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Schizophrenia represents a pervasive disturbance 
of brain function, leading to hallucinations and 
delusions, social withdrawal and a decline in cognitive 
performance (American Psychiatric Association 
1994). Patients with schizophrenia present with 
a broad clinical spectrum of cognitive, affective, 
positive and negative and associated behavioural 
symptoms (Fig. 1). The aetiology of schizo phrenia 
involves both genetic and environmental factors 
(Tandon 2008). Understanding the biology of 
schizophrenia is a formidable challenge, owing to 
the structural and functional complexity of the 
human brain, the complexity of studying the brain 
in vivo, difficulties obtaining brain tissue to examine 
the disease process and/or effects of treatment 
and, crucially, the lack of objective biomarkers 

that reflect shared biology and/or brain function 
across affected individuals (Tandon 2008). The 
complexity of schizophrenia – both clinically and 
biologically – suggests that approaches to treatment 
will similarly be complex rather than simple. It is 
therefore unlikely that any one drug will address all 
psychoses and all positive, negative, affective and 
cognitive symptoms. 

Despite recent progress, the underlying genetic 
and neuronal abnormalities in schizophrenia 
are largely unknown. Further, more objective 
assessment of symptoms and their severity and 
the design and evaluation of treatments remains 
a formidable challenge. Indeed, most clinicians 
do not assess their patients using standardised 
scales, although many such tools are available. 
However, recent advances in molecular genetics 
may help develop a better understanding of the 
pathophysiology of schizophrenia and open up new 
possibilities for drug discovery and development, 
and enable a more stratified approach to treating 
affected individuals. 

The discovery of chlorpromazine and the 
dopamine hypothesis
Chlorpromazine was introduced as an anti 
psychotic in the early 1950s, after the observation 
of its pronounced calming effects in individuals 
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SummaRy 

There has been little pharmacological advance 
in the treatment of schizophrenia since the 
introduc tion of chlorpromazine in the 1950s. 
This may be set to change as recent advances in 
molecular biology offer the prospect of a better 
understanding of the pathophysiology of the 
disorder and allow investigation of the complex 
interplay of genetic and environmental risk 
factors. In this review I discuss future approaches 
to antipsychotic drug development, highlighting 
the need to better define symptom areas and 
develop drugs based on an understanding of 
neuro biological mechanisms. The development of 
biomarkers has the potential in future to improve 
differential diagnosis and help predict response 
to treatment. These developments herald the 
possibility of a more integrated drug discovery 
approach and the subsequent provision of more 
stratified healthcare, and hopefully significant 
improvements in patient care and improved long-
term outcomes.
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Schizophrenia

Negative symptoms
Stereotyped thinking, apathy, 

poor rapport

Affective symptoms
Depression, elation, suicidal 

ideation

Cognitive symptoms
Poor working memory, 

attention deficit, executive 
dysfunction

Positive symptoms
Hallucinations, delusions, 

suspiciousness, disorganised 
thinking

fig 1 The main symptom domains of schizophrenia.
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with psychotic signs and symptoms (reviewed in 
Meyer 1997). Subsequently, Carlsson et al (1958) 
identified the presence of dopamine in the brain 
and proposed that abnormal neuronal processes 
result in an excess of dopamine, causing the 
symptoms of schizo phrenia. They postulated that 
the antipsychotic action of chlorpromazine is the 
result of dopamine targeting (Carlsson 1963). 

Since these early investigations, the hypothesis 
that dopamine and dopaminergic mechanisms 
are central to schizophrenia has developed 
to become useful (Howes 2009). Indeed, all 
current anti  psychotic drugs are dopamine D2 
receptor antagonists (Seeman 2002). Although 
anti   psychotics have modulated the regulation 
of dopamine activity in the brain, there is no 
conclusive evidence that schizo phrenia is the 
result of a primary dopamine abnormality, and it 
is now widely accepted that the biological basis 
of schizophrenia encompasses much more than 
neurochemical abnormalities involving dopamine 
(Coyle 2006). The dopamine disturbance observed 
in some patients with schizophrenia may not even 
be primary, but a consequence of, or secondary to, 
the primary biological causes (Coyle 2006).

Current antipsychotics: stepping-stones 
to improved treatment options 
Chlorpromazine and similar firstgeneration anti
psychotics have a heterogeneous neuro transmitter 
receptorbinding profile and comparatively low 
potency, often requiring higher doses to achieve 
a therapeutic response (Seeman 2002). The sub
sequent development of more selective dopamine 
D2 antagonists led to higherpotency antipsychotics, 
such as haloperidol and fluphenazine, that could 
be used in lower doses. In the 1990s, second
generation antipsychotics were introduced and 
have now become first choice for the treatment of 
schizophrenia (Mortimer 2003). 

Despite the evolution of antipsychotic treatments, 
it can be argued that there has been little real phar
macological advance since the introduction of 
chlorpromazine in the 1950s; all current second
generation antipsychotics are still based primarily 
on dopamine antagonism and have significant 
sideeffects, albeit a different sideeffect profile 
than that of firstgeneration antipsychotics (Barry 
2012). Furthermore, their limited efficacy with 
respect to negative symptoms, cognitive and 
other psychological functions means that second
generation antipsychotics fall short of what is 
required to meet patients’ needs, and clearly more 
efficacious compounds are required (Lieberman 
2005; Leucht 2009a,b). This paucity of new drugs 
that represent significant innovation is not unique 

to psychiatry, and it has been estimated that ‘since 
the mid1990s about 85–90% of all new drugs 
provide few or no clinical advantages for patients’ 
(Light 2012).

Economic burden of schizophrenia
Social disability remains a pervasive challenge in 
schizo phrenia and as a result many people with 
the disorder require continuing care and support 
following treatment for acute episodes of psychosis 
(Wiersma 2000). The functional impairments of 
schizophrenia result in a significant added economic 
burden (Coyle 2006). Indeed, schizophrenia 
accounts for 16.8 million disabilityadjusted life 
years (the amount of health lost because of a 
disease or injury) on a global basis, ranging from 
about 1.6 million to 16 million for high and low
income countries respectively. The World Health 
Organization (2008) estimates that schizophrenia, 
depression, epilepsy, dementia, alcohol dependence 
and other mental, neurological and substance use 
disorders constitute 13% of the global burden of 
disease, surpassing both cardiovascular disease 
and cancer. Worldwide, schizophrenia is the third 
highest ranked mental, neurological and substance 
use disorder after depression (first) and alcohol use 
disorders (second). 

Consequently, disorders of the brain are one 
of the top economic challenges for healthcare in 
Europe: their economic burden was estimated at 
a staggering €798 billion in 2010 (Gustavsson 
2011). Direct healthcare costs comprise the largest 
proportion of the expense (37% direct healthcare 
costs and 23% direct nonmedical costs), although 
indirect costs associated with patients’ production 
losses are also relevant (Gustavsson 2011). When 
treating patients with schizophrenia, most of the 
direct healthcare costs result from the chronicity of 
the disease and associated functional impairments, 
and other physical comorbidities. The economic 
data emphasises the scale of the challenge and 
underscores the need for improved drug treatment 
for schizophrenia as a whole, but in particular the 
need for treatments for the associated cognitive and 
negative symptoms (Coyle 2006). 

Given that current drugs do not meet the needs 
of patients with schizophrenia (Lieberman 2005; 
Leucht 2009a,b), together with the enormous 
healthcare costs associated with treatment (Coyle 
2006; Gustavsson 2011), there is a compelling case 
for schizophrenia research to be considered more 
of a priority in order to improve treatment options 
(Collins 2011). However, there have been recent 
signs that a number of the major pharmaceutical 
companies are reducing their commitment to 
schizophrenia research. This is unfortunate given 
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the developments taking place across the field of 
neuroscience. Recent advances in gene technology 
show that many genetic variants are involved, 
supporting Bleuler’s early insight (Bleuler 1911) 
that schizophrenia is a family of conditions and 
therefore the ideal therapeutic approach is likely 
to involve a stratified healthcare paradigm, where 
interventions are tailored to individual needs (i.e. 
identifying responder subgroups).

understanding the pathophysiology of 
schizophrenia: an essential step for drug 
discovery
Future drug discovery approaches for the treat
ment of schizophrenia will need to be based on a 
better understanding of the pathogenesis of the 
disorder. One of the most important challenges for 
schizophrenia research at present is to understand 
better the constituent elements of the disorder, 
such as negative symptoms, that are resistant to 
current treatments. With the sequencing of the 
human genome and development of a range of 
genomebased and other technologies, there are 
unprecedented opportunities for gaining insights 
into complex illnesses such as schizophrenia. 

There are at least three key overlapping 
hypotheses of the underlying pathophysiology of 
schizophrenia that we should consider: the signal 
transduction hypothesis, the molecular genetics 
hypothesis and the neural network hypothesis 
(Gray 2007) (Box 1). It is worth emphasising the 
overlapping nature of these hypotheses: future 
hypothetical constructs for schizophrenia are likely 
to integrate and incorporate features of each and 
suggest mechanisms for the influence of environ
mental factors on biological systems.

Signal transduction hypothesis
This hypothesis considers that basic alterations 
in receptormediated signal transduction induce 
schizophrenialike symptoms (Gray 2007). The 
aim of drug treatment is to target receptor path
ways in order to normalise the altered signalling 
and treat the symptoms. All currently available 

antipsychotics and many pipeline drugs are based 
on this hypothesis and target dopamine signalling 
(Table 1); however, several lines of evidence suggest 
that the pathophysiology of schizophrenia is likely 
to involve neurotransmitters other than dopamine. 

The glutamate hypothesis of schizophrenia 
stems from observations that phencyclidine, an 
antagonist of the Nmethyldaspartate (NMDA) 
sub type of glutamate receptors, given to otherwise 
healthy humans induces psychosis that closely 
resembles schizophrenia, with both positive and 
negative symptoms of the disease. Phencyclidine 
exacerbates such symptoms in stable patients 
with chronic schizophrenia, and pharmacological 
models have shown that NMDA receptor blockade 
produces cognitive deficits that resemble those 
found in schizophrenia. Furthermore, altered levels 
of components of the glutamate signalling pathway 
have been observed in cerebrospinal fluid (CSF) 
and postmortem brain samples from patients with 
schizophrenia (Tsai 1995). 

Together, these studies suggest that targeting 
glutamatergic pathways could have antipsychotic 
benefits and they are receiving attention from drug 
companies. Indeed, Eli Lilly has developed a selective 
glutamate agonist LY2140023 (pomaglumetad 
methionil), which showed improvements in both 
positive and negative symptoms of schizophrenia 
in an early study compared with placebo (Patil 
2007), although a second phase II study produced 
less conclusive results (Kinon 2011). Unfortunately, 
the new drug failed to achieve primary endpoints 
for either the overall population or a genetic sub
population in its phase III trials, raising doubts 
about future development of this drug. This case 
illustrates well the high costs of developing CNS 
drugs due to latestage attrition. 

The glycine modulatory site on the NMDA 
receptor complex is also considered an attractive 
therapeutic target for schizophrenia. Nmethyl
daspartate receptor neurotransmission can be 
enhanced by increasing the availability of the 
coagonist glycine at modulatory sites on the 
NMDA receptors through the inhibition of glycine 
transporter1 (GlyT1) on glial cells. Some clinical 
studies have demonstrated that the GlyT1 inhibitor 
sarcosine (Nmethylglycine) shows antipsychotic 
activity in patients with schizophrenia. Roche are 
investing significantly in this area of research and 
are developing novel and selective GlyT1 inhibitors 
for the treatment of schizophrenia with a compound 
known as RG1678 (bitopertin) (Hashimoto 2011). 
Bitopertin is currently in phase III trials. Other 
pipeline drugs targeting other neurotransmitter 
pathways are now in the early stages of development 
(Table 2).

Box 1 Overlapping hypotheses underlying 
the pathophysiology of schizophrenia

•	 Signal transduction hypothesis: altered signalling 
pathways induce schizophrenia

•	 Molecular genetics hypothesis: susceptibility genes 
confer risk of schizophrenia

•	 Neural network hypothesis: altered neural networks 
result in abnormal connectivity in the brain
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TaBle 1 molecular targets for drugs in development for schizophrenia

molecular target examples of drugs in development

Dopamine

 D1 agonism Dihydrexidine, SKF-81297
 D3 agtagonism Cariprazine, A-706149, BTS-79018, U99194A, SB-277011, SB-414796, SB-773812, PNU-177864
 D4 antagonism NGD-94-1
 D2 partial agonism Cariprazine, aplindore, ACR-325, SSR-181507, WS-50030, OPC-34712
 Dopamine-releasing agents Modafinil, armodafinil, lisdexamfetamine
 Catechol-O-methyltransferase (COMT) inhibitors Tolcapone, entacapone, PGX 200097
 Dopamine signalling pathways GSK-3 inhibitor, AR-014418

Serotonin 

 D2/5-HT2A antagonists Lurasidone, ocaperidone, GMC-283, ORG-23365, GSK-773812, Lu-31-130, YKP-1358, ZD-3638, QF-2004B
 D2 antagonist + 5-HT1A agonist SLV-313, SLV-314, Abaperidone, PD-158771, SSR-181507, LASSBio-664, F15063
 D2 antagonist + 5-HT reuptake inhibition SLV-310, HMR-2934, ITI-007, tetrahydro-carbazole
 5-HT2A inverse agonist Pimavanserin, ACP-103
 5-HT2C agonist Vabicaserin, WAY-163909, R060-0175, VER-2692
 5-HT2A/5-HT2C antagonists Eplivanserin
 5-HT6 antagonists PRX-07034, SUVN-502, Lu-AE-58054, SGS-518

Glutamate 

 N -methyl-d-aspartate (NMDA) antagonist Memantine, sodium benzoate, riluzole

Glycinergic agents

 Glycine transporter (GlyT1) inhibitors Sarcosine
 D amino acid oxidase (DAAO) inhibitors ASO-57278, DAAO1-1, 4H-furo-pyrrole-5, carboxylic acid
 Metabotrophic glutamate 2/3 agonists LY-2140023, LY-341495, LY-404039
 Metabotrophic glutamate 1/5 agonists ADX-47273, ADX-63365, ADX-71149, AZD-9272
 Metabotrophic glutamate 1/5 antagonists Acamprosate, MGS 0039, JNJ-16567083,
 Glutamate transport inhibitors NBI-59159
 N -acetyl-1-aspartyl-L-glutamate (NAAG) 

peptidase inhibitors
GPI-5693, ZJ-38

 AMPA receptor agonists Farampator, GSK 729327, ORG 24448, LY 4004187, IRA-21
 AMPA/kainate receptor antagonists LY-326325

Cholinergic 

 Muscarinic agonists Galantamine, N -desmethylclozapine, GSK-1034702, xanomeline, sabcomeline, AC260584, LY-2033298, NGX-267
 Nicotinic agonists EVP-6124
 Nicotine receptor antagonist Mecamylamine

Gamma-aminobutyric acid (GABA)

 GABA agonists BL-1020, MK-0777, BL-1020, L-830982, tiagabine

Other targets

 Adrenoreceptor antagonists Idazoxan, dexefaroxan, ORM-10921, ORM-12471
 Phosphodiesterase inhibitors Rolipram, papaverine, IC 200214, MP-10
 Histamine antagonists MK0249
 Neuropeptide Y antagonists MK0557
 Neurokinin antagonists Talnetant
 Neurosteroids and selective oestrogen receptor 

modulators
Dehydroepiandrosterone (DHEA), estradiol, pregnenolone, raloxifene, finasteride

AMPA, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid.
Data from Tandon (2010) and www.clinicaltrials.gov.

Molecular genetic hypothesis
This hypothesis is based on the effects of suscep
tibility genes underlying the pathophysiology 
of schizophrenia; targeting such genes or 
pathways might lead to the development of novel 
treatments (Gray 2007). Complex disorders such 

as schizophrenia are associated with a spectrum of 
rare and common genetic variants, with hundreds of 
contributing loci in the human genome. Advances in 
molecular genetics have helped to identify putative 
genes involved in the development of schizophrenia. 
It is believed that multiple genetic variants, each 
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contributing a modest effect on disease risk, interact 
with environmental factors to result in the clinical 
phenotype. 

Genomewide association studies (GWAS) 
can be used to search for both rare and common 
susceptibility genes in affected families or in large 
groups of individuals who do not have a family 
history of schizo phrenia (Owen 2009). Such studies 
have implicated a number of possible candidate 
genes, enabling investigation of multiple genes 
in functional biological pathways. Knowledge 
of genetic factors may offer the potential for 
prediction, patient stratification and insights into 
early precursors of schizophrenia when preventive 
therapies might be applied. 

One gene locus, named ‘Disrupted in schizo
phrenia 1’ (DISC1), is now widely recognised as 
a genetic risk factor for a spectrum of psychiatric 
disorders. It is associated with a balanced t(1;11)
(q42.1;q14.3) chromosome translocation that was 
originally identified in a large Scottish family with 
a heavy burden of major mental illnesses (St Clair 
1990). DISC1 has been shown to affect many aspects 
of central nervous system (CNS) function, including 
neurodevelopment, neurosignalling and synaptic 
functioning. It also interacts with numerous proteins 
involved in neuronal migration, neurite outgrowth, 
cytoskeletal modulation and signal transduction 
(Mackie 2007). Additionally, a metaanalysis of 
five independent datasets has shown association 
of single nucleotide polymorphisms (SNPs) in the 
gene KCNH2 with increased risk of developing 
schizophrenia (Huffaker 2009). Members of the 
neuregulinErbB receptor (NRGErbB) signalling 
pathway have also been implicated in regulating 
glutamatergic neurotransmission and are potential 
genetic risk factors for schizophrenia (Buonanno 
2010). However, even the most researched candidate 
genes such as DISC1 and neuregulin1 (NRG1 ) are 
likely to be important in only a small percentage of 
cases of schizophrenia. 

Sample size is an important consideration when 
conducting genetic linkage and association studies, 
as underpowered studies can result in false
negative results (Psychiatric GWAS Consortium 
Coordinating Committee 2009). For example, a study 
involving nearly 750 patients with schizophrenia 
and a similar number of controls analysed almost 
half a million SNPs without identifying a single 
gene that met the requirements to show it was a 
risk factor – including DISC1 (Sullivan 2008). 
It is now accepted that statistically significant 
genetic variants will only be recognised by using 
large numbers of patients (more than 10 000) in 
GWAS, although each potential gene candidate 
may only contribute a small effect (Psychiatric 

GWAS Consortium Coordinating Committee 2009). 
Such genes of small effect size are unlikely to be 
used as a means of stratifying patient populations. 
Furthermore, genetic heterogeneity also limits the 
application of genetic analysis to clinical practice. A 
complementary approach may be to study smaller, 
more homogeneous groups, such as the family 
cohort that led to the identification of DISC1 ; such 
refined homogeneous groups may share more of 
their biological substrate than the heterogeneous 
groups typically used in clinical trials and may 
therefore lead to the identification of candidate 
genes relevant to clinical phenotype in the affected 
families. 

This approach could help identify clinical 
phenotypes, which may make it possible to stratify 
treatment options in the future and ‘signpost’ 
relevant biological pathways that could be targets 
for novel treatments. This may also be beneficial 
for investigating the therapeutic potential of novel 
treatments, as the chance of the beneficial effects 
of interventional drugs being diluted in a group 
of heterogeneous individuals should be reduced; 
the hypothesis being that drugs might be more 
successful in patients with a specific genotype or 
phenotype. Ayalew et al (2012) proposed that the 
top candidate genes identified from GWAS might be 
used to generate a genetic risk prediction score for 
particular individuals and suggest that this could 
lead to a better understanding of schizophrenia, 
diagnostic issues and therapeutics.

Genetic factors, both known and those yet to 
be discovered, do not fully explain an individual’s 
susceptibility to schizophrenia. Indeed, the risk of 
developing schizophrenia is substantially influenced 
by environmental factors. Identifying such factors 
has been difficult owing to the complexity and 
expense of longterm or crosssectional studies in 
atrisk populations and the need to collect and 
store biosamples for future research to identify 
biomarkers of disease development. Nonetheless, 
researchers are exploring multiple diverse factors 
that might play a role in the development of 
schizophrenia, perhaps in genetically susceptible 
individuals, including stressors in adolescence 
or early adult life (e.g. drug misuse, brain injury, 
stress/trauma (Howes 2004)) and, more recently, 
inflammatory processes linked to infection or 
antigen sensitivity (Severance 2012).

Neural network hypothesis
This hypothesis supposes that the pathophysiology 
of schizophrenia results from altered neuronal net
works; drugs that are able to somehow reset neural 
networks will therefore be valuable in the treatment 
of the disorder (Gray 2007). Evidence suggests that 
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schizophrenia is a neurodevelopmental disorder 
associated with abnormal brain connectivity, 
resulting from defects in synaptic pruning and 
migration of neurons. If the alterations in synaptic 
pruning are a result of primary processes resulting 
from inherited alterations in genes such as DISC1, 
then effective treatments must target the underlying 
deficits. However, if abnormal migration of neurons 
results in dysregulation of cortical development, this 
may be more difficult to treat with pharmacological 
methods.

Brain imaging may help to clarify the functional 
link between genes, the molecular networks in 
which they participate, and brain circuitry and 
function (Potkin 2010). For example, integrating 
genetic data from GWAS with brain imaging 
data identified a number of risk genes for schizo
phrenia, including several with functions related 
to progenitor cell proliferation, migration and 
differentiation, cytoskeleton reorganisation, 
axonal connectivity and development of forebrain 
structures (Potkin 2010).

future approaches

Refining diagnosis and classification 
of schizophrenia

Mental disorders are typically defined as either 
categories of illness or along dimensions of mental 
or behavioural symptomatology. Categorical 
approaches are typified by the American 
Psychiatric Association’s diagnostic criteria, as 
published in DSMIVTR (American Psychiatric 
Association 1994). However, the recently published 
DSM5  (American Psychiatric Association 2013) 
also introduces a dimensional approach to rating 
severity for the core symptoms of schizophrenia, 
to capture the heterogeneity in symptom type and 
severity presented by different individuals. The 
definitions of mental disorders in both DSMIVTR 
and DSM5 are characterised predominantly by 
symptom criteria for diagnoses and are not related 
to aetiology or treatment response. 

Advances in molecular genetics now suggest 
that the categorical approach to the diagnosis 
and classification of major psychiatric illness 
are inadequate and may hamper research, drug 
discovery and clinical care. Dimensional approaches 
emphasise symptoms along a continuum from few, 
if any, symptoms to clinically significant levels of 
symptoms (Kaiser 2011). Dimensional rather than 
categorical classification tends to be supported 
by the results from GWAS, given the substantial 
genetic overlap between schizophrenia and mental 
disorders such as bipolar disorder, autism and 
intellectual disability, with some genetic loci 

apparently influencing risk for a number of disorders 
(O’Donovan 2009). These findings challenge 
the traditional boundaries between psychiatric 
illnesses, and many researchers are now focusing 
on the identification of intermediate phenotypes 
to understand the interplay between the risk 
genes involved and the psychopathology presented 
(Rasetti 2011). The ultimate aim of this approach 
is to enable subcategorisation of individuals based 
on the presence of susceptibility alleles in order to 
stratify the patient population and thereby improve 
the treatment of neuropsychiatric illnesses.

Validation of new antipsychotics
Although much of the evidence for the efficacy of 
antipsychotic therapies has come from shortterm 
clinical trials, most patients discontinue treatment 
owing to a lack of effectiveness or the development 
of sideeffects, and not all patients respond similarly 
to this group of drugs (Lieberman 2005). This 
emphasises the need for stratified care plans with 
(in future) the routine use of biomarkers to enable 
clinicians to modify the way they approach, treat 
and care for patients. However, although there are 
many potential genetic markers for schizophrenia, 
there are no validated biomarkers for the disorder 
that help establish diagnosis or reliably predict 
response to treatment (KaddurahDaouk 2006). 
The development of biomarkers capable of assisting 
differential diagnosis is a key goal in the treatment 
of schizophrenia, given that diagnosis currently 
relies entirely on the subjective assessment of 
clinical symptoms.

Cerebral spinal fluid as a biomarker

One example of this approach is the use of 
cerebro spinal fluid (CSF) as a potential source for 
identifying proteinbased psychiatric biomarkers 
(Schwarz 2008; OertelKnöchel 2011). Indeed, 
differences in metabolic profiles have been noted 
between CSF from patients with schizophrenia and 
healthy individuals, suggesting that analysis of CSF 
could be used for early diagnosis of schizophrenia 
(Holmes 2006). Two potential biomarkers, the 
nerve growth factor VGF peptide and transthyretin, 
have been identified (Huang 2006), although these 
still require validation before they find their way 
to clinical application. It is possible that in future, 
CSFderived biomarkers could assist in the clinical 
management of schizophrenia, although whether 
such an approach is practical or acceptable in 
clinical practice would be open to debate.

Electroencephalograms as a biomarker

Electroencephalogram (EEG) signals have also 
been investigated as biomarkers in patients with 
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schizophrenia and offer the promise of predicting 
the likelihood that novel therapies and compounds 
will exhibit clinical efficacy early in preclinical 
development. Electroencephalography may offer 
much more utility in clinical practice than other 
neuroimaging methods or CSF sampling. Such 
EEG analyses might provide a physiological end
point that could be used to facilitate drug discovery, 
optimise lead or candidate compound selection, 
and inform patient stratification (Leiser 2011).

Brain imaging as a tool for biomarking

Magnetic resonance imaging and other brain 
imaging methods are also potential tools for 
investigating drug effects in patients with schizo
phrenia (McGuire 2008; WintonBrown 2009). 
Although such methods may be useful in research 
settings, they are relatively expensive and may be 
much more difficult to employ in the context of a 
clinical trial or clinical practice.

Responsiveness of biomarkers

The responsiveness of biomarkers to drug treat
ment could be a valuable surrogate endpoint in 
clinical trials, enabling differentiation between 
responders and nonresponders and generally 
allowing the development of a more stratified/
personalised treatment approach. Furthermore, 
validated targets could help clinicians identify and 
classify vulnerable patients at an earlier stage of the 
illness and may therefore facilitate earlier and more 
effective intervention (Schwarz 2012).

Stratified treatment

Secondgeneration antipsychotics have become the 
mainstay of drug treatment for schizophrenia. How
ever, patients who receive antipsychotics differ with 
respect to treatment response and druginduced 
adverse events; this was well demonst r  ated in the 
Clinical Antipsychotic Trials of Intervention Effec
tiveness (CATIE) programme (Lieberman 2005). 
Understanding individual differences in response to 
antipsychotics and susceptibility to metabolic and 
other sideeffects of pharmacotherapy is essential to 
optimise the treatment of schizophrenia for any 
given individual. 

Recent studies have demonstrated the potential 
of GWAS to discover novel genes and pathways that 
may mediate the beneficial effects of antipsychotics 
(McClay 2011) as well as their adverse metabolic 
sideeffects (Adkins 2011). This type of method
ology could eventually help to identify the most 
appropriate drug treatment for individual patients 
with schizophrenia. Genetic analysis has already 
successfully identified genetic susceptibility to 

agranulocytosis induced by clozapine (Athanasiou 
2011), and evidence from a case study suggests 
that genotyping can help identify patients suitable 
for clozapine treatment (McKnight 2011). In the 
foreseeable future, genotyping could aid treatment 
decisions, ultimately leading to more targeted and 
individualised treatments.

Translational research in drug development
The global schizophrenia therapeutics market was 
valued at $6.7 billion in 2010, and is expected to 
reach $7.3 billion by 2018 (Global Schizophrenia 
Therapeutics Market 2011). However, innovation 
within the market is limited, with some 
pharmaceutical companies pulling out of drug 
development programmes in psychiatry (Smith 
2011). Traditional drug development is not only 
costly but has high attrition rates, often because 
efficacy and safety issues are not identified until 
relatively late in drug development, typically in 
phase III clinical trials. 

It has been recognised that development costs 
could be reduced through strategies that allow 
more effective prediction of the success or adverse 
effects of a candidate drug at an earlier stage in 
the development pipeline. Translational research 
might help in this, by enabling prediction of 
outcomes of treatment with experimental agents 
earlier in their development. Part of this changed 
discovery paradigm uses biomarkers to determine 
pharmacodynamic, efficacy and safety parameters 
more quickly and earlier than would be the case 
using traditional clinical endpoints (Day 2009). 

What next for pharmacotherapy for 
psychotic illnesses? 
Given the considerations mentioned, what develop
ments are likely in the future? Clearly, the age 
of highly profitable ‘blockbuster’ drugs may be 
drawing to a close, and several large pharmaceutical 
companies have signalled their intention to retreat 
from the development of psychotropics, and in 
particular therapeutics for schizophrenia. There 
is increasing recognition that a more stratified 
approach to clinical trials could help identify 
subgroups who respond to particular interventions. 

To date, however, there is little to suggest that 
stratification on the basis of clinical characteristics 
helps to reliably predict which drugs work best 
for which patients. In future, the potential to use 
biomarkers for identifying patients who are more 
likely to benefit or to experience an adverse reaction 
in response to a given therapy, and thereby better 
match specific patient populations with therapies, is 
likely to represent an important advance in clinical 
practice (Fig. 2).
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Support for DSM-5
Another important consideration is that DSMIV, 
which has so dominated interventional research 
in schizophrenia for many years, may have 
inadvertently inhibited drug development. As a 
consequence of using DSMIV entry criteria and 
its categorical schemata, participants in trials have 
constituted a rather heterogeneous clinical group. 
Clinical trials using DSMIV entry criteria, a US 
Food and Drug Administration requirement, may 
have compromised the identification of therapeutic 
responses in subgroups and reduced the chances of 
identifying interventions for negative or cognitive 
symptom domains. These considerations in part 
explain support for DSM5 to include dimensions 
of psychopathology in addition to diagnostic class 
(American Psychiatric Association 2010).

Drug combinations and polypharmacy
Many therapeutic areas, such as oncology, require 
the use of a combination of drugs for their synergistic 
effects to maximise patient outcomes. Likewise, 
drug combinations are likely to be required for the 
treatment of schizophrenia to mitigate the complex 
interplay of biological, clinical and psychosocial 
factors, improve efficacy and tolerability of drug 
treatment and target particular symptom domains 
(Fig. 3). Thus, rational polypharmacy may be 
an acceptable strategy in future for the complex 
symptom profiles presented by patients. As with 
cancer therapeutics, such an approach may allow 
incremental improvements in clinical outcomes. 

A major problem in schizophrenia treatment 
is lack of patient insight, and treatment plans 
must consider this and plan accordingly for its 
consequences. Poor insight can lead patients to 
believe that their treatment is not required and/
or of no benefit to them and it is therefore often 
associated with reduced adherence or nonadherence 
to medication regimes (Buckley 2007). Increased 
risk of relapse and possible readmission to hospital 
are likely consequences of poor adherence (Masand 
2006). New methods of drug delivery such as long
acting injectable medication may help treat patients 

with lack of insight. These types of medication can 
assure treatment delivery and enable patients to 
receive maximal benefit from their medication. 

Defining recovery
The definition of recovery is also important 
when considering patient outcomes: clinical 
neuroscientists might believe that an absence of 
disease, a lack of symptoms or a ‘cure’ is a pre
requisite for clinical recovery, whereas those from 
a tradition of mental health advocacy often use 
the term recovery to describe a process of personal 
recovery, where the emphasis is placed on managing 
mental health problems, coping better with 
psychological effects, and pursuing a personally 
more meaningful life in the community. This 
latter interpretation involves helping individuals 
to gain an understanding of their own strengths 
and weaknesses, but not necessarily aiming for an 
absence of symptoms (Lieberman 2008). 

These contrasting but complementary definitions 
of recovery should be considered when developing a 
personalised approach to treatment in patients with 
schizophrenia. This type of approach is common 
in other chronic conditions, such as rheumatoid 
arthritis and diabetes, where the management of 
symptoms is combined with maximising function 
over the longer term. Thus, although the emphasis 
of this review has been on pharmacotherapy, this 
is of course only one component of an individual 
treatment or care plan that needs to embrace 
a range of interventions and strategies within 
an overall approach underpinned by a recovery 
ethos that looks to the long term, rather than the 
management of acute episodes. 

fig 2 The use of biomarkers to develop a stratified approach to antipsychotic treatment.

Enhance efficacy

Improve tolerability

Target multiple 
pathological 

pathways

Establish 
synergy 
between 
agents

Overcome 
limitations of 
single drug 

therapy

Treat positive, 
negative and 

cognitive 
symptoms

Combination 
therapy

fig 3 The case for rational polypharmacy. Drug combinations 
may be necessary to target different symptom types 
in schizophrenia.
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Developing tomorrow’s antipsychotics

Conclusions
Despite attempts and some progress to improve 
antipsychotic treatments, there has been little 
pharmacological advance in the treatment 
of schizophrenia since the introduction of 
chlorpromazine in the 1950s. However, recent 
advances in molecular genetics and neuroscience 
take us a step closer to a more integrated approach 
to drug discovery as well as the opportunity to 
provide stratified healthcare, built on a better 
understanding of the pathophysiology of the 
disease and greater knowledge of an individual’s 
phenotype. The success of such an approach will 
also depend on having diagnostic tests that can 
help identify patients who will benefit from targeted 
therapies. The ultimate aim of these developments 
is to enable earlier disease identification and 
intervention to optimise patient care and improve 
longterm outcomes.
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MCQs
Select the single best option for each question stem

1 Dopaminergic mechanisms in 
schizophrenia:

a are the primary neurochemical abnormality 
b were discovered initially through preclinical 

science 
c probably account for most psychopathology 
d will be the basis of the next generation of 

antipsychotics 
e represent the best current approach for the 

treatment of symptoms.

2 Second-generation antipsychotics:
a provide improved efficacy over first-generation 

antipsychotics for the treatment of positive 
symptoms 

b are associated with improved efficacy for 
negative symptoms 

c have become the first-choice medication for 
most patients

d have a better safety profile than first-
generation antipsychotics 

e have an atypical mechanism of action for 
efficacy.

3 Evidence that glutamatergic neuro-
chemical pathways are implicated in 
schizophrenia comes from the finding that:

a phencyclidine can produce psychotic symptoms 
in healthy humans 

b phencyclidine does not exacerbate psychotic 
symptoms in chronic schizophrenia 

c phencyclidine is an agonist at glutamatergic 
(NMDA) receptors 

d genetic association studies have not revealed 
glutamatergic-related markers 

e glutamatergic agonists have been shown to be 
efficacious in phase III clinical trials. 

4 Regarding molecular genetic studies in 
schizophrenia:

a the DISC1 gene was originally recognised using 
large GWAS 

b the NRG-ErbB pathway has a role in 
dopaminergic neurotransmission

c several GWAS have implicated members of the 
neuregulin pathway

d studies have identified multiple genetic 
variants that contribute significantly to risk of 
schizophrenia in all cases 

e these studies cannot be used to identify 
patients at risk of clozapine-induced 
agranulocytosis.

5 The use of translational drug discovery 
paradigms:

a does not involve using biomarkers 
b precludes clinicians from informing the 

discovery paradigm 
c may reduce the attrition rate of drugs under 

development 
d should lead to more ‘blockbuster’ drugs
e does not require better preclinical disease 

models. 
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