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Abstract
Tegoprazan, a novel potassium-competitive acid blocker, is used to treat acid-related 
diseases. However, there is no information on the pharmacokinetic (PK) and pharma-
codynamic (PD) profiles of the marketed dosage of tegoprazan under various meal 
timings in a fed and fasted state. The study aimed to assess the effect of meal tim-
ing on PKs and PDs of tegoprazan 50 mg after a single administration in healthy 
male subjects. An open-label, single-dose, three-treatment, three-period crossover 
study was conducted. A total of 12 subjects were orally administered a single dose 
of tegoprazan 50 mg among various conditions: in a fasted state, at 30 min before or 
30 min after a high-fat meal. PK parameters were estimated by the noncompartmen-
tal method. Continuous 24-h intragastric pH monitoring was done for PD analysis. 
The PKs and PDs of tegoprazan were compared among the various meal timings. 
Compared with the fasting condition, the PK profile of tegoprazan was similar when 
administered 30 min before a high-fat meal; however, delayed absorption with simi-
lar systemic exposure was observed when administered 30 min after a high-fat meal. 
The magnitude of acid suppression evaluated through the PD parameters increased 
when administered 30 min after a high-fat meal compared with fasting the condition 
and when administered 30 min before a high-fat meal. However, the increased differ-
ence in acid suppression was not clinically significant. Meal timing had no clinically 
significant effect on the PKs and PDs of tegoprazan 50 mg. Therefore, the marketed 
dosage of tegoprazan could be administered regardless of the meal timing.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Tegoprazan, a novel potassium-competitive acid blocker, is used to treat acid-related 
diseases.
WHAT QUESTION DID THIS STUDY ADDRESS?
This study evaluated the effect of food on pharmacokinetics (PKs) and pharmacody-
namics (PDs) of tegoprazan under various mealtime conditions.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
This study showed that delayed absorption of tegoprazan was observed at “after meal 
condition,” however, the amount of systemic exposure of “after meal condition” was 
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INTRODUCTION

Gastroesophageal reflux disease (GERD) and peptic ulcer 
disease (PUD) are common acid-related diseases, and both 
diseases are generally treated by acid suppression drugs, 
which reduce gastric acid secretion.1 Among several acid 
suppression drugs, proton pump inhibitors (PPIs) are most 
commonly prescribed to treat acid-related diseases over the 
past several decades.2 However, PPIs have several limita-
tions in clinical use due to their own characteristics, includ-
ing mechanism of action and pharmacokinetics (PKs).

PPIs are converted by acid to active forms which irrevers-
ibly inhibit H+/K+ ATPase located on the apical membrane 
of the gastric parietal cell.3 PPIs have relatively short half-
lives of about 1 h.4 Because of these characteristics, the onset 
of acid suppression and the recovery after drug cessation are 
relatively late, and nocturnal acid breakthrough easily occurs 
even with a twice-daily dosing regimen.4–6

Moreover, noncompliance with PPIs led by a lim-
ited administration time is another drawback of PPIs.7,8 
Considering the mechanism of action requiring acid-ac-
tivation, it is necessary to intake food when taking PPIs. 
However, most PPIs cannot be administered in the fed state 
due to food effects. According to the previous food effect 
studies, the bioavailability of esomeprazole is affected by 
food in that systemic drug exposure is significantly dimin-
ished in the fed condition.9 In addition, the median percent-
age of time of pH greater than 4 was 42.0% when the PPI 
was administered in the fasting condition; however, it was 
17.2% when administered in the fed condition.10 Therefore, 
most PPIs, including omeprazole and lansoprazole, are rec-
ommended to be administered about 1 h before a meal.11 
These limited administration times of most PPIs could 
trigger treatment failure of acid-related diseases, although 
some PPIs, like dexlansoprazole, modified-release formu-
lation can be administered regardless of meal timing.12

Recently, potassium-competitive acid blockers (P-CABs) 
have been developed as novel acid suppression drugs. 
Tegoprazan, one of the P-CABs, was approved for the treat-
ment of GERD, gastric ulcers and Helicobacter pylori erad-
ication in South Korea. Tegoprazan has a linear PK profile 
and dose-dependent pharmacodynamic (PD) profiles in a 

dose range of 50–400 mg, and the time to reach maximum 
plasma concentration (Tmax) and the terminal elimination 
half-life (t1/2) of tegoprazan are about 0.5–1 h and 3–5 h, re-
spectively.13 Tegoprazan is mainly metabolized by CYP3A4 
to the active metabolite (M1).

The food effect of tegoprazan was already evaluated for 
200 mg, and it was verified that tegoprazan had no food effect. 
The systemic exposure of tegoprazan between fasting and after 
meal conditions was comparable, and similar gastric acid sup-
pression was observed.14 Because tegoprazan 200 mg is a higher 
strength than 50 mg and PKs of tegoprazan is dose proportional, 
it is estimated that there is no food effect for tegoprazan 50 mg, 
which is the marketed dosage. However, there is no information 
on the PK and PD profiles of tegoprazan 50 mg under various 
mealtime conditions, such as “administration before a meal,” 
which can easily occur in an actual clinical environment. If such 
profiles are evaluated, the compliance of tegoprazan will im-
prove as the administration time of tegoprazan becomes clearer. 
Consequently, this study aimed to assess the effect of various 
meal timings on the PKs, PDs, and safety of tegoprazan 50 mg 
after a single administration in healthy male subjects.

METHODS

Subjects and study design

The study was reviewed and approved by the Korean Ministry 
of Food and Drug Safety (MFDS) and the Institutional Review 
Board of Seoul National University Hospital (clinicaltrials.
gov: NCT03863938). This study was conducted at the Seoul 
National Hospital Clinical Trials Center in accordance with 
the Declaration of Helsinki and International Conference on 
Harmonization Good Clinical Practice.

Healthy male volunteers aged between 19 and 50  years 
with a body mass index of 18.0–27.0  kg/m2 that were 
Helicobacter pylori negative participated in the study. The 
health status of the volunteers was determined based on med-
ical history, physical examination, vital signs, 12-lead elec-
trocardiogram (ECG), and clinical laboratory test. Written 
informed consent was obtained from all the subjects before 
any study-related procedures.

similar to “fasting condition” and “before meal condition.” In addition, gastric acid 
suppression of tegoprazan was similar between fasting condition and before meal con-
dition, whereas increased gastric acid suppression was observed at after meal condition.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
In the actual clinical environment, patients take medicine under various fed condi-
tions. This study evaluated the effect of food on PKs and PDs of tegoprazan in various 
clinical conditions, and provided the important information about meal timing when 
administering tegoprazan.
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The study had a randomized, open-label, single-dose, 
three-treatment, three-period crossover design. In the first 
period, 24-hour intragastric pH monitoring was conducted as 
the baseline 1 day before the administration of tegoprazan. 
The measurement was started after at least 10 h of fasting, 
and only lunch and dinner were provided during the mea-
surement. After the baseline monitoring, all the subjects were 
orally administered a single dose of tegoprazan 50 mg in the 
fasted state, at 30 min before or at 30 min after a high-fat meal 
according to the assigned sequence. The high-fat meal con-
tained 900 kcal with over 35% of fat content, and the subjects 
were supposed to finish eating within 20 min. After the ad-
ministration of tegoprazan, 24-h intragastric pH monitoring 
for PD assessment and serial blood sampling at predose and 
0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, and 48 h postdose for PK 
analysis of tegoprazan and M1 were conducted. During the 
intragastric monitoring, the same types of lunch and dinner 
were provided, and drinking water was prohibited 1 h before 
and 2 h after the administration of tegoprazan. In the second 
and third periods, tegoprazan was administered according to 
the assigned sequence, and the same procedures, including 
PK/PD assessment, were conducted (Figure 1).

Bioanalytical method

The plasma concentrations of tegoprazan and M1 were meas-
ured by a validated method using ultra-performance liquid 
chromatography-tandem mass spectrometry (UPLC-MS/
MS) consisting of the ACQUITY UPLC System (Waters) 
and Xevo TQ MS (Waters).15 The validated concentration 
ranges for tegoprazan and M1 were 20.0–10,000 ng/ml and 

10.0–5000 ng/ml, respectively. The within-run and between-
run precision for tegoprazan was 0.9%–3.0% and 1.0%–2.8%, 
respectively. The corresponding values for M1 were 0.8%–
5.6% and 1.0%–5.5%, respectively. The within-run and be-
tween-run accuracy was −2.1% to −0.4% and −3.1% to 1.5%, 
respectively, for tegoprazan, and −2.5% to 6.5% and −3.3% 
to 1.7%, respectively, for M1.

Pharmacokinetic assessment

PK parameters were estimated by noncompartmental method 
using Phoenix WinNonlin version 8.0 (Certara, St. Louis, 
MO). The primary PK parameters were maximum plasma 
concentration (Cmax) and area under the concentration–time 
curve from time zero to the last quantifiable time point 
(AUClast) of tegoprazan. The secondary PK parameters were 
Tmax and t1/2 for tegoprazan, and Cmax, AUClast, Tmax, t1/2, and 
metabolic ratio (MR) for M1. PK analysis was performed 
using the concentration-time data collected from the subjects 
who completed the study without major deviation.

Pharmacodynamic assessment

Continuous 24-h intragastric pH monitoring was carried 
out using an ambulatory 24-h pH recorder, Digitrapper pH 
400 (Medtronic, Inc., Fridley, MN) for PD assessment. The 
PD parameters were evaluated as percentage of time of pH 
greater than or equal to 4, mean pH, median pH, and baseline 
corrected parameters including Δ% time pH greater than or 
equal to 4, Δmean pH, and Δmedian pH. PD analysis was 

F I G U R E  1  Study design. PK, pharmacokinetic
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performed using the collected 24-h intragastric pH data from 
the subjects who completed the study and had sufficient pH 
data over 95% of measuring time.

Safety assessment

Safety was assessed through physical examinations, vital 
signs, ECGs, clinical laboratory tests, and adverse event 
monitoring.

Statistical analysis

To assess how meal timing affects the PKs of tegoprazan in 
a fasted state basis, analysis of variance (ANOVA) was con-
ducted with the treatment, period, and sequence as the fixed 

effects and the subject as a random effect. The geometric 
mean ratios (GMRs) and their corresponding 90% confidence 
intervals (CIs) of the Cmax and AUClast for 30 min before a 
high-fat meal to the fasted state and 30 min after a high-fat 
meal to the fasted state were calculated. To assess the effect 
of meal timing on PDs, the PD parameters were analyzed 
with ANOVA in the same manner as the PKs. The statistical 
analysis was conducted with the SAS software version 9.4 
(SAS Institute, Cary, NC).

RESULTS

Study population

A total of 12 subjects were enrolled and randomly assigned to 
6 sequences. All of them completed the entire study schedule 

F I G U R E  2  Mean plasma concentration of tegoprazan and its 
metabolite (M1) after a single oral administration of tegoprazan 50 mg 
in the fasted state, at 30 min before a high-fat meal or at 30 min after a 
high-fat meal. (a) Tegoprazan and (b) M1

F I G U R E  3  Individual pharmacokinetic parameters after a single 
oral administration of tegoprazan 50 mg in the fasted state, at 30 min 
before a high-fat meal or at 30 min after a high-fat meal. (a) AUClast, 
(b) Cmax. AUClast, area under the concentration–time curve from 
time zero to the last quantifiable time point; Cmax, maximum plasma 
concentration
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without any major deviations, so they were included in the 
PK, PD, and safety analysis. The demographics of the sub-
jects were as follows: age, 29.8 ± 4.8 (mean ± SD) years; 
height, 174.0 ± 3.3 cm; weight, 71.1 ± 7.9 kg; and body mass 
index (BMI), 23.5 ± 2.1 kg/m2.

Pharmacokinetics

When administered 30 min before a high-fat meal, the PK 
profile of tegoprazan was similar to the PK profile of te-
goprazan when administered in the fasted state (Figures 2, 
3). The Cmax of tegoprazan was observed as 775.92  μg/L 
and 803.00 μg/L when administered 30 min before a high-
fat meal and in the fasted state, respectively, and the cor-
responding AUClast was calculated as 2669.82  h∙μg/L and 

2873.32 h∙μg/L, respectively. The GMRs (90% CIs) for the 
Cmax and AUClast for the 30 min before a high-fat meal to 
the fasted state were calculated as 0.9631 (0.7517–1.234) and 
0.9388 (0.8674–1.016), respectively (Table 1).

When administered 30 min after a high-fat meal, a delayed 
absorption profile with a decreased Cmax and delayed Tmax 
was observed compared with when administered in the fasted 
state, but the AUClast was similar (Figures  2, 3). The Cmax 
and AUClast of tegoprazan were calculated as 492.00  μg/L 
and 3017.05 h∙μg/L, respectively, when administered 30 min 
after a high-fat meal. The GMRs (90% CIs) for the Cmax 
and AUClast for 30  min after a high-fat meal to the fasted 
state were calculated as 0.5396 (0.4211–0.6914) and 1.0455 
(0.9661–1.1316), respectively (Table 1).

Compared with the fasted state, in 30 min before a high fat-
meal both Cmax and AUClast of M1 were decreased ~25%, and 

T A B L E  1  Summary of pharmacokinetic parameters of tegoprazan and M1 after a single oral administration of tegoprazan 50 mg in the fasted 
state, at 30 min before a high-fat meal or at 30 min after a high-fat meal

Fasted
(N = 12)

30 min before meal
(N = 12)

30 min after meal
(N = 12)

Parametera Parametera 
GMRb 
(90% CI) Parametera 

GMRc 
(90% CI)

Tegoprazan

Cmax, μg/L 803.00 ± 156.23
[580.00–1698.10]

775.92 ± 162.61
[522.00–1010.00]

0.9631 
(0.7517–1.2340)

492.00 ± 293.94
[173.00–1250.00]

0.5396 
(0.4211–0.6914)

AUClast, h∙μg/L 2837.32 ± 1054.64
[1618.61–5095.97]

2669.82 ± 1022.94
[1424.13–4788.40]

0.9388 
(0.8674–1.0160)

3017.05 ± 1193.95
[2915.98–5190.38]

1.0455 
(0.9661–1.1316)

AUCinf, h∙μg/L 3137.75 ± 1166.15
[1702.07–5657.24]

2917.65 ± 1084.47
[1521.26–5162.56]

3321.58 ± 1219.48
[1784.05–5620.45]

Tmax, h 1.00 [0.50–2.00] 0.48 [0.48–1.00] 3.00 [0.50–8.00]

t1/2, h 4.10 ± 1.38
[2.78–7.47]

4.16 ± 1.06
[3.02–6.10]

5.00 ± 1.55
[3.00–8.02]

M1

Cmax, μg/L 198.83 ± 58.26
[122.00–359.00]

146.42 ± 19.41
[122.00–187.00]

0.7551 
(0.6609–0.8627)

142.16 ± 30.21
[78.90–181.00]

0.7214 
(0.6314–0.8242)

AUClast, h∙μg/L 4461.94 ± 1008.27
[2061.41–5908.94]

3497.93 ± 951.53
[1685.18–4614.80]

0.7743 
(0.7176–0.8355)

3796.57 ± 915.63
[1429.14–4902.04]

0.8432 
(0.7815–0.9099)

AUCinf, h∙μg/L 5133.81 ± 1207.21
[2939.16–7726.26]

4178.02 ± 1055.77
[2633.51–6116.44]

5324.01 ± 2138.92
[3595.68–11,648.14]

Tmax, h 8.00 [3.83–8.00] 8.00 [6.00–8.02] 8.00 [6.00–24.00]

t1/2, h 15.36 ± 3.28
[11.95–23.86]

15.75 ± 3.37
[11.49–24.26]

24.82 ± 26.25
[12.74–107.65]

MRd 1.74 ± 0.44
[1.20–2.79]

1.51 ± 0.35
[1.11–2.31]

1.90 ± 1.51
[1.00–6.53]

Abbreviations: AUCinf, area under the concentration–time curve from time zero to infinity; AUClast, area under the concentration–time curve from time zero to the 
last quantifiable time point; CI, confidence interval; Cmax, maximum plasma concentration; GMR, geometric mean ratio; M1, active metabolite of tegoprazan; MR, 
metabolic ratio; Tmax, the time to reach maximum plasma concentration; t1/2, terminal elimination half-life.
aAll parameters are expressed as mean ± SD [range], except Tmax, which is expressed as median [range]. 
bGMR indicates 30 min before a high-fat meal/fasted. 
cGMR indicates 30 min after a high-fat meal/fasted. 
dMR represents metabolic ratio of tegoprazan (AUCinf, M1/AUCinf, Tegoprazan). 
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in 30 min before a high fat-meal the Cmax and AUClast of M1 
were decreased ~30% and 15%, respectively. However, MR 
was similar among the three conditions (Figure 2, Table 1).

Pharmacodynamics

The profiles of intragastric acidity after tegoprazan adminis-
tration were similar among the three conditions in that the in-
tragastric pH increased quickly and reached pH 4. However, 

when administered 30 min after a high-fat meal, the intragas-
tric acidity already reached around pH 4 because of the food 
neutralized intragastric acid.

Compared with the fasted state, the PD parameters of te-
goprazan were similar when administered 30 min before or 
30 min after a high-fat meal (Figure 4). The percentage of 
time pH was greater than or equal to 4 was 49.1 ± 11.6%, 
53.8  ±  13.4%, and 61.1  ±  7.6% when administered in the 
fasted state, 30 min before and 30 min after a high-fat meal, 
respectively (Table  2). Statistically significant differences 
of percentage of time pH was greater than or equal to 4, 
mean pH and median pH were observed by ANOVA test 
(p = 0.0018, p = 0.0147, and p = 0.0149, respectively). As a 
result of Bonferroni post hoc, a statistically significant differ-
ence in the PD parameters was observed between the condi-
tions when administered in the fasted state and 30 min after 
a high-fat meal. The adjusted p values were 0.0015, 0.0141, 
and 0.0127, respectively.

Safety

After the treatment of 30  min before a high-fat meal, two 
treatment emergent adverse events (TEAEs) occurred (cough 
and productive cough), and after the treatment of 30 min after 
a high-fat meal, one TEAE occurred (abdominal pain). The 
relationships between the TEAE and tegoprazan were as-
sessed as “possible” for abdominal pain and “unlikely” for 
cough and productive cough. There was no serious adverse 
event during the entire study. There were no clinically sig-
nificant findings in the physical examinations, vital signs, 
ECGs, and laboratory tests in all the treatments.

DISCUSSION

This study was conducted to evaluate the PK and PD pro-
files of the marketed dosage of tegoprazan under vari-
ous fed conditions compared with the fasting condition. 
According to the guidelines of Food-Effect Bioavailability 
and Fed Bioequivalence Studies from the US Food and Drug 
Administration and MFDS, food effect can be evaluated by 
comparing the fasted and fed (at 30 min after a high-fat meal) 
conditions.16,17 However, in the actual clinical environment, 
patients take medicine under various fed conditions, even if 
they are instructed on when the medicine should be taken. 
Therefore, in this study, the effect of meal timing was di-
vided into two conditions, including before and after meals, 
in order to reflect the actual clinical environment.

In this study, the PK and PD profiles were similar be-
tween the fasting and before meal conditions. However, a 
different PK profile was observed for the after-meal con-
dition. The Cmax was decreased, and Tmax was delayed, 

F I G U R E  4  Pharmacodynamic parameters before and after a 
single oral administration of tegoprazan 50 mg in the fasted state, at 
30 min before a high-fat meal or at 30 min after a high-fat meal. (a) 
percentage of time pH ≥4, (b) median pH, and (c) mean pH
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whereas AUClast was similar in that the GMRs of AUClast 
for before meal condition to the fasting condition and 
after meal condition to the fasting condition were 0.9388 
and 1.0455, respectively. The result of the reduced Cmax 
and delayed Tmax with a similar AUC was in line with a 
previous food effect study on tegoprazan 200  mg.14 The 
phenomenon was possibly caused by physicochemical 
property of tegoprazan (pH dependent solubility and high 
permeability) and the delayed time taken by the drug to 
reach the small intestine where the majority of substances 
are absorbed. The delayed absorption of the drug tends 
to occur when taken with food because the volume of the 
food delays the gastric emptying time so that the drug 
reaches the small intestine late.18,19 However, the AUC 
representing the amount of systemic drug exposure of 
after meal condition was similar to the other conditions. 
Considering that the PDs of P-CAB was well correlated 
to the AUC, there was no clinically significant difference 
in the PK profiles of tegoprazan 50 mg among the three 
conditions.20

No clinically different efficacy is expected for tego-
prazan 50 mg among fasting or fed conditions despite the 
decreased systemic exposure of M1 in the fed conditions. 
M1  has a potency of about one-tenth of its parent com-
pound, and plasma protein binding is about 99% according 
to an in vitro experiment (unpublished). Considering the 
molarity calculated based on the Cmax basis and the plasma 
protein binding of M1, the tissue concentration of M1 af-
fecting acid suppression was expected to be negligible. 
In addition, the pharmacologically active moiety inferred 
by the sum of AUC of tegoprazan and one-tenth AUC of 
M1, taking into consideration of the difference in the po-
tency was comparable among the different fed conditions. 
Therefore, the difference in M1 among the three conditions 
did not clinically affect the magnitude of the acid suppres-
sion due to the significant difference in the potency.

As expected from the result of the PK, there was no clin-
ically significant difference in PDs of tegoprazan 50  mg 
among the three conditions. The efficacy of tegoprazan was 

evaluated by the PD parameters, which reflected the change 
in intragastric pH. Among the various PD parameters, main-
taining intragastric pH was greater than or equal to 4 is rep-
resentatively used as a clinical threshold for tissue damage 
and symptoms caused by esophageal refluxate.21,22 In this 
study, all PD parameters were significantly increased after 
the administration of tegoprazan regardless of the fasting or 
fed condition, and the maximum gastric pH was observed as 
approximately pH 6, which means meal timing did not affect 
the acid suppression of tegoprazan. However, there was a sta-
tistically significant difference in the PD parameters between 
the fasting and after meal conditions such that increased PD 
parameters were observed after meal conditions. It is be-
lieved that the increased PD parameters are caused by the 
neutralization of the pH by the food rather than by the drug 
effect, considering the fasting and after-meal conditions have 
a similar AUC and the correlation between AUC and PD.

This study has a limitation in that the baseline intragastric 
pH measurement was conducted only once at the fasted state 
in the first period. Considering inconvenience of the subjects 
during 24-h intragastric pH monitoring, baselines for the sec-
ond and third periods with the fed conditions were not mea-
sured. Therefore, if further food effect studies are conducted, 
more accurate results will be obtained if both baselines for the 
fasting and fed conditions with every period are evaluated.

In conclusion, meal timing had no clinically significant 
effect on the PK, efficacy, and safety of tegoprazan 50 mg. 
Therefore, tegoprazan 50 mg is expected to be administered 
regardless of the meal timing.
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PD parametera 
Baseline
(N = 12)

Fasted
(N = 12)

30 min before 
meal
(N = 12)

30 min after 
meal
(N = 12)

% Time pH ≥4, % 7.2 ± 3.6 49.1 ± 11.6 53.8 ± 13.4 61.1 ± 7.6

Median pH 1.8 ± 0.1 3.8 ± 1.0 4.3 ± 1.1 4.6 ± 0.3

Mean pH 2.1 ± 0.2 4.0 ± 0.4 4.2 ± 0.5 4.4 ± 0.3

Δ% Time pH ≥4, % - 42.0 ± 12.1 46.6 ± 13.3 54.0 ± 7.1

ΔMedian pH - 1.9 ± 1.0 2.5 ± 1.1 2.7 ± 0.4

ΔMean pH - 1.9 ± 0.4 2.0 ± 0.5 2.2 ± 0.3

Abbreviation: PD, pharmacodynamic.
aAll PD parameters are expressed as mean ± SD; Δ represents baseline corrected pharmacodynamic 
parameters. 

T A B L E  2  Summary of pharmacokinetic 
parameters of tegoprazan after a single oral 
administration of tegoprazan 50 mg in the 
fasted state, at 30 min before a high-fat meal 
or at 30 min after a high-fat meal
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