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Purpose: Proton pump inhibitors (PPIs) are used for the treatment of acid-related disorders. 
Demands for enhanced stability and faster onset led to the development of AD-206, a fixed- 
dose combination of a PPI (esomeprazole) with an antacid salt (calcium carbonate). This 
study compared the pharmacokinetics (PKs) and pharmacodynamics (PDs) of AD-206 
(Addpharma) with conventional esomeprazole (Nexium®, AstraZeneca).
Materials and Methods: A randomized, open-label, two-treatment, two-sequence cross-
over study was conducted with 2 different doses of esomeprazole at 20 and 40 mg with 
a fixed calcium carbonate dose of 600 mg in AD-206. Forty-four subjects were included in 
each dose group and randomly received either AD-206 or the conventional esomeprazole for 
7 consecutive days in each period. After a single- and multiple-dose, blood samples for the 
PK analysis were analyzed, and 24-hour intragastric pH monitoring was conducted.
Results: The systemic exposure of esomeprazole after a multiple-dose of AD-206 was 
similar to that of the conventional esomeprazole in both doses, but the time to reach the 
peak concentration was faster in AD-206. The percentage decrease from baseline in the 
integrated gastric acidity for a 24-hour interval after the dose was not significantly different 
between the AD-206 and the conventional esomeprazole after a single- and multiple-dose for 
both doses, and the time to reach pH 4 was faster for AD-206.
Conclusion: AD-206 showed a similar systemic exposure and suppression of gastric acid 
secretion after a multiple-dose compared to the conventional esomeprazole.
Keywords: proton pump inhibitors, randomized controlled study, crossover design, healthy 
subjects, intragastric pH monitoring

Introduction
Gastroesophageal reflux disease (GERD) is defined as a condition where the reflux 
of gastric content evokes uncomfortable symptoms or complications.1 Clinical 
manifestations of GERD include heartburn, regurgitation and other unclassical 
symptoms. The prevalence of GERD was found to be approximately 10% to 20% 
in Western countries and 5% in Asia.2

Several drugs of choice are used to treat GERD, one of which is proton pump 
inhibitors (PPIs). PPIs reduce acid secretion by irreversibly inactivating the gastric 
H+, K+-APTase.3 PPIs were proven to be more effective in alleviating symptoms 
and treating complications with a comparable tolerability compared to other options 
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in GERD patients.4–7 As a result, PPIs are used as a first- 
line therapy for GERD in various regions including 
Korea.8 Esomeprazole, the S-isomer of omeprazole, 
showed an enhanced efficacy with similar tolerability 
compared to its racemic mixture, omeprazole.9 However, 
esomeprazole is unstable and easily degradable in an 
acidic condition like other PPIs.10,11 Various approaches 
have been investigated to protect the acid-labile PPIs from 
degradation by gastric acid, and one of them was to 
implement an enteric coating including Nexium® 

(AstraZeneca, England). However, this has delayed their 
absorption and anti-secretory effects.12 Demands for 
a faster onset of anti-secretory effects led to the develop-
ment of a PPI combined with an antacid salt.13 Zegerid® 

(Santarus Inc., USA), a combination of omeprazole with 
sodium bicarbonate (NaHCO3), showed a faster absorption 
and onset of an antisecretory effect compared to the enteric 
coated omeprazole and was approved by the FDA in 
2004.14 Since its successful launch, there have been efforts 
to develop a combination of various PPIs with various 
antacid salts.15,16

AD-206 is a fixed-dose combination of esomeprazole 
with 600 mg of calcium carbonate (CaCO3) developed by 
Addpharma Pharmaceutical Corp, Korea. This is the first 
fixed dose combination of PPI with CaCO3 as the antacid 
counterpart. Considering the acid-neutralizing capacity, 
a marker to compare the relative effectiveness of antacid 
preparations, of CaCO3 is 20 mEq HCl/g compared to 11.9 
mEq HCl/g of NaHCO3, AD-206 was expected to show 
similar pharmacokinetic (PK) and pharmacodynamic (PD) 
features with less amount of the antacid salt compared to 
other fixed dose combinations of PPIs and NaHCO3.17,18 

Therefore, this study compared the PK/PD characteristics 
of AD-206 (test treatment, T) to the conventional esome-
prazole (Nexium®, reference treatment, R).

Methods
This study was approved by the Institutional Review 
Board (IRB) of Seoul National University Hospital. This 
study was conducted in accordance with the Declaration of 
Helsinki and Korean Good Clinical Practice (KGCP) 
(ClinicalTrials.gov identifier: NCT03980756). Due to the 
confidentiality issue, individual data will not be shared. 
The first subject was enrolled on July 10, 2019 and the last 
subject finished the schedule on June 18, 2020. The writ-
ten informed consents were obtained from all subjects 
before any study-related procedures.

Study Population
Healthy Korean subjects aged between 19 and 50 years 
with a body weight of 50 to 90 kg and a body mass index 
(BMI) of 18 to 27 were enrolled. Previous medical and 
surgical history, physical examination, vital signs, 12-lead 
electrocardiography (ECG) and clinical laboratory tests 
were evaluated. Subjects with a past medical history that 
could influence the PK/PD of esomeprazole including 
gastrointestinal surgery, history of allergy to esomeprazole 
or other medications, any anatomical defects that can dis-
turb the insertion or maintenance of a pH meter catheter, 
eating habits that can influence the PK/PD of esomepra-
zole and laboratory tests of H. pylori positive or AST/ALT 
exceeding 1.5 upper limits of normal were excluded.

Study Design
This study was a randomized, open-label, two-treatment 
study with 2 different doses. In the 20 mg dose group, AD- 
206, 20 mg of esomeprazole with 600 mg of CaCO3, was 
compared with the conventional esomeprazole 20 mg. In 
the 40 mg dose group, AD-206, 40 mg of esomeprazole 
with 600 mg of CaCO3, was compared with the conven-
tional esomeprazole 40 mg. Subjects were randomly 
assigned to one of the two sequences (T-R or R-T) in 1:1 
ratio and administered either a test or reference treatment 
for 7 consecutive days in each period. During PD evalua-
tion, subjects were monitored to ensure they started their 
standardized meals exactly 4.5 and 10.5 hours after admin-
istration and were recommended to eat all the food 
provided.

Pharmacokinetic Evaluation
Blood samples for PK evaluation of esomeprazole were 
collected at 0 (before dosing), 0.17, 0.33, 0.5, 0.75, 1, 1.25, 
1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 8, 10, 12 and 24 hours after the 
single dose (Day 1) and at steady state after a multiple dose 
(Day 7) for each period. For each blood sampling, 5 mL of 
blood was collected in a K2-EDTA tube and centrifuged at 
4°C and 3000 rpm for 10 minutes, and the supernatant was 
stored at −70°C until analysis. The plasma concentrations of 
esomeprazole were measured using ultra-performance liquid 
chromatography-tandem mass spectrometry (UPLC-MS 
/MS) with esomeprazole-d3 sodium salt as the internal stan-
dard. The mass spectrometer was operated in the positive ion 
mode, and the mass transition ion pair was selected with the 
mass-to-charge ratio (m/z) at 346.1 → 198.1 for esomepra-
zole and 349.1 → 198.1 for the internal standard. The lower 
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limit of quantification (LLOQ) was 10 ng/mL. The percen-
tage of the deviation of the mean from theoretical (% DMT) 
and the percentage of the relative standard deviation (% 
RSD) of the calibration standard and the quality control 
sample were within ±15% (±20% for LLOQ) and met the 
predetermined criteria for accuracy and precision over the 
quantification range.

The PK parameters were estimated by non- 
compartmental methods using the Phoenix WinNonlin® 

software version 7.0 (Pharsight Co, Mountain View, CA, 
USA) and included maximum esomeprazole plasma con-
centration (Cmax), time to reach Cmax (Tmax), time point 
immediately prior to the first quantifiable concentration 
(tlag), area under the concentration–time curve (AUC) 
within a dosing interval (AUCtau) calculated by the linear- 
up/log-down trapezoidal method, half-life (t1/2), apparent 
total clearance (CL/F) and apparent volume of distribution 
(Vz/F) after a single- and multiple-dose.

Pharmacodynamic Evaluation
Intragastric pH monitoring was performed using an impe-
dance-pH recorder (Digitrapper™ pH-Z recorder, 
Medtronic Co. Ltd., Ireland). The 24-hour pH monitoring 
was performed one day before the first dose (Day −1) for 
baseline evaluation and after the single (Day 1) and multi-
ple dose (Day 7) for each period. Because subjects 
received either a test or reference treatment with 150 mL 
of water under a fasting condition, the same amount of 
water was also given in the baseline evaluation. During the 
24-hour pH monitoring, subjects were required to maintain 
an upright posture at least a 45-degree angle from 7 AM to 
11 PM.

The PD parameters included the integrated gastric 
acidity, time to reach pH ≥ 4, percentage of time with 
gastric pH ≥ 4 and mean gastric pH after a single- and 
multiple-dose. Changes from baseline in the integrated 
gastric acidity, percentage of time with a gastric pH ≥ 4 
and mean gastric pH were also evaluated. The integrated 
gastric acidity was calculated using the following method.

Acid concentration (mmol/L) = 1000 * 10−pH

Acidity (mmol * h/L) = (“t” - “t-1”) * (acid in mmol/L 
at time “t” + acid in mmol/L at time “t-1”)/2

Integrated gastric acidity (mmol*h/L) = ∑ (acidity in 
mmol/L * time in second)

Percent decrease from baseline in the integrated gastric 
acidity for a 24-hour interval after a single or multiple dose 
(%) = (Baseline – single or multiple dose)/Baseline * 100

Safety and Tolerability Evaluation
Safety and tolerability were evaluated throughout the 
study based on adverse events (AEs), physical examina-
tions, vital signs, 12-lead ECG and clinical laboratory 
tests. AEs were observed throughout the study, and the 
investigators assessed their relationship with the 
treatments.

Sample Size and Statistical Analysis
Sample size was calculated based on the PK intra-subject 
variability (Cmax and AUCtau) for esomeprazole reported 
in previous studies in healthy subjects.19–21 Supposing an 
intra-subject variability of 30.8%, at least 41 subjects were 
required in constructing a 90% confidence interval (CI) for 
the geometric mean ratio (GMR) to fall within 0.8 to 1.25 
with a 5% level of confidence and 90% power. 
Considering possible dropouts, 44 subjects were selected 
as the final sample size. The PD intra-subject variability 
was not considered in determining the sample size because 
it was regarded more robust than that of the PK 
parameters.

Analysis of variance (ANOVA) considering the 
sequence, period and treatment effects as the fixed effect 
and subjects nested within a sequence as the random effect 
was used to compare the PK and PD parameters between 
treatments. The primary endpoint of the PK and PD was 
the AUCtau after a multiple-dose and the decrease from 
baseline in the integrated gastric acidity after a multiple- 
dose, respectively. PK parameters were regarded as 
equivalent if the 90% CI of the GMR was within 0.8 to 
1.25. The mean difference of the PD parameters between 
treatments was considered not significant if the p-value 
exceeds 0.05.

Results
Study Population
A total of 88 healthy Korean subjects were enrolled (44 
subjects in each dose group). All subjects in the 20 mg 
dose group completed the study, while 5 subjects withdrew 
their consents before administration of any treatment and 3 
after several doses of either the test or reference treatment in 
the 40 mg dose group. The safety analysis was conducted in 
83 subjects (44 subjects in the 20 mg dose group and 39 
subjects in the 40 mg dose group) who received a treatment 
at least once. The PK and PD analyses were conducted in 80 
(44 subjects in the 20 mg dose group and 36 subjects in the 
40 mg dose group) and 79 subjects (44 subjects in the 20 mg 
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dose group and 35 subjects in the 40 mg dose group), 
respectively, due to loss of PD data in 1 subject in the 
40 mg dose group (Figure 1). The mean ± standard deviation 
(SD) of the age, height, weight and BMI in the 20 mg group 
were 31.1 ± 6.9 years, 172.7 ± 5.3 cm, 71.4 ± 6.9 kg and 
23.9 ± 1.8 kg/m2, respectively, and the corresponding values 
in the 40 mg dose group were 30.5 ± 6.7 years, 172.8 ± 
5.1 cm, 70.4 ± 9.4 kg and 23.5 ± 2.5 kg/m2, respectively.

Pharmacokinetics
The overall pharmacokinetic characteristics of AD-206 were 
similar to those of the conventional esomeprazole except for 
the Tmax. AD-206 was rapidly absorbed compared to the 
conventional esomeprazole. The tlag of AD-206 ranged from 
0 to 1.17 hours which was shorter than that of the conven-
tional esomeprazole of 0 to 3 hours. In addition, the Tmax 

of AD-206 ranged from 0.33 to 2.5 hours after a single-dose 
and 0.17 to 2.5 hours after a multiple-dose which was also 
shorter than that of the conventional esomeprazole of 0.75 to 
4 hours (Figure 2A and B). The systemic exposure of 
esomeprazole in AD-206 was similar to that of the conven-
tional esomeprazole after a multiple-dose. The GMR (90% 
CI) of AD-206 to the conventional esomeprazole in terms of 
the AUCtau after a multiple-dose at a steady state was 0.9359 

(0.8861–0.9885) in the 20 mg dose group and 0.9849 
(0.9332–1.0396) in the 40 mg dose group (Table 1).

Pharmacodynamics
The mean gastric pH for AD-206 increased more rapidly 
compared to the conventional esomeprazole (Figures 3A 
and B and 4A and B). The mean time to reach pH ≥ 4 after 
a single-dose of AD-206 was 57.77 and 35.44 minutes in the 
20 and 40 mg dose groups, respectively, compared to 89.48 
and 94.84 minutes for the conventional esomeprazole 
(Table 2). The mean time to reach a pH ≥ 4 after a multiple- 
dose of AD-206 was also faster with 12.29 and 9.04 minutes 
in the 20 and 40 mg dose groups, respectively, compared to 
the 22.81 and 16.54 minutes for the conventional esomepra-
zole. Percent decrease from baseline in the integrated acidity 
for a 24-hour interval of AD-206 after a multiple-dose was 
not significantly different compared to that of the conven-
tional esomeprazole for both doses. The GMR (90% CI) 
of AD-206 to conventional esomeprazole in percent decrease 
from baseline in the integrated acidity for a 24-hour interval 
after a multiple-dose was 1.0330 (0.9783–1.0907) in the 
20 mg dose group and 1.0193 (0.9849–1.0549) in the 
40 mg dose group. Other PD parameters were similar 
between the treatments after a multiple-dose.

Figure 1 Study disposition.
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Safety and Tolerability
No serious AEs (SAEs) were reported. Thirteen AEs in 5 
subjects for AD-206 and 16 AEs in 9 subjects for the 
conventional esomeprazole were considered to be related 
to the treatments in the 20 mg dose group. Moreover, 11 
AEs in 7 subjects for AD-206 and 6 AEs in 3 subjects for 
the conventional esomeprazole were considered to be 
related to the treatments in the 40 mg dose group 
(Supplementary Table 1). All the AEs were mild, and all 
subjects recovered without any complications. There were 
no clinically significant changes in clinical laboratory 
tests, 12-lead ECG, physical examination and vital signs.

Discussion
The absorption of AD-206 was faster in that the median 
tlag and Tmax were 0.5 to 1.5 hours shorter than those of the 
conventional esomeprazole. This trend was observed both 
after a single- and multiple-dose at steady state and in 
other fixed dose combinations of PPIs and NaHCO3.14,15 

Previous studies indicated that the gastric emptying rate 
increases as the size of the non-disintegrating drugs gets 
smaller.22,23 Similarly, formulations developed for faster 
disintegration compared to the conventional ones showed 
a more rapid absorption in several clinical studies.24–27 

The rapid disintegration and earlier transition to the intes-
tine of AD-206 could have been attributed to a faster 
absorption compared to the conventional esomeprazole. 
Additionally, the increased gastric absorption of esomepra-
zole with alkalinizing agents compared to the delayed- 
release esomeprazole was shown in an animal model.28 

Therefore, the increased gastric absorption of esomepra-
zole in AD-206 could have contributed to a faster absorp-
tion. It has been suggested that the plasma concentration is 
closely related to the inhibitory effects of PPIs.29 

Likewise, AD-206 showed a faster onset of action as 
seen by the shorter time to reach pH ≥ 4. The time to 
reach a pH ≥ 4 was greatly reduced in AD-206 after 
a single- and multiple-dose for both doses. The faster 
absorption of esomeprazole in AD-206 compared to the 
conventional esomeprazole could have initiated the neu-
tralization of gastric acid more quickly. Moreover, the 
instant release of the antacid salt (CaCO3) might have 
attributed to the antacid effect. In a previous study, it 
was suggested that stimulation of gastrin by an antacid 
salt could have led to the rapid onset of the antisecretory 
effect.14 Given such characteristics of AD-206, it can be 
an alternative to conventional enteric-coated PPIs when 
rapid absorption or immediate management of symptoms 
for GERD is needed.30,31

The systemic exposure of esomeprazole for AD-206 
was similar to that of the conventional esomeprazole and 
satisfied the predetermined equivalent criteria after 
a multiple-dose for both doses. However, the systemic 
exposure of esomeprazole in AD-206 was lower than 
that of the conventional esomeprazole after a single-dose 
for both doses. Regarding the acid-labile characteristic of 
esomeprazole, the gastric acidity might not have been 
adequately neutralized to protect esomeprazole from 
being degraded. Nevertheless, the PD effects after 
a single-dose were similar between two treatments. Also, 

Figure 2 Mean plasma concentration-time profiles of esomeprazole in AD-206 and Nexium® after single- and multiple-dose in the (A) 20mg dose group and the (B) 40 mg 
dose group.
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considering that esomeprazole was not approved for on- 
demand uses and is required to be administered for at least 
4 weeks, the relatively lower value of AUCtau of AD-206 
compared to that of the conventional esomeprazole after 
a single-dose would not have significant clinical 
meaning.32

Meanwhile, a higher Cmax for AD-206 can provoke 
safety concerns. The Cmax of AD-206 was similar in the 
20 mg dose group after a single-administration but was 
higher than the conventional esomeprazole after 
a multiple-dose in the 40 mg dose group. Nonetheless, 
PPIs are a remarkably well-tolerated class of drugs, and 

no evidence of increased toxicity was reported among 
poor metabolizers despite a higher plasma 
concentration.33 In addition, the frequency and character-
istics of the AEs were similar between the test and 
reference treatments, and there was no SAE in both 
treatments. Therefore, it is reasonable to conclude 
that AD-206 is as tolerable as the conventional esome-
prazole regardless of the increased Cmax.

Percent decrease from baseline in the integrated acidity 
was used as a parameter for comparing the PD effects in 
previous studies.15,16,34 It compares the acidity of the base-
line and after a single- or multiple-dose. Considering that 

Figure 3 Mean gastric pH-time profiles after administration of AD-206 and Nexium in the 20mg dose group after (A) single- and (B) multiple-dose. 
Notes: Baseline pH was calculated as the mean of baseline intragastric pH measured between two periods. Subjects received treatments with 150 mL of water. In baseline 
intragastric pH monitoring, only 150 mL of water was received.

Figure 4 Mean gastric pH-time profiles after administration of AD-206 and Nexium in the 40 mg dose group after (A) single and (B) multiple-dose. 
Notes: Baseline pH was calculated as the mean of baseline intragastric pH measured between two periods. Subjects received treatments with 150 mL of water. In baseline 
intragastric pH monitoring, only 150 mL of water was received.
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only about 2/3 of the proton pumps are inhibited after 
a single PPI dose, anticipation of the variability of the 
parameter after a single-dose was expected to be 
demanding.35 Therefore, percent decrease from baseline 
in the integrated acidity after a multiple-dose was set as 
the primary PD endpoint in this study.

The superior acid-neutralizing capacity of CaCO3 com-
pared to NaHCO3 enabled the development of a fixed dose 
combination of esomeprazole with less amount of antacid 
salt. In previous studies, 800 mg and 1100 mg of NaHCO3 

were used compared to only 600 mg of CaCO3 in AD- 
206.15,16 Development of fixed dose combination medica-
tion with smaller size is expected to improve patients’ 
compliance and adherence.

Conclusion
AD-206 showed a similar systemic exposure and suppres-
sion of gastric acid secretion at steady state after 7 con-
secutive-day oral doses compared to the conventional 
esomeprazole. Rapid absorption of AD-206 enabled 
a faster onset of inhibitory action and is expected to 
replace the conventional esomeprazole with an earlier 
symptom-free condition in GERD patients.
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