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Abstract. - Drug therapy for schizophrenia
aims to both reduce symptoms in the acute
phase and maintain long-term symptomatic re-
mission during periods of stabilization. Atypical
antipsychotic agents are the mainstay of schizo-
phrenia therapy because of their improved tolera-
bility, including a reduced likelihood of extrapyra-
midal symptoms, compared with conventional
antipsychotics. However, responses to antipsy-
chotic therapy are influenced by a wide range of
factors, such as age, gender, race, comorbidities,
genetics and social and environmental condi-
tions, that make identifying the most appropriate
antipsychotic treatment for each individual pa-
tients, an ongoing challenge for physicians. Tools
that may be useful to assist clinicians in deter-
mining appropriate individual therapy include
consideration of treatment moderators, which
specify for whom or under what conditions a
treatment works, treatment mediators, which are
mechanisms by which a treatment achieves its ef-
fects, and cluster group analyses, which identify
subsets of patients with similar characteristics.
Further research is required to determine whether
cluster groups of patients with schizophrenia can
be identified based on treatment moderators and
mediators, and whether antipsychotic prescribing
based on consideration of these cluster groups
leads to improved treatment outcomes.
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Introduction

Schizophrenia, along with schizoaffective dis-
orders and other psychotic conditions, is one of an
array of chronic, recurrent, psychotic disorders
that are estimated to affect almost 1% of the popu-
lation worldwide'?. The diagnostic and statistical
manual of mental disorders (DSM-IV-TR) speci-
fies five main subtypes of schizophrenia, which

are characterized by a complex range of symp-
toms!*3. Dangerous behaviours during acute
episodes can cause severe emotional distress and
may put the patient and others at risk of harm’. In
the long term, repeated hospital visits, ongoing re-
habilitation, and continual therapy can impair pa-
tients” health-related quality of life (HRQL)!7.

Drug treatment for schizophrenia aims to both
eliminate or reduce symptoms during acute
episodes, and maintain long-term symptomatic re-
mission'?#. Conventional antipsychotic agents
formed the mainstay of schizophrenia therapy until
the introduction of clozapine, the first atypical an-
tipsychotic, in 1989. Eight other atypical antipsy-
chotics have subsequently been approved for use in
schizophrenia therapy (amisulpride, aripiprazole,
olanzapine, paliperidone, quetiapine, risperidone,
sertindole and ziprasidone). Generally, atypical an-
tipsychotics confer improved tolerability, com-
pared with conventional agents, including a lower
risk of extrapyramidal symptoms (EPS), tardive
dyskinesia and serum prolactin elevation®!'. Con-
sequently, these agents are preferred for first-line
therapy of acute schizophrenia episodes™!?. Atypi-
cal antipsychotics are also effective for long-term
maintenance therapy and can reduce the risk of re-
lapse to below 30% per year>.

The high variability of human brain activity and
resulting behaviours influence individual responses
to antipsychotic therapy, from complete remission
of positive symptoms to absolute refractoriness'.
Dosage adjustments or switches to other antipsy-
chotic agents may be required to achieve an opti-
mal response. However, treatment changes are
complicated by a lag time of up to 4 weeks before
a significant response is seen; full treatment re-
sponses may not be observed for 6 months?.

Tools to aid clinicians in prescribing individu-
alised therapy based on the pharmacological
characteristics of antipsychotics have been sug-
gested. In 2007, an expert consensus panel pro-
duced a roadmap for antipsychotic treatment
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based on an integrated approach combining clini-
cal evidence with pharmacological characteris-
tics of antipsychotic agents®. More recently, the
landmark Clinical Antipsychotic Trials of Inter-
vention Effectiveness (CATIE) study has provid-
ed practical information about the comparable
utility of antipsychotic agents in a clinical prac-
tice setting'®. Although the results were contro-
versial, in that 74% of patients discontinued an-
tipsychotic treatment before 18 months because
of lack of efficacy or poor tolerability and cloza-
pine was the most effective agent for patients
who had discontinued treatment because of lack
of efficacy'®, they contain valuable lessons for
clinical practice that are still being realised.

However, individualised antipsychotic therapy
is extremely difficult to achieve in practice be-
cause of the broad range of factors that may in-
fluence outcomes. In addition to pharmacological
characteristics, other factors that might influence
treatment outcomes include: disease characteris-
tics, such as the phase of illness; treatment histo-
ry, including the likelihood of adherence and his-
tory of substance abuse problems; demographic
characteristics such as age and gender; and social
and environmental factors such as homelessness
or inadequate access to medical services®.

Kraemer et al’® proposed that factors that deter-
mine treatment outcomes can be considered either
as moderators or mediators. In addition, cluster
analysis, the collective term for various multivariate
methods that attempt to identify homogeneous cas-
es or observations (‘clusters’) in raw data, has been
applied to a variety of research questions in medi-
cine, including schizophrenia!®?!. By enabling the
empirical classification of patients with similar
characteristics into cluster groups, cluster analytical
techniques could assist physicians in selecting indi-
vidualized antipsychotic treatment based on pa-
tients” personal characteristics, thereby improving
treatment outcomes.

This article considers how combining the con-
cepts of mediators, moderators and cluster analy-
ses could be useful to better understand how an-
tipsychotic therapy could be individualised. A
discussion of potential moderators or mediators
is provided, followed by a review of two studies
in schizophrenia patients that have utilised clus-
ter group analyses to identify specific patients
and treatment characteristics.

Moderators

Moderators of antipsychotic therapy are those
factors that determine for whom, or under what
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conditions, a treatment will be effective I . Mod-
erators exist prior to the initiation of therapy and
affect the relationship between the treatment and
the outcome. In the clinical trial setting, modera-
tors are present at baseline or prior to randomiza-
tion.

Based on this definition, moderators of an-
tipsychotic treatment outcomes are likely to in-
clude a variety of individual patient characteris-
tics’>?2. Gender is an important influence of re-
sponse. Males are more likely to experience ear-
ly-onset schizophrenia and display negative
symptoms, whereas females are more likely to
experience positive symptoms and are more like-
ly to experience a rapid and complete response to
antipsychotic therapy?*?. Age also moderates re-
sponse; adolescent patients with early-onset
schizophrenia experience progressive grey matter
loss and their symptoms, and therefore treatment
needs, may change over time **. Older patients
are more likely to be receiving treatment for con-
comitant conditions such as dementia or Parkin-
son’s disease, and are at an increased risk of tar-
dive dyskinesia related to antipsychotic thera-
py>*%. Other comorbidities, such as cardiovas-
cular and respiratory diseases, diabetes, and other
personality disorders, are highly prevalent among
schizophrenic patients. In addition to contribut-
ing to a high non-suicide-related mortality rate,
these conditions may reduce adherence to thera-
py>*’ . Patient preference and/or prior drug expe-
rience are other key determinants of treatment
selection and, therefore, response!.

Moderators may also comprise wider social
and environmental factors that indirectly affect
outcomes by affected treatment adherence. Ad-
herence to antipsychotic therapy is notoriously
poor. Only 52% of US patients with bipolar dis-
order were fully adherent, according to a recent
review?®, Patients who have a history of poor
compliance may not respond well to treatment
switching or dose titrations**?®. Adherence may
also be compromised if patients choose to avoid
medication during the acute phase to prolong the
perceived benefits of the manic state; approxi-
mately 60% of patients may be nonadherent dur-
ing acute mania®. As many as 50% of schizo-
phrenic patients have a substance abuse disorder,
which can exacerbate concomitant conditions
such as depression, and further increase the like-
lihood of nonadherence because of added finan-
cial burdens, housing instability and family pres-
sures>?’. Racial and ethnic minority groups are
more likely to receive antipsychotic therapy with
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dosages above the recommended levels®®3,
which can increase the likelihood of EPS and,
consequently, poor adherence, as side effects are
a common reason for treatment discontinua-
tion>3.

Metabolic abnormalities, including weight
gain and an increased risk of dyslipidaemia and
diabetes, are associated with antipsychotic thera-
py and can moderate the outcome of therapy by
influencing adherence. Diabetes and obesity are
up to two times more prevalent among schizo-
phrenic patients than in the general popula-
tion'¥>%¢ There may be a genetic predisposition
to atypical antipsychotic therapy-associated
weight gain arising from mutation in key meta-
bolic genes, although more research is required
to determine the exact role of genetics in this
area® . The risk of metabolic effects may be as-
sociated with the receptor binding profile; hista-
mine H, receptor antagonism is correlated with
weight gain*!.

Genetic variation may also moderate individ-
ual treatment responses. A high rate of success
with clozapine treatment is associated with an
optimal combination of six gene variations?*>,
The cytochrome P450 (CYP450) isoenzyme
CYP2D6 is implicated in the metabolism of
atypical antipsychotics, and patients with genetic
deficiency in CYP2D6 metabolism have higher
plasma drug concentrations and an increased risk
of adverse effects?®*2. It has recently been sug-
gested that individual differences in disease and
patient characteristics should be considered in
the methodology for pharmacogenetic studies in
patients with conditions such as depression*’; a
similar approach is useful in patients with schiz-
ophrenia.

Mediators

Mediators are, according to the definition
posited by Kraemer et al, causal mechanisms by
which a treatment might achieve its effects!’.
They are factors that occur during treatment to
determine individual differences in response to
treatment.

Differences between antipsychotic agents in
clinical efficacy, tolerability and pharmacological
and pharmacokinetic characteristics can be con-
sidered mediators. Currently, there is limited evi-
dence to support the superior efficacy of any sin-
gle atypical antipsychotic agent over another!~44,
The recent Clinical Antipsychotic Trials for In-
tervention Effectiveness (CATIE) study com-
pared a first-generation agent (perphenazine)

with the atypical antipsychotics: olanzapine, que-
tiapine, risperidone and ziprasidone!*#44°, Results
from the first phases of the study, in 1460 pa-
tients, indicated that olanzapine was superior to
perphenazine and ziprasidone in terms of time to
discontinuation, despite substantial metabolic ad-
verse effects associated with this agent'*. A sub-
sequent analysis of data from 99 patients who
had discontinued treatment with atypical antipsy-
chotics found that, surprisingly, clozapine was
significantly more effective than other atypical
agents. Although they are conflicting, these re-
sults are considered broadly consistent with data
both from recent clinical trials and from practical
experience*.

Antipsychotic agents vary in chemical struc-
ture, receptor binding affinities and pharmacoki-
netic properties®#**8. They have a narrow thera-
peutic window of striatal dopamine D, receptor
occupancy. D, receptor occupancy is required to
be at least 65% for antipsychotic efficacy, but
>80% occupancy produces EPS34¢4°. A correla-
tion between plasma drug concentrations and
dopamine D, receptor occupancy has been ob-
served, and optimal therapeutic concentrations
have been identified for clozapine (350-600
ng/mL), risperidone (20-60 ng/mL) and olanzap-
ine (20-80 ng/mL)*°. The rate of dissociation
from D, receptors may also determine the likeli-
hood of EPS. Clozapine and quetiapine have fast
dissociation rates and have a reduced risk of
EPS*.

The time taken for the drug to reach the recep-
tor mediates treatment response' 4647, Long-act-
ing injectable formulations, such as risperidone
long-acting and olanzapine pamoate depot injec-
tion, and oral extended-release formulations,
such as paliperidone ER and quetiapine fumarate
XR, generally have more consistent peak-to-
trough plasma levels and availability to recep-
tors. These characteristics could improve out-
comes by providing sustained plasma drug con-
centrations within the therapeutic window®.

Polypharmacy with different antipsychotic
agents may also mediate outcomes by increasing
the risk of suboptimal efficacy and adverse ef-
fects resulting from drug-drug interactions and
altered plasma drug levels and pharmacokinetic
profiles?*#$3152 Drug plasma concentrations may
be influenced by inhibitors or inducers of an-
tipsychotic metabolism. For example, clozapine
concentrations are increased when it is co-admin-
istered with selective serotonin inhibitors that in-
hibit CYP2D6 activity, such as fluoxetine, parox-
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etine or sertraline®. In addition, co-administration
of fluvoxamine appears to be associated with a 5-
to 10-fold increase in the steady-state plasma
concentration of clozapine®*’.

Cluster Analyses

Two studies have applied cluster analyses in
patients with schizophrenia to determine predic-
tors of neurological performance'® and attitudes
to medication that affect compliance?'.

Goldstein et al'® utilized a cluster analysis
method to determine the effect of antipsychotic
medication on neurological performance. A total
of 80 patients with DSM-IV-diagnosed schizo-
phrenia or schizoaffective disorder were classi-
fied according to their performance on the Neu-
rologic Evaluation Scale, either while on or off
antipsychotic medication. Three clusters were
identified: normal, cognitively impaired, and dif-
fusely impaired. Among patients off antipsychot-
ic therapy, 44% had normal neurological perfor-
mance, 44% had specific cognitive and/or per-
ceptual impairment, and12% had generalized im-
pairment; corresponding proportions among pa-
tients on antipsychotic therapy were 55%, 20%
and 25%. External validity analyses revealed
that, among on-treatment patients, cluster mem-
bership was linked to current age and age at
schizophrenia onset. Patients with diffuse impair-
ment were older at the time of disease onset than
patients in the other clusters. Among off-treat-
ment patients, cluster membership was related to
psychiatric status (according to Brief Psychiatric
Rating Scale score), general intelligence and ed-
ucation'®. Although these data are preliminary
and require confirmation from other studies, they
indicate that the classification of patients into
clusters based on their neurological performance
may reveal specific characteristics such as age at
onset of schizophrenia that may act as modera-
tors of treatment outcomes.

The study by Santone et al*! utilized a cluster
technique to investigate attitudes to medication
among 99 hospital inpatients with schizophrenia.
Using scores from the Rating of Medication In-
fluences scale and other questionnaires, the Au-
thors applied cluster analyses to reveal that pa-
tients’ attitudes to medication could be catego-
rized into four clusters. These were: (1) ambiva-
lence (22%); (2) problems with patient, family,
alliance [characterized by negative personal atti-
tudes and negative external drives] (14.3%); (3)
medication affinity, positive influence from oth-
ers (39%); and (4) illness, medication, label dis-

456

tress [including patients with a high level of per-
sonal distress arising from the social stigma at-
tached to medication] (24.7%). These results led
the Authors to conclude that interventions to im-
prove attitudes to medicine, and thereby improve
compliance, could be targeted to address the
needs of each cluster. For example, the fear of
stigma observed in patients in cluster 4 could be
addressed by encouraging social integration to
alleviate their sense of isolation®'. Attitudes to
medication are another example of moderators
that can affect treatment outcomes.

Moderators, Mediators and Cluster Groups:
Tools for Individualizing Therapy?

An understanding of moderators and media-
tors of treatment outcomes, and cluster groups
based on similar moderators and mediators,
could assist clinicians to better understand how
an individual patient will respond to antipsychot-
ic therapy.

Recognition of treatment moderators with sim-
ilar effects on outcomes could lead to the identi-
fication of clusters of patients likely to experi-
ence similar outcomes. Patient symptom profiles
are a logical target for grouping similar media-
tors. Antipsychotic response can be predicted ac-
cording to whether symptoms are primarily posi-
tive, negative or general in nature, based on the
Positive and Negative Syndrome Scale®. Posi-
tive symptoms include delusions, hallucinations,
hostility, and disorganized thinking, whereas
negative symptoms include emotional and social
withdrawal, poverty of speech and amotivation.
General cognitive symptoms are those such as
impaired attention, short-term memory and ver-
bal function. As discussed above, females may
be more likely to experience positive symptoms
while males may be more likely to display nega-
tive symptoms. It would be useful to investigate
whether patients can be grouped into clusters
based on their symptom profile, and whether dif-
ferent clusters are predictive of different respons-
es to various antipsychotic agents.

Similarly, clusters of mediators with similar
characteristics could be identified. Antipsychotic
agents could be grouped according to pharmaco-
dynamic characteristics, such as neurotransmitter
binding affinity (Figure 1) or location of activity
in the frontal cortex and striatum®-¢'. For exam-
ple, haloperidol acts mainly on striatal dopamin-
ergic receptors, whereas clozapine acts primarily
at serotonergic receptors and has limited activity
at dopamine receptors. Agents could also be
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Haloperidol Clozapine Risperidone D, D,
< 5HT,
< Alpha,

( - M,
< N,
Olanzapine Quetiapine Amisulpride
Figure 1. Different binding affinities of various antipsychotic agents**'.
clustered based on whether it is necessary to con- References

duct therapeutic drug monitoring to establish op-
timal plasma drug concentrations for maximum
efficacy or tolerability ©.

Presently there are no data on the use of clus-
ter groups based on mediators or moderators in
patients with schizophrenia. Further investiga-
tions are required to determine firstly whether
cluster groups can be identified based on the me-
diators and moderators suggested here, and sec-
ondly whether consideration of these cluster
groups by clinicians prescribing antipsychotic
therapy affects treatment outcomes.

Conclusions

In conclusion, the selection of appropriate
drug therapy for schizophrenia is complicated by
the wide range of patients and treatment factors
that may affect responses. Identification of clus-
ter groups of patients with schizophrenia based
on moderators and mediators of outcomes could
assist clinicians in identifying patients who are
likely to achieve a response or who will be com-
pliant with therapy. Further research is required
to determine whether cluster groups can be iden-
tified based on treatment moderators and media-
tors, and whether antipsychotic prescribing based
on consideration of these cluster groups leads to
optimal treatment outcomes.
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