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Drug Interactions: Risk / Benefit of
Coadministration

IS never constant
» Varies with each occurrence
» Patient and drug variables
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Factors Influencing Drug
Interaction Outcomes
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Cytochrome P4501A2

A Substrates A Inhibitors

» Caffeine (Starbucks) » Cimetidine (Tagamet)

» Clozapin.e (Clozaril) Ciprofloxacin (Cipro)
Olanzapine (Zyprexa) Enoxacin (Penetrex)

» Tacrine (Cognex) Erythromycin

Fluvoxamine (Luvox)

» Theophylline

» Tizanidine (Zanaflex) N -
Mexiletine (Mexitil)

Tacrine (Cognex)
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R-warfarin* (Coumadin)
» Zlleuton (Zyflo) ’
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Hansten and Horn, The Top 100 Drug Interactions, 2010, www.hanstenandhorn.com



Mexiletine - Tizanidine

A12 subjects took
2 mg tizan alone
and after mexil 50
mg bid for two
days

AHaIf-Iife Incr from
1.3to 1.8 hrs

A Mexil inhibits
CYP1A2

Momo K et al. J Clin Pcol 2010:50:331
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Cytochrome P4502C9

. Substrates _ Inhibitors
» Diclofenac (Voltaren) » Amiodarone (Cordarone)
» lbuprofen (lbuprofen) » Cimetidine (Tagamet)
» Naproxen (Naprosyn) » Fluoxetine (Prozac)
» Fluvastatin (Lescol) » Fluvastatin (Lescol)
» Phenytoin (Dilantin) » Metronidazole (Flagyl)
» Tolbutamide (Orinase) » Sulfaphenazole

» S-warfarin (Coumadin) » TMP/SMX (Bactrim)
» Voriconazole (Vfend)

Hansten and Horn, The Top 100 Drug Interactions, 2010, www.hanstenandhorn.com



Oral Hypoglycemic Agents

Generic Trade CYP Substrate
Chlorpropamide |Diabinese 2C9
Glimepiride Amaryl 2C9
Glipizide Glucotrol 2C9
Glyburide DiaBeta 2C9
Tolbutamide Orinase 2C9

Hansten and Horn, The Top 100 Drug Interactions, 2010, www.hanstenandhorn.com




Drug Interactions with Oral
Hypoglycemic Agents

. Case control study of patients >60 yo taking
glyburide (DiaBeta)

. Incidence of hospitalization for hypoglycemia
within 7 days of receiving co-trimoxazole or

amoxicillin
. OR for co-trimoxazole 6.6 (4.5-9.7)
. OR for amoxicillin 1.5 (0.8-2.9)

Juurlink DN. JAMA.2003:289:1652



Warfarin (Coumadin) +
Miscellaneous Anti -infectives

AMany cases of marked ¢ in INR and bleeding
reported with anti-infectives that are not known
to inhibit CYP2C9

AMacrolides (eg, erythromycin)
AQuinoIones (eg, ciprofloxacin, levofloxacin)
AAzoles antifungals (eg, itraconazole)
ACephansporins (without NMTT side chain)
APenicillins

ATetracycIines



Warfarin (Coumadin) + Anti -infectives
Possible Mechanisms

AFever: & catabolism of clotting factors

Alnfection: & cytokines (TNFa, IL-1, IL-6,
Interferon), that inhibit isozymes (eg. CYP2C9)

AAcute illness: vomiting, diarrnea, decreased
dietary vitamin K

AReduced bacterial vitamin K in gut

Alnhibition of R-warfarin metabolism by other
CYP450 isozymes (eg, 3A4, 1A2)

Horn JR et al. Pharmacy Times. 2004;70:70



Warfarin and Antibiotics

. Case-controlled study of Medicaid patients on warfarin
who had Gl bleed while on concurrent antibiotic therapy

. Controlled for demographics, diseases, drugs affecting
CYPs 1A2, 3A4 or 2C9, drugs affecting bleeding

. All antibiotics (cipro-, levo-, gatifloxacin, cotrimoxazole,
fluconazole, cephalexin, amoxicillin) exhibited elevated
odds ratios vs no exposure

. When controlled for cephalexin, only cotrimoxazole
(OR=1.68) and fluconazole (OR 2.09) remained

Schelleman et al. CPT. 2008:84:581



Cytochrome P4503A4

Substrates

Alfentanil
Alprazolam
Astemizole
Atorvastatin
Ca-Blockers
Carbamazepine
Cerivastatin
Cisapride
Cyclosporine
Diltiazem
Ergotamine

Ethinyl
estradiol
Felodipine
Loratadine
Lovastatin
Midazolam
Quinidine
Simvastatin
Tacrolimus
Terfenadine
Triazolam

Inhibitors:

Amiodarone
Clarithromycin
Cyclosporine
Delavirdine
Diltiazem
Erythromycin
Fluoxetine
Fluvoxamine
Grapefruit
Juice
Indinavir

ltraconazole
Ketoconazole
Mibefradil
Miconazole
Nefazodone
Propoxyphene
Ritonavir
Saquinavir
TAO
Verapamil
Zafirlukast

Hansten and Horn, The Top 100 Drug Interactions, 2010, www.hanstenandhorn.com



CYP3A4 Drug Metabolism:
Both Intestine and Liver
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Effect of GFJ on Object Drugs vs
Bioavalilability

Increase in Object Drug AUC
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Diltiazem + Lovastatin:
High Variability in Magnitude

Lovastatin AUC (% Control)
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Azie NE et al. Clin Pharmacol Ther 1998:64:369.



Cytochrome P4502C19

Substrates
Citalopram (Celexa)
Clopidogrel (Plavix)
Diazepam (Valium)
Desmethyldiazepam
Esomeprazole (Nexium)
Lansoprazole (Prevacid)
Omeprazole (Prilosec)
Pantoprazole (Protonix)
Phenytoin (Dilantin)

Inhibitors

Esomeprazole (Nexium)
Fluoxetine (Prozac)
Fluvoxamine (Luvox)
Omeprazole (Prilosec)
Voriconazole (Vfend)

Hansten and Horn, The Top 100 Drug Interactions, 2010, www.hanstenandhorn.com



Drug Interaction: Clopidogrel and
PPl Properties

. Clopidogrel

»Substrate for CYP3A4, 2C19, 1A2, 2B6, p-
gp, others

» [nhibitor of CYP2B6 and 2C19

» Substrate for Carboxylesterase 1
E

» Substrate for CYP2C19, 3A4

» Inhibitor of CYP2C19 (esp omep)



Metabolism of

Clopidogrel 0o

In Vitro

. 20%
Clopidogrel

CYP2C19 44.9%
CYP1A2 35.8%
CYP2B6 19.4%

80% | Carboxylesterase 1

Carboxylic Acid
Derivative
(Inactive)

Carboxylic Acid
2-Oxo-Clopidogrel
(Inactive)

Esterase

2-0x0-clopidogrel (inactive)

CYP3A4 39.8%
CYP2B6 32.9%
CYP2C19 20.9%
CYP2C9 3.7%

50% °0%
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Kazui et al. Drug Metab Dispos. 2010;38:92



Are PPIs Competitive

Inhibitors of CYP2C19?

PPI Ki (uM) |Cmax (uM) |Fu (%) [Cmax, (uM)
Omeprazole |2.4-6.2 |1-3 3 0.0371 0.09
Lansoprazole |{0.4-0.75 | 2-5 3 0.06-0.15
Pantoprazole |15-69 |5-10 2 0.1-0.2
Rabeprazole |19-21 |1-2 4 0.04-0.08

Ki and Cmax from Li etal. Drug Metab Dispo0s.2004;32:821-7




Clopidogrel and PPIs: Affect
on Platelet Activity

. 1425 pts with CAD and stent placement

, PPI1 (Ome 8.4%, Eso 25.6%, Panto 66%) use for
>7d before procedure

. Clopidogrel 600 mg 1 75mg/d + ASA 100 mg/d

. PPI patients were older, more female, higher rate
of acute coronary syndrome and took fewer
statins. Equal nos of smokers, diabetics, ACEl,
BB, CCBs. No genetics, control for CYP2C19 or
CYP3A4 inhibitors.

Zuern etal. Thromb Res. 2010:125:e51



Clopidogrel and PPIs: Affect
on Platelet Activity

. Maximal (=20 hours after LD) ADP-induced platelet
aggregation (ADP-IPA) was 41.1% and 40.3% for
PPl users and non-users, respectively. p<0.005

_ Final ADP-IPA 34.0% and 29.8% for PPI users and
non-users, respectively. p<0.001

. No differences between PPIs

. Poor response to clopid was defined as ADP-IPA
>49.4%, but no data on numbers of pts by Rx group

Zuern etal. Thromb Res. 2010:125:e51



Studies of Clopidogrel & PPIs

CVA, AMI, CV -death as Endpoints

Trial Pts Rate Rate PPl + | Difference
Clopidogrel Clopidogrel 0%
0 %

Pazella AMIs over 1lyr 2.6 11.4 8.8

(Aetna)

Aubert S/P Stent 1yr 21.2 32.5 11.3
Major CV event

Ho S/IPACS i 20.8 ASKS 9.0
Mortality or ACS

Juurlink | S/P AMIT AMI 90 20.6 26.4 5.8

d




Studies of Clopidogrel & PPIs
CVA, AMI, CV -death as Endpoints

Trial Pts Rate Rate PPl + | Difference
Clopidogrel % | Clopidogrel WA
%
Stanek AMIs over 1yr 17.9 25.1 7.2
(SCAI
abstract)
Omeprazole 25.1
Esomeprazole 24.9
Pantoprazole 29.2
Lansoprazole 24.3




Effects of Clopidogrel vs PPI-

Interaction

Study Difference |Study Difference
Efficacy Interaction
Charisma |1.7 Pazella 8.8
Cure 2.1 Aubert 11.3
PCI-CURE | 3.8 Ho 9.0
CREDO 3.0 Juurlink 5.8

Stanek (.2
Average 2.65 8.4




TRITON-TIMI 38: Primary CVD Endpoint
by PPI

PPI use at randomization (n= 4529)

CV death, Ml or stroke
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Clopidogrel o PPI Studies
Variables to Control

. Concurrent use of ASA / other platelet inhibitors
. Concurrent disease states

. Drugs / herbals that are CYP3A4, 3A5, 2C109,
1A2, P-gp inhibitors / inducers (substrates)

, Genotype for P-gp, CYP3A5, CYP2C19

. Dose and timing of PPI / Clopidogrel
administration






