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Background: HX-1171 (1-O-hexyl-2,3,5-trimethylhydroquinone) is a promising antioxidant
with therapeutic potential for hepatic fibrosis. The aim of this study was to investigate the
tolerability and pharmacokinetics of HX-1171 in healthy volunteers.

Methods: A randomized, single-blind, placebo-controlled, dose escalation study was conducted
in 83 subjects. In the single ascending dose study, 20, 40, 80, 160, 300, 600, 1,200, 1,500 or
2,000mg of HX-1171 was administered to 67 subjects. In the multiple ascending dose study,
500 or 1,000 mg was administered to 16 subjects for 14 days. The plasma and urine concentrations
of HX-1171 were determined by using a validated liquid chromatography-mass spectrometry
method. Pharmacokinetic parameters were obtained by non-compartmental analysis. Toler-
ability was assessed based on physical examinations, vital signs, clinical laboratory tests, and
electrocardiograms.

Results: Adverse events reported in the study were all mild in intensity and resolved without
any sequelae. HX-1171 was rapidly and minimally absorbed with a median time at maximal
concentration of 0.63—1.50 hours and slowly eliminated with a terminal half-life of 21.12-40.96
hours. Accumulation index ranged from 2.0 to 2.2 after repeated dosing for 14 days. For both
the single and multiple doses administrations, urinary concentrations indicated that less than
0.01% of the HX-1171 administered was excreted in urine.

Conclusion: HX-1171 was well tolerated and minimally absorbed in healthy volunteers. The
pharmacokinetic profile of HX-1171 was consistent with once-a-day dosing.
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Introduction

Liver fibrosis is defined as the presence of excess collagen due to new fiber forma-
tion and accumulation of extracellular matrix.!? The primary causes of liver fibrosis
are viral infection,® non-alcoholic fatty liver disease,** and excessive consumption of
alcohol.® The clinical manifestations of liver fibrosis vary widely, from no symptoms
at all, to liver failure. The latest surveillance report showed that liver cirrhosis was
the 12th leading cause of death in the United States.’

Oxidative stress (OS) is defined as a disturbance in the balance between the produc-
tion of reactive oxygen species and antioxidant defenses, leading to potential cellular
damage.® Some experimental data suggest that OS mediates the progression of fibrosis,
and that OS-related molecules may act as mediators of liver fibrosis.!!

HX-1171 (1-O-hexyl-2,3,5-trimethylhydroquinone), which is a novel derivative
of vitamin E, is a promising antioxidant with therapeutic potential for liver fibrosis
(Figure 1). From an experimental study, HX-1171 showed a similar antioxidative
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CH, multiple ascending dose (MAD) study, once daily for 14 days
HO cH at 500 and 1,000 mg with eight subjects (six active, two
: placebo) per group.
The starting clinical dose was based on results in the rat
H,C O/\/\/\CH3 as most sensitive animal, where an identified no target organ

Figure | The chemical structure of HX-1171 (I-O-hexyl-2,3,5-trimethylhy-
droquinone).

activity to that of D,L-a-tocopherol against micelles, and
it also exhibited approximately 4.8-fold higher anti-lipid-
peroxidation activity than that of D,L-0-tocopherol against
the peroxidation in liposomes.'? In another preclinical study,
HX-1171 showed liver fibrosis reduction in CCl,-induced
liver cirrhosis in Wistar rats.!* Additionally, HX-1171
improved against dimethylnitrosamine-induced liver fibrosis
in Sprague Dawley rats.!*

These results support the hypothesis that HX-1171 is
a potential therapeutic agent for liver fibrosis. Thus, it is
necessary to investigate HX-1171 in humans in a first-in-
human trial. The objective of this study was to investigate
the tolerability and pharmacokinetics of HX-1171 in healthy
volunteers.

Material and methods

Subjects

Healthy male volunteers aged 20—40 years and with a body
mass index of 19-26 kg/m? were eligible for this study. Vol-
unteers were considered to be in good health based on medi-
cal history, physical examinations, vital sign measurements
(blood pressure, heart rate, and body temperature), 12-lead
electrocardiograms, clinical laboratory tests (hematology,
blood chemistry, and urinalysis), serology (hepatitis B sur-
face antigen, hepatitis C virus antibody, and HIV antigen/
antibody), and urine drug screening (amphetamine, cocaine,
opiate, barbiturate, benzodiazepine, tetrahydrocannabinol,
methadone, and methamphetamine) within 4 weeks prior to
the first administration of study drug. Subjects who discon-
tinued before completing the study were replaced.

Study design

This first-in-human study was designed as a randomized,
single-blind, placebo-controlled, dose escalation clinical
trial. In single ascending dose (SAD) study, HX-1171 was
administered at single doses of 20, 40, and 80 mg, with six
subjects (four active, two placebo) per group, and adminis-
tered at single doses of 160, 300, 600, 1,200, 1,500, 2,000 mg,
with eight subjects (six active, two placebo) per group. In

toxicity level of 20 mg/kg was identified in a 13-week good
laboratory practice study. When adjusted for the regulatory
scaling factor (human equivalent dose of a factor of 0.16
for the rat)" and applying a safety factor of ten, a maximum
safe starting dose would be 0.32 mg/kg or 19.2 mg based on
a 60 kg person. The chosen starting dose for this first study
was 20 mg.

In SAD study, the subjects were admitted to the Clinical
Trial Center (CTC) at Asan Medical Center (AMC) from day —1
through day 3. On day 5 and 7, the subjects revisited the
CTC to assess tolerability and pharmacokinetics of HX-1171.
Follow-up visit was performed within 12 to 16 days after the
drug administration.

In MAD study, the subjects were admitted to the CTC at
AMC from day —2 through day 2. From day 3 to day 12, the
subjects visited the CTC to assess tolerability and receive
study drug. From day 13 to 15, subjects were hospitalized
for serial pharmacokinetic urine and blood sampling. On day
14, the last study drug was administered. After discharge,
they revisited CTC on 2 consecutive days (day 16 and 17).
Follow-up visit was performed within 8 to 12 days after the
last drug administration.

The study protocol was approved by the Ministry of Food
and Drug Safety and the institutional review board of AMC,
Seoul, Republic of Korea (ClinicalTrials.gov identifier:
NCT01548391 [SAD]/NCT01889745 [MAD]). The study
was conducted at the Clinical Trials Center of AMC from
April 2012 to August 2013. All subjects provided written
informed consent before screening.

Determination of HX-1171

concentrations
Plasma and urine concentrations of HX-1171 were deter-
mined using a validated high performance liquid chroma-
tography coupled with tandem mass spectrometry method.
The internal standard was 2,5-di-tert-butylhydroquinone. The
sample extracts were analyzed using high performance liquid
chromatography (Prominence; Shimadzu, Tokyo, Japan)
and an XBridge™ C18 column (3.5 pum, 50 mmx 2.1 mm;
Waters, Milford, MA, USA) with mobile phase consisting
of distilled water and acetonitrile (35:65, v/v).

The mass spectrometry system (API4000; AB Sciex,
Framingham, MA, USA) was operated in positive ion
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electrospray mode with multiple reaction monitoring.
The precursor-to-production reactions monitored were
m/z 235.3 — 149.8 for HX-1171 and 221.2 — 164.2 for
internal standard. The assay was validated over a range of
0.5-500 ng/mL for plasma (R?>0.995) and 5-500 ng/mL
for urine (R?>0.999). Assay accuracy and precision of
calibration standard curve ranged from 86.46% to 114.25%
and <5.31% in plasma and from 94.90% to 105.21%
and <2.51% in urine, respectively.

Pharmacokinetic assessment

and statistical analysis

Sequential blood samples (8 mL) were taken at 0 (pre-dose),
0.25,0.5,0.75,1,2,3,4,6,8,10, 12, 14, 16, 24, 36, 48, 96,
and 144 hours after drug administration in SAD study. In
MAD study, blood samples were taken before and at 0.25, 0.5,
0.75,1,2,3,4,6,8, 12, and 24 hours after dosing on day 1,
just before dosing on day 13, and also at 0.25, 0.5, 0.75,
1,2, 3,4, 06,8, 12, 24, 48, and 72 hours after dosing on
day 14. The blood samples were separated by centrifuga-
tion at 1,800 g for 8 minutes at 4°C and stored at —70°C
until analysis.

Urine samples were collected at predefined intervals
of 04, 4-8, 8-12, 12-24 and 24-48 hours after dosing in
SAD study. In MAD study, urine samples were collected
at predefined intervals of 0-6, 6—12 and 12-24 hours after
drug administration on day 1 and day 14. Urine volume was
measured, and 6 mL urine samples were stored at —70°C
before analysis.

The plasma and urine concentration-time profiles of
HX-1171 were analyzed by a non-compartmental method
using WinNonlin 6.1 (Pharsight Corporation, Mountain View,
CA, USA). All analyses were done using actual times of sam-
pling. The measured maximum plasma concentration (C,__ )

and time at C__ (t ) were determined from the observed

values. The terminal elimination rate constant (Az) was esti-
mated by linear regression of the terminal log-linear portion
of the plasma concentration-time curves. The area under the
plasma concentration-time curve (AUC) from time 0 to the
last measurable time (AUC, ) and the area under the plasma
concentration-time curve within a dosing interval (AUC ) was
calculated by the trapezoidal rule and the AUC extrapolated
to infinity (AUC, ) was obtained AUC,_ +C,_/Az (C,_: the
last quantifiable concentration). The terminal half-life (t, /215)
was calculated for each participant as In(2)/Az.

All statistical analyses were performed using SAS 9.3
(SAS Institute Inc., Cary, NC, USA) and Phoenix Win-

Nonlin 6.1 (Pharsight Corporation). Demographic data and

pharmacokinetic parameters were summarized using descrip-
tive statistics. In single dose study, dose proportionality was
investigated by evaluating the dose-normalized C__ and
AUC values, using the Kruskal-Wallis test.

Tolerability assessment

Tolerability was assessed throughout the study using vital
sign measurements, 12-lead electrocardiograms, clinical
laboratory tests (hematology, blood chemistry, and urinaly-
sis), physical examinations, and monitoring of adverse events
(AEs). AEs were recorded in terms of symptoms and signs,
duration, intensity, relationship to the study drug, action
taken, outcome, and seriousness.

Results
Study participants

Sixty-seven healthy male subjects participated and received
study drug in the SAD study, and 66 subjects completed
the study. One subject withdrew after taking the study
drug due to personal reason, and was replaced by another
subject. Sixteen male subjects took part in and received
at least one dose of study drug in the MAD study, and all
subjects completed the study. All subjects were included
in the tolerability assessments, and only the subjects who
completed the study were included in the pharmacokinetic
assessment.

The mean (standard deviation [SD]) age of study partici-
pants was 25.9 (4.6) years, the mean (SD) height was 174.4
(5.7) cm, and the mean (SD) weight was 69.5 (6.6) kg in SAD
study. In MAD study, the mean (SD) age of study participants
was 25.6 (4.0) years, the mean (SD) height was 173.6 (5.0)
cm, and the mean (SD) weight was 69.4 (4.3) kg.

Pharmacokinetic analysis

The mean plasma concentration-time profiles of HX-1171
following single-dose administration are shown in Figure 2.
In SAD study, pharmacokinetic parameter of some subjects in
low dose administered group (20—160 mg) could not be cal-
culated because drug concentration of HX-1171 was below
the lower limit of quantification at almost all time points
(Table 1). Therefore, pharmacokinetic parameter was com-
pared at 300-2,000 mg dosage group, HX-1171 was rapidly
absorbed witht _ 0.63—1.50 hours, and t, p WS 21.12-40.96
hours (Table 2). There were no statistically significant dif-
ferences in the dose-normalized C___and AUC, , values of
the 300-2,000 mg single-dose group, (P-value =0.1365
and 0.1047, respectively) (Figure 3). Until 48 hours after
HX-1171 administration, the urine recovery ratio was less
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Figure 2 Mean (standard deviation) plasma concentration time curves of HX-1171 after single oral administration.

than 0.01% at all dose levels. Thus, renal clearance was not
evaluated.

In MAD study, the mean plasma concentration-time
profiles of HX-1171 are shown in Figure 4. Accumulation
index ranged from 2.0 to 2.2. It was also rapidly absorbed
with t 0.88-1.50 hours, and tm[5 was 32.00-33.64 hours
(Table 3). On day 1 and 14, the urine recovery ratio was

also less than 0.01%.

Tolerability

Seventeen subjects experienced a total of 23 AEs throughout
the SAD study. Three AEs that occurred in three subjects
were drug-related. Four subjects experienced a total of four
AEs during the MAD study. One AE that occurred in a

subject was drug-related. Of the AEs, four were considered
to be related to the study drug: abdominal discomfort,
conjunctival hyperemia, creatine kinase increased, head-
ache (Table 4). No deaths or serious AEs occurred during
the entire course of the study and all AEs were mild in
severity. No subject discontinued the study due to AEs, and
no clinically significant abnormalities in laboratory tests,
physical examinations, vital signs, or electrocardiograms
occurred.

Discussion

The objective of this first-in-human study was to investi-
gate the tolerability and pharmacokinetic characteristics of
HX-1171 in healthy volunteers.

Table | Pharmacokinetic parameters of HX-1171 in SAD study (20—160 mg)

20 mg 40 mg 80 mg 160 mg

n Mean + SD n Mean + SD n Mean + SD n Mean + SD
AUC,__ (h-ng/mL) 3 0.94%1.21 4 1.78%1.74 4 3.26+3.30 6 12.71£19.55
AUC, (h-ng/mL) 0 - 0 - | 15.66 4 24.01£26.29
AUC, /D (h-ng/mL/mg) 0 - 0 - | 0.2 4 0.15+0.16
C, .. (ng/mL) 3 1.12+0.54 4 1.27+0.48 4 0.91+0.36 6 5.85+10.37
C../D (ng/mL/mg) 3 0.056+0.027 4 0.032+0.012 4 0.011£0.005 6 0.037+0.065
t, , (hours) 0 - 0 - I 13.12 4 5.94+4.19
t_ (hours)® 3 1.00 (1.00, 3.00) 4 2.00 (0.75, 4.00) 4 2.50 (1.00, 6.00) 6 0.75 (0.50, 1.00)

Note: *t

‘max

presented as median (minimum, maximum).

Abbreviations: AUC,_, area under the plasma concentration-time curve from time 0 to last measurable time point; AUC,_, area under the plasma concentration-time curve

from time 0 to infinity; AUC, /D, dose-normalized area under the plasma concentration-time curve from time 0 to infinity; C

C,./D, dose-normalized measured maximum plasma concentration; t
deviation.

12p

measured maximum plasma concentration;

‘max’

terminal half-life; t__, time to reach peak concentration; SAD, single ascending dose; SD, standard
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Table 2 Pharmacokinetic parameters of HX-1171 in SAD study (300-2,000 mg)

300 mg (n=6) 600 mg (n=6) 1,200 mg (n=6) 1,500 mg (n=6) 2,000 mg (n=6)

AUC,__ (h-ng/mL) 30.27£23.50 57.95+24.83 219.70£127.23 344.29+123.24 436.311221.99
AUC,  (h-ng/mL) 63.00£75.36 80.73+£29.83 315.74+271.83 406.11x142.60 512.56+190.53
AUC /D (h-ng/mL/mg) 0.21£0.25 0.13£0.05 0.26+0.23 0.27£0.10 0.26£0.10

C, .. (ng/mL) 5.45+5.91 10.26£7.10 17.94+10.88 55.57+22.69 56.6+70.53
C,./D (ng/mL/mg) 0.018+0.020 0.017£0.012 0.015%0.009 0.037+0.015 0.028+0.035

l/m (hours) 21.12£33.90 23.27£19.26 30.23+£20.46 24.09£16.36 40.96£19.20

(hours) 1.50 (0.75, 3.00) 1.38 (0.50, 3.00) 1.50 (1.00, 3.00) 0.88 (0.75, 1.00) 0.63 (0.50, 3.00)

max

Note: Data presented as means * standard deviation, except for t

‘max”

for which median (minimum, maximum) is shown.

Abbreviations: AUC_, area under the plasma concentration-time curve from time 0 to last measurable time point; AUC_; area under the plasma concentration-time curve

from time 0 to infinity; AUC, /D, dose-normalized area under the plasma concentration-time curve from time 0 to infinity; C
terminal half-life; e

me/D, dose-normalized measured maximum plasma concentration; t\/2l3’

of HX-1171 was
short (0.63—1.50 hours), reflecting rapid absorption from

In single dose study, the median t__

the proximal small intestine. Secondary peaks indicate the
occurrence of enterohepatic recirculation.'® A second peak
(about 10 hours after administration) was especially promi-
nent in the 1,200-2,000 mg group. This finding has also been
shown in a preclinical study, in which the pharmacokinetics
of HX-1171 in rats revealed first peak (t ) at 0.5 hours and
From the dose-normalized C

max

second peak at 8 hours.!”
and AUC, , values of the 300-2,000 mg single-dose group,
there were no statistically significant differences. However,
the dose range and inter-individual variability was large and
the tested doses were not evenly spread, making the conclu-
sion debatable.'® In linear regression, the 95% confidence

intervals of the slope for log transformed C___and AUC,

A
0.20;
— -
[e)]
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E
—
E
o 0.101
£
o
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g 0.05]
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Figure 3 Box-whisker plots of HX-1171, C

e Measured maximum plasma concentration;
time to reach peak concentration; SAD, single ascending dose.

of the 300-2,000 mg single-dose group were 0.823—1.728
and 1.290-1.539, respectively.

Inmultiple dose study, the mediant  _of HX-1171 on day
1 and 14 were 0.75-1.50 hours. The average half-life on day
14 was 32.00-34.64 hours. These parameters were similar to
single dose study, but the coefficient of variations (CVs) were
smaller than single dose study (single dose study: 46.87%—
160.47% versus multiple dose study: 32.56%—33.64%, Figure
5). The blood sampling was performed 72 hours after the last
dose, and %AUC % of extrapolation part of AUC, ) of
two subjects was more than 30%. For this reason, more blood

extrapolation (

sampling was performed after 72 hours after the last dose; it

would be expected to characterize the t . more accurately.

128
In this study, the urine recovery ratio at 24 hours (MAD)

or 48 hours (SAD) after HX-1171 administration was

B
0.8
g
3 06
£
2
£ Y T T
N ) Py °
Q =
OE 0.2{ —o— Q. : [ ] :
=2 ° :5‘ o8
< °s *
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D (A) and AUC /D (B) after single administration of HX-1171.

Notes: The box edges indicate minimum and maximum. The whiskers extend from the 25th and 75th quartiles, and the line in the middle indicates the median value.
Abbreviations: AUC , area under the plasma concentration-time curve from time 0 to infinity; AUC,_ /D, dose-normalized area under the plasma concentration-time curve

from time 0 to infinity; C

‘max’

measured maximum plasma concentration; C /D, dose-normalized measured maximum plasma concentration.
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Figure 4 Mean (standard deviation) plasma concentration time curves of HX-1171 after multiple oral administrations at 0-384 hours (A), 0-24 hours (B), and
312-336 hours (C).

less than 0.01% of the administered dose. Although urine
recovery of HX-1171 is negligible, fecal elimination of
HX-1171 identification in another study would be helpful to
determine whether the drug was eliminated through feces.

In rats, the total amount of unchanged drug recovered from
the feces at 24 hours was 45.2%%2.3%."

The most frequent AE after HX-1171 administration in
the study was hypertriglyceridemia. These symptoms were

Table 3 Pharmacokinetic parameters of HX-1171 in MAD study

500 mg (n=6) 1,000 mg (n=6)

Day | Day 14 Day | Day 14
AUC _(h-ng/mL) 114.86160.78 247.43£180.21 149.13+75.75 301.37£181.08
AUC /D (ng-h/mL/mg) 0.23£0.12 0.49+0.36 0.15+0.08 0.30£0.18
C, .. (ng/mL) 23.54£15.35 45.05+45.15 36.02+17.28 30.15£17.09
C,./D (ng/mL/mg) 0.047+0.031 0.090+0.090 0.036+0.017 0.030+0.017
t, 55 (hours) - 33.64+10.95 - 32.00£10.76
t_ (hours) 1.00 (0.75, 4.00) 1.50 (1.00, 4.00) 0.75 (0.50, 2.00) 0.88 (0.75, 2.00)

Amount excreted in urine (mg) 0.00875+0.00625 0.01642+0.00976 0.00893+0.00388 0.01669+0.00652
Urine recovery ratio (%)* 0.00175+0.00125° 0.00328+0.00195 0.00089+0.00039 0.00167+0.00065
Accumulation index® 2.1940.60 2.02+0.33

Notes: Data presented as means + standard deviation, except for t

‘max”

for which median (minimum, maximum) is shown; *urine recovery ratio (%) = amount excreted

unchanged in urine/amount administrated x100; ®n=>5 (all urine concentrations of the drug in a subject was below the lower limit of quantification on Day 1); <accumulation
index = AUC_(Day 14)/AUC_(Day I).

Abbreviations: AUC, area under the plasma concentration-time curve within a dosing interval; AUC /D, dose normalized area under the plasma concentration-time curve
within a dosing interval; me, measured peak plasma concentration; me/D, dose normalized measured peak plasma concentration; t
peak concentration; MAD, multiple ascending dose.

12 terminal half-life; t _, time to reach
B max
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Table 4 Summary of adverse events (AEs) after single or multiple administration of HX-1171

Adverse events SAD (n=67) MAD (n=16)
All AEs Drug-related AEs All AEs Drug-related AEs

Abdominal discomfort (1) 0(0) (1) 1 (1)
Bilirubin total increased 1 (2) 0(0) 0(0) 0(0)
Conjunctival hyperemia (1) (1) 0(0) 0(0)
Creatine kinase increased 4 (4) (1) (1) 0(0)
Dyspepsia (1) 0(0) 0(0) 0(0)
Eosinophilia () 0 (0) 0 (0) 0(0)
Headache 3(3) I (1) I (1) 0(0)
Herpes labialis (1) 0(0) 0(0) 0(0)
Hypertriglyceridemia 5(5) 0(0) 0(0) 0(0)
Laceration, Hand (1) 0(0) 0(0) 0(0)
Petechiae I (1) 0(0) 0(0) 0(0)
Upper respiratory infection 0(0) 0(0) (1) 0(0)
Rhinorrhea I (1) 0(0) 0(0) 0(0)
Sore throat I (1) 0(0) 0(0) 0(0)

Note: Data presented as number of subjects (number of events).
Abbreviations: SAD, single ascending dose; MAD, multiple ascending dose.

mild and the relationship of study drug was “unlikely related”
or “definitely not related”. Three cases of hypertriglyceri-
demia were reported at follow-up visit (after 13—14 days of
drug administration), and two cases of hypertriglyceridemia
were reported before drug administration. In addition, there
were no statistically significant changes in occurrence rates
between the placebo and HX-1171 treatment groups, and the
rate was not dose-dependent.

This study had several limitations that should be considered.
First, the study was conducted in fasted state only, absorption
rate at fed state of HX-1171 was unknown. Second, the results
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Figure 5 Box-whisker plots of HX- 1171, terminal half-life after single (300-2,000 mg,
black color) or multiple (500 and 1,000 mg, red color) administration of HX-1171.
Notes: The box edges indicated minimum and maximum. The whiskers extend from
the 25th and 75th quartiles, and the line in the middle indicated the median value.
Abbreviations: SAD, single ascending dose; MAD, multiple ascending dose.

of the present study could not demonstrate any antioxidant
effect, because the levels of reliable biomarker were not mea-
sured in this study. Third, these results were obtained from
healthy male subjects, the pharmacokinetics of HX-1171 may
differ in patient population in relation to sex or age. Therefore,
future studies are needed to investigate tolerability, efficacy,
and pharmacokinetics including effect of food in patients.

In summary, HX-1171 was well tolerated in normal
healthy subjects. Although the CVs of pharmacokinetic
parameter after administration of HX-1171 were large, the
pharmacokinetic profile of HX-1171 was consistent with
once-a-day dosing. Based on these findings, the tolerability
and efficacy of HX-1171 should be evaluated in further stud-
ies involving patients.
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