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Abstract
Ravulizumab  (Ultomiris®), a humanized monoclonal antibody that inhibits complement protein C5, is indicated for the 
treatment of atypical haemolytic uraemic syndrome (aHUS) in several countries, including the USA and those of the EU. 
Ravulizumab has been re-engineered from eculizumab to extend its terminal elimination half-life, resulting in a more con-
venient maintenance dosage regimen of once every 4–8 weeks compared with once every 2–3 weeks for eculizumab. In 
single-arm phase 3 trials, ravulizumab resolved thrombotic microangiopathy in 54% and 78% of treatment-naïve adult and 
paediatric patients with aHUS, respectively, within 26 weeks. Ravulizumab was also effective in patients with postpartum 
aHUS and paediatric patients who responded to eculizumab and later switched to ravulizumab. Ravulizumab was generally 
well tolerated, with no unexpected safety events. The most common treatment-related adverse events with ravulizumab in 
treatment-naïve patients include headache, diarrhoea and vomiting. With its convenient once every 4–8 weeks maintenance 
regimen, ravulizumab is an important treatment option for aHUS in adult and paediatric patients.
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Ravulizumab: clinical considerations in aHUS 

Longer-acting complement C5 inhibitor than eculi-
zumab; offers convenient once every 4–8 weeks mainte-
nance regimen.

Resolves thrombotic microangiopathy in adult and paedi-
atric patients.

Generally well tolerated, with no unexpected safety 
events.

1 Introduction

Atypical haemolytic uraemic syndrome (aHUS) is a type of 
thrombotic microangiopathy (TMA) caused by complement 
dysregulation and is characterized by a triad of thrombo-
cytopenia, microangiopathic haemolytic anaemia and end 
organ (predominantly kidneys) damage [1–4]. aHUS is a rare 
disorder, with an estimated annual incidence of 0.23–1.9 per 
million population among all ages [5]. Familial or acquired 
(more common than familial) complement abnormalities are 
found in 40%–60% of patients with aHUS [1, 6–8], with 
mutations in the CFH, CFHR3, MCP, C3, CFB and CFI 
genes predisposing to the development of aHUS [2, 8, 9]. 
DGKE-deficiency is a rare genetic form of aHUS, where the 
complement pathway is intact.

In the absence of complement inhibitor treatment, aHUS 
has a poor prognosis [6, 8]. In a French aHUS registry study, 
17% of paediatric and 46% of adult patients progressed to 
end-stage renal disease (ESRD) or death by 1 month after 
clinical manifestation, with these rates increasing further at 
1 year (29% and 56%, respectively) [6]. Adult ESRD rates 
were lower in a global aHUS registry study (31% and 49% 
at 1 and 5 year), which may be related to limitations of this 
study, such as survivor bias and censoring of patients on 
eculizumab initiation [8]. Extrarenal manifestations, includ-
ing CNS, cardiovascular, peripheral vascular, pulmonary, 
gastrointestinal and skeletal muscle complications, are also 
common in patients with aHUS [6, 8, 9].
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Eculizumab, a monoclonal antibody that inhibits comple-
ment protein C5, was the first drug therapy approved for the 
treatment of life-threatening TMA in patients with aHUS 
[10, 11]. It improves long-term renal and TMA outcomes 
in patient with aHUS [12]. However, eculizumab requires 
intravenous infusions every 2–3 weeks, increasing infusion 
burden and associated adverse events (AEs). To overcome 
this problem, a longer-acting anti-C5 monoclonal anti-
body (Ravulizumab;  Ultomiris®) was produced by targeted 
re-engineering of eculizumab (Sect. 2). Ravulizumab has 
recently been approved for the treatment of patients with 
aHUS in several countries, including those in the EU [13], 
USA [14] and Japan [15] (Sect. 6). The standard formula-
tion of ravulizumab is 10 mg/mL; however, the US FDA 
has also recently approved a 100 mg/mL formulation (based 
on a phase 2 study in patients with paroxysmal nocturnal 
haemoglobinuria [16]), which reduces the infusion time by 
60–77% [14]. This article reviews the clinical efficacy, safety 
and tolerability of ravulizumab in patients with aHUS, with 
a brief overview of its pharmacological properties.

2  Pharmacodynamic Properties 
of Ravulizumab

Ravulizumab is a humanized immunoglobulin G2/4K mono-
clonal antibody that specifically binds to complement pro-
tein C5, inhibiting its cleavage to C5a (the proinflammatory 
anaphylatoxin) and C5b (the initiating subunit of the termi-
nal complement complex), thereby preventing the generation 
of the terminal complement complex, C5b9 [13, 14]. Thus, 
ravulizumab blocks terminal complement-mediated inflam-
mation, cell activation and cell lysis [17]. In patients with 
aHUS, ravulizumab inhibits complement-mediated TMA 
(Sect. 4). Ravulizumab does not interfere with the early 
components of complement activation that are essential for 
antibody opsonisation and immune complex clearance [13].

Ravulizumab was produced by incorporating two struc-
tural changes to eculizumab aimed at extending its terminal 
elimination half-life  (t1/2) [18]. Firstly, two histidine sub-
stitutions were made in the complementarity-determining 
regions, which enhanced the dissociation rate of the mono-
clonal antibody-C5 complex at pH 6.0, abolishing the target-
mediated antibody clearance. Secondly, two amino acid sub-
stitutions were made in the Fc region, which enhanced the 
affinity of the antibody to human neonatal Fc receptor [18].

A bodyweight-based ravulizumab dosage regimen 
resulted in immediate and complete terminal comple-
ment inhibition (i.e. serum levels of free C5 < 0.5 µg/
mL) by the end of the first infusion and throughout the 
26-week treatment period in adult [19] and paediatric [20, 
21] patients with aHUS. The extent and duration of the 

pharmacodynamic response was dependent on exposure to 
ravulizumab in patients with aHUS [13, 14].

3  Pharmacokinetic Properties 
of Ravulizumab

The pharmacokinetics of intravenous ravulizumab are dose-
proportional over a dose range of 200–5400 mg [14]. Steady 
state therapeutic concentrations are reached after the first 
dose [13]. In patients with aHUS, the mean volume of dis-
tribution of ravulizumab at steady state was 5.22 L, mean 
clearance was 0.08 L/day and the mean  t1/2 was 51.8 days 
[13, 14]. The metabolism and elimination of ravulizumab is 
expected to be similar to that of endogenous immunoglobu-
lin G [13].

Bodyweight is a clinically significant covariate on ravuli-
zumab pharmacokinetics (exposure is lower in heavier 
patients), necessitating a bodyweight-based dosage regimen 
(Table 1) [13, 14]. There are no clinically relevant differ-
ences in ravulizumab pharmacokinetics based on sex, age 
(10 months to 83 years), race, hepatic impairment and renal 
impairment (including in patients receiving dialysis and 
those with proteinuria) [13, 14]. In patients with paroxysmal 
nocturnal haemoglobinuria, serum trough concentrations 
were generally similar when the formulation was switched 
from 10 to 100 mg/mL during maintenance phase [16].

Ravulizumab serum concentrations may be reduced in 
patients receiving long-term intravenous human immuno-
globulins, as they may interfere with the endosomal neonatal 
Fc receptor recycling mechanisms [13]. While there is no 
clinical experience, concomitant administration of ravuli-
zumab with plasma exchange or infusion may reduce serum 
concentrations of ravulizumab [13, 14].

4  Therapeutic Efficacy of Ravulizumab

The efficacy of ravulizumab was evaluated in two, sin-
gle-arm, multicentre, 26-week, phase 3 studies in adult 
(ALXN1210-aHUS-311; hereafter, Study 311) [19] and 
paediatric (ALXN1210-aHUS-312; hereafter, Study 312) 
[20, 21] patients with aHUS. Study 311 enrolled patients 
aged ≥ 18 years (bodyweight ≥  40 kg) who were naïve to 
complement inhibitor treatment [19]. Study 312 enrolled 
patients aged ≤ 18 years of age (bodyweight ≥ 5 kg) who 
were naïve to complement inhibitor treatment [21], as well 
as those who had previously received eculizumab [20].

In both studies, treatment-naïve patients had to have 
active TMA, characterized by thrombocytopenia (platelet 
count < 150 ×  109/L), haemolysis [serum lactate dehydro-
genase (LDH) ≥ 1.5 × upper limit of normal (ULN)] and 
kidney dysfunction (serum creatinine ≥ ULN or required 
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dialysis) [19, 21]. The eculizumab-experienced cohort in 
Study 312 had to have documented evidence of aHUS and 
clinical response to eculizumab, as indicated by stable 
TMA parameters (i.e. platelet count ≥ 150 ×  109/L, serum 
LDH < 1.5 × ULN and estimated glomerular filtration rate 
(eGFR) > 30 mL/min/1.73  m2) [20]. Patients with TMA 
because of a ADAMTS13 deficiency, Shiga toxin E. coli-
related HUS, Streptococcus pneumoniae-related HUS (in 
Study 311) or drug exposure-related HUS (in Study 312) 
were among those excluded [19–21].

Patients received a bodyweight-based ravulizumab regi-
men, with a loading dose on day 1, followed by mainte-
nance doses once every 4 weeks (in patients weighing < 20 
kg) or once every 8 weeks (in patients weighing ≥ 20 kg) 
[Table 1] for 26 weeks [19–21]. After the 26-week initial 
evaluation period, patients could continue an extension 
period (≤ 4.5 years) on maintenance doses. The primary 
endpoint was complete TMA response (defined in Table 2) 
during the 26-week initial evaluation period in the full 
analysis set (FAS) [19–21].

4.1  In Adult Patients

The FAS in Study 311 included 56 patients (median age 
40.1 years) of whom 66.1% were women, including 14.3% 
in the immediate postpartum [19]. At baseline, the majority 
of patients had extrarenal symptoms (92.9%), pretreatment 
plasma exchange or infusion (82.8%) and stage 5 chronic 
kidney disease (71.4%). At study entry, 14.3% of patients 
had received a kidney transplant, 51.8% required dialysis 
and 48.2% had been in intensive care for a median 10.1 days 
[19].

In Study 311, 54% of patients achieved a complete TMA 
response during the initial evaluation period (Table 2); the 
median time to complete TMA response was 86.0 days [19]. 
Substantial improvements in platelet count was seen on day 
8 (first assessment timepoint) and in LDH and eGFR on day 
29. In addition to the complete TMA response components, 
the majority of patients showed a haemoglobin response 
(≥ 20 g/L) on day 183, with substantial improvement seen 

Table 1  Ravulizumab bodyweight-based dosage regimen

The regimen used in clinical trials [19–21] and recommended in 
product information [13–15]
a For patients switching from eculizumab, administer 2 weeks after 
the last eculizumab infusion
b Starting on day 15 and every 8 weeks thereafter in patients weighing 
≥ 20 kg or every 4 weeks thereafter in those weighing < 20 kg
c Ravulizumab is not approved in the EU for patients weighing < 10 
kg

Bodyweight (kg) Loading  dosea (mg) Maintenance 
 doseb (mg)

≥ 5 to <10c 600 300
≥ 10 to <20 600 600
≥ 20 to <30 900 2100
≥ 30 to <40 1200 2700
≥ 40 to <60 2400 3000
≥ 60 to <100 2700 3300
≥ 100 3000 3600

Table 2  Efficacy of ravulizumab in treatment-naïve patients with atypical haemolytic uremic syndrome in clinical studies

BL baseline, NA not available, pts patients, TMA thrombotic microangiopathy, ↑ increase, ↓ decrease
a Primary endpoint, assessed through week 26; patients had to meet criteria for all TMA components concurrently, and each criterion had to be 
met at two separate assessments obtained ≥ 28 days apart and at any measurement in between
b Component of complete TAM response
c Platelet count ≥ 150 ×  109/L plus lactate dehydrogenase ≤ 246 U/L

Outcomes Adults (n = 56) [19] Paediatric pts (n = 18) [13, 21]

Complete TMA  responsea (% pts) [95% CI] 53.6 [39.6–67.5] 77.8 [52.4–93.6]
 Platelet count ≥ 150 ×  109/Lb (% pts) [95% CI] 83.9 [73.4–94.4] 94.4 [72.7–99.9]
 Lactate dehydrogenase ≤ 246 U/Lb (% pts) [95% CI] 76.8 [64.8–88.7] 88.9 [65.3–98.6]
 Serum creatinine ≥ 25% ↑ from  BLb (% pts) [95% CI] 58.9 [45.2–72.7] 83.3 [58.6–96.4]

Haematologic  normalizationc (% pts) [95% CI] 73.2 [60.7–85.7] 88.9 [NA]
Haemoglobin ≥ 20 g/L (% pts) [95% CI] 71.4 [58.8–84.2] 88.9 [65.3–98.6]
Median changes from BL at day 183 (BL)
 Platelet count (×  109/L) ↑ 125.0 (95.3) 247.0 (51.3)
 Lactate dehydrogenase (U/L) ↓ 310.8 (508) 1851.5 (1963.0)
 Estimated glomerular filtration rate (mL/min/1.73  m2) ↑ 29.0 (10) 80.0 (22.0)
 Haemoglobin (g/L) ↑ 35.0 (85) NA (74.3)
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on day 57. The TMA and haemoglobin response rate data 
are supported by absolute median changes in platelet count, 
LDH, eGFR and haemoglobin levels from baseline at day 
183 (Table 2) [19].

Secondary endpoints (i.e. renal outcomes) lend additional 
support to the therapeutic effects of ravulizumab [19]. Of 29 
patients who required dialysis at baseline, 58.6% were able 
to discontinue dialysis after a median 30 days’ treatment; of 
27 non-dialysis patients at baseline, 77.8% did not require 
dialysis at the last available follow-up (≥ 183 days). Further-
more, between baseline and day 183, eGFR improved by at 
least one category in 68.1% of patients [19].

Ravulizumab was similarly effective in patients with 
pregnancy-related aHUS [22]. In Study 311, 7 of 8 (87.5%) 
postpartum patients achieved complete TMA response in a 
median 32 days. All patients achieved haematologic nor-
malization. Five patients were on dialysis at baseline and all 
were able to discontinue dialysis within 29 days’ treatment; 
eGFR improved by at least one category in all eight patients 
by day 183 [22].

Long-term treatment with ravulizumab further improved 
clinical outcomes [23]. In the extension study, after a median 
follow-up of 75.6 weeks (median treatment duration 74.1 
weeks), an additional four patients (i.e. 60.7% of patients) 
achieved complete TMA response; 80.4%, 85.7% and 83.9% 
of patients had haematologic, platelet count and LDH nor-
malization, respectively, and 62.5% had > 25% improvement 
in serum creatinine levels [23].

Ravulizumab treatment was associated with improved 
health-related quality of life (HR QOL), as assessed by the 
Functional Assessment of Chronic Illness Therapy (FACIT)-
Fatigue score [19]. A clinically meaningful improvement 
(≥ 3-point increase from baseline) in this score was observed 
in 84.1% (n = 48 evaluable) of patients at day 183 [19]. The 
efficacy of ravulizumab and its effect on the HR QOL tended 
to improve further over ≥ 52 weeks [23].

4.2  In Paediatric Patients

The FAS of treatment-naïve patients in Study 312 included 
18 patients [21]. At baseline, the majority of patients were 
aged 2 to < 12 years (77.8%) and weighed between ≥ 10 
and < 20 kg (mean bodyweight 22.2 kg); 72.2% of patients 
had pretreatment extrarenal symptoms, 33.3% had stage 5 
chronic kidney disease and 33.3% required dialysis [21].

In Study 312, 78% of treatment-naïve patients achieved a 
complete TMA response during the 26-week initial evalua-
tion period (Table 2) [21]. The median time to the response 
was 30 days and all responses were maintained through the 
initial evaluation period. Absolute median changes in plate-
let count, LDH, eGFR and haemoglobin levels from base-
line at day 183 are summarized in Table 2. All six patients 
who required dialysis at baseline were able to discontinue 

dialysis (five patients did so by day 43) and no patients initi-
ated dialysis during the study. Furthermore, eGFR severity 
reduced by at least one category in 15 of 17 (88.2%) patients. 
In the extension study, through week 50, three additional 
patients achieved a complete TMA response and thus, 94.4% 
of patients achieved this response. A clinically meaningful 
improvement from baseline in paediatric FACIT-Fatigue 
score was seen in all nine evaluable patients at week 26 and 
week 50 [21].

Study 312 enrolled 10 eculizumab-experienced patients 
[20]. These patients were a median 12.5 years old (median 
bodyweight 47.8  kg) and had received eculizumab for 
98–1701 days. One patient had prior kidney transplantation 
because of aHUS. All patients completed the 26-week initial 
evaluation period and entered into the extension period. In 
these patients, renal function (eGFR, chronic kidney dis-
ease stage), haematological parameters (platelet count, LDH, 
haemoglobin) and FACIT-Fatigue scores remained stable 
throughout the initial evaluation period and up to 1 year of 
extension period [20].

5  Tolerability of Ravulizumab

Ravulizumab was generally well tolerated in the phase 3 
trials in adult [19] and paediatric [20, 21] patients with 
aHUS, with no unexpected safety events. Immunogenicity 
of ravulizumab was low and it had no apparent effect on the 
pharmacology, efficacy or safety of ravulizumab [13, 14].

In Study 311, all adult patients (n = 58) experienced 
≥ 1AEs of any grade, with 93.1%, 79.3%, 53.4% and 24.1% 
of patients reporting AEs of grade 1, 2, 3 and 4 severity, 
respectively [19]. The most common (incidence ≥ 20%) 
treatment-emergent AEs were headache (36.2%), diarrhoea 
(31.0%), vomiting (25.9%), hypertension (22.4%) and nau-
sea (22.4%). Treatment-emergent serious AEs occurred in 
51.7% of patients and the most common (incidence ≥ 3%) 
were hypertension (5.2%), pneumonia (5.2%), malignant 
hypertension (3.4%), urinary tract infection (3.4%), septic 
shock (3.4%) and aHUS (3.4%). Treatment-related AEs 
occurred in 34.5% of patients, most commonly headache, 
diarrhoea, and vomiting. Three patients (5.2%) discontinued 
treatment because of AEs (autoimmune haemolytic anaemia, 
intracranial haemorrhage and immune thrombocytopenic 
purpura). Four patients died during the study, none due to 
the study drug [19].

The safety profile of ravulizumab in paediatric patients 
was generally similar to that in adult patients and it appeared 
to be similar in paediatric subgroups based on age [13, 14]. 
In Study 312, all treatment-naïve paediatric patients (n = 21) 
experienced treatment-emergent AEs, most commonly (inci-
dence ≥ 20%) pyrexia (47.6%), nasopharyngitis (33.3%), 
diarrhoea (33.3%), headache (33.3%), vomiting (25%), 
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abdominal pain (28.6%), hypertension (28.6%) and cough 
(23.8%) [21]. Treatment-related AEs occurred in 47.6% 
of patients, the most common of which were fever, colds, 
diarrhoea, vomiting and headache. Serious AEs occurred in 
66.7% of patients; with the exception of viral gastroenteritis 
and abdominal pain, which occurred in two patients each, all 
other serious AEs occurred in one patient each [21]. Where 
reported, grade ≥ 3 reactions occurred in 6 of 16 (37.5%) 
patients and included anaemia, vomiting, upper respiratory 
tract infections, gastroenteritis, viral infections and hyper-
tension [14]. Among 10 eculizumab-experienced patients 
switching to ravulizumab, two patients each experienced 
treatment-related AEs (dyspepsia and musculoskeletal pain, 
both resolved without any changes to study treatment) and 
treatment-emergent AEs during ravulizumab infusion [20].

5.1  Adverse Events of Special Interest

Mild, transient infusion reactions occurred in 4.5% of 
patients with aHUS receiving ravulizumab and included 
lower back pain, decreased or increased blood pressure, 
limb discomfort, drug hypersensitivity and dysgeusia. These 
reactions are manageable by interrupting the infusion and 
appropriate supportive treatment [13, 14].

Due to its mechanism of action (i.e. blocking of terminal 
complement activation), ravulizumab may increase the risk 
of meningococcal (Neisseria meningitides) infection/sep-
sis [13–15]. Although not in aHUS studies, serious cases 
of meningococcal infections have occurred in ravulizumab 
clinical studies (3 out of 261 patients with paroxysmal noc-
turnal haemoglobinuria). The US prescribing information for 
ravulizumab carries a boxed warning regarding the risk of 
serious meningococcal infections [14]. To mitigate this risk, 
all patients must be vaccinated against N. meningitides ≥ 2 
weeks before starting ravulizumab. If ravulizumab is initiated 
< 2 weeks after the vaccination, appropriate prophylactic anti-
biotics should be administered until 2 weeks after vaccina-
tion. Vaccination does not completely eliminate the risk of 
N. meningitides infection in ravulizumab recipients; therefore, 
patients should be monitored for early signs of meningococ-
cal infection/sepsis and treated with appropriate antibiotics if 
required [13–15]. Ravulizumab is contraindicated in patients 
with N. meningitides infection at treatment initiation in the EU 
[13], USA [14] and Japan [15], as well in patients not currently 
vaccinated against N. meningitidis [13, 14] unless they receive 
prophylactic antibiotics until 2 weeks after vaccination [13] or 
the risks of delaying ravulizumab treatment outweigh the risks 
of developing a meningococcal infection [14].

Ravulizumab may also increase the risk of infections 
caused by Neisseria species other than N. meningitides (e.g. 
disseminated gonococcal infections) and encapsulated bacte-
ria [13]. Ravulizumab should be administered with caution 
in patients with active systemic infections. Immunization as 

per local vaccination guidelines is recommended (and patients 
aged < 18 years must also be vaccinated against Haemophi-
lus influenzae and pneumococcal infections) before initiating 
ravulizumab treatment [13].

6  Dosage and Administration 
of Ravulizumab

Ravulizumab is indicated in the EU for the treatment of 
patients with aHUS who weigh ≥ 10 kg and are complement 
inhibitor treatment-naïve or have received eculizumab for ≥ 3 
months and have evidence of response to eculizumab [13]. 
Ravulizumab is also indicated for the treatment of aHUS in 
the USA (for inhibiting complement-mediated TMA in adults 
and paediatric patients aged ≥ 1 month) [14] and in Japan (for 
patients weighing ≥ 5 kg) [15]. The recommended dosage is 
based on bodyweight and consists of a loading dose followed 
by maintenance doses (Table 1). Ravulizumab treatment to 
resolve TMA should be continued for a minimum of 6 months 
and then it should be individualized [13, 14]. After discontinu-
ing ravulizumab, patients should be monitored for TMA com-
plications and if they develop, restart of ravulizumab treatment 
should be considered. [13, 14]. Local prescribing information 
should be consulted for detailed information, including con-
traindications, warnings and precautions, drug interactions and 
use in special patient populations.

7  Place of Ravulizumab in the Management 
of aHUS

Prior to complement blockade therapy, plasma infusion or 
plasmapheresis and supportive care was the standard treat-
ment for aHUS. However, plasma therapy does not treat the 
underlying pathology and is associated with limited clini-
cal benefits, high rates of ESRD, procedural complications 
and other AEs [1–4]. Furthermore, plasma therapy for post-
kidney transplant recurrence of aHUS was not effective in 
preventing graft loss, although it appeared to improve graft 
survival if started before transplantation (i.e. prophylactic 
use) [1].

The emergence of eculizumab as complement blockade 
therapy has vastly improved clinical outcomes in patients 
with aHUS, producing a paradigm shift in aHUS treatment 
[1–4]. Eculizumab vastly improves long-term renal and 
TMA outcomes in patient with aHUS [12] and prophylactic 
use of eculizumab is associated with reduced post-kidney 
transplant aHUS recurrence and prolonged graft survival 
[24]. With its efficacy firmly established in the clinical and 
real-world settings, eculizumab is the new gold standard 
first-line treatment for aHUS (recommendations published 
before the approval of ravulizumab) [1, 2, 4]. According to 
the HUS International, children with aHUS should receive 
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eculizumab within 24–48 h of onset or admission into 
hospital; if eculizumab is not available, plasma exchange 
should be started [1]. Complement genetic test results are 
not required prior to starting eculizumab. Children who 
have started plasma therapy as first-line treatment during 
the acute phase, including those who fail to respond to this 
therapy, should be switched to eculizumab when possible. 
Although effective, the relative place of eculizumab in the 
management of complement factor H antibody-associated 
aHUS remains to be determined. Liver transplantation or 
combined liver and kidney transplantation is the only option 
to cure aHUS in patients with severe aHUS and in those with 
mutations of complement factors synthesized in the liver [1]. 
Given the pharmacological similarity between eculizumab 
and ravulizumab, the clinical practice recommendations for 
eculizumab may also apply for ravulizumab.

In phase 3 trials, a less frequent dosage regimen of ravuli-
zumab (a loading dose, then once every 4–8 weeks) resolved 
TMA in 54% and 78% of adult and paediatric patients with 
aHUS within 26 weeks (Sect. 4). Of note, these trials used 
complete TMA response as the primary endpoint, which is 
considered a stringent outcome that simultaneously meas-
ures complete haematologic (normalization of platelet 
counts and LDH levels) and renal improvements. Ravuli-
zumab was also effective in patients with postpartum aHUS. 
In paediatric patients who responded to eculizumab and 
switched to ravulizumab, haematologic and renal parameters 
remained stable (Sect. 4.2). Ravulizumab was generally well 
tolerated, with no unexpected safety events (Sect. 5).

Terminal complement blockade inhibits the formation of 
membrane attack complex [25]. Thus, eculizumab and ravuli-
zumab may increase the risk of infection with encapsulated 

pathogens, such as N. meningitides (Sect. 5.1). Meningococ-
cal infections did not occur in clinical trials of ravulizumab in 
patients with aHUS, suggesting a low risk. Local prescribing 
information for ravulizumab carries a number of strategies to 
mitigate the risk of meningococcal infections [13–15]. With 
these strategies in place, ravulizumab can be expected to have 
a favourable benefit-risk profile in patients with aHUS, a com-
plex disease to treat (Fig. 1).

While ravulizumab may have similar efficacy and safety 
profiles to eculizumab, there are no head-to-head compara-
tive studies in patients with aHUS. An indirect comparison of 
patient-level data from pivotal trials of ravulizumab (n = 46) 
and eculizumab (n = 39) indicates that there are no significant 
between-group differences in platelet count and renal outcomes 
at 26 weeks, after adjustments for baseline characteristics [26]. 
While this is the best comparative data available to date, given its 
indirect nature, this comparison must be interpreted with caution.

The re-engineering of ravulizumab from eculizumab 
improved the pharmacokinetic properties considerably, with 
ravulizumab having a 4-fold longer  t1/2 (51.8 days) than ecu-
lizumab (11.3 days) [18]. Thus, ravulizumab requires less 
frequent maintenance doses than eculizumab (once every 
4–8 weeks vs once every 2–3 weeks), which reduces infu-
sion burden and associated AEs. In addition, ravulizumab is 
estimated to reduce aggregate duration of therapy (medication 
preparation time, treatment duration, recovery and travel time) 
and productivity losses versus eculizumab in Germany, Italy, 
the UK and the USA [27]. The 100 mg/mL formulation was 
associated with the lowest aggregate duration of therapy [27].

Considering the high cost of complement blockade treat-
ment, cost is an important determinant of treatment choice [1]. 
A US cost-minimization analysis estimated that ravulizumab 
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Fig. 1  Design of the pivotal Study 
311 [19] and Study 312 [13, 20] 
phase 3 clinical trials (efficacy results 
are reported in the online animated 
figure). All patients were treated with 
a bodyweight-based ravulizumab 
regimen (loading dose on day 1, fol-
lowed by maintenance doses start-
ing on day 15 and thereafter q8w in 
patients weighing ≥  20 kg and q4w 
in those weighing < 20 kg). Complete 
TMA response was defined as platelet 
count ≥ 150 ×  109/L, lactate dehydro-
genase levels ≤  246 U/L and serum 
creatinine ≥  25% improvement from 
baseline. ECU eculizumab, FAS full 
analysis set, pts patients, q4w every 
4 weeks, q8w every 8 weeks, TMA 
thrombotic microangiopathy. aStable 
TMA parameters
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would be 32% less costly than eculizumab in the treatment of 
aHUS [28]. However, robust cost-utility analyses of comple-
ment blockade therapy (including ravulizumab) in aHUS are 
warranted. In addition, long-term data on renal outcomes and 
patient survival in ravulizumab recipients are of interest, as 
life expectancy and the risk of kidney impairment have been 
shown to be the largest drivers of treatment preference (hence, 
greatest utility values in pharmacoeconomic modelling) in 
patients with aHUS [29].

In conclusion, ravulizumab resolves TMA and is well tol-
erated in adult and paediatric patients with aHUS. It has the 
same mechanism of action as eculizumab, but with a 4-fold 
longer duration of action, which substantially reduces the fre-
quency of maintenance doses. Ravulizumab therefore provides 
an important treatment option for patients with aHUS.

Data Selection Ravulizumab: 70 records identified 

Duplicates removed 5

Excluded during initial screening (e.g. press releases; 
news reports; not relevant drug/indication; preclinical 

study; reviews; case reports; not randomized trial)

20

Excluded during writing (e.g. reviews; duplicate data; 
small patient number; nonrandomized/phase I/II trials)

18

Cited efficacy/tolerability articles 4

Cited articles not efficacy/tolerability 23

Search Strategy: EMBASE, MEDLINE and PubMed from 1946 
to present. Clinical trial registries/databases and websites were 
also searched for relevant data. Key words were ravulizumab, 
Ultomiris, atypical haemolytic uraemic syndrome, aHUS. 
Records were limited to those in English language. Searches last 
updated 15 February 2021.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40265- 021- 01481-6, 
which is available to authorized users.
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