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Abstract

Clopidogrel in association with aspirine is considered
state of the art of medical treatment for acute coronary
syndrome by reducing the risk of new ischemic events.
Concomitant treatment with proton pump inhibitors
in order to prevent gastrointestinal side effects is rec-
ommended by clinical guidelines. Clopidogrel needs
metabolic activation predominantly by the hepatic cyto-
chrome P450 isoenzyme Cytochrome 2C19 (CYP2C19)
and proton pump inhibitors (PPIs) are extensively me-
tabolized by the CYP2C19 isoenzyme as well. Several
pharmacodynamic studies investigating a potential
clopidogrel-PPI interaction found a significant decrease
of the clopidogrel platelet antiaggregation effect for
omeprazole, but not for pantoprazole. Initial clinical
cohort studies in 2009 reported an increased risk for
adverse cardiovascular events, when under clopidogrel
and PPI treatment at the same time. These observa-
tions led the United States Food and Drug Administra-
tion and the European Medecines Agency to discour-
age the combination of clopidogrel and PPI (especially
omeprazole) in the same year. In contrast, more recent
retrospective cohort studies including propensity score
matching and the only existing randomized trial have
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not shown any difference concerning adverse cardio-
vascular events when concomitantly on clopidogrel and
PPI or only on clopidogrel. Three meta-analyses report
an inverse correlation between clopidogrel-PPI interac-
tion and study quality, with high and moderate quality
studies not reporting any association, rising concern
about unmeasured confounders biasing the low quality
studies. Thus, no definite evidence exists for an effect
on mortality. Because PPI induced risk reduction clearly
overweighs the possible adverse cardiovascular risk
in patients with high risk of gastrointestinal bleeding,
combination of clopidogrel with the less CYP2C19 inhib-
iting pantoprazole should be recommended.

© 2012 Baishideng. All rights reserved.
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CLOPIDOGREL AND PROTON PUMP
INHIBITORS - WHERE DO WE STAND IN
2011?

Clopidogrel in association with Aspirine has become
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Figure 1 Potential intrahepatic mechanism of Proton pump inhibitor-clopidogrel interaction by the example of omeprazole (adapted from Tantry et al{5°]).
CYP2C19: Cytochrome 2C19; CYP2C19*2: Poor metabolizing cytochrome 2C19 isoenzyme.

the basis of pharmaceutical treatment in patients treated
either medically or with percutaneous coronary interven-
tion (PCI) for acute coronary syndrome (ACS), by signifi-
cantly reducing the risk of new ischemic cardiovascular
events'.

To prevent gastrointestinal bleeding as a drug-induced
side effect, proton pump inhibitors (PPI) are often as-
sociated with clopidogrel use. This strategy is recom-
mended by consensus guidelines” and endorsed by a
recent meta-analysis, especially for patients taking dual
antiplatelet therapy but in a lesser extent for those on
clopidogrel alone due to sparse data” . Gilard e a/*" first
reported in 2006 and 2008 a significant decrease of the
clopidogrel effect in association with omeprazole iz vitro.
In opposite to that, no dectease was found in further
pharmacodynamic studies for pantoprazole or esome-
prazole™ . Several retrospective observational studies
showed an increased risk of new cardiovascular events in
patients on clopidogrel-PPT association"**, thus leading
the United States Food and Drug Administration and the
European Medicines Agency to recommend to avoid the
clopidogrel-PPI combination, especially with omepra-
zole™Y. More recently, one randomized double-blind tri-
#1 one post-hoc analysis of a randomized double-blind
trial comparing prasugrel with clopidogrel® and several
predominantly propensity matched cohort studies” >’
have not shown clinically relevant adverse cardiovascular
interaction between clopidogrel and PPI. Moreover, three
recent meta-analyses, one by Kwok ez /™" reviewing 23
studies with the majority in abstract form, one by Sillet-
Matula ez 2/ including 25 studies and the most recent by
Lima ¢f a/™ reviewing 18 studies pointed out that an el-
evated risk of bias was present in these studies indicating
a possible interaction between clopidogtel and PPI. Fur-
thermore, there was no significance for a drug interaction
by analysing propensity matched and randomized trials.

The aim of this review is to focus on these recent

al

studies, in order to reevaluate the present recommenda-
tions.

CLOPIDOGREL

Clopidogrel is a thienopyridine, inhibiting adenosine
diphosphate (ADP) induced platelet activation by block-
ing the P2Y12 receptor on the platelet surface. It is a
prodrug that needs to be metabolized in an intrahepatic
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two-step oxidative process. First, the cytochrome P450
isoenzymes CYP1A2, CYP2B6 and CYP2C19 form
2-oxo-clopidogrel, which is then oxidized by CYP2B6,
CYP2C19 and CYP3A4 to the clopidogrel active me-
tabolite. The further formation of a disulfide bond with
the P2Y12 receptor unables the binding of ADP and
finally platelet activation'*”. This is associated with de-
phosphorylation of intraplatelet vasodilator-stimulated
phosphoprotein (VASP), providing an index of platelet
reactivity to clopidogrel: the higher the platelet reactivity
index (PRI), the less important the antithrombotic effect
of clopidogrel”. Cytochrome P450 CYP2C19 seems to
be of major importance in the metabolisation and activa-
tion of clopidogrel (Figure 1). Recent studies investigat-
ing the genetic polymorphism of the CYP2C19 allele
have found a decreased platelet inhibition and increased
cardiovascular risk in patients treated by clopidogrel,
when carriers of even one reduced function CYP2C19
allele™*. The CYP2C19*2 mutation was the most fre-
quent variant found in the poor metabolizer (decreased
platelet inhibition) group™ ™. The prevalence of reduced
function alleles differs among vatrious populations, while
an increase effect is observed from West to East: In the
Caucasian population, 30%-40% of the normal function
*1/*2 genotype and 2%-5% of the reduced function
*2/*2 genotype are reported, whereas in East Asian and
Chinese populations up to 24% of the poor metabolizing
genotypes *¥2/*2, *¥2/*3 and *3/*3 are present[4("48].

PROTON PUMP INHIBITORS

PPI are benzimidazole derivates consisting of two het-
erocyclic moieties linked #ia a methylsulfinyl group. Being

weak bases, they reach the parietal cell membrane as pro-
drugs and can thereby cross cell membrane to accumulate
in the canalicular space, where the environment is highly
acid. After a two step pronation, the drug reacts with cys-
teine sulfhydryls on the gastric H+/K+-ATPase by form-
ing covalent disulfide bonds and inhibiting its activity® .
So far, we dispose of five different PPIs on the market:
omeprazole, esomeprazole, lansoprazole, pantoprazole
and rabeprazole. Each among them is mainly metabolized
by the intrahepatic P450 cytochrome system, especially
CYP2C19 and CYP3A4, inhibiting them competitively.
Interestingly, 7z vitro studies showed important differ-
ences in the inhibition of CYP2C19, with lansoprazole
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and omeprazole being the most powerful inhibitors while
pantoprazole and rabeprazole are the less potent inhibi-
tors™>*. Of note, only pantoprazole showed significant
acid inhibition after a single dose in the fast metabolizing
genotype CYP2C19*1%,

PHARMACODYNAMIC STUDIES ON
CLOPIDOGREL- PPI INTERACTION

Gilard e# a/* demonstrated in 2006 an i vitro reduction
of the antiaggregatory activity of clopidogrel in patients
after coronary revascularisation under PPI treatment. The
same group ran out the randomized double-blind OCLA
(Omeprazole Clopidogrel Aspirine) trial in 2008: 124
patients undergoing elective coronary artery stent implan-
tation receiving 75 mg of aspirine and clopidogrel daily,
were randomized to receive either omeprazole 20 mg/d or
placebo. The clopidogrel effect was assessed by measuring
the phosphorylated VASP expressed in the PRI on day 1
and 7. On day 7, the mean PRI was significantly higher in
the omeprazole-associated group (51.4% vs 39.8%, P >
0.0001), indicating less effective platelet antiaggregation.
To investigate whether this potential interaction was due
to a class effect, Cuisset ez al'' compared in the PACA (PPI
And Clopidogrel Association) study 104 patients under-
going coronary stent implantation for non-ST-elevation
ACS by randomizing them to a 20 mg omeprazole or
pantoprazole treatment in association with 75 mg of as-
pirine and 150 mg of clopidogtel. After 1 mo, the VASP
PRI was significantly lower in the pantoprazole group
(36% £ 20% ws 48% * 17%, P = 0.007), suggesting that
pantoprazole, being a less potent CYP2C19 inhibitor,
leads to a lower decrease of the clopidogrel antithrom-
botic effect. These results were confirmed in a prospec-
tive observational study, including a multivariable logistic
regression analysis on 300 patients with coronaty artery
disease undergoing PCI and being already under aspirine
100 mg/d and clopidogrel 75 mg/d for at least 5 d. No
difference was found for the VASP-PRI and the ADP
induced platelet aggregation (ADP Ag) ecither between
the PPI and no-PPI-group (51% »s 49%, P = 0.724) or
between the different PPIs (pantoprazole and esome-
prazole)[sl. In the same line, a prospective observational

study including 336 patients undergoing coronary stent
implantation showed no difference in ADP induced plate-
let aggregation between patients treated concomitantly
by clopidogrel (600 mg loading and 75 mg maintenance
dose) and pantoprazole »s clopidogtel only (OR 0.59, 95%
CI: 0.31-1.13). For omeprazole and esomeprazole, a non
significant increase in platelet aggregation persisted even
after multiple adjustment (OR 1.84, 95% CI: 0.64-5.31),
but due to the relatively small number of patients (26 vs
122 pantoprazole users), definite conclusions couldn’t
be drawn'”. The authors of the post-hoc analysis of the
PRINCIPLE (Prasugrel In Comparison to Clopidogrel
for Inhibition of Platelet Activation and Aggregation)-
TIMI 44 study evaluated the impact of concomitant PPI
use in 201 patients undergoing planned PCI and random-
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ly assigned to either prasugrel (a new third generation
thienopyridine) or high dose clopidogrel (600 mg loading
dose and 150 mg/d maintenance dose) treatment. Fifty-
six patients (26.4 %) were recorded to take a PPI at the
time of randomization and the mean inhibition of platelet
aggregation measured by ADP induced platelet aggrega-
tion was significantly lower at 2, 6 and 24 h after the load-
ing dose, with a non-significant trend still persisting after
15 d. For prasugrel, no significant lowering of the mean
inhibition of platelet aggregation was observed in the first
24 h, becoming only significant after 15 d in patient treat-
ed by PPI®. Recently, Angiolillo ez o/ conducted four
randomized placebo-controlled crossover comparison
studies among 282 healthy subjects, addressing the ques-
tions whether the PPI-clopidogrel interaction should be
considered as a class effect or is rather due to more or less
potent CYP2C19 inhibition and if a time interval between
clopidogrel and PPI administration might diminish the
inhibitory effect as evoked by the rapid metabolization of
clopidogrel and omeprazole. After randomization in either
interventional or placebo groups, the interventional arm
entered a two period (clopidogrel only and clopidogrel
with PPI) crossover study with four interventions during
the clopidogrel-PPI period: The first study investigated
an interaction between clopidogrel (300 mg loading and
75 mg maintenance dose) and omeprazole 80 mg/d when
administered simultaneously. Study 2 investigated the ad-
ministration of clopidogrel and omeprazole staggered by
12 h and study 3 an increased clopidogrel dose (600 mg
loading and 150 mg maintenance dose) with omeprazole
80 mg/d. Finally, study 4 used a standard clopidogrel dose
with pantoprazole 80 mg/d. Dosages of the active metab-
olite of clopidogrel (clopi H4) were significantly decreased
in study 1, 2 and 3 while ADP induced platelet aggrega-
tion as well as VASP-PRI were significantly increased, in-
dicating a less effective platelet antiaggregation in patients
treated concomitantly with clopidogrel and omeprazole.
Of note, these results were irrespective of the administra-
tion time or the clopidogrel dose. In contrast, the decrease
of clopi H4 (40%, P < 0.001 for omeprazole and 14%, P
< 0.002 for pantoprazole) was smaller in study 4 as well
as the increase of ADP induced platelet aggregation, both
differences remaining statistically significant. The increase
of VASP-PRI was not significant when treated with
pantoprazole, leading the authors to conclude that the
clopidogrel-PPI interaction was not a class effect, whereas
the combination with pantoprazole was a more optimal
treatment option''”, However, omeprazole was given at 80
mg per day, which represents 2 to 4 times the dose com-
monly prescribed, leaving unclear the hypothesis of a pos-
sible interaction when using standard doses. Furthermore,
other molecules like rabeprazole, which does not inhibit
the CYP2C19 isoenzyme, haven’t been tested. In the
same line, Ferreiro ¢t a/™ conducted two supplementary
randomized crossover studies in healthy subjects: In the
first study, 20 volunteers received a 600 mg loading dose
followed by 75 mg of clopidogrel combined with 40 mg
of omeprazole concomitantly or staggered by 8-12 h with
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Table 1 Overview of important pharmacodynamic studies on the clopidogrel-proton pump inhibitor interaction

Study

PPIs used

Population

Primary outcome

Author’s conclusions

Gilard et al” OCLA study
(double-blind, placebo-controled,
randomized)

Cuisset et al"! PACA study

Omeprazole

Omeprazole vs

124 patients undergoing
elective coronary stent
implantation

104 NSTE-ACS patients

VASP-PRIon 7 d

VASP-PRI/ ADP-Ag

Omeprazole significantly
decreases clopidogrel inhibitory
effect

Significantly better platelet

(prospective, randomized) Pantoprazole undergoing coronary after 1 mo response under pantoprazole

stenting (VASP-PRI), no difference for
ADP-Ag

O'Donoghue et al™ Not specified 201 patients undergoing ~ ADP Ag Mean inhibition of platelet

PRINCIPLE-TIMI 44 planned PCI aggregation significantly lower for

(post hoc analysis of a RCT) patients on PPI

Siller-Matula et al®¥ Pantoprazole 300 patients with CAD VASP-PRI/ ADP-Ag in No association of PPIs with

(prospective observational) esomeprazole undergoing PCI the catheter laboratory impaired response to clopidogrel

Neubauer et al™ Pantoprazole 336 patients undergoing ~ ADP Ag Pantoprazole does not diminish

(prospective observational) omeprazole coronary stent the antiplatelet effectiveness of

esomeprazole implantation clopidogrel
Angiolillo et al™ Omeprazole 282 healthy subjects Clopi H4 ADP Ag VASP-  Presence of a metabolic drug-drug
(placebo controlled, randomized, ~ pantoprazole PRI after 5 d interaction between clopidogrel

cross-over)

and omeprazole but not for
pantoprazole

VASP-PRI: Vasodilator-stimulated phosphoprotein platelet reactivity index; NSTE-ACS: Non-ST-elevation acute coronary syndrome; ADP Ag: Adenosine

DiPhospate induced platelet aggregation; CAD: Coronary artery disease; PCI: Percutaneous coronary intervention; PPI: Proton pump inhibitor; OCLA:
Omeprazole Clopidogrel Aspirine; PACA: PPI and clopidogrel association; PRINCIPLE-TIMI: Prasugrel in comparison to clopidogrel for inhibition of

platelet activation and aggregation-TIMIL.

a crossover washout period after a 2-4 wk followed by 1
wk of clopidogrel alone after a new washout period: No
difference was observed in VASP-PRI after 1 wk between
the concomitant and the staggered omeprazole adminis-
tration, but PRI was significantly lower in the clopidogrel
alone period compared with the omeprazole period, it-
respective of the timing of administration (comcomitant
omeprazole: P = 0.02; staggered omeprazole: P = 0.001).
In the second study, 80 mg of pantoprazole were adminis-
tered with the same regimen, but no differences in VASP-
PRI were found between a concomitant or staggered
administration of pantoprazole. Moreover, no difference
was noted between clopidogrel alone and clopidogrel plus
pantoprazole after 1 wk of treatment. The authors con-
cluded that a time interval between the administration of
clopidogrel and PPI doesn’t afford any benefit and that
pantoprazole seems to be a safer choice when combined

with clopidogrelm (Table 1).

CLINICAL TRIALS ON CLOPIDOGREL- PPI

INTERACTION

In 2009, Ho ez al™ published a retrospective cohort study
including 8205 patients hospitalized for ACS in Veter-
ans Affairs Hospitals. Analysis of prescription records
identified 63.9% of patients being concomitantly under
clopidogrel and PPI with a mean follow-up of 521 d.
Concomitant use of clopidogrel and PPI (predominantly
omeprazole and rabeprazole) was associated with an
elevated risk of death or rehospitalisation for ACS after
multivariable analysis (OR 1.25, 95% CI: 1.11-1.41). Of
note, 98% were men and no information on the patient’s
race was available. In the same line, a Canadian popula-
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tion-based nested case-control study based on discharge
abstracts and prescription records of 13636 patients be-
ing hospitalized for ACS, found an increased risk of re-
infarction when under concomitant clopidogrel and PPI
use (OR 1.27, 95% CI: 1.03-1.57). An analysis according
to the PPI molecule used found no association with in-
creased myocardial reinfarction for pantoprazole users
in contrast to a 40% risk increase when using other PPIs
(OR 1.40, 95% CI: 1.10-1.77). This result should be intet-
preted carefully, due to the small number of pantoprazole
users (46 of 734 reinfarction patients)“ﬁ]. Moreover, only
patients aged 66 years or older were included, introducing
potential age bias. Another retrospective observational
study based on diagnosis and prescription records of two
Dutch health insurances, included 18139 new clopidogtel
users, of whom 5734 (32%) were on concomitant PPI
treatment. In this particular study, patients under PPI co-
therapy had a significantly higher risk for the composite
endpoint of myocardial infarction, unstable angina, stroke
and all-cause mortality (HR 1.75, 95% CI: 1.58-1.94). In
the subanalysis of secondary endpoints, PPI use was as-
sociated with a higher risk of myocardial infarction (ST-
elevation and non-ST-elevation), unstable angina and all-
cause mortality, but not with stroke"”. Selection bias may
be present in these two insurance databases, covering
only 25% of the Dutch population. All three studies evi-
dence significant differences in the baseline characteristics
between the clopidogrel and the clopidogrel-PPI groups
with significantly older patients with several comorbidi-
ties (e.g., heart failure, diabetes mellitus and renal failure)
in the latter group, raising concern about unmeasured
confounders in patients whith cardiovascular risk treated
by PPL. In addition to that, no data about the efficacy of
antihypertensive and statin treatment as well as on smok-
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ing status were available. Finally as the medication expo-
sure was based on prescription records, drug compliance
data were not available.

More recently, several studies have been designed to
include propensity scores in their analysis to improve
confounding adjustment. Especially confounding by in-
dication, an important bias in pharmacoepidemiologic
studies, is diminished by using propensity score matching
by calculating the probability to be exposed to a treatment
or not. Moreover, adjustment for unmeasured or mis-
measured covariates is improved by including hundreds
of items in the propensity score calibration™. However,
by the fact that many unexposed subjects of the initial
study population aren’t matched to exposed subjects
and unmatched exposed subjects are excluded from the
propensity matched analysis, precision of the estimated
drug interaction could be decreased”™ . Rassen ef al"
analysed 18 565 patients aged over 65 years having been
hospitalized for ACS and consecutive PCI in a retrospec-
tive cohort study based on Canadian and United states
insurance records. Patients under clopidogrel and PPI
had a slightly increased risk for rehospitalization for
myocardial infarction or death of any cause (RR 1.26,
95% CI: 0.97- 1.63) leading the authors to conclude to
no evidence of a substantial interaction. Major efforts for
bias reduction have been made in this study by including
only clopidogrel naive patients, using a 7 d run-in period
and a high-dimensional propensity score, permitting fur-
ther adjustment for 400 additional variables empirically
identified in their databases”. However, Aspirine use
was unfortunately not measured in this coronary disease
populationp”. A similar analysis was conducted on 20 596
patients of the Tennessee Medicaid program after hos-
pitalization for ACS and PCI. Concomitant clopidogrel
and PPI use was not associated with serious cardiovas-
cular disease (HR 0.99, 95% CI: 0.82-1.19). Subanalysis
concerning the different types of PPI has not found any
increased risk of serious cardiovascular disease either, but
confidence bounds were wide except for pantoprazolem.
Another retrospective cohort study using the national
Danish patient and prescription registry, included 56 406
patients older than 30 years and hospitalized for acute
myocardial infarction. Concomitant clopidogrel and PPI
users had a significant increased risk for cardiovascular
death or rehospitalization for myocardial infarction and
stroke compared to non-PPI users (HR 1.35, 95% CI:
1.22-1.50). In the same time, PPI users not receiving
clopidogrel presented a similar increased risk (HR 1.43,
95% CI: 1.34-1.53), indicating no interaction between
clopidogrel and PPI. The authors suspected that the in-
creased cardiovascular risk in PPI users might be due to
imperfectly measured differences in the baseline charac-
teristics (lack of data on smoking status, lipid levels and
body mass index)™. The strength of this study lies in the
unselected nationwide population (patients older than
30 years hopitalized for myocardial infarction allover in
Denmark) and the probably high concordance between
the measured drug dispension (from data of the Danish
national prescription registry) and real drug consumption
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due to only partial reimboursement of drug expenses and
the fact that PPIs weren’t available over the counter dut-
ing the study period. However, the study is based on data
from 2000 to 2006 and the low antiplatelet drug exposure
(only 50%-70% of patients were under aspirine and 27%
under clopidogrel on follow-up) dramatically contrasts
with the current practice and questions the validity of the
final conclusions.

In 2011, two analyses of PCI registries, including
large data on cardiovascular risk factors and comorbities,
were not able to show any difference on cardiovascular
events: The American Guthrie Health Off-Lable Stent
(GHOST) investigators studied 2651 patients discharged
after coronary stenting and found no increase of Major
Adverse Cardiovascular Events (MACE: death, myo-
cardial infarction, target vessel revascularisation or stent
thrombosis) for PPI users after propensity adjusted
analysis (HR 0.89, 95% CI: 0.63-1.27) and in the propen-
sity matched subgroup including 685 pairs of patients [42
(6.1%) without PPI against 40 (5.8%) with PPI; adjusted
P = 0.60], the latter indicating even a trend to a protective
effect of PPI treatment when under clopidogrel, pet-
haps due to less discontinuation of the antiaggregation
as shown at the 6 mo follow-up (78% under clopidogrel
in the PPI group against 70% without PPI, P = 0.0085).
Furthermore, no difference according to the PPI used
(omeprazole and esomeprazole) was observed™. Simi-
lar results came from the French Registry of Acute ST-
Elevation and Non-ST Elevation Myocardial Infarction
(FAST-MI), including 3670 post myocardial infarction
patients. No increase in death, reinfarction or stroke was
observed for concomitant PPI and clopidogrel use after
one year (HR 0.98, 95% CI: 0.90-1.08). Furthermore, no
difference existed regarding the PPI used (predominantly
omeprazole and esomeprazole) and the presence of no
or 1 to 2 CYP2C19 loss-of-function alleles. Of note,
only a low number of 2 CYP2C19 loss-of-function al-
leles patients has been integrated (44 of 1579), leaving
a higher risk of adverse cardiovascular outcome in this
group still possiblepoj. Both studies are based on PCI
registries with detailed data assessment on baseline until
hospital discharge. In contrast, follow-up was restricted
on recording the patient’s hospital readmission or death,
without reliable information on medication exposure af-
ter hospitalization. The analysis restricted to the clopido-
grel naive population (2651 of 4421 respectively 2744 of
3670 patients) in order to avoid bias du to the occurrence
of the index episode, limited the number of patients
included, and may have underpowered the individual
subgroups to detect a significant difference. Pointing out
that the majority of the previous observational studies
relied on discharge prescription records, Banerjee e al™,
conducted a study on 23 200 post-PCI patients, including
postdischarge drug exposure patterns using data from the
Veteran Affairs Pharmacy Benefits Management database
to assess drug exposure during the follow-up throughout
a 6 years period. After propensity score adjustment, no
difference in MACE (composite of all-cause death, non-
fatal myocardial infarction or repeated revasularisation)
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was observed between PPI and no PPI use in the group
of continuous clopidogrel users (HR 0.97, 95% CI:
0.65-1.44). A rigorous control according to the consis-
tency and duration of the clopidogrel and PPI exposure
has been done, by revising daily exposure derived from
prescription release dates and days of supply-a method
considered superior to patient self-reported medication
use®. In a subanalysis, rescue nitroglycerin and/or PPI
use in patients < 30 d before MACE was significantly
greater in patients taking clopidogrel and PPI (P < 0.001),
suggesting a potential indication bias for PPI use due to
misdiagnosed angina, a fact that may have contributed to
a confounding bias in previous observational studies™.

Conducting a post hoc analysis of the randomized
Clopidogtel for Reduction of Events During Observation
(CREDO) trial, Dunn ez a/*” reported an increased risk of
death, myocardial reinfarction or urgent target vessel revas-
cularization at 28 d for patients using PPIs, independent
on the underlying treatment [clopidogrel (OR 1.63, 95%
CI: 1.02-2.63) or placebo (OR 1.55, 95% CI: 1.03-2.34)].
Baseline characteristics of the PPI group are not available,
but as already discussed by Charlot ez al™, patients under
PPI might be sicker than those who are not, explaining
the higher rate of adverse cardiovascular events. Another
post hoc analysis of a double-blind randomized trial,
the Trial to Assess Improvement in Therapeutic Out-
comes by Optomizing Platelet Inhibition with Prasugrel
(TRITON)-TIMI 38 trial included 13 608 patients with
an ACS undergoing PCI and being randomly assigned
to prasugrel or clopidogrel. Thirty three percent (4529
patients) were on PPIs at randomisation and exposure
during the follow-up was identified by landmark analyses
at 3 d, 3 and 6 mo and at the end of follow-up. Baseline
characteristics showed that patients treated with PPIs were
once again significantly older and had more often pre-
existing cardiovascular disease. After multivariable adjust-
ment and propensity score matching, PPI use was not
associated with the composite endpoint of cardiovascular
death, myocardial infarction or stroke when prescribed
with either clopidogrel (HR 0.94, 95% CI: 0.80-1.11) or
prasugrel (HR 1.00, 95% CI: 8.84-1.20). Sensitivity analy-
sis of patients being on PPI during the whole follow-up
and patients never taking PPIs has not found any increase
in adverse cardiovascular events either. Finally, no differ-
ence regarding the PPI subtype prescribed was found™”.
Both analyses have the advantage, that each end-point was
strictly defined and controlled according to the initial ran-
domized design. However, the analyses weren’t designed
to assess PPI use and therefore didn’t randomize PPI
treatment, leaving a potential risk of residual confound-
ing even after multivariable adjustment and propensity
score analysis. Furthermore, PPI compliance has not been
memorized during follow-up- a fact attempt to be adjusted
by landmark analyses in the second study.

So far, the only existing randomized controlled
double-blind multicenter trial is the Clopidogrel and the
Optimization of Gastrointestinal Events (COGENT)
trial, including 3878 patients presenting with an ACS or
undergoing PCI. Patients were randomized to receive
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CGT-2168, a fixed combination of 75 mg of clopido-
grel and 20 mg of omeprazole s 75 mg of clopidogrel
alone. After a median follow-up of 106 d, a significant
reduction in the primary endpoint, a composite of upper
gastrointestinal bleeding, was observed in the CGT-2168
group (1.1% ws 2.9%, HR 0.34, 95% CI: 0.18-0.63, P <
0.001). Moreover, analysis of the primary cardiovascular
safety end-point, (a composite of death from cardio-
vascular causes, myocardial infarction, coronary revas-
cularisation and ischemic stroke) have not shown any
difference between the placebo and omeprazole group
(HR with omeprazole 0.99, 95% CI: 0.68-1.44, P = 0.90).
Unfortunately, the study was interrupted prematurely due
to the bankruptcy of the sponsor, after having included
only 3873 of the 5000 initially planned patients. More-
over, wide confidence intervals around the hazard ratio
of cardiovascular events and the fact that 94% of the
study population was white, do not permit to rule out any
significant clinical interaction between clopidogrel and
omeprazole™.

The first of three recent meta-analyses was conducted
by Kwok et al™ selecting 23 studies with 93 278 patients.
Of note, more than half of the included studies have
been available only as abstracts (12 of 23). Studies have
been divided into three groups: nonrandomized studies
with unadjusted risk ratios, nonrandomized studies with
adjusted RR and randomized trials or studies including
propensity score matching. Overall analysis of 19 stud-
ies reporting the incidence of MACE showed a signifi-
cantly increased risk in the PPI group (RR 1.43, 95% CI:
1.15-1.77), but data were substantially heterogeneous (I =
77%), partially due to considerable variation of the defini-
tion of MACE within the studies. Of interest, subanalysis
of the propensity matched and randomized trails didn’t
show any increased risk (RR 1.15, 95% CI: 0.89-1.48) and
data were much less heterogencous (I' = 53%). Identical
results were found when analysing the risk of myocardial
infarction or ACS, leading the authors to conclude that
unmeasured confounders may contribute to the results of
the lower quality studies™. Siller-Matula ez a/”" re-analysed
25 studies with 159 138 patients, finding a 29% increase
of MACE (RR 1.29, 95% CI: 1.15-1.44) and myocardial
infarction (RR 1.31, 95% CI: 1.12-1.53) for concomi-
tant PPI and clopidogrel use. Again heterogeneity in the
overall analysis was very important (I’ = 72% s 77%,
respectively) and sensitivity analysis assessing the study
quality showed a decreased risk of MACE in high quality
studies (RR 1.23, 95% CI: 1.09-1.39) »s low quality stud-
ies (RR 1.65, 95% CI: 1.43-1.90), rising again the question
of unmeasured confounders and differences in baseline
characteristics”". Lima ef a/™” reviewed 18 studies accord-
ing to the PRISMA gujdelines[b()J by classifying them into
high (well-performed randomized clinical trials), moder-
ate (post hoc analysis of RCTs and propensity matched
studies) and low (observational studies without propensity
matching) quality studies. Due to important study hetero-
geneity, data pooling was a priori not effected. A strati-
fied analysis comparing studies of low (13) with those of
moderate quality (5) demonstrated an inverse correlation
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Table 2 Overview of important clinical studies on the proton pump inhibitor-clopidogrel interaction

Study PPIs used Procedures to Population Primary outcome Results
minimize bias
Bhatt et al™” Omeprazole 3873 patients with Mean 133 d- composite  No difference between PPI
(randomized, ACS or undergoing  safety endpoint and placebo group (HR with
controlled, PCI of cardiovascular omeprazole 0.99, 95% CI:
double-blind trial) death, MI, coronary 0.68-1.44)
revascularisation
O'Donaghue et al™ Pantoprazole omeprazole  Propensity 13 608 patients Composite endpoint of ~ No difference between PPI
(post-hoc analysis of  esomeprazole lansoprazole score matching; undergoing planned cardiovascular death, MI and clopidogrel alone group
a RCT) rabeprazole multivariable and  PCI for ACS or stroke after 6-15mo  (HR 0.94, 95% CI: 0.80-1.11)
sensitivity analysis
Dunn et al® Not specified Multivariable 2116 patients 28 d death, MI, urgent  Increased risk for adverse
(post-hoc analysis of analysis undergoing PCI target vessel revas- cardiovascular outcome
a RCT) cularisation 1 yr death, regardless of clopidogrel
MI or stroke use (clopidogrel/PPI: OR
1.63, 95% CI: 1.02-2.63 vs
placebo/PPI: OR 1.55, 95%
CI: 1.03-2.34)
Charlot et al™ Esomeprazole Propensity 56 406 patients 1 yr composite end Increased risk for adverse
(retrospective cohort  pantoprazole score matching; discharged with first- point of MI, stroke or cardiovascular outcomes

study)

lansoprazole omeprazole

multivariable and

time myocardial

cardiovascular death

in PPI users regardless of

rabeprazole sensitivity analysis infarction clopidogrel use (HR for
PPI/clopidogrel: 1.35, 95%
CI: 1.22-1.50 vs HR for PPI
alone: 1.43, 95% CI: 1.34-1.53)
Banerjee et al™ Predominantly omeprazole Propensity 23 200 post PCI 6-yr MACE No increased risk for MACE
(retrospective cohort  (88,9%) score matching; patients in PPI users (HR 0,97, 95%
study) multivariable and CI: 0.65-1.44)
sensitivity analysis
Ray et al”” Pantoprazole lansoprazole Propensity 20 596 patients 1 yr composite end No increased risk for serious
(retrospective cohort esomeprazole omeprazole score matching; discharged after PCI  point of ACS, stroke or  cardiovascular disease in
study) rabeprazole multivariable and  or ACS cardiovascular death PPI users (HR 0.99, 95% CI:
sensitivity analysis 0.82-1.19)
Rassen et ™! Pantoprazole omeprazole  Propensity score 18 565 patients 180 d composite end Trend towards a higher risk
(retrospective cohort — rabeprazole lansoprazole — matching; discharged after PCI  point of hospitalization of composite end point in
study) esomeprazole or ACS (age > 65yr) for Ml and PCl or death PPI users (RR 1.26, 95% CI:
of any cause 0.97-1.63)
Simon et al™ Omeprazole esomeprazole Propensity 2744 clopidogrel and  In hospital and 1-yr No increased risk of

(retrospective cohort

pantoprazole lansoprazole

score matching;

PPI-naive patients

death, reinfarction or

cardiovascular events and

study) multivariable and  with definite MI stroke mortality in PPI users (HR
sensitivity analysis 0.98, 95% CI: 0.90-1.08)
Harjai et al™ Omeprazole esomeprazole Propensity 2651 patients 6-mo MACE No increased risk for MACE
(retrospective cohort score matching; discharged after in PPI users (HR 0.89, 95%
study) multivariable and  PCI for stable and CI: 0.63-1.27)
sensitivity analysis unstable CAD
van Boxel et al™ Pantoprazole omeprazole  Multivariable 18 139 clopidogrel 2 yr composite endpoint Increased risk of composite
(retrospective cohort — rabeprazole lansoprazole  analysis users of ACS, stroke and any  endpoint (HR 1.75, 95%
study) cause death CI: 1.58-1.94), myocardial
infarction (HR 1.93, 95%
CI: 1.40-2.65) and unstable
angina pectoris (HR 1.79,
95% CI: 1.60-2.03)
Juurlink et al"® Omeprazole rabeprazole  Nested case 13 636 patients 90-d readmission for Increased risk of reinfarction
(population-based lansoprazole pantoprazole -control; discharged after ACS acute MI (OR 1.27, 95% CI: 1.03-1.57)
nested case-control multivariable and  (age > 65 yr) in PPI users except
study) sensitivity analysis pantoprazole
Ho et al™ Omeprazole rabeprazole ~ Multivariable and 8205 patients 3 yr death or Increased risk for death or
(retrospective cohort  lansoprazole pantoprazole sensitivity analysis discharged after ACS rehospitalization for rehospitalization in PPI users
study) ACS (OR 1.25,95% CI: 1.11-1.41)

ACS: Acute coronary syndrome; PPI: Proton pump inhibitor; OR: Odds ratio; CI: Confidence interval; MI: Myocardial infaction; PCI: Percutaneous coro-
nary intervention; RR: Relative risk; HR: Hazard ratio; MACE: Major adverse cardiovascular event; RCT: Randomized controlled trial.

between clopidogrel-PPI interaction and study quality (P
= 0.007), as none of the moderate quality studies report-
ed an association »s 10 in the low quality groupm]. The

authors pointed out that according to the large CURE
(Clopidogrel in Unstable Angina to Prevent Recurent
Events) trial”) no or very little advantage in reduction of
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Table 3 Summary of studies reporting on adverse bleeding events

Study Observed adverse event

Ascertainment

Results

Bhatt et al™ Composite of upper gastrointestinal bleeding

Endoscopic and

Significative reduction of upper gastrointestinal

(of known and unknown origin): overt bleeding, radiologic confirmation bleeding in the omeprazole treated group (1.1% against

ulcers, symptomatic erosions, obstruction,

(in known origin

2.9% under placebo; HR 0.34, 95% CI: 0.18-0.63)

perforation or decrease in hemoglobin of 2 g/dL  subgroup)

[27]

Ray et al
site (excluding angiodysplasia) or other
gastrointestinal and non-gastrointestinal sites
Occurence of complicated or non complicated
peptic ulcer disease

van Boxel et al™

Charlot et al™ Hospitalization for gastrointestinal bleeding

Harjai et al™ TIMI major bleeding: intracranial hemorrage ora Guthrie Health System
=5 g/dL decrease in hemoglobine database
TIMI minor bleeding: observed blood loss with
decrease = 3 g/dL in hemoglobine

Simon et al™ In-hospital major bleeding (not specified) or need FAST-MI registry

for blood transfusion

Hospitalization for bleeding at a gastroduodenal Validated diagnostic
codes with PPV of 91%

ICD-9 diagnostic codes

ICD-9 diagnostic codes

Adjusted 50% reduction of hospitalization in the

PPI treated group (HR 0.50, 95% CI: 0.39-0.65), no
significant difference concerning bleeding at other sites
Low incidence (0.7% with PPI against 0.2%) but
significant increase of peptic ulcer disease in the PPI
treated group even after multivariable adjusting (HR
4.76,95% CI: 1.18-19.17)

No reduction between the clopidogrel with PPI and
clopidogrel alone group

No significant difference between the clopidogrel with
PPI and clopidogrel alone group

No significant difference between the clopidogrel with
PPI and clopidogrel alone group

HR: Hazard ratio; CI: Confidence interval; PPV: Positive predictive value; PPI: Proton pump inhibitor; ICD-9: International classification of disease-9th revi-

sion; FAST-MI: French registry of acute-ST-elevation and non-ST-elevation myocardial infarction.

adverse cardiovascular events when treated with clopi-
dogrel was observed later than 3 mo after an ACS. In
contrast to that, in the study of Ho e a/"” the increased
risk of adverse cardiovascular events for concomitant PPI
and clopidogrel use appears in the long term (not before
180 d), a period when clopidogrel has not been shown to
be therapeutically useful any more™. Theses results might
be explained by unmeasured residual confounders rather
than by the existence of a clopidogrel-PPI interaction, a
hypothesis endorsed by the three studies having found an
elevated risk for adverse cardiovascular events in PPI-us-
ers, regardless whether on clopidogrel or not*****\. Char-
acteristics and results of the cited studies are overviewed
in Table 2 by classifying them according to their scientific
weight, while Table 3 summarizes the studies reporting on
adverse bleeding events.

To summarize, pharmacodynamic studies suggest an
existing interaction between clopidogrel and omeprazole
but not with pantoprazole, a phenomenon that may be
explained by the higher inhibitory potency of omepra-
zole for the cytochrome P450 CYP2C19"Y a key enzyme
in the metabolic activation of clopidogrel™”.

Nevertheless, the clinical impact of this biochemical
interaction still remains unclear, as several cohort studies
report an interaction and consecutive increase in adverse
cardiovascular events for omeprazolem’zz]. In contrast
to that, recent retrospective studies including propensity
score matching in order to minimise underlying bias have
not show any clopidogrel-PP1 interaction”””” (except
one recent study using a larger endpoint including over-
all death, myocardial infarction, stroke and critical limb
ischemia™!). In addition to that, post-hoc analyses of
randomized trials”**” and the only randomized double
blinded trial available so far have not found any increase
in adverse cardiovascular events for the PPI treated
grouplzs]. Finally, several meta-analyses pointed out that
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there was an inverse correlation between study quality
and a reported statistically positive interaction™™, De-
spite of that, the United states Food and Drug Adminis-
tration and the European Medecines Agency still discour-
age the use of PPI (especially omeprazole) concomitantly
with clopidogrel ™Y,

Three recommendations to health care providers
could therefore be made for the moment: (1) A gastro-
intestinal risk evaluation (e.g., history of gastrointestinal
bleeding, dyspepsia, therapeutic anticoagulation, concom-
itant NSAIDS use especially in eldetly persons and in the
presence of helicobacter pylori” ™) has to be performed
in each patient, as clopidogrel treatment and dual anti-
platelet therapy rise the risk of adverse gastrointestinal
events and mortality™**™" Patients at high risk of gas-
trointestinal bleeding should have prescribed concomitant
PPIs when under clopidogrel, due to the high mortality
rate in case of bleeding”; (2) Favoring pantoprazole over
omeprazole pharmacologically leads to less inhibition
of the CYP2C19 isoenzyme, but the clinical impact of
this pharmacologic difference has not been proved so
far. Nevertheless, to the best of our knowledge, no clini-
cal trial (regardless of its quality) has ever demonstrated
a clear interaction for pantoprazole, making it a rather
safe choice, especially regarding recent moderate and
high quality publications. Furthermore the standard daily
dose of 40 mg doesn’t seem to induce any significant
pharmacodynamic interaction with clopidogrel, as none
was found for a 80 mg/d dose'>”"; and (3) Widening the
delay between clopidogrel and PPI intake by a minimum
of 12 h (a concept based on the rapid metabolization of
clopidogrell4gj), doesn’t seem to avoid the possible drug
interaction between clopidogrel and PPIs!">*,

In conclusion, rising evidence accumulates to infirm
an interaction between PPIs and clopidogrel. This point
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suggests that the bleeding reduction benefit overweighs
the possible adverse cardiovascular risk in patients with
an indication for PPI treatment taking dual antiplatelet
treatment. Of course, adequate powered randomized
controlled trials with pharmacodynamic assessment are
still needed to infirm the persisting doubt upon the PPI-
clopidogrel interaction.
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