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Introduction

Implementing Pharmacogenetic Tests in Clinical Practice

Dr. Kane: What do practicing psy-
chiatrists need to know about using
genetic tests?

Dr. Malhotra: Practicing psychia-
trists need more education regarding
both the benefits and potential pitfalls
of genetic testing.

Dr. Perlis: Individuals practicing
psychiatry are not accustomed to hav-
ing useful tests available, except for
tests that measure drug levels or
screen for potential adverse effects.
Psychiatrists must learn that the use-
fulness of genetic tests depends on
some simple concepts and can be
evaluated just like any other diagnos-
tic tool.

Dr. Malhotra: Genetic tests, how-
ever, do vary from other types of tests
in that the results are somewhat am-
biguous. For instance, clinicians can
easily determine if a patient’s choles-
terol is within the normal range. In
contrast, the results of genetic tests
cannot be interpreted as normal or ab-
normal. Rather, these tests reveal how
a risk-benefit ratio might shift one way
or the other.

Dr. Kane: In other words, the
power of these tests to predict a par-
ticular outcome has yet to be estab-
lished, which may be challenging for

clinicians attempting to use the tests to
inform treatment decisions or recom-
mendations.

Dr. Perlis: Furthermore, we do not
want to overstate what these tests are
measuring. Clinicians will need to be
educated about when these genetic
tests will actually be useful. Pharmaco-
genetic tests are primarily useful for
estimating risk and may not yet be fully
validated or well calibrated, so clini-
cians must think about when these tests
are going to be useful and how the tests
might change their way of thinking. It
is crucial to realize that these tests typi-
cally will not yield “yes/no” answers
but rather estimates of potential risk or
benefit.

Dr. Kane: Also, the utility of ge-
netic tests may be influenced by what
is at stake. A clinician might settle for
less sensitivity and specificity if the
test is used to predict a serious adverse
effect rather than to predict an out-
come of less concern.

Dr. Perlis: One way to consider the
importance and usefulness of genetic
tests is similar to the concept of num-
ber needed to treat, which is used in
drug testing studies to determine how
many patients need to be treated with
the drug to avoid a single incidence

Dr. Kane: Schizophrenia is a het-
erogeneous disorder in terms of
course and treatment response. The
field of pharmacogenetics, which
seeks to reveal how genetic factors
affect patients’ response to drugs,
holds promise to help clinicians de-

velop a better understanding of anti-
psychotic therapy,1 such as which pa-
tients might respond better or worse
to specific agents or treatment in
general or which patients might be at
particular risk for serious adverse
effects.
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of a certain outcome or side effect.
Pharmacogenetic testing can be viewed
in a similar way, where number needed
to test is the number of people who
need to be tested to achieve a particu-
lar end, such as preventing a danger-
ous adverse effect or achieving an
additional remission. The testing
may have wide variations in predictive
properties, so having an idea of the
range of accuracy will make the data
more meaningful when used in routine
clinical practice.

Dr. Malhotra: The number needed
to test will differ in terms of testing for
adverse events versus testing for effi-
cacy. For instance, an important rea-
son for pharmacogenetic testing might
be so that a clinician could accurately
and reliably predict an adverse event

Costs of Pharmacogenetic Testing

Dr. Perlis: My colleagues and
I3 previously attempted to do a cost-
effectiveness analysis of clozapine
pharmacogenetic testing. Admittedly,
we used a rather primitive model, but
we found that it was much more cost-
effective to put everyone on clozapine
treatment regardless of the test results.

Dr. Malhotra: But in that study,3

the outcome being measured was effi-
cacy. A great deal of the decision to use
genetic testing will depend on what the
dependent measure is and what its im-
pact would be on the ultimate outcome.

Dr. Perlis: One would assume that
if a patient is being treated with cloza-
pine and is known to be at a low risk
for agranulocytosis, monitoring white
blood cell counts would still be neces-
sary. Although costs would definitely
improve, clinicians are likely to still
need to monitor laboratory results regu-
larly unless an incredibly sensitive test
or a test with exceptional negative pre-
dictive value was available. Neverthe-
less, clozapine may be cost-effective
simply because patients need a highly
effective treatment to avoid expensive
negative outcomes. The money saved
when patients are not monitored may
still not make the genetic testing cost-
effective.

Dr. Malhotra: I agree, but the ac-
tual cost of the test will also influence
its cost-effectiveness.

Dr. Kane: Who should pay for phar-
macogenetic tests and under what cir-
cumstances? Also will what clinicians
think is appropriate be in agreement
with what the payers think is justified?

Dr. Malhotra: Studies are needed
showing that these tests have an effect
on cost or other concrete outcome mea-
sures. If evidence demonstrates posi-
tive benefits from using the tests versus
not using them, payers could see the
justification in paying for the tests.

Dr. Kane: The timeframe between
the genetic testing and the putative out-
come may present a challenge. At
present, most people in the United
States change health plans frequently.
Insurance companies may not be as in-
terested in funding a genetic test that
indicates a side effect may develop in

such as clozapine-induced agranulo-
cytosis. Efficacy prediction, on the
other hand, may be a much more diffi-
cult goal because predicting a 10% or a
20% better chance of response to
a particular drug is much more am-
biguous than predicting either the pres-
ence or absence of agranulocytosis.

Dr. Kane: Do you see a risk that
these tests might be overused before
their predictive power is fully
established?

Dr. Perlis: That is a concern. As
soon as a test that provides informa-
tion on outcomes becomes available,
clinicians will want to use it. Because
we have so few useful diagnostic tools
in psychiatry, we might feel pressure
to use these tests before we fully un-
derstand how well they work.

Dr. Kane: The cost-effectiveness
of pharmacogenetic testing is debat-
able. If these tests could identify a
more effective treatment that would
result in significant reduction of costs,
such as reduced service utilization or
hospitalization, the test would clearly
be cost-effective. However, if such
clear cost reductions do not exist, the
utility of these tests will need to be
validated on a number of different
levels.

Dr. Malhotra: I agree. Data are
needed showing that the commercially
available pharmacogenetic tests are
cost-effective. We do not yet have pro-
spective evidence showing that the
pharmacogenetic tests currently avail-
able have an influence on distinct out-
come measures such as treatment
costs, relapse rates, and hospitaliza-
tion rates over a period of time.

Dr. Perlis: Studies assessing these
types of cost measures are just starting
to be conducted outside of psychiatry.
For instance, a clinical trial2 employ-
ing genotyping examined warfarin
metabolism and found that patients
with a certain genetic variation needed
32% to 67% lower doses of warfarin
than those in the control group. By

tailoring the dose to the patient, the
hope is a test like this can avoid many
of the negative consequences of warfa-
rin use, including the potential for
bleeding complications.

Dr. Kane: In terms of cost-
effectiveness, knowing how common a
particular risk factor is in the popula-
tion would inform the number needed
to test.

Dr. Perlis: That is correct. A useful
analogy is testing for human immuno-
deficiency virus (HIV). Testing every-
one in the general population for HIV
would not be cost-effective, and the
risk of false-positives would be par-
ticularly high. On the other hand, test-
ing at-risk populations has been more
practical because the number needed to
test is fairly low. Similarly, we might
be more interested in testing for agranu-
locytosis in certain high-risk groups.

Dr. Kane: For example, people with
neutropenia.

Dr. Malhotra: I would argue,
though, that all people being consid-
ered for treatment with clozapine
should be tested for risk of agranulo-
cytosis, because the number of people
considered for clozapine therapy is al-
ready limited.
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2 years as they would be if the test
reveals a risk for a side effect that may
develop in a couple of weeks.

Dr. Malhotra: The risk for long-
term side effects may not be an issue in
patients with schizophrenia, with the
exception of tardive dyskinesia, be-
cause most side effects experienced
tend to be acute. For instance, agranu-
locytosis occurs relatively early in
treatment. Weight gain may also occur
early in treatment, although it may not
have a direct effect on costs until
related adverse events begin to occur.

Dr. Perlis: Although the ability to
predict agranulocytosis would unques-
tionably be useful, the ability to pre-
dict weight gain may not be as valu-
able. Why would testing for the
potential of weight gain be more useful
than trying a medication for 1 or 2
weeks to see if weight gain occurs? Is
it that useful or cost-effective to save
2 or 3 weeks to determine if a patient is
gaining weight?

Dr. Malhotra: Two weeks may not
be long enough to observe weight gain;
it may take up to 8 weeks. Addition-
ally, if a patient responds well to a
drug, the patient may be committed to
long-term treatment with the drug de-
spite the weight gain and, therefore, be
reluctant to switch. If a test were able
to reveal that the patient is at risk to
gain weight, and if an alternative drug
were available that did not have the
potential for causing weight gain, the
clinician could start the patient on
treatment with the alternative drug and
avoid the need to switch.

Dr. Perlis: Why not give the pa-
tient the weight-neutral agent from the
start?

Dr. Malhotra: Because the drug
associated with weight gain may be
more efficacious.

Dr. Perlis: I think this discussion
reinforces the fact that the usefulness
of pharmacogenetic tests is going to be
highly dependent on both the specifics
of the drugs and the specifics of the
tests. One drug may be a better fit for
some patients, while a different drug
may be better for others. A similar situ-
ation exists for antidepressants. For

example, individuals who are poor
metabolizers of the cytochrome P450
2D6 enzyme (CYP2D6) have been
found to poorly tolerate some antide-
pressants, namely tricyclics and venla-
faxine.4 Some have argued that be-
cause most antidepressants have
roughly equivalent efficacy, clinicians
should prescribe everyone an antide-
pressant that is not dependent upon
CYP2D6 rather than attempting to in-
dividualize treatment for variant geno-
types.4 This is a reasonable strategy if
all the drugs have equivalent efficacy,
but this is not necessarily the case in
schizophrenia.

Dr. Kane: A certain degree of trial
and error is clearly involved when pre-
scribing antipsychotics. Few patients
remain on treatment with their original
medication, and many patients switch
treatment, which indicates that initial
treatment selections are frequently in-
effective. Clearly, a tool that informs
the early decision-making process
would be extremely helpful and prob-
ably cost-effective. Identification of
patients who are likely to respond to a
particular drug rather than having to
wait 2 weeks to determine response,
could have great implications for the
patients’ treatment satisfaction, adher-
ence, and service utilization.

 Dr. Perlis: Another limitation of
current genetic tests is that although
these tests may be able to reveal which
patients with certain genetic variations
will show less response to a particular
drug, the tests do not indicate to which
drugs these patients are likely to re-
spond. In other words, a test that says
“do not use clozapine” is less useful
than one that says “use risperidone.”

Dr. Malhotra: Unfortunately, most
of the pharmacogenetic studies to date

have not been able to clearly differen-
tiate within drug classes. For instance,
a meta-analysis by Serretti and col-
leagues5 found that an individual’s
genotype was associated with better or
worse response to all selective seroto-
nin reuptake inhibitors (SSRIs)(Tables
1 and 2). This has also been the case
with antipsychotics. Dr. Kane and I
were involved in a study6 that found
that dopamine D2 receptor gene poly-
morphisms predicted time to response
to olanzapine or risperidone in patients
with first-episode schizophrenia, but
we did not determine which group of
patients should be treated with olanza-
pine as opposed to risperidone or vice
versa.

Dr. Perlis: Clearly, just detecting
an association is a crucial first step, but
just as clearly, this will rarely be
enough to take to the clinic. We will
need to know something about speci-
ficity of effect. Otherwise, we are not
actually going to be able to influence
treatment outcomes.

Dr. Malhotra: Exactly. However,
this will not be an easy task in schizo-
phrenia or depression because many of

Table 1. Cross-Tabulation of Responder–Nonresponder Subjects According to
Genotypes (χ2 = 9.87, df = 2, p = .007)a

SERTPR Genotype Nonresponder, N = 163 (%) Responder, N = 385 (%)

L/L 39 (21.4) 143 (78.6)
L/S 83 (32.7) 171 (67.3)
S/S 41 (36.6) 71 (63.4)
aAdapted with permission from Serretti et al.5

Abbreviations: L = long variant, S = short variant, SERTPR = serotonin transporter-gene–
linked polymorphic region.

Table 2. Reduction of Mean HAM-D
Score According to 5-HTTLPR
Genotype (ANOVA: F = 3.6, df = 545,
p = .027)a

5-HTTLPR Percentage of Reduction
Genotype of HAM-D (mean ± SD)

L/L 0.72 ± 0.30
L/S 0.65 ± 0.36
S/S 0.61 ± 0.35
All 0.67 ± 0.34
aReprinted with permission from
Serretti et al.5

Abbreviations: 5-HTTLPR = serotonin
transporter gene polymorphism,
ANOVA = analysis of variance,
HAM-D = Hamilton Rating Scale for
Depression, L = long variant, S = short
variant.
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the drugs are designed to bind and act
at the same receptors. Identifying
drug-specific associations between
genetic variations and response will
be challenging because many drugs
have been developed to essentially be
the same as other drugs. We may be
more successful at identifying the
likelihood that genetic factors will
predict drug-specific responses if we
consider drugs with different mecha-
nisms of action.

Dr. Perlis: This strategy may also
be helpful for determining side effect
risk because some of the side effects
that are of greatest concern are off-
target effects of these drugs. There-
fore, if the atypical antipsychotics as a
class have a relatively common mech-
anism of action for therapeutic effect
but perhaps have different mecha-
nisms of action for inducing side ef-
fects, we may be able to determine
which drug is more or less likely to
cause a particular side effect.

Using Pharmacogenetics to
Improve Adherence

Dr. Kane: Predicting therapeutic
response may positively affect adher-
ence because patients who experience
positive outcomes may be more likely
to continue treatment. In what other
ways might genetic testing be used to
improve adherence over time?

Dr. Malhotra: Genetic testing
could be extremely useful for improv-
ing adherence by being able to predict
side effects. Currently, if a patient ex-
periences a side effect early in treat-
ment, we will switch the medication.
If we could avoid that side effect alto-
gether, the patient may be more likely
to adhere to the initial drug.

Dr. Kane: I agree, because cer-
tainly the side effects that people ex-
perience during the acute phase may
have a considerable impact on long-
term adherence.

Dr. Perlis: Another advantage of
genetic testing would be that, in the
cases where side effects can be antici-
pated, the drug may still be used, but a

are too subtle to be detected by a
global, subjective approach. More pre-
cise measurements are needed for cli-
nicians and patients to see the benefits
of these tests.

Dr. Perlis: Another important is-
sue to consider is that different poly-
morphisms may have differential ef-
fects depending on the specific drugs
or outcomes under consideration. For
instance, studies7–11  of olanzapine re-
sponse have found evidence that ge-
netic variations differentially influence
positive and negative symptom re-
sponse. Thus, symptoms may need to
be considered individually and quanti-
fied separately. Furthermore, schizo-
phrenia is a heterogeneous disorder.
Global measures do not fully capture
the diversity of presentations of the
illness, which is another important rea-
son to quantify symptoms, particularly
because genetic variations may influ-
ence one set of symptoms but not oth-
ers. To use pharmacogenetic tests ef-
fectively, ways to break down and
quantify symptoms in the clinical set-
ting are needed.

Issues of Confidentiality

Dr. Kane: Some patients may have
concerns about confidentiality and the
ways in which genetic test results may
be used. Will patients be resistant to
genetic testing?

Dr. Malhotra: My colleagues and
I try to collect DNA samples from
most of our patients, and approxi-
mately 90% to 95% are willing to par-
ticipate in this research procedure,
which has really no outcome or benefit
for the individual patient at this point.
Issues may arise once the results of
these tests actually carry treatment im-
plications, but in my experience, pa-
tients, including those who are acutely
ill and have psychotic disorders, have
accepted pharmacogenetic testing.

Dr. Perlis: My experience has
been the same. Around 90% or more
of patients will consent to participate
if the test is part of a research protocol.
A common concern, however, is

preventative measure can be imple-
mented or patients can be educated
about it beforehand to give them a
sense of what to expect. These mea-
sures may still lead to better adherence
and improved outcomes.

Dr. Malhotra: Genetic tests may
also have the potential to suggest dos-
ing parameters. Thus, instead of only
having the option to switch a drug after
experiencing problems, clinicians may
be able to use the same drug but per-
haps start it at a different dose than
would usually have been initiated with-
out genetic testing to either minimize
the expected side effect or achieve
greater efficacy.

Dr. Perlis: In addition, these tests
may provide an opportunity early in
the course of treatment to influence
how patients feel about their medica-
tion. Patients tend to decide fairly
quickly whether they like or dislike a
medication. If patients are aware of
what to expect and know that clini-
cians are going to ally with them to
address it, adherence will certainly
improve.

Dr. Malhotra: Therefore, pharma-
cogenetics may be able to improve
overall treatment outcomes and
strengthen the therapeutic alliance. If
patients experience a response without
unanticipated side effects, they are cer-
tainly going to have a better relation-
ship with and more confidence in their
physician.

Using Pharmacogenetics to
Assess Response

Dr. Kane: How might genetic test-
ing impact the ways in which physi-
cians measure and document response?
In other words, will pharmacogenetic
data be useful if clinicians are using
global, subjective outcome measures?
Do we need to advocate the use of
more quantitative assessments of out-
come to really make use of these pre-
dictive tools?

Dr. Malhotra: Quantitative assess-
ments to measure response would
certainly be beneficial. Some outcomes
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how insurance companies may use the
results of genetic tests. For instance, a
test may establish that an individual is
resistant to standard treatments for
chronic illnesses like schizophrenia.
The insurance company may be will-
ing to pay for the test, but these re-
sults could potentially be used to
influence coverage once the informa-
tion is in the medical record. Legisla-
tion has been proposed that would
protect patients from this.

Dr. Kane: Unfortunately, that leg-
islation has not yet been passed.

Genes Associated
With Illness Risk and
Treatment Response

Dr. Kane: In either schizophrenia
or affective disorders, have any genes
been identified that are associated
with both illness risk and treatment
response?

Dr. Perlis: Regarding affective
disorders, the serotonin (5-HT) trans-
porter promoter polymorphism has
been associated with depression
liability, at least in terms of gene-
environment interactions.12 In other
words, this polymorphism increases
vulnerability to depression as the
number of stressful life events in-
creases. Also, the S/S genotype of this
polymorphism has been associated
with less responsiveness to antide-
pressants compared with the L/L and
L/S genotypes, although the precise
definition of response seems to vary
from study to study. For example,
some studies13,14 found that when
compared to other genotypes, this
polymorphism causes people to re-
spond more slowly to antidepressants,
whereas other studies15,16 have found
that this polymorphism causes people
to respond less well.

These findings are problematic,
however, because the largest cohort
study17 to date, which was basically
equivalent to or greater in size than all
the other studies put together,13–16 re-
ported no evidence of a relationship

the AmpliChip CYP450 test, but aside
from these 2 tests, I am unaware of any
other imminent pharmacogenetic test-
ing options for schizophrenia. Al-
though the AmpliChip test is commer-
cially available, data illustrating the
effects of testing on patient outcomes
are still relatively scarce. However,
some studies28–30 of risperidone treat-
ment for schizophrenia have demon-
strated that metabolic status as assessed
by the CYP450 genotype did contrib-
ute to response rates and adverse
effects of treatment. Although these
clinical trials were not rigorous, the re-
sults are interesting and warrant further
investigation.

Dr. Perlis: Recently, a federal
agency released a review31 of the evi-
dence for using the AmpliChip in anti-
depressant prescribing, and this agency
did not find conclusive evidence that
testing was valuable for antidepressant
treatment. The review also reported
that, although CYP450 status does af-
fect drug metabolism, a number of
additional factors such as age, medica-
tions, diet, smoking, and alcohol con-
sumption can influence metabolic sta-
tus, and these factors change over time.
Contrary to the misconception that
pharmacogenetic testing can reveal an
individual’s metabolic status for life,
tests such as the AmpliChip do not have
that capability.

Dr. Malhotra: We must remember
however, that the federal agency re-
view examined antidepressant treat-
ment. The results may be different for
antipsychotics.

Dr. Perlis: Absolutely, which fur-
ther emphasizes that pharmacogenetic
tests may be useful in some situations
and not in others. Therefore, these tests
will need to be used selectively. Re-
garding antipsychotic prescribing,
for example, a patient’s CYP450 status
may be useful if another CYP450 sub-
strate is being used or if the patient has
other risk factors for being a poor drug
metabolizer. On the other hand, this
information may be less useful for a
patient who is treatment-naive, other-
wise healthy, and not taking any other
medications.

between  5-HT neurotransporter poly-
morphisms and the efficacy of SSRIs.
Until recently, I would have said the
5-HT transporter polymorphism was
definitely involved in illness risk and
treatment response. Although an as-
sociation clearly exists, the relation-
ship is not yet fully understood. Some
studies18–20 have shown evidence of
an association between these poly-
morphisms and side effect burden.
In bipolar disorder, convincing data
concerning risk genes have not been
established, and currently there are
no particularly useful predictors of
response.

Dr. Malhotra: In schizophrenia,
potential candidates for risk genes
have been identified, but none of
these genes have been shown to
definitely influence drug response.
The one potential exception would
be catechol-O-methyltransferase
(COMT) gene. The Val158Met poly-
morphism in the COMT gene has
been shown to increase risk for
schizophrenia in some studies,21 while
other studies and meta-analyses22–24

have not shown the same association.
A limited number of studies25–27 have
indicated that certain COMT geno-
types might be associated with spe-
cific types of responses to antipsy-
chotic drug treatment—particularly
cognitive responses—but the current
database is small and certainly needs
more work.

Current Prospects
for the Application of
Pharmacogenetic Tests

Dr. Kane: Pharmacogenetic test-
ing clearly has the potential to be-
come an invaluable clinical tool. Are
tests ready for widespread applica-
tion now or in the near future? The
PGxPredict:CLOZAPINE test to de-
tect the risk for clozapine-induced
agranulocytosis is available, but are
other tests available?

Dr. Malhotra: The U.S. Food and
Drug Administration has approved
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The Impact of Ethnicity
on Pharmacogenetic Tests

Dr. Kane: What role does ethnicity
play in the process of validating phar-
macogenetic tests? Will these tests
need to be independently validated in a
variety of subpopulations?

Dr. Perlis: Ethnicity definitely is
relevant to pharmacogenetics, but its
role is not yet fully understood. For
example, McMahon and colleagues32

examined the genetic basis for interin-
dividual antidepressant response. They
found that the 5-HT2A receptor gene
occurred 6 times more frequently in
white subjects than in black subjects,
and those with the A allele were more
likely to respond to treatment. Thus,
genetic variations associated with eth-
nicity were found to affect antidepres-
sant response.32 Since allele frequen-
cies vary so greatly across ethnic
groups4 (Table 3), tests that are in-
formative for many ethnic groups are
desirable.

Dr. Malhotra: I agree to a certain
extent; however, when testing for the
functional variant within the gene that
influences the designated response pa-
rameter, even though the allele fre-
quency differs in populations, once an
individual has an allele, the effect of
having that allele may still be the same
or similar. Thus, even though individu-
als may be less likely to carry the allele

within their ethnic population, if they
actually have the functional variant that
mediates the response, the test should
still work regardless of ethnicity. This
is an empirical question, however, and
if other genes or other factors are inter-
acting with the test that differ from
ethnic group to ethnic group, the tests
may not be valid in some ethnic groups.

Dr. Perlis: Even if patients have
that particular variant, a risk still exists
that the informative power of the test
would differ from ethnic group to eth-
nic group. In other words, if a genetic
variant is much more common in a par-
ticular group, testing may be worth-
while, but if it is exceedingly rare in
another, testing may not be necessary.

Dr. Malhotra: I agree, but I hope
that the tests that are developed are at
the level of the functional variant so
that they would provide valid results in
all ethnic groups.

Future Directions in
Pharmacogenetics

Dr. Kane: Have any new develop-
ments been made in the field of genet-
ics that will influence the future of
pharmacogenetic testing?

Dr. Malhotra: An immediate goal
of using pharmacogenetic tests is to be
able to predict the outcome of treat-
ment. However, a long-term goal of
pharmacogenetics is to develop a bet-

Table 3. Variations of CYP2D6 and CYP2C19 Phenotypes According to Ethnicity
(Approximate Frequencies, %)a

East African North Africa Mexican
Phenotypes Caucasians  Asians Americans and Middle East Americansb

CYP2D6 PM 5–10 1 1–2 2 3
CYP2D6 UM 1–10c 0–2 2 10–29 1
CYP2D6 Other 80–94 > 90 96–97 69–88 96
CYP2C19d PM 2–4 10–25 1–5 2 4
PM for bothe 0.1–0.4 0.1–0.25 0.01–0.1 0.04 0.12
aReprinted with permission from de Leon et al.4

bNot homogeneous; they have a mix of European and Asian genes.
cThis is based on patients having at least 3 active alleles, which means they have at least 1
normal allele and 1 duplicated allele that is also active. Current genotyping methods are
suspected of underdiagnosing CYP2D6 UMs.
dThe rest of people are CYP2C19 EMs.
eThese are independent probabilities of being both a CYP2D6 PM and a CYP2C19 PM.
To calculate, a multiplication is needed (eg, for Mexican Americans, 0.03 × 0.04 = 0.0012,
or 0.12%, or 1.2 per 1000, or 12 per 10,000).
Abbreviations: CYP = cytochrome P450, EM = extraordinary metabolizer, PM = poor
metabolizer, UM = ultrarapid metabolizer.

ter class of drugs to treat disorders such
as schizophrenia, and the ultimate goal
of pharmacogenetics is to understand
the molecular basis of response param-
eters and side effects. We want to use
genetic information to achieve greater
long-term impact on the treatment of
these disorders by developing better
drugs rather than simply predicting
how a patient will respond to a cur-
rently available treatment.

Dr. Kane: Or even prevent these
disorders, ultimately.

Dr. Malhotra: Correct.
Dr. Perlis: As we move from small-

scale candidate gene studies implicat-
ing particular genes because we know
the drug acts within that system to stud-
ies examining the whole genome, we
may encounter truly novel findings.
For instance, we may be able to dis-
cover that drugs act on different sys-
tems or that different systems are in-
volved in schizophrenia. These types
of findings may then allow for the de-
velopment of drugs with novel targets.
The aforementioned studies13–17 exam-
ined genes related to 5-HT simply be-
cause the treatments in question are
known to affect  5-HT. This type of
study will not really point us to an
entirely new class of drugs in the way
that findings from whole genome stud-
ies might.

Dr. Malhotra: I agree. Whole ge-
nome sequencing could eliminate the
need for specific genetic tests. If, over
the next 5 to 10 years, the cost of whole
genome sequencing becomes manage-
able, it will definitely have ramifica-
tions for pharmacogenetic testing. Ad-
mittedly, numerous ethical, social, and
financial issues would first need to be
considered, but whole genome se-
quencing could completely change
how clinicians practice medicine.

Dr. Perlis: To date, at least 3 com-
panies intend to do direct-to-consumer
genome scans, and in at least 1 case the
estimated cost is under $1000. Eventu-
ally, everyone may have scans of their
entire genome in their medical record,
and as discoveries are made, clinicians
may become better at using patients’
genetic information. In other words,
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someone could be tested once, and over
the years that test becomes more and
more informative. Furthermore, since
inexpensive pharmacogenetic tests of
individual genes probably will not be-
come available soon, scans of the
whole genome may be much more
cost-effective.

Dr. Malhotra: Currently, my col-
leagues and I often find that conduct-
ing a whole genome association study
is cheaper than genotyping 4 or 5 indi-
vidual genes.

I believe that the use of genome
scans may enter the clinical domain in
the near future, but I do have concerns
about direct-to-consumer testing. One
main challenge will be how individu-
als will handle these kinds of data with-
out any type of supervision or counsel-
ing on how to interpret the results.
Many companies already have promo-
tional literature stating that different
genes indicate different outcomes such
as drug response or cognitive status,
thus creating unrealistic expectations
among consumers. Some of these
companies are already encouraging
consumers to send in cheek swabs. Al-
though the role of the federal govern-
ment in genetic testing is unclear, ef-
forts are being made at the federal level
to regulate these companies.

Dr. Kane: Many whole genome as-
sociation studies are failing to repli-
cate previous findings. How should the
average practitioner interpret these dis-
crepancies?

Dr. Malhotra: Deciding that ge-
nome replication studies have failed
may be premature. These are new and
comprehensive approaches, and the
phenotypes being dissected are ex-
tremely complex. The tools that we
have may not be sufficient to accom-
plish this task. Perhaps the focus
should be on other factors that have
not received as much attention, such as
the clinical phenotypes being exam-
ined. Additionally, large, multicenter
studies may introduce clinical and en-
vironmental heterogeneity that over-
whelms the subtle effects of genetic
variation, so perhaps more homoge-
neous, rigorous, clinically-defined

samples may provide better power to
detect effects.

Dr. Perlis: The whole genome ap-
proach has had success with other com-
plex genetic diseases, and I believe it
will also work in psychiatry, but we
just do not have adequate sample sizes
yet. As studies are conducted, clini-
cians may find many relevant genes,
each with a relatively small effect but
requiring recalculations. These find-
ings will lead to nonreplication at first
because the replication samples gener-
ally need to be larger than the original
sample that was used to detect the ef-
fect. Thus, study samples that go from
400 to 1000 to 10,000 should start to
get into the range in which the effects
of genetic variations are detectable.

The Role of
Practicing Clinicians

Dr. Kane: Will academic centers
and networks primarily be responsible
for advancing knowledge about phar-
macogenetic testing, or can the aver-
age clinician participate in the further
evolution of this field?

Dr. Malhotra: As I see it, research
enterprises will need to be primarily
responsible for the long-term valida-
tion of these tests. However, practicing
clinicians who use these tests will be
able to contribute valuable data about
outcomes and costs possibly by devel-
oping more effective quantitative as-
sessments or by providing data by
tracking patient outcomes. Of course,
because most genetic work requires
large sample sizes, information from
practicing clinicians would need to be
standardized to be used collectively.
Thus, challenges exist, but practicing
clinicians will have opportunities to
contribute to the progress of pharma-
cogenetics.

Dr. Perlis: If you want to know
how well a test is going to perform in
the real world, you have to study it
in the real world. Difficulties arose in
moving from drug efficacy studies to
drug effectiveness studies in schizo-
phrenia and bipolar disorder, and real-

world applicability will be an even
bigger issue with pharmacogenetic
tests. Thus, I foresee opportunities for
clinicians to participate in some way,
perhaps in large networks that are
trying to understand how to use and
interpret these tests. This type of prac-
tical information cannot be obtained
from the typical, multicenter, 300-
patient clinical trial.

Conclusion

Dr. Kane: In conclusion, pharma-
cogenetics holds promise for improv-
ing treatment outcomes in a number
of disorders, particularly schizophre-
nia. Although antipsychotic medica-
tions are effective for treating schizo-
phrenia, the way in which patients will
respond to or experience adverse
events from these agents is highly
variable. By utilizing pharmacoge-
netic tests, clinicians may be able to
use genetic information to predict
which patients will respond best to
different types of treatments and
thereby employ pharmacotherapies
that will increase treatment adherence
and help patients achieve optimal out-
comes. Pharmacogenetics, therefore,
may revolutionize the way clinicians
practice medicine.

Drug names: clozapine (Clozaril, FazaClo,
and others), olanzapine (Zyprexa), risperidone
(Risperdal), venlafaxine (Effexor and others),
warfarin (Coumadin, Jantoven, and others).

Disclosure of off-label usage: The chair
has determined that, to the best of his
knowledge, no investigational information
about pharmaceutical agents that is outside
U.S. Food and Drug Administration–approved
labeling has been presented in this article.
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