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someprazole-induced healing of
astroesophageal reflux disease is unrelated
o the genotype of CYP2C19: Evidence
rom clinical and pharmacokinetic data

Background: The clinical outcome of acid-related disorders treated by proton pump inhibitors (PPIs) might
be dependent on the polymorphically expressed cytochrome P450 (CYP) 2C19, which is involved in PPI
metabolism. We tested whether esomeprazole-induced healing of gastroesophageal reflux disease (GERD) is
related to CYP2C19 genotype.
Methods: Two hundred five patients with GERD (Los Angeles classification grade A or B) were included in a
case-control study according to endoscopic outcome (healed versus unhealed group, matched for confound-
ers) after treatment with 40 mg esomeprazole daily for 4 weeks. The frequency of CYP2C19 genotypes was
determined as the primary outcome measure for both groups. In a second trial plasma levels of esomeprazole
and corresponding CYP2C19 and CYP3A4 metabolites (5-hydroxyomeprazole and omeprazole sulfone)
were monitored in 10 CYP2C19 wild-type patients with GERD after the first and last doses (day 7) of 40 mg
esomeprazole daily to calculate metabolic ratios.
Results: CYP2C19 wild-type (n � 148) and heterozygous (n � 51) or homozygous variant (n � 6) patients
did not differ with respect to baseline characteristics. The frequency distribution of CYP2C19 genotypes was
not different between patients with complete (75/100) and incomplete (73/105) healing (P � .65). When
a single esomeprazole dose and multiple dosing were compared, the low contribution of CYP2C19 to the
elimination of esomeprazole decreased further by 50%. In contrast, the CYP3A4-dependent formation of
omeprazole sulfone increased by 40%, and consequently, the metabolic ratio of omeprazole sulfone to
5-hydroxyomeprazole was elevated from 7.9 to 19.3 (P � .0004).
Conclusion: In contrast to other PPIs, esomeprazole-induced healing of GERD is unrelated to the CYP2C19
genotype, which can be explained by the metabolic shift toward the CYP3A4-mediated pathway. (Clin
Pharmacol Ther 2005;78:627-34.)
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Gastroesophageal reflux disease (GERD) is common
n Western countries. The prevalence of GERD is in-
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reasing, and quality of life is often substantially af-
ected.1 There is an ongoing discussion about factors
nvolved in the pathogenesis and appearance of GERD,
uch as sex, obesity, smoking, alcohol consumption,
nd Helicobacter pylori infection.1,2 The majority of
atients will be treated by proton pump inhibitors
PPIs), either on demand or on a long-term basis.3,4

ecause of their superior potential for acid suppression
ompared with other drugs, PPIs have become the first
hoice for the management of GERD.5-8 Numerous
tudies have revealed, dependent on the severity
grade) of GERD, endoscopic healing rates between
pproximately 70% and 80% after a treatment period of

weeks.6,9 Among various PPIs, omeprazole and, more
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ecently, omeprazole’s S-enantiomer (esomeprazole)
epresent widely used agents.10

All PPIs dose-dependently inhibit gastric acid secre-
ion and elevate the intragastric pH for up to 48 hours.
hereby healing rates in GERD are related to the time
eriod when intragastric threshold levels are main-
ained above pH 4.11,12 Likewise, the extent and dura-
ion of an effective acid inhibition depend on the inte-
rated plasma concentrations of the PPI best
haracterized by the area under the curve (AUC), also
nown as “drug exposure.”13,14 The pharmacokinetic
arameter AUC is a function of the bioavailable dose
nd the elimination (clearance) of the PPI from the
ody. Consequently, the individual elimination rate
ill determine the AUC of the PPI, the pharmacody-
amic response (increase in intragastric pH), and, fi-
ally, clinical outcome.
All PPIs are eliminated by the hepatic route, and 2

ytochrome P450 (CYP) enzymes are involved in their
etabolism—CYP2C19, which is polymorphically ex-

ressed, and CYP3A4, which is the most abundant.
pparently, metabolic pathways mediated by
YP2C19 represent the rate-limiting step in the overall
limination.15,16 The enzyme activity is genetically
riven, and the genotypes of CYP2C19 are classified
nto 3 groups, as follows: homozygous extensive me-
abolizers (EMs) carrying 2 wild-type alleles and het-
rozygous EMs and poor metabolizers (PMs) carrying
and 2 variant alleles, respectively.17,18

On the basis of the outlined pharmacokinetic-
harmacodynamic-clinical outcome relationships, it
an be anticipated that, under standard dosing regimens
f PPIs, PMs of CYP2C19 will have much higher AUC
alues and, consequently, a better clinical outcome than
omozygous EMs. In several clinical studies involving
meprazole and lansoprazole, it has been demonstrated
hat eradication rates of H pylori are about 15% to 20%
igher in heterozygous EMs and PMs when compared
ith homozygous EMs.18-20

In patients with GERD there is a significant propor-
ion of individuals (about 20%) who do not respond to
he usual dose of the PPI given. One may speculate on
hether nonresponders could belong to the group of
omozygous EMs. In these patients standard doses are
ery rapidly metabolized, resulting in a low (partly
neffective) AUC of the selected PPI.19 So far, the
mpact of CYP2C19 polymorphism on endoscopic
ealing has been investigated only in Japanese patients
ho were treated with 30 mg lansoprazole for 8 weeks.

n both small trials much higher healing rates (85% and
00%) were observed in PMs of CYP2C19 when com-

ared with homozygous EMs (46% and 77%).21,22 On w
he basis of these studies homozygous EMs apparently
eed higher doses of PPIs to minimize the proportion of
onresponders.
Concerning esomeprazole, an about 3-fold higher

UC has been found in PMs when compared with EMs
fter a single dose of esomeprazole.23 Thus one could
ssume that the genotype of CYP2C19 might also affect
someprazole-induced healing in patients with GERD.
o test this hypothesis, these clinical and pharmacoki-
etic studies have been performed.

ETHODS
Study design. The trial design was a matched case-

ontrol study involving 205 outpatients derived from a
arge-scale prospective cohort study (ProGERD [Pro-
ression of Gastroesophageal Reflux Disease] study
nitiative).24 In brief, ProGERD was a prospective clin-
cal trial at 1253 European centers including patients
ith GERD and esomeprazole therapy. In addition to a

areful assessment of medical and environmental fac-
ors, all patients underwent gastroesophageal endos-
opy. On the basis of these data, we defined 2 study
roups according to the endoscopic outcome (healed
ersus unhealed group), and patients within groups
ere well balanced with regard to potential clinically

elevant confounders. The sample size was derived
rom the following assumptions (by use of the Fisher
xact test for binomial power calculations).25 On the
asis of our previous work,16 the prestudy probability
or individuals with the wild type for CYP2C19 (ho-
ozygous EMs) in our population was estimated to be

0% and the power was set to 80%. Consequently, a
ample size of 102 patients (in each arm, healed versus
nhealed) would be sufficient to detect a 20% differ-
nce in genotype-dependent healing rates with an �
evel of 5% and 2-sided testing. Furthermore, the de-
ection limit of a 20% difference in genotype frequency
as lower than that which had been observed for dif-

erences in healing rates by use of lansoprazole in 2
nadjusted Japanese studies (39% and 23%).21,22 Diag-
osis of GERD was based on clinical and endoscopic
riteria (grade A or B according to Los Angeles clas-
ification). All patients were of Western European or-
gin. Their baseline characteristics and some demo-
raphic data are summarized in Tables I and II. Patients
ere treated orally with 40 mg esomeprazole daily for
minimum of 4 weeks. Treatment was stopped after 4
eeks if complete endoscopic healing was documented

t this predefined time point. All patients were geno-
yped for CYP2C19, and the frequency distribution of
enotypes related to endoscopic evaluation after 4

eeks (healed versus unhealed GERD) was considered
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s the primary outcome measure. Secondary outcome
easures were improvement of heartburn symptoms as

ssessed by the modified Reflux Disease Diagnostic
uestionnaire (GERD score1) (range, 0-36) and by the
isease-specific Upper Abdominal Symptom Question-
aire (UASQ score2).
In a separate prospective pharmacokinetic trial 10

atients with GERD and of CYP2C19 wild type
homozygous EMs) received esomeprazole 40 mg/d
or 1 week. Diagnosis of GERD was based on the
ame criteria as described for the clinical study.
fter the first and last doses (steady state), multiple
lood samples (at 0, 0.33, 0.67, 1, 1.5, 2, 3, 4, 6, 8,
nd 12 hours) were collected. In the separated
lasma, esomeprazole and its 2 major metabolites,
-hydroxyomeprazole (formed by CYP2C19) and
meprazole sulfone (formed by CYP3A4), were
easured by a specific and sensitive liquid chroma-

ography–mass spectrometry assay by use of H
15/70 as internal standard.26 All compounds were
indly provided by Dr L. Weidolf (AstraZeneca R &
, Mölndal, Sweden).
The local ethics committee and regulating govern-
ent authorities approved the protocols for both

rojects. The studies were performed according to
ood Clinical Practice guidelines. All patients gave
ritten informed consent before study entry.
Genotyping. Genomic deoxyribonucleic acid was

solated from human serum for the 205 study partic-
pants and from leukocytes for the 10 patients in the
harmacokinetic trial, respectively, by use of a kit
Qiagen Mini Kit; Qiagen, Hilden, Germany). Geno-
yping for CYP2C19*2 and *3 alleles was performed
y use of predeveloped assay reagents (TaqMan As-
ay Reagents–Allelic Discrimination Kits for
YP2C19*2 and *3; Applied Biosystems, Foster
ity, Calif), as recently described.20 Patients were
ivided into the group of homozygous wild-type
arriers (homozygous EMs) and the group with 1
heterozygous EMs) or 2 (PMs) variant alleles for
YP2C19. Laboratory personnel were blinded to the
linical outcome status of the study participants.

Statistical and pharmacokinetic analysis. Values
re presented as mean � SD or proportions of pa-
ients. The SPSS (version 11.0; SPSS, Chicago, Ill)
nd GraphPad Prism (version 3.03; GraphPad Soft-
are, San Diego, Calif) software packages were used

or all statistical analyses. Unpaired t test, Mann-
hitney test, chi-square analysis, or Fisher exact test
as used as appropriate to assess differences or
roportions between study groups with regard to

linical and genetic data. Odds ratios (ORs) are given t
ith 95% confidence intervals, and a 2-sided P value
f less than .05 was considered statistically signifi-
ant. Observed and expected allele and genotype
requencies within populations were compared by
eans of Hardy-Weinberg equilibrium.
Multivariable logistic regression analysis accord-

ng to Wald was applied to examine whether selected
arameters (eg, age, sex, smoking, body mass index,

pylori infection, Los Angeles grade, and endo-
copic healing at 4 weeks) could predict or were
ssociated with the primary outcome measure (fre-
uency of CYP2C19 genotypes).
Pharmacokinetic parameters (elimination half-life [t½],

pparent oral clearance [CL/F], and area under the plasma
oncentration–time curve [AUC] from 0 to 12 hours) were
alculated for each patient by noncompartmental analysis
ith the validated TopFit 2.0 software program (Gustav
ischer Verlag, Jena, Germany).27 Metabolic ratios (MRs)
re expressed as AUCmetabolite/AUCesomeprazole and as
UComeprazole sulfone/AUC5-hydroxyomeprazole. All pharma-

okinetic parameters, presented as arithmetic mean � SD
or single versus multiple dosing, were compared by the
aired Student t test because all data were normally dis-

able I. Baseline characteristics and demographic
ata of patients with GERD treated for at least 4
eeks with esomeprazole (40 mg/d)

Variable

CYP2C19 genotype*

Homozygous
EMs (n � 148)

Heterozygous
EMs (n � 51) and

PMs (n � 6)

Age (y) 53.2 � 13.6 56.1 � 13.1
Male gender 87 (59%) 33 (58%)
BMI (kg/m2) 27.3 � 4.0 26.9 � 3.6
H pylori–positive 75 (51%) 31 (54%)
Smoking behavior

Never 47 (32%) 17 (30%)
Current 47 (32%) 17 (30%)
Previous 54 (36%) 23 (40%)

UASQ score 18.4 � 9.0 15.4 � 8.7
GERD score 8.7 � 5.5 7.2 � 5.5
Los Angeles grade

A 61 (41%) 30 (53%)
B 87 (59%) 27 (47%)

Data are given as proportions or mean � SD.
GERD, Gastroesophageal reflux disease; EM, extensive metabolizer; PM,

oor metabolizer; BMI, body mass index; UASQ, Upper Abdominal Symptom
uestionnaire.
*Differences between groups were not statistically significant.
ributed.
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ESULTS
According to genotyping for CYP2C19, the evalu-

ted 205 patients with GERD were divided into wild-
ype individuals (homozygous EMs, n � 148) and the
roup of CYP2C19*2 carriers of 1 (heterozygous EMs,
� 51) or 2 (PMs, n � 6) variant alleles. No subject

arrying the CYP2C19*3 allele was detected, which is
ompletely in line with the extremely low frequency of
he CYP2C19*3 allele in white persons.17,19 All geno-
yping data were in Hardy-Weinberg equilibrium. Both
opulations did not differ statistically in their demo-
raphic data and clinical baseline characteristics ac-
ording to CYP2C19 genotype (Table I).

After oral treatment for 4 weeks with 40 mg esome-
razole daily, the proportion of homozygous EMs, as
ell as variant individuals, was not different between

he groups with complete and incomplete healing of
ERD (primary outcome measure; �2 � 0.87, P � .65)

Table II). Moreover, 75 of 100 patients without signs
f erosive esophagitis on follow-up endoscopy and 73
f 105 patients with them were homozygous EMs (OR,
.32; 95% confidence interval, 0.71-2.43; P � .44).
ymptom scores at week 4 were significantly different
etween the endoscopic outcome groups, with a UASQ
core of 2.9 � 5 versus 5.4 � 7 (P � .021) and a
ERD score of 1 � 2 versus 2.3 � 4 (P � .039) for the
ealed group versus the unhealed group. Interestingly,
he intraindividual degree of symptomatic improve-
ent over time (scores at week 4 minus baseline), by

able II. Univariate analysis of study parameters in 2

Variable

Endo

Hea
(n �

CYP2C19 genotype
Homozygous EMs (CYP2C19*1/*1) 75 (75
Heterozygous EMs (CYP2C19*1/*2) 22 (22
PMs (CYP2C19*2/*2) 3 (3%

Age (y) 54.4 �
Male gender 59 (59
BMI (kg/m2) 27.4 �
Los Angeles grade B at baseline 50 (50
Smoking behavior

Current 28
Never 32
Previous 40

H pylori–positive 53 (53
Difference in UASQ score, baseline to wk 4 �14.2 �
Difference in GERD score, baseline to wk 4 �7.1 �
se of either the UASQ or the more disease-specific s
ERD scoring system, was comparable for both endo-
copic healing groups (Table II). Again, symptom
cores were unrelated to CYP2C19 genotypes, either at
aseline (Table I) or at week 4 (UASQ score of 4.2 �
versus 4.0 � 6 and GERD score of 1.9 � 4 versus 1.2
3 for homozygous EMs versus heterozygous EM/PM

roups; P � .80 and .31, respectively). Medications
hat facilitate GERD by decreasing the pressure of the
ower esophageal sphincter (organic nitrates, calcium
hannel antagonists, aminophyllines, �-adrenergic re-
eptor agonists)28 were prescribed only in a small num-
er of healed (n � 9) and unhealed (n � 16) study
atients. Because there were no significant differences
n total use of these drugs and of the single drug classes
etween both study groups, we did not consider come-
ication as a major confounding factor in this study.
On multivariate analysis, CYP2C19 genotypes again

ere not significantly different between those with
omplete and incomplete endoscopic healing (P � .39
n forward logistic regression analysis), whereas endo-
copic healing was associated with an overall better
uality-of-life score at week 4 but not a better heartburn
core (P � .011; OR, 0.94 [95% confidence interval,
.89-0.99]).
The results of the pharmacokinetic study evaluating

he relative contributions of CYP2C19 and CYP3A4 to
he elimination of esomeprazole under clinically more
elevant steady-state conditions are illustrated in Fig 1
nd summarized in Table III. In comparison with a

ents with GERD according to prestratified groups

ealing at wk 4 �2 or odds ratio
and 95%

confidence
interval P value

Unhealed
(n � 105)

0.87 .65
73 (69.5%)
29 (27.6%)
3 (2.9%)

53.6 � 14 .78
61 (58.1%) 0.96 (0.55-1.68) � .99
27.1 � 4.0 .42
64 (61.0%) 1.56 (0.90-2.72) .12

1.0 .61
36
32
37

53 (50.5%) 1.11 (0.639-1.915) .78
�12.9 � 8.9 .48
�6.2 � 5.3 .38
05 pati

scopic h

led
100)

%)
%)
)
13

.0%)
3.8

.0%)

.0%)
9.4
ingle oral dose after multiple dosing for 1 week, sig-
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ificantly higher plasma concentrations of esomepra-
ole could be seen after the last dose on day 7. The
ncrease in AUC (drug exposure) was caused by a
lower elimination (increase in t½ and decrease in CL/
). Likewise, concentrations (AUC) of both major me-

abolites and their apparent t½ increased with multiple
osing. These features, already seen with racemic ome-
razole,16 indicate that the disposition of esomeprazole
s time-dependent (nonlinear).

The relative contributions of CYP2C19 and
YP3A4 to the overall elimination of esomeprazole
an be estimated by calculating MR based on AUC
easurements. After multiple dosing, about 50% less

-hydroxyomeprazole was formed by CYP2C19 from
someprazole, because the MR of metabolite to parent
rug was significantly decreased (P � .0008). This was
ompensated by an increased (P � .0003) formation of
meprazole sulfone by CYP3A4 (MR increased from
.89 to 1.24, P � .0031). The shift in the metabolic
attern from the CYP2C19-mediated pathway to the
YP3A4-dependent formation of omeprazole sulfone

s best characterized by the significant increase
P � .0004) in the MR for AUComeprazole sulfone/
UC5-hydroxyomeprazole if short-term administration

MR of 7.9) is compared with multiple dosing
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Fig 1. Plasma concentration–time profiles (m
circles), esomeprazole (open circles), and o
gastroesophageal reflux disease (GERD) after
oral treatment with 40 mg/d for 1 week (B).
MR of 19.3). m
ISCUSSION
In this case-control study of 205 patients with GERD

rospectively treated with 40 mg esomeprazole daily
or 4 weeks, no differences between the frequency
istributions of CYP2C19 wild-type and variant indi-
iduals with respect to baseline characteristics, as well
s complete and incomplete healing, were found. In
ddition, when a single esomeprazole dose and multiple
osing were compared in a pharmacokinetic study in-
luding 10 CYP2C19 wild-type patients with GERD to
efine whether CYP2C19 is also the determinant in
epatic elimination of esomeprazole, the low contribu-
ion of CYP2C19 to the elimination of esomeprazole
ecreased further by 50%. Interestingly, this effect was
ompensated by the CYP3A4-dependent formation of
meprazole sulfone, best characterized by the signifi-
ant increase in the MR of AUComeprazole sulfone to
UC5-hydroxyomeprazole from 7.9 to 19.3.
Therapeutic response to any drug treatment is highly

ariable, and various endogenous or exogenous factors
ccount for this interindividual variability in clinical
fficacy. There is increasing evidence that genetic het-
rogeneity in drug metabolism, transport, and targets is
ontributing to differences in drug action.29,30 In the
ase of PPIs the polymorphically expressed drug-
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or drug exposure and clinical efficacy of this group of
rugs.17-22 Recently, in Japanese patients with GERD,
onresponse to standard dosing with lansoprazole was
een more often in homozygous EMs of CYP2C19 than
n heterozygous EMs or PMs, who are more frequent in
sian populations.21,22 Whether the same phenomenon

an also be observed with esomeprazole in a Western
uropean population has been investigated for the first

ime by this study.
In our 205 white patients with GERD the frequency

istribution of the 3 genotypes for CYP2C19 (Table I)
as as expected,17,31 and it was also not too surprising

hat the severity of GERD and body mass index of
atients were significant predictors of the speed of
ndoscopic healing. However, in contrast to the pub-
ished evidence for lansoprazole,21,22 we did not ob-
erve a significant difference in clinical outcome for
someprazole between homozygous EM, heterozygous
M, and PM patients (Table II). This discrepancy may
e explained by the different ethnic background of the
tudy populations (Asian versus white patients), by the
ifferent grade of GERD tested (A-D versus A or B),
y the selected PPI, or by a combination of these
ariables. However, it is interesting to note that no
ignificant difference between CYP2C19 genotypes
as found in a very recent study by Sheu et al32

nvestigating an esomeprazole-based regimen for H
ylori eradication in Asians. This corroborates the as-
umption that the PPI selection could be the predomi-

able III. Pharmacokinetic variables and MRs of eso
omozygous EM patients with GERD (n � 10)

Variable

Esomeprazole
T½ (h)
AUC0-12 (nmol · h/L)
CL/F (mL/min)

5-Hydroxyomeprazole (CYP2C19-mediated)
T½ (h)
AUC0-12 (nmol · h/L)
AUC5-hydroxyomeprazole/AUCesomeprazole MR

Omeprazole sulfone (CYP3A4-mediated)
T½ (h)
AUC0-12 (nmol · h/L)
AUComeprazole sulfone/AUCesomeprazole MR
MR of both metabolites (AUComeprazole sulfone/

AUC5-hydroxyomeprazole)

Data are given as mean � SD.
MR, Metabolic ratio; t½, elimination half-life; AUC0-12, area under plasma

nder plasma concentration–time curve.
ant explanation. a
On the basis of our clinical observations, we con-
ucted a second trial, testing the hypothesis of whether
ifferences in the metabolic pattern of the PPI could
xplain our findings. Preliminary data indicated that the
ontribution of CYP2C19 to systemic exposure (AUC)
or a single dose of either lansoprazole or esomeprazole
eems to be more pronounced for lansoprazole (AUC
atio for PMs/EMs, 3.7-4.6) than for esomeprazole
AUC ratio for PMs/EMs, 3.1).19 It has also been
laimed by in vitro experiments with human liver mi-
rosomes that CYP2C19 was less important for the
etabolism of esomeprazole if compared with racemic

meprazole.33 The reason we decided to include only
YP2C19 wild-type patients with GERD in our phar-
acokinetic trial was the fact that a time-dependent

ontribution of CYP2C19 to the hepatic metabolic pat-
ern of esomeprazole can only be considered valid in
ubjects having exclusively normal activities for
YP2C19.
Thus, in accordance with the in vitro results for

someprazole, our pharmacokinetic data in patients
ith GERD support, for the first time, the assumption

hat CYP2C19 is also less important for esomeprazole
etabolism under in vivo conditions. Even after less
eaningful single oral dosing with esomeprazole, the

ormation of omeprazole sulfone via CYP3A4 is
uch more pronounced than the formation of

-hydroxyomeprazole by CYP2C19. During multiple
ral dosing (the clinically relevant situation), there is an

le and its 2 major metabolites in CYP2C19

le dose Multiple dosing P value

� 1.03 1.70 � 1.00 � .0001
� 9510 13,793 � 9758 .0009
� 440 197 � 121 .0189

� 0.84 2.31 � 1.36 .0028
� 227 905 � 411 .15
� 0.09 0.08 � 0.04 .0008

� 4.28 7.48 � 5.50 � .0001
� 4475 15,216 � 7628 .0003
� 0.36 1.24 � 0.31 .0031
� 5.30 19.3 � 11.24 .0004

on–time curve from 0 to 12 hours; CL/F, apparent oral clearance; AUC, area
meprazo

Sing

1.30
8032

520

1.61
724

0.16

3.87
5878
0.89
7.86
dditional marked shift toward CYP3A4 in the relative
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ontributions of both pathways to the overall hepatic
limination of esomeprazole. According to the calcu-
ated MR, CYP2C19 becomes less important and
YP3A4 represents by far the dominating enzyme for
etabolism of esomeprazole (Table III). Thus our phar-
acokinetic trial explains why esomeprazole-induced

ealing of GERD is unrelated to the genotype of
YP2C19, and in this respect esomeprazole is different

rom other PPIs such as racemic omeprazole or lanso-
razole. Depending on the variable contribution of this
olymorphically expressed enzyme to the elimination
f a particular drug (eg, PPIs), genetic variability in
rug metabolism will (or will not) affect response rates.
oreover, earlier pharmacokinetic and pharmacody-

amic studies using omeprazole and rabeprazole, re-
pectively, in healthy volunteers corroborate our find-
ngs, in part, and also demonstrate time-dependent and
YP2C19 genotype–dependent metabolism, as well as
ction, of both PPIs.34-36 Although the metabolism of
meprazole and rabeprazole is under coregulatory con-
rol of CYP2C19, the relative contribution of CYP2C19
nd hence of CYP3A4 can differ among the various
PIs.
In conclusion, our combined clinical and pharmaco-

inetic approach indicates for the first time that clinical
fficacy of esomeprazole (at least for the tested patients
ith GERD grade A or B) appears to be less dependent
n CYP2C19 genetics, because this polymorphically
xpressed enzyme contributes only a small part, espe-
ially under steady-state conditions, to the biotransfor-
ation and elimination of esomeprazole.
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