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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• The influence of CYP2C19 on the kinetics and

dynamics of omeprazole, lansoprazole and
rabeprazole has been studied in Japanese
subjects.

• It has been suggested that subjects with *1/*1
genotype might need stronger acid
suppression than *1/*2 and *2/*2 subjects. This
suggestion comes from data in Japanese
subjects and has not been confirmed in
Caucasians.

• Furthermore, a novel CYP2C19 mutation, *17,
which mainly occurs in Caucasians has been
discovered.This mutation has been associated
with clinical failure, but its relevance for
therapy with PPIs has not been studied yet.

WHAT THIS STUDY ADDS
• In this study, the influence of CYP2C19 on both

the pharmacokinetics and dynamics in
Caucasian subjects after single and repeated
dosing has been investigated.

• This is the first study showing that Caucasian
subjects with *1/*1 and *1/*17 mutations need
stronger acid-inhibition. In this study three
proton pump inhibitors (omeprazole,
lansoprazole and pantoprazole, in different
doses) were studied of which pantoprazole
had not been studied before in this setting,
not even in Japanese.

AIMS
To investigate the impact of CYP2C19 mutations *2-*6 and *17 on
acid-inhibition and pharmacokinetics of lansoprazole (L15), omeprazole
(O10, O20) and pantoprazole (P40) in Caucasians.

METHODS
CYP2C19 genotyping for *2–*6 and *17 mutations was assessed in sub-
jects who were H. pylori negative in two randomized crossover trials.The
influence of CYP2C19 mutations on single and repeated administration
of L15 and O10 (study A) and O20 and P40 (study B) was investigated.
Pharmacokinetics and the cumulative percentage of time with
intragastric pH above 4 (% > pH 4) were assessed on day 1 and 6.

RESULTS
For study A CYP2C19 genotyping found five *1/*1, four *1/*2, one
*1/*17 and one *2/*17. For study B the results were six *1/*1, two *1/*2,
six *1/*17, one *2/*2 and one *2/*17. For all PPIs AUC was highest in
*2/*2 and lowest in *1/*17. On day 1, all PPIs significantly increased
percentage >pH 4 compared with baseline. *1/*1 genotype showed no
significant acid-inhibition after L15, O10 and O20. *1/*17 genotype
showed no significant acid-inhibition after O20 and P40. *1/*2
genotype showed significant acid-inhibition after L15 and O10. On day
6, all four PPIs showed significantly increased acid-inhibition. *1/*1 and
*1/*17 showed a significantly increased percentage > pH 4 after
treatment with O20 and P40. However, in *1/*1 subjects percentage
> pH 4 was not significantly increased after L15 and O10. *1/*2
genotype showed a significant acid-inhibitory effect after repeated
dosing with L15 and O10.

CONCLUSIONS
Caucasian subjects with *1/*1 and *1/*17 genotype need stronger
acid-suppression therapy, especially during the first days of treatment
or with on-demand therapy.
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Introduction

Proton pump inhibitors (PPIs) are metabolized in the liver
by the cytochrome P450 system (CYP), specifically
CYP2C19 and CYP3A4. Omeprazole for example is mainly
metabolized to 5-hydroxyomeprazole by CYP2C19 and to
omeprazole sulphone by CYP3A4. CYP2C19 shows geneti-
cally determined polymorphisms, which affect the phar-
macokinetics and pharmacodynamics of PPIs [1–8].

The genetic basis for the polymorphic expression of
CYP2C19 activity has been determined. Several single
nucleotide polymorphic variants (SNPs) of the CYP2C19
gene have been identified with impact on the capacity to
metabolize PPIs [9]. CYP2C19 *2, *3, *4, *5 and *6 mutations
are associated with reduced metabolism of omeprazole,
leading to higher AUCs and more profound acid inhibition
[9–11]. CYP2C19 *17 mutations are likely to cause increased
metabolism of omeprazole,which may result in lower AUCs
and reduced acid inhibition [12].The prevalence of CYP2C19
mutations differs among populations and considering the
Eurasian part of the world, an increase in *2 and *3 muta-
tions is seen from West to East. In the Caucasian population
about 30–40% has the *1/*2 genotype and 2–5% has the
*2/*2 genotype [13]. In the Chinese population, about 50%
has the *1/*2 or *1/*3 and 24% has the *2/*2, *2/*3 or *3/*3
genotype. The prevalence of the CYP2C19 *17 mutation is
the opposite. About 36% of the Caucasian population has
the *1/*17 or *17/*17 genotype, about 8% of the Chinese,
and about 1% of the Japanese population [12, 14].

Standard doses for the initial treatment of GERD are
once daily doses of lansoprazole 30 mg, omeprazole
20 mg, or pantoprazole 40 mg. In many countries the rec-
ommended doses for maintenance treatment are once
daily doses of lansoprazole 15 mg, omeprazole 10 or 20 mg
and pantoprazole 20 or 40 mg. Furthermore, omeprazole
10 mg and 20 mg have been registered in several countries
as the first PPIs available over-the-counter. Standard
approved doses of PPIs are based on studies performed in
subjects with an unknown CYP2C19 genotype [15].Regard-
ing the current knowledge of pharmacogenetics, it can be
speculated that therapy with approved doses of PPIs in
Caucasian subjects with fast metabolism (e.g.subjects with
*1/*1 genotype or subjects with *17 mutations) could lead
to a diminished acid-inhibitory effect and this may result in
therapeutic failure.The aim of this study was to investigate
the impact of CYP2C19 mutations *2, *3, *4, *5, *6 and *17
on the acid-inhibitory effects and pharmacokinetics of lan-
soprazole, omeprazole and pantoprazole in a Caucasian
population.

Methods

Study protocol
We performed in Caucasian subjects two comparative ran-
domized, two-way crossover, investigator-blinded studies.

In study A the acid-inhibitory effect of lansoprazole 15 mg
(L15) was compared with omeprazole 10 mg (O10). In
study B the acid-inhibitory effect of omeprazole 20 mg
(O20) was compared with pantoprazole 40 mg (P40). To
assess the influence of CYP2C19 polymorphism on the
pharmacodynamics and kinetics of these PPIs CYP2C19
genotype was established in all subjects. In this paper we
discuss the effect of CYP2C19 genotype on pharmacody-
namics and kinetics.

Both studies were designed to include healthy
H. pylori-negative subjects whose intragastric pH was
below pH 4 for more than 70% of the time during a 24 h
baseline period. CYP2C19 genotyping procedures identify-
ing the wild-type gene, CYP2C19*1,and the mutated alleles
CYP2C19*2, CYP2C19*3, CYP2C19*4, CYP2C19*5, CYP2C19*6
and CYP2C19*17 were performed by a polymerase chain
reaction-restriction fragment length polymorphism (PCR-
RFLP) method, by the laboratories of Clinical Chemistry of
Haga Teaching Hospital and Erasmus University Medical
Center as previously described [12, 16].The Ethics Commit-
tee of Haga Teaching Hospital approved the study
protocol.

In study A, the subjects were first assigned to 6 day
treatment with either lansoprazole capsules 15 mg once
daily or omeprazole capsules 10 mg once daily, followed
after a wash-out period of at least 14 days by treatment
with the other drug for 6 days. In study B, subjects were
assigned to a 6 day treatment with either omeprazole
MUPS 20 mg once daily or pantoprazole tablets 40 mg
once daily in a similar two-way crossover design with treat-
ment with the second drug for 6 days after a wash-out
period of at least 14 days. In both studies 24 h intragastric
pH monitoring took place at day 0 (baseline) prior to drug
administration and at days 1 and 6 of administration as
previously described [17].

In study A, blood samples (5 ml) for the determination
of O10 and L15 pharmacokinetics were drawn at day 1 and
at day 6 at predose and at 1, 1.5, 2, 3, 4, 6, and 8 h after
intake of the study drug.

In study B, blood samples (5 ml) for the determination
of O20 and P40 pharmacokinetics were drawn at day 1 and
day 6 at predose and at 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 7, 8
and 9 h after dose. Plasma concentrations for study A were
determined by means of liquid chromatography tech-
niques at the laboratory of the Central Hospital Pharmacy,
The Hague [18, 19]. Plasma concentrations for study B were
determined by means of liquid chromatography tech-
niques at the Bio-analytical Chemistry Laboratory, Astra
Hässle AB, Mölndal, Sweden [19, 20].

Subjects
Twelve Dutch Caucasian subjects participated in study A
and 11 subjects were genotyped (one subject refused
genotyping for personal reasons).Sixteen Dutch Caucasian
subjects participated in study B and all subjects were
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genotyped. Subject characteristics and genotypes are
shown in Table 1. All subjects gave written informed
consent.

Data analysis and statistical evaluation of
pH data
Evaluation of pH data was performed as previously
described [17]. Cumulative percentages of time during
which intragastric pH was above 4 for 24 h time periods,
were compared between baseline data and the studied
PPIs at days 1 and 6 for the total group and for the sub-
groups with a specific CYP2C19 genotype. To determine
the net response to the study drug, the cumulative per-
centage of time with pH above threshold 4 at baseline was
subtracted from the cumulative percentage of time with
pH above threshold 4 at day 1 and day 6 for each individual
subject. This gain is represented as D percentage of time
with intragastric pH > 4. A change in this D percentage of
time of less than 10% was considered as a nonresponse,
given the accuracy of the technique of intragastric pH
monitoring and the variability in 24 h intragastric acidity
[21]. We defined individuals showing a D of �10%
as responders and individuals with a D of <10% as
nonresponders.

Data were analyzed using the SPSS statistical package
(SPSS 12.0.1 for Windows, SPSS Inc, Chicago, USA). In
various genotype groups the data were too scarce for per-
forming nonparametric tests. Therefore parametric tests
were used: paired-samples t-test for testing changes from
baseline at day 1 and day 6 and independent-samples
t-test for comparison of these changes between geno-
types. However, with scarce data these t-tests lean heavily
on the assumption of a normal (Gaussian) distribution of
the changes from baseline considered. In order to enhance
the plausibility of this assumption, a logit transformation
of the cumulative percentage of time with pH above the
threshold of 4 was made prior to calculating changes from
baseline and performing t-tests. If x denotes the cumula-
tive percentage of time with pH above threshold 4, then
the logit of x is defined as the (natural) logarithm of the

odds: log(x/(100–x)). The logit transformation is an appro-
priate variance-stabilizing transformation for proportions.

As it should, test results based on it would remain the
same, when pH-levels below threshold 4 would have been
used for calculating the percentage of time. Mean changes
from baseline and their confidence limits on the logit scale
can be back-transformed by exponentiation, yielding the
odds ratios with their confidence limits. The significance
level of each test was set at 0.05. Two-sided P values were
presented as calculated with each test, no correction being
made for multiple testing.

Pharmacokinetic data
Pharmacokinetic parameters shown as clearance/F (CL/F,
in l h-1, F is bioavailability), half life (t1/2, in h), time of
maximum observed concentration (tmax, h), and the
maximum observed concentration (Cmax, mg l-1) were
derived by noncompartmental analysis using WinNonlin
software (version 5.1, Pharsight Corporation, Mountain
View, USA). For each individual the terminal elimination
rate constant (lz) was determined by log-linear regression
of the terminal phase of the plasma concentration–time
curve separately on day 1 (study A and B) and day 6 (study
B). The area under the concentration–time curve (AUC, in
mg l-1 h) was estimated by the linear-logarithmic trapezoi-
dal method up to the last measured data point with
extrapolation to 24 h using lz. Differences between geno-
types were evaluated using the independent-samples
t-test. The level of significance was set at 0.05.

Results

Pharmacokinetics
Differences in AUCs between the genotypes in study A and
B are displayed in Table 2 and in Figure 1.

For all studied PPIs, the same pattern was seen between
genotype and AUC on day 1 and on day 6 with AUC being
highest in *2/*2, and lowest in *1/*17. Differences between
AUCs of *1/*1 and *1/*2 in study A and between *1/*1 and
*1/*17 in study B were not significant (all P values �0.14).
The clearance showed the same genotypic trend as the
AUC with lowest clearance in *2/*2 and highest in *1/*17
(data not displayed). The *2 and *17 mutations did not
influence the pharmacokinetic parameters t1/2, tmax and Cmax

(data for total group shown in Table 3).

Acid-inhibition at day 1
Cumulative mean percentage of time with intragastric
pH > 4 (� 1 s.d.) at baseline and during day 1 for the four
treatment regimens of the total group and of each geno-
type are shown in Table 4. Odds ratios with 95% CI and
P-values (compared with baseline) are shown in Table 5.
D percentage intragastric pH > 4 for each subject and
genotype is shown in Figure 2. Compared with baseline
and not differentiating for genotype, L15, O10, O20 and

Table 1
Subject characteristics and genotypes

Study A Study B

All (M/F)* 11 (5/6) 16 (7/9)
*1/*1 (M/F)† 5 (3/2) 6 (3/3)
*1/*2 (M/F) 4 (1/3) 2 (0/2)
*1/*17 (M/F) 1 (1/0) 6 (3/3)
*2/*2 (M/F) 0 1 (1/0)
*2/*17 (M/F) 1 (0/1) 1 (0/1)
Age (years) mean (range) 24.2 (20–29) 24.7 (21.4–30)
Weight (kg) mean (range) 70 (50–90) 73 (55–97)
Height (cm) mean (range) 174 (157–190) 176 (157–192)

*(M/F = male/female). †*3, *4, *5 or *6 mutations were not found.
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Table 2
AUC (mean values � SD) at day 1 (Study A and B) and day 6 (Study B) for genotypes

Study A
AUC (mg l-1 h)

*1/*1
(n = 5)

*1/*2
(n = 4)

*1/*17
(n = 1)

*2/*17
(n = 1)

P value
*1/*1 vs. *1/*2

O10 day 1 0.25 � 0.18 0.52 � 0.31 0.14 0.41 0.141
L15 day 1 1.04 � 0.77 1.75 � 1.05 0.47 1.39 0.282

Study B
AUC (mg l-1 h)

*1/*1
(n = 6)

*1/*2
(n = 2)

*1/*17
(n = 6)

*2/*2
(n = 1)

*2/*17
(n = 1)

P-value
*1/*1 vs. *1/*17

O20 day 1 0.64 � 0.34 3.42; 1.30 0.49 � 0.22 3.44 1.06 0.365
O20 day 6 1.11 � 0.52 5.04; 2.29 0.86 � 0.56 4.22 2.03 0.465

P40 day 1 4.56 � 1.60 25.72; 7.16 3.42 � 2.10 13.56 6.29 0.314
P40 day 6 4.21 � 1.91 26.87; 8.49 3.32 � 1.33 20.71 5.95 0.374
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Figure 1
Individual and mean (horizontal bar) AUC of *1/*1, *1/*2, *1/*17, *2/*2 and *2/*17 genotypes after administration of L15, O10, O20 and P40 on day 1 (study
A and B) and day 6 (study B)
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P40 significantly increased the mean percentage of time
with intragastric pH above 4 (all P values 0.042 or less).
Differentiating for genotype, the *1/*1 genotype showed
no significant acid-inhibitory effect after a single dose of
L15 (P = 0.116), O10 (P = 0.497) and O20 (P = 0.315). In sub-
jects with *1/*17 genotype, no significant acid-inhibitory
effect was seen after a single dose of O20 (P = 0.102) and
P40 (P = 0.258). Only with P40 was there a significant acid-
inhibitory effect after a single dose in *1/*1 subjects
(P = 0.034). Subjects with the *1/*2 genotype showed a
significant acid-inhibitory effect after L15 (P = 0.022) and
O10 (P = 0.036). In both studies *1/*1 and *1/*17 geno-
types showed lower responses than *1/* 2, *2/*17 or *2/*2
genotypes. However, either the differences between *1/*1
and *1/*2 for L15 and for O10 as well as the differences
between *1/*1 and *1/*17 for O20 and for P40 were not
significant (all P values �1 0.204) or the numbers were too
small to test the differences. Table 6 shows the percentage
of subjects with a response (D percentage of acid-
inhibition >10%) to the administered PPI.

Acid-inhibition at day 6
Cumulative mean percentage of time with intragastric
pH > 4 (� SD) at baseline and during day 6 for the four
treatment regimens of the total group and of each geno-
type are shown in Table 4. Odds ratios with 95% CI and
P values (compared with baseline) are shown in Table 5. D
percentage intragastric pH > 4 for each subject and geno-
type is shown in Figure 2. Compared with baseline and not
differentiating for genotype, the mean percentage of time
with an intragastric pH above pH 4 was significantly
increased in all subjects with all four regimens studied (all
P values � 0.006). Differentiating for genotype, *1/*1 and
*1/*17 showed a significantly increased percentage of
time with intragastric pH above 4 after treatment with O20
(P = 0.015 and P = 0.001, respectively) and P40 (P = 0.004
and 0.010, respectively). However, in *1/*1 subjects treated
with L15 and O10 this percentage of time was not signifi-
cantly increased (P = 0.065 and P = 0.185, respectively).The
*1/*2 genotype showed a significant acid-inhibitory effect
after repeated dosing with L15 (P = 0.007) and O10
(P = 0.024). No significant difference between *1/*1 and

*1/*2 for L15 and for O10 and between *1/*1 and *1/*17 for
O20 and P40 was seen was seen at day 6 (all P values 0.532
or more). Table 6 shows the percentage of subjects with a
response (D percentage of acid-inhibition >10%) to the
administered PPI.

Discussion

The aim of the study was to examine the influence of
CYP2C19 mutations on the acid-inhibitory effects and
pharmacokinetics of lansoprazole, omeprazole and panto-
prazole in a Caucasian population. The study showed an
effect of CYP2C19 polymorphism on the pharmacodynam-
ics of standard dose pantoprazole, low dose lansoprazole,
and low/standard dose omeprazole. This effect was not
supported by pharmacokinetic data, probably due to the
fact that the power of the studies was based on the com-
parison omeprazole vs. lansoprazole and omeprazole vs.
pantoprazole. Further studies are needed to give a decisive
answer on the significance of CYP2C19 polymorphism in
Caucasians.

Genotypic analysis of the subjects in study A demon-
strated 45% *1/*1, 36% *1/*2, 9% *1/*17, 0% *2/*2 and 9%
*2/*17 mutations. Genotypic analysis of the subjects in
study B showed 37.5% *1/*1,12.5% *1/*2,37.5% *1/*17,6%
*2/*2 and 6% *2/*17 mutations. During genotyping for *3,
*4, *5 and *6 mutations we did not find any of these muta-
tions in our population [11]. It is known that the *3 muta-
tion mainly occurs in Asian subjects. The allelic frequency
in our studies reflected the Western genotypes with a
slight under representation of the *1/*2 genotype, which is
reported to occur in 30–40% of the Western population.

Irrespective of genotype, L15, O10, O20 and P40 pro-
duced significant acid inhibition after a single dose and all
PPIs studied produced significant acid reduction after
repeated dosing.

We have shown in Caucasian subjects with *1/*1 geno-
type, that on the first day of administration the acid sup-
pression with lansoprazole 15 mg and omeprazole 10 or
20 mg is not significant. In contrast to lansoprazole 15 mg
and omeprazole 10 mg, acid suppression with omeprazole
20 mg reached significance after repeated dosing. Only
pantoprazole 40 mg showed significant acid-inhibition in
*1/*1 subjects after both single and repeated administra-
tion. However, in *1/*17 subjects there was no significant
acid-inhibitory effect after single administration. At day 6
of administration the acid-inhibitory effect of pantopra-
zole 40 mg reached significance in *1/*17.

Omeprazole is the only PPI known to have auto-
inhibition of its metabolism [22].Our study showed that for
*1/*1 subjects in contrast to pantoprazole 40 mg, clear-
ance for omeprazole 20 mg was reduced resulting in an
increased AUC on day 6 compared with day 1. The
increased AUC and the pharmacological steady state
explain the more potent inhibition of gastric acid produc-

Table 3
Pharmacokinetic parameters (mean values � SD) at day 1 (Study A and B)

and day 6 (Study B) for total group

tmax (h) Cmax (mg l-1) CL/F (l h-1) t1/2 (h)

O10 day 1 1.55 � 0.63 0.18 � 0.11 72.39 � 61.73 1.21 � 0.11
L15 day 1 1.29 � 0.27 0.40 � 0.17 32.05 � 10.09 1.72 � 0.99

O20 day 1 1.48 � 1.38 0.46 � 0.27 36.10 � 24.06 1.33 � 1.46
O20 day 6 1.33 � 1.23 0.75 � 0.31 24.73 � 28.17 1.15 � 0.58

P40 day 1 1.78 � 1.19 2.85 � 0.90 10.73 � 8.29 1.45 � 0.65
P40 day 6 2.14 � 1.90 2.92 � 0.88 10.40 � 6.21 1.59 � 1.17
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tion after repeated dosing with omeprazole. Our pharma-
codynamic data nicely illustrate that in *1/*1 subjects a
dose of 10 mg omeprazole is too low to benefit from this
effect.

Regarding *2 mutations, our data were in keeping with
the findings from Japanese studies that *2 mutations lead
to increased AUC and more profound acid inhibition of
PPIs [9]. With L15, significant acid-inhibition was seen in
*1/*2 subjects after single as well as after repeated admin-
istration. The same occurs with O10. It can be concluded
that in *1/*2 subjects, compared with *1/*1 subjects,
metabolism of omeprazole is already reduced resulting in
a significant acid-inhibitory effect after a single dose. Due
to auto-inhibition of its metabolism after repeated dosing,
a dose as low as 10 mg will lead to a further increase of
intragastric pH.

The novel *17 mutation is associated with therapeutic
failure of PPIs [12].This assumption is based on a decreased
metabolic ratio of omeprazole in Caucasian subjects with
the *17 genotype. Our study in subjects treated with ome-
prazole and pantoprazole demonstrated that a *17 muta-
tion may lead to less acid-inhibition and a decreased AUC
compared with *1/*1 genotypic subjects. In contrast to the
findings in *1/*1 subjects, we found no significant acid-
inhibitory effect in *1/*17 subjects after single administra-
tion of P40. Repeated administration of pantoprazole
showed significant acid-inhibition for *1/*17 subjects with
unchanged AUC compared with single administration.This
demonstrated that the increase in acid-inhibitory effect
after repeated dosing of pantoprazole was caused by a
pharmacodynamic effect (reaching a pharmacological
steady state) rather than a kinetic effect (c.f. omeprazole).

The majority (e.g. up to 70%) of the Caucasian popula-
tion has the*1/*1 or *1/*17 genotype and only 30% to 40%
has a *2 mutation. In the Asian population however, *2, and
*3 mutations are seen with an allelic frequency up to 75%.
In contrast to the *1/*1 or *1/*17 mutation, *2 and *3 muta-
tions are associated with decreased metabolism of PPIs.
The differences in pharmacokinetics between subjects
with *1/*1 or *1/*17 genotypes on the one hand and sub-
jects with *1/*2 genotypes on the other hand, explains
another finding of our study, i.e. that omeprazole 10 or
20 mg and lansoprazole 15 mg have no significant acid-
suppressive effect after a single dose in these genotypes as
well as pantoprazole in subjects with the *1/*17 genotype.
Subjects with *1/*1 or *1/*17 genotypes may need higher
doses of PPIs or drugs that inhibit CYP2C19 or CYP3A4
metabolism (e.g. some macrolides) to reach the same acid-
inhibitory effect as we found in subjects with *2 mutations.
The difference in occurrence of *2 and *17 mutations in

Table 4
Mean percentage of time (� SD) with intragastric pH > 4 during 24 h for total group and genotypes

Study A
All
(n = 11)

*1/*1
(n = 5)

*1/*2
(n = 4)

*1/*17
(n = 1)

*2/*17
(n = 1)

Baseline 13.2 � 7.4 14.9 � 9.9 11.9 � 6.3 13.9 9.5
L15 day 1 34.2 � 17.3 (P = 0.002*) 35.6 � 21.1† 38.3 � 16.4 15.9 29.7

L15 day 6 44.2 � 15.0 (P < 0.0005*) 43.1 � 20.1‡ 49.4 � 6.8 26.7 46.1
O10 day 1 22.4 � 10.9 (P = 0.042*) 19.1 � 10.1§ 29.7 � 11.5 12.3 19.5

O10 day 6 40.3 � 20.9 (P = 0.006*) 36.0 � 20.0¶ 46.8 � 18.8 11.5 64.9

Study B
All
(n = 16)

*1/*1
(n = 6)

*1/*2
(n = 2)

*1/*17
(n = 6)

*2/*2
(n = 1)

*2/*17
(n = 1)

Baseline 13.5 � 6.1 14.0 � 5.5 10.7; 15.3 14.5 � 8.1 6.1 13.0
O20 day 1 27.9 � 16.3 (P = 0.003*) 20.4 � 8.9†† 48.1; 62.5 21.5 � 13.4 35.3 48.6

O20 day 6 51.3 � 16.6 (P < 0.0005*) 50.2 � 21.0‡‡ 62.2; 61.9 47.3 � 17.3 47.7 62.0
P40 day 1 31.4 � 14.6 (P = 0.001*) 31.5 � 10.3§§ 50.9; 55.8 20.9 � 12.8 43.7 37.4

P40 day 6 47.8 � 16.4 (P < 0.0005*) 44.5 � 11.9¶¶ 68.1; 62.0 46.1 � 20.8 59.8 30.3

*P values: compared with baseline. †P value *1/ *1 vs. *1/ *2 after logit-transformation: 0.627, ‡0.602, §0.289, ¶0.532. ††P value *1/ *1 vs. *1/ *17 after logit-transformation:
0.981, ‡‡0.822, §§0.204, ¶¶0.900.

Table 5
Odds ratios (range 95% CI) indicating changes from baseline and P-values

Study A
*1/*1
(n = 5)

*1/*2
(n = 4)

L15 day 1 3.25 (0.63, 16.64) (P = 0.116) 4.73 (1.52, 14.70) (P = 0.022)
L15 day 6 5.14 (0.85, 31.02) (P = 0.065) 7.89 (2.87, 21.71) (P = 0.007)

O10 day 1 1.49 (0.33, 6.67) (P = 0.497) 3.24 (1.15, 9.12) (P = 0.036)
O10 day 6 3.54 (0.39, 31.86) (P = 0.185) 6.75 (1.61, 28.37) (P = 0.024)

Study B
*1/*1
(n = 6)

*1/*17
(n = 6)

O20 day 1 1.59 (0.54, 4.66) (P = 0.315) 1.61 (0.87, 2.98) (P = 0.102)
O20 day 6 6.66 (1.75, 25.32) (P = 0.015) 5.82 (2.99, 11.32) (P = 0.001)

P40 day 1 2.96 (1.13, 7.75) (P = 0.034) 1.51 (0.66, 3.47) (P = 0.258)
P40 day 6 5.32 (2.29, 12.37) (P = 0.004) 5.70 (1.88, 17.26) (P = 0.010)
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Asian and Caucasian populations makes it difficult to
extrapolate results found in studies performed in Japanese
and Chinese populations to the Caucasian population.

A considerable proportion of our subjects, mainly with
the *1/*1 and *1/*17 genotype, did not show a more than
10% gain in the proportion of time that intragastric pH was
above 4 in a 24 h period. Even with a single dose of panto-
prazole 40 mg, 31% of the subjects did not reach this cri-
terion. We think that this criterion is a pertinant parameter

for clinically relevant acid-inhibition, given the accuracy of
the technique of intragastric pH monitoring and the vari-
ability in 24 h intragastric acidity [21].With all studied PPIs,
the number of nonresponders decreased substantially
after repeated administration.

In conclusion, this study showed that the acid-
inhibitory effects of lansoprazole, omeprazole and panto-
prazole in Caucasians were influenced by CYP2C19 status.
Due to this effect, single and repeated administration of
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Figure 2
Individual and mean (horizontal bar) responses of *1/*1, *1/*2, *1/*17, *2/*2 and *2/*17 genotypes to L15, O10, O20 and P40 on day 1 and day 6, corrected
for baseline (D percentage of time pH > 4)
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omeprazole 10 mg and lansoprazole 15 mg in *1/*1 sub-
jects did not provide significant acid-inhibition when com-
pared with baseline. After a single dose, acid-inhibition in
*1/*1 or *1/*17 subjects with omeprazole 20 mg was not
significant, but became significant after repeated adminis-
tration. Pantoprazole 40 mg provided significant acid-
inhibition in *1/*1 but not in *1/*17 subjects after a single
dose,. After repeated dosing pantoprazole 40 mg showed
significant acid inhibition in *1/*17 subjects as well.
Because of a remarkably lower (and often inadequate)
acid-inhibitory effect in subjects with *1/*1 and *1/*17
genotype for CYP2C19, who comprise together up to 70%
of the Caucasian population, stronger acid-suppression
therapy needs to be considered, especially during the first
days of therapy or with on-demand therapy.
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