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Summary
Background Severe COVID-19 is characterised by inflammation and coagulation in the presence of complement 
system activation. We aimed to explore the potential benefit and safety of selectively blocking the anaphylatoxin and 
complement protein C5a with the monoclonal antibody IFX-1 (vilobelimab), in patients with severe COVID-19.

Methods We did an exploratory, open-label, randomised phase 2 trial (part of the adaptive phase 2/3 PANAMO trial) of 
intravenous IFX-1 in adults with severe COVID-19 at three academic hospitals in the Netherlands. Eligibility criteria were 
age 18 years or older; severe pneumonia with pulmonary infiltrates consistent with pneumonia, a clinical history of 
severe shortness of breath within the past 14 days, or a need for non-invasive or invasive ventilation; severe disease 
defined as a ratio of partial pressure of arterial oxygen to fractional concentration of oxygen in inspired air (PaO2/FiO2) 
between 100 mm Hg and 250 mm Hg in the supine position; and severe acute respiratory syndrome coronavirus 2 
infection confirmed by RT-PCR. Patients were randomly assigned 1:1 to receive IFX-1 (up to seven doses of 800 mg 
intravenously) plus best supportive care (IFX-1 group) or best supportive care only (control group). The primary outcome 
was the percentage change in PaO2/FiO2 in the supine position between baseline and day 5. Mortality at 28 days and 
treatment-emergent and serious adverse events were key secondary outcomes. The primary analysis was done in the 
intention-to-treat population and safety analyses were done in all patients according to treatment received. This trial is 
registered at ClinicalTrials.gov (NCT04333420).

Findings Between March 31 and April 24, 2020, 30 patients were enrolled and randomly assigned to the IFX-1 group 
(n=15) or the control group (n=15). During the study it became clear that several patients could not be assessed 
regularly in the supine position because of severe hypoxaemia. It was therefore decided to focus on all PaO2/FiO2 
assessments (irrespective of position). At day 5 after randomisation, the mean PaO2/FiO2 (irrespective of position) was 
158 mm Hg (SD 63; range 84–265) in the IFX-1 group and 189 mm Hg (89; 71–329) in the control group. Analyses of 
the least squares mean relative change in PaO2/FiO2 at day 5 showed no differences between treatment groups 
(17% change in the IFX-1 group vs 41% in the control group; difference –24% [95% CI –58 to 9], p=0·15. Kaplan-Meier 
estimates of mortality by 28 days were 13% (95% CI 0–31) for the IFX-1 group and 27% (4–49) for the control group 
(adjusted hazard ratio for death 0·65 [95% CI 0·10–4·14]). The frequency of serious adverse events were similar 
between groups (nine [60%] in the IFX-1 group vs seven [47%] in the control group) and no deaths were considered 
related to treatment assignment. However, a smaller proportion of patients had pulmonary embolisms classed as 
serious in the IFX-1 group (two [13%]) than in the control group (six [40%]). Infections classed as serious were reported 
in three (20%) patients in the IFX-1 group versus five (33%) patients in the control group.

Interpretation In this small exploratory phase 2 part of the PANAMO trial, C5a inhibition with IFX-1 appears to be safe 
in patients with severe COVID-19. The secondary outcome results in favour of IFX-1 are preliminary because the study 
was not powered on these endpoints, but they support the investigation of C5a inhibition with IFX-1 in a phase 3 trial 
using 28-day mortality as the primary endpoint.

Funding InflaRx.

Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction
Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) causes COVID-19, a respiratory illness 

chaacterised by virus-induced lung inflammation with 
lymphocyte infiltration and activation of the coagula
tion system.1,2 Many patients with COVID-19 require 
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intensive care. However, despite optimal care, case fatal
ity rates are high because of multiorgan failure,3 which 
has been explained by secondary damage due to hyper
inflammation.4,5

Autopsies of patients with severe COVID-19 showed 
widespread complement activation in the lung and 
kidney.6,7 Experimental studies showed binding of the 
SARS-CoV-2 virus nucleocapsid protein to the mannan-
binding lectin serine protease 2, ultimately leading to 
downstream complement pathway activation and genera
tion of C5a.6 High concentrations of C5a and C5b-9 have 
been reported in patients with severe COVID-19,8 and one 
publication stressed the association of COVID-19 inflam
mation with activation of the C5a–C5aR1 signalling axis.9 
The potent anaphylatoxin C5a attracts neutrophils and 
monocytes to the infection site, and strongly activates 
these cells, causing tissue damage by oxidative radical 
formation and enzyme release but also inducing release 
of tissue factor from endothelial cells and neutrophils 
thereby activating the coagulation system.10–12 Thus, C5a 
might have a key role in the development of acute 
respiratory distress syndrome and also in thrombotic 
microangiopathy.13–16

IFX-1 is a chimeric monoclonal IgG4 antibody that 
specifically binds with high affinity to the soluble form of 
human C5a. IFX-1 showed some benefits in a monkey 
model of avian flu virus (H7/N9)-induced lung injury.17 
It markedly reduced the lung histopathological injury 
and decreased lung infiltration by macrophages and 
neutrophils. Furthermore, treatment decreased cytokine 
levels and virus titres in the infected lungs. Treatment of 

two Chinese patients with severe COVID-19 with the anti-
C5a antibody BDB-001 (a drug similar to IFX-1 and 
produced from the IFX-1 cell line) was reported to result 
in clinical improvement.6

At the beginning of the COVID-19 pandemic, uncer
tainty about disease course and outcomes prompted us to 
plan an exploratory phase 2 trial, as part of a phase 2/3 
trial, primarily to establish safety and explore preliminary 
efficacy of IFX-1 in severe COVID-19, with an aim to assess 
the typical clinical course and adverse outcomes of 
COVID-19. We designed a pragmatic, adaptive, open-label, 
randomised phase 2/3 multicentre study of IFX-1 in adults 
with severe COVID-19 (PANAMO). The phase 2 part of the 
trial was planned to inform the choice of endpoints and 
study population specifications for a potential phase 3 
study. Here, we describe the preliminary results of the 
phase 2 part of the trial aiming to explore the potential 
benefit and safety of IFX-1 in patients with severe 
COVID-19.

Methods
Study design
PANAMO is a pragmatic adaptive, open-label, random
ised phase 2/3 multicentre trial assessing IFX-1 in 
patients with severe COVID-19. The exploratory phase 2 
part of this trial was done at three academic hos
pitals in the Netherlands (Amsterdam UMC location 
AMC [Amsterdam]; Amsterdam UMC location VUmc 
[Amsterdam]; and Maastricht UMC [Maastricht]). The 
study protocol was approved by the institutional review 
board of the Academic Medical Center, part of 

Research in context

Evidence before this study
We searched PubMed, Embase, and Cochrane Reviews on 
Aug 19, 2020, using the search terms “2019 novel coronavirus”, 
“COVID-19”, “SARS-COV-2”, “C5 complement”, “C5a 
complement”, “complement inhibitor”, and/or “Complement 
system”. We searched for research articles published from Jan 1 to 
Aug 1, 2020, with no language restrictions. Patients with severe 
COVID-19 show widespread complement activation in the lungs 
and kidneys and severe acute respiratory syndrome coronavirus 2 
has been reported to activate the mannose-binding lectin 
complement pathway. High levels of C5a and C5b-9 have been 
reported in patients with severe COVID-19, and one publication 
stressed the association of COVID-19 inflammation with 
activation of the C5a/C5aR1 signalling axis. C5a has been 
suggested to have a key role in the development of acute 
respiratory distress syndrome and thrombotic microangiopathy. 
Anti-C5a antibody treatment (IFX-1) has been shown to be 
beneficial in a monkey model of avian flu virus (H7/N9)-induced 
lung injury. Treatment of two Chinese patients with severe 
COVID-19 with anti-C5a antibody BDB-001 (a drug similar to 
IFX-1 and produced from the IFX-1 cell line) resulted in clinical 
improvement. Three randomised controlled trials are registered 

(NCT04382755, NCT04390464, and NCT04346797) using 
complement c5 inhibition and two other randomised controlled 
trials are registered (NCT04449588 and EudraCT 2020-001671-
32) using the licensed complement 5a inhibitor technology from 
InflaRx, but to the best of our knowledge, no reports of 
randomised controlled trials have been published up to now.

Added value of this study
Our study is the first randomised controlled study reporting the 
safety and preliminary efficacy results of complement 
5a inhibition with IFX-1 in patients with severe COVID-19. 
Results of this exploratory, open-label, phase 2 randomised 
controlled trial show that C5a inhibition with IFX-1 is safe and 
well tolerated in patients with severe COVID-19. Our findings are 
in line with accumulating evidence on the role of C5a in viral-
induced lung injury and severe COVID-19. Preliminary efficacy 
signals of IFX-1 in patients with COVID-19 will be investigated in 
a controlled phase 3 trial.

Implications of all the available evidence
We believe these results warrant a large adequately powered 
randomised controlled phase 3 study to confirm the efficacy of 
IFX-1 in patients with severe COVID-19.
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Amsterdam UMC (Amsterdam, Netherlands; IRB 
2020_067#B2020179).

Patients
Patient eligibility criteria for the study were as follows: 
age 18 years or older; severe pneumonia with pulmonary 
infiltrates consistent with pneumonia, a clinical history 
of severe shortness of breath within the past 14 days, or a 
need for non-invasive or invasive ventilation; severe 
disease defined as a ratio of partial pressure of arterial 
oxygen to fractional concentration of oxygen in inspired 
air (PaO2/FiO2) between 100 mm Hg and 250 mm Hg in 
the supine position; and SARS-CoV-2 infection confirmed 
by RT-PCR.

Exclusion criteria were as follows: invasive mechanical 
ventilation for more than 48 h; improvement in PaO2/FiO2 
of more than 30% in the past 24 h; known history of 
progressed chronic obstructive pulmonary disease 
(COPD; Global Initiative for Chronic Obstructive Lung 
Disease [GOLD] group C or D); severe congestive heart 
failure (New York Heart Association class III or IV); 
known pregnancy; chronic dialysis, cancer, or other life-
limiting disease with life expectancy less than 6 months; 
renal replacement therapy; cardiac resuscitation in the 
past 14 days; organ or bone marrow transplantation in the 
past 3 months; anticancer therapy for oncological disease 
in the past 4 weeks; corticosteroid treatment equivalent to 
10 mg prednisone or more per day; treatment with other 
biological therapy for COVID-19 in the past 14 days; or 
use of viral replication inhibitor in the past 3 days. 
Patients who were near death or expected to die within 
12 h or with hypersensitivity to IFX-1 were also excluded.

All patients or their legally authorised representatives 
gave written informed consent for the study. If direct 
informed consent of patients was not feasible, patients 
could be included with a deferred consent procedure.

Randomisation and masking
Patients were randomly assigned in a 1:1 ratio to IFX-1 
plus best supportive care (the IFX-1 group) or to best 
supportive care only (the control group). Randomisation 
was done by investigators centrally with an online tool 
within the electronic case report form and was stratified 
by study site. The tool used a randomised variable block 
length of either 2 or 4. The randomisation list was only 
available to contract research organisation (Metronomia) 
staff involved in the production of the randomisation list 
and set-up of the online randomisation tool. Treatment 
allocation was open label.

Procedures
Patients in the IFX-1 group received a maximum of seven 
doses of IFX-1 800 mg intravenously plus best supportive 
care, and those in the control group received best 
supportive care only. Five doses of IFX-1 (days 1, 2, 4, 8, 
and 15) were administered to all patients assigned to the 
IFX-1 group who were admitted to hospital alive. A dose at 

day 22 was administered to patients who were still 
intubated on day 22. One additional dose of IFX-1 could be 
given between days 11 and 13 at the discretion of the 
investigator if signs of weakening of any clinical improve
ment were detected. Treatment with IFX-1 was discon
tinued if patients were discharged from hospital. IFX-1 
(vilobelimab) was provided by InflaRx.

Best supportive care in the participating centres con
sisted of intensive care therapy according to current guide
lines, evidence, and best practice, including but not limited 
to lung protective ventilation, thrombosis prophylaxis, 
renal replacement therapy when indicated, and access to 
advanced therapies including extracorporeal membrane 
oxygenation. Hydroxychloroquine was allowed during the 
study; however, active concomitant treatment with antiviral 
or other immunomodulatory drugs was not allowed. Best 
supportive care varied in some aspects per site regarding 
admission criteria for the intensive care unit (ICU)—
eg, one site only admitted patients with COVID-19 when 
they needed intubation whereas the other two sites also 
admitted patients when they needed oxygen supply with a 
non-rebreathing mask. Safety was assessed throughout 
the study.

Data was collected from the hospital patient files. Esti
mated glomerular filtration rate (eGFR) was calculated 
based on the Chronic Kidney Disease Epidemiology 
Collaboration formula, which adjusts for race. Kidney 
Disease: Improving Global Outcomes cutoffs were 
applied. Multiorgan failure was defined as 2 or more 
failing organs.

Endpoints
The primary outcome was the percentage change in 
PaO2/FiO2 in the supine position from baseline (day 1, 
before study drug administration and within 1 h before or 
after randomisation) to day 5. Secondary endpoints were 
number of patients with an early response (defined as 
patient alive and extubated or oxygenation index of ≥300 
or improvement of ≥30% from baseline, temperature 
<38°C in the absence of fever-decreasing medication for 
≥4 h, and white blood cell count within normal limit of 
local laboratory quantifications); number of patients with 
a late response (defined as discharge from hospital up to 
day 28 or alive and extubated, discharged from ICU, free 
of shortness of breath [respiratory rate <20] in absence of 
oxygen supply, and free of fever [<37·6°C]); percentage 
change in PaO2/FiO2 in the supine position from baseline 
to days 3, 7, 9, and 11; 28-day mortality; and treatment-
emergent and serious adverse events.

All adverse events, serious and non-serious, were 
reported. Immediately reportable serious adverse events 
included adverse events that resulted in death and new 
life-threatening events.

Various other outcomes (change from baseline in 
alanine aminotransferase, troponin I adjusted to glomeru
lar filtration rate, creatinine, lymphocyte counts, neutrophil 
counts, D-dimers, Glasgow outcome scale, time to reach 
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ICU discharge criteria, and assessment of complement 
activation parameters and plasma concentrations of IFX-1) 
were predefined in line with the exploratory nature of the 
initial phase of the clinical study. These outcomes and 
pharmacokinetic and pharmacodynamic analyses will be 
reported elsewhere. Subgroup and sensitivity analyses 
were done for patients intubated at randomisation or 
within 6 h after randomisation.

Statistical analysis
For the phase 2 part of the trial, 30 patients was deemed 
sufficient to learn enough about the uncertainties 
around the design parameters relevant for the phase 3 
part. This initial part of the PANAMO trial was not 
powered to show statistically significant differences in 
clinical endpoints.

Oxygenation (PaO2/FiO2) and efficacy-related laboratory 
parameters (lactate dehydrogenase, lymphocytes, eGFR, 
and D-dimers) were analysed at predefined timepoints 
(days 3, 5, 7, 9, 11, 13, 15, 22, and 29 for PaO2/FiO2 and 
before IFX-1 infusion and day 29 for other parameters). If 
a measurement was not available at the exact protocolised 
timepoint after randomisation, values were derived on the 
basis of linear interpolation between the last available 
measurement before and the first available measurement 
after that time. If a patient died, the PaO2/FiO2 was set to 
0 mm Hg at the time of death. For patients who recovered 
and were discharged from the ICU before day 15, the last 
measured value was carried forward for analysis. The 
analysis of relative change of oxygenation and laboratory 
values was based on a linear repeated measures model 
with the following explanatory variables: baseline value 
and age and factors for the treatment group; sex; time; 
interaction between baseline value and time; and inter
action between treatment group and time. The model was 
specified with an unstructured covariance matrix. For the 
analysis of relative change of oxygenation, intubation 
status at baseline was also added as an explanatory variable 
to the model. Based on the model, least squares means 
and their 95% CIs and p values were derived for the 
comparison between the two treatment groups at each 
timepoint.

All-cause mortality was analysed as a censored time-
to-event variable with Kaplan-Meier methods. The 
proportion of patients still alive at 28 days was derived 
from the product limits estimator in each treatment 
group. Adjustment for relevant baseline covariates (age, 
sex, and PaO2/FiO2) was done using a Cox proportional 
hazards model. The primary endpoint was assessed in 
the intention-to-treat population. Safety was assessed 
in all patients according to treatment received.

All analyses were performed in SAS 9.4 and figures were 
generated using R, version 4.0.0. An external data safety 
monitoring committee oversaw the trial and assessed the 
safety within prespecified interim analyses. Safety was 
assessed by an independent safety monitoring board. An 
expert committee consisting of trial investigators, non-trial 

related experts, and company representatives reviewed 
data on a weekly basis and was installed to provide 
recommendations with regards to stopping or moving 
into a potential phase 3 part of the study based on sig
nals detected and adaption of the choice of endpoints 
and potential changes in the study population for the 
phase 3 part. Company representatives acted as non-voting 
members. This trial was registered at ClinicalTrials.gov 
(NCT04333420).

Role of the funding source
The funder of the study had a role in study design, data 
collection, data analysis, data interpretation, and writing 
of the report. The corresponding author had full access 
to all the data in the study and had final responsibility for 
the decision to submit for publication.

Results
Between March 31 and April 24, 2020, we screened 
172 patients, of whom 142 were not eligible or declined 
participation. We enrolled 30 patients and randomly 
assigned 15 to the IFX-1 group and 15 to the control group 
(figure 1). One patient in the IFX-1 group had a history of 
COPD Global Initiative for Chronic Obstructive Lung 
Disease group C (an exclusion criterion) that was 
unknown at the time of randomisation. All 30 patients 
were included in the intention-to-treat analysis. Of those 
assigned to the IFX-1 group, all patients received the 
treatment as assigned. None of the IFX-1 group patients 

Figure 1: Trial profile

15 randomly assigned to control 
group

15 received allocated best 
supportive care

172 patients assessed for eligibility
 

30 enrolled

142 not included
 141 did not meet inclusion 

criteria
 1 declined participation

15 randomly assigned to IFX-1 
group

 

15 received at least one dose of 
allocated treatment

 3 received seven infusions
 3 received six infusions
 4 received five infusions
 5 received less than five 

infusions

15 completed the study up to 
day 28

 4 died
 11 recovered

15 completed the study up to 
day 28

 2 died
 13 recovered
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discontinued treatment because of an adverse event or a 
serious adverse event other than death. As of May 22, all 
30 patients had completed the trial up to day 28, recovered, 
or died. As of July 2, all recovered patients had at least one 
telephone follow-up and were alive.

Mean age of participants was 60 years (SD 9), 22 (73%) 
of 30 were men and eight (27%) were women (table 1). 

Most patients had either one (15 [50%] patients) or two or 
more (five [17%]) of the prespecified coexisting risk-
associated conditions at enrolment, most commonly 
hypertension (nine [30%]) and diabetes (eight [27%]). All 
patients had symptoms and signs consistent with 
COVID-19, most commonly dyspnoea (28 [93%]), cough 
(21 [70%]), and fever (11 [37%]). The median time 
between symptom onset and randomisation was 11 days 
(IQR 8–13). At randomisation, 18 (60%) patients were 
intubated, eight (27%) had an oxygen mask, and four 
(13%) patients had lower levels of oxygen delivery through 
nasal cannulas. Patients were either assigned to a treat
ment group at the ICU (18 [60%] patients), intermediate 
care unit (seven [23%] patients), or ward (five [17%] 
patients). Within 6 h after randomisation, 20 (67%) of 
30 patients were intubated, including those already 
intubated at baseline. Baseline characteristics were well 
balanced between treatment groups, although the IFX-1 
group had more patients with two or more risk-associated 
comorbidities (four [27%] of 15) than the control group 
(one [7%] of 15). Baseline characteristics per treatment site 
are available in the appendix (p 6).

During the study it became clear that several patients in 
the prone position could not be assessed regularly in the 
supine position because of severe hypoxaemia. It was 
therefore decided to focus on all PaO2/FiO2 assessments 
(irrespective of position) and perform an analysis of supine 
position values for sensitivity. At day 5 after randomisation, 
mean PaO2/FiO2 (irrespective of position) was 158 mm Hg 
(SD 63; range 84–265) in the IFX-1 group and 189 mm Hg 
(89; 71–329) in the control group. Linear repeated measures 
modelling for relative change in PaO2/FiO2 with adjust
ment for the covariates baseline PaO2/FiO2, timepoint, sex, 
and age showed no differences between treatment groups. 
Analyses of the least squares mean relative change in 
PaO2/FiO2 at day 5 (the primary outcome) showed no 
differences between treatment groups (17% change in the 
IFX-1 group vs 41% in the control group; difference –24% 
[95% CI –58 to 9], p=0·15; figure 2A). Sensitivity analysis 
for PaO2/FiO2 measured in the supine position according 
to the protocol showed that at day 5, mean values were 
148 mm Hg (range 0–263) in the IFX-1 group and 
182 mm Hg (range 61–329) in the control group 
(16% change in the IFX-1 group vs 32% in the control 
group; difference –16% [95% CI –53 to 20]). Subgroup 
analyses of patients intubated at baseline or within 6 h 
after randomisation showed similar results (appendix p 1).

Kaplan-Meier estimates of mortality by 28 days were 
13% (95% CI 0–31) for IFX-1 and 27% (4–49) for controls 
(appendix p 3; adjusted hazard ratio for death 0·65 
[95% CI 0·10–4·14]). For those intubated within 6 h after 
randomisation, estimates of mortality by 28 days were 
20% (95% CI 0–45) for IFX-1 and 40% (10–70) for the best 
supportive care group (hazard ratio for death 0·48 
[95% CI 0·07–3·35]; appendix p 3).

Data for all secondary endpoints were collected but the 
schedule of assessment for data collection for two secondary 

IFX-1 group 
(n=15)

Control group 
(n=15)

Age, years 58 (9) 63 (8)

Gender

Female 4 (27%) 4 (27%)

Male 11 (73%) 11 (73%)

Race

Asian 5 (33%) 2 (13%)

Black 2 (13%) 2 (13%)

White 8 (53%) 11 (73%)

Median time from symptom onset to 
randomisation, days

11 (7–12) 13 (9–14)

Median time from COVID-19 diagnosis 
to randomisation, days

2 (0–4) 2 (1–4)

Number of risk-relevant coexisting conditions

None 4 (27%) 6 (40%)

One 7 (47%) 8 (53%)

Two or more 4 (27%) 1 (7%)

Selected coexisting conditions

Hypertension 6 (40%) 3 (20%)

Diabetes 4 (27%) 4 (27%)

Obesity 2 (13%) 4 (27%)

Intubated at randomisation 8 (53%) 10 (67%)

Intubated within 6 h of randomisation* 2 (13%) 0

Oxygen mask 6 (40%) 2 (13%)

Nasal cannula 1 (7%) 3 (20%)

Admission department at randomisation

Intensive care unit 8 (53%) 10 (67%)

Intermediate care unit 5 (33%) 2 (13%)

COVID-19 ward 2 (13%) 3 (20%)

Standard-of-care medications

Chloroquine 7 (47%) 5 (33%)

Ganciclovir 1 (7%) 0 

Azithromycin 1 (7%) 0 

Nadroparin 15 (100%) 14 (93%)

Heparin 5 (33%) 8 (53%)

Acetylsalicylic acid 4 (27%) 4 (27%)

Apixaban 2 (13%) 2 (13%)

Rivaroxaban 1 (7%) 3 (20%)

Clopidogrel 1 (7%) 2 (13%)

Tinzaparin 1 (7%) 2 (13%)

Carbasalate 0 2 (13%)

Dabigatran 0 1 (7%)

Edoxaban 1 (7%) 0 

Data are n (%), mean (SD), or median (IQR). *Additional patients intubated after 
baseline.

Table 1: Baseline demographic and clinical characteristics

See Online for appendix
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Figure 2: Shift plots for eGFR 
and lymphocyte 
concentrations and least 
squares mean plots for 
relative changes in selected 
outcome parameters
Relative change in 
mean PaO2/FiO2 (A) and 
eGFR (B). eGFR in the 
IFX-1 group (C) and control 
group (D); lymphocyte counts 
in the IFX-1 group (E) and 
control group (F). Relative 
change in mean lactate 
dehydrogenase (G) and 
D-dimers (H). Error bars show 
95% CI. Units for eGFR are 
mL/min per 1·73 m². 
eGFR=estimated glomerular 
filtration rate. PaO2/FiO2=ratio 
of partial pressure of arterial 
oxygen to fractional 
concentration of oxygen in 
inspired air. 
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endpoints (early and late response) required temperature 
and respiratory rate assessment only at fixed days after 
randomisation; however, timing of data collection was not 
aligned with these days so these endpoints could not be 
assessed. For seven patients there were insufficient tem
perature or respiratory rate assessments documented to 
conclude when and if a response occurred.

An independent safety monitoring board met 
three times during and after enrolment of the first 

30 patients and recommended continuation of the study. 
Numbers of serious adverse events were similar between 
groups and reported for nine (60%) patients in the IFX-1 
group versus seven (47%) patients in the control group 
(table 2). No deaths were considered related to treatment 
assignment, as judged by the site investigators. Pulmonary 
embolism reported as serious adverse events occurred 
in two (13%) patients in the IFX-1 group and six (40%) 
patients in the control group. Infections (including posi
tive Staphylococcus test) classified as serious adverse events 
were reported in three (20%) patients in the IFX-1 group 
versus five (33%) patients in the control group.

The most commonly reported adverse events were as 
follows: pulmonary embolism (six [40%] in the IFX-1 group 
vs seven [47%] in the control group), impaired gastric 
emptying (four [27%] vs seven [47%]), hypokalaemia (five 
[33%] vs four [27%]), delirium (five [33%] vs three [20%]), 
respiratory failure (three [20%] vs three [20%]), deep vein 
thrombosis (three [20%] vs three [20%]), decubitus ulcer 
(two [13%] vs five [33%]), hypernatraemia (three [20%] vs 
five [33%]), hypophosphataemia (two [13%] vs five [33%]), 
hyperglycaemia (three [20%] vs three [20%]), and acute 
kidney injury (two [13%] vs four [27%]; appendix p 9).

Six (20%) of 30 patients died by day 28 (table 3). Of 
patients in the IFX-1 group, one died after a tube failure 
(leakage) with resulting severe hypoxia, and one patient 
with a history of severe COPD died of persistent hypoxic 
failure resulting in withdrawal of care. In the control 
group, all four patients died of COVID-19-induced multi
organ failure and three of them had pulmonary embolisms 
reported as serious adverse events.

At day 15, a post-hoc analysis of mean eGFR showed a 
3% change from baseline in the IFX-1 group versus –14% 
in the best supportive care group (difference 17% [95% CI 
–8 to 43], p=0·18; figure 2B). Shift plots show that eGFR in 
patients in the IFX-1 group mostly remained within 
normal limits or mildly decreased (figure 2C, D). One (7%) 
patient in the IFX-1 group and four (27%) patients in the 
control group had eGFR values that were at least mod
erately decreased (<45 mL/min per 1·73 m²). Two patients 
received renal replacement therapy: one in the IFX-1 
group developed vancomycin-induced renal toxicity that 
quickly recovered after vancomycin was discontinued and 
renal replacement therapy was given. One patient in the 
control group developed multiorgan failure prompting 
renal replacement therapy.

Lymphocytopenia (<1·5 × 10⁹ per L) was present 
in almost all patients at inclusion (25 [83%] of 30; 
figure 2E, F). At day 15, lymphocyte counts were normal in 
13 (87%) of 15 patients in the IFX-1 group and seven (47%) 
of 15 in the control group (p=0·050). For patients intubated 
at baseline or in the 6 h after randomisation, lymphocyte 
counts were normal at day 15 in nine (90%) of ten patients 
in the IFX-1 group versus four (40%) of ten in the control 
group (p=0·057; appendix p 1). Lactate dehydrogenase 
concentrations were increased at baseline in both treat
ment groups (median 429 U/L [SD 153] in the IFX-1 group 

IFX-1 group 
(n=15)

Control group 
(n=15)

Patients Events Patients Events

Total 9 (60%) 23 7 (47%) 19

Respiratory, thoracic, and 
mediastinal disorders

5 (33%) 7 6 (40%) 8

Pulmonary embolism 2 (13%) 2 6 (40%) 6

Respiratory failure 2 (13%) 2 1 (7%) 2

Hypoxia 2 (13%) 2 0 0

Dyspnoea 1 (7%) 1 0 0

Infections and infestations 3 (20%) 6 4 (27%) 4

Pneumonia 1 (7%) 1 3 (20%) 3

Device-related sepsis 1 (7%) 1 0 0

Pseudomonas infection 1 (7%) 1 0 0

Sepsis 0 0 1 (7%) 1

Staphylococcal infection 1 (7%) 1 0 0

Urinary tract infection 1 (7%) 1 0 0

Vascular device infection 1 (7%) 1 0 0

General disorders and 
administration site conditions

0 0 4 (27%) 4

Multiple-organ dysfunction 
syndrome

0 0 4 (27%) 4

Investigations 2 (13%) 2 1 (7%) 1

End-tidal carbon dioxide 
increased

1 (7%) 1 0 0

Oxygen saturation 
decreased

1 (7%) 1 0 0

Staphylococcus test positive 0 0 1 (7%) 1

Gastrointestinal disorders 2 (13%) 2 0 0

Dysphagia 1 (7%) 1 0 0

Salivary hypersecretion 1 (7%) 1 0 0

Psychiatric disorders 2 (13%) 2 0 0

Delirium 2 (13%) 2 0 0

Renal and urinary disorders 0 0 2 (13%) 2

Acute kidney injury 0 0 1 (7%) 1

Renal failure 0 0 1 (7%) 1

Nervous system disorders 1 (7%) 2 0 0

Epilepsy 1 (7%) 1 0 0

Ischaemic cerebral infarction 1 (7%) 1 0 0

Product issues 1 (7%) 1 0 0

Device leakage 1 (7%) 1 0 0

Vascular disorders 1 (7%) 1 0 0

Peripheral artery thrombosis 1 (7%) 1 0 0

Data are n (%) or n.

Table 2: Serious adverse events
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vs 450 U/L [144] in the control group). Lactate dehydro
genase in the IFX-1 group was non-significantly lower 
than in the best supportive care group at most timepoints 
after baseline (p=0·07; figure 2G). For patients intubated 
at baseline or in the 6 h after randomisation, similar 
results were observed (p=0·14; appendix p 1). D-dimer 
concentrations in patients in the IFX-1 group showed a 
significant relative increase compared with the control 
group on day 2 (relative increase 170% in the IFX-1 group 
vs 23% in the control group; p=0·03) and 4 (268% vs 54%; 
p=0·03; figure 2H).

 Because of an apparent imbalance in relevant 
comorbidities between treatment groups in favour of 
the control group, an additional post-hoc analysis of all 
model-based estimations was done with relevant co
morbidities (hypertension, diabetes, chronic lung disease 
[COPD or asthma], severe cardiovascular disease [coron
ary artery disease], severe liver disease [liver fibrosis], 
cancer, or being immunocompromised [HIV, transplant 
patients, pancytopenia, others]) as covariates. This com
parison showed similar results to the main analysis 
(appendix pp 7–8).

The expert committee, based on the review of avail
able data, unanimously recommended continuing into 
phase 3 and advised on changes to the study protocol. 
This procedure was also prediscussed with regulatory 
authorities and institutional review boards.

Discussion
Results of our exploratory phase 2 trial show that C5a 
inhibition with IFX-1 appears safe in adults with severe 
COVID-19. Several complement inhibitors are being 
investigated in COVID-19, targeting C3 (NCT04395456 
and NCT04402060), C5 (NCT04346797, NCT04369469, 
and NCT04382755), C5a (NCT04449588), and C5aR 
(NCT04371367).18 Compared with these approaches, there 
are distinct differences and potential advantages for a 

targeted blockade of C5a in COVID-19. Blocking C5a 
leaves C5b-9 formation (the so-called membrane attack 
complex) intact, which is a crucial component for host 
defence, especially bacterial lysis. Because blockade of an 
upstream component in the complement pathways will 
inevitably affect the formation of the membrane attack 
complex, such upstream intervention might put patients 
with COVID-19 at risk of bacterial infection. Studies have 
shown that targeted blockade of C5a is required to 
completely inhibit C5a-elicited inflammation,19 because 
C5a can be generated not only through the conventional 
complement pathways but also through direct cleavage 
(activation) of C5 by various enzymes such as thrombin, 
trypsin, and plasmin. These enzymes are probably active 
in COVID-19, given the ongoing thrombotic events. The 
direct activation of C5a is not inhibited by upstream 
complement inhibitors, which might possibly result in 
a potency difference between direct C5a inhibitors and 
upstream inhibitors. Notably, blockade of C5a leaves 
neutrophils undisturbed while preventing C5a-induced 
activation of these cells, which might help the restoration 
of a functional neutrophil population in patients with 
COVID-19. This could be important in combating viral 
infection through the innate immune response and could 
also facilitate fibrinolysis as previously reported.20

In our trial, mean relative changes in PaO2/FiO2 at day 5 
were not different between groups and this initial part of 
the PANAMO trial was not powered to show statistically 
significant differences in clinical endpoints. We initially 
chose PaO2/FiO2 because we believed that it could be 
directly driven by the anticipated primary pulmonary 
damage caused by SARS-CoV-2. However, there is 
increasing evidence that a strong effect on oxygenation 
during the initial phase might in fact be driven by a 
primary damaging mechanism of SARS-CoV-2 to the 
endothelial cells with related induction of coagula
tion and thrombotic events. Thus, oxygenation might 

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Assignment IFX-1 IFX-1 Control Control Control Control

Age, years 61 73 63 68 56 75

Gender Female Female Male Male Male Male

Comorbidities Hypertension, 
hypercholesterolaemia, 
obesity

COPD of GOLD 
grade C*, TIA

None Cerebral infarction 
without sequelae

Chronic hepatitis B, 
type 2 diabetes

TIA, type 2 diabetes

Time between symptoms and 
death, days

19 15 50 27 22 13

Time between randomisation 
and death, days

8 8 17 14 8 8

Complications and cause of 
death

Tube failure causing 
severe hypoxia

Hyperglycaemia, 
respiratory failure, 
circulatory shock

Multiorgan 
failure

Multiorgan failure Multiorgan failure Multiorgan failure

Severe pulmonary embolism 
(>grade II)

None None None Grade IV Grade III Grade III

All patients who died are included. COPD=chronic obstructive pulmonary disease. GOLD=Global Initiative for Chronic Obstructive Lung Disease. TIA=transient ischaemic 
attack. *Case 2 met an exclusion criterion with a diagnosis of COPD GOLD grade C, which was unknown at the time of randomisation.

Table 3: Treatment assignment, clinical characteristics, and causes of death
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primarily be at least partially affected by decreased 
perfusion through thromboembolic events in the lung 
vasculature, and therefore not ideally reflected by the 
PaO2/FiO2. Patients included in this trial had COVID-19 
that had progressed towards acute respiratory distress 
syndrome, which could reflect progressed microangio
pathy and thromboembolic events. Additionally, there 
was large variability in the PaO2/FiO2, especially in non-
intubated patients. Thus, early changes in this ratio 
might not be the optimal outcome parameter for severe 
COVID-19.

A significant temporary D-dimer increase was observed 
upon initiation of IFX-1 therapy (days 2 and 4), but not in 
the control group. This might be a sign of induction of 
either a direct or an indirect profibrinolytic effect and is in 
line with the observed three-times lower rate of pulmonary 
embolisms reported as serious adverse events in the IFX-1 
treatment group versus the control group, and might be 
mechanistically linked to the observed lower death rate. 
Patients with severe COVID-19 are at risk of developing 
thrombotic complications, with reported rates up to 43%.21 
Autopsy studies in COVID-19 describe widespread micro
thrombi in several organs, including the lungs and 
kidney in combination with high levels of complement 
deposition.22,23 Coagulation activation in COVID-19 might 
be initiated by direct virus-induced endothelial injury 
resulting in upregulation of tissue factor or, alternatively or 
additionally, by suppressed fibrinolysis and production of 
other procoagulant proteins.24 Notably, C5a activation has 
been shown to directly induce endothelial tissue factor 
upregulation,25 neutrophil-mediated coagulation activation, 
and to switch inflammatory cells from a profibrino
lytic (t-PA release) to a prothrombotic phenotype (PAI-1 
release).26 Furthermore, increased C5a levels have been 
reported in patients with COVID-19.8 The timing of 
the D-dimer peak upon initiation of IFX-1 therapy was 
consistent in all patients in the IFX-1 group who showed 
an increase in this parameter. We therefore hypothesise 
that inhibition of C5a by IFX-1 might lead to a decrease of 
C5a-induced coagulation and an either directly or indirectly 
fostered thrombolysis (appendix p 2).

IFX-1 treatment had a positive (but not signifi
cant) effect on reversal of blood lymphocytopenia and 
reduction in lactate dehydrogenase concentrations—two 
parameters that have been reported as biomarkers for 
COVID-19 disease severity.1,27,28 We also detected a lower 
rate of induced renal impairment in patients with 
COVID-19, which is in line with a potential tissue 
integrity-preserving effect of C5a inhibition. It remains 
speculative whether kidney injury and other organ injury 
in the patients who died of COVID-19-induced multi
organ failure also resulted from thrombotic events. One 
patient with progressing severe COPD was included in 
the study despite meeting exclusion criteria, and died 
of hypoxic respiratory failure. This patient’s condi
tion was not known at the time of randomisation. 
Technically, this enrolment is a protocol deviation, but 

we decided to include the patient in the intention-to-
treat analysis. We established that excluding this patient 
in the IFX-1 group in our small exploratory RCT would 
have affected all results in favour of IFX-1. However, 
keeping this patient in the analysis does not change our 
conclusion that IFX-1 is safe and promising in severe 
COVID-19. Our study provides important information 
for our phase 3 study design on IFX-1 in patients 
with severe COVID-19, and for complement inhibition 
studies in this disease in general. Additional pharmaco
kinetic and pharmacodynamic analyses (including C5a) 
from the study are pending and are planned to be 
published separately.

Our study was an exploratory randomised open-label 
study with several limitations. First, the open-label 
design might have resulted in bias in outcome and safety 
assessments. Second, the PaO2/FiO2 showed overall very 
large variability and dependency on patient positioning 
and intubation status. Signals might not be detected with 
such large variation and low patient numbers. Third, the 
study design allowed enrolment of critically ill intubated 
patients, but also non-intubated patients on the basis of 
a predefined low PaO2/FiO2. This ratio has several 
discussed limitations and might result in enrolment of 
less critically ill patients when not being intubated, thus 
increasing patient heterogeneity, leading to larger 
variability in some endpoints. Fourth, although this was 
a multicentre randomised study, most intubated patients 
were included at one medical centre. Finally, only 17% of 
the screened patients were considered eligible to 
participate. Although the number appears low, this is 
common for ICU trials and was mainly due to referral of 
intubated patients with COVID-19 from other centres 
after 48 h, participation in other trials, or not fulfilling 
the PaO2/FiO2criteria.

The results and knowledge gained from this part of the 
PANAMO trial have important implications for the design 
of the phase 3 part. The primary endpoint will be changed 
to 28-day all-cause mortality. To eliminate key limitations 
and reduce bias we will perform a placebo-controlled 
trial instead of an open-label study. To increase the 
generalisability of the results, we will consider allowing 
enrolment of patients with lower PaO2/FiO2. Additionally, 
we plan to restrict inclusion to mechanically ventilated 
patients. We believe that these measures will result 
in a more homogeneous patient population. Notably, 
treatment strategies that have been effective in COVID-19 
such as remdesivir and dexamethasone, and which 
become part of treatment guidelines and regimens, will 
generally be allowed in interventional trials going forward.

The safety and tolerability analysis of this phase 2 part of 
the study did not result in any signals of concern. We 
believe that the totality of observed safety and preliminary 
efficacy signals support continuation to the phase 3 part. 
Ultimately, the phase 2 part of the PANAMO trial 
was exploratory in nature and efficacy of IFX-1 in patients 
with COVID-19 must be confirmed in an adequately 



Articles

www.thelancet.com/rheumatology   Vol 2   December 2020	 e773

and separately powered controlled phase 3 part of the 
PANAMO study.
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