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Abstract
Purpose: Nangibotide is a specific TREM-1 inhibitor that tempered deleterious host–pathogens interactions, restored
vascular function, and improved survival, in animal septic shock models. This study evaluated the safety and pharma‑
cokinetics of nangibotide and its effects on clinical and pharmacodynamic parameters in septic shock patients.
Methods: This was a multicenter randomized, double-blind, two-stage study. Patients received either continuous
infusion of nangibotide (0.3, 1.0, or 3.0 mg/kg/h) or placebo. Treatment began < 24 h after shock onset and continued
for up to 5 days. Safety primary outcomes were adverse events (AEs), whether serious or not, and death. Exploratory
endpoints evaluated nangibotide effects on pharmacodynamics, organ function, and mortality, and were analyzed
according to baseline sTREM-1 concentrations.
Results: Forty-nine patients were randomized. All treatment emergent AEs (TEAEs) were collected until Day 28. No
significant differences were observed in TEAEs between treatment groups. No drug withdrawal linked to TEAE nor
appearance of anti-drug antibodies were reported. Nangibotide pharmacokinetics appeared to be dose-proportional
and clearance was dose-independent. Nangibotide did not significantly affect pharmacodynamic markers. Decrease
in SOFA score LS mean change (± SE) from baseline to Day 5 in pooled nangibotide groups versus placebo was − 0.7
(± 0.85) in the randomized population and − 1.5 (± 1.12) in patients with high baseline plasma sTREM-1 concentra‑
tions (non-significant). This pattern was similar to organ support end points.
Conclusion: No significant increases in TEAEs were detected in nangibotide-treated patients versus placebo. These
results encourage further evaluation of nangibotide and further exploration of plasma sTREM-1 concentrations as a
predictive efficacy biomarker.
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Introduction
Sepsis is a life-threatening condition caused by dysregulated host response to infection leading to organ failure.
It accounts for an estimated 11 million deaths annually
worldwide [1]. There are no approved septic shock-specific treatments, except angiotensin-II which has no true
effect on sepsis outside vasopressor activity, and current
interventions are focused on organ support and infection
source control [2]. There is still a major unmet medical
need for septic shock treatments that would help reduce
the mortality of these patients.
The triggering receptor expressed on myeloid cells 1
(TREM-1) pathway is one of the most up-regulated pathways in critically ill patients [3, 4]. Initially described on
myeloid cells [5], this transmembrane receptor is also
expressed by other cell types including innate immune
cells and activated endothelial cells [6–9]. Signaling
mediated by TREM-1 synergizes with previously activated and specific Pattern Recognition Receptors (PRRs),
including Toll-like receptors (TLRs) and/or NOD-like
receptors, resulting in sustained amplification of the
inflammatory response to infection independent of the
pathogen, whether bacteria [4, 6, 7, 10–14], viruses [15,
16], or fungi [4, 17, 18]. This renders TREM-1 a universal innate immune amplifier. TREM-1 deletion by genetic
modification as well as pharmacological inhibition blunts
excessive inflammation while preserving the capacity for
microbial control in various infectious models [19–24].
In septic shock, TREM-1 activation results in an overzealous and dysregulated host innate immune response
to infection [4] associated with alterations in both
endothelial cell integrity [9] and cardiac function [25].
TREM-1 also exists in a soluble form (sTREM-1) in the
blood following cleavage of membrane-bound TREM-1
by metalloproteinases after TREM-1 receptor activation
[26–28]. The presence of sTREM-1 in the circulation is
an indicator of TREM-1 pathway activation and higher
levels correlate with disease severity indicators, including Sequential/Sepsis-related Organ Failure Assessment
(SOFA) score and 28-day mortality [29–34].
The TREM-1 investigational inhibitor nangibotide
(LR12) is a 12-amino acid peptide which acts as a “ligandtrapping” molecule, selectively modulating the TREM1-mediated inflammatory response amplification [25,
35]. In animal models of polymicrobial peritonitis septic
shock, analogs of nangibotide restored a balanced inflammatory response, anti-microbial control, vascular function, and hemodynamic stability, which translated into
organ protection and improved survival [9, 25, 35]. In
the phase 1 study in healthy volunteers, nangibotide was
well tolerated up to the highest dose tested (6 mg/kg/h)
[36]. This phase 2a study assessed the safety, tolerability,

Take‑home message
By inhibiting a novel therapeutic target in septic shock patients,
nangibotide modulates innate immune cell activation and restores
vascular function, thus representing a potential therapeutic
approach for septic shock. Further larger studies investigating the
efficacy of nangibotide in the treatment of septic shock as well as
the ability of sTREM-1 to predict nangibotide efficacy are needed.

pharmacokinetics, pharmacodynamics, and efficacy of
nangibotide in patients with septic shock. Results were
also analyzed according to sTREM-1 levels at baseline.

Methods
Study design

This was a multicenter, prospective, randomized, doubleblind, two-stage, placebo-controlled phase 2a study conducted at 11 ICUs in four countries (Belgium, France,
Spain, and The Netherlands) between July 2017 and June
2018 (clinicaltrials.gov: NCT03158948). Patients were
randomized to receive either placebo or 0.3, 1, or 3 mg/
kg/h of nangibotide (Online Resource, Fig. E1). Patients
and clinical study site staff were blinded to study drug
assignment. This study was conducted in accordance
with the Declaration of Helsinki, and the protocol was
approved by the appropriate Ethics Committees and
competent authorities. Written informed consent was
obtained from each participant, or authorized representative in case of incapacitated patients, prior to study
enrollment.
Patients, randomization, and intervention

Eligible patients complied with the Sepsis-3 septic
shock definition [37]. Eligibility criteria and prohibited
treatments are provided in Table 1. Prohibited immunosuppressive drugs are listed in Table 2. A Clinical
Coordinating Center confirmed patient eligibility (Online
Resource, Section 1.2).
In Stage 1, nangibotide ascending doses (0.3, 1, and
3 mg/kg/h) were investigated in sequentially enrolled
cohorts randomized 3:1 to nangibotide or placebo for a
total of 12 patients. Escalation was monitored by a Data
Safety Monitoring Board (DSMB) (Online Resource, Section 1.3). In Stage 2, patients were randomized 1:1:1:1
to placebo or nangibotide 0.3, 1, or 3 mg/kg/h using
a parallel-group design with 12 patients per arm for a
total of 48 patients. One additional patient was included
in the 0.3 mg/kg/h arm before closing of the study. Full
randomization methods are given in Online Resource,
Section 1.4.
Nangibotide and placebo were administered as continuous intravenous infusions, as previously described [36].

Table 1 Full list of exclusion and inclusion criteria
Diagnosis: Septic Shock (according to Sepsis-3)
Inclusion criteria
To be eligible for the study, patients must meet the following criteria:
Provide written informed consent (patient or proxy/legal representative) according to local regulations
Age 18* to 80 years (*16 to 80 years in the Netherlands)
Sepsis
Documented or suspected infection: lung, abdominal, or elderly UTI (≥ 65 years)
Organ dysfunction defined as acute change in SOFA score ≥ 2 points
Shock
Refractory hypotension requiring vasopressors to maintain MAP ≥ 65 mm Hg despite adequate volume resuscitation of at least 20 ml/kg within 6 h
Hyperlactatemia (blood lactate > 2 mmol/L or 18 mg/dL). This criterion must be met at least once for the purpose of diagnosis within the 24 h before
study drug administration
Exclusion criteria
The presence of any of the following will exclude a patient from study enrolment:
Previous episode of septic shock (vasopressor administration) within current hospital stay
Underlying concurrent immunodepression
Solid organ transplant requiring immunosuppressive therapy
Known pregnancy (positive serum pregnancy test)
Prolonged QT syndrome (QTc ≥ 440 ms)
Shock of any other cause, e.g., hypotension related to gastrointestinal bleeding
Ongoing documented or suspected endocarditis, history of prosthetic heart valves
End-stage neurological disease
End-stage cirrhosis (Child–Pugh Class C)
Acute Physiology And Chronic Health Evaluation (APACHE) II score ≥ 34
End-stage chronic renal disease requiring chronic dialysis
Home oxygen therapy on a regular basis for > 6 h/day
Severe obesity (BMI ≥ 40)
Recent CPR (within current hospital stay)
Moribund patients
Decision to limit full care taken before obtaining informed consent
Participation in another interventional study in the 3 months prior to randomization
APACHE II score < 14 (Only France)

Treatment was initiated within 24 h of septic shock onset.
Patients received a 15-min 20 mg/kg/h loading dose of
nangibotide or placebo followed by a maintenance dose
of nangibotide or placebo. Treatment was administered
until 12 (± 2) hours after vasopressor withdrawal with a
maximum of 5 days. Day 0 corresponded to the start of
study drug administration. All patients received standard of care according to the Surviving Sepsis Campaign
recommendations, including fluid resuscitation and
vasopressors, early antibiotics, and early infection source
control [2]. Corticosteroid use for septic shock up to
300 mg/24 h of hydrocortisone was optional and left to
investigator judgment.
Outcome assessments

Safety and tolerability were assessed by analyzing the
frequency, intensity, and nature of treatment emergent
adverse events (TEAEs) and the occurrence of death.
TEAEs were defined as an event that first occurred or
worsened in severity after baseline. TEAEs were collected until end of study (EoS; Day 28). The cause and
relationship to the investigational product and whether
the TEAE was reported as serious (SAE) was recorded.
TEAEs considered as clinical events related to severe

sepsis or sepsis complications were exempt from SAE
reporting, unless the investigator deemed the event to be
related to the study drug (Online Resource, Section 1.5,
Table E1). The following parameters were measured as
part of the safety assessment from Day 1 to Day 5 and at
the EoS visit: vital signs, 12-lead ECG, hematology and
biochemistry laboratory assessments, and International
Normalized Ratio (INR). Immunogenicity was assessed
by evaluation of anti-drug antibodies (ADA) on Days 0,
10 (French patients only), and 28.
Exploratory secondary endpoints included change
from baseline in SOFA score at Days 1–5 and the number
of vasopressor, invasive mechanical ventilation (IMV),
and renal replacement therapy (RRT) free days alive from
Day 0 to the EoS visit (Online Resource, Section 1.6). The
proportion of patients free from organ support and alive
at Day 28 and time to shock reversal (cessation of vasopressor support for 24 h) were also calculated. Other secondary clinical efficacy outcomes included all-cause and
sepsis-related mortality at Days 5, 28, and 90. Relevant
changes to patient functional and survival status were
collected by phone at Day 90.
Additional exploratory secondary outcomes included
pharmacokinetic and pharmacodynamic analyses.

Table 2 List of prohibited immunosuppressive drugs
Immunosuppressive agent

Upper limit dosage, use

Corticosteroid

> 10 mg/day of prednisone or its equivalent daily

Prednisone

10 mg

Hydrocortisone

40 mg

Methylprednisolone

8 mg

Dexamethasone

1.5 mg

Cortisone

50 mg

Betamethasone

1.2 mg

Methotrexate (Rheumatrex, Trexall)

Excluded at any dose

Leflunomide (Arava)/
Teriflunomide (Aubagio)

Acceptable if used as monotherapy

Thalidomide

Patients receiving this drug within the past 72 h are excluded

Biologics
Anti-tumor necrosis factor (TNF) agents
Etanercept (Enbrel)
Adalimumab (Humira)
Infliximab (Remicade)
Certolizumab (Cimzia)
Golimumab (Simponi)

Patients receiving anti-TNF agents within the past 8 weeks are excluded

Interleukin-1 receptor antagonist (IL-1 RA) (Kineret)

Patients receiving IL-1 RA within the past 8 weeks are excluded

CTLA-4 fusion protein
Abatacept (Orencia)
Belatacept (Nulojix)

Patients receiving CTLA-4 fusion protein within the past 8 weeks are excluded

Anti-CD20, e.g., Rituximab (Rituxan/MabThera)
Obinutuzumab (Gazyva)

Patients receiving this drug within the past 3 months are excluded

Anti-CD52
Alemtuzumab (Campath)

Patients receiving this drug within the past 3 months are excluded

Anti-IL2
Daclizumab or Anti-Tac (Zenapax)

Patients receiving this drug within the past 3 months are excluded

Anti-IL6
Tocilizumab (Actemra/RoActemra)

Patients receiving this drug within the past 3 months are excluded

Anti-IL12/13
Ustekinumab (Stelara)

Patients receiving this drug within the past 3 months are excluded

Anti-BAFF (B cell activating factor)
Belimumab (Benlysta)

Patients receiving this drug within the past 3 months are excluded

Integrin inhibitor
Natalizumab (Tysabri)

Patients receiving this drug within the past 3 months are excluded

Acute use of glucocorticoids for septic shock up to 300 mg daily of hydrocortisone is accepted

Plasma levels of nangibotide were assessed before, during
(Days 0–5 or until End of Infusion [EoI]), and after EoI
using a validated LS-HRMS assay [36]. Plasma sTREM-1
levels were measured retrospectively on Days 0–5 and
28 in a central laboratory using a commercially validated
ELISA assay (Quantikine, RnD Systems, Minneapolis,
USA). Circulating cytokines (TNFα, IL-6, IL-8, IL-10,
CCL2, and IFNγ) and vascular endothelium activation
markers (sCD62P, sCD62E, VEGFR-1, VCAM-1, Ang-1,
and Ang-2) were analyzed on Days 0, 1, 3, 5, and 28 in
a central laboratory using Luminex assays (Merck Millipore, Burlington, USA; Bio-Techne, Oxford, UK; RnD
Systems, Minneapolis, USA). Analytical characteristics

of methods used are described in the Online Resource
(Section 1.7).
Clinical efficacy and pharmacodynamic endpoint analyses were further evaluated in two predefined subgroups:
patients with low baseline plasma sTREM-1 concentrations (< median; referred to as “low sTREM-1”) and
patients with high baseline plasma sTREM-1 concentrations (≥ median; referred to as “high sTREM-1”) after
database lock.
Statistical analysis

A sample size of 48 was chosen in line with pilot study
recommendations and according to the general rule
of thumb to use 30 patients or more to estimate a

parameter [38]. Forty-eight patients were considered
enough to assess the most frequent TEAEs, and the
study was not powered to assess efficacy endpoints. Fifty
patients were randomized, one died before receiving the
study drug, and an additional patient was included before
the study was stopped, resulting in 13 patients in the
0.3 mg/kg/h dose arm. The study was unblinded at completion (Day 28), after database lock. Last observation
carried forward (LOCF) was used for missing continuous pharmacodynamic and clinical efficacy endpoint values (Online Resource, Section 1.8 and Table E2) except
for safety measures. Last available values were reported
as Day 5/EoI. Statistical tests are described in the Online
Resource (Section 1.9). Sensitivity analyses for organ
support free days alive with death penalty of zero were
conducted (Online Resource, Section 1.6). Pairwise comparisons versus placebo-based p values were not adjusted
for multiplicity.
Pharmacokinetic parameters were estimated using
non-compartmental analysis, as previously described
[36]. Fold decrease from baseline in pharmacodynamic
marker log2 values was calculated. The effect of nangibotide exposure on individual IL-6 concentrations measured
from Days 1–5 was analyzed by nonlinear mixed-effects
modeling (Online Resource, Section 1.10, Fig. E2).
Analytical sets are described in the Online Resource,
Section 1.11.

Results
Patients

Fifty patients were enrolled and randomized, and 49
patients were treated according to the protocol: 12
patients in Stage 1 and 37 patients in Stage 2. Each treatment group comprised 12 patients except the nangibotide 0.3 mg/kg/h dose group which included 13 patients.
Eight (16%) patients died before Day 28. One additional
patient died on Day 28 after the EoS visit was conducted on Day 27. Thirteen (26%) patients died before
Day 90. All study discontinuations were due to death. A

CONSORT diagram is presented in the Online Resource
(Fig. E3).
Baseline parameters were well balanced between
groups (Online Resource, Table E3). The overall median
(IQR) baseline Acute Physiology and Chronic Health
Evaluation (APACHE) II score was 24 (18.5 to 27.5), and
the median (IQR) total SOFA score was 10 (8 to 12).
No significant differences were observed in treatment
duration or duration of vasopressors before treatment
administration (Online Resource, Tables E4&E5).
Primary endpoint
Safety and tolerability

No differences in the number of patients experiencing
TEAEs or the number of TEAEs were observed between
the study arms. No TEAEs led to treatment discontinuation. Overall, 234 TEAEs were observed in 46 (94%)
patients. TEAE frequency (Table 3) and type (Online
Resource, Table E6) were comparable between treatment
groups. Atrial fibrillation occurred in one (8.3%) placebotreated patient and five (38.5%), two (16.7%), and three
(25.0%) patients in the 0.3, 1, and 3 mg/kg/h nangibotide
groups, respectively.
The most frequent TEAEs (occurring in > 10% of
patients) were anemia, atrial fibrillation, pleural effusion, and thrombocytopenia. Seven of the nine deaths
before Day 28 were reported as TEAEs: two (17%) placebo-treated and five (14%) nangibotide-treated patients.
Overall, 17 (35%) patients experienced 22 SAEs.
A table summarizing TEAEs reported as related to
treatment before unblinding is presented in the Online
Resource (Table E7). Two SAEs reported as related to
treatment in the 1 mg/kg/h group were evaluated to be
not formally linked to product administration by the
DSMB.
There were no clinically relevant differences between
treatment groups in vital signs, ECG or laboratory data.

Table 3 Treatment emergent adverse events
N (%)

Placebo
(N = 12)

Nangibotide
0.3 mg/kg/h
(N = 13)

Nangibotide
1 mg/kg/h
(N = 12)

Nangibotide
3 mg/kg/h
(N = 12)

Total
(N = 49)

At least one TEAE

10 (83)

12 (92)

12 (100)

11 (92)

45 (92)

At least one severe TEAE

8 (67)

6 (46)

5 (42)

4 (33)

23 (47)

At least one TEAE related to study drug

2 (17)

–

2 (17)

–

4 (8)

At least one serious TEAE

7 (58)

4 (31)

2 (17)

4 (33)

17 (35)

TEAEs resulting in death up to D28

2 (17)

1 (8)

1 (8)

3 (25)

7 (14)

AEs leading to treatment withdrawal

–

–

–

–

–

TEAE treatment emergent adverse event

Pharmacokinetics and PK/PD modeling

Nangibotide pharmacokinetic parameters are reported in
Table 4. Overall, nangibotide pharmacokinetics appeared
to be dose proportional. Clearance was comparable in
all nangibotide groups and thus was dose-independent.
Similar patterns were observed in patients with or without RRT (Online Resource, Fig. E5).
An indirect response model [39] showed that nangibotide had a significant additional IL-6 inhibition effect
compared to placebo when assessed according to the M3
methods but did not show any dose difference (Online
Resource, Fig. E6) [40]. No other correlations were established with other cytokines or endothelial markers.
Exploratory secondary clinical efficacy endpoints
Overall population

There were no statistically significant differences between
nangibotide groups and placebo or significant dose
effects for any of the secondary clinical efficacy endpoints
in the overall population. Change in SOFA score at Day
5/EoI versus placebo (Fig. 2), vasopressor, IMV, and RRT
free days alive as well as the proportion of patients alive
and free of organ support at Day 28 are shown in Table 5.
All deaths before Day 5 were septic shock-related, as
adjudicated by an independent committee (Online
Resource, Section 1.3). Results for change in SOFA score
at other study time points and other exploratory clinical efficacy endpoints are shown in the Online Resource
(Fig. E7; Table E9). No difference was seen in shock duration or patient functional and survival status at Day 90
between nangibotide dose groups and placebo (Online
Resource, Table E10). Sensitivity analyses of organ support free days alive are reported in the Online Resource
(Table E11).
According to baseline plasma sTREM‑1 concentrations

The overall baseline median (min, max) plasma sTREM-1
level was 433 (154, 1960) pg/mL. Twenty-four patients
had low (< median) baseline plasma sTREM-1 levels
(placebo, n = 7; nangibotide 0.3 mg/kg/h, n = 7; 1 mg/
kg/h, n = 6; and 3 mg/kg/h, n = 4). Twenty-five patients
had high (≥ median) baseline plasma sTREM-1 levels
(placebo, n = 5; nangibotide 0.3 mg/kg/h, n = 6; 1 mg/

sTREM-1 Log2 fold change
(from baseline to Day 5/EOI)

Changes in median levels of sTREM-1, cytokines, and
vascular endothelium activation markers from baseline
to Day 1, Day 3, or Day 5/EoI were not significantly different between nangibotide-treated patients and placebotreated patients (Fig. 1; Online Resource, Fig E4).
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No patient had detectable ADAs. Mortality rates are
reported in the Online Resource (Table E8).
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Fig. 1 Change in sTREM-1 from baseline to Day 5/EoI. Due to the
broad range of values obtained for pharmacodynamic markers, abso‑
lute values were log transformed and the difference versus baseline
is expressed as log2 fold change, allowing for an increase in dynamic
range presented in the graphs, e.g., halving is equal to a log2 fold
change of − 1, a quartering is equal to a log2 fold change of − 2 and
so on. Data are shown as median with interquartile range. p value by
Mann–Whitney test

Table 4 Pharmacokinetic parameters from the non-compartmental analysis
Pharmacokinetic parameter (median
[range])

Nangibotide
0.3 mg/kg/h
(N = 13)

Nangibotide
1 mg/kg/h
(N = 12)

Nangibotide
3 mg/kg/h
(N = 12)

Cmax (ng/mL)

71.2 (20–219)

234 (71.3–514)

914 (502–6095)

tmax (h)

22.7 (14.3–76)

25.4 (9.3–118)

36 (9–75.8)

AUC0-last (ng.h/mL)

1722 (360–5243)

7579 (668–45,189)

44,430 (3830–393,506)

Cavg (ng/mL)

67.6 (20–219)

223 (71.3–418)

729 (120–3778)

CL (L/h/kg)

4.5 (1.4–15.3)

4.5 (2.4–14)

4.1 (0.8–25)

AUC0-last area under the plasma concentration–time curve from time 0 to the last pharmacokinetic observation, Cavg steady-state average plasma concentration during
the maintenance infusion, CL systemic clearance, Cmax maximum observed plasma concentration, tmax and Cmax represent the maximum concentration detected at a
given time during the maintenance dose of continuous intravenous infusion of nangibotide

kg/h, n = 6; and 3 mg/kg/h, n = 8). Baseline characteristics for patients with low and high sTREM-1 levels
are shown in the Online Resource (Tables E12&E13).
In nangibotide-treated patients, mean (± SD) baseline
APACHE II score and total SOFA score were 26.5 (± 6.6)
and 11.3 (± 2.9), respectively, in the high sTREM-1 subgroup and 20.5 (± 6) and 9.1 (± 2.7), respectively, in the
low sTREM-1 subgroup. In the high sTREM-1 subgroup,
mean (± SD) baseline total SOFA score was 12.4 (± 2.2)
for placebo and 10.7 (± 3.8), 11.3 (± 3.5), and 11.1 (± 2.6)
in the 0.3, 1, and 3 mg/kg/h nangibotide groups, respectively. Groups were well balanced for other patient characteristics. At Day 28, all-cause and septic shock-related
overall trial mortality were 28 and 24%, respectively, in
the high sTREM-1 subgroup and 8 and 4%, respectively,
in the low sTREM-1 subgroup.
There were no statistically significant differences
between nangibotide groups and placebo or significant
dose effects for any of the secondary clinical efficacy endpoints in either high or low sTREM-1 patients (Figs. 1,
2; Table 6; Online Resource, Fig. E8&E9). At Day 5, the
incidence of both all-cause and septic shock-related mortality was 24% (6/25) in the high sTREM-1 subgroup,
whereas no patient had died in the low sTREM-1 subgroup. Mortality rates for low and high sTREM-1 patients
are shown in the Online Resource (Table E8).
In the high sTREM-1 subgroup, 70% (14/20) and 40%
(2/5) of patients were alive and free of medical support
at Day 28 in the pooled nangibotide and placebo groups,
respectively (Table 6).

Discussion
This is the first clinical study of a novel investigational
drug, nangibotide, targeting TREM-1 in septic shock
patients. No statistical differences were seen between
nangibotide and placebo groups for safety and tolerability nor for studied exploratory biomarkers or clinical efficacy endpoints. Nangibotide pharmacokinetics

appeared to be dose proportional, and its clearance
appeared dose independent. No signs of immunogenicity were observed.
Some TEAEs (atrial fibrillation, arrhythmia, and
thrombocytopenia) occurred more frequently in nangibotide-treated patients than placebo; however, these
were not deemed to be treatment related, and none
were reported as serious. These events are commonly
linked to septic shock, and their etiology remains
unclear. In particular, a decrease in thrombopoietic
activity is associated with severe thrombocytopenia
and mortality in sepsis [41]. These events were not
observed in preclinical models [35, 42]. Nevertheless,
specific attention should be paid to this type of event in
future clinical studies.
In animal models, nangibotide decreases inflammatory cytokines and endothelial activation/injury markers [9, 25, 42]. In this study, there were no statistically
significant differences in pharmacodynamic markers
between placebo- and nangibotide-treated patients.
The size of this study did not formally allow for detection of a pharmacodynamic signal. However, the results
of an indirect response model showed a positive correlation between nangibotide concentration and a
decrease in the IL-6 production rate (the higher the
exposure to nangibotide, the greater the decrease in
IL-6 production rate). In addition, the pattern of pharmacodynamic behavior in nangibotide-treated patients
in terms of change versus baseline, in particular in high
sTREM-1 patients for markers such as sTREM-1, IL-6,
or Ang-2, constitutes an encouraging start to continue
the exploration of these markers in larger clinical trials.
Pharmacokinetics of nangibotide-treated patients in
this study were consistent with the nangibotide pharmacokinetics pattern previously observed in healthy
volunteers, i.e., rapid, dose-independent clearance, and
dose proportionality [36]. Half-life could not be calculated in this study due to limited sample size; however, a half-life of around 3 min has been previously

LS mean (Standard Error)
Change from baseline to D5/EOI

2

Placebo

1

Nangibotide

0
-1
-2
-3
-4
-5

PCB

0,3

1

3

Pooled

LS mean (Standard Error)
Change from baseline to D5/EOI

All Patients

2

Placebo

1

Nangibotide

0
-1
-2
-3
-4
-5

PCB

0,3

1

3

Pooled

LS mean (Standard Error)
Change from baseline to D5/EOI

Low sTREM-1

2

Placebo

1

Nangibotide

0
-1
-2
-3
-4
-5

PCB

0,3

1

3

Pooled

High sTREM-1
Fig. 2 Change in total SOFA score from baseline to Day 5/EoI. Data are shown as LS means and standard error for pooled nangibotide-treated arms
(red) and placebo (blue), in all patients and in patients with high or low sTREM-1 levels at baseline (above or below the median value, respectively).
Difference of nangibotide-treated patients versus placebo in SOFA change versus baseline value at Day 5/EoI is shown (ΔSOFA)

Table 5 Main clinical and efficacy outcomes in all patients
Placebo
(N = 12)

Nangibotide
0.3 mg/kg/h
(N = 13)

Nangibotide
1 mg/kg/h
(N = 12)

Nangibotide
3 mg/kg/h
(N = 12)

Nangibotide
pooled
(N = 37)

− 2.91 (0.71)

− 2.03 (0.74)

− 0.9 (0.74)

− 1.95 (0.42)

0.11

0.46

0.74

0.56

23.92 (2.73)

22.92 (2.84)

18.92 (2.84)

21.92 (1.62)

2.76 (3.94)

1.75 (4.02)

0.75 (3.27)

0.49

0.67

− 2.25 (4.02)
0.58

0.82

29.6 (13.4, 60.8)

43.3 (14.6, 112)

98.1 (40.4, 298.6)

57.5 (38.2, 80.9)

0.4

0.87

0.2

0.85

Total SOFA score, LS mean change from baseline to Day 5/EoI
Difference versus baseline (SE)
Estimated difference (SE)

− 1.25 (0.74)

p values versus placebo

− 1.66 (1.03)

− 0.78 (1.04)

0.34 (1.04)

− 0.7 (0.85)

Vasopressor use
Number of vasopressor free days alive, LS mean (SE)

21.17 (2.84)

Estimated difference (SE)
p value versus placebo
Duration of shock (h), median (95% CI)

30.8 (13.4, 163.5)

p value versus placebo
IMV
Number of IMV free days alive, LS mean (SE)

21.15 (3.12)

22.58 (3.25)

16.75 (3.25)

20.16 (1.85)

Estimated difference (SE)

18.83 (3.25)

2.32 (4.51)

3.75 (4.59)

1.33 (3.74)

p value versus placebo

0.6091

0.4187

− 2.08 (4.59)
0.6524

0.724

Intermittent RRT (IRRT) period (period with dialysis with interruptions < 7 days)
Number of IRRT period free days alive, LS mean (SE)

25.77 (2.97)

24.17 (3.09)

23.17 (3.09)

24.37 (1.76)

Estimated difference (SE)

21.67 (3.09)

4.1 (4.29)

2.5 (4.37)

1.5 (4.37)

2.7 (3.56)

p value versus placebo

0.34

0.57

0.73

0.45

10 (77)

11 (92)

9 (75)

30 (81)

0.67

0.32

1

0.43

Patients alive and free of medical supporta at Day 28
n (%)

8 (67)

p value versus placebo
Estimated differences are versus placebo

CI confidence interval, RRT renal replacement therapy, IMV invasive mechanical ventilation, LS least squares, SE standard error, SOFA Sequential Organ Failure
Assessment
a

Medical support comprised vasopressor, IMV, or RTT

described in humans [36] as well as in cynomolgous
monkeys (unpublished data). Consistent with nangibotide pharmacokinetic behavior, patients who underwent
hemofiltration displayed a very similar pharmacokinetics pattern to those without RRT. Further pharmacokinetic assessments are needed to better characterize the
behavior of nangibotide in septic shock patients.
TREM-1 is an amplifier of TLR signaling known to
directly promote deleterious host–pathogen interactions.
By specifically inhibiting TREM-1 receptor activation, the
mechanism of action of nangibotide is novel compared to
previous septic shock therapeutic approaches [43–45].
Nangibotide has the potential to modulate endothelial dysregulation and regulate dysfunctional crosstalk
between the immune system and the endothelium. Moreover, nangibotide may potentially prevent long-term
sequelae, such as immunosuppression, by targeting initial immune dysregulation [46, 47]. Nangibotide has as a
therapeutic target pathway that has not previously been
addressed and that differs from cytokines. As nangibotide is an immune modulator, and not an immunosuppressor, it may better address the septic shock pathology as

it does not interfere with appropriate immune responses
mediated by TLRs, but modulates the loop of amplification maintained by TREM-1. In addition, TREM-1 is
expressed by endothelial cells and nangibotide has been
shown to modulate activation of the endothelium and to
have vasoprotective effects in various models [9, 25]. We
also believe that a precision medicine approach and continuing nangibotide development exploring sTREM-1 as
potential predictive efficacy biomarker will enhance the
chances of efficacy signal detection in line with recent
observations [48, 49].
The optimal dose and length of treatment could not
be deduced from this small study. An apparent inverse
dose effect may be concluded from changes in SOFA
score. However, differences in patient characteristics
between the treatment arms could have accounted for
these differences. In terms of treatment length, future
clinical trials should explore TREM-1 pathway activation during septic shock to identify the optimal duration of treatment. sTREM-1 should also be explored as
a monitoring marker for nangibotide use. We have used
the median sTREM-1 concentration as a threshold to

14.8
(5.1)

22.2
(5.1)

16.5
(4.4)

0.85

172
(39.8, NA)

0.94

− 0.5
(6.7)

16.1
(4.2)

0.9

− 0.16
(1.27)

− 0.51
(0.78)

17.8

0.51

65.5
(39.5, 214)

0.62

2.9
(5.9)

19.5
(2.7)

0.2

− 1.5
(1.12)

− 1.85
(0.5)

0.28

− 6.32
(5.72)

0.65

6
(86)

1

7
(100)
1

1

3
(75)

0.81

0.99
6
(100)

0.89
(3.64)

28.8
(2.9)

− 0.02
(3.23)

27.8
(2.4)

0.51

16
(94)

0.77

0.77
(2.63)

2
(40)

13
(5.6)

1

3
(50)

0.27

8.67
(7.59)

21.7
(5.1)

0.73

0.76
28.6
(1.5)

2.63
(7.48)

− 1.3
(4.13)

0.24

5
(83)

0.33

7.5
(7.59)

20.5
(5.1)

0.2

9.97
(7.48)

0.29

6
(75)

0.31

7.37
(7.15)

20.4
(4.4)

0.55

4.3
(7.05)

0.31

14
(70)

0.23

7.85
(6.28)

20.9
(2.8)

0.37

a

Medical support comprised vasopressor, IMV, or RTT

CI confidence interval, RRT renal replacement therapy, IMV invasive mechanical ventilation, LS least squares, SE standard error, SOFA Sequential Organ Failure Assessment, sTREM-1 soluble triggering receptor expressed on
myeloid cells 1

Estimated differences are versus placebo

p value versus placebo

n (%)

Patients alive and free of medical supporta at Day 28

p value versus placebo

29.3
(2.2)

1.43
(3.1)

(2.2)

27.9

Estimated difference
(SE)

Number of IRRT period
free days alive, LS
mean (SE)

Intermittent RRT (IRRT) period (period with dialysis with interruptions < 7 days)

0.91

− 0.57
(5.08)

0.55

12.2
(5.5)

0.27

43.3
(5.9, NA)

0.47

5.2
(7.2)

21.8
(4.8)

0.28

− 1.48
(1.34)

− 1.83
(0.9)

p value versus placebo

22.3
(2.3)

0.38

59.1
(16.2, NA)

0.58

4.1
(7.2)

20.7
(4.8)

0.05

− 2.85
(1.36)

− 3.2
(0.9)

Nangibotide
pooled
(N = 20)

(2.8)

17.3
(4.6)

0.29

163.5
(13.4, NA)

16.6
(5.3)

− 0.35
(1)

Nangibotide
3 mg/kg/h (N = 8)

5.63
(6.19)

23
(3.7)

0.19

38.2
(28.7, 61)

0.85

0.6
(3.1)

25.1
(1.7)

0.9

− 0.18
(1.32)

− 2.17
(0.73)

Nangibotide
1 mg/kg/h
(N = 6)

3.00
(4.88)

26.6
(3.5)

0.15

60.4
(45, 126)

0.99

0.1
(4.3)

24.5
(3.4)

0.95

0.12
(1.82)

− 1.87
(1.46)

Nangibotide
0.3 mg/kg/h
(N = 6)

Estimated difference
(SE)

23.6
(3.5)

0.74

46
(30.4, 156.7)

0.91

− 0.4
(3.8)

24
(2.8)

0.97

0.06
(1.65)

− 1.93
(1.21)

Nangibotide
pooled
(N = 17)

Number of IMV free
days alive, LS mean
(SE)

IMV

p value versus placebo

0.54

28.7
(4.2, 38.2)

p value versus placebo

Duration of shock (h),
median (95% CI)

20.9
(5.9, 37.9)

2.3
(3.6)

26.7
(2.6)

Estimated difference
(SE)

Number of vasopres‑
sor free days alive, LS
mean (SE)

24.4
(2.6)

0.65

Vasopressor use

p values versus placebo

− 2.71
(1.1)

− 0.71
(1.56)

− 1.99
(1.1)

Estimated difference
(SE)

Difference versus base‑
line (SE)

Total SOFA score, LS mean Change from baseline to Day 5/EoI

Nangibotide
3 mg/kg/h
(N = 4)

Placebo
(N = 5)

Nangibotide
1 mg/kg/h
(N = 6)

Placebo
(N = 7)

Nangibotide
0.3 mg/kg/h
(N = 7)

Patients with high levels of sTREM-1 at baseline
(≥ median, 433 pg/mL)

Patients with low levels of sTREM-1 at baseline
(< median, 433 pg/mL)

Table 6 Main clinical and efficacy outcomes according to baseline plasma sTREM-1 concentrations

distinguish between patients belonging to high versus
low sTREM-1 groups. However, this cutoff needs to be
refined. The best fit yielding the greatest size effects for
a relevant endpoint will be chosen for future clinical
trials evaluating nangibotide efficacy. The effect of nangibotide in patients below this cutoff should be examined further before confirmatory trials prospectively
selecting biomarker positive patients take place.
This study has several limitations. Exclusion of septic shock-related AEs from SAE reporting may have led
to insufficient identification of true drug-related AEs.
The study was not powered to draw conclusions on efficacy and pharmacodynamic endpoints. The exclusion of
patients with APACHE II > 34, in which expected mortality is very high, may have introduced bias. Full pharmacokinetic characterization was not possible as the short
half-life of nangibotide requires preanalytical complex
processing of multiple samples in a short time period;
this was not feasible in the clinical setting. Clinical and
pharmacodynamic parameters were missing for patients
interrupting treatment before Day 5, and missing data
were replaced by LOCF (63% at Day 3 and 79% at Day
5). It must be mentioned that the PK/PD modeling with
the M3 method had a warning concerning the covariance
step which could not be solved, limiting the robustness
of the results for the IL-6 model. We cannot exclude that
the results observed could be confounded a posteriori
with the difference in baseline measurement of some
prognostic variables such as sTREM-1 or severity scores.
The correlation of sTREM-1 levels at baseline with other
measures of severity should be assessed in larger trials.

Conclusion
No safety concerns about nangibotide were raised in
this small trial in septic shock patients. Larger studies
are needed to investigate the effect of nangibotide and
the potential role of sTREM-1 plasma concentrations as
a predictive biomarker for patient selection.
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