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Summary
Background Activation of the TREM-1 pathway is associated with outcome in life threatening COVID-19. Data suggest
that modulation of this pathway with nangibotide, a TREM-1 modulator may improve survival in TREM-1 activated
patients (identified using the biomarker sTREM-1).

Methods Phase 2 double-blind randomized controlled trial assessing efficacy, safety, and optimum treatment
population of nangibotide (1.0 mg/kg/h) compared to placebo. Patients aged 18–75 years were eligible within 7
days of SARS-CoV-2 documentation and within 48 h of the onset of invasive or non-invasive respiratory support
because of COVID-19-related ARDS. Patients were included from September 2020 to April 2022, with a pause in
recruitment between January and August 2021. Primary outcome was the improvement in clinical status defined
by a seven-point ordinal scale in the overall population with a planned sensitivity analysis in the subgroup of
patients with a sTREM-1 level above the median value at baseline (high sTREM-1 group). Secondary endpoints
included safety and all-cause 28-day and day 60 mortality. The study was registered in EudraCT (2020-001504-42)
and ClinicalTrials.gov (NCT04429334).

Findings The study was stopped after 220 patients had been recruited. Of them, 219 were included in the mITT
analysis. Nangibotide therapy was associated with an improved clinical status at day 28. Fifty-two (52.0%) of patients
had improved in the placebo group compared to 77 (64.7%) of the nangibotide treated population, an odds ratio (95%
CI) for improvement of 1.79 (1.02–3.14), p = 0.043. In the high sTREM-1 population, 18 (32.7%) of placebo patients
had improved by day 28 compared to 26 (48.1%) of treated patients, an odds ratio (95% CI) of 2.17 (0.96–4.90),
p = 0.063 was observed. In the overall population, 28 (28.0%) of placebo treated patients were not alive at the day
28 visit compared to 19 (16.0%) of nangibotide treated patients, an absolute improvement (95% CI) in all-cause
*Corresponding author. Réanimation Polyvalente, CHU Dupuytren, 2 avenue Martin-Luther King 87042 Limoges cedex, France.
E-mail address: bruno.francois@chu-limoges.fr (B. François).
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mortality at day 28, adjusted for baseline clinical status of 12.1% (1.18–23.05). In the high sTREM-1 population
(n = 109), 23 (41.8%) of patients in the placebo group and 12 (22.2%) of patients in the nangibotide group were
not alive at day 28, an adjusted absolute reduction in mortality of 19.9% (2.78–36.98). The rate of treatment
emergent adverse events was similar in both placebo and nangibotide treated patients.

Interpretation Whilst the study was stopped early due to low recruitment rate, the ESSENTIAL study demonstrated
that TREM-1 modulation with nangibotide is safe in COVID-19, and results in a consistent pattern of improved
clinical status and mortality compared to placebo. The relationship between sTREM-1 and both risk of death and
treatment response merits further evaluation of nangibotide using precision medicine approaches in life
threatening viral pneumonitis.

Funding The study was sponsored by Inotrem SA.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Research in context

Evidence before this study
The treatment of patients with life threatening ARDS caused
by SARS-CoV-2 infection has been shown to be amenable to
immune modulation therapy, although in spite of positive
trials, mortality remains unacceptably high in this population.
Observational data supports a potential role for TREM-1 in
the pathophysiology of severe COVID-19 and ARDS in general.
However to date, no studies have explored the impact of a
TREM-1 modulation strategy on outcome in patients.

Added value of this study
This study shows for the first time that a TREM-1 modulation
strategy with nangibotide may result in improved clinical

status and survival at day 28 with a consistent pattern at day
60 in patients with severe COVID-19 compared to placebo. In
addition, nangibotide administration appears to be safe and
well tolerated in this population.

Implications of all the available evidence
These data, combined with existing observational data,
support the progression to definitive evaluation of the
efficacy of TREM-1 modulation with nangibotide in patients
with severe COVID-19 and the wider group of patients with
moderate to severe ARDS.
Introduction
Coronavirus disease 2019 (COVID-19) arises as a
consequence of infection with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). The clinical
spectrum of this disease is broad with most patients
experiencing mild or moderate symptoms. However in
the subgroup of patients that develop severe disease, the
mortality remains high and additional therapies are
required.1

The Triggering Receptor Expressed on Myeloid Cells 1
(TREM-1) is an immunomodulatory receptor expressed on
innate immune cells, endothelial cells, and platelets. The
biological function of TREM-1 is the amplification and the
maintenance of innate immune reaction initiated by TLR
activation.2 In patients, the plasma levels of sTREM-1
reflect the level of activation of the TREM-1 pathway.2

Nangibotide is a 12 amino-acid peptidic fragment
derived from TREM-Like Transcript-1 (TLT-1), a receptor
protein belonging to the TREM-1 family. Nangibotide
binds the TREM-1 agonist ligand and thereby modulates
the amplification of the immune response caused by the
activation of the TREM-1 pathway in acute inflammation.3
There is a burgeoning evidence base that in patients
with COVID-19 pneumonitis, a dysregulated immune
state is responsible, at least in part, for the development
of severe disease as evidenced by the therapeutic bene-
fits associated with corticosteroid therapy and anti-IL-6
approaches.4,5 Observational data confirm that the
TREM-1 pathway is activated and associated with sub-
sequent disease severity, prolonged duration of me-
chanical ventilation and outcome,6–8 in COVID-19 and
non COVID-19 ARDS.2,9–11

In addition, rodent and porcine models demonstrate
the protective effect of nangibotide on lung injury in the
context of inhaled lipopolysaccharide12–14 and septic
shock animal models.3,15–17

Nangibotide has been shown to be safe and well
tolerated in both healthy volunteers in doses up to 6 mg/
kg/h and patients with septic shock at doses up to 3 mg/
kg/h.18,19 Furthermore, following a supportive phase 2a,19

the phase 2b ASTONISH study in patients with septic
shock demonstrated that TREM-1 modulation with nan-
gibotide in patients with elevated levels of sTREM-1 lead
to a pattern of improved acute morbidity.20
www.thelancet.com Vol 60 June, 2023
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Here we present the results of the ESSENTIAL
study, a randomized controlled trial assessing the safety
and tolerability of nangibotide in patients with COVID-
19 and hypoxic respiratory failure receiving respiratory
support in the intensive care unit (ICU).
Methods
Design
ESSENTIAL was a randomized, double-blind, placebo-
controlled trial, in which one dose of nangibotide was
tested versus placebo. The study was conducted in 14
academic/university hospitals in France and Belgium.
The study was overseen by an independent Data
Monitoring Committee (DMC).

The study was divided into two parts running
sequentially without unblinding. Part 1 evaluated safety
and tolerability and included 60 patients, randomized in a
2:1 ratio of nangibotide to placebo. Part 2 had an initially
planned sample size of 370 patients (including those
recruited in part 2), randomized in a 1:1 ratio of nangi-
botide to placebo. The sample size required to evaluate
the primary endpoint was based upon the demonstration
of a comparable effect size to that observed in early phase
trials of immunomodulatory therapies in severe COVID-
19.21 A computer generated randomization scheme was
developed by an independent statistician who was not
part of the study team. Randomization assignment was
implemented using an Interactive Response Technology
(IRT) with randomization stratified by site. Patients were
assigned in a blinded fashion to one of the treatment
groups.

A complete list of investigators and contributors to
the study is provided in the electronic supplementary
material (ESM 1).

Ethics
All patients or their legally authorised representatives
provided written informed consent or, in relevant
countries, an independent physician, confirmed patient
eligibility for enrolment in the trial.

The trial procedures and the informed consent form
(ICF) process were approved by the respective inde-
pendent ethics committee (IEC) following international
standards and national requirements of each partici-
pating country. The study has been approved by the
responsible ethics committees/institutional review
boards in all study countries. The study was registered
in the EU Clinical Trials Register (EudraCT Number:
2020-001504-42) ClinicalTrials.gov: NCT04429334.

Participants
Patients (aged 18–75 years inclusive) were eligible for
enrolment within 48 h of the initiation of non-invasive,
including high flow oxygen, or invasive respiratory
support in an ICU setting primarily for the treatment of
SARS-CoV-2 induced respiratory failure if they met all
www.thelancet.com Vol 60 June, 2023
inclusion and no exclusion criteria. Main inclusion
criteria were the presence of documented SARS-CoV-2
infection in the preceding seven days, non-invasive (a
baseline clinical status score of 5) or invasive (a clinical
status of 6) respiratory support, a PaO2:FiO2 ratio of
<200 mmHg (<26.7 kPa) and a FiO2 ≥0.6 before the
initiation of study drug; a degree of hypoxia consistent
with moderate to severe Acute Respiratory Distress
Syndrome (ARDS). The PaO2:FiO2 ratio was estimated
using the inspired oxygen fraction set by the supportive
device that was employed i.e. the ventilator, non invasive
ventilation (NIV) or high flow nasal oxygen (HFNO) at
the time of screening. The partial pressure of oxygen
was measured using arterial blood gas analysis.

The main exclusion criteria related to the presence of
severe life limiting comorbidity, pregnancy and chronic
immunosuppression. A full list of inclusion and exclu-
sion criteria is included in the ESM 2.

Intervention
Patients received a continuous infusion of nangibotide
at 1.0 mg/kg/h or a matched placebo. Study drug was
issued as a lyophilized white powder in 50 ml glass vials
containing either nangibotide or placebo. The powder
was solubilized with water for injection at the site and
infused at the prescribed rate based upon actual body
weight as a continuous infusion via a central vein.
Treatment was initiated as early as possible, but no later
than 48 h after the initiation of respiratory support (NIV,
HFNO or invasive ventilation). Patients were treated
with study drug for a total duration of 5 days (120 ± 2 h)
or until ICU discharge, whichever was sooner. The
rationale for administering nangibotide was that this is
the period of sustained TREM-1 activation observed in
both preclinical models and observational human data
sets.

The treatment was administered in addition to
standard of care. Follow-up visits were performed daily
until day 14. The end of study visit was at day 28 and a
further follow up visit assessing survival was conducted
at day 60.

Outcome measures
The primary endpoint in part 1 of the trial was safety
described by the incidence of adverse events and mor-
tality until day 28. The primary endpoint of part 2
(assessed in all patients included in both parts of the
study) was the improvement in clinical status (7-point
Ordinal Scale) assessed at day 28, with a score of 1
reflecting a patient at home and independent, and a
score of 7 being allocated to a non survivor. The cate-
gorizations of the score are provided in Supplementary
Table S1.

Secondary outcomes included all-cause mortality at
day 28 and day 60 (day 60 mortality data for patients
included in part 1 of the trial was collected after
completion of the study, detailed in ESM 2), duration
3
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and nature of supported ventilation and hospital free
survival (the proportion of patients alive and not hos-
pitalized on day 28). Exploratory safety outcomes
included the incidence of thromboembolic events and
the rate of secondary infection. At the day 60 visit,
subjects were invited to complete (in person or by tele-
phone) the EQ5D-3L assessment. In brief, this involved
5 questions regarding functional status across a range of
categories (mobility, self care, usual activities, pain/
discomfort, anxiety/depression) graded on a three point
scale including severe limitation, some limitation or no
limitation as possible responses.

Interim analyses
Two pre-planned interim analyses were conducted by an
independent unblinded data monitoring committee
(DMC) after 60 patients and after 130 patients had been
randomized. The first interim evaluated safety and the
second interim analysis assessed both safety and futility.
The DMC charter and statistical analysis plan (SAP) for
the futility analysis are provided in the ESM 3 and 4. The
DMC did not raise concerns during either interim
analysis or the study proceeded without modification.

Data analysis and statistics
Summaries of the methods employed in the analysis of
safety and efficacy are provided in the statistical analysis
plans (DMC SAP, ESSENTIAL SAP) (ESM 4, 5).

Efficacy, safety, and tolerability endpoints were
assessed in all patients who were randomized to a
treatment group and received at least one dose of study
drug (modified intent-to-treat (ITT) analysis). The per-
protocol (PP) analysis included all patients who, in
addition, received the trial medication according to the
protocol with minor deviations only and satisfied all
major entry criteria. Demographic and medical back-
ground data, safety variables and secondary endpoints
were analysed using descriptive statistics. Continuous
data were analysed based on the mean (SD) or median
(IQR) depending upon the distribution of the data.
Categorial variables are summarized using counts and
frequencies for contingency tables. All-cause mortality
was evaluated using data collected from adverse event,
study visit and mortality sections of the clinical report
form.

In order to prevent any potential impact of imbal-
ance between the study groups in terms of baseline
respiratory support, a priori, the planned evaluation of
improvement in clinical status was compared between
groups with a Cochran-Mantel Haenszel test stratified
only by clinical status at baseline (5 or 6) using
modified ridit scores. The Wald test p-value for the
difference in raw mean scores is provided. Patients
with a missing clinical status at day 28 and who died
prior to or on day 28 were assigned the category of 7 at
day 28. Patients with a missing clinical status at day 28
and without documented death occurring prior to or
on day 28 were assigned the last available clinical
status.

The a priori planned analysis of the secondary
endpoint all-cause mortality at day 28 was conducted
using a logistic regression model adjusting for the same
covariates used for the primary endpoint analysis
(baseline clinical status only). The treatment effect
comparing nangibotide vs placebo was estimated in
terms of an odds ratio associated with a 95% CI and p-
value. The PH Cox regression model included treatment
and stratification factors. Hence, the hazard ratio for
treatment is an adjusted hazard ratio. Hazard Propor-
tionality was assessed by visual inspection of Schoenfeld
residuals and tested with the Score Test based on
weighted Schoenfeld residuals.

The relationship between the degree of TREM-1
activation (defined by sTREM-1 level at baseline) and
treatment effect was explored with regards to selected
clinically relevant outcomes. The treatment effect of
each dose of nangibotide vs placebo was evaluated for
potential in the overall population and in the group of
patients with a sTREM-1 level above the median value at
baseline (high sTREM-1 group).

Due to the exploratory nature of this trial that was
stopped earlier than planned, an adjusted alpha nominal
level was employed for the test of the primary endpoint
to take into account the early stop and control the type 1
error at its usual 1-sided level of 0.025. A conservative
alpha spending function was used blind to control the
type 1 error: the nominal 1-sided alpha level considered
is 0.003303, derived from the Lan DeMets Obrien-
Fleming spending function at 220 patients. Prepara-
tion of the mITT and PP analyses was conducted based
on the pre-planned SAP by the biostatistics team of the
contract research organization. The exploratory evalua-
tion of the relationship between the degree of TREM-1
activation and treatment response was conducted by
the study statistician. No adjustment for multiple end-
points was performed as other endpoints in this trial are
considered as exploratory. Statistical analyses were per-
formed using SAS version 9.3, and R version 3.4.3.

Role of the sponsor
The sponsor contributed to the design of the trial,
design of the statistical analysis plan, post hoc explor-
atory analyses, preparation of the manuscript and the
decision to submit. The sponsor played no role in pa-
tient screening, recruitment, collection of data, analysis
or interpretation of the main outcomes.
Results
Patients and study treatment
The first patient was enrolled on 23rd September 2020
and the last patient on 29th April 2022. There was a
pause in recruitment between the end of January
2021 at the end of part 1 and the start of part 2 in
www.thelancet.com Vol 60 June, 2023

www.thelancet.com/digital-health


Articles
August 2021 to facilitate availability of additional study
drug and matched placebo. Availability of study drug
limited the maximum recruitment rate during part 2 of
the trial.

1184 patients were screened and the study was
stopped after 220 patients were randomized. Of these
patients, one was identified as being ineligible for in-
clusion between randomization and initiation of treat-
ment and did not receive study drug, therefore 219
patients were included in the mITT set. Analysis of the
safety and efficacy of nangibotide in the mITT set was
therefore based upon 119 patients treated with nangi-
botide and 100 patients treated with placebo (Fig. 1). The
proportion of patients with a clinical status of 5 at
Fig. 1: Patient recruit

www.thelancet.com Vol 60 June, 2023
baseline was 69/100 (69.0%) in the placebo and 80/119
(67.2%) in the nangibotide treated patients. The
remainder of the patients, 31 (31.0%) placebo and 39
(32.8%) nangibotide had a baseline clinical status score
of 6 (invasive mechanical ventilation). No patients were
undergoing extracorporeal membrane oxygenation
(ECMO) at randomization. During the course of the
study, 3 (3.0%) patients in the placebo group and 5 pa-
tients (4.2%) underwent ECMO at any stage between
baseline and day 28.

Low recruitment primarily due to reduced numbers
of patients admitted to ICU with COVID-19 coupled
with the changes in the proportion of patients devel-
oping severe disease that were considered eligible led to
ment flowchart.

5
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the early termination of the study with an adequate
sample size available to design a phase 3 trial.

Baseline characteristics for the overall population
and the group of patients with high sTREM-1 are
shown in Table 1. The population as a whole displayed
typical features of patients admitted to ICU with
COVID-19. Whilst there were no significant imbal-
ances between the study populations, the proportion of
patients that received dexamethasone was 70% in the
nangibotide treated population and 65% in the placebo
group. The mean (SD) time from onset of support to
inclusion was 17.4 (12.1) hours in the placebo group
Demographics

Age (Years)

Sex female N (%)

Body mass index (kg/m2)

Ethnicity

White or Caucasian n (%)

Black or African American n (%)

Asian n (%)

Hispanic, Latino or of Spanish origin n (%)

Native Hawaiian or other pacific islander n (%)

Other n (%)

Respiratory Support at baseline

Invasive ventilation, n (%)

Non-invasive ventilation, n (%)

High flow, n (%)

Period: Initiation of respiratory support to study drug start (hrs)

Organ Support at baseline

Vasopressor n (%)

Renal replacement therapy n (%)

sTREM-1 AT BASELINE (pg/ml)

Mean (SD)

Median

Min-max

ARDS severity

PaO2:FiO2 ratio
a

PaO2:FiO2 ratio 100–200 n (%)

PaO2:FiO2 ratio <100 n (%)

SOFA at Baseline

Mean (SD)

IMP Exposure (hrs)

Median

Min-max

Co-administered Therapies

Dexamethasone n (%)

Tocilizumab n (%)

Vaccinated against SARS-CoV-2 n (%)

Data presented as mean (SD) or median (IQR) unless specified. Patients reported as hav
vaccinated. A number of patients were reported as receiving intermittent high flow nas
Data are reported as recorded by the sites. aAll patients had PaO2:FiO2 evaluated at scre
were missing PaO2:FiO2 at baseline and are not reported in this table of features at th

Table 1: Baseline characteristics of patients included in the ESSENTIAL study
and 22.3 (14.5) hours in the nangibotide treated
population.

Safety of nangibotide
The safety of nangibotide was the primary outcome of
part one of the study and was assessed throughout the
trial. Results of the analysis of safety and tolerability are
summarized in Table 2. The incidence of treatment
emergent adverse events (TEAEs) and serious TEAEs
was similar in the placebo and treatment groups. 194/
219 (88.6%) of patients experienced at least one TEAE.
Classification of TEAE by system organ class is provided
Placebo (n = 100) Nangibotide (n = 119)

61.3 (10.9) 62.4 (10.3)

16 (16.0) 28 (23.5)

28.8 (4.0) 28.9 (4.7)

96 (96.0) 111 (93.3)

2 (2.0) 4 (3.4)

0 (0.0) 2 (1.7)

1 (1.0) 0 (0.0)

0 (0.0) 1 (0.8)

1 (1.0) 1 (0.8)

31 (31.0) 39 (32.8)

1 (1.0) 4 (3.4)

68 (66.0) 81 (68.1)

17.4 (12.1) 22.3 (14.5)

16 (16) 18 (15)

0 (0) 0 (0)

290.8 (216.2) 273.7 (166.6)

255.0 231.0

87–1810 91–1140

88.0 (71.4–111.2) 92.2 (77.0–118.9)

27 (27) 43 (36)

60 (60) 56 (47)

5.3 (2.11) 4.8 (2.28)

120.0 120.0

23.7–132.0 28.7–132.2

65 (65) 84 (70.6)

17 (17) 17 (14.2)

20 (20) 21 (17.7)

ing received at least one dose of a licensed vaccine for COVID-19 were considered
al oxygen or non invasive ventilation, and both were recorded as baseline support.
ening, however 13 (13%) of placebo and 21 (18%) of nangibotide treated patients
e time of initiation of study drug.

.

www.thelancet.com Vol 60 June, 2023
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Placebo (n = 100) Nangibotide (n = 119)

Total AE n 587 659

Patients with at least 1 AE n (%) 90 (90.0) 104 (87.4)

Total AE related to study drug n 5 4

Patients with at least 1 AE related to study drug n (%) 4 (4.0) 4 (3.4)

Total AE leading to death n 27 19

Total SAE n 60 63

Patients with at least 1 SAE n (%) 43 (43.0) 33 (27.7)

Total SAE related to study drug n 3 1

Patients with at least 1 SAE related to study drug n (%) 3 (3.0) 1 (0.8)

Table 2: Cumulative incidence (n, %) of adverse events in patients treated with placebo and nangibotide in the ESSENTIAL trial between initiation of
study drug and study day 28.

Articles
in the supplementary files for the overall population and
patients in the high sTREM-1 group (ESM 6). Four pa-
tients experienced a serious TEAE considered possibly
related to study drug with three of those patients in the
placebo group and one in the nangibotide group. None
of the serious TEAEs considered possibly related to
study drug led to the premature cessation of study drug.
Exploratory safety outcomes related to common
complication of ICU admission for COVID-19 revealed
no increase in the rate of thromboembolic events with
16/100 (16.0%) of placebo patients diagnosed with
thrombus in at least one site compared to 19/119
(16.0%) in the nangibotide treated patients. 53/119
(44.5%) of nangibotide treated patients developed at
least one secondary respiratory infection compared to
57/100 (57.0%) of those that received placebo, ventilator
associated pneumonia was reported in 54/100 (54%) of
the placebo patients and 48/119 (40.3%) of nangibotide
treated patients.

Efficacy of nangibotide
Primary outcome
The primary efficacy outcome assessed in all patients in
the trial was the odds ratio for improvement in clinical
status at day 28 from baseline. Table 3 describes the
Value Clinical status definition

1 Not hospitalized, no limitations of activities

2 Not hospitalized, limitations of activities

3 Hospitalized, not requiring supplemental oxygen

4 Hospitalized, requiring supplemental oxygen

5 Hospitalized, on non-invasive ventilation or high flow oxygen devic

6 Hospitalized, on invasive mechanical ventilation or ECMO

7 Death

The number (%) of patients in each of the seven categories is described for patients that
patients with high sTREM-1 defined by a sTREM-1 above the median value (239 pg/m

Table 3: The distribution of clinical status at day 28 in patients included in

www.thelancet.com Vol 60 June, 2023
distribution of clinical status on day 28 for the nangi-
botide and placebo patients in the overall population and
in the group of patients with a high sTREM-1 at base-
line. The evolution of clinical status at days 7, 14 and 28
is described for the overall population in Fig. 2a and the
high sTREM-1 group in Fig. 2b. The Cochran-Mantel
Haenszel test stratified by clinical status at baseline (5
or 6) using modified ridit scores resulted in a p value of
0.04 in the overall population and p value of 0.128 in the
high sTREM-1 group. The pattern of efficacy observed
in the primary analysis was consistent in the subgroups
of patients with a baseline score of 5 or 6
(Supplementary Tables S2 and S3).

A planned sensitivity analysis categorizing the pa-
tients as improved or not improved from baseline at day
28 was conducted. All patients started with a baseline
clinical status of 5 or 6 and any reduction in that score
from baseline at the time of the day 28 visit was
considered improvement. This analysis was also
adjusted for baseline clinical status (5 or 6). Fifty-two
(52.0%) of patients had improved in the placebo group
compared to 77 (64.7%) of the nangibotide treated
population, an odds ratio (95% CI) of 1.79 (1.02–3.14),
p = 0.043 (Fig. 2c). In the high sTREM-1 population, 18
(32.7%) of placebo patients had improved by day 28
Overall population High sTREM-1

Placebo Nangibotide Placebo Nangibotide

n (%) n (%) n (%) n (%)

16 (16.0%) 20 (16.8%) 5 (9.1%) 1 (1.9%)

14 (14.0%) 29 (24.4%) 5 (9.1%) 10 (18.5%)

9 (9.0%) 15 (12.6%) 5 (9.1%) 7 (13.0%)

13 (13.0%) 13 (10.9%) 3 (5.5%) 8 (14.8%)

es 1 (1.0%) 0 (0.0%) 1 (1.8%) 0 (0.0%)

22 (22.0%) 25 (21.0%) 16 (29.1%) 17 (31.5%)

25 (25.0%) 17 (14.3%) 20 (36.4%) 11 (20.4%)

received placebo and nangibotide in the overall population and in the subgroup of
l) at baseline.

the ESSENTIAL trial.
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Odds Ratio
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Fig. 2: The impact of nangibotide administration on clinical status at days 7, 14 and 28 and all-cause mortality. Clinical status was evaluated
using a seven point ordinal scale to describe the condition of patients at each time point with a score of 1 describing patients who were Not
hospitalized, with no limitations of activities at the time point assessed, 2: Not hospitalized, some limitations of activities, 3: Hospitalized, not
requiring supplemental oxygen, 4: Hospitalized, requiring supplemental oxygen, 5:Hospitalized, on non-invasive ventilation or high flow oxygen
devices, 6: Hospitalized, on invasive mechanical ventilation or ECMO and 7: those who were not alive at the time of the visit. The distribution of
clinical status was assessed at multiple time points, and the distribution described at the day 7, 14 and 28 visits in a; the overall study
population and b: the group of patients with a sTREM-1 level above the median value at baseline. The impact of nangibotide therapy on the
odds ratio for improvement in clinical status (categorised as improved or not improved at day 28). The odds ratio for improvement is presented
in patients with a baseline clinical status score of 6, a baseline status score of 5 and in the overall population (Adjusted for baseline clinical
status) in c: the overall and d: the high sTREM-1 population.
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compared to 26 (48.1%) of treated patients, with an odds
ratio (95% CI) of 2.17 (0.96–4.90), p = 0.063 (Fig. 2d).
Odds ratio for improvement in clinical status in patients
with a baseline status score of 5 was 2.00 (0.75–5.32) in
the overall population and 2.05 (0.78–5.39) in the high
sTREM-1 group. In patients with a baseline status score
of 6, the odds ratio for improvement was 1.69
(0.85–3.38) and 2.49 (0.54–11.44) in the overall and high
sTREM-1 groups respectively.

Secondary outcomes
The key secondary outcome was all cause mortality at
day 28. In the overall population, 28 (28.0%) of placebo
treated patients were not alive at the day 28 visit
compared to 19 (16.0%) of nangibotide treated patients,
with an absolute reduction (95% CI) in mortality,
adjusted for baseline clinical status of 12.1%
(23.05–1.18), p = 0.030. In the high sTREM-1 popula-
tion, 23 (41.8%) of patients in the placebo group and 12
(22.2%) of patients in the nangibotide group were not
alive at day 28 with an adjusted reduction in mortality of
19.88% (36.98–2.78), p = 0.023. Time to event analysis
of death before day 28 demonstrated a hazard ratio (95%
CI) for death of 0.52 (0.29–0.93) with a p = 0.027 (Cox
Proportional Hazards) in the overall population (Fig. 3a)
and a hazard ratio (95% CI) of 0.44 (0.22–0.89),
www.thelancet.com Vol 60 June, 2023
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p = 0.023 in the high sTREM-1 group (Fig. 3b). Of note,
in patients with a sTREM-1 level below the median value
(<240 pg/ml), the placebo group mortality was 5/44
(11.4%) and 6/64 (9.4%) in the nangibotide treated
population with an adjusted difference of 2.14 (−9.5% to
13.7%).

An exploratory analysis of the impact of therapy in
patients treated with dexamethasone who did not
receive tocilizumab (n = 119) identified 15/51 (29.4%)
and 14/68 (20.6%) all-cause mortality at day 28, an
adjusted difference of −8.82% (−24.61 to 6.96%). In the
subgroup of these patients with high sTREM-1, mor-
tality was 12/27 (44.4%) vs 9/31 (29.0%), an adjusted
difference of −14.92% (−39.7 to 9.85%) (Supplementary
Fig. S1).

At day 60, survival was evaluated as a binary endpoint
in patients included in both parts of the study. The same
pattern of benefit following nangibotide therapy was
observed. Non-survivors made up 33 (33.0%) of placebo
www.thelancet.com Vol 60 June, 2023
treated patients and 28 (23.5%) of those that received
study drug in the overall population at day 60, with an
adjusted difference in mortality of −9.50% (−21.43 to
2.43%) p = 0.118. In the high sTREM-1 subgroup, the
mortality at the day 60 visit was 27/55 (49.1%) in the
placebo group and 19/54 (35.2%) in the nangibotide
treated population, with an adjusted difference in mor-
tality of −14.86% (−33.05 to 3.33%) p = 0.109.

The proportion of patients alive and free of respira-
tory support at day 28 (defined as the liberation from any
of: invasive ventilation, NIV or HFNO at the day 28 visit)
was 73/100 (61.3%) compared to 51/119 (51.0%) in the
overall population and 24/54 (44.4%) vs 18/55 (32.7%)
in the high sTREM-1 patients, in the nangibotide treated
and placebo groups respectively. Descriptive analysis
was undertaken in part 2 of the study of the EQ5D-3L
functional status evaluation at day 60. The data
revealed that nangibotide treatment did not result in an
increased proportion of patients reporting severe
9
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limitation of function compared to no or some
dysfunction following nangibotide therapy in either the
overall or the high sTREM-1 groups (Supplementary
Tables S4 and S5 respectively).

Evaluation of the relationship between TREM-1
activation and treatment response
The planned exploration of the relationship between
sTREM-1 at baseline and subsequent outcome was un-
dertaken using day 28 mortality. Treatment effect was
described for patients with a sTREM-1 level categorized
by each percentile from 0 to 75. Increasing levels of
sTREM-1 prior to the initiation of therapy was associ-
ated with a potential increase in effect of nangibotide
(Fig. 3c).

Per protocol analysis
Eleven patients were excluded from the PP analysis, 10
due to deviation from inclusion or exclusion criteria and
one due to deviation from protocolised drug adminis-
tration, details are listed in Supplementary Table S6.
Patient characteristics for the PP population were
similar to those of the mITT set. No substantial differ-
ences were detected in the primary outcome in either
the overall or the high sTREM-1 patients.

Interpretation
The ESSENTIAL study is the first to evaluate the
safety and efficacy of a TREM-1 modulatory strategy
with nangibotide in critically ill patients with COVID-
19. Treatment led to improved clinical status at day 28
and an absolute reduction in mortality of 12% in the
overall population and 19.9% on the group of patients
that met the a priori definition of elevated sTREM-1 at
baseline, a pattern of benefit that persisted at 60 days
after randomization. Secondary and exploratory ana-
lyses suggested that nangibotide treated patients dis-
played a pattern of fewer adverse events and
secondary infections compared to placebo. Notably,
patients in the placebo group with a sTREM-1 level
below the median value had a lower risk of death
compared to those with a high sTREM-1 level,
consistent with the prognostic power of sTREM-1 in
this setting.

The use of a TREM-1 modulatory strategy in COVID-
19 was based upon existing preclinical and clinical proof
of concept. TREM-1 expression is upregulated following
stimulation of human monocytes, endothelial cells, and
neutrophils with various TLR ligands, including those
implicated in antiviral response (mainly TLR 3, 7, 8, 9).
Co-activation of TREM-1 with these stimuli results in an
increased production of cytokines.22–26 Translational ev-
idence implicating TREM-1 in the pathophysiology of
severe disease has been shown with a number of single
strand RNA viruses.27–29 An extensive preclinical data set
supporting the approach in general and specifically with
nangibotide has been developed in a number of models
of inflammation and infection.3,17,30 In addition, obser-
vational studies in patients admitted to hospital with
COVID-19 have shown an association between the de-
gree of TREM-1 activation, the development of severe
disease and ultimate outcome.6,8

This study explored the hypothesis that the efficacy
of nangibotide was associated with the degree of TREM-
1 activation (defined by the level of sTREM-1 in the
circulation), an observation that has been made in a
phase 2a septic shock trial31 and was simultaneously
evaluated in the phase 2b ASTONISH study.20 Consis-
tent with the localized endothelial and immune dysre-
gulation that typifies severe COVID-19 pneumonitis, the
absolute value of sTREM-1 measured in the circulation
in the ESSENTIAL population is similar to that seen in
observational studies8 and lower (median sTREM-1 of
239 pg/ml) than that seen in septic shock, where sys-
temic endothelial and immune dysregulation dominates
and higher average levels are observed.31 This study
confirms the prognostic potential of the biomarker in
severe COVID-19 with mortality in the placebo group
substantially greater in the high sTREM-1 patients, a
pattern also observed in previous observational trials.6,8

Furthermore, whilst the available sample size limits
statistical inference, this study also supports the poten-
tial for sTREM-1 to act as tool to identify potential
treatment populations for nangibotide therapy, with a
higher modifiable mortality and relative effect size in
the group of patients with an elevated sTREM-1 at
baseline. This observation would facilitate the design of
a precision medicine phase 3 trial in acute respiratory
distress syndrome (ARDS).

This study allowed the use of all standard of care
therapies for the treatment of COVID-19 before and
after inclusion in the trial. Immunomodulatory medi-
cations considered the standard of care for this popu-
lation evolved during the study period, with 68% of
patients in the trial receiving dexamethasone, a pattern
that reflects the recommendation for the increased use
of dexamethasone following the results of the RECOV-
ERY trial.5 15.5% of patients received tocilizumab ther-
apy which, following conflicting results in double blind
randomized trials32 was ultimately approved for use
following the results of large platform trials,4,33 although
uptake has been variable. Exploratory analysis of the
data suggests that treatment with dexamethasone does
not reduce the efficacy of nangibotide in this setting.

This trial was terminated earlier than planned due
to the substantial reduction in the number of eligible
patients admitted to ICU in France and Belgium where
the study was conducted, which has consequences in
terms of statistical inference and the p value required
to achieve formal statistical significance in this trial
was not achieved for the primary outcome. However as
an exploratory trial, the sample size of 220 patients is
sufficient to detect signals to efficacy in this
population.
www.thelancet.com Vol 60 June, 2023
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In conclusion, this study presents results of an
exploratory trial exploring the impact of nangibotide
therapy in patients with life threatening COVID-19. A
pattern of improved outcome was observed following
nangibotide treatment, with exploratory evidence sup-
porting a greater magnitude of effect in patients with
higher levels of TREM-1 pathway activation. A future
study will explore the further development of a precision
medicine strategy for nangibotide therapy in life
threatening infectious pneumonitis.
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