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ABSTRACT

Tegoprazan is a novel potassium-competitive acid blocker that treats gastric acid-related
diseases. Clarithromycin was widely used as one of various regimens for eradicating
Helicobacter pylori. This study compared the pharmacokinetic and safety profile of tegoprazan
and clarithromycin between combination therapy and monotherapy to evaluate the potential
drug-drug interaction. An open-label, randomized, 6-sequence, 3-period crossover study
was conducted in 24 healthy subjects. According to the assigned sequence, the subject

was administered the assigned treatment during 5 days in each period. PK parameters of
tegoprazan and clarithromycin administered in combination were compared with those of
the respective monotherapies. The co-administration of tegoprazan with clarithromycin
increased maximum steady-state plasma concentration (Cg ma;) and area under the plasma
concentration-time curve in dosing interval at steady-state (AUC ,,) of tegoprazan (1.6-

fold in Cg ma and 2.5-fold in AUCq ) and M1 (2.0-fold in Cg pay, 2.5-fold in AUCy ) than
tegoprazan alone. The Cg o and AUC ,, of 14-hydroxyclarithromycin increased 1.8- and
2.0-fold in co-administration, respectively. The AUCq ., of clarithromycin was slightly
increased in co-administration, but Cg . Wwas not changed. Combination of tegoprazan

and clarithromycin and those of the respective monotherapies were tolerated in 24 healthy
subjects. There may exist drug interaction that lead to reciprocal increase in plasma drug
concentrations when tegoprazan and clarithromycin were administrated in combination and
no safety concerns were raised. It is suggested that an in-depth analysis of the concentration-
response relationship is necessary to determine whether these concentration changes
warrant clinical action.

ClinicalTrials.gov Identifier: NCT02052336

Tegoprazan; Clarithromycin; Drug Interactions

INTRODUCTION

Helicobacter pylori infection is a common bacterial infection in human by causing
gastrointestinal diseases such as gastritis, gastric and duodenal ulcers, gastric cancer,
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and gastric mucosa-associated lymphoid tissue lymphoma [1]. The various treatments

were proposed for H. pylori eradication including dual therapy, triple therapy, concomitant
therapy, sequential therapy, hybrid therapy and bismuth based therapy [2]. However, the
eradication treatments have been challenged due to insufficient inhibition of intragastric acid
[3]- The some antibiotics in eradication treatment for H. pylori are unstable and degradable

in acid state and its state is favorable to growth of H. pylori, which suggests that sufficient
acid inhibition in eradication treatment is important [4]. However, because proton pump
inhibitors (PPIs) which are widely used in the eradication treatment of H. pylori show slow
onset by transformation to active form and has the short half-lives of about 1 to 2 hours,

acid inhibition of PPIs seems to be insufficient. Furthermore, because PPIs are mainly
metabolized by CYP2C19, the acid inhibition of PPIs in the extensive metabolizer (EM)
genotype patients were more insufficient than in the poor metabolizer (PM) genotype
patients, which leads to lower eradication rate in EM patients [4]. Therefore, development of
potent acid suppression agents is desired to improve the eradication rate of H. pylori.

The potassium competitive-acid blocker (P-CAB) is a novel class of inhibiting H*/K*

ATPase and modulates intragastric acid. The P-CAB reversibly inhibits H*/K* ATPase and
shows the rapid onset. Half-life of P-CAB is known to be longer than the PPI and it could

be administered without food intake. Tegoprazan is one of the P-CABs and was approved
from the Ministry of Food and Drug Safety at Korea (2018). Tegoprazan showed the dose
proportional pharmacokinetic (PK) profile in range of 50 to 400 mg. The plasma tegoprazan
concentration rapidly reached the maximum plasma concentration (C,,) within 2 hours
and its half-life was of 5-7 hours [5]. Furthermore, tegoprazan attained sufficient acid
inhibition with a rapid onset and sustained antisecretory effect after the single and multiple
administration of it once daily [5]. These PK and pharmacodynamic properties of tegoprazan
suggested that tegoprazan based eradication regimen could be potential as an eradication
treatment of H. pylori.

The first-line therapy of H. pylori eradication recommended in several gastroenterological
societies [6] or Korea [7] included mainly PPI and 2 antibiotics of amoxicillin and
clarithromycin. Clarithromycin is a well-known inhibitor to increase an exposure of substrates
of CYP3A4, but amoxicillin might inhibit CYP2C8 activity [8,9]. Metabolism of tegoprazan
into the active metabolite, M1, is thought to be mainly due to the action of CYP3A4. When the
tegoprazan and clarithromycin is co-administered for eradication of H. pylori, their exposure
would be altered by the same metabolic pathway of CYP3A4. According to altered exposure
level, unexpected adverse effect may be occurred or the treatment effect may be lower than
expectation. Therefore, the aim of this study was to assess the potential drug-drug interaction
in co-administration of tegoprazan and clarithromycin in healthy subjects.

METHODS

This clinical trial (ClinicalTrials.gov Identifier: NCT02052336) was conducted in accordance
with the Korean Good Clinical Practices and the ethical principles of the Declaration of
Helsinki. This study protocol was reviewed and approved by the Ministry of Food and Drug
Safety of South Korea and the Institutional Review Board of Busan Paik Hospital of South
Korea. Written informed consent was obtained from all subjects before any study procedure.
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Study design

The study was an open-label, randomized, 6-sequence, 3-period crossover study to evaluate
a PK drug interaction between tegoprazan and clarithromycin in healthy male subjects. The
healthy male subjects aged 19-45 years with a body mass index (BMI) of 19-28 kg/m? were
eligible. The major exclusion criteria were:

The eligible subjects were randomized in 1 of 6 sequences (Fig. 1). Each sequence included 3
periods with 3-week washout between periods. In each period, the subjects were received one
treatment of 3 treatments (T, R1, R2) according to the assigned sequence. The T represents
co-administration of tegoprazan 200 mg once daily and clarithromycin 500 mg twice daily
for 5 days. The R1 and R2 represents administration of tegoprazan 200 mg once daily for

5 days and clarithromycin 500 mg twice daily for 5 days, respectively. The study drug was
administered with water of 150 mL on day 1 to day 4 or 240 mL on day 5. The morning dose
and the evening dose were given after at least 8 hours and 2 hours fasting, respectively. The
consumption of food was restricted 4 hours and 2 hours after the morning dose and evening
dose, respectively.

The blood samples of PK parameters of tegoprazan were collected at pre-dose on day 4 and 5
and 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8,12, and 24 hours after dose on day 5 at each period. The blood
samples of PK parameters of clarithromycin were collected at pre-dose on day 4 and 5 and 1,

2,3,4,06,8and 12 hours after dose on day 5 at each period. The blood samples were collected

in heparinized vacutainer tube and centrifuged at 2,000 g for 10 minutes. The supernatant

was stored at < -70°C until the assay was performed.

Assessed for eligibility (n = 39)

Excluded

(n=15)

- Meeting exclusion criteria (n = 6)
- Consent withdrawal (n = 6)
- Reserved subjects (n = 3)

’ Randomized (n = 24) ‘

l

l

i

i

i

l

l

Allocated to A (n = 4)
- Received allocated
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Allocated to B (n = 4)
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intervention (n = 4)

Allocated to C (n = 4)
- Received allocated
intervention (n = 4)

Allocated to D (n = 4)
- Received allocated
intervention (n = 4)

Allocated to E (n = 4)
- Received allocated
intervention (n = 4)
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Safety set (n = 4)
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(n=4)

Safety set (n = 4)
Pharmacokinetic set
(n=4)

Figure 1. Subject disposition. Sequence A with intervention T-R1-R2, sequence B with intervention R1-R2-T, sequence C with intervention R2-T-R1, sequence D with
intervention T-R2-R1, sequence E with intervention R1-T-R2, sequence F with intervention R2-R1-T.
T, tegoprazan 200 mg once daily and clarithromycin 500 mg twice daily for 5 days; R1, tegoprazan 200 mg once daily for 5 days; R2, clarithromycin 500 mg twice

daily for 5 days.
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Bioanalytical methods

The plasma concentrations of tegoprazan, M1, clarithromycin and 14-hydroxyclarithromycin
were determined by high-performance liquid chromatography (Agilent 1200 series HPLC
system; Agilent Technologies, Inc., Wilmington, DE, USA) coupled with mass spectrometry
(API 6410 Triple Quad; Agilent Technologies, Inc.) based on validated analytical procedures
adopted by the Korean Ministry of Food and Drug safety. The calibration curves were linear
in the range 0f 10-10,000 ng/mL for tegoprazan and 5-5,000 ng/mL for M1 with the lower
limit of quantification (LLOQ) values of 10 ng/mL and 5 ng/mL, respectively. The intra-batch
precision and the inter-batch precision for tegoprazan were 2.14-4.65% and 1.78-7.36%,
respectively, and they for M1 were 2.26—4.12% and 1.48-9.43%, respectively. The intra-batch
accuracy and the inter-batch accuracy for tegoprazan were 104.31-111.26% and 108.34—
109.54%, respectively, and they for M1 were 108.30-114.91% and 107.11-110.36%, respectively.

The calibration curves were linear in the range of 100-15,000 ng/mL for clarithromycin and
25-5,000 ng/mL for 14-hydroxy clarithromycin with the LLOQ values 0of 100 ng/mL and 25
ng/mL, respectively. The intra-batch precision and the inter-batch precision for the assay

of clarithromycin were 1.67-5.73% and 4.52-8.13%, respectively, and they for the assay of
14-hydroxy clarithromycin were 1.86-4.57% and 3.63-9.29%, respectively. The intra-batch
precision and the inter-batch accuracy for the assay of clarithromycin were 105.46-108.60%
and 94.75-106.51%, respectively, and they for the assay of 14-hydroxy clarithromycin were
101.21-108.70% and 91.25-98.58%, respectively. The overall intra- and inter-batch accuracy
and coefficient of variation values for all analytes were within the acceptance criteria of < 15%
(< 20% at LLOQ level).

PK analysis

The PK parameters of tegoprazan, M1, clarithromycin and 14-hydroxyclarithromycin were
calculated using noncompartmental analysis with Phoenix® WinNonlin® (version 6.3.0;
Certara, Inc., Princeton, NJ, USA): the maximum steady-state plasma concentration (Cg max)
and the time to reach Cg nay (Tis.max), the area under the plasma concentration-time curve in
dosing interval at steady-state (AUCq ), terminal elimination half-life (t,), and metabolic
ratio. Cesmay and Ty max Were obtained from the observation values. t;, was calculated as 0.693/
terminal elimination slope. Metabolic ratio was calculated as AUC; 1, of M1/AUCy 1o, Of
tegoprazan and AUCy ,, of 4-hydroxyclarithromycin/AUCg ., of clarithromycin.

Safety assessment

The safety and tolerability were assessed for the subjects who received at least one
investigational product throughout the study. All adverse events (AEs) were recorded

from subjects’ spontaneous reports or investigators’ questionnaires. The severity, course,
outcome, seriousness, and relationship to the investigational product of all AEs were assessed
by investigators. Physical examinations, vital sign measurements, electrocardiograms
(ECGs), laboratory test diagnostic tests were performed according to predefined schedule.

Statistical analysis

To evaluate PK interaction between tegoprazan and clarithromycin, point estimation
difference between group and its 90% confidential interval (CI) of log-converted primary
PK parameters (Cg may, AUCss ran) Were calculated by linear mixed effect model about each
treatment groups using the SAS® software version 9.3 (SAS Institue, Cary, NC, USA). The
point estimates and 90% ClIs for differences on the log scale will be exponentiated to obtain
estimates for ratios of geometric means on the original scale. The secondary PK parameters

https://doi.org/10.12793/tcp.2023.31.e11 17
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(ti2, metabolic ratio) were presented as the arithmetic mean with its corresponding standard
deviation. Otherwise, Ty m.x Were presented as the median value with its corresponding
minimum and maximum values.

RESULTS

Subjects

Twenty-four subjects were enrolled in the study. One subject withdraw consent, and then
total 23 subjects completed the study. The mean age, weight, and BMI of 24 subjects

were 24.79 +3.16 years, 68.92 + 6.18 kg, and 22.82 + 1.92 kg/m?, respectively. The baseline
characteristics of subjects in 6 sequences were summarized in Table 1and the characteristics
were comparable among sequences.

PKs of tegoprazan and M1

The mean plasma concentration profile of tegoprazan and M1 were increased after the co-
administration of tegoprazan and clarithromycin compared with the single administration
of tegoprazan (Fig. 2). The PK parameters of tegoprazan and M1 in 2 treatments were
summarized in Table 2. The Cg .y and AUC ,, of tegoprazan were increased in the co-
administration compared with single administration and their geometric ratio (GMR) with
90% CI were 1.6474 (1.5062-1.8019) and 2.4986 (2.3525-2.6538), respectively. Furthermore,
the Cg may and AUC; 1., of M1 were also increased in the co-administration and their GMR
(90% CI) were 2.0044 (1.8274-2.1987) and 2.5016 (2.3145-2.7038), respectively. The Ty max
of tegoprazan and M1 in 2 treatments were similar, whereas the co-administration led to
increase the t;, of them.

PKs of clarithromycin and 14-OH-clarithromycin

Fig. 3 showed the mean plasma concentration profile of clarithromycin and 14-OH-
clarithromcin following single administration of clarithromycin and co-administration of
tegoprazan and clarithromycin. The Cg may of clarithromycin were similar in two treatments,
whereas the Cg oy 0f 14-OH-clarithromycin were increased in co-administration. The GMR
(90% CI) of Cg may of clarithromycin and 14-OH-clarithromycin were 1.0353 (0.8741-1.2262)
and 1.83066 (1.6377-2.0596), respectively. The co-administration with tegoprazan and
clarithromycin increased AUC,,, of clarithromycin and 14-OH-clarithromycin compared

with single administration and their GMR (90% CI) were 1.2531 (1.0801-1.4539) and 2.0071
(1.7912-2.23069), respectively. The Ty max of clarithromycin and 14-OH-clarithromycin were not
altered in two treatments. The t,, of clarithromycin and 14-OH-clarithromycin were increased
in co-administration than single administration. The PK parameters of clarithromycin and
14-OH-clarithromycin were summarized in Table 3.

Table 1. The baseline characteristics of subjects in 6 sequences

Sequence Age (yr) Height (cm) Body weight (kg) BMI (kg/m?)
A (T-R1-R2, n = 4) 27.00+ 2.16 173.50 = 4.04 69.13+2.18 23.00 = 1.47
B (R1-R2-T, n = 4) 27.75 + 4.35 170.75 £ 7.14 69.73 £ 6.21 23.89+0.84
C (R2-T-R1, n=4) 24.25 + 1.50 176.00 + 1.83 75.68 +8.21 24.40 + 2.25
D (T-R2-R1, n = 4) 23.50+ 3.11 173.00 = 5.72 68.33 + 3.77 22.86 + 1.52
E (R1-T-R2, n = 4) 23.50+ 3.11 175.00 = 5.60 67.35+6.62 21.95+1.09
F (R2-R1-T, n=4) 22,75+ 1.71 174.75 + 7.68 63.33+4.13 20.84 + 2.44
Total (n = 24) 24.79 = 3.16 173.83+5.31 68.92 +6.18 22.82 +1.93

BMI, body mass index; T, tegoprazan 200 mg once daily and clarithromycin 500 mg twice daily for 5 days; R1,
tegoprazan 200 mg once daily for 5 days; R2, clarithromycin 500 mg twice daily for 5 days.
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Figure 2. Mean plasma concentration-time profiles of tegoprazan and M1 after oral administration of co-
administered with clarithromycin for 5 days and tegoprazan alone for 5 days (upper: tegoprazan, lower: M1).

Safety profile

The safety analysis set included 24 subjects who received at least one dose of investigational
product. Following the co-administration of tegoprazan and clarithromycin, 11 AEs form 9
subjects were reported. Following the single administration of tegoprazan or clarithromycin,
2 AEs from 2 subjects and 7 AEs from 6 subjects were reported, respectively. Four AEs from

3 subjects were evaluated as moderate severity and other AEs were as mild severity. The
symptoms of AEs were nausea, diarrhea, abdominal discomfort, headache, nasopharyngitis,
and nail injury. All AEs were recovered without any intervention. There were no clinically
significant changes in physical examination, vital sign, 12-lead ECG test and laboratory test.
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Table 2. Summary table of pharmacokinetic parameters of tegoprazan and M1 following multiple administration

Parameter Co-administration® (n = 23) Alonet (n = 23) GMR (90% CI)
Tegoprazan
Cosrmax (ME/L) 3,095.95 + 812.65 1,868.63 + 409.68 1.6474 (1.5062-1.8019)
AUCq oy (pg-hr/L) 27,796.43 + 10,513.59  10,817.59+ 2,783.29  2.4986 (2.3525-2.6538)
Toax (1) 1.5 (1.00-4.00) 1.00 (0.50-4.00) -
ty)s (hr) 7.97 + 2.94 4.89 + 1.02 -
M1
Ceomax (HE/L) 9,949.80 + 1,027.45 1,085.28 + 360.34 2.0044 (1.8274-2.1987)
AUCq; i (pg-hr/L) 38,714.57 + 18,127.33  14,726.31+ 4,285.58  2.5016 (2.3145-2.7038)
Tonax (N1)* 4.00 (2.00-24.00) 4.00 (1.00-4.00)
ty)s (hr) 128.83 + 106.62 29.97 + 9.99
Metabolic ratio$ 1.55+0.61 1.48 + 0.45

Data were shown as arithmetic mean = standard deviation and geometric mean (90% confidence interval).

GMR, geometric ratio; Cl, confidential interval; Cq, mae maximum plasma concentration at steady state; AUC taus
area under the plasma concentration-time curves during dosing interval at steady state; te, ma time to reach Cy,
max Lo, apparent terminal elimination half-life.

*Tegoprazan 200 mg once daily and clarithromycin 500 mg twice daily for 5 days; TTegoprazan 200 mg once daily
for 5 days; *Median (minimum - maximum); SMetabolic ratio was calculated as AUCy, divided by AUCiegoprazan-

DISCUSSION

This study evaluated drug-drug interaction potential between tegoprazan and clarithromycin
following single administration and co-administration of both drugs during 5 days. The
co-administration of tegoprazan and clarithromycin led to an increase in the exposures of
tegoprazan and its metabolite (M1). Furthermore, the exposure of clarithromycin and its
metabolite (14-OH-clarithromycin) were increased in co-administration.

Co-administration of clarithromycin increased the mean Cg ., of tegoprazan and M1 by
1.6- and 2.0-fold and the mean AUCg,, of them by 2.5- and 2.5-fold compared with alone,
respectively. This result was comparable with it of the tegoprazan based triple regimen

in healthy subjects [10]. Clarithromycin has been a well-known CYP3A4 inhibitor [8] and
tegoprazan was classified as a substrate of CYP3A4. Clarithromycin would inhibit CYP3A4
in intestine and liver, which results in increasing absorption and reducing metabolism of
tegoprazan followed by the increased exposure and half-life of tegoprazan. Furthermore,
exposure of M1 rather increased, although the inhibition of CYP3A4 by clarithromycin in the
metabolism of tegoprazan after co-administration was expected to reduce exposure of M1.
Considering the extended half-life and the increased exposure of M1, clarithromycin, which
may be involved in the metabolism of M1, is a potent inhibitor for CYP3A4 or p-glycoprotein
(p-gp), but the further studies are need to evaluate it. Clarithromycin is known to have pKa
0f 8.99 and be degradable in the low pH [11]. When the gastric pH is elevated, the non-
ionized form of clarithromycin increases in the gastrointestinal tract, which enhances its
bioavailability. Because tegoprazan rapidly elevates the gastric pH by directly inhibiting
H+/K+ pump, bioavailability increase of clarithromycin increased exposures of it and its
metabolite (14-OH-clarithromycin) in co-administration with tegoprazan. Furthermore,
because 14-OH-clarithromycin was also known to be metabolized by CYP3A4 [8],
competition with tegoprazan or M1 as a CYP3A4 substrate may explain its exposure increase.
The above increases were comparable with the study results in vonoprazan [12] and YH4808
[13] based triple regimen in healthy subjects, which are a class of P-CAB and metabolized by
CYP3A4 or expected to inhibit CYP3A4 [14,15].
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Figure 3. Mean plasma concentration-time profiles of clarithromycin and 14-OH-clarithromycin after oral
administration of co-administered with clarithromycin for 5 days and tegoprazan alone for 5 days (upper:
clarithromycin, lower: 14-OH-clarithromycin).

In conclusion, there may exist drug interaction that lead to reciprocal increase in plasma drug
concentrations when tegoprazan and clarithromycin were administrated in combination and
no safety concerns were raised. It is suggested that an in-depth analysis of the concentration-
response relationship is necessary to determine whether these concentration changes
warrant clinical action.
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Table 3. Summary table of pharmacokinetic parameters of clarithromycin and 14-OH-clarithromycin following
multiple administration

Parameter Co-administration® (n = 23) AloneT (n = 23) GMR (90% Cl)
Clarithromycin
Cesmax (E/L) 2,993.89 + 630.53 2,396.55 + 808.19 1.0353 (0.8741-1.2269)
AUC,, (pg-hr/L) 19,485.56 + 6,202.88 15,924.01+ 5,173.24  1.2531 (1.0801-1.4539)
Toax (h1)¥ 2.00 (1.00-3.00) 1.00 (0.00-3.00) -
tyys (hr) 7.15+ 2.42 5.90 + 4.32 -
14-OH-clarithromycin
Cesmax (UE/L) 887.23 + 173.30 503.85 + 174.69 1.8366 (1.6377-2.0596)
AUC, (ug-hr/L) 8,971.47 + 2,003.82 4,621.12 +1,469.63  2.0017 (1.7912-2.2369)
e (N1 2.00 (1.00-3.00) 2.00 (0.00-3.00) -
tyys (hr) 13.03 + 4.34 11.55 + 6.09 -
Metabolic ratio’ 0.47 £0.11 0.30 + 0.09 -

Data were shown as arithmetic mean = standard deviation and geometric mean (90% confidence interval).
GMR, geometric ratio; Cl, confidential interval; C, may maximum plasma concentration at steady state; AUCq taus
area under the plasma concentration-time curves during dosing interval at steady state; ts, ma, time to reach Cg,
max L0, apparent terminal elimination half-life.

*Tegoprazan 200 mg once daily and clarithromycin 500 mg twice daily for 5 days; TClarithromycin 500 mg twice
daily for 5 days; *Median (minimum-maximum); SMetabolic ratio was calculated as AUC14-0n-clarithromyein divided by
AUCiarithromycin-
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