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It is a far too frequent occurrence that patients with schizophrenia don’t
respond adequately or return to function using current pharmacological and non-
pharmacological treatment approaches. As schizophrenia is fundamentally
characterized by recurrent relapses, the extent to which a refractory treatment status
represents a de novo, more severe form of psychosis or occurs in evolution over
the course of a deteriorative illness is a fundamental consideration. Biological
studies reveal a range of deficits and support, at least in part, the proposition that
treatment-refractoriness worsens over time. Our field has struggled about when
to introduce clozapine, the gold-standard antipsychotic medication for treatment-
refractory schizophrenia, and at present this “drug of choice” is more often than
not introduced too late in the course of illness. One reason for this is the highly
variable efficacy of other antipsychotics in people where one anti-psychotic has
already failed, with the sequential availability of each new antipsychotic seeming to
relegate clozapine’s position even further away from its use in early illness.

Once clozapine is tried, a proportion of patients will inevitably have an
unsatisfactory outcome and how best to next treat these patients remains subject
to clinical debate. A range of adjunctive medication strategies has been tried
with variable success. The coming on line of new neuromodulatory approaches
(e.g., repetitive transcranial magnetic stimulation) has provided more treatment
options as well as renewed interest in the role of electroconvulsive therapy in
this patient population. Cognitive and vocational approaches represent another
avenue to bolster improved outcomes. Families play a fundamental role in
advancing better outcomes in patients with recalcitrant schizophrenia. Unfortunately,
one consequence of chronic and inadequately treated active psychosis is the
propensity for poorer social outcomes. This remains a real source of concern,
emphasizing just how far we have yet to travel on the journey toward effective,
comprehensive, and well-integrated care for people with severe schizophrenia.
Perhaps the emergence of pharmacogenetic approaches to individualized care
might “move the dial” further toward better individual outcomes.

This book, with thirteen authoritative chapters by leading experts from
across the globe, provides a timely overview of the current options for treatment
of most severely ill patients with schizophrenia and a peek into future possibilities.



Vi Preface

The book is clinically focused, with a view to helping the clinician apply the latest
research evidence in both neurobiology and psychology to clinical practice. The
content is wide-ranging, covering current pharmacological approaches to treatment
nonresponse and treatment intolerance, various emerging add-on approaches, and
a range of cognitive and psychosocial treatments. The contributors are highly regarded
experts who have taken a translational approach, melding clinical experience with
cutting-edge research to provide readers with an invaluable book on the funda-
mental aspects of clinical care for refractory schizophrenia.

Augusta, GA Peter F. Buckley
London, UK Fiona Gaughran
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Derek K. Tracy and Sukhwinder S. Shergill

Psychotic illnesses affect between 2 and 3.5 % of the population (Perala et al. 2007)
with schizophrenia accounting for 0.3-0.7 % (McGrath et al. 2008). The onset of
schizophrenia is typically 3—4 years earlier in men, the incidence peaking at ages
21-25, with women showing a bimodal distribution with peaks at both 25-30 and
perimenopausally (Falkenburg and Tracy 2014). Since the serendipitous discovery
of chlorpromazine in the 1950s, the primary treatment of schizophrenia has been
antipsychotic medication. Their introduction revolutionised the care of millions and
heralded a process of enormous deinstitutionalisation and the end of the era of the
asylum (Kirkby 2005). Nevertheless, it’s becoming clear that they do not benefit
everyone and the burden of treatment refractory illness remains an enormous
personal, clinical and societal problem. There are several inherent difficulties in
managing this treatment refractory patient group, including a lack of consensus on
how to define the issue of refractory illness; uncertainty around which factors to
give most attention to in the assessment; establishing treatment goals that are
reasonable and rational; setting up a care plan when standard guidelines break
down; and standardised monitoring for clinical changes.

It’s not currently possible to predict those patients who will or will not respond
to antipsychotic medication, and there is increasing interest in this area in order to
better target our drug development of new compounds and also to establish better
biomarkers for our existing medications. Reverse engineering of antipsychotic drug
actions (Carlsson and Lindqvist 1963; Seeman et al. 1975) led to the dopaminergic
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hypothesis of schizophrenia and the conclusion that psychosis was caused by excess
dopamine (DA) transmission in the brain. Whilst this was pragmatically useful—
and all efficacious antipsychotics block DA D, receptors—subsequent
developments showed such hyperdopaminergia was limited to the mesolimbic
pathway, and there was a pathological dopamine deficit state in the mesocortical
brainstem projections to the frontal lobes: ‘positive’ psychotic symptoms appeared
correlated with the former over-active state and negative symptoms with the latter
under-active one (Kapur 2003). In recent years, emerging evidence has
accumulated for a putative primary glutamatergic deficit—with downstream effects
on dopamine functioning—and there is considerable ongoing work trying to find
effective medications that modulate the glutamate system (Papanastasiou
et al. 2013; Sendt et al. 2012).

The push for novel antipsychotics has primarily been driven by the common
problem of inadequate efficacy, compounded by adverse side effects, resulting in
poor adherence to treatment. One in three patients with schizophrenia fails to show
an adequate response to antipsychotic medication (Hasan et al. 2012). While newer
‘atypical’ or second-generation antipsychotics (SGA) offered diversity and
improvements in the quality of patient care through decreased extrapyramidal
side effects, the anticipated improvements in negative symptoms and cognitive
symptoms—via a second pharmacodynamic action of pre-synaptic SHT,,
antagonism—have not been supported by data. With the exception of clozapine,
the SGAs were generally no more efficacious in managing positive symptoms than
the older ‘typical’ or first-generation antipsychotics (FGA); had minimal effects on
cognition and negative symptoms; and they demonstrated higher rates of metabolic
side effects, with prominent impact on impaired glucose tolerance, dyslipidaemia
and weight gain. The influential CATIE (Lieberman et al. 2005) and CUtLASS
(Jones et al. 2006) studies clearly demonstrated that there was little to differentiate
the efficacy of the atypical SGA antipsychotic drugs from the first generation and
showed rather alarmingly high rates of medication discontinuation in both.

The impact of refractory illness is not just felt at the personal and family level
but is also evident at the socio-economic level; exemplified by a mean reduction in
life expectancy of between 15 and 20 years (Tandon et al. 2009), increased rates of
substance misuse (Green et al. 2007) and suicide, and increased prevalence of
physical comorbidities (Laursen et al. 2011), including some that are predominantly
iatrogenic (Rummel-Kluge et al. 2010). Refractory illness does not only generate
costs related to direct care but also exerts indirect influence on factors such as lost
productivity—Iless than a third of sufferers attain employment (Marwaha and
Johnson 2004)—and provision of informal care and carer burden: these social
costs are considered to be significantly greater than the direct health-care costs
(Zeidler et al. 2012). Indeed, Wu et al. (2005) estimated the costs in the USA in
2002 to be $62.7 billion, of which $22.7 billion was in direct health-care costs; in
the UK Mangalore and Knapp (2007) estimated a total cost in 2004/2005 to be £6.7
billion, of which approximately £2 billion was in direct health-care costs.
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1.1 Factors Affecting Outcomes in Schizophrenia

Schizophrenia is increasingly considered a spectrum dimensional disorder within a
broader psychosis umbrella that includes bipolar affective disorders, with positive,
negative, cognitive and affective symptom domains that—with the possible excep-
tion of negative and cognitive symptoms—are not significantly correlated with each
other (van Os and Kapur 2009). This is supported by the genetic data—
schizophrenia is a highly heritable but polygenetic disorder and can be
conceptualised as a ‘pathway illness’ involving hundreds and possibly thousands
of differing risk genes (Sullivan 2012). Fitting with this spectrum, the outcomes in
schizophrenia are variable: routine treatment results in a consistent reduction in
positive symptoms, but not in negative or cognitive symptoms; and half of first
episode patients are still symptomatic a decade after initial assessment (Bromet
et al. 2005). An international study (Harrison et al. 2001) evaluated outcomes of
1,633 subjects across 14 culturally diverse population groups: they reported that the
frequency of psychotic symptoms in the first 2 years was predictive of outcome
after 15 years. Episodic illness—defined as no episode lasting greater than
6 months—had a better outcome than continuous illness—defined as no recovery
period greater than 6 months. However, overall the authors described the outcomes
as displaying ‘striking heterogeneity’. A recent systematic review and meta-
analysis (Jaaskelainen et al. 2012) of 50 studies evaluating recovery—defined as
showing improvement in both clinical and social domains, with at least one of these
persisting for 2 years—demonstrated only 13.5 % of patients met this criteria
(Jaaskelainen et al. 2012). There has been a movement, both patient and clinician
led, to regard recovery as a highly individualised subjectively tailored process,
though outcomes can then be more difficult to quantify empirically (Emsley
et al. 2011; Harvey and Bellack 2009) (Table 1.1).

1.2 Treatment Resistance or Treatment Remission: What
to Measure, What to Aim For?

1.2.1 Defining Treatment Resistance

Early guidelines for defining treatment resistant illness were predicated on persis-
tent predominantly positive psychotic symptoms; lasting a significant period of
time—e.g. 2 years of treatment—with an adequate dose and duration of antipsy-
chotic treatment; at least 6 months on phenothiazines, with minimum doses of
600 mg/day for chlorpromazine and 80 mg/day for trifluoperazine (Itil et al 1966).
However the most influential contemporary definition arose as a consequence of a
landmark study using clozapine (Kane et al 1988), which defined treatment resis-
tance as follows:
» Failure to respond to at least three periods of antipsychotic treatment in the
preceding 5 years, with medications from at least two different classes and at
doses greater or equal to an equivalent of 1,000 mg/day of chlorpromazine
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Table 1.1 Factors affecting outcome in schizophrenia

Factors affecting outcome in schizophrenia
Uncertain/no

Domain Positive factors Negative factors influence
Genetic/ Female gender Morphological brain

epigenetic abnormalities

Environmental Good social support Illicit drug use

Physical ill-health
Unfavourable family
environment

High expressed emotion

Illness history ‘Episodic’ illness Greater illness in first two years
pattern ‘Continuous’ illness pattern
Cognitive symptoms
Medication Continuous dosing Intermittent dosing High doses
Medication discontinuation Polypharmacy
Interactions with other
medications

* No significant period of good functioning during that time

* Symptom severity >45 on the Brief Psychiatric Rating Scale (BPRS) with two
of the subcategories of conceptual disorganisation, suspiciousness, hallucinatory
behaviour, and unusual thought content >4.

These ‘Kane criteria’, or minor variations thereof, have been amongst the most
commonly used definitions of treatment resistance. A recent systematic review
(Suzuki et al. 2011b) of 33 studies (each with >40 participants) of antipsychotic
use in treatment-resistant patients found that most studies defined such resistance as
failure to respond to at least two antipsychotic trials at ‘Kane’ chlorpromazine doses
for >6 weeks (although some studies included failure to tolerate a minimum drug
dosage as a failed trial). Treatment response was defined as a change in a symptom
scale, typically >20 % decrease in the Positive and Negative Symptoms of Schizo-
phrenia (PANSS) or a post-treatment score of <35 in the BPRS. Whilst methodo-
logically valid and reliable, such work generally based past treatment failures on
retrospective recall—there were only a few prospective studies, e.g. Kane
et al. (2011).

However, it has become clear that in addition to these broad pharmacological
criteria, there is a need for attention to psychosocial factors and the issues of
medication adherence and drug and alcohol use. Suzuki et al. (2012) have recently
proposed broadening the definition to include such markers, and in addition to
failure to respond to two adequate dosed and duration antipsychotics, they recom-
mend that the definition of treatment resistance also requires:
¢ A score >4 on the Clinical Global Impression Severity Scale (which is ordinal

from 1 =normal to 7 = most ill) and
e A score of <49 on the Functional Assessment for Comprehensive Treatment of

Schizophrenia (FACT-Sz) scale or
* A score of <50 on the GAF
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The FACT-Sz is more specific to schizophrenia than the commonly used Global
Assessment of Functioning (GAF) and has been shown to have good reliability and
validity when tested against other similar scales. The authors further proposed that
treatment response be defined based on a CGI-Change score of <2, a >20 %
decrease on total PANSS or BPRS and an increase of >20 points of the FACT-Sz
or GAF. Specific data on the clinical outcomes of treatment-resistant cohorts, with a
variety of definitions, is generally disappointing. A review and meta-regression
analysis (Suzuki et al. 2011a) of 19 studies showed that most improvements that do
occur from antipsychotic treatment occur early in treatment, with far fewer gains
thereafter; improvements of 29 % were seen by week six, with approximately
two-thirds of the gains occurring in the first 3 weeks. However, clozapine has
been shown to continue to provide clinical gains up to 6 months after commence-
ment of treatment (Breier et al. 1993).

1.2.2 Remission as a Clinical Marker

The high levels of heterogeneity in outcome studies tell us that a minority of
individuals do fully recover, that there is a significant cohort who do not seem to
respond to any intervention, but there has been relative neglect of the largest
group—those who show a middle path of incomplete recovery. In this context the
concept of illness remission is important, and in 2003 an expert working group was
set up to establish appropriate operational criteria for thresholds of reached and
maintained improvement (Andreasen et al. 2005). These criteria, sometimes
referred to after the lead author as the Andreasen criteria for remission, are
shown in Table 1.2. An attraction of this model is that rather than focusing on
defining those treatment-resistant individuals who are not showing an adequate
response to medication, or measuring percentage changes in symptom severity, the
issue moves to establishing a more reasonable and real-world threshold one might
aim for in the large group of patients falling between full recovery and
non-response. The emphasis is a longer term heuristic one, based upon an
individual’s functioning despite having a serious mental illness and the persistence
of some symptoms of schizophrenia. It also allows a standardised comparison
across a wide range of therapeutic inputs, from pharmacological to sociological.
A review by Lambert et al. (2010) of the 50 or so papers subsequently published
utilising the working group’s recommendations supported the validity of the initial
criteria, specifically noting that they appeared both ‘achievable and sustainable for
a significant proportion of patients and are related to a better overall symptomatic
status and functional outcome’. Overall findings included identifying that 45-70 %
of patients met remission criteria at during the follow-up period, and about three
quarters of those who attained this maintained a stable remission during the relevant
study trials.
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Table 1.2 Schizophrenia remission criteria as proposed by the Remission in Schizophrenia

Working Group (Andreasen et al. 2005)

Proposed schizophrenia remission criteria items

Maintenance over a 6-month period of simultaneous ratings of mild or less on all items is required
Positive and negative

SAPS and SANS items syndrome scale items BPRS items
DSM-1V Global rating Item Item
criterion Criterion item no. Criterion no.  Criterion no.
Delusions Delusions 20 Delusions P1 Grandiosity 8
(SAPS) Unusual G9  Suspiciousness 11
thought Unusual 15
content thought
content
Hallucinations  Hallucination 7 Hallucinatory  P3 Hallucinatory 12
(SAPS) behaviour behaviour
Disorganised Positive 34 Conceptual P2 Conceptual 4
speech formal disorganisation disorganisation
thought
disorder
(SAPS)
Grossly Bizarre 25 Mannerisms/ G5 Mannerisms/ 7
disorganised or behaviour posturing posturing
catatonic (SAPS)
behaviour
Negative Affective 7 Blunted affect N1  Blunted affect 16
symptoms flattening
(SANS)
Avolition— 17 Social N4  No clearly
apathy withdrawal related
(SANS) symptom
Anhedonia— 22
asociality
(SANS)
Alogia 13 Lack of N6  No clearly
(SANS) spontaneity related
symptom

BPRS Brief psychiatric rating scale, SANS Scale for the assessment of negative symptoms, SAPS
Scale for the assessment of positive symptoms

1.2.3 The Need for Better Psychosocial and Cognitive Markers

All the patients who fail to achieve remission can be conceptualised as being
treatment refractory; thus in reality treatment response lies on a continuum of
severity rather than a threshold and our assessments will need to incorporate a
broader focus—beyond the traditional positive symptoms profile. In the past, there
has been a primary focus on positive psychotic symptomatology, with less attention
given to negative symptoms, cognition and social functioning. In the systematic
review by Suzuki et al. (2011) none of the studies measured cognitive functioning
or patients’ subjective experiences. However neurocognitive deficits have been
shown to predict worse functioning than positive symptoms in ‘real-world’
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domains of community and household activities, work skills and interpersonal
relationships (Bowie et al. 2006).

The PANSS is the most commonly used symptom measure in schizophrenia
research but the relatively long duration taken for its administration limits the
number of additional symptom based scales that can be reasonably used. The
Global Assessment of Functioning (GAF) tool (Hall 1995) has been perhaps the
most commonly used social functioning measure in parallel to symptom scales: it
offers a broad assessment across a range of domains including psychological, social
and occupational, is easy and relatively quick to administer and is sensitive to
change (Burlingame et al. 2005). However it remains rather generic and
non-specific, with no consensus on cut-off or improvement measures and with
some concerns about inter-rater reliability (Aas 2011).

Other widely used, and more specific and detailed, scales include the
Camberwell Assessment of Need (CAN) (Phelan et al. 1995) and the University
of California Performance-Based Skills Assessment (UPSA) (Patterson et al. 2001).
Both are designed to assess functionality across a range of domains: 22 in the
former, 5 in the latter. An exciting recent development in this regard has been the
National Institute of Mental Health’s MATRICS programme (http://www.
matricsinc.org), which aims to standardise research into cognition in schizophrenia.
This is a step towards redressing the lack of attention paid to the cognitive aspects
of the disorder, and the use of a standardised battery will help address both the
previous lack of consensus on which neurocognitive scales should be used and
facilitate better comparison between study trials.

1.3  The Assessment of the Refractory Patient:
Background Factors

1.3.1 Maedication Adherence

A major problem when conceptualising response to antipsychotic medication is the
high rate of suboptimal adherence frequently demonstrated. This has been linked to
longer duration of inpatient treatment, poorer symptomatic outcome and has been
identified as the strongest predictor of relapse in patients with psychosis (Caseiro
et al. 2012). Relapses in turn predict poorer prognosis and longer time required to
achieve future remission (Perkins et al. 2008), and medication gaps of even several
days can have a significant impact on relapse risk (Masand et al. 2009).

A recent systematic review (Sendt et al. 2014) of studies evaluating adherence to
antipsychotic medication in schizophrenia found rates ranging from 47 to 95 %.
Two critical problems—a lack of consensus in what defines ‘adherence’ and
varying study methodology—Ilikely account for the large range in the findings
and might account for some inconsistencies in literature. For example, there is
data to support a negative correlation between symptom severity and adherence
(Fenton et al. 1997; Marder 2003; Pinikahana et al. 2002), but the finding is not
consistent. Interestingly the route of administration has not been shown to
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Table 1.3 Factors affecting medication adherence in schizophrenia

Domain Positive factors Negative factors Uncertain/no influence
Patient Good attitude to Lack of insight Sociodemographics
medication Symptom severity
Illness insight
Medication Simple drug regimen Side effects Class (FGA v SGA)
Co-morbid substance Administration route
misuse
Complex drug regimen
Environmental Good therapeutic Lack of trust in doctor Family and social
relationship supports

From Sendt et al. (2014)

particularly impact upon adherence rates: long-acting injectable antipsychotics
potentially facilitate adherence through less frequent administration, though such
prescribing is often in patients with a history or assumed risk of poor adherence
(Barnes et al. 2009; Kim et al. 2012). Similarly side effects to medication are found
to be less of a factor than one might expect, with only three studies of thirteen
studies in this particular systematic review identifying such problems as a barrier to
medication adherence (Baloush-Kleinman et al. 2011; Jonsdottir et al. 2010; Karow
et al. 2007). Naturalistic data from the CATIE study (Lieberman et al. 2005)
demonstrated a disappointingly high 74 % of patients discontinuing their medica-
tion because of intolerable side effects before that trial’s 18-month endpoint with
few differences between specific medications. Overall the clinical problem of
sub-optimal adherence is significant, but the area remains understudied (Table 1.3).

1.3.2 Pharmacokinetics

There are various pharmacokinetic factors that can affect an individual’s metabo-
lism of a drug. While gender and body build are the most obvious factors—men and
larger individuals may need higher doses than women and those of smaller build—
general physical health factors are also an important area to consider:
» Gastrointestinal problems can affect liberation and absorption of a drug
¢ Significant cardiovascular disease can affect drug distribution through the body
» Hepatic and renal problems can affect metabolism and excretion of medication.
Similarly, concomitant medication requires considerable thought; most drugs
are predominantly bound to plasma proteins in the blood stream, with only the
non-bound fraction pharmacologically active. The binding is a competitive process
and the more drugs an individual is on, the greater the potential for a rise in the
active component, e.g. if a drug had its plasma protein-bound fraction reduced from
99 to 98 % by administration of a second medication, this seemingly small change
actually leads to a doubling of the pharmacodynamically active part (going from
1 to 2%). Most metabolism occurs in the liver through the cytochrome P450 class of
enzymes: Table 1.4 gives the major subclasses and the drugs broken down therein.
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Table 1.4 Liver cytochrome P450 enzymes relevant to psychiatric prescribing

CYP enzyme 1A2 2C9/19 2D6 2E1 3A4
Amitriptyline Amitriptyline Disulfiram Alprazolam
Clomipramine Citalopram Aripiprazole Ethanol Amitriptyline
Clozapine Clomipramine Amitriptyline
Duloxetine Diazepam Chlorpromazine
Fluvoxamine Fluoxetine Clomipramine Diazepam
Haloperidol Fluvoxamine Desipramine Fluoxetine
Substance Fluoxetine
metabolised Olanzapine THC Fluvoxamine Haloperidol
Warfarin Haloperidol Methadone
Imipramine
Paroxetine ocp
Risperidone
Thioridazine Quetiapine
Venlafaxine Risperidone
Zuclopenthixol Sertraline
Trazodone
Venlafaxine
Zolpidem
Ziprasidone

Drugs are listed alphabetically in columns under their major metabolising enzyme sub-class.
Compounds that significantly inhibit hepatic enzymatic function are coloured in red; those that
induce the relevant enzyme are coloured blue. OCP oral contraceptive pill, THC tetra-
hydrocannabinol

The greater the ‘burden’ on any one enzyme class, by co-administration of other
drugs, the greater the likelihood of increased serum levels and side effects. Some
drugs are particularly likely to inhibit these liver enzymes and produce such a
response, whilst others are enzyme ‘inducers’ that will speed up drug metabolism
and might lead to lower serum and pharmacodynamically available levels. Of
particular note is that cigarette smoking, which is more common in those with
psychosis than the general population, will induce the 1A2 subclass of enzyme that
is responsible for metabolising several antipsychotics including clozapine.

1.3.3 Pharmacogenomics and Interpreting an Individual’s Past
Response to Medication

While clinical trial data have shown that, with the exception of clozapine, there is
little to distinguish the efficacy of other antipsychotic medication, most clinicians
have had the experience of a patient, seemingly idiosyncratically, responding to one
drug but not another. This raises an important issue: how do you evaluate the
relative contribution of a patient’s past individual responses to treatment with
clinical trial data? There is a risk within randomised placebo-controlled clinical
studies that so-called class size effects and will mask significant effects which are
only evident within a subpopulations of full, partial and non-responders to any
given treatment (Tracy et al. 2013).

The broad principle of individual variation in metabolism of, and response to, a
given drug—referred to as individualised or stratified medicine—is well under-
stood, but the therapeutic application to an individual’s care, particularly in psychi-
atry, but also in most areas of medicine is a nascent field. Pharmacokinetically there
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is data to suggest that some individuals are ‘fast’ hepatic metabolisers, with an
above average metabolism of drugs, and conversely that some might be ‘slow’
metabolisers. The individual pharmacodynamics of why an individual will show
benefit to one compound but not a pharmacodynamically very similar one remain
uncertain beyond the principle that the two medications in question will be chemi-
cally different compounds, and there are genetic variations in individuals’ expres-
sion of neurotransmitter receptors and the complex patterns of neurotransmitter
recycling and intracellular messaging.

A question for future research might not be “is treatment X effective” for
treatment-resistant schizophrenia, but rather “when and for whom might it work”,
with an improved knowledge of the consequences of varying clinical, pharmacody-
namic, pharmacokinetic and psychosocial factors. The tantalising hope exists of
prospective identification of such factors and more targeted prescribing, although
early work on predicting genetic polymorphisms associated with favourable or
unfavourable responses to psychotropic drugs has been somewhat mixed (Penn
and Tracy 2012).

One common example of class effects may underlie the discrepancy in the
evidence for the utility of high dose and polypharmacy in prescribing
antipsychotics; the data at a population level (a research ‘class-effect”) shows that
there is little benefit from these approaches, while individual case reports highlight
patients who do respond to such prescribing, even if the majority do not. It is
possible that ‘fast’ hepatic metabolisers might be breaking drugs down before they
can be fully efficacious and might benefit from above maximum dose prescribing,
whereas ‘slow’ hepatic metabolisers might develop side effects from even modest
range doses and might benefit from prescribing more than one drug at a lower dose.
One must inevitably be cautious and circumspect about any prescribing that goes
contrary to guidelines or prescribing licenses, but it is nevertheless rational and
appropriate to consider how the refractory patient compares with trial study
populations and what can be learned from their unique pattern of past responses
to treatment. One specific factor to be mindful of when considering apparent failure
to respond to clozapine is the duration of treatment and clozapine levels attained as,
unlike other antipsychotics, continued improvement on treatment has been shown
to accrue up to 6 months after drug commencement.

14 Assessment and Treatment

More importantly than ever, the key medical tenets of an accurate and detailed
history, with collateral information where possible, are essential in the treatment
refractory patient. Open collaborative working, as far as is possible, and
demonstrating an active interest in trying to improve the quality of the patient’s
life can hugely strengthen the clinician—patient relationship and facilitate care. An
interesting aspect of many pharmacological trials in treatment resistant schizophre-
nia is the statistically significant rates of improvement of those in the placebo arm.
Whilst this is a well-recognised research effect, a second pragmatic message
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emphasises the dangers of therapeutic nihilism in patients who have not responded

well to previous treatments—and the value of a positive engagement and the

instillation of hope. A core data set will include the following:

e The illness history, including whether continuous or episodic

« Evaluation of historical changes in positive, negative, affective and cognitive
symptoms

» Changes and current abilities and deficits in social functioning

* A developmental and psychosocial history exploring risk factors and
precipitating and protecting environmental factors

* An open but frank appraisal of current and past alcohol and illicit drug use

» Past and current physical history and examination should be made, with appro-
priate investigations such as routine blood tests

With past medications it is important to get as precise a past treatment history as
possible, with best estimates for duration, dosages and combination with other
medication. A temporal chart or timeline can serve as a helpful visual historical
guide—Fig. 1.1 gives a suggested model—especially if combined with information
on drug(s) efficacy, side effects, and adherence and estimates on illness severity,
perpetuating factors, and degree of social functioning.

Past psychological treatments, their efficacy and the patient’s degree of engage-
ment are important to establish: when documenting past ‘failure’ it is necessary to
try ascertain why this occurred and if there are current factors or barriers that could
be re-evaluated.

1.4.1 Commencing Treatment: Protocols and Documentation

Good documentation is essential, both for clinical reasons and for medico-legal
purposes, especially when using medication in a non-standard manner. The ratio-
nale for a patient’s care plan should be clearly stated, especially if prescribing is
outside of guidelines or prescribing licenses. Good practice should include the
patient and family or carers in this discussion or at least provide justification of
why that was not possible. An explicit timeframe should be given to review and
evaluate the effectiveness, and any problems or side effects, of the treatment plan.

Clinical practice is often very busy and it can be difficult to find time to undertake

symptom, side effect or social functioning scales. However these can be invaluable

in accurately gauging any progress and are a worthwhile investment of time with

refractory patients. A suggested protocol is provided in Fig. 1.2.

e Continuous, rather than intermittent, antipsychotic —monotherapy is
recommended, with guidelines usually stating effective treatment should last at
least 2-5 years in those who have suffered at least one relapse and >5 years in
multi-episode individuals (Hasan et al. 2013).

¢ Discussion on adherence and trying to understand the individual’s reasons,
supporting factors and difficulties taking treatment can be helpful, particularly
if there are practical steps that can be implemented to help, for example,
disorganised thoughts or cognitive difficulties.
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Treatment refractory schizophrenia medication chart
Name: [ DoB: [ ID:
Current medication regimen
Initial therapy Change 1 Change 2 Change 3 Change 4
Drug Date | Dose | Date | Dose | Date | Dose | Date | Dose | Date | Dose

1

2

3

4

5

6

Medication care plan

Comments:

Rationale for medication plan: [] Past efficacy [ 1 Proposed efficacy [ Patient choice [ ] Other

Discussed with patient/carer:
Comments:

Follow-up reviews of care plan

Date: Date: Date: Date:

Rationale remains/changed
Discussed with patient/carer

Health checks (highlight abnormalities & changes)
1. Physical Baseline Follow-up 1 Follow-up 2 Follow-up 3
Date
Cardiovascular
ECG
Weight/BMI
Bloods

Other (state)

2. Adverse events, e.g. GASS, LUNSERS etc.

Date

Scale(s), score

Comments

3. Mental state, e.g. PANSS, PSYRATS etc.

Date

Scale(s), score(s)

Comments

Fig. 1.2 Suggested chart for documenting and monitoring treatment plans and changes
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e If faced with a significant history of medication discontinuation due to side
effects, it is important to consider common factors that are often less discussed
due to patient or clinician embarrassment or discomfort, such as sexual dysfunc-
tion, excess saliva production and incontinence.

1.5  Evaluating Broader Team or Service Practice
of Refractory Care

The difficult truth is that the natural history and outcomes of schizophrenia are not
as favourable as one would wish for and refractory illness is relatively common.
Good evidence-based guidelines for schizophrenia do exist; but the options and
prognosis for those resistant to first- and second-line treatments are limited. It is a
huge challenge to instigate sufficiently well-powered studies to detect statistically
significant changes after a few generations of medication change. Refractory illness
can be a source of frustration for both the patient and clinician—Shepherd
et al. (2009) noted how clinicians can feel they “should” know how to manage
such individuals—and it can be easy for both to lose hope and become somewhat
fatalistic about progress.

While sociodemographic, structural and resource variations will mean that
different teams work with different refractory populations in different ways, signif-
icant variation in clinical practice between services is not necessarily explained by
these factors (Paton et al. 2008). Correll et al. (2011) assessed the treatment habits
of psychiatrists using semi-structured interviews, and found, interestingly, that
those with more clinical experience were more likely to undertake treatment
plans unsupported by existing evidence and have fewer concerns about this.
Individual doctors tended to have preferred medication combinations, but there
was no clear pattern in this particular study (in a sample of 44 from a single site
teaching hospital), and many had ‘inherited’ patients on such combinations with
reluctance to change. Modern psychiatric practice can involve patient transfer
between different clinical team with differing prescribing and treatment habits—
from wards to community services to specialist services such as assertive outreach
and crisis teams with the potential for ‘accumulating’ an assortment of medications
and treatment plans on the way.

There is an onus on teams to evaluate and audit their own practice and compare
to local parallel services and national guidelines. Any major deviation from the
expected results needs thoughtful investigation: with open case discussions and
cross-fertilisation of ideas across teams. This requires involvement of the entire
multidisciplinary team including the prescribing physicians, the nurses who dis-
pense them and the pharmacists responsible for medication governance. The
existing evidence suggests that such educational directives can have effects on
team clinical practice (Thompson et al. 2008), though these might only produce
short-term changes in practice (Baandrup et al. 2010), and staff turnover is inevita-
ble, so teams and wards need to think longitudinally about on-going teaching
programmes on best practice and evidence-based care, as well as case-based
discussions of refractory patients’ care.
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Table 1.5 Criteria for referral to a refractory psychosis service

Criteria for referring to a refractory schizophrenia service

Generic complex/refractory criteria Specific to a psychosis centre
Diagnostic uncertainty hampering Failure to respond adequately (or tolerate) two
treatment antipsychotics (at least one atypical)

Persistently high symptom burden
Significant impact on functioning Attempted adequate trial of clozapine, usually for a

Persisting (>2 years) pattern of incapacity ~ minimum of 6-9 months
despite appropriate treatment

Multiple comorbidities increasing Appropriate psychological therapies such as
likelihood of chronicity cognitive behavioural therapy and family
Need for specialised treatments, e.g. TMS interventions should have been attempted

Inpatient stay >6—12 months
Based upon UK Department of Health guidelines (2010)

There will be times when “fresh eyes” are required, though there will be
variation in the ability and mechanisms for either transferring care or seeking
second opinions. Given the scale of the problem there is surprisingly little data on
tertiary specialist care for treatment-resistant psychosis, though nascent data has
shown such units can provide efficacious and cost-effective care that is valued by
the patient, relatives and referrer alike (Sarkar et al. 2014). There is no consensus on
what a specialist centre should look like or provide, though there are guidelines for
when referral to a specialised psychosis services might be warranted (Specialised
Services National Definitions Set 2010) (Table 1.5).

In summary, there is a considerable burden of morbidity in patients with schizo-
phrenia which remains poorly treated. Often this does not lie with the highly visible
patient with persistent positive psychotic symptoms despite treatment with a range of
antipsychotic medication, but in the vast majority of patients who continue to suffer
with cognitive and negative symptoms. This requires both an increased attention to the
assessment and monitoring of these symptoms and contribution of iatrogenic and
socio-cultural factors in maintaining them. Careful assessment and monitoring of the
different symptoms profiles is essential, along with individualised management—this
should routinely include discontinuation of ineffective interventions as well as evalu-
ation of novel interventions. Following this approach, the eventual aim is to create a
culture of positive therapeutic engagement—at the individual, team and service level.

Acknowledgement The authors are grateful to Nisha Wasim for her assistance with an early draft
of this chapter.
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Biology of Schizophrenia: Is Treatment 2
Refractoriness Synonymous with Severity

of lliness [A.K.A. Is This a Drug Efficacy

Problem or an Expression of Severe

lliness?]

Helio Elkis and Peter F. Buckley

We would like to start this chapter by describing three severe cases of schizophrenia
where treatment resistance developed at different time points of the evolution or
natural history of disorder.

Case report 1—AB is a man of 34 years who developed his first psychotic
symptoms at the age of 17 years. He has a history of neurodevelopmental
abnormalities such as birth complications and motor and language retardation as
well as use of cannabis which triggered his psychotic with concomitant mood
swings. Due to this he was considered to have bipolar disorder and was admitted
for the first time and treated according to such diagnosis, i.e., with antipsychotics
and mood stabilizers but was discharged with no improvement. He was then
subsequently admitted five more times due to the presence of clear persecutory
delusions, auditory hallucinations, thought disorganization, and agitation without
mood features. In one of the episodes he hit his mother in the chest and menaced his
father with a knife. Patient was diagnosed as having paranoid schizophrenia due to
the characteristics of the psychotic episodes and absence of concomitant mood
symptoms.

He has been treated with six different antipsychotics during this period (halo-
peridol, trifluoperazine, olanzapine, risperidone, quetiapine, and aripiprazol) with-
out satisfactory response with persistence of persecutory delusions and auditory
hallucinations. The patient was again admitted and then defined as having treatment
for resistant schizophrenia, and clozapine monotherapy was introduced with pro-
gressive doses, reaching 500 mg/day. The patient was discharged and after some
weeks responded to treatment, achieving full remission at 6 months. He presently
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takes daily doses of 400 mg of clozapine and is studying law and the relationship
with family is very satisfactory.

Case report 2—CD. This is a 45-year-old male patient who started showing first
symptoms of schizophrenia by the age of 25. Patient has no history of birth
complications or use of drugs. He had some mild difficulties during high school
and especially during his university course, concluding a 4 years course on admin-
istration business in 7 years. The first symptoms and subsequent psychotic episodes
were characterized by the presence of suspiciousness, paranoid ideas, and intense
delusional perception. However, these episodes were of mild severity and the
patient had never been admitted into a psychiatric hospital. He has been treated
with a series of conventional antipsychotics (haloperidol, pimozide, trifluoperazine)
as well as atypical antipsychotics (amisulpride and aripiprazol) with partial
response, maintaining mild persistent psychotic symptoms, especially delusional
symptoms, but with no substantial impact on patient’s behavior. However, the
patient developed predominance of negative symptoms characterized by blunted
affect, avolition, and anhedonia which cause impairment of his social and occupa-
tional functions. Antidepressants such as imipramine and fluoxetine have shown
evidence of efficacy over negative symptoms and therefore were added to
antipsychotics (Singh et al. 2010).

Due to the exacerbation of his delusional perceptions it was decided that the
patient should be treated with clozapine which reached 300 mg/day with remission
of psychotic symptoms after a couple of weeks. However the severity of negative
symptoms continues to represent a major issue in patient’s life, who still complains
about fatigue, anhedonia, and lack of drive. Due to this a trial with lamotrigine was
recently started based on the evidence that it is an effective clozapine augmentation
drug (Tiihonen et al. 2009).

Case Report 3—EF. This is a 50-year-old male patient with a history of
schizophrenia which started when he was 15 years old, after heavy use of drugs
such as cannabis, cocaine, and LSD. His aunt had a diagnosis of schizophrenia
which was so severe that she was treated with leucotomy almost 60 years ago, when
this surgery was allowed in Brazil. At the time of the first examination he weighed
90 kg and was 167 cm tall (MCI =32.3).

He was treated only with conventional antipsychotics during 20 years and during
this period was admitted four times into psychiatric hospitals. His disorder was
characterized initially by auditory command hallucinations when he hit his own
head and developed a traumatic cataract. He also showed disorganized behavior,
laughing without reason and with outburst of pronounced aggressiveness towards
members of the family. He also tried to cut his penis with a knife.

It was necessary to place the patient in a room outside his house with a person
specially hired to take care of him. In terms of treatment he received atypical
antipsychotics such as aripiprazol, due to his obesity, at doses of 40 mg/day, but he
did not respond at all. Subsequently risperidone was introduced reaching 12 mg/
daily for several weeks, but without substantial response as well. Clozapine was
then initiated and patient responded partially with 800 mg/daily with reduction of
aggressiveness and improvement of sociality. However command voices remained
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present and it was decided to augment clozapine with ECT. He is presently much
better taking 700 mg/daily of clozapine and receiving ECT sessions twice a week.
Also, he had a substantial reduction in his weight (75 kg, MCI =26.9).

In case number 1 resistance to antipsychotic developed early, with the patient
showing an unsatisfactory response since the beginning of treatment. Case number
2 represents a classical chronic patient with schizophrenia who has predominance
of negative symptoms and functional impairment but where psychotic symptoms
represent an active dimension of psychopathology with important impact on his
behavior. Case number 3 represents the extreme of resistance with patient
responding partially to clozapine and developing what we call super-refractoriness
(Buckley et al. 2001; Henna Neto and Elkis 2007).

Therefore such cases illustrate a spectrum of resistance which may appear in the
beginning of the disorder as well as at the chronic phase of schizophrenia and can
reach extremes of great severity and impairment of functioning.

Resistance to treatment continues to be one of the most important issues in terms
of the treatment of schizophrenia, and the items discussed below represent an
attempt to encompass this complex phenomenon.

2.1 Treatment Response and Treatment Resistance

It is well established that a certain proportion of patients with schizophrenia do not
respond adequately to antipsychotic treatment and such patients are defined to have
Treatment Resistance Schizophrenia (TRS). However, the definition of TRS proves
problematic to this day, implying various connotations.

Generally TRS is mistaken by chronicity. In fact chronicity frequently is taken as
a synonym of refractoriness, and, consequently, many clinicians believe that
refractoriness is the inevitable outcome of schizophrenia. However epidemiological
studies such as the International Study on Schizophrenia have shown that about
50 % of the cases of schizophrenia do respond to treatment and have a favorable
outcome in terms of remission of symptoms and maintaining certain level of
functioning (Harrison et al. 2001).

Schizophrenia is a chronic disorder and it is important to make a distinction
between chronicity and refractoriness, since there are various chronic diseases, as
for example, diabetes and hypertension, that, despite their chronicity, do in fact
respond to treatment, with patients remaining stable using the same doses of
hypoglycemic agents or antihypertensive drugs throughout their lives (Elkis 2010).

What is the meaning of response to treatment? A simple definition is the
reduction in the severity of symptoms, as assessed by some sort of scale (Leucht
and Kane 2006). This definition implies that a certain instrument must be chosen to
measure the level of response as defined by a certain threshold or cutoff point
(Leucht et al. 2009). For example, the first criteria which defined refractoriness in
schizophrenia established that patients should be considered responsive to cloza-
pine if there was a reduction of 20 % or more of the BPRS (Kane et al. 1988).
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In fact response is a key concept in defining resistance and a recent systematic
review of 33 studies found that definitions of TRS vary extensively but have in
common the following components or dimensions (Suzuki et al. 2011):
 Failure to respond to 1-3 previous antipsychotic trials, with therapeutic doses,

within certain duration
¢ Prospective treatment with another antipsychotic
¢ Evaluation of treatment response of prospective treatment with certain

instruments (e.g. PANSS or BPRS)

Definitions of TRS based on algorithms such as those proposed by the American
Psychiatric Association (APA) (Lehman et al. 2004) or the International Psycho-
pharmacology Algorithm Project (IPAP) (http://www.ipap.org) (Elkis 2007) sim-
plify clinical decisions since they propose that a patient should be considered to
have TRS if he or she does not respond to at least two trials with antipsychotics,
with adequate doses, with 4-6 weeks duration.

It is also important to mention that response should not be confounded with
remission since sometimes TRS is associated with the idea of lack of remission,
generally conceived as a complete absence of symptom. Actually remission is
defined as the presence of a group of symptoms within a certain level or threshold
of severity, during a defined period of time (Leucht et al. 2009). In the case of
schizophrenia, “remission” currently is defined as a minimum period of 6 months
during which psychotic symptoms, symptoms of disorganization, and negative
symptoms have low levels of clinical severity and impact on patient’s behavior
(Andreasen et al. 2005).

Finally TRS cannot be mistakenly confounded as the result from a lack of
adherence to treatment since patients considered to be resistant can actually be
non-adherent (Correll et al. 2011) and the distinction between treatment resistance
and resistance to treatment must be carefully evaluated (Lambert 2010).

2.2 Is the Failure to Respond to Antipsychotics
a Manifestation of Brain Neurodevelopmental or
Neurodegenerative/Neuroprogressive Processes?

The neurodevelopmental model proposes that schizophrenia represents the end
stage of abnormal developmental processes that began years before the onset of
illness (Rapoport et al. 2012) with neurodevelopmental abnormalities giving rise to
the symptoms of schizophrenia during adolescence or early adulthood through the
interaction of genetic and environmental factors (Sheitman and Lieberman 1998;
Murray et al. 2008).

Neurodegenerative processes otherwise represent progressive brain disease of
the nervous system that are initiated by specific biochemical changes which have a
genetic basis (Jarskog and Gilmore 2006). Schizophrenia was primarily regarded as
a neurodegenerative process with a deteriorating course (“dementia praecox”);
however, such processes are considered limited, leading to the concept of neuropro-
gression, which is defined as the pathological reorganization of the central nervous
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system along the course of several mental disorders (Jarskog and Gilmore 2006;
Gama et al. 2013).

Sheitman and Lieberman were the first to propose a model where TRS could be
regarded as the result of neurodevelopmental and neurodegenerative processes
through the lifespan. According to this model resistance to antipsychotic drugs
would develop at certain time point of the evolution of schizophrenia based on three
stages: cortical neuropathology and deficient neuromodulatory capacity, neuro-
chemical sensitization, and subsequent neurotocixity (Sheitman and Lieberman
1998).

In this model, cortical neuropathology and deficient neuromodulatory capacity
would be the result of genetic and/or epigenetic factors and would occur during the
fetal gestation and early perinatal development. Neurochemical sensitization would
be expression of a deficiency in neuromodulatory capacity which occurs in adoles-
cence or early adulthood and would be triggered by environmental factors such as
stress or substance abuse while neurotocixity occurs in the residual phase of the
development of schizophrenia and is associated with neuronal changes or neuronal
loss (Sheitman and Lieberman 1998).

Various levels of evidence have shown that some neurodevelopmental factors
may be associated with treatment response, as for example, genes, lower levels of
premorbid function, early age of onset, male gender, as well as brain abnormalities
(Sheitman and Lieberman 1998). Some of them are summarized below.

2.3 Genetics

It is well known that response to drugs is mediated by genes. The ability of
antipsychotics to improve the symptoms of schizophrenia is dependent on its
antagonist and reverse agonist activities at different neuroreceptors, and some
genetic association studies of resistant-schizophrenia have focused on different
pharmacodynamic factors (Luca et al. 2010). Some genetic studies have shown
an association between response to antipsychotics or TRS and candidate genes such
as SHT receptors, cytochrome families, and dopamine receptors (Inada et al. 2003;
Cordeiro et al. 2006; Luca et al. 2010; Hotta et al. 2011).

The COMT (Catecol-Orto-Methyltransferase) is key enzyme in the metabolism
of dopamine, which is known to be deregulated in schizophrenia. It is located in the
cytogenetic band of 22q11.2 on chromosome 22. In terms of its polymorphisms it
has been shown that a G—A transition in the codon 158 of the COMT gene results in
the substitution of valine to methionine (Inada et al. 2003).

This COMT Val158Met polymorphism has been extensively studied in associa-
tion with aggressive behavior, violence, suicide, and use of cannabis in patients
with schizophrenia (Inada et al. 2003; Hosak 2007; Henquet et al. 2008). Using a
very restrictive definition for TRS (patients hospitalized for 1 year and receiving
daily the equivalent of 1,000 mg of chlorpromazine during this period), Inada
et al. compared 100 patients with schizophrenia with 201 healthy controls and
observed no association between COMT polymorphism or alleles (H and L) with
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the diagnosis of schizophrenia, but the rate of TRS tended to be higher in patients
with COMT L/L genotype than in those without TRS (Inada et al. 2003).

It is well known that the serotonin system (SHT) plays a key role in the
mechanisms of action of antipsychotics and consequently in terms of treatment
response as well as cognitive impairment (Meltzer et al. 2003, 2012; Meltzer 2010).
The HTR3A, HTR2A, and HTR4 were investigated in 101 Japanese patients
defined as having TRS based on the Inada’s et al. stringent criteria (Inada
et al. 2003) as compared with 239 non-TRS. The investigators found no association
between the single marker analysis of those genes and in the haplotype analysis of
HTR3A and HTR4. However, the daily neuroleptic dosage is higher in patients with
T/T genotype of the HTR3A polymorphism (Ji et al. 2008).

Among these genes the DISC-1 (Disrupted-In-Schizophrenia), which, along
with Neuregulin-1-ErbB4, plays a key role in neurodevelopment and is considered
a candidate gene for schizophrenia (Jaaro-Peled et al. 2009), was investigated
through four Single Nucleotide Polymorphisms (SNPs) in 32 patients diagnosed
with TRS as compared with 95 non-TRS patients, but no association was found
between DISC-1 and TRS (Hotta et al. 2011).

The association between 384 markers (SNPs) from candidate genes was
investigated in 85 patients defined as having TRS, according to APA definition of
treatment resistance (Lehman et al. 2004), and compared with 115 non-TRS. The
investigators found a significant trend with the SNP rs2152324 in the NALCN gene,
but after False Discovery Rate (FDR) correction, the p-value showed to be not
significant (Teo et al. 2012).

The role of inflammation has been investigated for a long time in TRS (Lin
et al. 1998; Maes et al. 2002), but recently the gene FAS, which plays a key role in
this association, was investigated in 96 patients, defined as having TRS by Kane
et al. criteria (Kane et al. 1988), in comparison with 77 non-TRS patients. The
researchers found a significant association between the SNP rs7085850 and two
haplotypes that were significantly associated with TRS in this sample (Jia
et al. 2011).

24 Brain Abnormalities

Early studies with CT scans have demonstrated an inverse relationship between the
degree of ventricular enlargement and treatment response (Weinberger et al. 1979).
Many subsequent CT studies tried to replicate these findings, but a first meta-
analysis of these early studies as well as a critical review of this subject found no
relationship between ventricular enlargement and treatment response in patients
with schizophrenia (Friedman et al. 1992; Borgio et al. 2010).

In an early MRI study Lawrie et al. compared patients responsive with resistant
and found that poorly responsive patients had lower volumes of most brain
structures than treatment responders, but no particular specific brain region was
associated with poor response (Lawrie et al. 1995).
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However, recent studies in patients whose illness is progressive and resistant to
treatment—termed poor outcome patients or having “Kraepelinian
schizophrenia”—have shown abnormalities such as ventricular enlargement and
decrease in gray matter as well as in the corpus callosum size, internal capsule, and
putamen (Buchsbaum et al. 2003; Mitelman et al. 2007, 2009a, b, c, 2010;
Mitelman and Buchsbaum 2007).

Lack of response to clozapine was initially related to cortical atrophy in some
computed tomography studies (Friedman et al. 1991), but such finding was not
replicated in magnetic resonance imaging studies (Borgio et al. 2010).

2.5 s the Failure to Respond to Antipsychotics
a Manifestation of Abnormal Neurotransmission?

It is well known that dopaminergic dysfunction underlies the majority of symptoms
of schizophrenia (Howes and Kapur 2009) and that efficacy of antipsychotic is
related to the degree of D2 occupancy (Seeman 1995). Patients with schizophrenia
show and increase amphetamine-induced dopamine release in the striatum, espe-
cially in those who are drug-naive (Javitt and Laruelle 2006) and Single Photon
Emission Computed Tomography (SPECT) studies showed that higher levels of
dopamine at baseline were significantly associated with greater improvement of
positive symptoms after 6 weeks of antipsychotic treatment (Abi-Dargham
et al. 2000).

Demjaha and colleagues compared 12 TRS patients with 12 non-TRS patients
(responders), as well as 12 controls, in terms of their capacity of dopamine synthesis
using '®F-DOPA Positron Emission Tomography (PET). All patients were treated
with non-clozapine antipsychotics. Patients with TRS showed similar levels of
dopamine synthesis compared with normal controls but a lesser capacity than
patients who responded to treatment (Demjaha et al. 2012).

Conclusions

Although this brief overview enumerates diverse neurobiological changes in
patients with treatment refractory schizophrenia, none of these represent—alone
or collectively—a distinct “neurobiological” signature of refractory schizophre-
nia. While it appears intuitive that worsening and prolonged psychosis would
over time lead to fundamental brain changes [in line with a “Kraepelinian”
typology], in reality this is hard to either refute or confirm scientifically. The
neuroplastic and also potentially neurotoxic effects of antipsychotic medications
add another level of complexity to these considerations.
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3.1 Introduction

A key question faced by any clinician is why some patients respond to standard
treatments, whilst others don’t. Understanding this is likely to be a prerequisite to
developing better treatments for refractory patients. It will also help the develop-
ment of biomarkers to identify these patients early so they can be fast-tracked to
appropriate treatments, avoiding the current clinical merry-go-round of empirical
trials with different antipsychotics. This chapter first considers the pathophysiology
of schizophrenia and treatment response, focusing on the dopamine (DA) system as
this is central to the mode of action of current drugs. It then considers the course of
refractory schizophrenia and whether treatment resistance is present from illness
onset or evolves during the course of illness. Finally, it considers whether we can
answer the question posed at the start of this chapter.

3.2  The Role of DA in the Neurobiology of Schizophrenia

Whilst the neurobiology of schizophrenia is complex, it has become clear that
dopaminergic alterations play a central role in the pathophysiology of the disorder
and its treatment (Abi-Dargham 2004; Howes and Kapur 2009). The first evidence
of this came from in vitro findings indicating that antipsychotics work by blocking
DA D2/3 receptors and from psychopharmacological studies showing that drugs
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that activate the DA system such as amphetamine can induce psychotic symptoms
(Abi-Dargham 2004; Howes et al. 2009a; Berman et al. 2009; Curran et al. 2004).
Subsequent post-mortem studies have also identified elevations in DA levels and
DA D2/3 receptor densities in patients with schizophrenia (Bird et al. 1979; Cross
et al. 1978; Zakzanis and Hansen 1998). However, as the post-mortem findings
were predominantly from patients who had been treated for schizophrenia for many
years, it was not clear whether the DA abnormalities were primary or secondary to
treatment or late stage sequelae of the disorder. Subsequent molecular imaging
studies were able to clarify this by studying untreated patients at onset or relapse of
the disorder. A recent meta-analysis of the now more than 50 molecular imaging
studies of the DA system in schizophrenia has identified three important findings to
come out of this work. First, alterations in D2/3 receptor availability are inconsis-
tent and small at most (Howes et al. 2012). Second, DA transporter availability is
unaltered (Howes et al. 2012; Chen et al. 2013). Third, there is robust evidence for
presynaptic DA alterations, specifically elevated DA synthesis capacity (Table 3.1),
increased DA release, and elevated baseline synaptic DA levels in schizophrenia.
The effect sizes for these alterations are large (Cohen’s d>0.8) (Howes
et al. 2012), much larger than that for ventricular enlargement, for example. In
short, this pinpoints presynaptic dysregulation as the major locus of DA dysfunc-
tion in the disorder (Howes et al. 2009a, 2011a, b; Lyon et al. 2011). Moreover, it
does not seem to be a non-specific mark of psychiatric illness—for example,
presynaptic DA function is unaltered or reduced in people with depression, bulimia,
addictions, anxiety disorders and non-psychotic bipolar disorder [see review
(Howes et al. 2007)], although it may be elevated in people with psychosis linked
to temporal lobe epilepsy (Reith et al. 1994) and people with schizotypal personal-
ity disorder, who have psychotic-like symptoms (amongst other schizophrenic
traits) (Abi-Dargham et al. 2004) and increased DA synthesis capacity (Howes
et al. 2011a). Molecular imaging studies that index DA release following amphet-
amine in patients with schizophrenia indicate that greater release is associated with
greater induction of psychotic symptoms (Laruelle et al. 1999). This is also the case
when DA levels are depleted with inhibitors of DA synthesis: greater depletion
following inhibition of DA synthesis is directly associated with greater reduction in
psychotic symptoms (Abi-Dargham et al. 2000). Moreover, DA release was greater
in patients who are acutely psychotic than in remitted patients (Laruelle et al. 1999).
Taken together these findings thus link presynaptic DA alterations to the expression
of symptoms in schizophrenia.

However, whilst these findings implicated DA in the pathophysiology of schizo-
phrenia, it was still unclear if DA abnormalities were leading to the disorder or were
developing secondary to the onset of the illness. To address it was necessary to
study the development of the first episode of illness. Schizophrenia is typically
preceded by a prodromal phase of subclinical psychotic symptoms and subtle
functional changes. People who present with these features indicating a high
clinical risk of developing schizophrenia in the next year or so show a large effect
size increase in DA synthesis capacity, similar to that seen in schizophrenia
although not as large (Howes et al. 2009b; Egerton et al. 2013). However, not all
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Table 3.1 The PET imaging studies of dopamine synthesis capacity in schizophrenia

Patients Controls Medication Effect
Study (N) (N) Age Illness stage Radiotracer status size
Reith et al. (1994) 5 13 38  Chronic ['*F)- 4 MN 1.52
DOPA 1 MF
Hietala et al. (1995) 7 8 26 FEP ['8F]- All MF 0.9
DOPA
Dao-Castellana 6 7 26  Chronic ['8F]- 2 MN 0.35
et al. (1997) DOPA 4 MF
Hietala et al. (1999) 10 13 30 FEP ['*F]- All MF 1.02
DOPA
Lindstrom 12 10 31 FEP/ [*cl- 10 MN 1.01
et al. (1999) Chronic DOPA 2 MF
Elkashef 19 13 36  Chronic ['8F]- 9 MF —0.13
et al. (2000) DOPA 10M
Meyer-Lindenberg 6 6 35  Chronic ['®F]- All MF 1.82
et al. (2002) DOPA
McGowan 16 12 38  Chronic ['8F]- AllM 1.55
et al. (2004) DOPA
Kumakura 8 15 37  Chronic ['8F]- 3 MN 0.10
et al. (2007) DOPA 5 MF
Nozaki et al. (2009) 18 20 36 FEP/ [Mcy- 14 MN 0.13
Chronic DOPA 4 MF
Howes 7 12 36 FEP [8F]- 3 MN 1.18
et al. (2009a, b) DOPA 4 MF
Shotbolt 7 10 43 Chronic ['*F)- AllM 0.07
etal. (2011) DOPA
Demjaha 12 12 44 Chronic- [8F]- AllM 1.12
et al. (2012) Responders DOPA

Abbreviations: FEP first episode psychosis, MN medication naive, MF medication free

clinically high risk individuals are truly in the prodrome to schizophrenia. Follow-
up of these individuals shows that elevated DA synthesis capacity is specific to
those who go on to develop schizophrenia/similar disorder (Howes et al. 2011a).
Moreover, DA synthesis capacity is directly associated with the severity of sub-
clinical symptoms in these individuals but not in those who do not go on to develop
a psychotic disorder (Howes et al. 2011a). These individuals show functional
recovery, but many continue to experience subclinical psychotic symptoms. In
this respect they are similar to people in the general population who experience
subclinical psychotic symptoms (Hanssen et al. 2005). A study of such people who
had experienced subclinical psychotic symptoms for many years without
impairment or distress and without developing a psychotic disorder also found no
evidence of DA elevation (Howes et al. 2013). Another group in whom subclinical
psychotic symptoms and other schizophrenic traits are seen is relatives of people
with schizophrenia, but here the findings are contradictory (Huttunen et al. 2008;
Shotbolt et al. 2011).
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Furthermore, a longitudinal study where patients were scanned in the prodrome
and then again after they developed acute psychosis found an increase in DA
synthesis capacity during the progression from the prodrome to the first psychotic
episode, whilst DA synthesis capacity did not change in those “at risk” individuals
who did not go on to develop psychosis (Howes et al. 2011b).

These findings indicate a link between greater DA dysfunction and the develop-
ment of more severe psychotic symptoms and suggest that the DA dysfunction is
dynamic, increasing with the worsening of the disorder. However, whilst DA
dysfunction appears most marked in acute psychosis, it is not confined to schizo-
phrenia per se, but is also seen in people with other psychotic disorders and people
with subclinical psychotic symptoms and schizophrenic traits.

3.3 Drugs, Receptors and Treatment Response

Whilst antipsychotic drugs block D2 DA receptors, they also act at a number of
other brain receptors, in particular other DA receptors and serotoninergic, hista-
minergic, norepinephrinergic and cholinergic receptors. This complexity meant it
was initially far from clear where they were acting therapeutically in the brain. The
studies in the 1970s showing the relationship between the affinity of antipsychotic
drugs for D2 receptors and their clinical potency first made a clear link between D2
receptors and therapeutic outcome (Seeman and Lee 1975). However, these studies
were in vitro, a very different system to a brain, not least because brains are
protected by a barrier that effectively excludes many drugs. Molecular imaging
studies since then have provided in vivo evidence to support the in vitro findings,
first by showing that the drugs cross the blood—brain barrier in humans and secondly
that they block D2/3 striatal receptors in vivo at doses in the usual therapeutic
ranges (Howes et al. 2009a). This is also true of the newer drugs so far studied [e.g.,
(Kapur et al. 1999; Kegeles et al. 2008)]. Subsequent molecular imaging studies
have gone on to characterise a number of aspects of the relationship between DA
receptor occupancy and clinical response.

A key finding is that the relationship between antipsychotic D2 receptor occu-
pancy and clinical response appears to be non-linear: there is little clinical response
seen when occupancy is less than 50 % and little additional benefit for occupancy
levels much greater than 80 % (Kapur et al. 2000). Thus, there appears to be a
therapeutic window. Figure 3.1 illustrates this, showing there is a minimum level of
D2 occupancy required for clinical response to antipsychotic drugs and a level
above which there is little further advantage but increased risk of side effects. A
study in first episode patients tested this using [11C]raclopride PET scans to
measure D2 receptor occupancy after patients had received 2 weeks of antipsy-
chotic treatment.(Kapur et al. 2000) Subsequent clinical response was assessed
using the global clinical impression of how much the patients had improved.
Responders were those who were much or very much improved, whilst
non-responders were defined as those with little or no response. The study
supported the idea there is a therapeutic window, finding that antipsychotic D2
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Fig. 3.1 The relationship
between clinical response and
dopamine receptor occupancy
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(~65-80% occupancy)
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0 Percentage Dopamine D2/3 receptor occupancy

occupancy of 65 % best distinguished responders from non-responders: 80 % of
responders showed >65 % receptor occupancy, whilst 67 % of the non-responders
had occupancy below the 65 % threshold. They also found that occupancy levels
much above 80 % were associated with an increased risk of side effects. The notion
of a therapeutic window of D2 occupancy for clinical response has subsequently
been confirmed by a meta-analysis of imaging studies for a range of the most
commonly used antipsychotics.(Yilmaz et al. 2012) However, it is important to note
that in the first episode study, about one-third of the non-responders showed
occupancy levels above the threshold.(Kapur et al. 2000) Thus, whilst some
non-response may be due to inadequate receptor occupancy, there is still a propor-
tion of patients who show inadequate response despite good D2 occupancy.

The role of other receptors has also been examined in vivo. The observation that
clozapine, the only antipsychotic licensed for refractory schizophrenia, showed
high levels of serotonin 2A receptor antagonism at clinical doses underpinned
efforts to develop antipsychotic drugs that reproduced this aspect of clozapine’s
pharmacology without its tolerability issues. In the 1990s a number of second
generation antipsychotics that showed high serotonin 2A receptor antagonism
came to market. In vivo studies have subsequently investigated serotonin 2A
occupancy in healthy volunteers and patients at clinical doses of these drugs.
These studies have found that high levels of serotonin 2A occupancy is already
apparent at low doses of these drugs, for example, risperidone at 2 mg and
olanzapine at 5 mg (both generally sub-therapeutic doses) show serotonin 2A
occupancy of >80 % (Kapur et al. 1999). Furthermore, a study that compared
cortical serotonin 2A occupancy in patients randomised to either olanzapine or
clozapine found that serotonin 2A occupancy was not significantly different
between the patients on olanzapine (mean dose ~18 mg/day) and clozapine (mean
dose ~325 mg/day) but, whilst both groups of patients improved with treatment, the
patients on clozapine showed a significantly greater improvement in positive
symptoms, suggesting that serotonin 2A occupancy alone does not explain
clozapine’s superiority (Moresco et al. 2004). Furthermore, even for an antipsy-
chotic such as risperidone that shows high levels of serotonin 2A antagonism, there
is a striking relationship between D2 occupancy and clinical response (r values
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>0.75) (Catafau et al. 2006). It is also worth noting that chlorpromazine at higher
doses (500-700 mg/day) shows high levels of serotonin 2A occupancy, similar to
levels seen with clozapine (Trichard et al. 1998). In contrast, amisulpride, a second
generation antipsychotic, shows almost no serotonin 2A receptor occupancy at
clinical doses (Trichard et al. 1998). As amisulpride is as effective as drugs with
high serotonin 2A occupancy, such as risperidone and olanzapine, this is further
evidence that serotonin 2A occupancy does not explain antipsychotic efficacy.
Other studies have investigated D1 receptor occupancy and clinical response.
Here, again there are large differences between drugs at clinically relevant doses,
suggesting that D1 occupancy is not a requirement for clinical response (Reimold
et al. 2007).

In summary, D2 occupancy is needed for therapeutic response in general, and
low levels of D2 occupancy are linked to inadequate response. Thus, in some
patients increasing the dose will help. However, it is also clear that some patients
do not respond despite high levels of DA D2 receptor occupancy. Thus, D2 receptor
occupancy is not sufficient to guarantee response in a proportion of patients. This
raises the question what is different about the biology of the DA system in
refractory patients.

3.4 The Presynaptic DA System and Treatment Response

Given that presynaptic DA dysfunction is the major locus of dopaminergic abnor-
mality in the disorder, this is the obvious contender for a difference in the DA
system between responders and refractory patients. The first studies to investigate
this were studies that measured levels of DA metabolites in plasma or cerebrospinal
fluid in relation to antipsychotic response. The major DA metabolite examined is
homovanillic acid (HVA). Higher baseline DA metabolite levels are generally
associated with good subsequent response to antipsychotic treatment, whilst
lower DA metabolite levels are associated with poor response (Yoshimura
et al. 2003; Mazure et al. 1991; Pickar et al. 1984). Furthermore, there is some
evidence that there is a bimodal distribution of HVA levels amongst patients with
schizophrenia that is linked to subsequent response to antipsychotics (Ottong and
Garver 1997; Bowers 1991). The first peak is higher than that seen in controls, and
is seen in patients who respond to antipsychotics, whereas the second peak, at a
similar level to control levels, is associated with non-response. A limitation of the
plasma HVA measures used in many studies is that they are influenced by periph-
eral as well as central DA metabolism. Nevertheless, the same pattern of high HVA
levels in responders and levels in non-responders is seen when cerebrospinal fluid is
used (Pickar et al. 1992). Most of these studies examined non-response to one
antipsychotic rather than resistance to multiple antipsychotics, but the same pattern
is seen in studies of patients who met treatment resistance criteria (Pickar
et al. 1992; Risch and Lewine 1993; Lieberman et al. 1994).

Of course, whilst elevated HVA levels in responders are consistent with the
notion that DA levels are elevated in responders, there are alternative
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explanations—they could reflect increased metabolism of DA, or reduced metabo-
lism of homovanillic acid, for example—that could account for the differences
between responders and non-responders.

Baseline synaptic DA levels in the striatum, indexed using a DA depletion
paradigm, have been measured in relation to treatment response (Abi-Dargham
et al. 2000). In this study Abi-Dargham and colleagues found that higher synaptic
DA levels were associated with a better response to antipsychotic treatment.
However, this study did not determine if the patients who showed a poor response
were treatment resistant. A more recent imaging study examined DA synthesis
capacity in patients who met rigorous treatment resistance criteria and compared
them to patients who had shown a good response to antipsychotics, defined as
meeting standardised criteria for remission. Interestingly, DA synthesis capacity in
resistant patients was not significantly different from that in matched controls
(Demjaha et al. 2012). Furthermore, a proportion of these patients then went on
to have magnetic resonance spectroscopy to index glutamate levels in the anterior
cingulated cortex. Here, the pattern was the opposite: the treatment-resistant
patients showed elevated glutamate indices, whereas the responders showed
lower glutamate levels that were not significantly different to those seen in matched
controls (Demjaha et al. 2013a). These findings thus suggest that there is a double
dissociation in DA and glutamate function between responders and resistant
patients.

3.5 The Onset and Course of Treatment Refractory
Schizophrenia

One issue that bedevils the interpretation of research into the biology of treatment
resistance is that most of the studies are in chronic patients. Indeed, by definition
patients will have had to have at least two treatment courses and so will have been
ill for some time. It is thus not clear whether differences observed in treatment-
resistant patients were present from illness onset or developed later. This links to
the on-going debate in the field as to whether treatment resistance in schizophrenia
evolves over time, perhaps as a consequence of untreated psychosis, or is manifest
at the onset of illness. In line with a first notion, Wyatt (1991) reviewed the
evidence derived from 22 studies of predominantly first episode patients that
examined the effect of medication on the natural course of schizophrenia. Based
on this he suggested that early psychopharmacological intervention improves
outcome and prognosis, and proposed that a neurodegenerative process may be
inherent to psychosis and thus unfavourably affect the clinical course in those who
are non-compliant and subjected to multiple relapses. In a subsequent review of
clinical studies, he synthesised the evidence showing that patients who received
antipsychotic treatment early in the course of illness, specifically during their first
or second hospitalisation, had a much better outcome than patients who did not
receive any treatment (Wyatt 1995). This gave support to the “neurodegeneration
hypothesis” suggesting that psychotic episodes have a neurotoxic effect on the
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brain. However, numerous MRI studies have subsequently addressed this question
and, whilst it is clear that brain changes do evolve in some patients, it remains
possible that this is due to the effect of antipsychotic treatments (Zipursky
et al. 2012).

Another possibility is that a proportion of patients become less responsive to
pharmacological treatment as the illness progresses. Kolakowska et al. (1985)
examined retrospective accounts of medicated patients 2-20 years after their first
presentation to investigate this. However, the authors found that majority of 40 poor
responders in their sample were unresponsive throughout the illness and thus
concluded that treatment response is related to the “type” and not the “stage” of
illness. The retrospective design of this study could have led to a measurement error
leading to information bias. Still, as the authors rightly suggest, the bias would be
towards “over-estimation” of remission particularly in cases were associated
behavioural disturbance was not recorded. In addition, two other longitudinal
studies have similarly observed that a refractory illness course is apparent in
early stages of illness in a proportion of patients (Bleuler 1978; Huber
et al. 1975). More recently, a large follow-up study of first episode patients that
specifically examined the development of treatment resistance over the 10-year
follow-up found that over 80 % of treatment-resistant patients were persistently
resistant from the initiation of antipsychotic treatment (Demjaha et al. 2013b).
Moreover, about 20 % of first episode psychosis patients appear to be resistant to
medication at a very early stage of their illness, and at the time of initiation of
treatment,(Agid et al. 2011; Robinson et al. 1999; MacMillan et al. 1986;
Lieberman et al. 1996) which cannot be explained by the effects of medication,
neurochemical sensitisation or neurodegeneration.

Thus, the longitudinal studies suggest that both models are right: a proportion,
the clear majority, of treatment-resistant patients are resistant from onset, but there
is a proportion who develop it later in their illness. Given that the clear majority of
treatment-resistant patients are resistant from onset, the studies of treatment-
resistant patients are likely to largely reflect the biology of treatment resistance
from illness onset.

What, then, could underlie the development of treatment resistance in those
patients who develop it during the course of their illness? There is evidence from
animal studies that chronic treatment with DA blocking antipsychotics induces DA
D2 receptor up-regulation, which could reduce the efficacy of antipsychotic treat-
ment and lead to breakthrough DA supersensitivity. (Samaha et al. 2007; Ginovart
et al. 2008) This implies that the development of DA supersensitivity may predis-
pose some patients to becoming resistant following repeated and long-term expo-
sure to antipsychotic treatment.

It should be noted that there is a third group of treatment-resistant patients who
achieve spontaneous remission or start responding to treatment later in life (Meltzer
1997). Observations that older schizophrenic patients require much lower antipsy-
chotic doses than their younger counterparts (Fenton and McGlashan 1987) suggest
that the development of treatment responsiveness could be related to age-related
reductions in dopaminergic transmission (Dreher et al. 2008; Reeves et al. 2002).
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However, whilst this would explain the resolution of treatment resistance due to
breakthrough DA supersensitivity, it would not account for resolution of resistance
in patients who have been treatment resistant from onset.

Conclusion

The question raised at the beginning of the chapter was what underlies why some
patients respond to antipsychotic treatment and others do not. Research over
recent decades allows us to go some way to answer this. It is clear that
presynaptic dopamine dysregulation is a consistent finding in schizophrenia
and linked to the onset of psychosis. It would take a lot of new evidence to
overturn this finding. This indicates that by blocking dopamine receptors, anti-
psychotic drugs are acting on the right system. It is also clear that adequate
dopamine receptor blockade is central to the mode of action of all first-line
(non-clozapine) antipsychotics, with D2 receptor occupancy greater than a
threshold of 65 % or so linked to antipsychotic efficacy. Nevertheless, some
patients do not respond despite adequate D2 blockade. The studies of dopamine
metabolites in the 1990s and the more recent molecular imaging studies indicate
that non-responders do not show the same dopamine abnormality seen in the
majority of patients. This would explain why they do not respond to dopamine
blocking drugs. Moreover, recent results suggest that treatment-resistant patients
instead show altered glutamate function. However, this finding requires further
testing, and there are questions that remain outstanding, not least whether these
biological differences exist at illness onset or whether they develop during the
course of the illness. The fact that treatment resistance is present early in the
illness suggests that they are likely to be present at illness onset for the majority
of treatment-resistant patients, but longitudinal imaging studies are required to
definitively determine this.
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There has been a renewed awareness in recent years of the long-standing associa-
tion between schizophrenia and increased premature death from both unnatural and
natural causes. Indeed, this well-documented finding antedates antipsychotic ther-
apy (Harris and Barraclough 1998). Increased premature mortality in schizophrenia
is an important public health problem. In 2004 in England, the indirect costs of
schizophrenia, including those associated with premature death, were estimated at
$7.6 billion (Mangalore and Knapp 2007). In 2002 in the USA, the indirect costs of
death from suicide in patients with schizophrenia were estimated at $1.1 billion
(McEvoy 2007).

The growth of research in mortality (and its associated risk factors) in schizo-
phrenia has highlighted the complexity of this issue. The higher rate of suicide in
schizophrenia—up to half of patients with schizophrenia attempt suicide, and the
lifetime risk of completed suicide in the disorder is 5 %—contributes substantially
to heightened mortality, but it is by no means the full story (Palmer et al. 2005).
Cardiovascular disease is the leading cause of mortality in patients with schizo-
phrenia (Saha et al. 2007). Metabolic abnormalities in first-episode drug-naive
patients with schizophrenia, coupled with findings of increased natural cause deaths
in the pre-antipsychotic era, suggest that there seems to be something about the
illness that contributes to this premature mortality. These findings are
complemented by the heightened natural cause mortality risk in the antipsychotic
era (Saha et al. 2007), driven in part by effects of antipsychotics, including
cardiometabolic risks of antipsychotic-associated weight gain and glucose and
lipid abnormalities, direct cardiotoxicity of antipsychotics (Reilly et al. 2000),
and respiratory deaths associated with antipsychotic polypharmacy (Waddington
et al. 1998).
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Germane to our focus on treatment-resistant schizophrenia (TRS) is the case of
clozapine. Clozapine was initially hailed as a breakthrough (“life-saver”) drug for
the most severely ill patients. Moreover, it was actually shown to reduce suicide in
patients with schizophrenia in a randomized controlled trial (Meltzer et al. 2003).
Now, it is associated with the greatest risk of metabolic disturbances, as well as with
potentially fatal thromboembolism and myocarditis (Annamraju et al. 2007; Coodin
and Ballegeer 2000). Thus, the impact of appropriate management of treatment-
resistant schizophrenia results in the need for the treating clinician to balance the
apparent mitigating effect of clozapine on suicide risk with its potential
exacerbating effects on natural cause mortality, over the longitudinal course of
illness. Further complicating the clinical picture and treatment of schizophrenia is
the substantial psychiatric comorbidity (Buckley et al. 2009). Depression, anxiety,
and substance abuse are common accompaniments of the schizophrenia condition,
and in turn their presence (and potentially their treatment) can impact on medical
comorbidities, as well as mortality risk from both unnatural and natural causes.

The purpose of this chapter, framed within the context and set against the other
findings illuminated in this comprehensive text on treatment-resistant schizophre-
nia, is to give a current account of both medical and psychiatric comorbidities in
TRS, their impact on mortality risk, and treatment considerations for the practicing
clinician.

4.1 The “Balancing Act” of Comorbidity in Schizophrenia

Consider the following scenario. A 45-year-old man presents for the first time to the
outpatient clinic for an initial evaluation for schizophrenia. He reports a 15-year
history of pervasive suspiciousness that his neighbors are spying on him. He tells
the psychiatrist that he has overheard them numerous times over the years plotting
to kill him. He endorses receiving special messages while watching television that
reinforce these beliefs. He also endorses daily auditory hallucinations that tell him
he is “a no good failure”, and “you should just go ahead and kill yourself.” He lives
independently and is able to care of his basic needs, although he is generally
isolated at home. He has been unable to work for the past 15 years due to the
unremitting nature of his symptoms. He endorses periods of depression, and 6 years
ago he was hospitalized following an overdose on medication in an admitted suicide
attempt. He tells the psychiatrist that he was treated previously with risperidone
4 mg at bedtime, for several years, and quetiapine 400 mg at bedtime, also for
several years. He states that he took both of these medications regularly because
they helped him sleep better, but that he continued to hear the voices and feel
suspicious of his neighbors, and “I stopped them because they made me gain
weight.” He was also tried briefly on ziprasidone, but “my doctor stopped it because
of something to do with my heart.” He smokes two packs of cigarettes daily.

The psychiatrist discusses with the patient the risks and benefits of a trial of
clozapine, to which the patient ultimately agrees. Before starting clozapine, the
patient is 69 in. tall and weighs 180 1b (body mass index =27). Baseline fasting
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blood work reveals a normal glucose and lipid panel. The patient has no known
medical problems and does not take any other medications. Overall, the patient
tolerates the clozapine trial well. The dose of clozapine is titrated up to 450 mg
daily and the patient shows significant improvement in his psychiatric symptoms.
He no longer hears the voices. He admits to fleeting thoughts that his neighbors talk
about him behind his back, but he is not preoccupied with them. He joins a local
church and makes some friends through a bible study. He is able to work part-time.
He has increased contact with his family. However, the patient also gains 40 1b in
the first year on clozapine (body mass index =33). Subsequently, he develops
hypertension, diabetes, and hyperlipidemia, diagnosed and managed by a primary
care physician in the community, whom the patient sees no more than annually.
These comorbidities are initially treated with diet and exercise, but ultimately
medications are required. The patient cuts down on nicotine use but still smokes
a pack per day. The risks of his physical health problems are discussed with the
patient by the psychiatrist, but he is adamant that he wants to continue the clozapine
because “it’s the only medication that’s ever helped me.” The patient is treated with
clozapine for 10 years, when he dies from a myocardial infarction at the age of 55.

Consider an alternative scenario. The same patient declines the clozapine trial,
but agrees to a trial of perphenazine. He stops the medication after a month because
“it made my arm twitch.” In 3 months, he drops out of treatment altogether. The
patient’s hallucinations and delusions persist. He becomes increasingly depressed
and isolated. He attempts to “self-medicate” with alcohol, typically 6-12 cans of
beer daily. One evening after a period of heavy drinking, the voices become
particularly loud and continue to berate the patient. He feels “trapped.” In order
to “get rid of the voices”, the patient completes suicide by firearm at the age of 47.

The second scenario is obviously tragic, but can we consider the first scenario a
treatment “success”? Knowing the metabolic risks of clozapine, would you start
“prophylactic treatment”? If so, which treatment would you give? It’s a very
complex question, especially since these treatments might have their own side
effects. And, even if you were able to blunt or decrease the weight gain and
metabolic disturbance associated with clozapine, would the patient still have died
prematurely from cardiovascular disease? What would you do if treatment with
clozapine was also associated with the emergence of obsessive—compulsive
symptoms? These are tough questions, too. Indeed, as we will describe in this
chapter, managing the risks and benefits of clozapine amounts to a delicate “bal-
ancing act” for the practicing clinician.

4.2 Beyond Blood Monitoring: Other Serious Side Effects
of Clozapine

Clozapine is recommended for positive symptoms in patients with treatment-
resistant schizophrenia (Buchanan et al. 2010). While the need for white blood
cell and neutrophil count monitoring due to the risk of bone marrow suppression
and agranulocytosis with clozapine is well known, greater awareness and screening
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are needed for other potentially life-threatening effects of clozapine, including
diabetic ketoacidosis (DKA), gastrointestinal (GI) hypomotility, and myocarditis.
Cohen et al. (2012) performed a systematic review of 16 studies that included data
on these adverse effects. They found a 4-8 % incidence of clozapine-induced
agranulocytosis, with a 2—4 % case-fatality rate. Clozapine was also associated
with a 1-3 % incidence of DKA, which had a remarkable 20-31 % case-fatality
rate. Similarly, there was a 4-8 % incidence of GI hypomotility, with a similarly
high case-fatality rate of 15-28 %. The authors found a discrepancy in incidence of
clozapine-induced myocarditis between Australia (7-34 %) and the rest of the
world (0.1-0.6 %). In contrast to this finding, Haas et al. (2007) reviewed
116 case reports of suspected myocarditis associated with clozapine use in
Australia during 1993-2003. They calculated an incidence 0.7-1.2 % in treated
patients. Myocarditis occurred in relatively young patients (median age 30) with
early onset after treatment initiation (median 16 days) and was associated with a
>10 % mortality rate. Taken together, these findings underscore the need for
vigilant monitoring for multiple comorbidities associated with clozapine treatment.

4.3 Treatment-Resistant Schizophrenia and The Metabolic
Syndrome

According to the World Health Organization, the top six global mortality risk
factors are hypertension, smoking, diabetes, physical inactivity/cardiorespiratory
fitness, overweight or obesity, and dyslipidemia (WHO 2009). The metabolic
syndrome is a constellation of metabolic risk factors associated with the develop-
ment of atherosclerotic cardiovascular disease (Galassi et al. 2006; Grundy
et al. 2005) and cardiovascular disease mortality (Galassi et al. 2006). As defined
by the American Heart Association/National Heart, Lung, and Blood Institute
Scientific Statement (Grundy et al. 2005), subjects meeting three or more of the
following five criteria are defined as having the metabolic syndrome: (1) waist
circumference >102 cm in males or >88 cm in females, (2) fasting triglycerides
>150 mg/dL, (3) fasting HDL <40 mg/dL in males or <50 mg/dL in females,
(4) blood pressure >130/85 mmHg or on antihypertensive drug treatment in a
subject with a history of hypertension, and (5) fasting glucose >100 mg/dL or on
drug treatment for elevated glucose.

The prevalence of the metabolic syndrome in TRS is remarkably high. Among
84 patients in Ireland receiving clozapine, Ahmed et al. (2008) found that 46 % met
criteria for the metabolic syndrome. Male gender and concomitant antipsychotic
medication (in addition to clozapine) were significantly associated with the meta-
bolic syndrome in this study. A similar prevalence was reported in a Swedish cohort
of patients with schizophrenia treated with clozapine (Higg et al. 2006). 48 % of
54 subjects on clozapine monotherapy had the metabolic syndrome, including 70 %
with abdominal obesity, 57 % with hypertriglyceridemia, 39 % with low HDL,
43 % with hypertension or medication use, and 22 % with high fasting glucose or
medication use.
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Several other studies have described relationships between clozapine use and
individual components of the metabolic syndrome. In a chart review of 82
clozapine-treated patients, Henderson et al. (2004) found significant increases in
systolic and diastolic BP over 5 years. 27 % of these patients received treatment for
hypertension following initiation of clozapine, compared to just 4 % of 56 patients
treated with typical antipsychotics and 9 % of 102 patients treated with other
atypical antipsychotics. In a 10-year naturalistic study of 96 patients following
clozapine initiation by the same group, the Kaplan—Meier estimate for 10-year
cardiovascular disease mortality was 9 % (Henderson et al. 2005). The authors
found significant increased cardiovascular mortality risk in African and Hispanic
American versus Caucasian patients. The Kaplan—Meier estimate of new-onset
diabetes in the cohort was 43 %, and diabetes risk was also higher in African and
Hispanic American patients.

What are the potential mechanisms by which clozapine contributes to the
metabolic syndrome? One possibility is direct effects of the medication. For
example, clozapine impedes glucose uptake by muscle cells, possibly through
impaired cell surface glucose transporter proteins (Tovey et al. 2005). Three
previous studies have found an increased prevalence of type 2 diabetes in the
parents of patients with schizophrenia and related disorders (Fernandez-Egea
et al. 2009; Mukherjee et al. 1989; Spelman et al. 2007). This association might
be due to genetic or environmental risk factors (or both). For example, low birth
weight and exposure to prenatal stress during gestation are environmental risk
factors for both disorders. Likewise, the gene for tumor necrosis factor-alpha
(TNF-a), a pro-inflammatory cytokine, is located on chromosome 6p21.3, a region
associated with schizophrenia in numerous linkage studies (Zai et al. 2006). The
type 2 diabetes susceptibility gene IGF2BP2 has also been associated with schizo-
phrenia in a Han Chinese population (Zhang et al. 2013).

The metabolic syndrome is also associated with a state of chronic, low-grade
inflammation (Devaraj et al. 2010). A recent meta-analysis found that high-
sensitivity C-reactive protein (CRP), an acute phase protein that is a marker of
inflammation, was an independent predictor of cardiovascular disease (Kaptoge
et al. 2010). In a meta-analysis, we found that blood CRP levels were significantly
increased in patients with schizophrenia versus controls, and 28 % of patients with
schizophrenia had an elevated CRP levels (Miller et al. 2013). Several studies have
found that blood CRP levels are correlated and/or predict metabolic syndrome (Fan
et al. 2010; Miller et al. 2013; Shcherbakova et al. 1999) or components of the
metabolic syndrome (Carrizo et al. 2008; Dieset et al. 2012; Fan et al. 2010; Fawzi
etal. 2011; Miller et al. 2013) in patients with schizophrenia. It is important to note
that most studies of CRP did not focus exclusively on subjects with TRS or
clozapine-treated subjects. A notable exception is a study by Loffler et al. (2010a,
b), who reported a statistically significant 600 % increase in hsCRP in eight subjects
with chronic schizophrenia started on clozapine for the first time for 8 weeks. It was
also reported in that study that a cross-sectional investigation of 25 patients on long-
term clozapine and 25 psychiatric controls did not show an elevation of hsCRP with
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clozapine after 1 year or more. Further longitudinal studies are needed to investi-
gate these associations in TRS.

Schizophrenia is also associated with increased blood levels of
pro-inflammatory cytokines, including interleukin-6 (IL-6), TNF-a, and IL-1p
(Miller et al. 2011), including studies in patients with first-episode psychosis and
minimal exposure to antipsychotics, suggesting an association that may be inde-
pendent of medication. The adverse metabolic effects of atypical antipsychotics,
which increase metabolic syndrome risk, may potentiate aberrant blood levels of
inflammatory markers (Beumer et al. 2012). In our cytokine meta-analysis, we also
found significantly increased blood levels of the soluble interleukin-2 receptor in
patients with TRS versus controls, suggestive of chronic immune activation in these
patients (Miller et al. 2011). Similar to the literature for CRP, there is a paucity of
longitudinal studies of the effects of clozapine on blood cytokines. One such study
found a 1.3-fold elevation of blood IL-6 levels in 12 patients treated with clozapine
monotherapy compared to 10 controls (Loffler et al. 2010b). This finding is
internally consistent, as cytokines, particularly interleukin-6 (IL-6), are the primary
inducers of CRP. Chen et al. (2008) found elevated TNF levels in clozapine-
induced obesity in patients with chronic schizophrenia. Similarly, Kluge
et al. (2009) found a significant positive correlation between increase in TNF and
BMI during clozapine initiation. Other immune system-related effects of clozapine
have been reviewed extensively elsewhere (Rgge et al. 2012).

Telomeres, noncoding tandem repeat structures at the end of chromosomes, are
thought to be markers of biologic aging. Critically shortened telomeres promote
cellular senescence, and shortened telomeres are associated with type 2 diabetes
(Sampson et al. 2006), coronary artery disease (Obana et al. 2003), and all-cause
mortality in people aged >60 (Cawthon et al. 2003). Three studies have examined
telomeres in patients with schizophrenia. Fernandez-Egea et al. (2009) found
significantly decreased telomere content in 41 drug-naive patients with first-episode
non-affective psychosis compared to 41 well-matched controls, suggesting an
association that is independent of antipsychotic medications. Patients with schizo-
phrenia (versus controls) in this study also had increased pulse pressure and
increased 2-h glucose on a glucose tolerance test—indices that have been linked
to an increased risk of diabetes and hypertension. Yu et al. (2008) measured
telomere length in 68 patients with schizophrenia—including 34 responders and
34 nonresponders to antipsychotics—and 76 controls. They found significant telo-
mere shortening in peripheral blood leukocytes of patients with poor response to
antipsychotics versus controls, but no difference between antipsychotic responders
and controls. Lastly, Kao et al. (2008), in a study of 51 patients with schizophrenia
and 52 controls, found a significant effect of diagnosis on shorter telomere length,
after controlling for age and sex. Furthermore, there was no correlation between
current or lifetime antipsychotic dose and telomere length. The authors estimated
that the rate of telomere loss more than doubled in the 20 years following the onset
of schizophrenia in their sample and that the lymphocytes had aged at least 25 years
more than controls.
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Table 4.1 Pharmacologic management of antipsychotic-induced metabolic disturbance in
schizophrenia

Proposed mechanism Trial

Agent of action results Comments

Amantadine Decrease appetite a

Atomoxetine Appetite suppressant  (—)

Betahistine Satiety (=)

Fluoxetine Decrease appetite (-)

Fluvoxamine Decrease appetite (+) Decreased weight, glucose triglycerides

Metformin Enhances insulin (++)* Decreased weight (2 trials)
sensitivity Decreased insulin, triglyceride/HDL;

Increased HDL (1 trial)

Nizatidine Decrease appetite a

Orlistat Decrease intestinal fat (—)
absorption

Phenylpropanolamine Appetite suppressant  (—)

Reboxetine Decrease appetite

Sibutramine Appetite suppressant  (—)

Topiramate Decrease appetite (+)* Decreased weight; No changes in

glucose of lipids
(+) = significant findings
(—) =negative trial
(++) = significant findings in multiple trials
“Significant findings, but not studied in TRs

4.4 Pharmacologic Management of Antipsychotic-Induced
Weight Gain

Given the above-detailed associations between clozapine and the metabolic syn-
drome or its components, and the impact on morbidity and mortality risks, it
follows that there has been significant interest in pharmacologic strategies to
prevent or reverse antipsychotic-induced weight gain. Several trials have been
effective in mitigating this effect, although findings are limited by few randomized
placebo-controlled trials and the fact that most were short duration trials lacking
adequate statistical power (reviewed in Baptista et al. 2008). Despite these
limitations, as well as contradictory results for some agents, there have been
some promising results for patients with TRS, which are also described in
Table 4.1.

Topiramate is an antiepileptic that is thought to decrease appetite through
glutamatergic inhibition. Hahn et al. (2010) performed an open-label trial of
12 weeks of adjunctive topiramate (mean dose 167 mg/day) in 16 treatment-
refractory patients with schizophrenia on clozapine. Patients had a mean weight
loss of 2.6 +/— 3.7 kg 12 weeks, corresponding to a 2.5 % reduction in body weight.
There were no significant changes in fasting glucose, lipids, hemoglobin Alc, or
2-h glucose challenge. Two other randomized controlled trials also found
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significant weight loss with adjunctive topiramate (Narula et al. 2010; Ko
et al. 2005), though these trials were not in treatment-resistant patients.

Lu et al. (2004) studied 68 inpatients with schizophrenia treated with either
clozapine monotherapy (<600 mg/day), or the selective serotonin reuptake inhibi-
tor fluvoxamine (50 mg/day) plus low-dose clozapine (<250 mg/day) (n=34 in
each group) for 12 weeks. At study endpoint, the fluvoxamine group had lower
glucose, triglycerides, and norclozapine levels. Importantly, norclozapine levels
were significantly positively correlated with changes in weight, glucose, and
triglycerides. The authors concluded that fluvoxamine treatment can attenuate
weight gain and metabolic disturbances; however, fluvoxamine can markedly
increase plasma clozapine levels through cytochrome P450 activity, increasing
the risk of adverse events.

Sibutramine is an appetite suppressant that blocks monoamine reuptake.
Henderson et al. (2007) performed a 12-week trial of sibutramine (up to 15 mg/
day) versus placebo in 21 patients with schizophrenia or schizoaffective patients
treated with clozapine. They found that sibutramine did not reverse clozapine-
induced weight gain (p=0.31 vs. placebo), and there were no significant
differences in changes in weight, BMI, abdominal and waist circumference,
HgbA1C, fasting glucose, or cholesterol levels between subject groups.

Ball et al. (2011) studied 37 patients with schizophrenia or schizoaffective
disorder who gained at least 7 % of their baseline body weight following treatment
with clozapine or olanzapine. Subjects were randomized to a 24-week comparison
of adjunctive atomoxetine or placebo, and all participants received structured
support and an exercise group. They found a modest but nonsignificant weight
loss (about 2 kg) in both groups.

The most extensively studied adjunctive agent for antipsychotic-induced weight
gain to date has been the antidiabetic agent metformin, which enhances insulin
sensitivity. Ehret et al. (2010) performed a meta-analysis of six randomized,
placebo-controlled trials of metformin in patients taking atypical antipsychotics.
They found that subjects treated with metformin had significantly reduced weight,
BMI, waist circumference, and insulin resistance, but a nonsignificant reduction in
diabetes risk. Two trials of metformin have focused on patients treated with
clozapine. In an elegantly designed study, Wu et al. (2008) recruited 128 adults
with first-episode schizophrenia who gained more than 10 % of their pretreatment
weight, of which 31 % were treated with clozapine. Subjects were assigned to one
of four treatment groups for 12 weeks: metformin 750 md/day +/— lifestyle
intervention versus lifestyle intervention only versus placebo. They found that
metformin plus lifestyle intervention showed the best effect on weight loss, but
metformin alone was also efficacious for weight gain. Furthermore, metformin
alone was more effective in weight loss and improving insulin sensitivity than
lifestyle intervention alone. Carrizo et al. (2009) performed a 14-week placebo-
controlled trial of extended release metformin (500-1,000 mg/day) in 61 patients
receiving clozapine for more than three consecutive months. In an analysis of
completers (there were seven dropouts in the metformin group, but none in
controls), subjects on metformin had significantly more weight loss, a significant
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decrease in insulin and the triglyceride/HDL ratio, as well as a significant increase
in HDL.

There have also been positive trials of several other agents, though not specifi-
cally studied in TRS, including the H2 receptor antagonist nizatidine, the selective
norepinephrine reuptake inhibitor reboxetine, and the dopamine agonist and
NMDA receptor antagonist amantadine (reviewed in Baptista et al. 2008). While
the 2009 Schizophrenia Patient Outcomes Research Team (PORT) psychopharma-
cological treatment recommendations (Buchanan et al. 2010) note the contribution
“antipsychotic-induced weight gain is thought to be an important modifiable con-
tributor to the high rates of obesity” in schizophrenia, which contributes to higher
morbidity and mortality, “there is currently insufficient evidence to recommend a
specific pharmacological intervention for the prevention or treatment of
antipsychotic-induced weight gain. However, clinicians should monitor weight
gain due to antipsychotic medications and consider the use of an evidence-based
psychosocial weight loss intervention.”

4.5 Non-Pharmacologic Management of Antipsychotic-
Induced Weight Gain

In addition to pharmacologic management, there has been great interest in
non-pharmacologic interventions to mitigate antipsychotic weight gain. As has
been the case with pharmacologic trials, studies of behavioral interventions have
been limited by relatively small sample sizes and study durations (reviewed in Das
et al. 2012; Strassnig and Ganguli 2007). Despite these limitations, there are some
promising results. Several trials have focused on patients treated with clozapine. As
noted above, Ball et al. (2011) found modest, nonsignificant weight loss (about
2 kg) subjects treated with clozapine or olanzapine who received 24 weeks or
structured support and an exercise group in addition to atomoxetine or placebo. Wu
et al. (2008) found that metformin plus lifestyle intervention was more efficacious
than metformin alone for weight loss in first-episode psychosis (of whom almost
one-third were treated with clozapine). In a study of 53 clozapine-treated patients
with schizophrenia and obesity, subjects treated with a dietary intervention (200—
300 decreased calorie intake per day) and a 6-month regimen of regular physical
activity (walking 3 days per week) had a significant decrease in weight, BMI, and
waist and hip circumference at 3 and 6 months and decreased triglycerides at
6 months, compared to controls (Wu et al. 2007). In a sample of 35 patients who
gained at least 20 1b during antipsychotic treatment and subsequently lost 10 Ib, the
most frequent weight loss interventions were regular dietitian visits, self-directed
diet, and weight loss as a treatment goal (O’Keefe et al. 2003). In a meta-analysis of
behavioral interventions in schizophrenia as a whole, nutritional counseling plus
exercise showed the greatest benefit (Das et al. 2012). In this review, although
improvements were modest, behavioral therapies showed the most consistent
benefits (versus adjunctive pharmacotherapies) compared with controls. Taken
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together, these findings suggest that non-pharmacologic interventions also play an
important role in the treatment of antipsychotic-induced weight gain.

4.6 Treatment-Resistant Schizophrenia and Psychiatric
Comorbidity

Psychiatric comorbidity is remarkably common in schizophrenia, and these
comorbidities, in turn, can perturb the clinical picture. For example, depression
can cause secondary negative symptoms, panic attacks can drive paranoia, and
cannabis abuse can worsen positive and disorganization symptoms. In a previous
review, we estimated a 15 % prevalence of comorbid panic disorder, 29 % for
PTSD, and 23 % for OCD in patients with schizophrenia (Buckley et al. 2009).
Comorbid depression occurs in 50 % of patients. Conservatively, 47 % of patients
have a lifetime diagnosis of comorbid substance use disorder. Unfortunately, few
studies have investigated the prevalence of psychiatric comorbidities in patients
with TRS.

To our knowledge, there are no randomized controlled trials in the treatment of
either panic disorder or PTSD. There is a case report of a 44-year-old male veteran
with PTSD and psychosis, who experienced significant clinical improvement on
clozapine (Hamner 1996). There is also a case series of clozapine treatment for
adolescents with PTSD and psychotic symptoms, in which four of six subjects had
significant improvement in psychiatric symptoms and behavior with a therapeutic
dose of clozapine.

A significant proportion of patients with schizophrenia have comorbid OCD. It
has been suggested the presence of obsessive—compulsive symptoms might consti-
tute a distinct schizo-obsessive subtype that are generally considered highly treat-
ment refractory. However, an important consideration in this relationship is the
timing of the onset of obsessive—compulsive and psychotic symptoms relative to
each other. In a case series and literature review, patients who begin to exhibit OCD
symptoms within the course of the psychotic process are more likely to be success-
fully treated with clozapine monotherapy (Reznik et al. 2004). By contrast, cloza-
pine may also be associated with de novo onset or reemergence of preexisting OCD
symptoms (Reznik et al. 2004; Schirmbeck and Zink 2012). There are significant
correlations of the severity of OCD symptoms with the duration, dose (especially
for doses >600 mg/day), and serum levels associated with clozapine treatment.
When OCD symptoms precede the development of schizophrenia, clozapine
monotherapy appears to be inefficient and may worsen symptoms and requires
treatment with concomitant anti-obsessive agents (Reznik et al. 2004). The authors
recommended citalopram or sertraline, due to the absence of interactions with
clozapine.

Comorbid substance use disorders might be considered the “rule” rather than the
exception in patients with schizophrenia, and carries potentially devastating nega-
tive consequences on the course and outcome of the disorder. These consequences
include more positive symptoms, illness relapse, heightened risk of suicide and
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violence, more medical comorbidities, legal complications (including heightened
risk of incarceration), and greater propensity to antipsychotic-related side effects
(Buckley et al. 2009). Several reviews have documented the apparent superiority of
clozapine, versus other antipsychotics, for decreased substance use and relapse of
substance use in patients with schizophrenia and comorbid substance use disorder,
including alcohol, cannabis, and cocaine (Brunette et al. 2006; Drake et al. 2000;
Kelly et al. 2012; Murthy and Chand 2012). Clozapine may also reduce nicotine use
in schizophrenia (Murthy and Chand 2012). The mechanisms by which clozapine
reduces substance use in schizophrenia are not clear. However, one study of
123 patients with psychotic disorder and cannabis dependence found that patients
treated with risperidone had significantly greater craving for cannabis than those
treated with either clozapine or olanzapine (Machielsen et al. 2012). The authors
postulated that the differences in D2 receptor occupancy and dissociation and the
D1/D2 occupancy ratio between clozapine and risperidone contributed to the
observed differences (Machielsen and de Haan 2009; Machielsen et al. 2012).
Based on the available evidence, the 2006 Texas Medication Algorithm Project
antipsychotic algorithm for schizophrenia recommended (group consensus) that
patients with comorbid substance use disorder should prompt earlier institution of
clozapine in the algorithm (Moore et al. 2007).

4.7 Mortality in Treatment-Resistant Schizophrenia

The tremendous burden of premature mortality from natural and unnatural deaths in
schizophrenia is well documented (Saha et al. 2007). Many studies have described
mortality in schizophrenia and related disorders without regard to treatment resis-
tance. Mortality data for TRS center around studies of the (short- and long-term)
effects of clozapine, with a number of insightful findings. There is a substantial
body of evidence regarding the anti-suicidal properties of clozapine, perhaps best
summarized by the Schizophrenia PORT psychopharmacological treatment recom-
mendation that “A trial of clozapine should be considered for people with schizo-
phrenia who exhibit marked and persistent suicidal thoughts or behaviors.
Clozapine is the only medication approved by the US FDA for preventing suicide
in patients with schizophrenia” (Buchanan et al. 2010).

Hennen and Baldessarini (2005) performed a meta-analysis of six published
studies contrasting rates of suicides or suicide attempts by patients treated with
clozapine versus other agents. There was a significant, approximately threefold
lower overall risk of both suicidal behaviors and completed suicides in patients on
long-term treatment with clozapine. Of note, five of the six studies in this meta-
analysis were registry studies. Meltzer et al. (2003) reported on the International
Suicide Prevention Trial (InterSePT), the only randomized controlled trial of
clozapine for suicide prevention. This trial was a 2-year study of 980 patients
with schizophrenia or schizoaffective, considered high risk for suicide due to either
previous attempts or current suicidal ideation, randomized to either clozapine or
olanzapine. The authors found significantly less suicidal behavior, fewer suicide
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attempts, hospitalizations, or rescue interventions to prevent suicide, and fewer
patients treated with concomitant antidepressants or anxiolytics in the clozapine
group. However, there was no difference in completed suicide between the two
groups (5 in the clozapine and 3 in the olanzapine group). The “high risk status” of
patients enrolled in this study may have contributed to the observed lack of
differences.

The mechanisms by which clozapine decreases suicidality are not well defined.
Spivak et al. (2003) studied 18 patients treated with clozapine and 26 patients
treated with haldol decanoate in an open, prospective 6-month trial. In the clozapine
group only, the reduction in measures of suicidality was significantly correlated
with a reduction in impulsiveness and aggression. Indeed, the Schizophrenia PORT
guidelines recommend a trial of clozapine for patients with schizophrenia who
present with persistent symptoms of hostility and/or display persistent violent
behaviors (Buchanan et al. 2010).

In a seminal study, Tiihonen et al. (2009) compared cause-specific mortality in
66,881 patients with schizophrenia versus the total population of Finland (5.2
million) between 1996 and 2006. They found that the lowest risk of death was for
clozapine (versus perphenazine), and that clozapine had substantially lower
all-cause and suicide mortality than any other antipsychotics. There was also a
nonsignificant lower risk of death from ischemic heart disease in clozapine-treated
patients. However, it has been argued that methodological and conceptual issues of
this study make interpretation of findings problematic (De Hert et al. 2010). One
possibility is that the findings for all-cause mortality were driven by the dramatic
reduction in suicide mortality and that subjects were not followed long enough to
accurately measure the potential increase in cardiovascular disease mortality due to
the metabolic effects of clozapine. Indeed, Fontaine et al. (2001) estimated mortal-
ity due to clozapine-induced weight gain using data from the Framingham Heart
Study. Interestingly, they found that the reduction in suicide mortality would be
offset over 10 years by the increased mortality associated with a weight gain of
10 kg.

Several other studies have examined natural cause mortality in patients treated
with clozapine. Walker et al. (1997) compared mortality rates in 67,072 current and
former clozapine users. There were 396 deaths in 85,399 person—years of follow-up
in patients aged 10-54. They found lower mortality during current clozapine use
versus periods of nonuse. There was an almost sixfold decrease in suicide mortality
in current versus past users, but there were also a greater than fivefold increase in
mortality from pulmonary embolism and an almost threefold increase in mortality
from respiratory disorders. There was a trend for a 1.7-fold increased risk of
cardiovascular mortality as well. Kelly et al. (2010) performed a retrospective
cohort study of 1,084 patients with schizophrenia who started clozapine and
602 patients never treated with clozapine (who were instead initiated on risperi-
done) between 1994 and 2000 and followed for 6-10 years. In patients who started
treatment at age >535, patients treated with clozapine had nonsignificantly higher 5-
and 10-year cardiovascular disease mortality, but overall there was no difference in
cardiovascular disease mortality between clozapine and risperidone in this study.
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Thus, more longitudinal studies are needed to evaluate the long-term impact of
clozapine on cardiovascular disease mortality. Smith et al. (2013) performed a
cross-sectional study of 314 primary care practices in Scotland, including 9,677
patients with a primary care record of schizophrenia or related psychosis and 1.4
million controls. They found that patients with schizophrenia are more likely to
have multiple medical comorbidities, but are less likely than patients without
schizophrenia to have a primary care record of cardiovascular disease, suggesting
a systematic under-recognition and treatment, which might contribute to the
associated increased premature mortality.

Interestingly, paternal age at birth, a robust risk factor for schizophrenia, may
also be a risk factor for mortality. In a cohort of 529 subjects with non-affective
psychosis born in Helsinki, Finland, between 1951 and 1960 and followed until
2006 (age 46-55), we found a significant increase in all-cause mortality and natural
deaths (both greater than sevenfold) in female, but not male, offspring of fathers
aged >40 compared to a reference paternal age of 25-29 (Miller et al. 2010a, b).
The association between paternal age and mortality may extend to females in the
general population as well (Miller et al. 2010b).

Several other recent studies also shed light on the issue of mortality in schizo-
phrenia. In a study of all patients in England discharged from inpatient care with a
diagnosis of schizophrenia, the absolute risk of death within a year of hospitaliza-
tion was about 1.5 %, and circulatory and respiratory diseases were leading causes
of death (Hoang et al. 2011). Similarly, we previously reported that 3 % of patients
with serious mental illness in Ohio died within 5 years of inpatient psychiatric care,
and cardiovascular disease was the leading cause of death (Miller et al. 2006). Thus,
inpatient care for schizophrenia offers a critical window during which risk factors
for mortality, particularly cardiorespiratory disease, can be recognized and
modified. Systematic efforts to screen for and treat modifiable risk factors, includ-
ing metabolic screening, smoking cessation interventions, and pneumonia and
influenza vaccination programs are needed (Miller et al. 2011).

Conclusions

Medical and psychiatric comorbidity in TRS is extremely common. There is
evidence, from the pre-antipsychotic era as well as studies of drug-naive patients
with first-episode psychosis, that some of this comorbidity (and/or liability to
comorbidity) may be part of the pathophysiology of the disorder. Antipsychotic
treatment, including clozapine, can exacerbate this vulnerability or induce
comorbidities due to side effects or direct toxicities. Conversely, clozapine is
extremely beneficial with regard to treatment-resistant (particularly) positive
symptoms, and reducing suicidal thinking and behavior, impulsivity and aggres-
sion, and substance use. Furthermore, schizophrenia is a very heterogeneous
disorder, with no two patients presenting with the same constellation of signs,
symptoms, and comorbidities. The net result is the extremely delicate “balancing
act” for the practicing clinician regarding the management of patients with TRS.
A summary of potential risk and benefits of clozapine in TRS, with regard to
medical and psychiatric comorbidities, and strategies to manage and mitigate
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Management Risks Benefits
Adjunctive pharmacotherapy for Medical Psychiatric

metabolic disturbances Agranulocytosis \V Comorbid substance use
Behavioral interventions Diabetic ketoacidosis \VImpulsivity and aggression
Collaboration with primary care for GI hypomotility Vlliness relapse

treatment of coexisting conditions Metabolic syndrome \VPsychosis, depression, and anxiety
Diet/Nutrition Myocarditis W Suicidal thinking and behavior
Exercise Orthostatic hypotension \V Suicide mortality
Medication education and monitoring Seizures

of medical and psychiatric comorbidities /N Cardio-respiratory disease mortality
Risk factor screening and assessment
Smoking cessation Psychiatric Medical
Vaccination programs NOCD symptoms  Smoking?

CLOZAPINE

Fig. 4.1 Potential risk and benefits of clozapine, with regard to medical and psychiatric
comorbidities, and strategies to manage and mitigate associated risks

associated risks, is presented in Fig. 4.1. Given the tremendous burden of
comorbidity future research should focus on concerted, multimodal (e.g., screen-
ing and monitoring, pharmacologic and behavioral treatments) approaches to
improve quality of life and decrease mortality in TRS.
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5.1 The Discovery of Clozapine

During the earlier part of the twentieth century, psychopharmacologists had worked
with the belief that the antipsychotic properties and movement disorder side effects
of drugs went hand in hand. The prevailing opinion was that without the often
physically and socially disabling emergence of tardive dyskinesias and extra-
pyramidal side effects (EPSEs), an antipsychotic would lack therapeutic benefit.
The development of clozapine marked a turning point.

Clozapine was one of a number of compounds synthesised by Wander
Laboratories in the late 1950s. Chemically, it is a dibenzodiazepine, its ring
structure differing from imipramine by the insertion of a nitrogen atom on one
side of the “carbon bridge” of the seven-membered central ring. Its structural
conformation suggested it would have antidepressant properties. In fact, a similar
compound produced at this time (dibenzepin) was found to be an antidepressant and
is still in use.

Clozapine was not active in animal screening tests for antipsychotic activity, but
its effects in humans were reported to be profoundly antipsychotic and, uniquely, to
occur in the absence of extrapyramidal adverse effects. The Wander Company was
apparently reluctant to market clozapine as an antipsychotic because it did not fit
the prevailing theories on antipsychotic action—all antipsychotics caused extrapy-
ramidal side effects, and so these effects must be part of the antipsychotic action.

Open label studies of clozapine’s effects in schizophrenia were published in
German in the mid to late 1960s (Hippius 1999) and by the end of 1966, nearly
100 subjects had received clozapine (Crilly 2007). The original manufacturers,
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Wander AG, were acquired by Sandoz in 1967 and clinical testing was increased.
Sandoz had already marketed thioridazine and had significant presence in Europe.
By the end of 1969, patient exposures had risen to 2,200 despite mass prejudice
against a drug which produced no extrapyramidal effects (Crilly 2007).

The first double-blind trial of clozapine (or HF 1854 as it was then known) was
reported in 1971 (Angst et al. 1971). In this study of 64 subjects, clozapine was
compared with levomepromazine. Subjects were diagnosed with schizophrenia or
mania. Clozapine was more effective against psychotic symptoms than
levomepromazine and appeared to act more quickly. Both drugs were sedative;
adverse effects noted for clozapine were lowered blood pressure, tachycardia,
weight gain and constipation. No extrapyramidal effects were observed.

In the following few years, a series of small (and so, underpowered) studies was
reported showing that clozapine was broadly equivalent in efficacy to perphenazine
(Rodova et al. 1973; Van Praag et al. 1976), haloperidol (Gerlach et al. 1974) and
chlorpromazine (Ekblom and Haggstrom 1974) but with some minor advantages
for clozapine noted (against negative symptoms and conceptual disorganisation).
Studies reported in the later 1970s were often similarly underpowered, but
clozapine’s superiority over chlorpromazine with respect to speed of onset and
magnitude of positive and negative symptom score reduction was nonetheless
detected (Chiu et al. 1976; Shopsin et al. 1978, 1979). In none of the studies
conducted in the 1970s did clozapine show any signs of extrapyramidal adverse
effects.

5.2 Clozapine and Treatment-Resistant Schizophrenia

Kraepelin described the deteriorating course of his patient’s “dementia praeccox” as
being progressive and severe (Keefe et al. 1987, 1996), with active symptoms
requiring continuous hospitalisation. This is in contrast to a more relapsing and
remitting disease state, where periods of illness may be interspersed with at least
partial remission. “Kraepelin-type” patients have been shown to respond less
completely to antipsychotic medication (Keefe et al. 1987), leading to a suggestion
that there may be more than one type of schizophrenia. This non-medication
responsive cohort of patients is termed “treatment-resistant”.

Five trials form the foundation on which clozapine was licensed for treatment-
resistant schizophrenia. In 1987, Claghorn et al. (1987) compared clozapine therapy
to chlorpromazine in the treatment of patients who were suffering with tardive
dyskinesias or extrapyramidal effects induced by antipsychotic medications. Clo-
zapine was demonstrably superior to chlorpromazine not only in amelioration of
extrapyramidal side effects but also in magnitude of therapeutic efficacy and the
speed at which this was achieved.

This result was repeated by Kane et al. (1988) and Kane et al. (1989). For
patients with schizophrenia that was unresponsive to other antipsychotics, cloza-
pine provided symptom relief in 30 % of cases, compared to 5 % of patients who
were given chlorpromazine (Kane et al. 1988). Honigfeld (1984) produced a
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strikingly similar result in comparison to haloperidol—therapeutic benefit was
demonstrated in 31 % of the clozapine group, compared to 10 % of the
haloperidol-receiving patients.

Kuha and Miettinen (1986) published the first trial demonstrating long term
efficacy of clozapine. In a retrospective review over 7 years, patients (all of whom
had previously failed on antipsychotics, and had a mean duration of illness of
15 years) experienced improvement in 33 % of cases. The longer trials conducted
by Juul Povlsen et al. (1985) and Lindstrom (1988), both retrospective studies over
12 year periods, showed improvement on clozapine in 51 % and 40 % of patients
respectively.

53 Definitions and Clinical Guidelines

Kane’s trials in 1988 and 1989 (Kane et al. 1988, 1989) aimed to establish the
effectiveness of clozapine in treatment-resistant patients—and so a definition of
“treatment-resistant” was required. The criteria chosen by Kane et al. were: patients
(with a diagnosis of schizophrenia) must have had at least three periods of treatment
in the preceding 5 years with neuroleptic agents (from at least two different
chemical classes) at dosages equivalent to or greater than 1,000 mg/day chlorprom-
azine for a period of 6 weeks, each without symptomatic relief, and no period of
good functioning within the preceding 5 years (Kane et al. 1988).

The assertion that two failed antipsychotic trials are sufficient to define treatment
resistance is supported by Kinon et al. (1992, 1993); a third antipsychotic trial was
found to confer less than 7 % chance of response in patients who had already failed
to respond to two prior antipsychotics.

In the face of what was considered overwhelming evidence for clozapine being
the gold standard treatment for neuroleptic-resistant schizophrenia, guidelines in
the USA (Conley and Buchanan 1997; Noel 2007; Moore et al. 2007), UK (National
Institute for Health and Clinical Excellence 2010; Barnes 2011), and internationally
(Brenner et al. 1990; Gaebel et al. 2005) were developed. All recommend the use of
clozapine after two failed trials of other antipsychotics.

5.4 Clozapine and Toxicity

Whilst there is clear evidence for the effectiveness of clozapine, there is also a clear
history of toxicity. In 1975, nine cases of fatal blood dyscrasias secondary to
clozapine were reported in Finland (Idanpidn-Heikkild et al. 1975). Following
this, clozapine was withdrawn from the market. Close analysis of the individual
cases of agranulocytosis and neutropaenia suggested that in most cases, the reaction
was reversible (on stopping clozapine) and, if detected early and before infection
had taken hold, survivable (Anderman and Griffith 1977). This recognition of
clozapine-induced blood dyscrasias being detectable and the risk modifiable,
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along with the lack of any comparable successor to clozapine being identified in the
intervening years, led to its re-introduction in 1990.

After clozapine was retrieved from the pharmaceutical sin bin, it was hoped that
as well as improving the symptom control of many treatment-refractory patients, it
would also lead to the production of other antipsychotics that would be effective for
the treatment of this neglected group of patients (Marder and Van Putten 1988).
Many antipsychotics since then have attempted to emulate the success of clozapine,
but have failed.

Clozapine has been repeatedly shown to be superior to typical antipsychotics in
treatment-resistant schizophrenia (Claghorn et al. 1987; Kane et al. 1988, 1989;
Honigfeld 1984; Kuha and Miettinen 1986; Juul Povlsen et al. 1985; Lindstrom
1988; Fischer-Cornelssen and Ferner 1976; Breier et al. 1993). As atypical
antipsychotics were introduced to the market, their potential as haematologically
safer alternatives to clozapine in treatment-resistant schizophrenia was proposed.
Randomised trials of risperidone (Cavallaro et al. 1995, 1998) found it to be
effective in 33 % of treatment-resistant patients. However, switching the risperi-
done non-responsive patients to clozapine provided symptom relief for a further
56 %. Short trials found risperidone to be non-inferior but faster acting (Bondolfi
et al. 1998; Lindenmayer et al. 1998), but longer trials demonstrated superiority for
clozapine (Flynn et al. 1998; Sharif et al. 2000). Non-inferiority studies of
olanzapine in treatment-resistant schizophrenia found it effective (Tollefson
et al. 1998), but others found clozapine remained superior (Kumra et al. 2008).
Studies where clozapine responders were switched to olanzapine were
inconclusive—some showing response to olanzapine in 90 % of cases (Littrell
et al. 2000) others decompensation for 58 % of patients (Henderson et al. 1998).
It is worth noting that several of these trials were sponsored by the company
marketing the new atypical medication, used low comparator clozapine doses, or
included treatment “intolerant” patients, as well as true ‘“treatment-resistant”
patients (Meltzer 1999).

In 2006, the influential CATIE trials (Clinical Antipsychotic Trials of Interven-
tion Effectiveness) compared switching treatment-resistant patients to either an
atypical drug or clozapine (McEvoy et al. 2006). Switching to clozapine was
more effective than switching to a different atypical drug, both in terms of time
to treatment discontinuation and positive and negative symptom severity. A recent
meta-analysis has even demonstrated clozapine’s superiority over both atypical and
typical drugs in non-treatment-resistant illness (Leucht et al. 2013).

5.5 Augmentation of Clozapine

The drug of choice for use in refractory schizophrenia is clozapine, and for around
60 % of patients (Breier et al. 1993), no further pharmacological input is required.
For the remaining third however, symptom relief is absent or incomplete and other
treatment options are sought.
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Where residual symptoms are distressing or disabling, persevering with cloza-
pine as the sole prescription is often not considered a viable option. Non-drug
augmenting treatments, such as cognitive-behavioural therapy (Valmaggia
et al. 2005) or electro-convulsive therapy (Kales et al. 1999), have been shown to
be of benefit, but may not be available or acceptable to patients.

Co-prescription of multiple antipsychotics remains, unfortunately, a common
phenomenon despite a paucity of evidence for benefit and abundant evidence of
harm (Grech and Taylor 2012; Barnes and Paton 2011). Reasons for adding a
second antipsychotic to clozapine may however extend beyond a desire for more
complete symptom control. Adding a second drug may allow for dose reduction of
clozapine and relief of dose-dependent side effects (Nielsen et al. 2011). Some
drugs have been shown to have a specific benefit in preventing longer term
complications of clozapine therapy—aripiprazole, for example, is effective in
attenuating weight gain (Fleischhacker et al. 2008).

Prescribing of multiple antipsychotics is not without risk. The addition of a
second antipsychotic to clozapine may compound side effects such as sedation,
weight gain or other metabolic effects, as well as causing increased serum prolactin
or akathisia. An informed analysis of the potential benefits to be gained by adding
additional antipsychotics to clozapine therapy is clearly essential.

Paton et al. (2007) conducted a meta-analysis of randomised, placebo-controlled
studies of antipsychotic augmentation of clozapine treatment. They found no
overall advantage to adding a second antipsychotic to therapy. A larger meta-
analysis by Taylor and Smith (2009) found only a marginal therapeutic benefit to
co-therapy, and this was updated recently with the same outcome (Taylor
et al. 2012).

Before considering adding a second agent to augment the clinical effects of
clozapine, the current medication regimen must be carefully considered and
optimised (Fig. 5.1).

Table 5.1 outlines the pharmacological approaches which have been used to
augment clozapine. Although the evidence base is developing, many questions
remain unanswered and many negative results are reported. Augmenting agents
with which there are the most published data are lamotrigine, aripiprazole, risperi-
done and sulpiride. This does not mean that these are the preferred agents, only that
they are the best studied. Augmenting clozapine with any antipsychotic shows a
small but significant benefit (effect size —0.239), (Taylor et al. 2012) but data are
lacking to confirm which antipsychotic combination confers the most benefit
(Taylor et al. 2012; Cipriani et al. 2009).

5.6 Alternative Options for Treatment-Resistant
Schizophrenia

Pharmacological strategies employed in treatment-resistant schizophrenia instead
of clozapine are frequently ineffective and harmful. Antipsychotics may be pre-
scribed in doses above those that have been licensed (“high dose” prescribing), or in
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- Poor adherence should be investigated and addressed.
- Clozapine monotherapy should be tried for at least 3-6 months to evaluate efficacy.
- Clozapine plasma levels of at least 350mcg/L should be achieved.

- Additional medication may have pharmacokinetic or pharmacodynamic interactions with
clozapine

- Combinations may require additional physical health monitoring (we recommend 6
monthly ECGs, as well as routine monitoring of blood pressure, weight, and lipids when
combining antipsychotics)

- Efficacy should be assessed using recognised scales

- Always time-limit any trial (e.g. 3-6 months) and discontinue the augmenting agent if
response is unsatisfactory.

Fig. 5.1 Factors to consider before clozapine augmentation

combination with other antipsychotics. Neither of these options is without risk. The
compounding of side effects such as sedation, weight gain or other metabolic
effects, increased serum prolactin or akathisia is inevitable.

For some patients, however, treatment with clozapine is just not possible. This
may be due to non-compliance with oral therapy or with the necessary blood tests,
intolerable side effects or physical complications that contraindicate clozapine use.

It is important to reiterate here that clozapine is the only medication that is
effective in treatment-resistant schizophrenia. All efforts should be made to facili-
tate treatment wherever possible. The majority of common side effects are short-
lived (e.g. Hypotension, tachycardia, drowsiness) and/or treatable
(e.g. Constipation, hypersalivation, weight gain). Before ceasing treatment with
clozapine, all options for continuing therapy must be exhausted.

Some adverse effects of clozapine present more complex challenges for the
clinician wishing to continue clozapine treatment, and a detailed assessment of
these and strategies for continuation of therapy is beyond the scope of this chapter.
Further reading is recommended on the management of myocarditis (Ronaldson
et al. 2011) and benign ethnic neutropaenia (Whiskey et al. 2011; Spencer
et al. 2012).

Where clozapine treatment is impossible, other strategies may be employed but
these are likely to be of limited effectiveness. Supra-maximal doses of other
antipsychotics, principally olanzapine (up to 60 mg/day), have been trialled with
some benefit. Case reports (Reich 1999; Sheitman et al. 1997) suggest moderate
efficacy, but at the expensive of increased emergence of extrapyramidal side
effects. Conley et al. (2003) compared 50 mg/day of olanzapine to 450 mg/day of
clozapine in a cross-over study design, and found higher rates of discontinuation
and poorer symptom control in patients on high-dose olanzapine. A larger study
found the same to be true in adolescent patients (Kumra et al. 2008), although a
longer, 6 month comparison to clozapine in adults suggested that the two treatments
may be comparable (although this was a small sample size) (Meltzer et al. 2008).
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Table 5.1 Pharmacological approaches to clozapine augmentation

Typical  Total
daily Nos in
Drug/type of studies dose RCTs
Antiepiletics
Lamotrigine 100- 195
Six RCTs and one meta-analysis 400 mg
(Tiihonen et al. 2009).
Topiramate 50— 117
Four RCTs (Tiihonen et al. 2005; 400 mg
Afshar et al. 2009; Hahn
et al. 2010; Muscatello
et al. 2011a), multiple case series
(Tiihonen et al. 2005).
Antipsychotics
Amisulpride 400- 72
One RCT (Assion et al. 2008), 600 mg
one open label study (Munro
et al. 2004) and case series
(Agelink et al. 2004).
Aripiprazole 15— 407
Four RCTs (Chang et al. 2008; 30 mg

Muscatello et al. 2011b; Barbui
et al. 2011; Fleischhacker

et al. 2010), many case series and
open-labelled studies.

Duration

Upto
24 weeks

Up to
24 weeks

Up to
8 weeks

Up to
12 months
follow up.

Comments

Meta-analysis suggests a
moderate effect size although
several negative RCTs exist
(Goff et al. 2007; Vayisoglu
et al. 2013). When effective,
benefits in both positive and
negative symptoms are
demonstrated. Generally well
tolerated. Monitor closely for
a rash during the initial
titration of lamotrigine.

Two positive (Afshar

et al. 2009; Hahn et al. 2010)
and 2 negative RCTs
(Tiihonen et al. 2005;
Muscatello et al. 2011a).
Associated with weight loss,
impaired cognition, visual
disturbances, depression and
psychosis.

Trend to improvement seen
but failed to reach
significance in one small RCT
(Assion et al. 2008). Greater
improvement seen with
amisulpride augmentation
than quetiapine—clozapine
augmentation (Genc

et al. 2007). An open label
study (n = 33) reported the
benefit continued to 6 months
(Munro et al. 2004).
Occasionally used for
clozapine-induced
hypersalivation (Kreinin

et al. 2006).

Limited evidence for an
improvement in symptoms.
One RCT demonstrated an
improvement in positive
symptoms only (Muscatello
et al. 2011b), another reported
only improvements in
negative symptoms (Chang
et al. 2008). May be as
effective as haloperidol and

(continued)



72

Table 5.1 (continued)

Typical  Total
daily Nos in

Drug/type of studies dose RCTs
Haloperidol 2-4mg 106
One RCT (Barbui et al. 2011)

and case series (Kapur

et al. 2001).

Olanzapine 15 mg -
Case reports only (Gupta

et al. 1998).

Paliperidone 6-12mg -
Case series (Chang et al. 2011).

Pimozide 2-8mg 85

Two RCTs (Friedman et al. 2011;
Gunduz-Bruce et al. 2013)

Risperidone 2-6mg 114
Five RCTs (Taylor et al. 2012),

multiple open studies and case

reports (Kontaxakis et al. 2006).

Sertindole 16 mg 50
One RCT (Nielsen et al. 2012).

Sulpiride 200~ 221
Four RCTs and a Cochrane 1,000 mg

review (Wang et al. 2010).

Ziprasidone 80— 12
One RCT (Zink et al. 2009), one 160 mg

open study (Ziegenbein

et al. 2005) and case series (Kaye

2003).

Duration

Upto
12 months
follow up.

Up to

1 year
follow up
8 weeks

Up to
12 weeks

Up to
18 weeks

Upto
12 weeks

Upto
12 weeks

Up to
6 weeks

S. Gee and D. Taylor

Comments

clozapine in combination but
better tolerated (Chang

et al. 2008). May reduce the
metabolic risks associated
with clozapine (Fleischhacker
et al. 2010).

Shown to be as effective as
clozapine and aripiprazole but
less well tolerated (Barbui
etal. 2011).

Poorly supported and likely to
exacerbate metabolic adverse
effects.

A subjective improvement in
symptoms was observed.

Two well conducted RCTs
failed to demonstrate any
improvement in symptoms.
Pimozide is associated with
QTc prolongation.

Two negative RCTs
(Freudenreich et al. 2007;
Honer et al. 2006). A lower
risperidone dose and longer
duration of trial may improve
outcome (Kontaxakis

et al. 2006). Comparable
efficacy to ziprasidone and
clozapine combination but
with a greater rise in serum
prolactin (Zink et al. 2009).
No benefit over placebo
shown and associated with
QTc prolongation.
Short-term data favoured
sulpiride combination over
placebo. The overall effect
was modest. Mostly Chinese
studies.

Comparable efficacy to
risperidone and clozapine
combination but associated
with QTc prolongation (Zink
et al. 2009).

(continued)
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Table 5.1 (continued)

Drug/type of studies
Antidepressants

Duloxetine
One RCT (Mico et al. 2011).

Fluoxetine

One RCT (Buchanan et al. 1996).

Mirtazapine
One RCT (Zoccali et al. 2004).

Others

Donepezil

One small RCT (Stryjer
et al. 2004).

Glycine

Three RCTs (Potkin et al. 1999;
Evins et al. 2000; Diaz

et al. 2005).

Ginkgo Biloba
One RCT (Doruk et al. 2008).

Memantine

One RCT (de Lucena et al. 2009).

Typical
daily
dose

60 mg

20—
60 mg

30 mg

10 mg

30—

60 mg

120 mg

20 mg

Total
Nos in
RCTs

33

33

24

61

Duration

16 weeks

8 weeks

8 weeks

18 weeks

28 weeks

12 weeks

12 weeks

73

Comments

Some benefit in negative
symptoms and general
psychopathology shown.

No significant differences
were found between
fluoxetine and placebo
augmentation. Fluoxetine
may increase clozapine
plasma levels.

Some improvements in
negative symptoms reported.
Associated with weight gain
and sedation which may be
exacerbated in combination
with clozapine.

A trend to an improvement in
positive symptoms was seen,
but this did not reach
significance.

All three RCTs failed to show
any improvements in
symptoms. One reported a
greater improvement in the
clozapine monotherapy group
(Potkin et al. 1999).

A significant improvement in
negative symptoms was
reported. No effect on
positive or overall
symptomology.

Significant improvements in
negative and positive
symptoms and cognition
demonstrated.

Anticholinergic side effects and weight gain (3.4 kg over 8 weeks, compared to
1.2 kg for clozapine) are worse for high-dose olanzapine than clozapine (Kelly
et al. 2003). As for all treatment regimens involving high-dose or multiple
antipsychotics, contraindications to the prescription must first be ruled out (ECG
abnormalities, hepatic impairment), regular physical monitoring is essential (ECG,
weight, U&Es) and recognised rating scales must be used every 3 months, with
cessation of treatment if no response is measured.

Combining two non-clozapine antipsychotics is a persistently common practice
(Grech and Taylor 2012), despite the evidence supporting it being largely
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theoretical (Stahl 2012) or based on small studies or case reports (Chan and
Sweeting 2007). Again, physical risks abound with additive side effects and regular
assessment of benefit must be made. In one year-long study looking at the effects of
switching patients on poly-pharmacy to monotherapy, 60 % of patients that were
switched did so successfully, and with the added benefit of weight loss (Essock
et al. 2011).

The use of electroconvulsive therapy for psychosis is often reserved as a last line
treatment, although both anecdotal reports and larger, open studies do suggest a
moderate benefit. A meta-analysis of 26 trials found benefit with ECT, but medica-
tion was more effective when directly comparing the two interventions (Tharyan
and Adams 2005). The combination of antipsychotics with ECT may be more
effective than ECT alone, and it may be best reserved for patients with catatonic
features (Pompili et al. 2013).

5.7 Summary

e Clozapine is the only treatment with repeated proven effectiveness for
treatment-resistant schizophrenia.

¢ All major national and international guidelines advise its initiation after two
adequate trials of different antipsychotics (one of which should ideally be an
atypical).

» Augmentation of clozapine with other antipsychotics is unlikely to deliver
anything other than a small clinical benefit, but certainly increases the risk of
long-term side effects.

¢ Where clozapine cannot be prescribed, other options are unlikely to be of more
than moderate benefit and are supported by a very limited evidence base.

» High-dose or combination antipsychotic regimens must be regularly reviewed to
ensure continued benefit, and patients must have regular physical health checks.
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The atypical antipsychotic drug clozapine is the only evidence-based treatment for
treatment of refractory schizophrenia (Essali et al. 2009; Mortimer et al. 2010). It is
also probably superior in reducing suicidality (Meltzer et al. 2003) and all-cause
mortality (Tiihonen et al. 2009). In comparison, the role of antipsychotic
polypharmacy and other augmentation strategies remains unclear, at best (Kane
and Correll 2010).

Many patients with treatment of refractory schizophrenia are reluctant to accept
a trial with clozapine. Their most frequent objections are the mandatory blood tests,
the risk of agranulocytosis, which reinforces a perception of clozapine as a life-
threatening drug, and the more common adverse effects, particularly weight gain,
diabetes and hypersalivation. In addition, many doctors are reluctant to prescribe
clozapine, although their concerns are more often focused on the risk of life
threatening adverse reactions, such as agranulocytosis and myocarditis, and the
medicolegal implications of these risks.

6.1 The Decision to Use Clozapine

A full review of the patient’s medication history, including doses, durations and
responses to drugs, is essential. The UK National Institute of Health and Clinical
Excellence (NICE) guidelines recommend that clozapine should be offered to
people with schizophrenia whose illness has not responded adequately to treatment
despite the sequential use of adequate doses of at least two different antipsychotic
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drugs, where at least one of the drugs was a non-clozapine second-generation
antipsychotic.

6.2 Initial Discussions With the Patient and Their Carers

Patients are more likely to accept clozapine if they are given adequate time and
opportunity for discussion. It is important to explore together with the patient any
concerns about clozapine and its adverse effects. Clinicians should provide up to
date information regarding the probability of adverse effects and what can be done
to alleviate them. Some patients and carers find it helpful to speak to another patient
who uses clozapine. The online resources listed at the end of this chapter may also
be useful.

It’s very important to communicate all the potential problems to people, but it
can make the idea of clozapine quite daunting. Where patients and carers perceive
clozapine as dangerous, it may be helpful to draw attention to the emerging
evidence that patients on clozapine have a reduced mortality in comparison to
users of other antipsychotics, which may be the result of lower suicide rates and
better use of somatic health services (Walker et al. 1997; Tiihonen et al. 2009).

6.3  Requirement for Blood Monitoring

The national regulations on the frequency of blood monitoring vary, but most agree
on continuous monitoring of the full blood count, beginning before initiation and
continuing for 4 weeks after discontinuation of clozapine treatment. The white cell
count (WCC) should remain >3.5 x 10%/1 and the absolute neutrophil count (ANC)
>2.0 x 109/1). If counts fall below certain threshold levels, blood tests must be
performed more frequently and in most countries, clozapine treatment must be
stopped if the ANC drops below 1.5 x 10%/1.

The requirement for regular blood tests is frequently given as a reason for
reluctance to take clozapine. Therefore, the rationale for these controls should be
explained: if a substantial drop of the white blood cell is seen, clozapine will be
discontinued to prevent agranulocytosis. As a result of these controls the safety of
clozapine is increased—now the risk of dying from this haematological
complications is reduced 1-3 in every 10,000 patients treated with clozapine
(Cohen et al. 2012). Any potential risk must be weighed against the potential
benefits of taking clozapine.

Where the patient is concerned about the blood draw itself, careful exploration
and reassurance may be enough to allay these fears and talking to other clozapine
users sometimes also helps. A consistent approach from the clinical team is
important. In practical terms, a topical analgesic, such as lidocaine/prilocaine
cream, placed under an occlusive dressing for 60 min prior to venipuncture, can
be very helpful. For some people, the use of a butterfly cannula can appear less
threatening than a needle. In some cases of needle phobia, the use of anxiolytic
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drugs prior to venipuncture can reduce distress. Sometimes people may decline
blood tests for clozapine because of features of their psychosis, for example,
paranoid ideas about the use of the blood; this requires an individualised approach,
if necessary referring to relevant legislation. In all cases, it is important to ensure
that other blood tests, such as clozapine plasma monitoring, are taken at the same
time as much as possible, to avoid unnecessary blood tests.

6.3.1 Benign Ethnic Neutropenia

In some populations (particularly in those of African descent or Yemenite Jews),
mean population levels of WCC and ANC are lower than those in Caucasian
populations, a condition termed benign ethnic neutropenia (BEN) (Whiskey
et al. 2011). The lower limits for WCC and neutrophil granulocytes imposed by
clozapine monitoring services can be reduced in cases where a haematologist has
diagnosed BEN. In the UK the cut off points for patients with benign ethnic
neutropenia are 0.5 x 10%/I lower than normal (Rajagopal 2005).

6.4  Switching to Clozapine

In many countries patients are hospitalised during the initiation phase of clozapine.
This may discourage patients from taking the drug, and pressures on psychiatric
beds may provide a disincentive to clinicians. However, the initial titration is
feasible and safe in an outpatient setting in low-risk patients, and there are protocols
available for this (Taylor et al. 2012).

Many prescribers choose to cross-titrate clozapine and the last antipsychotic to
avoid a temporary deterioration of the patient. On the basis of sex, weight, and
smoking status, a prediction can be made about the dose which will result in most
cases in a clozapine plasma level around the 0.35-0.5 mg/l threshold (Rostami-
Hodjegan et al. 2004). Below this threshold 30 % of therapy refractory patients
respond, but above the threshold the response rate is 73 % (Schulte 2003). After
8 weeks at a stable plasma level without any improvement in symptoms, the dosage/
plasma level should be increased. In rare cases (especially young male smokers),
off-label dosages may be necessary to reach a therapeutic drug level.

Depending on tolerability, a titration scheme can be developed to titrate up to a
target dose over 2 weeks to 1 month. Clozapine is generally prescribed twice daily
in the UK, although in some patients once daily dosing at night is used to avoid
daytime sedation. Dose escalation in daily steps of 12.5-25 mg is tolerable for most
patients. In case of emerging side effects the dosage may be reduced and the
titration scheme slowed down. In rare cases of severe sedation or orthostasis several
months may be needed, but the majority of patients can be titrated to an effective
dosage or at least a plasma level in the therapeutic range (3.5-5.0 mg/1) within 2—4
weeks.
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6.5 Sedation

If sedation occurs and the patient still takes sedative drugs, these may be reduced
and stopped. In the case of benzodiazepines this should be done very slowly
because clozapine lowers the epileptic threshold (especially during the titration
phase). In clinical practice, aripiprazole 5-10 mg/day can improve sedation for
some people but may sometimes cause agitation.

6.5.1 Myoclonus and Seizures

The risk of seizures increases with increasing clozapine dose (Pacia and Devinsky
1994). A first seizure is not usually a reason to discontinue clozapine treatment
(Wong and Delva 2007). Often for patients without other risk factors reducing the
clozapine dose by 30 % and increasing it more gradually is an adequate solution. If
a second seizure occurs, or if the plasma level is consistently above 0.5 mg/l,
valproate or lamotrigine can be added in order to continue clozapine treatment.
Valproate should always be used with caution in women of childbearing age
because of the very high rates of teratogenicity.

Myoclonic jerks in a patient on clozapine often herald the onset of seizures
(Sajatovic and Meltzer 1996) and should prompt a reduction in dosage or the
addition of an anticonvulsant such as sodium valproate, although it should be
noted that lamotrigine may in some people induce myoclonic jerks (Crespel
et al. 2005).

6.6 Postural Hypotension

In case of orthostasis the patient should be advised to be cautious when rising from
sitting or lying down and to drink at least 2 1 a day. The clozapine titration should be
slowed down. In rare instances a time-limited course of fludrocortisone, with
tapered dose reduction, can be used to increase blood pressure.

6.7  Pyrexia

Benign transient hyperthermia sometimes occurs during the first 3 weeks of cloza-
pine treatment. The temperature elevation is usually not more than 1.5 °C. If there
are any signs of infection (temperature >38 °C, sore throat, flu-like symptoms)
during the first 18 weeks, WCC and ANC should be performed the same day/within
24 h to exclude agranulocytosis. An infective screen and assessment of the results
by a doctor on the same day are recommended.

Acute infection may lead to toxic clozapine concentration levels, sometimes
with delirium (Van der Molen-Eijgenraam et al. 2001; De Leon 2004; Raaska
et al. 2001). There is evidence that cytokines may inhibit the liver enzymes
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responsible for the metabolism of clozapine, CYP1A2 and CYP3A4 (Raaska
et al. 2002; Renton 2004; Aitken et al. 2006; Crawford et al. 2004). Moreover, a
patient confined to bed or hospitalised will smoke less or not at all, which can also
lead to increased clozapine levels. Therefore, in the event of infections it is
important to monitor for sedation or other signs of raised clozapine concentrations
and to monitor plasma levels if indicated. A temporary dose reduction may be
required, while monitoring plasma levels, especially if there has been an alteration
in smoking habit.

6.8 Tachycardia

Tachycardia may occur secondary to hypotension or via vagal inhibition as a result
of the drug’s anticholinergic properties. Tachycardia is common and usually settles
after a few weeks of treatment. However, persistent tachycardia, especially if it
does not normalise during sleep, may be associated with increased cardiovascular
mortality (Borer 2008). A cardioselective -blocker (such as atenolol, bisoprolol or
metoprolol) may be a solution for severe tachycardia if the patient’s blood pressure
permits it. Alternatively, Ivabradine is a selective blocker of the “funny” ion
channel which has been shown to reduce heart rate significantly without any
adverse effects on myocardial contractility or left ventricular dysfunction, and
without reducing blood pressure. It has been used in clozapine patients in whom
beta blockers are not tolerated or contraindicated and is effective and well tolerated
(Lally et al. 2013).

6.9  Myocarditis

Tachycardia and fever may, however, also be a symptom of myocarditis, a rare but
dangerous complication with an incidence rate of 0.06 % (Canada), 0.015 %
(United States) or 0.029 % (Germany plus Switzerland) (Cohen et al. 2012). In
Australia, uniquely, much higher figures (0.7 %—3.4 %) have been reported. 80 % of
cases occur during the first month of clozapine treatment. Exertional dyspnoea,
chest pain, arrhythmia, fever, leukocytosis, weakening and dizziness are suggestive
of myocarditis. An ECG and a cardiological consultation must be considered if such
symptoms occur, especially during the first month of clozapine treatment. In
two-thirds of these early cases, the ECG or echocardiogram shows abnormalities.
Checking troponin and CRP levels is useful. Increased troponin levels of twice
normal limits are present in 90 % of cases, so this should be monitored daily in
patients showing these signs (Ronaldson et al. 2011). CRP may also be indicative—
a CRP >100 mg/l is seen in clozapine-induced myocarditis patients without a
clinically relevant rise in troponin (Ronaldson et al. 2011).
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6.10 Constipation

Constipation occurs in 34 % of patients and is due to clozapine’s anticholinergic
effect (Yusufi et al. 2007). Depending on the severity, there is a danger of intestinal
obstruction and even ileus, which can be fatal. Early detection of constipation and
symptomatic treatment is therefore very important. The clinician should enquire
directly as only 8 % of patients complain spontaneously about a change in bowel
habit (Yusufi et al. 2007). The first step in treatment of constipation is adequate
hydration (at least 2 1 of fluid per day), sufficient exercise and a fibre-rich diet. Since
reduced gut motility is the usual cause, stimulant laxatives such as senna should be
considered early. If this is not enough, bulk-forming laxatives such as psyllium fibre
(also known as Ispaghula husk) 3.6 g 1-2 daily doses of one sachet can be
prescribed. These are preferable to osmotic laxatives such as lactulose (maximum
of three doses of 30 ml) which often lead to abdominal cramps and flatulence. The
importance of maintaining an adequate fluid intake must be emphasised with bulk-
forming agents. Psyllium fibre, for example, must be taken with at least 2 1 of water.
This may be problematic for some patients and requires proper instruction, because
if taken without enough fluid, psyllium fibres will increase constipation.

6.11 Hypersalivation

Hypersalivation occurs in over half of patients, particularly during sleep
(Sockalingam et al. 2007). Tolerance may develop, but not always. Dose reduction
or chewing gum may help somewhat. Swallow training has been used in intellectu-
ally disabled people with hypersalivation for daytime drooling with some effect and
may be worth consideration (Van der Burg et al. 2007, 2009). A systematic
overview of the pharmacological treatment of clozapine-induced hypersalivation
came to the conclusion that there is no clear-cut recommendation (Syed et al. 2009).
Anticholinergics seem to be effective, but it must be borne in mind that clozapine
already has an intrinsic anticholinergic effect and that anticholinergics may exac-
erbate other side effects such as constipation. Hyoscine (scopolamine) 300 mcg
nocte is commonly used in the UK, and anecdotally is helpful, although there
remains no RCT evidence of its effectiveness. In other medical conditions some-
times accompanied by hypersalivation, such as amyotrophic lateral sclerosis and
Parkinson’s disease, hyoscine (scopolamine) patches have been used (Hockstein
et al. 2004), and a successful treatment with these patches for a patient on clozapine
has been described (Gaftanyuk and Trestman 2004). Another alternative may be
intranasal or sublingual administration of ipratropium bromide 0.03 mg/ml in a
nasal spray or sublingual atropine [one drop 1 % solution (0.5 mg atropine per drop,
a maximum of two drops a day)] (Calderon et al. 2000; Freudenreich et al. 2004;
Hyson et al. 2002; Comley et al. 2000; Fischer and Eichhorn 2001; Tessier and
Antonello 2001; Christiaens and Pieters 2005). Another possibility is oral
glycopyrrolate 1 mg once or twice daily (Liang et al. 2010; Arbouw et al. 2010)
Glycopyrrolate has the advantage of having no central effect, because it does not
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pass the blood—brain barrier. The advantage of all these remedies is that they can be
administered locally.

6.12 Weight Gain and Diabetes

Clozapine may have a greater liability for weight gain and diabetes than other
antipsychotics, although the evidence with regard to diabetes is inconsistent
(Moisan et al. 2013). The fellow dibenzodiazepine, olanzapine, causes at least as
much weight gain as and more binge eating than clozapine (Meltzer et al. 2003;
Kluge et al. 2007), although the non-dibenzodiazepines tends to have a lesser effect
on weight. There is some evidence that lower clozapine plasma levels cause less
weight gain (Simon et al. 2009).

Two treatment strategies may be helpful for unwanted weight gain. The usual
recommendations about a healthy lifestyle are very worthwhile as an intervention to
prevent and reverse clozapine-induced weight-gain, namely (a) a healthy, balanced
diet and (b) increased exercise, which may form part of an occupational therapy
programme. In addition, a cautious reduction of the dose can be considered,
accompanied by careful monitoring of the patient’s mental state.

Metformin 1,500 mg/day has recently been shown to reduce body weight and
reverse metabolic abnormalities in patients on clozapine (Chen et al. 2013). Where
conservative management has failed, aripiprazole at a dose of 5-15 mg/day has
been shown in some studies to be effective in reducing weight, BMI and waist
circumference with associated benefits on lipid levels and therefore can help overall
tolerance of clozapine (Fleischhacker et al. 2010; Fan et al. 2013).

6.13 Clozapine Re-Challenge

Clozapine re-challenge has been attempted in patients with a history of myocarditis,
cardiomyopathy and severe neutropenia on clozapine. Previous adverse reactions
should be taken into account and a careful risk—benefit analysis undertaken involv-
ing the patient, carers and specialists from relevant disciplines such as haematology
or cardiology.

For treatment-resistant patients who responded well to clozapine but had to stop
the treatment because of neutropenia, re-challenge may be considered, provided
that no agranulocytosis has occurred (Whiskey and Taylor 2007). The American
prescribing information for clozapine keeps the option of restarting clozapine open,
even with a WBC count of <3.0 x 10%/1 and granulocyte count <1.5 x 10%/1,
provided these counts have never been lower than 2.0 x 10°/1 and 1.0 x 10%/1,
respectively. However, with an initial drop in the WBC count to less than
3.0 x 10%/1, the risk of agranulocytosis on re-challenge is 12 times higher than in
patients taking clozapine for the first time. Weekly blood tests throughout the first
year after restarting is recommended by the FDA. Add-on therapy with lithium or,
in certain circumstances, G-CSF may be considered after neutropenia following
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careful risk—benefit analysis (Kanaan and Kerwin 2006; Whiskey and Taylor 2007,
Rajagopal et al. 2007; Conus et al. 2001; Sperner-Unterweger et al. 1998; Higg
et al. 2003; Ghaznavi et al. 2008). However, response to GCSF can be idiosyncratic
(MacCabe et al.), so does need careful monitoring for safety and at present is only
used as a last resort. There is no evidence that GCSF or lithium will reduce the risk
of a recurrence of a true clozapine induced agranulocytosis. There is some evidence
that lithium elevates G-CSF and potentiates its effect (Petrini and Azzara 2012).

Reintroduction of clozapine after cardiac problems including cardiomyopathy,
myocarditis or pericarditis may be attempted in exceptional circumstances,
provided the risks, benefits and other options have been carefully explored with
patients, carers and physicians. Of four patients reported in the literature
re-challenged following myocarditis, three were successful (Manu et al. 2012).
One patient was successfully re-challenged after pericarditis (Crews et al. 2010).

Because of the high risks of recurrence, and medically dangerous nature of these
conditions, clozapine re-challenge after stopping previously because of low WBC
counts or cardiac problems should only take place in specialist settings, with the
informed consent of the patient or the patient’s legal representative and in collabo-
ration with an experienced haematologist or cardiologist.
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Guideline-for-the-use-of-Clozapine-2013.pdf)


http://www.nhs.uk/medicine-guides/pages/MedicineOverview.aspx?condition=Schizophrenia%20and%20Psychosis&medicine=clozapine
http://www.nhs.uk/medicine-guides/pages/MedicineOverview.aspx?condition=Schizophrenia%20and%20Psychosis&medicine=clozapine
http://www.nhs.uk/medicine-guides/pages/MedicineOverview.aspx?condition=Schizophrenia%20and%20Psychosis&medicine=clozapine
http://www.nhs.uk/medicine-guides/pages/MedicineOverview.aspx?condition=Schizophrenia%20and%20Psychosis&medicine=clozapine
http://www.nhs.uk/medicine-guides/pages/MedicineOverview.aspx?condition=Schizophrenia%20and%20Psychosis&medicine=clozapine
http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/Leponex_30/WC500010966.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/Leponex_30/WC500010966.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/201