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Introduction: LC350189 is a novel selective xanthine oxidase inhibitor under clinical
development for the management of hyperuricemia in gout patients. The aim of this study was
to evaluate the pharmacokinetics, pharmacodynamics, and tolerability of the drug in healthy
subjects.

Methods: A dose-block randomized, double-blind, active and placebo-controlled, single- and
multiple-dosing study was conducted. A single ascending dose (SAD) study (10-600 mg) and
a multiple ascending dose (MAD) study with once-daily doses (100-800 mg) for 7 days were
conducted. Serial samples of blood and urine for pharmacokinetics/pharmacodynamics analysis
were collected, and tolerability and adverse events were assessed throughout the study.
Results: Sixty-seven and 58 subjects were enrolled in the SAD and MAD studies, respectively.
The mean C__and AUC,  values increased with increasing doses, and exposure to LC350189
was dose proportional. The 24-hour mean serum uric acid (C__ ,,) decreased by 8.7%-31.7%
(day 1) and 53.5%-91.2% (day 7) from baseline in the SAD and MAD studies, respectively,
and the percentage decrease in C

mean,24

Conclusion: LC350189 was well tolerated in the dose range of 10-800 mg. It lowered the serum

increased with higher doses.

and urine uric acid levels substantially in this dose range; the extent of the decrease in the serum
uric acid level in the 200 mg dose group was similar or higher compared to that of febuxostat 80 mg
group in the MAD study. It is expected that LC350189 could be safely administered once daily
to patients with hyperuricemia or gout, leading to a sufficient decrease in uric acid levels.
Keywords: gout, xanthine oxidase inhibitor, pharmacokinetics, pharmacodynamics,
LC350189

Background
Gout is a common inflammatory joint disease characterized by recurrent attacks of
joint destruction, pain, reduced mobility, and decreased quality of life.'> Gout is
caused by elevated levels of serum uric acid (SUA) (hyperuricemia), usually due to
reduced excretion.*

Epidemiological studies suggest that gout is becoming more prevalent across the
world;’® in Korea, the prevalence has grown 2.3-fold since 2001, up to 0.4% in 2008.°
The disease burden in terms of cost and health-related quality of life due to gout also
increased.” The humanistic burden of gout is largely due to physical disability and
pain resulting from chronic clinical manifestations. In addition, patients with refractory
gout exert a significant burden economically to society compared to those who are
gout free,® and gout inflicts a substantial burden of illness on the employed population
due to not only medical costs but also sick leave, short- and long-term disability, and
workers” compensation.”!® Considering this increase in prevalence and humanistic
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and economic burden, clinicians will need more therapeutic
options than the limited ones they have now. Uric acid is
the final product of purine metabolism in humans, which
involves xanthine oxidase (XO), an enzyme that converts
hypoxanthine to xanthine and xanthine to uric acid (Figure 1).
Therefore, XO inhibitors can decrease the formation of uric
acid in patients with gout; allopurinol and febuxostat are
the only XO inhibitors that have been used for this purpose
in the clinical setting. Even though allopurinol has suf-
ficient efficacy in most gout patients, there are some rare
but severe toxicities, including allopurinol hypersensitivity
syndrome.!'"3 Furthermore, its dosage needs to be adjusted
in patients with chronic kidney disease.'*'” According to
recent studies comparing allopurinol and febuxostat, the
overall efficacy and safety profile was comparable. In addi-
tion, febuxostat was the superior drug in patients with mild
and moderate renal insufficiency.'®2!

LC350189 is a novel non-purine selective inhibitor of XO
under development for the treatment of gout and hyperuri-
cemia. In an in vitro assay, LC350189 inhibited XO enzyme
activity at a level that was comparable to febuxostat (data on
file at LG Life Sciences). Additionally, in an in vivo study,
LC350189 sufficiently reduced SUA (data on file at LG Life
Sciences). Furthermore, no significant toxicity was found in
the preclinical studies up to 12.5 mg/kg and 200 mg/kg in the
rat and dog, respectively, rendering the clinical development
of LC350189 worthwhile. Based on this understanding, the
present study aimed to investigate the pharmacodynamics
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(PDs), pharmacokinetics (PKs), and safety and tolerability
of LC350189 after a single oral dose and multiple oral doses
in healthy subjects.

Methods

Study participants

This study enrolled male subjects of ages 20-50 if their body
weight was 55-90 kg (both non-inclusive) with a body mass
index (BMI) of 18.0-27.0 kg/m?. Study participants had to be
healthy based on physical examination, vital signs, 12-lead
electrocardiography (ECG), serology (hepatitis B surface
antigen, anti-hepatitis C virus antibody, anti-HIV antibody),
urinary drug screening test, and routine clinical laboratory tests
(hematology, blood coagulation, clinical chemistry, and uri-
nalysis), which were performed within 4 weeks prior to the first
administration of the study drug. Study participants whose SUA
level was <10.5 mg/dL, which is 1.5 times the upper limit of
normal for uric acid or 7.0 mg/dL, but without a history of gout
were eligible for this study. Study participants were excluded if
they had taken any prescription medication or herbal medicines
within 2 weeks or any over-the-counter medication or vitamin
supplement within 1 week, prior to the study.

This study was conducted at the Clinical Trials Center,
Seoul National University Hospital, Seoul, Korea, in full
compliance with the principles stipulated in the ICH Good
Clinical Practices guideline (clinicaltrials.gov registry
number: NCT01361646). The protocol was approved by
the Institutional Review Board at the Seoul National
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University Hospital. Participants provided written informed
consent after the investigator explained the study and before
any study procedure was performed, including screening for
eligibility.

Study design

This study was conducted using a randomized (in each
dose group), double-blind, active and placebo-controlled,
dose-escalation design after a single dose (part I) and mul-
tiple doses (part II). In part I, study participants randomly
received a single oral dose of LC350189 or placebo in the
fasted state after an overnight fast at a ratio of 6:2 (10 mg
and 25 mg) or 8:2 (50 mg, 100 mg, 200 mg, 400 mg, and
600 mg). Furthermore, those assigned to 200 mg repeated
the study in the fed state after a 7-day washout to assess the
effect of a high-fat diet on the PK profile of LC350189. In
part II, study participants randomly received multiple oral
doses of LC350189, febuxostat at 80 mg, or placebo once
daily for 7 days in the fasted state after an overnight fast at
a ratio of 8:2:2 (100 mg, 200 mg, 400 mg, and 600 mg) or
6:2 (LC350189: placebo, 800 mg). Subjects were admitted
to the Clinical Trials Center on 3 days before drug adminis-
tration and discharged after finishing scheduled procedures.
Each subject was administered placebo to evaluate baseline
PD characteristics (day —1). During the confinement period,
the subjects were provided with standardized meals (except
for the high-fat diet on day 8 for the 200 mg dose group) to
minimize the effect of food on PK/PD evaluations.

In the single ascending dose (SAD) study, PK blood
collections were scheduled right before drug administration
(0 hour) and at 16 time points afterward. During the study,
PK results of the 10 mg single-dose group revealed that
the median 7 was 2.8 hours (minimum: 2.5 hours, maxi-
mum: 4.0 hours). Therefore, the 0.25-hour and 0.75-hour
time points were excluded, and the 3.5-hour and 5-hour
time points were added to 50 mg or higher dose groups. In
the multiple ascending dose (MAD) study, blood samples
were collected before and after the first dose (day 1), just
prior to dosing on days 3, 4, 5, and 6 and after the last dose
on day 7. Additional blood samples were collected on
days —1 and 1 in part I to determine of the serum concentra-
tions of uric acid, xanthine, and hypoxanthine and plasma
concentrations, which were repeated on day 8 for the 200 mg
food effect study. On the other hand, blood samples were
collected daily from days —1 to 10 in part II. Urine samples
were collected over the prespecified time intervals to evalu-
ate PK and PD. Details of the sample collection time are
shown in Table S1.

Analytical methods

Details of the analytical methods used to determine the
concentrations of LC350189 and PD markers are presented
in the Supplementary materials.

Analysis of PKs and PDs and PKs/PDs

relationship

The individual PK and PD parameters were derived using the
noncompartmental methods. The actual collection times were
used in the PK analysis. The area under the curve (AUC_ ,,)
for uric acid, xanthine, and hypoxanthine were calculated
by noncompartmental methods and the 24-hour mean serum

concentrations (C_ ) were calculated as AUC_ ,, divided

by 24. The % change from baseline (day —1)in C__ ., foruric
aCid was Calculated by (Cmean,ld(or 7d) - mean,base)/cmean,base x1 OO

The other details of the PK and PD analysis are presented in
the Supplementary materials.

To evaluate PK/PD relationship, the AUC  and the %
changein C__ , were fitted usingan £ model as follows:
E=E_ XC/(C+EC,), where E__is the maximum effect,
and EAUC, (EC,) is the AUC_, ~of LC350189 at which
50% of the maximum effect is achieved.

The PK and PD evaluations were performed using
Phoenix™ WinNonlin® (Version 6.2; Certara, Princeton,
NJ, USA).

Safety evaluation

Safety and tolerability were evaluated based on physical
examination, vital signs (systolic and diastolic blood pres-
sure, pulse rate), 12-lead ECG (including continuous ECG
monitoring), impedance cardiography, and laboratory tests
(hematology, clinical chemistry, thyroid function test, coagu-
lation, urinalysis) throughout the study. The Triage® NGAL
test was used to evaluate renal toxicity. Adverse events (AEs)
were collected using a questionnaire or based on the subjects’
spontaneous reports.

Statistical analysis
Given the exploratory nature of the present study, the sample
size was not calculated based on formal hypotheses testing.
Instead, eight subjects for active drug per dose group were
deemed appropriate because six to 15 is the number of sub-
jects commonly enrolled per dose group in the conventional
first in man studies that evaluate the PK characteristics and
safety profiles.?? The SPSS® software, Version 21.0 (SPSS
Inc., Chicago, IL), was used for the statistical analysis.
Demographic characteristics and PK and PD param-
eters were summarized using descriptive statistics. Using
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linear regression analysis (power regression model) for
log-transformed C_and AUC __ (or AUC_ _ inpartIl)>*
dose-linearity was declared when the slope was not different

tau,ss

from 1, and its confidence limit fell entirely within the range
of 0.8 and 1.25.2* To affirm steady state has been attained
for LC350189, its trough concentrations on days 2—6 were
compared to that on day 7 using the paired #-test. P-values
<0.05 were considered to be statistically significant. The
effect of food on the PK of LC350189 was examined using
the geometric mean ratio of AUC,  and C__with and without
food and the corresponding 90% confidence interval (CI). To
thisend, C_ and AUC,  were log-transformed and entered
into a mixed-effects analysis of variance model, where period
and treatment were fixed effects and subject was random
effect. The PD parameters were compared statistically by
dose and treatment groups using the Kruskal-Wallis test and
Jonckheere—Terpstra test.

Results
Study participants

In part I, 71 subjects were randomized with 66 subjects com-
pleting the study as defined in the study protocol (the PK/PD
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data set), and their mean (standard deviation) age, body
weight, and BMI were 26.6 (3.9) years, 69.7 (6.7) kg, and
22.8 (1.9) kg/m?, respectively. In part II, 58 subjects were
randomized with 56 subjects completing the study as defined
in the study protocol (the PK/PD data set), and their mean
(standard deviation) age, body weight, and BMI were 26.6
(3.6) years, 68.0 (7.3) kg, and 22.5 (2.0) kg/m?, respectively.
On the other hand, the safety analysis data set included 67 and
58 subjects in parts I and II, respectively, including a subject
who took only placebo on day —1 (part I) and two subjects
who dropped out (part II).

Pharmacodynamics

After a single administration of LC350189, SUA decreased
in a dose-dependent manner, which lasted at least 24 hours
post dose (Figure 2A). Furthermore, the 24-hour mean
mean2a) Of SUA decreased in a dose-
dependent manner (Figure 3A) such that the percentage

concentration (C

decrease from baselinein € ., in the 600 mg dose group
was almost 10% points greater than that of 200 mg group
(-31.7% vs —22.9%, Table 1). Similarly, after multiple
oral administrations of LC350189, SUA concentrations
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Figure 2 Uric acid-time profile after administration of LC350189.
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Notes: (A) SAD study, (B) food interaction study, and (C) MAD study. In (B), the uric acid change was calculated with 0 h of day | or day 8 as baseline.

Abbreviations: SAD, single ascending dose; MAD, multiple ascending dose; h, hours.
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Figure 3 The box plots of the mean percentage changes in serum 24-hour mean concentration (C__. ..) (A, C, and E) and the amount of uric acid, xanthine, and hypoxanthine
excreted in urine (B, D, and F) vs dose following a single-dose (day |) administration of LC350189.
Notes: The dots represent individual values. A line within the box marks the median, and the boundaries of the box indicate the 25th and 75th percentiles.
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Table | Summary of pharmacodynamic parameters for uric acid

Uric acid C ean 24 (Mg/dL) ChangeinC__ -, (%) CL, (mL/min)

Baseline Day | Day 7 | day Day 7 Baseline Day | Day 7

(Day 8*) (Day 8*) (Day 8%)

SAD study
10 mg (n=6) 6.00 (0.94) 5.50 (1.00) - -8.7 (3.6) - 7.1 (2.3) 6.5 (2.1) -
25 mg (n=6) 6.59 (0.92) 5.58 (0.90) - —-15.5 (4.3) - 6.9 (1.6) 6.8 (1.3) -
50 mg (n=8) 5.89 (1.16) 5.05 (1.25) - —-152 (5.4) - 7.6 (2.8) 6.8 (2.1) -
100 mg (n=8) 5.71 (0.67) 4.64 (0.78) - -19.3 (5.3) - 6.5 (1.9) 6.8(1.8) -
200 mg (n=8) (fasting) 6.75 (1.22) 5.25(1.22) - —22.9 (4.7) - 7.5 (1.4) 7.5 (1.6) -
200 mg (n=8) (fed)* - 4.80 (10.5) —29.5 (4.3) - 8.6 (1.8)
400 mg (n=8) 8.12 (1.55) 6.17 (1.44) - —24.4 (7.9) - 6.1 (1.1) 6.7 (2.4) -
600 mg (n=8) 7.63 (0.73) 5.22 (0.76) - -31.7 (6.8) - 52 (l.1) 6.9 (1.5) -
placebo (n=14) 6.38 (1.86) 6.49 (2.21) - 0.8 (6.9) - 7.6 (2.5) 74 (2.0) -
MAD study
100 mg (n=8) 5.97 (1.18) 4.99 (1.01) 2.76 (0.62) —16.5 (3.4) -53.5(5.7) 6.3 (1.7) 5.8(0.8) 4.8 (0.9)
200 mg (n=8) 5.15(0.99) 3.96 (0.97) 1.51 (0.35) —24.2 (6.4) —-70.8 (2.3) 7.5 (2.5) 7.9 (2.6) 5.9 (1.4)
400 mg (n=8) 6.62 (0.91) 5.00 (0.73) 1.25 (0.22) —24.5 (3.6) -81.0 (3.1) 5.6 (1.0) 6.9 (0.9) 5.6 (1.0)
600 mg (n=8) 6.86 (1.55) 4.95 (1.48) 0.96 (0.36) —-29.1 (8.0) —86.2 (4.3) 47 (2.2) 9.0 (5.6) 6.4 (2.9)
800 mg (n=6) 7.81 (0.84) 5.36 (0.77) 0.68 (0.23) —31.4 (5.0 -91.2 (3.0) 4.5 (1.8) 8.5 (1.5) 6.7 (1.7)
Febuxostat 80 mg (n=8) 7.24 (1.20) 6.04 (1.14) 2.99 (0.68) —16.8 (2.8) —-58.8 (5.9) 4.7 (1.4) 4.9 (L.1) 4.3 (1.0
Placebo (n=10) 6.13 (1.07) 6.24 (0.99) 6.13 (1.1) 2.1 (3.6) 0 (6.9) 6.4 (1.7) 6.9 (1.7) 6.9 (2.6)

Notes: All values are presented as mean (SD). *Data of 200 mg dose group under fed condition; —, no data.
Abbreviations: C__ .., 24-hour mean serum concentrations of uric acid; CL,, renal clearance of uric acid; min, minutes; SAD, single ascending dose; MAD, multiple

ascending dose; SD, sténdard deviation.

decreased steadily in a dose-dependent manner while
on medication, which appeared to return to the baseline
value over several days after discontinuing the medication
(Figure 2C). Additionally, percentage decrease from base-
line in Coeana in the LC350189 800 mg group was almost
double of that in the febuxostat group (—91.2% vs —58.8%,
Figure 4A). As the SUA concentration decreased after the
drug administration, the amount of uric acid excreted in the
urine also decreased in a dose-dependent manner (Table 1,
Figures 3B and 4B), although the renal clearance of uric
acid was comparable before and after the drug administra-
tion (Table 1). After food intake, uric acid level changed
similarly between under fasting and fed status when we
calculated changes from 0 hour of day 1 and day 8 in the
200 mg dose group (Figure 2B). The percentage decrease
in Cmean,24
(Table 1).

After a single and multiple oral administrations of
LC350189, the C of serum xanthine increased drasti-

mean,24

of uric acid was a little higher after food intake

cally up to greater than seven times from the baseline in a
dose-dependent manner (Table 2 and Figures 3C and 4C),
while the amount of xanthine excreted in the urine increased
at a much greater level than the increase in serum xanthine
concentrations (Figures 3D and 4D). The renal clearance
of xanthine was also increased in all of the dose groups
(Table 2). Although the C

mean,24

of serum hypoxanthine

increased in all of the dose groups except for the 10 mg
single-dose group, the pattern and extent of increase were
not so apparent as that seen with serum xanthine (Table 3 and
Figures 3E and 4E). However, the amount of hypoxanthine
excreted in urine also increased as the dose was increased
(Table 3 and Figures 3F and 4F). The renal clearance of
hypoxanthine also increased after the administration of
LC350189.

Pharmacokinetics

LC350189 was rapidly absorbed after both a single and
multiple oral administrations, reaching the peak plasma
concentration approximately 3 hours post dose (Figure 5
and Table 4). C_and AUC,  were judged to have increased
in a dose-proportional manner based on the finding that
the 95% Cls of the slope of the log-transformed C__ and
AUC,__ included 1.0 (C__0.97-1.08, AUC,__ 0.99-1.11).
Approximately, 20%—-30% of LC350189 was excreted in the
urine. Food delayed the absorption of LC350189 (-2 hours),
and it also decreased C by 38% (Figure 6); the geometric
men ratio (90% CI) of C__(fed vs fasting status) was 0.624
(0.485-0.802). However, the overall exposure to LC350189
was comparable between the fasted and fed states, ie, the
geometric mean ratio (90% CI) of AUC,  with and without
food was 0.973 (0.837-1.131). Steady state was reached
within 2-3 days after multiple administrations of LC350189
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Table 2 Summary of pharmacodynamic parameters for xanthine

Xanthine Crnean24 (Mg/dL) ChangeinC__ ., (%) CL, (mL/min)

Baseline Day | Day 7 Day | Day 7 Baseline Day | Day 7

(Day 8%) (Day 8%) (Day 8%)

SAD study
10 mg (n=6) 0.028 (0.011) 0.074 (0.006) - 206.9 (132.6) - 289 (19.4) 65.1 (143) -
25 mg (n=6) 0.031 (0.009) 0.094 (0.010) — 225.6 (1239) - 16.6 (6.7) 63.7 (5.0) -
50 mg (n=8) 0.024 (0.005) 0.114 (0.008) - 385.0 (87.9) - 24.6 (7.6) 64.8 (7.2) -
100 mg (n=8) 0.030 (0.006) 0.139 (0.015) - 366.9 (69.5) - 14.6 (4.5) 67.0 (12.6) -
200 mg (n=8) (fasting) 0.021 (0.003) 0.162 (0.016) - 697.6 (1743) - 26.8 (4.3) 754 (145) -
200 mg (n=8) (fed)* - 0.141 (0.015) 590.8 (132.9) - 73.7 (22.1)
400 mg (n=8) 0.038 (0.006) 0.224 (0.029) — 503.7 (16.43) — 15.7 (4.5) 785 (19.5) -
600 mg (n=8) 0.035(0.014) 0.197 (0.022) - 541.7 (216.3) - 17.0 (10.5) 70.7 (209) -
Placebo (n=14) 0.028 (0.007) 0.031 (0.010) - 8.7 (23.1) - 21.7 (8.6) 204 (10.5) -
MAD study
100 mg (n=8) 0.036 (0.003) 0.138 (0.015) 0.156 (0.019) 291.9 (58.0) 344.1 (79.9) 15.1 (4.0) 61.8(8.5) 57.0 (8.0)
200 mg (n=8) 0.044 (0.009) 0.169 (0.026) 0.221 (0.027) 289.4 (63.8) 418.1 (126.9) 129 (3.5) 788 (17.2) 82.1 (14.0)
400 mg (n=8) 0.036 (0.007)  0.192 (0.035) 0.249 (0.050) 450.6 (166.0)  611.3(203.9) 15.3 (5.8) 66.0 (15.8) 70.8 (15.5)
600 mg (n=8) 0.045 (0.026)  0.195(0.032) 0.262 (0.054) 419.1 (213.2) 617.2(340.1) 12.4(6.2) 62.3 (23.0) 66.4 (16.5)
800 mg (n=6) 0.032 (0.008) 0.185(0.023) 0.295 (0.057) 495.0 (130.8)  846.7 (246.6) 11.6 (5.5) 68.7 (14.3) 747 (14.3)
Febuxostat 80 mg (n=8)  0.042 (0.009) 0.182 (0.036)  0.235 (0.067)  333.8 (60.4) 454.5 (92.3) 10.9 (4.2) 55.7 (16.6) 59.6 (12.7)
Placebo (n=10) 0.036 (0.008)  0.033 (0.009) 0.035(0.007) 8.3 (I5.1) ~1.1 (16.3) 13.6 (47) 158(68) 142 (42)

Notes: All values are presented as mean (SD). *Data of 200 mg dose group under fed condition.

Abbreviations: C__ ..,
ascending dose; SD, standard deviation.

(Figure 6 and Table 5). The 95% CI of the slope of the log-
transformed C__ and AUCtau,ss was 0.64—0.89 and 0.78-1.06,
respectively, meaning that exposure to LC350189 was dose
proportional. The fraction of the drug excreted unchanged
in urine was similar to that in the SAD study.

24-hour mean serum concentrations of xanthine; CLR, renal clearance of xanthine; min, minutes; SAD, single ascending dose; MAD, muiltiple

PK—PD relationship of LC350189

Asimple £ model well described the relationship between
the AUC,  of LC350189 on day 7 after multiple adminis-
trations and the percentage decrease in the C__ ., of SUA
(Figure 7), where £ and EAUC, were estimated to be

Table 3 Summary of pharmacodynamic parameters for hypoxanthine

Hypoxanthine C rean2e (Mg/dL)

ChangeinC__ .. (%) CL, (mL/min)

Baseline Day | Day 7 Day | Day 7 Baseline Day | Day 7
(Day 8%) (Day 8%) (Day 8%)

SAD study
10 mg (n=6) 0.116 (0.058)  0.097 (0.020) - —4.6 (29.6) - 7.0 (5.9) 19.1 (10.6) -
25 mg (n=6) 0.087 (0.014)  0.107 (0.022) - 26.4 (38.2) - 6.2 (2.0) 19.1 (3.7) -
50 mg (n=8) 0.075 (0.020)  O.111(0.029) — 51.0 (36.6) - 8.3 (2.8) 18.6 (6.9) -
100 mg (n=8) 0.092 (0.019)  0.106 (0.014) - 17.0 (16.3) - 5.3(0.9) 24.4 (6.3) -
200 mg (n=8) (fasting) 0.104 (0.028)  0.130 (0.016) — 32.6 (37.4) - 9.9 (34) 31.2 (6.7) -
200 mg (n=8) (fed)* 0.122 (0.013) 8.8 (11.8) - 22.4 (8.5)
400 mg (n=8) 0.120 (0.032)  0.140 (0.035) — 19.1 (20.8) - 5.9 (2.5) 322 (1200 -
600 mg (n=8) 0.094 (0.026)  0.107 (0.015) — 18.5 (19.8) - 6.9 (2.6) 26.6 (6.1) -
Placebo (n=14) 0.104 (0.033) 0.103 (0.024) - 3.8 (28.7) - 7.2 (2.9) 7.5 (3.7) -
MAD study
100 mg (n=8) 0.123 (0.015)  0.130 (0.023)  0.133 (0.018) 6.0 (17.3) 8.5 (13.1) 5.0 (1.5) 17.7 (6.2) 19.5 (6.5)
200 mg (n=8) 0.183 (0.057)  0.231 (0.057)  0.191 (0.051) 35.4 (46.0) 7.3 (14.7) 3.6 (1.8) 10.7 (2.9) 22.7 (7.0)
400 mg (n=8) 0.158 (0.044)  0.156 (0.034)  0.162 (0.024) 1.5 (17.6) 6.6 (17.8) 4.6 (1.3) 24.1 (5.7) 26.9 (7.7)
600 mg (n=8) 0.156 (0.073)  0.160 (0.056)  0.166 (0.037) 9.5 (21.9) 22.3 (48.3) 3.9 (2.1) 17.4 (8.3) 21.5(7.3)
800 mg (n=6) 0.105 (0.023)  0.108 (0.016)  0.135(0.019) 5.1 (19.6) 32.1 (26.7) 4.3 (1.5 18.0 (3.6) 32.5 (10.5)
Febuxostat 80 mg (n=8) 0.173 (0.060)  0.183 (0.061)  0.171 (0.054) 9.2 (34.6) 3.3 (31.8) 3.8(22) 174 (112) 223 (7.6)
Placebo (n=10) 0.149 (0.043)  0.135(0.036)  0.154 (0.035)  —8.2(13.9) 5.9 (20.6) 4.1 (2.1) 5.1 (2.8) 4.4 (2.3)

Notes: All values are presented as mean (SD). *Data of 200 mg dose group under fed condition.

Abbreviations: C

‘mean,24’

ascending dose; SD, standard deviation.

24-hour mean serum concentrations of hypoxanthine; CLR, renal clearance of hypoxanthine; min, minutes; SAD, single ascending dose; MAD, multiple
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Figure 5 Mean plasma concentration—time curves following single oral administration of LC350189.
Notes: (A) Comparison among dose groups (under fasting status). The inset shows the concentration—time curves up to 24-h post dose for LC350189. (B) Comparison

between under fasting and fed status.
Abbreviation: h, hours.

100.1% (95% CI: 94.8%—105.4%) and 16,942.2 h-ng/mL
(13,029.6-20,854.8 h-ng/mL), respectively.

Safety

A total of 17 and 20 AEs were reported by eleven (out of 67,
16.4%) and 15 (out of 58, 25.9%) subjects in parts I and II,
respectively, of which eleven and six cases were considered as
drug related, respectively (Table 6). The most common organ
class affected was the gastrointestinal system, where four
cases of diarrhea were reported (two cases in the LC350189

dose groups). The frequency of AEs was comparable among
the dose groups. There was no serious AE reported, and all
AEs were mild in intensity. There were no clinically signifi-
cant changes in vital signs, ECGs, physical examination, or
clinical laboratory tests, including the NGAL test.

Discussion

Our results showed that the level of SUA decreased sig-
nificantly from baseline in a dose-dependent manner after
LC350189 administrations.

25,0001
o
S —e— 100 mg (n=8)
0 20,0004 —a— 200 mg (n=8)
8 —e— 400 mg (n=8)
-l —o— 600 mg (n=8)
[Te —
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Figure 6 Mean plasma concentration—time curves following once-daily oral administration of LC350189 for 7 days.

Abbreviation: h, hours.
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Figure 7 The relationship between the percentage decrease in 24-hour mean
concentration (C__ ..
concentration—time curve of LC350189 (AUC_ ) on day 7 following multiple-dose
administration with LC350189.
Note: The line represents the best-fit line based on the E__model, and each symbol
represents the observed data.

Abbreviation: hr, hours.

) of serum uric acid and the area under the plasma

The level of uric acid decreased until 12 hours or 24 hours
post administration, depending on the dose strength in the
SAD study, even though the concentration of LC350189
decreased rapidly after 7, reaching concentrations that
are less than 10% of C__ in each dose group. A similar

Table 6 Summary of adverse events

phenomenon occurred in the MAD study, where the uric
acid level decreased until 12 hours post administration.
It is hypothesized that LC350189 binds to XO for a few
hours before release, during which LC350189 inhibits the
enzyme’s activity. Inhibition reaches steady state after five
doses of LC350189. After the last dose of LC350189, the
SUA level increased at a relatively consistent rate regardless
of the doses (Figure 2), suggesting zero-order kinetics for
XO in this dose range.

After multiple administrations of LC350189, the maxi-
mum percentage decrease from baseline in C, ,, for SUA
was 91.2%, while it was 58.8% in the febuxostat group.
In a previously reported multiple-dose study of febuxo-
stat, the maximum percentage decrease from baseline in
Ccans Was 27%—76% in the dose range of 10 mg—240 mg,
and it was ~40% in the 40 mg dose group and 60% in the
90 mg dose group.” Considering that the approved doses of
febuxostat are 40 mg and 80 mg in the USA, it is expected
that LC350189 in the range of 100 mg and 200 mg would
have similar effects to those of febuxostat at 80 mg on SUA
concentrations (Figures 2 and 4).

In this study, exposure to LC350189 under the fed state
remained similar to that of the fasted state, and the changes
in SUA concentration were also similar between the fasted
and fed states (Figure 2B). Even though the percentage

decrease from baseline in the C for SUA was a little

mean,24

Adverse event Drug-related*

adverse event

SAD study (n=67)

10 mg (n=6) 2(2) (1) Back pain

25 mg (n=6) 2(1) 2(1) Nasal congestion, sneezing

50 mg (n=8) 2(1) -

100 mg (n=8) 2(1) 2(1) Flushing, headache

200 mg (n=8) 6 (3) 6(3) Diarrhea, feeling hot, headache, nasal congestion, rhinorrhea, throat irritation
400 mg (n=8) - -

600 mg (n=8) I (1) -

Placebo (n=14) 2(2) 2(2) Musculoskeletal chest pain, oropharyngeal pain

Subtotal 17 (1) 13 (8)

MAD study (n=58)

100 mg (n=8) 2(1) (1) Hematochezia

200 mg (n=8) - -

400 mg (n=8) 2(2) -

600 mg (n=8) 6 (5) 54 Diarrhea, flatulence, lip ulceration, nausea, fatigue

800 mg (n=6) I (1) -

Febuxostat 80 mg (n=8) 5(3) 503) Lip blister, lip swelling, loose stool, headache, dermatitis acneiform
Placebo (n=10) 4(3) 2(1) Diarrhea, dizziness

Subtotal 20 (15) 13 (9)

Notes: All values are presented as number of adverse events (number of subjects with adverse events). *The adverse event was counted as drug related when its causality

assessment was certain, probable, or possible.
Abbreviations: SAD, single ascending dose; MAD, multiple ascending dose.
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greater after food intake (Table 1), it may be because the SUA
concentrations at baseline (ie, on days 1 and 8) were different
within subjects, ie, decrease in SUA concentration did not
return to the pretreatment level after the washout period. It is
one of the limitations of this study, which states that there was
no separate baseline evaluation for C__ ., right before day 8.
Therefore, although it is expected that LC350189 would
have similar SUA lowering effect regardless of food intake,
further studies are warranted to adequately investigate the
food effect on the PDs of LC350189.

Because LC350189 inhibits XO, the serum level of
xanthine increased as expected. While the C__ ., of SUA
decreased from baseline by 8.7%—31.7% after a single dose
of LC350189, the C nean24 of xanthine increased two- to seven-
fold. On the other hand, the Cmean,z , of SUA decreased from
baseline by 53.5%-91.2% after multiple administrations of
LC350189, whereas the C

mean,24

to eight-fold on day 7. Thus, the change in xanthine appears

of xanthine increased three-

to be greater than that in SUA, which may be because the
concentration of xanthine itself is normally approximately
one-hundredth that of SUA. While the amount of uric
acid excreted in the urine decreased slightly after a single
LC350189 administration, it decreased to one-third to one-
tenth of the baseline level after multiple administrations.
In contrast, the amount of xanthine excreted in the urine
increased from baseline after a single administration and
multiple administrations of LC351089 (Table S2). Increased
urinary excretion of xanthine can cause acute renal failure
when treating tumor lysis syndrome in cancer patients.?*?
The amount of xanthine excreted in the urine in the present
study was similar to that reported previously in the febuxo-
stat study.? Furthermore, no AE was considered related to
an increased xanthine level in the present study. However,
the level of increase in serum xanthine concentration by XO
inhibition, including LC350189, should be taken into account
when selecting their optimal dose.

Neither a single dose nor multiple doses of LC350189
change the renal clearance of uric acid, whereas the renal
clearance of xanthine and hypoxanthine was increased
by LC350189 (Tables 1-3). It was possibly because the
extent of increase in the amount excreted in the urine was
greater than that of C

mean,24

for xanthine. This phenomenon
was also observed with allopurinol.* It is known that xan-
thine and hypoxanthine filtered in the glomerulus is reab-
sorbed and secreted into the renal tubule.’! If reabsorption
involves a transporter, the increase in the renal clearance
of xanthine and hypoxanthine could be caused by saturated
reabsorption.

The increase in serum xanthine concentration was greater
in the higher dose groups, whereas the increase in serum
hypoxanthine concentration was not only unapparent and
inconsistent but also its extent was small compared with
xanthine. Xanthine is produced not only from hypoxanthine
but also from guanine. Thus, even if the production of xan-
thine is inhibited by the XO inhibitor, xanthine could still be
produced from guanine (Figure 1). The unapparent increase
in serum hypoxanthine concentrations by LC350189 in the
present study could be due to the combination of the increased
renal clearance of hypoxanthine and the decreased de novo
synthesis of hypoxanthine. Another possibility is that the
binding affinity of xanthine to XO could be different than
that of hypoxanthine, which renders the extent of inhibition
by the XO inhibitor variable.

Based on the £ _model developed in the present study,
the inhibition of XO by LC350189 approaches 100%,
whereas febuxostat inhibited 81.4% of the enzyme.? Multiple
doses of LC350189 at 100 mg appeared to inhibit 50% of
the XO activity because the AUC at steady is close to the
EAUC, 0f 16,942.2 h-ng/mL.

Because the range of fluctuation in uric acid level after
multiple dosing with once-daily dosing was small, the use
of LC350189 with once-daily dosing regimen would be
suitable, and it could be confirmed in the later phase of the
drug development.

In the low-dose (10 mg, 25 mg, and 50 mg) groups of the
SAD study, the concentrations of LC350189 were detected
only up to 48 hours and the terminal slopes were steeper
when compared to higher doses. The 100 mg dose group
also had very low concentrations, close to the lower limit of
quantification (LLOQ) (5 ng/mL) around the last sampling
time point (72 hours post dose). This led to truncation of the
terminal elimination phase, such that the range of the mean
terminal half-life of the lower dose groups (10-100 mg)
was smaller (5.18.1 hours) compared to that of higher doses
(11.9-13.3 hours). In the MAD study, the same phenomenon
was observed.

LC350189 was the major circulating component of
the plasma and urine in the preclinical study, and only the
concentrations of LC350189 were measured in this study,
not its metabolites. Approximately 20%-30% of orally
administered LC350189 was excreted into the urine in an
unchanged form. A double peak was observed in some of
the individual plasma profiles of LC350189, suggesting
that LC350189 was present in the enterohepatic circula-
tion. LC350189 was found to be metabolically stable in the
in vitro liver microsome study and also when incubated with
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CYP isoenzymes, indicating that CYP enzymes were not
responsible for LC350189 metabolism.

The T of LC350189 (~3 hours) was slightly longer
than that of febuxostat (~1 hour).® The ¢, of LC350189
(~10 hours) was similar to that of febuxostat (mean + SD,
40 mg: 10.31£7.4 hours; 70 mg: 12.5+7.7 hours). Febuxostat
can be taken with or without food, because there is no
clinically significant change in the percentage decrease
in SUA concentration, with a slight decrease in AUC fol-
lowing multiple 80 mg once-daily doses after a high-fat
meal.*?

Orally administered LC351089 was well tolerated. There
was no allergic reaction similar to that reported in the previ-
ous febuxostat multiple-dose study (six out of 118 subjects
who were treated with febuxostat).?> The vasodilatory
symptoms reported in the previous febuxostat study at
higher doses were reported in two subjects in the present
study (flushing and feeling hot after a single dose). There
were no signals of renal toxicity according to the results of
the NGAL test.

Conclusion

In this study, LC350189 was well tolerated after a single oral
administration and multiple oral administrations in the dose
range of 10-800 mg. LC350189 decreased SUA concentra-
tions and reduced the amount of uric acid excreted in the
urine. Particularly, the decrease in SUA concentration after
multiple oral doses of LC350189 200 mg was comparable
to that of febuxostat at 80 mg. Once-daily LC350189 can be
developed as an effective treatment option for patients with
hyperuricemia or gout.
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Supplementary materials

Analytical methods

Concentrations of LC350189 in the plasma and urine were
determined by a validated method using high-performance
liquid chromatography (SCL-10AVP; Shimadzu, Kyoto,
Japan) coupled with tandem mass spectrometry (4000
QTRAP®; AB Sciex, Darmstadt, Germany). The internal
standard for LC350189 was LC35-0303. The plasma samples
containing the internal standard were deproteinated using
acetonitrile. A Luna C8 column (3 pum, 30 mm X2 mm;
Phenomenex, Torrance, CA, USA) was used with a gradi-
ent mobile phase consisting of 0.1% formic acid in distilled
water (DW) and 0.1% formic acid in acetonitrile. The tandem

mass spectrometry (MS/MS) system was operated in positive
ionization mode along with a turbo spray mode. The lower
limit of quantification (LLOQ) for LC350189 was 5 ng/mL.
The linear range of the calibration curves for plasma and urine
was 5-2,000 ng/mL (+*=0.9954 for plasma and 2=0.9936
for urine). In plasma, the interassay accuracy ranged from
97.1% to 103.4%, and the precision ranged from 4.4% to
10.5%. In urine, the interassay accuracy ranged from 92.7%
to 103.9% and the precision ranged from 2.2% to 9.8%.
Serum concentrations of uric acid, xanthine, and hypox-
anthine were determined by a validated method similar to
the method used for the determination of LC350189 con-
centrations. The internal standards were uric acid, xanthine,

Table S| Sampling procedures for PK and PD analysis and sample handling process

Dose groups

Time points for blood sample collection

Time interval for urine
sample collection

0 h (predose), 0.25 h, 0.5 h,0.75 h, | h, I.5h,2h, 2.5 h,
0 h (predose), 0.5 h, I h, 1.5h,2h,25h,3h,35h,4h,

0 h (predose), 0.5 h, I h, [.5h,2h,2.5h, 3 h,3.5h,4h,
5h,6h,8h, 12h 24 h,36h, 48 h, 72 h (days | and 8)

Day [: 0h,05h, I h, I.5h,2h,25h,3h,3.5h,4h,5h,

Day 7:0h,05h, | h, .5h,2h,25h,3h,35h,4h,6h,

5 mL of blood was drawn and collected into a sodium
heparinized tube. The blood samples were centrifuged at
1,500x g for 10 minutes at 4°C within 20 minutes after
collection. After centrifugation, 1.5 mL of a plasma sample
were added to |.5 mL of 5% (v/v) formic acid in double
distilled water and gently mixed. Two aliquots of | mL,

2 mL in total, were transferred into two Eppendorf tubes

PK SAD study 10 mg, 25 mg
3h,4h,6h,8h,12h,24h,36h,48h,72h
50 mg, 100 mg, 400 mg,
600 mg 5h,6h,8h,12h, 24 h,36 h,48 h, 72 h (day I)
200 mg (food
interaction study)
MAD study 100 mg, 200 mg,
400 mg, 600 mg, 800 mg 6h,8h,12h,24h
Days 3—6: 0 h (predose)
8h,12h,24h,48h,72h
PD SAD study 10 mg, 25 mg, 50 mg, Day 1: 0 h, 6 h, 12 h, 24 h (day |, predose)
100 mg, 400 mg, 600 mg Day I: 6 h, 12 h,24 h
200 mg (food Day [: 0 h, 6 h, 12 h, 24 h (day |, predose)
interaction study) Day I: 6 h, 12 h, 24 h
Day 8: 0 h (predose), 6 h, 12 h, 24 h
MAD study 100 mg, 200 mg, Day [: 0 h, 6 h, 12 h, 24 h (day |, predose)

400 mg, 600 mg, 800 mg

Day I1: 6 h, 12 h,24 h

Days 3-6: 0 h (predose)

Day 7: 0 h (predose), 6 h, 12 h, 24 h

Within 20 minutes of the collection, it was centrifuged at
1,500x% g, 4°C, and two aliquots of | mL of serum, 2 mL
in total, were transferred into two Eppendorf tubes

Day [: 06 h, 612 h, 12-24 h
Day 1: 0-6 h, 6-12 h, 12-24 h,
24-48 h, 48-72 h

Day [: 06 h, 612 h, 12-24 h
Day 1: 06 h, 6-12 h, 12-24 h,
2448 h,48-72 h
Day 8: 06 h, 6-12 h, 12-24 h,
24-48 h, 48-72 h
Day [: 0-6 h, 612 h, 12-24 h
Day [: 0-6 h, 612 h, 12-24 h
Day 7: 0-6 h, 6—12 h, 12-24 h,
2448 h,48-72 h

5 mL of a urine sample was
added into tubes containing 5 mL
of 5% (v/v) formic acid in double
distilled water and was gently
mixed. Two aliquots of 5 mL of
urine each were transferred into
polypropylene tubes

Day 1: 06 h, 6-12 h, 12-24 h
Day 1: 06 h, 6-12 h, 12-24 h,
2448 h, 48-72 h

Day 1: 0-6 h, 6-12 h, 12-24 h
Day 1: 06 h, 6-12 h, 12-24 h,
2448 h,48-72 h

Day 8: 06 h, 6—12 h, 12-24 h,
24-48 h, 48-72 h

Day 1: 0-6 h, 6-12 h, 12-24 h
Day 1: 0-6 h, 6-12 h, 12-24 h
Day 7: 06 h, 6-12 h, 12-24 h,
2448 h,48-72 h

Two aliquots of 5 mL of urine for
the PD analysis were transferred
into polypropylene tubes

Note: All of the PK and PD aliquots were stored at —70°C until analysis.

Abbreviations: PK, pharmacokinetic; PD, pharmacodynamic; SAD, single ascending dose; h, hours; MAD, multiple ascending dose.
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and hypoxanthine. The plasma samples containing the inter-
nal standard were deproteinated using methanol. A Hypersil
GOLD column (5 um, 100 mm x2.1 mm, Thermo Scientific,
Waltham, MA, USA) was used with a gradient mobile phase
consisting of 0.1% formic acid in DW and 0.1% formic acid
in methanol. The MS/MS system was operated in negative
ionization mode along with a turbo spray mode. The LLOQs
were 1 pg/mL for uric acid and 30 ng/mL for xanthine and
hypoxanthine. The linear ranges of the calibration curves
were as follows: 1-100 pg/mL for uric acid (*=0.997) and
30-3,000 ng/mL for xanthine and hypoxanthine (2=0.9978
for xanthine and 72=0.9949 for hypoxanthine). The interassay
accuracy ranged from 97.9% to 104.4% for uric acid, from
96.4% to 100.1% for xanthine, and from 97.5% to 100.9%
for hypoxanthine. The interassay precision ranged from 4.9%
to 6.7% for uric acid, from 5.1% to 12.2% for xanthine, and
from 5.7% to 8.0% for hypoxanthine.

Pharmacokinetic and pharmacodynamic

assessments

The individual pharmacokinetic (PK) parameters were
obtained by noncompartmental methods using Phoenix™
WinNonlin® (Version 6.2; Certara, Princeton, NJ, USA). The
actual collection times were used in the PK analysis. The
maximum drug concentrations in plasma (C ) and the time
at which C_was reached (7, ) were determined directly

max

from the observed values. The terminal half-life (¢,,) was
calculated as follows: ¢ = In(2)/Az. The area under the
time—concentration curves (AUC) (from time 0 to the last

measurable time (AUC, ) and within a dosing interval in

last
a steady state (AUC_ )) were calculated using the linear
trapezoidal rule for ascending concentrations and the log
trapezoidal method for descending concentrations. The
AUC extrapolated to infinity (AUC, ) was estimated as
the sum of AUC,_ and the extrapolated area given by the
quotient of the last measured concentration and Az (C,/
Az). The apparent clearance (CL/F) was calculated as
dose/AUC, , and the apparent clearance in a steady state
(CL/F) was calculated as dose/AUC_ . The cumulative
amount of drug excreted in urine (4 ) was computed from
the urine volume and urine drug concentration. The fraction
of unchanged drug excreted in urine (f)) was calculated as
follows: f. = A /Dose. The individual renal clearance (CL,)
was calculated as follows: CL, =4 /AUC. For the multiple
ascending dose study, additional parameters determined in
the steady state included the accumulation ratio, defined as
the ratio of AUC,_  (day 7, from 144 hours to 168 hours)/
AUC,_ (day 1, from 0 hours to 24 hours).
Pharmacodynamic (PD) parameters were estimated for
uric acid, xanthine, and hypoxanthine. The AUC_,, was
calculated by noncompartmental methods using Phoenix™

WinNonlin® (Version 6.2; Pharsight Corporation). The

Table S2 Amount of uric acid, xanthine, and hypoxanthine excreted in urine

A (mg) Uric acid Xanthine Hypoxanthine

Baseline Day | Day 7 Baseline Day | Day 7 Baseline Day | Day 7

(Day 8%) (Day 8%) (Day 8%)

SAD study
10 mg (n=6) 592.1 (119.3) 4983 (103.7) - 94 (28) 68.8(9.0) - 9.0 (44) 246(l0.1) -
25 mg (n=6) 5488 (111.5) 536.7 (43.2) - 6.8 (09) 86.1(9.7) - 75(1.8) 287(33) -
50 mg (n=8) 611.6(75.9) 4663 (47.8) - 82 (1.4) 1065 (14.7) — 85(1.6) 27.7(6.2) -
100 mg (n=8) 522.1 (112.1) 436.3 (524) - 64(22) 134.1(288) - 7.0 (2.0) 366(86) -
200 mg (n=8) (fasting)  710.1 (91.3)  552.8 (108.6) - 80(1.8) 174.0 (28.6) — 140 (4.1) 587 (17.3) -
200 mg (n=8) (fed)* - 574.3 (64.9) - 148.3 (41.6) - 383 (12.4)
400 mg (n=8) 716.5 (204.1) 563.8 (92.7) - 8.6 (2.5) 2479 (52.1) - 95(24) 67.0(399 -
600 mg (n=8) 563.3(83.6) 511.9(888) - 72 (2.0) 197.6 (45.6) - 86 (25) 405 (6.8) -
Placebo (n=14) 652.5 (163.0) 653.8 (153.3) - 93(0) 79@2.0) - 10.3(3.7) 10.6 (43) -
MAD study
100 mg (n=8) 526.5(109.0) 410.8 (75.3) 187.7(458) 7.7(1.7) 124.0(28.6) 129.0(27.3) 87(1.8) 31.8(75) 36.5(9.6)
200 mg (n=8) 529.7 (93.1) 421.4(62.9) 1242 (15.1) 8.1 (24) 189.0(36.6) 2588 (41.6) 84 (l.7) 342 (6.0) 59.6(15.3)
400 mg (n=8) 536.9 (106.5) 490.0 (48.3)  99.8 (20.1) 7.6 (1.9) 1755 (17.0) 247.6 (45.2) 9.9 (1.9) 529 (ll.1) 61.8(I15.5)
600 mg (n=8) 439.5 (154.6) 570.3 (282.2) 79.7 (26.2) 89 (10.5) 167.1 (37.3) 2424 (36.2) 8.1 (6.2) 351.(82) 49.1 (13.5)
800 mg (n=6) 510.7 (204.0) 652.9 (134.0) 60.7 (8.6) 50(1.8) 1823 (36.1) 318.6(86.2) 6.2(l.6) 275(3.8) 61.7(l15.5)
Febuxostat 80 mg (n=8) 472.6 (95.8) 417.8(59.9) 182.6(53.4) 6.3(2.0) 140.0(29.8) 193.0(256) 8.1 (29) 40.2(I8.1) 54.3(25.8)
Placebo (n=10) 546.8 (82.8) 602.5 (100.8) 582.9 (108.9) 6.7 (1.6) 6.9 (1.6) 6.9 (1.4) 8.1(28) 8.9(3.0) 8.7 (2.6)

Notes: All values are presented as mean (SD). *Data of 200 mg dose group under fed condition.

Abbreviations: A, cumulative amount excreted in the urine for 24 h; SAD, single ascending dose; MAD, multiple ascending dose; SD, standard deviation.
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24-hour mean serum concentrations (C, . .,) were calcu-
lated by dividing AUC ,, by 24. The cumulative amount of
uric acid, xanthine, and hypoxanthine excreted in urine (4,)
was computed using the urine volume and urine compound
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