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Abstract

reviewed.

Treatment of depression often requires long-term management with medication. Practitioners should be
aware of potentially significant drug interactions with the use of antidepressants in order to effectively
prevent or manage adverse events while optimizing patient response to treatment. Most antidepressants are
metabolized by the liver, primarily via the CYP450 system. Pharmacokinetic profiles of the most recently
approved antidepressants are reviewed in addition to evidence supporting potentially significant interactions.
In addition, pharmacokinetic interactions between multiple antidepressants and other drug classes, including
opiates, antineoplastics, antiepileptics, and antipsychotics, are discussed. This article provides recommenda-
tions for the monitoring and management of drug interactions. In addition, limitations of the evidence are
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Introduction

Major depression remains a prevalent disorder that has a
significant impact on the mental health of our American
population. According to results from the 2012 National
Survey on Drug Use and Health, 9.1% of youth (ages 12-17
years) had a major depressive episode in the past year,
which is an increase in prevalence compared with 2006-11
survey results (7.9%-8.3% of youth with a major
depressive episode in past year).* In the adult population,
6.9% had a major depressive episode in 2012, which is
similar to survey results from the last 10 years.
Approximately 20% of youth and 68% of these adults
with depression sought treatment in 2012.* In order to
effectively manage depressive episodes, medications are
often necessary as part of the treatment plan. Subse-
quently, practitioners should be aware of potential drug
interactions when using antidepressants and how to
effectively monitor for and manage these interactions.

cpnp

Drug interactions are described as either pharmacody-
namic or pharmacokinetic. Pharmacodynamic drug inter-
actions occur when medications act at similar receptors,
resulting in additive, synergistic, or antagonistic effects.
Pharmacokinetic drug interactions describe how one
medication can affect the absorption, distribution, me-
tabolism, or excretion of another medication.> Antide-
pressants are primarily metabolized via the hepatic
CYP450 system, making this class of medications a likely
target for pharmacokinetic drug interactions when used
with strong CYP450 inducers or inhibitors. This article
focuses on pharmacokinetic drug interactions involving
antidepressants and the CYP45o system. A list of
antidepressants and their interactions can be found in
the Table. Recent study results are reviewed and assessed
for potential clinical significance. In addition, strategies for
monitoring and management of potentially significant
interactions are discussed.

Examples of antidepressants that have more potential
for significant pharmacokinetic interactions include
moderate to strong inhibitors of metabolism via the
CYP450 system and include fluoxetine and its metabolite
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TABLE: Antidepressant CYP450 drug interactions and management

Major CYP450

Antidepressant Metabolism Drug Interactions Management of Antidepressant
Levomilnacipran (Fetzima®) 3A4 Inhibitors Reduce dosage to max 8o mg daily and/or
e Ketoconazole monitor for side effects
Inducers Monitor patient response
* Carbamazepine®
Vortioxetine (Brintellix®) 2D6 Inhibitors Reduce dosage by half and/or monitor for
e Ketoconazole side effects (gastrointestinal, dizziness)
* Fluconazole
® Bupropion
Inducers Monitor patient response
* Rifampin
* Carbamazepine®
* Phenytoin®
* Barbiturates®
Vilazodone (Viibryd®) 3A4 Inhibitors Reduce dosage to max 20 mg daily and/or
e Ketoconazole monitor for side effects
* Erythromycin®
Inducers Increase dosage to max 8o mg daily and/or
o Carbamazepine® monitor response
Venlafaxine (Effexor®) 2D6 Inhibitors Decrease dosage of venlafaxine and/or
* Bupropion monitor for side effects
Duloxetine (Cymbalta®) 2D6 and 3A4 Inhibitors Monitor for side effects; avoid long-term
* Bupropion® use of paroxetine or fluvoxamine with
) duloxetine
* Paroxetine
* Fluvoxamine
Mirtazapine (Remeron®) 2B6 Inhibitors Monitor for side effects; may need to

Bupropion (Wellbutrin®)

* Fluvoxamine
Inducers

e Carbamazepine®

* Phenytoin®
Inducers

* Carbamazepine

* Phenytoin®

* Rifampin®

* Phenobarbital®

decrease mirtazapine dose

May need to increase dose; monitor for
patient response

Monitor patient response

*No supporting evidence for interaction from in vivo studies.

norfluoxetine (strong inhibitors of CYP2D6, moderate
inhibitors of CYP3A4 and CYP2(g), paroxetine (very
strong CYP2D6 inhibitor), sertraline (dose-dependent
inhibition of CYP2D6 at dosages of at least 150 mg
daily), duloxetine (moderate CYP2D6 inhibitor), bupropi-
on (moderate CYP2D6 inhibitor), and fluvoxamine
(strong CYP1A2 and CYP2Czg9 inhibitor).3> There are
recent studies involving pharmacokinetic drug interac-
tions between two antidepressants and between antide-
pressants and other drug classes, including opiates,
anticonvulsants, antineoplastics, and antipsychotics.

Pharmacokinetics of the Newest
Antidepressants and Significant Drug
Interactions

In recent years, 3 antidepressants have entered the US
drug market. Vilazodone was approved by the Food and
Drug Administration in January 2011 as the first selective-
serotonin reuptake inhibitor (SSRI) with serotonin (5HT)-
1A partial agonist activity.® Levomilnacipran was approved
in July 2013 as a selective-norepinephrine reuptake
inhibitor with potent norepinephrine reuptake inhibition.”
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Vortioxetine was approved in September 2013 with
activity at several serotonin receptors, some of which
are not yet understood.® In vivo drug interaction studies
for these new antidepressants are minimal.

Vilazodone is primarily metabolized by CYP3A4, with
minor metabolism through CYP2Ci9 and CYP2D6.°*°
There is evidence that ketoconazole increases vilazodone
concentrations by up to 50%. Subsequently, the daily
dosage of vilazodone may need to be reduced when used
concurrently with strong CYP3A4 inhibitors like ketocona-
zole. The manufacturer specifically recommends a vilazo-
done dosage of 20 mg daily or less.® Although there is no
supporting evidence, the manufacturer also recommends
using a lower dosage of vilazodone, specifically 20 mg
daily, if the patient is taking a moderate CYP3A4 inhibitor,
such as erythromycin, and experiencing intolerable side
effects from vilazodone.® However, a short course of
erythromycin or ketoconazole would likely not require a
dosage reduction of vilazodone. A recent study using
steady-state carbamazepine with vilazodone 40 mg daily
resulted in a decrease in vilazodone exposure by up to
45%.7° If a CYP3A4 inducer is used for more than 14 days
with vilazodone, it is recommended to increase the
vilazodone dose by up to 2-fold, with a maximum dosage
of 80 mg daily.> However, the decision to increase the
dosage of vilazodone should be patient specific and
depends on whether or not the patient’s depressive
symptoms are being managed at the current dosage.
Currently, there are no data to support significant
pharmacokinetic interactions involving CYP2Ci9 or
CYP2D6, theoretically because these enzymes are minor
pathways of vilazodone’s metabolism. Vilazodone does
not significantly induce or inhibit any CYP enzymes.®*°

Levomilnacipran is primarily metabolized via the CYP3A4
isoenzyme. In vitro studies have observed interactions
with strong CYP3A4 inhibitors, such as ketoconazole,
clarithromycin, and ritonavir. A recent in vivo study
showed a significant increase in levomilnacipran concen-
trations when coadministered with ketoconazole.™ How-
ever, the study did not show a significant decrease in
levomilnacipran concentrations when coadministered with
the strong CYP3A4 inducer carbamazepine.™ Although
evidence is limited, the manufacturer advises the use of a
lower dosage of levomilnacipran with strong CYP3A4
inhibitors, specifically 8o mg daily or less.*® In most cases,
a dosage decrease would not be warranted if the CYP3A4
inhibitor is used short term. Symptoms of levomilnacipran
toxicity, including tachycardia and hypertension, should
be monitored.*** Although there is no supporting
evidence, use of levomilnacipran with strong CYP3A4
inducers requires closer monitoring for adequate man-
agement of depressive symptoms at the current dosage.
Levomilnacipran is not known to significantly induce or
inhibit any CYP enzymes.****

Vortioxetine is primarily metabolized via CYP2D6 to an
inactive metabolite. Several other CYP enzymes are
minimally involved in vortioxetine’s metabolism, including
CYP3A4/5, CYP2C9, CYP2C19, CYP2A6, CYP2(8, and
CYP2B6.* A recent study evaluated potential drug
interactions with vortioxetine and fluconazole, ketocona-
zole, rifampin, bupropion, omeprazole, and ethinyl
estradiol/levonorgestrel.** Vortioxetine concentrations
did not change with use of ethinyl estradiol/levonorgestrel
(CYP3A substrates). In addition, omeprazole (CYP2Cig
substrate and inhibitor) did not change concentrations of
vortioxetine.™ Fluconazole and ketoconazole increased
vortioxetine’s maximum concentration (Cmax) and area
under the curve (AUC) but did not lead to any significant
side effects.™ However, use of bupropion (strong CYP2D6
inhibitor) with vortioxetine significantly increased vortiox-
etine concentrations.* The use of bupropion with
vortioxetine resulted in an increase in vortioxetine’s AUC
and Cmax by more than double that of vortioxetine alone.
This increase in vortioxetine concentrations increased the
incidence of side effects, including nausea, vomiting,
insomnia, and dizziness. A total of g of the 60 patients
studied on bupropion and vortioxetine terminated the
study early because of adverse events.** This interaction
supports the theory that CYP2D6 is the major pathway of
vortioxetine metabolism. The manufacturer of vortioxe-
tine recommends a dose decrease by half with use of
bupropion. Study results show that rifampin decreases
vortioxetine’s Cmax by 51% and AUC by 75%.** The
clinical effects of this decrease in vortioxetine concentra-
tion are not fully understood. A dosage increase may be
warranted if vortioxetine is given with CYP450 inducers,
like carbamazepine, phenytoin, rifampin, and barbitu-
rates.* Theoretically, the use of a CYP3A4 inducer would
not decrease vortioxetine concentrations as significantly
as rifampin, which inhibits multiple CYP enzymes.
Vortioxetine is not known to significantly induce or inhibit
any CYP enzymes.3™

Pharmacokinetic Drug Interactions
Within the Class of Antidepressants

Bupropion has evidence for potentially significant drug
interactions with other antidepressants. Venlafaxine and
bupropion are used together as a multimodal approach for
treatment-resistant depression. Venlafaxine is extensively
metabolized via CYP2D6. Inhibition of CYP2D6 by
bupropion may increase the risk for side effects.3>*¢ A
recent case series shows a significant increase in
venlafaxine concentrations with use of bupropion.*® This
interaction may be used to increase concentrations of
venlafaxine in extensive CYP2D6 metabolizers. However,
this combination may increase anxiety and risk of
serotonin syndrome in poor CYP2D6 metabolizers.*® As
mentioned previously, bupropion also inhibits vortioxe-
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tine’s metabolism.™ The use of bupropion with dulox-
etine, which is primarily metabolized by CYP2D6 and
CYP1A2, may increase duloxetine levels.3™ However, there
is no evidence to support a significant interaction between
these antidepressants.

There is evidence supporting a significant interaction
between duloxetine and paroxetine, which increases the
AUC of duloxetine by 60%, and duloxetine and fluvox-
amine, which increases the AUC of duloxetine by 460%.3
However, SSRIs are not usually taken in combination with
selective-norepinephrine reuptake inhibitors unless the
patient is cross-titrating between these two classes of
antidepressants.

Mirtazapine is primarily metabolized by CYP2D6 and
CYP3A4, and to a lesser extent, CYP1A2. It does not
significantly inhibit any CYP isoenzymes.3™ There is no
strong evidence supporting any significant drug interac-
tions with mirtazapine. Limited evidence shows a minimal
increase in the AUC of mirtazapine when used with
paroxetine.3™ A small trial studying the interaction
between fluvoxamine and mirtazapine resulted in a 3-4
fold increase in plasma concentrations of mirtazapine.3>
The use of carbamazepine and phenytoin with mirtaza-
pine may decrease mirtazapine concentrations significant-
ly.**® Use of a strong CYP2D6 and CYP3A4 inducer with
mirtazapine warrants close monitoring of the patient’s
response to mirtazapine. A dose increase of mirtazapine
may be necessary. There is limited information available
for clinically significant pharmacokinetic interactions
between other second-generation antidepressants.

Pharmacokinetic Drug Interactions
Between Antidepressants and Opiates

It is estimated that at least 65% of patients with
depression have pain complaints. Contrarily, patients with
multiple pain complaints are three to five times more
likely to be depressed than patients without pain.* It is
fairly common for patients to take both opiates and
antidepressants, which carries a risk for significant
pharmacokinetic interactions. This article will focus on
recent studies evaluating drug interactions between
antidepressants and oral opiates.

Oxycodone is metabolized in the liver via CYP2D6 to the
active metabolite oxymorphone (10%), and via CYP3A4 to
the inactive metabolite noroxycodone (80%).2°** Theo-
retically, strong CYP2D6 inhibitors, like paroxetine,
decrease the metabolism of oxycodone to its active
metabolite oxymorphone. A few recent studies have
examined the potential for a pharmacokinetic drug
interaction between paroxetine, a strong CYP2D6 inhib-
itor, and oxycodone. These studies have not shown a

significant change in the kinetics of oxycodone or its
pharmacologic effects.?°** However, use of the strong
3A4 inhibitor itraconazole, along with the strong CYP2D6
inhibitor paroxetine, did inhibit the metabolism of
oxycodone to its inactive metabolite noroxycodone and
increased oxycodone concentrations by 2- to 3-fold.?°**
However, the increase in oxycodone concentrations did
not reflect a change in degree of pain control. The use of
ketoconazole with oxycodone also has evidence support-
ing a significant increase in oxycodone concentrations,
specifically an increase in Cmax by 77% and AUC by
146%.2°* This increase in oxycodone levels did increase
side effects, including nausea, itching, and drowsiness.
More studies are needed to validate the results of these
studies, including the use of other CYP2D6 inhibitors, like
bupropion and fluoxetine. However, practitioners should
consider avoiding the use of oxycodone with strong
CYP3A4 inhibitors, especially in combination with a strong
CYP2D6 inhibitor like paroxetine, particularly in patients
that are more prone to side effects from opiates.

Hydrocodone is metabolized to its active form, hydro-
morphone, via CYP2D6. Prior to its metabolism, hydroco-
done has limited affinity for opiate receptors. Its active
metabolite, hydromorphone, is responsible for most of
the analgesic effects.®**3 In theory, CYP2D6 inhibitors
may decrease the efficacy of hydrocodone. However,
studies examining the interaction between quinidine, a
strong CYP2D6 inhibitor, and hydrocodone have mixed
results.®**3 Studies examining this interaction with
antidepressants that are strong CYP2D6 inhibitors are
lacking. Until there is more evidence supporting this
possible interaction, patients who use a strong CYP2D6
inhibitor along with hydrocodone should be monitored for
adequate pain control.

Tramadol also depends on its CYP2D6 metabolism into
two different active isomers for its analgesic efficacy.
Tramadol is also metabolized by CYP3A4 into an inactive
metabolite. There are a few recent studies showing
reduced analgesic efficacy with use of tramadol and
paroxetine.?**> One of these studies resulted in a
decrease in metabolism of tramadol into its active
metabolites, which became more significant as the dose
of paroxetine increased.** Another study resulted in a 67%
decrease in concentration of an active metabolite of
tramadol. The decreased concentration of tramadol did
reduce analgesic efficacy.® A recent study examined
whether itraconazole (a strong CYP3A4 inhibitor) in-
creased tramadol concentrations. Results did not show a
significant increase in AUC or Cmax for tramadol when
used with itraconazole.?® It is recommended that pain
control be monitored if a patient is using a strong CYP2D6
inhibitor along with tramadol, especially in poor 2D6
metabolizers. This interaction may necessitate a change in
medication. According to the evidence available, use of a

Ment Health Clin [Internet]. 2016;6(1):35-41. DOI: 10.9740/mhc.2016.01.035 38



strong CYP3A4 inhibitor does not warrant any additional
monitoring or dosage changes.

Codeine is metabolized by CYP2D6 into its active
metabolite morphine.***3 Theoretically, strong CYP2D6
inhibitors would decrease concentrations of the active
metabolite and render codeine fairly ineffective. However,
there is no recent evidence to support this theory. It would
be prudent to monitor for adequate pain control when
using codeine with a strong CYP2D6 inhibitor.

Methadone has a complex pharmacokinetic profile and
thus has potential for several drug interactions. It is
metabolized via CYP3A4 and CYP2B6, with some metab-
olism via CYP2D6, CYP2Cg, and CYP2C19.7****” Use with
CYP2D6 inhibitors has resulted in increased methadone
levels, which may result in toxicity.”” Methadone levels
may also increase with inhibition of CYP3A4. However, a
recent study showed that indinavir (a strong CYP3A4
inhibitor) had no effect on methadone levels.?® Reports of
death from methadone toxicity have been described with
use of fluoxetine.**** Paroxetine is a potent CYP2B6
inhibitor (in addition to having potent CYP2D6 inhibition),
so this medication is not recommended for use with
methadone.**** The evidence suggests that use of a
strong CYP3A4 or CYP2D6 inhibitor with methadone
should be avoided in order to prevent methadone toxicity.

Drug Interactions Between
Antidepressants and Anticonvulsants

Anticonvulsants are used for mood stability, anxiety,
neuropathic pain, and seizure control. The use of
anticonvulsants with antidepressants has the potential
for pharmacokinetic interactions. Anticonvulsants that are
strong CYP inducers include carbamazepine, phenobarbi-
tal, phenytoin, and primidone. Use of carbamazepine with
SSRIs, mirtazapine, and bupropion has been shown to
decrease concentrations of these antidepressants by at
least 25%, which may lead to decreased efficacy.”*%29
There is a lack of data on the effects of these
anticonvulsants with the newest antidepressants. Vilazo-
done may be affected by CYP3A4 inducers like carbamaz-
epine. 72829

Antidepressant Interactions Between
Antidepressants and Antineoplastics

Patients with cancer are at increased risk of adverse
events from drug interactions due to the use of multiple
medications, some of which have a narrow therapeutic
index. It is estimated that approximately 20% to 30% of
adverse drug reactions in cancer patients are due to drug
interactions.® Such interactions are in part from the use
of antineoplastics with antidepressants, resulting in

decreased efficacy of the patient’s anticancer regimen or
an increased risk of toxicity.3® One of these significant
interactions involves the use of tamoxifen with SSRIs.
Tamoxifen is metabolized into its active form via
CYP2D6.3%3* |ts metabolites are 100-fold more potent
for the estrogen receptor than the parent compound.
Studies have shown a significant decrease in active
metabolites with the use of paroxetine and fluoxetine.
Weak inhibitors of CYP2D6, like sertraline and venlafaxine,
do not significantly decrease concentrations of tamoxi-
fen’s active metabolites.3® The risk of breast cancer
recurrence is somewhat controversial because of mixed
results from observational and case-control studies.3*33
However, a recent large, population-based cohort study
did show that the use of paroxetine with tamoxifen
increased risk of death from breast cancer and all-cause
mortality. A longer duration of tamoxifen and paroxetine
use increased the risk of breast cancer mortality. The
study also showed no significant increase in risk of
mortality from other SSRIs.3*33 It is recommended that
patients on tamoxifen not take paroxetine or fluoxetine. It
would also be advisable to avoid bupropion and dulox-
etine because of moderate CYP2D6 inhibition.3*33

Hypericum extracts (St John’s Wort), a popular over-the-
counter supplement with antidepressant properties, also
carry risk for a pharmacokinetic interaction with antineo-
plastics by induction of CYP3A4, especially at hypericum
dosages of at least goo mg daily. Studies have shown the
use of hypericum with imatinib increases imatinib
clearance by 43% and decreases its half-life from 13 hours
to 9 hours.3%34 This decrease in concentrations may have
an impact on patient response to imatinib, but patient
outcomes have not been studied. However, phenytoin, a
CYP3A4 inducer, has been shown to reduce patient
response to imatinib. A similar interaction can be seen
with the concurrent use of hypericum and irinotecan or
taxanes. There is evidence that patients have significantly
less myelosuppression when hypericum is used with
irinotecan. It is not advisable to use hypericum with these
antineoplastics.33*

Antidepressant Interactions Between
Antidepressants and Antipsychotics

Antipsychotics can be used with antidepressants for
treatment-resistant depression in addition to other
indications. All second-generation antipsychotics, exclud-
ing paliperidone, are metabolized via the CYP system.
Fluoxetine and paroxetine have been shown to signifi-
cantly increase plasma concentrations of clozapine,
risperidone, aripiprazole, and iloperidone by up to 70%
from strong inhibition of CYP2D6. Sertraline dosages of
150 mg daily or more produce similar effects.3> Fluvox-
amine has also been shown to increase plasma concen-
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trations of clozapine by up to 10-fold, primarily because of
inhibition of CYP1A2.3> The impact of these interactions
on the patient is not fully understood. At this time,
management may include dosage reduction of the
antipsychotic and/or monitoring for adverse events. In
some cases, this interaction may prove beneficial for the
patient in management of his or her depression, especially
if he or she rapidly metabolizes the antipsychotic. There
are no known pharmacokinetic interactions between
vortioxetine, vilazodone, levomilnacipran, and antipsy-
chotics. Antipsychotics do not significantly induce or
inhibit CYP enzymes.

Conclusion

Recent evidence does provide some insight into poten-
tially significant drug interactions with antidepressants. It
is important to understand the implications of these
interactions to reduce the risk of adverse events and to
optimize pharmacologic response. On the other hand, it is
essential to recognize the limitations of studies when
relating evidence to clinical practice. Several studies use
prototypes for CYP induction and inhibition. This forces
practitioners to extrapolate data to medications with
similar pharmacokinetic profiles to help identify potential
drug interactions. Furthermore, drug interactions vary for
each patient because of individual genetic variability.
Practitioners should be aware of potential drug interac-
tions and use their clinical judgment to determine
whether close monitoring is sufficient or if a medication
change or dosage adjustment is necessary.
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