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Abstract

The clinical effectiveness and cost-effectiveness
of testing for cytochrome P450 polymorphisms
in patients with schizophrenia treated with
antipsychotics: a systematic review and economic

evaluation

N Fleeman,' C McLeod,' A Bagust,' S Beale,” A Boland,'Y Dundar,'?
A Jorgensen,* K Payne,” M Pirmohamed,® S Pushpakom,®
T Walley,' P de Warren-Penny’ and R Dickson'*

'Liverpool Reviews and Implementation Group (LRiG), University of Liverpool, UK
Nork Health Economics Consortium, University of York, UK
3Health Methodology Research Group, School of Community Based Medicine, University of Manchester, UK

“Medical Statistics, University of Liverpool, UK

5The Hesketh Centre, Merseyside NHS Trust, Southport, UK
®Department of Pharmacology and Therapeutics, University of Liverpool, UK

’North Devon District Hospital, Barnstaple, UK

*Corresponding author

Objective: To determine whether testing for
cytochrome P450 (CYP) polymorphisms in adults
entering antipsychotic treatment for schizophrenia
leads to improvement in outcomes, is useful in medical,
personal or public health decision-making, and is a cost-
effective use of health-care resources.

Data sources: The following electronic databases were
searched for relevant published literature: Cochrane
Controlled Trials Register, Cochrane Database of
Systematic Reviews, Database of Abstracts of Reviews of
Effectiveness, EMBASE, Health Technology Assessment
database, ISI Web of Knowledge, MEDLINE, PsycINFO,
NHS Economic Evaluation Database, Health Economic
Evaluation Database, Cost-effectiveness Analysis (CEA)
Registry and the Centre for Health Economics website.
In addition, publicly available information on various
genotyping tests was sought from the internet and
advisory panel members.

Review methods: A systematic review of analytical
validity, clinical validity and clinical utility of CYP testing
was undertaken. Data were extracted into structured
tables and narratively discussed, and meta-analysis

was undertaken when possible.A review of economic
evaluations of CYP testing in psychiatry and a review of
economic models related to schizophrenia were also
carried out.

Results: For analytical validity, 46 studies of a range

of different genotyping tests for | | different CYP

© 2010 Queen’s Printer and Controller of HMSO.All rights reserved.

polymorphisms (most commonly CYP2Dé) were
included. Sensitivity and specificity were high (99—100%).
For clinical validity, 51 studies were found. In patients
tested for CYP2D6, an association between genotype
and tardive dyskinesia (including Abnormal Involuntary
Movement Scale scores) was found.The only other
significant finding linked the CYP2Dé genotype to
parkinsonism. One small unpublished study met the
inclusion criteria for clinical utility. One economic
evaluation assessing the costs and benefits of CYP
testing for prescribing antidepressants and 28 economic
models of schizophrenia were identified; none was
suitable for developing a model to examine the cost-
effectiveness of CYP testing.

Conclusions: Tests for determining genotypes

appear to be accurate although not all aspects of
analytical validity were reported. Given the absence of
convincing evidence from clinical validity studies, the
lack of clinical utility and economic studies, and the
unsuitability of published schizophrenia models, no
model was developed; instead key features and data
requirements for economic modelling are presented.
Recommendations for future research cover both
aspects of research quality and data that will be
required to inform the development of future economic
models.
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Glossary and list of abbreviations

Glossary

5-HT (5-hydroxytryptamine or serotonin) A
monoamine neurotransmitter that plays an
important role in the modulation of mood.

ACCE An acronym for a model process
developed by the Foundation for Blood Research
through a cooperative agreement with the
Centers for Disease Control and Prevention in
the USA for evaluating data on emerging genetic
tests, taken from the four components of genetic
testing evaluation — analytical validity, clinical
validity, clinical utility and ethical, legal and
social implications.

Active metabolite This is when the metabolite of
a drug produces a therapeutic effect.

ADME A common acronym used to describe the
manner in which an agent is processed within an
organism — absorption, distribution, metabolism
and excretion.

Allele In humans an allele is a member of a pair
of different forms of a gene.

DNA (deoxyribonucleic acid) A nucleic acid
which contains the genetic instructions that make
up living organisms.

DNA sequence A DNA sequence consists of
a double strand of DNA molecules, which are
made up of even smaller molecules known as
nucleotides.

Enzyme A protein molecule produced by living
organisms that catalyses chemical reactions of
substances (including drugs).

False-positive case A misclassified case in which
the case is classified as positive for a condition
(or particular genotype) by a test instead of
being classified as negative.

Gene The basic biological unit of heredity — a
segment of DNA that contributes to phenotype/
function.

Genome Sum total of the genetic material
included in every cell of the human body, apart
from the red blood cells.

Genotype The genetic constitution of an
individual, i.e. the specific allelic makeup of an
individual.

Heterozygote A person who has two copies of an
allele that are different.

Homozygote A person who has two copies of an
allele that are the same.

Locus A specific position on the genome, e.g.
where a particular nucleotide is located.

Metabolite A substance produced during
metabolism (when it is drugs being metabolised,
this usually refers to the end product that
remains after metabolism).

Nucleotide Small molecules that are the basic
constituents of DNA.

Penetrance The proportion of individuals
carrying a particular genotype who also express
a particular phenotype.

Pharmacogenetics A term used to define
inherited variability in response to drug
treatment.

Phenotype The observable physical or
behavioural traits of an organism, largely
determined by the organism’s genotype but also
influenced by environmental factors.

Predictive value Ratio of true-positive cases to
combined true- and false-positive cases.

Prodrug An agent that is administered in

a significantly less active form, which, once
administered, 1s metabolised in vivo into the
active compound (active metabolite).

continued
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Glossary and list of abbreviations

Protein molecule A complete biological
molecule made up of amino acids arranged in
a linear chain defined by a gene and encoded
in the genetic code. Types of proteins include
enzymes and receptors.

Receptor A protein molecule embedded in a
membrane to which a signal molecule (ligand)
such as a pharmaceutical drug may attach itself
to and which usually initiates a cellular response
(although some ligands merely block receptors
without inducing any response).

Sensitivity The proportion of true-positive cases
that are correctly identified by a test.

Single-nucleotide polymorphism (SNP) The
most common type of genetic variation in
humans, which occurs when a single nucleotide
[adenosine (A), guanine (G), cytosine (C)

or thymine (T)] in the genome sequence is
changed.

Specificity The proportion of true-negative
cases that are correctly identified by a test.

Substrate A substance that is acted upon by an
enzyme.

True-positive case A case correctly identified
by a test as possessing a particular condition (or

genotype).

List of abbreviations

5-HT
ADR

AHRQ

AIMS

AS-PCR

BPRS

CATIE

CI

CL/F

CUtLASS

CYP

CYP450

5-hydroxytryptamine
adverse drug reaction

Agency for Healthcare Research
and Quality

Abnormal Involuntary Movement
Scale

allele-specific polymerase chain
reaction

Brief Psychiatric Rating Score

Clinical Antipsychotic Trials in
Intervention Effectiveness

confidence interval

oral clearance

Cost Utility of the Latest
Antipsychotic Drugs in
Schizophrenia Study
cytochrome P450

cytochrome P450

DALY disability-adjusted life-year

EM extensive metaboliser

EPS extrapyramidal symptoms

ESRS Extrapyramidal Symptoms Rating
Scale

FDA Food and Drug Administration

IM intermediate metaboliser

HTA Health Technology Assessment

IPD individual patient data

mut mutant type

NICE National Institute for Health and

Clinical Excellence

NIHR National Institute for Health
Research

NSF National Service Framework

OR odds ratio
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PANSS

PCR

PCR-RFLP

PM
QALY
QTlc
SAS
SD

SMR

Positive and Negative Syndrome
Scale

polymerase chain reaction
polymerase chain reaction—
restriction fragment length
polymorphism

poor metaboliser
quality-adjusted life-year
QT interval
Simpson-Angus Scale

standard deviation

standardised mortality ratio

SNP

SSRIs

TD

TDL

TDRS

TRS

UM

WMD

wt

single-nucleotide polymorphism

selective serotonin reuptake
inhibitors

tardive dyskinesia

The Doctors Laboratory

Tardive Dyskinesia Rating Scale
treatment-resistant schizophrenia
ultrarapid metaboliser

weighted mean difference

wild type

All abbreviations that have been used in this report are listed here unless the abbreviation is well
known (e.g. NHS), or it has only been used once, or it is a non-standard abbreviation used only in
figures/tables/appendices in which case the abbreviation is defined in the figure or table legend.
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Executive summary

Objectives

The overarching questions that this review aimed
to answer were:

*  Could testing for cytochrome P450
(CYP) polymorphisms in adults entering
antipsychotic treatment for schizophrenia lead
to improvement in outcomes?

* Are testing results for CYP polymorphisms
useful in medical, personal or public health
decision-making?

* Is testing for CYP polymorphisms in
schizophrenia patients treated with
antipsychotics a cost-effective use of health-care
resources?

Background

Mental health is recognised as a major challenge
in UK clinical practice and as such it is one of the
nine National Service Frameworks. Schizophrenia
is a condition requiring immediate attention

but it is complex both to diagnose and to treat.
Treatment of schizophrenia is especially difficult
because of the large amount of interindividual
variability in patient response to therapy. This high
degree of heterogeneity is associated with adverse
drug reactions (ADRs) or therapeutic failure, which
has important implications for both the patient and
the UK NHS.

The interindividual variability to therapy may in
part be explained by differences in the enzymes
responsible for metabolising drugs to their
excretable forms, in particular the CYP enzyme
system. A number of antipsychotics (both typical
and atypical) are metabolised by CYP2D6 and
CYP3A4, and to a lesser extent CYP1A2, including
haloperidol, risperidone and clozapine.

Diagnostic genotyping tests for certain CYP
enzymes are now available. The first licensed test is
the AmpliChip® CYP450 test, which tests for both
CYP2D6 and CYP2CI19. CYP testing for prescribing
antipsychotics to schizophrenia patients would

be attractive if it could improve response rates or
reduce side effects from treatment.

© 2010 Queen’s Printer and Controller of HMSO.All rights reserved.

Methods

A systematic review of the analytical validity,
clinical validity and clinical utility of CYP testing
was undertaken. A review of economic evaluations
of CYP testing in the field of psychiatry was also
undertaken, as was a review of schizophrenia
models.

Several search strategies were used in various
databases including EMBASE, MEDLINE and the
Cochrane Library. Searches related to analytical
and clinical validity were carried out up to January
2008, whereas searches for clinical utility were
carried out up to March 2008.

Data were extracted into structured tables and

are narratively discussed in the relevant sections
of the report. Meta-analysis was also undertaken
where possible. For the purpose of meta-analysis,
patients with multiple copies (more than two) of
wt alleles were considered to be wt/wt, which it
should be noted may dilute effects, given that such
patients are ultrarapid metabolisers (UMs) and so
will metabolise drugs quicker than patients with
just two wt alleles. Given data limitations, economic
modelling was not feasible, therefore key issues
relating to the existing evidence base and future
research needs were narratively discussed.

Inclusion criteria

For the reviews of analytical validity, clinical
validity and clinical utility any study design except
single case studies was included. In the case of
analytical validity any patient population was
accepted, whereas in the case of clinical validity
and clinical utility only adults with schizophrenia
receiving treatment were included. Outcome
measures included accuracy of the test, measures of
pharmacokinetic bioavailability, efficacy, ADRs and
clinical outcomes.

For the economic literature review, economic
evaluations that considered both the costs and the
benefits of CYP testing were included in the review.
For the review of schizophrenia models, models
were included if they modelled antipsychotic
therapy in any schizophrenia population and if
they were published in English.
xi
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Executive summary

Results
Clinical evaluation

For analytical validity, 46 studies of a range of
different genotyping tests for 11 different CYP
polymorphisms (most commonly CYP2D6) were
included. Sensitivity and specificity was typically
found to be 99-100%. For clinical validity, 51
studies were found in which very few patients had
either the mut/mut genotype or multiple copies
(more than two) of the wt allele. These studies
mainly focused on ADRs; there was some evidence
from prospective studies of patients tested for
CYP2D6 that, compared with those with the wy/

wl genotype, patients with the wi/mut and mut/

mut + wt/mut genotypes were at increased risk of
tardive dyskinesia (TD) [odds ratio (OR) 2.08,
95% confidence interval (CI) 1.21 to 3.57, and OR
1.83, 95% CI 1.09 to 3.08 respectively]. In cross-
sectional studies, those with the mut/mut genotype
also had higher Abnormal Involuntary Movement
Scale (AIMS) scores (measuring TD severity) than
those with the wt/wt genotype [weighted mean
difference (WMD) 1.80, 95% CI 0.40 to 3.19]. The
only other significant finding was that patients
with the CYP2D6 mut/mut + wt/mut genotype were
significantly more likely to develop parkinsonism
than those with the wt/wt genotype (OR 1.64, 95%
CI 1.04 to 2.58). No published studies were found
that met the inclusion criteria for clinical utility.

Economic evaluation

Only one economic evaluation assessing the

costs and benefits of CYP testing for prescribing
antidepressants was identified from our search
and subsequently included in our review. Although
not directly relevant to our decision problem the
study did highlight the difficulties in undertaking
an economic analysis in this area. Results from
our search for a suitable schizophrenia model for
adaptation and use in our review identified a total
of 28 models, none of which was suitable for our
purposes.

The absence of published economic studies of

CYP testing for schizophrenia, the lack of evidence
from the clinical component of this review and the
unsuitability of published schizophrenia models
meant that no model was developed; instead, the
key features and data requirements of an economic
model were discussed. This identified that there are
still a number of factors that are unknown both for
schizophrenia as a condition and in relation to the
CYP pharmacogenetic test.

Conclusions

From this review of the literature, tests for
determining genotypes appear to be highly
accurate. However, not all aspects of analytical
validity have been reported in the studies (quality
control and assay robustness being commonly
neglected). In terms of clinical validity, research
is being conducted to assess the links between
genotype and metabolism and ADRs. However, to
date the research is limited and no firm conclusions
can be drawn. No studies assessing clinical utility
have been reported.

In terms of assessing the cost-effectiveness of using
such pharmacogenetic testing, in the opinion of
the authors it is too soon to tell. An economic
model was not developed as a part of this report
but, from previous work carried out in the area

of pharmacogenetic testing in depression and
through the assessment of published economic
models of schizophrenia, a suggested model
framework has been developed.

Our proposed model framework consists of four
main modules: pharmacogenetic test module
(assigning patient to phenotype), clinical effects
module (linking phenotype to outcomes),
transitional module (effect of test results on clinical
decision) and the schizophrenia module (projecting
treatment effects over a patient’s lifetime). Without
all four components and the information to
populate them it is not possible to determine the
cost-effectiveness of CYP testing in schizophrenia.

However, on the basis of a single test per patient
costing around £300, the expected lifetime

benefit per patient need be only about 0.01
quality-adjusted life-years (QALYs) to achieve
cost-effectiveness of < £30,000 per QALY gained.
If any survival improvement can be shown to be
supported by evidence then this level of gain
appears to be modest, particularly if opportunities
arise to target testing to those patients most likely
to show improvements in their care and expected
outcomes. Therefore, CYP pharmacogenetic testing
still shows promise, but further research is needed.

Recommendations for
future research

Although the current evidence base does not
support the use of pharmacogenetic testing in this
area, it does indicate that further study in each

of the key areas is needed to either demonstrate
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or refute the ability of pharmacogenetic testing
to assist in the development of individualised
patient care in the area of schizophrenia.
Recommendations for future research cover both
aspects of research quality and data that will be
required to inform the development of future
economic models.

Analytical validity

Studies of analytical validity need to be explicit
about patient selection, quality control, assay
robustness and the sensitivity and specificity of
tests. Study findings should not only report on
allele frequencies but also report appropriate
genotype data.

Clinical validity

Further evidence is required to link phenotype
to genotype. Such studies need to include
larger numbers of patients with the UM
(multiple copies of the wt allele) and poor
metaboliser (mut/mut) phenotypes and be
prospective in design.

Studies need to consider the impact of
environmental factors such as smoking,
concomitant medicines, medication adherence
and ethnicity. In relation to medication
adherence, genotypes need to be related

not only to clinical parameters but also to
pharmacokinetic parameters.

Studies need to ensure that all currently used
antipsychotics are investigated. However, given

© 2010 Queen’s Printer and Controller of HMSO.All rights reserved.

the uncertainty about the full extent of the role
played by CYP2D6, further studies focusing

on patients taking risperidone and olanzapine
would also be useful.

Future research will need to consider a
comprehensive approach that considers not
only CYP isoforms involved in the metabolism
of antipsychotics but also other targets such as
dopamine and 5-hydroxytryptamine receptors.

Clinical utility

Prospective clinical utility studies are needed.
As with clinical validity they should ensure
that all currently used antipsychotics are
investigated although, given their importance
to the NHS (and the uncertainty about the full
extent of the role played by CYP2D6), further
studies focusing on patients taking risperidone
and olanzapine would be particularly useful.

Economic evaluation

Improved evidence should be sought on the
link between improved schizophrenia care and
life expectancy.

Collection of longitudinal data that identify
patterns of adherence, length of time in relapse
and cost of care (including care provided in the
community) is required.

A common approach to the measurement and
reporting of adherence, relapse and quality of
life in schizophrenia is needed.

xiii
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Chapter |

Assessment aims

he review evaluated the clinical effectiveness

and cost-effectiveness of testing for
cytochrome P450 (hereafter abbreviated to CYP)
polymorphisms in patients with schizophrenia
treated with antipsychotics.

The overarching questions that this review aimed
to answer were:

*  Could testing for CYP polymorphisms in
adults entering antipsychotic treatment
for schizophrenia lead to improvement in
outcomes?

* Are testing results for CYP polymorphisms
useful in medical, personal or public health
decision-making?

* Is testing for CYP polymorphisms in
schizophrenia patients treated with
antipsychotics a cost-effective use of health-care
resources?

To answer the clinical overarching questions, three
key clinical areas were considered:
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Analytical validity:

—  What is the analytical validity of tests that
identify key CYP polymorphisms?

Clinical validity:

— How well do particular CYP genotypes
predict metabolism of particular
antipsychotics?

— How well does CYP testing predict drug
efficacy and adverse drug reactions
(ADRs)?

Clinical utility:

— Does CYP testing influence disease
management decisions by patients and
providers in ways that could improve or
worsen outcomes?

— Could the identification of CYP genotype
in adults entering treatment lead to
improved clinical outcomes compared with
not testing?

—  What are the harms associated with testing
for CYP polymorphisms and subsequent
management options?
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Chapter 2

Background

Possibilities for
individualised patient care

There is wide variability in the response

of individuals to standard doses of drug

therapy, which may occur as a result of
interindividual differences that may be inherited
(pharmacogenetics). Thus, there is growing
anticipation among scientists, health-care providers
and the general public that tests to identify genetic
differences will be available and be used to more
specifically direct the prescribing of therapeutic
agents (pharmacogenetic testing), improving our
ability to personalise therapies and subsequently
improving clinical outcomes.'

Genetics

There are approximately 50,000 genes in the
human genome. Inherited variation in genes
coding for metabolising enzymes and drug
transporters (polymorphisms) may alter drug
response and toxicity. Each gene is made up of a
deoxyribonucleic acid (DNA) sequence. A DNA
sequence consists of a double strand of DNA
molecules, with these molecules made up of even
smaller molecules known as nucleotides. Most of
the DNA sequence is identical from one individual
to the next in that the same type of nucleotide
[adenosine (A), guanine (G), cytosine (C) or
thymine (T)] occurs at the same locus between
individuals. However, there are a small proportion
of loci where the type of nucleotide varies from
one individual to the next; these parts of the
DNA sequence are known as single-nucleotide
polymorphisms (SNPs) and they are the most
common type of genetic variation in humans. As
DNA exists in double strands, these nucleotides
exist in pairs (one nucleotide on each strand).
Alternative forms of a nucleotide that can occur
at a particular locus of the genome are known as
alleles.

Loci usually have two possible alternative alleles
commonly known as wild type (w¢) or mutant
(mut), with the wt allele being the most common
allele found in the general population. Thus, for
example, at a given locus where it is possible to
have either an adenosine or a thymine nucleotide,
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if the adenosine nucleotide is the most common
then this would be identified as the w¢ allele.
Genotypes are derived from the alleles [e.g. wi/wt
(also known as homozygous wild type) or wt/mut
(also known as heterozygous wild type)] and thus
these SNPs give rise to the variation in genotype
and phenotype across individuals.

Pharmacogenetic testing

Technologies used for genetic testing (commonly
called genotyping) have undergone a revolution in
recent years. Since the discovery of DNA, scientists
have been trying to unravel the genetic knowledge
and find ways of applying it for the benefit of
mankind. The problem of obtaining sufficient
quantities of DNA for genetic manipulation, which
was the single biggest obstacle faced by molecular
biologists, was solved by the very significant
development of the polymerase chain reaction
(PCR) by Kary Mullis in 1983. This discovery,
coupled with the advent of DNA sequencing (first
developed by Frederick Sanger), significantly
accelerated genetic research and discovery.

Attainment of rapid speeds of DNA sequencing

by modern technologies led to the complete
sequencing of the human genome (Human
Genome Project) and shed more light on variations
that exist in individual genomes such as SNPs and
copy number variations. Recent years have seen
major strides taken in genotyping technologies,
thus making them more robust and easier to

use as well as costing less per SNP genotyped.

In addition, point-of-care tests are also being
developed, which in some cases may facilitate
translation into a clinical environment. A summary
of the most common genotyping techniques
available is provided in Table 1.

To assist policy-makers in the process of making
decisions regarding the use of genetic testing in
the delivery of patient care, the ACCE model has
been developed. Based on previously published
methodologies and terminology, this collaboration
between the Foundation for Blood Research and
the Centers for Disease Control and Prevention
(CDCQ) in the USA includes four key components
that are required for evaluating any genetic
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TABLE I Common genotyping techniques

Genotyping
platforms Principle involved Throughput Advantages/disadvantages
AS-PCR Hybridisation with allele- Low Only singleplex possible (one SNP at a time)
specific probes
Bead arrays Sequence-coded High Can multiplex
microspheres/fluorimetric Quantification of allelic ratios possible
detection T I . .
Limitations in availability of unique microspheres
Costly dedicated equipment required
Invader assay Enzymatic cleavage followed High Multiplex formats available
by FRET-based estimation Requires larger amounts of DNA
Microarrays (gene Allele-specific hybridisation/ Very high Very high probe density
chips) fluorescence detection (500,000 SNPs  pyjt-in probe features (mismatch probes) to
;fffa time; minimise false calls
t
ymetrix) Dedicated expensive equipment required
Complex software required to interpret data
Molecular beacons Non-linear allele-specific Medium Multiplex up to 10 SNPs
probes/FRET-based estimation Use of non-linear probes increases probe
specificity
PCR-RFLP Enzymatic cleavage of Low Singleplex only
restriction sites followed by Time-consuming setup
electrophoretic detection . .
Incomplete enzyme digestion leads to false
genotype calls
Pyrosequencing™ Primer extension followed Medium Dedicated equipment (Pyrosequencer) required
by enzyme-mediated Time-consuming setup
luminometric detection L . .
Limited scope for multiplexing
Sequenom Primer extension/MALDI- High Multiplex up to 40 SNPs at a time
TOF (matrix-associated laser Relatively cheap
desorption time-of-flight) . .
mass spectrometry Requires well-purified PCR products
Requires dedicated expensive equipment
SNaPshot® Electrophoretic size High Relatively cheap
separation Can be performed on 96-channel sequencers
common in genotyping laboratories
Multiplex up to 6 SNPs
Time-consuming
TaqMan® FRET Medium Useful for genotyping larger sample sizes

Robust
Automated calling
Only singleplex available

Costly if only for smaller sample sizes

AS-PCR, allele-specific PCR; FRET, fluorescence resonance energy transfer; PCR-RFLP, polymerase chain reaction—restriction
fragment length polymorphism; SNP, single-nucleotide polymorphism.

test (and which thus give the model its name): treatment in terms of efficacy and ADRs and as
analytical validity; clinical validity; clinical utility; such the key components should also be generally
and ethical, legal and social implications (Figure 1). applicable to pharmacogenetic tests.

Although many genetic tests are concerned with Analytical validity in the process includes

testing for diseases, increasingly pharmacogenetic evaluation of all aspects related to the accuracy
tests are also being developed to predict the and reliability of genotype testing and includes

probability of an individual’s response to drug sensitivity, specificity, quality control and robustness
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of the assessment process. Assessment of clinical

validity begins with linking the four components
of analytical validity and then assessing the other
five elements identified in Figure 1. In relation

to pharmacogenetics, the important outcomes to
consider are the relationships between genotypes
and phenotypes, with outcomes arising from the

To date, studies and reviews of pharmacogenetic
tests have yielded insufficient evidence for any
unequivocal benefit in terms of clinical validity or
utility in a wide range of clinical areas including
psychiatry (selective serotonin reuptake inhibitors
for patients with non-psychotic depression®). Part
of the difficulty in establishing an evidence base

treatments currently being used in the clinical
condition being considered, specifically efficacy
and ADRs. Clinical utility refers to the ability to
use the information from analytical and clinical
validity in clinical practice. Establishing clinical
utility is therefore important and should consider
evidence for the use of pharmacogenetic testing
to prospectively predict clinical outcomes and to
modify clinical management (e.g. changing doses
or switching drugs based on genotype tests). Harms
associated with tests also need to be considered.
These may include increased cost without impact
on clinical decision-making or improvement

in patient outcomes, less effective treatment

with drugs, or inappropriate use of genotype
information in the management of other drugs
metabolised by particular enzymes.

may be attributed to the fact that response may be
multifactorial and multigenic, being dependent not
only on CYP enzymes but also on phase II enzymes
and differences in the drug targets. Thus, recent
evidence-based recommendations issued in this
field have urged further studies to be completed
before testing can be recommended.*

Nevertheless, in December 2004 the AmpliChip,”®
which is a microarray-based test, became the first
test to be granted market approval in the USA by
the Food and Drug Administration (FDA),” as well
as in the EU.%% This test is intended to identity a
patient’s CYP2D6 and CYP2C19 genotype from
genomic DNA extracted from a whole blood
sample and thus provide a predicted metabolic
phenotype. There are other technologies also

Clinical utility

Effective
intervention
(benefit)

Quality

assurance

Pilot
trials

Clinical

Clinical
specificity

Ethical, legal and
social implications
(safeguards and
impediments)

Disorder
and
setting

Health
risks

Penetrance

Monitoring
and Economic
evaluation 4"alytl'cal va\'\‘x‘“ evaluation

Facilities

Education

FIGURE | ACCE evaluation process for genetic testing taken from Palomaki et al.? PPV, positive predictive value; NPV, negative predictive
value.
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available for genotyping of CYP enzymes, as

well as the other genes that can influence drug
response, and there is no doubt that other
genotyping technologies will follow, including
point-of-care tests. Currently the tests available

for pharmacogenetics include HER2 (herceptin),
HLA-B*5701, thiopurine methyltransferase, G6PD,
factor V Leiden, the caffeine contracture test (for
malignant hyperthermia) and pseudocholinesterase
deficiency. Not all of these are genotypic tests;
some are phenotypic.

This report has been commissioned by the
National Institute for Health Research (NTHR)
Health Technology Assessment (HTA) programme
to address the issues of pharmacogenetic

testing related to the use of antipsychotics for
schizophrenia. Specifically the report addresses
the issues related to the clinical and cost-
effectiveness of testing for CYP polymorphisms in
patients treated with antipsychotics. As such, the
remainder of this report deals with the issues of
pharmacogenetics related to this specific area. The
report uses as its base the ACCE process and then
goes on to discuss the economic implications of this
new and evolving technology.

CYP enzyme system

A link between drug metabolism and drug response
has been widely discussed in the literature and a
significant proportion of this literature is focused
on the CYP enzyme system, which has been
identified as a major metabolic pathway for many
drugs and a source of interindividual variability

in patient response.”® The CYP enzyme system
contains major phase I enzymes involved in the
metabolism of a number of substrates. There are 57
CYP genes in humans with each gene being named
with CYP, indicating that it is part of the CYP

gene family, a number associated with a specific
group within the gene family, a letter representing
the gene’s subfamily and a number assigned to

the specific gene within the subfamily.? Thus, for
example, CYP2D6 is gene 6 in group 2, subfamily
D.

A number of SNPs in various CYP genes have

been identified in recent years and several

studies have shown how these SNPs affect the
metabolism, safety and efficacy of various drugs,
with CYP1A2, CYP2C9, CYP2C19, CYP2D6,
CYP2EI and CYP3A4 accounting for over 90%

of drugs metabolised by the CYP enzyme system.
Different CYP genes are involved in the metabolism

of different types of drugs. For example, in
oncology, the three major genes accounting for
over 85% of hepatic activity are CYPIA2, CYP2D6
and CYP344;" in psychiatry, several studies''-!
have shown a link between genetic polymorphisms
and response to antidepressants with regards to
CYP2C9, CYP2C19 and CYP2D6; whereas, for
antipsychotics, CYPIA2, CYP2D6 and CYP3A4
again seem to be the most important.'*

Indeed, the CYP2D6 gene plays a primary role

in the metabolism of drugs used to treat severe
depression, schizophrenia, bipolar disorder and
cardiovascular diseases.'” CYP2D6 is responsible for
the metabolism of 25% of all drugs on the market
and polymorphisms in its gene significantly affect
the metabolism of about 50% of these drugs.'*
Thus, it is of little surprise that it is probably the
most extensively studied gene with regard to its
impact on the metabolism of antipsychotics.!”

Drug/enzyme interactions generally result from
one of two processes, enzyme inhibition or enzyme
induction. The majority of drugs act as inhibitors,
that is, they decrease the metabolism of substrates,
which generally leads to an increase in the effect
of the drug. Inducers, on the other hand, increase
the metabolism of substrates, generally resulting
in a decreased drug effect.” The CYP2D6 enzyme
is the only one among the drug-metabolising

CYP enzymes that cannot undergo induction and
therefore genetic variation contributes largely to
the interindividual variation in enzyme activity.'®

The prevalence of CYP gene polymorphisms
varies across populations. Table 2 presents a
summary of the frequencies of CYP2D6 alleles

in various populations and also describes each
allele’s predicted enzymatic function. As can be
seen from Tuable 3, it is with reference to these
classifications that the anticipated phenotype

is commonly determined (when the CYP2D6
enzyme is the primary metabolic route) although it
should be noted that there are a number of other
classification systems being used.'**” Nevertheless,
according to this classification system, drugs should
have the intended effect in individuals with two
copies of the normal functional allele. At the same
dose, suboptimal responses would be expected

in individuals with deficient or differing copies

of functional alleles. Thus, individuals who carry
copies of decreased activity or loss of function
alleles are defined as poor metabolisers (PMs).

Given that the four most common loss of function
alleles (*3, *4, *5 and *6) are associated with up
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TABLE 2 Allele frequencies of CYP2Dé variants in selected populations

CYP2Dé6 Predicted Caucasian African

variant® enzymatic function (Europe) Caucasian (US) American Swedish

*| Normal 33-36% 27-40% 29-35% 36.7%

*2 Normal 22-33% 26-34% 18-27% 32.4%

*3 Loss of function 1-4% 1-1.4% <1% 1.4%

*4 Loss of function 12-23% 18-23% 6-9% 24.4%

*5 Loss of function 2-7% 2-4% 6-7% 43%

*6 Loss of function 1-1.4% 1% <% 0.9%

*7 Loss of function - - - -

*8 Loss of function - - - -

*9 Decreased activity 0-2.6% 2-3% <1% -

*10 Decreased activity 1.4-2% 2-8% 3-8% -

*11 Loss of function - - - -

*12 Loss of function - - - -

*13 Loss of function - - - -

*14 Loss of function - - - -

*15 Loss of function - - - -

*16 Loss of function - - - -

*17 Decreased activity <% <1% 15-26% -

*18 Decreased activity - - - -

*21 Loss of function - - - -

*29 Decreased activity - - - -

*33 Normal - - - -

*35 Normal - - - -

*36 Decreased activity - - - -

*4] Decreased activity - - - -

*IXN Increased activity <I% <% 1.3% -
(where N 2 2)

*2XN Increased activity 1.5% <I% 1.3% -
(where N=2,3,4,5
or 13)

*4XN Loss of function <% <l1% 2.3% -
(where N 2 2)

*[OXN Loss of function - - - -
(where N 2 2)

*|17X2 Normal - - - -

*35X2 Increased activity - - - -

*41X2 Normal - - - -

Adapted from Matchar et al** and Ingelman-Sundberg et al.,'® in which all prevalence figures are taken from Bradford? or

Zackrisson et al.®

a Not all alleles are presented here.All currently recognised alleles can be found on the home page of the Human
Cytochrome P450 Allele Nomenclature Committee.?

to 98% of the PM phenotypes, it is no surprise to compared with 1% of Asians, with data for other
find that there are ethnic differences in metaboliser  ethnic groups less cogent.?! However, fewer Asians
status. For example, a number of studies have metabolise CYP2D6 normally, largely because of
found that around 7% of Caucasians are PMs high frequencies of the *10 allele,? resulting in a
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TABLE 3 Effects of genetic polymorphisms of CYP2D

Phenotype
(metaboliser status)?

Extensive metaboliser (EM)

Intermediate metaboliser (IM)

Ultrarapid metaboliser (UM)

Poor metaboliser (PM)

Genotype

Two copies of normal function allele

Two copies of reduced activity allele or one
copy of loss of function allele and one copy
of decreased activity allele

Multiple copies of functional allele or of the
whole gene itself (gene duplications)

Two copies of loss of function allele

Expected drug effects

Usual doses lead to expected drug
concentrations and response

Drug effects between those of EMs and PMs

Usual doses may not lead to therapeutic
drug concentration, possible non-response

Usual doses may lead to higher than

Adapted from Matchar et al.?*

expected drug concentrations and possibly
adverse drug reactions

a Some studies make no distinction between EMs and IMs whereas others classify these as homozygous EMs and
heterozygous EMs respectively (but not all heterozygous EMs will necessary be IMs). Similarly, not all studies make
distinctions with ultrarapid metabolisers (and not all pharmacogenetic tests are capable of detecting patients with

multiple copies of alleles and thus making this distinction).

higher prevalence of intermediate metabolisers
(IM). This decreased activity allele, which is rare in
Caucasian populations, has been estimated to be as
high as 55% in Chinese populations.?"**

The classification used in Tuble 3 is the one that is
used by the first approved pharmacogenetic test,
the AmpliChip. This test also tests for CYP2CI9
and patients are given either an extensive
metaboliser (EM) or a PM phenotype, reflecting
the fact that the *I allele is a normal activity allele
whereas *2 and *3 are associated with loss of
function. Other CYP2C19 alleles exist that are not
tested for by the AmpliChip including *4, *5, *6,
*7 and *8, and *17, which are loss of function and
increased activity alleles respectively.*®

However, as noted above, CYP1A2 and CYP3A4
appear to be relatively more important genes than
CYP2C19 with regard to antipsychotics. With regard
to CYPIA2, the *1 allele is associated with normal
activity, *I1C and *1K with decreased activity and
*]F with higher inducibility.?® For CYP344, the *14
allele is associated with normal activity whereas
data on the function of other alleles are currently
lacking.

Current costs of CYP tests
to the NHS

The Doctors Laboratory (TDL)"*#7 currently
provides the Roche AmpliChip CYP2D6/2C19
testing facility to the NHS at a cost of £300,
including any administration fees and platform

costs (I'DL, April 2008, personal communication).
The turnaround time is stated as 1-2 weeks.

It was not possible to obtain costs for other tests
including any in-house laboratory tests although
these are thought to be less than that of the
AmpliChip.

Current usage of CYP tests
in the NHS

The use of CYP tests in the NHS has not been
documented but it is thought that currently they
are likely to be available only on a research basis.

Schizophrenia

Mental health is recognised as a major challenge
in UK clinical practice and as such it is one of
the nine National Service Frameworks (NSFs).?
Schizophrenia is described in the NSF for mental
health as a severe psychotic mental illness.
Although there are no symptoms that in themselves
are pathognomonic of schizophrenia, it can be
viewed as a clinical syndrome within which is a
broad spectrum of symptoms. Schizophrenia is
viewed variably as a single disease or a group of
heterogeneous disorders due to the variability of
presentation and patterns within its diagnostic
criteria, both currently and historically. The

10th version of the International Classification
of Diseases and Related Health Problems (ICD-
10)* describes schizophrenic disorders as

being ‘characterised in general by fundamental
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and characteristic distortions of thinking and
perception, and by inappropriate or blunted affect’.
These have been further described as ‘positive’
symptoms such as delusions and hallucinations
(reality distortion) and ‘negative’ symptoms such

as lack of emotional responsiveness and lack of
volition.

Schizophrenia is associated with increased mortality
compared with that of the general population, with
individuals with schizophrenia having an ‘all-cause’
standardised mortality ratio (SMR) of between 2
and 3.%%! Suicide has been shown to have a large
impact on the all-cause SMR, with an SMR for
suicide or unexplained violence being greater than
10, with the prevalence of suicide amongst those
with schizophrenia being currently estimated at
around 5%.%%2

The lifetime prevalence of schizophrenia is
currently estimated to be between 0.34% and
1%,% with annual prevalence and incidence rates
of around 500 per 100,000 population (0.5%)*"*°
and 10-20 per 100,000 population®**® respectively.
Overall, the rates are similar in men and women
but the peak incidence of onset is between 15

and 25 years in men (where the incidence rate

is twice that for women) and 25 and 35 years in
women (where the incidence rate is higher among
women).%3

Although the aetiology of schizophrenia is not
clear, it almost certainly involves dopamine,
specifically the D2 receptor. Thus, pharmacological
agents that act as dopamine antagonists (with the
exception of aripiprazole, a dopamine partial
agonist) and which have actions on a number of
other neurotransmitters and their receptors [e.g.
5-hydroxytryptamine (5-HT)] are used alongside
a number of other strategies and interventions

to treat schizophrenia, comprising a total care
package.

Drugs for schizophrenia can be classified into
typical (first generation) and atypical (second
generation) antipsychotic agents. The historical
difference between the two classes is the
propensity of the older typical agents to cause
catalepsy [a severe extrapyramidal symptom
(EPS) characterised by muscular rigidity and
fixity of posture with decreased pain sensation]
in rats, whereas the newer atypical agents do
not. In clinical practice risperidone, olanzapine,
amisulpride and quetiapine are most commonly
used as first-line treatment as recommended by
the National Institute for Health and Clinical
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Excellence (NICE).* Typical antipsychotics are now
more commonly used as second-line treatment,
either as oral medication or in depot form, or to
assist in the management of severe behavioural
disturbance.

Atypical antipsychotics initially appeared to
have the benefit of lower levels of some ADRs,
most notably movement disorders, elevation

of prolactin and sedation,’®*® although this has
been increasingly challenged.***! The atypicals
have been associated with a metabolic syndrome
including weight gain, diabetes and abnormal
blood lipid profiles.**

Clozapine is clinically in a separate class from
typical and atypical antipsychotics. Although
theoretically an atypical in that it does not cause
catalepsy, its ADR profile includes a significant risk
of agranulocytosis to the degree that mandatory
monitoring of blood counts for neutropenia are
part of its licensing requirements.*! It remains
available in the UK for use in treatment-resistant
schizophrenia only.”” It produces few acute EPS
and has a lower incidence of tardive dyskinesia
(TD) than other antipsychotics, although other
ADRs include sedation, hypersalivation and
hypertension.**

Regarding efficacy, the HTA review of atypical
antipsychotics in schizophrenia*” noted that
evidence for the effectiveness of the atypicals
compared with typicals was ‘in general of

poor quality, based on short term trials and
difficult to generalise to the whole population

of people with schizophrenia’. The more recent
Clinical Antipsychotic Tiials in Intervention
Effectiveness (CATIE)* and Cost Utility of the
Latest Antipsychotic Drugs in Schizophrenia
Study (CUtLASS) trials*® have led the chief
investigators of these trials to conclude that typical
antipsychotics are as good as atypical antipsychotics
for many patients.*’

With advances in treatment, the prognosis of an
individual with a first episode of schizophrenia

is less bleak than was once thought, with
approximately 20-25% of patients having no
further episodes.”**? However, within the first year,
recurrence is observed in up to 25% of patients,*
rising to almost 50% within 2 years.**>*% Within
12 montbhs it has also been found that 14% of
patients are treatment resistant,’® and over 2 years’
duration 20-45% are only partially responsive

to antipsychotic medication,*”*® with 5-10% of
patients deriving no benefit at all.*® However,
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the prevalence of treatment resistance is hard

to determine given the lack of agreement on
defining the term, and, as these figures also reflect
treatment outcomes with typical antipsychotics,
with atypical antipsychotics now also being widely
available, it has been argued there is a need to
reconsider what constitutes ‘non-response’.*
Treatment resistance is broadly described in

NICE Clinical Guideline 1 (Schizophrenia)®*” as a
‘lack of satisfactory clinical improvement despite
the sequential use of the recommended doses

for 6 to 8 weeks of at least two antipsychotics’.
Individuals who receive antipsychotic prophylaxis
(maintenance therapy) have been found to have a
better outcome than those who have antipsychotics
only when symptoms are present.®"%

Non-compliance is also often related to efficacy
limitations as well as ADRs of antipsychotics,*
increasing the risk and severity of relapse (with
each further episode a decline in baseline
functioning can be expected®), increasing the
length of hospital stay and quadrupling the risk
of suicide attempts.® It has been found that 10
days after discharge from hospital up to 25% of
individuals with schizophrenia are partially or
non-compliant, rising to 50% after 1 year and 75%
after 2 years.® However, instruments for measuring
adherence and non-compliance rates have varied
across studies,® with one recent systematic review
of 28 studies finding the weighted non-adherence
rate to be 40.6% (weighted mean 25%, 95% CI
17.42 to 32.66)%" and another finding the mean
rate of non-adherence to be between 41.2% and
49.5% in 10 and 5 studies, respectively, depending
on the inclusion criteria used.®

Factors influencing compliance have also been
explored in numerous studies and reviews and,
unsurprisingly, many different factors influence
compliance including those that affect patient’s
beliefs that medication will be efficacious and
ameliorate symptoms and fears about ADRs.* The
types of ADRs that are distressing to patients and
linked to non-compliance include EPS, neuroleptic
dysphoria, akathisia, sexual dysfunction and weight
gain.ﬁi)

Extrapyramidal symptoms are relatively common
ADRs to antipsychotic medication. They can be
severe and disabling and a significant factor in an
individual deciding to stop or modify treatment
as prescribed.® Although easy to recognise, the
likelihood of EPS cannot be predicted accurately

because they depend on the dose, the type of
drug and individual susceptibility.** EPS include
parkinsonian symptoms (including tremor),
dystonia (abnormal face and body movements),
akathisia (restlessness) and TD (rhythmic
involuntary movements of tongue, face and
jaw). TD also reflects the underlying pathology
in schizophrenia as it has been established

that the presence of TD predates the advent of
antipsychotic treatment of schizophrenia™ and
has been observed in older individuals with
schizophrenia who have never been treated with
antipsychotics.” A recent systematic review of
TD™ gave prevalence rates of 13.1% for those
treated with atypical antipsychotics, 15.6% for
antipsychotic-free patients and 32.4% for those
treated with typical antipsychotics.

Pharmacogenetics and
schizophrenia

As noted above, a number of antipsychotics

(both typical and atypical) are metabolised by the
CYP1A2, CYP2D6 and CYP3A4 enzymes (Table
4). It should be noted, however, that enzymes
other than CYP enzymes are also involved in the
metabolism of these drugs. Another key issue for
clinical practice is the risk of drug interactions,
which although not common have the potential
to cause significant harm. Many patients receiving
antipsychotics are also likely to be prescribed
other medications, including other psychotropic
medications, many of which will also be inhibitors
of CYP enzymes. Thus, enzyme inhibition may
involve competition between drugs for the enzyme
binding site, increasing the likelihood or severity
of drug—drug interactions. Therefore, knowledge
about CYP gene polymorphisms could potentially
aid the selection of a specific drug and/or guide
decisions about appropriate dosing to optimise
efficacy and tolerability for individual patients.

Although CYP3A4 is present in much higher
abundance in the liver and is involved in the
metabolism of a greater number of drugs than
the other CYP enzymes (50% of all marketed
drugs™"™), its enzyme activity is affected more by
environmental factors such as diet and concurrent
medications than by inherited variations. For
example, human in vivo studies have indicated
considerable interindividual variability (fivefold)
that can be significantly increased by deliberate
modulation, i.e. inhibition and induction.”™
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TABLE 4 Common antipsychotics metabolised by the CYP enzyme system

Atypical antipsychotics
Clozapine, olanzapine

Risperidone, olanzapine

Enzyme Typical antipsychotics

CYPIA2 Haloperidol

CYP2Dé6 Thioridazine, perphenazine, fluphenazine,
zuclopenthixol, haloperidol, chlorpromazine

CYP3A4 Haloperidol

Similarly it remains questionable how much of the
interindividual variability in CYP1A2 activity is
explained by genetic polymorphisms;'¥ smoking
in particular is thought to affect the level of
CYP1A2.7 As already noted, CYP2D6 is the only
one among the drug-metabolising CYP enzymes
that is not inducible but it can be inhibited by a
number of drugs and hence this, together with
genetic variation, contributes to the interindividual
variation in enzyme activity. The association
between CYP2D6 genotype and the risk of having
TD has recently been reviewed in a meta-analysis™
that investigated loss of function alleles (*3, *4,
*5, %6 and *7), decreased activity alleles (*10) and
the *2 allele. This found that patients who were
homozygotes for loss of function alleles (PMs)
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Clozapine, risperidone, quetiapine, ziprasidone,
olanzapine

had a 1.64-fold greater chance of suffering TD
compared with other patients with schizophrenia,
but the effect was not significant (95% CI 0.79 to
3.43).

Current service costs for
treating schizophrenia

The cost of care for individuals with schizophrenia
is high. Davies™ estimated that 1.6% of the total
national health-care budget was attributable to
schizophrenia treatment. On the basis of this figure
and estimated government spending on health,™
NHS expenditure on schizophrenia in 2008-9 is
calculated to be in the region of £1.2 million.
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Chapter 3
Methods

systematic review of the clinical and

conomic literature was conducted to assess
the clinical and cost-effectiveness of testing for
CYP polymorphisms in patients treated with
antipsychotics for schizophrenia. The systematic
review was guided by the general principles
recommended in the QUOROM statement® and
the HuGENet HUGE Review Handbook,?' which
provides guidelines on undertaking systematic
reviews and meta-analyses of genetic association
studies.

To ensure that adequate clinical input was
obtained, an advisory panel comprising clinicians
and experts in the field of pharmacogenetics and
schizophrenia was established. The role of this
panel was to comment on the draft report and
answer specific clinical questions as the review
progressed.

Clinical effectiveness
Search strategy

The search incorporated a number of strategies,
combining index terms (for the disease) and free
text words for the technologies involved (generic
and trade names of the drugs) but did not include
methodological filters that would limit results

to a specific study design. A separate search was
conducted for each of the three main components
of the clinical review (analytical validity, clinical
validity and clinical utility). Details of the search
strategies and the number of records retrieved

for each search are provided in Appendix 1.

All references were exported to an EndNote
bibliographic database.

For all searches the following electronic databases
were searched (YD) for relevant published
literature (for the period 1995 to January Week

2 2008 for analytical validity and clinical validity;
1995 to March Week 2 2008 for clinical utility):

* CCTR (Cochrane Controlled Trials Register)

* CDSR (Cochrane Database of Systematic
Reviews)

*  DARE (Database of Abstracts of Reviews of
Effectiveness)

© 2010 Queen’s Printer and Controller of HMSO.All rights reserved.

e EMBASE

e Health Technology Assessment database
e ISI Web of Knowledge

e MEDLINE

*  PsycINFO.

In addition to the systematic searches of the above
databases, publicly available information on various
genotyping tests was sought from the internet and
advisory panel members and used to supplement
the published literature as appropriate.

Selection of evidence

The records identified in the electronic searches
were assessed for inclusion in two stages. Two
reviewers (NF and RD for analytical validity,
clinical validity and clinical utility) independently
scanned all titles and abstracts identified in the
search to identify reports that might be relevant to
the review. Full text versions of all records selected
during the initial screening process were obtained
to permit more detailed assessment. These were
assessed independently by two reviewers (NF and
SP for analytical validity; NF and YD for clinical
validity and clinical utility) using the inclusion and
exclusion criteria shown in Table 5. The inclusion/
exclusion assessment of each reviewer was recorded
on a pretested, standardised form. Disagreements
were resolved by discussion and, if necessary,
another reviewer was consulted. A summary of the
selection and inclusion of studies is provided in
Appendix 2.

Data extraction

Data extraction was carried out by one reviewer
(NF for analytical validity, clinical validity and
clinical utility) and then checked for accuracy by a
second reviewer (SP for analytical validity; YD for
clinical validity and clinical utility).

Quality assessment

As no universally accepted quality assessment
criteria exist for laboratory studies, no formal
assessment was undertaken for analytical
validity although general issues relating to

genetic association studies®' were considered
13



Methods

when reviewing the data. For clinical validity,

the general study design and conduct of studies
were considered based on accepted criteria,®

and a tool, based on elements of a checklist
developed to assess the methodological quality of
pharmacogenetic studies,* was also used to assess
specific issues considered important in terms of
the reliability of such studies. As only one study
was found for clinical utility and this was only
presented as a poster, no formal quality assessment
was undertaken for this component of the review.

Data synthesis

Information on study characteristics is summarised
in structured tables and as a narrative description.

When more than one study presented the results
of investigating the association between the same
allele or combination of alleles and the same
outcome they were combined in a meta-analysis
using Review Manager (REVMAN) 4.2 software.

Forest plots were prepared with binary outcomes
compared in terms of odds ratios and continuous
outcomes compared in terms of difference in
means. An assessment of heterogeneity between
studies was made both by visually inspecting the
forest plots and by calculating the I* statistic,**
which measures the proportion of variation across
studies that is due to genuine differences rather
than random error. If heterogeneity was detected
summary effects were estimated using a random-
effects approach; otherwise a fixed-effects approach
was taken.

When studies differed in terms of the ethnicity of
included patients, separate effect estimates were
calculated for each ethnic group. If the separate
estimates appeared similar they were subsequently
pooled to provide a single effect estimate. This was
in view of the controversy surrounding possible
confounding from population stratification and is
the approach suggested in the HuGENet HuGE
Review Handbook.?! When studies differed in terms
of their study design, when possible sensitivity
analyses were conducted including only studies of
the same study design.

For each allele—outcome combination two
approaches to the analysis were undertaken. The
first approach made no assumption regarding
the underlying genetic model and comprised
two separate meta-analyses, one comparing

heterozygotes with wild-type homozygotes and

the other comparing mutant-type homozygotes
with wild-type homozygotes. The second approach
assumed that the mutant allele had a dominant
effect on outcome and compared both mutant-
type homozygotes and heterozygotes combined
with wild-type homozygotes. Because this meant
grouping patients into any one of the genotype
groups wit/wt, wi/mut or mut/mut, this required
making the following assumptions for CYP2D6:
that patients with the *1/*2 genotype can be
classified as wt/wt (as the *2 allele may be associated
with normal function), as can patients with the
UM phenotype [as such patients have at least two
wt alleles and not all studies will have used tests
that are able to identify multiple copies (> two)

of alleles]. Although there is currently a lack of
evidence to support either of these assumptions,

a similar approach was taken in a previous meta-
analysis of CYP2D6 polymorphisms and the risk of
TD.”

To try and minimise the risk of publication bias,
members of the advisory panel were consulted
in an attempt to identify unpublished studies, as
detailed in the search strategy.

Cost-effectiveness
Search strategy

Two separate search strategies were conducted: (1)
to identify any full economic evaluations of CYP
testing for prescribing antipsychotics; (2) to identify
the available economic models for schizophrenia.
Details of the search strategies and the number of
records retrieved for each search are provided in
Appendix 3. All references were exported to an
EndNote bibliographic database.

Identification of full economic

evaluations of CYP testing for prescribing
antipsychotics

The search strategies undertaken for the clinical
component of the review did not identify any full
economic evaluations of CYP testing for prescribing
antipsychotics. Therefore a separate, specifically
economic search was undertaken. Because of

the anticipated lack of published economic data
available, the search strategy was expanded

(solely for the purposes of the economic literature
review) to include cost-effectiveness studies of CYP
testing in the field of psychiatry (antidepressants,
antipsychotics, etc.).
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TABLE 5 Inclusion and exclusion criteria

Study design Analytical validity:

Any study design comparing one test with another except for single case studies

Clinical validity:

Any study design except for single case studies

Clinical utility:
Any study design

Population Analytical validity:

Healthy or unhealthy human subjects genotyped for any CYP polymorphisms

Clinical validity:

Adults with schizophrenia receiving treatment with antipsychotics and genotyped for CYP

polymorphisms

Clinical utility:

Adults treated with antipsychotics undertaking genotyping tests for CYP polymorphisms

Outcomes Analytical validity:

Reports on accuracy of test (e.g. sensitivity)

Clinical validity:

Pharmacokinetic outcomes — bioavailability (AUC), half-life (t

Outcomes measuring efficacy

\p) OF oral clearance

Outcomes measuring adverse drug reactions

Clinical utility:

Use of CYP genotyping to prospectively predict clinical outcomes (outcomes include those

addressed by clinical validity)

Use of CYP genotyping to modify clinical management (e.g. changing doses based on genotype

tests)

Examples of the use of CYP genotyping in medical, personal and public health decision-making

Harms associated with CYP genotyping

Exclusion criteria Non-English language papers

Narrative reviews, editorials, opinions

Subjects not genotyped for CYP polymorphisms

For clinical validity and clinical utility, patients not being treated with antipsychotics

AUC, area under the curve; t, ., elimination half-life.

12

For all searches the following electronic databases
were searched (YD) for relevant published
literature for the period up to April Week 3 2008:

e EMBASE

* Cochrane Library

e ISI Web of Knowledge
e MEDLINE

e PsycINFO.
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Identification of the available economic
models for schizophrenia

Searches were carried out to identify economic
models that could be modified or used directly to
investigate the cost-effectiveness of CYP testing
for patients with schizophrenia. The following
databases were searched up to January 2008 (apart
from the HTA database, which was searched up to
May 2008):

15
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¢ MEDLINE
e NHS EED (NHS Economic Evaluation
Database)

e HEED (Health Economic Evaluation Database)
e EMBASE

e Cost-effectiveness Analysis (CEA) Registry

e Centre for Health Economics website

e HTA database.

Search strategies for the large bibliographic
databases MEDLINE and EMBASE were structured
to capture the concepts of economic modelling
combined with subject terms for schizophrenia.
Searches were limited to English language studies.

Selection of evidence

Identification of full economic

evaluations of CYP testing for prescribing
antipsychotics

Two reviewers (CM and ABol) independently
scanned all titles and abstracts identified in the
search to identify reports that might be relevant
to the review. Disagreements were resolved by
discussion and if necessary another reviewer was
consulted.

Inclusion criteria limited studies to those that
considered both the costs and benefits of CYP
testing for prescribing any drug in the field of
psychiatry. Studies were excluded if they did not
include a CYP test.

Identification of the available economic

models for schizophrenia

The records identified in the electronic search were
assessed for inclusion in two stages. Two reviewers
(CM and SB) independently scanned all titles and
abstracts identified in the search to identify reports
of models that might be relevant to the review.

Full text versions of all records selected during the
initial screening process were obtained to permit
more detailed assessment. These were assessed
independently by two reviewers (CM and SB).
Disagreements were resolved by discussion and if
necessary another reviewer was consulted.

Inclusion criteria limited studies to those that
included:

* independent models (publications of the same
model were counted as one model)

e schizophrenia patients

e any antipsychotic medication.

Studies were excluded if they were reviews of
models or ‘thought pieces’.

Data extraction

Identification of full economic

evaluations of CYP testing for prescribing
antipsychotics

Data extraction was carried out by one reviewer
(CM) and then checked for accuracy by a second
reviewer (ABol).

Identification of the available economic models
for schizophrenia

Data extraction was carried out by two reviewers
(CM and SB) and then checked for accuracy by a
third reviewer (ABol).

Quality assessment

Identification of full economic evaluations of
CYP testing for prescribing antipsychotics
Detailed cost-effectiveness criteria, such as the
Drummond and Jefferson economic evaluation
checklist,*” were not applied as the nature of the
included economic evaluation was exploratory in
nature. Applying a checklist would only serve to
unfairly judge the study and would not be of any
practical value.

Identification of the available economic models
for schizophrenia

Formal quality assessment was not undertaken for
this component of the review. However, a model
criteria checklist was applied (see Chapter 7 for
more details).

Data synthesis

Data are presented in structured tables and
narratively discussed in the economics section of
this report.
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Chapter 4

Analytical validity

In total, 41 out of 2844 papers met the
inclusion criteria for the review of analytical
validity (Appendix 2). Three of these considered
analytical validity for more than one CYP
polymorphism, resulting in a total of 46 studies
covering 11 different SNPs; almost half of the
studies were concerned with genotyping CYP2D6
polymorphisms (1able 6).

All but four of the studies were reported as full
papers in academic journals; two studies®® were
reported as abstracts only and two others®'" were
drug company submissions reported on the FDA
website.

Study characteristics, participant characteristics
and findings from each of the studies are presented
in Appendix 4 and briefly summarised below.

Study characteristics

For all CYP polymorphisms, real-time PCR

(such as LightCycler® or TagMan) was the most
frequent genotype method studied in 13 instances
(14 if triplex real-time is included). However,

TABLE 6 Summary of included studies: analytical validity

Gene Studies
CYP2Dé6 (n=20)

for CYP2D6, the most common methods were
microarrays (particularly the Roche AmpliChip)

in six studies followed by multiplex methods in

five instances and Pyrosequencing in four. Usually
single methods were used to test for a number of
different alleles for each CYP although, in some
instances, multiple methods were utilised (e.g.
tetra-primer PCR for testing for the CYP2D6*3, *4
and *6 polymorphisms and multiplex long PCR for
*5 in Hersberger et al.?).

The most frequent methods used as a reference
method for any CYP were PCR and restriction
fragment length polymorphism (PCR-RFLP)
analysis in 19 studies followed by sequencing in

14 studies. However, in the vast majority of these
studies, only a very small number of the original
samples were compared with sequencing, often as a
second reference method to verify discordant cases.
Allele-specific PCR (AS-PCR) was also commonly
used as a reference method for CYP2D6.

The majority of studies were conducted in Europe,
most often in Germany. This was particularly

the case for CYP2D6, although five of the six

US studies also investigated polymorphisms of

Chou 2003,% Crescenti 2007, Dukek 2006,%% Eriksson 2002,%< Heller 2005,° Heller 2006,

Hersberger 2000,%? James 2004,” Lee 2007,%* Melis 2006, Muller 2003, Neville 2002,” Nielsen
2007,%8 Roberts 2000,” Roche 2004,'* Schaeffeler 2003,'°' Soderback 2005,'°? Stamer 2007,'%

Stuven 1996,'** Zackrisson 2003'%
CYPIA2 (n=2) Casley 2006,'% Popp 2003'"”

CYP2C9 (n=7)
Zainuddin 2003'"?

CYP2CI9 (n=5)
Other (n=12)*

Burian 2002,'% Eriksson 2002,%< Melis 2006, Pickering 2004,'* Toriello 2006,''° Wen 2003,'"

Dukek 2006,%® Eriksson 2002,%¢ Melis 2006,%>¢ Mizugaki 2000,''* Roche 2005°
Bruning 1999,''*d Fredericks 2005,''* Harth 2001,'"%¢ Innocenti 2006,'"” Labuda 1999,'"® Muthiah

2004,''” Oyama 1995,'° Rohrbacher 2006,'?' Weise 2004,'22 Weise 2006, Wen 2004,'* Wu

2002'»

a The other CYP polymorphisms are CYP/AI (n=4), CYPIBI (n=1),CYP2B6 (n=1), CYP2C8 (n=3), CYP2EI (n=1),

CYP3A4 (n=1),CYP3A5 (n=1).
b Tested for CYP2Dé and CYP2CI9.
¢ Tested for CYP2Dé, CYP2C9 and CYP2CI 9.

d Bruning 1997''* and Harth 2001''¢ report on the same patients but on different polymorphisms and are therefore

classified as separate studies.
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Analytical validity

this gene. This represents a higher number of
American studies than for all of the other CYP
polymorphisms combined.

Studies varied in size from 40 subjects being
genotyped in the smallest study''? to 428 in the
largest,''® although the number of samples being
compared by the reference method varied from just
six samples tested by AS-PCR in Oyama et al.'* to
1400 samples in Lee et al.*

Participant characteristics

Given that there are racial differences in function-
altering polymorphisms, the most important
participant characteristic to consider is ethnicity.
Unfortunately, very few studies reported the ethnic
origin of their subjects. However, given the high
proportion of studies carried out in Europe (and
in the USA for CYP2D6), it may be reasonable to
assume that the majority of subjects studied were
likely to have been of Caucasian origin (although
given the high number of African Americans in the
USA this assumption may not be correct).

Study findings

Although not all of the studies provided detailed
genotype data, all those presenting any findings
reported high concordance between methods

(of 95% or more). This was the case no matter
which CYP was genotyped or which methods
were compared. No studies used exactly the same
method as both method under test and reference
method. In addition, given the overwhelming
positive nature of all of the results regarding the
analytical validity of each of the tests, it was not
considered necessary to attempt to meta-analyse
these findings.

A note of caution is, however, required when
interpreting these findings. As noted in Chapter 2,
analytical validity should include the reporting of
sensitivity, specificity, quality control and robustness
of the assessment process. Very few studies reported

on all four aspects of analytical validity, quality
control and assay robustness most usually being
neglected. Similarly, very few studies actually
presented results for sensitivity and specificity. It
was, however, possible to calculate the sensitivity
and specificity from 20 studies that presented
relevant genotype data. In the vast majority of
these instances, both sensitivity and specificity
were 100% and, with the exception of Eriksson et
al.,* in which specificity between Pyrosequencing™
and PCR-RFLP for CYP2D6 was only 30.8%, it was
always at least 99%.

The most comprehensive detailed data were
provided in studies examining the AmpliChip for
CYP2D6 and CYP2C19. Compared with PCR-RFLP,
for CYP2D6 there was 95.6% concordance in Heller
et al.”' (sensitivity 95%, specificity 100%), which rose
to 100% when the discordant cases were compared
with more sensitive methods (SNaPshot and
sequencing). Similar results had also been reported
for both CYP2D6 and CYP2C19 by Roche.>!'*

Melis et al.”® used the AmpliChip as a reference
method for Tag-It" (a bead-based array). Again,
concordance was high between methods (100%
sensitivity and specificity for both CYP2D6 and
CYP2(C9) although it was stated by the authors that
the Tag-It CYP2D6 assays were less robust than the
CYP2CI9 assays.

The findings for each CYP are summarised in Tables
7-11 and, as already noted, more detailed findings
can be found in Appendix 4.

Analytical validity summary

Based on the findings presented in this review, tests
for determining genotypes are highly accurate,
with concordance being 100%. However, not all
aspects of analytical validity have been reported

in the studies (quality control and assay robustness
being commonly neglected). In studies in which
data were presented to calculate sensitivity and
specificity, this was typically between 99% and 100%
for both.
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TABLE 7 Summary of analytical validity findings: CYP2D6

Study

Chou
20038

Crescenti
20078

Dukek
2006°
(abstract

only)

Eriksson
2002%

Heller
2005

Heller
2006

Alleles tested
*3, %4, %5 ¥,
*7, %9 *|7,
*4 1, *| XN,
#2XN/*35XN,
*4XN

*3, %4, 5 %6

NS

*2’ *3’ *4’ *6’ *7’

*8, *14

NS

29 SNPs tested

Method under
study and number
tested

GeneChip; n=232

Multiplex long PCR +
SBE; n=290

AmpliChip; n=207

Pyrosequencing;
n=117

AmpliChip; n=47

AmpliChip; n=159

Reference
method(s) and
number tested

AS-PCR;n=232

Allelic discrimination
(TagMan) for *4 and
*6,n=100
PCR-RFLP for *3;
n=100

Tag-It; =207

Sequencing for
CYP2D6*41;n=NS

PCR-RFLP;n=117

PCR-RFLP; n=47

PCR-RFLP; n=159
SNaPshot for
duplications; n=43

Sequencing;n=1
(discordant cases)
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Summary of findings
Allele frequencies provided by each
method

For all alleles, concordance > 99.8%

Genotype frequencies presented for
each allele

Results show 100% sensitivity and
specificity of genotypes with both
reference methods

Limited relevant genotype data
presented

Stated perfect correlation in 207/207
samples for alleles for CYP2D6

Stated AmpliChip improved

discrimination between similar alleles (i.e.

*4| vs *2 and *35 vs *2)

Stated the two methods were in
complete agreement

Genotype frequencies presented for
each allele

Genotype frequencies show sensitivity
to be 100% but specificity appears to be
only 30.8%

No relevant genotype data presented

Stated genotype frequencies identical in
45/47 samples

In other 2/47 samples, allele assignment
also consistent

Genotype frequencies presented for
AmpliChip and corresponding readings
by PCR-RFLP, SNaPshot and sequencing

Stated concordance between AmpliChip
and PCR-RFLP is 95.6%

Overall concordance with RFLP is
152/159 (95.6%)

Genotype frequencies show 100%
sensitivity and 95.6% specificity with
RFLP

Of discordant cases, 6/7 agreed with
SNaPshot with remaining 1/7 agreeing
with sequencing

Findings are also presented by phenotype
and genotype — in the samples in which
genotyping by AmpliChip and PCR-RFLP
differed, the different genotypes did not
affect the classification into one of the
phenotypic groups (PM, IM, EM or UM).
However, the SGD was different in 6/7
samples when PCR-RFLP overestimated
these in comparison with AmpliChip

continued
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TABLE 7 Summary of analytical validity findings: CYP2Dé (continued)

Study

Hersberger
20007

James
2004%

Labuda
1999'18

Lee 2007

Melis
2006%

Muller
2003%

Neville
20027

Nielsen
2007%

Roberts
2000

Alleles tested
3, k4, *5, %6

%) K3, %4, *5 %6,
*7, *8, *9, *10,
*16, *41

*3, %4

3, %4, K5 ¥4,
*7, %8

*2, *3, *4, *5, %6,
*7, %8, *¥9, *]0,
*I1, %12, *17,
*Xn

%), ¥3, ¥4, *5, %6,
*7, *8, *35

2, *3, *4, *6,
*10,*11, *18,
*33, *35, *37

*I’ *2’ *3’ *4’ *5’
%6, %9, %10, *1 5,
4]

3 %4, %6, %8,
*I1, %12, %14,
*15, %19, %20

Method under
study and number
tested

Tetra-primer PCR
for *3,*4 and *6;
n=57

Multiplex long PCR
for *5;n=57

Direct sequencing;
n=64

Multiplex PCR +
ASO;n=428

Pyrosequencing;
n=200

Tag-It; n=150

Real-time PCR
(LightCycler®);
n=105 (deletion and
duplication),n=116
(preamplification)

Invader® assay;
n=174/181

One-step
SimpleProbes™
analysis; n= 144

Multiplex PCR;
n=NS

Reference

method(s) and
number tested
PCR-RFLP; n=57

Sequencing;n=6

AS-PCR;n=39

PCR-RFLP; n=428

NanoChip Molecular
Biology Workstation;
n=200

Sequencing; n=8
AmpliChip; n=150

Multiplex PCR for
*3, %4, *6, *7 and *8;
n=NS

PCR-RFLP for *2;
n=NS

Real-time PCR for
*5 and deletions/
duplications; n=NS
Nearest neighbour
model for *35;n=69

Long-range PCR;
n=171/181 (10
samples generated no
visible product)

PCR-RFLP; n= 144

PCR-RFLP; n=100

Summary of findings

Genotype data only presented for that
confirmed by sequencing

Stated that reanalysis by reference
methods confirmed allele frequencies
by test

Genotype frequencies show 100%
sensitivity and specificity

No relevant genotype data presented

Stated that, with the exception of two
samples for which the AS-PCR result was
uncertain, there was agreement between
methods

No relevant genotype data presented

Stated that there is ‘good agreement’
between methods

Only data on genotype discrepancies
presented (8/1400 samples)

Stated that there was 99.4%
concordance between methods

Stated that no discrepancies found with
AmpliChip, indicating >99% analytical
sensitivity and specificity

Stated that 2D6 assays less robust than
2C9 and 2C19 assays

Genotype frequencies show 100%
sensitivity and specificity

Limited relevant genotype data
presented

Stated that identical results were
obtained between methods

Genotype frequencies show 100%
sensitivity

No relevant genotype data presented

Stated 16/17 deletions and | /17
duplications detected by Invader test
confirmed by long-range PCR

Genotype frequencies presented

Stated the results of the test correspond
completely with the PCR-RFLP results

Genotype frequencies show 100%
sensitivity and specificity

Applicable genotype frequencies from
controls (i.e. those possessing alleles
detectable by test) presented for test
(i.e. those genotypes that the test could
ascertain)

Stated that test found alleles in controls
with 100% accuracy

Genotype frequencies show 100%
sensitivity and specificity
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TABLE 7 Summary of analytical validity findings: CYP2Dé (continued)

Study

Roche
2004'©

Schaeffeler
2003

Soderback
2005'%

Stamer
2007'%

Stuven
199604

Zackrisson
2003'%

Alleles tested

K[ *D %3, %4,
K5 K6, K7 %8,
*9, %10, *I 1,
*|5, %17, *]9,
*20, *29, *35,
*36, ¥4, *| XN,
*2XN, *10XN,
*]7XN, *35XN,
*4 | XN

[, %2, %3, *4, *5,
®g, %7, %8, %9,
*10, *16, *17,
*35, *4 ], *2XN

K[ %D %3, %4,
*5 %6

*3, %4, 45, %6,
*7, %8

¥3, %4, %6, *7, %8

k[, %D %3, %4,
*5 %6

Reference
method(s) and
number tested

Method under
study and number
tested

AmpliChip; n=403 Sequencing; n=246
AS-PCR; n=343
PCR-RFLP; n=58

PCR size (*5 only);
n=2

Real-time PCR
(TagMan); n=NS

Previously determined
genotypes by method
NS; n=64

Pyrosequencing; Long-range PCR;

n=470 n=270
Real-time PCR; AS-PCR; n=323
n=323

Long-distance
multiplex AS-PCR;
n=NS

Multiplex PCR; n=84

Pyrosequencing for AS-PCR;n=20

*|,%2,%3,*%4 and *6;

n=282
Long multiplex PCR
for *5;n=282

Summary of findings

Genotype frequencies presented

For most genotypes percentage
agreement was|00% (overall 99.3%)

Genotype frequencies show 99.2%
sensitivity and 100% specificity

No relevant genotype data presented

Stated test results in complete
agreement with controls except in

one instance in which an unclear result
obtained

Limited relevant genotype data
presented

Stated reference method verified these
findings

Allele frequencies presented

Stated found |4 genotypes

Limited relevant genotype data
presented

Stated test presented 100% reliable
results as confirmed by sequencing
(unlike AS-PCR, which was 89.9%)

Genotype frequencies show 100%
sensitivity and specificity for *5
No relevant genotype data presented

Stated 12 genotypes found and all were
correctly identified by test

Stated all 5 null alleles tested for were
correctly identified

Limited relevant genotype data
presented

Identical genotype in 19/20 samples

Failure because of lack of visible control
elements in AS amplifications

ASOQ, allele-specific oligonucleotide; AS-PCR, allele-specific polymerase chain reaction; EM, extensive metaboliser; IM,
intermediate metaboliser; NS, not stated; PCR-RFLP, polymerase chain reaction—restriction fragment length polymorphism;
PM, poor metaboliser; SBE, single base extension; SGD, semiquantitative gene dose; SNP, single-nucleotide polymorphism;
UM, ultrarapid metaboliser.
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Analytical validity

TABLE 8 Summary of analytical validity findings: CYP A2

Study
Casley 2006'%

Popp 2003'"”

NS, not stated; PCR-RFLP, polymerase chain reaction—restriction fragment length polymorphism.

Alleles tested
e

*IF

*IF

Method under
study and number
tested

Real-time PCR
(LightCycler); n=NS

Real-time PCR;n=101

Reference
method(s) and
number tested

PCR-RFLP; n=62

PCR-RFLP; n=101

Summary of
findings

No relevant genotype
data presented

Stated accuracy of
allelic discrimination
was confirmed by
100% concordance
with PCR-RFLP
methods in genotyping
62 individuals

with genotypes
represented

Genotype frequencies
presented

Stated genotypes
determined by both
methods in 100%
concordance

Genotype frequencies
show 100% sensitivity
and specificity
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TABLE 9 Summary of analytical validity findings: CYP2C9

Study
Burian 2002'%®

Eriksson 2002%°

Melis 2006%

Pickering 2004'%°

Toriello 2006''°

Wen 2003'""

Zainuddin 2003'"2

Alleles
tested

*[, %,

%), %3

*2, *3,
%4, *5,
*6

*2, 3

*[, %,
*3

*2,7%3,
4, *5

%[, %2,
3, %4,

Method under
study and number
tested

Real-time PCR;
n=118

Pyrosequencing;
n=28 (2C9)

Tag-lt; n=150

Multiplex PCR +
Luminex® XMap
System;

n=10I

Real-time PCR
(TagMan);n=114

Microarray; n=62

Reference
method(s) and
number tested

PCR-RFLP;n=118

PCR-RFLP;n=28
(2¢9)

AmpliChipa; n=150

Microarray (eSensor®);
n=49

Real-time PCR
(LightCycler);n=114

Sequencing; n=20

Multiplex PCR;n=40  Sequencing; n=40

PCR-RFLP, polymerase chain reaction—restriction fragment length polymorphism.
a The paper states that the test was compared with the AmpliChip but this does not test for 2C9 (Tag-It also tested for
CYP2Dé and CYP2CI 9, which can be tested for by AmpliChip).
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Summary of findings
No relevant genotype data presented

Stated that the concordance rate
between methods was 100% for both
polymorphic sites (*2 and *3)

Genotype frequencies presented for each

allele

Stated the two methods were in
complete agreement

Genotype frequencies show 100%
sensitivity and specificity

Stated that no discrepancies found with
AmpliChip indicating >99% analytical
sensitivity and specificity

Genotype frequencies show 100%
sensitivity and specificity

No relevant genotype data presented

Stated that 100% agreement between the
two methods for all 49 samples

No relevant genotype data presented

Stated that there was 100% concordance
in the genotyping results obtained with
the two methods

No relevant genotype data presented

Stated the same genotype results were
obtained with the 20 DNA samples typed
with the two methods

Genotype frequencies presented for
samples tested by both methods

Test found to be reproducible and specific
when tested against controls

Genotype frequencies show 100%
sensitivity and specificity
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Analytical validity

TABLE 10 Summary of analytical validity findings: CYP2C19

Study
Dukek 2006°

Eriksson 2002%°

Melis 2006°

Mizugaki 2000'"?

Roche 2005°

Alleles
tested

NS

*) %3,
*4

%), %3,
g, 5,
*6, *7,
*8

NS

*|, %,
*3

Method under
study and number
tested

AmpliChip; n=207

Pyrosequencing;
n=138 (2CI9)

Tag-lt; n=150

Real-time PCR (AS
TagMan); n= 144

AmpliChip; n=399

Reference
method(s) and
number tested

Tag-1t; n=207

PCR-RFLP; n=138

AmpliChip;n=150

PCR-RFLP; n= 144

Sequencing; n=122

PCR-RFLP; n=399

Summary of findings
Limited relevant genotype data presented

Stated that there was perfect correlation
in 206/207 samples for alleles for
CYP2CI9 (99.5% concordance)

Genotype frequencies presented for each
allele

Stated that the two methods were in
complete agreement

Genotype frequencies show 100%
sensitivity and specificity

Stated that no discrepancies found with
AmpliChip, indicating >99% analytical
sensitivity and specificity

Genotype frequencies show 100%
sensitivity and specificity

No relevant genotype data presented

Stated that all of the genotypes
determined by both methods were
consistent

Genotype frequencies presented

For most genotypes percentage
agreement was100% (overall 99.7%)

Genotype frequencies show 99.6%
sensitivity and 100% specificity

AS, allele specific; NS, not stated; PCR-RFLP, polymerase chain reaction—restriction fragment length polymorphism.
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TABLE Il Summary of analytical validity findings: other CYP polymorphisms

Study
Bruning 1997'"

Fredericks 2005'">

Harth 2001 "¢

Innocenti 2006''”

Labuda 1999''®

Muthiah 2004'"?

Oyama 1995'%°

Rohrbacher
2006'!

Weise 2004'22

CYP
and
alleles
tested

IBI,
codon
position
432

3A5, *1,

1Al *1,
%2, %3

2E1, *1,
*5B

1Al *1,
*2A, *2B

2C8, *1,
%), *3,
*4

Al

2Bé6, *1,
%4, *5,
%6, *7

2¢8, 2,
%3, %4

Method under
study and number
tested

Real-time PCR;
n=300

Real-time PCR
(LightCycler); n=263

Real-time PCR

(LightCycler); n=300

SNuPE;n=114

Multiplex PCR +

ASO; n=428
Multiplex PCR;
n=NS

PCR-RFLP; n=240

Pyrosequencing;
n=273

Real-time PCR;
n=122

Reference
method(s) and
number tested

Sequencing; n=NS

Sequencing; n=21

PCR-RFLP; n=300
Sequencing; n=20

PCR-RFLP;n=114

PCR-RFLP; n=428

Sequencing; n=57

AS-PCR;n=6

Sequencing; n=31

PCR-RFLP; n=122
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Summary of findings

Genotype frequencies presented

Stated 100% identification rate for
test when compared with results of
sequencing

Genotype frequencies show 100%
sensitivity and specificity
No relevant genotype data presented

Stated 100% concordance between test
and reference in subset of 2| samples
compared

No relevant genotype data presented

Stated that there was 5% discordancy rate
between the methods

No relevant genotype data presented
Stated results consistent (100% accuracy)
with reference methods

Genotype frequencies show 100%
sensitivity and specificity

No relevant genotype data presented

Stated that there is ‘good agreement’
between methods

Genotype frequencies presented for
controls; stated that these confirmed test
results

Genotype frequencies show 100%
sensitivity and specificity

Genotype frequencies presented for
controls; stated that these confirmed test
results

Genotype frequencies show 100%
sensitivity and specificity
No relevant genotype data presented

Stated that results were in ‘complete
agreement’ between methods

Genotype and allele frequencies
presented

Stated that results of all analysed samples
were identical for both methods except
that some had to be repeated using
classical PCR because of incomplete
enzymatic digestion

continued
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Analytical validity

TABLE Il Summary of analytical validity findings: other CYP polymorphisms (continued)

CYP

and

alleles
Study tested

Weise 2006'2 2¢8, 2,
%3, %4

Wen 2004'% 3A4, *IB,
*IC, *2,
*4, %5,
%6, %8,
*, %12,
*13, *17,
*|8

Wu 2002'% A1

Method under
study and number
tested

Triplex real-time
PCR;n=200

Microarray; n=387

Colorimetric
hybridisation; n=NS

Reference
method(s) and
number tested

Real-time PCR; n=200

Sequencing; n=30

PCR-RFLP; n=NS

Summary of findings

No relevant genotype data presented

Stated that repeated runs by different
investigators revealed the same results
(presumably with ‘older method’ but this
was unclear)

Genotype frequencies show 100%
sensitivity and specificity

No relevant genotype data presented

‘All samples were in concordance with
the two genotyping methods’

Presents effect of hybridisation
temperature on ratios for wild-type
and mutant samples in m| and m2 sites
and comparison of reference method
(controls) with obtained ratios

It is stated that the results demonstrate
the feasibility of this assay to detect
CYPIA| polymorphisms

ASO, allele-specific oligonucleotide; AS-PCR, allele-specific polymerase chain reaction; NS, not stated; PCR-RFLP, polymerase
chain reaction—restriction fragment length polymorphism; SNUPE, single nucleotide primer extension.
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Chapter 5

Clinical validity

n total, 47 out of 2161 papers were concerned

with reporting on clinical validity. Some of these
studied more than one CYP gene, resulting in a
total of 51 studies covering six different genes. By
far the most commonly studied gene was CYP2D6
(1able 12).

All of the studies were reported as full papers in
academic journals except for Iwahashi ez al.,'"! Jeon
et al."” and Yasar et al.,'™ which were presented as
abstracts only.

The study characteristics, participant characteristics
and findings from each of the studies are
summarised below in relation to CYP2D6, CYPIA2
and other CYP polymorphisms.

For ease of comparison across all CYP
polymorphisms, and when possible, outcomes are
expressed by genotype as ‘standardised outcomes’,
i.e. wt/wt (EM homozygous), wi/mut (often classified
as EM heterozygous but may also be considered
IM depending on the alleles), mut/mut (PM) or a
combination of these (wt/wt + wt/mut or mut/mut

+ wi/mut). In the few CYP2D6 studies in which
patients with duplicate alleles resulting in increased
function (UMs) are reported, in accordance

with the review by Patsopoulos et al.,” these are
classified as wt/wt for the purpose of meta-analysis,
as are patients possessing the *1/*2 genotype as

*2 may not be associated with decreased enzyme
activity.

Quality assessment of
included studies

All studies reported sample size, ranging from nine
to 309 with a mean size of 101 (median n = 92).
Compared with the typical sample sizes required
to provide sufficient power to detect a range of
typical genetic effect sizes for various minor allele
frequencies,* these sample sizes are all small.
Further, none of the studies explained how the
sample size had been chosen or stated the a priori
power for detecting effect sizes of varying degrees.
Therefore, it is unclear what range of effect sizes
the studies were powered to detect.

TABLE 12 Summary of included studies of patients with schizophrenia: clinical validit

Gene Study
CYP2Dé6 (n=37)

Aitchison 1999,'% Andreassen 1997,'% Armstrong 1997,'% Arranz 1995,'” Arthur 1995,'%°

Brockmoller 2002,"*' Culav-Sumic 2001,'*2 de Leon 2004,'*** Dettling 2000,'** Ellingrod 2000,'3

Ellingrod 2002,'* Ellingrod 2002,'*” Fu 2006,'3% Hamelin 1999,'3? Inada 2003,'“ Iwahashi 2007,'4'c
Jaanson 2002,'* Jeon 2007,'*? Jerling 1996,'* Kakihara 2005,'* Kapitany 1998,'* Lam 2001, Lane
2006,'* Liou 2004,'* Lohmann 2003,'*° Mihara 2002,'*' Nikoloff 2002,'*2 Ohmori 1998,'>*¢ Ohmori
1999,'** Panagiotidis 2007,'*> Plesnicar 2006,'*¢ Riedal 2005,'” Scordo 2000,'*® Thanacoody 2007'*°
and 2003,'*f Tiwari 2005,'¢'¢ Topic 2000,'°2 Wang 2007'¢

Basile 2005,'** Boke 2007,'®® Fu 2006, Iwahashi 2007,'*' Matsumoto 2004,'%¢ Schulze 2001,'¢”
Tay 2007,'® Tiwari 2005,'*% Tiwari 2007,'7% Yasar 2007'"'

de Leon 2004,'3*® Segman 2002,'72 Thanacoody 2007'*° and 2003'¢%* Tiwari 2005'¢'s

CYPIA2 (n=10)
Other (n=4)

The other CYP polymorphisms are CYPI7 (n=1), CYP2CI9 (n=1), CYP3A4 (n=1), CYP3A5 (n=1).

Tested for CYP2D6 and CYP3AS.

Tested for CYPIA2 and CYP2D6.

Matsumoto 2004'“ includes patients genotyped in Ohmori 1998'** and Ohmori 1999'** for CYP2D6; as these reported
on the same patients but with different polymorphisms they are therefore classified as separate studies.

These studies report on both CYP2C/9 and CYP2Dé.

Additional data not reported in Thanacoody 2007'*? is derived from the Thanacoody 2003'¢° abstract.

g Tiwari 2005,'*’ Tiwari 2005'¢' and Tiwari 2007'7° all report on the same patients but with different CYP/A2 and CYP3A4
polymorphisms and are therefore classified as separate studies.

oo o
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Clinical validity

In terms of selecting the variants to genotype,
although only three'*"'**> did not give

reasons why the gene being investigated was
ChOSen, a manrlty (7’L = 19)126,132,137,138,146,147,14‘)—
151,154,161,162,164,165,167-170,172 explained the prOCCSS Of
choosing which specific variants to genotype within
the gene. Given the large number of possible
variants to choose from within each gene, this
raised the question of whether any within-study
selective reporting occurred whereby several
variants may have been investigated but only those
found to be most significant were reported.'”
However, when studies reporting significant
outcomes were subsequently analysed, around half
had adequately given reasons for the specific alleles
tested.

Generally, studies presented adequate information
about the genotyping procedures employed;
however, only three studies'?!!921%2 reported that
genotype quality control procedures had been
applied and thus it is unclear how reliable the
allocated genotypes are in the remaining studies.
Around half of the studies presented allele
frequencies from previous studies, from which

any significant problems with the genotyping
procedures could have been identified.

Given that genotypes cannot always be called with
sufficient confidence, some missing genotype data
would not be unexpected in any study sample. In
terms of the included studies, it was not always
apparent from the manner in which data were
reported whether any genotype data were missing.
Some Studies (n = 9)127,139,145,146,148,152,153,162,164 Clearly
specified the number of missing genotypes and
two-thirds of these!?7139.146.152.155.16¢ hrgyided reasons
for the missing data. All but two studies'**!"!

gave the number of patients contributing to each
analysis. However, none of the studies in which
missing data were apparent reported on tests of
whether the genotypes were missing at random or
mentioned any attempts at imputing the missing
genotypes.

No study mentioned conducting specific tests

for population stratification even though

six 28133 139. 44161169 were known to include patients
with different ethnic backgrounds. These studies,
in particular, are at risk from confounding
because of population stratification. A minority
(n= 21)13(),132,134,138—141),146,149,152—154,161,162,164—170,172 of
studies reported on a test for Hardy-Weinberg
equilibrium (HWE) that can highlight problems

with the genotype data. When a test had been
conducted, all of the variants were said to be
within HWE, although it was not always clear what
significance level had been referred to.

Finally, only seven studies'$%!135: LIS ISLIGZITL failed
to adequately define or justify their choice of
outcomes. Four!#>11145.171 of these were presented
as abstracts in which space was limited. Another'®
was subsequently excluded from the analysis
because on inspection of other data a number

of inconsistencies were apparent (e.g. patients
with the *6/%6 genotype were attributed with
experiencing an EPS despite it earlier being stated
that no patient in the study had this genotype). It
should also be noted that, as several outcomes can
be rationally chosen to assess the hypotheses of
interest, it is not possible to ascertain if any studies
conferred a risk of outcome reporting bias, in
which several outcomes are investigated and only
the most significant reported.

Study characteristics

CYP2Dé6

The study characteristics are summarised in Table
13.

There were 37 studies looking at aspects of the
relationship between CYP2D6 polymorphisms and
metabolism, efficacy or ADRs. Three of these were
retrospective case—control studies in which patients
were assigned into a particular group according

to their outcome status and their genotypes
examined, 16 were cross-sectional studies in which
data such as genotype were determined and
outcome data collected retrospectively and 16 were
prospective studies including one randomised
trial.'"™ The number of patients genotyped in each
study varied from nine'®! to 308.'% Tiwari et al.'®!
stated that 335 patients were included in their
study but only 91 appear to have been genotyped
for CYP2D6. No explanation is given for this.

In most studies a number of different
antipsychotics were taken by the patients —

10 studies stated that any antipsychotic was
allowed whereas a further eight stated that any
typical antipsychotic was allowed. In 15 studies
a single drug was taken by patients, usually an
atypical antipsychotic (risperidone,'#-148.157.163
olanzapine'**!*! or aripiprazole'*), with
haloperidol,'*® thioridazine,'*® zuclopenthixol,'*?
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TABLE 13 Summary of study characteristics: clinical validity studies in patients tested for CYP2D6

Study

Aitchison
199926

Andreassen
1997'7

Armstrong
1997'2#

Arranz 1995'%?
Arthur 1995'3%

Brockmoller
2002"3!

Culav-Sumic
2001 '3

de Leon
2004'3

Dettling
2000'*

Ellingrod
2000'%

Ellingrod
2002'%

Ellingrod
2002'%7

Fu 2006'®

Hamelin
1999!3°

Inada 2003'4

Iwahashi
2007'4

Type

Retrospective

Cross-
sectional

Cross-
sectional

Prospective

Cross-
sectional

Prospective

Cross-
sectional

Prospective

randomised

double-blind
trial

Cross-
sectional

Cross-
sectional

Prospective
Prospective
Cross-
sectional

Prospective

Cross-
sectional

NS

308

100

76

123
16

172

71

108

31

For *2:309;
for */0:
214

16

Antipsychotic taken
Refractory group: clozapine

Non-refractory group: any
antipsychotic

Any antipsychotic

Any antipsychotic

Clozapine

Any antipsychotic

Haloperidol

Other antipsychotics were
prescribed in some patients

In addition, 70% of patients
received benzodiazepines,
58% anticholinergics and
34% other types of hypnotic
drugs

Any typical antipsychotic
(daily equivalent dose
calculated as mg of
chlorpromazine equivalent)

Clozapine

Clozapine

Any antipsychotic
Olanzapine

Any typical antipsychotic
(primarily haloperidol)
Any typical antipsychotic

Any antipsychotic

Any antipsychotic

Olanzapine

© 2010 Queen’s Printer and Controller of HMSO.All rights reserved.

Alleles genotyped

*3, *4, *5_ duplications

*3, %4 K5 K6 KT
wt, 6A, 6B, 6D, i.e. *I,
*3, *4, *5

*3, %4

*3, %4

*) K3 K4 K G HG
*9, %10, *11, *12, *14,
*[5,%IXN, *2XN

¥3, %4, %6, *7, %8

*3, *4, *5, *6' *7'
*9, %17, *IXN,
*2XN/*F35XN

%3, %4, %5, %6, %8, *14,
*1x2, ¥2%2

%1, %3, %4

*I,*3, *4

*I’ *3’ *4

*10

*3, %4, %5, %6, ¥7

%2, %3, %4, %10, *12

NS

Outcome

Efficacy

ADRs

ADRs

Efficacy
ADRs

Metabolism,
efficacy, ADRs

ADRs

Metabolism

ADRs

ADRs

ADRs

ADRs

ADRs

Efficacy, ADRs

ADRs

ADRs

continued
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Clinical validity

TABLE 13 Summary of study characteristics: clinical validity studies in patients tested for CYP2D (continued)

Study

Jaanson
2002'

Jeon 2007'4
Jerling 1996'

Kakihara
2005'%

Kapitany
19984

Lam 2001'¥
Lane 2006'%
Liou 2004'#

Lohmann
200350

Mihara 2002'5'

Nikoloff
2002'2

Ohmori
199853

Ohmori
199954

Panagiotidis
2007's

Plesnicar
2006'%¢

Riedal 2005'7
Scordo 2000'*®

Type

Prospective

Prospective

Prospective

Prospective

Prospective

Retrospective
Prospective
Retrospective

Cross-
sectional

Cross-
sectional

Prospective

Cross-
sectional

Cross-
sectional

Prospective

Prospective

Prospective

Cross-
sectional

52

80

36

41

45

76

)
216
109

202

99/

100
99

26

131

59
119

Antipsychotic taken

Maintenance monotherapy

with zuclopenthixol
decanoate

Concomitant treatment

with benzodiazepines and

the anticholinergic drug

trihexyphenidyl was allowed

Aripiprazole

Perphenazine (n=16) or
zuclopenthixol (n=20)

Risperidone

Only benzodiazepines that
are independent of CYP2D6,
low-dose levomepromazine

(= 75 mg/day), lithium
and valproic acid, were

permitted as comedication

Any typical antipsychotic

Any antipsychotic
Risperidone
Any typical antipsychotic

Any antipsychotic

NS

Any typical antipsychotic

Any typical antipsychotic

Any typical antipsychotic

Haloperidol injections

Concomitant use of
anticholinergics was
accepted

Long-term maintenance
antipsychotic treatment

Risperidone monotherapy

Any antipsychotic

Alleles genotyped
*3, %4

*[, %2, *4, *5, %10, *| 4,
*36, ¥4 |

*3, *4

*5,%10

*3’ *4’ *5

*10
*10
*10

NS but alleles detected
were *[, *3, %4, *5 %6

*3, %4, %5, *10

*) K3, ¥4, %6, ¥7, %8,
*9, %10, *11, *14, *18,
*19, %25, %26, *31

*3, %4, *10

*2

*3, *4, *5

*) K3 K4 KRG K6 HG
*9, %10, *12, *14

4, %6, % 4
*3, %4, ¥5 %6

Outcome

ADRs

Metabolism

Metabolism

Efficacy, ADRs

ADRs

ADRs
ADRs
ADRs
ADRs

ADRs

ADRs

ADRs

ADRs

Metabolism,
efficacy, ADRs

Efficacy, ADRs

Efficacy
ADRs
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TABLE 13 Summary of study characteristics: clinical validity studies in patients tested for CYP2D (continued)

Study Type n Antipsychotic taken Alleles genotyped Outcome

Thanacoody Cross- 97 Thioridazine *3, ¥4, *5, *6 ADRs

2007'*° and sectional

2003'%°

Tiwari 2005'*'  Cross- 91 Any antipsychotic *4 ADRs
sectional

Topic 2000'¢2 Cross- 86 Haloperidol, clozapine or *3, %4 kG, *7 *8 ADRs
sectional thioridazine

Wang 2007'¢*  Prospective 105 Risperidone *3, *4, *5, *]0 Efficacy

No other medication
was given except for
benzodiazepines

ADRs, adverse drug reactions; NS, not stated.

perphenazine or zuclopenthixol'** or haloperidol
or thioridazine'®? being the typical antipsychotics
studied. Four studies'#*!33:13+162 (including one'®?
permitting haloperidol or thioridazine in other
patients) were interested in clozapine. In five of
these single-drug studies'!#145.155.16% jt was stated
that benzodiazepines and/or anticholinergics
were also allowed. Of the remaining four studies,
Brockmoller et al."*! was interested in haloperidol
but other antipsychotics were also permitted;
Aitchison et al.'* studied clozapine in the refractory
group and any antipsychotic in the non-refractory
group; Plesnicar et al.'*® was interested in ‘long-
term maintenance antipsychotic treatment’; and
the remaining study'! did not specify which
antipsychotics were used.

The most common alleles for which patients
were genotyped were *4 (30 studies) and *3
(n=27). The other two most prevalent loss of
function alleles (*5 and *6) were studied in 17
and 12 studies respectively. The most commonly
genotyped decreased function allele was *10
(n=13). A third (n = 12) of the studies genotyped
for two or three alleles (all 12 genotyped the *4
allele and 11 genotyped both *3 and *4).The other
studies genotyped for more than three alleles,
apart from six studies in which only *2 (n = 1), *4
(n=1) or *10 (n = 4) were genotyped.

The vast majority of studies were interested in

the relationship between genotype/phenotype

and ADRs (n = 30), most commonly TD or
parkinsonism. Nine studies were interested in
efficacy, usually using the Positive and Negative
Syndrome Scale (PANSS), including five

studies!#! 159145155136 tha¢ considered both ADRs and
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efficacy. Five!?!193:143:141.155 studies were interested in
metabolism, the outcomes here being clearance or
half-life.

CYPIA2

The study characteristics are summarised in Table
14.

There were 10 CYP1A2 studies, eight cross-sectional
and two'9!'"! prospective. The number of patients
genotyped in each study varied from 16" to 285.'7
In one study'®® genotyping 199 patients it was
stated that 335 patients were included in the study
but it appears that not all of them were genotyped
for reasons not given.

The patients were taking any antipsychotic

in half of the studies,*$15%165167-169 gy typical
antipsychotic in three studies'**!%*1% and only one
specific atypical antipsychotic (olanzapine'!! or
clozapine'™) in the other two studies.

Nine of the studies were concerned with the
relationship of outcomes to the *1F allele. Two of
these studies!®®1% also examined *I1C and a further
study completely sequenced the exons/exon—
intron boundaries of the CYPIA2 gene (1545C4T
region).'”

All but one of the studies examined the
relationship between ADRs and genotype/
phenotype, usually TD but also QT interval
(QTc)'*® and hyperglycaemia and body weight
increase;'*! the other study'”! explored efficacy
(number of patients responding to treatment as
measured by PANSS).
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Clinical validity

TABLE 14 Summary of study characteristics: clinical validity studies in patients tested for CYP1A2

Study Type n Antipsychotic taken Alleles genotyped Outcomes
Basile 2000'**  Cross-sectional 85 Any typical antipsychotic in the *IF ADRs

preceding 5 years at a dose equivalent

to or greater than 1000 mg/day of

chlorpromazine for a period of at

least 6 weeks
Boke 2007'®>  Cross-sectional 57 Any antipsychotic *IF ADRs
Fu 2006'3® Cross-sectional 73 Any typical antipsychotic *IF ADRs
Iwahashi Cross-sectional 16 Olanzapine NS ADRs
2007'%
Matsumoto Cross-sectional 199  Any typical antipsychotic *IF,*1C ADRs
2004'¢
Schulze Prospective 119 Any antipsychotic *IF ADRs
2001'¢7
Tay 2007'¢® Cross-sectional 72 Any antipsychotic *IC *IF ADRs
Tiwari 2005'¢  Cross-sectional 96 Any antipsychotic *IF,*1C ADRs
Tiwari 2007'°  Cross-sectional 285  Any antipsychotic 1545C4T region ADRs
Yasar 2007''  Prospective 97 Clozapine *IF Efficacy

ADRs, adverse drug reactions; NS, not stated.

Other CYP polymorphisms de Leon et al.'* CYP3A5. Thus, there was only

The study characteristics are summarised in Table one study that had no interest in CYP2D6, that of
15. Segman et al.'™ who tested for CYPI7.

Three of the four studies were cross-
sectional®*16172 and one was a prospective
randomised double-blind trial.'*® The number of
patients genotyped varied from 40" to 113;'"
although it was stated in another study'®' that

There were four studies genotyping other CYP
polymorphisms, three!* %161 of which tested for
CYP2D6 as well: Thanacoody et al.'*® genotyped
CYP2C19, Tiwari et al.'' CYP3A4 (and also
reported on CYPIA2 in separate papers'*®'"’) and

TABLE 15 Summary of study characteristics: clinical validity studies in patients tested for CYP polymorphisms other than CYP2Dé and
CYPIA2

CYP and alleles

Study Type n Antipsychotic taken genotyped Outcomes

de Leon 2004'33 Prospective randomised 40 Clozapine CYP3A5; *3, %6 Metabolism
double-blind trial

Segman 2002'”2 Cross-sectional 113 NS CYP|7;T>C ADRs

transition

Thanacoody Cross-sectional 97 Thioridazine CYP2C|9;*2 ADRs

2007'*° and

2003|60b,c

Tiwari 2005'¢'¢ Cross-sectional 92 Any antipsychotic CYP3A4;*IB ADRs

ADRs, adverse drug reactions; NS, not stated.

a CYP2D6 and CYP3AS5.

b CYP2CI9 and CYP2D6.

¢ Additional data not reported in Thanacoody 2007'*’ is derived from the Thanacoody 2003'®° abstract.

d Tiwari 2005,'® Tiwari 2005'¢' and Tiwari 2007'” all report on the same patients but for different CYPIA2 and CYP3A4
polymorphisms and are therefore classified as separate studies.
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there were 335 patients, only 92 appear to have
been genotyped for CYP3A4. Patients were taking
any antipsychotic in one study,'®' thioridazine

in another' and clozapine in a third.'* It was

not stated which drugs were being taken in

the fourth study.'” Three of the studies were
interested in ADRs as an outcome (TD'"17? or QTc
prolongation'™) and the other study was concerned
with metabolism.'#

Participant characteristics

CYP2Dé6

The participant characteristics are summarised in
Table 16.

Fifteen of the studies were known (n =12) or
assumed (n = 3) to have genotyped only Asian
patients, mostly of Japanese or Chinese origin.
The remaining 22 studies were known (n = 13)

or assumed (n =9) to have genotyped Caucasian
patients, including Armstrong et al.,'* who
included genotypes from 75 Caucasian subjects
and one Asian subject; Hamelin et al.,'*® whose
genotypes were derived not only from Caucasian
(74%) but also from Hispanic (13%) and African
American (13%) subjects; and Jerling ¢t al.,'"** who
genotyped 35 white subjects and one Arab subject.

Eleven studies were unbalanced in terms of the
gender mix (i.e. there was 60% or more of one
sex), with six!?8157.140.149.152.158 jp cluding more male
genotypes and five!$ 133138159163 jn cluding more
female genotypes.

Information about age was provided by 21 studies.
However, comparisons are complicated by the

fact that many studies gave age only by specific
subgroups within their study, which often markedly
differed. For example, in Ellingrod et al.,'"’
mean*SD age is given by genotype and smoking
status as follows: 32.3+11.1 and 28.0£9.0 for
smokers and non-smokers, respectively, with the
wt/wt genotype and 36.9£6.8 and 45.4%6.8 for
smokers and non-smokers, respectively, with the
wi/mut genotype.

CYPIA2

The participant characteristics are summarised in
Table 17.

Most of the CYPI1A2 studies included patients
of Asian origin. Although half of the studies
seemed to have a fairly even mix of males and
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females, noticeably more males were reported

by three studies'®"'%*1"! and more females by
two.'%8165 Patients in the Chinese and Japanese
studies!'##166168 also appeared to be markedly older
than the patients in the other studies.

Other CYP polymorphisms

The participant characteristics are summarised in
Table 18.

All patients in the Thanacoody et al."* CYP2C19
study were Caucasian, and all patients included in
the Tiwari et al.'® study of CYP344 were of Indian
origin. In the de Leon et al.'** CYP3A5 study there
was a mix of predominantly Caucasian and African
American patients, whereas in the Segman et al.'™
study of CYP17, ethnicity was not stated although
the study was conducted in Israel. Two studies'**!>
that reported on gender included fewer males than
females, and the mean age of patients genotyped
for CYP3A44'*! was markedly younger than the
mean age of patients genotyped for CYP17'" or
CYP345' or the median age of patients genotyped
for CYP2C19."°

Data analysis

The detailed findings from all of the studies are
summarised below. When appropriate the results
from meta-analyses are also presented.

CYP2Dé6

Metabolism
The findings are summarised in Table 19.

It was apparent that, with the exception of the
studies by de Leon et al.,'™ which reported on
half-life (i.e. the amount of time required for

the concentration of a drug to be halved), and
Panagiotidis ef al.,'>® which reported on maximum
(peak) and minimum (trough) concentrations,
there were no other studies that examined any

of these pharmacokinetic outcomes (t,, C and
C,,,, respectively) or other parameters such as time
to maximum concentration (t__ ) or area under

the curve (AUC). Although a number of studies
used proxy measures for clearance (and were thus
excluded), only three studies'*"'**!** mathematically
derived this outcome.

Two studies'"'% examined clearance in patients
taking haloperidol, one after oral use and one
after depot injection. In the earlier haloperidol
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TABLE 16 Summary of participant characteristics: clinical validity studies in patients tested for CYP2D6

Study

Aitchison 1999'%¢
Andreassen 1997'%

Armstrong 1997'%

Arranz 1995'%
Arthur 1995'%
Brockmoller 2002'3'!

Culav-Sumic 2001 '32
de Leon 2004'33
Dettling 2000'*
Ellingrod 2000'%
Ellingrod 2002'%¢

Ellingrod 2002'¥

Fu 2006'3®

Hamelin 1999'%°

Inada 2003'4

Iwahashi 2007
Jaanson 2002'+
Jeon 2007'4
Jerling 1996'*

Kakihara 2005'%
Kapitany 1998'
Lam 2001'4

Lane 2006'%
Liou 2004'%

Lohmann 2003'%°

Mihara 2002'!
Nikoloff 200252

Ethnicity
Caucasian

Caucasian
(assumed — Scotland)

Caucasian (European): 75
(98.7%); Asian: | (1.3%)

Caucasian
Caucasian

Caucasian
(assumed — Germany)

Caucasian (assumed — Croatia)

Caucasian: 27/3 | ;African
American: 4/31

Caucasian

Caucasian (assumed — USA)

Caucasian (assumed — USA)

Caucasian (assumed — USA)

Chinese

Caucasian: 74% (29); Hispanic:
13% (5); African American: 13%
®)

Japanese

Japanese (assumed — Japan)
Caucasian (Estonian or Russian)
Korean

White: 35/36;Arab: 1/36

Japanese (assumed — Japan)
Caucasian

Chinese

Han Chinese

Chinese

Caucasian
(assumed — Germany)

Japanese

Korean

Sex

NS
M:56/100 (56.0%)

M: 56/76 (73.7%)

NS
M: 9/16 (56.3%)
NS

All women (n=71)
M: 12/31 (38.7%)

M:53/108 (49.1%)

M:27/31 (87.1%)
NS

M: 34/37 (91.9%)

M: 68/182 (37.4%)

M:51% (20)

*2,%3 and *4: M:
191/309 (61.8%); *10
and */2:M: 139/214
(65.0%)

NS
NS
M: 34/80 (42.5%)
NS

NS
M: 26/45 (57.8%)
M: 44/76 (57.9%)

M: 68/123 (55.3%)
M: 133/216 (61/6%)

M:61/109 (56.0%)

M: 4/9 (44.4%)

With TD:M:81/110
(73.7%); without TD:
M: 62/92 (67.4%)

Age (years), meantSD (range)
NS
Male: 50 14; female: 57+ 16

4716

NS
49+19 (24-79)
NS

Patients with EPS: 39.8+11.8 (22-63);
patients without EPS: 48.3+ 14.9(19-78)

47+93 (31-62)

Patients with CA (n=31):48+17.2 (22—
85); patients without CA (n=77):35% 1
(19-82)

NS

Homozygous *1/*] (n=6):32.8+4.4;
heterozygous *//*3,*4 (n=5):38.8+4.8

Smokers: *I/*] (n=14):32.3£ 1 |.1;*[/*3
or ¥4 (n=23):36.9+6.8

Non-smokers: *I/*] (n=14):28.0+9.0;
*[/*3 or ¥4 (n=23):45.4+£6.8

WithTD: 63.19£11.71; without TD:
51.11+£9.42

40+5

*2,%3 and *4 (n=309): 53 £ 14 (18-90);
[0 and *12 (1=214):53% 13 (19-81)

NS
NS
NS

Perphenazine: 47 £21 (20-87);
zuclopenthixol: 44+ 16 (20-81)

37+13 (27-80)
3474117

Patients with TD: 49.7+£9.3; patients
without TD:49.6+8.9

34+9.7

TD group (n=113):46.93+9.72; non-TD
group (n=103):47.84+9.01

Patients with TD: 44.3+9.1; patients
without TD:42.0+8.4

33.1£10.6
With TD:45.4+9.1; without TD: 43+9.3
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TABLE 16 Summary of participant characteristics: clinical validity studies in patients tested for CYP2Dé (continued)

Study Ethnicity
Ohmori 1998'% Japanese
Ohmori 1999'%* Japanese

Panagiotidis 2007'**  Caucasian (assumed — Sweden)

Plesnicar 2006'¢
Riedal 2005'7

Caucasian

Japanese (assumed — Japan)

Scordo 2000'# Caucasian (European)

Thanacoody 2007'**  Caucasian
and 2003'¢
Tiwari 2005'! Indian

Topic 2000'¢2
Wang 2007'¢?

Caucasian (assumed — Croatia)

Chinese

Sex

M: 58/100 (58.0%)
As Ohmori 1998'%
M: 14126 (53.8%)

M:55/131 (42.0%)

All including patients
not genotyped: M:
43/82 (52.4%)

M:99/119 (83.2%)

All including patients
not genotyped: M:
31/97 (32.0%)

M: 182/335 (54.3%)

NS
M:40/118 (33.9%)

Age (years), mean*SD (range)

57.18+8.90
As Ohmori 1998'3

Median age by genotype/functional alleles:

EM/O (n=1):39;EM/1 (n=8): 49 (28-83);
EM/2 (n=16): 53 (29-75); EM/3 (n=1): 45

43.9+13.2 (18-70)

All including patients not genotyped:
362%129

50+ 12 (25-75)

All including patients not genotyped:
median: 58 (19-98)

With TD: 34.53+ 12.6; without TD:
31.42+10.2

NS
NS

CA, clozapine-induced agranulocytosis; EM, extensive metaboliser; EPS, extrapyramidal symptoms; M, male; NS, not stated;

TD, tardive dyskinesia.
a Calculated from individual patient data.

TABLE 17 Summary of participant characteristics: clinical validity studies in patients tested for CYPIA2

Study
Basile 2000'¢

Ethnicity

Caucasian: 63/85 (74%);
African American: 22/85 (26%)

Boke 2007'¢ Caucasian (Turkish)

Fu 2006'3® Chinese
Iwahashi 2007'#! NS
Matsumoto 2004'¢ Japanese
Schulze 2001 ' NS

Tay 2007'® Indian

Tiwari 2005'¢? Chinese: 61/72; Malay: 7/62;

Indian: 3/72; other: 1/72
Tiwari 2007'7° Indian

Yasar 2007'"! NS

M, male; NS, not stated; TD, tardive dyskinesia.

Sex

M: 64/85 (75%)
M: 52/127 (40.9%)
M: 68/182 (37.4%)

NS
M: 97/199 (48.7%)
M: 63/119 (52.9%)
M: 182/335 (54.3%)

M: 60/72 (83.3%)
M: 182/335 (54.3%)

M: 81/97 (83.5%)
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Age (years), mean*SD (range)
343195

Patients with TD: 46.62+9.98; patients
without TD: 35.44+8.53

Patients with TD: 63.19£ | 1.71; patients
without TD:51.11£9.42

NS
55.1+9.5
4110

Patients with TD: 34.53 + | 2.6; patients
without TD:31.42+10.2

533%11.4

Patients with TD: 34.53 + 1 2.6; patients
without TD: 31.42£10.2

Range 19-60
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TABLE 18 Summary of participant characteristics: clinical validity studies in patients tested for CYP polymorphisms other than CYP2Dé

and CYPIA2

Study Ethnicity Sex

de Leon 2004'33 Caucasian: 27/3 1 ;African
American: 4/31

Segman 2002'7 Jewish (assumed — Israel)

Thanacoody 2007'*°  Caucasian
and 2003'¢

Tiwari 2005'¢' Indian

NS, not stated; M, male; TD, tardive dyskinesia.

study'®! of 172 patients it was found that there was
a trend towards lower therapeutic efficacy with
increasing number of functional alleles, with mean
clearance steadily increasing with each additional
functional allele. However, the numbers of patients
with the PM (mut/mut) and UM phenotypes were
small (n =5 for both groups). In the later study

of 26 patients,'”® clearance was measured at peak
and trough and patients with the wi/mut genotype
appeared to have a greater median concentration
than those with the wt/wt genotype (of whom

one patient was classified as UM, having an even
lower median concentration than the EM). The
authors state, however, that the association was
not statistically significant. They acknowledge

that the small number of included subjects may
have limited the power of this study to detect
differences.

For perphenazine, Jerling et al."** found the mean
oral clearance (CL/F) to be similar amongst wt/

wt and wi/mut patients and both to be higher than
that in mut/mut patients whereas for zuclopenthixol
the value decreased steadily by genotype although
only two patients had the mut/mut genotype; the
difference in clearance between wt/wt and mut/mut
was thus threefold for perphenazine and twofold
for zuclopenthixol. Regression analysis showed the
effect to be statistically significant for both drugs.
Similarly, for aripiprazole, Jeon et al.'** found that
for each functional allele the mean value of CL/F
steadily decreased, being twice as high for wt/wt as
for wt/mut patients.

Efficacy
Nine studies focused on the relationship between

efficacy and genotype/phenotype but as all
reported outcomes differed in how they were
derived it was not possible to include the data from

M: 12/31 (38.7%)

With TD: M:29/55 (52.7%);
without TD: M: 30/58 (51.7%)

All including patients not
genotyped: M: 31/97 (32.0%)

M: 182/335 (54.3%)

Age (years), meantSD (range)
47+9.3 (31-62)

With TD: 52.9+ 12.2; without TD:
50.8+10.3

All including patients not genotyped:
median: 58 (19-98)

With TD: 34.53+ 12.6; without TD:
31.42+10.2

these studies in a meta-analysis. The findings are
summarised in Table 20.

Three studies'?*!12*1*7 concentrated on the number
of responders to treatment. In patients taking
clozapine, the response in the study by Arranz e/
al.,'® as assessed by the Global Assessment Scale,
was worse for those with the mut/mut genotype
than for those with either the wt/wt or the wt/

mut genotype. Riedal et al."*" did not identify any
patients with the mut/mut genotype but found

that proportionately more patients with the wt/
mut genotype than with the wt/wt genotype failed
to respond, where response was defined by a
difference of 30% or less in PANSS total scores
between baseline and last observation. The
findings from Aitchison et al.'*® must be treated
with extreme caution in the context of this review
because the aim of this study was to compare

UMs with other phenotypes, whereas, as already
described in the methods section, for the purposes
of this review, UMs are considered as wt/wt and
therefore no different to EMs. Furthermore,
patients were also preselected into refractory and
non-refractory groups and assessed retrospectively
and the drug regimens in the two groups were not
the same (clozapine in the refractory group versus
any antipsychotic in the non-refractory group).
Nevertheless, this study also found a greater
proportion of patients with the mut/mut genotype
to be refractory to treatment than those with the wi/
wt + wt/mut genotype, although fewer patients with
the UM phenotype were refractory than either EMs
or PMs. However, the number of UMs and PMs
combined in this study was significantly less than
the number of EMs and it should be noted that
response was not defined by validated criteria but
by prescribing consultants.
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TABLE 19 Summary of metabolism findings: clinical validity studies in patients tested for CYP2D6é

Study Outcomes as reported

Brockmoller
2002'3!
(n=5):347 £ 13.7

Jonckheere—Terpstra test: p=0.034 (n=172)

de Leon 2004'*  Half-life <3 days: PM (n=6):0
Half-life 2 3 days: PM (n=6):2
Jeon 20074 CLIF (I/h):

Homozygous for functional alleles: 3.17

‘Standardised outcome’

Haloperidol clearance (litres/hour): UM (n=5):57.3 NA
31.7;EM (n=106):48.7 = 20.9;IM (n=56): 44.1 + 25.4,PM

Half-life <3 days: mut/mut (n=6):0
Half-life 2 3 days: mut/mut (n=6):2
NA

Heterozygous for one functional and one non-functional/

reduced function alleles: 2.55

Homozygous for reduced functional alleles: .85

Heterozygous for one reduced functional and one non-

functional allele: 1.54

Jerling 1996'* CL/F (I/h), mean = SD (range): CL/F (I/h), mean = SD (range):
Perphenazine: EM homozygote (n=9): 454 £385 (213- Perphenazine: wt/wt (n=9): 454+ 385 (213-
1286); EM heterozygote (n=5):454+279 (174-883); PM 1286); wt/mut (n=5): 454 £279 (174-883);
(n=2):250+30 (229-271) mut/mut (n=2):250%30 (229-271)
Zuclopenthixol: EM homozygote (n=8):95+43 (38-165);  Zuclopenthixol: wt/wt (n=8): 95+43 (38—
EM heterozygote (n=9): 65+21 (38-95); PM (n=3):42+12  165); wt/mut (n=9): 6521 (38-95); mut/mut
(31-54) (n=3):42+12 (31-54)

Panagiotidis Peak (Cmax), median (range) concentration (nmol/l): 0 NA

2007'%* functional alleles (n=1): not available; | functional alleles

(n=8):14.0 (3.3-67.0); 2 functional alleles (n=16): 6.4

(1.6—19.0); 3 functional alleles (n=1):6

Trough (Cmin), median (range) concentration (nmol/l):
0 functional alleles (n=1): 6; | functional alleles (n=8):
10.5 (1-49); 2 functional alleles (n=16):4.0 (1.4-8.7); 3

functional alleles (n=1):3

p=0.047

CL/F oral clearance; C__, maximum plasma concentration; C__, minimum plasma concentration; EM, extensive metaboliser;
IM, intermediate metaboliser; NA, not applicable (cannot be calculated from data presented); PM, poor metaboliser; UM,

ultrarapid metaboliser.

a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or

mut/mut (mutant type/mutant).

The remaining six studies all used PANSS or
Brief Psychiatric Rating Scores (BPRS) to measure
efficacy. Using total BPRS scores in patients using
any antipsychotic, Hamelin ¢t al.'® found little
difference between patients with the wt/wt, wt/mut
or mut/mut genotypes, although only one patient
possessed this last genotype. Brockmoller et al.'!
found that, for haloperidol, PMs (mut/mut) fared
better than EMs, IMs or UMs (wt/wt or wt/mut) on
median changes in general, positive and negative
items on the PANSS. The score for UMs on the
general items scale was notably different to the
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scores for EMs and IMs, in the other direction [+8
compared with between -9 (EMS) and —17 (IMs)
for the other genotypes], but was similar to the
scores for EMs and IMs for positive and negative
items scale scores. Plesnicar ef al." found end

of study PANSS scores for patients on long-term
maintenance antipsychotic treatment to be similar
between patients with the mut/mut genotype and
those with the other two genotypes. In Panagiotidis
et al.,'™ the median PANSS scores at both peak and
trough for patients taking haloperidol injections
were similar for UMs and PMs but higher for
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TABLE 20 Summary of efficacy findings: clinical validity studies in patients tested for CYP2D6

Study
Aitchison 1999'%¢

Arranz 1995'%?

Brockmoller 2002'3'!

Hamelin 1999'¥

Kakihara 2005'#

Panagiotidis 2007'%*

Outcomes as reported

Total number of patients refractory to
treatment: UM (n=5):2 (40.0%); EM (n=287):
220 (76.7%); PM (n=16): 13 (81.3%)

Total number of non-responders to treatment:
EM (n=115):42 (36.8%); PM (n=8):4 (50.0%)

PANSS (day 28—-day 3), median (range):

General items: UM (n=5):+8 (=31 to +1); EM
(n=106):-9.5 (-33 to +17);IM (n=56):-9 (41
to +25); PM (n=5):—17 (=33 to -4)

Positive items: UM (n=5):—10 (=15 to -8); EM
(n=106):-9 (=25 to +18);IM (n=56): -7 (-29
to +13); PM (n=5):—13 (~15 to -3)

Negative items: UM (n=5):-2 (-8 to +5); EM
(n=106):-3 (27 to +27);IM (n=56): -5 (-8
to +27); PM (n=5):9 (-1 1 to —4)

End of study BPRS scores, mean +SD:

BPRS (total): [ /% (n=23):31 +7;*//*4
(n=15):34+7;%4/%4 (n=1): 3

BPRS (+): /%] (n=23):8+4; *I/*4 (n=15):
10:+4; %4/%4 (n=1): 1]

BPRS (-): */ /%] (n=23): 7+3;*//%4 (n= I5):
9+3;%4/%4 (n=1):3

Percentage improvement in scores of PANSS:
*1/*%] (n=16):37.7x 15.8; *[/%10 (n=14):31.9
+24.4;%10/*10 (n=9):43.5 + 20.5

PANSS total score, median (range):

Peak: 0 functional alleles (n=1): NA; |
functional alleles (n=8):53 (35-88);2
functional alleles (n=16): 54 (38-91);3
functional alleles (n=1): 38

Trough: 0 functional alleles (n=1):35; |
functional alleles (n=8): 60.5 (38-86); 2
functional alleles (n=16):59 (33-95); 3
functional alleles (n=1):38

PANSS-G score, median (range):

Peak: 0 functional alleles (n=1): NA; |
functional alleles (n=8):24 (18-38);2
functional alleles (n=16):28 (18—42);3
functional alleles (n=1): 18

Trough: 0 functional alleles (n=1): 16; |
functional alleles (n=8):25.5 (19—41);2
functional alleles (n=16):28 (17—43); 3
functional alleles (n=1): 19

‘Standardised outcome’

Number of patients refractory to treatment:
wtlwt + wt/mut (n=292): 222 (76.0%); mut/mut
(n=16):13 (81.3%)

Total number of non-responders to treatment:
wtiwt + wt/mut (n=115): 42 (36.8%); mut/mut
(n=8):4 (50.0%)

NA

End of study mean * SD BPRS scores:

BPRS (total): wt/wt (n=23):31 £7; wt/mut (n=15):
347, mut/imut (n=1): 31

BPRS (+): wt/wt (n=23): 8 £ 4; wt/mut (n=15):
10+4; mut/mut (n=1): 11

BPRS (-):wt/wt (n=23): 7 £3; wt/mut (n=15):
9+3; mut/mut (n=1):3

Percentage improvement in scores of PANSS: wt/
wt (n=16):37.7+ 15.8; wt/mut (n=14):31.9 £24.4;
mut/mut (n=9):43.5 £ 20.5

NA
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TABLE 20 Summary of efficacy findings: clinical validity studies in patients tested for CYP2Dé (continued)

Study Outcomes as reported
PANSS-P score, median (range):

Peak: 0 functional alleles (n=1): NA; |

functional alleles (n=8): 7.5 (7-24); 2 functional

alleles (n=16):8 (7—16); 3 functional alleles
(n=10):7

Trough: 0 functional alleles (n=1):7; |
functional alleles (n=8): 8 (7-20); 2 functional
alleles (n=16):8 (7—16); 3 functional alleles
(n=1):7

PANSS-N score, median (range):

Peak: 0 functional alleles(n=1): NA; | functional

alleles(n=8):23.5 (7-32); 2 functional
alleles(n=16):27 (12-36); 3 functional
alleles(n=1): 13

Trough: 0 functional alleles (n=1): 12; |
functional alleles (n=8):24 (11-36);2
functional alleles (n=16):24.5 (7-36); 3
functional alleles (n=1): 13

Plesnicar 2006'¢ PANSS — general subscale total score:

EM/IM/UM (n=125):23.02+5.31;PM (n=6):
23.50+3.83;p>0.05

PANSS — positive subscale total score:

EM/IM/UM (n=125):9.35+3.22; PM (n=6):
8.83+3.06;p>0.05

PANSS — negative subscale total score:

EM/IM/UM (n=125): 13.77 £4.09; PM (n=6):
17.83+2.48;p=0.017

Riedal 2005"7
wild type (n=45):26/45 (57.8%); heterozygous
(n=6):4 (66.7%)

BPRS (% improvement): *1/*| (n=22):
37.49+15.47;*%1/%10 (n=39):45.32+ 16.29;
*10/*10 (n=41):41.31£17.10

Wang 2007'¢

Total number of non-responders to treatment:

‘Standardised outcome’

NA

Total number of non-responders to treatment:
wt/wt (n=45):26 (57.8%); wt/mut (n=6):4
(66.7%); mut/mut (n=0): 0

BPRS (% improvement): wt/wt (n=22):

37.49+ 15.47; wi/mut (n=39): 45.32 % 16.29; mut/
mut (n=41):4131+17.10

BPRS, Brief Psychiatric Rating Score; EM, extensive metaboliser; IM, intermediate metaboliser; NA, not applicable (cannot
be calculated from data presented); PANSS, positive and negative symptoms scale; PM, poor metaboliser; UM, ultrarapid

metaboliser.

a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or

mut/mut (mutant/mutant).

EMs and IMs, suggesting lower efficacy in these
phenotypes, although extreme caution is required
in interpreting this finding as only one patient
was reported as having either the PM or UM
phenotype. For risperidone, the mean percentage
improvement in PANSS scores was lowest in the
wt/mut group and highest in the mut/mut group in
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Kakihara et al.;'*® however, using BPRS, Wang et
al.'® found little difference between the groups.

Adverse drug reactions

In total, 30 studies were found examining the
relationship between ADRs and genotype. Results
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for each type of ADR are presented in the following
sections.

Tardive dyskinesia

A total of 14 studies quantified the number of
patients with TD by genotype, with data from up to
13 included in the meta-analysis (but only between
nine and 11 for any given comparison because

of the manner in which these studies grouped

their genotypes) (Table 21). Most of the studies
measured the occurrence of TD using the validated
Abnormal Involuntary Movement Scale (AIMS) and
stipulated that patients were taking any typical or
any antipsychotic.

In the meta-analyses no significant differences were
found between genotypes for either Caucasian or
Asian populations (Appendix b, Figure 6). However,
there was a significant amount of heterogeneity
among the Asian studies. It should be noted that
the meta-analyses included data from Lohmann et
al.,” in which seven UMs were classified with EMs
(of whom three developed persistent TD), and an
unknown number of UMs (and thus an unknown
number with TD) from Plesnicar et al.'*®

Sensitivity analysis was conducted to include

only the studies that tested for *10 and no other
CYP."3$147.149 This increased heterogeneity and the
effect was again non-significant for all comparisons
(data not presented).

Sensitivity analysis was also carried out excluding
one study'’ that did not use AIMS to define/
measure TD but rather the Tardive Dyskinesia
Rating Scale (TDRS). This produced almost
identical findings to the original analysis (data not
presented).

Further sensitivity analyses were also carried out
for study type. When only cross-sectional studies
were included,'#7138:140.150.15L158 heterogeneity was
again increased while the odds ratios (ORs) varied
slightly from those in the original analysis but
remained non-significant (data not presented).
However, the inclusion of only prospective
studies'?7 112116152 decreased heterogeneity to 0%
and, for two comparisons (wt/mut versus wt/wt and
mut/mut + wi/mut versus wi/wt), significant findings
were found [OR 2.08 (95% CI 1.21 to 3.57) and OR
1.83 (95% CI 1.09 to 3.08) respectively; Figure 2].

The only study not included in the meta-analysis
was that by Ohmori et al.'>* This was because it

only genotyped *I and *2, both of which are

being considered as wt alleles for the purposes of
this review for reasons explained in the methods
section. Here the proportion of patients with TD
was highest amongst those with the *1/*1 genotype
and lowest among those with the *2/%2 genotype,
although there was only one patient with this
genotype. Following regression analysis the authors
concluded that there was no association of the
CYP2D6*2 genotype with the occurrence of TD.

Seven studies also assessed TD severity, which was
usually measured using AIMS with only one study
using the TDRS. Data from five of these studies
could be included in the meta-analysis (but only
between two and four for any given comparison
because of the manner in which these studies
grouped their genotypes, comprising between
136 and 264 patients). Significantly, the weighted
mean difference (WMD) AIMS score was in favour
of the wt/wt genotype compared with the mut/

mut genotype [WMD 1.80 (95% CI 0.40 to 3.19)]
(Figure 3). In the sole study that measured TD
severity using the TDRS,*® comprising 45 patients,
the mean scores favoured patients with the wt/wt
genotype compared with the wt/mut genotype.

It was not possible to include data from Plesnicar
et al."™ in the meta-analysis because this study of
131 patients only compared patients with the PM
phenotype with non-PMs (including seven UMs).
No significant difference in AIMS score was found
between these groups in this study. Data from
Ohmori et al."** were also excluded because this
study only genotyped *I and *2 and no significant
differences were found across groups and the
authors concluded that there was no association
between the CYP2D6*2 genotype and the AIMS
score.

A further two studies measured AIMS only in
patients who had TD and data from these were also
included in the meta-analysis (an overall patient
population of between 118 and 153 depending

on the genotypes being compared). Although

no significant differences were found, the WMD
AIMS score was in the direction of favouring wt/mut
compared with mut/mut (Appendix 5, Figure 7).

Finally, Ellingrod et al."*” compared AIMS scores by
genotype (wt/wt and wt/mut) in 14 smokers and 23
non-smokers — differences were only significant in
smokers, in whom the mean AIMS score was much
higher in the wt/mut group.
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TABLE 21 Summary of findings for tardive dyskinesia: clinical validity studies in patients tested for CYP2Dé

Study

Andreassen 1997'%

Arthur [995'%°

Ellingrod 2002'¥7

Fu 2006'%®

Inada 2003'%

Jaanson 2002'*

Kapitany 19984

Outcomes as reported

Total number of patients with TD: EM
homozygote (n=61):30 (49.2%); EM
heterozygote (n=29): 16 (55.2%); PM (n=10):5
(50.0%)

AIMS score — all patients, mean £ SD: EM
homozygote (n=61):5.1 +4.0; EM heterozygote
(n=29):5.8+5.3;PM (n=10):6.8 + 6.3

Individual patient data presented

Total number of patients with TD: *1/*] (n=11):
3 (27.3%); ¥1/*3 + *1/*4 (n=26): 12 (46.2%);
*3/*3 + *4/*4 (n=0):0

Smokers with TD: *[/*] (n=5): 1 (20.0%); *1/*3
+ *1/*4 (n=9): 7 (77.8%); *3/*3 + *4/*4 (n=0): 0
Non-smokers with TD: *[/*| (n=6):2 (33.3%);
*[[%3 + *[[*4 (n=17):5 (29.4%); *3/*3 + *4/*4
(n=0):0

AIMS score in smokers, mean+SD: *//*| (n=5):
1.23+1.56; *1/*3 + *1/*4 (n=9): 5.8+ 4.3; *3/*3
+ *4/*4 (n=0): NA

AIMS score in non-smokers, mean * SD:
*11%] (n=6): 1.7£2.25;*%1/*3 + *[/*4 (n=17):
1.2+2.17; *3/*3 + *4/*4 (n=0): NA

Total number of patients with TD:TT (n=50): 37
(74.0%); CT (n=64):30 (46.9%); CC (n=35): 15
(42.9%)

AIMS score — patients with TD, mean+SD:TT
(n=37):6.32+£2.62; CT (n=30):6.90+£2.83; CC
(n=15):7.87+3.60

Total number of patients vulnerable to TD with
*2:WW (n=234):30 (12.8%);WM (n=68): | |
(16.2%); MM (n=7):0

Total number of patients vulnerable to TD with
*10:WW (n=78): 10 (12.8%);WM (n=97): 13
(13.4%); MM (n=39):4 (10.3%)

Total number of patients with TD: EM
homozygote (n=35): 6 (17.1%); EM heterozygote
(n=13):4 (30.8%); PM (n=4): 1 (25.0%)

Total number of patients with TD: EM
homozygote (n=28): |3 (46.4%); EM
heterozygote (n=16): 13 (81.3%); PM (n=1): NAb
TDRS score — all patients, mean +SD: EM

homozygote (n=28): 7.6 +5.94; EM heterozygote
(n=16):11.6£6;PM (n=1): NAb
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‘Standardised outcome’

Total number of patients with TD: wt/wt (n=61):
30 (49.2%); wtimut (n=29): 16 (55.2%); mut/mut
(n=10):5 (50.0%)

AIMS score — all patients, mean + SD: wt/wt
(n=61):5.1£4.0; wt/mut (n=29): 5.8 +5.3; mut/
mut (n=10):6.8+6.3

AIMS score — patients with TD, mean +SD: wt/wt
(n=8):5.7% 1.9; wt/mut (n=7):8+5.2; wtiwt + wt/
mut (n=15):7+4.1;mut/mut (n=1): 13

Total number of patients with TD: wt/wt (n=11):
3 (27.3%); wit/mut (n=26): 12 (46.2%); mut/mut
(n=0):0

Smokers with TD: wt/wt (n=5): | (20.0%); wt/mut
(n=9):7 (77.8%); mut/mut (n=0): 0

Non-smokers with TD: wt/wt (n=6):2 (33.3%);
wt/mut (n=17):5 (29.4%); mut/mut (n=0):0

AIMS score in smokers, mean +SD: wt/wt (n=5):
1.23+1.56; wt/mut (n=9): 5.8 £4.3; mut/mut
(n=0):NA

AIMS score in non-smokers, mean + SD: wt/wt
(n=6): 1.7£2.25; wt/mut (n=17): 1.2£2.17; mut/
mut (n=0): NA

Total number of patients with TD: wt/wt (n=>50):
37 (74.0%); wt/mut (n=64): 30 (46.9%); mut/mut
(n=35): 15 (42.9%)

AIMS score — patients with TD, mean +SD: wt/wt
(n=37):6.32£2.62; wt/mut (n=30): 6.90+2.83;
mut/mut (n=15):7.87+3.60

Total number of patients vulnerable to TD with
*2: NA

Total number of patients vulnerable to TD with
*10: wtlwt (n=78): 10 (12.8%); wt/mut (n=97): 13
(13.4%); mut/mut (n=39):4 (10.3%)

Total number of patients with TD: wt/wt (n=35):
6 (17.1%); wt/mut (n=13): 4 (30.8%); mut/mut
(n=4):1 (25.0%)

Total number of patients with TD: wt/wt (n=28):
13 (46.4%); wt/mut (n=16): 13 (81.3%); mut/mut
(n=1):NA®

TDRS score — all patients, mean +SD: wt/wt
(n=28):7.6£5.94; wt/mut (n=16): 11.6 £6; mut/
mut (n=1): NA®

continued
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TABLE 21 Summary of findings for tardive dyskinesia: clinical validity studies in patients tested for CYP2Dé (continued)

Study

Lam 2001'¥

Liou 2004'#

Lohmann 2003'%°

Nikoloff 20025

Ohmori 1998'3

Ohmori 1999'>

Outcomes as reported

Total number of patients with TD: wt and
heterozygous (n=40): 19 (47.5%); mut
homozygote (n=36): 19 (52.8%)

Male patients with TD: wt and heterozygous
(n=26): 16 (61.5%); mut homozygote (n=18): 6
(33.3%)

Female patients with TD: wt and heterozygous
(n=14):3 (21.4%); mut homozygote (n=18): 13
(72.2%)

Total number of patients with TD:TT (n=87): 39
(44.8%); CT (n=81):47 (58.0%); CC (n=48):27
(56.3%)

Male patients with TD:TT (n=54):20 (37.0%); CT
(n=47):29 (61.7%); CC (n=32):21 (65.6%)

AIMS score — patients with TD, mean+SD:TT
(n=39):12.0+6.0;CT (n=47):8.8+4.1;CC
(n=27):11.3z6.1

Total number of patients with TD: 2 2 functional
alleles (n=68): 31 (45.6%); | functional alleles
(n=34): 15 (44.1%); 0 functional alleles (n=7): 4
(57.1%)

Total number of patients with TD:

/%] (1=24): 11 (45.8%); *1/*2 (n=15):8
(53.3%); *1/*2 (n=4): 1 (25.0%); all wild/wild
(1=43):20 (46.5%)

*[/%10B (n=82):46 (56.1%); *1/*41 (n=3): |
(33.3%); *2/*10B (n=16): 10 (62.5%); *2/*4 |
(n=1):0; all wild/decreased (n=102):57 (55.9%)
*20%14 (n=1):1 (100%); *1/*5 (n=7): 6 (85.7%);
all wild/loss (n=8):7 (87.5%)

*[0B/*10B (n=42):22 (52.4%); *10B/*4] (n=3):
2 (66.7%); all decreased/decreased (n=45): 24
(53.3%)

*|0B/*5 (n=4):2 (50.0%); all decreased/loss
(n=4):2 (50.0%)

Total number of patients with TD: *[/*| (n=26):
4 (15.4%); *11*10 (n=43):9 (20.9%); *10/*10
(n=30): 11 (36.7%)

AIMS score — all patients, mean £ SD: *//*]
(n=26): 1.54+1.78; *[/*10 (n=43):2.00+2.01;
*10/*10 (n=30):3.31 £3.69

Total number of patients with TD: wt/wt (n=67):
18 (26.9%); wt/m (n=26):5 (19.2%); m/m (n=6):

| (16.7%)

AIMS score — all patients, mean = SD: wt/wt
(n=67):2.46 £2.88; wt/m (n=26):2.00+2.27; m/m
(n=6):2.17+24|

‘Standardised outcome’

Total number of patients with TD: wt/wt + wt/mut
(n=40): 19 (47.5%); mut/mut (n=36): 19 (52.8%)

Male patients with TD: wt/wt + wt/mut (n=26): 16
(61.5%); mut/mut (n=18): 6 (33.3%)

Female patients with TD: wt/wt + wt/mut (n=14):
3 (21.4%); mut/mut (n=18): 13 (72.2%)

Total number of patients with TD: wt/wt (n=87):
39 (44.8%); wt/mut (n=81): 47 (58.0%); mut/mut
(n=48):27 (56.3%)

Male patients with TD: wt/wt (n=54):20 (37.0%);
wt/mut (n=47):29 (61.7%); mut/mut (n=32): 21
(65.6%)

AIMS score — patients with TD, mean +SD: wt/wt
(n=39): 12.0+6.0; wt/mut (n=47): 8.8+ 4.1; mut/
mut (n=27): 11.3%6.1

Total number of patients with TD: wt/wt (n=68):
31 (45.6%); wt/mut (n=34): |5 (44.1%); mut/mut
(n=7):4 (57.1%)

Total number of patients with TD: wt/wt (n=43):
20 (46.5%); wt/mut (n=110): 64 (58.2%); mut/mut
(n=49):26 (53.1%)

Total number of patients with TD: wt/wt (n=26):
4 (15.4%); wt/dec (n=43): 9 (20.9%); dec/dec
(n=30): 11 (36.7%)

AIMS score — all patients, mean  SD: wt/wt
(n=26):1.54£1.78; wt/dec (n=43):2.00+2.01;
dec/dec (n=30):3.31£3.69

Total number of patients with TD: wt/wt (n=67):
18 (26.9%); wt/mut (n=26):5 (19.2%); mut/mut
(n=6):1(16.7%)

AIMS score — all patients, mean  SD: wt/wt
(n=67):2.46 £2.88; wt/mut (n=26):2.00+2.27;
mut/mut (n=6):2.17 £2.4|
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TABLE 21 Summary of findings for tardive dyskinesia: clinical validity studies in patients tested for CYP2Dé (continued)

Study
Plesnicar 2006'¢

Outcomes as reported

Total number of patients with TD: non-PM
(n=125):22 (17.6%); PM (n=6): | (16.7%)

AIMS score — all patients, mean £ SD: non-PM
(n=125):5.44+£3.9;PM (n=6):5.16+3.4

‘Standardised outcome’

Total number of patients with TD: wt/wt + wt/mut
(n=125):22 (17.6%); mut/mut (n=6): 1 (16.7%)

AIMS score — all patients, mean+SD: wt/wt + wt/
mut (n=125):5.44+3.9; mut/mut (n=6):5.16+3.4

AIMS, Abnormal Involuntary Movement Scale; EM, extensive metaboliser; IPD, individual patient data; NA, not applicable; PM,

poor metaboliser; TDRS, Tardive Dyskinesia Rating Scale.

a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or

mut/mut (mutant/mutant).
b Patient excluded from analysis.

Parkinsonism

Seven studies examined the relationship between
parkinsonism and genotype. Five of these reported
the total number of patients with parkinsonism
and four of these reported mean Simpson-Angus
Scale (SAS) scores. Patients were taking at least
one typical antipsychotic in all of the studies. The
findings are summarised in Table 22.

For the total number of patients with parkinsonism,
it was possible to include data from between four
and five studies of between 233 and 470 patients

in the meta-analyses depending on the genotypes
being compared. Nevertheless, the number of
patients with the mut/mut genotype included in the
meta-analyses was still small (n < 30).

Patients with the mut/mut or wt/mut genotype were
significantly more likely to develop parkinsonism
than patients with wt/wt (OR 1.64, 95% CI 1.04 to
2.58) (Figure 4). It should be noted that this meta-
analysis includes in the wt/wt group six patients
from Scordo et al.'*® who were classified as UMs
(none of whom had developed parkinsonism) and
an unknown number of patients (and thus those
with parkinsonism) from Plesnicar et al.'*

In two studies the criteria for measuring
parkinsonism were either unknown'#? or known to
be different from those in the other studies'*? and
so sensitivity analyses were carried out removing
these studies. In these sensitivity analyses none

of the effect sizes was statistically significant and
the new OR comparing mut/mut or wt/mut with
wt/wt was now 1.21 (95% CI 0.69 to 2.14) (data
not presented). A further sensitivity analysis was
carried out that included only the three cross-
sectional studies.!?" 132158 Again, none of the effects
was statistically significant and the heterogeneity
increased for all.
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Regarding mean SAS score, no consistency in the
results was found, with some studies reporting
higher scores for wi/wt and others for mut/mut or wt/
mut + mut/mut.

Acute dystonia

Data from both studies'?*!*® that examined
dystonia in 195 patients taking any antipsychotic
in relation to genotype were included in the meta-
analysis and the findings are summarised in Table
23. No significant effect was found for any of the
genotypes (Appendix 5, Figure 9) although the
numbers of patients with the mut/mut genotype was
small (n =9). Furthermore, it should be noted that
Scordo et al.'® also included six UMs (two of whom
had acute dystonia) who have been included here
with the wit/wt patients and so the results should be
treated with caution.

Akathisia

Two studies'*”"*% in which a total of 231 patients
were taking any typical antipsychotic quantified
the number of patients with akathisia. As Plesnicar
et al."*® combined all patients who did not have
the mut/mut genotype (including an unknown
number of patients with the UM phenotype) then
the study findings were also pooled in this manner
(Appendix b, Figure 10). Based on this meta-
analysis, the number of patients with akathisia

did not significantly differ between those having
the mut/mut genotype and those who did although
heterogeneity between the studies was large and
effect sizes were in opposite directions. Plesnicar
et al."*® was the only study to measure severity

and found no significant difference between the
patients with the mut/mut genotype and those
without. Heterogeneity may have been explained
by either differences in study design or differences
in the gender mix of these two studies. The
findings are summarised in Zable 24.

43



Clinical validity

Subtotal (95% ClI) 49 43 91.55
Total events: 26 (mut/mut), 20 (wt/wt)
Test for heterogeneity: not applicable
Test for overall effect: z=0.63 (p = 0.53)

02 Caucasian
Jaanson 2002 1/4 6/35 —t— 8.45

Subtotal (95% ClI) 4 35 ———— 8.45

Total events: | (mut/mut), 6 (wt/wt)

Test for heterogeneity: not applicable

Text for overall effect: z = 0.39 (b = 0.70)

Total (95% Cl) 53 78 - 100.00
Total events: 27 (mut/mut), 26 (wt/wt)

Test for heterogeneity: x*> = 0.03, df = | (p = 0.87), I =0%
Test for overall effect: z=0.71 (p = 0.48)

Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics
Comparison: 05 CYP2D6 - total number of patients with tardive dyskinesia — sensitivity analysis (prospective studies)
Outcome: 0l mut/mut vs wt/wt
Study or mut/mut wt/wt OR (fixed) Weight OR (fixed)
subcategory n/N n/N 95% CI % 95% CI
0l Asian
Nikoloff 2002'* 26/49 20/43 91.55 1.30 (0.57 to 2.95)

1.30 (0.57 to 2.95)

1.61 (0.14 to 18.26)
1.61 (0.14 to 18.26)

1.33 (0.61 to 2.89)

00l Ol I 10 100

Odds ratio
Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics

Comparison: 05 CYP2D6 - total number of patients with tardive dyskinesia — sensitivity analysis (prospective studies)
Outcome: 02 wt/mut vs wt/wt
Study or wt/mut wt/wt OR (fixed) Weight OR (fixed)
subcategory n/N n/N 95% CI % 95% CI
01 Asian

Nikoloff 2002'** 64/110 20/43 L 65.65 1.60 (0.79 to 3.25)
Subtotal (95% ClI) 110 43 o> 65.65 1.60 (0.79 to 3.25)
Total events: 64 (wt/mut), 20 (wt/wt)
Test for heterogeneity: not applicable
Test for overall effect: z=1.30 (p = 0.18)
02 Caucasian

Kapitany 2008 '# 13/16 13/28 —_— 9.68 5.00 (I.16 to 21.50)

Ellingrod 2002b'*’ 12/26 3/11 —1T—= 12.39 2.29 (0.49 to 10.61)

Jaanson 2002'% 4/13 6/35 —= 12.28 2.15 (0.49 to 9.34)
Subtotal (95% ClI) 55 74 - 34.35 3.00 (1.29 to 6.99)
Total events: 29 (wt/mut), 22 (wt/wt)
Test for heterogeneity: x> = 0.79, df =2 (p = 0.67), I = 0%
Test for overall effect: z=2.55 (p = 0.01)
Total (95% ClI) 165 117 > 100.00 2.08 (1.21 to 3.57)
Total events: 93 (wt/mut), 42 (wt/wt)
Test for heterogeneity: x* = 1.93, df = 3 (p = 0.59), I* = 0%
Test for overall effect: z = 2.66 (p = 0.008)

00l 01 I 10 100
Odds ratio

FIGURE 2 Meta-analysis for patients tested for the CYP2D6é genotype — total number of patients with tardive dyskinesia: (a) wt/wt vs

mut/mut; (b) wt/wt vs wt/mut.

44




DOI: 10.3310/hta14030 Health Technology Assessment 2010; Vol. 14: No. 3

Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics

Comparison: 05 CYP2D6 - total number of patients with tardive dyskinesia — sensitivity analysis (prospective studies)
Outcome: 03 mut/mut + wt/mut vs wt/wt
Study or mut/mut + wt/mut wt/wt OR (fixed) Weight OR (fixed)
subcategory n/N n/N 95% ClI % 95% CI
0l Asian

Nikoloff 2002'%2 90/159 20/43 —u— 64.24 1.50 (0.76 to 2.95)
Subtotal (95% ClI) 159 43 - 64.24 1.50 (0.76 to 2.95)

Total events: 90 (mut/mut + wt/mut), 20 (wt/wt)
Test for heterogeneity: not applicable
Test for overall effect: z = 1.17 (p = 0.24)

02 Caucasian

Kapitany 2007 13/16 13/28 —_—— 8.33 5.00 (1.16 to 21.50)
Ellingrod 2002b'* 12/36 311 — 14.41 .33 (0.30 to 5.96)
Jaanson 2002' 5/17 6/35 —t 13.02 2.01 (0.5 to 7.88)

Subtotal (95% ClI) 69 74 —~ 35.76 244 (1.08 to 5.51)

Total events: 30 (mut/mut + wt/mut), 22 (wt/wt)
Test for heterogeneity: > = 1.63, df =2 (p = 0.44), I = 0%
Test for overall effect: z = 2.14 (p = 0.03)

Total (95% ClI) 228 17 . 100.00 1.83 (1.09 to 3.08)
Total events: 120 (mut/mut + wt/mut), 42 (wt/wt)

Test for heterogeneity: y* = 2.35, df = 3 (p = 0.50), I> = 0%
Test for overall effect: z=2.30 (p = 0.02)

0002 05 1 2 5 10

Odds ratio
Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics

Comparison: 05 CYP2D6 - total number of patients with tardive dyskinesia — sensitivity analysis (prospective studies)
Outcome: 04 mut/mut vs wt/wt + wt/mut
Study or mut/mut wt/wt + wt/mut OR (fixed) Weight OR (fixed)
subcategory n/N n/N 95% ClI % 95% ClI
01 Asian

Nikoloff 2002'%2 26/49 84/153 87.10 0.93 (0.49 to 1.77)
Subtotal (95% ClI) 49 153 87.10 0.93 (0.49 to 1.77)
Total events: 26 (mut/mut), 84 (wt/wt + wt/mut)
Test for heterogeneity: not applicable
Test for overall effect: z=0.23 (p = 0.82)
02 Caucasian

Plesnicar 2006'* 1/6 22/125 —_— 7.65 0.94 (0.10 to 8.42)

Jaanson 2002'% 1/4 10/48 —_—— 5.25 1.27 (0.12 to 13.52)
Subtotal (95% ClI) 10 173 —— 12.90 1.07 (0.22 to 5.33)
Total events: 2 (mut/mut), 32 (wt/wt + wt/mut)
Test for heterogeneity: x> = 0.03, df = | (p = 0.85), I* = 0%
Test for overall effect: z=0.08 (p = 0.93)
Total (95% ClI) 59 326 L 4 100.00 0.95 (0.52 to 1.73)
Total events: 28 (mut/mut), 116 (wt/wt + wt/mut)
Test for heterogeneity: x> = 0.06, df =2 (p = 0.97), I* = 0%
Test for overall effect: z = 0.18 (p = 0.86)

0.0l 0.l | 10 100
Odds ratio

FIGURE 2 Meta-analysis for patients tested for the CYP2D6é genotype — total number of patients with tardive dyskinesia: (c) wt/wt vs
mut/mut + wt/mut; (d) wt/wt + wt/mut vs mut/mut. Sensitivity analysis by study type (only prospective studies included).
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Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics
Comparison: 06 CYP2D6 — mean £ SD AIMS score — all patients

Outcome: 0l mut/mut vs wt/wt
Study or mut/mut wt/wt WMD (fixed) Weight WMD (fixed)
subcategory n  Mean (SD) n Mean (SD) 95% CI % 95% CI
01 Asian
Ohmori 1998'% 30 3.31(3.69) 26 1.50 (1.78) = 88.02 1.81 (0.32 to 3.30)
Tiwari 2005'¢' I 4.00 (0.00) 75  6.13(3.59) Not estimable
Subtotal (95% ClI) 31 101 > 88.02 1.81 (0.32 to 3.30)

Test for heterogeneity: not applicable
Test for overall effect: z = 2.39 (p = 0.02)

02 Caucasian

Arthur 1995'% I 13.00 (0.00) 8 5.70 (0.00) Not estimable

Andreassen 1997'7 10 6.80 (6.30) 61  5.10 (4.00) S 11.98 1.70 (-2.33 t0 5.73)
Subtotal (95% ClI) I 69 i 11.98 1.70 (-2.33 t0 5.73)
Test for heterogeneity: no applicable
Test for overall effect: z=0.83 (p = 0.41)
Total (95% Cl) 42 170 > 100.00 1.00 (0.40 to 3.19)
Test for heterogeneity: x> = 0.00, df = | (p = 0.96), I* = 0%
Test for overall effect: z=2.52 (p = 0.0l)

-10 -5 0 5 10
Favours mut/mut ~ Favours wt/wt
Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics

Comparison: 06 CYP2D6 — mean £ SD AIMS score — all patients
Outcome: 02 wt/mut vs wt/wt
Study or wt/mut wt/wt WMD (fixed) Weight WMD (fixed)
subcategory n Mean (SD) n Mean (SD) 95% CI % 95% CI
0l Asian

Ohmori 1998'% 43 2.00 (2.01) 26 1.50 (1.78) = 69.27 0.50 (-0.41 to 1.41)

Tiwari 2005'®' 15 7.07 (3.08) 75 6.13 (3.59) - 18.59 0.94 (—0.82 to 2.70)
Subtotal (95% ClI) 58 101 » 87.86 0.59 (-0.22 to 1.40)
Test for heterogeneity: x* = 0.19, df = | (p = 0.66), I* = 0%
Test for overall effect: z=1.44 (p = 0.15)
02 Caucasian

Arthur 1995'%° 7 8.00 (5.20) 8 5.70 (0.00) Not estimable

Andreassen 1997'7 29 5.80 (5.30) 6l 5.10 (4.00) -1 12.14 0.70 (—1.47 to 2.87)
Subtotal (95% ClI) 36 69 > 12.14 0.70 (—1.47 to 2.87)
Test for heterogeneity: no applicable
Test for overall effect: z=0.63 (p = 0.53)
Total (95% ClI) 94 170 > 100.00 0.61 (-0.15 to 1.36)
Test for heterogeneity: x* = 0.20, df =2 (p = 0.91), I = 0%
Test for overall effect: z=1.57 (p = 0.12)

10 5 0 5 10
Favours wt/mut Favours wt/wt

FIGURE 3 Meta-analysis for patients tested for the CYP2Dé genotype — mean + SD AIMS score for all patients: (a) wt/wt vs mut/mut;
(b) wt/wt vs wt/mut.
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Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics

Comparison: 06 CYP2D6 — mean * SD AIMS score — all patients
Outcome: 03 mut/mut vs wt/mut
Study or mut/mut wt/mut WMD (fixed) Weight WMD (fixed)
subcategory n Mean (SD) n Mean (SD) 95% CI % 95% CI
0l Asian

Ohmori 1998'%3 30 3.31(3.69) 43 2.00 (2.01) = 90.01 1.31 (-0.14 to 2.76)

Tiwari 2005'¢' I 4.00 (0.00) I5 7.07 (3.08) Not estimable
Subtotal (95% ClI) 31 58 > 90.01 1.31 (-0.14 to 2.76)
Test for heterogeneity: not applicable
Test for overall effect: z = 1.77 (p = 0.08)
02 Caucasian

Arthur 1995'%° I 13.00 (0.00) 7 8.00 (5.20) Not estimable

Andreassen 1997'7 10 6.80(6.30) 29 5.80 (5.30) e 9.99 1.00 (-3.36 to 5.36)
Subtotal (95% ClI) I 36 —i—— 9.99 1.00 (-3.36 to 5.36)
Test for heterogeneity: no applicable
Test for overall effect: z = 0.45 (p = 0.65)
Total (95% Cl) 42 94 > 100.00 1.20 (-0.10 to 2.66)
Test for heterogeneity: x> = 0.02, df = | (p = 0.89), I*=0%
Test for overall effect: z=1.82 (p = 0.07)

-0 -5 0 5 10
Favours mut/mut  Favours wt/mut

FIGURE 3 Meta-analysis for patients tested for the CYP2D6 genotype — mean £ SD AIMS score for all patients: (c) wt/wt vs mut/mut +

wt/mut.

General chronic movement disorder

One study'® in which 76 patients were taking any
antipsychotic examined the association between
genotype and chronic movement disorders, which
were defined as experiencing either parkinsonism
or TD, or both. A much higher proportion of
patients with the mut/mut genotype than with either
the wi/wt or the wt/mut genotype experienced such
disorders but the number of mut/mut patients was
small (n =5). The findings are summarised in Table
25.

Extrapyramidal symptoms in general

Six studies focused on the relationship between
EPS and genotype/phenotype. It was not possible
to include data from any of these in a meta-analysis
because each study measured or reported the data
differently. The findings are summarised in Table
26.

Haloperidol was taken by patients in at least three
of the studies'?"'%1%2 and possibly also in the other
three,**-110:158 which stipulated that patients were
taking any antipsychotic. Three studies'!®158162
quantified patients with this ADR and three'#!3!15%
assessed the severity. However, one'%? of the studies
quantifying EPS has been excluded from the
analysis in this review for reasons discussed earlier
in this chapter (see Quality assessment of included
studies).
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158

One study'™ reported that around half of the
patients carrying the wt/wt (including UMs) or wt/
mut genotype developed EPS (defined as having
any one of acute dystonia, TD or parkinsonism)
but that all mut/mut patients had EPS, albeit the
number of patients with this last genotype was only
four. The other study also found that significantly
more patients with the mut/mut genotype were
vulnerable to EPS than patients with the wt/wt or
wt/mut genotype.'*

The mean SAS scores for patients with EPS were
found to be lowest in the wt/wt group and highest
in the mut/mut group in one study,” a finding
echoed by median EPS sum scores in a later
study,'®! although, here, when the EPS sum score
was not stratified for comedication with biperiden
(which is taken to alleviate ADRs associated with
some antipsychotics such as stiffness, tremors,
spasms and poor muscle control) the score for
UMs was similar to that for PMs. The most recent
study' reported the median Extrapyramidal
Symptoms Rating Scale (ESRS) scores at peak
and trough; however, there was only one mut/mut
patient in this study and data were only available
at trough for this patient making comparisons
problematic.

47



48

Clinical validity

TABLE 22 Summary of findings for parkinsonism: clinical validity studies in patients tested for CYP2D6

Study Outcomes as reported ‘Standardised outcome’
Andreassen Total number of patients with parkinsonism: EM Total number of patients with parkinsonism: wt/
1997'% homozygote (n=61):23 (37.1%); EM heterozygote wt (n=61):23 (37.1%); wt/mut (n=29): 13 (44.8%);

Culav-Sumic
2001 '3

Jaanson 2002'#

(n=29): 13 (44.8%); PM (n=10): 2 (20.0%)

SAS score — all patients, mean+SD: EM homozygote
(n=61):0.37£0.35; EM heterozygote (n=21):
0.40%0.36;PM (n=10):0.56 £0.74

Total number of patients with parkinsonism:

EM (n=43):*1/*] (n=43): 13 (30.2%)

IM (n=23):*4/*] (n=20): 11 (52.6%); *6/*1 (n=3): |
(33.3%)

PM (n=5): *4/*4 (n=5):4 (80.0%)

Total number of patients with parkinsonism: EM

homozygote (n=35):20 (57.2%); EM heterozygote
(n=13):8 (61.5%); PM (n=4):4 (100.0%)

mut/mut (n=10):2 (20.0%)

SAS score — all patients, mean+SD: wt/wt (n=61):
0.37£0.35; wt/mut (n=21):0.40 £ 0.36; mut/mut
(n=10):0.56+0.74

Total number of patients with parkinsonism: wt/
wt (n=43): 13 (30.2%); wt/mut (n=20): 12 (52.2%);
mut/mut (n=5):4 (80.0%)

Total number of patients with parkinsonism: wt/wt
(n=35):20 (57.2%); wt/mut (n=13):8 (61.5%); mut/
mut (n=4):4 (100.0%)

Kakihara SAS score — all patients, mean £ SD: *//*| (n=16): SAS score — all patients, mean +SD: wt/wt (n=16):
2005'% 2.6+2.0;%1/*10 (n=14):2.0£ 1.7, *10/*10 (n=9): 2.6+2.0; wt/mut (n=14):2.0% |.7; mut/mut (n=9):
1.3+1.5 1.3£1.5
Panagiotidis Median (range) ESRS parkinsonism score — peak: 3 NA
2007'% functional alleles (n=1): 5; 2 functional alleles (n=16):
7 (0-13); | functional alleles (n=8):3 (0-12);0
functional alleles (n=1): NA
Median (range) ESRS parkinsonism score — trough: 3
functional alleles (n=1): 3; 2 functional alleles (n=16):
5 (1-19); | functional alleles (n=8):3 (0-12);0
functional alleles (n=1):2
Plesnicar Total number of patients with parkinsonism: non-PM Total number of patients with parkinsonism: wt/wt
2006'%¢ (n=125): 18 (14.4%); PM (n=6):0 + wt/mut (n=125): 18 (14.4%); mut/mut (n=6):0

Scordo 2000'8

SAS score, mean+SD: non-PM (n=125): 1.35%3.1;PM
(n=6):0.16+£0.41

Total number of patients with parkinsonism: UM
(n=6):0; EM homozygote (n=65):20 (30.8%); EM
heterozygote (n=44): 14 (31.8%); PM (n=4):3 (75.0%)

SAS score — all patients, mean+SD: hom (n=65):
48+ 1.9;mut (n=48):5.1+1.7

SAS score, mean+SD: wt/wt + wt/mut (n=125):
1.35%3.1; mut/mut (n=6):0.16+£0.41

Total number of patients with parkinsonism: wt/
wt (n=71:20 (28.2%); wt/mut (n=44): 14 (31.8%);
mut/mut (n=4): 3 (75.0%)

SAS score — all patients, mean +SD: wt/wt (n=65):
4.8+ 1.9; wt/mut + mut/mut (n=48):5.1 £ 1.7

EM, extensive metaboliser; ESRS, Extrapyramidal Symptoms Rating Scale; NA, not applicable; PM, poor metaboliser; SAS,

Simpson—Angus Scale; TDRS, Tardive Dyskinesia Rating Scale.
a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or
mut/mut (mutant/mutant).

Adverse drug reactions in general Agranulocytosis

Among patients taking any antipsychotic, one
study"? of 39 patients focused on the association
between genotype and mean number of ADRs as
assessed by the SAFTEE (Systematic Assessment
For Treatment Emergent Effects), which is a

Dettling et al."** quantified the number of subjects
with clozapine-induced agranulocytosis by
genotype (wifwt, wt/mut and mut/mut) in a sample of
108 patients. This study found that the occurrence
of clozapine-induced agranulocytosis was similar in

technique for the systematic assessment of side
effects. This study found that neither the wt/mut
or mut/mut genotype differed statistically from
the wt/wt genotype in relation to disease severity
or number or severity of ADRs. The findings are
summarised in Table 27.

each group. The findings are summarised in Table
28.

QTc prolongation
Thioridazine-induced QQIc prolongation was
assessed in relation to genotype in one study of
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Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics
Comparison: 02 CYP2D6 - total number of patients with parkinsonism
Outcome: 0l mut/mut vs wt/wt
Study or mut/mut wt/wt OR (random) Weight OR (random)
subcategory n/N n/N 95% ClI % 95% CI
Andreassen 1997'% 2/10 23/61 e 31.51 0.41 (0.08 to 2.12)
Scordo 2000'*® 3/4 20/71 R e — 24.56 7.65 (0.75 to 77.96)
Culav-Sumic 2001 '* 4/5 13/43 e 24.89 9.23 (0.94 to 90.78)
Jaanson 2002'% 4/4 20/35 > 19.03 6.80 (0.34 to 136.04)
Total (95% ClI) 23 210 ~ 100.00 3.12 (0.55 to 17.82)
Total events: |3 (mut/mut), 76 (wt/wt)
Test for heterogeneity: > =7.19, df = 3 (p = 0.07), I> = 58.3%
Test for overall effect: z = 1.28 (p = 0.20)
001 01 I 10 100
Odds ratio

Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated

with antipsychotics
Comparison: 02 CYP2D6 - total number of patients with parkinsonism
Outcome: 02 wt/mut vs wt/wt
Study or wt/mut wt/wt OR (fixed) Weight OR (fixed)
subcategory n/N n/N 95% CI % 95% CI
Andreassen 1997'% 13/29 23/61 —f— 31.36 1.34 (0.55 to 3.29)
Scordo 2000'% 14/44 20/71 —— 40.01 1.19 (0.52 to 2.70)
Culav-Sumic 2001 ' 12/20 13/43 —=— 12.66 3.46 (1.15 to 10.46)
Jaanson 2002'% 8/13 20/35 15.98 1.20 (0.33 to 4.41)
Total (95% ClI) 106 210 > 100.00 1.53 (0.94 to 2.48)
Total events: 47 (wt/mut), 76 (wt/wt)
Test for heterogeneity: x> = 2.67, df =3 (p = 0.45), I = 0%
Test for overall effect: z=1.71 (p = 0.09)

001 01 1 10 100
Odds ratio

FIGURE 4 Meta-analysis for patients tested for the CYP2D6 genotype — total number of patients with parkinsonism: (a) wt/wt vs mut/

mut; (b) wt/wt vs wt/mut.

91 patients.' This study provided no evidence
that patients with any particular genotype are at
increased risk of (Ylc prolongation. The findings
are summarised in Table 29.

Weight gain

Two prospective studies examined the association
between genotype and weight gain in patients
taking olanzapine'®® and risperidone.'*® Difterences
in the outcomes measured made it impossible to
include these data in a meta-analysis. In a small
study'®® of only 11 patients it was found that

those with a wi/mut genotype taking olanzapine
experienced a statistically significantly larger
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percentage change in body mass index than the wt/
wt group. Derived from multiple linear regression
analysis, the other study'*® of 29 patients estimated
the difference in body weight to be greater in the
patients with a wi/wt genotype compared with a wt/
mut genotype than in those with a wt/wt genotype
compared with a mut/mut genotype. The findings
are summarised in Zable 30.

CYPIA2

Metabolism
No studies of patients were found measuring
metabolism outcomes by genotype or phenotype.
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Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated

with antipsychotics
Comparison: 02 CYP2D6 - total number of patients with parkinsonism
Outcome: 03 mut/mut + wt/mut vs wt/wt
Study or mut/mut + wt/mut wt/wt OR (fixed) Weight OR (fixed)
subcategory n/N n/N 95% CI % 95% CI
Andreassen 1997'% 15/39 23/61 —L— 38.40 1.03 (0.45 to 2.36)
Scordo 2000'%® 17/48 20/71 —t=— 36.25 1.40 (0.64 to 3.07)
Culav-Sumic 2001 "% 16/25 13/43 R 11.97 4.10 (1.44 to 11.66)
Jaanson 2002'* 12/17 20/35 —_—t— 13.38 1.80 (0.52 to 6.22)
Total (95% ClI) 129 210 > 100.00 1.64 (1.04 to 2.58)

Total events: 60 (mut/mut + wt/mut), 76 (wt/wt)
Test for heterogeneity: x* = 4.34, df = 3 (p = 0.23), I* = 30.9%
Test for overall effect: z=2.12 (p = 0.03)

0102051 2 5 10

Odds ratio

Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics
Comparison: 02 CYP2D6 - total number of patients with parkinsonism
Outcome: 04 mut/mut vs wt/wt + wt/mut
Study or mut/mut wt/wt + wt/mut OR (fixed) Weight OR (fixed)
subcategory n/N n/N 95% CI % 95% CI
Plesnicar 2006'* 0/6 18/125 —_— 19.23 0.45 (0.02 to 8.27)
Andreassen 1997'% 2/10 36/90 e 61.26 0.38 (0.08 to 1.87)
Scordo 2000'*® 3/4 34/115 T 6.08 7.15(0.72t0 71.17)
Culav-Sumic 2001 "% 4/5 25/63 e 7.82 6.08 (0.64 to 57.61)
Jaanson 2002'* 4/4 28/48 — 5.61 6.47 (0.33 to 126.99)
Total (95% ClI) 29 441 - 100.00 1.59 (0.72 to 3.52)
Total events: |13 (mut/mut), 141 (wt/wt + wt/mut)
Test for heterogeneity: x> = 7.70, df = 4 (p = 0.10), I> = 48.0%
Test for overall effect: z = 1.14 (p = 0.25)
001 01 I 10 100
Odds ratio

FIGURE 4 Meta-analysis for patients tested for the CYP2Dé6 genotype — total number of patients with parkinsonism: (c) wt/wt vs mut/
mut + wt/mut; (d) wt/wt + wt/mut vs mut/mut.

TABLE 23 Summary of findings for acute dystonia: clinical validity studies in patients tested for CYP2D6

Study Outcomes as reported ‘Standardised outcome’

Armstrong 1997'% Total number of patients with acute dystonia:wt Total number of patients with acute dystonia: wt/
homozygote (n=43):4 (9.3%); wt heterozygote  wt (n=43):4 (9.3%); wt/mut (n=28):5 (17.9%);
(n=28):5 (17.9%); mut homozygote (n=5):0 mut/mut (n=5):0

Scordo 2000'# Total number of patients with acute dystonia: Total number of patients with acute dystonia: wt/
UM (n=6):2 (33.3%); EM homozygote (n=65):  wt (n=71): 16 (22.5%); wt/mut (n=44): 6 (13.6%);
14 (21.5%); EM heterozygote (n=44):6 (13.6%); mut/mut (n=4): 1 (25.0%)
PM (n=4):1 (25.0%)

EM, extensive metaboliser; PM, poor metaboliser; UM, ultra rapid metaboliser.
a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or
mut/mut (mutant/mutant).
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TABLE 24 Summary of findings for akathisia: clinical validity studies in

Study Outcomes as reported

Andreassen 1997'7 Total number of patients with akathisia:
EM homozygote (n=61): 10 (16.4%); EM
heterozygote (n=29):5 (17.2%); PM (n=10): 0

Plesnicar 2006'*¢
(n=125):6 (4.8%); PM (n=6): | (16.7%)

Barnes Scale score — all patients, mean = SD:

non-PM (n=125):0.27 % 1.3; PM (n=6):

EM, extensive metaboliser; PM, poor metaboliser.

Total number of patients with akathisia:

patients tested for CYP2D

‘Standardised outcome’

Total number of patients with akathisia: wt/wt
(n=61):10 (16.4%); wt/mut (n=29):5 (17.2%);
mut/mut (n=10):0

:non-PM  Total number of patients with akathisia: wt/wt

+ wt/mut (n=125): 6 (4.8%); mut/mut (n=6): |

(16.7%)

0.0 Barnes Scale score — all patients, mean + SD: wt/wt
+ wt/mut (n=125):0.27 £ 1.3; mut/mut (n=6): 0.0

a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or

mut/mut (mutant/mutant).

TABLE 25 Summary of findings for general chronic movement disorders: clinical validity studies in patients tested for CYP2D6

Study Outcomes as reported

Armstrong 1997'% Total number of patients with chronic

movement disorders: homozygous wt (n=43):
18 (41.9%); heterozygous wt (n=28): 13

(46.4%); homozygous mut (n=5):4 (80.

‘Standardised outcome’

Total number of patients with chronic movement
disorders: wt/wt (n=43): 18 (41.9%); wt/mut
(n=28): 13 (46.4%); mut/mut (n=5): 4 (80.0%)
0%)

a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or

mut/mut (mutant/mutant).

Efficacy

The only study'”! measuring efficacy reported
that patients homozygous for the *I1F allele had
significantly lower rates of treatment response
to clozapine than patients homozygous or
heterozygous for the wild-type *14 allele. The
findings are summarised in Zable 31.

171

Adverse drug reactions

Nine studies were found that examined the
relationship between ADRs and CYPIA2 genotypes.
The findings for each type of ADR are presented
below.

Tardive dyskinesia

Seven studies considered TD in relation to
genotype or phenotype, with six quantifying
patients with TD and five reporting average

AIMS scores. In all of these studies patients were
taking any typical antipsychotic, whereas in four
others!6>167.169.170 gty picals were also permitted. The
findings are summarised in Zable 32.

Four of the studies reporting the total number of
patients with TD did so in relation to the *1F allele
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and the findings from these were meta-analysed
(comprising between 243 and 443 patients
depending on the comparison). No significant
differences were found (Appendix 5, Figure 11).

For the *1C allele, results were available by
genotype for 101 patients taking any antipsychotic,
any typical antipsychotic and any atypical
antipsychotic in Tiwari e al.,'” which found no
significant differences between groups. In the only
study in which the exons/exon—intron boundaries
of the CYPIA2 gene were completely sequenced
there were also no notable differences across
genotypes.'”

It was not possible to meta-analyse average AIMS
scores because these were not presented in the
same manner across studies. The only study
reporting mean scores,'** in 85 Caucasian patients,
found the mean score to be threefold higher in
those with the mut/mut genotype than in those with
the wt/wt or wt/mut genotype. Another study'®” of
119 German patients found no such differences in
terms of median score. In the other studies, similar
means by genotype were found in 73 Asian patients
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TABLE 26 Summary of findings for extrapyramidal symptoms in general: clinical validity studies in patients tested for CYP2D6é

Study
Arthur 1995'3°

Brockmoller 2002'3'

Inada 2003'4°

Panagiotidis 2007'%°

Scordo 2000'8

Topic 2000'¢2

Outcomes as reported

Individual patient data presented

Median EPS sum score: UM (n=5):9; EM
(n=106):4;IM (n=56):5;PM (n=5):8

Median EPS sum score stratified for
comedication with biperiden: UM (n=5):7; EM
(n=106):6;IM (n=56):5;PM (n=5): 12

Total number of patients vulnerable to EPS
with *2: wt/wt (n=234):20 (8.5%); wt/mut
(n=68): 13 (19.1%); mut/mut (n=7):5 (71.4%)

Total number of patients vulnerable to EPS
with */0: wt/wt (n=78): 10 (12.8%); wt/mut
(n=97): 16 (16.5%); mut/mut (n=39): 6 (15.4%)

Peak ESRS parkinsonism score, median (range):
3 functional alleles (n=1):8;2 functional alleles
(n=16):7.5 (0-18); | functional allele (n=8):3.5
(0-17); 0 functional alleles (n=1): NA

Trough ESRS parkinsonism score, median
(range): 3 functional alleles (n=1):2;2
functional alleles (n=16):4.5 (1-18); |
functional allele (n=8): 3.5 (0-20); 0 functional
alleles (n=1):2

Total number of patients with EPS: UM (n=6):
3 (50.0%); EM homozygote (n=65): 33 (50.8%);
EM heterozygote (n=44):23 (52.3%); PM
(n=4):4 (100.0%)

Inconsistent data®

‘Standardised outcome’

SAS score — patients with EPS, mean +SD: wt/wt
(n=8):2.5£2.6; wt/mut (n=7):3.9+£4.6; wt/wt +
wt/mut (n=15): 3.4 £3.9; mut/mut (n=1):20

NA

Total number of patients vulnerable to EPS with
*2:NA

Total number of patients vulnerable to EPS with
*10:wt/wt (n=78): 10 (12.8%); wt/mut (n=97): 16
(16.5%); mut/mut (n=39): 6 (15.4%)

NA

Total number of patients with EPS: wt/wt (n=71):
36 (50.7%); wt/mut (n=44):23 (52.3%); mut/mut
(n=4):4 (100.0%)

NA

EM, extensive metaboliser; EPS, extrapyramidal symptoms; ESRS, Extrapyramidal Symptoms Rating Scale; NA, not applicable;

PM, poor metaboliser; SAS, Simpson—Angus Scale; UM, ultra-rapid metaboliser.

a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or
mut/mut (mutant/mutant).

b In one table there are *3/wt and *6/*6 genotypes in patients with EPS but there are no schizophrenic patients with these
genotypes in an earlier table of patient demographics (or indeed, any patients with *6/%6 at all).

TABLE 27 Summary of findings for ADRs in general: clinical validity studies in patients tested for CYP2D6

Study
Hamelin 1999'¥

Outcomes as reported
Number of ADRs, mean £SD: *I/*| (n=23):
2+2;%[/%4 (n=15):45;%4/*4 (n=1): |

Number of ADRs and severity scores
(ADR x severity), mean £ SD: *[/*| (n=23):
3£3;%1/%4 (n=15):6£7;%4/%4 (n=1): |

ADR, adverse drug reaction.
a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or
mut/mut (mutant/mutant).

‘Standardised outcome’

Number of ADRs, mean +SD: wt/wt (n=23):2+2;
wt/mut (n=15):4x5; mut/mut (n=1): |

Number of ADRs and severity scores
(ADR x severity), mean = SD: wt/wt (n=23): 3 3;
wt/mut (n=15): 6 £7; mut/mut (n=1): |
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TABLE 28 Summary of findings for agranulocytosis: clinical validity studies in patients tested for CYP2Dé

Study
Dettling 2000'*

Outcomes as reported

Total number of patients with clozapine-induced
agranulocytosis: 3 active genes (n=4): | (25.0%);
2 active genes (n=69):21 (30.4%); | active gene
(n=30):8 (26.7%); 0 active genes (n=5): | (20.0%)

‘Standardised outcome’

Total number of patients with clozapine-induced
agranulocytosis: wt/wt (n=73):22 (30.1%); wt/mut
(n=30): 8 (26.7%); mut/mut (n=5): 1 (20.0%)

a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or
mut/mut (mutant/mutant).

TABLE 29 Summary of findings for QTc prolongation: clinical validity studies in patients tested for CYP2D6

Study

Thanacoody 2007'%°
and 2003'¢

Outcomes as reported

QTc prolongation (ms), mean+SD: EM (n=51):
425+29;IM (n=31):427 £22;PM (n=9):
41141

‘Standardised outcome’

QTc prolongation (ms), mean+SD: wt/wt (n=51):
425 +29; wt/mut (n=31): 427 £22; mut/mut (n=9):

41141

EM, extensive metaboliser; IM, intermediate metaboliser; PM, poor metaboliser.
a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or
mut/mut (mutant/mutant).

TABLE 30 Summary of findings for weight gain: clinical validity studies in patients tested for CYP2D6

Study
Ellingrod 2002'%¢

Lane 2000'®

Outcomes as reported

Baseline BMI (kg/m2), mean = SD: *//*] (n=6):
28+4.2; *1/*3 or *|/*4 (n=5):24+4.0; *3/*3
or *4/*4 (n=0): NA

End-point BMI (kg/m2), mean£SD: *I/*| (n=6):
31.8£4.1;%1/*3 or *1/*4 (n=5):31.4%6.9;
*3/*3 or *4/*4 (n=0):NA

Difference in body weight (kg): C/C (n=29)
vs C/T (n=37):-1.138; C/C (n=29) vs T/T
(n=50):-0.799

‘Standardised outcome’

Baseline BMI (kg/m2), mean+SD: wt/wt (n=6):
28+4.2; wt/mut (n=5): 24 £4.0; mut/mut (n=0):
NA

End-point BMI (kg/m2), mean +SD: wt/wt (n=6):
31.8+4.1; wt/mut (n=5):31.4+6.9; mut/mut
(n=0):NA

Difference in body weight (kg): wt/wt (n=29) vs
wt/mut (n=37):—1.138; wt/wt (n=29) vs mut/mut
(n=50):-0.799

BMI, body mass index; EM, extensive metaboliser; IM, intermediate metaboliser; NA, not available; UM, ultra rapid

metaboliser.

a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or
mut/mut (mutant/mutant).

TABLE 31 Summary of findings for efficacy: clinical validity studies in patients tested for CYPIA2

Study
Yasar 2007'"'

Outcomes as reported

Number of patients responding to treatment:
FF: 18/30 (60.0%);AF: 48/53 (90.6%);AA: 13/14
(92.9%)

‘Standardised outcome’

Number of patients responding to treatment: wt/
wt: 18/30 (60.0%); wt/mut: 48/53 (90.6%); mut/mut:
13/14 (92.9%)

a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or
mut/mut (mutant/mutant).
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Clinical validity

TABLE 32 Summary of findings for tardive dyskinesia: clinical validity studies in patients tested for CYP|A2

Study
Basile 2000'¢*

Boke 2007'¢

Fu 2006'®

Matsumoto 2004'¢

Schulze 2001'¢7

Outcomes as reported

AIMS score — all patients with *[F allele,
mean*SD:A/A (n=37):5.2+7.9;A/C (n=32):
6.6+8.6,C/IC(n=16):17.8+9.8

AIMS score — Caucasian patients with */F allele,
mean+SD:A/A (n=29):3.9+6.3; A/C (n=25):
4.9%6.1;C/C (n=9):15.9+9.7

AIMS score — African American patients with */F
allele, mean=SD:A/A (n=6):9.7%11.7;AIC (n=7):
12.4+13.4,C/C (n=7):20.3£10.1

Total number of patients with TD with *[F allele:
AIA (n=21): 12 (57.1%); AIC (n=50): 28 (56.0%);
CIC (n=17):7 (41.2%)

Total number of patients with TD with *[F allele:
AIA (n=67):27 (40.3%); CIA (n=56): 36 (64.3%);
CIC (n=16):10 (62.5%)

AIMS score — patients with TD with */F allele,
mean+SD:A/A (n=27):6.81 +3.38; C/A (n=36):
7.22+£2.97;C/C (n=10):6.30£2.05

Total number of patients with TD with 734 allele:
A/IA (n=98):20 (20.4%); A/IC (n=81): 17 (21.0%);
CIC (n=20):5 (25.0%)

Total number of patients with TD with —2964
allele: G/G (n=111):23 (20.7%); G/A (n=74): 16
(21.6%); AIA (n=14):3 (21.4%)

Number of smokers with TD with 734 allele: A/A
(n=47):10 (21.3%); AIC (n=47): 12 (25.5%); CIC
(n=9):2 (22.2%)

Number of smokers with TD with —2964 allele:
G/G (n=60): 13 (21.7%); G/A (n=35): 10 (28.6%);
A/A (n=8): 1 (12.5%)

Total number of patients with TD with *[F allele:
A/A (n=62): 30 (48.4%); AIC (n=48):21 (43.8%);
CIC (n=9):5 (55.6%)

Number of smokers with TD with */F allele: A/A
(n=39):21 (53.8%); A/IC (n=38): 16 (42.1%); C/IC
(n=5):3 (60.0%)

Median AIMS score — all patients with */F allele:
A/A (n=62):4;AIC (n=48):5;C/C (n=9):7

Median AIMS score — smokers with *[F allele: A/A
(n=39):8;A/IC (n=38):5;C/C (n=5):7

‘Standardised outcome’

AIMS score — all patients with *[F allele,
mean £ SD: wt/wt (n=37):5.2+7.9; wt/mut (n=32):
6.6+8.6; mut/mut (n=16):17.8£9.8

AIMS score — Caucasian patients with *[F allele,
mean £ SD: wt/wt (n=29): 3.9 £6.3; wt/mut (n=25):
4.9%6.1; mut/mut (n=9): 15.9+9.7

AIMS score — African American patients with */F
allele, mean = SD: wt/wt (n=6): 9.7 £ | 1.7; wt/mut
(n=7):12.4%13.4;mut/mut (n=7):20.3%10.1

Total number of patients with TD with *[F allele:
wtiwt (n=21): 12 (57.1%); wt/mut (n=50):28
(56.0%); mut/mut (n=17):7 (41.2%)

Total number of patients with TD with *[F allele:
wtlwt (n=67):27 (40.3%); wt/mut (n=56): 36
(64.3%); mut/mut (n=16): 10 (62.5%)

AIMS score — patients with TD with */F allele,
mean £ SD: wt/wt (n=27): 6.8 * 3.38; wt/mut
(n=36):7.22+2.97; mut/mut (n=10): 6.30+2.05

Total number of patients with TD with 734 allele:
wt/wt (n=98):20 (20.4%); wt/mut (n=81): 17
(21.0%); mut/mut (n=20): 5 (25.0%)

Total number of patients with TD with —2964
allele:wtiwt (n=111):23 (20.7%); wt/mut (n=74):
16 (21.6%); mut/mut (n=14):3 (21.4%)

Number of smokers with TD with 734 allele: wt/
wt (n=47): 10 (21.3%); wt/mut (n=47): 12 (25.5%);
mut/mut (n=9):2 (22.2%)

Number of smokers with TD with —2964 allele:
wt/wt (n=60): 13 (21.7%); wt/mut (n=35): 10
(28.6%); mut/mut (n=8): | (12.5%)

Total number of patients with TD with *[F allele:
wt/wt (n=62): 30 (48.4%); wt/mut (n=48):21
(43.8%); mut/mut (n=9):5 (55.6%)

Number of smokers with TD with */F allele: wt/
wt (n=39):21 (53.8%); wt/mut (n=38): 16 (42.1%);
mut/mut (n=5): 3 (60.0%)

Median AIMS score — all patients with *[F allele:
wtiwt (n=62): 4; wt/mut (n=48): 5; mut/mut (n=9):
7

Median AIMS score — smokers with */F allele: wt/
wt (n=39): 8; wt/mut (n=38): 5; mut/mut (n=5):7

QTc prolongation

with TD,"® and in up to 25 Asian patients taking
either typical or atypical antipsychotics.'%%!7

For CYP1A2 genotypes, two studies'**!%” of between
57 and 199 patients also compared the proportion
of known smokers with TD with the proportion of
all patients with TD but for different alleles. No
significant differences were found by genotype in
either study.

In one study,'®® of 66 patients, QTc prolongation
varied little across genotypes for patients with

the *1F allele taking any antipsychotic. However,
subgroup analysis of patients receiving a drug dose
of >300mg suggested that patients homozygous
for the wild-type *1A4 allele had a lower mean
interval (ms). The findings are summarised in Table
33.
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TABLE 32 Summary of findings for tardive dyskinesia: clinical validity studies in patients tested for CYP1A2 (continued)

Study
Tiwari 2005'¢°

Tiwari 2007'7°

Outcomes as reported

Total number of patients with TD with *[F allele:

Typical antipsychotics: A/A (n=36): 12 (33.3%); A/IC
(n=46):9 (19.6%); CIC (n=15): 3 (20.0%)

Atypical antipsychotics: A/A (n=19):6 (31.6%);A/C
(n=36):12 (33.3%); C/IC (n=13):4 (30.8%)

Both antipsychotics: A/A (n=86): 24 (27.9%); A/IC
(n=111):27 (24.3%); CIC (n=42): 12 (28.6%)

AIMS score — patients with TD with */F allele,
mean = SD:

Typical antipsychotics: A/A (n=12):7.08 £4.19; A/C
(n=6):5.67+3.08;C/C (n=3):6.33+3.1

Atypical antipsychotics: A/A (n=9):5.44+2.60; A/C
(n=12):5.50%3.61;C/C (n=4):6.50+3.51

Both antipsychotics: A/A (n=3):6.33+3.1;A/C
(n=27):6.36+£2.80;C/C (n=12):5.75+3.14

Total number of patients with TD with */C allele:

Typical antipsychotics: G/G (n=84): 24 (28.6%);
G/A (n=16):4 (25.0%); AIA (n=1):0

Atypical antipsychotics: G/G (n=66):21 (31.8%);
G/A (n=4):2 (50.0%); A/A (n=0):0

Both antipsychotics: G/G (n=211): 64 (30.3%);
G/A (n=35):7 (20.0%); A/A (n=1):0

Total number of patients with TD in which the
exons/exon—intron boundaries of the CYP/A2
gene were completely sequenced: C/C (n=164):
43 (26.2%); CIT (n=111):40 (36.0%); T/T (n=10):
3 (30.0%)

AIMS score in patients in which the exons/exon—

intron boundaries of the CYP/A2 gene were
completely sequenced, mean = SD:

Typical antipsychotics: C/C (n=9):6.33+3.87,C/T
(n=15):7.25£3.92;T/T (n=1):NS

Atypical antipsychotics: C/C (n=13):6.0+3.91;
CIT (n=6):5.83+2.64,T/T (n=0): NA

‘Standardised outcome’

Total number of patients with TD with *[F allele:

Typical antipsychotics: wt/wt (n=36): 12 (33.3%);
wt/mut (n=46):9 (19.6%); mut/mut (n=15): 3
(20.0%)

Atypical antipsychotics: wt/wt (n=19): 6 (31.6%);
wt/mut (n=36): 12 (33.3%); mut/mut (n=13):4
(30.8%)

Both antipsychotics: wt/wt (n=86): 24 (27.9%);
wt/mut (n=111):27 (24.3%); mut/mut (n=42): 12
(28.6%)

AIMS score — patients with TD with */F allele,
mean £ SD:

Typical antipsychotics: wt/wt (n=12):7.08+4.19;
wt/mut (n=6):5.67 £ 3.08; mut/mut (n=3):
6.33+3.1

Atypical antipsychotics: wt/wt (n=9): 5.44 +2.60;
wt/mut (n=12):5.50%3.61; mut/mut (n=4):
6.50+£3.51

Both antipsychotics: wt/wt (n=3):6.33+3.1;
wt/mut (n=27): 6.36 +2.80; mut/mut (n=12):
575%3.14

Total number of patients with TD with */C allele:

Typical antipsychotics: wt/wt (n=84): 24 (28.6%);
wt/mut (n=16):4 (25.0%); mut/mut (n=1):0

Atypical antipsychotics: wt/wt (n=66): 21 (31.8%);
wt/mut (n=4):2 (50.0%); mut/mut (n=0): 0

Both antipsychotics: wt/wt (n=211): 64 (30.3%);
wt/mut (n=35):7 (20.0%); mut/mut (n=1):0

Total number of patients with TD in which the
exons/exon—intron boundaries of the CYP/A2
gene were completely sequenced: wt/wt (n=164):
43 (26.2%); wt/mut (n=111):40 (36.0%); mut/mut
(n=10):3 (30.0%)

AIMS score in patients in which the exons/exon—
intron boundaries of the CYP/A2 gene were
completely sequenced, mean+SD:

Typical antipsychotics: wt/wt (n=9): 6.33+3.87;
wt/mut (n=15):7.25+3.92; mut/mut (n=1): NS
Atypical antipsychotics: wt/wt (n=13):6.0+£3.91;
wt/mut (n=6): 5.83 £2.64; mut/mut (n=0): NA

AIMS, Abnormal Involuntary Movement Scale; NA, not available; NS, not stated.
a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or
mut/mut (mutant/mutant).

Hyperglycaemia and body weight increase

The data from the study'*! considering
hyperglycaemia are not presented as this study of
16 patients has so far been published only as an
abstract. Here it was simply stated that there were
no relationships between side effects and the gene

polymorphisms.

Other CYP polymorphisms

Metabolism
One study
metabolism by genotype. Although CYP3A45 was
not expressed in all patients, CYP345 genotyping
did not appear to be a major factor able to explain

135 of patients was found measuring

the large differences in haloperidol half-life. The
results are summarised in Table 34.
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Clinical validity

TABLE 33 Summary of findings for QTc prolongation: clinical validity studies in patients tested for CYPIA2

Study Outcomes as reported

Tay 2007'¢®

4124304, C/C (1=8):412£28.0

QTc interval (ms) — patients with */F allele with
drug dose >300mg, mean+SD: A/A (n=NS):
395.5+ 15.1;A/C (n=NS): 425.7+25.1; C/IC

(n=NS): 427.8 4252

QTc interval (ms) — patients with */F allele with
drug dose >300mg on antipsychotics that are
substrates for CYPIA2, mean £ SD:A/A (n=NS):
399.5+19.6;A/C (n=NS):425.7+25.1; C/IC

(n=NS): 427.3£25.3

NS, not stated.

QTec interval (ms) — all patients with *[F allele,
mean+SD: A/A (n=31): 406 £24.4; A/C (n=27):

‘Standardised outcome’

QTc interval (ms) — all patients with *[F allele,
mean + SD: wt/wt (n=31): 406 £ 24.4; wt/mut
(n=27):412+£30.4; mut/mut (n=8):412+28.0

QTc interval (ms) — patients with */F allele with
drug dose >300mg, mean = SD: wt/wt (n=NS):
395.5%15.1;A/C (n=NS):425.7£25.1;C/IC
(n=NS):427.8+25.2

QTec interval (ms) — patients with */F allele with
drug dose >300mg on antipsychotics that are
substrates for CYP/A2, mean +SD: wt/wt (n=NS):
399.5+19.6; wt/mut (n=NS): 425.7 £25.1; mut/mut
(n=NS):427.3+25.3

a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or

mut/mut (mutant/mutant).

TABLE 34 Summary of metabolism findings: clinical validity studies in patients tested for CYP3A5

Study Outcomes as reported
de Leon 2004'3 Half-life <3 days:PM (n=6):5

Half-life =2 3 days: PM (n=6):2

PM, poor metaboliser.

‘Standardised outcome’

Half-life <3 days: mut/mut (n=6):5
Half-life 2 3 days: mut/mut (n=6):2

a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or

mut/mut (mutant/mutant).

Efficacy
No studies were found measuring efficacy.

Adverse drug reactions
Two studies were found examining ADRs in
patients genotyped for other CYP polymorphisms.

Tardive dyskinesia

In 92 patients genotyped for CYP3A4 it was

found that those with the 4/4 genotype taking
any antipsychotic had a higher mean AIMS

score than those with the wt/mut genotype.'®!
Regarding CYP17, a study'”? of 113 patients
aimed to investigate the interactive effects with
the dopamine D3 Ser9Gly polymorphism and thus
AIMS scores for each genotype were presented by
dopamine receptor. AIMS scores were higher for
patients with the DRD gly allele and significantly so
in the patients who also had the A2-42 genotype.
The results are summarised in Table 35.

QTc prolongation

There was no increased risk of (YIc prolongation
in 97 patients taking thioridazine by CYP2CI19
genotype."”? The findings are summarised in Table
36.

Clinical validity summary

Half of the studies included in this review
genotyped for CYP2D6, a quarter for CYPIA2 and
the rest for other CYP polymorphisms. Around half
of the studies were prospective and around half
were cross-sectional. This can make combining data
into a meta-analysis problematic. When possible,
sensitivity analyses were carried out to include
studies of the same study type. In the majority of
studies, patients were taking any antipsychotic,
most often typical antipsychotics. Therefore, not all
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TABLE 35 Summary of findings for tardive dyskinesia: clinical validity studies in patients tested for CYP3A4

Study Outcomes as reported

Tiwari 2005'¢!

‘Standardised outcome’

AIMS score — patients with TD, mean +SD: A/A NA

(n=88):6.39£3.475;A/G (n=4):3.50+2.517;

GIG (n=0): NA

AIMS, Abnormal Involuntary Movement Scale; NA, not applicable.
a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or

mut/mut (mutant/mutant).

TABLE 36 Summary of findings for QTc prolongation: clinical validity studies in patients tested for CYP2C19

Study Outcomes as reported

Thanacoody 2007'%°
and 2003'¢

Rapid metabolisers (wt/wt) (n=79):422+25
Heterozygotes (wt/*2) (n=26):421 +38
Homozygotes (*2/*2) (n=4):425+ 13

‘Standardised outcome’
wt/wt (n=79):422+25
wt/mut (n=26):421 £38
mut/mut (n=4):425% 13

a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or

mut/mut (mutant/mutant).

of the drugs included in any given study may have
been metabolised by the CYP being investigated.

ADR outcomes were most commonly investigated
with only a handful of studies measuring

efficacy or metabolism using pharmacokinetic
parameters. Given the multiple CYP enzymes
involved in metabolism of the antipsychotics,
there was variation in the CYP alleles investigated
between studies, with no study undertaking a
comprehensive assessment of the variants in all
CYP isoforms. It is difficult to generalise the
efficacy findings because of the small number of
studies and a lack of any consistent effect being
evident across the studies. ADR findings were also
generally contradictory. Outcomes that could be
included in the meta-analysis by genotype were the
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number of patients with TD and the mean AIMS
scores, the number of patients with parkinsonism,
the number of patients with acute dystonia and
the number of patients with akathisia. The only
significant findings were that, for CYP2D6, patients
included in prospective studies were at increased
risk of TD if they had the w{/mut and mut/mut + wt/
mut genotypes compared with those with the wi/wt
genotype; the WMD AIMS score was significantly
in favour of the wt/wt genotype compared with

the mut/mut genotype; and patients with the wt/wt
genotype were significantly less likely to develop
parkinsonism than patients with the mut/mut + wt/
mut genotypes. Most, if not all, of the patients in
these two TD meta-analyses were taking typical
antipsychotics.
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Chapter 6

Clinical utility

Out of 1236 papers, no completed published
studies were found that met the inclusion
criteria for clinical utility. However, one study
outlining the contents of an oral presentation to
the 42nd Congress of the Royal Australian and
New Zealand College of Psychiatrists (RANZCP),'™
and one Danish study in progress'” were found,
both of which appeared to meet the inclusion
criteria. The authors were therefore contacted for
further information.

The ongoing Danish study is a three-armed
prospective randomised clinical trial including
300 patients with schizophrenia in which
prospectively testing for CYP2D6 and CYP2C19 is
being compared with the effect of intense clinical
monitoring and a control group. The study has
the working title Effect of CYP genotyping vs intense
clinical monitoring on antipsychotic drug treatment.
The outcome measures are time to discontinuation
of all antipsychotic medications, number of
changes in medication dose, number of changes
in medication, compliance, clinical symptoms and
adverse effects. Alongside the clinical analysis in
this trial will be an economic analysis. Parts of the
study (genotyping versus control) will be included
in the Danish Health Technology Assessment Does
genotyping for CYP polymorphisms improve individual
antipsychotic drug treatment? Data collection in this
trial has only just begun and the trial is expected to
end in 2010 and the HTA in 2011 (Louise Herbild
and Gesche Jiirgens, April, May and June 2008,
personal communication).

In the conference abstract for the RANZCP, Miles et
al.'™ hypothesised that, if clinicians have CYP2D6
phenotype data for patients at the initial point of
decision-making regarding risperidone dose, and
at each subsequent prescription review, they will
adopt differing dosing strategies in an attempt

to achieve similar blood levels across the range

of metabolisers. Although data analysis has only
recently been completed, the author was able to
provide a poster presented at the 26th Collegium
Internationale Neuro-Psychopharmacologicum
Congress in Munich in July 2008 (Wayne Miles,
14 August 2008, personal communication). Thus
information on study characteristics, participant
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characteristics and outcomes is limited (7ables
37-39).

In this observational study, AmpliChip testing

was made available to clinicians in New Zealand
prescribing risperidone, with the results fed back
in a similar manner to other laboratory tests.

From a retrospective review of case notes, and
semistructured interviews with doctors who had
ordered the tests, data on prescribing behaviour
(change in drug dose) and knowledge about and
satisfaction with the test were obtained. In total,
42 doctors ordered tests for 93 patients, of which
only 88 test results yielded a phenotype (94.6%).

It is reported that doctors felt well informed about
the test and its purpose, although a potential harm
of the test highlighted in this study was associated
with nomenclature — a doctor misinterpreted the
status label of ‘extensive’ (for EMs) to imply ‘rapid’
as opposed to ‘normal’ metabolism. Quotes derived
from semistructured interviews are provided, in
which the test was reported to assist with various
aspects of dosage, including doctor confidence
and changes in dose levels. However, analysis

of risperidone dose in patients at 12 weeks post
baseline produced apparently contradictory
results: no differences between patients with wt/wt
genotypes (EMs) and those with mut/mut + wt/mut
genotypes (PMs + IMs) were reported.

The authors conclude that, because of the small
sample size, extreme caution must be taken when
interpreting these study findings.

Although two completed studies'>!7® that were
considered initially for inclusion in this section
(based on title/abstract) did not fulfil the inclusion
criteria once the full papers were obtained,

they are worth mentioning briefly as they have
implications for clinical utility. The first of

these was a retrospective follow-up study of 62
hospitalised psychiatric patients in the Netherlands
genotyped for CYP2D6." Patients were taking
either antidepressants or antipsychotics. For
antidepressants it was found that the phenotype
PM (mut/mut) or IM (wi/mut) was associated with
increased plasma concentrations compared with
the phenotype EM (wt/wt). However, this study
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Clinical utility

TABLE 37 Summary of study characteristics: clinical utility study in patients tested for CYP2Dé

Antipsychotic

Study Type n taken
Miles 2007'%  Prospective Doctors:
and n=42
retrospective Patients:
n=93

SNP, single-nucleotide polymorphism.

Risperidone

Test used/alleles

genotyped Outcome

AmpliChip used, which  Doctors: knowledge about
tests for 29 SNPs test, satisfaction with test

Patients: metabolic status;
drug dose at 12 weeks

a Data obtained from personal communication with author (14 August 2008).

TABLE 38 Summary of patient characteristics: clinical utility study in patients tested for CYP2D6é

Study Ethnicity Sex
Miles 2007'74 NS NS

NS, not stated.

Age (years), meantSD (range)
NS

a Data obtained from personal communication with author (14 August 2008).

TABLE 39 Summary of findings: clinical utility study in patients tested for CYP2D6

Study Outcomes as reported ‘Standardised outcome’
Miles 2007'7* Doctors: Doctors: NA
Knowledge about test: assessed qualitatively — see text
Satisfaction with test: assessed qualitatively — see text
Perceived benefits of test: assessed qualitatively — see
text
Patients: Patients:
Metabolic status: UM=0; EM=68;IM=10; PM=10; No Metabolic status: wt/wt = 68; wt/mut=10; mut/
call=5 mut=10; NA=5

Risperidone dose (mg/day) at 12 weeks post baseline,
mean+SD: EM (n=68):2.30£0.78; PM/IM (n=20):
1.89+1.49

Risperidone dose (mg/day) at 12 weeks post
baseline, mean + SD: wt/wt (n=68):2.30+0.78;
mut/mut + wt/mut (n=20): 1.89+ |.49

EM, extensive metaboliser; IM, intermediate metaboliser; NA, not applicable; PM, poor metaboliser; UM, ultrarapid

metaboliser.

a For ease of comparison, outcomes have been summarised as wt/wt (wild type/wild type), wt/mut (wild type/mutant) or
mut/mut (mutant/mutant).

b Data obtained from personal communication with author (14 August 2008).

found no such association for antipsychotics.
Thus, the study concludes that prospective trials
are needed to establish the clinical utility of

genotyping.

The other study from Sweden by Panagiotidis e/
al.," including 26 patients who were prescribed

haloperidol depot injections, has already been
included in the clinical validity review. In this
prospective follow-up study, some efficacy and
ADR data were presented at peak and trough. As
well as the main aim of assessing the importance
of CYP2D6 for treatment outcome, this study
also aimed to establish a model for predicting
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steady state plasma concentrations from dose and
genotype. Although no significant correlation was
found between CYP2D6 and PANSS or ESRS scores
(as reported in Chapter 5), trough haloperidol
concentration was significantly correlated. Thus,
the model developed was able to effectively predict
trough plasma concentrations in subjects and was
argued to have the potential to be a valuable tool
for the individualisation of haloperidol depot
medication in patients with known CYP2D6
genotype.

© 2010 Queen’s Printer and Controller of HMSO.All rights reserved.

Clinical utility summary

There is currently a lack of evidence for clinical
utility. The only known study findings have yet to
be published in a comprehensive or peer-reviewed
manner, and, because of the small size of the study,
extreme caution must be taken in interpreting
these findings.
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Chapter 7

Cost-effectiveness

his chapter is concerned with exploring the

issues surrounding the cost-effectiveness of
CYP testing for prescribing antipsychotics. The
first section describes an economic review of the
published cost-effectiveness evidence. We then
go on to discuss the major challenges associated
with modelling CYP testing for prescribing
antipsychotics.

Economic review

Methods for the review are presented in Chapter

3. No evidence relating to the costs and benefits

of CYP testing for prescribing antipsychotics was
identified. Therefore, we expanded our search

to identify published literature on the costs and
benefits of CYP testing for prescribing in the field
of psychiatry as a whole. The aim of broadening
the search was to identify the key issues that may be
relevant to our decision problem.

Identification of studies

A total of 199 records were identified from the
economics search for evidence relating to the

costs and benefits of CYP testing in the field of
psychiatry. From this only one proved to be relevant
to our objectives; this is an economic evaluation
carried out by the Agency for Healthcare Research
and Quality (AHRQ),?* which considered the

costs and benefits of selective serotonin reuptake
inhibitors (SSRIs) for the treatment of depression.

Study characteristics and model
overview

The AHRQ study* undertook a modelling analysis
to determine the benefits, and to a lesser degree
the costs, of CYP testing for prescribing SSRIs
using decision-analytical techniques (Appendix 6,
Table 43). The authors presented benefits in terms
of response to therapy at 6 weeks and quality-
adjusted survival at 6 weeks. The model considered
both testing and non-testing options, as well as
non-CYP2D6-metabolised SSRIs (sertraline used
as an example) and CYP2D6-metabolised SSRIs
(fluoxetine used as an example). A US health-

care perspective was adopted and the study

© 2010 Queen’s Printer and Controller of HMSO.All rights reserved.

population was limited to treatment-naive adult
patients who met DSM-1V (Diagnostic and Statistical
Manual of Mental Disorders, 4th edn) criteria for
major depression and were not taking any other
medications that could interact with SSRIs. The
time frame of 6 weeks was justified in terms of the
time that best predicted ultimate success with, and
adherence to, a medication (no reference source
provided), although in the assessment of costs the
time frame was extended for up to 9 months.

Four scenarios were considered within the model:

1. do not test and treat with sertraline
test and if PM or UM give sertraline, if EM/IM
give fluoxetine
3. test and if PM or UM alter dose of fluoxetine
4. do not test and give fluoxetine.

Model inputs and data sources

A number of parameters were included in the
AHRQ?! model including prevalence of genotypes;
probabilities required to link genotype to

phenotype and clinical outcome; costs of SSRIs and

testing; and utility of treated/untreated depression.
These are discussed in more detail below.

Prevalence of genotypes

As discussed in Chapter 2 there are four main
genotypes, ultrarapid metaboliser (UM), extensive
metaboliser (EM), intermediate metaboliser (IM)
and poor metaboliser (PM). In the AHRQ review*!
the prevalence rates of UMs (0.03), EM/IMs

(0.86) and PMs (0.11) in the general depressed
population were taken from the published
literature.'7%178

Probabilities

Probability of responding to sertraline

The response rate of sertraline (56%) was taken
from a small trial (n = 93) of sertraline versus
fluvoxamine.'”

Probability that a genotype will predict
phenotype

The probabilities that the various phenotypes will
be predicted by a genotype were estimated using
bootstrapping techniques. Scenarios for high
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correlation (0.8) and low correlation (0.2) between
phenotype and genotype were presented (see
Appendix 6, Table 44).

Probability that a phenotype will

predict a response to fluoxetine

The probability of responding to the CYP-
metabolised SSRI fluoxetine (at low, medium

and high doses) was predicted for the various
phenotypes (UM, EM/IM, PM) using expert
opinion. Once again scenarios for high correlation
(0.8) and low correlation (0.2) were presented (see
Appendix 6, Table 44).

Costing

The costs of the SSRI and the pharmacogenetic
test were included (see Appendix 6, Table 45). Costs
of adverse events or any capital or administration
costs were not considered. All costs were from

weak data sources (SSRI costs from Costco'® and
pharmacogenetic test costs from a bulletin'®!)

and are not relevant to the UK. Furthermore,

the currency units of the costs were not stated,
although presumably the costs are in USS$.

Neither the cost of fluoxetine (12) nor of sertraline
(130) could be verified as neither agent could be
found on the Costco website address provided in
the AHRQ) reference list. Furthermore, it was not
possible to determine if this was a monthly cost or
the cost for the 6-week time frame.

Conflicting costs are given for the AmpliChip
test itself; the original reference'®! states that one
test costs US$500, whereas in the AHRQ review?*
a cost of US$1000 is quoted. The reason for the
discrepancy is uncertain.

Health state utility

The health-related utility estimates of untreated
and treated depression were taken from the
published literature and expert opinion
respectively (see Appendix 6, Table 45). The utility
value for untreated depression (0.32) appears to
be based on the imputed utility score for moderate
depression, as reported in the McSad study.'®?
The McSad study also presented the utility of
treated moderate depression (0.64) and treated
mild depression (0.75). Thus it is unclear why the
AHRQ reviewers chose to seek expert opinion

to determine the utility of treated depression.
Furthermore, their estimate (0.99) seems high in
comparison to the McSad study as well as other
published literature. 815

Results and sensitivity analysis

The results are presented in terms of response rate
and quality-adjusted life at 6 weeks split into the
four scenarios (see Appendix 6, Table 46). They
indicate that treating with sertraline (a non-CYP-
metabolised SSRI) without testing is the most
effective strategy. The least effective strategy was
treating with fluoxetine (a CYP-metabolised SSRI)
without testing.

In terms of costs, the results were not fully
presented. However, in the discussion it was stated
that at 6 weeks it was difficult to offset the high
costs of testing. The cheapest strategy was to treat
with fluoxetine without testing — the least effective
strategy. Using pharmacogenetic testing to guide
SSRI choice cost $909 more than not testing and
treating with sertraline (a non-CYP-metabolised
SSRI). Using pharmacogenetic testing to guide
SSRI dose cost $882 more than not testing and
treating with sertraline.

One-way sensitivity analyses were performed

for the following variables: prevalence of each
phenotype, utility of depression, probability of
responding to sertraline, cost of fluoxetine, cost

of sertraline and cost of pharmacogenetic testing.
The results of these analyses were not presented,
but the authors describe them as ‘robust, with the
relationship between the various options remaining
similar at all levels of linkage between genotype
and clinical response’.

Summary

There is currently no available evidence on the
costs and benefits of CYP testing for prescribing
antipsychotics. Expanding the search to include
CYP testing for prescribing any drug in the field of
psychiatry produced only one study,** which was a
very limited exploratory analysis considering only
immediate costs and benefits in separate analyses
(some of which were not fully reported). This
report did, however, highlight the difficulties in
obtaining accurate parameter values to populate a
model of CYP testing and provides a framework for
future evaluations in this area.

To decide if CYP testing is cost-effective for
prescribing antipsychotics we would need to
identify the key economic issues associated with
CYP testing in relation to schizophrenia, which is
itself a complex disease. The next section of this
report endeavours to identify and discuss these
issues.
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Modelling CYP testing for
prescribing antipsychotics

Although the technology being considered is a
relatively simple diagnostic test, the potential
implications are large and the means of
representing the various aspects of the decision

to employ the pharmacogenetic test are not
straightforward. Figure 5 illustrates the high-level
design structure for a mathematical model required
to carry out the assessment, and indicates that four
distinct modules are involved, each with its own
assumptions and data needs.

In principle the first two modules
(‘pharmacogenetic test’ and ‘clinical effects’) may
be readily constructed but require the results of
clinical trials relevant to the specific treatments
and patient populations involved. The findings
from Chapters 4 and 5 indicate that such data are
currently very limited. The third (‘translational’)
module depends on more empirical studies of
clinician behaviour, and to date such information
does not exist (see Chapter 6). Additionally, the
NICE schizophrenia guidelines recommend the use
of risperidone, olanzapine, quetiapine, amisulpride
and zotepine for both initiation and acute
episodes, but only risperidone and olanzapine

are metabolised by CYP2D6, neither of which

are that important, as the former has an active
metabolite and the latter is primarily metabolised
by other isoenzymes. This means that results from
the test could, at best, only inform the choice

of two out of the five currently recommended
drugs. So, from a practical standpoint, there is

only a slight incentive to carry out the test. As
neither the evidence nor the guidelines support
clinicians’ use of CYP test results to determine the
most appropriate treatment strategy for patients
with schizophrenia it appears to be premature to
attempt a full economic modelling and evaluation
exercise for this technology at this time. There are
clearly important knowledge gaps that should be
remedied by primary research.

When these deficiencies in the evidence have been
addressed it will be necessary to develop a suitable
disease and economic ‘schizophrenia module’ that
can encompass all relevant aspects of schizophrenia
and its treatment in the UK. To assist in future
economic evaluations of CYP testing and similar
technologies for schizophrenia prescribing, in

the following sections we consider the necessary
features of such a schizophrenia model and then
use these to assess the suitability of published
models for this decision problem.

Requirements for an economic
model

Population characteristics
It is envisaged that the pharmacogenetic test may
be carried out for three distinct patient groups:

* those recently diagnosed with schizophrenia
to inform treatment of the initial episode and/
or the choice and sequencing of subsequent
maintenance medications

e those whose maintenance medication either
has failed or is not considered satisfactory

| |

Population characteristics l

Clinical effects
module

Pharmacogenetic
test module

Test characteristics
for assigning patients
to drug metaboliser
phenotypes

Probability of
phenotype predicting
¢ Clinical response

* Adverse events

* Long-term sequelae

Translational

How do clinicians use
test results to modify
treatment decisions?

Schizophrenia

module module

Projecting treatment strategy into
patient experiences over a lifetime.
Estimating care costs, patient outcomes
and comparative cost effectiveness of
treatment startegies with and without
genetic testing

1

t ;

[ Clinical trial data

Empirical study data

Multiple sources of evidence

FIGURE 5 Outline structure for an economic model to assess CYP pharmacogenetic testing for schizophrenia prescribing.
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for any reason (e.g. unacceptable ADRs or
suboptimal response) to assist in adjusting the
prescribed dose or in selecting an alternative
medication

* those shown to be treatment resistant, to
indicate which medications are most likely to
offer potential benefits.

Ideally a model should be capable of assessing

the role of the pharmacogenetic test for all three
groups. Of course, as all three scenarios can

occur at different times for a single patient (i.e.
they represent different points on the treatment
pathway for at least some patients) a single model
structure could accommodate all three, the main
difference being the timing of the pharmacogenetic
test.

Additionally a schizophrenia model should be
designed to allow projection and analysis for
particular subgroups, such as second-generation
Afro-Caribbean patients; cannabis users;
populations from urban environments; and any
other high-risk groups who may be identified by
epidemiological studies. Such flexibility would
maximise the model’s usefulness to decision-
makers.

Time horizon

An economic model should cover the period
during which an intervention may result in
differences in resource use and/or changes in
patient outcomes. Schizophrenia is a long-term
condition and, although patients may experience
long periods when symptoms are controlled

on medication, there is always the possibility

of a relapse that may require a change of drug
dosage, switch of medication and/or change in
management to control symptoms. Thus the
default position is that a schizophrenia model
should encompass the remaining lifetime of all
patients unless it can be shown that all relevant
effects will be limited to a shorter period. In
particular, if any difference in mortality rates

as a direct or indirect consequence of the test is
supported by reliable evidence then only a lifetime
model can provide credible results.

Type of economic analysis

The combination of serious non-reversible ADRs
associated with commonly used antipsychotics, and
the possibility of changes in life expectancy, suggest
that a model should be designed to accommodate
a full cost—utility analysis using quality-adjusted
life-years as the primary outcome measure. As

a corollary, both costs and benefits should be
discounted to reflect the value of investment

foregone and the temporal pattern of costs and
benefits.

Model architecture

The choice of model structure (and software
platform) is often a matter of personal preference
and familiarity on the part of the modeller.
However, each approach involves specific features
that render it more or less appropriate to the
particular disease/intervention/decision problem
combination being considered.

The traditional decision-analytical (or ‘decision
tree’) structure is best suited to acute conditions or
interventions with only short-term consequences,
as in long-term projections the number of potential
branches expands exponentially and creates
demands for parameter values far exceeding the
available evidence.

By contrast, Markov models are more naturally
appropriate to longer-term projective modelling.
The major limitation of a conventional Markov
model is its lack of ‘memory’, which means that
when the risk of future events is known to vary
with a patient’s previous history, more complex
structures may be required. This highlights the
shortcomings of any projective model that depends
on either cross-sectional observational studies or
prospective trials with short-term follow-up.

Patient-level discrete event simulation may also be
used but is equally subject to future uncertainty.
Furthermore it makes additional data demands in
terms of distributional assumptions, parameters
and covariances.

Mortality

Schizophrenia is associated with increased mortality
compared with that of the general population, with
individuals with schizophrenia having an ‘all-cause’
SMR of between 2 and 3.***! Suicide has been
shown to have a large impact on the all-cause SMR,
with an SMR for suicide or unexplained violence
being greater than 10. The prevalence of suicide
amongst those with schizophrenia is currently
estimated at around 4.9%.%%%2

Any model of schizophrenia should incorporate
cause-specific mortality rates (at least at the level
of suicide/non-suicide) appropriate to the study
population.

Relapse

The importance of relapses should not be
overlooked in any model as they have been
estimated to account for a significant proportion
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of the total economic burden of schizophrenia.
Tarrier et al."*® reported that delaying relapse in
patients with schizophrenia may result in cost
savings of up to 37%. A schizophrenia model
should be structured to allow the time to next
relapse to be estimated, recognising that this

is likely to vary over time (i.e. time-dependent
transition rates in Markov models) and be
influenced by a patient’s previous clinical history.
Several authors note that approximately 20-25% of
patients do not experience a relapse following their
initial acute episode.’*? This may be interpreted as
‘cure’, although it is possible that it merely reflects
a much reduced (but non-zero) continuing risk.

In addition, the generally higher mortality rates
noted above may have the effect of prematurely
censoring the life expectancy (and hence relapse
experience) of some patients. It should be possible
to test the impact of alternative interpretations of
the evidence through sensitivity analysis within a
model.

Other key aspects of modelling relapse are

the duration of each relapse, the proportion

of relapsing patients admitted for acute care/
stabilisation and their expected length of inpatient
stay, and the types and proportions of community-
based care provided during a relapse episode.

A particular difficulty in modelling relapse is the
lack of a uniform definition. Some UK studies
define relapse as any deterioration that requires
rehospitalisation, whereas others use a simpler
definition, i.e. any deterioration of a psychotic
symptom. In many cases studies use existing

scales to measure the health state of the patient
and define relapse in terms of changes in such
measures. Various instruments exist including the
PANSS and the BPRS. The use of multiple methods
by researchers means that it is difficult to aggregate
study results and modellers are obliged to adopt

a definition but thereby to exclude a substantial
proportion of the available evidence collected

in relation to this issue. It would be helpful if
researchers could agree on a definition for relapse
and how it should be measured.

Ideally a model should take account of factors that

influence the number of relapses, the relationship

between number of relapses and future risk of

relapse, and the length of time in relapse. There

appear to be multiple factors that influence relapse.

It has been reported that:

* TD increases the risk of relapse'®

* older patients and female patients are less
likely to be rehospitalised'®®

© 2010 Queen’s Printer and Controller of HMSO.All rights reserved.

* being an alcoholic or substance abuser
increases the chances of relapse'®

e factors associated with increased
rehospitalisation rates are previous suicide
attempts, crisis intervention treatment
strategies and previous hospitalisation.'™

The eftects of medications on relapse have also
been studied.

Such a large number of potentially important
contributing factors makes modelling relapse a
challenge, especially as currently there does not
appear to be any study that reports the relative, or
combined, influence of any of these factors. It is
likely that this aspect of modelling schizophrenia
can only be partial and exploratory until large-scale
multifactorial prospective studies are carried out to
provide credible relative risks.

Adverse drug reactions and drug-related sequelae
The conventional antipsychotic drugs are
associated with a wide range of unwanted effects.

It is often helpful to separate these into short-
term effects, which may or may not require
remedial treatment and which may lead to early
discontinuation of the prescribed medication, and
long-term sequelae, which can result in cumulative
irreversible disability and degradation of quality of
life.

The most common unwanted effects of the atypical
antipsychotics overlap with those expected with
conventional antipsychotic drugs, such as sedation,
dysphoria, sexual dysfunction, weight gain, adverse
endocrine effects, autonomic and cardiovascular
effects, anticholinergic effects and seizures.'*’ Early
research® suggested that atypical antipsychotics
pose substantially less risk of neurological side
effects, especially TD. However, Rosenheck et al.*!
report that recent studies have raised questions
about this early optimism.

Practically, it is not possible to model all of these
problems. However, it is felt that the major EPS
should be modelled, the most common being
parkinsonism. Also thought to be important are
akathisia, dystonia and TD. EPS might be modelled
as substates of main Markov states, whereas other
ADRs could be incorporated as simple proportions
of patients with these conditions.

The incorporation of short-term effects is only
necessary when they can be shown to incur
additional health-care costs and/or disutility, or
when they have been shown to have a strong link to
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response to treatment (i.e. high patient withdrawal
from taking medication).

Comorbidities

The association between schizophrenia and poor
physical health is well established.'" It is estimated
that life expectancy is reduced by 20%'* and that
60% of the excess mortality is due to physical
illness.'” Identified factors that lead to increased
levels of poor health include smoking, poor diet,
little exercise and the negative health effects of
psychiatric drugs.'* This excess morbidity should
not be overlooked in any long-term model,
especially if it is likely that the model results will
indicate differences in expected survival.

However, incorporating estimates of the impact
of comorbidities may be difficult, primarily
because relevant incidence and prevalence
information relating to schizophrenia patients is
not available from national surveys of psychiatric
morbidity. Additionally, lifestyle factors that lead
to suboptimal self-administration of medications
for schizophrenia may also have a similar effect
with regard to other medications, suggesting that
correlated model variables may be required.

Incorporation of general comorbidities is desirable
but may not currently be practical except perhaps
at a crude aggregate level.

Patient performance in taking prescribed
medication

The behaviour of schizophrenia patients in

taking prescribed medication is an important
issue in clinical management. A recent study'” in
schizophrenic patients found that only 67.5% of
patients initiated with an atypical antipsychotic
persisted with the medication at 1 year, and of
those that did continue approximately 78.6%
were classed as compliant (at least 80% of days
with medication). Evidence suggests that poor
adherence patterns lead to an increased likelihood
of relapse, hospital admission and exhibiting
persistent psychotic symptoms.'® Reasons for non-
adherence and non-persistence are varied, but in
general it appears that factors such as comorbid
drug abuse, initial antipsychotic treatment choice
and patients’ subjective responses are key.'”

Unfortunately there is no uniformity in measuring
self-medication behaviours that take several
different forms (e.g. occasionally missing dose,
deliberate ‘drug holidays’, periodic switching
between full compliance and extended non-use,
or systematic multiple dosing). Evidence suggests

that measurement of adherence in schizophrenia is
complex and lacks a gold standard.®® Furthermore,
adherence instruments in schizophrenia may

not actually measure the same thing, which

makes comparison of different adherence studies
problematic.®

It is probably unnecessary and inappropriate to
attempt detailed modelling of these issues in view
of the lack of relevant information required to
achieve a reliable structure, let alone to populate
it with credible parameters. However, the model
should allow for sensitivity analysis of the

main effects that may be expected to flow from
pharmacogenetic testing — improved response to
adjusted dosing, and reduced incidence of short-
and long-term unwanted effects. This can be
achieved simply by applying adjustment multipliers
to the drug effect parameters derived from clinical
trials, and the failure risk for each medication.

Costs

The cost of care for individuals with schizophrenia
is high. Davies™ estimated that 1.6% of the total
national health-care budget was attributable to
schizophrenia treatment. On the basis of this
figure and estimated government spending on
health,” NHS expenditure on schizophrenia in
2008-9 is calculated to be in the region of £1.2
million. A patient with schizophrenia may need
help not only from health services but also from
social services and the benefits system. Informal
carers also carry significant burdens in terms of
not only time input but also additional private
expenditure. Furthermore, costs may arise from
loss of productivity because of unemployment or
absence from work by patients and carers. These
costs are very hard to measure, primarily because
they are difficult to generalise, and it is therefore
recommended that an economic model should
initially be limited to consideration of costs to the
NHS and personal social services.

The need for a long-term modelling horizon
means that the model must also reflect all care
costs related to the immediate treatment of
schizophrenia, as well as those sequelae, unwanted
effects and any comorbidities incorporated into the
analysis.

Pharmacogenetic test costs

The cost of the test would need to be included

in any model. TDL currently provides the Roche
AmpliChip CYP2D6/2C19 testing facility to the
NHS at a cost of £300 per test, including platform
costs and any administration fees (DL, April
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2008, personal communication). The turnaround
time is stated as 1-2 weeks.?’

It is also possible to carry out the same test in a
standard NHS laboratory (although not currently
accredited). It is not possible to estimate the cost of
this, although it is likely to be less than that of the
AmpliChip.

Patient utility and quality of life

Adoption of a cost-utility analytical framework
requires that health states be assigned utility

values using a general utility measurement
instrument, and this should be incorporated in any
schizophrenia model.

Gee et al."® report that the health-related quality
of life literature for schizophrenia is dominated

by research utilising lengthy questionnaires that
require administration by trained interviewers.
They found that measures had not always

been developed specifically for schizophrenic
populations or, alternatively, questionnaires that
had been developed for schizophrenia had limited
application. They concluded that the content of
the questionnaires varied and that, although there
were some similarities in the domains that were
represented, there were numerous differences. The
differences make comparison of findings across
studies difficult and limit the evidence available to
support model assumptions.

Estimation of the cost-effectiveness of interventions
requires measurement of changes in utility over
time. Following patients for an extended period
can prove to be a logistical challenge; this is
perhaps a particular issue when measuring the
quality of life of patients with schizophrenia

whose condition and lifestyles may impact on
response patterns. Additionally, there appears

to be some debate as to whether patients with
cognitive impairment can reliably assess treatment
outcomes. There is also uncertainty whether a
clinician’s objective assessment of a patient’s quality
of life generates the same results as a patient’s
subjective assessment. An alternative approach to
measuring quality of life would be to seek the views
of carers, but the validity of their views has yet to
be determined for patients with schizophrenia

and such an approach could present significant
practical difficulties.

Data sources

Data generated by randomised controlled trials
are widely regarded as the preferred resource
to populate models. However, in the case of
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schizophrenia, a number of issues relating to

the length of trials and the exclusion criteria
used when selecting trial populations might

limit the generalisability of results to normal
clinical practice. The authors of the review of
pharmacological interventions in the treatment
and management of schizophrenia carried out

to inform the development of NICE guidelines
on core interventions in primary and secondary
care commented that the conclusions that could
be drawn from the majority of studies reviewed
were limited because of the lack of long-term
follow-up, high attrition rates and the inadequacy
of collection and reporting of ADRs. The authors
also felt that the generalisability of individual
study results was limited by the exclusion of
elderly people, as well as individuals with resistant
schizophrenia, predominantly negative symptoms,
learning disabilities, comorbid depression and
substance misuse disorders.'” Furthermore, this
study found that few trials run for more than 6
months.

Although data collected over 6 months may be
extrapolated to a longer time frame, this would
involve a number of assumptions, which would

add considerable uncertainty to model results. It is
important that modellers are explicit about these
assumptions and recognise that results from very
short clinical trials are not necessarily more reliable
than those from large long-term observational
studies. Those involved in caring for patients with
schizophrenia should be encouraged to collect
longitudinal data to inform future decisions.

At the moment there is very little long-term
evidence available on issues such as self-medication
behaviours, risk of relapse or the frequency of
drug-related effects, or relating to comorbidities.

Overview of published
schizophrenia models

To explore the possible approaches to modelling
schizophrenia and its care, we undertook a
literature review of the available published
economic models of schizophrenia. The purpose
of the review of schizophrenia models was to
consider whether there is an existing published
and validated model that could be readily adapted
for assessing pharmacogenetic testing for the
treatment of schizophrenia.

Details of the search strategy and the methods for
selecting evidence are presented in Chapter 3.

In total, 93 studies were identified by the search
strategies. Of these, only 28 met our inclusion
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TABLE 40 Countries to which models relate

Almond 20002 (and 1998%'); Bagnall 2003;* Byrom 1998;%7 Davies 2000;2® Duggan 2003;%7

Number
Country of models  Study
UK 8
Heeg 2005;2'® Mortimer 2003;2%* Tilden 2002%!
USA 5

Bounthavong 2007;2% Glazer 1996*'" (related to Edwards 2005,2'2 Obradovic 2007%'* and

Ganguly 2003%'%); Palmer 1998%% (and 2002,>® and Sacristan 1997%%°);Vera-Llonch 2004?32 ( and
20052%3);Wang 2004%** (and Perlis 2005%°)

Canada 3
Spain 3
Australia 2 Davies 1998;2%° Magnus 2005
Belgium 2

2

France

Germany I Beard 20062
Taiwan I Yang 200523
Thailand I Kongsakon 20052"

criteria and were subsequently data extracted (in
terms of study characteristics, description of clinical
outcomes and description of costs and resource
use) (see Appendix 7).

The 28 reviewed studies presented models

from a range of countries. Eight of the models
considered schizophrenia in the UK and five
modelled schizophrenia in the USA. There were
three Canadian and three Spanish models, and two
models each from Australia, Belgium and France.
There were also models from Germany, Thailand
and Taiwan. Further details are given in Table 40.

The time horizon of the reviewed models ranged
from 16 weeks to lifetime (7able 41). Shorter
models tended to be decision trees and longer
models tended to be based on Markov processes.

To determine if any of the 28 models could be used
or adapted to explore the cost-effectiveness of CYP
testing for prescribing antipsychotics we developed
a 10-point checklist of desirable features:

1. Patient population — does the model address all
three patient types?

2. Timespan — does the model have a long-term
(> 20 years) or whole-life horizon?

3. Analytical framework — is the model designed
for a cost-utility analysis?

4. Model structure — is the model suitable/
adaptable for the schizophrenia module?

5. Mortality — does the model include higher
schizophrenia mortality risks and suicide risks?

6. Relapse — are all aspects of relapse modelled
adequately?

Glennie 1997;2"° Laurier 1997;2' Oh 2001%* (and 2001%%)
Bernardo 20062 (and 2007%%); Bobes 2004;2%* Gutierrez-Recacha 20062'¢

De Graeve 2005;2'° Lecomte 200022
Launois 1998;2° Hansen 200227

7. Unwanted drug effects — are both short- and
long-term effects properly modelled?

8. Comorbidities — are any comorbidities
modelled?

9. Medication taking — can the effects of drug-
taking behaviours be tested (e.g. via sensitivity
analysis)?

10. Costs — are all relevant costs included?

As can be seen from Tuble 42, none of the models
satisfies all of these criteria and, therefore, none
appears to be suitable for incorporating into a
model designed to assess the cost-effectiveness of
CYP testing for prescribing antipsychotics.

Summary

As neither the evidence nor the published
guidelines support clinicians’ use of CYP status to
determine the most appropriate treatment strategy
for patients with schizophrenia, it is premature

to attempt a meaningful economic modelling

and evaluation exercise for this technology at this
time. These important knowledge gaps should be
remedied by primary research.

As a pharmacogenetic test is required only once for
each patient, the maximum lifetime benefit from
each test is likely to be gained if patients are tested
when schizophrenia is first diagnosed. However,

if treatments routinely used in the early stages of

a clinical strategy are not related to the genetic
anomalies detected by the test then early testing
will incur unnecessary costs for patients, in whom
test results will prove uninformative.
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TABLE 41 Summary details of reviewed models

Model category No models Author Time period
Very short (<12 2 Bounthavong 20072% 16 weeks
months) Laurier 1997% 9 days
Short (I year) 10 Bagnall 2003+ | year
Bernardo 20062 (and 20072 | year
Bobes 2004 | year
Byrom 1998%7 | year
Glazer 19962 | year
Kongsakon 20052'° | year
Lecomte 2000?22 | year
Mortimer 20032 | year
Oh 2001%* (and Oh 2001%%) | year
Vera-Llonch 2004?32 (and 2005%%) | year
Medium (2-5 years) 10 Almond 2000%° 5 years
Beard 2006** |-year results but model

appears to have capacity to
run for longer

Davies 19982 2 years
Davies 20007 3 years
De Graeve 2005%'° 2 years
Hansen 200227 5 years
Heeg 200528 5 years
Palmer 19982 (and 2002,2%® and Sacristan 1997%%°) 5 years
Tilden 2002%! 5 years
Yang 2005%* 2 years
Long (> 5 years) 6 Duggan 2003%7 40 years
Glennie 1997%' Lifetime
Gutierrez-Recacha 2006%'¢ Lifetime
Launois 199822 10 years
Magnus 200522 Lifetime
Wang 2004%* (and Perlis 2005%*°) Lifetime

Total 28

Establishing economic benefit from the use of CYP favour of CYP testing are probably quite positive.
testing in these patient populations is especially On the basis of a single test per patient costing
demanding as it requires modelling of the around £300, the expected lifetime benefit per
performance of the test itself and the impact of the ~ patient need be only about 0.01 quality-adjusted
test results on clinical decisions, as well as the effect  life-years (QALYs) to achieve the current cost-

on clinical outcomes and health costs in an under- effectiveness standard (< £30,000 per QALY
researched chronic disease. The chain of logic and gained). If any survival improvement can be shown
assumptions must be supported at each stage by to be supported by evidence then this level of gain
credible evidence before any conclusions can be appears to be modest, particularly if opportunities
drawn with confidence. arise to target testing on those patients most likely

to show improvements in their care and expected
However, it is worth noting that the prospects outcomes.

of such a full economic evaluation finding in
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TABLE 42 Suggested criteria for model suitability

Model

Almond 2000%°
(and 1998%")

Bagnall 2003+
Beard 2006

Bernardo 20062%
(and 20072%%)

Bobes 20042%

Bounthavong
2007%¢

Byrom 199827
Davies 2000%®
Davies 1998%°
De Graeve 20052
Duggan 2003%7

Glazer 1996%"
(related to
Edwards 2005,2'2
Obradovic 200723
and Ganguly
2003%'%)

Glennie 1997%'%

Gutierrez-Recacha
20062'¢

Hansen 200227
Heeg 200528
Kongsakon 20052'?
Launois 19982
Laurier 19972
Lecomte 2000%
Magnus 200522
Mortimer 20032
Oh 20017

Oh 20012

Palmer 19982
(and 2002,28 and
Sacristan 1997%%)

Perlis 20052%°
Tilden 2002%!

Vera-Llonch,
20042 (and
2005%%)

Wang 20042+
Yang 20052

Patient
population —
does it address
all three
patient types?

X

Timespan - does
it have a long-
term (>20 years)
or whole-life
horizon?

X

X < X X

X

Analytical
framework
—-isita
cost-utility
model?

X

v

v
v (DALY)

X

X

SRR

Model structure
- is it suitable/
adaptable for the
schizophrenia
module?

x

DALY, disability-adjusted life-year; PSS, personal social services; SA, sensitivy analysis.
KEY: v' = yes/good; X = no/poor; /= partially; ? = uncertain/not stated.

Mortality — does
it include higher
schizophrenia
mortality risks
and suicide
risks?

/ (suicide)

x

/ (suicide)

X
X
/ (suicide)

X

X

v

/ (suicide)
x
X
X
x
/ (suicide)
?
/ (suicide)
x

X

/ (suicide)

/ (suicide)
/ (suicide)
/ (suicide)

/ (suicide)

x



DOI: 10.3310/hta14030 Health Technology Assessment 2010; Vol. 14: No. 3

Unwanted drug Medication taking Costs — are all
Relapse — are effects — are — can the effects relevant costs
all aspects of both short- and Comorbidities —are  of drug-taking included (long-
relapse modelled long-term effects any comorbidities behaviours be term NHS and PSS
adequately? properly modelled? = modelled? tested (e.g.via SA)?  costs)?
/ X X / X
/ x x /
/ X X ? X
/ X X ? X
/ x / (costs) ! X
/ x / (costs) ? X
/ X X / X
/ X X / X
/ X X X X
/ X X ? X

x x x /
/ X ? X
/ x x / X
? ? ? ? ? (or X as foreign)
/ X X ? X
/ X X / X
? X X ? X
/ X X / X
X X X X X
? X X ? X
? ? ? ? ? (or X as foreign)
/ x x / /
? X X ? X
? X X ? X
/ X X ? X
/ x x / /
/ X X / X
? X X ? X
? ? x ? ? (or x as foreign)
? X X ? X
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Chapter 8

Discussion and conclusions

Clinical review
Analytical validity

A number of studies have now been published
reporting on the analytical validity of genotype
tests for CYP polymorphisms, particularly CYP2D6,
although only one-third of all studies used
sequencing (which is considered the gold standard)
as a reference method, with very few samples from
each study being actually compared in this manner.

As with a previous review of antidepressants?* it
was found that very few studies reported on all
four aspects of analytical validity, with robustness
and quality control in particular being commonly
neglected, and thus no attempt was made by

this review to formally assess study quality in this
manner. Equally, very few studies actually explicitly
reported sensitivity and specificity results, with
general statements about concordance being
common, although when this is 100% it would
follow that sensitivity and specificity are also 100%.
Indeed, it was not uncommon for studies to report
100% concordance between genotyping methods.
Unfortunately less than half of the studies
presented data to support their claims and, when
they did, this was not always for genotypes but
rather data on alleles such as allele frequencies. As
has been noted in a previous review, correct allele
counts do not necessarily reflect correct genotype
calls (which are assumed to predict treatment
outcomes) and they are therefore less relevant in
the clinical context.? When genotype data were
reported it was possible to calculate sensitivity and
specificity and, with one exception, this was always
99% or higher.

It is noticeable that most of the CYP2D6 studies
assessing analytical validity were interested in
testing for the loss of function alleles that are more
prevalent in Caucasian and African American
populations. Although very few studies reported
on the ethnicity of their samples, another weakness
in the reporting of the studies, the majority of
CYP2D6 studies were carried out in Europe and the
USA where these populations are highly prevalent.
This may, however, question the effectiveness of
such tests in other populations, particularly those
Asian populations in which the decreased function
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allele, CYP2D6*10, is more prevalent. It has been
noted that even the AmpliChip, which targets the
largest set of CYP2D6 variants, fails to capture

a large set of rare variants leading to deficient
enzyme activity,?* although this does test for the
CYP2D6*10 allele.

Notwithstanding these limitations, the studies
suggest that genotyping for CYP polymorphisms
has high analytical validity for all CYP
polymorphisms, including CYP2D6, CYP1A2,
CYP2C9 and CYP2C19.

Clinical validity

CYP2D6 is arguably the most important CYP
enzyme with regard to the metabolism of
antipsychotics, with six typical antipsychotics
(thioridazine, perphenazine, fluphenazine,
zuclopenthixol, haloperidol and chlorpromazine)
and two atypical antipsychotics (risperidone and
olanzapine) metabolised by this enzyme. Thus it

is unsurprising that most of the clinical validity
studies also focused on CYP2D6 and, as with
analytical validity studies, the loss of function
alleles in particular. The only other CYP enzymes
studied by more than one clinical validity study
were CYP1A2, which also metabolises some
antipsychotics (haloperidol and two atypicals,
clozapine and olanzapine), and CYP2C19, which
does not appear to metabolise any antipsychotic (a
recent review highlighted this as a minor metabolic
pathway for clozapine although such pathways

are not likely to be relevant in most clinical
circumstances'?).

The majority of the studies that were concerned
with clinical validity were either cross-sectional
or prospective in design. Although the quality
of these studies appeared to be of a generally
adequate standard, it was apparent that key
considerations, such as how patients were selected
and the number of patients included in studies,
were poorly reported indicating that there may
have been some selection bias. Furthermore, in
genetic association studies it is vital that tests for
missingness at random are conducted to ensure
that the missingness is independent of both true

genotype and phenotype. When no mention
75
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was made of any missing genotype data, but the
numbers contributing to each analysis agreed with
the sample size, it was not possible to distinguish
between the situation in which no missing genotype
data had occurred and that in which any patients
with missing genotypes had been excluded from
the number quoted as the sample size, in which
case there was again a risk of bias if the data were
not missing at random. This potentially limits the
generalisability of the results.

A range of outcomes measuring metabolism,
efficacy and ADRs was considered. For metabolism
it was found that the CYP2D6 genotype does affect
the pharmacokinetics of the drugs when this
represents the major pathway for elimination. Five
studies were included in this analysis, assessing
different drugs and reporting different outcomes.
Each reports a link between genotype and drug
metabolism. However, a complicating factor

in relation to pharmacokinetic analysis (and
therefore to response) for all of the antipsychotics
is that: (1) multiple CYP isoforms are involved in
their metabolism; (2) the fractional clearance via
CYP2DG6 is heavily dependent on the drug being
studied, for example it represents a minor pathway
of olanzapine; and (3) many of the CYP isoforms
are prone to interference by concomitantly
administered inducers and inhibitors (these may
be drugs or, for CYP1A2, the effect of smoking).
No studies undertook a comprehensive analysis of
these factors.

Nine studies were identified that assessed an
efficacy outcome for patients genotyped for
CYP2D6 but, although some suggest that there may
be an association between genotype and efficacy,
others also report data suggesting no effect. Given
the contradictory findings from this small number
of efficacy studies it is difficult to draw any firm
conclusions regarding a link between genotype

and drug efficacy. A complicating factor that needs
to be considered in future studies is whether the
drug being investigated has active metabolite(s)
produced by the polymorphic pathway, for example
as has been found with risperidone.*" In such
situations efficacy may well be dependent on the
product of the parent drug and active metabolite,
rather than only on the parent compound. An
additional issue not considered with efficacy studies
is an assessment of adherence to medications,
which is known to be problematic in this group of
patients.

The largest number of clinical validity studies
examined a range of adverse events in patients

using a variety of therapeutic agents (CYP2DG6,
n=34; CYPIA2, n=9; other CYP polymorphisms,
n=2). As in the other sections of this review the
results are non-conclusive and there are significant
limitations in the available data. Findings that
failed to show any effect may well have occurred
because across all of the studies included in

this review very few patients possessed the mut/
mut genotype. Given the low prevalence of such
patients, even in Caucasian populations in which
this PM phenotype is most common, this is not
unexpected but it does suggest that studies were
insufficiently powered to show any significant
differences between genotypes.

Nevertheless, there were some significant findings
for patients genotyped for CYP2D6, suggesting
some relationship between genotype and TD and
parkinsonism: patients with either the wi/mut or
mut/mut + wi/mut genotype were found to be at

an increased risk of TD in prospective studies

(but not when other study designs were analysed)
and patients with the mué/mut genotype showed
statistically significantly higher AIMS scores

than patients with the wt/wt genotype; patients
with the mut/mut + wt/mut genotypes were at an
increased risk of parkinsonism compared with
those with the wi/wt genotype. The majority of the
patients in these meta-analyses were taking typical
antipsychotics. This could suggest that there may
be a clinical argument for testing patients for
CYP2D6 to prevent the risk of TD, although as
typical antipsychotics are increasingly used when
atypicals are unsuitable there may be limited utility
in this. Similarly, the findings should be interpreted
with caution, not least because, although the

odds ratios were statistically significant for some
comparisons, they were perhaps too small to have
clinical meaningfulness.

No significant differences were apparent for
patients with CYPIA2 genotypes. As noted, CYPI1A2
is thought to be more prone to variation from
environmental influences, particularly the effect of
smoking. However, studies in this review compared
results for known smokers with TD with results

for all patients with TD and found no differences
between these groups. This suggests that the
proportions of patients with TD by genotype would
be similar in non-smoking patients and thus there
is no evidence that smoking plays a significant role.

However, one study of CYP2D6 also considered
smoking status in patients with TD"*” and found
that differences between genotype groups (wt/
wt and wt/mut) were only significant in smokers.
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Given that CYP2DG6 is the only CYP which is not
inducible and that genetic variation contributes
largely to the interindividual variation in enzyme
activity, this suggests that some other effect may
be taking place and these study findings neatly
encapsulate the complexity of the problems posed
by pharmacogenetic studies in general. Although
patients were taking any typical antipsychotic in
this study, this was primarily haloperidol, which

is not only metabolised by CYP2D6 but also by
CYP1A2 and CYP3A4. Thus, the differences

may have occurred not because of metabolism of
haloperidol by CYP2D6 but because of metabolism
of haloperidol by CYP1A2 and CYP3A4, reiterating
the problems with metabolism highlighted above.

Overall, therefore, it is difficult to draw any firm
conclusions about the clinical validity of CYP
testing. When there are a greater number of
patients included in the analysis, there is some
evidence indicating that further study may be
warranted to assess the link between genotype and
clinical utility.

Clinical utility

Despite the encouraging results regarding
analytical validity, given the lack of compelling
evidence from the clinical validity studies it

is disappointing, but not unexpected, that no
completed and published studies were found

that measured clinical utility. Thus, the potential
benefit of CYP testing is still uncertain and it
would be premature to recommend the use

of pharmacogenetic testing for patients with
schizophrenia. In the meantime there is clearly the
need for further research, and recommendations
for conducting this research are given in Chapter 9.

Given the limitations of the evidence base it is

not currently possible to recommend the use

of pharmacogenetic testing to inform guidance
related to the management of therapeutic regimes
for patients with schizophrenia.

Limitations

One of the major limitations of the current review
is the lack of patients with the mut/mut genotype in
the studies included. As discussed above, this may
have been one of the major reasons for the general
lack of conclusive evidence.

Another limitation is the fact that it was not
possible to consider UMs separately to EMs in
the current analysis. For the purposes of this

© 2010 Queen’s Printer and Controller of HMSO.All rights reserved.

review, patients with the UM phenotype have
been classified as wt/wt, largely because not all
studies themselves have made the distinction. This
may in part be due to limitations of the test used
for genotyping patients. Nevertheless, as UMs
generally have a lower AUC and thus reduced
efficacy at normal doses, including these patients
with EMs will clearly dilute any evidence for
differences with other genotypes. However, in the
few studies that did report on UMs, the number
of such patients was even fewer than the number
of patients with the mut/mut genotype and so the
impact on the overall results is likely to be minimal.

Aside from small numbers, another weakness of the
current review is the wide range of antipsychotics
being taken in the majority of the studies. Thus
the lack of effects apparent in many of the studies
may have occurred not because there were not
enough patients in any particular genotype but
because not all drugs taken were metabolised

by the CYP being investigated, or because other
factors were not taken into account. Arguably the
area of pharmacogenetics in schizophrenia is even
more complex because, although the aetiology of
schizophrenia and causes of side-effects and/or
ADRs are unclear, associations that are found may
only be artefacts. For example, TD is not a typical
dose-related effect although it could be assumed
that cumulative drug exposure may contribute

to its occurrence with this risk increased through
CYP2D6.

It is important to note that the different targets
that antipsychotics act on, for example dopamine
and 5-HT receptors, are also polymorphically
expressed, and their contribution to the overall
efficacy of antipsychotics should be neither
ignored nor underestimated. A comprehensive
approach that therefore looks at environmental
factors, and the genetic factors modulating both
pharmacokinetic and pharmacodynamic pathways,
will be important in the future, and appropriately
powered studies will be able to dissect out the
relative importance of each of these pathways in
the overall response to antipsychotics.

A final limitation of the current review is that,

because of the lack of published studies, it was not
possible to consider evidence for clinical utility.

Economics

To develop an economic model and determine
the cost-effectiveness of CYP pharmacogenetic
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testing for prescribing antipsychotics in patients
diagnosed with schizophrenia, two key issues must
be considered:

e whether the clinical benefits of CYP
pharmacogenetic testing for schizophrenia
can be demonstrated (and at what place in the
treatment pathway)

* whether the outcomes and costs of
schizophrenia treatment can be robustly
estimated.

In terms of the clinical benefits of the test, our
clinical review has demonstrated that currently the
data are very limited, thus it is not possible to link
through from an individual’s genotype to their
phenotype and subsequently on to downstream
sequelae such as response rates and adverse events.
Nor were there any data on the clinical utility of the
test, hence it is impossible to know how clinicians
will handle test information and how it will be
incorporated into a care pathway.

Additionally, the NICE schizophrenia guidelines®
recommend the use of risperidone, olanzapine,
quetiapine, amisulpride and zotepine for both
initiation and acute episodes, but only risperidone
and olanzapine are metabolised by CYP2D6,
neither of which are particularly important, as

the former has an active metabolite and the latter
is primarily metabolised by other isoenzymes.
This means that results from the test could, at
best, only inform the choice of two out of the five
currently recommended drugs. So, from a practical
standpoint there is only a slight incentive to carry
out the test.

In terms of the outcomes and costs of
schizophrenia, our review of the published
schizophrenia models identified that none of them
would be appropriate for our purposes. A new
schizophrenia model would need to be developed.

Therefore, as neither the evidence nor the
guidelines support clinicians’ use of CYP
pharmacogenetic test results to determine the
most appropriate treatment strategy for patients
with schizophrenia it appears to be premature to
attempt a full economic modelling and evaluation
exercise for this technology at this time.

However, it is worth noting that the prospects of
such a full economic evaluation finding in favour

of CYP testing are probably quite positive. On the
basis of a single test per patient costing around
£300, the expected lifetime benefit per patient
need be only about 0.01 QALYs per patient to
achieve the current cost-effectiveness standard
(££30,000 per QALY gained). If any survival
improvement can be shown to be supported by
evidence then this level of gain appears to be
modest, particularly if opportunities arise to
target testing on those patients most likely to
show improvements in their care and expected
outcomes.

Summary

In summary, from this review of the literature it is
possible say that tests for determining genotypes
are highly accurate. However, not all aspects

of analytical validity have been reported in the
studies. In terms of clinical validity, research

is being conducted to assess the links between
genotype and metabolism and adverse events.
However, to date the research is limited and no
firm conclusions can be drawn. No studies assessing
clinical utility have been reported.

In terms of assessing the cost-effectiveness of
using such pharmacogenetic testing, in the
authors’ opinion it is too soon to tell. An economic
model was not developed as part of this report

but from previous work carried out in the area

of pharmacogenetic testing in depression and
through the assessment of published economic
models of schizophrenia a suggested model
framework has been developed. Our proposed
model framework consists of four main modules:
pharmacogenetic test module (assigning patient

to phenotype), clinical effects module (linking
phenotype to outcomes), transitional module
(effect of test results on clinical decision) and
schizophrenia module (projecting treatment

effects over a patient’s lifetime). Without all four
components and the information to populate them
it is not possible to determine the cost-effectiveness
of CYP testing in schizophrenia.

The following section outlines the areas of research
that are needed to inform future policy decisions
regarding the use of pharmacogenetic testing in
patients with schizophrenia.
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Chapter 9

Research recommendations

Aithough the current evidence base does not
upport the use of pharmacogenetic testing in
this area, it does indicate that further study in each
of the key areas is needed to either demonstrate
or refute the ability of pharmacogenetic testing

to assist in the development of individualised
patient care in the area of schizophrenia.
Recommendations for future research cover both
aspects of research quality and data that will be
required to inform the development of future
economic models.

Analytical validity

* Studies of analytical validity need to be explicit
about patient selection, quality control, assay
robustness and the sensitivity and specificity
of tests. Study findings should not only report
on allele frequencies but also on appropriate
genotype data.

Clinical validity

*  Further evidence is required to link phenotype
to genotype. Such studies need to include
larger numbers of patients with the UM and
PM phenotypes and be prospective in design.

* Studies need to consider the impact of
environmental factors such as smoking,
concomitant medicines, medication adherence
and ethnicity. In relation to medication
adherence, genotypes need to be related
not only to clinical parameters but also to
pharmacokinetic parameters.

© 2010 Queen’s Printer and Controller of HMSO.All rights reserved.

Studies need to ensure that all currently used
antipsychotics are investigated. However, given
the uncertainty about the full extent of the role
played by CYP2D6, further studies focusing

on patients taking risperidone and olanzapine
would also be useful.

Future research will need to consider a
comprehensive approach that considers not
only CYP isoforms involved in the metabolism
of antipsychotics but also other targets such as
dopamine and 5-HT receptors.

Clinical utility

Prospective clinical utility studies are needed.
As with clinical validity they should ensure
that all currently used antipsychotics are
investigated although, given their importance
to the NHS (and the uncertainty about the full
extent of the role played by CYP2D6), further
studies focusing on patients taking risperidone
and olanzapine would be particularly useful.

Economic evaluation

Improved evidence should be sought on the
link between improved schizophrenia care and
life expectancy.

Collection of longitudinal data that identifies
patterns of adherence, length of time in relapse
and cost of care (including care provided in the
community) is required.

Acommon approach to the measurement and
reporting of adherence, relapse and quality of
life in schizophrenia is needed.
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Appendix |

Search strategies: clinical evidence

Analytical validity
Ovid MEDLINE® 1995 to January Week 2 2008

# Search history Results

| (CYP2D6 or CYP 2D6 or CYP2C19 or CYP 2CI9 or CYP2C8 or CYP 2C8 or CYP2C9 or 13,589
CYP 2C9 or CYPIAI or CYP |Al or CYPIA2 or CYP A2 or CYP3A4 or CYP 3A4).mp.

2 exp Cytochrome P-450 Enzyme System/ 51,223
3 amplichip$.tw. 14
4 microarray analysis/ 1607
5 (genotyp$adj test$).tw. 329
6 pharmacogenetic$.tw. or Pharmacogenetics/ 5573
7 (genetic$ad] test$).tw. 5545
8 or/1-7 64,658
9 “Reproducibility of Results”/ 149,174
10 “Sensitivity and Specificity”/ 176,921
I (valid$or reliab$).tw. 332,968
12 *Predictive Value of Tests”/ 691
13 or/9-12 547,567
14 8and I3 2658
I5 or/3,14 2669
16 limit I5 to (english language and humans and yr=*1995 — 2008") 1768

PsycINFO 1995 to January Week 2 2008

# Search history Results
| (CYP2D6 or CYP 2D6 or CYP2C19 or CYP 2CI9 or CYP2C8 or CYP 2C8 or CYP2C9 or 388
CYP 2C9 or CYPIAI or CYP Al or CYPIA2 or CYP 1A2 or CYP3A4 or CYP 3A4).mp.
2 cytochrome$.tw. 811
3 amplichip.tw. 3
4 (genotyp$adj test$).tw. 9
5 (pharmacogenetic$adj test$).tw. 10
6 or/1-5 979
7 (valid$or reliab$).tw. 113,287
8 Test Reliability/ 19,455
9 Test Validity/ 27,623
10 or/7-9 115,340
I 6and |10 21
12 limit I | to (human and english language and yr="1995 — 2008”) 9
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Appendix |

Cochrane Library 2007 Issue 4 ISI Web of Knowledge

(Cytochrome P-450 Enzyme System or genotyp* Science Citation Index Expanded (SCI-

test* or CYP2D6 or CYP 2D6 or CYP2C19 or EXPANDED) 1995-present

CYP 2C19 or CYP2C8 or CYP 2C8 or CYP2C9 or TS=((Cytochrome P-450 or genotyp* or

CYP 2C9 or CYP1A1 or CYP 1Al or CYP1A2 or amplichip* or CYP2D6 or CYP 2D6 or CYP2C19
CYP 1A2 or CYP3A4 or CYP 3A4) and (valid* or or CYP 2C19 or CYP2C8 or CYP 2C8 or CYP2C9
rehab*), from 1995 to 2008 or CYP 2C9 or CYP1A1 or CYP 1A1 or CYP1A2 or

CYP 1A2 or CYP3A4 or CYP 3A4) and validity)
Results:
Results: 373.
e  Cochrane Database of Systematic Reviews

(CDSR): 62 hits ISI Proceedings

e Database of Abstracts of Reviews of TS=(((Cytochrome P-450 or genotyp* or
Effectiveness (DARE): 13 hits amplichip* or CYP2D6 or CYP 2D6 or CYP2C19

*  Cochrane Controlled Trials Register (CCTR): or CYP 2C19 or CYP2C8 or CYP 2C8 or CYP2C9
66 hits or CYP 2C9 or CYP1A1 or CYP 1Al or CYP1A2 or

* Health Technology Assessment database CYP 1A2 or CYP3A4 or CYP 3A4) and validity))
(HTA): 9 hits

e NHS Economic Evaluation Database (NHS Results: 35.

EED): 48 hits.

Clinical validity

Ovid MEDLINE 1995 to January Week 2 2008

# Search history Results
I exp Genotype/ 164,126
2 exp Phenotype/ 148,209
3 (genotype$or phenotype$).tw. 229,979
4 exp cytochrome p-450 enzyme system/ 51,223
5 (CYP2D6 or CYP 2D6 or CYP2C19 or CYP 2CI9 or CYP2C8 or CYP 2C8 or CYP2C9 or 13,589
CYP 2C9 or CYPIAI or CYP IAl or CYPIA2 or CYP IA2 or CYP3A4 or CYP 3A4).mp.
6 amplichip$.tw. 14
7 or/1-6 451,909
8 exp Antipsychotic Agents/ 102,469
9 (antipsychotic$or neuroleptic$).tw. 28,312
10 (risperidone or olanzapine or thioridazine or perphenazine or fluphenazine or 41,738

zuclopenthixol or haloperidol or chlorpromazine or clozapine or quetiapine or ziprasidone
or flupentixol or flupenthixol or benperidol or levomepromazine or methotrimeprazine
or pericyazine or periciazine or pimozide or promazine or sulpiride or trifluoperazine or
amisulpride or aripiprazole or sertindole or zotepine).tw.

I or/8-10 116,792
12 7and |1 1772
13 limit 12 to (english language and humans and yr="1995 —2008”) 1150
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PsycINFO 1995 to January Week 2 2008

# Search history Results
| exp Genotypes/ 1894
2 exp Phenotypes/ 2260
3 (genotype$or phenotype$).tw. 8680
4 (CYP2D6 or CYP 2D6 or CYP2CI9 or CYP 2C19 or CYP2C8 or CYP 2C8 or CYP2C9 or 388

CYP 2C9 or CYPIAI or CYP |Al or CYPIA2 or CYP A2 or CYP3A4 or CYP 3A4).mp.
5 amplichip$.tw. 3
6 cytochrome$.tw. 8l
7 or/1-6 10,120
8 exp Neuroleptic Drugs/ 15,762
9 (antipsychotic$or neuroleptic$).tw. 18,879
10 (risperidone or olanzapine or thioridazine or perphenazine or fluphenazine or zuclopenthixol 15,465

or haloperidol or chlorpromazine or clozapine or quetiapine or ziprasidone or flupentixol

or flupenthixol or benperidol or levomepromazine or methotrimeprazine or pericyazine

or periciazine or pimozide or promazine or sulpiride or trifluoperazine or amisulpride or

aripiprazole or sertindole or zotepine).tw.
I or/8-10 26,887
12 7and || 472
13 limit 12 to (human and english language and yr="1995 — 2008”) 369

IS1 Web of Knowledge

Science Citation Index Expanded (SCI-
EXPANDED) 1995—-present

((genotype* or phenotype* or cytochrome*) and
(neuroleptic* or antipsychotic* or risperidone or
olanzapine or thioridazine or perphenazine or
fluphenazine or zuclopenthixol or haloperidol
or chlorpromazine or clozapine or quetiapine

or ziprasidone or flupentixol or flupenthixol

or benperidol or levomepromazine or
methotrimeprazine or pericyazine or periciazine
or pimozide or promazine or sulpiride or
trifluoperazine or amisulpride or aripiprazole or
sertindole or zotepine))

Results: 1210.

ISI Proceedings
Results: 88

((genotype* or phenotype* or cytochrome*) and
(neuroleptic* or antipsychotic* or risperidone or
olanzapine or thioridazine or perphenazine or
fluphenazine or zuclopenthixol or haloperidol
or chlorpromazine or clozapine or quetiapine

or ziprasidone or flupentixol or flupenthixol

or benperidol or levomepromazine or
methotrimeprazine or pericyazine or periciazine
or pimozide or promazine or sulpiride or

© 2010 Queen’s Printer and Controller of HMSO.All rights reserved.

trifluoperazine or amisulpride or aripiprazole or
sertindole or zotepine))

Cochrane Library 2007 Issue 4

(genotype* or phenotype* or cytochrome*) and
(neuroleptic* or antipsychotic* or risperidone or
olanzapine or thioridazine or perphenazine or
fluphenazine or zuclopenthixol or haloperidol
or chlorpromazine or clozapine or quetiapine

or ziprasidone or flupentixol or flupenthixol

or benperidol or levomepromazine or
methotrimeprazine or pericyazine or periciazine
or pimozide or promazine or sulpiride or
trifluoperazine or amisulpride or aripiprazole or
sertindole or zotepine)

Results:

e Cochrane Database of Systematic Reviews
(CDSR): 10 hits

* Database of Abstracts of Reviews of
Effectiveness (DARE): 0 hits

*  Cochrane Controlled Trials Register (CCTR):

55 hits

e Health Technology Assessment database
(HTA): 2 hits

* NHS Economic Evaluation Database (NHS
EED): 1 hit.

97



98

Appendix |

PubMed 2007-8

175 references found (above search terms used).

EMBASE 1995 to 2008 Week 3

#

AW N

O 00 N o U»n

10
I
12

Search history

exp GENOTYPE/or exp PHENOTYPE/
(genotype$or phenotype$).tw.
CYTOCHROME P450/

(CYP2D6 or CYP 2D6 or CYP2C19 or CYP 2C19 or CYP2C8 or CYP 2C8 or CYP2C9 or
CYP 2C9 or CYPIAI or CYP Al or CYPIA2 or CYP |A2 or CYP3A4 or CYP 3A4).mp.

amplichip$.tw.

or/1-5

Neuroleptic Agent/or ATYPICAL ANTIPSYCHOTIC AGENT/
(antipsychotic$or neuroleptic$).tw.

(risperidone or olanzapine or thioridazine or perphenazine or fluphenazine or zuclopenthixol
or haloperidol or chlorpromazine or clozapine or quetiapine or ziprasidone or flupentixol

or flupenthixol or benperidol or levomepromazine or methotrimeprazine or pericyazine

or periciazine or pimozide or promazine or sulpiride or trifluoperazine or amisulpride or
aripiprazole or sertindole or zotepine).tw.

or/7-9

6and 10

limit 11 to (human and english language and yr="“1995 — 2008")

Clinical utility
Ovid MEDLINE® 1995 to March Week | 2008

#
I

N o 1 AW

I5
16
17

Search history

exp Cytochrome P-450 Enzyme System/

(CYP2D6 or CYP 2D6 or CYP2CI9 or CYP 2C19 or CYP2C8 or CYP 2C8 or CYP2C9 or
CYP 2C9 or CYPIAI or CYP IAl or CYPIA2 or CYP |A2 or CYP3A4 or CYP 3A4 or CYP
450 or cytochrome P450).af.

(genotype adj test$).mp.
(pharmacogenetic$ad] test$).mp.
amplichip.af.

lor2or4or5

(effectiv$or impact$or utilitbor outcome$or manag$or decision$or feasib$or implement$or
predict$or influenc$or improv$or efficacy$or effect$or decision making$or harm$or clinical
response$or disease management$or clinical outcome$or clinical impact$or management
decision$).mp.

exp Decision Making/

exp Treatment Outcome/
7or8or9

6and 10

exp Antipsychotic Agents/
(antipsychotic$or neuroleptic$).tw.

(risperidone or olanzapine or thioridazine or perphenazine or fluphenazine or zuclopenthixol
or haloperidol or chlorpromazine or clozapine or quetiapine or ziprasidone or flupentixol

or flupenthixol or benperidol or levomepromazine or methotrimeprazine or pericyazine

or periciazine or pimozide or promazine or sulpiride or trifluoperazine or amisulpride or
aripiprazole or sertindole or zotepine).af.

12or 13 or 14
Il and 15
limit 16 to (english language and humans and yr="1995 — 2008")

Results

176,758
188,916
23,159
10,397

15
275,194
32,118
23,460
27,354

56,061
1777
1325

Results

51,811
27,446

70

124

15

57,695
5,304,482

75,729
339,633
5,327,364
28,691
104,231
28910
58,771

119,008
573
428
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PsycINFO 1995 to March Week 2 2008

# Search history Results
| (CYP2D6 or CYP 2D6 or CYP2CI19 or CYP 2CI9 or CYP2C8 or CYP 2C8 or CYP2C9 2212

or CYP 2C9 or CYPIAI or CYP 1Al or CYPIA2 or CYP 1A2 or CYP3A4 or CYP 3A4 or

CYP 450 or cytochrome P450).af.
2 (genotype adj test$).mp. 6
3 (pharmacogenetic$adj test$).mp. 10
4 amplichip.af. 13
5 (genotype adj test$).mp. 6
6 lor2or3or4or5 2222
7 (effectiv$ or impact$ or utilit$ or outcome$ or manag$ or decision$ or feasib$ or 1,012,132

implement$ or predict$ or influenc$ or improv$ or efficacy$ or effect$ or decision

making$ or clinical response$ or disease management$ or clinical outcome$ or clinical

impact$ or clinical tool$ or benefit$ or management decision$).mp.
8 exp Treatment Outcomes/ 18,763
9 exp Decision Making/ 32,786
10 7or8or9 1,014,171
I 6 and 1746
12 exp Neuroleptic Drugs/ 16,093
13 (antipsychotic$ or neuroleptic$).tw. 19,247
14 (risperidone or olanzapine or thioridazine or perphenazine or fluphenazine or 15,859

zuclopenthixol or haloperidol or chlorpromazine or clozapine or quetiapine or ziprasidone

or flupentixol or flupenthixol or benperidol or levomepromazine or methotrimeprazine

or pericyazine or periciazine or pimozide or promazine or sulpiride or trifluoperazine or

amisulpride or aripiprazole or sertindole or zotepine).tw.
15 12or 13 0or 14 27,523
16 Il and 15 438
17 limit 16 to(human and english language and yr="1995 — 2008”) 383

ISI Web of Knowledge ISI Proceedings

Science Citation Index Expanded (SCI-
EXPANDED) 1995—-present

(((genotype test* or cytochrome* or CYP 450 or
cytochrome P450) and (effectiv* or impact® or
utilit* or outcome* or manag* or decision* or
feasib*or implement* or predict* or influenc* or
improv* or efficacy* or effect* or decision making*
or clinical response* or disease management*

or clinical outcome* or clinical impact* or
management decision*) and (neuroleptic* or
antipsychotic* or risperidone or olanzapine or
thioridazine or perphenazine or fluphenazine or
zuclopenthixol or haloperidol or chlorpromazine
or clozapine or quetiapine or ziprasidone

or flupentixol or flupenthixol or benperidol

or levomepromazine or methotrimeprazine

or pericyazine or periciazine or pimozide or
promazine or sulpiride or trifluoperazine or
amisulpride or aripiprazole or sertindole or
zotepine)))

Results: 506.
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((((genotype test* or cytochrome* or CYP 450 or
cytochrome P450) and (effectiv* or impact® or
utilit* or outcome* or manag* or decision* or
feasib*or implement* or predict* or influenc* or
improv* or efficacy* or effect* or decision making*
or clinical response* or disease management*

or clinical outcome* or clinical impact* or
management decision®) and (neuroleptic* or
antipsychotic* or risperidone or olanzapine or
thioridazine or perphenazine or fluphenazine or
zuclopenthixol or haloperidol or chlorpromazine
or clozapine or quetiapine or ziprasidone

or flupentixol or flupenthixol or benperidol

or levomepromazine or methotrimeprazine

or pericyazine or periciazine or pimozide or
promazine or sulpiride or trifluoperazine or
amisulpride or aripiprazole or sertindole or
zotepine))))

Results: 35.
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Appendix |

Cochrane Library 2008 Issue | (from 1995 to
2008)

(genotype test* or cytochrome* or CYP 450 or
cytochrome P450) and (effectiv* or impact® or
utilit* or outcome* or manag* or decision* or
feasib*or implement* or predict* or influenc* or
improv* or efficacy* or effect* or decision making*
or clinical response* or disease management*

or clinical outcome® or clinical impact* or
management decision*) and (neuroleptic* or
antipsychotic* or risperidone or olanzapine or
thioridazine or perphenazine or fluphenazine or

EMBASE 1995 to 2008 Week 11

zuclopenthixol or haloperidol or chlorpromazine
or clozapine or quetiapine or ziprasidone

or flupentixol or flupenthixol or benperidol

or levomepromazine or methotrimeprazine

or pericyazine or periciazine or pimozide or
promazine or sulpiride or trifluoperazine or
amisulpride or aripiprazole or sertindole or
zotepine)

Results in: Cochrane reviews (7), other reviews
(0), clinical trials (35), technology assessments (1),
economic evaluations (1).

# Search history Results
I exp CYTOCHROME P450/ 27,865
2 (CYP2D6 or CYP 2D6 or CYP2C19 or CYP 2CI9 or CYP2C8 or CYP 2C8 or CYP2C9 48,696
or CYP 2C9 or CYPIAI or CYP Al or CYPIA2 or CYP |A2 or CYP3A4 or CYP 3A4
or CYP 450 or cytochrome P450).af.
3 (genotype adj test$).mp. 489
4 (pharmacogenetic$adj test$).mp. 172
5 amplichip.af. 52
6 lor2or3or4or5oré 49,236
7 (effectiv$or impact$or utilitbor outcome$or manag$or decision$or feasib$or 4,651,844
implement$or predict$or influenc$or improv$or efficacy$or effect$or decision making$or
harm$or clinical response$or disease management$or clinical outcome$or clinical
impact$or management decision$).mp.
8 exp TREATMENT OUTCOME/or exp OUTCOME ASSESSMENT/or exp ADVERSE 427,199
OUTCOME/
9 exp CLINICAL DECISION MAKING/ 1746
10 7or8o0r9 4,660,639
] 6and |0 27,698
12 (antipsychotic$or neuroleptic$).tw. 28,655
I3 Neuroleptic Agent/or ATYPICAL ANTIPSYCHOTIC AGENT/ 36,504
14  (risperidone or olanzapine or thioridazine or perphenazine or fluphenazine or 36,381
zuclopenthixol or haloperidol or chlorpromazine or clozapine or quetiapine or ziprasidone
or flupentixol or flupenthixol or benperidol or levomepromazine or methotrimeprazine
or pericyazine or periciazine or pimozide or promazine or sulpiride or trifluoperazine or
amisulpride or aripiprazole or sertindole or zotepine).tw.
I5 12orl3orl4 70,553
16 Iland |5 1018
I7  limit 16 to (human and english language and yr=*1995 —2008”) 780
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Appendix 2

Included studies

Analytical validity
Papers identified for screening stage 1 = 2844

* From original analytical validity search = 2840
*  From AHRQ review = 2

*  From clinical utility search = 2

Total papers identified for screening stage 2 = 66
*  From original analytical validity search = 62

*  From AHRQ review =2

*  From clinical utility search = 2

Papers included in review = 41

*  From original analytical validity search = 39

*  From AHRQ review = 2
*  From clinical utility search = 0

Clinical validity

Papers identified for screening stage 1 = 2161

*  From original clinical validity search = 2153

*  From analytical validity search = 2

*  From clinical utility search = 6

Total papers identified for screening stage 2 = 169
*  From original clinical validity search = 161

(including 6 originally rejected but flagged up
in clinical utility search)

© 2010 Queen’s Printer and Controller of HMSO.All rights reserved.

* Additional papers identified from analytical
validity search = 2

* Additional papers identified from additional
clinical utility search = 6

Papers included in review = 47

e From original clinical validity search = 46
e From analytical validity search = 0

*  From clinical utility search = 1

Clinical utility

Papers identified for screening stage 1 = 1236
e From original clinical utility search = 1233
e From clinical validity search = 2

*  From member of advisory panel =1

Total papers identified for screening stage 2 = 13
e From original clinical utility search = 11

*  From clinical validity search = 1

*  From member of advisory panel =1

Papers included in review = 2%

e From original clinical utility search = 2

e From clinical validity search = 0

*  From member of advisory panel =0

*An additional 2 studies that were rejected at
screening stage 2 were also briefly reported on
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Appendix 3

Searches: economic evidence

Identification of the available economic evaluations of CYP testing for

psychiatry

Summary table

References identified

Database Years Search strategy

MEDLINE 1950 to April Week 3 2008 See below 91
EMBASE 1980 to Week 17 2008 See below 153
ISI'Web of Science See below 20
ISl Proceedings See below 6
Cochrane See below |
PsycINFO 1967 to April Week 4 2008 See below 7
Total 278
Total after duplicates removed 199

Search strategies
Ovid MEDLINE® 1950 to April Week 3 2008

#

— 0 00 N o L1 A W N

13
14
15

Searche history

((cyp 450 or cytochrome P450 or pharmacogenetic$or genetic$or genotype$) adj test$).
tw.

*Cytochrome P-450 Enzyme System/ge

amplichip.af.

exp Genetic Screening/

or/ |4

exp “Costs and Cost Analysis”/or exp Cost-Benefit Analysis/or exp models, economic/
economics/

(cost$adj2 (effective$or utilit$or benefit$or minimi$)).ti,ab.

cost$.ti.

(value adj2 (money or monetary)).tw.

or/6—10

exp Mental Disorders/or exp Antipsychotic Agents/or exp Antidepressive Agents/or exp
Psychiatry/or exp Schizophrenia/

(antipsychotic$or neuroleptic$or schizophrenia$).tw.
or/12-13
5and Il and 14

© 2010 Queen’s Printer and Controller of HMSO.All rights reserved.

Results

6093

3985

15
16,572
23,890
139,172
25,641
52,776
55,447
682
206,285
880,297

69,259
886,576
91
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EMBASE 1980 to 2008 Week 17

# Search history Results
I ((cyp 450 or cytochrome P450 or pharmacogenetic$or genetic$or genotype$) adj 5408
test$).tw.
2 amplichip.af. 52
3 Genetic Screening/ 16,606
4 or/1-3 20,662
5 cost$.ti. 37,406
6 (cost$adj2 (effective$or utilit$or benefit$or minimi$)).ab. 43,968
7 cost minimization analysis/or cost utility analysis/or health care cost/or cost- 123,232
effectiveness analysis/or cost benefit analysis/
8 (cost$adj2 effective$).ti,ab. 40,428
9 (cost$adj2 benefit$).ti,ab. 8075
10 health economics/or economic evaluation/or economics/or pharmacoeconomics/ 19,802
I or/5-10 163,065
12 exp MENTAL DISEASE/or exp MENTAL HEALTH/or exp Antidepressant Agent/ 829,498
or exp Neuroleptic Agent/or exp ATYPICAL ANTIPSYCHOTIC AGENT/or exp
PSYCHIATRY/or exp Schizophrenia/
13 (antipsychotic$or neuroleptic$or schizophrenia).tw. 61,539
14 120r 13 831,533
15 4and Il and 14 153

SCI-EXPANDED

ISI Web of Knowledge Science Citation Index
Expanded

((genetic SAME test*) or ((cyp 450 or cytochrome
P450 or pharmacogenetic* or genetic* or
genotype*) SAME test*)) AND Topic=((economic*
or price* or pricing or pharmacoeconomic* or
pharma economic* or cost* or budget*)) AND
Topic=((antidepressant* or antipsychotic* or
neuroleptic* or schizophrenia or psychiatr* or
psychotic*))

Results: 20.

ISI Proceedings

(genetic test* or ((cyp 450 or cytochrome P450

or pharmacogenetic* or genetic* or genotype*)
test*)) AND Topic=(economic* or price* or pricing
or pharmacoeconomic* or pharma economic* or
cost* or budget*) AND Topic=(antidepressant* or
antipsychotic* or neuroleptic* or schizophrenia or
psychiatr® or psychotic*)

Results: 6.
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PsycINFO 1967 to April Week 4 2008

o A W NN —

— O 00 N o

Cochrane

There is one result out of 5320 records for: “(cyp
450 or cytochrome P450 or pharmacogenetic*
or genetic* or genotype¥) test* in Title,

Abstract or Keywords and (antidepressant™® or
antipsychotic* or neuroleptic* or schizophrenia

Search history

((cyp 450 or cytochrome P450 or pharmacogenetic$or genetic$or genotype$) adj test$).tw.
amplichip.af.

exp Genetic Testing/

or/1-3

exp health care economics/or pharmacoeconomics/or exp “cost containment”/or exp “costs
and cost analysis”/or exp health care costs/

(cost$adj2 (effective$or utilit$or benefitdor minimi$)).ab.
cost$.ti,ab.

exp “Costs and Cost Analysis”/

or/5-8

exp MENTAL DISORDERS/or exp CHRONIC MENTAL ILLNESS/
exp SCHIZOPHRENIA/or schizophrenia.mp.

exp Neuroleptic Drugs/

exp ANTIDEPRESSANT DRUGS/

(antipsychotic$or neuroleptic$).tw.

exp Serotonin Reuptake Inhibitors/

or/10-15

4and9and 16

Identification of the available economic models for schizophrenia
Summary table

Results

803

14
458
902
11,284

8873
37,125
11,058
40,780

308,137
69,051
18,325
25,031
22,351

8121

332,865

7

or psychiatr* or psychotic*) in Title, Abstract or
Keywords and (economic* or price* or pricing

or pharmacoeconomic* or pharma economic* or
cost* or budget*) in Title, Abstract or Keywords in
Cochrane Database of Systematic Reviews”

Database Years Search strategy
MEDLINE 2000 to November Week 2 2007 See below
EMBASE 2000 to Week 52 2007 See below
NHS EED To December 2007 See below
HEED Issue December 2007 See below
CEA registry See below See below
CHE To January 2008 See below
HTA database To May 2008 See below
Total after duplicates removed 93
Search strategies .
MEDLINE and Pre-MEDLINE (Ovid ;: :flﬂzso(f)ilrleziﬁl:?bl.{ENw
gateway) 2000 to November Week 2 3 dementia praé cox.ti.ab.
2007 4. hebephre$.ti,ab.
Searched 3 January 2008. 5. or/1-4
6. exp Decision Support Techniques/

© 2010 Queen’s Printer and Controller of HMSO.All rights reserved.
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= O

11.

12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

exp models, economic/
Markov chains/
*Cost-Benefit Analysis/

. ((economic or econometric or

pharmacoeconomic or cost$) adj2 model$).
ti,ab.

((mathematical or stochastic or statistical or
theoretical) adj2 model$).ti,ab.

(decision adj2 (analy$or tree or triage or data
or model$)).ti,ab.

(crystal adj2 ball).ti,ab.

markov.ti,ab.

or/6-14

5and 15

limit 16 to yr="2000 — 2008”

limit 17 to english language

Animals/

Humans/

19 not (19 and 20)

18 not 21

EMBASE (Ovid gateway) 2000 to 2007
Week 52
Searched 3 January 2008.

N oot oM

@

10.

11.

12.
13.
14.
15.
16.
17.
18.
19.

exp Schizophrenia/

schizophre$.ti,ab.

dementia praecox.ti,ab.

hebephre$.ti,ab.

or/1-4

decision support system/

statistical model/or stochastic model/or
mathematical model/

Probability/

((economic or econometric or
pharmacoeconomic or cost$) adj2 model$).
ti,ab.

((mathematical or stochastic or statistical or
theoretical) adj2 model$).ti,ab.

(decision adj2 (analy$or tree or triage or data
or model$)).ti,ab.

(crystal adj2 ball).ti,ab.

markov.ti,ab.

or/6-13

5 and 14

limit 15 to yr="2000 — 2008~

limit 16 to english language

Animal/or Animal Experiment/or Nonhuman/
(rat or rats or mouse or mice or murine or
rodent or rodents or hamster or hamsters or
pig or pigs or porcine or rabbit or rabbits or
animal or animals or dogs or dog or cats or

cow or bovine or sheep or ovine or monkey or
monkeys).ti,ab,sh.

20. 18 or 19

21. exp Human/or Human Experiment/

22. 20 not (20 and 21)

23. 17 not 22

NHS EED
CRD database interface (www.crd.york.ac.uk/
crdweb/), updated to December 2007.

Searched 3 January 2008.

s schizophre$

s dementia(w)praecox
s hebephre$

s sl or s2 or s3

s $/xmo

s s4 and sb

HEED
Wiley Interscience online, Issue December 2007.

Searched 3 January 2008.

AX=schizophre*
AX=dementia praecox
AX=hebephr*
CS=lor2or3
OU=model*
CS=4and 5

CEA registry
https://research.tufts-nemc.org/cear/default.aspx.

Searched 3 January 2008.

Searched for ‘schizophrenia’ in the following
databases: cost—utility ratios 2002-2003, cost—utility
ratios 1976-2001, preference weights 1998-2001,
and Preference weights 1976-1997.

CHE website
www.york.ac.uk/inst/che/.

Searched 3 January 2008.

HTA database
www.crd.york.ac.uk/crdweb/.

Searched on 1 May 2008 Search term:
‘schizophrenia’.
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Summary of analytical validity studies
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Appendix 5

Clinical validity findings — forest
plots for non-significant findings

Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics

Comparison: 01 CYP2Dé6 - total number of patients with tardive dyskinesia

Outcome: 0l mut/mut vs wt/wt

Study or mut/mut wt/wt OR (random) Weight OR (random)

subcategory n/N n/N 95% CI % 95% CI

01 Asian
Ohmori 1998'%3 11/30 4/26 T 10.84 3.18 (0.87 to 11.67)
Nikoloff 2002'* 26/49 20/43 —=— 15.93 1.30 (0.57 to 2.95)
Inada 2003'% 4/39 10/78 —_— 11.48 0.78 (0.23 to 2.66)
Liou 2004'* 27/48 39/87 —— 17.29 1.58 (0.78 to 3.22)
Fu 2006'%® 15/35 37/50 —— 14.74 0.26 (0.10 to 0.66)

Subtotal (95% ClI) 201 284 - 70.28 1.03 (0.47 to 2.26)

Total events: 83 (mut/mut), 110 (wt/wt)
Test for heterogeneity: x* = 13.24, df =4 (p = 0.010), I> = 69.8%
Test for overall effect: z=0.08 (p = 0.93)

02 Caucasian

Andreassen 1997'7 5/10 30/61 S 10.50 1.03 (0.27 to 3.94)
Scordo 2000'%® 2/4 8/71 e 5.86 7.88 (0.97 to 63.89)
Jaanson 2002 1/4 6/35 —_— 4.66 1.61 (0.14 to 18.26)
Lohmann 2003'*° 4/7 31/68 —_—r— 8.70 1.59 (0.33 to 7.66)
Subtotal (95% ClI) 25 235 e 29.72 1.75 (0.74 to 4.11)
Total events: 12 (mut/mut), 75 (wt/wt)
Test for heterogeneity: x* = 2.62, df = 3 (p = 0.45), I" = 0%
Test for overall effect: z = .27 (p = 0.20)
Total (95% Cl) 226 519 > 100.00 1.23 (0.69 to 2.21)
Total events: 95 (mut/mut), 185 (wt/wt)
Test for heterogeneity: x> = 16.98, df = 8 (p = 0.03), I> = 52.9%
Test for overall effect: z=0.70 (p = 0.49)
0.0l 0.l | 10 100
Odds ratio

FIGURE é Meta-analysis for patients tested for the CYP2D6 genotype — total number of patients with tardive dyskinesia: (a) wt/wt vs
mut/mut.
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Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics

Comparison: 01 CYP2Dé - total number of patients with tardive dyskinesia

Outcome: 02 wt/mut vs wt/wt

Study or wt/mut wt/wt OR (random) Weight OR (random)

subcategory n/N n/N 95% CI % 95% CI

0l Asian
Ohmori 1998'* 9/43 4/26 —r— 6.54 1.46 (0.40 to 5.31)
Nikoloff 2002'*2 64/110 20/43 T= 12.69 1.60 (0.79 to 3.25)
Inada 2003'% 13/97 10/78 —=— 10.37 1.05 (0.43 to 2.55)
Liou 2004'* 47/81 39/87 = 14.16 1.70 (0.92 to 3.13)
Fu 2006'*® 30/64 37/50 — 11.43 0.31 (0.14 to 0.69)

Subtotal (95% ClI) 395 284 > 55.19 1.05 (0.55 to 2.02)

Total events: 163 (wt/mut), | 10 (wt/wt)
Test for heterogeneity: x* = 12.85, df =4 (p = 0.01), I* = 69.9%
Test for overall effect: z=0.15 (p = 0.88)

02 Caucasian

Andreassen 1997'% 16/29 30/61 e 10.33 1.27 (0.52 to 3.09)
Kapitany 2007 13/16 13/28 —_— 5.51 5.00 (1.16 to 21.50)
Scordo 2000'%® 5/44 8/71 — 7.35 1.01 (0.31 to 3.31)
Ellingrod 2002b'¥" 12/26 3/11 —— 5.11 2.29 (0.49 to 10.61)
Jaanson 2002'* 4/13 6/35 —1 5.45 2.15 (0.49 to 9.34)
Lohmann 2003'*° 15/34 31/68 —— 11.06 0.94 (0.41 to 2.16)
Subtotal (95% ClI) 162 274 44.81 1.42 (0.90 to 2.24)
Total events: 65 (wt/mut), 91 (wt/wt)
Test for heterogeneity: x* = 4.86, df = 5 (p = 0.43), I> = 0%
Test for overall effect: z= .51 (p =0.13)
Total (95% ClI) 557 558 b 4 100.00 1.25 (0.84 to 1.86)
Total events: 228 (wt/mut), 201 (wt/wt)
Test for heterogeneity: x* = 18.42, df = 10 (p = 0.05), I* = 45.7%
Test for overall effect: z=1.10 (p = 0.27)
0.0l 0.1 | 10 100
Odds ratio

FIGURE 6 Meta-andlysis for patients tested for the CYP2D6 genotype — total number of patients with tardive dyskinesia: (b) wt/wt vs
wt/mut.
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Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics
Comparison: 01 CYP2D6 — total number of patients with tardive dyskinesia
Outcome: 03 mut/mut + wt/mut vs wt/wt
Study or mut/mut + wt/mut  wt/wt OR (random) Weight OR (random)
subcategory n/N n/N 95% CI % 95% CI
01 Asian
Ohmori 1998'% 20/73 4/26 — 7.03 2.08 (0.64 to 6.77)
Nikoloff 2002'* 90/159 20/43 = 12.13 1.50 (0.76 to 2.95)
Inada 2003 17/136 10/78 10.23 0.97 (0.42 to 2.24)
Liou 2004'* 74/129 39/87 = 13.80 1.66 (0.96 to 2.86)
Fu 2006'® 45/99 37/50 — 11.28 0.29 (0.14 to 0.62)
Subtotal (95% ClI) 596 284 -~ 54.48 1.06 (0.53 to 2.10)
Total events: 246 (mut/mut + wt/mut), 110 (wt/wt)
Test for heterogeneity: x> = 16.26, df = 4 (p = 0.003), I* = 75.4%
Test for overall effect: z=0.16 (p = 0.89)
02 Caucasian
Andreassen 1997'7  21/39 30/61 e 10.58 1.21 (0.54 to 2.70)
Kapitany 2007 13/16 13/28 —_— 5.31 5.00 (I.16 to 21.50)
Scordo 2000'*® 7/48 8/71 —_—t— 7.78 1.34 (0.45 to 3.99)
Ellingrod 2002b'¥ 12/26 3/11 —_—t— 5.12 1.33 (0.30 to 5.96)
Jaanson 2002'* 5/17 6/35 —_—t 5.83 2.01 (0.51 to 7.88)
Lohmann 2003'*° 19/41 31/68 —_— 10.90 1.03 (0.47 to 2.24)
Subtotal (95% ClI) 197 274 > 45.52 1.40 (0.91 to 2.15)
Total events: 77 (mut/mut + wt/mut), 91 (wt/wt)
Test for heterogeneity: y* = 3.94, df =5 (p = 0.56), I* = 0%
Test for overall effect: z = 1.55 (p = 0.12)
Total (95% Cl) 793 558 > 100.00 1.24 (0.83 to 1.85)
Total events: 323 (mut/mut + wt/mut), 201 (wt/wt)
Test for heterogeneity: x* = 21.01, df = 10 (p = 0.02), I* = 52.4%
Test for overall effect: z = 1.07 (p = 0.29)
0.1 02 05 I 2 5 10
Odds ratio

FIGURE 6 Meta-analysis for patients tested for the CYP2Dé6 genotype — total number of patients with tardive dyskinesia: (c) wt/wt vs

mut/mut + wt/mut
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Total events: 96 (mut/mut), 410 (wt/wt + wt/mut)
Test for heterogeneity: x*> = 11.03, df =9 (p = 0.27), I* = 18.4%
Test for overall effect: z=0.32 (p = 0.75)

Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics

Comparison: 01 CYP2D6 - total number of patients with tardive dyskinesia

Outcome: 04 mut/mut vs wt/wt + wt/mut

Study or mut/mut  wt/wt + wt/mut OR (fixed) Weight OR (fixed)

subcategory n/N n/N 95% CI % 95% CI

01 Asian
Ohmori 1998'* 11/30 13/69 —=— 6.50 2.49 (0.96 to 6.49)
Nikoloff 2002'% 26/49 84/153 24.92 0.93 (0.49 to 1.77)
Inada 2003'% 4/39 23/175 9.80 0.76 (0.25 to 2.32)
Liou 2004'* 27/48 86/168 21.79 1.23 (0.64 to 2.34)
Fu 2006'*® 15/35 67/114 23.43 0.53 (0.24 to 1.13)

Subtotal (95% ClI) 170 807 86.45 0.99 (0.71 to 1.40)

Total events: 83 (mut/mut), 273 (wt/wt + wt/mut)

Test for heterogeneity: x* = 6.88, df =4 (b = 0.14), I> = 41.8%

Test for overall effect: z=0.04 (p = 0.97)

02 Caucasian
Plesnicar 2006'* 1/6 22/125 —_— 2.19 0.94 (0.10 to 8.42)
Andreassen 1997'% 5/10 46/90 —_— 5.99 0.96 (0.26 to 3.53)
Scordo 2000'% 2/4 13/115 e 0.57 7.85 (1.02 to 60.53)
Jaanson 2002'% 1/4 10/48 —_— 1.50 1.27 (0.12 to 13.52)
Lohmann 2003'*° 4/7 46/102 —r— 3.30 1.62 (0.35 to 7.62)

Subtotal (95% ClI) 31 480 - 13.55 1.44 (0.66 to 3.12)

Total events: |3 (mut/mut), 137 (wt/wt + wt/mut)

Test for heterogeneity: x* = 3.20, df = 4 (p = 0.52), I* = 0%

Test for overall effect: z=0.92 (p = 0.36)

Total (95% ClI) 232 1159 L 4 100.00 1.05 (0.77 to 1.44)

001 01 I 10
Odds ratio

100

FIGURE 6 Meta-andlysis for patients tested for the CYP2D6 genotype — total number of patients with tardive dyskinesia: (d) wt/wt +

wt/mut vs mut/mut




DOI: 10.3310/htal 4030

Health Technology Assessment 2010; Vol. 14: No.

Review:

with antipsychotics

Comparison:

07 CYP2D6 — mean + SD AIMS score — patients with tardive dyskinesia

The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated

Outcome: 0l mut/mut vs wt/wt
Study or mut/mut wt/wt WMD (fixed) Weight WMD (fixed)
subcategory n Mean (SD) n Mean (SD) 95% CI % 95% CI
Liou 2004'* 27 11.30 (6.10) 39 12.00 (6.00) — 31.32 —0.70 (-3.67 to 2.27)
Fu 2006'* 15 7.87 (3.60) 37 6.32 (2.62) = 68.68 1.55 (—0.46 to 3.56)
Total (95% ClI) 42 76 4 100.00 0.85 (—0.82 to 2.51)
Test for heterogeneity: x> = 1.51, df = | (p = 0.22), I* = 33.8%
Test for overall effect: z=1.00 (p = 0.32)

0 5 0 5 10
Favours mut/mut ~ Favours wt/wt

Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated

with antipsychotics

Comparison: 07 CYP2Dé6 — mean * SD AIMS score — patients with tardive dyskinesia

Outcome: 02 wt/mut vs wt/wt
Study or wt/mut wt/wt WMD (random) Weight WMD (random)
subcategory n Mean (SD) n Mean (SD) 95% CI % 95% CI
Liou 2004'* 47 8.80 (4.10) 39 12.00 (6.00) —a— 47.10 —3.20 (-5.42 to —0.98)
Fu 2006'® 30 6.90 (2.83) 37 6.32 (2.62) += 52.90 0.58 (-0.74 to 1.90)
Total (95% Cl) 77 76 i 100.00 —1.20 (—4.90 to 2.50)
Test for heterogeneity: y* = 8.24, df = | (p = 0.004), I = 87.9%
Test for overall effect: z = 0.64 (p = 0.52)

10 5 0 5 10
Favours wt/mut Favours wt/wt

Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics

Comparison: 07 CYP2D6 — mean + SD AIMS score — patients with tardive dyskinesia
Outcome: 03 mut/mut vs wt/mut
Study or mut/mut wt/mut WMD (fixed) Weight WMD (fixed)
subcategory n Mean (SD) n Mean (SD) 95% CI % 95% CI

Liou 2004'* 27 11.30 (6.10) 47 8.80 (4.10) —=— 39.45 2.50 (-0.08 to 5.08)

Fu 2006' 15 7.87 (3.60) 30 6.90 (2.83) —= 60.55 0.97 (=1.11 to 3.05)
Total (95% Cl) 42 77 > 100.00 1.57 (—0.05 to 3.20)
Test for heterogeneity: x> = 0.82, df = | (p = 0.37), I* = 0%
Test for overall effect: z=1.90 (p = 0.06)

10 5 0 5 10
Favours mut/mut  Favours wt/mut

FIGURE 7 Meta-analysis for patients tested for the CYP2D6 genotype — mean+SD AIMS score for patients with tardive dyskinesia:
(a) wt/wt vs mut/mut; (b) wt/wt vs wt/mut; (c) wt/wt vs mut/mut + wt/mut. 131
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Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics

Comparison: I'l CYP2D6 — mean = SD SAS score — all patients
Outcome: 0l mut/mut vs wt/wt
Study or mut/mut wt/wt WMD (random) WMD (random)
subcategory n Mean (SD) n Mean (SD) 95% CI Weight % 95% CI

Andreassen 1997' 10 0.56 (0.74) 6l 0.37 (0.35) |— 59.98 0.19 (-0.28 to 0.66)

Kakihara 2005'* 9 1.30 (1.50) 16 2.60 (2.00) 40.02 —1.30 (-2.69 to 0.09)
Total (95% Cl) 19 77 100.00 —0.41 (-1.84 to 1.02)
Test for heterogeneity: x* = 3.99, df = | (p = 0.05), I> = 74.9%
Test for overall effect: z=0.56 (p = 0.58)

10 5 0 5 10
Favours mut/mut ~ Favours wt/wt

Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics
Comparison: Il CYP2D6 — mean £ SD SAS score — all patients
Outcome: 02 wt/mut vs wt/wt
Study or wt/mut wt/wt WMD (fixed) Weight WMD (fixed)
subcategory n Mean (SD) n Mean (SD) 95% CI % 95% ClI
|

Andreassen 1997'% 21 0.36 (0.35) 6l 0.37 (0.35) o 98.31 —0.01 (-0.18 to 0.16)

Kakihara 2005'# 14 2.00 (1.70) 16 2.60 (2.00) 1.69 —0.60 (—1.92 to 0.72)
Total (95% ClI) 35 77 100.00 —0.02 (-0.19 to 0.15)
Test for heterogeneity: x> =0.75, df = | (p = 0.39), I =0%
Test for overall effect: z=0.23 (p = 0.82)

10 5 0 5 10
Favours wt/mut Favours wt/wt

Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics

Comparison: I'1 CYP2D6 — mean + SD SAS score — all patients
Outcome: 03 mut/mut vs wt/mut
Study or mut/mut wt/mut WMD (fixed) Weight WMD (fixed)
subcategory n Mean (SD) n Mean (SD) 95% ClI % 95% CI

Andreassen 1997' 10 0.56 (0.74) 21 0.36 (0.35) l— 88.28 0.20 (-0.28 to 0.68)

Kakihara 2005'* 9 1.30 (1.50) 14 2.00 (1.70) 11.72 —0.70 (-2.02 to 0.62)
Total (95% ClI) 19 35 100.00 0.09 (—0.36 to 0.55)
Test for heterogeneity: > = 1.57, df = | (p = 0.21), I* = 36.2%
Test for overall effect: z=0.41 (p = 0.68)

10 5 0 5 10
Favours mut/mut  Favours wt/mut

FIGURE 8 Meta-analysis for patients tested for the CYP2D6 genotype — mean= SAS score: (a) wt/wt vs mut/mut; (b) wt/wt vs wt/mut;
132 (c) wt/wt vs mut/mut + wt/mut.
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Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics
Comparison: 12 CYP2D6 - total number of patients with dystonia
Outcome: 0l mut/mut vs wt/wt
Study or mut/mut wt/wt OR (fixed) Weight OR (fixed)
subcategory n/N n/N 95% ClI % 95% CI
Armstrong 1997'% 0/5 4/43 43.61 0.80 (0.04 to 16.93)
Scordo 2000'*® 1/4 16/71 56.39 1.15 (0.1 to 11.78)
Total (95% ClI) 9 114 100.00 0.99 (0.16 to 6.28)
Total events: | (mut/mut), 20 (wt/wt)
Test for heterogeneity: x> = 0.03, df = | (p = 0.85), I* = 0%
Test for overall effect: z=0.01 (p = 1.00)
001 o1 I 10
Odds ratio
Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics
Comparison: 12 CYP2D6 - total number of patients with dystonia
Outcome: 02 wt/mut vs wt/wt
Study or wt/mut wt/wt OR (random) Weight OR (random)
subcategory n/N n/N 95% CI % 95% CI
Armstrong 1997'%* 5/28 4/43 —=— 43.39 2.12 (0.52 to 8.70)
Scordo 2000'%® 6/44 16/71 —e 56.61 0.54 (0.19 to 1.51)
Total (95% Cl) 72 114 - 100.00 0.98 (0.26 to 3.68)
Total events: || (wt/mut), 20 (wt/wt)
Test for heterogeneity: > =2.34, df = | (p = 0.13), I =57.3%
Test for overall effect: z = 0.03 (p = 0.98)
00l 01 I 10
Odds ratio
Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics
Comparison: 12 CYP2D6 - total number of patients with dystonia
Outcome: 03 mut/mut + wt/mut vs wt/wt
Study or mut/mut + wt/mut wt/wt OR (fixed) Weight OR (fixed)
subcategory n/N n/N 95% ClI % 95% ClI
Armstrong 1997'%* 5/33 4/43 —_—t 21.09 1.74 (0.43 to 7.07)
Scordo 2000'% 7/48 16/71 —— 7891 0.59 (0.22 to 1.56)
Total (95% ClI) 8l 114 i 100.00 0.83 (0.38 to 1.81)
Total events: 12 (mut/mut + wt/mut), 20 (wt/wt)
Test for heterogeneity: x* = 1.56, df = | (p = 0.21), I* = 35.8%
Test for overall effect: z = 0.47 (p = 0.64)
0.1 02 05 I 2
Odds ratio

FIGURE 9 Meta-analysis for patients tested for the CYP2Dé genotype — total number of patients with dystonia: (a) wt/wt vs mut/mut;

(b) wt/wt vs wt/mut; (c) wt/wt vs mut/mut + wt/mut.
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Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics

Comparison: 12 CYP2D6 - total number of patients with dystonia
Outcome: 04 mut/mut vs wt/wt + wt/mut
Study or mut/mut wt/wt + wt/ OR (fixed) 95% CI Weight OR (fixed)
subcategory n/N mut n/N % 95% ClI

Armstrong 1997'% 0/5 9/71 —a— 54.71 0.60 (0.03 to I1.71)

Scordo 2000'% 1/4 22/115 —_— 45.29 1.41 (0.14 to 14.20)
Total (95% ClI) 9 186 —— 100.00 0.97 (0.16 to 5.82)
Total events: | (mut/mut), 31 (wt/wt + wt/mut)
Test for heterogeneity: x* = 0.20, df = | (p = 0.65), I* = 0%
Test for overall effect: z=0.04 (p = 0.97)

001 01 I 10 100
Odds ratio

FIGURE 9 Meta-andlysis for patients tested for the CYP2D6 genotype — total number of patients with dystonia: (d) wt/wt + wt/mut vs
mut/mut.

Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics

Comparison: 13 CYP2D6 - total number of patients with akathisia
Outcome: 0l mut/mut vs wt/wt + wt/mut
Study or mut/mut wt/wt + wt/mut OR (random) Weight OR (random)
subcategory n/N n/N 95% CI % 95% CI

Plesnicar 2006'* 1/6 6/125 ——a— 54.09 3.97 (0.40 to 39.50)

Andreassen 1997'7 0/10 15/90 —_—s— 4591 0.23 (0.01 to 4.17)
Total (95% Cl) 16 215 —— 100.00 1.08 (0.05 to 22.74)
Total events: | (mut/mut), 21 (wt/wt + wt/mut)
Test for heterogeneity: x* = 2.75, df = | (p = 0.10), I* = 63.6%
Test for overall effect: z=0.05 (p = 0.96)

00l ol 1 10 100
Odds ratio

FIGURE 10 Meta-analysis for patients tested for the CYP2D6 genotype — total number of patients with akathisia: wt/wt + wt/mut vs
mut/mut.
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Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics

Comparison: 14 CYPIA2*IF - total number of patients with tardive dyskinesia
Outcome: 01 mut/mut vs wt/wt
Study or mut/mut wt/wt OR (random) Weight OR (random)
subcategory n/N n/N 95% ClI % 95% CI
0l Asian

Tiwari 2005'® 3/15 12/36 —a— 21.79 0.50 (0.12 to 2.12)

Fu 2006' 10/16 27/67 e 30.33 2.47 (0.80 to 7.60)
Subtotal (95% ClI) 31 103 —— 52.12 1.19 (0.25 to 5.66)
Total events: 13 (mut/mut), 39 (wt/wt)
Test for heterogeneity: y* = 2.94, df = | (p = 0.09), I* = 65.9%
Test for overall effect: z=0.22 (p = 0.83)
02 Caucasian

Schulze 2001'¢’ 5/9 30/62 —=— 22.60 1.33 (0.33 to 5.44)

Boke 2007'** 717 12/21 —e 25.28 0.53 (0.14 to 1.92)
Subtotal (95% ClI) 26 83 - 47.88 0.81 (0.31 to 2.09)
Total events: 12 (mut/mut), 42 (wt/wt)
Test for heterogeneity: x> = 0.91, df = | (p = 0.34), I*=0%
Test for overall effect: z = 0.44 (p = 0.66)
Total (95% ClI) 57 186 > 100.00 1.03 (0.46 to 2.27)
Total events: 25 (mut/mut), 81 (wt/wt)
Test for heterogeneity: y* = 4.45, df = 3 (p = 0.22), I* = 32.6%
Test for overall effect: z = 0.06 (p = 0.95)

0.0l 0.l | 10 100
Odds ratio

Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics

Comparison: 14 CYPIA2*IF — total number of patients with tardive dyskinesia
Outcome: 02 wt/mut vs wt/wt
Study or wt/mut wt/wt OR (random) Weight OR (random)
subcategory n/N n/N 95% ClI % 95% ClI
01 Asian

Tiwari 2005'%° 9/46 12/36 —= 2251 0.49 (0.18 to 1.33)

Fu 2006'* 36/56 27/67 —=— 27.96 2.67 (1.28 to 5.55)
Subtotal (95% ClI) 102 103 —— 50.47 1.18 (0.22 to 6.25)
Total events: 45 (wt/mut), 39 (wt/wt)
Test for heterogeneity: x> = 7.18, df = | (p = 0.007), I* = 86.1%
Test for overall effect: z = 0.20 (p = 0.84)
02 Caucasian

Schulze 2001' 21/48 30/62 27.45 0.83 (0.39 to 1.77)

Boke 2007'¢® 28/50 12/21 } 22.07 0.95 (0.34 to 2.67)
Subtotal (95% ClI) 98 83 49.53 0.87 (0.47 to 1.60)
Total events: 49 (wt/mut), 42 (wt/wt)
Test for heterogeneity: y* = 0.05, df = | (p = 0.83), I* = 0%
Test for overall effect: z = 0.44 (b = 0.66)
Total (95% ClI) 200 186 - 100.00 1.05 (0.50 to 2.20)
Total events: 94 (wt/mut), 81 (wt/wt)
Test for heterogeneity: > =8.71, df =3 (p = 0.03), I> = 65.6%
Test for overall effect: z=0.13 (b = 0.89)

0.0l 0.l | 10 100
Odds ratio

FIGURE 11 Meta-andlysis for patients tested for the CYP1A2*|F genotype — total number of patients with tardive dyskinesia: (a) wt/wt

vs mut/mut; (b) wt/wt vs wt/mut.
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Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics
Comparison: 14 CYPIA2*IF — total number of patients with tardive dyskinesia
Outcome: 02 wt/mut vs wt/wt
Study or wt/mut wt/wt OR (random) Weight OR (random)
subcategory n/N n/N 95% ClI % 95% CI
01 Asian
Tiwari 2005'¢? 9/46 12/36 —= 2251 0.49 (0.18 to 1.33)
Fu 2006'% 36/56 27/67 —=— 27.96 2.67 (1.28 to 5.55)
Subtotal (95% ClI) 102 103 —— 50.47 1.18 (0.22 to 6.25)
Total events: 45 (wt/mut), 39 (wt/wt)
Test for heterogeneity: x*> = 7.18, df = | (p = 0.007), I* = 86.1%
Test for overall effect: z = 0.20 (p = 0.84)
02 Caucasian
Schulze 2001'¢’ 21/48 30/62 27.45 0.83 (0.39 to 1.77)
Boke 2007'° 28/50 12/21 } 22.07 0.95 (0.34 to 2.67)
Subtotal (95% CI) 98 83 49.53 0.87 (0.47 to 1.60)
Total events: 49 (wt/mut), 42 (wt/wt)
Test for heterogeneity: x* = 0.05, df = | (p = 0.83), I* = 0%
Test for overall effect: z=0.44 (p = 0.66)
Total (95% Cl) 200 186 > 100.00 1.05 (0.50 to 2.20)
Total events: 94 (wt/mut), 81 (wt/wt)
Test for heterogeneity: x*> = 8.71, df =3 (p = 0.03), I> = 65.6%
Test for overall effect: z=0.13 (p = 0.89)
0.0l 0.l | 10 100
Odds ratio
Review: The clinical effectiveness and cost-effectiveness of testing for cytochrome P450 polymorphisms in patients treated
with antipsychotics
Comparison: 14 CYPIA2*|F - total number of patients with tardive dyskinesia
Outcome: 03 mut/mut + wt/mut vs wt/wt
Study or mut/mut + wt/mut wt/wt OR (random) Weight OR (random)
subcategory n/N n/N 95% CI % 95% CI
01 Asian
Tiwari 2005'%° 12/61 12/36 —_— 22.99 0.49 (0.19 to 1.25)
Fu 2006'*® 46/72 27/67 —s 27.82 2.62 (1.32 to 5.20)
Subtotal (95% ClI) 133 103 R ——— 50.81 1.17 (0.23 to 6.05)
Total events: 58 (mut/mut + wt/mut), 39 (wt/wt)
Test for heterogeneity: y* = 8.02, df = | (p = 0.005), I = 87.5%
Test for overall effect: z=0.19 (p = 0.85)
02 Caucasian
Schulze 2001'¢’ 26/57 30/62 — 27.12 0.89 (0.44 to 1.84)
Boke 2007'¢® 35/67 12/21 —s— 22.07 0.82 (0.31 to 2.20)
Subtotal (95% ClI) 124 83 - 49.19 0.87 (0.48 to 1.55)
Total events: 61 (mut/mut + wt/mut), 42 (wt/wt)
Test for heterogeneity: x> = 0.02, df = | (p = 0.89), I*=0%
Test for overall effect: z = 0.48 (p = 0.63)
Total (95% ClI) 257 186 g 100.00 1.03 (0.49 to 2.15)
Total events: 119 (mut/mut + wt/mut), 81 (wt/wt)
Test for heterogeneity: x> = 9.65, df = 3 (p = 0.02), I* = 88.9%
Test for overall effect: z = 0.08 (p = 0.94)
0.1 02 05 I 2 5 10
Odds ratio

FIGURE 11 Meta-andlysis for patients tested for the CYPIA2*F genotype — total number of patients with tardive dyskinesia: (c) wt/wt
136 vs mut/mut + wt/mut; (d) wt/wt + wt/mut vs mut/mut.
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