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ORAL ANTIPLATELET AGENTS

Focus ON DUAL THERAPY, GENETIC VARIANTS, AND PROTON PUMP INHIBITORS

1. Antiplatelet agent comparison charts AGENTS IN THIS REVIEW®
a. Mechanism of action comparison Thienopyridines:
b. EDA-approved indications and maximum daily dosages Plavix (clopidogrel)
) ) _ _ Effient (prasugrel)
c. General antiplatelet agent comparison and misc. properties Ticlid (ticlodipine)
Introduction Other Agents:
Background Aspirin

Persantine (dipyridamole)
Pletal (cilostazol)
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a. Dual Anti-Platelet Therapy

I. Discussion — Pharmacy comments
b. Genetic Variants — CYP2C19

I. Discussion — Pharmacy comments
c. Proton Pump Inhibitor Interactions

I. Discussion — Pharmacy comments
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Highlights: The Quick-Read Information Link to Answer Key

1. True or False, thienopyridines require activation to their active metabolites and exert their pharmacologic action by directly
antagonizing the ADP platelet receptor.

a. [Truel; b. [Falsg;
2. The CREDO trial demonstrated benefit in treatment dual anti-platelet therapy for patients post-PCl for what duration?
a. [3 month$ b. [28 monthg; c. [6 month§; d. [12 months]
3.  What CYP enzyme variant is most responsible for variations in clopidogrel response?
a. [CYP2C19*Y; b. [CYP2C192]; c. [CYP2C19*3; d. [CYP2C19*5]
4. All of the following were associated with variations in clopidogrel response except?
a. [y BImI b. [y Lipids ¢ [y §Cr d. [m_'113S
5. True or False, the ACCF/ACG/AHA Joint Guidelines advocate the use of PPIs in patients requiring dual anti-platelet therapy?
a. [Truel; b. [Falsg;
6. Which of the following proton pump inhibitors has shown the least interaction with clopidogrel?

a. [Esomeprazole b. [Lansoprazole]; c. [Pantoprazole d. [Omeprazolg
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Antiplatelet Agents i Comparative Mechanism of Action

Thienopyridines

Ticlid® (#iclopidine)

Plavix® (c/opidogrel)

Effient® (prasugrel)

Selective irreversible inhibition of platelet aggregation by blocking the P2Y,, component on the adenosine diphosphate
(ADP) receptor
NOTE: clopidogrel and prasugrel are pro-drugs that require activation by the CYP system to their active metabolites

Other Agents

Aspirin

Irreversible, nonselective inhibition of COX 1 & 2 and their role in the first step of prostaglandin synthesis

Persantine®, Permole®

(dipyridamole)

Inhibition of cyclic nucleotide phosphodiesterase and blockade of adenosine uptake

Pletal® (cilostazol)

prostaglandin |, synthesis

Inhibition of platelet aggregation caused by ADP, arachidonic acid, collagen, epinephrine and thrombin and no inhibition

except in high risk situations (patients w/ Diabetes or prior MI)

[Back to Top
Generic FDA-Approved Indications Available Elimination Time to Duration of Insurance
(trade) Strengths effect antiplatelet info
effects
Inhibitors of ADP-induced platelet aggregation
un | Ticlopidine Arterial thromboembolism, stroke & 250mg tablet Renal, Hepatic 2 hours 77 10 days 3 tier
_g (Ticlid) thrombosis prophylaxis; PCI; TIA brand or
=) generic
S Clopidogrel Acute MI; Arterial thromboembolism, M, 75mg & 300mg | Hepatic; 1 hour 5 days 2" tier
g' (Plavix) stroke & thrombosis prophylaxis; PCI; tablet CYP2C19 Brand only
5 TIA; Unstable angina
= Prasugrel** Acute MI; Arterial thromboembolism 5mg & 10mg Hepatic; 30 min 7 - 10 days 3" tier PAR
- (Effient) prophylaxis; PCI; Unstable angina tablet CYP3A4 & 2B6 Brand only
Irreversible, nonselective COX inhibition
Aspirin Acute MI; Angina; Arterial 81, 125, 300, Hepatic 17 2 hours 71 10 days Available
thromboembolism, M, stroke & 325, 500, 650, OTC not
thrombosis prophylaxis; Ischemic stroke; 800, 975, covered as
PCI; TIA; Unstable angina 1200mg tablets Rx
Inhibition of CNP and adenosine uptake
Dipyridamole Arterial thromboembolism prophylaxis 25, 50, 75mg Hepatic 21 2.5 hours N/A 1% tier
(Persantine, Permole) tablets Generic
Multifactorial platelet inhibition independent of prostaglandin inhibition
Cilostazol Claudication; Peripheral vascular disease 50 & 100mg Renal, Hepatic 21 4 weeks N/A 1% tier
(Pletal) (PVD) tablets Generic
Current through September 2009; PCI = Percutaneous Coronary Intervention, TIA = Transient Ischemic Attack, MI = myocardial infarction
**=Prasugrel carries a black box warning for bleeding risk; it is generally NOT recommended in patients O 75 yr s




Antiplatelet Agents i FDA Approved Adult Doses and Maximum Daily Dosages

[Back to Top

s e ey Thienopyridines Other Agents
Ticlopidine Clopidogrel Prasugrel Aspirin Dipyridamole | Cilostazol
Acute myocardial ** Loading dose: 300mg Loading dose: 60mg PO x 1 Loading dose: 1607 * *
infarction (M) POX1 325mg PO x 1
Maintenance dose:
Maintenance dose: 0O60kg: 10mg PO daily Maintenance: 7571
75mg PO daily < 60kg: 5mg PO daily 162mg PO daily
Angina * ** ** Loading dose: 160 ** **
325mg PO x 1
Maintenance: 751
162mg PO daily
Arterial 250mg PO BID 75mg PO daily Loading dose: 60mg PO x 1 75-100mg PO daily 757 400mg PO daily *
thromboembolism | *if intolerant or
prophylaxis failed ASA _ Maintenance dose:.
*Varies based on therapy 060kg: 10mg PO daily
indication < 60kg 5mg PO dally
Claudication * ** * * * 100mg PO BID
*50mg PO BID if
w/CYP3A4/2C19
inhibitors
Ischemic stroke * * * Loading dose: 160 i o **
325mg PO x 1
Maintenance: 751
162mg PO daily
MI prophylaxis * 75mg PO daily * 7571 100mg PO daily o ok
Percutaneous 250mg PO BID Loading dose: 300mg Loading dose: 60mg PO x 1 *x fid *x
Coronary POx1 _
Intervention (PCI) _ _Maintenance dose:
Maintenance dose: 060kg: 10mg PO daily
75mg PO daily < 60kg: 5mg PO daily
Peripheral vascular * ** * * * 100mg PO BID
disease (PVD) *50mg PO BID
w/inhibitors of
CYP3A4/2C19
Stroke prophylaxis | 250mg PO BID 75mg PO daily ** 507 325mg PO daily Hk o
Thrombosis 250mg PO BID 75mg PO daily *x *x ** *k
prophylaxis
Transient Ischemjc | 250mg PO BID 75mg PO daily *x 501 325mg PO daily *ox o*
Attack (TIA)

Unstable angina

*%

Loading dose: 300mg
POx1

Maintenance dose:
75mg PO daily

Loading dose: 60mg PO x 1

Maintenance dose:
O60kg: 10mg PO daily
< 60kg: 5mg PO daily

16071 325mg PO
immediately

Maintenance: 7571
162mg PO daily

*%

*%




INTRODUCTION

Survivors of acute myocardial infarction (Ml) are at
significantly higher risk fostroke, recurrent Ml, and suddetr
death. Based on statistics from the American Heart
Association, approximately 25% of men and 38% of wom:
will die in the first year following myocardial infarctith
Atherosclerosis is a disease characterized by thickening ¢
hardening of the arterial walls that progresses over a nurr
of years. A fatty streak is first deposited in the artevell
which accumulates lipoprotein molecules triggering an an
inflammatory response. The result of this is recruitment a pill
adhesion of platelets to the cell surface forming a fibrous

cap over an unstable plaque. Thrombus formation at this Adhesive proteins “5
site resultsn clinical manifestations of the disease includin g N .
acute coronary syndromes (ACS), ischemic stroke and PN,
peripheral artery dised8e Anti-platelet agents have been Pro thrombotc factors
developed to target different mechanisms of platelet e
adhesion to inhibit thrombus formation and decrease adverse

thrombotic events and the associated mortality.
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BACKGROUND [Back to Top

Anti-platelet agents have gained a great amotimterest in recent years. These agents have been used in patients
undergoing percutaneous coronary intervention procedures to inhibit platelet aggregation at the site of coronary stent
placement to prevent thrombus formation. However, studies haverpthat combination of aspirin with a

thienopyridine resulted in a significant reduction in cardiovascular eventpioogtdure. This has expanded use of dual
therapy to a larger patient population and resulted in more widespread prescribing oéranttjpatelet agents.

Wi despread use has |l ed to the dipaterdswlaeypereenced eventsuddspite o f
receivingantp | at el et therapy. Genetic studies havyochioshe nt i f i
P450 enzyme which alter drug metabolism. The thienopyridine agents, as mentioned above, are prodrugs, requiring
metabolism to the active form. As a result of this, it has been identified that this makes these agents susceptible to drug
interactons when multiple drugs utilize these enzymes. Currently, the most clinically relevant and studied in these
patients is the concomitant use of proton pump inhibitors with thienopyridines. These topics are all areas to be discusse

in this review.

LITERATURE REVIEW

Links: Trials and articles relevant to the subject at hand...

Dual Antiplatelet Therapy
[to CURE Trial]
[to CREDO Trial]
[to CHARISMA Trial]

CYP2C19 Variants
[to JAMA Aug 2009]
[to J Thromb Haemost Sept 2007]

Proton Pump Inhibitors
[to OCLA Study —J Am Coll Card 2008]
[to CMAJ Jan 2009]
[to JAMA Mar 2009]
[to Lancet Sept 2009]
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http://content.nejm.org/cgi/content/abstract/345/7/494
http://jama.ama-assn.org/cgi/content/abstract/288/19/2411
http://content.nejm.org/cgi/reprint/354/16/1706.pdf
http://jama.ama-assn.org/cgi/content/abstract/302/8/849
http://www3.interscience.wiley.com/cgi-bin/fulltext/117993619/pdfstart
http://content.onlinejacc.org/cgi/reprint/51/3/256.pdf
http://www.cmaj.ca/cgi/reprint/180/7/713
http://jama.ama-assn.org/cgi/reprint/301/9/937
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736%2809%2961525-7/abstract

Dual Anti-platelet Therapy

Dual anti-platelet therapy has been proven to improve outcomes in patients considered to be at fagh risk
recurrent cardiovascular events after acute coronary syndrome (ACS) or percutaneous coronary intervention
(PCI). Current recommendations advocate the use of &2 mg of aspirin per day indefinitely in high risk
patients. However, immediately follimg ACS and PCI, additional platelet inhibition has been associated with a
decrease in recurrent cardiovascular evéhts Thefollowing studies determined the efficacy and safety of
combining aspirin with thienopyridines (clopidogrel, primarily) for additional platelet inhibition.

CURE Trial® [Back to Quiz]
The CURE trial waslesigned to determinthe role of longerm dualanti-platelettherapy with aspirin and an
antiplatelet agerdver 12 months ipatients at high risk for cardiovascular events. The study was a randomized,
doubleblind, placebecontrolled investigative tal over 12 monthsomparimg the addition of clopidogrel VS
placebo to aspirin therapy in patients presenting vattieacoronary syndromes withdsiT-segment elevation.

Primary Outcomes

1) Composite of death from cardiovascular causes, nonfatal Ml, or stroke.

2) Composite of death from cardiovascular causes, nonfatal Ml, stroke, or refractory ischemia.

Results

1) First primary outcomé clopidogrel had a lower incidence 9.3% VS placebd%1.

2) Second primary outconieclopidogrel had a lower incidence 16.5% VS placebo 18.8%

3) Bleeding incidence (clopidogrel VS placeibdYlinor events (5.1% VS 2.4%) and Major events
(3.7% VS 2.7%).

CREDO Trial® [Back to Links]
CREDO trial was designed to study the benefit of long teeatment (12 months) with dual aptatelet therapy,
clopidogrel plus aspirin, in patients after PCI. The trial was an investigative, ewinnieolacebecontrolled study
where patients were randomized to receive a loading dose of 300 mg clopidgimekdio prior to PCI to assess
benefit at 28 days. For the first 28 days, patients received clopidogrel 75mg per day. From day 29 through 12
months, patients were randomized to receive either clopidogrel or placebo to assess efficaeteohltmegtrent.

Primary Qutcomes:
1) Incidence of a composite of death, M, or urgent target vessel revasculariz&@otegs.
2) Incidence of the composite of death, MI, or stroké ydar.
Results
1) The loading dose did not significantly reduce the primary outcome VS placebo (6.8% VS 8.3%).
2) The primary outcome at 1 year in patients receiving dual therapy VS placebo was 8.5% VS 11.5%
3) Bleeding incidence (clopidogrel VS placelidyiajor bleeding (8.8%S 6.7%). The majority of
these incidents were in the procedural bleeding category.

Based on the results of the CURE and CREDO trials, the joint guidelines of the American College of Cardiology
and American Heart Association recommend the use of clgmtaND aspirin for 12 months after an episode of
acute coronary syndron@R percutaneous coronary intervention with placement of a stent MTNéMUM
recommended duration of dual apiatelet therapy for dare metal stent is 1 month, 3 months for a drug eluting
stent containing sirolimus, and 6 months fairag eluting stent containing paclitaxél. During this period325

mg per day of aspirin is recommendedaddition to thienopyridine therapy.

=  Minimum recommendations give physicians flexibility. In other wpndimimum requirements can
be utilized for patients with laigher risk of bleeding

=  Guidelines advocate that clopidogrel should NOT belsstitutefor aspirin in patientfor which dual
therapy is indicatedThe current recommendation IS the additiba proton pump inhibitor for
gastrointestinal protection.




CHARISMA Trial® [Back to Links]

The aim of this study was to determine the role of duaiatelet therapy in a broader patient population at high
risk for artherothrombotic events but without traditional indications for dual therapy (acute Ml or PCI). A total of
15,603 patients agetb years or older with clinically evident cardiovascular disease or multiple risk factors were
enrolled and followed for 28 months. The trial was an investigational, plaositmlled study where patients

were randomized to receive either clopidogreh®bper day plus aspirin or placebo plus aspirin.

Primary Outcome

1) Composite of MI, stroke, or death from cardiovascular causes.

Secondary Outcome

1) Composite of MI, stroke, death from cardiovascular causes, hospitalization for unstable angina,
transient ischemic attack, or revascularization procedure.

Results

1) Results of the primary outcome revealed no significant difference in the primary outcome between
the clopidogrel (6.8%) and placebo (7.3%) groups.

2) Results of the secondary outcome revealed no significant difference in the primary outcome between
the clopdogrel (16.7%) and placebo (17.9%) groups.

3) Bleeding incidence (clopidogrel VS placelidncrease in moderate bleeding events (2.1% VS 1.3%)

Discussion:

Dual antiplatelet therapy has been proven to improve outcomes in patients considered to beskt fuighecurrent
cardiovascular events after acute coronary syndrome (ACS) or percutaneous coronary intervention (PCI). Current
recommendations advocate the use of 762 mg of aspirin per ddgdefinitelyin high risk patients. However,
immediatelyfollowing ACS and PCladditionalplatelet inhibition has been associated witteareasén recurrent
cardiovascular everits”.

Based on the results of the CURE and CREDO trials, the joint guidelines of the American College of Cardiology and
American Heart Association recommend the use of clopid@ddél aspirin forl2 monthsafter an episode a@icute

coronary syndrom®R percutaneous coronary intervention with placement of a stentMTRéMUM recommended
duration of dual aniplatelet therapy for a bare metal stent is 1 month, 3 months for a drug eluting stent containing
sirolimus, and 6 months fordrug eluting stent containing paclitaRel During ths period ;325 mg per day of aspirin is
recommendeth additionto thienopyridine therapy.

=  Minimum recommendations give physicians flexibility. Minimum requirements can be utilized for patients
with ahigher risk of bleeding
=  Guidelines advocate thalopidogrel should NOT be substitutefor aspirin in patients fowhich dual
therapy is indicated
i. In addition, current guidelines advise adding a PPI for gastrointestinal protection.

Results of the CHARISMA trial showed that extended dual@atelet therapy in a broader, lower risk population, for
duration beyond 1 year up to 28 months W&¥T associated with improvements in cardiovascular outcomes and
INCREASEDthe risk for bleedig.
V However, a subgroup analysis of patients with docu
benefit with a lower incidence of the primary outcome (6.9%) VS placebo (7.9%).

In general, extended dual anti-platelet therapy did NOT show added benefit in LOWER-RISK patients, but benefits
tend to outweigh risks in HIGH-RISK patients.

CYP2C19 Variations

Brandt et al™ — J Thromb Haemost 2007 [Back to Links]
This aim of this study was to identify thergetic differences responsible for the variations in pharmacodynamic (PD) and
pharmacokinetic (PK) response to clopidogrel and prasugrel.




Design:
A retrospectivegenotyping study of CYPs 1A2, 2B6, 2C19, 2C9, 3A4, and 3A5 was performed to identify loss of
function mutations accounting for differences in PD/PK response to clopidogrel and prasugrel.

Intervention/Method:
V Samples were drawn from participants inety studies comparing clopidog880 mg and prasugre80 mg
(loading doses).
V Platelet aggregation was measured at baseline, 4 hours and 24 hodsspost
V Poorresponders were defined as < 20% IPA (Inhibition of platelet aggregation) and respon@&%if
V Pharmacokinetic response was determined by presence of the active metabolites which were directly measure

Results:

There was NO difference lmaselineplatelet aggregation (prior to drug exposure) between the two groups.
Decreased functiovmariants were seen in CYP2C19, CYP2C9, and CYP3AS5.

Variations in CYP 2C19 and 2C9 were associated w/ wide variations at 4 and 24 h@uk©fRIDOGREL.
Almost half (36 of 74) o£LOPIDOGREL patients were classified as PO@&sponders (< 20% IPA).
Variations in CYP2C19, 2C9, and 3A5 did not impBRASUGREL response. It was hypothesized that lack
of response in one CYP may be compensated by other CYPs.

V All PRASUGREL patients were classified as responders (> 20% IPA).

< <K<K

Comments:
V POOR responders to clopidegat doses of 300 mg mawpderestimate the number of POOR responders at
the typical maintenance dose of 75 mg per day.

Shuldiner et al®® - JAMA Aug 2009 [Back to Quiz]

Design:

A genome wide association study was first conducted to determine that the presence of a loisrofrfutation

in CYP2C19 responsible for ADP stimulated platelet aggregation and consequently, clopidogrel response. The
findings were then extended to a population of high risk cardiovascular patients undergoing planned PCI to
determine clinical relevaecof this mutation.

Intervention/Method:
V A genome wide association study was performed to identify genes associated with clopidogrel response. This
leg of the study was called tanish Pharmacogenomics of Anti-platelet Intervention Study (PAPI).
- The study was conducted in 429 patients obtained from a homogenous founder population of the
Old Order Amish where participants were drug naive and confounding variables were minimized.
- Baseline platelet aggregation was obtained. Patients receivedrayldade of 300 mg of
clopidogrel followed by 75 mg per day for 6 days.
- Follow-up testing was done 1 hour after the last clopidogrel dose and again later the same day 1
hour after ingestion of a 324 mg aspirin.
V The second leg of the study extended resilthe genetic study to high risk cardiovascular patients undergoing
nonemergent PCI at tt&nai Hospital of Baltimore.
- Baseline platelet aggregation tests were performed on participants.
- On the day of PCI, clopidogrel naive patients received a loaltisg of 300 mg or 600 mg.
Patients currently on a maintenance regimen on clopidogrel did not receive a loading dose.
- All patients received ASA 8825 mg PO daily 1 week prior to planned PCI and 325 mg day of.
- Platelets were measured upon discharge upkgsnts received eptifibatide (5+ days after D/C).
- Patients were contactedlatmonthand12 monthgo inquire about ischemic events post discharge.

Primary Outcome:
V To identify gene variants influencing clopidogrel response.
V ADP-stimulated platelesiggregation in response to clopidogrel and associated of cardiovascular events.



Results:
V  PAPI Study Results
- 13 SNPs were identified on chromosome 1024 located in the cluster containing CYR2IH 8
2C9-2C8 responsible for drug metabolism and consequent activation of clopidogrel.
Variations in response were noted and correlated to genotypes of participaaliageve
1) Poor responders (9 participanisiiomozygous for the minor allele rs12777823
2) Best responders (300 participaritdfomozygous for the major allele
3) Intermediate responders (117 participaintsleterozygous for the minor allele
- None of the SNPs accoted for differences at baseline in platelet aggregation.
- The frequency of the minor allele (rs12777823), CYP2C19, in the Amish population was found to
be consistent with the incidence in other white populations (0.17).
- Clopidogrel response was found ® ighly heritable.

V  Sinai Hospital Patient Results [Back to Quiz]
- With respect to patients with the CYP2C19*2 genotype, the following results were noted:
1) Patients did not exhibit differences in baseline PLT aggregation.
2) Did not display differences in aspirin induced platelet aggregation.
3) Displayed greater residual PLT aggregation after receiving clopidogrel.
- At 1 year follow-up, patients with the CYP2C19*2 genotype receiving clopidogel had higher
cardiovascular event rates (20.9%) as compared to noncarriers (10%).
- CYP2C19*2 variations accounted for 12% of the clopidogrel response in poor responders.
- Clopidogrel response has been found to be multi-factorial with dependence numerous variables.
Increased age, BMI, and lipid levels accounted for 10% of the response in poor responders.
- The loss of function genotype was most prevalent in the Asian (51%) and African American (33%)
populations. It was less prevalent in whites (24%), and Mexican Americans (18%).

Discussion:
Thereare multiple considerations, given this data, to examine when determining treatment options. Currently, there are
no recommendations regarding genotypic differences in these patient populations. Some highlights to consider are:

V  Cost to the patient. Wha is the cost of the medication to the patient? Clopidogrel will be available
generically sooner than prasugrel. However, the anticipated availability of generic Plavix (clopidogrel)
based upon patent extension litigation is not until November 17, 2048 [inkl. Newly released
(Effient) prasugrel is a currently & 8er copay for most patients under their prescription drug coverage
plan (IHA both commercial and Medicare D are Tier IB)cost presents a burden to the patient and is
likely to introduce norcompliance with the medication regiméine cheapest optianay still be the best
for the patient.

V Genetic Testing? A limited and expensive option for determining clopidogrel responsiveness. In the
future, this may be a consideration for patients as cost of the test comes down and if more supportive dat:
emerge.Another consideration is if the patient has previously experienced an adverse outcome during
anti-platelet therapy in the past.

V Ethnic Patient Populations. Consider the loss of function genotype was most prevalent in the Asian
(51%) and African Ameriaa(33%) populations. It was less prevalent in whites (24%), and Mexican
Americans (18%).

V Patient Specific Factors. Increased age, increased BMI, and increased lipid levels were associated with
a 10% variation in response, almost as high as the variaticounted for by genetic variants, 12%.

Proton Pump Inhibitors
OCLA® - J Am Coll Card 2008 [Back to Links]

Design:
A randomized, doubtblind, placebecontrolled investigative trial aimed at assessing the influence of omeprazole
on the antiplatelet action of clopidogrel.



http://www.uspto.gov/web/offices/pac/dapp/opla/term/156.html

Intervention/Method:
All patients consecutively undergoing elective PCI for coronary stent mtgdian were considered.

Patients received a loading dose of clopidogrel 300mg, followed by 75mg per day, plus aspirin 75mg per day.
140 patients were included with 70 patients randomized to placebo or omeprazole 20mg/day x 7 days.
Atherosclerotic riskactors were documented along with concomitant cardiovascular medications including

< <<<KL<
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\Y

statins, beta blockers and ACE inhibitors.

Vasodilator stimulated phosphoprotein phosphorylation (VASP) was used to measure platelet reactivity index

(PRI). This assaig specific for function of the P2Y12 receptor
clopidogrel ds site of action.
Baseline PRI was determined just prior to administration of the loading
dose and measured again on day 7.

Higher PRI values indicate DECREASED clopidogrel effect.

Primary Outcome:

\%
\%

Comparison of the PRI of placeb® omeprazole at day. AFigure 2)
Good response was considered a PRI < 50% and poor response-a PR
50%.

Secondary Outcome:

\%
\%

Variations in the PRI during the day treatment period.
Proportion of patients with aR? < 50% (good response) in both groups.

Results:

\Y

\%
\%
\%

On Day 1, the PRI for both the placebo and omeprazole was similar
(83.2% VS 83.9%).

On Day 7, the PRI for placebo VS omeprazole was 39.8% VS 51.4%.
For the secondary outcome, the mean PRI decrease was 43.3% in the
placebo group and 32.6% in the omeprazole group.

The percentage of poor responders for placebo VS omeprazole was 2t
VS 60.9%.

Comments:
V The duration of the therapy is brief. Thé&gao followup with patients beyond the 7 day period. There is no

information regarding outcomes or clinical significance.
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PRI (%)

40

20+

p<0,0001 -4

T
Omeprazole Placebo
Group

O VASP PRI (%) on Day 1
B VASP PRI (%) on Day 7

m Mean PRI on Days 1 and 7 in the Two Groups

On Day 1, mean platelet reactivity index (PRI) was 83.2% and 83.9%,
respectively, in the placebo and omeprazole groups (nonsignificant). On
Day 7, mean PRI was 39.8% and 51.4%, respectively, in the placebo and
omeprazole groups (p < 0.0001). VASP = vasodilator-stimulated

phosphoprotein.

V Mean PRI in the omeprazole group was found to be 51.4% which is on the border of what defines good and
poor responders. Also, thivalue is a mean and does not provide information about potential outliers.

Juurlink et al™” - CMAJ Mar 2009
The study aimed to characterize concomitant use of proton pump inhibitors with clopidogrel and the association of
adverse outcomes in oldeatients discharged after myocardial infarction.

Design:
The study was a retrospective, observational population basedardsal study performed over a period of 69
months in patients 66 years and older who were discharged after treatment forymosedial infarction.

Intervention/Method:
13,636 patients were included if they filled a prescription for clopidogrel within 3 days after hospital discharge.
Events were defined as cases if they died or weaglngtted for MI within 90 days after initial hospitalization.
Patients were excluded if they received clopidogrel, ticlopidine, or dipyridamole in year preceding admission.
Patients were also excludédhey had used PPI combination products for the treatmet pylori.

< <K<K

Use of H antagonists was also used in the analysis of results.

Primary Outcome:
V Death or hospital radmissions for acute myocardial infarction within 90 days after discharge.

[Back to Links]



Secondary Outcome:
V Death or hospital radmissions for acute myocardial infarction within 1 year after discharge.

Results:
Concomitant prescribing of PPIs and clopidogrel occurred in 19.7% of patients at 30 dalisgi@sge and in

\Y

<O < << <<

Ho et al™ -

31% of patients at 90 days paischarge.

There was an association betweeadenission at 90 days only widurrentPPI treatment (OR 1.27).

There wago associatioetween readmission at 90 days witlrevious treatment31-90 days prior to index
date) or remote use (91180 days prior to index date).
There was no association between death within 90 days and PPI treatment VS no PPI (OR 0.82)
When stratified, pantoprazole was NOT associated witdtdmission for Ml (OR 1.02) while the other PPIs

were associated with an OR of 1.40.

No association between the use gfardtagonists and recurrent death or hospitalization from MI was found.

omments:

Patients in the case group had a higher

% of patients with congestive heart
failure, diabetes (with complications,
and acute renal insufficiency which
could account for increased risk for
hospitalization due to MI.

The risk of death due to M| wamt
increased in the PPI treatment group a
compared to the no PPI group.
Limitations of the study include no data
regarding important cardiovascular risk
factors such as smoking status, blood
pressure, and lipids.

No information was available regardin
overthe-counter medication use,

Analysis*
Recurrent Ml < 90 days
Current
Previous
Remote
Death <90 days
Proton pump inhibitor
Pantoprazole
Other
Patients not receiving
clopidogrel
Histamine-H, antagonists

Patients with no history
of heart failure

Recurrent Ml < 1 year
Death < 1 year

Cases
n/N

194/734
63/734
17/734
711323

46/734
148/734

438/6 277

37/734
134/525

240/982
116/531

Controls
n/N

42412 057

195/2 057
68/2 057

188/916

125/2 057
299/2 057

1300/17 291

106/2 057
319/1638

49712626
269/1 407

Odds ratio
(95% CI)

1.27
0.86
0.81
0.82

1.03-1.57
0.63-1.19
0.46-1.41
0.57-1.18)

)
)
)
)

1.02 (0.70-1.47)
1.40 (1.10-1.77)
1.02 (0.90-1.15)

0.94 (0.63-1.40)
1.33(1.02-1.72)

1.23(1.01-1.49)
0.89 (0.67-1.18)

Reduced | Increased

<— risk | risk —>

0.0

T
1.0 2.0
0Odds ratio (95% CI)

particularly aspirin.

JAMA Mar 2009
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A recentobservationakpidemiologic study which showed that patients taking proton pump inhibitors (PPIs)
concomitantly with clopidogrel VS clopidogrel alone had a higher incidence of adverse outcomes.

Design:

The study was an observational, retrospective cohort study Of 8,205 patients at 127 Veterans Affairs Hospitals
hospitalized for acute Ml or unstable angina and discharged on clopidogrel alone or in combination with a PPI.

Intervention/Method:
Patientsvere included in the cohort if they filled a prescription for clopidogrel through the VA outpatient

Vv

\Y

Vv
\%

pharmacy. Use of PPIs was assessed by pharmacy refill records at any time after discharge or dufimy follow

The primary PPl used was omeprazole (60%jher PPIs used included rabeprazole (2.9%), lansoprazole
(0.4%), pantoprazole (0.2%), and 36.7% received more than one type of PPI.
A 7 day gap was allowed between refills after which the medication was considered discontinued.
Patients were followed fa period of 3 years.

Primary Outcome:
V Combined end point of alause mortality or rehospitalization for ACS (acute MI or unstable angina)




Secondary Outcomes:

V Included 1) rehospitalization for ACS, 2) revascularization procedures, percutaneous dotenaggtion
(PCI) or coronary artery bypass graft surgery (CABG), and gailte mortality following index ACS
hospitalization.

Results:

V Based on the sample size, the minimum detectable odds ratio based on a 20% event rate was 1.17.
V A dose response relationship between PPIs and adverse outcomes was not seen.

V Longer duration of treatment with PPI + clopidogrel was associated with adverse outcomes.

Table 2. Adverse Outcomes Following Hospital Discharge for Acute Coronary Syndrome (ACS)
No. (%) of Events

I 1
Clopidogrel Clopidogrel

Without PPI With PPI Unadjusted OR Adjusted OR
Outcome (n = 2961) (n = 5244) (95% CI) (95% CI)2

Primary outcome

Death or rehospitalization for ACS 615 (20.8) 1561 (20.8) 1.62 (1.45-1.80) 1.25(1.11-1.41)
Secondary outcome

Rehospitalization for ACS 205 (8.9) 764 (14.6) 2.29 (1.85-2.69) 1.86 (1.57-2.20)

Revascularization procedures 353 (11.9) 815 (15.5) 1.36 (1.19-1.55) 1.49 (1.30-1.71)

Death (all-cause) 493 (16.6) 1042 (19.9) 1.24 (1.10-1.40) 0.91 (0.80-1.05)

Abbreviations: Cl, corfidence interval; OR, odds ratio; PP, proton pumip inhibitors.
Apdjusted for all variables in Table 1 except male sex.

Limitations:

There was a percentage of patients using PPI in the cohort was\é3.8%y 36.1% clopidogrel alone.
Retrospective analysis cannot determine a cause/effect relationship.

Compliance is difficult to assess in this setting and may be highly variable for both treatment groups.

Patient groups were not evenly matched. Patients in the PPI + clopidogrel group contained larger proportions
of patients with diabetes, previous CABG surgery, heart failure, peripheral vascular disease, prior use of
clopidogrel, COPD, renal disease andthdatia. Many of these criteria are independent predictors for adverse
cardiovascular outcomes.

<<<<

O’Donoghue et al™? - Lancet Sept 2009 [Back to Links]

This study is an analysis of data from two studigge PRINCIPLETIMI 44 and TRITONTIMI 38 trials. The goal of
these studies was initially to assess the efficacy of prasugrel in comparison to clopidogrel for patients undergoing
percutanous coronary intervention procedures. Patients in both of théserétie allowed to receive PPIs at the choice
of the treating physician. This study analyzes the data from these trials for the purpose of associating PPl use with
clinical outcomes.

Design:

PRINCIPLETIMI 44: A doubleblind, investigational crossover treatment study which randomized patients
undergoing planned PCI to either prasugrel or high dose clopidogrelprimary outcome was assessment of
efficacy.

TRITONTIMI 38: A doubleblind phase lll trial randmized patients with an acute coronary syndrome undergoing
planned PCI to prasugrel or clopidogréhe primary endpoint was a composite of cardiovascular deathfatah
MI, or nonfatal stroke.

Intervention/Method:
V The PRINCIPLETIMI 44 analysisncluded measures of platelet function and degree of platelet inhibition for
patients on a PPl and those not on a PPI.



V The TRITONTIMI 38 analysis evaluated association between use of a PPI and clinical outcomes.
V An additional analysis evaluated whethse of a PPI + clopidogrel or prasugrel was associated with an
increased risk of adverse outcomes in patients with a single reduced function allele.

Results:
PRINCIPLETIMI 44
V At 30 minutes:
- PPI + clopidogretid not exhibit less platelet aggregatié8s no PPI.
- PPI + prasugrdlid exhibit less platelet aggregatig® no PPI
V Atday 15:
- PPI + clopidogrel exhibited less platelet inhibition (29.4%) VS no PPI (48.8%).
- PPI + prasugrel did not exhibit less platelet inhibition (48.2%) VS no PPI (66.5%).
TRITON-TIMI 38
V  Primary endpoint (composite of cardiovascular death;fataih MI, or nonfatal stroke) incidence was
11.8% for those on a PPl and 12.2% for those not on a PPI.

Comments:

TRITON-TIMI 38 analysis

V Participants in the TRITONIMI 38 trial were well matched for baseline demographics and disease states.
This could account for no difference seen in clinical outcomes.

V Patients were younger, had lower BMIs and lipid levels than other stuidependat predictors of response.

V Number of patients on each PPl were as follows: pantoprazole (1844), omeprazole (1675), esomeprazole (613
lansoprazole (441), and rabeprazole (66). Some evidence suggests that pantoprazole is the least likely of the
P P | 0 reratt with iclopidogrel and a large number of the patients in this trial received pantoprazole VS the
remaining studies where omeprazole was used aftet  This may account for the lack of difference in the
combined endpoint.

Discussion: [Back to Quiz]

There is still much debate regarding the clinical relevance of the interaction between proton pump inhibitors and
clopidogrel. The first published study citing inhibition in guititelet effects with omeprazole acldpidogrel lacked
clinically significant outcome data. Since then, numerous investigators have tried to prove this association. The problen
is that many of these studies are retrospective observational studies where compliance is not monitoregdias well a
randomized contrelrials. In addition, when looking at retrospective data, the patients most often assigned to proton
pump inhibitor therapy have a greater incidence afhoobid conditions such as diabetes, heart failure, previous CABG
surgery, papheral artery disease, COPD and renal disease which are all independent predictors of adverse cardiovascul
event§® 1 From the previous section, there are also genetic components which can account for decreases in clopidogr
response which have not been accounted for in these studies. Also, increased age, BMI, and lipid levels were shown to
predictpoor response to clopidogrel and this was not accounted for in these studies.

On the other hand, there is pharmacokinetic and pharmacodynamic evidence showing a decrease in platelet
inhibition in patients in patients receiving clopidogrel and PPIs coraathyi. Patients in these studies have shown
significant decrease in ability to exert inhibition against platelet aggregation but do so in varying degrees, often on the
border of determining response and mesponse.

Dual antiplatelet therapy is beoting increasingly commonThe ACCF/ACG/AHA advocate addition of a
oncedaily PPI rather than replacing aspirin therapy with clopidogrel in patients who are intolerant or at high risk for
bleedindg”®. There are multiple treatment strategies and interpretations of the current literatures. Multipleratioss
should then be weighed to determine the best treatment for individuals on alpapatient basis.

Considerations:
V  Assessing the true need for a PPI. The indication for PPI should be examined. Does a true indication
exist?
- Is the patiensuffering from GERD which could be managed for a short duration withtbeer
counter B antagonist® Guidelines for the treatment of GERD recommend-twecounter



acids and noppharmacologic therapy as the first line treatment. In patients reqgadtditional
treatment, approximately 60% of patients find relief with therapy Witantagonists®.

- Is the PPI necessary due to prior history of Gl bleed or ulderthe patient at a high risk for
bleeding eventsl? so, choice of PPI or anfilatelet agent may be more important for these
patients.

V  Choice of PPI. Most of the documented evidence implicating clinically significant interactions are with
omeprazoleTher e i s evidence to show that some PPI 06s
clopidogrel, with thd_.EAST inhibitory being pantoprazdfe'® **! This is because while all PPIs are
metabolzed primarily by CYP2C19, pantoprazole is the only PPl which is NOT labeled as a CYP2C19
inhibitor™®l. In patients at high risk for bleeding events or with a history of bleeding events where PPl is
unavoidable choosing an agent least likely to interact for the duration of dual therapy may be an option.

V  Choice of Anti-platelet agent. Thedocumentation of this interaction is based mainly on CYP2C19
metabolism which clopidogrel is dependent upon for its therapeutic response (conversion to active
metabolite). The newest thienopyridine, prasugrel, is now available which is metabolizedayainly
CYP3A4 and has NOT been shown to be affected by genetic variants or PPl use. PPIs are secondarily
metabolized by CYP3A4 but NO clinical significance of this has yet surfaced in the current literature.

V Patient Population. The patient populations in which the interactions have been studied seem to be
older patients with multiple comorbidities. In the TRITQMNMI 38 study, patients were younger and
had a lower incidence of comorbidities and showed no evidence of worsaldmicomes due to this
interaction. This interaction may NOT manifest in these populations due to the fact that inhibition of
anti-platelet action has been found to be mialttorial andhe PPl interaction only becomes significant
in the presence of nitiple determining factofs’.
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Some Key references:

IHA Provider formulary. www.independenthealth.cabn & dza SNY LI NI Y SNBSS LI &dayY LI NIy SN
Individual product information sheets for each drug were also utilized. Links to each provided in first chart.
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