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CASE STUDY
Mrs. P is a 30-year-old woman who presented to our bone marrow trans-
plant program with myelodysplastic syndrome (MDS). She received a
haploidentical allogeneic stem cell transplant with a conditioning regi-
men consisting of busulfan and cyclophosphamide. This treatment
was followed by post-transplant immunosuppression for graft-versus-
host disease (GVHD) with cyclophosphamide, mycophenolate mofetil
(MMPF), and tacrolimus (see Table 1 for medication list). Tacrolimus lev-
els were monitored twice a week with adjustment to a goal range of
between 5 and 10 ng/mL. We initiated tacrolimus at a dose of 0.03 mg/
kg by mouth twice daily (rounded to 2 mg by mouth twice daily). Drug
interactions were assessed by the clinical pharmacist prior to admis-
sion, routinely with medication changes, and then upon discharge.
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rug-interaction related

risk factors include the

use of drugs that are

significantly impacted
by inhibition or induction of drug
metabolism (tyrosine kinase inhibi-
tors [TKIs]), the use of drugs that
have a significant inhibitory or in-
ducing capacity of drug metabolism
(certain antifungal medications),
and the use of drugs with a narrow
therapeutic window such as warfa-
rin. Patient-specific risk factors in-
clude older age, renal or hepatic dys-
function, hematologic cancers, and

the use of many prescribed medica-
tions (Panesar, 2011).

One retrospective drug review in
cancer patients showed a high fre-
quency of drug interactions. A total
of 278 patients were reviewed, of
which 40% of patients had report-
ed potential drug interactions with
their chemotherapy (van Leeuwen et
al., 2011). Although this shows a high
risk of druginteractions in cancer pa-
tients, it is unknown from this study
what percentage of interactions were
clinically relevant. In this article, we
will introduce concepts and use clin-
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Table 1. Medication List for Case Study Patient

Conditioning chemotherapy

Immunosuppression regimen
for GVHD

Antibiotic prophylaxis

Additional medications
Sucralfate: 1 g po tid

Busulfan: 0.8 mg/kg/dose |V x 16 doses days -8 to -4
Cyclophosphamide: 50 mg/kg/dose x 2 doses days -3 and -2

Cyclophosphamide: 50 mg/kg/dose x 2 doses days +3 and +4
Tacrolimus: 0.03 mg/kg/dose po bid (2 mg po bid) starting day +5
Mycophenolate mofetil: 1,000 mg po every 8 hours days +5 to +35

Ciprofloxacin: 500 mg po bid starting day +1
Penicillin VK: 500 mg po bid starting day +1
Posaconazole: 300 mg po daily starting day +5
Acyclovir: 400 mg po bid starting day +1

Pantoprazole: 40 mg po daily

Levetiracetam: 500 mg po bid day -8 to -3 for seizure prevention with busulfan
Fosaprepitant: 150 mg IV days -8, -3, and +3

Ondansetron: 8 mg IV bid days -8 to +5

Lorazepam: 1 mg IV every 6 hours prn for nausea/vomiting

Ursodiol: 600 mg po bid

Kprn = as needed.

Note. IV = intravenous; GVHD = graft-versus-host-disease; po = by mouth; bid = twice daily; tid = three times daily;

J

ically relevant examples to highlight the risk of
drug interactions in patients with cancer.

Drug-drug interactions are common, not only
in the oncology setting but also in the older adult
population, and may be responsible for up to 4% of
deaths in hospitalized oncology patients (Buajor-
det, Ebbesen, Erikssen, Brors, & Hilberg, 2001). A
study by Van Leeuwen and associates (2013) noted
that more than half of ambulatory patients with
cancer had at least one potential drug interaction.
One-third of ambulatory patients with cancer had
a major potential drug interaction that could re-
sult in serious clinical consequences.

Identified risk factors for drug interactions are
listed in Table 2. One universal identified risk fac-
tor is an age-related change, including changes in
the gastrointestinal tract (increased or decreased
absorption), decreases in body fat that may influ-
ence the length of time a drug remains in the body,
and decreased hepatic and renal function. A study
by Popa and colleagues (2014) examined records
of 244 patients who were 70+ years of age and un-
dergoing chemotherapy. This study found 75% of
patients receiving chemotherapy had a potential
for a serious drug interaction involving chemo-
therapeutic agents.

Other risk factors include polypharmacy, de-
fined as the use of more medications than often
medically required, and the increasing number of
doses of a medication per day (Cope, 2013; Plan-
ton & Edlund, 2010; Popa et al., 2014; van Leeuwen

et al., 2011). As many as 80% of oncology patients
utilize over-the-counter medications (Van Leeu-
wen et al., 2011), and these agents are not often
recorded in the patient’s medical record. Patients
with cancer are at a higher risk due to the increas-
ing number of daily medications—both oncologic
drug(s) as well as supportive medications.

Many new agents approved for the treatment
of cancer are orally administered, indicating they
are under the influence of pharmacokinetic drug
interactions including absorption, distribution,
metabolism, and excretion (ADME), which can
reduce their effectiveness or increase toxicity.
In fact, 60% of new agents approved for cancer
treatment by the US Food and Drug Administra-
tion (FDA) between 2012 and 2014 were orally ad-
ministered (FDA, 2017a). Most of these drugs are
significantly impacted by pharmacokinetic drug
interactions.

In this article, we will focus on pharmaco-
kinetic drug interactions, but it is important to
understand that other types of drug interactions
such as pharmacodynamic interactions may occur.
Simply stated, a pharmacokinetic interaction is the
effect of the body on the drug, and a pharmacody-
namic interaction is the drug’s effect on the body
(Beijnen & Schellens, 2004). Pharmacodynamic
drug interactions are actually very common, and
such examples include the use of multiple central
nervous systems (CNS) depressants or the com-
bination of nonsteroidal anti-inflammatory drugs
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(NSAIDs) and angiotensin-converting enzyme
(ACE) inhibitors.

PHARMACOKINETIC DRUG
INTERACTIONS

Absorption

The absorption of various oral chemotherapy
agents is often influenced by multiple factors such
as food and acid-suppressive agents. Ultimately,
these factors can impact the solubility and bio-
availability of chemotherapy agents (Halfdanar-
son & Jatoi, 2010). For example, many oral TKIs
are influenced by gastric pH changes, as seen in
Tables 3 and 4. Specifically, Table 4 illustrates how
the pH-dependent solubility of dasatinib (Sprycel)
decreases as pH increases (Bristol-Myers Squibb,
2008; Eley et al., 2009).

There are ways to mitigate the impact of acid
suppression on drug absorption. They include the
use of H2 blockers at specific times around ad-
ministration of the TKI, as described in Table 3.
Another reported option is to use a beverage that
decreases the stomach pH for a short period such
as a cola beverage (van Leeuwen et al., 2016). Fur-
thermore, food can significantly alter the absorp-
tion of chemotherapy agents; however, the effect
of food is not consistent among all chemotherapy
agents, as illustrated in Table 5 (Koch et al., 2009;
Reigner et al., 1998).

Distribution

Specific drug characteristics such as high protein
binding (> 90%), narrow therapeutic index, high
hepatic extraction ratio, and intravenous dos-
age forms may increase the likelihood of altered
distribution. In particular, the impact of plasma
protein binding is often overemphasized in the

Table 2. Risk Factors for Drug Interactions

e Older age

e Polypharmacy

e Low body weight

e Renal insufficiency

e Hematologic cancer

e Six or more comorbidities

e Longer length of hospital stay

e History of adverse drug reactions

e Intake of highly protein-bound drugs

e |ncreasing number of prescribed medications

Note. Information from Cope (2013); Planton & Edlund
Q2010); Popa et al. (2014); van Leeuwen et al. (2011). J

literature and training (Rolan, 1994). For example,
TKIs are highly protein bound, but there is mini-
mal evidence of major interactions with drugs that
have the ability to displace them from the protein-
binding sites.

Metabolism

Metabolism primarily occurs in the liver involv-
ing cytochrome P450 enzymes. Multiple drugs
(refer to Table 6) competitively inhibit or induce
cytochrome P450 enzyme-binding sites. This can
alter the metabolism of oral and intravenous che-
motherapy agents, ultimately influencing their
efficacy and safety (Guengerich, 2008; Zanger &
Schwab, 2013).

For example, as illustrated in Table 6, antifun-
gals such as voriconazole, posaconazole, and ke-
toconazole are very strong cytochrome P450 3A4
inhibitors, which interact with a large majority of
TKIs. Certain TKIs such as ibrutinib (Imbruvica)
and everolimus (Afinitor) could have profound

QThe US Food and Drug Administration does not require studies for drug approval; variable availability of published data.J

Table 3. Impact of pH on Select Tyrosine Kinase Inhibitors? B
TKI Acid-suppressive agent AUC change Reference

Axitinib Rabeprazole: 20 mg daily 115% Budha (2012)

Erlotinib Omeprazole: 40 mg daily 1l 46% Budha (2012)

Imatinib Omeprazole: 40 mg daily No change Egorin (2009)

Lapatinib Esomeprazole: 40 mg daily 1 27% Glaxo Clinical Trial Report (2009)

Nilotinib Esomeprazole: 40 mg daily 1 34% Yin (2010)

Note. TKI = tyrosine kinase inhibitor; AUC = area under concentration-time curve.
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(I'able 4. Dasatinib and Acid-Suppressive Agents R

TKI Acid-suppressive agent AUC change

Dasatinib Famotidine: 40 mg, 10 hours before dasatinib 1 61%
Famotidine: 40 mg, 2 hours after dasatinib No significant difference
Aluminum hydroxide, magnesium hydroxide, simethicone: 30 mL, 2 hours No significant difference
before dasatinib
Aluminum hydroxide: 30 mL, with dasatinib 1 55%
Omeprazole: 40 mg daily 1 43%

Note. TKI = tyrosine kinase inhibitor; AUC = area under concentration-time curve. Information from Eley et al. (2009);

@Iaxo Clinical Trial Report (2009). Y,

toxicity if administered with strong inhibitors
of CYP 3A4 (Kovarik et al., 2005; de Jong et al.,
2015). On the other hand, rifampin or other strong
inducers of CYP3A4 could significantly decrease
the activity of many of the TKIs, as shown in Table
7. For these reasons, we recommend careful as-
sessment for drug interactions any time a patient
starts treatment with TKIs.

Elimination

Elimination occurs mainly via the kidneys or bile.
A small portion of chemotherapy agents such as
methotrexate and cisplatin are primarily removed
via elimination from the kidneys. High-dose meth-
otrexate treatment can cause severe harm and
even death in patients who have difficulty elimi-
nating methotrexate and/or active metabolites of
methotrexate. Certain drugs such as specific an-
tibacterials, proton pump inhibitors, and NSAIDs
can reduce the elimination of methotrexate (Fer-
reri et al., 2004; Fjeldborg, Sorensen, & Helkjaer,
1986; Hammor & Hasan, 2013).

PREVENTION AND MANAGEMENT
STRATEGIES FOR ADVANCED
PRACTITIONERS

All oncology advanced practitioners (AP) have a
vital role in the prevention, early detection, and

prompt management of drug-drug interactions.
As the number of oral oncologic agents increas-
es, more safety issues and adherence issues will
abound. The first step in this process of preven-
tion and early detection of any adverse drug reac-
tion is a full medication and health history review.
The patient is instructed to bring any medica-
tion—prescribed or over-the-counter—to his clin-
ic visit. The drug names, dosages, and schedule are
documented. Any herbal supplements and/or vi-
tamins should be documented along with dosages.
Specific vernacular may be utilized to address so-
ciocultural diversities (e.g., words such as “natu-
ral” products, folk medicine, or “home remedies”;
salves; creams; and potions; Ben-Arye, Halabi, At-
tias, Goldstein, & Schiff, 2014).

Medical records from other health-care pro-
viders should also be examined, including clinic
notes, hospitalization records, and emergency de-
partment (ED) reports. It is also important to note
any potential drug absorption issues due to previ-
ous surgeries, feeding tubes, or diseases such as
Crohn’s disease.

It is estimated that up to 90% of patients use
some sort of alternative or complementary med-
icines or therapies (Arslan, Tural, & Akar, 2013;
Mao, Palmer, Healy, Desai, & Amsterdam, 2011;
Naing et al., 2011; Yates et al., 2005). Yet the ma-

f
Table 5. Impact of Food on the Absorption of Select Chemotherapy Agents

>

Oral chemotherapy agent Impact of food

Capecitabine 1 absorption

Lapatinib T absorption

Proper administration
Take with water 30 minutes after food

Take on an empty stomach (1 hour before or 1 hour after food)

Q\/ote. Information from Koch et al. (2009); Reigner et al. (1998). Y,
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r
Table 6. Select Cytochrome P450 Inhibitors and Inducers

CYP enzymes

CYP1A2

CYP2B6
CYP2C8

CYP2C9

CYP2C19

CYP3A

CYP2D6

CYP enzymes

CYP1A2

CYP2B6
CYP2C8
CYP2C9

CYP2C19
CYP3A

CYP2D6

Strong inhibitors
[= 5-fold increase in AUC
or > 80% decrease in CL]

Ciprofloxacin, enoxacin,
fluvoxamine

Gemfibrozil

Fluconazole, fluvoxamine,
ticlopidine

Boceprevir, clarithromycin,
conivaptan, grapefruit juice,
indinavir, itraconazole,
ketoconazole, lopinavir/
ritonavir, mibefradil,
nefazodone, nelfinavir,
posaconazole, ritonavir,
saquinavir, telaprevir,
telithromycin, voriconazole

Bupropion, fluoxetine,
paroxetine, quinidine

Strong inducers
[= 80% decrease in AUC]

Avasimibe, carbamazepine,
phenytoin, rifampin, St.
John’s wort

None known

Moderate inhibitors
[= 2 but < 5-fold increase in AUC
or 50%-80% decrease in CL]

Methoxsalen, mexiletine,
oral contraceptives,
phenylpropanolamine,
thiabendazole, zileuton

Amiodarone, fluconazole,
miconazole, oxandrolone

Esomeprazole, fluoxetine,
moclobemide, omeprazole,
voriconazole

Amprenavir, aprepitant,
atazanavir, ciprofloxacin,
darunavir/ritonavir, diltiazem,
erythromycin, fluconazole,
fosamprenavir, grapefruit juice,
imatinib, verapamil

Cinacalcet, duloxetine,
terbinafine

Moderate inducers
[50%-80% decrease in AUC]

Montelukast, phenytoin,
smokers vs. nonsmokers

Efavirenz, rifampin

Rifampin

Carbamazepine, rifampin
Rifampin

Bosentan, efavirenz, etravirine,

modafinil, nafcillin

None known

Weak inhibitors
[= 1.25 but < 2-fold increase in AUC
or 20%-50% decrease in CL]

Acyclovir, allopurinol, caffeine,
cimetidine, daidzein, disulfiram,
Echinacea, famotidine, norfloxacin,
propafenone, propranolol, terbinafine,
ticlopidine, verapamil

Clopidogrel, ticlopidine prasugrel

Fluvoxamine, ketoconazole,
trimethoprim

Capecitabine, cotrimoxazole,
etravirine, fluvastatin, fluvoxamine,
metronidazole, sulfinpyrazone,
tigecycline, voriconazole, zafirlukast

Allicin (garlic derivative), armodafinil,
carbamazepine, cimetidine, etravirine,
human growth hormone (rhGH),
felbamate, ketoconazole, oral
contraceptives

Alprazolam, amiodarone, amlodipine,
atorvastatin, bicalutamide,

cilostazol, cimetidine, cyclosporine,
fluoxetine, fluvoxamine, ginkgo,
goldenseal, isoniazid, nilotinib, oral
contraceptives, ranitidine, ranolazine,
tipranavir/ritonavir, zileuton

Amiodarone, celecoxib, cimetidine,
desvenlafaxine, diltiazem,
diphenhydramine, Echinacea,
escitalopram, febuxostat, gefitinib,
hydralazine, hydroxychloroquine,
imatinib, methadone, oral
contraceptives, propafenone,
ranitidine, ritonavir, sertraline,
telithromycin, verapamil

Weak inducers
[20%-50% decrease in AUC]

Moricizine, omeprazole,
phenobarbital

Nevirapine

Aprepitant, bosentan, phenobarbital,
St. John’s wort

Artemisinin

Amprenavir, aprepitant, armodafinil,
Echinacea, pioglitazone, prednisone,
rufinamide

None known

K/\/ote. AUC = area under concentration-time curve; CL = clearance. Information from FDA (2017b).
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(I'able 7. Select Tyrosine Kinase Inhibitor CYP3A4 Drug Interactions R
AUC change
TKI Inducer Inhibitor (respectively) Reference
Abiraterone acetate Rifampin Ketoconazole 1 42%/no change Bernard (2015)
Axitinib Rifampin Ketoconazole 1 79%/1T106% Pithavala (2010, 2012)
Cabozantinib Rifampin Ketoconazole 1 77%/7 38% Nguyen (2015)
Crizotinib Rifampin Ketoconazole 1 82%/1 320% Xu (2015)
Dasatinib Rifampin Ketoconazole 1 82%/1 256% Johnson (2010)
Enzalutamide Not studied Itraconazole -/T130% Gibbons (2015)
Erlotinib Rifampin Ketoconazole 1 67%/7 86% Rakhit (2008)
Everolimus Rifampin Ketoconazole 1 63%/171,500% Kovarik (2002, 2005)
Ibrutinib Rifampin Ketoconazole 189%/T72,400% de Jong (2015)
Imatinib Rifampin Ketoconazole 1 74%/T 40% Bolton (2004); Dutreix (2004)
Ixazomib Rifampin Clarithromycin 1 74%/no change Gupta (2015)
Lapatinib Carbamazepine Ketoconazole 1 72%/7 257% Smith (2009)
Lenvatinib Rifampin Ketoconazole 118%/T 19% Shumaker (2014, 2015)
Nilotinib Rifampin Ketoconazole 1 80%/T 201% Tanaka (2011)
Palbociclib Rifampin Itraconazole 1 85%/187% Hoffman (2015, 2016)
Pazopanib Not studied Ketoconazole -/1 65% Tan (2013)
Ponatinib Rifampin Ketoconazole 163%/T78% Narasimhan (2013, 2015)
Regorafenib Rifampin Ketoconazole 1 50%/1 33% Bayer (2016)
Sorafenib Rifampin Ketoconazole 1 37%/no change Lathia (2006)
Sunitinib Rifampin Ketoconazole 1 46%/7T 51% Adams & Leggas (2007)
Venetoclax Rifampin Ketoconazole 1 74%/7 640% Salem (2016)
QVote. TKI = tyrosine kinase inhibitor; AUC = area under concentration-time curve. Y,

jority of these patients do not disclose this in-
formation to their health-care providers (Mao et
al., 2011; Oh et al., 2010; Yates et al., 2005; Yildir-
im, 2010).

The FDA ensures the safety and efficacy of a
drug released to the public. Nutritional products
and supplements are exempt from this review
process, however (Vogel, 2011). Patients do not un-
derstand this concept and often assume the lack
of FDA regulation makes these products “safe.”
Unfortunately, ingredients in the products can be
variable and unspecified, and there can be a lack of
quality control—meaning there can be meaningful
differences in the amounts of the product between
different batches (Arslan et al., 2013). The AP
must ensure patients understand the importance
of disclosing any and all alternative/complemen-
tary therapies.

There are risk assessment tools to assist APs
to prevent, monitor for, and/or allow early iden-
tification of symptoms (Table 8). These tools may
prompt APs to prescribe an appropriate medica-
tion or prevent the prescription of an inappropri-
ate prescription. Other tools can aid APs in evalu-
ating a medication’s potential effect on a patient’s
functional and disease status. Cope (2013) noted
10 essential assessment elements to evaluate med-
ications in older adults (Table 9).

The AP risk assessment not only includes a
thorough medication review, but also the docu-
mentation of any side effects experienced by a
patient. Patients should be questioned about any
previous adverse events from any therapy. As-
sessment for substance abuse is also important,
as drug metabolism may be affected. For example,
smoking can induce drug-metabolizing enzymes

J Adv Pract Oncol m AdvancedPractitioner.com
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Table 8. Risk Assessment Tools for Prescribing Appropriate Medications

Tool Acronym

START Screening Tool to Alert Doctors to Right Treatment e

STOPP Screening Tool of Older Person’s Potentially
Inappropriate Prescriptions

ARMOR Assess, Review, Minimize, Optimize, Reassess

Comments

Organized by organ systems
e To prevent omission of appropriate medication

e For identification of inappropriate prescription
e Provides 65 criteria for potentially inappropriate
prescribing in older adults

e Systematic approach to evaluation medications

e Considers function and disease status

¢ Emphasizes quality of life and functional status
maintenance

QVote. Information from American Geriatrics Society (2012)

; Cope (2013); Haque (2009); Lam & Cheung (2012). Y,

of cytochrome P450, thus decreasing the efficacy
of some oncologic agents as well as other catego-
ries of drugs (O’Malley, King, Conte, Ellingrod,
& Ramnath, 2014; Sohn et al., 2015). Subcutane-
ous medications may have suboptimal absorption
due to smoking effects. The stimulatory effects
of smoking could lessen the effects of drugs such
as the benzodiazepines and opioids. If a patient
should suddenly quit smoking, the practitioner
must maintain alertness to the possibility of a drug
overdose due to increased drug exposure, such as
with methadone (Zevin & Benowitz, 1999).

Thorough patient education, including proper
dosing and scheduling instructions, is impera-
tive to decrease potential drug interactions. Writ-
ten information as well as verbal instructions are
needed. Reminder devices such as a smartphone
or an alarm clock could be helpful. Pill boxes may
be useful, but many oral oncologic agents should
not be placed in pill boxes, but left in the original
container protected from light and moisture (Drug
Information Service, University of Utah Hospitals
and Clinics, 2016). The prescribing information
may be consulted for details about medication
storage and handling.

Ideally, a drug-drug interaction is prevented.
Up to 30% of adverse drug events in the outpa-
tient setting are preventable (Gurwitz et al., 2003).
Any prescription is carefully evaluated. Limiting
the number of medications in older adults can
reduce the risk of drug-drug interaction. Six or
more medications increases the risk of an adverse
drug event times four (Pretorius, Gataric, Swed-
lund, and Miller, 2013). Each new medication pre-
scribed adds more than one adverse drug event a
year. Multiple prescribers also increase adverse

drug events; each additional prescriber increases
the risk of an adverse drug event by 30% (Preto-
rius et al., 2013).

Every prescriber should share records and
medication lists. Prescribers should avoid treating
every side effect with another medication, consid-
ering if the dose of the offending medication could
be decreased or changed to another medication
(Pretorius et al., 2013). When a new medication is
prescribed, a follow-up visit 2 to 4 weeks after ini-
tiating the medication is in order. In older adults,
the Beers criteria should be observed (American
Geriatrics Society, 2012).

The Beers criteria give a comprehensive list
of medications to be avoided or used with caution
in older adults. Drugs that are on this list include
benzodiazepines, diphenhydramine, ibuprofen,

~

Table 9. Essential Elements of Medication
Assessment in Older Adults

e Cognitive function

e Social support resources

e Review of the Beers criteria

e Assessment of nutritional status

e Review of potential drug interactions

e Assessment of activities of daily living

e Assessment of hepatic and renal function

e Financial resources and prescription coverage

e Evaluation of each medication’s indications, benefits,
and side effects

e Review of the patient’s complete medication list,
including prescription, over-the-counter medications,
herbs, and supplements

\Note. Information adapted from Cope (2013). Y,
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megestrol acetate, metoclopramide, prometha-
zine, sliding-scale insulin, and zolpidem among
others. Special attention should be given to those
with a history of an adverse drug event, those
who are nonadherent, those who have cognitive
impairment or psychiatric disease, those who
have substance abuse problems, and those who
live alone.

Before increasing a dose of a medication due
to seemingly suboptimal effect, APs must consider
whether nonadherence is an issue. Any unneces-
sary medications should be discontinued. Recom-
mended lab monitoring for certain medications
should be followed according to the FDA prescrib-
ing information. When prescribing a medication,
it is recommended to avoid starting more than one
medication at a time (Pretorius et al., 2013).

Although prescribers and patients must be
knowledgeable about potential drug adverse reac-
tions, the office staff must also be educated about
oral oncologic agents and drug-drug interactions.
Telephone triage personnel must be educated
about the signs of a potential drug interaction
and promptly intervene if one is suspected. The
medical oncology office staff should have an oral
medication adherence assessment protocol and
dedicated nursing staff for oral regimens (Moody
& Jackowski, 2010). Clinical decision support sys-
tems may improve prescribing quality as well by
alerting the prescriber to potential drug interac-
tions or dosages that might be incorrect. However,
APs should beware of “alert fatigue,” which can
occur when there is poor alert specificity (Seidling
et al., 2014; Weingart, Zhu, Young-Hong, Vermi-
lya, & Hassett, 2014).

The oncology AP should maintain a high in-
dex of suspicion for a drug-drug interaction. Some
common signs of an adverse drug event might in-
clude a fall; orthostatic hypotension; heart failure;
delirium or cognitive impairment; a change in
daily functioning; a hospital admission; or exag-
gerated common adverse events (Pretorius et al.,
2013). Notation should be made of the timing of
symptoms after a new medication starts or after a
dose change.

If a drug interaction is noted, the AP should
evaluate the clinical significance of the event. The
number of drugs involved should be noted. Op-
tions for management should then be reviewed

and may include removal of the offending agent,
removal of the affected agent, potential dose ad-
justments of medication, or prescription of an al-
ternative agent(s).

CASE STUDY

Patients with leukemia are at a heightened risk of
drug interactions due to the frequent use of medi-
cations that interact with cytochrome P450 en-
zymes, such as antifungal medications. Posacon-
azole, for example, is a broad-spectrum azole
antifungal and a strong inhibitor of the CYP3A4
isoenzyme. Multiple medications the patient in
our case study received were metabolized at least
partially by CYP3A4, including cyclophospha-
mide and tacrolimus. Posaconazole was not initi-
ated until day +5 after stem cell transplantation, to
reduce the risk of a potential drug interaction with
cyclophosphamide, which was administered on
days -3, -2, +3, and +4. Although posaconazole has
not been studied in combination with cyclophos-
phamide, itraconazole has been shown to increase
levels of the potentially more toxic metabolites
(Marr et al., 2004).

Tacrolimus is an immunosuppressant used
to decrease the risk of graft-versus-host disease
(GVHD), a common complication of stem cell
transplantation. Tacrolimus is metabolized pre-
dominately by CYP3A4; therefore, dosing require-
ments are significantly decreased (> 50%) when
it is used concomitantly with strong inhibitors of
CYP3A4 (El-Dahshan, Bakr, Donia, Badr, & Sobh,
2004). It is important to monitor levels meticu-
lously, as subtherapeutic levels may increase the
risk of GVHD, whereas supratherapeutic levels
may increase the risk of kidney dysfunction. Table
10 includes tacrolimus levels and doses through-
out the inpatient admission and in the clinic.

Tacrolimus levels initially were subtherapeutic.
Over time, however, the posaconazole decreased
tacrolimus metabolism through inhibition of CY-
P3A4. The full impact of changes in cytochrome
P450 enzyme activity and a clinical interaction
may not be immediately apparent, due to a delay in
hepatic enzyme inhibition caused by the posacon-
azole and a lag in the increase in tacrolimus drug
levels. This example highlights the pharmacovigi-
lance necessary and the role APs play in monitoring
patients for critical drug interactions.
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Table 10. Tacrolimus Adjustments due to Drug Interaction R
Day Tacrolimus dose Trough tacrolimus level (ng/mL)
+5 Started tacrolimus at 2 mg po bid -
+8 Increased to 2.5 mg po bid 3.8
+10 Continued 2.5 mg po bid 57
+13 Held 1 dose, decreased to 1.5 mg po bid 16.8
+16 Decreased to 1 mg po AM, 1.5 mg po at night 10.4
+19 Decreased to 1 mg po bid 1.2
+22 Continued 1 mg po bid 8.6
K/\/ote. po = by mouth; bid = twice daily. Y,
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