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Potential for Drug-Drug Interaction

Karas. Ann Emerg Med. 1981;10:627-630.



Types of Drug Interactions

ÅPharmacokinetic

ïAbsorption

ïDistribution

ïMetabolism 

ïElimination

ÅPharmacodynamic

ïAltered effect of the drug



Scripture et al. Nature Reviews Cancer 6, 546ï558 (July 2006) | doi:10.1038/nrc1887

Sites of Drug Interactions



Absorption

ÅFood

ïGastric pH

ÅAllopurinol increases the bioavailability of oral 6-MP 

by up to 75%

ÅCytochrome P450

ïOrally administered substrates effected by intestinal

cytochrome system

ÅTransport proteins

ïEffects the intestinal absorption of drugs

ïMediated by ABC transporter ABCB1 (MDR1, P-glycoprotein)



Absorption

ÅDasatinib

ïAUC reduced by 61% and Cmax by 63% with 

administration with H-2 antagonists 

[famotidine]

ÅAvoid concurrent use if possible
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Schematic representations of the main sites of localization 
of P-glycoprotein (P-gp) in the body



Drug Interactions Involving ABCB1

ÅSubstrates include:

ïDocetaxel and paclitaxel; imatinib; 

irinotecan; doxorubicin

ÅInhibitors include:

ïGrapefruit juice; imatinib; cyclosporin

ÅInducers include:

ïSt. Johnôs Wort; rifampin

ÅShares many substrates, inducers and 

inhibitors of CYP3A4 due to location in 

intestine



Metabolism

ÅLiver is the primary site of metabolism

ÅDrugs, food and herbal medications can 

compete for metabolism by cytochrome 

P450 enzymes

ïPhase I enzymes responsible for oxidation 

of drugs

ïCYP1A2, CYP2C9/19, CYP2D6, CYP2E1, 

CYP3A4



Genetic Variation of CYP Isoforms

ÅLevels of specific CYP isoforms 

influenced by genetics

ïPatients can be poor, intermediate, 

extensive, or ultrarapid metabolizers

ïClinical significance of drug interactions 

may depend on type of metabolizer patient 

demonstrates

Phenotype Ethnic Group Percentage

Poor Metabolizer African Americans

Caucasian

0-2

5-10

Intermediate Asian 51

Ultrarapid East Africa

Mediterranean

29

7-12

Blower P, et al.  Critical Reviews in Oncology/Hematology 2005;55:117.



Three Kinds of Metabolic Interactions

ÅSubstrates

ïEffected by inhibitors or inducers

ÅInhibitors

ïPrevents metabolism of the substrate

ÅInduction

ïIncreases the metabolism of the 

substrate



Cytochrome P450 Substrates

Isoenzymes Substrate

CYP1A2 Olanzapine, Theophylline

CYP2C9/19 Phenytoin, Warfarin

CYP2D6 Codeine, Desipramine, Tramadol, Tamoxifen

CYP2E1 Ethanol

CYP3A4 Diazepam, Quinidine, Methadone, Carbamazepine, 

Tyrosine kinase inhibitors, Tamoxifen, 

Aromatase inhibitors

www.drug-interactions.com



Inhibitors of Hepatic Cytochrome P450 

1A2 2C9/19 2D6 3A4

Fluoxetine

Cimetidine

Ciprofloxacin

Erythromycin

Fluconazole

Fluvastatin

Fluoxetine

Isoniazide

Sertraline

Omeprazole

Cimetidine

Fluvoxamine

Paroxetine

Quinidine

Ritonavir

Bupropion

Cimetidine

Amiodarone

Azoles

Nefazodone

Clarithromycin

Ritonavir

Cimetidine

Imatinib

www.drug-interactions.com



Inducers of Hepatic Cytochrome P450 

1A2 2C9/19 2D6 3A4

Smoking

Omeprazole

Phenytoin

Phenobarbital

Phenytoin

Rifampin

None Carbamazepine

Dexamethasone

Phenobarbital

Phenytoin

Rifampin

St. Johnôs Wort

www.drug-interactions.com
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Anticancer Agents and the CYP Family



Common Drug Interactions with 

Oral Anticancer Agents

ÅWarfarin

ïCYP 2C9

ÅCytochrome 3A4

ÅHerbal and food interactions



Capecitabine Drug Interactions

ÅWarfarin

ïCapecitabine inhibits CYP2C9

ïINR should be monitored frequently

ïAltered coagulation parameters and/or bleeding, 

including death, have been reported

ïTime frame unpredictable

ÅCan occur several days to several months after starting 

capecitabine or up to one month after stopping the drug

ÅMay elevate phenytoin levels

ÅAntacids may increase capecitabine 

bioavailability



Erlotinib Drug Interactions

ÅInhibitors of CYP3A4 activity decrease erlotinib 

metabolism and increase plasma concentrations

ïMay decrease dose by 50mg if adverse effects occur

ÅAzoles, antiretrovirals

ÅInducers of CYP3A4 activity increase erlotinib 

metabolism and decrease plasma concentrations

ïConsider alternate treatments

ïDose increase of erlotinib

ÅPhenytoin, St. Johnôs Wort

ÅIncreases in INR also seen with patients on warfarin



Imatinib Drug Interactions

CYP3A4 Substrate as 

well as an inhibitor of 

CYP3A4 and 2C9

Increases Levels of:

Cyclosporin

Simvastatin

Warfarin

Imatinib's Levels INCREASED by:

Azoles

Clarithromycin

Imatinib's Levels DECREASED by:

Phenytoin

St. Johnôs Wort



Sorafenib Drug Interactions

ÅMetabolized by CYP3A4 and UGT enzymes

ïInducers may decrease levels

ïInhibitors may increase levels (though interaction 

with ketoconazole demonstrated not effect)

ÅInhibitor of CYP3A4, 2C9, 2C19, and 2D6

ÅSorafenib also competes with irinotecan 

metabolism and increases levels of the active 

metabolite SN-38

ÅMost of these reactions are theoretical to date



Sunitinib Drug Interactions

ÅCoadministration of sunitinib with CYP3A4 inhibitors 

may increase sunitinib concentrations 

ïe.g., Azoles, antiretrovirals, grapefruit juice

ÅCoadministration of sunitinib with CYP3A4 inducers 

may decrease sunitinib concentrations 

ïe.g., Dexamethasone, phenytoin, St. Johnôs Wort

ïSt Johnôs Wort may decrease sunitinib plasma 

concentrations unpredictably and patients should 

not take St Johnôs Wort concomitantly



Sunitinib Dose Adjustments

www.sutent.com



Lapatinib Drug Interactions

Å Major substrate and inhibitor of CYP3A4 and an inhibitor of CYP2C8

ï Ketoconazole increased the AUC of lapatinib 3.6-fold 

ï Carbamazepine decreased the AUC of lapatinib by ~75%

ï Avoid strong CYP3A4 inhibitors (e.g., azole antifungals, HIV 

medications [eg, indinavir], and grapefruit). 

ÅIf coadministration of a strong CYP3A4 inhibitor is necessary, 

reduction of the lapatinib dose to 500 mg/d is ñpredictedò to adjust 

the lapatinib AUC to within the target range

ï Similarly, strong CYP3A4 inducers (e.g., dexamethasone, phenytoin, 

carbamazepine, rifampin, St. Johnôs wort) should be avoided

ÅIn patients receiving a strong CYP3A4 inducer in combination with 

lapatinib, the lapatinib dose should be titrated gradually from 1250 

up to 4500 mg/d based on tolerability

ï AUC of the active metabolite of irinotecan was increased by ~40% with 

lapatinib

ï 21% and 23% increases in the AUCs of lapatinib and paclitaxel when 

given together 



Tamoxifen Drug Interactions

ÅSubstrate of CYP3A (and inhibitor), CYP2C9 and 

CYP2D6, and an inhibitor of P-glycoprotein

ÅTamoxifen decreases the levels of:

ïAnastrozole and letrozole

ÅTamoxifen increases the toxicity of:

ïWarfarin

ÅTamoxifenôs effectiveness decreased by:

ïSoy products

ïRed Clover

ïAntidepressants
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Selected Transformation Pathways of Tamoxifen 
and the Main CYP Enzymes Involved



Other Drug Interactions

ÅDasatinib

ïCYP 3A4 substrate and inhibitor

ÅBexarotene

ïCYP 3A4 substrate and inducer

Bexaroteneôs levels increased by:

Gemfibrozil

Azoles

Bexarotene decreases levels of:

Oral contraceptives

Tamoxifen

Bexaroteneôs levels decreased by:

Antiepileptics



What about food and oral 

chemotherapy?



Erlotinib - Food

ÅMean oral bioavailability 60% with peak 

plasma concentrations at 4 hours post 

dose

ÅFood increases bioavailability to about 

100%

ÅErlotinib should be taken on empty 

stomach, 1 hour prior to or 2 hours 

following a meal

1Frohna P, et a. J Clin Pharmacol 2006;46:282-90.



Lapatinib and Food 

ÅSystemic exposure to lapatinib was increased when 

the drug was administered with food (especially with a 

high-fat meal)

ÅThe AUC was increased by 325% and 167% when 

taken with high- and low-fat meals, respectively

ÅHowever, because clinical studies of lapatinib were 

performed with dosing on an empty stomach, it is 

recommended that the drug be taken in this way 



Summary of Oral Chemotherapy with Food

Within 30 min of 

meal or after meal

With/without 

meal

Empty 

stomach

Avoid

Capecitabine X

Etoposide X Grapefruit juice

Estramustine X Milk, calcium-containing

Temozolomide X

Erlotinib X

Gefitinib X H2 blockers

Sunitinib X

Sorafenib X

Thalidomide/Lenalidomide X

Imatinib X

Dasatinib X H2 blockers, PPIs

Bexarotene X

Vorinostat X

Tamoxifen/Toremifene X

Exemestane X

Letrozole/Anastrozole X

Bicalutamide/Nilutamide X

Lapatinib X



Specific Drug Interactions



Methotrexate

ÅNSAIDS and penicillins

ïBlock renal tubular excretion of 

methotrexate

ÅResults in increased levels of methotrexate

ÅAvoid concomitant use (especially with high 

dose methotrexate)

ÅProton pump inhibitors (PPI)

ïElevate methotrexate levels

ïAvoid PPI use prior to methotrexate 

administration



Paclitaxel

ÅSubstrate of CYP3A4, CYP2C8, and P-gp

ïAntiviral agents (saquinavir) have increased 

paclitaxel toxicity

ÅDecreases doxorubicin clearance

ïResults in increased cardiotoxicity

ïMay be sequence dependent

ÅGive doxorubicin first and wait 4 hours between 

administration if possible

ÅCisplatin decreases clearance of paclitaxel when 

administered first

ïIncreases myelosuppression

ïGive paclitaxel first



Cyclophosphamide

ÅProdrug required activation (via CYP3A4 to 4-OH-

cyclophosphamide)

ÅAprepitant is a moderate CYP3A4 substrate and 

inhibitor 

ïActivation of cyclophosphamide slightly decreased in a trial 

including a small number of patients

ïClinical significance unknown

Clinical Pharmacokinetics. 2005(44)11; 1135-1164



Irinotecan



Irinotecan

ÅKetoconazole

ïInhibits metabolism of irinotecan

ÅIncreased levels of active metabolite

ÅSt. Johnôs Wort

ïInduced metabolism of irinotecan

Å42% decrease in active metabolite

ÅValproic acid

ïInhibits UGT1A1, therefore increasing active 

metabolite (SN038)

ÅPossible interaction with P-gp 

substrates and inhibitors (cyclosporin)



Drug Interactions with 

Supportive Care Medications



5-HT3 Antagonists

ÅOndansetron

ïMetabolized by multiple CYP isoenzymes 

including CYP2D6 and CYP3A4

ïAlso, inhibits CYP1A2 and CYP2D6

ÅDecreased Cisplatin and cyclophosphamide 

levels seen

ïCoadministration with fluoxetine and 

tramadol resulted in decreased antiemetic 

efficacy and poor pain control (with 

tramadol)



Aprepitant Drug Interactions

ÅMetabolized mainly by CYP3A4 (substrate)

ÅModerately inhibits CYP3A4 and weak inhibitor of 

CYP1A2, 2C9, 2C19

Å Interacts with the following drugs:

ïDexamethasone-čAUC and requires 50% dose 

reduction of oral dexamethasone

ïWarfarin- Ďactivation to active drug requires 

careful monitoring of INR

ïKetoconazole-čAUC of aprepitant

ïRifampin and Paroxetin- ĎAUC of aprepitant



Herbal Drug Interactions with Chemotherapy



Sparreboom, A. et al. J Clin Oncol; 22:2489-2503 2004

Common Mechanisms for Possible Interactions 
Between Herbs and Anticancer Drugs


