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*ICON/PRA, Groningen, The EDP-297 is a farnesoid X receptor agonist under development for treating non-
Netherlands alcoholic steatohepatitis. The pharmacokinetic (PK), pharmacodynamic (PD),
C food effect, and safety were evaluated in a single ascending dose (SAD) and
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PKs, and PDs were assessed, including fibroblast growth factor 19 (FGF-19) and
7-a-hydroxy-4-cholesten-3-one (C4). Among 82 subjects, EDP-297 was generally
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well-tolerated. Pruritus was observed in four subjects in the SAD phase and seven
subjects in the MAD phase; four severe cases occurred at 90 pg in the MAD phase,
including one that led to drug discontinuation. A grade 2 elevation in alanine
aminotransferase occurred with 90 ug. Mean lipid values remained within nor-
mal range. Plasma exposures of EDP-297 increased with SADs and MADs, with
mean half-life following multiple doses of 9-12.5 h. No food effect was observed.
Mean FGF-19 increased and C4 decreased up to 95% and 92%, respectively. EDP-
297 was generally well-tolerated up to 60 pg MAD, with linear PKs suitable for
once daily oral dosing, target engagement, and no food effect.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

EDP-297 is a selective steroidal noncarboxylic farnesoid X receptor agonist under
development for treating nonalcoholic steatohepatitis (NASH). In vitro stud-
ies have shown that EDP-297 modulates multiple pathways associated with the
pathogenesis of NASH.

WHAT QUESTION DID THIS STUDY ADDRESS?

This first-in-human phase I study evaluated the pharmacokinetic (PK), pharma-
codynamic, food effect, and safety of EDP-297 in a single ascending dose (SAD)
and multiple ascending dose (MAD) trial.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

Plasma exposures of EDP-297 increased with SADs and MADs, with mean half-
life following multiple doses of 9-12.5 h that supports once daily dosing. Further,
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INTRODUCTION

Bile acids (BAs) play a key role in regulating liver and
metabolic homeostasis, including regulation of lipid and
glucose metabolism, which is mediated through two re-
ceptor pathways, farnesoid X receptor (FXR) and trans-
membrane G-protein-coupled receptor 5.2 The FXR
is a ligand-activated nuclear hormone receptor that is
expressed in the liver, gall bladder, gut, and kidneys.’
Activation of FXR by BAs modulates the expression of mul-
tiple gene-encoding proteins involved in BA biosynthesis,
transport, and metabolism.>* In addition to regulation of
BA homeostasis, FXR agonists exhibit anti-inflammatory
and antifibrotic activity through suppression of nuclear
factor kappa-light-chain-enhancer of activated B cell and
transforming growth factor B signaling, respectively, and
decrease liver triglyceride synthesis through blockade of
sterol regulatory-element binding protein signaling.’™
Hepatic expression of FXR is decreased in patients with
nonalcoholic fatty liver disease (NAFLD), which is associ-
ated with hepatic triglyceride accumulation and hepatic
steatosis, hyperlipidemia, hyperglycemia, BA overload,
inflammation, and fibrosis.® Moreover, studies have
shown that these metabolic dysfunctions can be improved
by FXR activation.'®™*?

EDP-297 is a selective steroidal noncarboxylic ago-
nist of the FXR nuclear receptor subfamily 1, group H4
(NR1H4)."*"'* Multiple cell-based assays demonstrate that
EDP-297 dose-dependently transactivates FXR, regulates
the expression of prototypic FXR genes, such as small het-
erodimer partner (NROB2), and modulates multiple path-
ways associated with the pathogenesis of nonalcoholic
steatohepatitis (NASH). In vitro and in vivo data suggest
that the pharmacologic profile of EDP-297 is consistent
with that of an agonist of FXR.'*” In vitro data show that
EDP-297 is a CYP3A4 substrate and is not a substrate of
glucuronosyltransferase. Hepatic metabolism is expected
to be the main route of metabolism.

This first-in-human study was undertaken to evalu-
ate the safety/tolerability, pharmacokinetics (PKs), and
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no effect of food on the PK profiles was observed. Mean fibroblast growth factor
19 levels increased and 7-a-hydroxy-4-cholesten-3-one (C4) levels decreased up
to 95% and 92%, respectively.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

EDP-297 was generally well-tolerated with a linear PK profile with no food effect
and is suitable for once daily oral dosing. EDP-297 also demonstrated target en-
gagement consistent with a potent effect on the farnesoid X receptor and may be
a promising treatment for NASH.

pharmacodynamics (PDs) of EDP-297 in a single ascend-
ing dose (SAD) phase and a multiple ascending dose
(MAD) phase in healthy subjects and to determine the ef-
fect of food on the PKs of EDP-297.

METHODS

The study was conducted in compliance with the
International Conference on Harmonization- Good
Clinical Practices guidelines, the Declaration of Helsinki,
and national regulations for clinical trials. The study proto-
col and informed consent were reviewed and approved by
an Ethics Committee (Evaluation of Ethics in Biomedical
Research, HK Assen, The Netherlands). Written informed
consent was obtained from all participants prior to any
study procedures. The study was conducted at PRA Health
Sciences, Groningen, The Netherlands, and was registered
at clinicaltrials.gov: NCT04559126.

Study design

This was a phase I, randomized, double-blind, placebo-
controlled, first-in-human study to evaluate the safety,
tolerability, PKs, and PDs during fasted and fed states,
and of SADs and MADs of EDP-297 in healthy subjects
(Figure S1). In the SAD phase, subjects were randomized
in a 3:1 ratio to receive a single dose of EDP-297 at 20,
60, 100, 300, or 600 pg or placebo. The SAD phase also in-
cluded a fed cohort, where subjects were randomized in a
4:1 ratio to receive a single dose of EDP-297100 pg or pla-
cebo. Subjects in the fed cohort were given a standardized
high fat content meal at a maximum of 30min prior to
their dose of study drug and study drug had to be adminis-
tered within 10 min of completion of the meal (Table S1).
The MAD phase was initiated after the completion of the
SAD fed cohort so the fed/fasting status could be deter-
mined for the MAD phase. In the MAD phase, subjects
were randomized to placebo or EDP-297 at doses of 5, 15,
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30, 60, or 90ug once daily (q.d.) for 14days. Subjects in
fasting cohorts fasted for at least 8 h overnight until 1 h
postdose; water was permitted except for 1 h before and
1 h after dosing.

All dose escalations were determined after review of
safety data prior to administering the subsequent cohort.
The first SAD cohort (20 pg) was divided into two dosing
groups; the first group (the sentinel group) included two
subjects (1 active and 1 placebo) and the second group in-
cluded the remaining six subjects (5 active and 1 placebo).
The second group was dosed after assessment of 24-h
safety data was completed for the sentinel group, and no
significant safety issues were identified.

The selection of the starting dose for the first-in-
human study is based upon calculating the human equiv-
alent dose and maximum recommended starting dose, in
alignment with the principles outlined in the US Food
and Drug Administration (FDA) “Guidance for Industry
and Reviewers: Estimating the Maximum Safe Starting
Dose in Clinical Trials for Therapeutics in Adult Healthy
Volunteers (July 2005).”

The initial dose for the first-in-human clinical study
was chosen as a single dose of 20 pg of EDP-297. The se-
lection of this dose is based on the results of preclinical
28-day repeat dose toxicology studies (conducted under
good laboratory practice) that have been conducted with
EDP-297 in mice and dogs.

Subject selection

Male and female subjects of any ethnic origin between
the ages of 18 and 65years with a body mass index of
18-30kg/m? and a minimum body weight of 50kg were
eligible if they had no clinically relevant abnormality on
physical examination, medical history, vital signs, and
clinical laboratory testing at screening and admission.
Female subjects who were heterosexually active and of
childbearing potential agreed to use two effective meth-
ods of contraception from screening until 90 days after the
last dose of EDP-297. A male subject who had not had a
vasectomy and was sexually active with a woman of child-
bearing potential agreed to use a condom from screening
to 90 days after the last dose of study drug.

Exclusion criteria included having high risk factors for
contracting coronavirus disease 2019 (COVID-19) or con-
firmed signs of COVID-19 or a positive test for COVID-19
at admission. In addition, pregnant or nursing women;
subjects with clinically relevant evidence or history of
illness or disease; positive urine drug screen at screen-
ing or day —2; current tobacco smokers or use of tobacco
within 1 month prior to screening; regular alcohol con-
sumption; use of prescriptions or non-prescription drugs

or supplements within 14days prior to study drug; or a
clinically significant history of drug sensitivity or allergy
were criteria for exclusion. Subjects also with an estimated
glomerular filtration rate of <90 ml/min were excluded.'®

Study assessments

Safety and tolerability were evaluated throughout the
study including adverse event (AE) monitoring, clinical
laboratory (chemistry, hematology, and urinalysis), vital
signs (heart rate, respiratory rate, and blood pressure),
physical examination, and 12-lead electrocardiogram
(ECQG).

Blood samples were collected to measure total choles-
terol, high-density lipoprotein (HDL), low-density lipo-
protein (LDL), and triglycerides.

An itch visual analog scale (VAS) was used to record
the intensity of the event."® Site personnel instructed the
subject to draw a line on the scale corresponding to the
maximum intensity of itch. If the VAS score was >0 (i.e.,
itch), a multidimensional 5-D itch scale was used to assess
five different dimensions of pruritus, duration, degree, di-
rection, disability, and distribution.?

For the SAD phase, intensive blood sampling to deter-
mine PK parameters occurred over 24h on day 1 (includ-
ing predose on day 2), then at 30, 36, 48, 60, 72, 96, and
120h postdose. Urine samples to assess EDP-297 concen-
trations were collected from 0 to 6, 6 to 12, 12 to 24, 24 to
48, 48 to 72h, and 72 to 120h postdose beginning on day
1. For the MAD phase, intensive sampling occurred over
24h on day 1 (including predose on day 2) and over 96h
on day 14 (with additional samples in the morning on days
15,16, 17, and 18) and additional predose samples on days
3,4,5,6,7,8,10, 11, 12, and 13. On days 1 and 14, urine
samples to assess EDP-297 concentrations were collected
from 0 to 6, 6 to 12, and 12 to 24 h postdose; then on days
15,16, 17, and 18. Urine samples were collected from 24 to
48 and 48 to 96 h postdose.

EDP-297 and metabolites in human plasma and urine
were quantified by high-performance liquid chroma-
tography with tandem mass spectrometric (HPLC-MS/
MS) detection. Both plasma and urine assay ranges were
10.0 to 10,000 pg/ml (EDP-297 and EP-030430) and 20.0
to 20,000pg/ml (EP-030476). The methods were fully
validated by assessment of precision, accuracy, sensitiv-
ity, and specificity of EDP-297 and metabolites by ICON
Bioanalytical Laboratory.

PDmeasurementsincludedplasmafibroblastgrowthfac-
tor 19 (FGF-19) and serum 7-a-hydroxy-4-cholesten-3-one
(C4); blood samples were collected on day —1 and day 1
for the SAD phase, and on day —1, day 1, and day 14 for
the MAD phase at predose and 1, 2, 3, 4, 6, 8, 12, and 24h
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postdose. FGF-19 and C4 blood samples were collected on
day 1 for the SAD/FE (part 2) phase at predose and 2, 4,
6, 8, 12, and 24 h postdose. Sample collection for BAs was
done on day 1 predose and before the evening meal (~8 h
postdose).

Bioanalytical methods for PK samples

Bioanalysis for PK samples utilizes a supported liquid
extraction with HPLC separation and MS/MS detection
for the determination of EDP-297, EP-030430, and EP-
030476 in human K2EDTA plasma and urine contain-
ing 0.1% Triton X-100 using stable labeled (EP-030674,
EP-030921, and EP-030920) as the internal standards,
supplied by Enanta Pharmaceuticals (Watertown, MA).
A 300 pl sample aliquot is combined with 25.0 pl of the
working internal standard (4000 pg/ml EP-030674, EP-
030921, and EP-030920 in 1% bovine serum albumin
[BSA]) and 0.075ml water. The samples are applied to
an Isolute SLE+ 400 pl 96-well plate. The samples are al-
lowed to absorb onto the sorbent for 5 min. The samples
are eluted into a clean plate with two 500 pl aliquots of
ethyl acetate. The samples are evaporated to dryness at
~40°C under a gentle stream of nitrogen. The dried resi-
dues are reconstituted in 0.100ml of 0.1% formic acid
in 50:50 acetonitrile: water. Ten (10) microliters are in-
jected onto the LC-MS/MS system. This method was de-
veloped and validated at ICON Development Solutions,
LLC. Liquid chromatograph utilized a Shimadzu LC-
30AD pump on Kinetex 2.6 p Phenyl-Hexyl 100A 100
X 2.10 mm column (part number 00D 4495 AN) at 40°C.
Mobile phase A contained 0.1% formic acid in water
and mobile phase B contained 0.1% formic acid in ace-
tonitrile. The mass spectrometer used was an AB Sciex
API 6500 using Turbo Ionspray (positive ion) mode
and MS/MS transitions were m/z 646.5/242.1 and m/z
652.5/242.1 for EDP-297 and EP-030430 and their IS EP-
030674 and EP-030921 respectively; and m/z 644.4/242.1
and m/z 650.5/242.1 for EP-030476 and IS EP-030920,
respectively.

Both plasma and urine assay ranges were 10.0-
10,000pg/ml (EDP-297 and EP-030430) and 20.0-
20,000pg/ml (EP-030476). The cumulative precision
(percent coefficient of variation [%CV]) and cumulative
accuracy (percentage recovery [%RE]) from the lower
limit of quantification (LLOQ) to the upper limit of
quantification (ULOQ) were <6.87 and —2.50 to 2.00 for
plasma EDP-297, <6.10 and —2.50 to 2.00 for plasma EP-
030430, <4.79 and —2.00 to 1.00 for plasma EP-030476,
<5.35 and—2.75 to 1.80 for urine EDP-297, <7.85 and
—2.50 to 2.00 for urine EDP-030430, <5.52 and —1.39 to
1.50 for urine EP-030476, respectively. The quality control
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concentrations were 30.0 pg/ml (low), 3000 pg/ml (me-
dium), and 8000pg/ml (high) for EDP-297, EP-030430,
and EP-030476 in both plasma and urine. Quality control
samples were accepted if at least two-thirds of the quality
control (QC) samples (with at least 50% at each concentra-
tion level) must be within +15% of the nominal concen-
trations. The results from the calibration curve standards
and QC samples met the acceptance criteria, demonstrat-
ing acceptable performance of the method throughout
the sample analysis period for both the plasma and urine
methods.

Bioanalytical methods for PD samples

Bioanalysis for C4 samples utilizes a supported liquid
extraction (SLE) with HPLC separation and MS/MS
detection for the determination of C4 in human serum
using stable labeled C4-d7 as internal standard. A 100 pl
sample aliquot is combined with 25.0 pl of the work-
ing internal standard (50.0 ng/ml C4-d7 in 1% BSA in
water) centrifuged and vortexed and equilibrate. Then,
0.0750ml of 1% formic acid in water is added to each
sample, samples are vortexed, let set to equilibrate, and
loaded onto a Strata DE 200 pl extraction plate. The
samples are allowed to absorb for ~5 min before elut-
ing with two 500pl portions of n-butyl chloride. The
samples are evaporated to dryness at ~40°C under a
gentle stream of nitrogen. The dried residues are recon-
stituted in 0.200ml of acetonitrile, capped, and vortex
mixed. Twenty (20) microliters are injected onto the
LC-MS/MS system. This method was validated at ICON
Laboratory Services. Liquid chromatograph utilized a
Shimadzu LC-20AD pump on Phenomenex, Synergi
MAX RP, 4 pm, 150 x 2mm 80A (part #00F-4337-B0) at
ambient temperature. Mobile phase A contained 5mM
ammonium acetate in water and mobile phase B con-
tained 5mM ammonium acetate in methanol. The MS
used was an MDS Sciex API 5000 using Turbo Ionspray
(positive ion) mode and MS/MS transitions were m/z
401.1/177.1 and m/z 408.5/177.1 for C4 and C4-d7,
respectively.

C4 assay range was 0.5-200ng/ml. The cumulative
precision (%CV) and cumulative accuracy (%RE) from
LLOQ to ULOQ were <6.73 and —1.00 to 1.00. The QC
concentrations were 3.44ng/ml (low), 103ng/ml (me-
dium), and 153 ng/ml (high). The QC samples were ac-
cepted if at least two-thirds of the QC samples (with at
least 50% at each concentration level) must be within
+15% of the nominal concentrations. The results from
the calibration curve standards and QC samples met the
acceptance criteria, demonstrating acceptable perfor-
mance of the method throughout the sample analysis
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period for both plasma and urine methods. A total of
1768 samples were analyzed for C4, with 31 samples
below the LLOQ of the assay.

Plasma FGF-19 concentration was measured using a
quantitative sandwich enzyme-linked immunosorbent
assay (ELISA) technique (FGF19 Quantikine ELISA Kkit).
FGF-19 quantification was done using the SpectraMax
(SN: MNO02825, NY-120) at ILS-Farmingdale. ICON
Laboratory Services analyzed commercially available
linearity material for calibration verification, accuracy,
linearity, reportable range, and intra-assay precision.
Alternate assessment was performed to fulfill profi-
ciency testing requirement. Inter-assay precision was
also assessed to test for any variance over five indepen-
dent analytical runs. A total of 1768 samples were ana-
lyzed for FGF-19, with seven samples above the ULOQ
of the assay.

Statistical analysis

No formal sample size calculations were performed for
this study. The number of subjects participating in each
cohort was considered sufficient to characterize the safety,
tolerability, PK, and biomarker profiles for the EDP-297
dose level in each phase of the study.

Plasma PK parameters for each dose level were es-
timated from the concentration-time profiles of EDP-
297 and metabolites measured in predose and postdose
plasma samples using noncompartmental methods
(Phoenix WinNonlin WNL version 8.1). For each treat-
ment, descriptive statistics (number of observations [n],
arithmetic mean, geometric mean, SD, %CV, percentage
of geometric CV, minimum, median, and maximum)
were presented. For time to maximum concentration
(Tpay)s only median, minimum, and maximum were
presented.

Dose proportionality was assessed for the SAD phase
by comparing maximum concentration (C,,), area
under the concentration-time profiles (AUC),, and
AUC from zero to infinity (AUC,,_;,;) for EDP-297 across
each dose level in the fasted state and for the MAD
phase by comparing C_,, and AUC for a dosing inter-
val (AUC,,,) for EDP-297 across each dose level on day
1 and on day 14. An analysis of variance (ANOVA) was
performed on AUC,,_;, AUC_;,;, and C,,,, using the SAS
procedure for mixed effects models. The PK parameters
were natural logarithm transformed prior to the analysis.
The ANOVA model included fixed effects for treatment
(fed or fasted), and a random effect for subject. From
this model, the back-transformed least-squares means
for each treatment were presented. The ratio of the least-
squares geometric means of the fed treatment over the

fasted treatment and the corresponding 90% confidence
interval (CI) were presented.

RESULTS
Disposition and baseline characteristics

The study was conducted between August 26, 2020, and
June 20, 2021. A total of 82 subjects (n = 42 in the SAD
phase and n = 40 in the MAD phase) received at least
one dose of EDP-297 or placebo. In the SAD phase, all 10
placebo-treated subjects completed the study; one subject
in the EDP-297100 pg cohort and one in the 600 pg cohort
discontinued due to a COVID-19-related positive test and/
or exposure. In the MAD phase, all 10 placebo subjects
completed the study; one subject in the EDP-297 90 pg co-
hort discontinued the study due to an AE. Baseline char-
acteristics are summarized in Table S2.

Pharmacokinetics
SAD phase

After administration of EDP-297, individual plasma concen-
trations above the LLOQ (10 pg/ml) were observed for all
doses (fasted and fed) from the first timepoint (0.5 h postdose)
onward (Figure 1). In the fasted state, EDP-297 C,,,, and
AUC,, increased in a slightly more than dose-proportional
manner, whereas dose proportionality was observed for
AUC ;¢ (Table 1). Median T,,,, ranged from 1.0 h after
100pg EDP-297 to 2.5 h after 20pg EDP-297, and mean ter-
minal half-life (¢, ,) was similar for all doses and ranged from
6.5 h after 60 pug EDP-297 to 10.2 h after 300 ug EDP-297.

In the SAD phase, dose proportionality for EDP-297 was
explored using a power model on log-transformed PK pa-
rameters (Table S3). The results suggested a slightly more
than dose-proportional increase for C,,,, and AUC,_, over
the dose range of 20-600 pg. No evidence of deviation from
dose proportionality was found for AUC_;¢.

Statistical analysis of the effect of food on the PK
profile showed that C,,, AUC,_,, and AUC,_;,; of EDP-
297 increased 20%-24% after administration in the fed
state compared to the fasted state. Mean T, ,, for the
fed group was longer than the fasted group at 5 h, as
compared to 1 h for the fasted group. The ratio of fed/
fasted was 1.20 for C,, (90% CI: 0.99 to 1.46), 1.24 for
AUC, ¢ (90% CI: 1.18 to 1.30), and 1.24 for AUC,_,
(90% CI: 1.19 to 1.30).

No substantial amounts of EDP-297 and its metabolites
were excreted in urine, indicating that urinary excretion is
a minor pathway.
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FIGURE 1 Mean EDP-297 plasma
concentrations during SAD phase

(top) and MAD phase day 1 (middle)
and day 14 (bottom), on a semi-log
scale (PK population). If more than
half of the subjects at a timepoint have
values below the LLOQ, the mean

has not been presented. LLOQ, lower
limit of quantification; MAD, multiple
ascending dose; md, multiple doses; PK,
pharmacokinetic; SAD, single ascending
dose
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TABLE 1 Plasma PK parameters for EDP-297 during SAD and MAD phases.
100 pg fed
SAD PK parameters 20pg (N = 6) 60pug (N = 6) 100 g (N = 8) WN=7)° 300pg (N = 6) 600ng (N = 6)
AUC, ;,p» pg/ml*h? 780 (252) 2007 (373) 4299 (1480) 5230(1991) 13,602 (4829) 30,219 (9727)
AUC,_,,, pg/ml*h? 677 (198) 1820 (223) 3595 (1042) 4452 (1650) 11,494 (3274) 26,988 (7684)
AUC a5 pg/ml*h? 582 (188) 1797 (346) 4044 (1429) 4964 (1938) 13,343 (4842) 29,989 (9643)
C o PE/mMI 78.2 (17.6) 310 (96.2) 477 (153) 552 (162) 1551 (354) 3599 (811)
C,,, pg/ml* 22.4(11.3) 47.1(15.4) 139 (44.2) 189 (71.2) 339 (186) 1104 (356)
Ty (1)° 2.5(0.5-3.1) 2.0 (0.5-2.0) 1.0 (0.5-2.0) 50(5.0-8.1)  2.0(1.0-3.0) 1.5 (0.5-3.0)
ti5 h? 8.7(2.5) 7.4(4.1) 10.1 (4.2) 9.1(2.3) 10.4 (1.9) 8.4(2.3)
CL/F, L/h? 29.0 (13.0) 30.8 (5.6) 26.1(9.8) 22.1(9.6) 24.1(7.2) 21.7 (7.4)
15pg q.d. 90 g q.d.
MAD PK parameters 5ugq.d. (N =6) (N=6) 30pg q.d. (N =6) 60pg g.d. (N = 6) (N=6)
Day 1
AUC,_» pg/ml*h? 184 (48.3) 358 (107) 986 (56.9) 1781 (343) 2886 (583)
Cpnaw Pg/mI? 18.6(5.2) 42.0 (3.7) 120 (31.1) 270 (72.6) 360 (86.5)
C,,, pg/ml® LLOQ 9.8(7.9) 31.0 (13.7) 53.6 (18.8) 97.3(18.3)
Tpae R 1.5 (0.5-4.0) 2.1(1.0-5.0)  1.5(1.0-6.0) 1.5 (1.0-5.0) 1.5(1.0-2.0)
Day 14
AUC, 1, pg/ml*h? 252 (88.9) 524 (105) 2022 (1023) 4911 (3398) 18,384 (13749)
Cpnaxo PE/mMI 19.8 (5.6) 52.2(6.7) 191 (54.5) 399 (159) 1235 (839)
Cpin» PE/ml? LLOQ LLOQ 28.1(24.9) 80.5 (82.3) 463 (392)
C,,, pg/ml® LLOQ 19.3 (6.8) 92.7 (67.8) 229 (209) 845 (748)
T,ae h° 2.0 (1.0-4.0) 2.0(0.5-6.0)  2.0(0.5-5.0) 2.0 (0.5-8.0) 2.0 (2.0-8.0)
ti/ h? 9.4 (4.5) 9.2 (3.3) 9.1(3.4) 9.8 (4.1) 12.7(3.1)
CL/F, L/h® 21.7(7.4) 29.6 (5.8) 18.0 (8.1) 18.3 (11.6) 7.1 (4.0)
Accumulation ratio® 1.4 (0.3) 1.5(0.3) 2.1(1.1) 2.6 (1.5) 6.1(3.8)

Abbreviations: AUC,,_,,, 0-24-hour area under the concentration-time curve; AUC, ;¢ area under the concentration-time curve from zero to infinity;
AUC_,, area under the concentration-time curve from time of administration up to the time of the last quantifiable concentration; CL/F, total apparent
clearance; C,,,, maximum concentration; C;,, minimum concentration; MAD, multiple ascending dose; PK, pharmacokinetic; SAD, single ascending dose;

t,,, terminal half-life; T, ., time to maximum concentration.
“Data presented as mean (SD).

"Data presented as median (range).

“Accumulation ratio based on AUC_,.

MAD phase

After administration of the first dose of EDP-297, plasma
concentrations were measurable from the first timepoint
(0.5 h) onward for all subjects, except for the 5 pg dose
where measurable plasma concentrations for all subjects
were first obtained at 4 h postdose (Figure 1). Predose sam-
ples on days 2 to 14 showed no values above the LLOQ
after administration of 5 pg EDP-297 and very limited val-
ues above the LLOQ after administration of 15 pg EDP-297.
For 30 pg EDP-297 and higher, trough levels increased with
time and dose (Table 1). After administration of EDP-297
on day 14, C,, of EDP-297 were measured at 2 h post-
dose for all doses. Mean t,,, was similar for doses between

5 pg and 60 pg, ranging between 8.5 and 9.1 h and slightly
higher after 90 pg EDP-297 (12.5 h). After administration of
EDP-297 for 14days, geometric mean accumulation index
increased from 1.34 with 5 pg EDP-297 to 5.34 with 90 pug.

Dose proportionality analysis for EDP-297 for day 1 sug-
gested a dose-proportional increase for C,,, and AUC,_,,
(Table S3). The results on day 14 suggested a more than
dose-proportional increase for C,,,, and AUC_,,.

After dosing with EDP-297, plasma concentrations of
the EP-030430 metabolite were not observed in any sub-
ject at any dose level tested in the SAD or MAD phases;
plasma concentrations of the metabolite EP-030476 could
only be detected in at least one subject at the two highest
single doses tested (300 pg or 600 pg EDP-297).
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Pharmacodynamics

On day 7 and day 14, mean C4 AUC,,_,, decreased from
baseline as the dose of EDP-297 increased in both the SAD
and MAD phases, respectively, with >50% target engage-
ment for multiple doses of 30 pg and higher, and up to a
91.7% decrease from baseline at the highest multiple dose
of 90pug (Figure 2). Mean C4 minimum concentration
(Cppin) decreased as the dose of EDP-297 was increased,
with >50% target engagement for multiple doses of 30 ug
and higher, and up to a 95.1% decrease from baseline at
the highest multiple dose of 90 pg (Table S4). The two low-
est doses (5 and 15pg) were not associated with pruritus,
and resulted in modest C4 target engagement (<50%).
Mean FGF-19 AUC,_,, generally increased as doses
of EDP-297 were increased in both the SAD and MAD
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phases, with a 94.7% increase from baseline observed at
the highest multiple dose of 90 ug (Figure 2). Mean FGF-
19 C,,,x showed no clear dose response as EDP-297 doses
were increased, with a 64.5% increase from baseline ob-
served at multiple doses of 15 pg (Table S4).

Alkaline phosphatase (ALP) mean concentrations
in the MAD phase increased from baseline over time.
Notable mean increases were observed at MAD 30 ug with
a mean baseline of 64.8 IU/L increased to a maximum of
86.3 IU/L on day 17, at MAD 60 ug with a mean baseline
of 55.3 IU/L increased to a maximum of 77.2 on day 16, at
MAD 90 ug with a mean baseline of 74.3 IU/L increased to
a maximum of 117.4 on day 16. ALP values did not show
clinical differences in the SAD phase.

Gamma-glutamyl transpeptidase (GGT) mean concen-
trations in the MAD phase decreased from baseline over

30
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154 W
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Day Day
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time. Notable mean increases were observed at MAD 30 ug
with a mean baseline of 20.7 IU/L decreased to a minimum
12.0 IU/L on day 15, at MAD 60 ug with a mean baseline of
10.3 IU/L decreased to a minimum 6.0 IU/L on days 8 and
9, at MAD 90 ug with a mean baseline 18.8 IU/L decreased
to a minimum 13.0 IU/L on days 11 and 14. GGT values did
not show clinical differences in the SAD phase.

No clear dose-related effect of EDP-297 was observed
on BAs at any dose in the SAD or MAD phases.

Safety/tolerability

EDP-297 was generally well-tolerated following single and
multiple doses for 14 days except at the highest MAD dose
(90 pg; Table 2). No serious AEs or discontinuations due
to treatment-emergent adverse events (TEAEs) occurred
in the SAD phase; one subject in the 90 pg cohort of the
MAD phase discontinued because of pruritus. In the SAD
phase, five (11.9%) subjects reported TEAEs of moderate
severity, including 20 ug group (1 [16.7%] subject; myalgia
and back pain), 300 pg group (3 [50.0%] subjects; head-
ache, dizziness, syncope, and pruritus), and in the placebo
group (1 [10.0%] subject; headache). Most TEAEs were
not related/unlikely related to study drug. Pruritus in five
(11.9%) subjects was the most common TEAE considered
possibly related to drug therapy, with four in the EDP-297
arms and one in the placebo arm.

In the MAD phase, all TEAEs were mild except for five
subjects with moderate pruritis (n = 1, 30 pg) and severe
pruritis (n = 4, 90 pg). Pruritus was observed at multiple

ASCPT

doses >30pg with discontinuation (n = 1) due to pruritus
in the highest MAD cohort (90 pg). Although within the
dosing groups, subjects with pruritis did not show a con-
sistently different PK from subjects without pruritis, pru-
ritus only occurred at the two highest dose levels. Overall,
the incidence of pruritus increased with increasing doses,
and appeared dose dependent at doses >30pg. Although
the finding was based on a small number of subjects, dif-
ferences in exposure to EDP-297 (C,,,, and AUC) were
observed mainly after multiple dosing and at the 90pg
multiple dose (Table 3): Subjects with pruritus showed up
to 2.4-fold higher AUC levels for EDP-297 than subjects
without pruritus (90 pg).

No clinically significant abnormal safety laboratory or ab-
normal ECG findings occurred, except for one subject with
a grade 2 ALT elevation in the MAD 90 pg dose that was not
associated with other liver enzyme abnormalities. No clini-
cally meaningful changes in the lipid profile were observed,
except for a trend toward a decrease in HDL-cholesterol
and increase in LDL-cholesterol in the MAD cohort at the
90 pg dose. Mean lipids values were within the normal range
during the entire course of the study (Figure 3).

DISCUSSION

In this study, EDP-297, a selective FXR agonist, was safe
and well-tolerated with time-linear PKs supporting once
daily oral dosing, target engagement, and no food effect.
In the SAD phase, AUC,_;,; was dose proportional based
on the power model assessment, and AUC,_, was slightly

TABLE 3 Summary of PK parameters for EDP-297 in plasma on day 1 and day 14 with and without pruritus - MAD (PX set)

Median C,,,, (pg/ml) Median AUC,_,, (h*pg/ml)
Dose (ug) Pruritus [n] NO pruritus [n] Pruritus NO pruritus
Day 1
5 n/a[0] 19 [6] n/a 167
15 n/a [0] 43 [6] n/a 345
30 96.8 [1] 139 [5] 918 975
60 304 [2] 256 [4] 1861 1810
90 340 [4] 420 [2] 3137 2710
Day 14
5 n/a [0] 17 [6] n/a 239
15 n/a [0] 53 [6] n/a 505
30 234[1] 160 [5] 3760 1426
60 445 2] 305 [4] 6220 2460
90 1288 [3] 745 [2] 24,167 9037

Abbreviations: AUC,,_,,,, area under the concentration curve for a dosing interval; C ., maximum concentration; MAD, multiple ascending dose; n/a, not

applicable; PK, pharmacokinetic.
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FIGURE 3 Mean change from baseline for total cholesterol,
HDL-cholesterol, LDL-cholesterol, and triglycerides over time.

more than dose proportional, with slopes of 1.09 and 1.17
for AUC,_;,s and AUC,_,, respectively. Following single
doses, AUC,_;; is a more complete measure of extent of
exposure and generally reflects a better assessment of dose
proportionality.

Overall, EDP-297 PK was dose proportional following
single doses on day 1 and following multiple doses based
on AUC, however, a more than dose proportional increase
was observed in the MAD phase on day 14. Which was
mainly due to the change in the PK characteristics at
the 90 pg dose. The accumulation ratio for doses <60 pg
ranged from 1.34 to 2.28, which is generally in line with
what would be expected based on the overall PK profile.
However, the accumulation ratio at the 90 pg dose was
5.34, which is higher than what would be expected based
on the PK characteristics. In summary, the more than dose
proportional increase at day 14 is driven by the 90 pg dose,
which was not as well-tolerated and had a different PK
profile than lower doses. The reason for this increase in
accumulation at 90 pg is not known.

Overall, EDP-297 was well-tolerated except for pruri-
tus and liver enzyme elevations observed especially at the
90 ug dose in the MAD phase. Pruritus was observed at sin-
gle doses >300 pg and multiple doses >30pg. One subject
in the 90 pug MAD cohort experienced a grade 2 elevation
in ALT levels that was not associated with other changes
in liver enzymes that was also associated with severe pru-
ritus. EDP-297 exposure increased with increasing single
and multiple doses, with a time-linear PK profile. Strong
FXR target engagement was demonstrated following mul-
tiple doses, with an increase in FGF-19 and a decrease
in C4 levels of up to 95% and 92%, respectively. EDP-297
metabolites only measurable at low concentrations and
are unlikely to contribute to the pharmacological effects
of the parent drug. Minimal urinary concentrations of
EDP-297 suggest that urinary excretion is a minor route
of elimination.

Whereas FXR agonists improve hepatic fibrosis, in-
flammation, and liver cell injury, their use often is lim-
ited by safety and tolerability issues, such as pruritus, liver
function abnormalities, and unwelcome alterations in the
lipid profile.?' Second generation FXR agonists are being
developed to reduce treatment-limiting side effects while
retaining beneficial effects on NASH.?? For instance, EDP-
305 resulted in lower increases in LDL cholesterol com-
pared to obeticholic acid**** or aldafermin.** Cilofexor
produced modest increases in LDL cholesterol, however,
reductions in hepatic fat and ALT also were more mod-
est.” ALT increases have also been observed with other
phase I FXR agonist studies in healthy volunteers, in-
cluding EDP-305 and tropifexor.?® Increases in LDL with
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FXR agonists appear to be a class effect.”” The impact of
elevated LDL and reduced HDL concentrations with FXR
agonists on long-term cardiovascular risk remains to be
determined,”®* however, it appears that newer FXR ag-
onists induce more modest lipid alterations than earlier
FXR agonists. Although LDL levels were increased and
HDL levels were decreased in this study, no clinically
meaningful changes were observed and mean lipid levels
remained within the normal range.

Pruritus is an important tolerability concern with FXR
agonists resulting in treatment discontinuation in 9% of
patients in a large, 18-month trial of obeticholic acid.*!
However, pruritus occurs commonly in patients with
NASH with reports of a 20% incidence at baseline.*>*
Even within clinical studies of FXR agonists, the inci-
dence of pruritus at baseline and in placebo treatment
groups is ~20%.”* Phase I studies in healthy volunteers
have shown similar pruritus effects at higher multiple
dose cohorts, including MET409 at 100mg and 150mg
MAD (14 days), EDP-305 20mg, and 10 mg MAD (14 days),
and HPG1860 at 20mg MAD (14days).”' > Studies with
second-generation FXR agonists including tropifexor*
and MET409* as well as first-generation FXR agonists in-
dicate that pruritus is a class effect, and a dose-dependent
increase in the incidence of pruritus is apparent.®> A simi-
lar trend for a dose-dependent increase in the incidence of
pruritus was observed in this study with EDP-297.

Increases in circulating FGF-19 levels and decreases in
C4 levels are PD markers of FXR agonist target engage-
ment.*® Consistent with FXR target engagement, FGF-19
levels increased and C4 levels decreased from baseline
during a 12-week study with EDP-305,” as well as in a
24-week study with cilofexor,® which is similar to effects
observed with other FXR agonists. PD effects indicative of
FXR activation have shown a more pronounced effect in
patients with presumptive NAFLD and NASH when com-
pared with healthy subjects.>*"*’"* In this study with
EDP-297, target engagement was confirmed by decreases
in C4 levels and increases in FGF-19 levels during 14 days
of treatment. Increases in liver enzyme levels have been
observed with other FXR agonists. In this study, only one
subject at the highest dose in the MAD phase experienced
an elevated ALT level that was not associated with other
enzyme elevations. This study also showed increases in
ALP and decreases in GGT, which is also consistent with
FXR engagement in healthy volunteers. Furthermore, pa-
tients with NASH are reported to have a different meta-
bolic profile than healthy subjects, and plasma exposures
in patients with NASH are usually higher than healthy
subjects,® which may contribute to more pronounced PD
effects compared with healthy subjects.
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In summary, this first-in-human study of EDP-297
demonstrates a PK profile that supported once daily dos-
ing and a target engagement as evidenced by changes in
FGF-19 and C4 levels. These results aid in determining
the optimal EDP-297 dose that would lead to a PK/PD
profile supporting once daily dosing with an acceptable
tolerability (i.e., minimal incidence of pruritus and lipids
elevation).
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