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Introduction

� Current consensus recommendations:  
clopidogrel + aspirin should receive PPI 
to reduce GI bleeding

� Interaction of PPIs and clopidogrel could � Interaction of PPIs and clopidogrel could 
increase CV events 



Introduction

� MEDLINE: “ clopidogrel ” “ proton 
pump inhibitors ” ( 1996 to July 2009)  
with “ metabolism ” 
“ pharmacokinetics ” 

� Google:“ clopidogrel and proton pump 
inhibitors ”



WHAT IS THE ROLE OF CLOPIDOGREL 

IN CV DISEASE? 

� Reduction of atherothrombotic events in 
patients with recent MI, recent stroke, 
established peripheral arterial disease, 
or acute coronary syndrome

� Acute coronary syndrome or atrial 
fibrillation �clopidogrel + aspirin: 
significant relative risk (RR) reductions 
of ~ 10 – 20 % in CV events compared 
with aspirin alone



WHAT IS THE ROLE OF CLOPIDOGREL 

IN CV DISEASE? 

� Guidelines clopidogrel+aspirin
� bare metal coronary artery stent: ≥1 month 

� drug-eluting stent: ≥1 year

� unstable angina or non-ST-elevation MI managed 
without intervention : ≥1 month and ideally 1 without intervention : ≥1 month and ideally 1 
year 

� 1 year after ST-elevation MI

� In high risk bleeding patient: dual therapy 
for a minimum of 2 weeks after a bare metal 
stent and 3–6 months after a drug-eluting 
stent



WHAT IS THE RISK OF GI BLEEDING 

WITH CLOPIDOGREL?

� related to potent antiplatelet activity 

� significant association between patients 
prescribed clopidogrel or ticlopidine and 
upper GI bleedingupper GI bleeding

� clopidogrel showed a trend to less major 
GI bleeding than low-dose aspirin 

� clopidogrel+aspirin significantly 
increased GI bleeding as compared with 
aspirin alone



DO PPIS DECREASE GI BLEEDING IN 

PATIENTS TAKING CLOPIDOGREL? 

� patients with bleeding ulcers prescribed 
clopidogrel or ticlopidine had a significantly 
lower rate of current PPI use than controls 
prescribed clopidogrel or ticlopidine

� omeprazole vs. placebo in patients taking 
clopidogrel plus aspirin (terminated before the 
pre-specified sample size and duration were 
reached due to bankruptcy of the sponsor) 
revealed a significant decrease in a composite 
of GI events



DO PPIS DECREASE GI BLEEDING IN 

PATIENTS TAKING CLOPIDOGREL? 

� PPIs seem to decrease recurrent ulcer 
bleeding in patients who bled on low-dose 
aspirin and continue aspirin

� Randomized, placebo-controlled trials show 
that both PPIs and histamine-2 receptor that both PPIs and histamine-2 receptor 
antagonists decrease the development of 
endoscopic ulcers in low-dose aspirin users.

� Current consensus recommendations do not 
specifically address clopidogrel monotherapy, 
but do state that patients taking dual 
antiplatelet therapy should receive a PPI.



CLOPIDOGREL METABOLISM

� Inactive prodrug

� Converted by cytochrome P450 (CYP) 
enzymes

� inhibition of ADP-induced platelet 
aggregation by irreversible blockade of 
the platelet P2Y12 receptor 

� In 75 mg daily doses, plasma 
concentrations of the parent compound and 
active metabolite fall below the lower 
limit of quantification after 2 h



CLOPIDOGREL METABOLISM

� Irreversible binding leads to prolonged 
effect

� platelet function returning to baseline 
about 5 days  after stopping the drugabout 5 days  after stopping the drug



CLOPIDOGREL METABOLISM

� CYP family: CYP2C19, CYP3A4, CYP3A5, 
CYP2B6,  CYP1A2

� Reduced-function genetic polypmorphisms
of CYP2C19� less exposure to clopidogrelof CYP2C19� less exposure to clopidogrel
's active metabolite� reduction in 
clopidogrel 's inhibition of ADP-induced 
platelet aggregation

� Significantly increased CV events with 
CYP2C19 reduced-function genetic variants 
with previous CV events



CLOPIDOGREL METABOLISM

� increased risk was apparent even among 
patients who were heterozygous for 
reduced-function allelic variants

� homozygotes reduced-function alleles 
(poor metabolizers) are seen primarily in (poor metabolizers) are seen primarily in 
Asian populations (e.g., 12 – 23 % of 
Asians vs. 1 – 4 % of Caucasians, and 
2 – 7 % of African-Americans)

� heterozygotes are  not uncommon in other 
groups (e.g., 16 – 37 % of Caucasians 
and African-Americans)



PPI METABOLISM 

� Prodrugs

� transformed in the acid environment of 
gastric parietal cells nonenzymatically
to active derivativesto active derivatives

� bind covalently to H+K+-ATPase (proton 
pump)

� very short plasma half-lives of ~ 0.5 –
2 h

� irreversible inhibition of the proton 
pump�long-term acid suppression for up 
to 36 h



PPI METABOLISM 

� CYP2C19 is also a principal enzyme in PPI 
metabolism (along with CYP3A4)

� reduced CYP2C19 function results in less 
“ inac-tivation ” of PPI and an increase 
in pharmacodynamic effect (greater acid 
inhibition).

� Poor CYP2C19 metabolism has been associated 
with improved clinical outcomes such as 
healing of esophagitis or eradication of H. 
pylori

� All PPIs have increased plasma concentration 
and improved acid inhibition in poor CYP2C19 



PPI METABOLISM 

� PPIs also may competitively inhibit 
CYP2C19 metabolism. 

� In vitro: 

� most potent inhibitors: lansoprazole and � most potent inhibitors: lansoprazole and 
omeprazole

� the least potent inhibitors: pantoprazole 
and rabeprazole



DO PPIS INFLUENCE CLOPIDOGREL’S 

PHARMACODYNAMIC EFFECTS?



DO PPIS INFLUENCE CLOPIDOGREL’S 
PHARMACODYNAMIC EFFECTS?

� novel surrogate marker for CV events 
(vasodilator-stimulated phosphoprotein(vasodilator-stimulated phosphoprotein
phosphorylation platelet reactivity index 
(PRI))

� higher PRI in patients taking clopidogrel
plus PPI than in those taking clopidogrel
without PPI. 



DO PPIS INFLUENCE CLOPIDOGREL’S 
PHARMACODYNAMIC EFFECTS?

� subsequent 7-day randomized, double-blind, � subsequent 7-day randomized, double-blind, 
placebo-controlled trial (omeprazole + 
clopidogrel)

� significantly more poor responders (PRI) 
in the omeprazole group than in the 
placebo group 



DO PPIS INFLUENCE CLOPIDOGREL’S 
PHARMACODYNAMIC EFFECTS?

� randomized, crossover trial found that � randomized, crossover trial found that 
ADP-induced platelet aggregation was not 
significantly different with lansoprazole
added to clopidogrel vs. clopidogrel
alone 

� (Lansoprazole�takepron)



DO PPIS INFLUENCE CLOPIDOGREL’S 
PHARMACODYNAMIC EFFECTS?

� cohort study:  patients who received � cohort study:  patients who received 
clopidogrel for a mean of 3 months, the 
PRI and ADP-induced platelet aggregation 
were not significantly different among 
those on no PPI, pantoprazole, and 
esomeprazole 



DO PPIS INFLUENCE CLOPIDOGREL’S 
PHARMACODYNAMIC EFFECTS?

� another cohort of patients on clopidogrel
maintenance therapy, ADP-induced platelet maintenance therapy, ADP-induced platelet 
aggregation was significantly higher in 
patients on omeprazole but not 
significantly different in patients 
taking esomeprazole or pantoprazole when 
compared with those not prescribed a PPI



DO PPIS INFLUENCE CLOPIDOGREL’S 
PHARMACODYNAMIC EFFECTS?

a post hoc nonrandomized subgroup � a post hoc nonrandomized subgroup 
analysis within the clopidogrel arm of a 
double-blind randomized trial showed that 
PPI users had significantly less 
inhibition of ADP-induced platelet 
aggregation than nonusers



DO PPIS INFLUENCE CLOPIDOGREL ’ S CLINICAL 

EFFICACY?



DO PPIS INFLUENCE CLOPIDOGREL ’ S CLINICAL 

EFFICACY?



DO PPIS INFLUENCE CLOPIDOGREL ’ S CLINICAL 

EFFICACY?

� Preliminary analysis� Preliminary analysis

� Revealed no significant difference in CV 
events 



DO PPIS INFLUENCE CLOPIDOGREL ’ S CLINICAL 

EFFICACY?

� clopidogrel users with high PPI exposure � clopidogrel users with high PPI exposure 
had significantly higher crude rates of 
MI than those without PPI

� but indicated that the difference could 
be accounted for by significant 
differences in comorbidities



DO PPIS INFLUENCE CLOPIDOGREL ’ S CLINICAL 

EFFICACY?

� patients prescribed clopidogrel who also 
took PPIs had small but significant 
increases in CV events



DO PPIS INFLUENCE CLOPIDOGREL ’ S CLINICAL 

EFFICACY?

� A nonrandomized subgroup analysis within � A nonrandomized subgroup analysis within 
a randomized trial found that patients 
prescribed PPIs had similar increases in 
the risk of CV events in the clopidogrel
and placebo groups



DO PPIS INFLUENCE CLOPIDOGREL ’ S CLINICAL 

EFFICACY?

� no association between PPIs and CV events � no association between PPIs and CV events 
in the overall clopidogrel group nor in 
the subgroups with and without a reduced-
function CYP2C19 allele 



DO PPIS INFLUENCE CLOPIDOGREL ’ S CLINICAL 

EFFICACY?

� patients prescribed clopidogrel had no 
increase in CV events with PPIs



DO PPIS INFLUENCE CLOPIDOGREL ’ S CLINICAL 

EFFICACY?

� There was no association between use of � There was no association between use of 
PPIs and CV events



RECOMMENDATIONS TO HEALTH-CARE 

PROVIDERS

� current evidence does not justify a 
conclusion that there is a valid 
statistical association of PPIs with CV 
events among clopidogrel users.

� FDA

�“health-care providers should re-evaluate 
the need for starting or continuing 
treatment with a PPI in patients taking 
clopidogrel”



RECOMMENDATIONS TO HEALTH-CARE PROVIDERS

� FDA

� revised clopidogrel labeling to state 
“concomitant use of drugs that inhibit 
CYP2C19 (e.g., omeprazole) should be 
discouraged” discouraged” 

� FDA's European counterpart, European 
Medicines Agency

�“concomitant use of PPI and clopidogrel-
containing medicines unless absolutely 
necessary”



RECOMMENDATIONS TO HEALTH-CARE PROVIDERS

� We suggest the following guidance

� 1. Patients who require clopidogrel should 
start and continue their therapy.

� 2. Patients taking clopidogrel + aspirin, 
especially with other GI risk factors such 
as prior ulcer or bleeding and concomitant 
nonsteroidal antiinflammatory drug or 
anticoagulant therapy, should receive GI-
protective therapy 



RECOMMENDATIONS TO HEALTH-CARE PROVIDERS

� we suggest that PPIs be given before 
breakfast and clopidogrel at bedtime, or, 
to minimize concern about poor CYP2C19 
metabolizers, PPIs may be taken before 
dinner and clopidogrel at lunchtime.


