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Abstract

Painful diabetic peripheral neuropathy is characterized by burning, stabbing, or electric shock—type pain, which severely
impacts day-to-day functioning and quality of life. Here, we report the results of 3 phase | studies with NRD[35S.E|l
(referred to as NRD.EI),a new, orally available chemical entity, presently developed for the treatment of painful diabetic
peripheral neuropathy. The first study was a first-in-human, randomized, placebo-controlled, single-ascending-dose study,
where NRD.EI was administered to healthy male subjects in single dosages ranging from 300 to 1200 mg. The second
study was a randomized, placebo-controlled multiple-dose study, where healthy male subjects received 300 mg of NRD.E|
once daily for 5 consecutive days. The third study was an open-label food interaction study in healthy men and women
following a crossover design, where NRD.El was administered under fed and fasted conditions at 40 mg. The studies
revealed dose-dependent absorption, increased exposure to NRD.El when administered with food, and no relevant
accumulation after once-daily administration. All 3 phase | studies consistently showed rapid absorption of orally admin-
istered NRD.E| followed by fast elimination, mainly via metabolization (glucuronidation),and small secondary increases in
plasma concentrations. NRD.E| was well tolerated, with no subject discontinuation due to treatment-emergent adverse
events in any study.
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Peripheral neuropathy is a persistent condition en-
compassing a broad range of disorders presenting
with nervous system damage and dysfunction.! The
most common form of neuropathy is diabetic neu-

ated with risk of abuse, physical dependence, and
withdrawal symptoms upon discontinuation.!*? A
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ropathy, which develops in approximately half of all
patients with diabetes. A common subtype of diabetic
neuropathy, accounting for up to 25% of cases, is
painful diabetic peripheral neuropathy (PDPN).>3
The symptoms of PDPN interfere with day-to-day
functioning, quality of life, and sleep and cause anx-
iety and weakening.*® The clinical management of
patients with PDPN remains a major challenge since
most available drugs fail to achieve a relevant pain
reduction or are often poorly tolerated.>’® Further-
more, many therapies for patients with PDPN, such
as treatment with tricyclic antidepressants or classical
opioids, are prescribed off-label and can be associ-
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Figure 1. Metabolism of NRD.EI (C;H,7NOy4, 357.44 g/mol). Putative structures from LC-HRAMS and -MS/MS experiments. LC,
liquid chromatography; HRAMS, high-resolution accurate mass spectrometry; MS/MS, tandem mass spectrometry.

new chemical entity, NRDI135S.El (referred to as
NRD.E1), is currently being developed as a nonopi-
oid, orally available small molecule (Figure 1) with
promising therapeutic potential for the treatment of
PDPN."?

NRD.EI is a chiral molecule with 2 stereogenic cen-
ters. The drug substance included in the drug product
is the stereoisomer with (S,S)-configuration. Solubility
testing revealed that NRD.E1 is a lipophilic molecule
(logD 2.44, calculated using ACD lab Software!*),

which is freely soluble in ethanol (334 mg/mL) and
methanol (208 mg/mL); slightly soluble in acetonitrile
(9.01 mg/mL) and ethyl acetate (7.13 mg/mL); only very
slightly soluble in water (0.42 mg/mL), methyl tert-butyl
ether (0.71 mg/mL), phosphate buffer pH 7.4 (0.33
mg/mL), and simulated gastric fluid (0.33 mg/mL); and
insoluble in simulated intestinal fluid and acid phtha-
late buffer pH 3.0.

Investigation of the crystalline structure of NRD.E1
revealed 2 different polymorphic forms. Polymorph 1 is
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thermodynamically less stable than polymorph 2 and
converts into the more stable form in the presence of
water.

In nonclinical (rat and mouse) models of acute and
chronic pain such as Chung’s spinal nerve ligation
model (compression-induced neuropathic pain)'> and
streptozotocin-induced painful neuropathy models,'®
NRD.EI showed dose-dependent, antinociceptive ef-
fects. The exact mechanism of action is currently not
fully elucidated, yet the compound does not appear to
act directly through receptors known to be associated
with pain and abuse, including opioid receptors. Im-
portantly, orally administered NRD.E1 did not accu-
mulate after repeated dosing in rats and dogs; it showed
rapid absorption, with bioavailability ranging from 11%
to 17% in rats to about 40% in dogs. Intravenously ad-
ministered NRD.E1 was rapidly eliminated with half-
lives around 2 to 5 hours. It was extensively metabo-
lized in rats and dogs; the recovered unchanged drug
accounted for only 0.10%, 0.38%, and 0.64% in fe-
ces, bile, and urine, respectively. In total, 34 different
metabolites, most of them at trace levels, have tenta-
tively been identified in nonclinical settings, with the
main metabolites in plasma being the cleavage prod-
ucts of an NRD.E1 glucuronide and of NRD.E1 itself;
oxidation appeared to be a minor pathway in the rat
(Figure 1). Results from studies in human microsomes
with specific chemical inhibitors, focusing on Phase-I
metabolic pathways, showed that oxidation reactions of
NRD.EI were mainly driven by cytochrome P450 3A4
with no relevant contributions from other isozymes.

To date, the clinical development program of
NRD.EI for PDPN comprises 3 completed phase I
studies in healthy volunteers and 1 phase II dose-
finding study in patients with PDPN (ClinicalTri-
als.gov NCT02345291).!3 Here, we report the results
of the phase I first-in-human single-ascending-dose,
multiple-dose, and food interaction studies to charac-
terize the pharmacokinetics (PK), safety and tolerabil-
ity of NRD.E1 in healthy subjects as well as to select
the dose for the upcoming clinical program in PDPN.

Methods and Subjects

The study protocols and informed consent forms for
all 3 studies reported here were reviewed and ap-
proved by the relevant regulatory authorities and ethics
committees as per local regulations (for the single-
ascending-dose study: Ethics [Helsinki] Committee, Tel
Aviv, Israel, and Israel Ministry of Health, Jerusalem,
Israel; for the multiple-dose study: Ethics [Helsinki]
Committee, Tel Aviv, Israel; for the food interaction
study: Ethics Committee of the Landesdrztekammer
Thueringen and BfArm, Bonn, Germany). All studies
were conducted in accordance with the Declaration of

Helsinki, the International Council for Harmonisation
Guidelines for Good Clinical Practice and national re-
quirements. All participants provided written informed
consent before study entry.

Different oral formulations and/or drug products
of NRD.E1 were used in the 3 phase I studies. In
the single-ascending-dose study, subjects received an
oral suspension of NRD.El; in the multiple-dose
study, hard gelatin capsules manufactured by Quay
Pharmaceuticals LTD (Quay, Deeside, UK); and
in the food interaction study, hard gelatin capsules
manufactured by HWI development GmbH (HWI,
Appenweier, Germany). The single-ascending-dose and
the multiple-dose study used polymorph 1 of NRD.E1
(manufactured by Regis Technologies, Morton Grove,
Illinois), whereas the food interaction study used the
more stable polymorph 2 (manufactured by Dr. Reddy’s
Laboratories, Hyderabad, India).

Single-Ascending-Dose and Multiple-Dose Studies
Both studies were designed as single-center, random-
ized, double-blind, placebo-controlled studies and
conducted at Tel Aviv Sourasky Medical Center, Israel.
The primary objectives were to evaluate safety and
tolerability and, at the same time, to determine the PK
of NRD.E1. The secondary objectives of the single-
ascending-dose study included the determination of
the maximum tolerated dose (MTD) and dose-limiting
toxicities of NRD.EL1.

Eligible subjects of the single-ascending-dose study
were treated in 1 of 4 sequential cohorts (8 sub-
jects/cohort, 6 on NRD.E1, 2 on placebo) and received
a single oral dose of 300, 600, 900, or 1200 mg NRD.E1,
or matching placebo, in suspension after at least a 10-
hour fast (water allowed up to 1 hour before dosing).
After dosing, subjects continued fasting (water allowed
from 1 hour after dosing) until 4 hours after dosing, at
which time a standardized light breakfast was provided.
Meals were also provided 8 and 12 hours after dosing.
Blood samples (8§ mL each) were withdrawn within 1
hour before dosing as well as at 10, 30, and 45 minutes;
and 1, 1.5, 2, 3, 4, 6, 8, 12, and 24 hours after dosing.
Urine was collected before dosing on Day 1 and over 0-
to 6-, 6-to 12-, and 12- to 24-hour intervals after dosing.

Eligible subjects of the multiple-dose study received
oral doses of 300 mg of NRDI125S.E1 (4 capsules
of 75 mg) or placebo in a 3:1 randomization (12
subjects, 9 on NRD.E1 and 3 on placebo) once daily
over 5 consecutive days after at least a 10-hour fast
before next-day dosing (water allowed up to 1 hour
before dosing). After drug administration, subjects
continued fasting for 4 hours when they received a
standardized light breakfast. Meals were also provided
8 and 12 hours after dosing. Blood samples were with-
drawn within 1 hour before dosing on days 1 and 5,
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and trough samples on days 3 and 4 were taken within
15 minutes before dosing. Serial blood samples for PK
analysis on Days 1 and 5 were drawn at 10, 30, and 45
minutes; and 1, 1.5, 2, 3, 4, 6, 8, 12, and 24 hours after
dosing.

The study populations comprised healthy, non-
smoking males aged 18 to 44 and 18 to 45 years for
the single-ascending-dose and the multiple-dose study,
respectively. Main inclusion criteria were body mass
index, 19.0 to 30.0 kg/m?; body weight, 65 to 85 kg;
blood pressure (BP) and heart rate (HR) within nor-
mal limits (systolic BP, 90-140 mm Hg; diastolic BP,
50-90 mm Hg; HR, 60-100 bpm); electrocardiogram
(ECG) with no clinically significant abnormalities (PR
interval, 120-200 milliseconds; QRS interval, <120 mil-
liseconds; corrected QT interval, <440 milliseconds);
no clinically significant abnormalities in hematology,
blood chemistry, or urinalysis laboratory tests; and
no known history of alcohol or drug abuse. The main
exclusion criteria were history or ongoing symptoms
of any gastrointestinal disorder; history of intestinal
surgery; history of significant medical disorder, which
in the investigator’s judgment contraindicated adminis-
tration of the study medication; use of any prescription
or over-the-counter medications, vitamins, or herbal
or dietary supplements within 14 days before the an-
ticipated first study dose (paracetamol or ibuprofen for
symptomatic relief of pain was allowed until 24 hours
before study treatment); acute illness within 48 hours
before the first dose; and participation in a clinical trial
with drugs within 3 months before dosing.

Food Interaction Study

The study was designed as a single-center, open-
label, randomized (order of treatments), 2-period,
2-sequence, single dose (one 40 mg capsule) crossover
trial and conducted at SocraTec R&D GmbH (Erfurt,
Germany). After an overnight fasting period of at
least 10 hours (water allowed up to 1 hour before
dosing), subjects either received the capsule in the
fasted state or received a high-fat, high-caloric meal
(&150 kcal from protein, 250 kcal from carbohydrate,
and 500-600 kcal from fat) before taking the capsule.
Subjects received further standardized meals 4, 7, and
12 hours after study drug administration. The primary
objective was to evaluate equivalence of NRD.E1
administration under fasted versus fed conditions by
use of area under the concentration—time curve (AUC)
from time 0 to infinity (AUC.,r), AUC from time 0
to the last quantifiable concentration (AUCy.), and
maximum concentration (Cyax). Secondary objectives
were to further characterize the PK of NRD.EI in
plasma after oral single-dose administration under
fed and fasted conditions and to evaluate safety and
tolerability aspects of NRD.E1. Exploratory objectives

were to screen for the presence of NRD.EI-derived
metabolites, to assess their relative abundance and PK
parameters, and to compare the identified metabolite
profile with data collected from nonclinical toxicology
studies conducted in rats and dogs.

Eligible subjects were randomly assigned to 1 of the
2 possible treatment sequences (8 subjects/sequence)
with a balanced distribution of sequences to both sexes
according to a Latin square (fasted or fed). The first
treatment under a fasted or fed condition was followed
by an at least 6-day treatment-free washout period
before assignment to the alternate prandial condition
and receipt of another 40-mg capsule of NRD.EI.
Blood samples (4 mL each) were withdrawn within 1.0
hour before dosing as well as at 5, 10, 15, 20, 30, 45, 60,
75, and 90 minutes; and 2, 3, 4, 6, 8, 12, 16, 24, 36, and
48 hours after dosing.

The study population comprised both female and
male healthy nonsmoking subjects aged 18 to 60 years.
Age matching was performed for both sexes according
to the following criteria: median of both female and
male subjects £10 years, lower limit £5 years, and up-
per limit +5 years. Main inclusion criteria were body
mass index 18.5 to 30.0 kg/m> and a good state of
health. Women had to be permanently sterile or in
the postmenopausal state. The main exclusion crite-
ria were existing cardiac, hematologic, hepatic, renal,
and/or gastrointestinal diseases, which might interfere
with the safety or tolerability, absorption, and/or dis-
position of the active ingredient; systolic BP outside 90
to 139 mm Hg, diastolic BP outside 60 to 89 mm Hg,
HR outside 50 to 90 bpm, QTc interval >450 millisec-
onds for men and >470 milliseconds for women, clini-
cally relevant abnormalities in a 12-lead ECG, labora-
tory values out of normal range unless the deviation
from normal was judged as not relevant for the study
by the investigator, and administration of any investi-
gational medicinal product within the past 3 months or
having participated in more than 4 investigational drug
studies within 1 year before individual enrollment of the
subject.

Sample Processing and Analysis

For all PK studies, plasma concentrations of NRD.E1
were determined using either protein precipitation or
liquid-liquid extraction methods with subsequent tan-
dem mass spectrometric measurement. The internal
standards were either a chemical analog of the com-
pound in initial studies or a 13Cs-labeled isotope stan-
dard in later studies. The lower limit of quantifica-
tion (LLOQ) was 10 ng/L for the single-ascending-dose
and multiple-dose studies (to account for the higher
levels of NRD.EI encountered due to the doses [up
to 1200 mg/day] administered in these studies) and
0.05 mg/mL for the food interaction study (to account
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for the lower levels of NRD.E1 encountered due to the
dosage [40 mg/day] administered in this study).

In the metabolism investigations, protein precipita-
tion extraction was used for all studies to avoid losses
through incomplete recovery. Metabolites were iden-
tified by high-resolution accurate mass spectrometry
(MS) and expert interpretation of the product ion spec-
tra. The semiquantitative metabolic profiling compari-
son between toxicology and human samples was done
by single-ion monitoring MS on all known metabolite
masses with 13C3-NRD.E1 as internal standard.

All analytical methods are detailed in Table 1.

The PK data obtained in the single-ascending-dose
and the multiple-dose studies were used to estimate the
concentrations that may have been achieved at 2 ef-
fective doses in the phase II dose-finding study'? (all
3 studies conducted with an active pharmaceutical in-
gredient [API] consisting of polymorph 1). These puta-
tive concentrations were put in perspective of concen-
trations and results of the food interaction study (con-
ducted with a capsule containing polymorph 2 [current
capsule]) to estimate an effective and safe dose for fu-
ture trials when the current capsule formulation is ad-
ministered.

Safety Assessments

The safety of NRD.E1 was assessed in all 3 studies by
continuously monitoring adverse events and evaluating
several parameters including vital signs, clinical labo-
ratory assessments, ECGs, and physical examinations
at predefined time points. As part of a post hoc ECG
safety analysis of the single-ascending-dose study,
effects of increasing doses of NRD.E1 on ECGs in
healthy male subjects were evaluated by a core ECG
laboratory. In this study, single 12-lead ECGs were
recorded at screening, on the dosing day within 1 hour
before dosing and at 1, 2, 4, 12, and 24 hours after
dosing and at the end-of-study visit (7-10 days after
dosing day). ECGs were measured and a qualitative
interpretation of abnormalities was performed by a
cardiologist in a blinded fashion.

In line with recent literature,'” emphasis was put on
the outcome of the concentration-response analysis.
Model development started with the prespecified mixed
linear model as detailed by Garnett et al'® considering
AQTCcF (Fridericia’s cube-root corrected QT; QTcF
[milliseconds] = QT [milliseconds)/RR[s]"?) as depen-
dent variable. Placebo data were considered for the
analysis with concentration values set to 0. Moreover,
concentrations below the lower limit of quantification
(LLOQ), before the first measurable concentration or
after the last measurable concentration, were also set
to 0. When embedded between 2 measurable concen-
trations, a concentration below LLOQ was considered
as missing.

The fixed-effect parameters of the prespecified
model were intercept, slope of NRD.E1 concentra-
tions, influence of baseline (centered on mean) on
intercept, treatment-specific intercept (0 = NRD.E1, 1
= placebo), and nominal time as categorical variable.
Subject-specific random effects were added on intercept
and slope parameters with an unstructured covariance
matrix.

AQTcFj = (0o + no,;) + TRT; + (61 + n1,1)Cije
+ 63 x Time + 0:(QTcFj—o — QTcky) + &gk (1)

where AQ7TcF;, = change from baseline in Fridericia
corrected interval (QTcF) for subject 7 in treatment j at
time k; 6y = population mean intercept in the absence
of a treatment effect; ny; = random effect associated
with the intercept term 6y; TRT; = treatment (0 =
active drug, 1 = placebo); 6; = population mean slope
of the assumed linear association between concentra-
tion and AQTcFy; m; = random effect associated
with the slope 6; Cjx = concentration for subject i in
treatment j and time k; 63 = fixed effect associated with
time k; and 0, = fixed effect associated with baseline
OTcFj=o; and QIcF, = overall mean of QTcFjj, that
is, the mean of all the baseline ( = time 0) QTcF values.
Changes from baseline were computed as AYj; = Yijk
(subject i, day j, time k)- Y; (subject i, baseline).

The AAQTCcF and their 2-sided 90%CIs were calcu-
lated at each NRD.E1 dose’s Cy,ax (geometric mean) as
follows:

AAQTeF, = (TRTy — TRT)) + 61 * Craxn 2

where AAQTcF, = placebo-corrected change from
baseline in QTcF at dose n; TRT = treatment (0 = ac-
tive drug, 1 = placebo); 6; = population mean slope of
the assumed linear association between concentration
and AQTcFjy; and Cyyn = Cax at dose .

No additional covariate investigation was performed
in order to avoid unnecessary model-building steps,
and nonsignificant fixed parameters were not removed
from the model, unless they caused nonconvergence or
parameter estimation issues. Random effects not sup-
ported by the model were removed as they could have
resulted in nonconvergence.

Statistical Methods and Analysis Sets
Two analysis sets were defined for the single-ascending-
dose and the multiple-dose study: the safety analysis set,
including all subjects who received the study drug, and
the PK set, including all subjects who received NRD.E1
and had sufficient plasma concentrations of NRD.E1
to estimate PK parameters.

For the single-ascending-dose study, mean concen-
trations, mean dose-normalized concentrations, and
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PK parameters were grouped and summarized per
cohort. For the multiple-dose study, calculated PK
parameters and mean concentrations across individual
subjects were summarized per time point (Days 1
and 5).

Three analysis sets were defined for the food interac-
tion study: the full analysis set, including all random-
ized subjects, the safety analysis set, including all sub-
jects who received the study drug, and the per-protocol
set, including all randomized subjects who finished the
clinical trial without major protocol deviations. Cal-
culated PK parameters and mean concentrations were
summarized per condition (fed vs fasted).

For the single-ascending-dose and the multiple-dose
studies, PK analyses were performed using PKSolver
2.0 software'” that has been validated against the
Statistical Analysis System (SAS) software (SAS
Institute, Cary, North Carolina) and STATA/SE
(STATACorp LP, College Station, Texas). For the
food interaction study, all kinetic parameters were
determined model-independently for each treatment
using Phoenix WinNonlin software (Certara Pharma-
ceuticals, Princeton, New Jersey). SAS software was
used for the validation of the analysis of concentration
data.

Clinical data were summarized and reported using
SAS software. No interim analyses were planned or per-
formed.

Results

Patient Disposition and Baseline Characteristics

In the single-ascending-dose study, 32 male subjects
were enrolled in total; 24 subjects received NRD.E1,
and 8 subjects received placebo. Mean age (25.3-27.5
years) was comparable across the different cohorts
(Table S1). All 32 enrolled subjects were included in
the safety analysis set and the 24 subjects treated with
NRD.EI1 formed the PK set.

In the multiple-dose study, 9 male subjects were
treated with NRD.E1 and 3 subjects received placebo.
Mean age of the NRD.E1 and the placebo group were
comparable (25.2 vs 24.1 years; Table S1). All 12 sub-
jects were included in the safety analysis set, and the 9
NRD.El-treated subjects were included in the PK set.

In the food interaction study, age matching of the 8
men and 8 women fulfilled the set criteria (mean age,
52.9 years [men, 50.9 years; women, 54.9 years]; Ta-
ble S1). All 16 enrolled subjects were included in the full
analysis set, safety analysis set, and per-protocol set.
Since regression for estimation of the terminal elimina-
tion rate constant (1,) was not possible for 2 subjects,
the statistical evaluation of PK parameters dependent
on A, was performed for the remaining 14 subjects
only.

No subject was prematurely discontinued from any
of the studies.

Pharmacokinetic Evaluation

Overall, all 3 studies showed rapid absorption of
NRD.EI into the systemic circulation followed by a
rapid initial decline of plasma concentrations. After the
initial decline, slower elimination was observed, and in
some subjects, NRD.E1 plasma levels showed a tran-
sient, slight increase (Figures 2-4).

Single-Ascending-Dose Study. Across single doses of
300 to 1200 mg of NRD.EI1, mean time to Cyax (tmax)
and elimination half-life (t;,; in time window 1-3
hours) were in narrow ranges of 0.38 to 0.54 and
0.52-0.62 hour, respectively (Table 2 and Table S2). In
some subjects, a secondary increase in plasma NRD.E1
concentration was observed after >6 hours after dos-
ing (Figure 2), with the magnitude of the secondary
peak ranging from 0.4% to 0.9% of the primary peak
concentrations across the different cohorts.

Increases in mean C,,,x and time 0 to the last mea-
surement time point with a concentration value above
the LLOQ, calculated by means of the linear up/log
down method (AUC) were dose dependent but over-
proportional. AUC_;,s was not calculated due to unre-
liable values for terminal t;» and A,. However, plasma
NRD.EI concentrations of many subjects declined be-
low LLOQ during the study period so that extrapola-
tion to infinity would have only minimally contributed
to the total AUC.ixs.

Only a small fraction of the orally administered
NRD.E1 (0.15%-0.36%) was eliminated unchanged in
the urine. The main metabolite of NRD.E1 observed
in urine collected from 0 to 6 hours and in plasma
30 minutes and 1 hour after dosing was a glucuronide
of the parent compound. Other metabolites that were
detected at significant levels in urine were absent or
present in only small quantities in plasma. Overall,
22 metabolites were detected in samples from the
study.

Multiple-Dose Study. NRD.E1 was given as capsules
and mean t,,x was achieved about 1 hour later (1.53
hours on days 1 and 5) than in the single-ascending-
dose study where NRD.E1 was given as suspension.
The decay of plasma concentrations appeared to
progress at a slower pace as shown by the longer t;
observed compared to the single-ascending-dose study
(Table 3 and Table S3).

NRD.E1 accumulated only slightly upon multiple
dosing. Cp.x and AUC were 23.9% and 31.0%, re-
spectively, higher on Day 5 than after the first dose on
Day 1, and mean plasma trough concentrations on days
2,3, and 4 remained at similar low mean (standard devi-
ation [SD]) levels of 2.03 (6.09) ug/L, 3.19 (6.64) ug/L,
and 1.15 (3.44) ug/L, respectively. Of note, due to
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Figure 2. Plasma NRD.EI concentration over time in the single-ascending-dose study. (A) Cohort 1,300 mg; (B) cohort 2, 600 mg;
(C) cohort 3,900 mg; (D) cohort 4, 1200 mg. Each line represents the data recorded for | individual subject (S1.01-54.06). (E) Linear
scale of mean (SD) NRD.EI plasma concentrations of the different cohorts over the first 8 hours after dosing. (F) Logarithmic scale
of mean (standard deviation) NRD.E| plasma concentrations of the different cohorts over the first 8 hours after dosing. Shown is the
data of the pharmacokinetic set.



Tiecke et al 1021

A

Fifth dose

250 ——51 ——52 —=—53 54 —=—S5 —=—56 —=—57 —+—58 —=—59

Plasma NRD.E1 ug/L

150 First dose

First dose (Day 1) 0 Fifth dose (Day 5)

300

250 s8] a8 —e—83 S4 —e—s5 250

——S51 ——S2 ——S3 $4 —e—5S5

—+—56 —e—S7 —e—S8 —e—S9

200 200 —+—56 —e—57 —e—58 ——59

150

Plasma NRD.E1 ug/L
Plasma NRD.E1 ug/L

20 24

Time after dosing, h Time after dosing, h

—e—Day1 —e—Day 5 —e—Dayl —e—Day5
160 100
140

- -
S 120 >
S ES
- -
w100 w
£ £
=4 =z

o a 0
£ £
[z (2]
8 K}
a [=%
c c
o o
] [}
= =

1

0 4 8 12 16 20 24
Time after dosing, h Time after dosing, h

Figure 3. Plasma NRD.EI concentration over time in the multiple-dose study. (A) Plasma concentrations of NRD.E| in individual
healthy subjects (SI-S9) recorded within the first 120 hours after first dosing. Solid lines reflect time course of concentrations
during 24 hours after the first and fifth dosing. Dotted lines connect trough levels recorded before second to fifth dosing. (B) Plasma
concentrations of NRD.EI in individual healthy subjects (S1-S9) recorded within the first 24 hours after first dosing. (C) Plasma
concentrations of NRD.E! in individual healthy subjects (SI1-S9) within the first 24 hours after the fifth dosing. (D) Linear scale of
mean (standard deviation [SD]) NRD.E| plasma concentrations over the first 24 hours after dosing on Day | (blue) and Day 5 (red).
(E) Logarithmic scale of mean (SD) NRD.EI plasma concentrations over the first 24 hours after dosing on Day | (blue) and Day 5
(red). Shown are the data of the pharmacokinetic set.
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Figure 4. Plasma NRD.E| concentration over time in the food interaction study. (A) Plasma concentration of NRD.E| in individual
healthy subjects (S1-S16) recorded within the first 48 hours after dosing under fed conditions. (B) Plasma concentration of NRD.EI in
individual healthy subjects (SI1-S16) recorded within the first 48 hours after dosing under fasted conditions. (C) Linear scale of mean
(standard deviation [SD]) NRD.EI plasma concentrations recorded over the first 48 hours after dosing under fed (blue) and fasted
(red) conditions. (D) Logarithmic scale of mean (SD) NRD.EI plasma concentrations recorded over the first 48 hours after dosing
under fed (blue) and fasted (red) conditions. Shown are the data of the full analysis set.

variable kinetics, the calculated A, was not sufficiently
reliable so that no extrapolation to obtain AUC_;,r was
performed.

Food Interaction Study. Fed vs fasted status was as-
sociated with slightly slower absorption (median ty,,y,
1.50 vs 0.75 hour) and higher exposure (geometric mean
AUCinr, 54.6 vs 39.4 g « h/L; Table 4 and Table S4).
Similar to the single-ascending-dose and the multiple-
dose study, a minor, secondary peak was observed at 8
hours after dosing in both fed and fasted subjects (Fig-
ure 4). The magnitude of the secondary peak reached
0.7% and 5.5% of primary peak concentrations under
fed and fasted conditions, respectively.

Among women, geometric mean Cp,y values af-
ter fed and fasted administration were nearly identical
(17.9 vs 17.6 ug/L), whereas among men, 40% lower
values were observed after fed compared to fasted ad-
ministration (14.9 ug/L vs 25.7 ug/L). Overall, the ex-

tent of exposure was higher in women than men (arith-
metic mean + SD AUC.: 60.4 + 18.0 [women] vs 46.2
=+ 11.5 [men] pug * h/L after fed conditions, arithmetic
mean £+ SD AUC.: 40.8 + 13.3 [women] vs 33.8 & 8.79
[men] ng * h/L after fasted conditions).

Since regression for estimation of A, was not possible
for 2 subjects, t12, AUCy.inr, and apparent oral clearance
were determined for only 14 subjects. Subjects with in-
complete data sets in 1 of the administration arms were
excluded from the statistical assessment of equivalence.

Similar to the single-ascending-dose study, MS
analysis revealed that glucuronides were the main
metabolites found in plasma, with 2 specific glu-
curonide conjugates accounting for close to 80% of the
total MS signal. No oxidation product, neither in free
nor conjugated form, reached a level of 10% of the
total MS signal. No acyl-glucuronides were formed,
nor could glutathione adducts be found.
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Table 2. Summary of Pharmacokinetic Parameters of the Single-Ascending-Dose Study

Parameter, Unit

Cohort 1 (300 mg) Cohort 2 (600 mg) Cohort 3 (900 mg) Cohort 4 (1200 mg)

Taxs h
N
Median (min-max)
Corene 128/L
N
Mean =+ SD (CI)
CV,%
AUC,., ug * h/L
N
Mean + SD (Cl)
CV. %
tin 1-3 h,h
N
Mean £+ SD (Cl)
CV,%
t, terminal, h
N
Mean £ SD (Cl)
CV,%
CL/EL/h
N
Mean + SD (Cl)
CV, %

6 6 6 6
0.34 (0.17-0.75) 0.50 (0.50-0.75) 0.50 (0.17-0.50) 0.50 (0.17-1.0)

6 6 6 6
382 & 135 (240-524) 1060 4 275 (774-1350) 1980 + 612 (1337-2622) 3320 + 1030 (2240-4400)
355 25.9 30.9 31.1
6 6 6 6
481 & 150 (324-639) 1520 - 335 (1170-1870) 2630 = 807 (1780-3480) 4270 = 1280 (2930-5610)
31.2 22,0 30.7 29.9
6 6 6 6
0.52 £ 0.11 (0.40-0.64) 0.60 & 0.08 (0.52-0.69)  0.56 & 0.11 (0.45-0.68)  0.62 = 0.12 (0.50-0.74)
22.0 126 19.2 18.8
2 6 6 6
724021 (53-90)  17.3 + 10.6 (6.2-28.5) 8.6 & 3.1 (5.4-12) 33 £ 42 (NA-77)
2.86 61.4 35.7 128
6 6 6 6
679 & 220 (449-910) 412 +£99.1 (308-516) 366 = 97.1 (264-467) 300 + 82.2 (214-387)
323 24.0 26.5 27.4

AUC,.¢, area under the plasma concentration—time curve from time 0 to the last measurement time point with a concentration value above the
lower limit of quantitation, calculated by means of the linear up/log down method; Cl, confidence interval (95%); CL/F, apparent oral clearance; Cpax,
maximum concentration in plasma, directly taken from measured concentration values; CV, coefficient of variation; min, minimum; max, maximum;
N = number of subjects; SD, standard deviation; ti/; (1-3 h), apparent elimination half-life calculated in time window 1-3 hours; t;/; terminal, apparent
terminal elimination half-life based on last two time points with measurable values; tyx, time to reach maximum concentration.

Table 3. Summary of Pharmacokinetic Parameters of the Multiple-Dose Study

Parameter, Unit Day 1 Day 5
tmaxo N
N 9 9
Median (min-max) 1.0 (0.50-3.0) 0.75 (0.50-4.0)
Crnaxo 18/L
N 9 9
Mean £ SD (Cl) 90.1 £ 22.1 (73.1-107) 112 + 72.3 (56.2-167)
CV.% 24.5 64.7%
AUCo,t, ng* h/L
N 9 9
Mean £ SD (CI) 371 + 85.4 (306-437) 486 + 153 (369-604)
CV,% 23.0 314
ty, terminal, h
N 9 9
Mean £ SD (Cl) 5.0 5.3 (0.95-9.1) 7.0 + 3.6 (4.2-9.7)
CV,% 105 51.9
CL/EL/h
N 9 9

Mean £+ SD (Cl)
CV, %

842 + 172 (710-975) 694 + 294 (469-920)
20.5 42.3

AUC_, area under the plasma concentration—time curve from time 0 to the last measurement time point with a concentration value above the
lower limit of quantitation, calculated by means of the linear up/log down method; Cl, confidence interval (95%); CL/F, apparent oral clearance; Cpax,
maximum concentration in plasma, directly taken from measured concentration values; CV, coefficient of variation; min, minimum; max, maximum;
N = number of subjects; SD, standard deviation; tj; terminal,apparent terminal elimination half-life; tmax, time to reach maximum concentration.
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Table 4. Summary of Pharmacokinetic Parameters of the Food Interaction Study

Parameter, Unit Fed Fasted
Traxs h
N 16 16
Median (min-max) 1.5 (1.3-3.0) 0.75 (0.33-1.5)
Crnaxs H«g/L
N 16 16
Mean + SD (ClI) 17.5 + 6.89 (13.8-21.1) 239 £ 11.7 (17.7-30.1)
CV,% 394 48.8
tIagy h
N 16 16
Mean £ SD (Cl) 0.18 + 0.087 (0.13-0.22) 0.15 + 0.080 (0.10-0.19)
CV, % 49.5 55.2
AUC,., ug * h/L
N 16 16
Mean + SD (ClI) 53.3 £ 16.3 (44.6-62.0) 373 £ 11.5 (31.2-434)
CV,% 30.6 30.7
AUCq.ins, ug * h/L
N 14 14
Mean + SD (ClI) 56.8 £ 16.0 (47.5-66.0) 41.3 + 12.7 (33.9-48.6)
CV,% 28.2 30.8
ti2, terminal, h
N 14 14
Mean £ SD (Cl) 8.2 + 3.6 (6.1-10) 10 + 8.3 (5.4-15)
CV,% 43.7 81.5
CL/E L/h
N 14 14
Mean + SD (Cl) 761 + 224 (632-890) 1060 £ 319 (876-1240)
CV, % 29.5 30.1

AUC., area under the plasma concentration—time curve from time 0 to the last measurement time point with a concentration value above the
lower limit of quantitation, calculated by means of the linear up/log down method; AUC_jns, area under the plasma concentration—time curve from
time 0 extrapolated to infinity; Cl, confidence interval (90%); CL/F, apparent oral clearance Cp,x, maximum concentration in plasma, directly taken
from measured concentration values; CV, coefficient of variation; min, minimum; max, maximum; N = number of subjects; SD, standard deviation; ti»
terminal, apparent terminal elimination half-life; tmax, time to reach maximum concentration; tj,, delay between time of dosing and time of appearance

of concentration.

Safety and Tolerability Aspects

Overall, 49 healthy subjects received at least 1 dose of
NRD.EI. Thereof, 24 subjects were exposed to a single
dose of the drug, 16 subjects were exposed to 2 single
dosages of NRD.E1, and 9 subjects were exposed to 5
dosages of the study drug given at 5 consecutive days.
No serious adverse events, deaths, marked laboratory
abnormalities, clinically relevant changes in mean and
median values of biochemistry variables or vital signs,
or discontinuations due to AEs were reported in any of
the 3 studies.

Single-Ascending-Dose ~ Study. Overall, treatment-
emergent adverse events (TEAEs) were reported for 6
of 24 (25.0%) of NRD.E1- and 2 of 8 (25.0%) placebo-
treated subjects. All TEAEs were mild, resolved, and
none was reported in more than 1 subject or assessed by
the investigator as related to the study drug (Table S5).
As the occurrence of AEs was not more frequent
with increasing NRD.E1 dose, and none of the safety

findings were considered dose-limiting, the MTD was
not identified in this study.

In none of the subjects, a QTcF value that exceeded
500 milliseconds or a change from baseline in this pa-
rameter that exceeded 60 milliseconds was recorded.
There was a total of 3 subjects with a change from base-
line between 30 and 60 milliseconds in QTcF, 2 of them
in the 900-mg dose group and 1 in the 1200-mg dose
group. There were no relevant changes for mean and
median HR, QRS, and PR after single-ascending-dose
administration of NRD.E1, and no relevant changes
were evident from the categorical analysis or from the
analysis of morphological ECG abnormalities. In addi-
tion, all abnormalities recorded in the study were con-
sidered as clinically not relevant.

An analysis of central tendency did not indicate
that single-ascending-dose administration of NRD.E1
caused a prolongation of QTCcF. Placebo- and baseline-
corrected values (AAQTCcF) increased and decreased
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without a clear time-dependent pattern and in different
ways among dose groups. The maximum increases
(90%CI) in AAQTCcF were 8.5 (-5.6, 22.6; at end-
of-study) milliseconds in the 300-mg dose group, 2.1
(-12.0, 16.3; at ¢ = 24 hours) milliseconds in the 600-mg
dose group, 10.8 (-3.5, 25.1; at ¢ = 2 hours) millisec-
onds in the 900-mg dose group, and 17.7 (3.4, 32.0; at
end-of -study) milliseconds in the 1200-mg dose group.

The concentration-response modeling approach did
not indicate an effect of NRD.E1 on AAQTCcF within
the limitations (small subject numbers, single-paper
ECG recordings, and no time-matched baseline) of the
present study.

Overall, it can be concluded that the current data
do not indicate that oral administration of NRD.E1
causes a QTcF prolongation.

Multiple-Dose Study. Overall, TEAEs were reported
for 2 of 9 (22.2%) NRD.El-treated patients and for
none of the 3 placebo-treated patients (Table S5).
Headache was reported 3 times and was considered
study drug related in 1 of the 3 occasions. All identified
TEAESs were mild, and no safety finding was considered
dose limiting.

Food Interaction Study. Frequency and intensity of
TEAEs were greater under fasted than under fed con-
ditions (Table S5). In total, TEAEs were reported for
13 subjects under fasted conditions (drug related in 10)
and for 6 subjects under fed conditions (drug related in
4). The most frequently reported TEAEs were headache
(7 subjects: 6 fasted and 2 fed), BP increased (5 subjects:
4 fasted and 2 fed) and sinus bradycardia (4 subjects: 2
fasted and 2 fed). All other TEAEs were reported in <2
subjects only. Most of the TEAEs were of mild sever-
ity (12 subjects: 10 fasted and 6 fed). Moderate TEAEs
were reported in 4 subjects (3 fasted [sinus bradycar-
dia, BP increased, back pain, headache], 1 fed [BP in-
creased]) and severe TEAESs in 2 subjects (both fasted
[BP increased]).

No clinically relevant changes were observed in
arithmetic mean and median values of the ECG param-
eters measured during the 8 hours after dosing com-
pared to the values recorded prior dosing under either
fasted or fed conditions.

Discussion

The 3 phase I studies of NRD.EI in healthy vol-
unteers (first-in-human single-ascending-dose study,
multiple-dose study, food interaction study) evaluat-
ing PK parameters at doses from 40 mg up to 1200
mg consistently showed rapid absorption of orally
administered NRD.E1 followed by fast elimination
of parent compound, mainly via metabolization, in
particular glucuronidation. In line with the rapid
elimination, multiple once-daily doses of 300 mg

NRD.EI over 5 days showed no relevant accumula-
tion (23.9% increase in Cp,y after the fifth vs the first
dose) and low trough levels (1-3.5% of mean Ci,y).
When administered to fed subjects, absorption rate
was slightly reduced, yet exposure to NRD.E1 was
increased compared to fasted subjects. This obser-
vation indicates higher bioavailability of NRD.E1
when administered with food. Data of the food in-
teraction study further showed a 20% to 30% greater
extent of exposure in women compared to men. How-
ever, this variation is not considered to be of clinical
relevance.

When analyzing the data of the single-dose phase
I studies (single-ascending-dose and food interaction
studies) with respect to mechanisms contributing to
elimination, the metabolic processes of NRD.E1 can
be reconstructed. First of all, the putative structures
of the metabolites found in urine and plasma provide
evidence that metabolism of NRD.E1 proceeds pre-
dominantly via glucuronidation and sulfation. Minor
metabolites were products of amide hydrolysis, mono-
oxygenation, methylation, and phase II metabolism
thereof. No phase I metabolites could be found in
human samples. Comparison of the metabolite profile
identified in the food interaction study with the respec-
tive profiles determined in nonclinical animal studies
revealed that all human metabolites of NRD.E1 were
also previously found in rat and dog toxicology studies.
Given the complete coverage of human metabolites
and their overall lower concentrations compared to
studies conducted with rats or dogs, the combined
use of these 2 animal species represents a suitable
model to predict the human safety of NRD.E1 and
its associated metabolites. An observation allowing
for further reconstruction of the metabolic properties
of NRD.EI in humans is the occurrence of the con-
served secondary increases of plasma concentrations
~4 to 8 hours after dosing in the 3 phase I studies.
Overall, secondary peaks in the plasma concentration
vs time curves were less prominent in cohorts 2 to 4
(600-1200 mg) of the single-ascending-dose study as
compared to cohort 1 (300 mg) and the multiple-dose
and the food interaction studies. Secondary peaks can
be indicative of enterohepatic circulation (EHC), often
seen with drugs undergoing metabolic conjugation
processes. EHC describes the process of excretion of
a metabolic product into bile followed by cleavage
by intestinal bacteria and reabsorption of the parent
compound back into the systemic circulation.’%?!
However, such fluctuations can also occur in the ab-
sence of EHC and be caused by redistribution of the
drug after transient changes in protein binding.>> Such
changes have been observed particularly with highly
bound drugs and, in the case of diazepam, have been
traced back to fatty acid-induced variations in the
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free drug fraction.”> As NRD.E1, with a free fraction
of 31.3%, is not extensively bound, such a redistribu-
tion effect appears to be a remote possibility only to
explain the irregularities seen in concentration-time
profiles.

Investigation of drug exposure after the single-
ascending-dose study showed dose-dependent, but
overproportional increases in Cp,x, AUC, and urinary
excretion, possibly due to a saturable first-pass effect.
However, such an effect was observed at high doses
of 300 to 1200 mg and is not expected to affect the
therapeutic dosage of NRD.EI identified in the phase
II dose-finding study NCT02345291, conducted in
patients with PDPN.

With the different drug formulations used in the
single-ascending-dose and the multiple-dose studies,
expected differences in absorption were observed, with
the capsules showing greater ty,x values compared to
the suspension.

Variability in absorption and disposition param-
eters was comparable across the doses in the single-
ascending-dose study (coefficient of variation [CV] of
13-35% for Cpax and AUCy,). A similar intersubject
variability was also observed for AUC values in the
food interaction study; however, the Cy,,x in this study,
particularly when the drug was given without food,
showed increased variability (CV fasted, 49%; fed,
39%). This may partly reflect interstudy differences, but
may also be due to the fact that in this study NRD.EI
was administered in a capsule formulation and as the
more stable polymorph. In the multiple-dose study, the
300-mg dose was administered in the form of 4 cap-
sules of 75 mg each, and more variability in parameters
reflecting rate of absorption was to be expected. Also
in this study, exposure (AUCy.() showed a variability
across subjects comparable to that in the other studies
(CV first dose, 23%; last dose, 31%). Difficulties in es-
timating the terminal slope of the concentration-time
profiles due to secondary peaks translated into larger
variabilities in the estimates of t;,, in all studies.

Different drug products of NRD.E1 (differences in
polymorphic form, formulation) were used in the differ-
ent studies. Whereas the single-ascending-dose study,
the multiple-dose study, and a phase Il dose-finding
study (NCT02345291) were conducted with an API
consisting of polymorph 1, the food interaction study
and all planned future studies were or will be conducted
with a hard gelatin capsule with an API consisting of
polymorph 2 (current capsule). Hence, accurate elab-
oration of the doses to be selected for future phase
IT studies with NRD.EI is important. Data from the
completed phase 11 dose-finding study revealed efficacy
and good tolerability at dose levels of 40 and 150 mg
given once daily for 3 weeks. As no concentration data
from the phase I dose-finding study were available, the

concentrations likely to be achieved at these 2 effective
doses were estimated by extrapolation from the data
collected in the phase I studies.

The conclusions from these extrapolations were that
a daily dose of 80 mg NRD.E1 given as the current
capsule is expected to produce at the minimum an
AUC and C,,x equivalent to that estimated to have
been achieved with the 40-mg once-daily dose in the
phase II dose-finding study. Additionally, adminis-
tration of an 80-mg once-daily dose of the current
capsule formulation, even when given with food, is not
expected to exceed the AUC and Cp, values likely to
have been achieved for the 150-mg once-daily dose in
the phase II dose-finding study. Consequently, since
both the 40- and 150-mg once-daily doses of the former
capsules induced a clinically relevant reduction in pain
and were well tolerated,'? an 80-mg once-daily dose of
the current capsule can be expected to be safe and to
induce the desired therapeutic effect.

In-depth analysis of the safety data suggests that
NRD.EI1 is well tolerated within the limits of the
small-subject study populations. TEAEs were generally
mild, resolved without sequelae, and no serious TEAEs
leading to the discontinuation of the treatment in any
of the 3 herein described studies were registered. In the
food interaction study, the reported numbers of TEAEs
were greater compared to the single-ascending-dose
and the multiple-dose studies, although the NRD.E1
dosage (40 mg) was lower. Potential reasons for the
observed discrepancy are (1) the substantially higher
mean age of subjects in the food interaction study
(52.9 years) compared to subjects in the cohorts of the
other 2 studies (24.1-28.2 years) and (2) the open-label
design of the food interaction study, which might trig-
ger overreporting of TEAEs and introduce a certain
bias toward classification of a TEAE as drug related.
Importantly, no clinically relevant changes related to
the study drug were observed in mean and median HR,
BP, respiration rate, body temperature, hematology
and biochemistry parameters, ECG profiles, or phys-
ical traits. As no safety finding was considered dose
limiting, the MTD could not be determined across
the tested doses up to 1200 mg NRD.E1. The overall
observed benign safety profile is in line with data from
the phase II dose-finding study, which demonstrates
good tolerability of NRD.E1 in patients with PDPN.!3

Conclusion

Overall, the phase I studies presented here show rapid
absorption and availability of NRD.E1 without signs
of relevant accumulation over multiple administrations
as capsules or signs of dose-limiting toxicities; hence,
further evaluation of NRD.E1 in phase II studies in
patients with PDPN is warranted.
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