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Abstract
Purpose Hypergastrinaemia induced by proton pump inhibi-
tor (PPI) therapy may cause ECL-cell and parietal-cell hyper-
plasia and rebound hyperacidity and dyspepsia after PPI with-
drawal. The aim of the study was to assess the effect of dif-
ferent dosage-regimens of netazepide, a gastrin/CCK2 recep-
tor antagonist, on PPI-induced hypergastrinaemia and elevat-
ed chromogranin A (CgA).
Methods Six groups of eight healthy subjects participated in a
randomised, double-blind study of esomeprazole 40 mg daily
for 28 days, in combination with netazepide 1, 5 or 25 mg or
placebo, daily, during the last 14 days of esomeprazole or
during 14 days after treatment withdrawal. Fasting serum gas-
trin and plasma CgA were measured during treatment and
after withdrawal, as biomarkers of acid suppression and
ECL-cell activity, respectively. Dyspepsia was monitored
throughout the study.
Results Esomeprazole increased gastrin and CgA. Netazepide
increased gastrin, but not CgA, and inhibited dose dependent-
ly the CgA response to esomeprazole. Gastrin and CgA
returned to baseline within 2–3 days of esomeprazole with-
drawal; netazepide did not shorten that time. There was no
rebound dyspepsia after esomeprazole withdrawal.
Conclusions Esomeprazole and netazepide each increase gas-
trin, consistent with a secondary effect of gastric acid suppres-
sion, but by different mechanisms. Esomeprazole-induced
hypergastrinaemia stimulates ECL cells and thereby increases
CgA. Netazepide-induced hypergastrinaemia does not

increase CgA, because netazepide blocks gastrin/CCK2 recep-
tors on ECL cells. Co-administration of netazepide 5 mg abol-
ishes the effect of esomeprazole-induced hypergastrinaemia
on ECL cells. The quick return to baseline of gastrin and
CgA and absence of dyspepsia after esomeprazole withdrawal
do not support the concept of rebound hyperacidity.
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Introduction

Gastrin controls gastric acid secretion and has a trophic effect
on cells in the gastric mucosa, especially enterochromaffin-
like (ECL) cells, which possess gastrin (CCK2) receptors
[1–3]. Stimulation of CCK2 receptors by gastrin causes release
of histamine, which in turn stimulates histamine H2 receptors
on parietal cells and secretion of acid via H+/K+-ATPase (pro-
ton pump) into the stomach lumen. CCK2 receptors are
expressed on parietal cells [4] but are not thought to be in-
volved in acid secretion [5]. Reduced acid production by dis-
ease or an acid suppressant, such as a proton pump inhibitor
(PPI), causes secondary hypergastrinaemia [6].

In rats, omeprazole reduced acid secretion and induced
hypergastrinaemia, but 1 week after omeprazole withdrawal,
acid production had increased above baseline [7]. The effect
lasted ≥70 days [8]. YM022, a gastrin/CCK2 receptor antag-
onist, prevented the rebound hyperacidity response to omep-
razole withdrawal in rats, whereas in control animals rebound
hyperacidity lasted for ≥56 days [9].

Withdrawal of omeprazole 40 mg daily after 12 and
8 weeks in patients with gastro-esophageal reflux disease
(GORD) and healthy subjects, respectively, also resulted in
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increased basal and pentagastrin-stimulated acid output
2 weeks afterwards [10, 11]. However, a literature review
concluded that clinical evidence for PPI withdrawal causing
rebound hyperacidity was weak, mainly because the studies
were done in few subjects and were not well controlled [12].
In two subsequent studies in healthy subjects, both of which
were placebo controlled and involved many more subjects,
PPI withdrawal was followed by dyspepsia. In one study, 60
subjects received esomeprazole 40 mg daily for 8 weeks
followed by placebo daily for 4 weeks, and 60 subjects re-
ceived placebo daily for 12 weeks. During the last 3 weeks of
placebo treatment, there was a significant difference between
esomeprazole and placebo (44 vs 15 %) with respect to symp-
toms of heartburn, acid reflux or dyspepsia after treatment
withdrawal [13]. In the other study [14], of 48 subjects who
took pantoprazole 40 mg or placebo daily for 4 weeks, signif-
icantly more developed dyspepsia after pantoprazole with-
drawal than after placebo (44 vs 9 %).

The main indications for treatment with a proton pump
inhibitor are peptic ulcer disease or GORD [15]. After
Helicobacter pylori eradication was introduced, the need for
maintenance therapy for peptic ulcer disease was largely elim-
inated, and GORD became the main indication for prolonged
gastric acid inhibition. PPIs are also used empirically for treat-
ment of non-ulcer dyspepsia. The prevalence of long-term PPI
treatment is rising, and there is increasing concern that PPIs
are overprescribed [16]. The above studies in healthy subjects
and patients suggest that attempts to withdraw PPI treatment
in patients who originally responded might fail because of
rebound dyspepsia. In other words, PPI withdrawal might
cause the very symptoms for which the PPI was first pre-
scribed [17].

Non-clinical studies have shown that netazepide (YF476)
is a potent, highly selective, competitive and orally active
gastrin/CCK2 receptor antagonist [18]. We have characterised
the clinical pharmacology of netazepide in healthy subjects.
Single oral doses caused dose-dependent inhibition of
pentagastrin-stimulated gastric acid secretion, which persisted
after repeated doses [19]. Rabeprazole alone and netazepide
alone for 6 weeks were similarly effective in reducing acid and
increasing serum gastrin. A combination of rabeprazole and
netazepide increased serum gastrin and reduced basal acid
secretion more than did either treatment alone, suggesting
more effective acid suppression. Rabeprazole alone increased
plasma CgA—a sign of ECL-cell hyperactivity—whereas
netazepide alone reduced plasma CgA—a sign of ECL-cell
hypoactivity. When combined with rabeprazole, netazepide
prevented the increase in CgA resulting from rabeprazole-
induced hypergastrinaemia, which is consistent with blockade
of gastrin/CCK2 receptors on ECL cells [20]. Circulating gas-
trin is a biomarker for gastric acid secretion [21, 22], and CgA
is a biomarker for ECL-cell activity [23–25]. However, stop-
ping rabeprazole after 6 weeks led neither to rebound

hyperacidity nor dyspepsia. Two limitations of the study were
that the number of subjects (10 per treatment group) was
small, and we measured neither serum gastrin nor plasma
CgA during the withdrawal period. We concluded that PPI
withdrawal should be studied in an adequately powered trial
in patients on long-term PPI treatment. If PPI withdrawal re-
ally can lead to rebound hyperacidity, a gastrin/CCK2 receptor
antagonist, such as netazepide, should prevent it. But, first a
study was required to establish a suitable dose regimen of
netazepide, and the time course of the response to PPI with-
drawal. Hence, the study we report here.

Objectives

The primary aims were to assess the effect of different dose
regimens of netazepide on esomeprazole-induced increases in
circulating gastrin and CgA in healthy subjects and to choose
a dose regimen for future studies of PPI withdrawal in
patients.

The secondary aims were to assess if esomeprazole with-
drawal leads to dyspepsia, and if so, whether netazepide can
prevent it, and to assess the likelihood of an interaction be-
tween esomeprazole and netazepide.

Methods

We complied with the ICH Guideline for Good Clinical
Practice. The Medicines and Healthcare products Regulatory
Agency and Brent Medical Ethics Committee (REC reference
09/H0717/73) approved the study on 2 and 13 November
2009, respectively, and a protocol amendment on 9
June 2010 and 18May 2010, respectively. Subjects gave writ-
ten, informed consent. We did the study during November
2009–September 2010 and registered it with EudraCT
(2009-016201-42) and ClinicalTrials.gov (NCT02620696).

Materials

The sponsor, TrioMedicines Ltd., London, England, provided
capsules of netazepide 1, 5 and 25 mg and matching placebo;
esomeprazole (Nexium®; Astra Zeneca) 40mg tablets; and an
antacid (Gastrocote tablets, Actavis Group) for subjects to
take after treatment withdrawal, if needed.

Study design

The study was randomised, double blind and parallel group in
design, and in two parts. The protocol required 48 healthy
adults (6 groups of 8; 3 groups in each part), who were
H. pylori negative (13C–urea breath test), non-smoking men
or women, with normal serum gastrin and no history of dys-
pepsia, and were taking no medicines. Pre-menopausal
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women at risk of pregnancy were excluded. Subjects were
deemed healthy by medical history and examination; ECG;
tests for drugs of abuse, hepatitis B and C and HIV 1 and 2;
and blood and urine safety tests. A statistician generated the
random allocation sequence.

Part 1

In part 1, we assessed the impact of the timing of netazepide
25mg on the response to esomeprazole. Eligible subjects were
randomised to one of 3 treatment groups (Fig. 1).

Group 1

& Esomeprazole 40 mg for 28 days (Days 1–28); and
& Netazepide placebo for 42 days (Days 1–42)

Group 2

& Esomeprazole 40 mg for 28 days (Days 1–28);
& Netazepide 25 mg for 14 days (Days 15–28); and

& Netazepide placebo for 28 days (Days 1–14 and Days 29–
42)

Group 3

& Esomeprazole 40 mg for 28 days (Days 1–28);
& Netazepide 25 mg for 14 days (Days 29–42); and
& Netazepide placebo for 28 days (Days 1–28)

Subjects took their treatment by mouth once daily for
42 days, and attended the clinic at weekly intervals, on Days
−1, 7, 14, 21, 28, 35, 42, 49 and 56. They were resident
overnight on Day −1 only. At visits when they were taking
treatment, we dosed them circa 0900 hours, after an overnight
fast. They took all other doses at home, with breakfast. At 0, 2
and 4 h after dosing in the clinic, or at equivalent times when
there was no dosing, we drew blood for measurement of se-
rum gastrin and plasma CgA. At 0, 2 and 4 h after dosing on
Days 21, 28, 35 and 42 only, we also drew blood for measure-
ment of plasma netazepide.

On Days 1–56, subjects used a diary card to record adverse
events and treatment compliance and completed the short
form of the validated Nepean questionnaire, which uses 4-
or 5-point Likert scales to measure frequency and severity of
15 upper gastrointestinal symptoms, and the bother they cause
[26]. On Days 29–56, subjects recorded antacid usage in the
diary card.

We assessed safety and tolerability by medical examina-
tion, ECG, blood and urine tests and adverse events through-
out the study.

Part 2

After reviewing the data from part 1, we amended the protocol
to test lower doses of netazepide, 1 and 5 mg, and to change
the study design in part 2. Eligible subjects were randomised
to one of three treatment groups (Fig. 1).

Group 4

& Esomeprazole 40 mg for 28 days (Days 1–28); and
& Netazepide placebo for 28 days (Days 1–28)

Group 5

& Esomeprazole 40 mg for 28 days (Days 1–28);
& Netazepide 1 mg for 14 days (Days 15–28); and
& Netazepide placebo (Days 1–14)

PART 1 

1 Esomeprazole 40 mg/day
PlaceboPlacebo

2
Esomeprazole 40 mg/day

Placebo Netazepide
25 mg/day Placebo

3
Esomeprazole 40 mg/day

Placebo Netazepide
25 mg/day

PART 2 

4
Esomeprazole 40 mg/day

Placebo

5
Esomeprazole 40 mg/day

Placebo Netazepide
1 mg/day

6
Esomeprazole 40 mg/day

Placebo Netazepide
5 mg/day

0 14 28 42
DAYS

Fig. 1 Dosing schedule: groups 1–6
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Group 6

& Esomeprazole 40 mg for 28 days (Days 1–28);
& Netazepide 5 mg for 14 days (Days 15–28); and
& Netazepide placebo (Days 1–14).

Subjects took their treatment by mouth once daily for
28 days. They attended the clinic on Days −1, 7, 14, 21 and
28. They were resident overnight on Day −1 only. After com-
pletion of dosing, they attended the clinic on Days 29, 30, 31,
32, 33, 34 and 35. At visits when they were taking treatment,
we dosed them circa 0900 hours, after an overnight fast. They
took all other doses at home, with breakfast. At 0, 2 and 4 h
after dosing in the clinic, or at equivalent times when there
was no dosing, we drew blood for measurement of serum
gastrin and plasma CgA. At 0, 2 and 4 h after dosing on
Days 21 and 28 only, we also drew blood for measurement
of plasma netazepide. On Days 1–35, subjects recorded ad-
verse events, treatment compliance and dyspepsia symptoms,
as in part 1. On Days 29–35, they recorded any antacid usage,
as in part 1. We assessed safety and tolerability, as in part 1.

Measurement of gastrin, CgA and netazepide

We separated serum or plasma from blood and stored samples
at −20 °C until assay by ELISA (serum gastrin: Immulite
2000, DPC (CV ≤3.1 %); plasma CgA: DAKO (CV
≤10.8 %)) and validated HPLC/MS method (plasma
netazepide: lower limit of quantification, 0.5 ng/mL) [27].

Assessment of compliance

We assessed compliance by diary card and capsule counts.
Subjects wore a wristwatch with an alarm, and we telephoned
them weekly, to remind them to take their treatment.

Statistics

Sample size

The study was exploratory in nature. The sample size was
based on feasibility and data from our previous study which
showed significant suppression by netazepide of rabeprazole-
induced increases in circulating CgA [20]. The sample size
was not expected to be big enough to show significant differ-
ences between treatment groups for dyspepsia symptoms.

Fasting serum gastrin and plasma CgA

We compared treatments by analysis of covariance, with base-
line (Day −1) values as covariates, treatment and visit as fixed
effects, time-point as a repeated variable and the interaction

term treatment × visit. We transformed data before analysis, as
appropriate.

Plasma netazepide

We plotted plasma netazepide concentrations versus time for
all subjects who took netazepide in groups 2, 3, 5 and 6 and
who completed the study.

Dyspepsia scores and antacid usage

We summarised the number of subjects per group with dys-
pepsia symptoms during each week and compared groups
informally. Likewise, we summarised the number of doses
of antacid taken by each subject in each week after
esomeprazole withdrawal and compared treatment groups
informally.

Results

Demography

Of 53 subjects who entered the study, 5 (3 in part 1; and 2 in
part 2) withdrew for reasons unrelated to treatment. As re-
quired by the protocol, 48 subjects (groups 1–6; 8 subjects
per group) completed the study. Mean (range) age, weight
and height of subjects who completed the study in groups 1–
3 in part 1 were 33 years (21–74), 67 kg (49–88) and 167 cm
(156–179), respectively. Mean (range) age, weight and height
of groups 4–6 in part 2 were 31 years (20–69), 68 kg (49–94)
and 168 cm (151–184), respectively. Treatment compliance at
home was 96 %.

Statistical analyses

Analysis of data from parts 1 and 2 showed a significant
(p < 0.05) treatment by visit interaction, indicating that the
time profiles of the different treatments were non-parallel,
making it impossible to compare the effects of netazepide 1,
5 and 25 mg on the esomeprazole-induced changes in gastrin
and CgA. Nor was it possible to explore the effect of
esomeprazole withdrawal on gastrin and CgA, or whether that
effect was altered by previous dosing with netazepide.
Therefore, we did a post hoc analysis.

To compare the effect of co-administration of netazepide 1,
5 and 25mg on plasma CgAwith that of placebo, we analysed
the percentage changes on Days 21–28 for groups 1, 2, 4, 5
and 6 relative to the pre-dose time-point on Day 14, before the
start of netazepide treatment. A repeated measures analysis
was done on percentage change from pre-dose on Day 14 in
plasma CgA concentration, with terms fitted for treatment,
patient within treatment, study day and time within study
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day plus interactions with treatment. Interaction terms which
were not significant were removed from the model. There
were no significant interactions with treatment, i.e. the effect
of treatment was approximately the same at each time, so
treatment least square means were calculated and the differ-
ences from placebo calculated (Table 1). To assess the effect
of netazepide 1 and 5 mg on CgA after treatment withdrawal,
we used data from part 2 (groups 4, 5 and 6) at 0 h on each of
Days 28–35. One-way ANOVAwas used to analyse the data,
and, as there was a statistically significant treatment differ-
ence, two-sample t tests were used to compare pairs of treat-
ments at the 0-h time-points from Day 28 onwards, until there
was no longer a statistically significant difference between
treatments (Table 2). Also, we plotted mean concentrations
of serum gastrin and plasma CgAwith respect to day and time
of day for each group at each visit. Given the many data
points, we assessed the effect of treatments from the plots
and did not do a formal analysis. However, we did explore
the relationship between gastrin and CgA concentrations in
individual subjects during esomeprazole dosing. We used gas-
trin and CgA concentration data on days when subjects had
received esomeprazole alone (Days 1–28 of treatments 1, 3
and 4, and Days 1–14 of treatments 2, 5 and 6) and used linear
regression to select an appropriate model. In each model, sub-
ject and day were factors, CgAwas the dependent variable and
serum gastrin was a covariate. The model that best fitted the
data (R2 = 0.9534) had one line per subject per day with
individual slopes and intercepts.

Fasting serum gastrin and plasma CgA

The results are illustrated in Figs. 2, 3, 4 and 5, each of which
has a caption describing the effect of treatment and interpre-
tation of the results, so only a summary follows.

Effect of esomeprazole alone on gastrin and CgA

Groups 1–3 and 4–6 were evenly matched for gastrin and
CgA at baseline (Day −1). Esomeprazole increased gastrin
and CgA on Days 7, 14, 21 and 28 in groups 1, 3 and 4 and
Days 7 and 14 in groups 2, 5 and 6. Gastrin increased with
time at 0, 2 and 4 h after dosing, whereas CgAwas similar at

each time-point. Gastrin and CgA responses to esomeprazole
varied among subjects and groups.

In group 1, gastrin and CgA returned to baseline (Day −1)
by Day 35, the first sampling day after withdrawal of
esomeprazole.

Effect of netazepide on esomeprazole-induced increases
in gastrin and CgA

In groups 5, 6 and 2, co-administration of netazepide 1, 5 and
25 mg, respectively, with esomeprazole on Days 15–28 sup-
pressed the CgA response in a dose-dependent manner.
Netazepide 5 and 25 mg both abolished the CgA response to
esomeprazole. Netazepide 1 mg suppressed it only partially.
Table 1 shows that, on Days 21 and 28, netazepide significant-
ly reduced the high circulating CgA concentrations resulting
from esomeprazole. The effect was dose dependent: 5 and
25 mg doses reduced CgA to a similar extent; 1 mg was less
effective.

In group 2, after treatment withdrawal, the gastrin re-
sponses returned to baseline by Day 35, as they did in group
1 subjects, who received esomeprazole alone.

In groups 4, 5 and 6, daily measurements after treatment
withdrawal showed that gastrin and CgA returned to baseline
within 2–3 days in all groups, regardless of whether they had
received esomeprazole alone or combined with netazepide.

Effect of netazepide alone on gastrin and CgA

In group 3, netazepide 25 mg alone on Days 29–42 increased
gastrin, but not in a time-dependent manner, and did not in-
crease CgA. Indeed, CgA returned to baseline by Day 35, the
first sampling day after the start of netazepide alone.

Relationship between gastrin and CgA concentrations
in individual subjects

There was no evidence of a linear relationship between gastrin
and CgAwithin subjects: the slope term in the model was not
significant (p > 0.05).

Table 1 Change in plasma CgA
relative to Day 14 (0 h) in groups
1, 2, 4, 5 and 6

Treatment LS meana (%) Treatment–placebo

Estimate 95 % confidence intervals

Placebo (n = 16) 1.39 – –

Netazepide 1 mg (n = 8) −22.40 −23.79 −30.15, −17.43
Netazepide 5 mg (n = 8) −67.87 −69.26 −75.39, −63.14
Netazepide 25 mg (n = 8) −55.73 −57.12 −63.47, −50.76

a LS means of all measurements on Days 21 and 28
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Dyspepsia questionnaire

No subject recorded dyspepsia symptoms in the questionnaire
on Day −1, before starting treatment. However, 29 subjects
(17 in part 1 and 12 in part 2) reported dyspepsia symptoms in
their questionnaires on one or more visits thereafter. The most
common symptom was discomfort in stomach, followed by
pain/ache in stomach, nausea and bloating. Subjects in part 1
(groups 1–3) reported dyspepsia symptoms 45 times during
Days 1–28, when esomeprazole was administered, and 23
times during Days 29–56, the period after withdrawal of
esomeprazole. Subjects in part 2 (groups 4–6) reported dys-
pepsia symptoms 41 times during Days 1–28 and 6 times
during Days 29–35. Thus, there were about twice as many
reports per week during esomeprazole treatment than after
its withdrawal.

Dyspepsia symptoms were reported during all treatments:
esomeprazole, netazepide and placebo. There was no obvious
relationship to treatment; dyspepsia symptoms were reported
after Day 42 in part 1 and after Day 28 in part 2, when all
treatments had stopped.

Antacid usage

Three subjects took the antacid for dyspepsia: one subject in
group 2 took a total of 11 doses during the weeks before Days
35 and 42 visits, while taking placebo and after he had fin-
ished taking esomeprazole and netazepide; one subject in
group 3 took one dose on Day 31, after finishing
esomeprazole but while taking netazepide, and one subject
in group 6 took 18 doses between Days 30 and 34, after she
had finished taking esomeprazole and netazepide.

Netazepide concentrations

Mean plasma concentrations of netazepide in groups 2, 3, 5
and 6 at 0, 2 and 4 h after dosing are listed in Table 3.

Figure 6a, b shows mean concentrations at 0, 2 and 4 h after
dosing with netazepide for 7 and 14 days, respectively. The
concentrations at 0 h (pre-dose) were below the limit of quan-
tification. Concentrations at 2 and 4 h after dosing were dose
proportional and similar for the common dose of 25 mg.

Adverse events

Of 53 subjects who entered the study, 42 reported one or more
adverse events, such as headache and upper respiratory tract
infection, which were all minor and resolved spontaneously.
Fewer subjects reported adverse events when taking
esomeprazole plus netazepide or netazepide alone than when
taking esomeprazole alone.

Discussion

Despite the finding of a significant treatment by visit interac-
tion in parts 1 and 2, and the variability of the fasting gastrin
and CgA responses to esomeprazole in our subjects, it was still
possible to interpret the results.

Esomeprazole alone increased circulating gastrin and CgA
in all subjects in groups 1–6. The increase in gastrin is consis-
tent with inhibition of gastric acid secretion [20–22]. Co-
administration of netazepide suppressed the CgA response to
esomeprazole in a dose-dependent manner. Those results,
which are in accord with the results from our previous study
of rabeprazole and netazepide, alone and in combination [20],
are consistent with esomeprazole-induced hypergastrinaemia
stimulating gastrin/CCK2 receptors on ECL cells and releas-
ing CgA into the circulation, and with netazepide inhibiting
gastrin/CCK2 receptors and thereby blocking the CgA re-
sponse. In 1920, patients from 16 studies of patients on
long-term PPI therapy, mean gastrin levels increased by one
to three times the upper limit of the normal range (~100 pg/
mL) [28].

Table 2 Comparison of
netazepide 1 and 5 mg and
placebo with respect to plasma
CgA in groups 4, 5 and 6 at 0 h,
on Day 28 and after treatment
withdrawal (Days 29–35; n = 8/
group)

Day Mean (U/L) p value

NTZ placebo NTZ 1 mg NTZ 5 mg 1 mg–placebo 5 mg–placebo

28 45.45 27.33 15.81 0.09 0.01

29 38.56 21.21 16.21 – 0.02

30 22.38 15.73 14.58 – 0.26

31 15.74 13.53 15.73 – –

32 13.69 13.47 14.60 – –

33 11.84 12.64 14.14 – –

34 12.52 11.63 12.94 – –

35 11.33 10.69 13.16 – –

p < 0.05 is significant

NTZ netazepide
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Others have shown a positive correlation between gastrin
and CgA in single blood samples taken from patients during
short-, medium- and long-term acid suppression [23, 24]. In
our previous study, 24-h serum gastrin increased after a single
dose of rabeprazole, whereas 24-h plasma CgA required lon-
ger, which supports the concept that gastrin drives the increase
in CgA [20]. In this study, we explored the relationship be-
tween gastrin and CgA in individual subjects during 2–
4 weeks of esomeprazole treatment, using concentration data
obtained at 3 time points (0, 2 and 4 h) on several study days.
In general, CgA and gastrin were substantially higher in indi-
vidual subjects during esomeprazole treatment than at base-
line; however, there was no direct relationship between their
concentrations within individual subjects.

We were surprised that in part 1, both gastrin and CgA had
returned to baseline by 7 days, the first sampling point, after
esomeprazole withdrawal in groups 1–3, regardless of wheth-
er or not netazepide 25 mg had been taken in the period before
esomeprazole withdrawal. That finding is contrary to that of
Reimer et al. who reported that CgA was still significantly
raised 4 weeks after esomeprazole withdrawal in healthy sub-
jects, whereas gastrin was back to normal at that time [13].
However, an earlier study showed that serum gastrin and CgA
had decreased significantly at 5 days after withdrawal of
6 months’ PPI therapy in GORD patients [29], which is in
accord with our results in healthy subjects.

After reviewing the results from part 1, we amended
the protocol for part 2, to measure fasting gastrin and

Fig. 2 a Part 1. Mean (n = 8; ±SEM) fasting serum gastrin (pmol/L)
before (0 h) and after (2 and 4 h) treatment of groups 1, 2 and 3 on
Days −1 to 56. All groups took esomeprazole 40 mg daily on Days 1 to
28. All treatments increase fasting gastrin onDays 1–28, consistent with a
secondary response to gastric acid suppression; the response to
esomeprazole alone resolves within 7 days of its withdrawal whether or
not netazepide 25 mg is co-administered with esomeprazole on Days 15–
28. Netazepide 25mg alone onDays 29–42 (group 3), after withdrawal of
esomeprazole, increases fasting gastrin, consistent with a secondary

response to acid suppression via antagonism of gastrin/CCK2 receptors
on ECL cells. b Part 2. Mean (n = 8; ±SEM) fasting serum gastrin
(pmol/L) before (0 h) and after (2 and 4 h) treatment of groups 4, 5 and
6 on Days −1 to 35. All groups took esomeprazole 40 mg daily on Days 1
to 28. Esomeprazole alone on Days 1–28 increases fasting gastrin; the
response resolves within 2–3 days of esomeprazole withdrawal, whether
or not netazepide 1 or 5 mg is co-administered with esomeprazole on
Days 15–28. The disproportionate increase in gastrin in group 6 reflects
a large effect of esomeprazole in three of the eight subjects
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CgA daily after esomeprazole withdrawal and to test the
effect of lower doses of netazepide 1 and 5 mg com-
pared with placebo on the gastrin and CgA responses to
esomeprazole (Fig. 1). Like netazepide 25 mg daily,
netazepide 5 mg daily completely suppressed the CgA
response to esomeprazole, whereas the 1-mg regimen
had only a modest effect. After esomeprazole withdraw-
al, both gastrin and CgA returned to baseline within 2–
3 days, whether or not esomeprazole had been co-
administered with netazepide, confirming the finding in
part 1 that both gastrin and CgA returned to baseline
within 7 days of esomeprazole withdrawal.

Although no subject reported a history of dyspepsia before
entry to the study, 29 of the 48 who completed the study
reported dyspepsia symptoms one or more times during treat-
ment. However, there was no increase in incidence of dyspep-
sia following esomeprazole withdrawal—indeed, dyspepsia
symptoms were more frequent during esomeprazole treatment
than after its withdrawal. Thus, esomeprazole withdrawal did
not lead to dyspepsia. That finding, plus the return to baseline
of circulating gastrin and CgA within 2–3 days of
esomeprazole withdrawal, excludes the possibility of rebound
hyperacidity in this study. We also failed to demonstrate re-
bound hyperacidity and dyspepsia after withdrawal of

Fig. 3 a Part 1. Mean (n = 8; ±SEM) fasting plasma CgA (U/L) before
(0 h) and after (2 and 4 h) treatment of groups 1, 2 and 3 onDays – 1 to 56.
All groups took esomeprazole 40 mg daily on Days 1 to 28.
Hypergastrinaemia induced by esomeprazole alone increases fasting
CgA. In groups 1 and 3, the response resolves within 7 days of
esomeprazole withdrawal, whether or not netazepide 25 mg is
administered after esomeprazole withdrawal. However, co-
administration of netazepide with esomeprazole on Days 15–28 (group
2) abolishes the increase in fasting CgA. Netazepide 25mg alone onDays
29–42 (group 3) does not increase CgA, despite increasing gastrin during
that time (Fig. 2a), because netazepide blocks gastrin/CCK2 receptors on

ECL cells. b Part 2. Mean (n = 8; ±SEM) fasting plasma CgA (U/L)
before (0 h) and after (2 and 4 h) treatment of groups 4, 5 and 6 on
Days −1 to 35. All groups took esomeprazole 40 mg daily on Days 1 to
28. Hypergastrinaemia induced by esomeprazole alone (group 4)
increases fasting CgA; the response resolves within 2–3 days of
esomeprazole withdrawal. Co-administration of netazepide 1 mg (group
5) and 5 mg (group 6) onDays 15–28 inhibits the CgA response, which is
consistent with antagonism of gastrin/CCK2 receptors on ECL cells. The
disproportionate increase in CgA in group 6 reflects the marked
esomeprazole-induced hypergastrinaemia in three of the eight subjects
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rabeprazole treatment for 6 weeks in a previous study in
healthy subjects [20]. Retrospective analysis of data from
287 patients with erosive oesophagitis who participated in a

trial of dexlansoprazole therapy for 4–8 weeks also revealed
no worsening of heartburn symptoms after treatment with-
drawal [29].

Fig. 4 a Parts 1 and 2. Mean (n = 8 or 16; ±SEM) fasting serum gastrin
(pmol/L) before (0 h) and after (2 and 4 h) treatment of groups 1, 2, 4, 5
and 6 on Day −1 (baseline) and Days 14 to 35. All groups took
esomeprazole 40mg daily on Days 1 to 28. All treatments increase serum
gastrin; the response returns to baseline (Day −1) within 7 days of the end
of all treatments. The disproportionate increase in gastrin in group 6
reflects the large effect of esomeprazole in three of the eight subjects
(as evidenced by mean serum gastrin concentration on Day 7 of
esomeprazole treatment; see Fig. 2b). b Parts 1 and 2. Mean (n = 8 or
16; ±SEM) fasting plasma CgA (U/L) before (0 h) and after (2 and 4 h)
treatment of groups 1, 2, 4, 5 and 6 on Day −1 (baseline) and Days 14 to
35. All groups took esomeprazole 40 mg daily on Days 1 to 28. Co-
administration of netazepide 1, 5 and 25 mg on Days 15–28 inhibits in
a dose-dependent manner the increase in CgA by esomeprazole-induced
hypergastrinaemia, which is consistent with gastrin/CCK2 receptor antag-
onism. CgA returns to baseline (Day −1) within 7 days of the end of all
treatments. The disproportionate increase in CgA in group 6 reflects the
marked esomeprazole-induced hypergastrinaemia in three of the eight
subjects (as evidenced by mean CgA concentration on Day 7 and at 0 h
on Day 14 of esomeprazole treatment; see Fig. 3b)

Table 3 Plasma concentrations (ng/mL) of netazepide by day and time-
point

Group Dose (mg) Visit Time (h) N Mean SD

2 25 mg on Days 15–28 Day 21a 0 8 0.00 0.0

2 8 60.24 18.9

4 8 28.26 15.6

2 25 mg on Days 15–28 Day 28b 0 8 0.00 0.00

2 8 56.60 25.1

4 8 28.21 21.9

3 25 mg on Days 29–42 Day 35a 0 8 0.00 0.0

2 8 66.46 22.8

4 8 40.09 15.0

3 25 mg on Days 29–42 Day 42b 0 8 0.00 0.0

2 8 55.88 27.5

4 8 31.88 16.9

5 1 mg on Days 15–28 Day 21a 0 8 0.00 0.0

2 8 1.55 0.5

4 5 0.64 0.2

5 1 mg on Days 15–28 Day 28b 0 8 0.00 0.0

2 8 1.34 0.9

4 4 0.43 0.3

6 5 mg on Days 15–28 Day 21a 0 8 0.00 0.0

2 8 11.26 3.3

4 8 5.26 1.9

6 5 mg on Days 15–28 Day 28b 0 8 0.00 0.0

2 8 10.80 2.7

4 8 4.89 2.4

a Seven days after the start of netazepide dosing
b Fourteen days after the start of netazepide dosing. All treatments were
taken after an overnight fast on these days

Fig. 5 Analysis of covariance of fasting gastrin and fasting CgA
concentrations within subjects in groups 1–6 during periods of
treatment with esomeprazole alone. Using our statistical model, there
was no evidence of a linear relationship between gastrin and CgA
concentrations within individual subjects (based on 425 observations
from 47 subjects)
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The results of our study of esomeprazole withdrawal after
4 weeks’ dosing, and our previous study of rabeprazole with-
drawal after 6 weeks of dosing [20], are contrary to reports of
rebound hyperacidity after withdrawal of 12 weeks of omep-
razole therapy in GORD patients [10] and 8 weeks of omep-
razole in healthy subjects [11] and dyspepsia after withdrawal
of 8 weeks of esomeprazole [13] and 4 weeks of pantoprazole
[14] in healthy subjects.

All treatments were safe and well tolerated, and there was
no relationship between treatments or the number and type of
adverse events. Esomeprazole did not affect plasma
netazepide concentrations. A formal study is required to as-
sess whether there is a drug-drug interaction between the two
treatments.

The limitations of the study were the small groups of sub-
jects, the short course of esomeprazole and the use of

biomarkers rather than measurements of gastric acid secretion
and histology of gastric biopsies. However, the results were
consistent across the groups and have face validity. The pro-
portion of healthy subjects who developed dyspepsia after PPI
withdrawal in the above two studies [13, 14] was the same
(44%), despite the difference in duration of dosing. Therefore,
we chose to study the effect of esomeprazole for the shorter
period of 4 weeks [14].

Conclusions

& Esomeprazole and netazepide each increase fasting
serum gastrin, which is consistent with a secondary
response to suppression of gastric acid secretion via
inhibition of the proton pump on parietal cells and
inhibition of gastrin/CCK2 receptors on ECL cells,
respectively.

& Esomeprazole-induced hypergastrinaemia leads to hyper-
activity of ECL cells and an increase in plasma CgA.
Gastrin causes the increase in CgA. Netazepide does not
increase CgA and suppresses the increase in CgA induced
by esomeprazole, because netazepide blocks gastrin/
CCK2 receptors on ECL cells.

& The return to baseline of circulating gastrin and CgA
within 2–3 days of esomeprazole withdrawal, and
the absence o f dyspeps i a symp toms a f t e r
esomeprazole withdrawal in the control groups, are
contrary to the findings of others, and show that a
standard 28-day course of esomeprazole, and proba-
bly all other PPIs, is unlikely to lead to rebound
hyperacidity and dyspepsia symptoms. A study in
many patients on long-term PPI therapy, randomised
to netazepide 5 mg or placebo, is required to estab-
lish whether PPI withdrawal really can lead to re-
bound hyperacidity, and if so its importance.
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Fig. 6 Mean (±SD) plasma netazepide concentrations (ng/mL) by time-
point. a Mean (±SD) plasma netazepide concentrations (ng/mL) on Day
21 (groups 2, 5 and 6) or Day 35 (group 3), 7 days after starting
netazepide. b Mean (±SD) plasma netazepide concentrations (ng/mL)
on Day 28 (groups 2, 5 and 6) or Day 42 (group 3), 14 days after
starting netazepide. Netazepide concentrations at 2 and 4 h after dosing
are dose dependent. Co-administration with esomeprazole does not affect
netazepide concentrations
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