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Should you order genetic testing to identify
how patients metabolize antipsychotics?
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wo months ago, Mr. P, age 20, experienced

paranoid thoughts, anxiety, agitation, and
auditory hallucinations. During a brief hospi-
talization 1 month later, he received IM halo-
peridol, 2 mg, which he said “made his neck
stiff.” After he was discharged, Mr. P, who is
White, stopped taking his antipsychotics.
During a recent outpatient evaluation, the
clinician gives Mr. P a working diagnosis of
schizophrenia and prescribes risperidone, 2
mg/d, with plans to titrate to 4 mg/d in the
next 2 weeks. However, a week later, Mr. P
complains of extreme sedation and feeling
“knocked out” and does not want to contin-
ue taking the medication. Physical exam re-
veals slight cogwheel rigidity. His delusional
thought content is not improved. The treating
physician considers ordering a genetic test to
determine Mr. P’s cytochrome P450 (CYP) 2D6
metabolizer status.

Studies investigating relationships among
genetic variants thought to impact phar-
macokinetics and pharmacodynamics of
psychotropic medications have had mixed
results.! Metabolism of most antipsychot-
ics depends on the CYP450 enzyme sys-
tem, which is expressed predominantly in
the liver (Table 1). CYP2D6 is one of these
enzymes and may be responsible for me-
tabolizing approximately 20% to 50% of all
medications, including a number of antipsy-
chotics.? Genetic variations of CYP2D6 are
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common and the frequencies of these vari-
ants differ among racial groups.?

The half-life and other pharmacokinetic pa-
rameters of an antipsychotic metabolized by
CYP2D6 may differ based on whether some-
one is a poor metabolizer (PM), intermediate
metabolizer (IM), extensive metabolizer (EM),
or ultrarapid metabolizer (UM).* Regarding
CYP2D6 metabolism among Whites, 3% to
5% are UMs, 70% to 80% are EMs, 10% to 17%
are IMs, and 5% to 10% are PMs? By contrast,
the percentage of PMs and UMs in the Asian
population is low—about 1% for each phe-
notype; the IM phenotype is more common
(65% to 70% in the Chinese population).> The
percentage of PMs in African Americans is
roughly 2% to 6%

The clinical effect of altered metabolizer
status depends on the extent the metabolism
of a given agent is dependent on CYP2D6.
PM status results in an approximately 2- to
6-fold increase in elimination half-life and
overall exposure of aripiprazole, risperi-

Practice Points

« Genetic variants of CYP2D6 may result
in decreased or increased metabolism
of some drugs, including risperidone,
iloperidone, perphenazine, haloperidol,
and thioridazine.

- The effect of reduced CYP2D6 activity may
increase a patient’s risk for dose-related
adverse effects.

« Itis currently unknown if clinical
genotyping for CYP2D6 variants and using
this information to guide drug selection or
dosing improves patient outcomes.
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Cytochrome P450 (CYP) metabolism of commonly used antipsychotics*

Drug CYP1A2 CYP2C9 CYP2C19 CYP2D6 CYP3A4/5
Aripiprazole X X
Asenapine X X : X
Chlorpromazine : X ; X X
Clozapine X X X X X
Fluphenazine : X

Haloperidol X X X
lloperidone : X X
Olanzapine X X

Paliperidone ; Xt Xr
Perphenazine X X X X X
Quetiapine ; ; X X
Risperidone X X
Thioridazine ‘ X X

Ziprasidone X X

*Information obtained from the most recent prescribing information available from each drug’s manufacturer

TAccording to paliperidone’s prescribing information, in vitro studies identify that CYP2D6 and CYP3A4 may be involved in
paliperidone metabolism, but in vivo studies indicate that their role in eliminating paliperidone is minimal

done? and iloperidone® (Figure, page 34). On
the other end of the spectrum are UMs. Be-
cause of gene duplication, patients who fall
into this category have enhanced metabolic
activity. As a result, the therapeutic effect of
several medications may be decreased be-
cause of faster clearance from the body;, lead-
ing some physicians to label them as treat-
ment-resistant.

Because side effects of many antipsychot-
ics are dose-dependent, genotyping may be
valuable for patients taking agents that are
primarily metabolized by CYP2D6."° Clini-
cians now have access to laboratory resourc-
es and FDA-approved methods for assess-
ing CYP2D6 gene variants." It is debatable,
however, whether this testing—which is
expensive (2$400) and may not be covered
by health insurance—improves patient out-
comes. In Mr. P’s case, if he had been geno-
typed as a CYP2D6 PM before treatment, his
physicians might not have prescribed halo-
peridol and could have prevented a mild
dystonic reaction. Also, they could have low-
ered the initial risperidone dose or chosen an
antipsychotic such as ziprasidone, paliperi-
done, or quetiapine where the pharmacoki-
netic consequences of 2D6 poor metabolism
are not as severe. Theoretically, one may

argue that this could have reduced the risk
for antipsychotic-associated side effects that
now are a barrier to Mr. P’s desire to con-
tinue antipsychotics. On the other hand one
may also reasonably argue that there may
be other/additional reasons (genetic or non-
genetic) that make some patients more sensi-
tive to the side effects of antipsychotics and
that simply assessing CYP2D6 status is not
enough to guide drug selection and dosing.

Use in clinical practice
Proposed expert guidelines recommend
halving the normal target dose of risperi-
done and avoiding haloperidol and pheno-
thiazine antipsychotics in CYP2D6 PMs."
These guidelines are based on expert review
of the pharmacokinetic effects of CYP2D6
PM status as well as case reports and stud-
ies associating CYP2D6 with poor outcomes,
usually side effects. Although these studies
suggest that determining metabolizer sta-
tus may be clinically important, many other
studies—some very large—have not found
evidence for associations between drug me-
tabolizing enzyme variants and clinical out-
comes from antipsychotics.”

There are 2 clinical scenarios in which one

Genotype testing is
. expensive (25400)

. and may not be

. covered by insurance
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Effects of CYP2D6 poor metabolizer status on the half-life
of risperidone, aripiprazole, and iloperidone
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antipsychotic CYP2D6 testing before initiating antipsychotics: Benefits vs drawbacks

exposure
Benefits Drawbacks

Clinicians could avoid 2D6 substrate drugs with No empiric evidence shows that routine
high likelihood for ADEs or increased risk of 2D6- = genotyping produces better clinical outcomes (eg,
based interactions in PMs - fewer side effects and better treatment adherence)

May lower initial dose, slow titration, and lower Many clinicians titrate slowly or adjust titration
initial target dose to minimize risk of side effects = schedule and target doses based on initial
in PMs - tolerability as part of routine practice

The test would need to be done only once and Patients who need immediate drug therapy may
the information may be useful for other therapy | not be able to wait for test results
decisions

Testing may not be covered by a patient’s health
- insurance

ADEs: adverse drug events; PMs: poor metabolizers

may consider obtaining CYP2D6 genotype  iloperidone recommends halving the dose

information: of these drugs in the presence of CYP2D6
* before initiating treatment (Table 2) inhibitors, a condition that pharmacokineti-

e after trying 21 agent primarily de-  cally mimics PM status.
pendent on CYP2D6 with evidence of Knowing genotype information after >1
dose-related side effect (Table 3). drugs have been tried may not be as use-

Identifying PMs could influence drug  ful. Clinicians often base drug switches or
selection and dosing if this information is ~ dose titrations on a patient’s experience
available before antipsychotic exposure. = with present or past doses of the antipsy-
Studies have found evidence that CYP2D6  chotic. Examples include slowing titrations
PMs may be at greater risk of experiencing  or reducing a target dose when a patient,
adverse reactions to risperidone compared such as Mr. P, experiences side effects, or

—— with other metabolizer groups.* Also, pre-  selecting non-2D6 substrate agents after
34| September 2010 i scribing information for aripiprazole and  detecting a pattern of drug sensitivity.
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Genotype testing after a patient
experiences side effects

Benefits

Identifying a biologic reason for side effect
sensitivity may aid choice and dosing

of subsequent antipsychotics and other
medications

Drawbacks

In clinical practice, antipsychotic switching
because of tolerability (and response) often
is guided by outcomes experienced from
previously used agents. In general, patients
with a history of experiencing side effects
at lower doses of antipsychotics are likely
to be initiated at lower doses and titrated
more cautiously during subsequent therapy
choices regardless of whether side effects
were caused by metabolizer status or other
factor(s)

Better patient outcomes?

It is not known if obtaining genotype in-
formation will provide better outcomes
than a “trial and error” approach. Current-
ly, obtaining genotype information before
antipsychotic treatment is not standard
clinical practice. Because this testing is ex-
pensive and requires prior approval from
third party payers or out-of-pocket finan-
cial resources, testing is not recommended
for all patients at this time.

However, a growing body of evidence
suggests that knowing metabolizer sta-
tus could be useful in drug selection or
dosing for antipsychotics. This scientific
knowledge continues to accumulate, and
CYP2D6 genotyping may some day be
integrated into routine clinical care. Cur-
rently, for patients and physicians with the
resources to obtain and the ability to ap-
propriately interpret the test results, this
information may prove useful on an in-
dividual basis. However, additional stud-
ies are needed to support better outcomes
from dosing and drug selection based on
CYP2D6 genotype information.
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Related Resources

- Evaluation of Genomic Applications in Practice and
Prevention (EGAPP). www.egappreviews.org.

« Pharmacogenomics Knowledge Base. www.pharmgkb.org.

« Indiana University School of Medicine. P450 drug interaction
table. http://medicine.iupui.edu/clinpharm/ddis/table.asp.

Drug Brand Names

Aripiprazole - Abilify
Asenapine - Saphris
Chlorpromazine - Thorazine
Clozapine - Clozaril
Fluphenazine - Prolixin
Haloperidol - Haldol
lloperidone « Fanapt

Olanzapine - Zyprexa
Paliperidone - Invega
Perphenazine - Trilafon
Quetiapine - Seroquel
Risperidone - Risperdal
Thioridazine - Mellaril
Ziprasidone - Geodon
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