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ABSTRACT

Toll-like receptor (TLR) 4 pathways arec major contributors to pathological
inflammatory responses induced by tissue damage. N1-o101 is the first monoclonal
antibody blocking TLR 4 signaling. This activity is independent of the ligand type
and concentration, therefore blocking potentially any TLR 4 ligands. A Phase 1 sin-
gle ascending dose study was conducted in 73 healthy volunteers (HV) to evaluate
NI-o101 tolerability, preliminary safety, pharmacokinetics and pharmacodynam-
ics, in absence and in presence of a systemic challenge with lipopolysaccharide
(Lps), a TLR4 ligand. N1-0101 was well tolerated without safety concern. The
pharmacokinetic profile was characterized by a half-life of approximately 10 days
at high concentrations and by a rapid elimination at low concentrations due to
expected target mediated drug disposition. NI-o101 prevented cytokine release
following ex vivo and iz vivo LPS administration and also prevented the crP
increase and the occurrence of flu-like symptoms expected following the 7 vivo
administration of LPS.

FUTURE DRUGS IN ATHEROSCLEROTIC CARDIOVASCULAR DISEASE

- 70—

INTRODUCTION

NI-o101 is a humanized IgGix monoclonal antibody (mAb) engineered by
Novimmune to bind to and block the activation and signaling of human TLR4 by
interfering with its dimerization, independently of the ligand type and concentra-
tion. This characteristic confers NI-o101 its potential to block any TLR4 ligands
present in pathological conditions and inducing inflammatory signals. N1-o101
binds with high affinity to human TLR4 (Kd = 139 pM). NI-0101 engincering
destroyed the binding sites for interactions with FeyRIII and the complement
component, C1q, while maintaining the binding to FcyRI and to FeyRIIa. This
removed the ability of NI-o101 to provoke antibody dependent cellular cytotox-
icity (ADcc) and complement dependent cytotoxicity (CDC). TLR4 blockade is
enhanced by N1-o101 binding to Fey receptors [1]. [z vitro data with human whole
blood have shown that a polymorphism at amino acid position 131 (R/H) of the
FcyRlIa affects the potency of N1-o101 for blocking TLR4-mediated cytokine
release (NI-0101 ICs, in LPS-induced IL6 release were 2191, 223 and 128 pM for
I131HH, I31HR group and 131RR, respectively).

In vitro and in vivo preclinical pharmacology and toxicology studies performed
with NI-o101 or a functionally equivalent anti-mouse TLR4 mAb, sE3, serving as
a surrogate molecule, showed no safety concerns (data on file). NI-oro1 is being
developed for the treatment of inflammatory disease, in particular Rheumatoid
Arthritis (RA). Despite advances in the treatment of RA brought by biologic treat-
ments, approximately 40% of patients require switching biological treatments
because of inadequate response or loss of response, and only 30% achieved sus-
tained remission [2].

RA is an immunologically driven condition characterized by persistent joint
(synovitis) and systemic inflammation, and presence of autoantibodies, in partic-
ular against citrullinated proteins [3]. citrullinated proteins and anti-citrullinated
protein antibodies (ACPA) can form immune complexes in inflamed joints. These
immune complexes are considered to be inflammatory mediators and similarly
to the so called Damage-Associated Molecular Pattern molecules (DAMPS) [4, s,
6]. DAMPs are recognized by TLR family expressed in particular on monocytes
and macrophages responsible for innate inflammatory response, and by osteo-
clasts and chondrocytes contributing to cartilage erosion and destabilizing repair
mechanisms [7]. TLR is a family of at least 11 proteins that recognize structurally
conserved molecules derived from microbes. The bacterial component, LPs, binds
TLR4 [4]. In addition, literature reports that immune complexes formed between
citrullinated proteins and their associated ACPA can engage TLR4 and Fcy
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receptors on immune cells [6, 8]. Engagement of immune complexes present in
RA patients with FcyRIla has been shown to enhance inflammation[9] and higher
levels of FeyRIIb is prognostic of lower disease activity in R and dampens TLR4
activation.[10] TLR 4 activation leads to cytokine production including TNFa and
1L6, which are established therapeutic targets in ra.[11] Investigations using Ra
human cells stimulated with RA synovial fluids have shown that cytokine release
is inhibited by NI-o101 when specific ACPA are present in the RA synovial fluids
(data submitted for publication). In addition, 5E3 in the mouse Collagen Induced
Arthritis model and the 1L1Rn-/- arthritis mouse model prevented disease pro-
gression. Based on these data, specific blockade of TLR4 activation by N1-o101
appears as a promising therapeutic approach in RA.

We report the results of the Phase 1 study assessing the initial tolerability, safety,
and PK/PD profiles of N1-o101 after infusion of single escalating iv doses in HV.
The study aimed to establish evidence of human pharmacology by evaluating the
capacity of NI-o1o1 to prevent the effects of the ex vivo and iz vivo administra-
tion of a TLR 4 ligand, LPs. In Part 1, NI-o101 was administered at single ascending
doses with ex vivo LPS challenges. In Part 2, the administration of NI1-o101 was fol-
lowed by both ex vivo and i vivo LPs challenges. N1-o101 PD profile was evaluated
by measuring the levels of 1L6 and TNFa (MYD88 pathway) and the levels of IENy
and cXcL1o (TRIF pathway) after the LPs challenges. Iz vivo LPs effects on CRP,
hematological parameters and vital signs were assessed in the presence and absence
of N1-o101 to further demonstrate its pharmacological effects. Finally, the antici-
pated impact of the FeyRIIa polymorphism on NI-o101 PD profile was assessed in
the 3 FeyRIla genotypes HH, RH and RR equally represented in the study.

METHODS

All study documentations were submitted to the Medical Ethics Committee
of Academic Medical Center (AMC) in Amsterdam and the ccmo (Central
Committee on Research involving Human Subjects; Competent Authority) for
approval. The study was conducted in accordance with the principles set forth in
the Declaration of Helsinki, the Guidelines of the International Conference on
Harmonisation (1cH) on Good Clinical Practice (Gcp) (cPMP/1CH/135/95),
European Union (EU) Directive 95/46/EC, the Dutch Act on Medical Research
involving Human Subjects (Wet Mensgebonden Onderzoek, wMO), and other
applicable regulatory requirements.

STUDY DESIGN The study was a randomized, double-blind, placebo-con-

trolled, Px/PD guided, Phase 1 study in HV adults. Subjects were administered for
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2 hours ivinfusion of either placebo (saline solution) or N1-o101 in saline solution.
Part 1 objectives were to assess the tolerability, safety, Pk and PD with ex vivo LPS
challenge after single ascending dose of N1-0101, taking into account the FcyRIla
genotype. Fifty-seven subjects received escalating doses of N1-o101, from 0.001
mg/kg to 15 mg/kg, or placebo. Male subjects were included in all cohorts of both
parts. Because of potential effect of menstrual cycle on TLR expression, female
subjects were only included from the moment that a certain N1-o101 dose had
achieved complete inhibition of ex vivo LPs-induced cytokine release in men;
female subjects participated in cohorts 3 to 7 of Part 1. Each cohort included at
least 2 representatives of each of the 3 FeyRIla-131 genotypes (1/H,R/R,R/H) who
received NI-o101. Genotype was not specified for placebo subjects. Nine subjects
were enrolled in the first cohort (N1-o101: placebo, 6:3), and all subsequent cohorts
enrolled 8 subjects (N1-0101 :placebo, 7:1, including one subject receiving the same
dose as the previous cohort). NI-o101 PD effects were assessed by whole blood ex
vivo stimulation with LPs.

Part 2 objectives were to assess the tolerability, safety, Pk and PD with ex vivo
and 77 vivo LPS challenge after single selected doses of N1-o101. The first cohort
(0.01 mg/kg) enrolled 4 subjects (N1-o101:placebo, 3:1) and the second cohort
(0.25 mg/kg) enrolled 12 subjects divided into three subgroups (2a, 2b and 2c),
each composed of 4 subjccts (NI-OIOI:pIacebo, 3:1). Subjccts also received an in
vivo LPS challenge at 2 ng/kg, either immediately at the end of NI-0101/placebo
infusion (cohort 1 and cohort 2a), or at a delayed time-point (22 or 40 days, for
cohort 2band 2, respectively) after infusion. For all groups, the selected genotype
of the subjects who received active treatment was 131R/R and 131R/H (ratio of 1:2
per group). The genotype of placebo subjects was not specified.

The assignment of subjects and treatments to the randomization schedule was
done with sas (sas Institute, UsA) by CHDRSs statistician. All personnel involved
in the execution and evaluation of the study (except statistician generating the
study randomization schedule) was blinded.

N1-o101 drug product (manufactured by Nova Laboratories Ltd, UK) and
matching placebo compositions were L-Histidine (1.88 mg/mL), L-Histidine
monohydrochloride monohydrate (2.0 mg/mL), Sucrose (68.46 mg/mL),
Polysorbate 80 (0.05 mg/mL), water for injection to 1 mL, pH 6.0. LPs lot#3 was
manufactured in the United States of America by the National Institute of Health.

The first subject was enrolled on 29 October 2012 and last subject completed the
study on 27 March 2014. All patients were followed until N1-o101 concentration
could not be measured or close to the limit of quantification. The study was regis-
tered on the following databases: http://www.clinicaltrials.gov (NCT01808469)
and on http://eudract.emea.cu.int (2012-003657-28).
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DOSE SELECTION As NI-o101 does not bind to TLR4 in any animal species
commonly used for preclinical safety assessment, a mouse surrogate antibody
(sE3) was used for iz vivo pharmacology, pharmacokinetics and toxicology stud-
ies. In a 4-week toxicity study in mice, no unintended effects of sE3 were observed
at the highest dose tested (240 mg/kg/week intravenously). The Minimal
Anticipated Biological Effect Level (MABEL) was assessed by a modeling and sim-
ulation approach, using data from 77 vitro human whole blood LPs challenges and
target occupancy data, and predicted Pk based on other NovImmune antibodies
and canakinumab. As consequence, the starting dose for Part 1 of the study was
calculated to be 0.001 mg/kg, predicted to result in a 3-37% reduction in ex vivo
LPs-induced cytokine release, dependent on FeyRIla genotype. Dose selection for
subsequent cohorts was guided by Pk/PD data from preceding cohorts.

For Part 2, the starting dose was selected based on ex vivo cytokine release inhi-
bition observed in Part 1, with an anticipated inhibition of iz vive LPs-induced
cytokine production of at least 75% with duration of 3 days. The second dose to be
administered was intended to induce prolonged (i.c. up to 28 days) and marked
(290%) inhibition of iz vive LPs-induced cytokine production.

STATISTICAL METHODS  Allstatistical analyses were exploratory; therefore, no
formal sample size calculation was performed. As standardly conducted in phase 1
studies to allow initial PK/PD assessment, a minimum of 6 subjects per dose were
included in part 1 (a minimum of 2 subjects with each FeyRIIa genotype) and 4
subjects per group were included in part 2 (RH or RR FeyRIIa genotypes only) in
order to explore the iz vivo LPs effect in presence of N1-o101 over time. No adjust-
ments were made to compensate for multiple testing. Placebo subjects from each
cohort were pooled into a single placebo group. Safety and PD data were pooled
by defined analysis periods in Part 2: outside of the LPs challenge period and 72h
post the Lps challenge. For all continuous variables, summary statistics included n,
mean, median, standard deviation, minimum and maximum. No descriptive sta-
tistics were calculated in the event of very few observations (n < 3); if N=2, only the
arithmetic mean was calculated; if N=1, the single value was reported. PK param-
eters were determined using serum concentrations with WinNonlin (Certara,
UsA) and sas for dose proportionality assessment, and presented with 3 signifi-

cant digits, except for T, ,,, which was presented to one decimal place. Change and

max
percentage change from baseline was computed for selected parameters.

FCTRIIA GENOTYPING DNA was extracted from whole blood using the
QiaAmp DNA Blood Mini Kit (Qiagen) and analysis was performed at Eurofins
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Medigenomix GmbH (Ebersberg, Germany). so ng of DNA was used for PCR and
sequencing using primers detecting the FcyRIIa-131 R/H mutation.

PK ASSAY The serum concentrations of NI-o1o1 were determined by Covance
Laboratories (Harrogate, UK) using an ELISA on the Gyrolab™ xP immunoassay
platform (Gyros, Sweden), using biotin labelled mouse IgGr kappa anti-N1-0101
idiotype monoclonal antibody 4C4 (Novimmune SA) as capture reagent and
Alexa Fluor® 647 labelled 4C 4 as detection reagent.

EX 7IVO LPS CHALLENGE  Six mL of blood were collected in sodium heparin
(Greiner). Blood was diluted (1:1) with RMPI 1640 medium with 25 mM Hepes
and L-Glutamine in the presence of LPS (2.5 ng/mL). The samples were incubat-
ed for 24 hours at 37°C (5% CO2), then were centrifuged (20 minutes 2000G at
20°C) prior to measure cytokines in the supernatant. IL6, TNFa and CXCL10 were
measured with R&D Quantikine® EL1SA and Multi-array Meso Scale Discovery®
by Good Biomarker Sciences (Leiden, Netherlands). 1FNy was measured by
ELISA Verikine HStm (PBL-Interferon source) by Novimmune (Plan-Les-Ouates,
Switzerland).

ANTI-DRUG ANTIBODY (ADA) ASSAY  Evaluation of Ada against NI-o101 was
performed by Covance (Horrogate, UK) using bridging EL1S A on the Gyrolab™ xP
immunoassay platform, with biotin labelled N1-o101 as capture reagent and Alexa
Fluor® 647 labelled N1-0101 as detection reagent, and followed the tiered approach
design.

RESULTS

DEMOGRAPHICS Demographic data are summarized in Table 1a and Table
1b for the ex vivo (Part 1) and iz vivo (Part 2) LPs challenges, respectively. Fifty
seven subjects (9 received placebo and 48 received N1-0101) were recruited in Part
1and 16 subjects in Part 2 (4 received placebo and 12 received N1-o101). No differ-
ences between cohorts were observed for ethnicity (primarily white), age (mean
between 21.0 and 30.3 years) and BMI (mean between 21 and 25 kg/m?).

SAFETY Overall, single infusions of N1-o101 were well tolerated and no safety
concern was identified up to the highest dose of 15 mg/kg. In total 74% of the 73
HYV reported 140 treatment-emergent adverse events (TEAEs), including 27 events
reported by 8 subjects who received placebo. Overall, the type, intensity, duration,
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and frequency of AEs were comparable across the placebo and all N1-0101 groups,
as well as across all 3 FeyRIIa genotypes (data not shown). The majority of AEs
were mild and resolved within hours to days. None of the AEs was severe or serious
and there were no AE-related withdrawals. The most commonly reported AE was
headache (35% in N1-o101-treated subjects, and 23% in placebo-treated subjects).
The most frequently reported system organ class was infections and infestations
with predominantly nasopharyngitis (21 events reported by 20 subjects, time of
onset 2-62 days after N1-o101/placebo infusion; most being of mild intensity and
not requiring treatment) and gastro-enteritis (3 events reported by subjects at 2
different doses and in placebo groups). Two Gram-negative bacterial infections
(E.coli urinary tract infections) were reported in 2 female subjects with report-
ed history of urinary tract infections, one following placebo and one following
NI-o101 infusion. Nine events attributable to ‘Influenza-like illness’ were observed
in different N1-o101 dose groups; none corresponding to an infusion-related reac-
tion, as their onset were between 12 and 47 days post-infusion. Most of the other
AEs occurred as single events across different system organ classes in individual
subjects (see Table 2) and are events commonly reported in Phase 1 studies.

Low anti-NI-o101 antibody positive titers were observed post-infusion in 5 out
of 60 subjects who received N1-0101 and only at a single time point. The presence
of pre-infusion positive titers in 2 of these subjects, in one placebo and the low
titers suggest a degree of non-specificity of the assay or cross-reactivity to pre-ex-
isting antibodies.

No clinically relevant changes were observed in clinical chemistry, hematology,
coagulation tests, vital signs and physical examinations. No trend was noticed in
electrocardiogram results and in particular there was no evidence of an effect on
the QT interval. In few subjects receiving N1-o101 or placebo, sporadic mild ele-
vations of I1L6 were observed, as expected as part of the normal variability [12, 13]
and without concomitant clinical effects. No elevation was observed for other
cytokines following N1-o101 administration. Importantly, these data suggest the
absence of TLR 4 agonist activity of NI-o101.

PHARMACOKINETICS As shown in Figure I, NI-0101 maximal mean serum
concentrations were achieved between the end of infusion and 2h after end of
infusion with the highest value achieved at the dose of 15 ng/mL (367,000 ng/mL)
and comparable concentrations between Part 1 and Part 2 (118 and 99.5 ng/mL at
o.o1 mg/kgand 5,850 and 5,270 ng/mL at 0.25 mg/kg for Part 1 and 2, respective-
ly). As expected, at the dose of 0.001 mg/kg, NI-0101 serum concentrations were
not quantifiable.
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The higher the administered dose, the longer the N1-o101 concentrations were
quantifiable in serum, i.e. 4 days after infusion of 0.01r mg/kg and up to 18 weeks
after infusion of 15 mg/kg (the last sampling time), but close to the limit of quanti-
fication. The PK profile of N1-o101 was neither influenced by the administration of
Lps nor by the different FecyRIIa genotypes (see supplementary Table St online).

The maximal N1-0101 concentration (C,,,,,), the end-of-infusion N1-0101 con-
centration (CEOI) and the exposure (AUC;y¢) increased with the dose (see Table 3).
However, a nonlinear profile was observed, particularly at lower doses, because of
the expected target mediated drug disposition (TMDD). The PX profiles and the
calculation of the clearance per dose group indicated that the terminal elimination
of N1-0101 decreased with increasing dose to reach a plateau at the dose of 1 mg/
kg. Different phases in the elimination of N1-o101 could be observed, especially at
higher doses when the target-mediated elimination pathway was saturated. The
half-life of the linear elimination phase, calculated based on the pooled obser-
vations between day 20 and 80 of the 15 mg/kg dose group, was estimated to be
approximately 10 days (k. = -0.0027 h-1; data not shown). The volume of distri-
bution (V,;) was larger than the total blood volume suggesting a distribution of
NI-0101 in the tissues.

PHARMACODYNAMICS ExvivoLPS challenge. The PD profile of N1-0101 0btain-
ed after ex vivo LPs challengesis presented in Figure 2 for 1L 6 per FeyRIIagenotype.

A dose-dependent inhibition of L6, TNFe, cXCL10 and IFNf (see supplemen-
tary Table Sz online) release induced by an ex vivo LPs challenge was observed
after a single administration of NI-o101 compared to placebo. The inhibitory
effect was comparable for all cytokines measured, lasted longer when the dose
of NI-o101 was increased and was influenced by the FcyRIIa genotype. For the
FcyRIla genotype H/H (Figure 24), inhibition of 1L6 release was 49.0% at the
0.05 mg/kg dose of NI-o101 and > 90% at the dose of 0.25 mg/kg and at higher
doses. For the FeyRIIa genotype R/H (Figure 28) and R/R (Figure 2¢), the average
inhibition of 1L6 release at the end of the N1-o101 infusion was already > 70%
and > 80%, respectively, at the 0.01 mg/kg dose of N1-o101 and > 90% at the dose
of 0.05 mg/kg and at higher doses. The average duration of a significant inhibi-
tion (>80%) of cytokine release increased with the increase of the dose to reach
between 8 weeks and 14 weeks at the 15 mg/kg dose, depending on the FeyRIla
genotype (H/H<<R/H<R/R).

INVIVOLPS CHALLENGE NI-o101 pharmacological effects were studied in Part
2 of the study by the administration of an iz vive LPs challenge at three different
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time-points after the end of N1-o101 infusion in three separated subgroups of HV
(end of N1-0101 infusion, 22 days later and 40 days later).

In subjects administered placebo, an increase in serum IL6 concentration
was observed with a maximal measured concentration achieved at 2h after the
LPs challenge (Figure 34). In subjects administered N1-o101 at the 0.01 or 0.2
mg/kg dose and who received the LPs challenge immediately after the infusion,
no increase in serum cytokine concentration was observed. This absence of 1L6
induction was also observed in subjects exposed to the LPs challenge 22 days after
NI-o101 infusion. However, in subjects administered N1-o101 ata dose of 0.25 mg/
kgand exposed to the LPs challenge 40 days after the N1-o101 infusion, an increase
in serum IL6 concentration was observed with a maximal measured concentration
achieved post LPs challenge approximately after 2h. Similar increase in serum con-
centration was also observed for TNFa, cxcL10 and 1FNy (data not shown).
Consistent with the observation on cytokines, LPs induced CRP release was pre-
vented by NI-o101 up to 22 days after iv infusion at a dose of 0.25 mg/kg (Figure
3B). Similarly, prevention of LPs induced changes in neutrophils and leucocytes
counts, coagulation factor (aPTT), heart rate (data not shown) and temperature
(Figure 3¢) was observed in presence of NI-o101.

Overall, duration of N1-o101 effect after iz vivo and ex vivo LPS administration
was comparable.

DISCUSSION

We report on the first-in-human administration of NI-o101, an antibody binding
and blocking TLR4, while ENGAGING FcyRI and FcyRIL In this study, single
ascending doses of N1-o101 were administered to HV. Ex vivo and iz vivo LPs chal-
lenges allowed assessing the pharmacological activity of N1-o101. Dose escalation
decisions and follow-up duration were guided by interim analysis and modeling of
PK/PD data.

Similarly to previous clinical experiences with other molecules blocking
TLR4[14,15], as well as with an anti-TLR2 antibody16, N1-o101 was well-tolerat-
ed in HV at doses up to 15 mg/kg with no apparent dose-event or genotype-event
relationship. No infusion-related adverse events were reported. No clinically
relevant increases of cytokines were observed. The absence of indications for
increased susceptibility to gram negative bacteria for the duration of TLR 4 block-
ade (up to 14 weeks following the administration of NI-o101 at 15 mg/kg) isin line
with published data on TLR4-independent responses to LPs, such as autophagy,
endocytosis, phagocytosis, oxidative burst and inflammasome activation[17,18]
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demonstrating that the immune system is endowed with alternative pathways for
asingle offensive stimulus.

The observed Pk profile of NI-o101 was non-linear due to the expected
TMDD at low NI-o101 concentrations and was characterized by a long half-life of
approximately 10 days as reported by most mAb-targeting cell surface receptors.
[16,19,20,21] The climination of NI-o101 decreased with increasing doses, reaching
a plateau at 1 mg/kg, likely reflecting the expected saturation of the targeted recep-
tor, as previously described for an antibody targeting TLR2.[16] The presence of
a TLR4 ligand (i.c. LPS) 7 vivo did not influence the PK of N1-0101. Considering
this observation and the known ligand independent effect of N1-0101 i72 vitro, it
can be speculated that the presence of TLR4 ligands in pathological conditions
will not influence N1-0101 PK. Finally, N1-0101 elimination was not affected by the
FcyRIla-131 R/H polymorphism.

Consistent with N1-o101 PK, MYD88 (cXCL10 and 1FNY) and TRIF (IL6 and
TNFo pathways were completely blocked in blood upon the administration of
NI1-o101 from the dose of 1 mg/kg onwards. At lower doses, NI-o101 achieved
incomplete blockade of cytokine release induced by Lps. The maximum dura-
tion of complete inhibition also increased with the dose, up to 14 weeks for TNFa
(supplementary Table S3) at the highest dose tested (15 mg/kg) depending on
the genotype. The long lasting effect observed for the higher doses of N1-o0101 is
associated with the well-known long half-life of monoclonal antibodies. This px/
PD characteristic gave the opportunity to perform an initial safety evaluation of
the consequences of a prolonged inhibition of the TLR 4 pathway, up to 14 weeks.
It also offers flexibility in the choice of dosing regimen which can be adapted to
satisfy the requirements to study NI1-o101 at different development stages or in
different indications.

As predicted by the PK/PD simulations, subjects with an FeyRIla HH genotype

showed a shorter duration of inhibition compared to RR or RH genotypes. This
observation was consistent with previous 1Cs, data reported from iz vitro exper-
iments (internal report), which was considered in the design of the study where
FeyRIlagenotype (HH) was selected to be enrolled in the sentinel group of the first
cohort as a safety precaution. Future studies will address the effect of the FcyRIIa
genotype on clinical response.
In Part 2 of the study, the i7 vivo effects of LPs on clinical parameters (such as body
temperature and heart rate) and laboratory parameters (CRP, aPTT, platelets and
leucocytes) were completely prevented by the administration of N1-o101. These 7
vivo observations in humans provide a confirmation of the hypothesized mecha-
nism of action of N1-0101.
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The magnitude and duration of the effects of N1-o101 were well comparable after
ex vivo and iz vivo LPS challenges, allowing using ex vivo data to predict iz vivo
pharmacological effects.

Taken together, the PK/PD data generated in HV in the presence and absence
of a TLR4 ligand can be used to generate a robust Px/PD model for the predic-
tion of the PK/PD profile in patients, therefore likely reducing the risk for the
selection of the expected effective dose. Based on the data from this study and
assumptions specific to the disease of interest (target tissue, chronic versus acute
disease...), expected N1-o101 pharmacological effects can be simulated in relation
to its concentration, providinga sound rational to select the dose and frequency of
administrations for Phase 2 studies.

In conclusion, this study has demonstrated N1-o101 good tolerability, a favor-
able safety and Px profile and a robust and durable anti-inflammatory effect in
HV. The ex vivo LPs challenge appeared to be a reliable surrogate for the i vivo
pharmacodynamics profile of N1-o101. The prevention of iz vivo LPs effects pro-
vides evidence of N1-o101 pharmacological activity. These data enable the further
development of NI-o101 in a wide range of diseases that are mediated through
the activation of TLR4 and provide flexibility in the choice of dosing regimen.
In particular, N1-o101 appears a promising treatment to block efficiently major
inflammatory mediators signaling through TLR 4 which are present in the synovial
fluid and blood of RA patients.
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Table 1. Baseline characteristics Part 1.

Placebo N1-0101

0.001 0.01 0.05 0.25 1 5 15
N=9 N=7 N=7 N=7 N=7 N=7 N=7 N=6
FeyRIla H/H 4 3 2 2 2 2 2 2
R/H 5 2 3 3 3 3 3 2
R/R 0 2 2 2 2 2 2 2
Sex Female 2 0 0 1 1 1 1 2
Male 7 7 7 6 6 6 6 4

Age Mean  26.8 234 22,6 247 21.1 24.1 24.0 21.0

SD 7.84 5.38 2.15 5.41 1.86 5.93 3.51 0.00

BMI Mean  23.58 21.16  21.39 23.41 2146 2499 2244 2372

SD 3.063 1.045 1.419 3.456 1760  3.248 1.69 33.276

Abbreviations: BMI: body mass index; H/H, H/R, R/R: FcyRIla-131 polymorphisms.

Table 1B. Baseline characteristics Part 2.

Placebo N1-0101
0.01 mg/kg 0.25 mg/kg All
Immediate* Immediate* Day22* Day 40*
(n=4) (n=3) (n=3) (n=3) (~=3) (~=9)
FeyRIla H/H 2 0 0 0 0 0
R/H 2 2 2 2 2 6
R/R 0 1 1 1 1 3
Sex Female 0 0 0 0 0 0
Male 4 3 3 3 3 9
Age Mean 275 24.0 25.0 30.3 22.3 25.9
SD 3.11 4.00 4.36 8.62 351 6.23
BMI Mean 2245 21.37 23.57 23.47 23.17 23.40
SD 2.740 1.266 1.762 4.539 4.203 3221

Abbreviations: BMI: body mass index; H/H, H/R, R/R: FcyRlIIa-131 polymorphism; sp: standard
deviation.

*Immediate: lipopolysaccharide administration immediately after NI-o101 administration (study day 1),
at study day 22 or 40, respectively.
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Table 2. Adverse events reported in at least 2 subjects by preferred term by treatment group Table 3. Summary of N1-o101 Pharmacokinetic Parameters and Dose Proportionality Assessment

(excluding AEs reported during 72h after in vivo endotoxin administration). Partr Part 2 Dose
Placebo N1-0101 All N1-orordose prop*
0.001 0.01 0.05 0.25 1 5 15 0.01 0.05 0.25 1 5 15 0.01 0.25 Rdnmg#
(n=13) (N=7) (N=10) (N=7) (N=16) (N=7) (N=7) (N=6) (N=73) (N=7) (n=7) (x=7) (N=7) (N=7) (N=6) (N=3) (N=9)
N(E) N(E) N(E) N() ~N(E) N(E) N(E) N(E) N(E) Crnax 118 918 5850 30.6*103 118%103 367103 99.5 5270 1.93
Headache 33 1) 1) 3(5) 5(7)  2(4) 4(4)  5(5 24(30) (ng/mL) (242) (180) (12.6) (314) (11.4) (155) (162) (169) (r.56-2.4)
Nasopharyngitis 4(5)  2(2) 2(2) 22 o 2(2)  4(4) 44 20(21) T () 20 4.0 2.2 4.0 4.0 3.0 2.1 2.1 NA
Influenzalike 0 0 2(2) 0 1(1) 22) 22) 212 909 (2.0-2.0) (2.0-6.0) (2.0-6.0) (2.0-6.1) (4.0-6.1) (2.0-4.1) (2.0-2.1) (2.0-4.2)
illness AUCjyf 3490 67.7'103 8097103 5597103 2417105 811°105 2740 7457103 4.8
Myalgia 2(2) 0 2(2) o0 2(3) 0 0 1(1) 7(8) (hng/mL) (492) (280) (123) (254) (303) (233) (291) (165) (9:5-229)
Dizziness 0 0 33) 0 0 1) 0 0 4@4) c.(h) 19 445 738 103 131 132 215 707 WA
Oropharyngeal 0 0 3(3) 1(1) o 0 0 0 4(4) (21.3)  (10.4)  (22.5) (19.1)  (207) (31.0)  (15.7) (27.7)
pain CL(L/h) o251 00593 0022 0.0161 0.0162 0.0146 0.288 0.0260 NA
Nausca 22) 0 0 11 1 o 0 0 4(4) (45.0) (23.7)  (106) (257) (255) (222)  (30a1) (18.9)
Gastroenteritis 1 (1) 0 0 0 1(1) 0 0 1(1)  3(3) V(L) 6.87 4.06 311 3.62 455 471 8.12 3.83 NA
Catheter site (1) o0 0 0 0 0 0 (1) 2(2) (32.5) (18.6) (11.4) (17.0)  (9.21) (18.7)  (22.1) (16.8)
hematoma N: number of subjects in specified group; Na: not applicable; C,y: maximum serum concentration;
Back pain 0 2(2) 0 0 0 0 0 0 2(2) tmax: time to maximum serum concentration; AUCy,¢: area under the concentration-time curve;
Musculoskeletal 0 0 1(1) o0 0 1(1) 0 2(2) t,/,: half-life; cL: Clearance; Vss: volume of distribution at steady state.
chest pain Note: PK parameters for NI-o101 dose group 0.001 mg/kgare not presented, as all except
Cough 1(1) 0 1(1) 0 0 0 0 0 2(2) 1 concentration were not quantifiable.
Rhinorrhoea 0 0 1(1) 0 11) 0 0 0 2(2) Values are arithmetic mean (Cv%) except median (min-max) for ty,y.
Fecling hot 0 0 0 0 1) o 1) 0 202) *Dose proportionalit.y for Part 1 as?essed by th? Power' Model Statistical analysis. '
>— #Rdnm: model-predicted geometric means ratio for high and low dose, for dose normalized
Bacteriuria/uTt 1(1) 0 0 0 0 1(1) 0 2(2) PK parameters.
Cathetersitepain 2(2) 0 0 0 0 0 0 2(2)
N= number of subjects
E= number of events
FUTURE DRUGS IN ATHEROSCLEROTIC CARDIOVASCULAR DISEASE CHAPTER § —

- 82— - 83—



‘opureydsesAjododi| :sa1 sadK10uad e [yAd] /¥ “H/Y “H/H "UBIW DNIWIYILIE OT€ SIN[EA “%08- T durjaseq woyy afueyd a8eaussrad yam syurod erep :pjoq uy

9t1  L'lzr-  0'¢¢ vo'g- 9'tT- €91 gv1  gor-  1°9¢ g5 0- SYMQI
TSh- 6°6S-  greT- ver vvb- grc- 09'b- 1°$7-  vTI £67- SYMIT
8'L9- 9'¥6- 9'gI- g'gt- 6'98- T6I- g'1¢- VrLlg-  6F1 $ST- symb
$+68- L'L6- €1 0tT- T'€6- 91l €98- €86- €0t S6v-  symTI
00I- 00I- 6'g¥- 00I- 00I- 9'¢S +'66- o001- 9°'g¥- 144 61¢-  symor
oor- ooI- 1'gS- vor $¢ LLb o00I- 00I- 97§ SL1  +'¢1 00I- 00I- 1°S8- g'1¢ o'gh- 1°g7c- syMmg
00I- 00I- O00I- I'$6- 9'T8- ¥'$S- 6°09- 00I- 00I- $'g9- $°L1 L'9¢- o00I- O00I- 6°9L- 11°9- L1t- S[m9
00I- O00I- O00I- 00I- O0OI- 7°T§- O0OI- O00I- $'gL- L€6- S$T'1 00I- O00I- I'66- L'g6- 6°Sg- 6bz- symt
00I- O00I- O00I- 00I- 00I- I'T6- 00I- O00I- 9°98- 1°96- gL'S- 00I- 00I- §'66- 00I- 0'66- §'16- 676 SyMme
00I- O0O0I- O0O0I- 00I- 0OI- OOI- O0O0I- g§'86- 1°68- 00I- 6°¢6- 00I- O00I- O00I- O0O0I- O0OI- O00I- ThI- symT
00I- O00I- O0O0I- 00I- 00I- OOI- O0O0I- O00I- I°S6- g'L6- 00I- 1'T6- 00I- O0O0I- O00I- O0OI- O0O0I- §'86- 671- skepL
00I- 00I- $'66- 00I- 00I- OOI- 0OI- O00I- ¢hg- 00I- 0°L6- 00I- 00I- O00I- O0O0I- O0O0I- O0OI- 89°8- skep¢
00I- 6°'g6- 00I- 00I- 00I- OOI- O0OI- O00I- ¢V6- 00I- 1'g6- 00I- 00I- O00I- O00I- O0O0I- O0OI- ¢t skepe
00I- O00I- 00I- 00I- OOI- 00I- OOI- O0O0I- L'6L- oor- t¥6- o001- 00I- 00I- 00I- O0OI- O0OI- Ll1- s1ybT
00I- O0O0I- O00I- 00I- 00I- 00I- I'$6- 7'$6- 6'gL- €°L6- 6°L6- 1'¥6- o001- 00I- §'66- 00I- O0OI- OOI- 69¢ SIyTI
00I- 00I- O00I- 00I- 00I- 00I- O0O0I- O00I- 9'IZ- L'¥6- $'86- $°¢6- 00I- 00I- O00I- L'66- 00I- O00I- Ly SIY7T
y/4 H/Y H/H ¥/¥ H/d H/H ¥/4 H/Y H/H ¥/¥ H/4 H/H ¥/4 H/Y H/H ¥/4¥ H/4 H/H
Sy/Bw gy Syy/Bwr [ Syy/Bu gy Syy/8w 1 Syy/Bw gy Syy/8w 1 0gade]g
FJNAT 0I10XD PANL

*1010-IN 8y /Swr $1

pue 1 3u1A12531 5110105 10§ ‘9d£10u53 12d 95€321 U014 PIINPUL-S T OAIA X3 JO SUI[ISEQ WO UORIGIYUT JO 2FeIuadidg -z 9[qea Areauswdddng

*(I=N) pa3E[no[E2 10N : ON

691 79'8 11°g Sym g1
ON L9 (522 M 91
€SI Sot 61¢ symbr
L8t 0Ttl ogL o S1¢ 76'8 SyMmTI
oLyt oSo¢ 0T8I 98¢ 0701 71 Symor
0¢6$ 078L otly €S9 00¢T Sz9  L'S1 T6E (b o o o o o o o o o symg
oo¥I1  00LSI  000II 0097 (1% 49 0t¢T 17¢ v¢y Lgr o o o o o o o o 0 sym9
00187 00SLE 00167 ote¢l oobtl 0099 017S1 0681 oOghI 89 1 €91 o o o o o o symt
ooSey oot¥S o000tk 00STI  000LI  00LOI 0SgT 06FVE ort¢ S1¢ Teér b1 o o o o o o sym¢
0070L 006L8 00LSL 00L61I 00LST 00961 oFoS 0S8S 0S¢S €88 +gS  1¢S o L6t o o o 19 M7
0006IT 000$¢I 000TTI 00¢¥E 0061F 009L¢ 0816 ooyl 07€g 0LOT 00LI 0691 $+g €1 709 o o o M1
ooob¥1 000107 00OVLI  008LF 0089 00¢IS 009IT 006$1 0OTHI 09Z7T 00ST 06¢T S¢T €8T QIT o LL9g 6% skep¥
0oot91 0007¢T 00090T 00§TS 00¢S9 00IT9 008ST 00¢LI ootbI oOIIf¢ 0S6T oFk9T 96T ¢ob 9Lt +99 9¢r 171 E?\wm
000IIT 000¢LT 00017 00869 o00Fog 00VOL 00LLI 00F0T 00961 00L¢ 0SLE 06¢¢ gty LES Pib L1 g'gT gt @AﬁuN
000617 0000I¢ 00000¢ 00OFtg ©00S$6 00SIg 00LOT oOgbT oobLl oItk oghy 0¢6¢ €LS o089 gy 11¥ LS Cob %ww:
000L67 0007TSE 000£EE  000S6 000OIT 00888 0O0SLI 00LST 008TT OFFy oF1S 090 €Tl 898 10L €S9 Lo0og 1'§9 SIYTI
0000I¢ 000€§€¢ 000LSE 000SOI 000$T1 000SOI OOFbT 00§9¢ OOIbT 06LS 09¥S 0gts 9SL €6 ¥SL €96 o1 +HLg SIY9
00007¢ 000¥8¢ 000S9€¢ 000TII 0000TI 000SOI 006ST 000S¢ 00SHT OFVLS 0S9S oobS gl ¢¥6 o006 101 orr  ¥¥6 s1y ¥
00090¢ o0o00tg¢ 00068¢ 00£96 000¢TI 000801 006FT 00IOE¢ 00IFT OI8S OL6S 0t¢S 6og 616 6¢6  SII 171 SII sy T
q /4 H/4 H/H q/d H/Y H/H ¥/4 H/4 H/H ¥/4 H/d H/H ¥/4 H/d H/H ¥4/4 H/4 H/H
Sy/3w gy Sy/3w g Sy/3u | 8y/3w sz Sy/3w 0 /3w 100

ad£30us8 12d (Twr/Su) suonEnUIIUO> WNIAS TOTO-IN UL ‘T 2[qel Arezuswa(ddng

CHAPTER § —

FUTURE DRUGS IN ATHEROSCLEROTIC CARDIOVASCULAR DISEASE

— 85—

— 84—



Figure 1. Mean NI-o101 serum concentrations (ng/mL) after single ascending dose of N1-o101 Part 1 Figure 2. Mean IL6 percentage change from baseline per genotype (ex vivo Lps Challenge) in Part 1

(black); Part 2 (grey). FcyRlla genotype H/H (4), R/H (B),R/R (C).
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Figure 3. Change in pharmacological parameters after iz vivo LPs Challenge in Part 2 mean 1L6 serum
concentration (pg/mL; panel o), (B) mean CRP serum concentration (mg/L; panel B), and temperature

(panelc).
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