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Aims: The objectives were to investigate the pharmacokinetics, pharmacodynamics

and safety of ilaprazole infusion in healthy subjects and patients with esomeprazole as

positive control, and then recommend the dosage regimen for Phase 2b/3 studies.

Methods: Three clinical studies were performed. First, 16 healthy subjects received

infusion of ilaprazole 30 mg or esomeprazole 80 mg. Second, 12 healthy subjects

received ilaprazole 20 mg followed by 10 mg once daily for 2 days. Finally, 20 patients

with duodenal ulcers received ilaprazole 20 mg followed by 10 mg for 2 days or

esomeprazole 40 mg twice daily for 3 days. Serial blood samples were collected and

intragastric pH was recorded.

Results: The mean percentages time of intragastric pH >6 was 63.6 and 51.7% for

healthy subjects after receiving ilaprazole 30 mg and esomeprazole 80 mg. Linear

pharmacokinetics was observed when the dose was increased to 30 mg but the effect

was saturated. Ilaprazole 20 mg followed by 10 mg for 2 days provided higher plasma

exposure in healthy subjects than patients, but the effect was comparable. After mul-

tiple administrations, ilaprazole provided similar effect to esomeprazole. Ilaprazole

infusion was safe and well tolerated without serious adverse events.

Conclusions: Ilaprazole provided comparable effect of pH control to esomeprazole,

with lower dose and fewer times of administration. There was no significant differ-

ence of ilaprazole between healthy subjects and patients regarding intragastric acid

inhibition. A loading dose of ilaprazole 20 mg followed by 10 mg once daily for 2 days

was recommended for Phase 2b/3 studies.
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1 | INTRODUCTION

Proton‐pump inhibitors (PPIs) are the most effective agents for suppress-

ing gastric acid secretion and are the mainstay of the treatment of acid‐

related diseases including gastro‐oesophageal reflux disease, peptic ulcer
is paper is Ji Jiang and that he had
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disease, Zollinger–Ellison syndrome and Helicobacter pylori infection.1

PPIs are generally safely and effectively used; however, several chal-

lenges remain, including high individual variability caused by CYP2C19

polymorphisms, short duration of action and reduced acid inhibition dur-

ing the night.2,3 Current effort is focused on the development of the

third‐generation PPIs, which, at least ideally, should be more potent,

rapid and prolonged in action with lower interindividual variability.
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What is already known about this subject

• Ilaprazole is a novel proton‐pump inhibitor (PPI) of the

third generation. Ilaprazole infusion is developed for the

patients who are unable to take oral medications, or for

some emergent situations such as non‐varicella upper

gastrointestinal bleeding, in which a rapid onset of

action is desired.

• In healthy subjects, ilaprazole exhibited linear

pharmacokinetics over the dose of 5–20 mg.

• The potency of intragastric acid pH control and onset of

action were closely related to the dose and ilaprazole

20 mg provided the most significant effect in healthy

subjects.

What this study adds

• Ilaprazole was able to provide comparable intragastric

acid inhibition to that of esomeprazole, with lower dose

and fewer times of administration.

• There was no significant efficacy difference of ilaprazole

infusion between healthy subjects and patients, and the

effect was saturated when dose was increased to 30 mg.

• An optimum dose regimen of 20 mg followed by 10 mg

for 2 days was recommended for Phase 2b/3 studies.

• To reduce the impact of food intake and circadian

rhythm, baseline pH–time profile should be acquired

when assessing the efficacy of PPIs. Furthermore, the

saturated effect should be determined. These can be

utilized in guiding studies of other PPIs.
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Ilaprazole is a novel PPI that is developed by Livzon Pharmaceu-

tical Co., Ltd. (Zhuhai, China). Ilaprazole enteric‐coated tablet has

been approved for the treatment of gastric and duodenal ulcer, as

well as erosive oesophagitis. Ilaprazole belongs to a class of

substituted benzimidazole molecules, chemically related to omepra-

zole.4 At variance with other PPIs, ilaprazole was predominantly

metabolized by CYP3A and partly by CYP 2C195 and hence the

pharmacokinetics (PK) and pharmacodynamics (PD) of ilaprazole

were not significantly influenced by CYP 2C19 polymorphism.6,7

Besides ilaprazole displayed a t1/2 (3–6 h) longer than that of other

PPIs (0.5–2 h).8,9 These features translated into lower interindividual

variability and long‐lasting acid inhibition in clinical application. It

was reported that ilaprazole tablet 20 mg provided significantly

higher mean 24‐hour pH than omeprazole tablet 20 mg in healthy

subject10 and in patients with gastroesophageal reflux disease,

ilaprazole 5 mg was comparable to omeprazole 20 mg; ilaprazole

10 and 20 mg thus provided a more potent and prolonged

intragastric acid inhibition.11 Recently, a meta‐analysis involving

1481 patients concluded that ilaprazole was a highly effective and

safe PPI in the treatment of acid‐related disease.12

Intravenous PPI therapy is critical for the patients who are unable

to take oral medications, or for some emergent situations such as

non‐varicella upper gastrointestinal bleeding, in which a rapid onset

of action is desired.13-15 Currently ilaprazole infusion is being evalu-

ated in China. The PK, PD and safety of ilaprazole infusion have been

investigated in healthy subjects. It was reported that intravenous

ilaprazole exhibited dose‐related effect of action and ilaprazole

20 mg provided the most significant pH control effect.16,17 However,

there are problems remaining unsolved: (i) is 20 mg the right dose pro-

ducing the best effect; (ii) is there a gap when extrapolating the PK and

PD of ilaprazole from healthy subjects to patients; (iii) what is the opti-

mum dose regimen for clinic? Therefore, the present study was

designed to explore the potential PK and PD differences of ilaprazole

infusion between healthy subjects and patients, to compare the effi-

cacy of ilaprazole with esomeprazole in healthy subjects and patients

with duodenal ulcers, and then determine the optimum dose regimen

for Phase 2b/3 studies.
2 | METHODS

2.1 | Ethics

The studies were conducted in accordance with Good Clinical Practice

regulations, the ethical principles stated in the Declaration of Helsinki.

The studies were registered on the official website of the China Food

and Drug Administration: http://www.chinadrugtrials.org.cn/ (registra-

tion number: CTR20132846, CTR20150685 and CTR20150686).

Approval of the study was obtained from the Ethical Committee of

Peking Union Medical College hospital (Beijing, China) and Jiangsu

Province Hospital (Nanjing, China). Written informed consent was

obtained from all subjects prior to the start of the study.
2.2 | Subjects

The healthy subjects were assessed for eligibility based on the follow-

ing inclusion criteria: men or women aged 18–45 years with a body

mass index of 19–25 kg m−2. Key exclusion criteria were: history of

allergy to drugs or alcohol abuse; participation in a clinical drug study

or blood donation within a period of 3 months; positive for hepatitis

B virus (HBV), hepatitis C virus (HCV), or human immunodeficiency

virus (HIV); H pylori‐positive as determined by from the 13C urea

breath test; administration of any prescription or over‐the‐counter

medication within 14 days prior to the first dose of study drug. Preg-

nant and lactating women were excluded from this study.

Eligible patients were those with endoscopically diagnosed active

duodenal ulcers within 1 week before entry and with ulcer diameter-

15 mm, aged 18–65 years with a body mass index of 19–30 kg m−2.

Exclusion criteria included evidence of complex and multiple ulcers,

Zollinger–Ellison syndrome, or oesophageal erosion/ulcer; pregnant

and lactating women; evidence of clinically significant abnormalities

in cardiac, hepatic, renal, pulmonary, neurological, gastrointestinal,

haematological and psychiatric function; history of allergy to drugs; a

http://www.baidu.com/link?url=vN1B9JxnrWxLr1O6iSMTUrk-DTvtl779nJ3hR6odIK4KSBNCbhpPMnLGRMkAdV52O-MFfz2HJZJylfJ5jJN-_vD7GRLEJo_QJ-Fajpn1S6vAwZfhM45gvDSjIbLqTbO8
http://www.chinadrugtrials.org.cn/
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history of alcohol abuse; participation in a clinical drug study or blood

donation within a period of 3 months.
2.3 | Study design

Three clinical studies were designed and performed in 2 sites in

Jiangsu and Beijing (Figure 1). Study A was an open‐label, randomized,

positive‐control (esomeprazole) and parallel study. Sixteen healthy

subjects were randomized to receive infusion of ilaprazole 30 mg or

esomeprazole 80 mg at 08:00 on day 1 after an overnight fasting.

Study B was a multiple‐dose study in which 12 healthy subjects

received ilaprazole 20 mg at 08:00 on day 1 after an overnight fasting,

and followed by 10 mg once daily on day 2 and day 3 Study C was an

open‐label, randomized, positive‐control (esomeprazole) and parallel

study. Twenty eligible patients with duodenal ulcers were randomized

ilaprazole 20 mg at 08:00 on day 1 after an overnight fasting and

followed by 10 mg once daily on day 2 and day 3, or f esomeprazole

40 mg twice daily (08:00 and 20:00) on day 1, day 2 and day 3. The

subjects were admitted to the phase I ward on day −1 and stayed

throughout the treatment periods. Drinking water was not permitted

until 2 h after dosing and standard meals were provided at 4 and

10 hours on each study day.
2.4 | Study medications

Ilaprazole (batch number: S131201, Livzon Pharmaceutical Co., Ltd.,

Zhuhai, China) and esomeprazole (batch number: PAMT1310025/

PAMS131002, AstraZeneca AB, Sweden) lyophilized powder were
FIGURE 1 Study design: study A, an open‐label, randomized, positive‐con
study; study C, an open‐label, randomized, positive‐control and parallel stu
freshly reconstituted with saline (0.9%, g 100 mL−1) to produce the fol-

lowing solutions: ilaprazole, 0.1 mg mL−1 and 0.15 mg mL−1;

esomeprazole, 0.4 mg mL−1. The solution was given to the subjects

using a calibrated infusion pump and the infusion time was 45 minutes.

The following medications were prepared: (i) 30 mg ilaprazole:

0.15 mg mL−1, 200 mL; 80 mg esomeprazole: 0.4 mg mL−1, 200 mL;

(ii) 10 mg ilaprazole: 0.1 mg mL–1, 100 mL; 20 mg ilaprazole:

0.1 mL−1, 200 mL; 40 mg esomeprazole: 0.4 mg mL−1, 100 mL; (iii)

the same as dose regimen ii.
2.5 | PK measurement

Serial blood samples (3 mL) were collected for PK evaluation. In study

A, the blood samples were drawn on day 1 at the following time

points: 0 (predose), 15, 30, 45, 50 minutes, 1, 2, 3, 4, 5, 8, 12, 16

and 24 hours. In study B, the blood samples were drawn on day 1

and 3 as follows: 0 (predose), 15, 30, 45, 50 minutes, 1, 2, 3, 4, 5, 8,

12, 16 and 24 hours, and were collected prior to dose (0 hours) and

45 minutes after dose on day 2. In study C, the blood samples were

drawn on day 1 as follows: 0 (predose), 15, 30, 45, 50 minutes, 1, 2,

3, 4, 5, 8, 12, 16 and 24 hours for ilaprazole; 0 (predose), 25, 45,

55 minutes, 1.5, 2, 3, 5, 8 and 12 hours for esomeprazole. The blood

samples were collected into EDTA‐K2 vacutainers and immediately

placed on ice. After being centrifuged at 1500× g for 10 minutes at

4°C, the plasma was collected and stored at −80°C until analysis.

The plasma concentrations of ilaprazole and esomeprazole were deter-

mined in using a validated ultra‐performance liquid chromatography–

tandem mass spectrometry method (Supplementary Text 1).
trol and parallel study; study B, an open‐label, randomized and parallel
dy. qd, once daily; bid, twice daily; PK, pharmacokinetics
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The PK parameters were calculated by noncompartmental analysis

using WinNonlin software version 6.3 (Pharsight, St Louis, MO, USA).

Cmax was the maximum plasma concentration in a profile and tmax was

the time to Cmax. The elimination half‐life (t1/2) was estimated by linear

regression of log‐transformed concentration–time data. The area

under the plasma concentration–time curve from time zero to t

(AUC0–t), where t was the time of last measurable sample, was calcu-

lated according to the linear trapezoidal rule. The AUC from time zero

to infinity (AUC0–∞) was estimated as AUC0–t + Ct/λz, where Ct was

the plasma concentration of the last measurable sample. Clearance

(CL) was calculated as dose/AUC0–∞ and apparent volume of distribu-

tion (V) as calculated as CL/λz.
2.6 | PD measurement

A calibrated pH microelectrode (MMS, the Netherlands) was inserted

transnasally into the stomach, fixed approximately 10 cm below the

lower oesophageal sphincter, and connected to a pH data recorder

(Orion II‐Ohmega, MMS, the Netherlands). The antimony electrode

was calibrated using commercial buffer solutions (pH 1.07 and 7.01)

at room temperature pre‐ and postmeasurement. Intragastric pH was

automatically recorded every 4 seconds during the 12‐ or 24‐hour

recording period.

The subjects underwent intragastric pH monitoring at baseline (day

–1) and during the treatment. In study A, intragastric pH was moni-

tored for 24 hours on day −1 and day 1. In study B, intragastric pH

was monitored for 12 hours on day −1, day 2 and for 24 hours day

1. In study C, 24 hours intragastric pH was monitored on day −1,

day 1, day 3 and day 4 after drug withdrawal.

For PD evaluation, the intragastric pH–time profile of each subject,

percentages of time intragastric pH >4, >5 and > 6 over the treatment

period, the nocturnal pH (20:00–08:00 next day), as well as the noc-

turnal time at pH < 4 were recorded. The time to first reach pH > 6

and maintained for over 0.25 hours after dosing was also recorded,

representing the onset of action. Among these parameters, the per-

centages of time intragastric pH > 6 was as major index generally used

to evaluate the clinical effects of intravenous PPIs for patients with

acid‐related disease.
TABLE 1 Subject demographics

Study A
St

Ilaprazole (n = 10) Esomeprazole (n = 6) Ila

Age (y) 25 (22–31) 25 (23–29)

Height (m) 1.7 (1.5–1.8) 1.6 (1.5–1.8)

Weight (kg) 58.0 (50.0–67.8) 60.8 (50.0–69.3) 6

BMI (kg m−2) 21.2 (19.0–23.6) 22.5 (21.4–23.7) 2

Sex, male (%) 5 (50%) 3 (50%)

Data are represented as median (range).

BMI, body mass index.
2.7 | Safety evaluation

Safety and tolerance were evaluated based on occurrence, frequency

and severity of adverse events (AEs). Routine clinical laboratory tests

(biochemistry, haematology and urinalysis), 12‐lead electrocardio-

grams, physical examinations and vital signs (blood pressure, pulse rate

and body temperature) were performed at initial screening, day –1,

treatment period to discharge or upon early termination. The AEs were

monitored from the initial administration to a follow‐up phase of

14 days after last treatment. The AEs were assessed by the investiga-

tors with regard to severity (mild, moderate, severe and life‐threaten-

ing) and the relationship to study treatment (reasonably or possibly

related, not reasonably or not possibly related).
2.8 | Statistical analysis

Statistical analysis was performed using SAS version 9.1.3 (SAS Insti-

tute, Cary, NC, USA). The safety analysis set comprised all the subjects

who received ilaprazole or esomeprazole. The PK and PD analysis set

comprised the subjects who received the study drugs and had suffi-

cient data to derive parameters. The parameters were tabulated and

summarized using descriptive statistics by treatment group and period.

Dose proportionality of intravenous ilaprazole was assessed using the

power model: ln(y) = β0 + β1ln (dose), where y represents the AUC and

Cmax.
18 The potential PK and PD differences between populations and

study drugs were evaluated using a mixed‐model analysis of variance

(ANOVA), and P value <.05 was considered statistically significant.
3 | RESULTS

3.1 | Subject demographics

In total, 60 healthy subjects and 46 patients were screened, and of

them 28 eligible healthy subjects and 20 patients were enrolled. All

the subjects completed the study and were included in the PK and

PD analysis, as well as safety analysis. The subject demographics are

shown in Table 1.
udy B
Study C

prazole (n = 12) Ilaprazole (n = 10) Esomeprazole (n = 10)

25 (20–29) 45 (25–63) 49 (39–63)

1.7 (1.6–1.8) 1.67 (1.6–1.7) 1.7 (1.6–1.8)

1.4 (54.7–72.4) 61.9 (53.0–70.0) 63.5 (47.0–75.0)

2.1 (19.7–25.0) 22.4 (19.2–25.7) 22.8 (19.3–27.3)

6 (50%) 5 (50%) 6 (60%)
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3.2 | PK

Mean plasma concentration–time curves of infusions of ilaprazole and

esomeprazole were shown in Figure 2 and the PK parameters were

shown in Table 2. In study A, the mean t1/2, CL and V of ilaprazole

(30 mg) were 3.0 h, 3.1 L h−1 and 11.5 L h−1, and these parameters

were comparable to those from the previous study using 5, 10 and

20 mg.16 Dose‐proportionality over 5–30 mg was assessed using

power model analysis. The point estimate and 90% CI for the ratio

of dose‐normalized, geometric mean values of Cmax, AUC0–t and

AUC0–∞ were 0.865 (0.787, 0.950) ng mL−1, 1.021 (0.949, 1.098)

μg h mL−1 and 1.019 (0.946, 1.099) μg h mL−1, respectively, indicating

that intravenous ilaprazole exhibited linear PK property over the dose

of 5–30 mg. Compared with esomeprazole, ilaprazole eliminated much

slower from plasma (t1/2, ilaprazole vs esomeprazole, 3.0 vs 1.5 hours).

In study B, 12 healthy subjects received ilaprazole infusion 20 mg

followed by 10 mg once daily for 2 days. After dose correction the

accumulation index was 0.92 ± 0.10 based on AUC0–t and

0.93 ± 0.06 based on Cmax, indicating that there was no accumulation

after 3 days of multiple infusions. In study C, 10 patients received the

same dose regimen of ilaprazole as study B. However, the plasma

exposure of patients was lower than those of healthy subject in part

B (Cmax, 1540 vs 1871.3 ng mL−1; AUC0‐–∞, 4.9 μg h ml−1 vs
FIGURE 2 Mean plasma concentration–time curves of ilaprazole and es
study A (n = 16); (2) study B (n = 12); (3) study C, day 1 (n = 20)
7.4 μg h mL−1). There were statistical differences between healthy

subjects and patients, in terms of Cmax and AUC, as well as CL and V

(P < .01).

3.3 | PD

Mean 12‐ or 24‐hour intragastric pH–time profiles of ilaprazole and

esomeprazole acquired from healthy subjects and patients were

shown in Figure 3. The mean percentages of time intragastric pH > 4,

> 5 and > 6, mean nocturnal pH (20:00–08:00 next day), and the time

to first reach pH > 6 and maintained for >0.25 hours were summarized

in Table 3.

It is well known that intragastric acid secretion shows a circadian

rhythm and is influenced by buffering meals and nocturnal

duodenogastric reflux.19 Therefore these factors should be taken into

account when evaluating the efficacy of a PPI treatment. In the pres-

ent 3 studies, the baseline pH–time profiles were acquired for each

subject on day −1 before administration. It was clearly indicated that

the basal pH values were significantly affected by meals and circadian

rhythm. Compared with baseline (day −1) all the treatment cohorts in

the studies displayed significant pH control effect.

In study A, the PD of ilaprazole (30 mg) was compared with

esomeprazole (80 mg, the maximum single infusion dose of
omeprazole in healthy subjects and patients with duodenal ulcers: (1)



TABLE 2 Mean pharmacokinetic parameters of ilaprazole and esomeprazole in healthy subjects and patients with duodenal ulcers (mean ± stan-
dard deviation)

Parameters

Study A Study B Study C

Ilaprazole Esomeprazole Ilaprazole Ilaprazole Ilaprazole Esomeprazole
(30 mg, day 1) (80 mg, day 1) (20 mg, day 1) (10 mg, day 3) (20 mg, day 1) (40 mg, day 1)b

(n = 10) (n = 6) (n = 12) (n = 12) (n = 10) (n = 10)

t1/2 (h) 3.0 ± 0.5 1.5 ± 0.2 3.3 ± 0.6 3.1 ± 0.7 3.1 ± 0.6 1.6 ± 0.4

tmax(h)
a 0.75 (0.75–0.75) 0.75 (0.75–0.76) 0.75 (0.75–0.83) 0.75 (0.75–0.75) 0.75 (0.75–0.78) 0.75 (0.75–0.77)

Cmax (ng mL−1) 3101.4 ± 468.7 5680.2 ± 524.9 1871.3 ± 242.0 876.9 ± 84.4 1540.3 ± 241.0 3040.1 ± 875.1

AUC0–t (μg mL h−1) 10.3 ± 2.0 13.5 ± 1.4 7.4 ± 2.1 3.5 ± 0.8 4.7 ± 0.9 7.4 ± 3.9

AUC0–∞ (μg mL h−1) 10.5 ± 2.1 13.6 ± 1.6 7.4 ± 2.2 3.5 ± 0.9 4.9 ± 1.1 7.5 ± 3.8

V (L) 11.5 ± 1.4 12.5 ± 1.6 12.9 ± 2.1 11.3 ± 1.2 17.6 ± 2.7 14.0 ± 3.4

CL (L h−1) 3.0 ± 0.6 5.9 ± 0.7 2.9 ± 0.8 3.1 ± 0.7 4.1 ± 0.9 6.7 ± 2.6

Data are represented as mean ± standard deviation.
aFor tmax, median (range);
bFor esomeprazole cohort in study C, the given dose was 40 mg twice daily and the last time point was 12 h (i.e. AUC0–t = AUC0–12).

FIGURE 3 Mean 12‐ or 24‐hour intragastric pH–time profiles of ilaprazole and esomeprazole in healthy subjects and patients with duodenal
ulcers: (1) study A, healthy subjects (n = 16); (2) study B, healthy subjects (n = 12); (3) study C, patients (n = 20)

WANG ET AL.2552



T
A
B
LE

3
M
ea

n
p
ha

rm
ac
o
d
yn

am
ic
s
pa

ra
m
et
er
s
o
f
ila
pr
az
o
le

an
d
es
o
m
ep

ra
zo

le
ac
co

rd
in
g
to

do
se

re
gi
m
en

s

St
ud

y
A

St
ud

y
B
b

Ila
pr
az
o
le

3
0
m
g
(n

=
1
0
)

E
so

m
ep

ra
zo

le
8
0
m
g
(n

=
6
)

D
ay

1
(2
0
m
g)

D
ay

2
(1
0
m
g)

B
as
el
in
e

D
ay

1
B
as
el
in
e

D
ay

1
B
as
el
in
e

(n
=
1
2
)

(n
=
1
2
)

M
ea

n
2
4
‐h

pH
1
.8

±
0
.3

6
.2

±
0
.6

1
.8

±
0
.4

5
.6

±
0
.5

1
.8

±
1
.0

‡
6
.1

±
0
.9

7
.2

±
0
.3

pH
>
4
(%

)
6
.9

±
5
.1

8
5
.6

±
9
.0

7
.9

±
6
.8

6
9
.2

±
8
.2

1
2
.3

±
8
.1

8
0
.2

±
1
3
.2

9
8
.9

±
2
.2

pH
>
5
(%

)
3
.8

±
3
.2

7
9
.6

±
1
2
.0

4
.6

±
4
.3

6
2
.8

±
7
.3

1
0
.3

±
7
.9

7
8
.6

±
1
6
.2

9
6
.1

±
4
.8

pH
>
6
(%

)
1
.7

±
1
.6

6
5
.6

±
1
2
.3

1
.4

±
1
.3

5
1
.7

±
8
.3

8
.9

±
6
.9

6
9
.1

±
1
7
.0

8
8
.6

±
1
1
.1

F
ir
st

ti
m
e
to

pH
>
6
(h
)a

0
.8

(0
.5
–1

.9
)

1
.1

(0
.5
–1

.8
)

3
.1

(0
.3
–4

.5
)

M
ea

n
no

ct
ur
na

l
pH

1
.7

±
0
.4

5
.9

±
0
.7

1
.7

±
0
.6

4
.2

±
0
.6

1
.6

±
1
.1

6
.3

±
1
.3

N
ig
ht
‐t
im

e
o
f
pH

<
4
(h
)

1
.9

(0
.0
–4

.4
)

6
.0

(3
.3
–8

.4
)

St
ud

y
C

Ila
pr
az
o
le

(n
=
1
0
)

E
so

m
ep

ra
zo

le
(n

=
1
0
)

B
as
el
in
e

D
ay

1
(2
0
m
g)

D
ay

3
(1
0
m
g)

D
ay

4
(1
0
m
g)

B
as
el
in
e

D
ay

1
(4
0
m
g)

D
ay

3
(4
0
m
g)

D
ay

4
(4
0
m
g)

M
ea

n
2
4
‐h

pH
2
.7

±
1
.3

7
.0

±
1
.1

7
.1

±
1
.5

5
.1

±
1
.2

2
.2

±
0
.7

7
.1

±
0
.6

7
.3

±
0
.3

6
.0

±
0
.8

pH
>
4
(%

)
2
2
.7

±
2
3
.1

8
9
.3

±
1
1
.3

9
4
.4

±
1
5
.5

5
9
.6

±
2
0
.2

1
2
.6

±
1
1
.3

9
2
.1

±
5
.1

9
9
.8

±
0
.2

7
5
.5

±
1
4
.7

pH
>
5
(%

)
1
8
.8

±
1
9
.4
3

8
4
.7

±
1
7
.3

9
2
.0

±
1
8
.9

5
1
.2

±
1
9
.7

7
.8

±
6
.8

8
8
.7

±
7
.7

9
9
.3

±
0
.8

6
8
.4

±
1
5
.9

pH
>
6
(%

)
1
4
.3

±
1
4
.9

7
9
.5

±
2
4
.8

8
6
.8

±
2
2
.4

4
1
.9

±
2
1
.3

4
.5

±
3
.5

8
2
.2

±
1
2
.1

9
1
.1

±
5
.3

5
7
.0

±
1
4
.2

F
ir
st

ti
m
e
to

pH
>
6
(h
)a

2
.5
(1
.4
–4

.3
)

2
.7
(0
.2
–4

.1
)

M
ea

n
no

ct
ur
na

l
pH

2
.8

±
1
.5

7
.4

±
1
.5

7
.0

±
1
.7

4
.9

±
1
.2

2
.0

±
0
.7

7
.5

±
0
.7

7
.3

±
0
.3

5
.6

±
1
.5

D
at
a
ar
e
re
pr
es
en

te
d
as

m
ea

n
±
st
an

da
rd

de
vi
at
io
n.

a F
o
r
ti
m
e
to

fi
rs
t
re
ac
h
pH

>
6
an

d
no

ct
ur
na

l
pH

<
4
(h
),
m
ed

ia
n
(r
an

ge
).

b
F
o
r
st
ud

y
B
,t
he

pH
va
lu
e
w
as

m
o
ni
to
re
d
fo
r
1
2
h
o
n
da

y
−
1
(b
as
el
in
e)

an
d
da

y
3
.

WANG ET AL. 2553



WANG ET AL.2554
esomeprazole20) in healthy subjects. This indicated that the mean 24‐

hour intragastric pH–time profile of ilaprazole (30 mg) was comparable

to that of esomeprazole (80mg) in healthy subjects except the nocturnal

stage (20:00–08:00 next day; Figure 3‐1). The mean 24‐hour pH values

were not statistically different (P > .05); however, during the night

(20:00–08:00 next day), ilaprazole showed better effect than

esomeprazole regarding mean night‐time pH and the time of pH < 4

(P < .05). Individual data for the percentage time of intragastric pH >4,

>5 and > 6 of ilaprazole and esomeprazole was illustrated in Figure 4.

Mean percentages time of intragastric pH >4 and >5 of ilaprazole were

significantly higher than those of esomeprazole; however, there was no

statistical difference between the 2 treatments in themean percentages

time of intragastric pH > 6 (p = 0.052). The time to first reach pH > 6was

0.8 hours and 1.1 hours for ilaprazole and esomeprazole, respectively,
FIGURE 4 Individual data for the percentage time of pH >4, pH >5 a
administration of ilaprazole or esomeprazole. qd, once daily; bid, twice dail
indicating that the onset of action of ilaprazole was similar to that of

esomeprazole. Overall it was demonstrated that ilaprazole 30mg exhib-

ited comparable intragastric acid inhibition to esomeprazole 80 mg in

healthy subjects; moreover, ilaprazole might have better effect in over-

coming the nocturnal acid breakthrough, which is always accompanied

with the treatment of PPIs.

In study B, during the 3‐day treatment, the mean percentages time

of intragastric pH >4, >5 and >6 were, respectively, 80.2, 78.6 and

69.1% on day 1 at the dose of 20 mg, and were increased to 98.9,

96.1 and 88.6% on day 2 at the following dose of 10 mg. This indi-

cated that this dosing regimen provided stable and sustained pH con-

trol effect (Figure 3‐2).

In study C, the PD of ilaprazole (a bolus of 20 mg on day 1 followed

by 10 mg once daily for 2 days) was compared with esomeprazole
nd pH >6 in healthy subjects (study A) and patients (study C) after
y
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(40 mg twice daily for 3 days, the prescribed dose of esomeprazole

infusion20) in patients. The time to first reach pH > 6 was 2.6 and

2.4 hours for ilaprazole and esomeprazole, respectively, indicating that

the onset of action of ilaprazole in patients was comparable to that of

esomeprazole. During the continuous infusions, the nocturnal (20:00–

08:00 next day) pH value was maintained over 6.0 both for ilaprazole

and esomeprazole. Individual data for the percentage time of

intragastric pH >4, >5 and >6 of ilaprazole and esomeprazole was illus-

trated in Figure 3‐3. Statistical analysis indicated that there was no sig-

nificant difference in the mean percentages time of intragastric pH >4,

>5 and >6, as well as mean 24‐hour pH between the 2 treatments.

After drug withdrawal (day 4), the mean percentages time of

intragastric pH >6 were 41.9% and 57.0% for ilaprazole and

esomeprazole, indicating that the acid suppression was maintained.

Overall, the present dosing regimen of ilaprazole provided significant

and sustained pH control effect, comparable to that of esomeprazole

with lower dose and less times of administration.
3.4 | H. pylori status and pH value

H. pylori infection is known to be the main aetiology of gastritis and

peptic ulcers. It was reported that in PPIs (pantoprazole, lansoprazole,

omeprazole, esomeprazole and rabeprazole) treatment, H. pylori‐posi-

tive individuals needed only about 20% of the dose to achieve a similar

effect compared with healthy volunteers.21 So far, the effect of H.

pylori infection on the control of intragastric pH by ilaprazole is

unclear.

Of the patients receiving ilaprazole in study C, 8 patients were H.

pylori positive and 2 subjects were negative, determined by 13C urea

breath test. The mean 24‐hour pH–time profiles of H. pylori‐positive

and ‐negative patients are shown in Figure 5. The mean percentages

time of intragastric pH > 6 in H. pylori‐positive and ‐negative subjects

were as follows: 16.6 ± 15.8% vs 5.2 ± 7.3% (day −1,baseline);

82.5 ± 14.1% vs 52.8 ± 52.2% (day 1); 90.5 ± 10.6% vs 61.9 ± 49.2%

(day 3); 45.1 ± 19.5% vs 29.3 ± 32.1% (day 3), respectively. It was
FIGURE 5 Mean 24‐hour intragastric pH–time profiles of Helicobacter
infusion of ilaprazole
indicated that H. pylori‐positive subjects were much more sensitive

to intragastric acid inhibition effect of ilaprazole, however more data

would be required.
3.5 | Safety

A total of 13 (27%) subjects experienced AEs considered by the inves-

tigator to be possibly, probably or definitely drug related. No subjects

withdrew from the study due to AEs. AEs observed included stool

occult blood positive (study B, ilaprazole, 8%), urinary albumin positive

(study C, ilaprazole, 10%), abnormal activated partial thromboplastin

time (study A: ilaprazole, 12.5%; esomeprazole, 12.5%), thromboplastin

time (study C, ilaprazole, 10%;) and fibrinogen (study A, ilaprazole,

12.5%; esomeprazole, 25%). Ilaprazole displayed a similar safety profile

in healthy subjects and patients, and incidence were not related to

dosing regimen and treatment. The AEs generally began on day 1 in

the majority of subjects, and most AEs were associated with coagula-

tion function. All the AEs were mild and transient in nature with no

pattern of treatment‐related, and were recovered without any medica-

tion. No serious AEs or deaths occurred in the study. Except for

abnormities mentioned above, there were no clinically significant

changes in the physical examination, laboratory test, or electrocardiog-

raphy reports before and after the administration of study drugs.
4 | DISCUSSION

Ilaprazole is a novel PPI that provides effective and long‐lasting inhibi-

tion of intragastric acid secretion. The present studies compared the

PK, PD and safety of intravenous ilaprazole with esomeprazole in

healthy subjects and patients with duodenal ulcers, and thus recom-

mended the optimum dose regimen for Phase 2b/3 studies.

Previous study indicated that ilaprazole infusion exhibited linear PK

over the dose of 5–20 mg and the effect of pH control was closely

related with dose.16 In the present study (study A), the dose‐

proportionality was still concluded when the dose was expanded to
pylori‐positive and ‐negative patients before and after intravenous

http://www.baidu.com/link?url=FzSMeiUCP9PNysivK4xTsnReyyESkD5RxOeEW54vl9_whtvTrsl8Rsg6c4rnVkNQN_oVDnTCuukUP6LIT4jrq7szG94lgcOl9rPX8gsIWRK6hARuCw-N_YADvh2NYZhP8yrj8N2D4ThfwV5hUv7Eva
http://www.baidu.com/link?url=FzSMeiUCP9PNysivK4xTsnReyyESkD5RxOeEW54vl9_whtvTrsl8Rsg6c4rnVkNQN_oVDnTCuukUP6LIT4jrq7szG94lgcOl9rPX8gsIWRK6hARuCw-N_YADvh2NYZhP8yrj8N2D4ThfwV5hUv7Eva
http://www.baidu.com/link?url=FzSMeiUCP9PNysivK4xTsnReyyESkD5RxOeEW54vl9_whtvTrsl8Rsg6c4rnVkNQN_oVDnTCuukUP6LIT4jrq7szG94lgcOl9rPX8gsIWRK6hARuCw-N_YADvh2NYZhP8yrj8N2D4ThfwV5hUv7Eva
http://www.baidu.com/link?url=FzSMeiUCP9PNysivK4xTsnReyyESkD5RxOeEW54vl9_whtvTrsl8Rsg6c4rnVkNQN_oVDnTCuukUP6LIT4jrq7szG94lgcOl9rPX8gsIWRK6hARuCw-N_YADvh2NYZhP8yrj8N2D4ThfwV5hUv7Eva
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30 mg; however, PD effect did not increase accordingly (Figure 6).

Regarding the mean 24‐hour pH, nocturnal pH, percentages of time

intragastric pH > 6, as well as the time to first reach pH > 6 (Table 4),

a saturated ceiling effect was observed when dose was increased up

to 30 mg. There was no statistical difference between the 20‐mg

and 30‐mg cohorts (P > .05). The saturated ceiling effect is

associated with the mechanism of action of PPIs. It is known that

PPIs reduce gastric acid secretion by inhibiting the H+‐K+‐ATPase

of gastric parietal cells, and the irreversible inhibition will be satu-

rated when the given dose is high enough to block all the released

H+‐K+‐ATPase.

The general strategy of intravenous PPI treatment for peptic ulcer

bleeding is giving a high dose followed by continuous infusions.13-15

Since the effect of ilaprazole 20 mg was comparable to that of

30 mg, the lower was selected as the loading dose. The following infu-

sion of 10 mg once daily for 2 days was selected because: (i) a previous

study indicated that ilaprazole 10 once daily for 5 days provided stable

PK and PD, and was well tolerated in healthy subjects17; (ii) after

receiving a bolus of 20 mg, ilaprazole 10 mg once daily for 2 days

was assumed to produce comparable effect to that of 20 mg for 2 days

based on a simulation using a mechanism‐based PK/PD model (not

published). This was a modified indirect irreversible response model

incorporating the circadian rhythm of gastric acid production as well

as the effect of food intake.22,23 Then this dose regimen (a loading

dose of 20 mg followed by 10 mg for 2 days) was evaluated in healthy

subjects (study B) and proved to provide significant and stable

intragastric acid inhibition effect.

Since there is always a gap when extrapolating dose/exposure–

response relationship from healthy subjects to patients, a patient

study (study C) using esomeprazole as positive control was designed

in order to: (i) evaluate the efficacy and safety of the proposed dose

regimen in a limited sample size of patients; and (ii) to compare the

potential differences between healthy subjects and patients. In study

C, 20 patients received infusion of ilaprazole 20 mg followed by
FIGURE 6 Mean plasma concentration–time and 24‐hour intragastric pH–
infusion of 5, 10, 20 and 30 mg: (1) pharmacokinetics; (2) pharmacodynam
10 mg once daily for 2 days or esomeprazole 40 mg twice daily for

3 days. There was significant difference between healthy subjects

(study B) and patients (study C), in terms of AUC, Cmax and CL at

the same dose (P < .05). As for the efficacy of ilaprazole (Table 4,

day 1), the mean 24‐hour pH, percentages of time pH > 4, pH > 5

and pH > 6, as well as mean nocturnal pH of patients were higher

than those of healthy subjects, indicating that patients might be

more sensitive to the pH control effect of ilaprazole; however, there

was no statistical difference (P > .05). Therefore, it was concluded

that a loading dose of ilaprazole 20 mg followed by 10 mg once daily

for 2 days provided similar intragastric acid inhibition effect between

healthy subjects and patients although the PK property was

different.

Esomeprazole is 1 of the most popular intravenous PPI currently

used for peptic ulcer bleeding in China. In the present studies, the

PD of ilaprazole infusion were compared with esomeprazole in healthy

subjects (study A) and patients (study C). After single infusion of

ilaprazole 30 mg or esomeprazole 80 mg (the maximum single investi-

gated dose20), with lower dose, ilaprazole exhibited comparable

intragastric acid inhibition effect in terms of onset of action and

potency, and better effect during the night in healthy subjects

(Figure 3). Likewise, following multiple infusions (3‐day treatment),

with fewer times of administration, the pH control effect of ilaprazole

(once daily for 3 days) was similar to that of esomeprazole (twice daily

for 3 days) in patients, in terms of the dynamics of 24‐hour pH profile

(Figure 3) and mean percentages of time pH > 6 (Figure 4). Although

the sustained acid suppression of esomeprazole was better than that

of ilaprazole after drug withdrawal (on day 4 in study B), it was associ-

ated with an 8‐fold higher dose of esomeprazole administered on days

2 and 3. Overall, it was concluded that, with lower dose and fewer

administrations, ilaprazole was able to provide comparable intragastric

acid inhibition to that of esomeprazole.

A limitation of the studies was that the effect of H. pylori infection

on the pH control of ilaprazole was only investigated in 10 patients.
time profiles of ilaprazole in healthy subjects following intravenous (Iv)
ics. Data for 5, 10 and 20 mg are from Ref. 13



TABLE 4 Mean pharmacokinetic (PK) and pharmacodynamic (PD) parameters of ilaprazole in healthy subjects after infusion of 5, 10, 20 or 30 mg
(mean ± standard deviation)

Parameter 5 mg (n = 15) 10 mg (n = 15) 20 mg (n = 15) 30 mg (n = 10)

PK t1/2 (h) 3.3 ± 0.90 3.4 ± 0.9 3.3 ± 0.8 3.0 ± 0.5

tmax (h)
a 0.77 (0.75–0.83) 0.75 (0.75–1.00) 0.75 (0.75–0.83) 0.75 (0.75–0.75)

Cmax (ng m−1) 482.2 ± 65.8 834.3 ± 101.2 1718.9 ± 255.1 347.9 ± 176.3

AUC0–t (μg mL h−1) 1736.3 ± 501.7 3520.9 ± 915.3 6988.4 ± 1782.5 1970.2 ± 834.7

AUC0–∞ (μg mL h−1) 1754.8 ± 511.3 3562.6 ± 947.8 7056.6 ± 1833.2 1984.2 ± 836.6

Vz (L) 13.7 ± 2.6 14.0 ± 2.2 13.6 ± 1.8 29.1 ± 12.2

CL (L h−1) 3.1 ± 0.9 3.0 ± 0.9 3.0 ± 0.8 5.9 ± 2.5

PD Mean 24‐h pH 5.1 ± 1.5 5.5 ± 1.1 6.3 ± 1.0 6.2 ± 0.6

pH >6 (%) 47.3 ± 29.5 52.8 ± 25.3 68.2 ± 25.1 63.6 ± 12.3

First time to pH >6 (h) 4.3 (0.4–10.9) 1.7 (0.3–6.5) 1.0 (0.4–4.3) 0.8 (0.5–1.9)
Mean nocturnal pH 5.0 ± 1.9 5.2 ± 1.4 6.1 ± 1.3 5.9 ± 0.7

Data are represented as mean ± standard deviation, and data for 5, 10 and 20 mg are from Ref. 13.
aFor tmax and time to first reach pH > 6 (h), median (range).
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The finding that H. pylori‐positive patients appeared more sensitive to

ilaprazole should be verified in future studies with large sample size. In

addition, future studies assessing the potential drug–drug interaction

of ilaprazole are needed.

In conclusion, ilaprazole was able to provide comparable

intragastric acid inhibition to that of esomeprazole, with lower dose

and fewer times of administration. There was no significant PD differ-

ence of ilaprazole between healthy subjects and patients and the

effect was saturated when dose was increased to 30 mg. Finally, a

loading dose of ilaprazole 20 mg followed by 10 mg once daily for

2 days was recommended for Phase 2b/3 studies.
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