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The future of pharmacotherapy for schizophrenia
SPECIAL ARTICLE

Although enormous progress has been made in the treatment of schizophrenia, and the use of existing pharmacologic agents can have a
dramatic effect on the short- and long-term management of the disorder, enormous challenges and unmet needs continue to exist. Despite
the introduction of a second generation of antipsychotic medications, many patients continue to derive inadequate benefits from available
agents. Negative symptoms and cognitive dysfunction, and decrements in psychosocial and vocational functioning, often continue to per-
sist despite our best available treatments. Medication adherence remains a constant challenge and has not been dramatically improved by
the new-generation antipsychotic drugs. Since all currently marketed antipsychotic agents possess some degree of dopamine antagonist
effects, the role of other neurotransmitters in the primary antipsychotic activity remains largely unclear. It is possible that different domains
of disease effects might benefit from different specific classes of medications, yet research in this area is not highly developed. The promise
of further discoveries in genetics leading to new treatment targets and better predictors of treatment response (both therapeutic and adverse)
is enormously exciting, but these developments will require years of additional research. The field must balance the need to make the most
informed and thorough use of available agents with a sense of both excitement and patience as we work toward other approaches.
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Enormous progress has been made in the treatment of
schizophrenia. The introduction of antipsychotic medica-
tion has had a profound effect on the short- and long-term
management of this disease, yet enormous challenges and
unmet needs still exist. We will attempt to review some
areas where future progress could occur, ranging from
enhancing the effective use of existing medications to
strategies for developing the next generation(s) of phar-
macologic agents.

WHAT CAN BE DONE TO ENHANCE TREATMENT
OUTCOME WITH EXISTING AGENTS?

Although second-generation medications offer some
important advantages over conventional antipsychotics,
the scope and long-term implications of these advantages
still remain somewhat unclear, and cost is an important
factor in many settings (1,2). Despite these gains, there
are still large numbers of patients who fail to derive ade-
quate benefit from new generation drugs and we do not
have a sufficient research data base to guide decisions
regarding alternative treatments. Many clinicians will
raise dosage, switch to different agents or add adjunctive
antipsychotics (first or second generation) or mood stabi-
lizers, yet we do not have a sufficient number of random-
ized controlled trials to evaluate the effectiveness or to
recommend specific timing and duration of such inter-
ventions (3). It is easy for clinicians to draw erroneous
conclusions based on experience with individual
patients. If dosage is raised or another medication is
added, subsequent gains could be due to the passage of
time, since response in schizophrenia is variable in both
degree and time course. 

Clozapine remains the only drug with proven efficacy
in patients who are poor or partial responders (4-6).
However many clinicians are hesitant to utilize clozap-

ine, because of both perceived risks and the burden of
blood monitoring. For many patients this clinical reluc-
tance is unfortunate, since the potential benefits might
well outweigh the potential risks. There still remains
debate as to whether or not clozapine should be a sec-
ond-line or third-line treatment; however, it is most con-
cerning when it is not used at all in patients who are per-
sistently symptomatic. There is also mounting evidence
that clozapine has advantages in the reduction of suicidal
behavior in patients with schizophrenia, which provides
another important rational for more widespread utiliza-
tion (7).

Although new-generation antipsychotic medications
have demonstrated more efficacy on measures of negative
symptoms and cognitive function, these results are incon-
sistent and modest (1,8), leaving substantial room for fur-
ther improvement. As we will discuss in more detail sub-
sequently, it is likely naïve to assume that a single inter-
vention will have the desired effect across the broad range
of signs and symptoms (positive, negative, affective, cog-
nitive, behavioral, etc.) associated with schizophrenia.

The use of specific medications targeted to particular
domains is beginning to be a focus of research. An exam-
ple is the use of drugs shown to enhance cognitive func-
tioning in other diseases in trials involving patients with
schizophrenia. As yet there is an inadequate data base to
draw conclusions and our understanding of the patho-
physiology of cognitive dysfunction in schizophrenia is
far less well developed than that in Alzheimer’s disease.

Another area where further progress must be made is
adherence to treatment. Although compliance with med-
ication-taking is a challenge in any disease, the difficul-
ties experienced by patients with schizophrenia add to
the challenge. Noncompliance rates have been estimated
to be 40% or higher within one or two years of follow-up
(9,10). Given a better side effect profile it was hoped that

     



the new-generation medications would go a long way
towards reducing rates of noncompliance. However, the
gains in this regard have been modest (11,12).

There have been some positive effects observed with
psychosocial strategies to enhance compliance (13), but
those strategies are not completely effective and are not
widely implemented. Given the established need for con-
tinuous pharmacotherapy in preventing relapse and
rehospitalization, it is important to first apply available
formulations (long-acting injectable antipsychotics) more
consistently and also to develop other technological solu-
tions to poor or partial compliance.

In many countries, existing long-acting injectable med-
ications are underutilized. Some clinicians believe that
they can detect poor or partial adherence in their patients
and reserve long-acting injectable medications only for
those patients who have repeatedly demonstrated non-
compliance. In reality, it is difficult to identify potentially
noncompliant patients in advance, as such behavior is
multidetermined and causes vary from patient to patient.
Given the potentially serious consequences of relapse
(loss of social support and/or job status, emergence of
aggressive, violent or self-destructive behavior, increasing
family burden, homelessness, greater societal costs),
efforts to prevent relapse become critical.

Some physicians perceive long-acting injectable drugs
as having more adverse effects, yet there is no evidence
that this is the case, and in fact the potential to use doses
associated with lower blood levels can actually reduce the
risk of adverse effects (14).

Other clinicians assume that patients will not accept
long-acting medication and that, even if they do, it by no
means assures compliance, since the patient can fail to
receive the injection at the appropriate time interval.
Many patients will not welcome the suggestion of an
injectable medication at first mention (often because of
the fear of pain associated with injections). However, if
the clinicians are willing to work through this reluctance,
even if necessary by asking to administer one ‘test’ injec-
tion, patients often end up agreeing to using these med-
ications. Once they do, they are often pleased with the
results (15).

The notion that injectable medication doesn’t guaran-
tee compliance is partially true. However, the critical dif-
ference is that when a patient fails to receive the appro-
priate injection the clinical team is immediately aware of
this and can initiate appropriate action (phone calls to
patient and/or family, home visits, etc.). In addition, since
long-acting medication provides a more gradual decline in
blood levels than after stopping oral medication, the clin-
ical team has some time to initiate appropriate steps
before the patient is in fact without active medication.

Our impression regarding relapse prevention is that this
aspect of treatment is often given inadequate attention in
comparison to acute care. The course of an illness like
schizophrenia will probably be determined more by what

strategies are employed (not just pharmacologic, but also
psychosocial and vocational) during periods of relative
remission than during periods of acute exacerbation.

Now that a long-acting, injectable, second-generation
medication has been developed, one obstacle to the use of
this particular strategy should be reduced, since the poten-
tial advantages of both can now be combined (16). The
use of a new technology (a biodegradable microsphere
encapsulation of an active drug) is also welcome in being
water (not oil) based and therefore associated with less
pain and local reaction at the injection site. It is hoped
that other technological advances will increase our
options to develop long-acting delivery systems of what-
ever type.

For some patients, even surgical implantation could be
a beneficial alternative and would be consistent with a
more widely accepted ‘medical model’ of managing a dev-
astating illness like schizophrenia (17).

Some clinicians continue to argue that autonomy in
medication-taking is a critical ingredient in disease man-
agement. However, when there are so many risks associ-
ated with covert noncompliance and the latter is so fre-
quent, it would seem that other areas of autonomy and self
care should be the focus while eliminating as many risks
for relapse as possible.

THE DEVELOPMENT OF NEW AGENTS

There continues to be debate as to what factors account
for the ‘atypicality’ of second-generation drugs, and as yet
we do not have a clear understanding of why clozapine
continues to display some relatively unique advantages.
Therefore, questions remain as to what neuropharmaco-
logic properties should be sought after in ongoing drug
development. Have we taken the existing paradigm as far
as it can go? And if so, what other strategies should be
brought to bear?

Other dopaminergic drugs

Even within the traditional goal of optimal dopamine
antagonism, new approaches are being developed. There
has been considerable interest for many years in the use of
agonists to modify dopaminergic function in a variety of
ways. The idea is to combine antagonist and agonist
effects in a way which could ‘normalize’ dopamine func-
tion rather than risk excessive blockade in some brain
areas as the price for necessary blockade in other areas
(18).

The development of a clinically effective and well-toler-
ated partial agonist (aripiprazole) has demonstrated that
this strategy could be successful. It is the first of this class
to demonstrate clinical efficacy comparable to conven-
tional antipsychotics (19).

So far clinical data suggest few adverse effects. The very
low rate of extrapyramidal side effects and lack of pro-
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lactin elevation support the value of the partial agonist
property. The extent to which this and other such com-
pounds will provide significant advantages in terms of effi-
cacy in general or in specific symptom domains remains to
be seen. Theoretically, such compounds can ‘normalize’ or
‘modulate’ dopamine function by reducing dopaminergic
transmission without completely blocking it when
dopaminergic activity is excessive, or on the other hand
stimulating dopamine transmission when it is reduced.

Compounds have also been developed as selective
dopamine antagonists at receptors other than the
dopamine D2 receptor. None of these compounds as yet
has been shown to be clinically effective as an antipsy-
chotic agent, but issues of appropriate dose finding remain
potential concerns (20).

Serotonergic agents

Serotonergic receptor subtypes, particularly the 5-HT2A
receptor, have received considerable attention as playing a
role in the ‘atypicality’ of second-generation antipsychotic
medications (21,22). Attempts have been made to develop
compounds with specific 5-HT2A antagonist effects with-
out also acting at dopamine receptors. However, the
results to date with one such compound have not demon-
strated adequate antipsychotic effects (23). 

It has also been speculated that, since clozapine has an
agonist effect at 5-HT1A receptors, this might contribute
to its novel effects (22). However, as yet attempts to devel-
op medications combining 5-HT1A agonist effects with
other receptor binding activities have not replicated cloza-
pine’s clinical profile.

Muscarinic agents

Since some cholinesterase inhibitors seem to be active
on psychotic symptoms (as well as on cognitive dysfunc-
tion) in patients with Alzheimer’s disease (24), it has been
hypothesized that such agents might have potential for
treating cognitive and/or psychotic symptoms in schizo-
phrenia. As yet there are insufficient data from clinical tri-
als to draw conclusions.

Muscarinic agonists or partial agonists might also have
some useful clinical effects in schizophrenia based on ani-
mal models (25).

Glutamatergic agents

The observation that N-methyl-D-aspartate (NMDA)
receptor antagonists can produce a range of schizophre-
nia-like symptoms has led to the hypothesis that some
deficiency in NMDA function might play a role in the
pathophysiology of schizophrenia (26). This has led to the
development of animal models and the testing of relevant
agents in man. If NMDA function is reduced in schizo-
phrenia, then the hypothesis follows that drugs which

facilitate or enhance NMDA function might have some
therapeutic potential. Glycine, in effect, serves as an ago-
nist at the NMDA receptor and has been employed in clin-
ical trials with some success, particularly on negative
symptoms (26,27). D-cycloserine is a partial agonist at the
glycine regulatory site on the NMDA receptor which has
shown some efficacy on negative symptoms either alone
or in combination with antipsychotic medications (28).
The effects of these agents, however, are modest and not
entirely consistent.

A variety of other strategies are currently being explored
to modify NMDA receptor function or related glutamate
release, including inhibition of glycine uptake and inhibi-
tion of glutamate release.

Other agents

Other potential classes of agents which might modify
psychotic symptoms or the evolution of such symptoms
include protein kinase C inhibitors, steroidal agents,
agents intended to correct hypothesized abnormalities in
membrane phospholipid composition and function, and
agents which might have direct or indirect neurotrophic
effects.

The evolution and pathophysiology of schizophrenia is
no doubt complex, involving genetic risk and possible
environmental factors contributing to problems in neu-
rodevelopmental plasticity, connectivity and/or integra-
tion. The involvement of a varied and complex array of
factors in determining appropriate neural development
and ongoing functional capacity could provide opportuni-
ties for interventions (perhaps even prevention) as a better
understanding of these possibilities emerge.

THE PROMISE OF GENETICS

The sequencing of the human genome and subsequent
identification of common genetic variants in the form of
single nucleotide polymorphisms (SNPs) provide another
avenue for progress in the pharmacotherapy of schizo-
phrenia. Comprehensive genomic information may pave
the way for the identification of new drug targets, as well
as provide the tools to identify biological predictors of
response to currently available and newly developed
antipsychotic drugs.

Identification of new targets

For the past three decades, intensive effort has been
placed on genetic strategies to identify susceptibility genes
for schizophrenia. For the most part, these studies have
utilized ‘linkage’ analysis strategies that involve the ascer-
tainment of families with multiple affected relatives or of
sibling pairs in which both members of the pair are affect-
ed with schizophrenia. When successful, these studies
suggest chromosomal regions that harbor susceptibility



genes, and positional cloning efforts may ensue to pre-
cisely localize the candidate gene. To date, there have
been many linkage studies with nominally positive results,
but the limitations of linkage analysis have hampered the
actual identification of a susceptibility gene (29). A major
problem with linkage analysis is that, although powerful
for the detection of genes of major effect, it is less useful
when genes of relatively modest effect interact to con-
tribute to disease pathophysiology (30). Therefore, posi-
tive results have been difficult to replicate. Moreover, the
chromosomal region implicated by a positive result may
contain hundreds, if not thousands of genes, and identify-
ing the actual genetic contribution may be difficult with
current technology.

The new genomic information, however, may provide
new means to identify susceptibility genes. It is now possi-
ble to fine map candidate regions more comprehensively
with the new SNP information in order to better localize
linkage regions. Moreover, genetic association approaches
utilizing unrelated cases provide enhanced power to detect
genes of modest effect (31), as well as to assess SNPs locat-
ed within genes implicated in linkage analyses. For exam-
ple, Straub et al (32) have recently reported that dysbindin,
a gene located on the short arm of chromosome 6 identi-
fied in a linkage study completed in 1994, is associated
with schizophrenia in a family-based case-control design
using recently identified SNPs in the region. Several other
groups are utilizing similar strategies and it is likely that
multiple genes increasing risk for schizophrenia may soon
be detected.

As these genes are identified, many of the proteins that
they code for may represent new targets for drug develop-
ment. Moreover, treatment strategies with new agents can
be focused on subgroups of schizophrenia patients with
specific susceptibility alleles, potentially enhancing the
power of these treatment strategies. Finally, although an
individual gene product may not be readily amenable to
pharmacological intervention, it may be located within an
anatomic or functional pathway that may suggest addi-
tional directions for new drug discovery.

Pharmacogenetics

Pharmacogenetic strategies may also enhance treatment
strategies for schizophrenia by providing easily accessible
biological, or molecular, predictors of antipsychotic drug
response. A priori identification of the patients who
respond well to a particular antipsychotic drug, or who are
at increased risk for development of adverse side effects,
may reduce lengthy ineffective medication trials and limit
patient’s exposure to adverse drug effects. Moreover,
enhanced predictability of treatment response early in the
course of a patient’s illness may result in improved patient
compliance and willingness to rapidly seek treatment upon
symptom exacerbation or recurrence.

Pharmacogenetic studies in psychiatry have almost

exclusively utilized the candidate gene ‘case-control’ asso-
ciation design - an approach that is particularly well suit-
ed for pharmacogenetic studies in which unrelated indi-
viduals may be all that are available (29).

The candidate gene pharmacogenetic strategy has been
successful in complex diseases such as asthma. For exam-
ple, Kotani et al (33) found that the beta2-adrenergic
receptor (B2AR) polymorphism Arg16Gly was significant-
ly associated with the airway responsiveness of Japanese
asthma patients (n=92) treated with the B agonist salbuta-
mol. Similarly, Drazen et al (34) examined the association
between improvements in forced expiratory volume in the
first second (FEV1) in a placebo-controlled trial (n=221)
of the anti-asthma drug ABT-761 and a polymorphism in
the 5-lipoxygenase (ALOX5) gene. ALOX5 genotype was
not associated with overall disease severity, but patients
who were homozygous for the rare allele failed to respond
to ABT-761. In fact, these patients’ response to active drug
treatment was indistinguishable from the patients who
received placebo treatment.

The majority of pharmacogenetic studies of antipsy-
chotic drug efficacy have focused on clozapine. These
studies have primarily utilized SNPs within the genes for
the neurotransmitter receptors to which clozapine has
affinity. These include the dopamine D2, D3 and D4
receptor genes, as well as the serotonergic 5-HT2A, 5-HT2C,
and 5-HT6 receptor genes (35,36). Thus far, the associa-
tions between SNPs in the 5-HT2A-receptor gene and
clozapine response have been the strongest. Several stud-
ies have yielded weakly positive results and a meta-analy-
sis of all of the published studies of the two 5-HT2A poly-
morphisms T102C and His452Tyr indicates that this gene
may have a significant, albeit small, effect on the variation
in clozapine response (37). 

Another application of pharmacogenetic techniques
has been in the domain of adverse effects. A dopamine D3
receptor SNP, Ser9Gly, which may alter dopamine-bind-
ing affinity (38) has been reported to alter susceptibility to
tardive dyskinesia (TD). Moreover, there have been a
number of reports suggesting that polymorphisms within
the cytochrome p450 enzyme CYP2D6, a major enzyme in
the oxidative metabolism of many antipsychotic drugs, are
associated with development of TD (39-41), as well as
reports indicating that an intronic polymorphism in the
CYP1A2 gene may contribute to TD risk (42,43).

Clozapine-induced agranulocytosis is another side
effect that has been studied in a number of populations.
The high incidence of recurrence of agranulocytosis fol-
lowing clozapine rechallenge has suggested that genetic
factors play a role in this adverse effect. To date, the focus
of investigation has been the major histocompatibility
complex (MHC) and human leukocyte antigen (HLA)
variants, with specific HLA haplotypes being associated
with agranulocytosis in Ashkenazi Jewish and in non-Jew-
ish populations (44,45). These studies are limited by the
infrequency of clozapine-induced agranulocytosis and
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resultant small sample sizes for examination. Neverthe-
less, with the preponderance of data suggesting a link
between HLA alleles and this important side effect, fur-
ther work in this area could have significant clinical impli-
cations.

Finally, as discussed above, relapse following noncom-
pliance with treatment is a critical limitation in the treat-
ment of patients with schizophrenia. Molecular genetic
approaches may be useful by providing the means to iden-
tify patients at especially high risk for rapidly relapsing fol-
lowing drug discontinuation. In a preliminary study of 41
schizophrenia patients, we found that serotonin trans-
porter genotype predicted rapid relapse following antipsy-
chotic drug discontinuation (46). 56% (9/16) of patients
who were homozygous for the long allele (II) of a sero-
tonin transporter polymorphism (5-HTTLPR) reported
significant increases in psychotic symptoms within four
weeks of drug discontinuation, in comparison to 16%
(4/25) of subjects with the other two genotypes (Is and ss).
These preliminary data suggest that it may be feasible to
utilize molecular genetic techniques to provide individual-
ized risk-benefit information to patients with schizophre-
nia and, perhaps, provide specialized interventions for
those patients at higher risk of relapse.

With the increased interest in molecular genetics, many
groups in academia and in industry are currently pursuing
pharmacogenetic studies. The next generation of studies
will employ markedly greater number of genes and SNPs
and, with the concomitant reductions in genotyping costs,
the potential to screen large portions of the genome for
genes that influence response to antipsychotic agents may
soon be feasible. Positive results may result in diagnostic
tests to enable the individualization of treatment, or may
point to the underlying molecular substrates of antipsy-
chotic efficacy and thus present new targets for antipsy-
chotic drug development.

References

1. Leucht S. Pitschel-Walz G, Abraham D et al. Efficacy and
extrapyramidal side-effects of the new antipsychotics olanzapine,
quetiapine, risperidone, and sertindole compared to convention-
al antipsychotics and placebo. A meta-analysis of randomized
controlled trials. Schizophr Res 1999;35:51-68.

2. Geddes J, Freemantle N, Harrison P et al. Atypical antipsychotics
in the treatment of schizophrenia: systematic overview and meta-
regression analysis. Br Med J 2000;321:1371-6. 

3. Kinon BJ, Kane JM, Johns C et al. Treatment of neuroleptic resist-
ant schizophrenic relapse. Psychopharmacol Bull 1993;29:309-14.

4. Kane JM, Honigfeld G, Singer J et al. Clozapine for the treatment-
resistant schizophrenic: a double-blind comparison versus chlor-
promazine/benztropine. Arch Gen Psychiatry 1988;45:789-96.

5. Wahlbeck K, Cheine M, Essali MA. Clozapine versus typical neu-
roleptic medication for schizophrenia. Cochrane Database of
Systematic Reviews 2000;CD000234.

6. Chakos M, Lieberman J, Hoffman E et al. Effectiveness of sec-
ond-generation antipsychotics in patients with treatment-resist-
ant schizophrenia: a review and meta-analysis of randomized tri-
als. Am J Psychiatry 2001;158:518-26.

7. Meltzer HY, Alphs L, Green et al. Clozapine treatment for suici-
dality in schizophrenia: International Suicide Prevention Trial
(InterSePt). Arch Gen Psychiatry 2003;60:82-91.

8. Keefe RS, Silva SG, Perkins DO et al. The effects of atypical
antipsychotic drugs on neurocognitive impairment in schizo-
phrenia: a review and meta-analysis. Schizophr Bull
1999;25:201-22.

9. Kramer JA, Rosenheck R. Compliance with medication regimens
for mental and physical disorders. Psychiatr Serv 1998;49: 196-
201.

10. Fenton WS, Blyler CR, Heinssen RK. Determinants of medica-
tion compliance in schizophrenia: empirical and clinical find-
ings. Schizophr Bull 1997;23:637-51.

11. Dolder CR, Lacro JP, Dunn LB et al. Antipsychotic medication
adherence: is there a difference between typical and atypical
agents? Am J Psychiatry 2002;159:103-8.

12. Mahmoud RA, Engelhart LM, Oster G et al. Risperidone versus
conventional antipsychotics: a prospective randomized naturalis-
tic effectiveness trial of outcomes in chronic schizophrenia. Pre-
sented at the American College of Neuropsychopharmacology
Annual Meeting. Kamuela, December 1997.

13. Kemp R, Kirov G, Everitt B et al. Randomized controlled trial of
compliance therapy: 18 month follow up. Br J Psychiatry 1998;
172:413-9.

14. Glazer W, Kane JM. Depot neuroleptic therapy: an underutilized
treatment option. J Clin Psychiatry 1992;53:426-33. 

15. Walburn J, Gray R, Gournay K et al. Systematic review of patient
and nurse attitudes to depot antipsychotic medication. Br J Psy-
chiatry 2001;179:300-7.

16. Kane JM, Eerdekens M, Lindenmayer J-P et al. Long-acting
injectable risperidone: efficacy and safety of Risperdal Consta. A
long acting injection risperidone formulation. Presented at the
American College of Neuropsychopharmacology Annual Meet-
ing, Waikoloa, December 2001.

17. Siegel SJ, Winey K, Lenox RH et al. A surgically implantable long
term antipsychotic delivery system. Presented of the American
College of Neuropsychopharmacology Annual Meeting, San
Juan, December 2000.

18. Lawler CP, Prioleau C, Louis MM et al. Interactions of the
novel antipsychotic aripiprazole (OPC-14597) with dopamine
and serotonin receptor subtypes. Neuropsychopharmacology
1999;20:612-67.

19. Kane JM. Efficacy and safety of aripiprazole and haloperidol vs
placebo in patients with schizophrenia and schizoaffective disor-
der. J Clin Psychiatry, in press.

20. Bristow LJ, Kramer MS, Kulagowski J et al. Schizophrenia and L-
745,870, a novel dopamine-D4 receptor antagonist. Trends Phar-
macol Sci 1997;18:186-8.

21. Schmidt CJ, Sorenson SM, Kehne JH et al. The role of 5-HT2A
receptors in antipsychotic activity. Life Sci 1995;56:2209-22.

22. Meltzer HY. Pre-clinical pharmacology of atypical antipsychot-
ic drugs: a selective review. Br J Psychiatry 1996;168(Suppl. 29):
23-31.

23. Carlsson A. Focusing on dopaminergic stabilizers and 5-HT2A
receptor antagonists. Curr Opin CNS Invest Drugs 2000;2:22-4.

24. Cummings JL, Back C. The cholinergic hypothesis of neuropsy-
chiatric symptoms in Alzheimer’s disease. Am J Geriatr Psychia-
try 1998;6:S64-S78.

25. Sauerberg P, Jeppesen L, Olesen PH et al. Muscarinic agonists
with antipsychotic-like activity: structure-activity relationships of
1,2,5-thiadiazole analogues with functional dopamine antagonist
activity. J Med Chem 1998;41:4378-84.

26. Javitt DC, Zukin SR. Recent advances in the phencyclidine
model of schizophrenia. Am J Psychiatry 1991;148:1301-8.

27. Javitt DC, Zylberman I, Zukin SR et al. Amelioration of negative
symptoms in schizophrenia by glycine. Am J Psychiatry 1994;151:
1234-6.



28. Goff DC, Tsai G, Manoach DS et al. D-cycloserine added to
clozapine for patients with schizophrenia. Am J Psychiatry 1996;
153:1628-30.

29. Malhotra AK, Goldman D. Benefits and pitfalls encountered in
psychiatric genetic association studies. Biol Psychiatry 1999;45:
544-50.

30. Risch N, Merikangas K. The future of genetic studies of complex
human diseases. Science 1996;273:1516-7.

31. Risch N, Teng J. The relative power of family-based and case-
control designs for linkage disequilibrium studies of complex
human diseases I. DNA pooling. Genome Res 1998;8:1273-
88.

32. Straub RE, Jiang Y, MacLean CJ et al. Genetic variation in the
6p22.3 gene DTNBP1, the human ortholog of the mouse dys-
bindin gene, is associated with schizophrenia. Am J Hum Genet
2002;71:337-48.

33. Kotani Y, Nishimura Y, Maeda H et al. B2-adrenergic receptor
polymorphisms affect airway responsiveness to salbutamol in
asthmatics. J Asthma 1999;36:583-90.

34. Drazen JM, Yandava CN, Dube L et al. Pharmacogenetic associ-
ation between ALOX5 promoter genotype and the response to
anti-asthma treatment. Nature Genet 1999;22:168-70.

35. Malhotra AK, Goldman D, Ozaki N et al. Lack of association
between polymorphisms in the 5-HT2A receptor gene and the
antipsychotic response to clozapine. Am J Psychiatry 1996;153:
1092-4.

36. Masellis M, Basile VS, Ozdemir V et al. Pharmacogenetics of
antipsychotic treatment: lessons learned from clozapine. Biol
Psychiatry 2000;47:252-66.

37. Arranz MJ, Munro K, Birkett J et al. Meta-analysis of studies on

genetic variation in 5-HTA receptors and clozapine response.
Schizophr Res 1998;32:93-9.

38. Lundstrom K, Turpin MP. Proposed schizophrenia-related gene
polymorphism: expression of the Ser9Gly mutant human
dopamine D3 receptor with the Semliki Forest Virus System.
Biochem Biophys Res Comm 1996;225:1068-72.

39. Andreassen OA, MacEwan T, Gulbrandesen A-K et al. Non-func-
tional CYP2D6 alleles and risk for neuroleptic-induced move-
ment disorders in schizophrenic patients. Psychopharmacology
1997;131:174-9.

40. Kapitany T, Meszaros K, Lenzinger E et al. Genetic polymor-
phisms for drug metabolism (CYP2D6) and tardive dyskinesia in
schizophrenia. Schizophr Res 1998;32:101-6.

41. Ohmori O, Suzuki T, Kojima H et al. Tardive dyskinesia and
debrisoquine 4-hydroxylase (CYP2D6) genotype in Japanese
schizophrenics. Schizophr Res 1998;32:107-13.

42. Odzemir V, Basile VS, Masellis M et al. Pharmacogenetic assess-
ment of antipsychotic-induced movement disorders: contribution
of the dopamine D3 receptor and cytochrome P450 1A2 genes. J
Biochem Biophys Methods 2001;47:151-7.

43. Basile VS, Odzemir V, Masellis M et al. A functional polymorphism
of the cytochrome P450 1A2 (CYP1A2) gene: association with tar-
dive dyskinesia in schizophrenia. Mol Psychiatry 2000;5:410-7.

44. Lieberman JA, Yunis J, Egea E et al. HLA-B38, DR4, DQw3 and
clozapine-induced agranulocytosis in Jewish patients with schiz-
ophrenia. Arch Gen Psychiatry 1990;47:945-8.

45. Yunis JJ, Corzo D, Salazar M et al. HLA associations in clozap-
ine-induced agranulocytosis. Blood 1995;86:1177-83.

46. Malhotra AK. Pharmacogenetics and schizophrenia: clinical
implications. Pharmacogenom J 2001;1:109-14.

86 WWoorrlldd PPssyycchhiiaattrryy 22::22 -- June 2003


