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Abstract

Tropifexor (LJN452) is a potent, orally available, non—bile acid farnesoid X receptor agonist under clinical development
for chronic liver diseases. Here, we present results from a first-in-human study of tropifexor following single- and
multiple-ascending doses (SAD/MAD) and food effect substudy in healthy volunteers. The SAD study included 6 fasted
cohorts receiving 10- to 3000-pg tropifexor or placebo and | cohort receiving 300-ug tropifexor with a high-fat
meal. The MAD study included 4 lean cohorts receiving 10 to 100 pug and | obese cohort receiving 30-ug once-daily
doses or placebo for 14 days. Pharmacodynamic assessment of fibroblast growth factor 19 and fasting plasma lipids
was performed after dosing. Overall, 95 volunteers received at least | tropifexor or placebo dose. Tropifexor was
well tolerated up to 3000 pg and 100 ug in the SAD and MAD studies, respectively; however, 2 subjects discontinued
the MAD study due to asymptomatic elevation of liver transaminases. At single doses, tropifexor showed a moderate
rate of absorption (median time to maximum concentration, 4 hours), dose-proportional increases in exposure, and
elimination half-life of 13.5 to 21.9 hours. When taken with food, tropifexor exposure increased by ~60%. With multiple
dosing, steady state was reached on day 4 with <2-fold accumulation. Single and multiple doses showed dose-dependent
increases in fibroblast growth factor 19. No changes in serum lipids were observed in tropifexor- vs placebo-treated
obese subjects. In conclusion, tropifexor was well tolerated, had a pharmacokinetic profile suitable for once-daily dosing
and showed dose-dependent target engagement without altering plasma lipids in healthy volunteers.
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The farnesoid X receptor (FXR; NR1H4) is a nu-
clear receptor activated by bile acids.'® FXR is ex-
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pressed abundantly in the liver, intestine, and kidney,
all of which play a role in bile acid metabolism.*?
FXR controls a sensitive negative feedback loop af-
fecting various aspects of bile acid metabolism,® both
directly in target organs and indirectly via fibroblast
growth factor 19 (FGF19), a naturally occurring hor-
mone released from enterocytes in response to physi-
ological FXR agonism.” Furthermore, FXR plays an
essential role in various aspects of cholesterol, triglyc-
eride, and carbohydrate metabolism, primarily in the
liver.® 10

FXR agonists are under investigation as therapies
for chronic liver diseases such as nonalcoholic steato-
hepatitis (NASH) and primary biliary cholangitis
(PBC). The bile acid—derived FXR agonist obeticholic
acid (OCA) was provisionally approved by the US
Food and Drug Administration and the European
Medicines Agency in 2016 for patients with PBC who
are not responsive to or intolerant of the standard of

USA

ZNovartis Institutes for BioMedical Research, East Hanover, New Jersey,
USA

3Novartis Healthcare Pvt. Ltd, Hyderabad, India

4Current affiliation: X4 Pharmaceutical Inc, Cambridge, Massachusetts,
USA

SCurrent affiliation: Takeda Pharmaceutical Company Ltd, Lexington,
Massachusetts, USA

®Genonics Institute of the Novartis Research Foundation, San Diego, Cal-
ifornia, USA

7 Current affiliation: Inception Sciences Inc, San Diego, California, USA

This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited,
the use is non-commercial and no modifications or adaptations are made.

Submitted for publication 24 April 2019;accepted 12 November 2019.

Corresponding Author:

Michael K. Badman, Novartis Institutes for BioMedical Research,
250 Massachusetts Avenue, Cambridge, MA 02139

(e-mail: michael.badman@novartis.com)

Fellows of the American College of Clinical Pharmacology (FCP): None



396

Clinical Pharmacology in Drug Development 2020, 9(3)

care, ursodeoxycholic acid.!""'* Ursodeoxycholic acid
is associated with an incomplete biochemical response
in up to 40% of patients with PBC.!* In phase 2 and
phase 3 trials with OCA in PBC, dose-dependent
increases in the incidence and severity of pruritus
were observed.!>»!* Currently, there are no approved
therapies for NASH; however, clinical validation for
the potential use of FXR agonists in NASH was ob-
tained from phase 2 trials with OCA.'®!7 In the latter
of these trials (Farnesoid X Nuclear Receptor Ligand
Obeticholic Acid for Non-cirrhotic, Non-alcoholic
Steatohepatitis [FLINT]), OCA led to improvements in
key histologic features of NASH, including fibrosis, but
did not show complete NASH resolution.!” Further-
more, pruritus was observed in 23% of patients, and
significant increases in total and low-density lipopro-
tein (LDL) cholesterol and a modest decrease in high-
density lipoprotein (HDL) cholesterol were observed in
OCA-treated vs placebo-treated patients. In light of
these limitations of this bile acid—derived FXR agonist,
the development of more efficacious, non-bile acid
FXR agonists with improved pharmacokinetics (PK)
and an improved adverse event profile remains a key
unmet need in the management of these chronic liver
diseases.

Tropifexor is a highly potent, orally available,
non-bile acid FXR agonist that has shown effec-
tive target engagement in cell-based assays and in
vivo experiments in rodents.!® Its potency has been
attributed to the inclusion of a bicyclic nortropine-
substituted benzothiazole carboxylic acid.'® Recently,
preclinical validation of tropifexor was performed
in various animal models of cholestasis and NASH,
demonstrating effective reduction in various disease
parameters including fibrosis.'>?° Here, we present
results from a phase 1 study of the safety, tolerability,
PK, and pharmacodynamics (PD) of tropifexor. In
addition to lean, healthy volunteers, a cohort of obese
volunteers was also included to investigate PK and PD
in individuals resembling those with nonalcoholic fatty
liver disease/NASH.?!->?

Methods

All procedures performed in studies involving human
participants were in accordance with the ethical stan-
dards of the institutional and/or national research com-
mittee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards.
The study was performed at the Buffalo Clinical Re-
search Center, LLC, and the protocol was reviewed and
approved by an institutional review board (Integreview,
Austin, Texas).

This was a first-in-human study and was conducted
in 2 parts: (1) a randomized, double-blind, placebo-

controlled single-ascending-dose (SAD) part with an
additional food effect cohort in lean healthy subjects
and (2) arandomized, double-blind, placebo-controlled
multiple-ascending-dose (MAD) part in lean and obese
healthy subjects.

Study Population

Male and female healthy volunteers aged 18 to
65 years who weighed >50 kg and who provided
written informed consent were included. The following
sitting vital sign ranges were required for inclusion:
(1) oral body temperature, 35.0 to 37.5°C; (2) systolic
blood pressure, 90 to 140 mmHg (lean subjects) or
90 to 150 mmHg (obese subjects); (3) diastolic blood
pressure, 50 to 90 mmHg; and (4) pulse rate, 40 to
90 beats per minute. The required body mass index
(BMI) ranges for inclusion were 18 to 30 kg/m? and 35
to 45 kg/m? for lean and obese subjects, respectively.
Key exclusion criteria included women of childbearing
potential; any surgical or medical condition that
could significantly alter the absorption, metabolism,
distribution, and excretion of the study drug; medical
history and/or clinical or laboratory evidence of liver
disease or liver injury as indicated by abnormal liver
tests, such as alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), y-glutamyl transferase
(GGT), alkaline phosphatase, or serum bilirubin
levels exceeding 1x the upper limit of normal (ULN)
for lean subjects and 2x ULN for obese subjects;
or a positive hepatitis B surface antigen or hepatitis
C test result.

Study Design

In the SAD part of the study, 8 subjects per cohort were
randomized to receive a single dose of tropifexor (10,
30, 100, 300, 1000, or 3000 pg) or placebo in a 3:1 ra-
tio (6 active:2 placebo). The study included a 27-day
screening period, baseline evaluation for eligibility on
day —2, and a meal test to determine the physiological
change in FGF19 preceded by a >10-hour overnight
fast on day —1. This was followed by a single oral dose
of tropifexor on day 1 and an end-of-study (EOS) visit
on day 8. All safety and tolerability data up to 72 hours
after dosing for at least 6 subjects within a cohort were
reviewed and assessed as acceptable before escalating
the dose. The study also explored the effect of food in
the 300-ug cohort where subjects underwent a second
dosing period following a 7-day washout period and re-
ceived a high-fat meal immediately prior to a single dose
of 300-pg tropifexor (Figure S1).

In the MAD part of the study, 8 subjects per cohort
were randomized to receive ascending daily doses
of tropifexor (10, 30, 60, or 100 ug) or placebo in a
3:1 ratio (6 active:2 placebo). The study comprised a
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27-day screening period, baseline evaluation for eligibil-
ity on day —2, a meal test to measure the physiological
change in FGF19 preceded by a >10-hour overnight
fast on day —1, treatment period from days 1 to 15 with
a second meal test on day 14, safety follow-up visits on
days 21 and 42, and an EOS visit on day 70. All safety
and tolerability assessments up to 8 days after the last
dose (day 21) for at least 6 subjects within a cohort
were reviewed and assessed as acceptable before dose
escalation. The MAD study was repeated in 11 obese
subjects randomized in an approximately 2:1 ratio
(7 active:4 placebo) to receive 30 pg of tropifexor or
placebo once daily (qd) for 14 days. All study timelines
were similar to that of the study in lean subjects, except
for the EOS visit, which was on day 21 in obese subjects.

Bioanalytical Methods for PK Samples

Tropifexor and CKS577 and their internal standards
(IS) ["*C?H,*S]tropifexor and ['3*C?H,**S]CKS577
were supplied by Novartis (Basel, Switzerland). Chro-
matographic separation was performed using Shi-
madzu LC-30AD pumps (Columbia, Maryland) on
Quattro 3 C8 analytical column (2.1 x 50 mm, Ameri-
can Chromatography Supplies, Vineland, New Jersey)
at 40°C. The mobile phases were water (A) and ace-
tonitrile (B) containing 0.1% formic acid. The gradient
elution conditions were 0.0 to 0.03 minutes at 40% B;
0.03 to 1.50 minutes from 40% to 75% B; 1.50 to 1.80
minutes at 75% B; 1.80 to 1.90 minutes from 75% to
40% B. The flow rate was 0.4 mL/min, and the run time
was 2.5 minutes per injection. A Triple Quad 6500 mass
spectrometer (AB Sciex, Framingham, Massachusetts)
coupled with an electrospray ionization ion source was
used to monitor the mass transitions. The system was
operated in positive mode, and multiple reaction mon-
itoring mass transitions were m/z 604.2/228.0 and m/z
609.2/227.9 for tropifexor and its IS, respectively, and
m/z 780.3/603.9 and m/z 785.0/608.9 for CKS577 and
its IS, respectively. A 50-uL volume of human plasma
was added to an Ostro 96-well plate (Waters, Milford,
Massachusetts), which was placed on top of a 1-mL
96-well collection plate. To each well, a 300-uL aliquot
of the IS working solution (each at 3 ng/mL in ace-
tonitrile/ethanol/formic acid, 90/10/1, v/v/v) was added
except for the control blanks. The combo plate was
vortexed and centrifuged at approximately 1200 rpm
(262 x g) for about 10 minutes. A 50-pL volume of hu-
man urine was added to a 1-mL 96 square-well plate.
To each well, a 300-pL aliquot of the IS working solu-
tion (3 ng/mL each in acetonitrile/ethanol/formic acid,
90/10/1, v/vlv) was added, and the plate was vortexed
and centrifuged as above. Thereafter, 10 pL of the above
extracts was injected onto the liquid chromatography
with tandem mass spectrometry (LC-MS/MS) system.

The lower limit of quantification (LLOQ) was
20 pg/mL in plasma and 100 pg/mL in urine for both
tropifexor and CKS577, respectively, whereas the up-
per limit of quantification (ULOQ) was 20 ng/mL in
plasma and 100 ng/mL in urine, respectively. The overall
coefficient of variance percentage (%CV) and bias per-
centage of calibration standards were 9.5 and —3.6 to
2.0 for plasma tropifexor, 9.8 and —1.9 to 3.5 for plasma
CKS577, 6.7 and —1.5 to 1.0 for urine tropifexor, and
7.2 and —2.0 to 3.0 for urine CKS577, respectively. The
overall %CYV and bias percentage quality controls were
10.8 and 0.8 to 5.0 for plasma tropifexor, 8.2 and 1.8
to 3.5 for plasma CKS577, 8.5 and 1.3 to 4.1 for urine
tropifexor, and 15.4 and —2.1 to 8.0 for urine CKS577,
respectively.

PK Assessments
During the SAD study, blood samples were col-
lected for PK assessment of tropifexor before
dosing (0 hours) and 0.25, 0.5, 1, 1.5, 2, 3, 4,
6, 8, 10, 12, 16, 24, 36, 48, and 72 hours af-
ter dosing. Urine samples were collected in
12-hour batches starting at dosing and ending 72 hours
after dosing. During the MAD study, blood samples
were collected before dosing (0 hours) and 0.25, 0.5, 1,
1.5,2,3,4,6,8,10, 12, 16, and 24 hours after dosing on
days 1 and 13 and before dosing (0 hours) on days 4, 5,
6, 7, and 10. Urine samples were collected in 12-hour
batches from postdose on day 1 to predose on day 2
and from postdose on day 13 to predose on day 14.
The following PK parameters were evaluated for
tropifexor and CKS577: for the SAD part, the observed
maximum plasma concentration following drug admin-
istration (Cyay); time to reach Cpax (tmax); area under
the plasma concentration—time curve from time 0 to
infinity (AUCjyr); terminal elimination half-life (t;;);
apparent systemic clearance from plasma. In the MAD
part, steady-state exposure was calculated as AUC in
1 dose interval (AUCy,,). In addition, Cyax, tmax, and
accumulation ratio (Raee = AUCy,Day13/AUCau,pay 1)
were estimated. For urine PK, the amount of tropifexor
or CKS577 excreted into the urine from time 0 to time
t, where t is a defined time point after administration
(Aey.t), clearance, and percent recovery of tropifexor
or CKS577 were estimated. These parameters were
derived using the actual recorded sampling times and
noncompartmental analysis with Phoenix WinNonlin,
version 6.3 (Certara, Princeton, New Jersey).

Bioanalytical Methods for PD Samples

Quantitative determination of FGF19 in human serum
was performed at WuXi AppTec (Shanghai, China)
using a commercial human FGF19 immunoassay
(R&D Systems, Minneapolis, Minnesota) as previously
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described.? Internal validation of the assay character-
istics demonstrated an LLOQ of 27.20 pg/mL and a
ULOQ of 1096.3 pg/mL. Of 2370 study samples an-
alyzed for FGF19, 30 (1.3%) were found to be below
the LLOQ of the assay. Samples were diluted as nec-
essary to allow quantitation, and no assay values were
above the ULOQ following appropriate dilution. The
interrun accuracy ranged from 88.9% to 105.8%, and
the interrun precision ranged from 5.4% to 9.3% (data
not shown).

Quantitative  determination of 7a-hydroxy-4-
cholesten-3-one (C4) in human serum samples was
by performed at WuXi AppTec (Shanghai, China) by
means of LC-MS/MS. Briefly, human serum samples
(sample volume, 80 pL) were precipitated by acetoni-
trile/ammonium sulfate, the extracts evaporated, and
the reconstituted samples analyzed by LC-MS/MS.
Analysis was performed by reversed-phase liquid
chromatography, with separation on a ZORBAX
C18 (Agilent Technologies, Santa Clara, California),
3.5 um, 100 x 2.1 mm column at 55°C at a flow rate of
700 uL/min with an 11.0-minute run time. The analyte
was ionized by atmospheric pressure chemical ioniza-
tion in positive ion mode on a 5500 triple-quad (AB
Sciex, Framingham, Massachusetts). The reference
standard (Cy;H440; 7a-hydroxy-4-cholesten-3-one)
and IS (Cy;H37D70, 7a-hydroxy-4-cholesten-3-one-
d7) (Toronto Research Chemicals Inc., Toronto,
Canada) was diluted in human serum purchased from
Bioreclamation IVT (Westbury, New York). Validation
of the assay characteristics demonstrated an LLOQ
of 3.90 ng/mL and a ULOQ of 1250 ng/mL. Across
22 accepted runs performed on 21 different days, the
variability of the calibration parameters (mean =+
standard deviation) was as follows: slope 0.01968 +
0.004109; intercept 0.01181 +£ 0.02236, and coefficient
of determination r2 0.9962 4+ 0.0021. Overall, a total of
1211 samples were analyzed in a total of 22 accepted
runs. C4 levels ranged from 3.92 ng/mL to 190 ng/mL,
with 125 samples falling below the LLOQ. Seven
samples had abnormal IS peak area responses and
were repeated.

PD Assessments

For PD analyses, plasma concentrations of the
biomarkers of FXR target engagement FGF19 and C4
were evaluated at various time points after dosing in
the SAD and MAD studies. In the SAD study, FGF19
was analyzed at 0 hours on day -2; at 0, 1, 2, 3, 4, 6, 8,
and 12 hours on day —1 (following a high-fat meal chal-
lenge) or at 0 hours on day —1 (in the pilot food effect
cohort); and at 0, 1, 2, 3,4, 6, 8, 12, 24, 48, and 72 hours
after dosing (with a standard breakfast given at 4 hours
after dosing). In the MAD study, FGF19 was analyzed

at 0 hours on day -2; at 0, 1, 2, 3, 4, 6, 8, and 12 hours
on day —1 (following a high-fat meal challenge); and at
0,1,2,3,4,6,8, 12, and 24 hours after dosing on days
1 and 13 (with a standard breakfast given at 4 hours
after dosing). The LLOQ and ULOQ for FGF19 were
27.2 pg/mL and 1096.3 pg/mL, respectively; samples
with values above the ULOQ were diluted and retested.
C4 concentration was measured at 0, 1, 2, 3, 4, 6,
8, 12, and 24 hours after dosing on days 1 and 13 in
lean subjects and on days 1 and 14 in obese subjects.
The LLOQ and ULOQ for C4 were 3.9 ng/mL and
1250 ng/mL using 80 pL of human serum, respectively.
The PD analysis set included all subjects with available
PD data, who received at least 1 dose of the study drug
or matching placebo and had no protocol deviations.

Secondary Assessments

Serum levels of total, LDL, and HDL cholesterol and
triglycerides were analyzed at baseline (day —1) and
at 1, 2, 3, 4, 6, 8, and 12 hours after dosing at 10,
30, 100, 300 ug (fed and fasted condition), 1000 and
3000 pg tropifexor or placebo in the SAD study. In the
MAD study, all lipid assessments were made at base-
line (day —1) and at 0 hours before dosing on days
1, 13, and 14.

Safety and Tolerability Assessments

All adverse events (AEs) and serious AEs (SAEs), with
their severity and relationship to the study drug, were
recorded as part of the safety assessment. In addition,
standard hematology and blood chemistry tests were
performed, including serum biomarkers of liver func-
tion, such as ALT and AST. The safety analysis set in-
cluded all subjects who received at least 1 dose of the
study drug or matching placebo.

Statistical Analysis

Descriptive statistical analyses were performed for PK
parameters of tropifexor and CKS577 and for PD end
points FGF19, C4, total bile acids, triglycerides, and
cholesterol using SAS software (SAS Institute, Cary,
North Carolina) procedures.

For the food effect part, PK parameters Cp,,x and
AUC;,r were log-transformed and analyzed using a lin-
ear mixed-effects model. The model included a fixed ef-
fect for treatment (tropifexor fed and tropifexor fasted)
and a random effect for subject.

The Wilcoxon rank-sum test was performed to com-
pare the median difference of changes from baseline in
FGF19 and C4 concentrations between each tropifexor
dose and the pooled placebo group. The Hodges-
Lehmann estimate and 95% confidence interval for the
median difference also were provided.

The log-transformed ratio to baseline for triglyc-
erides was analyzed using a linear mixed-effects
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Table 1. Demographics and Baseline Characteristics
Pooled Placebo Tropifexor Dose (ug)
300
Fasted Fed 10 30 100 Fasted Fed 1000 3000
SAD n=12 n=2 n=>5 n==6 n==6 n==6 n=4 n==6 (n=26)
Age, y, median (range) 41.5 30.5 44.0 41.5 28.0 245 29.5 26.0 24.0
(23-55) (23-38) (20-53) (23-58) (22-64) (21-39) (21-39) (22-30) (19-53)
Males, n (%) 11 (91.7) 2(100) 4(80.0) 6 (100) 5(833) 5(833) 3(75.0) 6 (100) 6 (100)
White, n (%) 541.7) 1 (50.0) 2(40.0) 3(50.0) 3(50.0) 4(66.7) 2(50.0) 0 (0.0) 4 (66.7)
Black, n (%) 7 (58.3) 1 (50.0) 3(60.0) 3(50.0) 3(50.0) 2(33.3) 2(50.00 5(83.3)* 2(333)
BMI, kg/m?, median 25.95 25.3 25.3 27.25 25.75 25.3 26.55 25.8 24.35
(range) (22.7- (25.2- (19.8- (23.2- (21.2- (20.0- (22.4- (22.6- (20.0-
29.9) 25.4) 29.3) 28.4) 28.6) 29.0) 29.0) 29.8) 27.8)
Placebo Tropifexor Dose
30 pg qd
MAD Lean Obese 10 ug qd Lean Obese 60 pg qd 100 pg qd
Lean Subjects n=10 n=4 n=29 n==6 n=7 n==6 n==6
Age, y, median 40.0 (23-59) 41.0 (21-63)  31.0 (21-62) 40.0 (24-54) 29.0 (23-52) 26.5 (23-40) 35.0 (31-54)
(range)
Males, n (%) 10 (100) 2 (50.0) 8 (88.9) 5(83.3) 5(71.4) 6 (100) 4 (66.7)
White, n (%) 6 (60.0) 1 (25.0) 5 (55.6) 4 (66.7) 3 (42.9) 2 (33.3) 1 (16.7)
Black, n (%) 3 (30.0) 3 (75.0) 3(33.3)° 2 (33.3) 3 (42.9)° 4 (66.7) 4 (66.7)
BMI, kg/m?, median 25.95 41.95 25.6 22.45 41.0 29.15 25.65
(range) (21.7-29.4) (38.6-44.7) (24.0-29.8) (19.5-29.0) (37.0-44.1)  (22.3-30.0) (23.9-28.2)

BMI, body mass index; MAD, multiple ascending dose; qd, once daily; SAD, single ascending dose; SD, standard deviation.
2 One subject in the 1000-ug SAD cohort, | subject in the MAD placebo group, | subject in the 100-ug MAD cohort,and | subject in the 30-ug MAD

obese cohort were Asians.
®One subject in the 10-ug MAD cohort was Native American.

model with fixed effects for log-transformed baseline,
treatment, time, and treatment by time interaction.
A first-order autoregressive covariance structure was
used to account for the correlation among multiple
measurements from the same subject. Similarly, for
cholesterol data, absolute change from baseline was
analyzed using a linear mixed-effects model for re-
peated measurements. The model included baseline,
treatment, time, and treatment by time interaction
as fixed effects with an unstructured covariance
matrix.

For PK, concentrations below the LLOQ were con-
sidered as 0 in summary statistics and for PK parameter
calculations. For PD end points FGF19 and C4, values
below LLOQ were replaced by LLOQ/2 in summary
statistics, analyses and for PD parameter calculations.

Results

Disposition and Demographics

In total, 95 subjects were enrolled in this study and
received at least 1 dose of tropifexor or matching
placebo. In all, 47 healthy subjects were enrolled in

6 cohorts in the SAD study, all of whom completed the
study as per protocol. Six of 8 subjects who received the
300 pg dose of tropifexor in the SAD study, received
a second 300 pg dose after a high-fat meal, and all 6 (4
on tropifexor treatment and 2 on placebo) completed
the study as per protocol. A total of 37 subjects were
enrolled in the MAD study involving lean volunteers;
of these, 34 completed the study as per protocol. In the
portion of the MAD study involving obese subjects, 11
enrolled subjects completed the study as per protocol.
Demographics and baseline characteristics were sim-
ilar across treatment groups from both SAD and MAD
studies (Table 1); most treatment groups comprised
predominantly male subjects. In the SAD study, me-
dian age ranged between 30.5 and 41.5 years and 24
to 44 years in the placebo and tropifexor groups, re-
spectively. In the MAD study, median age range was 40
to 41 years in the placebo group and 26.5 to 40 years
in the tropifexor groups. All treatment groups in the
SAD study were comparable with regard to BMI. In
the MAD study with lean subjects, the median BMI
(29.15 kg/m?) of the 60-pg treatment group was slightly
higher than that of other treatment groups, while it was
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Table 2. Summary of Treatment-Emergent Adverse Events (=20% in Any Group)

Placebo Tropifexor (ug)
300
Fasted Fed 10 30 100 Fasted Fed 1000 3000

SAD n=12 n=2 n=>5 n==6 n==56 n==6 n=4 n==6 n==6
Any AE I (50.0) 2 (40.0) 2 (33.3) 2 (33.3) 2 (33.3) 1 (16.7) 2(33.3)
Abdominal pain 1 (20.0)
Vomiting 2 (33.3)
Muscle spasms 1 (20.0)
Headache 2 (40.0) I (16.7) I (16.7)

Macular rash 1 (50.0)

Placebo Tropifexor
30 pgqd
Lean Obese 10 pug qd Lean Obese 60 ug qd 100 pg qd

MAD n=10 n=4 n=9 n==6 n=7 n==6 n==6
Any AE 6 (60.0) 2 (50.0) 4 (44.4) 4 (66.7) 4 (57.1) 2 (33.3) 5(83.3)
Dyspepsia 1 (16.7) 1 (16.7) 2 (33.3)
ALT increased I (11.1) - 2 (33.3)
Dizziness 2 (33.3) I (16.7)
Headache 2 (20.0) 3(33.3) 1 (16.7) 1 (16.7) I (16.7)
Diarrhea 2 (50.0) I (14.3)

Nausea I (25.0) I (14.3)

Vomiting 1 (25.0)

AE, adverse event; ALT, alanine aminotransferase; MAD, multiple ascending dose; qd, once daily; SAD, single ascending dose; qd, once daily.

comparable among obese subjects receiving placebo
(42 kg/m?) and 30 pg tropifexor (41 kg/m?).

Safety and Tolerability of Tropifexor
Tropifexor generally was well tolerated in both the SAD
and the MAD studies, with most subjects completing
the studies as planned. Tropifexor was well tolerated up
to 3000 pg in the SAD study without any SAEs. In the
MAD study, tropifexor was well tolerated up to 100 pg
qd for 14 days. Three subjects were discontinued from
the study, all in the MAD phase. One subject in the
60 pg qd cohort was lost to follow-up a month after
completing dosing; 1 subject in the 100 pg tropifexor
qd cohort was discontinued per protocol at day 7 due
to an elevated ALT level >5x ULN but <8x ULN;
and 1 subject in the 100 pg tropifexor qd cohort was
discontinued on day 9 owing to an abnormal ALT level
of >3x ULN but <5x ULN.

With regard to overall safety, 69 AEs were reported
in 39 of 95 subjects in both parts of the study (Table 2).
Four SAEs were reported in 3 subjects, of which 1 was
assessed as drug related. The single SAE related to
study drug (ALT >5x ULN but <8x ULN at 100 pg
qd of tropifexor) was similar to a study drug-related
AE of increase in ALT >3x ULN but <5x ULN
at 100 ug qd of tropifexor; ALT and AST were also
increased by >1x ULN but <3x ULN in 1 additional

subject during the dosing period. In all 3 cases, the
subjects remained asymptomatic throughout the study
and showed no meaningful changes in markers of liver
damage such as total bilirubin, alkaline phosphatase,
or GGT. In addition, during an extended follow-up
period, creatine kinase and lactate dehydrogenase were
found to be elevated in | subject following physical in-
jury. No drug-exacerbated pruritus was reported at any
dose either in the SAD or the MAD parts of the study.

PK Results

Following oral administration, peak tropifexor concen-
trations were achieved at a median ty,,x of 4 hours (Fig-
ure 1A). The mean tj;, ranged from 13.5 to 21.9 hours
(Table 3). The Cy.x and exposure (AUC;,¢) appeared
to increase dose proportionally from 10 pg to 3000 ug.
Moderate to high intersubject variability was observed
for PK parameters (%CV up to 71% for Cyax and 52%
for AUCinf).

The metabolite CKS577 was detected in plasma only
at tropifexor doses of 100 pg or higher. Peak con-
centrations were detected at approximately 4 hours
following dosing with tropifexor. At the 1000 and
3000 pg doses, the mean t;, of CKS577 was 17.0 hours
and 14.4 hours, respectively (Table S1). The systemic
exposure ratio (CKS577/tropifexor) was <3% based on
Cmax or AUClast‘
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Figure . Pharmacokinetic profile of tropifexor following single and multiple ascending doses (PK analysis set). (A) Mean plasma
concentration—time profiles following single oral doses of tropifexor under fasted conditions (semilogarithmic scale). (B) Mean plasma
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In urine, tropifexor concentrations were below the
LLOQ for most subjects, except for 1 subject in the
1000-pg cohort and 6 subjects in the 3000-pg cohort.
Excretion of tropifexor in urine was low, with mean
fraction of dose excreted at <0.015% and the renal
clearance of 0.174 mL/h and 0.244 mL/h at 1000 pg and
3000 pg doses, respectively. Thus, renal clearance was
<0.01% of the total plasma clearance at these doses.
The mean fraction dose of CKS577 excreted in urine
was ~0.2% at 1000 pg and 3000 pg doses (Table S2).

Analysis of data from 4 subjects who received 300 pg
of tropifexor with a high-fat meal showed that ty.x
was delayed from 4.0 to 9.0 hours; Cpax and AUCiy¢
increased by 55% and 63%, respectively, while t;, re-
mained comparable (12 hours fasted vs 15.3 hours
fed; Table 3, Figure 1B). Consistent with the PK pro-
file of tropifexor, the median t;, of its metabolite
CKS577 increased from 4 to 11 hours, and C,,,x and
AUC;,¢ increased by about 54% and 68%, respectively
(Table S1).
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Table 3. Summary of Plasma PK Parameters of Tropifexor Following Single and Multiple Ascending Doses (PK Analysis Set)

SAD, Mean (SD)

PK Parameters

AUC, (ng *
Dose (ug) n h/mL) Crnax (ng/ml) tmax (h)? tip (h) CL/F (mL/h)
10 4 3.39 (0.333) 0.19 (0.031)° 4.0 (3.0-6.0)° 14.9 (3.22) 2980 (324)
30 5 13.4 (1.16) 0.63 (0.108)° 4.0 (3.0-6.0)° 13.7 (4.74) 2260 (202)
100 5 379 (17.2) 1.7 (1.04) 4.0 (4.00-4.03)° 13.5 (3.36) 3080 (1250)
300 6 123 (56.4) 6.4 (3.24) 4.0 (3.0-8.0) 15.3 (5.55) 3210 (2300)
300 (fed) 4 203 (52.8) 10.4 (2.11) 9.0 (8.0-12.0) 12.0 (1.41) 1550 (364)
1000 5 482 (250) 22.1 (9.37)° 4.0 (3.0-8.0)° 21.9 (10.5) 2430 (917)
3000 6 933 (361) 54.2 (38.2) 4.0 (4.0-6.0) 16.5 (3.53) 3630 (1350)
MAD, Mean (SD) PK Parameters
AUCq4, (ng *

qd Dose (ug) n h/mL) Cinax (ng/mL) tmax (h)? CL/F (mL/h) Racc
10 Day | 9 2.88 (1.27) 0.212 (0.109) 4.0 (4.0-10.0)

Day 13 9 4.88 (1.47) 0.319 (0.104) 4.0 (4.0-6.0) 2210 (604) 1.87 (0.609)
30 Day | 6 1.7 (3.31) 0.894 (0.305) 6.0 (6.0-8.0)

Day I3 6 14.0 (4.37) 0.943 (0.260) 4.0 (4.0-10.0) 2380 (989) 1.21 (0.278)
30 (obese) Day | 7 7.19 (2.13) 0.492 (0.174) 4.0 (4.0-8.0)

Day 14 7 10.4 (2.92)° 0.650 (0.180) 6.0 (4.0-10.0) 3140 (1170)¢ 1.59 (0.693)°
60 Day | 6 16.2 (5.44) 1.22 (0.475) 4.0 (3.0-6.0)

Day 13 6 25.3 (6.40) 1.61 (0.331) 4.0 (3.0-6.0) 2560 (882) 1.66 (0.560)
100 Day | 6 303 (124) 2.40 (1.09) 4.0 (4.0-4.0)

Day I3 4 50.2 (21.9) 3.47 (1.38) 4.0 (3.0-8.0) 2600 (1890) 1.41 (0.287)

AUC;¢, area under the plasma concentration-time curve from time 0 to infinity; AUC,,, area under the plasma concentration—time curve from
time 0 to the end of the dosing interval tau; AUCq.24 1, area under the plasma concentration-time curve from time 0 to 24 h; Cp,x, observed
maximum plasma concentration following drug administration; CL/F, apparent systemic (or total body) clearance from plasma following extravascular
administration; CLs/F apparent systemic clearance from plasma observed during a dosing interval at steady state following extravascular administration;
MAD, multiple ascending dose; PK, pharmacokinetic; qd, once daily; R,cc, accumulation ratio; SAD, single ascending dose; SD, standard deviation; tmax,

time to reach Cpax; ti/2, terminal elimination half-life.
2 tmax Is represented as median and range.

b Represents mean (SD) of 5 subjects in 10 ug cohort, 6 subjects in 30 ug cohort, 6 subjects in 100 ug cohort,and 6 subjects in 1000 g cohort.

¢ Represents mean (SD) of 6 subjects.

The mean plasma concentration—time profiles of
tropifexor following repeat dose administration are
shown in Figure 1C. After once-daily oral dosing for
13 days, time to reach peak concentration at day 13
across all doses (10-100 ug) was similar to that on day
1 with a median tp,x of 4 hours (range, 3-10 hours;
Table 3), suggesting no potential changes in absorp-
tion mechanisms with multiple dosing. Steady state was
reached by day 4 as trough levels of tropifexor were
comparable from day 4 and onwards up to day 13.
Consistent with the observed t;, the once-daily dos-
ing resulted in an accumulation ratio (R,.) of <2-fold
(1.21-1.87).

Plasma CKS577 was detected only in 60 pg and
100 ug cohorts, except for 1 subject in the 10 pg cohort
(Table S1), where CKS577 levels also were measurable.
The median CKS577 tmax was 6 to 8 hours with a low
CKS577 exposure (<3% of the parent tropifexor expo-
sure) on day 13.

Urine tropifexor and CKS577 concentrations were
below the LLOQ for most subjects across cohorts, sug-
gesting that negligible fractions of the dose (<1% for
tropifexor and <0.4% for CKS577) were excreted in the
urine.

In obese healthy subjects who received 30 pg qd
tropifexor for 13 days, ty.x was similar on days 1 and
13, with a median ty,x of 6 hours (range, 4-10 hours),
which was in general comparable to that in lean sub-
jects (Table 3). Steady state was reached on day 4, and
the accumulation ratio was <2-fold. The overall mean
exposure of tropifexor in obese subjects appeared to be
slightly lower than that observed in lean subjects based
on the limited sample size (Figure 1D).

PD Results

On the day before dosing (day —1), baseline and
24-hour serum concentration—time profiles of FGF19
did not differ across treatment groups in the SAD
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Figure 2. Pharmacodynamic effect of single and multiple ascending doses of tropifexor in lean or obese healthy volunteers (PD
analysis set). (A) Mean fibroblast growth factor 19 (FGFI9) concentration-time profile following single ascending doses of tropifexor
in fasted subjects and following a single oral dose of 300 g under fed condition. (B) Day | and day 13 mean FGFI9 concentration-time
profile in lean volunteers receiving multiple ascending doses of tropifexor. (C) Day | and Day 14 mean FGF|9 concentration-time
profile in obese healthy volunteers receiving a once-daily dose of 30 pg tropifexor for 14 days, in comparison with lean healthy

volunteers. Data are represented as mean =+ standard error.

part of the study. Serum FGF19 concentrations in-
creased in response to feeding. In the pooled placebo
subjects, FGF19 increased from a fasted median C.x
of 152 pg/mL to a median Cy.x of 319 pg/mL on
day —1 and 362 pg/mL on day 1, with a median
maximal change from baseline in response to feeding

of 177 pg/mL. In the SAD part of the study, drug-
associated elevations in mean FGF19 were observed,
with a peak concentration achieved at approximately
6 hours after dosing across dose groups (Figure 2A). A
dose-dependent increase in FGF19 concentrations was
observed up to 1000 pg of tropifexor. Median FGF19



404

Clinical Pharmacology in Drug Development 2020, 9(3)

Cax ranged from 416 pg/mL to 1820 pg/mL with doses
up to 3000 pg. In the MAD part of the study, day —1
baseline and 24-hour serum concentration—time pro-
files of FGF19 did not differ across treatment groups.
In the pooled placebo subjects, FGF19 increased from
a fasted median of 69.5 pg/mL to a median Cy,x of
299 pg/mL on day —1 and 353 pg/mL and 371 pg/mL
on days 1 and 13, respectively, with a median max-
imal change from baseline in response to a meal of
191 pg/mL on day 1 and 240 pg/mL on day 13. A dose-
dependent increase in serum FGF19 was observed in
the MAD part of the study, similar to that observed in
the SAD study (Figure 2B). Day 13 trends were similar
to those on day 1, with FGF19 C,,,x peaking at approx-
imately 6 hours after dosing for all groups. The median
maximal change in FGF19 level from baseline was sim-
ilar on day 1 and day 13 at dose levels of up to 60 pg
of tropifexor (Table 4). Furthermore, the median maxi-
mal changes in FGF19 C,,x levels were comparable on
days 1 and 13 (Table 4). The median change in FGF19
concentration from baseline to 6 hours after dosing was
significantly higher (P < .05) relative to placebo in the
30, 100, 300, 1000, and 3000 ug SAD cohorts; the 30,
60, and 100 ug MAD lean cohorts on day 1; and the
30- and 100 ug MAD lean cohorts on day 13.

Similar results were observed in obese subjects re-
ceiving 30-pg qd doses for 14 days (Table 4). Neverthe-
less, median FGF19 AUC 4, and Cyax and change in
concentration from baseline relative to placebo in obese
subjects were numerically lower than those in lean sub-
jects at the same dose on both days 1 and 13/14, except
for median AUC .4, on day 1. In the obese subjects,
the median difference in change from baseline FGF19
relative to placebo was numerically higher but not sig-
nificantly different (P > .05), on both day 1 and day 14
(Figure 2C and Table 4).

Concomitant with the elevation in postdose FGF19
levels, there was a dose-dependent decline in the lev-
els of 7- a-hydroxy-4-cholesten-3-one (C4), an interme-
diate in the bile acid biosynthesis pathway. Following
multiple dosing, the median change from baseline in
C4 with the 30-pg dose between lean and obese subjects
was similar on day 1 (—18.3 and —21.4 pg/mL) and day
13/14 (—17.0 and —17.1 pg/mL; Table S3).

An approximately linear PK-PD relationship was
found between tropifexor exposure and FGF19 expo-
sure as shown by scatter plots of tropifexor Cpax Vs
FGF19 C,ax (SAD: if tropifexor Cpx <40 ng/mL) and
tropifexor AUC.4n vs FGF19 AUC . 24, in both SAD
and MAD studies (Figure 3).

Blood Chemistry Panel and Serum Biomarkers
With regard to triglycerides and total, HDL, and
LDL cholesterol, no clinically significant changes were

observed from baseline compared to placebo in the
SAD and MAD studies.

In obese healthy volunteers, no clinically signifi-
cant differences were observed in baseline-normalized
triglycerides and total, LDL, and HDL cholesterol be-
tween tropifexor-treated and placebo-treated groups on
day 14 before the last dose (Figure 4).

No statistically significant reduction in fasting total
serum bile acids were observed up to day 4, 72 hours
after dosing in SAD. During this part of the study,
the placebo adjusted ratio to baseline ranged at day 2
from 0.929 to 1.211 for 30 pg and 100 pg tropifexor
respectively; at day 3 from 0.953 to 1.461 for 30 pg
and 10-ug tropifexor, respectively; and at day 4 from
1.099 to 1.589 for 1000 ug and 300 pg tropifexor, re-
spectively. Similarly, no significant reduction in fasting
total serum bile acids was observed at day 15 in MAD.
At this time point, the placebo adjusted ratio to base-
line ranged from 0.554 to 1.699 for 60 pug and 30 pg
tropifexor, respectively, in the lean cohorts and 1.117 for
30 pg tropifexor in the obese cohort.

Discussion

This first-in-human study was performed based on
promising preclinical validation results of tropifexor in
various animal models of NASH and cholestasis'®*
and acceptable preclinical safety assessments, to evalu-
ate the safety, tolerability, PK, and PD of tropifexor fol-
lowing single-ascending doses in the fasted or fed state
and multiple-ascending doses in lean and obese volun-
teers. A double-blind placebo arm was included to pro-
vide unbiased collection of safety and tolerability data,
and the effect of food was explored to gain an early un-
derstanding of impact of food on PK and PD effect of
tropifexor.

Approximately dose-proportional increases in both
Ciax and AUC were observed following tropifexor sin-
gle doses up to 3000 ug and multiple doses up to
100 pg. Consistent with the observed t;;, (range, 13.5-
21.9 hours), steady-state tropifexor levels were reached
by day 4 with <2-fold accumulation following a once-
daily dosing regimen. Moderate-to-slow absorption
(median ty,,x of ~4 hours) was observed following sin-
gle or multiple oral dosing, possibly due to the low
aqueous solubility of tropifexor.'® Overall, tropifexor
demonstrated pharmacokinetic properties that would
support a once-daily dosing regimen in future clinical
trials.

Tropifexor is likely a Biopharmaceutics Classi-
fication System Class II compound due to its low
solubility and high permeability.'® As anticipated,
when tropifexor was taken with a high-fat meal, there
was an increase of ~60% in the systemic exposure
of tropifexor and its metabolite CKS577. Although
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Table 4. Summary of PD Parameters of FGF|9 Following Single and Multiple Ascending Doses

AUCO_24 h (Pg . h/mL)

Cinax (pg/mL)

Maximum Change From

Baseline (pg/mL)

Difference vs Placebo
(pg/mL)

SAD Median (Range) Median (95%ClI)
Dose (ug) Mean (SD) 6-h After Dose
10 5 1250 (1040-1410) 438 (337-773) 265 (156-665) 196.5 (—0.7 to 384.0)
1230 (138) 489 (168) 313 (205)
30 6 980 (733-2450) 416 (267-1520) 312 (168-1330) 235.4 (60.4-676.0)
1260 (662) 609 (479) 484 (438)
100 6 1450 (1020-2130) 673 (325-991) 607 (291-795) 534.6 (320.0-790.0)
1540 (498) 704 (252) 578 (213)
300 6 2460 (782-4900) 1440 (447-1730) 1250 (353-1470) 1120.0 (405.2-1463.0)
2660 (1500) 1210 (535) 1060 (485)
300 (fed) 4 3090 (1720-5690) 1140 (769-2380) 976 (567-2200)
3400 (1910) 1350 (726) 1180 (728)
1000 6 3410 (1730-4440) 1820 (1030-2570) 1700 (963-2430) 1679.0 (1058.0-2244.0)
3220 (985) 1820 (630) 1680 (597)
3000 6 4240 (2530-6800) 1750 (1400-3250) 1570 (1260-2950) 1554.0 (1290.3-2563.0)
4470 (1750) 2070 (752) 1860 (682)
MAD Median (Range) Median (95%Cl)
qd Dose (ug) Mean (SD) 6-h After Dose
10 Day | 9 737 (361-1470) 360 (215-605) 270 (7.00-471) 2.4 (—163.5t0 135.7)
806 (352) 380 (126) 267 (151)
Day I3 9 883 (615-1030) 405 (177-613) 245 (—62.0 to 538)  81.35 (—55.6 to 187.3)
860 (I51) 375 (126) 262 (158)
30 Day | 6 1000 (737-2060) 626 (469-1070) 595 (207-892) 392.8 (113.8-623.6)
1210 (529) 691 (238) 574 (244)
Day I3 6 1330 (602-2070) 649 (262-1040) 538 (248-737) 357.0 (140.8-552.7)
1380 (557) 607 (290) 490 (197)
30 (obese)? Day | 7 1040 (435-1860) 518 (178-918) 460 (104-845) 299.70 (-37.5 to
110 (495) 551 (242) 469 (237) 649.3)
Day 14 7 1050 (648-1960) 479 (226-877) 418 (152-752) 117.05 (-285.7 to
1180 (447) 531 (238) 449 (217) 304.10)
60 Day | 6 1370 (983-3140) 581 (462-847) 456 (306-706) 323.2 (131.8-490.6)
1610 (780) 592 (137) 469 (138)
Day I3 6 1140 (640-2090) 597 (235-829) 475 (131-735) 237.5 (9.2-529.4)
1280 (612) 573 (230) 450 (258)
100 Day | 6 2320 (1310-3190) 936 (428-1660) 731 (350-1480) 541.55
2240 (725) 981 (424) 821 (422) (254.80-1094.0)
Day I3 4 2290 (743-4000) 1150 (309-1470) 1050 (231-1290) 671.65
2330 (1470) 1020 (502) 907 (469) (144.3-1179.6)

AUC._24n, area under the plasma concentration—time curve from time 0 to 24 h; C.«, observed maximum plasma concentration following drug
administration; Cl, confidence interval; FGF19, fibroblast growth factor 19; MAD, multiple ascending dose; PD, pharmacodynamic; qd, once daily; SAD,
single ascending dose.

Bolded values indicate P < .05 vs placebo by Wilcoxon rank-sum test.

2Day |4 assessment was performed in obese subjects instead of Day 3.

there was a trend toward an increase in the median
AUC 4 for FGF19 in the fed state, the overall median
Cax and median maximal change from baseline were
comparable during the food effect study (Table 4). The
potential for formulation optimization to mitigate the
effect of food on the pharmacokinetics and pharma-
codynamics of tropifexor will be addressed in future

studies.

Results

from earlier in vitro metabolism stud-

ies showed that CKS577 (acyl glucuronide) was
detected in the hepatocytes of all animal species
incubated with high concentrations of '*C-tropifexor
and appeared to be the primary metabolite in hu-
man hepatocytes (data not shown). This indicated that
glucuronidation contributed to the metabolism path-
way for tropifexor. CKS577 is at least 10-fold less
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subjects.

potent than tropifexor on FXR and only partially ac-
tive (~58%) on cellular assays for FXR activity (data
not shown).

In both the SAD and MAD parts of the study, the
exposure of CKS577 in plasma was minimal (<3% as
compared to the parent compound). The low expo-
sure of this metabolite in human subjects and its rela-
tively weak potency as an FXR agonist compared to its
parent tropifexor, suggests CKS577 will have no mean-
ingful contribution to the overall observed phar-
macodynamic effects, as well as a low likelihood
that tropifexor-related AEs would be caused by this
metabolite.

Increases in FGF19 exposures were observed with
single doses of tropifexor from 10 pg to 1000 pg
for median C,,x or to 3000 ug for median AUC.y4
and with daily dosing of tropifexor for 13 days
from 10 to 100 pg, thereby confirming FXR tar-
get engagement in the intestine.’* Moreover, a near

linear exposure-response relationship was observed
following single or multiple dosing of tropifexor
(Figure 3).

Because a high percentage of patients with NASH
are obese,'®!” and bile acid FXR agonists have been as-
sociated with an increase in LDL cholesterol, a cohort
of obese (median BMI, 41 kg/m?) healthy volunteers
was included in the MAD part of the study to evaluate
PD effects on cholesterol. The mean steady-state
exposure (AUC and C,,,x) in obese subjects appeared
to be slightly lower than that in lean subjects. Similarly,
the median steady-state FGF19 exposure (day 14) in
obese subjects was also slightly lower compared to
lean subjects on day 13/14 (Table 3). In this cohort, no
adverse changes were noted in the cholesterol profile
in the active group when compared to those receiving
placebo. However, given the low number of subjects, a
further population PK/PD analysis with more robust
clinical data is warranted.
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In transgenic mice overexpressing human FGF19,
prolonged exposure to constantly very high circulat-
ing levels of FGF19 (mean serum concentration of
up to 77.7 ng/mL) throughout early life has been
associated with the development of hepatocellular
carcinoma.?>?® Multiple dosing of tropifexor resulted
in dose-dependent, yet transient, elevations of FGF19.
At the highest dose tested in the MAD part of the study
(100 pg), the median maximum change from baseline
of 1050 pg/mL was approximately 4.4-fold of that seen
in response to a meal, indicating that tropifexor treat-
ment is unlikely to yield the sustained, very high FGF19
levels observed in the rodent transgenic models cited
above.>>?® Furthermore, numerous studies suggest that
FXR suppresses tumorigenesis in target tissues.”’ %

C4 is a key intermediate in the bile acid biosynthesis
pathway and a biomarker of FXR target engagement in
the liver.** Dose-dependent decreases in C4 levels from
baseline were observed up to the 3000-ug dose in the
SAD study and with 30- and 100-pg doses until day
15 in the MAD study. However, C4 levels were below
LLOQ at most doses, a finding that may be attributed
to the low resting levels of C4 in healthy volunteers.

Tropifexor was well tolerated at single doses up to
and including 3000 pg and in multiple doses up to
60 pg, with a low incidence of AEs. The main dose-
limiting factor in this healthy volunteer population was
an increase in ALT levels in the absence of meaning-
ful changes in markers of liver damage such as GGT
and bilirubin. These increases in ALT levels may repre-
sent an adaptation response to FXR agonist-mediated
reduction in hepatic cholesterol synthesis that main-
tains cellular homeostasis in the context of decreased
demand for bile acid production.

No meaningful changes in plasma lipid levels were
observed compared to placebo with single or multiple
dosing of tropifexor in either lean or obese healthy vol-
unteers dosed for up to 2 weeks. In contrast, in healthy
volunteer studies,>’ OCA has been found to cause sig-
nificant elevation in LDL and reduction in HDL choles-
terol, and these findings are paralleled in patients with
NASH.!%!7 Although the size of the obese cohort was
chosen to detect an OCA-like effect on plasma lipids,
the effect of tropifexor on plasma lipids needs to be
validated in larger cohorts with longer dosing regimens
and in patients groups with metabolic parameters more
closely aligned with NASH patients.

Pruritus has been a frequently reported AE in stud-
ies with the bile acid—derived FXR agonist OCA.'4!7
Pruritus is a well-recognized underlying symptom in
many patients with PBC'# and is also noted in placebo-
treated patients with NASH.!” However, the mecha-
nism of pruritus induction by FXR agonists is not well
understood. It may involve activation of the G-protein
coupled bile acid receptor TGRS5,3>33 either directly or

indirectly by a drug metabolite, or pruritus may reflect
an alteration of the bile acid pool such that an endoge-
nous pruritogenic bile acid or bile acid metabolite is
produced. Tropifexor did not cause pruritus in healthy
volunteers up to 2 weeks following daily dosing poten-
tially owing to its high specificity, lack of activity on
TGRS, shorter duration of FXR agonism in the liver,
or non-bile acid—derived structure. However, these find-
ings need to be validated in larger cohorts of patients
treated with tropifexor for longer durations.

Conclusions

Results from this first-in-human study indicate that
tropifexor is well tolerated at pharmacologically active
doses and has an acceptable safety profile, with no drug-
induced pruritus and only mild and transient eleva-
tions in serum ALT. Furthermore, tropifexor has a PK
profile favorable for once-daily dosing; shows effective
FXR target engagement in the intestine via transient
and dose-dependent elevations in FGF19; and causes
no significant changes in total, HDL, and LDL choles-
terol levels in lean or obese healthy volunteers up to 2
weeks following daily dosing.
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