide further evidence for the safety
and effectiveness of ravulizumab treatment in pa-
tients with aHUS who switched from eculizumab and
Kidney International Reports (2024) 9, 2648–2656
reinforce a positive risk-benefit profile of rav-
ulizumab. Further studies in other aHUS sub-
populations, including treatment-naive patients,
would be beneficial to guide clinical practice.
2653



Table 6. Adverse events reported on or after ravulizumab initiation
Adverse event All patients (N [ 60), n (%) Events, n

Infection 7 (12) 7

Atrial fibrillation 2 (3) 2

Malignancya 2 (3) 2

Gastroenteritis 1 (2) 2

Fatigue 1 (2) 1

Fever 1 (2) 1

Headache 1 (2) 1

Infusion reaction 1 (2) 1

Seizures 1 (2) 1

Testicular torsion 1 (2) 1

Transient cerebral ischemia 1 (2) 1

aOne event of squamous cell carcinoma and one event of malignant melanoma.
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