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DISCLOSURES

1. Discuss the changing paradigm in cancer treatment (with regards to
oral chemotherapy) and implications for community pharmacists

2. Review general treatment approaches for the outpatient
management of common oral chemotherapy toxicities

3. Identify potentially significant drug-drug interactions with oral
chemotherapy agents

4. Describe common administration and dispensing challenges
observed with oral chemotherapy agents

OBJECTIVES

 Traditional oral chemotherapy agents available since 1950s (chlorambucil,
methotrexate, cyclophosphamide, mercaptopurine, etc.)

 Accelerated expansion in development of oral anticancer drugs in recent
years (≥ 5 agents per year in the previous 3 years)

 Shifting mechanisms of action

 Alkylating agents/antimetabolites targeted therapies

 Changing model of administration

 Episodic/intermittent (limited number of cycles) vs. continuous/chronic exposure

CHANGING PARADIGM

2010
Oral chemo = 10% 

2013

Oral chemo = 25%

Weingart SN, et al. J Natl Compr Canc Netw 2008, Suppl 3:S1-S14.

INTRODUCTION OF ORAL CHEMOTHERAPY

1950s

Mercaptopurine
Methotrexate

Busulfan
Cyclophosphamide
Mechlorethamine

Chlorambucil

1960s

Thioguanine
Procarbazine

Melphalan

1970s

Lomustine
Tamoxifen

1980s

Etoposide
Flutamide

Estramustine

1990s

Anastrozole
Exemestane
Bicalutamide
Capecitabine

Letrozole
Temozolomide

2001

Imatinib

http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm

INTRODUCTION OF ORAL CHEMOTHERAPY

Year of 
Approval

2001-2005 2006-2010 2011 2012 2013

Oral Agents

Erlotinib
Gefitinib

Sorafenib

Dasatinib
Everolimus
Lapatinib

Lenalidomide
Nilotinib

Pazopanib
Romidepsin

Sunitinib
Thalidomide
Temsirolimus

Vorinostat

Abiraterone
Crizotinib

Ruxolitinib
Vandetanib

Vemurafenib

Axitinib
Bosutinib

Cabozantinib
Enzalutamide

Ponatinib
Regorafenib
Vismodegib

Afatinib
Dabrafenib

Ibrutinib
Pomalidomide

Trametinib

http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm

Approval of New Oral Targeted Chemotherapeutic Agents:
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TRADITIONAL ORAL CHEMOTHERAPY

 Mechanism(s) of action:

 Interferes with various phases of the cell cycle cell death

 Causes cross-links in DNA cell death

 Affects healthy cells and malignant cells

 Toxicities (similar to parenteral formulations of traditional agents):

 Nausea/vomiting/diarrhea

 Myelosuppression

 Mucositis

 Renal/hepatic toxicity

Goodin S. Am J Health-Syst Pharm 2007;64(Suppl 5):S15-24.

 Development of hormonal therapy for breast/prostate cancer:

 Tamoxifen (selective estrogen receptor modulator) approved in 1977

 Flutamide (antiandrogen) approved 1989

 Aromatase inhibitors (AIs), new antiandrogens subsequently developed in 1990s

 Toxicities:

 Hot flashes

 Nausea/vomiting

 Spotting/irregular menstrual bleeding, vaginal dryness (tamoxifen, AIs)

 Impotence, decreased libido (antiandrogens)

HORMONAL AGENTS

Goodin S. Am J Health-Syst Pharm 2007;64(Suppl 5):S15-24.

EMERGING TARGETED THERAPIES

Gerber DE. Am Fam Physician 2008;77:311-19. 
Goodin S. Am J Health-Syst Pharm 2007;64(Suppl 5):S15-24.

 Advances in understanding and recognition of oncogenic cell signaling
pathways, tumor markers, malignant cell biology

 Identification of new potential targets for various malignant disease states

 Non-specific cytotoxicity disease-specific cellular targets

 Examples of new oral chemotherapy targets:

 BCR-ABL fusion protein (CML)

 HER2 (HER2+ breast cancer)

 EGFR (EGFR+ lung cancer)

 VEGFR (Renal cell carcinoma)

 Toxicities differ from traditional oral chemotherapy agents

 Class toxicities (based on target)

 Patient convenience

 Fewer clinic visits (less travel time, time away from work, associated costs)

 Flexibility for timing and location of administration

 No need for intravenous access (less infections, pain)

 Limited use of healthcare resources (inpatient/ambulatory services)

 Less use of supplies, ancillary equipment and personnel (nurses)

 Better quality of life

 More time home with family

 Less interruptions of daily activities closer to normality

ADVANTAGES OF ORAL CHEMOTHERAPY

Halfdanarson TR, Jatoi A. Curr Oncol Rep 2010;12:247-52. 
Aisner J. Am J Health-Syst Pharm 2007;64(Suppl 5):S4-S7.

COMMON MISCONCEPTIONS

Shifting management of regimen and monitoring of toxicities
from oncology team to patient

Patient 
Preference

Patient preference may be based on the incorrect assumption
that oral therapy is associated with minimal side effects, which
may lead to a failure to recognize life-threatening toxicities

Fewer 
Toxicities

Many patients may believe that taking oral chemotherapy is
similar to taking any other oral medication (HTN, HLD meds);
however, many have very complex administration instructions

Easy to 
Take

Many providers and patients may think an oral regimen will
improve adherence due to less clinic time and daily interruptions

Improved 
Adherence

Many providers and patients may think an oral regimen is safer
than parenteral chemotherapy, which may lead them to overlook
significant monitoring parameters

Improved 
Safety

ORAL CHEMOTHERAPY: 
TOXICITIES
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COMMON TOXICITIES

Toxicities of 
Oral 

Chemotherapy

Diarrhea

Hand-Foot 
Syndrome

EGFR-Inhibitor 
Associated 

Dermatologic 
Toxicities

QTc
Prolongation

Mucositis

Coagulopathies

 Chemotherapy-induced diarrhea (CID) can have significant implications on
the quality of life of cancer patients

 Incidence ~ 60% with targeted agents

 Frequent with tyrosine kinase inhibitors (TKIs; e.g, erlotinib, imatinib, sorafenib)
and mTOR inhibitors (e.g., everolimus, temsirolimus)

 May be cumulative or dose-limiting in combination with other agents

 Pathophysiology:

 Traditional chemotherapy agents direct toxicity to GI epithelium

 Targeted chemotherapy agents incompletely understood

 EGFR-mediated: Target increased expression of EGFR (found in goblet cells of intestine)

 Multikinase TKIs (e.g., imatinib, nilotinib): Inhibition of kit in the intestinal cells of Cajal
(promotes prokinetic activity)

DIARRHEA

Ramasubbaiah R. The Chemotherapy Source Book (Ch. 19), 2012. 

DIARRHEA: INCIDENCE & GRADING

CTCAE [online]. Version 4.03.
Ramasubbaiah R. The Chemotherapy Source Book (Ch. 19), 2012. 

Oral Agent All Grades (%) Grade 3-4

Imatinib 59 9

Dasatinib 31 < 5

Everolimus 50 < 5

Lapatinib 65 13

Erlotinib 62 6

Sorafenib 68 10

Sunitinib 66 5

Grade 1
↑ of < 4 stools per 
day over baseline

Grade 2
↑ of 4-6 stools per 
day over baseline

Grade 3
↑ of ≥ 7 stools/day, 

incontinence, or 
hospitalization

Grade 4
Life-threatening 

consequences

* For patients without colostomy

DIARRHEA: MANAGEMENT

Ramasubbaiah R. The Chemotherapy Source Book (Ch. 19), 2012. 

Non-Pharmacologic

 Avoidance of foods that could aggravate diarrhea
 Lactate-containing foods (dairy products), spicy foods
 Alcohol, caffeine
 High fiber and fat
 Cranberry/prune juices

 Diarrhea-inducing drugs (laxatives, prokinetics)
 Aggressive oral hydration with salt and sugar containing fluids

Pharmacologic

 Loperamide:

 Rapid onset of action, ↓ fecal incontinence, ↓ frequency of bowel movements
 Acts directly on smooth muscle of intestinal wall ↓ intestinal motility
 No systemic absorption (minimal side effects)
 Dose: 4 mg followed by 2 mg Q4H or after each unformed stool OR 4 mg followed by 2

mg Q2H until 12 hours without a loose bowel movement (max 16 mg)
 Report unresolved grade 2 or grade 3/4 diarrhea to provider  dose adjustment

DIARRHEA: MANAGEMENT

Benson AB III, et al. J Clin Oncol 2004;22:2918-26.

 AKA palmar-plantar erythrodysesthesia, acral erythema

 Toxic erythema of palms and soles associated with various chemotherapy
agents (fluorouracil, cytarabine, doxorubicin, docetaxel, capecitabine, TKIs)
 Incidence with sorafenib and sunitinib ranging from 9-62% of patients

 Pathophysiology:
 Exact mechanism unknown
 Appears to be dose related (both total cumulative and peak drug levels)
 Usually develops within first 2-4 weeks of administration

 Signs and Symptoms:
 Tingling sensation in palms and/or soles
 Edema with tender, symmetrical erythema over fat pads of distal phalanges
 Blistering, desquamation
 Thickened, hyperkeratotic lesions (painful, potentially impairs ROM, weight bearing)

 Significant impact on quality of life, psychosocial well-being

HAND-FOOT SYNDROME

Lacouture ME, et al. The Oncologist 2008;13:1001-11.
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HAND-FOOT SYNDROME

Lacouture ME, et al. The Oncologist 2008;13:1001-11.

HAND-FOOT SYNDROME: MANAGEMENT

Lacouture ME, et al. The Oncologist 2008;13:1001-11.

Preventative/Self-Care Tips

 Reduce friction to hands and feet
 Avoid dishwashing gloves (will hold heat against palms), constrictive footwear
 No jogging, aerobics, power walking, jumping
 Avoid using garden tools, screwdrivers, knives (excessive friction)
 Emollients with cotton gloves/socks to help retain moisture

 Reduce heat exposure to hands and feet
 Avoid long exposure to hot water (washing dishes, long showers/baths)

Treatment Options

 Cooling:

 May provide temporary relief for pain/tenderness
 Place palms/soles on an ice pack or bag of frozen peas (alternate on/off for 15 minutes)

 Topical steroid creams (clobetasol), anesthetics (lidocaine), moisturizing exfoliant creams 
(such as those containing urea, salicylic acid, or ammonium lactate)

 Pain relievers (acetaminophen)

 May require dose adjustment of TKI

 Epidermal growth factor receptor (EGFR) inhibitors (e.g., erlotinib, gefitinib,
afatinib) produce various dermatologic side effects in a majority of patients
 Papulopustular (acneiform) rash, hair changes, mucositis, fissures, paronychia

 Incidence ranges from 36% (mucositis) to 80% (acneiform rash)

 Acneiform rash:
 Most clinically significant dermatologic toxicity

 Usually appears within first 2-4 weeks of therapy

 Risk factors: nonsmokers, fair skin, age > 70 yrs

 Signs and Symptoms:
 Rash usually develops in cosmetically sensitive areas

 Pruritic/tender erythematous papules/pustules develop in areas with a high density of
sebaceous glands (scalp, face, upper chest, back)

 Significant impact on quality of life, psychosocial well-being

EGFR-INHIBITOR ASSOCIATED RASH

Lacouture ME, et al. Support Care Cancer 2011;19:1079-95.

EGFR-INHIBITOR ACNEIFORM RASH

Lacouture ME, et al. Support Care Cancer 2011;19:1079-95.

EGFR-INHIBITOR ACNEIFORM RASH: 
MANAGEMENT

Prevention (weeks 1-6)

 Routine use of preventative measures is recommended due to predictability of rash
 Hydrocortisone 1% cream twice daily applied to face, neck, and upper chest
 Moisturizer twice daily
 Sunscreen twice daily (avoid sun exposure as much as possible)
 Doxycycline 100 mg PO BID or minocycline 100 mg PO daily

Treatment

 Topical creams (prescription only)

 Aclometasone 0.05% cream or flucinonide 0.06% cream BID + clindamycin 1%
 Continue (or initiate if prophylaxis not utilized) doxycycline 100 mg PO BID or minocycline 

100 mg PO daily

 May require dose adjustment of EGFR-inhibitor if unresponsive to treatment

Lacouture ME, et al. Support Care Cancer 2011;19:1079-95.

 The QTc interval is a surrogate marker for cardiac risk

 QTc prolongation increases risk of torsades de pointes (TdP), syncope, and SCD

 Many patients with marked QTc prolongation never develop TdP

 QTc prolongation/TdP are the most common reasons drugs are restricted or
withdrawn from the market

 Many oral chemotherapy agents, particularly the TKIs, prolong the QTc interval

 Risk factors: 

 Congenital long QT syndrome

 Elderly age, female gender 

 Myocardial infarction

 Drug interactions (increased levels of QTc-prolonging medication  dose-dependent)

 Multiple drugs that prolong QTc

QTc PROLONGATION

Crouch, et al. Pharmacotherapy. 2003;23:881-908. 
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Drugs that prolong the QT Interval and/or induce TdP grouped by risk
(Arizona CERT – www.qtdrugs.org)

QTc PROLONGATION

www.qtdrugs.org [accessed 23 Jun 2014].

Oral Agent Risk of TdP

Vandetanib Risk [U.S. BBW]

Bosutinib Possible

Crizotinib Possible

Dabrafenib Possible

Dasatinib Possible

Lapatinib Possible

Nilotinib Possible [U.S. BBW]

Pazopanib Possible

Sorafenib Possible

Sunitinib Possible

Vemurafenib Possible

Substantial evidence supports the
conclusion that these drugs prolong
QTc interval AND are clearly associated
with a risk of TdP

Risk
of TdT

Substantial evidence supports the
conclusion that these drugs can cause
QTc prolongation BUT there is
insufficient evidence that these drugs
are associated with a risk of causing TdP

Possible
Risk of  TdT

Substantial evidence supports the
conclusion that these drugs are
associated with a risk of TdP BUT only
under certain conditions

Conditional 
Risk of  TdT

QTc PROLONGATION: MANAGEMENT

Crouch, et al. Pharmacotherapy. 2003;23:881-908. 

Prevention

 Monitor for drug-drug interactions (DDIs)
 Minimize concurrent QTc prolonging medications
 Ensure appropriate administration (with/without food)
 Keep electrolytes repleted (K and Mg)

Treatment

 Discontinue offending agent and any potential contributing agents

 Look for DDIs; ensure appropriate administration

 Replete electrolytes

 Monitor EKG for return of QTc to baseline

 May require dose reduction of offending agent once resolved

 Significant impact on patients’ daily function, nutrition, and quality of life

 May range from mild inflammation to frank bleeding ulcerations

 Normally progresses in step-wise fashion:

 Asymptomatic redness/erythema starting 0-5 days after therapy

 Desquamation with white patches occurring 0-7 days after therapy

 Contiguous pseudomembranes occurring 6-12 days after therapy

 Painful lesions with or without ulceration occurring 12-16 days after therapy

 Potential causative oral agents:

 Capecitabine, chlorambucil, cyclophosphamide, erlotinib, everolimus, imatinib,
lapatinib, mercaptopurine, methotrexate, procarbazine, sunitinib, temsirolimus

MUCOSITIS

Ailor SK, Miles SC. The Chemotherapy Source Book (Ch. 13), 2012. 

MUCOSITIS

Prevention

 Diet Recommendations:
 Avoid rough food (toast, chips), spices, salty/acidic foods
 Eat soft/liquid foods (purees, ices, custards, non-acidic fruits), soft cheeses, eggs
 Avoid smoking and alcohol

 Good oral hygiene
 Keep mouth and lips moist (rinse with water every 2 hrs while awake; may add salt or

baking soda, ½ teaspoon in 8 oz. water)
 Apply lip moisturizer (avoid medicated lip balm; may cause more dryness)
 Use soft-bristle toothbrush; avoid mouthwash containing alcohol

Treatment

 Pain management

 Mouthwashes (Biotene, Caphasol, magic mouthwash), antivirals/antifungals/antibacterials

 Avoid liquid medications containing alcohol

 May require dose reduction of offending agent once resolved

Chemocare.com [Accessed 23 Jun 2014]. 
Ailor SK, Miles SC. The Chemotherapy Source Book (Ch. 13), 2012.

STOMATITIS –ALCOHOL CONTENT OF 
LIQUID MEDICATIONS

Liquid Medications Alcohol Content

Chlorhexidine mouth wash 0.12% 11.6%

Codeine-guaifenesin syrup 10 mg-100 mg/5 mL 1.9%

Cyproheptidine syrup 2mg/5ml 5%

Dexamethasone intensol solution 0.5mg/mL and 1mg/mL 30%

Diazepam solution 5mg/5mL 19%

Digoxin elixir 0.05mg/mL 12%

Diphenhydramine solution 12.5mg/mL 14%

Hydrocodone/apap solution 6.7%

Hydroxyzine syrup 10mg/5mL 0.5%

Phenobarbital elixir 20mg/5mL 13.5%

Potassium chloride 10 mEq/15 mL 4%

Propranolol 20 mg/5 mL 0.6%

Pyridostigmine syrup 60mg/mL 5%

Ritonavir 80mg/mL solution 43%

Sandimmune cyclosporine 100mg/mL solution 12.5%

Sirolimus 1mg/mL 1.5-2.5%

 Many oral chemotherapy agents may cause increased bleeding or clotting

 Screen patients for bleeding/clotting risk factors

 Some oral chemotherapy agents may require concurrent VTE prophylaxis

 Monitor for concurrent use of ASA for cardioprotection, 0ral anticoagulants

COAGULOPATHIES

Imatinib, dasatinib, sunitinib, sorafenib, pazopanib,
regorafenib, lapatinib, cabozantinib, vandetanib,
axitinib, ibrutinib, dabrafenib, trametinib

↑ Risk of 
Bleeding

Thalidomide, lenalidomide, pomalidomide, ponatinib,
cabozantinib, axitinib, crizotinib, dabrafenib,
trametinib

↑ Risk of 
Clotting

http://www.qtdrugs.org/
http://www.qtdrugs.org/
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COMMON MISCONCEPTIONS

Shifting management of regimen and monitoring of toxicities
from oncology team to patient

Patient 
Preference

Patient preference may be based on the incorrect assumption
that oral therapy is associated with minimal side effects, which
may lead to a failure to recognize life-threatening toxicities

Fewer 
Toxicities

Many patients may believe that taking oral chemotherapy is
similar to taking any other oral medication (HTN, HLD meds);
however, many have very complex administration instructions

Easy to 
Take

Many providers and patients may think an oral regimen will
improve adherence due to less clinic time and daily interruptions

Improved 
Adherence

Many providers and patients may think an oral regimen is safer
than parenteral chemotherapy, which may lead them to overlook
significant monitoring parameters

Improved 
Safety

ORAL CHEMOTHERAPY: 
ADMINISTRATION

 Oral chemotherapy drug absorption rates often vary based on food intake

 Changes in how a patient takes their medication can significantly impact
efficacy (reduced absorption) or toxicity (increased absorption)

 Food may alter absorption rates differently for each drug

 Examples of Drug-Food Interactions:

 Lapatinib:

 Recommended administration: Take on an empty stomach

 Food interaction: Increases absorption (↑ AUC 4-fold)

 Capecitabine:

 Recommended administration: Take with water 30 minutes after a meal

 Food interaction: Decreases absorption (↓ AUC by 35%)

 Always double-check the package insert for timing instructions!

TIMING: FOOD EFFECT

Halfdanarson TR, Jatoi A. Curr Oncol Rep 2010;12:247-52. 

Oral Agent Administration Food Effect

Afatinib Empty stomach (1 hr before or 2 hrs after food) ↓ absorption

Axitinib With water ---

Bosutinib With food ↑ absorption

Cabozantinib Empty stomach (1 hr before or 2 hrs after food) ↑ absorption

Capecitabine With water 30 minutes after a meal ↓ absorption

Ceritinib Empty stomach (1 hr before or 2 hrs after food) ↑ absorption

Dabrafenib Empty stomach (1 hr before or 2 hrs after food) ↓ absorption

Erlotinib Empty stomach (1 hr before or 2 hrs after food) ↑ absorption

Ibrutinib With or without (consistent) ↑ absorption

Imatinib With food and water(↓GI irritation) ---

Lapatinib Empty stomach (1 hr before or 1 hr after food) ↑ absorption

Nilotinib Empty stomach (1 hr before or 2 hrs after food) ↑ absorption

Pazopanib Empty stomach (1 hr before or 2 hrs after food) ↑ absorption

Regorafenib With food (low-fat breakfast) ↑ absorption (high-fat meal)

Sorafenib Empty stomach (1 hr before or 2 hrs after food) ↓ absorption

Trametinib Empty stomach (1 hr before or 2 hrs after food) ↓ absorption

Vemurafenib With water ---

COMMON MISCONCEPTIONS

Shifting management of regimen and monitoring of toxicities
from oncology team to patient

Patient 
Preference

Patient preference may be based on the incorrect assumption
that oral therapy is associated with minimal side effects, which
may lead to a failure to recognize life-threatening toxicities

Fewer 
Toxicities

Many patients may believe that taking oral chemotherapy is
similar to taking any other oral medication (HTN, HLD meds);
however, many have very complex administration instructions

Easy to 
Take

Many providers and patients may think an oral regimen will
improve adherence due to less clinic time and daily interruptions

Improved 
Adherence

Many providers and patients may think an oral regimen is safer
than parenteral chemotherapy, which may lead them to overlook
significant monitoring parameters

Improved 
Safety

CONCERN FOR ADHERENCE

Who is Non-adherent?

 Elderly patients (multiple comorbidities, higher pill burden, polypharmacy
 Young patients (other priorities, poor insight, lack of social support)
 Demographic/psychosocial issues (race, socioeconomic status, education level)

Why are Patient Non-adherent?

 Depression (lack of belief in benefit from medication; limited energy or participation in self care)
 Comorbidities (polypharmacy, pill burden, complexity of regimen)
 Inadequate follow-up with provider; lack of prompt treatment of side effects
 Cost (high co-pays, indirect costs, difficulty in drug access)

• Imatinib cost sharing/adherence: Patients with higher co-pays 42% more likely to be non-adherent;
more likely to discontinue treatment

What are the Consequences?

 Loss of response/benefit:
• Imatinib in CML: Patients with adherence rate ≤ 85% had higher probability of losing complete

cytogenetic response (CCyR) at 2 years (26.8% vs. 1.5%, P = 0.002)
• Tamoxifen in Breast Cancer: Low adherence associated with shorter time to recurrence, increased

medical costs, poorer quality of life

Dusetzina SB, et al. JCO 2014;32:306-11. 
Gebbia V, et al. Expert Opin Drug Saf 2012;11 (Suppl 1):S49-S59.

Ibrahim AR, et al. Blood 2011;117:3733-6.
McCowan C, et al. Br J Cancer 2013;109:1172-80.
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Adherence

Many providers and patients may think an oral regimen is safer
than parenteral chemotherapy, which may lead them to overlook
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Improved 
Safety

ORAL CHEMOTHERAPY: 
DRUG INTERACTIONS

 Absorption of many oral chemotherapy agents is pH-dependent

 Acid suppressants (PPIs, H2 antagonists, antacids) may reduce the
concentration/absorption of oral chemotherapy agents

 Many prescribers/pharmacists may not be aware of the acid suppressing
therapies patients are taking (many available OTC)

 Screen patients for acid suppressing therapies if they are taking oral
chemotherapy agents

 Always double-check the package insert!

ACID SUPPRESSANTS

Oral Agent PPIs H2-Antagonists Antacids

Afatinib ✔ ✔ ✔

Axitinib ✔ ✔ ✔

Bosutinib X ✔ (> 2 hrs before or after dose) ✔ (> 2 hrs before or after dose)

Cabozantinib ✔ ✔ ✔

Ceritinib ✔ ✔ ✔

Crizotinib ✔ ✔ ✔

Dabrafenib X ✔ (seek alternatives if possible) ✔(seek alternatives if possible)

Dasatinib X X ✔(2 hrs before or 2 hrs after dose)

Erlotinib X ✔ (10 hrs before or 2 hrs after dose) ✔(2 hrs before or 2 hrs after dose)

Ibrutinib ✔ ✔ ✔

Imatinib ✔ ✔ ✔

Lapatinib ✔ ✔ ✔

Nilotinib X ✔ (10 hrs before or 2 hrs after dose) ✔(2 hrs before or 2 hrs after dose)

Pazopanib X X (Avoid if possible, separation not studied) X (Avoid if possible, separation not studied)

Ponatinib X X X

Regorafenib ✔ ✔ ✔

Ruxolitinib ✔ ✔ ✔

Sorafenib ✔ ✔ ✔

Sunitinib ✔ ✔ ✔

Trametinib ✔ ✔ ✔

Vandetanib ✔ ✔ ✔

Vemurafenib ✔ ✔ ✔

 Cancer is increasingly becoming a chronic disease for which patients now 
may take chronic oral chemotherapy agents

 Patients are often elderly with many comorbidities and concurrent medications

 Increased risk of drug interactions

 Most new oral targeted chemotherapy agents are metabolized in the liver 
via CYP450 enzymes

 Most commonly CYP3A4 (major), CYP2D6, CYP1A2

 Highly susceptible to drug-drug interactions

 Concurrent inhibitors/inducers may lead to reduced efficacy or increased toxicity

 Due to the high potential for life-threatening toxicities or therapeutic 
failure, it is essential to screen for and identify drug-drug interactions!

CYP450 INTERACTIONS

Goodin S. Am J Health-Syst Pharm 2007;64(Suppl 5):S15-24.

CYP450 INHIBITORS & INDUCERS

Atazanavir

Bocepravir

Clarithromycin

Darunavir

Itraconazole

Ketoconazole

Voriconazole

Lopinavir

Nicardipine

Posaconazole

Ritonavir

Voriconazole

Strong 
CYP3A4 

Inhibitors

Amiodarone

Aprepitant

Cimetidine

Ciprofloxacin

Cyclosporine

Diltiazem

Dronedarone

Efavirenz

Erythromycin

Fluconazole

Grapefruit juice

Metronidazole

Verapamil

Moderate
CYP3A4 

Inhibitors

Carbamazepine

Colchicine

Efavirenz

Nevirapine

Oxcarbazepine

Phenobarbital

Phenytoin

Primodone

Rifabutin

Rifampin

St John’s wort

Strong & 
Moderate

CYP3A4 Inducers

Clomipramine

Fluoxetine

Haloperidol

Metoclopramide

Paroxetine

Quinidine

CYP2D6 
Inhibitors
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In addition to being susceptible to many drug interactions, many of the 
new oral chemotherapy agents act as inhibitors/inducers of CYP450

EFFECTS ON OTHER DRUGS

Oral Agent Inhibitor Inducer

Capecitabine CYP2C9 (strong) ---

Ceritinib CYP3A4 (moderate), CYP2C9 (moderate) ---

Crizotinib CYP3A4 (moderate) ---

Dabrafenib ---
CYP2B6 (moderate), CYP2C8/9/19 (moderate), 

CYP3A4 (moderate)

Dasatinib CYP3A4 (weak) ---

Imatinib CYP3A4 (moderate) ---

Nilotinib CYP3A4 (weak), CYP2C8/9 (moderate), CYP2D6 (moderate) ---

Trametanib --- CYP4 (moderate)

Vemorafenib CYP1A2 (moderate) CYP3A4 (moderate)

Goodin S. Am J Health-Syst Pharm 2007;64(Suppl 5):S15-24.

 Capecitabine (Xeloda) and Warfarin:
 U.S. BBW: “Capecitabine may increase the anticoagulant effects of warfarin; bleeding

events, including death, have occurred with concomitant use. Increases in PT and INR
may occur within several days to months after capecitabine initiation, and may
continue up to 1 month after capecitabine discontinuation.”

 Occurs via inhibition of CYP2C9 by capecitabine

 Concurrent use should be avoided

 Tamoxifen and Fluoxetine/Paroxetine (strong CYP2D6 inhibitors):
 Strong CYP2D6 inhibitors may decrease the concentrations of the active metabolite

of tamoxifen (decreased efficacy)

 Smoking and Erlotinib:
 Smoking is a CYP1A2 inducer

 Erlotinib is a substrate of CYP1A2

 Erlotinib dose should be increased at 2-week intervals in 50 mg increments to a
maximum dose of 300 mg in patients who continue to smoke

NOTABLE INTERACTIONS

Generic Brand MOA/Target Use Interactions

Afatinib Gilotrif EGFR EGFR+ Lung Cancer P-gp

Axitinib Inlyta VEGFR RCC CYP3A4

Bosutinib Bosulif BCR-ABL CML, Ph+ ALL CYP3A4

Cabozantinib Cometriq Multiple MTC CYP3A4

Capecitabine Xeloda Pyrimidine Analog Breast Cancer, Colon Cancer CYP2C9

Ceritinib Zykadia ALK ALK+ Lung Cancer CYP3A4, CYP2C9

Crizotinib Xalkori ALK ALK+ Lung Cancer CYP3A4

Dabrafenib Tafinlar BRAF Melanoma CYP2C8/9/19, CYP3A4

Dasatinib Sprycel BCR-ABL CML, Ph+ ALL CYP3A4

Erlotinib Tarceva EGFR EGFR+ Lung Cancer CYP3A4, CYP1A2

Ibrutinib Imbruvica BTK CLL, MCL CYP3A4

Imatinib Gleevec BCR-ABL CML, Ph+ ALL, GIST CYP3A4

Lapatinib Tykerb HER2 HER2+ Breast Cancer CYP3A4

Nilotinib Tasigna BCR-ABL CML, Ph+ ALL CYP3A4, CYP2C8/9, CYP2D6

Pazopanib Votrient VEGFR, multiple RCC CYP3A4

Ponatinib Iclusig BCR-ABL CML, Ph+ ALL CYP 2C8, CYP2D6, CYP3A4

Regorafenib Stivarga VEGFR, multiple GIST, MCRC CYP3A4

Ruxolitinib Jakafi JAK2 Myelofibrosis CYP3A4

Sorafenib Nexavar VEGFR, multiple HCC, RCC, thyroid CYP3A4

Sunitinib Sutent VEGFR, multiple RCC, GIST CYP3A4

Trametinib Mekinist MEK Melanoma CYP3A4

Vandetanib Caprelsa VEGFR, multiple MTC CYP3A4

Vemurafenib Zelboraf BRAF Melanoma CYP3A4, CYP1A2

RCC = renal cell carcinoma, CML = chronic myelogenous leukemia, Ph = Philadelphia chromosome, ALL = acute lymphocytic leukemia, MTC = medullary thyroid cancer, MCL = mantle cell
lymphoma, CLL = chronic lymphocytic leukemia, GIST = gastrointestinal stromal tumor, MCRC = metastatic colorectal cancer, HCC = hepatocellular carcinoma

 Oral chemotherapy is coming the “norm” in anticancer therapy

 Prescribing patterns and drug development in oral chemotherapy will only 
continue to increase

 Oral chemotherapy agents often have unique sife effects, complex 
administration instructions, and are prone to many DDIs

 Community pharmacists play a vital role in:

 Identifying and managing DDIs

 Patient education (proper and repeated counseling can enhance quality of life)

 Identifying oral chemotherapy side effects

 Improving adherence (ensuring proper administration, timely refills, etc.)

CONCLUSIONS

Which of the following is an advantage of oral chemotherapy as compared to
parenteral chemotherapy?

A. Patient convenience

B. Complex administration schedules

C. Increased utilization of healthcare resources

D. Fewer drug-drug interactions

SELF-ASSESSMENT #1

All patients who are prescribed EGFR-inhibitor therapies (i.e., erlotinib,
gefitnib, afatinib) should receive prophylaxis for acneiform rash.

True or False?

SELF-ASSESSMENT #2
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Which of the following are potential interactions observed with oral
chemotherapy agents?

A. Acid suppressant therapies

B. Concurrent administration with food

C. Concomitant QTc-prolonging medications

D. CYP3A4 inhibition/induction

E. All of the above

SELF-ASSESSMENT #3

SAFE PRACTICES IN 
ORAL CHEMOTHERAPY:

Jessica J. Auten, Pharm.D., BCPS
PGY2 Oncology Pharmacy Resident

Virginia Commonwealth University Medical Center
jjohnston@mcvh-vcu.edu

The Pharmacist’s Role in the Outpatient 
Management of Oral Chemotherapy-Induced 
Toxicities and Prevention of Drug Interactions


