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Recommendations from the EGAPP Working Group:
testing for cytochrome P450 polymorphisms in
adults with nonpsychotic depression treated with
selective serotonin reuptake inhibitors

Evaluation of Genomic Applications in Practice and Prevention (EGAPP) Working Group*

This statement summarizes the Evaluation of Genomic Applications in Practice and Prevention (EGAPP) Working Group
recommendations regarding CYP450 genetic testing in adult patients beginning treatment with selective serotonin reuptake
inhibitors (SSRIs), and the supporting scientific evidence. EGAPP is a project developed by the National Office of Public Health
Genomics at the Centers for Disease Control and Prevention to support a rigorous, evidence-based process for evaluating
genetic tests and other genomic applications that are in transition from research to clinical and public health practice
in the United States. A key goal of the EGAPP Working Group is to develop conclusions and recommendations regarding
clinical genomic applications and to establish clear linkage to the supporting scientific evidence. The Working Group
members are nonfederal experts in genetics, laboratory medicine, and clinical epidemiology convened to establish
methods and processes; set priorities for review topics; participate in technical expert panels for commissioned
evidence reviews; publish recommendations; and provide guidance and feedback on other project activities.
Summary of Recommendation

The EGAPP Working Group found insufficient evidence to support a recommendation for or against use of CYP450
testing in adults beginning SSRI treatment for non-psychotic depression. In the absence of supporting evidence, and
with consideration of other contextual issues, EGAPP discourages use of CYP450 testing for patients beginning SSRI
treatment until further clinical trials are completed.

Rationale: The EGAPP Working Group found no evidence linking testing for CYP450 to clinical outcomes in adults treated
with SSRIs. While some studies of a single SSRI dose in healthy patients report an association between genotypic
CYP450 drug metabolizer status and circulating SSRI levels, this association was not supported by studies of patients
receiving ongoing SSRI treatment. Further, CYP450 genotypes are not consistently associated with the patient
outcomes of interest, including clinical response to SSRI treatment or adverse events as a result of treatment. No
evidence was available showing that the results of CYP450 testing influenced SSRI choice or dose and improved patient
outcomes, or was useful in medical, personal, or public health decision-making. In the absence of evidence supporting
clinical utility, it is not known if potential benefits from CYP450 testing will outweigh potential harms. Potential harms
may include increased cost without impact on clinical decision making or improvement in patient outcomes, less
effective treatment with SSRI drugs, or inappropriate use of genotype information in the management of other drugs
metabolized by CYP450 enzymes. Genet Med 2007:9(12):819-825.
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BACKGROUND AND CLINICAL CONTEXT FOR THE
RECOMMENDATION

Nonpsychotic depression is common and may cause signif-
icant impairment; severity and clinical course can vary widely.
With a lifetime prevalence estimated as high as 16%, major
depressive disorder is the leading cause of disability in the
United States.! SSRIs are the first-line choice for drug therapy
in the United States. Unfortunately, the benefits of treatment
take 2—4 weeks to begin, and only 50—60% of patients experi-
ence improved outcome.! Current use of SSRIs is highly em-
pirical, with clinicians and patients often going through several
trials of drug choice and dose. In addition, use of SSRIs is
discontinued in about 12-15% of patients treated, because of
intolerable, though rarely serious, adverse effects (e.g., nausea,
diarrhea, headaches).

The Cytochrome P450 (CYP450) family of enzymes is a ma-
jor subset of all drug-metabolizing enzymes. CYP2D6 and
CYP2C19 are primary CYP450 enzymes involved in the me-
tabolism of SSRIs. Other CYP450 and non-CYP450 enzymes
also play a role in the metabolism of some SSRIs, and the dom-
inant metabolic pathway varies for different SSRIs. DNA poly-
morphisms in CYP450 genes that determine variability in en-
zyme metabolic activity can lead to variability in response to
some SSRIs. Thus, understanding a patient’s metabolizer sta-
tus might be helpful in choosing an initial SSRI that is most
likely to be effective. Metabolizer status can be determined
with a single bolus of a probe drug known to be metabolized by
a particular enzyme. More recently DNA polymorphisms in
CYP450 genes have been linked to metabolizer status, as shown
in Table 1. Gene polymorphisms can result in enzymes that
have no activity, or a spectrum of reduced activity, compared
with the “normal” (most common and most active, called
“wild-type”). CYP2D6 and CYP2C19 each have a few common
and many more rare polymorphisms associated with changes
in metabolizer status. Prevalence of different polymorphisms
varies by race/ethnicity.

In theory, CYP450 genotype could guide SSRI choice or
dose to those most compatible with the patient’s metabolizer
status. Thus, utilizing the test before treatment to individualize
SSRI choice and dose could shorten time to clinical response,
reduce days lost from work, school and other pursuits, avoid

adverse effects, and improve other quality of life outcomes that
patients and others (e.g., family members, employers) would
notice and value. Whether this potential can be realized in
practice is unclear, because other factors also affect SSRI me-
tabolism, including diet and concomitant medications.

In an attempt to answer this question, EGAPP commis-
sioned an evidence-based review to address an overarching
question regarding the following specific clinical scenario:

Does testing for CYP450 polymorphisms in adults begin-
ning SSRI treatment for nonpsychotic depression lead to
improvement in outcomes, or are testing results useful in
medical, personal, or public health decision-making?

REVIEW OF SCIENTIFIC EVIDENCE

Technology

Several laboratories offer genetic testing for various CYP450
polymorphisms using different test formats.> Laboratories
may develop and validate their own, in-house tests for CYP450
genotyping, known as laboratory-developed or “home brew”
tests. Laboratories offering such tests are only required to meet
Clinical Laboratory Improvement Amendment standards for
high complexity laboratories. The US Food and Drug Admin-
istration (FDA) does not currently regulate laboratory-devel-
oped tests, but does review manufactured test kits as medical
devices. Most genetic tests in current use are laboratory-devel-
oped tests.

A significant recent development was the approval by the
FDA of the Roche AmpliChip® CYP450 Test.>* The Ampli-
Chip delivers the results of testing for CYP2D6 and CYP2CI9
polymorphisms in the form of a genotype and predicted me-
tabolizer status (“predicted phenotype”; Table 1). The FDA
extensively reviewed the technical performance of the assay;
review of clinical validity was limited, and clinical utility was
not evaluated.

The evidence report commissioned by EGAPP (see Meth-
ods, below) excluded studies that used probe drugs other than
SSRIs to determine metabolizer status, whereas such studies
were the basis of Roche Molecular Systems FDA submission.
The AmpliChip product monograph indicates that CYP2D6
and CYP2CI9 genotyping is useful for individualizing drug

Table 1
Example effects of CYP2D6 polymorphisms on SSRI drug metabolism

Phenotype (metabolizer status)

Examples of corresponding CYP2D6 genotypes”

Expected SSRI drug effects

UM: Ultra-rapid Metabolizer
gene alleles

EM: Extensive Metabolizer

IM: Intermediate Metabolizer
or 2 reduced activity alleles

PM: Poor Metabolizer 2 copies of inactive enzyme gene alleles

More than 2 copies of active (wild-type) enzyme

2 copies of active (wild-type) enzyme gene alleles

1 inactive and 1 reduced activity enzyme gene allele

Usual doses may lead to sub-therapeutic drug concentration and
possible non-response

Usual doses lead to expected drug concentrations and response

Drug effects between those of EMs and PMs

Usual doses may lead to higher than expected drug
concentrations; adverse reactions possible

“These examples do not represent all possible genotypes; more genotype-phenotype examples are available in the AmpliChip® package insert: www.amplichip.us/

documents/CYP450_P.I._US-IVD_Sept_15_2006.pdf.
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therapy for a wide variety of commonly prescribed drugs in-
cluding SSRIs. Therefore, EGAPP conducted a brief indepen-
dent review of 18 articles cited in the monograph that ad-
dressed the relationship between genotype and metabolic
status.>22 In general, poor metabolizers (PMs) with two inac-
tive alleles had clearly reduced metabolic function, but inter-
mediate metabolizers (IMs), extensive metabolizers (EMs),
and ultra-rapid metabolizers (UMs) overlapped considerably
in metabolic function. None of these studies included data on
the metabolism of SSRIs.

Methods

EGAPP commissioned an evidence review through the
Agency for Healthcare Research and Quality (AHRQ); the
Duke University Evidence-Based Practice Center (EPC) con-
ducted the review. The review was focused on evidence for the
routine use of CYP450 genetic testing for patients with non-
psychotic depression entering therapy with SSRI drugs. In this
specific clinical scenario, CYP450 genotype is hypothesized to
help physicians personalize SSRI selection and dose. The re-
view does not address the use of CYP450 testing in other pos-
sible clinical scenarios (e.g., patients with repeated poor re-
sponse to antidepressant therapy).

Established AHRQ EPC methods were followed in conduct-
ing this review. Because data may not be available to directly
answer the overarching question, the EGAPP panel con-
structed an analytic framework and key questions that address
different components of evaluation (e.g., analytic and clinical
validity, intermediate outcomes of interest) and that may pro-
vide relevant indirect evidence of efficacy. A technical expert
panel that included three EGAPP Working Group members
provided expert guidance during the course of the review. The
final report “Testing for Cytochrome P450 Polymorphisms in
Adults with Non-Psychotic Depression Treated with Selective
Serotonin Reuptake Inhibitors (SSRIs)” is available from AHRQ
(http://www.ahrq.gov/downloads/pub/evidence/pdf/cyp450/
cyp450.pdf), and an evidence review is published in this issue
(page 826).

In addition, EGAPP Working Group members and techni-
cal consultants reviewed key primary publications in detail,
and examined other sources of information to address specific
gaps in the evidence (see Review of Scientific Evidence: Tech-
nology section). The final EGAPP recommendation statement
was formulated using a priori criteria based on certainty of
evidence and contextual factors.

The evidence reviews are designed around specific clinical
scenarios that are converted into explicit literature review
strategies. Standard systematic review methods are used to
judge the quality of the evidence at the level of individual arti-
cles, and the strength of the total evidence around a particular
question (high, moderate, or low certainty). The process also
includes assessment of relevant contextual factors that are not
directly indicative of clinical utility, but that may modulate
recommendations, particularly if evidence of clinical utility is
missing or uncertain. Contextual issues may include magni-
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tude of effect, severity of disorder, availability of diagnostic or
therapeutic alternatives, feasibility and practicality of imple-
mentation, family considerations, and cost-effectiveness. Tak-
ing evidence and contextual factors into account, the Working
Group reaches one of three general conclusions: (1) EGAPP
recommends use of the test; (2) EGAPP recommends against
use of the test; or (3) EGAPP finds the evidence insufficient to
recommend for or against use of the test. If the available evi-
dence is judged insufficient and important contextual factors
are discovered, EGAPP may further annotate the conclusion as
encouraging or discouraging, pending further evidence. Fi-
nally, EGAPP comments on key gaps in the evidence that
might be addressed in future research.

Analytic validity

Analytic validity refers to the test’s ability to accurately and
reliably measure the genotype of interest, and includes mea-
sures of analytic sensitivity and specificity, assay robustness,
and quality control. For CYP2D6 and CYP2CI9 polymor-
phisms, nine published articles and two FDA summaries re-
ported on performance of genotyping methods*+23-31; only
three provided a comparison to the gold standard of DNA
sequencing.>*23

e Analytic sensitivity (how effectively the test identifies spe-
cific polymorphisms that are present in a sample) was
high for all common polymorphisms, ranging from 94%
to 100%. However, less common polymorphisms were
tested infrequently.

e Analytic specificity (how effectively the test correctly clas-
sifies samples that do not have specific polymorphisms)
estimates for all genes tested were 100%.

o Studies of gene deletion or duplication testing were gen-
erally small, resulting in wide confidence intervals, and
limited by the lack of an accepted gold standard for such
tests.

o Only three studies of CYP2D6 and one study of CYP2C19
reported results for assay precision (random analytic vari-
ability) and assay robustness (e.g., reliability across oper-
ators, laboratories, and reagent batches); performance es-
timates were generally high.

Conclusions. Estimates of analytic sensitivity and specificity
were high for common CYP450 polymorphisms; estimates for
rarer polymorphisms and for gene deletion/duplications were
less reliable.

Clinical validity

The clinical validity of a genetic test defines how well the test
results correlate with the intermediate or final outcomes of
interest. In this clinical scenario, intermediate outcomes in-
clude circulating levels of drug and drug metabolites; final out-
comes include clinical response, time lost from work, school or
other pursuits, quality of life, and adverse drug reactions.
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SSRIs utilized in the studies included citalopram, fluoxetine,
fluvoxamine, paroxetine, and sertraline. Studies in which only
a subgroup of patients was treated with SSRIs were also in-
cluded. Because of scarcity of data, studies of SSRI-treated pa-
tients with diagnoses other than nonpsychotic depression were
included.

Association of genotype with circulating drug levels. Sixteen
studies met inclusion criteria, of which five looked at metabo-
lism of a single bolus of SSRI in healthy adults®2-3> or after a
limited number of doses,?® and 11 investigated the effects of
CYP450 genotypes on the blood levels of specific SSRIs in pa-
tients at steady state doses.?7-47

e As expected based on the genotype, three single bolus
studies of SSRI (sertraline, fluoxetine, or citalopram) me-
tabolism in healthy adults showed that, compared with
EMs, CYP2C19 PMs had significantly reduced metabolic
function and significantly lower plasma concentrations of
drug metabolites. In PMs, the parent drug had longer half-
life and reduced clearance, compared with EMs.32:3335 A
fourth study of paroxetine in healthy adults found reduced
metabolic function in CYP2D6 PMs compared with EMs.3*
One multiple dose study of paroxetine reported a nonsignif-
icant difference in median plasma concentration between
homozygous wild-type EMs and heterozygous EMs (e.g.,
one active allele and one inactive allele).3¢

e In contrast, results of 11 heterogeneous studies evaluating
genotype and SSRI blood levels in patients taking steady
state doses of SSRIs were mixed. Some showed significant
differences between SSRI levels in CYP2D6 and CYP2C19
(and CYP2C9, where tested) EMs versus PMs, and some
did not.

Association of genotype with clinical response. Only five stud-
ies evaluated the relationship between CYP450 genotype and
clinical response in patients with depression receiving ongoing
SSRI treatment,40:42:48-50

e One study found no difference in the proportion of re-
sponders among CYP2D6 EMs, IMs, and PMs treated
with fluvoxamine.*®

e Another study found that SSRI plasma concentrations
varied significantly between metabolizer categories, but
that SSRI levels did not predict response.*

e A study in patients treated with paroxetine found no
differences in depression scores between two groups,
CYP2D6 UMs + EMs versus PMs + IMs.42

e One retrospective analysis and one study involving active
screening found a significantly higher prevalence of UMs
in patients not responding to SSRI drugs than in the gen-
eral population.*>>° Results are limited by the lack of a
within-study comparison population.

Association of genotype with adverse drug reactions. Nine
studies relating CYP450 genotypes and SSRI adverse effects

were identified; however, three studies only reported adverse
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effects in CYP450 PMs as a secondary finding.3>4%-5! Nausea
was the most common adverse effect reported.

e Four studies found no association between genotype and
adverse drug reactions. Three of these studies reported no
differences in rates of adverse effects between CYP2D6
PMs and EMs,#8:49:52 whereas the fourth reported no dif-
ferences in adverse effects between the combined PM +
IM and EM + UM groups.*> (Groups were combined
because of small numbers; whether this masked an effect
could not be addressed.)

e In one study the CYP2D6 genotype predicted a greater
prevalence of gastrointestinal adverse effects in PMs com-
pared with EMs.>

e Two studies found a significantly higher prevalence of
PMs among depressed nonresponders treated with anti-
depressants (including SSRIs) with adverse effects than in
the general population.*»>* One of these studies also re-
ported a significantly greater frequency of PMs among
those with adverse effects when compared with a random
group of depressed patients.>*

Limitations. In general, studies of clinical validity were lim-
ited by inadequate power; some grouped results for different
SSRIs even though metabolism may differ, and some did not
specify exclusion criteria. In terms of quality assessment, uti-
lizing criteria and a scale developed by the Oxford Centre for
Evidence-based Medicine that ranges from 1 to 5 (where 1 is
highest quality), the vast majority of these studies were rated 3
or 4.! Although some reported on race/ethnicity of patients,
most provided no information on other variables such as diet
or other medications, which could influence metabolism, and
did not account for other genetic factors that may influence
SSRI tolerability (e.g., genetic variations in serotonin trans-
porter proteins or serotonin receptor proteins).

Conclusions. Some studies of a single SSRI dose in healthy
patients suggest a significant association between CYP450 ge-
notypic metabolizer status and circulating SSRI levels. How-
ever, this relationship was not supported by similar studies of
patients taking maintenance doses of SSRI. Studies did not
consistently identify a significant association between CYP450
genotype and clinical response to SSRI treatment or adverse
events. Studies were generally small and of poor quality. The
evidence is insufficient to support clinical validity.

Clinical utility

The clinical utility of a genetic test is the likelihood that
using the test to guide drug choice or dose will significantly
improve patient outcomes. No studies addressed the influence
of CYP450 genotyping results on SSRI prescribing decisions.
No studies used CYP450 genotyping to guide SSRI choice or
dose and studied subsequent patient outcomes.

Conclusions. No evidence exists to support clinical utility.

Genetics IN Medicine



Research gaps

EGAPP found the research literature insufficient in many
respects, and examining the deficiencies can be helpful in de-
signing studies that could fill the gaps.

e Currently, the evidence is insufficient to conclude that
there is a relationship between genotype and clinical re-
sponse. Therefore, conclusive evidence of clinical validity
is required from well-designed studies.

o If conclusive evidence of clinical validity is acquired, then
prospective studies of CYP450 genotyping and its rela-
tionship to clinical outcomes are needed to answer the
overarching question and address clinical utility. Best ev-
idence would come from adequately powered, random-
ized controlled clinical trials that compare patient out-
comes when treatment is informed by genotyping tests
versus empirical treatment. Because depression is preva-
lent and is an important public health issue, and because
SSRIs are widely prescribed, such trials are feasible and
essential to determine best management practices with
respect to CYP450 testing.

e Alternatively, prospective studies could address more
limited clinical scenarios, such as the potential value of
using CYP450 testing to manage the subset of patients
with depression who have a history of poor response to
SSRIs or other antidepressant drugs or who have experi-
enced adverse drug reactions.

e All studies need to incorporate information on poten-
tial confounding variables to reduce the likelihood of
bias. For example, medications that inhibit or induce
certain CYP450 enzymes, including some SSRIs them-
selves, can affect metabolism of CYP450 metabolized
drugs, and may themselves vary in activity by CYP450
genotype.

e Prospective studies of patient outcomes should blind
both patients and the clinicians reporting outcomes to
genotyping results.

e Studies should examine specific SSRIs individually;
SSRIs are not all metabolized the same way and differ-
ent CYP450 polymorphisms may affect some more
than others.

e Introduction of tests should be accompanied by key mea-
surements supporting the analytic sensitivity and specific-
ity, repeatability, and robustness of the proposed method.
Analytic predictive values of the tests should be based on
genotype, rather than allele frequencies.

o General studies are needed to address issues that include
the acceptability of pharmacogenetic testing to individu-
als with depression, perceptions of risks and benefits, psy-
chological outcomes of testing including access, informed
consent, the potential for discrimination, implications for
family members, and the possibility that polymorphisms
related to drug response could later be determined to be
related to disease susceptibility.
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Recommendations of other groups

EGAPP did not find recommendations from other groups
regarding CYP450 testing in patients with depression.

Contextual issues important to the recommendation

There is insufficient evidence on clinical validity and utility
to support a recommendation for or against use of CYP450
testing in adults beginning SSRI treatment for nonpsychotic
depression. Thus, additional contextual issues were taken into
account in the final EGAPP recommendation statement. Con-
textual factors could be considered to suggest potential bene-
fits and harms of CYP450 testing, but there is little direct evi-
dence of many of these factors.

Contextual factors that suggest potential benefits of CYP450
testing:

e Depression isa major health problem in the United States,
with very large direct and indirect costs and impact on
quality of life.

e SSRIs are the most commonly used approach to treating
depression, and most experts consider SSRIs to be the
treatment of choice.

e Empirical SSRI treatment for depression has varied effec-
tiveness.

e Nonadherence to treatment is a major concern and many
individuals drop out from treatment because of lack of
effectiveness of SSRIs.

Contextual factors that suggest potential harms of CYP450
testing:

e Utilization of genetic testing for CYP450 polymorphisms
and impact on physician decision-making with regard to
use of SSRIs is not known.

e In the absence of evidence supporting clinical utility,
widespread use of CYP450 genetic testing is potentially
costly and may not lead to changes in treatment that im-
prove patient outcomes.

e There have not been any published cost-effectiveness
analyses. The costs of testing and follow-up are not
known, although the test itself is relatively inexpensive.

Potential harms may include increased cost without impact
on clinical decision-making or improvement in patient out-
comes, less effective treatment with SSRI drugs, or inappropri-
ate use of genotype information in the management of other
drugs metabolized by CYP450 enzymes.

It is important to understand that although evidence for
the existence of such harms was not found, the potential for
their occurrence is nevertheless real. The need to consider
potential harms in formulating this recommendation also
emphasizes the need for direct evidence on their existence
and magnitude.
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This recommendation statement is a product of the independent EGAPP Working Group. Although the Centers for Disease
Control and Prevention (CDC) provides support to the EGAPP Working Group, including staff support in the preparation of
this document, recommendations made by the EGAPP Working Group should not be construed as official positions of the

CDC or the U.S. Department of Health and Human Services.

References

1.

Matchar DB, Thakur ME, Grossman I, McCrory DC, et al. Testing for cytochrome
P450 polymorphisms in adults with non-psychotic depression treated with selective
serotonin reuptake inhibitors (SSRIs). Evidence Report/Technology Assessment
No. 146. (Prepared by the Duke Evidence-based Practice Center under Contract No.
290-02-0025.) AHRQ Publication No. 07-E002. Rockville, MD: Agency for Health-
care Research and Quality. http://www.ahrq.gov/downloads/pub/evidence/pdf/
cyp450/cyp450.pdf. Accessed January 23, 2007.

Piper, MA. Blue Cross and Blue Shield Special Report: Genotyping for cytochrome
P450 polymorphisms to determine drug-metabolizer status. www.bcbs.com/tec/
Vol19/19_09.pdf. Accessed July 6, 2006. (No longer posted on TEC website due to
age of report; copy available on request).

US Food and Drug Administration 510(k) Substantial Equivalence Determination
Decision Summary for Roche AmpliChip CYP450 microarray for identifying
CYP2D6 genotype (510(k) Number k042259). http://www.fda.gov/cdrh/reviews/
k042259.pdf. Accessed April 19, 2006.

US Food and Drug Administration 510(k) Substantial Equivalence Determination
Decision Summary for Roche AmpliChip CYP450 microarray for identifying
CYP2C19 genotype (510(k) Number k043576). www.fda.gov/cdrh/reviews/
k043576.pdf. Accessed April 19, 2006.

Broly F, Marez D, Lo Guidice JM, Sabbagh N, et al. A nonsense mutation in the
cytochrome P450 CYP2D6 gene identified in a Caucasian with an enzyme defi-
ciency. Hum Genet 1995;96:601-603.

Dahl ML, Johansson I, Bertilsson L, Ingelman-Sundberg M, et al. Ultrarapid hy-
droxylation of debrisoquine in a Swedish population. Analysis of the molecular
genetic basis. J Pharmacol ExpTher 1995;274:516-520.

Daly AK, Leathart JB, London SJ, Idle JR. An inactive cytochrome P450 CYP2D6
allele containing a deletion and a base substitution. Hum Genet 1995;95:337-341.
Evert B, Griese EU, Eichelbaum M. Cloning and sequencing of a new non-functional
CYP2D6 allele: deletion of T1795 in exon 3 generates a premature stop codon.
Phurmacogenetics 1994;4:271-274.

Gaedigk A, Blum M, Gaedigk R, Eichelbaum M, et al. Deletion of the entire cyto-
chrome P450 CYP2D6 gene as a cause of impaired drug metabolism in poor me-
tabolizers of the debrisoquine/sparteine polymorphism. Am ] Hum Genet 1991;48:
943-950.

Gough AC, Miles JS, Spurr NK, Moss JE, et al. Identification of the primary gene
defect at the cytochrome P450 CYP2D locus. Nature 1990;347:773-776.

Griese EU, Zanger UM, Brudermanns U, Gaedigk A, et al. Assessment of the pre-
dictive power of genotypes for the in-vivo catalytic function of CYP2D6 in a German
population. Pharmacogenetics 1998;8:15-26.

Hanioka N, Kimura S, Meyer UA, Gonzalez FJ. The human CYP2D locus associated
with a common genetic defect in drug oxidation: a G1934A base change in intron 3
of amutant CYP2D6 allele results in an aberrant 3" splice recognition site. Am ] Hum
Genet 1990;47:994-1001.

Johansson I, Lundqvist E, Bertilsson L, Dahl ML, et al. Inherited amplification of an
active gene in the cytochrome P450 CYP2D locus as a cause of ultrarapid metabo-
lism of debrisoquine. Proc Natl Acad Sci U S A 1993;90:11825-11829.

Kagimoto M, Heim M, Kagimoto K, Zeugin T, et al. Multiple mutations of the
human cytochrome P450IID6 gene (CYP2D6) in poor metabolizers of debriso-
quine. Study of the functional significance of individual mutations by expression of
chimeric genes. J Biol Chemn 1990;265:17209-17214.

Lovlie R, Daly AK, Idle JR, Steen VM. Characterization of the 16+9 kb and 30+9 kb
CYP2D6 Xbal haplotypes. Pharmacogenetics 1997;7:149-152.

Marez D, Sabbagh N, Legrand M, Lo-Guidice JM, et al. A novel CYP2D6 allele with
an abolished splice recognition site associated with the poor metabolizer phenotype.
Pharmacogenetics 1995;5:305-311.

Marez-Allorge D, Ellis SW, Lo Guidice JM, Tucker GT, et al. A rare G2061 insertion
affecting the open reading frame of CYP2D6 and responsible for the poor metabo-
lizer phenotype. Pharmacogenetics 1999;9:393-396.

Masimirembwa C, Persson I, Bertilsson L, Hasler J, et al. A novel mutant variant of
the CYP2D6 gene (CYP2D6*17) common in a black African population: association
with diminished debrisoquine hydroxylase activity. Br J Clin Pharmacol 1996;42:
713-719.

824

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

38.

39.

Oscarson M, Hidestrand M, Johansson I, Ingelman-Sundberg M. A combination of
mutations in the CYP2D6*17 (CYP2D6Z) allele causes alterations in enzyme func-
tion. Mol Pharmacol 1997;52:1034—1040.

Sachse C, Brockmoller J, Bauer S, Roots I. Cytochrome P450 2D6 variants in a
Caucasian population: allele frequencies and phenotypic consequences. Am ] Hum
Genet 1997;60:284-295.

Steen VM, Molven A, Aarskog NK, Gulbrandsen AK. Homologous unequal cross-over
involving a 2.8 kb direct repeat as a mechanism for the generation of allelic variants of
human cytochrome P450 CYP2D6 gene. Hum Mol Genet 1995;4:2251-2257.

Saxena R, Shaw GL, Relling MV, Frame JN, et al. Identification of a new variant
CYP2D6 allele with a single base deletion in exon 3 and its association with the poor
metabolizer phenotype. Hum Mol Genet 1994;3:923-926.

Neville CF, Ninomiya S, Shimada N, Kamataki T, et al. Characterization of specific
cytochrome P450 enzymes responsible for the metabolism of diazepam in hepatic
microsomes of adult male rats. Biochem Pharmacol 1993;45:59—-65.

Eriksson S, Berg LM, Wadelius M, Alderborn A. Cytochrome p450 genotyping by
multiplexed real-time DNA sequencing with pyrosequencing technology. Assay
Drug Dev Technol 2002;1:49—-59.

Hersberger M, Marti-Jaun J, Rentsch K, Hanseler E. Rapid detection of the
CYP2D6*3, CYP2D6*4, and CYP2D6*6 alleles by tetra-primer PCR and of the
CYP2D6*5 allele by multiplex long PCR. Clin Chem 2000;46:1072-1077.

Muller B, Zopf K, Bachofer J, Steimer W. Optimized strategy for rapid cytochrome
P450 2D6 genotyping by real-time long PCR. Clin Chem 2003;49:1624-1631.
Schaeffeler E, Schwab M, Eichelbaum M, Zanger UM. CYP2D6 genotyping strategy
based on gene copy number determination by TagMan real-time PCR. Hum Mutat
2003;22:476—485.

Soderback E, Zackrisson AL, Lindblom B, Alderborn A. Determination of CYP2D6
gene copy number by pyrosequencing. Clin Chem 2005;51:522-531.

Stamer UM, Bayerer B, Wolf S, Hoeft A, et al. Rapid and reliable method for cyto-
chrome P450 2D6 genotyping. Clin Chem 2002;48:1412—1417.

Chou WH, Yan FX, Robbins-Weilert DK, Ryder TB, et al. Comparison of two
CYP2D6 genotyping methods and assessment of genotype-phenotype relationships.
Clin Chem 2003;49:542-551.

Mizugaki M, Hiratsuka M, Agatsuma Y, Matsubara Y, et al. Rapid detection of
CYP2C18 genotypes by real-time fluorescence polymerase chain reaction. ] Pharm
Pharmacol 2000;52:199-205.

Liu ZQ, Cheng ZN, Huang SL, Chen XP, et al. Effect of the CYP2C19 oxidation
polymorphism on fluoxetine metabolism in Chinese healthy subjects. Br J Clin
Pharmacol 2001;52:96-99.

Wang JH, Liu ZQ, Wang W, Chen XP, et al. Pharmacokinetics of sertraline in
relation to genetic polymorphism of CYP2C19. Clin Pharmacol Ther 2001;70:42—47.
Yoon YR, Cha IJ, Shon JH, Kim KA, et al. Relationship of paroxetine disposition to
metoprolol metabolic ratio and CYP2D6*10 genotype of Korean subjects. Clin
Pharmacol Ther 2000;67:567-576.

Yu BN, Chen GL, He N, Ouyang DS, et al. Pharmacokinetics of citalopram in relation to
genetic polymorphism of CYP2C19. Drug Metab Dispos 2003;31:1255-1259.

Ozdemir V, Tyndale RF, Reed K, Herrmann N, et al. Paroxetine steady-state plasma
concentration in relation to CYP2D6 genotype in extensive metabolizers. J Clin
Psychopharmacol 1999;19:472—475.

Berle JO, Steen VM, Aamo TO, Breilid H, et al. Breastfeeding during maternal antide-
pressant treatment with serotonin reuptake inhibitors: infant exposure, clinical symp-
toms, and cytochrome p450 genotypes. J Clin Psychiatry 2004;65:1228 —1234.

Charlier C, Broly F, Lhermitte M, Pinto E, et al. Polymorphisms in the CYP 2D6
gene: association with plasma concentrations of fluoxetine and paroxetine. Ther
Drug Monit 2003;25:738 -742.

Eap CB, Bondolfi G, Zullino D, Savary-Cosendai L, et al. Concentrations of the
enantiomers of fluoxetine and norfluoxetine after multiple doses of fluoxetine in
cytochrome P4502D6 poor and extensive metabolizers. J Clin Psychopharmacol
2001;21:330—-334.

Grasmader K, Verwohlt PL, Rietschel M, Dragicevic A, et al. Impact of polymor-
phisms of cytochrome-P450 isoenzymes 2C9, 2C19 and 2D6 on plasma concentra-
tions and clinical effects of antidepressants in a naturalistic clinical setting. Eur J Clin
Pharmacol 2004;60:329-336.

Genetics IN Medicine



41.

42.

43.

44.

45.

46.

47.

48.

LLerena A, Dorado P, Berecz R, Gonzalez AP, et al. Effect of CYP2D6 and CYP2C9
genotypes on fluoxetine and norfluoxetine plasma concentrations during steady-
state conditions. Eur ] Clin Pharmacol 2004;59:869—873.

Murphy GM Jr, Kremer C, Rodrigues HE, Schatzberg AF. Pharmacogenetics of
antidepressant medication intolerance. Am J Psychiatry 2003;160:1830—1835.
Ohara K, Tanabu S, Ishibashi K, Ikemoto K, et al. CYP2D6*10 alleles do not deter-
mine plasma fluvoxamine concentration/dose ratio in Japanese subjects. Eur J Clin
Pharmacol 2003;58:659—661.

Sawamura K, Suzuki Y, Someya T. Effects of dosage and CYP2D6-mutated allele on
plasma concentration of paroxetine. Eur | Clin Pharmacol 2004;60:553-557.
Stedman CA, Begg EJ, Kennedy MA, Roberts R, et al. Cytochrome P450 2D6 geno-
type does not predict SSRI (fluoxetine or paroxetine) induced hyponatraemia. Hum
Psychopharmacol 2002;17:187-190.

Scordo MG, Spina E, Dahl ML, Gatti G, et al. Influence of CYP2C9, 2C19 and 2D6
genetic polymorphisms on the steady-state plasma concentrations of the enanti-
omers of fluoxetine and norfluoxetine. Basic Clin Pharmacol Toxicol 2005;97:296—
301.

Ueda M, Hirokane G, Morita S, Okawa M, et al. The impact of CYP2D6 genotypes
on the plasma concentration of paroxetine in Japanese psychiatric patients. Prog
Neuropsychopharmacol Biol Psychiatry 2006;30:486—491.

Gerstenberg G, Aoshima T, Fukasawa T, Yoshida K, et al. Relationship between
clinical effects of fluvoxamine and the steady-state plasma concentrations of fluvox-

December 2007 - Vol. 9 - No. 12

49.

50.

51.

52.

53.

54.

Recommendations from the EGAPP working group

amine and its major metabolite fluvoxamino acid in Japanese depressed patients.
Psychopharmacology (Berl) 2003;167:443—448.

Rau T, Wohlleben G, Wuttke H, Thuerauf N, et al. CYP2D6 genotype: impact on
adverse effects and nonresponse during treatment with antidepressants-a pilot
study. Clin Pharmacol Ther 2004;75:386-393.

Kawanishi C, Lundgren S, Agren H, Bertilsson L. Increased incidence of CYP2D6
gene duplication in patients with persistent mood disorders: ultrarapid metabolism
of antidepressants as a cause of nonresponse. A pilot study. Eur J Clin Pharmacol
2004;59:803—-807.

Allgulander C, Nilsson B. A prospective study of 86 new patients with social anxiety
disorder. Acta Psychiatr Scand 2001;103:447—452.

Roberts RL, Mulder RT, Joyce PR, Luty SE, et al. No evidence of increased adverse
drug reactions in cytochrome P450 CYP2D6 poor metabolizers treated with fluox-
etine or nortriptyline. Hum Psychopharmacol 2004;19:17-23.

Suzuki Y, Sawamura K, Someya T. Polymorphisms in the 5-hydroxytryptamine 2A
receptor and CytochromeP4502D6 genes synergistically predict fluvoxamine-in-
duced side effects in japanese depressed patients. Neuropsychopharmacology 2006;
31:825-831.

Chen S, Chou WH, Blouin RA, Mao Z, et al. The cytochrome P450 2D6 (CYP2D6)
enzyme polymorphism: screening costs and influence on clinical outcomes in psy-
chiatry. Clin Pharmacol Ther 1996;60:522-534.

825



