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Potential for Drug-Drug Interaction
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Types of Drug Interactions

A Pharmacokinetic
I Absorption
I Distribution
I Metabolism
I Elimination
A Pharmacodynamic
I Altered effect of the drug



Sites of Drug Interactions

Bload-brain barrier
a,
[ J Chemotherapy
i

Metabolism in the liver
by CYPs (potential site
for drug interactions)

Oral administration

Stomach

Absorption in gut depends on
the prescence or absence of
food and on pH

Kidney

Excretion in the kidney
(potential site for interactions
with transporters and proteins)

Druq in blocdstream
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Absorption

A Food
I Gastric pH

A Allopurinol increases the bioavailability of oral 6-MP
by up to 75%

A Cytochrome P450

I Orally administered substrates effected by intestinal
cytochrome system

A Transport proteins

I Effects the intestinal absorption of drugs

I Mediated by ABC transporter ABCB1 (MDR1, P-glycoprotein)



Absorption

A Dasatinib

I AUC reduced by 61% and Cmax by 63% with
administration with H-2 antagonists
[famotidine]

AAvoid concurrent use if possible



Schematic representations of the main sites of localization
of P-glycoprotein (P-gp) in the body
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Drug Interactions Involving ABCB1

A Substrates include:

I Docetaxel and paclitaxel; imatinib;
iIrinotecan; doxorubicin

A Inhibitors include:

I Grapefruit juice; imatinib; cyclosporin
AlInducers include:

ISt. Johnos Wort ; ri f amg

A Shares many substrates, inducers and
Inhibitors of CYP3A4 due to location In
Intestine



Metabolism

A Liver is the primary site of metabolism

A Drugs, food and herbal medications can
compete for metabolism by cytochrome
P450 enzymes

I Phase | enzymes responsible for oxidation
of drugs

I CYP1A2, CYP2C9/19, CYP2D6, CYP2E1,
CYP3A4



Genetic Variation of CYP Isoforms

A Levels of specific CYP isoforms
Influenced by genetics

I Patients can be poor, intermediate,
extensive, or ultrarapid metabolizers

I Clinical significance of drug interactions
may depend on type of metabolizer patient
demonstrates

Phenotype Ethnic Group Percentage

Poor Metabolizer African Americans 0-2
Caucasian 5-10

Intermediate Asian 51

Ultrarapid East Africa 29
Mediterranean 7-12

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



Three Kinds of Metabolic Interactions

A Substrates

| Effected by inhibitors or inducers
A Inhibitors

I Prevents metabolism of the substrate
A Induction

I Increases 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

Fluoxetine
Cimetidine

Ciprofloxacin

2C9/19

Erythromycin
Fluconazole
Fluvastatin
Fluoxetine
Isoniazide
Sertraline
Omeprazole

Cimetidine

2D6 3A4
Fluvoxamine Amiodarone
Paroxetine Azoles
Quinidine Nefazodone
Ritonavir Clarithromycin
Bupropion Ritonavir
Cimetidine Cimetidine

www.drug-interactions.com



Inducers of Hepatic Cytochrome P450

1A2 2C9/19 2D6 3A4
Smoking Phenobarbital None Carbamazepine
Omeprazole Phenytoin Dexamethasone
Phenytoin Rifampin Phenobarbital
Phenytoin
Rifampin

St . Johno

www.drug-interactions.com



Anticancer Agents and the CYP Family
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Anticancer therapy

Anastrazole®

Busulfan

Corticosteroids
(dexamethasone,
methylprednisone and

prednisone)

Cyclophosphamide

Cytarabine
Docetaxel
Doxorubicin
Erlotinity
Etoposide
Exemestane®
Gefitinib
Idarubicin

lfosphamide

Imatinib mesylate*

Irinctecan
Ketoconazole®
Letrozole®
Paclitaxe]
Tamoxifen*
leniposide
Tretinoin®
Vinblastine
Vincristine

Vinorelbine

Cytochrome P450 enzyme
isoforms inhibited

A2, 1C8, 300 and 3A4

34

2019 and 206
206

2C9, 206 and 3A4

344 and 2C0
86 and 2C19

3A4

D6

2D6
D6

Primary isoforms that mediate
biotransformation

344
A4
3A4

2B6, 206 and 3A4
A4

3A4

3A4

1A7 and 3A4
3A4

A4

A4

2C9 and 206
A4

3A4

A4

2AG and 344

JUH and 3A4

1AZ, 2A6, 286, 206, 2E1 and 3A4
A4

2C8 and 3A4

ind

A4

344

* Awvailable as an oral formulation only. * CYP3A4 inducer. This table is based on material in REFS 6. 147,
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Common Drug Interactions with
Oral Anticancer Agents

A Warfarin

I CYP 2C9

A Cytochrome 3A4

A Herbal and food interactions



Capecitabine Drug Interactions

A Warfarin
I Capecitabine inhibits CYP2C9

I INR should be monitored frequently

T Altered

coagulation parameters and/or bleeding,

Including death, have been reported

I Time frame unpredictable

A Can occur several days to several months after starting

capecitabine or up to one month after stopping the drug

A May elevate phenytoin levels

A Antacio
bloaval

S may increase capecitabine
ability



Erlotinib Drug Interactions

Anhibitors of CYP3A4 activity decrease erlotinib
metabolism and increase plasma concentrations

I May decrease dose by 50mg if adverse effects occur

A Azoles, antiretrovirals

Anducers of CYP3A4 activity increase erlotinib
metabolism and decrease plasma concentrations

I Consider alternate treatments

I Dose Increase of erlotinib

APhenytoin, St. Johnds Wort

Ancreases in INR also seen with patients on warfarin



Imatinib Drug Interactions

/ Increases Levels of:

Cyclosporin

Simvastatin
Warfarin

CYP3A4 Sl_JbS_tr‘_"‘te as Imatinib's Levels DECREASED by:
well as an inhibitor of < Phenytoin

CYP3A4 and 2C9 St. Johndés Wo

Imatinib's Levels INCREASED by:
Azoles
Clarithromycin

N



Sorafenib Drug Interactions

A Metabolized by CYP3A4 and UGT enzymes

I Inducers may decrease levels

I Inhibitors may increase levels (though interaction
with ketoconazole demonstrated not effect)

A Inhibitor of CYP3A4, 2C9, 2C19, and 2D6

A Sorafenib also competes with irinotecan
metabolism and increases levels of the active
metabolite SN-38

A Most of these reactions are theoretical to date



Sunitinib Drug Interactions

A Coadministration of sunitinib with CYP3A4 inhibitors
may increase sunitinib concentrations

I e.g., Azoles, antiretrovirals, grapefruit juice

A Coadministration of sunitinib with CYP3A4 inducers
may decrease sunitinib concentrations

ire. g. , Dexamet hasone, pheny

ISt Johnos Wort may decreas
concentrations unpredictably and patients should
not take St Johnos Wort co



Sunitinib Dose Adjustments

RECOMMENDED DOSE

Dose 20 mg once daily

Regimen 4 weeks on/2 weeks off

Administration May be taken with or without food

DOSE MODIFICATION

The dose of SUTENT® may be modified in 12.5-mg increments in any patient, based
on individual safety and tolerability

SUTENT dose reduction is recommended
(not to decrease below 37.5 mg), and clinical
response should be carefully monitored

Fatients taking a strong CYP3A4
inhibitor (eg, ketoconazole)

SUTENT dose increase is recommended in
Patients taking a CYP3A4 12.5-mg increments (not to exceed 87.5 mg),

inducer (eg, nfampin) and clinical response and tolerability should
be carefully monitored

www.sutent.com




Lapatinib Drug Interactions

A Major substrate and inhibitor of CYP3A4 and an inhibitor of CYP2C8
I Ketoconazole increased the AUC of lapatinib 3.6-fold
I  Carbamazepine decreased the AUC of lapatinib by ~75%

I Avoid strong CYP3A4 inhibitors (e.g., azole antifungals, HIV
medications [eg, indinavir], and grapefruit).

A If coadministration of a strong CYP3A4 inhibitor is necessary,
reduction of the | apatini b dose to
the lapatinib AUC to within the target range

I Similarly, strong CYP3A4 inducers (e.g., dexamethasone, phenytoin,
carbamazepi ne, rifampin, St. JohnoOs

A In 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

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

I 21% and 23% increases in the AUCs of lapatinib and paclitaxel when
given together



Tamoxifen Drug Interactions

A Substrate of CYP3A (and inhibitor), CYP2C9 and
CYP2D6, and an inhibitor of P-glycoprotein
A Tamoxifen decreases the levels of:

I Anastrozole and letrozole
A Tamoxifen increases the toxicity of:

I Warfarin
ATamoxi fenods edefreasedbyw enes s

I Soy products
I Red Clover
I Antidepressants



Selected Transformation Pathways of Tamoxifen
and the Main CYP Enzymes Involved

ﬁ
CYP2D6
(CYP2B6, CYP2C9,

CYP2C19, CYP3A

4- hydroxyTAM

CYP3A4/5
(CYP2C9 + other

CYP isoforms) CYP3A4/5
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Other Drug Interactions

A Dasatinib
I CYP 3A4 substrate and inhibitor

A Bexarotene
I CYP 3A4 substrate and inducer

Bexarotenebds | evelBe xiamorteaseadds b w:v el
Gemfibrozil Antiepileptics
Azoles

Bexarotene decreases levels of:
Oral contraceptives
Tamoxifen




What about food and oral
chemotherapy?



Erlotinib - Food

A Mean oral bioavailability 60% with peak
plasma concentrations at 4 hours post
dose

A Food increases bioavailability to about
100%

A Erlotinib should be taken on empty
stomach, 1 hour prior to or 2 hours
following a meal



Lapatinib and Food

A Systemic exposure to lapatinib was increased when
the drug was administered with food (especially with a
high-fat meal)

A The AUC was increased by 325% and 167% when
taken with high- and low-fat meals, respectively

A However, 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

Capecitabine

Etoposide

Estramustine
Temozolomide

Erlotinib

Gefitinib

Sunitinib

Sorafenib
Thalidomide/Lenalidomide
Imatinib

Dasatinib

Bexarotene

Vorinostat
Tamoxifen/Toremifene
Exemestane
Letrozole/Anastrozole
Bicalutamide/Nilutamide

Lapatinib

Within 30 min of
meal or after meal

X

With/without
meal

Empty
stomach

Avoid

Grapefruit juice

Milk, calcium-containing

H, blockers

H, blockers, PPIs



Specific Drug Interactions



Methotrexate
A NSAIDS and penicillins

I Block renal tubular excretion of
methotrexate

AResults in increased levels of methotrexate

AAvoid concomitant use (especially with high
dose methotrexate)

A Proton pump inhibitors (PPI)
I Elevate methotrexate levels

I Avoid PPl use prior to methotrexate
administration



Paclitaxel

A Substrate of CYP3A4, CYP2CS8, and P-gp

I Antiviral agents (saquinavir) have increased
paclitaxel toxicity

A Decreases doxorubicin clearance
I Results in increased cardiotoxicity
I May be sequence dependent

AGive doxorubicin first and wait 4 hours between
administration if possible

A Cisplatin decreases clearance of paclitaxel when
administered first

I Increases myelosuppression

I Give paclitaxel first



Cyclophosphamide

A Prodrug required activation (via CYP3A4 to 4-OH-
cyclophosphamide)

A Aprepitant is a moderate CYP3A4 substrate and
Inhibitor

I Activation of cyclophosphamide slightly decreased in a trial
Including a small number of patients

I Clinical significance unknown

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



Irinotecan

| B435C>T associated ‘—-
| with higher dug clearance |

assocated vith fourfold
sk of severe toxcity

Nature Reviews | Cancer




Irinotecan

A Ketoconazole

T Inhibits metabolism of irinotecan
Alncreased levels of active metabolite

ASt. Johnds Wor't

I Induced metabolism of irinotecan
A42% decrease in active metabolite

A Valproic acid

I Inhibits UGT1A1, therefore increasing active
metabolite (SNO38)

A Possible interaction with P-gp
substrates and inhibitors (cyclosporin)



Drug Interactions with
Supportive Care Medications



5-HT3 Antagonists

A Ondansetron

I Metabolized by multiple CYP isoenzymes
including CYP2D6 and CYP3A4

I Also, inhibits CYP1A2 and CYP2D6

ADecreased Cisplatin and cyclophosphamide
levels seen

I Coadministration with fluoxetine and
tramadol resulted in decreased antiemetic
efficacy and poor pain control (with
tramadol)



Aprepitant Drug Interactions

A Metabolized mainly by CYP3A4 (substrate)

A Moderately inhibits CYP3A4 and weak inhibitor of
CYP1A2, 2C9, 2C19

A Interacts with the following drugs:

I Dexamethasone- ¢ AUC and requires 50% dose
reduction of oral dexamethasone

i Warfarin- D activation to active drug requires
careful monitoring of INR

I Ketoconazole- ¢ AUC of aprepitant

i Rifampin and Paroxetin- D AUC of aprepitant



Herbal Drug Interactions with Chemotherapy



Common Mechanisms for Possible Interactions
Between Herbs and Anticancer Drugs

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



