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Background: HCP1004 is a newly developed fixed-dose combination of naproxen (500 mg)
and esomeprazole strontium (20 mg) that is used in the treatment of rheumatic diseases and can
reduce the risk of nonsteroidal anti-inflammatory drug-associated ulcers. The aim of this study
was to evaluate the pharmacokinetics (PK) and safety of HCP1004 compared to VIMOVO®
(a marketed fixed-dose combination of naproxen and esomeprazole magnesium).

Subjects and methods: An open-label, randomized, two-treatment, two-sequence crossover,
single-dose clinical study was conducted in 70 healthy volunteers. In each period, a reference
(VIMOVO®) or test (HCP1004) drug was administered orally, and serial blood samples for PK
analysis were collected up to 72 hours after dosing. To evaluate the PK profiles, the maximum
plasma concentration (C_ ) and the area under the concentration—time curve from 0 to the last
measurable time (AUC ) were estimated using a noncompartmental method. Safety profiles
were evaluated throughout the study.

Results: Sixty-six of the 70 subjects completed the study. The C__ (mean + standard deviation)
and AUC_ (mean * standard deviation) for naproxen in HCP1004 were 61.67+15.16 pg/mL and
1,206.52£166.46 h-pg/mL, respectively; in VIMOVO®; these values were 61.85+14.54 ug/mL
and 1,211.444+170.01 h-ug/mL, respectively. The C_ and AUC_, for esomeprazole in HCP1004
were 658.21+510.91 ng/mL and 1,109.11%1,111.59 h-ng/mL, respectively; for VIMOVO?, these
values were 595.09+364.23 ng/mL and 1,015.124952.98 h-ng/mL, respectively. The geomet-
ric mean ratios and 90% confidence intervals (Cls) (HCP1004 to VIMOVO®) of the C__and
AUC,, of naproxen were 0.99 (0.94-1.06) and 1.00 (0.98-1.01), respectively. For esomeprazole,
the geometric mean ratios (90% CI) for the C_ _and AUC & were 0.99 (0.82-1.18) and 1.04
(0.91-1.18), respectively. The overall results of the safety assessment showed no clinically
significant issues for either treatment.

Conclusion: The PK of HCP1004 500/20 mg was comparable to that of VIMOVO® 500/20 mg
for both naproxen and esomeprazole after a single oral dose. Both drugs were well-tolerated
without any safety issues.

Keywords: comparative pharmacokinetics, naproxen/esomeprazole, drug development

Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) have been used to treat a wide variety
of clinical conditions, including osteoarthritis, arthritis, and musculoskeletal disorders.!
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Many patients who have osteoarthritis use NSAIDs for pain
reduction; however, 50% of chronic NSAID users are at risk
of gastrointestinal (GI) ulcers.? In a 6-month treatment period,
5%—15% of patients with rheumatoid arthritis discontinued
NSAID therapy due to GI side effects, including dyspepsia.’
The results of a trial conducted by Lanas et al* demonstrated
that cotreatment with an NSAID and a proton pump inhibitor
(PPI) was associated with a reduction in the risk of upper
GI ulcer bleeding.

The present study revealed a significant reduction in the
frequency of GI ulcers in high-risk patients with arthritis.
Several strategies and guidelines for NSAIDs have been
proposed for patients taking NSAIDs who are at high risk of
upper GI toxicity. The recommendation is that these patients
should be prescribed an acid-reducing medication, such as
a PPI, to reduce the risk of GI complications associated
with NSAIDs.>7 For the management of NSAID-related
GI adverse events, the use of fixed-dose combinations
(FDCs) can improve medication compliance and ease of
use. According to a study of compliance with combination
therapy compared with single-drug therapy in cardiovascular
disease, treatment with the FDC resulted in better clinical
outcomes.? In addition to its utility as an effective treatment
for osteoarthritis, an FDC of naproxen and esomeprazole
offers advantages with respect to adherence to treatment
compared with a single-drug regimen.

HCP1004 is an incrementally modified drug of
VIMOVO® (AstraZeneca PLC, London, UK) that was devel-
oped by Hanmi Pharmaceutical Co., Ltd. (Seoul, Republic
of Korea) as a tablet combining esomeprazole strontium
(20 mg), which is immediately released in the stomach,
and enteric-coated naproxen (500 mg), which is released
later in the small intestine.” HCP1004 and VIMOVO® both
contain naproxen and esomeprazole; however, the salt of
esomeprazole differs. HCP1004 contains esomeprazole
strontium, which is a new formulation of esomeprazole that
incorporates a strontium salt rather than a magnesium salt.
VIMOVO® contains esomeprazole magnesium.’ Esome-
prazole strontium is a new crystalline salt that improves the
optical purity and thermo stability of esomeprazole.'’ The
efficacy of esomeprazole strontium has been established
in a previous study, as the bioequivalence of the proposed
product to the reference product (esomeprazole magnesium)
has been demonstrated.'® The toxicity profile of esomepra-
zole strontium was comparable to that of esomeprazole
magnesium in a preclinical study, and no developmental
toxicity was observed in a dose-ascending study examining
its effects on embryo—fetal development.'!

As aresult, esomeprazole strontium is expected to be used
as an osteoarthritis treatment to improve patient compliance
and to enable the effective management of GI symptoms.'? We
therefore compared the tolerability and pharmacokinetics (PK)
of HCP1004 and VIMOVO® 500/20 mg in healthy Korean male
volunteers to assess the bioequivalence of the two drugs.

Subjects and methods

Subjects
Based on a previous study of naproxen and esomeprazole
in healthy volunteers, the intrasubject variability was
assumed to be 45.5% for the area under the curve (AUC) of
esomeprazole.'® Based on the estimated intrasubject variabil-
ity, a total sample size of 68 subjects was chosen to account for
possible dropouts. This sample size can achieve a power of at
least 80% at a 5% significance level, and the bioequivalence
criteria of the mean ratio are 0.80 and 1.25, assuming no dif-
ference between the test drug and the reference drug.
Healthy male volunteers aged 2050 years were eligible
for enrollment in this study. All subjects provided written
informed consent before the screening procedure. Subjects
who had a history of GI disease that could significantly alter
the PK and tolerability of the study drugs were excluded.
Participants with a history of known allergy, hypersensitiv-
ity, or intolerance to any NSAID or PPI were also excluded.
Smoking and consumption of grapefruit, caffeine-containing
foods, and alcohol were not permitted during the hospitaliza-
tion periods. After approval from the Institutional Review
Board of Seoul National University Hospital (SNUH), the
study was performed at the clinical trials center of SNUH,
Republic of Korea in accordance with the Declaration of
Helsinki and good clinical practice. This trial is registered at
ClinicalTrials.gov (NLM identifier: NCT00938132).

Study design
This was an open-label, randomized, two-treatment, two-
sequence crossover, single-dose study. Subjects were ran-
domly allocated to one of two sequence groups. The subjects
were given the reference drug (VIMOVO®) or the test drug
(HCP1004) in period 1 and the other drug in period 2 (7 days
after the first drug). In each period, the oral treatments were
given under fasting conditions at approximately 9 am on day 1
and day 8. During each treatment period, the subjects were
hospitalized the evening before the day of drug administration
(-1 day, 7 days). The last follow-up visit was performed on
day 15, 16, or 17 after dosing.

Blood samples for the PK assessment were taken
at 0 hours, 0.17 hours (esomeprazole only), 0.33 hours
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(esomeprazole only), 0.5 hours, 0.75 hours (esomeprazole
only), 1 hour, 1.5 hours (esomeprazole only), 2 hours,
2.5 hours (esomeprazole only), 3 hours, 3.5 hours, 4 hours,
5 hours, 6 hours, 7 hours (naproxen only), 8 hours, 10 hours,
12 hours, 16 hours (naproxen only), 24 hours (naproxen
only), 36 hours (naproxen only), 48 hours (naproxen only),
and 72 hours (naproxen only) after drug administration.
Blood samples were collected into sodium heparin vacutainer
tubes. The tubes were inverted several times and centrifuged
at 3,000 rpm for 10 minutes at 4°C. The plasma supernatant
from each participant was divided into three equal aliquots,
placed in storage tubes, and frozen at —70°C until analysis.

Determination of plasma naproxen and

esomeprazole concentrations

Plasma concentrations of naproxen and esomeprazole were
determined using a validated high-performance liquid chro-
matography tandem mass spectrometry method. The plasma
sample preparation involved a simple protein precipitation
step with acetonitrile. For the quantitation of naproxen, keto-
profen was used as an internal standard (IS). Naproxen and IS
were separated on a Sunfire C18 column (5 um; 2.1x150 mm?)
and detected via ion-spray ionization in multiple reaction
monitoring (MRM) mode. The MRM was based on the tran-
sition of m/z 229.0>169.8 for naproxen and 253.0>208.9
for ketoprofen (IS). The lower limit of quantification was
0.3 ug/mL for naproxen. The intraday and interday accuracies
ranged from 99.9% to 106.3% and from 98.8% to 105.5%,
respectively, and the intraday and interday precisions ranged
from 1.9% to 2.8% and from 4.0% to 6.6%, respectively.
The mobile phase for naproxen was composed of an ammo-
nium acetate—acetonitrile mixture (30:70 v/v) containing
1,200 mL of 2 mM ammonium acetate and 2,800 mL
of acetonitrile. Using a SevenEasy™ pH meter (Mettler
Toledo, Urdorf, Switzerland), the pH was adjusted to 6.3
with distilled acetic acid. Acetonitrile and the IS solution
containing ketoprofen were added to the plasma sample. For
the quantitation of esomeprazole, esomeprazole-d3 was used
as an IS. Esomeprazole and IS were separated on a Capcell
Pak C18 (3 um; 2.0x50 mm?) and detected via ion-spray
ionization in MRM mode. The MRM was based on the transi-
tion of m/z 346.2>198.0 for esomeprazole and 349.2>198.1
for esomeprazole-d3 (IS). The lower limit of quantification
was 5 ng/mL for esomeprazole. The intraday and interday
accuracy values were 89.0%-98.5% and 98.9%—-101.3%,
respectively, and the intraday and interday precision values
were 0.7%—2.6% and 2.7%—5.4%, respectively. The mobile
phase for esomeprazole consisted of 10 mM of ammonium

formate—acetonitrile (30:70 v/v) with a mixture of 600 mL
of 10 mM ammonium formate and 1,400 mL of acetonitrile.
Acetonitrile and the IS solution, including esomeprazole-d3,
were added to the plasma sample.

PK analysis
The individual PK parameters for naproxen and esomeprazole
were calculated with the noncompartmental method using
Phoenix WinNonlin (version 6.4; Certara, L.P., Princeton,
NIJ, USA). The area under the plasma concentration versus
time curve was calculated according to a linear-log trapezoi-
dal method from time zero to the last quantifiable concentra-
tion (AUC_ ). The parameters used for the PK assessment
included the maximum plasma concentration (C,__ ), the time
(T ), AUC

max max- 0-t*

to reach C the area under the plasma con-
centration versus time curve extrapolated to infinity (AUC, ),

and the apparent elimination half-life (t, ).

Safety and tolerability assessments

For the tolerability assessment, vital signs, physical exami-
nations, 12-lead electrocardiograms, and clinical laboratory
tests (hematology, urinalysis, and blood chemistry) were per-
formed. A safety assessment was conducted for all subjects
who received the drug, and the subjects were monitored by
the investigators. The investigators confirmed the medical
status of the subjects through questions and examinations
during the study. All the adverse events, including status
changes after enrollment, were recorded and categorized as
mild, moderate, or severe, and their relationship to the study
drug was determined.

Statistical analyses

Statistical analysis was performed with SPSS 21.0™ ((SPSS
Inc., Chicago, IL, USA). The results of the PK analyses of
the treatments with naproxen and esomeprazole are pre-
sented using the mean and standard deviation values for the
treatment groups. The plasma concentrations of naproxen
and esomeprazole were subjected to analysis of variance
for statistical analysis of the parameters. The PK treatment
comparisons are described as the geometric mean ratios of
C, .. and AUC_ of the test drug and the reference drug with

ma

associated 90% confidence intervals (CIs).

Results

Demographic characteristics

A total of 70 subjects participated in this study, and they
were randomized into two sequence groups. Two subjects
who withdrew consent before drug administration were
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replaced, and four additional subjects dropped out during
the study. In total, 66 subjects completed the study and were
eligible for PK assessments. The average age of the subjects
was 29.845.9 years (range: 22-51 years), the average body
weight was 69.017.0 kg (55.2-84.1 kg), the average height
was 174.245.1 cm (161-189 cm), and the average body mass
index was 22.742.0 kg/m? (18.7-26.7 kg/m?). The demo-
graphic characteristics of the subjects were not significantly
different between the two groups.

Pharmacokinetics

The mean and the standard deviation values for the PK param-
eters for naproxen and esomeprazole are shown in Table 1
and Figure 1. The C__ and AUC, values of the test drug
were comparable to those of the reference drug. The mean
concentration—time curves of naproxen and esomeprazole
after a single dose of HCP1004 or VIMOVO® were similar,
as shown in Figure 1. The median T, value for naproxen,
which reflects the rate of absorption, was approximately
5 hours for both HCP1004 and VIMOVO®. Esomeprazole
was rapidly absorbed, and the mean plasma concentra-
tions of HCP1004 and VIMOVO® were 658.21 ng/mL and
595.09 ng/mL within 0.5 hours of dosing, respectively. There
were no significant differences between the C _and AUC |
values of HCP1004 and those of VIMOVO®.

The individual differences in the AUC and the C_of
naproxen and esomeprazole are depicted in Figure 2. In 36
patients, an increase in the C__ of naproxen was observed
after a single administration of HCP1004 or VIMOVO®,
whereas in the other 30 patients, the C__decreased (P=0.539)

(Figure 2A). Treatment with HCP1004 or VIMOVO® did
not significantly change the AUC, of naproxen (P=0.902)
(Figure 2B). After a single dose of HCP1004 or VIMOVO®,
the C_ of esomeprazole increased in 35 patients and
decreased in 31 patients (P=0.712) (Figure 2C), and the
AUC, , values of esomeprazole increased in 38 patients
(P=0.268) (Figure 2D).

Estimates of the PK parameters (with 90% Cls) for the
assessment of bioequivalence of naproxen and esomeprazole
and the ratios of the parameters (with 90% Cls) are shown
in Table 2.

Safety assessment

Subjects who received at least one dose of the study medica-
tion were included in the safety assessment. Among the 67
subjects who received the test drug, HCP1004, 12 experi-
enced a total of 15 adverse events (AEs). HCP1004-related
AEs included two cases of dyspepsia and a single case each
of headache, feeling hot, and diarrhea. One case of headache
and one case of diarrhea were determined to be related to the
reference drug, VIMOVO®. In the treatment comparison, a
total of ten AEs occurred in eight of the 67 subjects receiv-
ing the test drug, HCP1004. Only five of the events were
considered to be drug related. A total of five AEs occurred
in four of the 66 subjects receiving VIMOVO®. Two events
were considered to be drug related. There were no significant
differences in the number of subjects with AEs (P=0.365;
Table S1), the total number of AEs (P=0.302; Table S1), or
the treatment effects in the two groups. None of the subjects
discontinued due to AEs. No clinically significant changes

Table | Summary of pharmacokinetic results for naproxen and esomeprazole

Variable (unit) HCP1004 (N=66)

VIMOVO® (N=66)

Mean + SD CV (%) Mean + SD CV (%)
Naproxen
C._..(ug/mL) 61.67£15.16 24.59 61.85+14.54 23.51
AUC__ (h-pg/mL) 1,206.52+166.46 13.80 1,211.44£170.01 14.03
AUC_ (h-ug/mL) 1,369.641t234.25 17.10 1,364.26+229.51 16.82
T.X 5.00 (3.00-24.03) 5.00 (3.00-24.02)
t, 22.74+4.08 22.1743.49
Esomeprazole
C, .. (ng/mL) 658.21+510.91 77.62 595.09+364.23 61.21
AUC_ (h-ng/mL) 1,109.11£1,111.59 100.22 1,015.12+52.98 93.88
AUC,  (h-ng/mL) 1,129.59+1,131.10 100.13 1,034.80+970.05 93.74
T.K 0.50 (0.33-2.00) 0.43 (0.17-1.00)
t 1.20+0.41 1.20+0.43

12

Notes: All values are presented as the arithmetic mean + standard deviation. *Median (minimum — maximum).
Abbreviations: N, number of subjects; SD, standard deviation; CV, coefficient of variation; me, maximum plasma concentration; AUCM area under the concentration—

time curve from time 0 to the last measurable time point; T

ax’

time to reach the maximum plasma concentration; t,

. @Pparent elimination half-life.
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Figure | Mean plasma concentration—time profiles of naproxen and esomeprazole.

Notes: (A) Mean plasma concentration—time profiles of naproxen after a single dose of HCP1004 or VIMOVO®, and (B) mean plasma concentration—time profiles of

esomeprazole after a single dose of HCP1004 or VIMOVO®.
Abbreviations: N, number of subjects; hr, hours.

were observed in the clinical laboratory results, electrocardi-
ography findings, vital signs, or results of physical examina-
tions that were carried out in all subjects after administration
of the study drug.

Discussion
The aim of this study was to evaluate the PK and tolerability
of HCP1004 and VIMOVO® 500/20 mg in healthy Korean
male volunteers. Our study showed that there were no sig-
nificant differences in the mean plasma concentration—time
curves of HCP1004 and VIMOVO® in 66 healthy volunteers.
The FDC of naproxen and esomeprazole in HCP1004 was
comparable to that in VIMOVO®. In our study, the PK
evaluation demonstrated that HCP1004 and VIMOVO® are
pharmacokinetically equivalent; the 90% Cls for the geomet-
ric mean ratios of C_ and AUC_, satisfied the commonly
accepted bioequivalence criteria (0.8—1.25) proposed by the
United States Food and Drug Administration. !>

A similar bioequivalence study of an FDC of naproxen and
esomeprazole was conducted previously in healthy subjects.!
The same reference drug was used in that study and in the
present study. For naproxen, the PK parameters obtained in
the present study were similar to those reported previously;
the mean C _was 66.9 ug/mL, and the mean AUC , was
1,226 h-ug/mL. In contrast, the mean C__and AUC, values
for esomeprazole in the present study were higher than those
described in the previous study, which reported that the mean
C,,. was 425 ng/mL and the AUC, was 465 h-ng/mL for
esomeprazole.” In the present study, the esomeprazole C_
was 658.21 ng/mL, and the AUC_, was 1,109.11 h-ng/mL.

X

These different PK results for esomeprazole may be
explained by the different enzyme activities of cytochrome
P450 (CYP) in different ethnic groups. The contribution of
ethnic differences in the activity of CYP enzymes to variabil-
ity in drug PK has been extensively reported.'®!” Individuals
who are poor metabolizers (PMs) are deficient in CYP2C19,
which is the enzyme primarily responsible for the metabolism
of esomeprazole, and they have higher plasma concentra-
tions of PPIs compared to extensive metabolizers. The PK of
esomeprazole could be affected by variations in the CYP2C19
genotypes. A previous study indicated that the mean AUC
values for esomeprazole in PMs were approximately 100%
higher than those in extensive metabolizers (EMs), and the
mean C__ values for esomeprazole in PMs were approxi-
mately 60% higher than those in EMs.” PMs constitute
approximately 13%—20% of Asian populations and 2%—6%
of American populations.'® Our study recruited only healthy
Korean volunteers, whereas the previous study enrolled sub-
jects from different ethnic groups, including White (85%),
Black/African American (13%), and Asian (3%)."* Although
we did not perform genotyping of CYP2C19, the subject
group in our study may have had a relatively high proportion
of PMs compared to the subject groups in previous studies,
which likely contributed to the increased exposure to esome-
prazole. Moreover, the individual changes in the AUC , and
the C_ ofesomeprazole showed high intrasubject variability
(Figure 2), which is consistent with earlier reports.'* In addi-
tion to its high intrasubject variability, esomeprazole PK also
exhibits substantial intersubject variability.’ Indeed, the pres-
ent study revealed a high level of interindividual variability
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'm;

Abbreviations: C__, maximum plasma concentration; AUC_ , area under the concentration—time curve from time 0 to the last measurable time point.

in esomeprazole PK. Based on the results of our study, the
coefficient of variation (%CV) for the esomeprazole C__ of
the test drug and the reference drug were 77.62% and 61.21%,
respectively, and the %CVs for the AUC, were 100.22%
and 93.88%, respectively. This high intersubject variability
in the esomeprazole PK values is similar to that reported in a
previous study of VIMOVO®, which reported values of 81%
for the C__and 91% for the AUC "

For naproxen, the intraindividual %CV was estimated
to be 13.80%-24.59% for the PK parameters (C
AUC, ) of the test drug and the reference drug; these val-

., and
ues are similar to those reported previously.' It is known
that individuals with the genetic polymorphism CYP2C9
can metabolize many NSAIDs, including naproxen. A
previous study examined the effect of the CYP2C9 poly-
morphism on the PK of naproxen in Korean subjects.?

Table 2 Pharmacokinetic comparison of naproxen and esomeprazole by treatment

Parameter Geometric mean Point estimate 90% confidence
HCP1004 VIMOVO® (T/R ratio) interval
(N=66) (N=66)
Naproxen
C. .. (ug/mL) 59.57 59.97 0.99 0.94-1.06
AUC,  (h-ug/mL) 1,194.91 1,199.54 1.00 0.98-1.01
Esomeprazole
C._. (ng/mL) 463.19 470.03 0.99 0.82-1.18
711.63 685.63 1.04 09I1-1.18

AUC,_ (h-ng/mL)

Abbreviations: N, number of subjects; T, test drug HCP1004; R, reference drug VIMOVO®; C__, maximum plasma concentration; AUC_, area under the concentration—

time curve from time 0 to the last measurable time point.

'm;
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Table 3 Incidence of AEs after a single dose of HCP1004 or VIMOVO®

System organ class/preferred term

Number of AEs

VIMOVO® (N=66)

HCP1004 (N=67) % of subjects

Causal relationship Related
Number of subjects with AEs 2
Gastrointestinal disorders |
Diarrhea |
Dyspepsia
General disorder and administration site conditions
Catheter site pain
Feeling hot
Nervous system disorders |
Headache |
Respiratory, thoracic, and mediastinal disorders
Tonsillar hypertrophy
Dysphonia
Oropharyngeal pain
Epistaxis
Rhinorrhea
Skin and subcutaneous tissue disorders
Hyperhidrosis

Not related Related Not related
2 4 4 17.9
3 4.5
| 3.0
2 1.5
| | 3.0
| 1.5
| 1.5
| | 4.5
| | 4.5
2 3 6.0
| 1.5
| 1.5
| 1.5
| 1.5
| 1.5
| 1.5
| 1.5

Abbreviations: AEs, adverse events; N, number of subjects.

These authors reported that the CYP2C9 polymorphism
did not significantly affect the PK of naproxen. Moreover,
the PK parameters of naproxen in our study are similar to
those of a previous study, and the variability in these values
was less than 25%."

The administration of naproxen and esomeprazole,
either as HCP1004 or VIMOVO®, was well-tolerated by
all of the subjects (Table 3). Adverse events were reported
by 17.9% of the subjects, and all of the reported AEs were
mild. The most common AEs included diarrhea, dyspepsia,
headache, and feeling hot. In our study, 9.0% of subjects
experienced at least one drug-related AE. In the previous
study, dyspepsia, dizziness, and headache were reported but
were not considered to be clinically significant.'® The safety
profile of naproxen and esomeprazole in the current study
was comparable to the safety results in another study of an
FDC product containing naproxen and esomeprazole.'® These
results suggest that the study products are not associated with
any notable safety concerns.

The volunteers for this study were not representative of
the general patient population, and further studies may be
required to confirm the efficacy and safety of HCP1004 in
other patient groups.

Conclusion

In summary, this study revealed that the PK values for the
test and reference products, which were FDCs of naproxen
and esomeprazole, were within the commonly accepted

bioequivalence range of 0.80—1.25. In addition, the safety
profiles of the two products were comparable.
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Supplementary material

Table S1 Comparison of AEs by treatment group

Treatment P-value
VIMOVO® HCP1004 Total
(N=66) (N=67) (N=67)
Number of subjects with at least one AE 4 8 12 0.365%F
(%) 6.1 1.9 17.9
Number of AEs 5 10 15 0.302*
Number of subjects with at least one drug-related AE 2 4 6 0.688%*
(%) 3.0 6.0 9.0
Number of drug-related AEs 2 5 7 0.453+*

Notes: *Chi-squared test; **Fisher’s exact test.
Abbreviations: AEs, adverse events; N, number of subjects.
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