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IMPORTANCE: Anaphylatoxin C5a, a proinflammatory complement split product, 
plays a central role in mediating organ dysfunction.

OBJECTIVES: This phase II clinical trial was conducted to study safety, toler-
ability, pharmacokinetics, and pharmacodynamics of vilobelimab, a recombinant 
monoclonal antibody against C5a, in patients with severe sepsis or septic shock.

DESIGN: Multicenter, randomized, and placebo-controlled study.

SETTING AND PARTICIPANTS: Eleven multidisciplinary ICUs across Germany. 
Adult patients with severe sepsis or septic shock and with early onset of infection-
associated organ dysfunction.

MAIN OUTCOMES AND MEASURES: Patients were randomly assigned in a 
ratio of 2:1 to three subsequent dosing cohorts for IV vilobelimab or placebo re-
ceiving either 2 × 2 mg/kg (0 and 12 hr), 2 × 4 mg/kg (0 and 24 hr), and 3 × 4 mg/kg 
(0, 24, and 72 hr). Co-primary endpoints were pharmacodynamics (assessed by C5a 
concentrations), pharmacokinetics (assessed by vilobelimab concentrations), and 
safety of vilobelimab. Preliminary efficacy was evaluated by secondary objectives.

RESULTS: Seventy-two patients were randomized (16 patients for each vilobelimab 
dosing cohort and eight patients for each placebo dosing cohort). Vilobelimab ap-
plication was associated with dosing dependent decrease in C5a compared with 
baseline (p < 0.001). Duration of C5a decrease increased with more frequent dosing. 
Membrane attack complex lysis capacity measured by 50% hemolytic complement 
was not affected. Vilobelimab was well tolerated with similar safety findings in all dose 
cohorts. No vilobelimab-specific adverse events emerged. For vilobelimab-treated 
patients, investigators attributed less treatment-emergent adverse events as related 
compared with placebo. Dosing cohorts 2 and 3 had the highest ICU-free and ven-
tilator-free days. There was no difference in mortality, vasopressor-free days, or renal 
replacement therapy-free days between the groups.

CONCLUSIONS AND RELEVANCE: Administration of vilobelimab in patients with 
severe sepsis and septic shock selectively neutralizes C5a in a dose-dependent man-
ner without blocking formation of the membrane attack complex and without resulting in 
detected safety issues. The data warrant further investigation of C5a inhibition in sepsis.

KEY WORDS: adult; antibodies, monoclonal; complement C5a; humans; 
sepsis/*drug therapy/immunology; treatment outcome

Sepsis is defined as “life-threatening organ dysfunction caused by a dysreg-
ulated host response to infection” and represents a major medical burden 
associated with a high mortality (1–3). Despite huge efforts to modify the 
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host response, past randomized controlled trials failed 
to improve survival in sepsis (4).

Septic shock is associated with extensive comple-
ment activation (5). The complement system is an im-
portant pathway of host defense against pathogens. 
Activation of the complement cascade results in prote-
olytic cleavage of the complement factor C5 resulting in 
the generation of C5b and the anaphylatoxin C5a (6).  
C5b and subsequent membrane attack complex (MAC) 
formation is important for bacterial host defense and 
its inhibition by approved C5 inhibitors such as eculi-
zumab increases susceptibility to infections (7), espe-
cially with encapsulated bacteria such as Neisseria (8, 9).  
In contrast, the recently developed monoclonal antibody 
vilobelimab (previously known as IFX-1) specifically binds 
to the soluble human complement split product C5a leav-
ing generation of C5b and the MAC formation intact (10, 
11). C5a is a 74 amino acid protein that attracts neutrophils, 
triggers a systemic inflammatory response, and neutrophil-
driven tissue damage (6) associated with adverse outcome 
(12–14). C5a, among other biomarkers of infection, starts 
to peak early after sepsis onset (14). Experimental C5a 
blockade reduces the rate of organ dysfunction and mor-
tality (15–17). Thus, C5a might be a useful target in the early 
onset of sepsis (18). Vilobelimab, was tested to be safe in a 
first-in-human, healthy volunteers trial (unpublished data).

The co-primary objectives of this early develop-
mental study were to investigate pharmacodynamics 
in terms of C5a decrease, pharmacokinetics, and to 
describe the safety and tolerability of vilobelimab 
in patients with early severe sepsis and septic shock. 
Secondary objective was the preliminary assessment 
of clinical activity of vilobelimab measured by several 
clinical surrogate endpoints.

METHODS

The “Studying Complement Inhibition in Early, 
Newly developing Septic organ dysfunction” study 
(“SCIENS”; ClinicalTrials.gov: NCT02246595) was 
designed as prospective, randomized, double-blind, 
placebo-controlled, multicenter, and dose-finding 
trial. It was conducted in 11 multidisciplinary ICUs 
across Germany from April 2014 to December 2015.

Study Patients

Patients greater than or equal to 18 years old with 
severe sepsis—now comparable to the term sepsis 

according to Sepsis-3 definition (1)—or septic shock (19)  
with the clinical evidence of pulmonary or abdom-
inal infection as the most frequent foci in sepsis (3) 
were eligible for this study. Only patients with onset 
of infection-related organ dysfunction of less than 6 
hours or onset of infection-related vasopressor therapy 
of less than 3 hours before enrollment were consid-
ered. A complete list of the eligibility criteria is in-
cluded in eTable 1 (http://links.lww.com/CCX/A851). 
All patients were treated according to the Guidelines of 
the German Sepsis Society (20).

Informed consent was handled as described before 
(21). Briefly, written informed consent was obtained from 
all patients or their legal or authorized representatives. In 
cases where such consent could not be obtained before en-
rollment, the ethics committee approved a delayed con-
sent process involving an independent physician. As soon 
as the legal representative was available, or the patient was 
able to provide consent, written informed consent was im-
mediately obtained; otherwise, the patient was withdrawn 
from the study and all study procedures were ended. The 
ethics board of the Jena University Hospital reviewed and 
approved the trial (file number 3858-08/13). An inde-
pendent data and safety monitoring board monitored in-
dividual safety events during conduct of the trial.

Study Interventions

Patients were randomly assigned by an internet-based 
randomization tool in a ratio of 2:1 to three subsequent 
dosing cohorts to receive IV vilobelimab or placebo. 
Randomization was stratified by focus of infection 
allowing a distribution between abdominal and pul-
monary focus ranging from 3:5 to 5:3. Blinding was 
maintained by similar appearance of placebo and vilo-
belimab bottled in neutral containers as provided by the 
drug manufacturer (InflaRx GmbH, Jena, Germany).

Patients received two dosages of 2 mg/kg body weight 
vilobelimab at 0 and 12 hours (cohort 1), 4 mg/kg  
body weight at 0 and 24 hours (cohort 2) or three dos-
ages of 4 mg/kg body weight vilobelimab at 0, 24, and 
72 hours (cohort 3). Placebo was given in equivalent 
volumes and at equivalent time points. Patients were 
followed until day 28. Serum for total complement 
hemolytic activity (CH50) to assess the activation of 
the classical complement pathway and citrate plasma 
for C5a, cytokines, and vilobelimab concentrations 
were taken before dosing of the study drug, and at ad-
ditional time points throughout the study (eTable 2,  

http://links.lww.com/CCX/A851
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http://links.lww.com/CCX/A851). Anti-drug antibod-
ies (ADAs) were measured before first vilobelimab 
administration, at day 8, and at day 28 or hospital dis-
charge (eTable 2, http://links.lww.com/CCX/A851).

Blood samples for the measurement of vilobelimab 
levels were analyzed by a validated enzyme-linked im-
munosorbent assay (ELISA) by the Sponsor (in-house 
ELISA). In samples with a vilobelimab concentration 
greater than or equal to 7.3 µg/mL, the blocking activity 
of vilobelimab on the recombinant human C5a (rhC5a)-
induced up-regulation of CD11b on the surface of 
human granulocytes was measured by flow cytometry 
as described previously (15). Complement factor C5a 
was measured by an in-house ELISA (11). CH50 was 
measured with a commercially available liposome im-
munoassay (Wako Autokit CH50, FUJIFILM Wako 
Chemicals Europe GmbH, Germany). The interleukin 
(IL)-6 (Roche Cobas e411 analyzer, Roche Diagnostics, 
Switzerland), IL-8, and IL-10 (Siemens Immunolite 
1000, Siemens Healthcare GmbH, Germany) were 
measured with chemiluminescence assays. ADAs were 
measured using a validated in-house sandwich ELISA 
for detection and an additional conformational assay in 
case of positive findings within the first test.

Safety and Efficacy Endpoints

Primary objectives of the study were pharmacody-
namics of C5a, pharmacokinetics, and safety and tol-
erability of three dose regimens of vilobelimab. Safety 
and tolerability were assessed by descriptive analysis of 
adverse events (AEs, verbatims coded by the Medical 
Dictionary for Regulatory Activities Version 17.1) 
that were reported according to International Council 
for Harmonisation of Technical Requirements for 
Pharmaceuticals for Human Use guideline E2A. All AEs 
were reported until hospital discharge but no longer 
than day 28. In this early development stage, special 
focus was on potential AE of special interest (AESI) such 
as acute systemic allergic hypersensitivity, anaphylactic 
reaction, meningitis, and meningococcal septicemia. 
Pharmacokinetics was assessed by measuring plasma 
concentrations of vilobelimab. We calculated the area 
under the curve of vilobelimab plasma concentrations 
over time and measured maximum as well as trough 
concentrations before second- and third-drug infusion. 
Pharmacodynamics were assessed by C5a, complement 
factors, and cytokines. Secondary efficacy endpoints 
included 28-day all-cause mortality, mean Sequential 

Organ Failure Assessment (SOFA) score until day 10, 
modified mean SOFA score until day 10 (CNS subscore 
omitted and renal subscore calculated without consid-
ering urine output), ICU-free days until day 28, venti-
lator-free days until day 14, renal replacement therapy 
(RRT)-free days until day 14, vasopressor-free days until 
day 14, and days with antimicrobial therapy until day 14. 
Only days alive were considered for calculating organ 
failure and ICU-free days. The mean SOFA score was 
calculated for an individual patient over 10 days based 
on the total SOFA score for each study day (22).

Statistical Analysis

Sample size calculation, precision, and power calcula-
tions were based on C5a levels measured previously in 
healthy volunteers and septic patients by the Sponsor. 
C5a concentrations of 16.4 ± 8.6 and 11.3 ± 2.3 ng/
mL were observed in septic patients and healthy vol-
unteers, respectively. The sample size of the study was 
planned to detect a reduction of 8 ng/mL in serum C5a 
concentrations with a significance level of 0.05 and a 
power of 0.8. Assuming a sd of 8 ng/mL in our trial 
population, 54 evaluable patients were required. To 
accommodate for an estimated drop-out rate of 15%, 
the total sample size was set to 72 patients. Efficacy 
analyses followed the intention-to-treat principle and 
was based on the full analysis set. Standard descriptive 
statistics and graphs were used to summarize the data. 
All data were summarized according to the treatment 
received. For placebo patients, data were pooled across 
the cohorts. Absolute and relative changes of C5a com-
pared with baseline were analyzed by Wilcoxon signed 
rank test per timepoint in order to test for statistical 
significance of within treatment group dynamics. In 
addition, differences between the verum groups and 
the placebo group in C5a distributions per time point 
were evaluated by Mann-Whitney U test. Safety was 
analyzed descriptively. Number of events, number 
and percentage of patients with at least one event per 
System Organ Class by preferred term category were 
listed and summarized. Statistical analyses were per-
formed using SAS 9.2 (SAS Institute) or later.

RESULTS

Study Population

Two thousand seven hundred thirty-eight patients 
were prescreened resulting in 76 eligible patients, of 

http://links.lww.com/CCX/A851
http://links.lww.com/CCX/A851
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which 72 patients were enrolled (Fig. 1; and eTable 9,  
http://links.lww.com/CCX/A851). All patients were dosed 
and included into the intention-to-treat dataset. Twenty-
two major protocol deviations were documented in 15 
subjects (violation of eligibility criteria in eight subjects, 
deviation from dose schedule in four subjects, prohibited 
medication in six patients, deviation from visit schedule in 
four patients; eTable 3, http://links.lww.com/CCX/A851). 
For 14 subjects, an insufficient number of pharmacoki-
netics samples were collected resulting in 58 subjects in-
cluded in pharmacokinetics analyses. Patient characteristics 
are summarized in Table  1. Vilobelimab-treated patients 
in dosing cohort 1 (the lowest vilobelimab dosing cohort) 
were all mechanically ventilated at baseline, vilobelimab-
treated patients in dosing cohort 3 (the highest dose cohort) 
had higher median lactate levels at baseline when compared 
with placebo. Placebo-treated patients had a slightly higher 
Acute Physiology and Chronic Health Evaluation-II-score, 
while baseline SOFA was similar in all groups.

Primary Outcomes

Application of vilobelimab resulted in a statistically 
significant drop of plasma C5a concentration within 
2 hours in all three cohorts. C5a concentrations 
remained statistically significantly depressed depend-
ing on the applied dosage and schedule ranging from 
24 hours (recovery time 72 hr) in cohort 1, 72 hours 
(recovery time 5 d) in cohort 2, until 5 d (recovery 
time > 8 d) in cohort 3 with p value of less than 0.001 
(Fig. 2A). Mean plasma concentrations of vilobelimab 
increased with dosage (Table 2; and eFig. 1, http://
links.lww.com/CCX/A851). As typical for monoclonal 
antibodies, the drug elimination curve showed a linear 
and nonlinear component, that is, the half-life is con-
centration dependent.

Vilobelimab was well tolerated. AEs are shown in 
eTable 5 (http://links.lww.com/CCX/A851). As ex-
pected in this severely ill patient population, the 

Figure 1. Patient flow in the SCIENS-trial. A patient could have failed prescreening for more than one reason. Discont = discontinued,  
ICF = informed consent, ODF = organ dysfunction.

http://links.lww.com/CCX/A851
http://links.lww.com/CCX/A851
http://links.lww.com/CCX/A851
http://links.lww.com/CCX/A851
http://links.lww.com/CCX/A851
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proportion of subjects with at least one AE was high 
and ranged between 75% and 94% within the treatment 
groups. Neither specific nor dose-related AE emerged 
with increasing exposure to vilobelimab. The ma-
jority of the AEs were classified by the investigator as 
not related to the study medication. The proportion of 
patients with serious AEs was highest in patients treated 
with placebo (13/24, 54%) and cohort 1 (10/16, 63%). 
Fatal AEs occurred in 12.5% (2/16 patients) to 37.5% 
(6/16 patients) being numerically highest in cohort 1. 
However, more patients were mechanically ventilated 
at baseline in cohort 1 than in all other cohorts. One 
patient of cohort 1 died of acute liver failure that was 
assessed by the investigator as possibly related to the 

study medication. However, this patient was diagnosed 
shortly after enrollment with nonocclusive mesenteric 
ischemia offering a likely cause for acute liver failure. No 
AESI was reported during the study. Similar frequencies 
and similar AE profiles across placebo and vilobelimab 
groups suggested a good safety profile of vilobelimab.

Secondary Outcomes

Secondary efficacy outcomes are shown in Table  3. 
There was no dose-dependent effect of vilobelimab 
administration on secondary clinical outcomes. 
Twenty-eight-day mortality was low in the placebo co-
hort with 12.5% (3/24 patients). The same mortality  

TABLE 1. 
Patient Characteristics

Parameter
Placebo  
(n = 24)

Cohort 1  
(n = 16)

Cohort 2  
(n = 16)

Cohort 3  
(n = 16)

Male sex 16 (66.7%) 10 (62.5%) 9 (56.3%) 11 (68.8%)

Age (yr) 65 (53–75) 65 (61–81) 70 (51–83) 78 (66–80)

Body mass index (kg/m2) 25.3 (22–27) 26.4 (24–32) 26.6 (24–31) 27.3 (24–30)

Acute Physiology And Chronic Health  
  Evaluation-II score

22.5 (17–27) 19.5 (18–22) 17.5 (14–26) 20.0 (18–27)

SOFA score 9.0 (8–11) 8.5 (7–10) 9.0 (7–11) 8.5 (7–11)

Modified mean SOFA until day 10 with CNS  
 � subscore omitted and calculating renal 

subscore without considering urine output

8.0 (7–10) 7.0 (7–10) 7.0 (6–8) 7.5 (7–10)

Acute kidney injury 6 (25.0%) 2 (12.5%) 6 (37.5%) 6 (37.5%)

Vasopressor use 22 (91.7%) 15 (93.8%) 13 (81.3%) 14 (87.5%)

Mechanical ventilation 20 (83.3%) 16 (100%) 12 (75.0%) 10 (62.5%)

Surgery 18 (75.0%) 16 (100%) 12 (75.0%) 11 (68.8%)

Primary focus

  Pulmonary 9 (37.5%) 6 (37.5%) 6 (37.5%) 7 (43.8%)

  Abdominal 15 (62.5%) 10 (62.5%) 10 (62.5%) 9 (56.3%)

Coexisting diseases

  Coronary artery disease 5 (20.8%) 6 (37.5%) 1 (6.3%) 2 (12.5%)

  Diabetes mellitus 2 (8.3%) 3 (18.8%) 1 (6.3%) 2 (12.5%)

  Arterial hypertension 10 (41.7%) 9 (56.3%) 8 (50.0%) 13 (81.3%)

  Chronic obstructive pulmonary disease 3 (12.5%) 1 (6.3%) 5 (31.3%) 3 (18.8%)

Lactate (mmol/L) 1.9 (1.6–3.7) 2.6 (1.7–4.2) 2.75 (1.6–4.4) 3.89 (2.6–6.6)

Time to IP (CD only) (hr) 4.5 (4–6) 4.5 (3–6) 3.3 (2–6) 4.0 (1–5)

Time to IP (non-CD only) (hr) 8.1 (5–10) 6.2 (4–10) 6.8 (5–9) 6.8 (3–10)

CD = cardiovascular dysfunction, IP = first infusion of investigational product (vilobelimab or placebo), SOFA = Sequential Organ Failure 
Assessment.
Data are presented as median and 25% and 75% percentiles or absolute numbers (percentage).



Bauer et al

6          www.ccejournal.org	 November 2021 • Volume 3 • Number 11

A

* * * *

# # # # # #

+ + + + + + +

3

10

30

100

0h 12h 24h 72h Day 5 Day 8 Day 13 Day 28

Lo
g 

C
5a

−
co

nc
en

tr
at

io
n 

[n
g/

m
l]

B

23 21 21 22 21 18 12
16 15 14 14 13 11 4
16 15 15 14 12 8 4
16 16 14 15 15 13 8

No. of patients
placebo:
cohort 1:
cohort 2:
cohort 3:

0

20

40

60

0h 12h 24h 72h Day 5 Day 8 Day 13 Day 28

C
H

50
−

co
nc

en
tr

at
io

n 
[U

/m
l]

cohort 1
cohort 2
cohort 3
placebo

Figure 2. Effects of vilobelimab on C5a plasma concentrations and total complement acticity. Mean C5a concentrations (A, black lines: 
normal range 10.1–24.0 ng/mL) and total complement activity (B, black lines: reference range of healthy subjects 23–46 U/mL) of 
patients alive. Data are shown as geometric mean ± 95% CIs. Statistically significant difference compared with baseline is displayed 
with p < 0.001 for cohort 1 (*), cohort 2 (#), and cohort 3 (+); detailed p values are given in eTable 4 (http://links.lww.com/CCX/
A851). CH50 = 50% hemolytic complement..
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(2/16 patients) could be detected in the high dose cohort 
3 in which patients were significantly older and with 
two-fold elevated baseline lactate levels. Dosing cohort 
1, in which only a very short-term C5a blockade could 
be achieved, demonstrated a mortality rate at 37.5% 
(6/16 patients) and dosing cohort 2 also demonstrated 
a low mortality rate with 18.8% (3/16 patients). Dosing 
cohorts 2 and 3 had the highest ICU-free and ventilator-
free days. There was no difference in the mean SOFA 
score, vasopressor-free days, or RRT-free days between 
the groups. Vilobelimab administration had no negative 
impact on antimicrobial treatment-free days.

Mean bioactivity of vilobelimab was 96.5%. No 
ADAs were detected. Vilobelimab was able to block 
the rhC5a-induced up-regulation of CD11b on the 
surface of human granulocytes with at least 92% for all 
measured time points. The majority of patients showed 
elevated CH50 at baseline in line with their early septic 
condition. During treatment, no pattern could be 
observed that would suggest a vilobelimab-induced 
change of CH50 (Fig. 2B). There was a marked differ-
ence in predosing plasma concentrations of IL 6 and IL 
8 with cohort 3 having the highest and cohort 2 hav-
ing the lowest concentrations. All groups reached the 

TABLE 2. 
Summary of Pharmacokinetic Parameters of Vilobelimab

Parameter Cohort 1 (n = 13) Cohort 2 (n = 12) Cohort 3 (n = 13)

Maximum concentration (µg/mL) 47.7 (40.2–56.7) 103.3 (87.1–122.4) 103.6 (92.2–116.5)

Plasma concentration measured before drug infusion (µg/mL) 

  Second infusion 19.4 (16.1–23.2) 33.4 (27.4–40.7) 30.1 (25.0–36.3)

  Third infusion — — 35.8 (26.8–47.7)a

Area under the curve (hr × µg/mL) 2,101 (1,690–2,613) 6,346 (5,321–7,568)b 10,800 (9,233–12,632)

aOnly 12 evaluable subjects for third infusion.
bEleven valid area under the curve measurements only.
Data are presented as geometric mean ± 95% CIs (statistical difference with p < 0.05 is given when the CIs do not overlap). Dashes 
indicate no third infusion was given in cohort 1 and cohort 2.

TABLE 3. 
Secondary Efficacy Outcomes

Parameter
Placebo  
(n = 24)

Cohort 1 
 (n = 16)

Cohort 2  
(n = 16)

Cohort 3  
(n = 16)

28-d mortality 3 (12.5%) 6 (37.5%) 3 (18.8%) 2 (12.5%)

ICU-free days until day 28 2.5 (0–20) 5.0 (0–18) 19.5 (6–24) 12.5 (0–23)

Mean SOFA score 5.7 (4.0–8.5) 6.0 (3.8–8.1) 5.1 (3.7–6.5) 5.2 (4.3–8.0)

Mean modified SOFA score 5.1 (3.7–7.9) 4.8 (3.5–7.3) 3.8 (3.2–5.6) 4.9 (4.1–6.5)

Ventilator-free days until day 14 10.5 (1–13) 8 (0–13) 12.5 (5–13) 10.5 (1–14)

Vasopressor-free days until day 14 9.5 (4–13) 8.5 (0–13) 13.0 (8–14) 9.0 (5–12)

RRT-free days until day 14 14 (14–14) 14 (7–14) 14 (14–14) 14 (10–14)

AT-free days until day 14 0 (0–4) 0 (0–2) 4.5 (2–7) 0.5 (0–3)

Ventilator-free days until day 28 24 (6–26) 10 (0–27) 26.5 (13–27) 24.5 (3–28)

Vasopressor-free days until day 28 23 (8–27) 20.5 (0–27) 27 (21–28) 23 (7–26)

RRT-free days until day 28 28 (28–28) 28 (0–28) 28 (28–28) 28.0 (10–28)

AT-free days until day 28 9.5 (2–14) 4 (0–16) 18 (7–20) 6 (0–16)

AT = antimicrobial therapy, RRT = renal replacement therapy, SOFA = Sequential Organ Failure Assessment. 
Data are presented as median and 25% and 75% percentiles or absolute numbers (percentage). The mean SOFA score was calculated 
for each individual patient over 10 d based on the SOFA score for each study day.
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nadir of IL-6 and IL-8 concentrations at 72 hours after 
dosing (eFig. 2, http://links.lww.com/CCX/A851). 
Time course of IL-10 was similar among the placebo 
group, cohort 1, and cohort 2, while cohort 3 showed 
a trend of a faster decline in IL-10 plasma concentra-
tions during the first 12 hours after dosing.

Post Hoc Analysis

According to the higher and more frequent vilobe-
limab dosing, cohort 2 and cohort 3 achieved signif-
icantly longer neutralization of C5a. Therefore, we 
compared placebo with the combined cohort 2 and 
3 as an unplanned sensitivity analysis (patients char-
acteristics: eTable 6, http://links.lww.com/CCX/A851 
and C5a plasma concentrations: eFig. 4, http://links.
lww.com/CCX/A851). We observed a faster decline in 
IL-8 and IL-10 concentrations during the first 24 hours 
after vilobelimab administration when compared with 
placebo (eFig. 3, http://links.lww.com/CCX/A851). 
Patients receiving higher dosages of vilobelimab had 
more ICU-, vasopressor-, and ventilator-free days 
(eTable 7, http://links.lww.com/CCX/A851). High 
dosages of vilobelimab were not associated with safety 
issues (eTable 8, http://links.lww.com/CCX/A851).

DISCUSSION

In this multicenter, double-blinded, randomized clin-
ical trial of patients with early sepsis or septic shock 
caused by pneumonia or peritonitis, the monoclonal an-
tibody vilobelimab was able to significantly reduce C5a 
levels by about 90% in all dose cohorts. The duration 
of C5a blockade was dependent on dosing frequency 
and lasted more than 5 d in the highest dose regimen 
with most vilobelimab administrations. The total com-
plement hemolytic activity CH50 is a screening assay 
for the activation of the classical complement pathway 
and compilation of the MAC as result of the terminal 
complement activation and generation of complement 
split factor C5b. It is sensitive to an impairment of the 
activity of any component of the pathway (23). CH50 
was not impacted, confirming the selective blockade 
of C5a by vilobelimab, which did not affect C5b and 
left the MAC generation intact. Vilobelimab was bio-
logically active in line with preclinical results (10, 11). 
Administration of vilobelimab was well tolerated and 
did not result in safety concerns, which confirms the 
safety profile of vilobelimab reported in critically ill co-
ronavirus disease 2019 (COVID-19) patients (24).

C5a blockade by vilobelimab at 4 mg/kg given two 
or three times achieved a trend in a faster drop in IL-8 
and IL-10 concentrations when compared with pla-
cebo. This is in line with findings in animal experiments 
where pretreatment with a C5a antibody resulted in a 
decrease of cytokine concentrations (10, 25–27). We 
did not see a clear association of IL-6 concentrations 
with increasing dose and frequency of vilobelimab 
administration. However, the trial was not powered 
to show difference in these highly variable inflamma-
tory mediators, and thus, conclusions should be drawn 
with care.

There is evidence from experimental Neisseria men-
ingitidis sepsis that the C5a receptors C5aR1 and C5aR2 
augment disease pathology and are both interesting 
targets for treatment (28). Similarly, in sepsis models, 
both receptors have been suggested to have a proin-
flammatory role within knockout experiments (29).  
Importantly, C5aR2 has been suggested to have several 
ligands other than C5a such as C3a, the acylation-stim-
ulating protein C3adesArg, C4a, and others that bind 
to a different pocket of this receptor when compared 
with C5a (30). In addition, C5a signaling through 
C5aR2 has been linked to activation of High-Mobility 
Group Box 1 and, thus, inflammasome activation, 
underlining the proinflammatory role of C5a-induced 
C5aR2 signaling (31).

Vilobelimab administered two or three times at 
4 mg/kg suggests more ICU-free days and more venti-
lator-free days until day 28 compared with placebo ad-
ministration. In baboons with Escherichia coli sepsis, 
pretreatment with the C5 cleavage inhibitor RA101295 
(27) significantly reduced organ damage and mortality. 
Similarly, vilobelimab-treated African green monkeys 
with H7N9 infection showed less lung damage and 
less inflammatory cell infiltration compared with the 
control group (10). In these studies, the immediate 
response to infection was attenuated by pretreatment 
or very early treatment, stressing again the necessity 
to treat early when using anti-inflammatory agents 
such as vilobelimab. C5a blockade with vilobelimab 
may also be a promising target in COVID-19 (32) 
and is currently investigated in a phase-III trial (33) 
(ClinicalTrials.gov: NCT 04333420).

Vilobelimab-induced C5a blockade was present in a 
dosing schedule dependent manner up to 13 days, while 
C5a concentrations remained elevated in the placebo 
group throughout the whole study period. The general 
approach of C5a blockade has been identified as an 

http://links.lww.com/CCX/A851
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important target for approaching sepsis-induced devel-
opment of the multiple organ dysfunction syndrome (34).  
Animal experiments identified several possible bene-
ficial roles of C5a blockade that might be responsible 
for effects beyond the initial impact on the cytokine 
response such as beneficial effects on neutrophil func-
tion (35, 36), decreased neutrophil adherence to lung 
endothelial (26), prevention of septic cardiomyopathy 
and apoptosis of immune cells, and prevention of dis-
seminated intravascular coagulation (6). Furthermore, 
C5aR1 signaling can interact with other danger sensing 
systems such as the Toll-like receptors (37, 38).

This study has strengths and limitations. Strengths 
of this trial include the randomized, double-blinded, 
placebo-controlled design (internal validity), its mul-
ticenter approach (external validity), the inclusion of 
sepsis patients very early in the course of the disease, 
and studying a novel study drug addressing a novel 
target. Noteworthy, we achieved a median time from 
sepsis onset until first infusion of the study drug of 
8.1 hours. Our trial design therefore had the potential 
to minimize the contribution of the time window on 
trial failure (4). Limitations of this trial include a low 
sample size that was sufficient to address the primary 
endpoints but did not allow conclusive statements 
about clinical efficacy. Thus, any observed differences 
in clinical endpoints need confirmation by larger tri-
als. We observed baseline imbalances in various im-
portant parameters despite randomization. We cannot 
exclude that these differences in disease severity di-
minished possible effects of vilobelimab on 28-day 
mortality and were responsible for the differences in 
predosing plasma concentrations of IL-6 and IL-8. We 
have only measured IL-6, IL-8, and IL-10 concentra-
tions but effects of C5a on immune function are very 
complex. Therefore, we cannot conclude whether the 
detected differences in ventilator-free days or ICU-free 
days were attributable to the impact of vilobelimab on 
other immune functions aside from the early cyto-
kine response (39). We observed similar numbers of 
patients experiencing infections in placebo and vilo-
belimab-treated patients during the trial. However, we 
did not monitor clinical or microbiological cure of the 
underlying infection causing sepsis. Antibiotic-free 
days served as a surrogate for infectious complications 
during the trial. We decided to only study patients with 
peritonitis or pneumonia to avoid too much variability 
in a study with low sample size (4). This resulted into 
a mainly surgical study population and might reduce 

external validity of our trial, although peritonitis and 
pneumonia are the most frequent foci of sepsis on 
German ICUs (3). We observed major protocol devia-
tions in 15 patients (21% of the study population). In 
our opinion, this does not impact the validity of our 
trial as appropriate pharmacodynamic and pharmaco-
kinetic effects were observed.

CONCLUSIONS

Administration of vilobelimab in patients with severe 
sepsis or septic shock selectively neutralized C5a in a 
dose-dependent manner without affecting activation 
of the MAC. No safety issues with vilobelimab treat-
ment were identified. Our data support studying the 
highly selective neutralization of anaphylatoxin C5a by 
vilobelimab to prevent infection-associated organ dys-
function in future clinical studies.
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