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General introduction

This introduction provides a brief background on schizophrenia and the treatment
thereof, on the antipsychotic drug clozapine and on the association between clozapine
and mortality. Furthermore, this chapter provides a rationale for the research conducted.
At the end of this chapter, the aims and outline of this thesis are presented.

Schizophrenia

Schizophrenia is a disabling mental disorder with a median point prevalence of 0.46%
(Saha, Chant, Welham, & McGrath, 2005), with large differences between studies
and countries (Jongsma et al., 2018; Saha et al., 2005). Schizophrenia is characterized
by: (a) positive symptoms, which are delusions and hallucinations; (b) disorganized
speech; (c) grossly disorganized or catatonic behavior; and (d) negative symptoms,
such as diminished emotional expression, avolition, poverty of speech and social
withdrawal (Tandon et al., 2013). Another diagnostic criterion of schizophrenia is social
or occupational dysfunction (Tandon et al., 2013), which can be very burdening to
patients and their relatives. In addition, this disorder is also associated with a significant
economic burden (Cloutier et al., 2016).

Antipsychotic treatment

The core of treatment for schizophrenia consists of antipsychotic drugs, which are
mainly effective in the treatment of positive symptoms (Aleman et al., 2017; Veerman,
Schulte, & de Haan, 2017). Antipsychotics can roughly be divided in First Generation
Antipsychotics (FGAs) and Second Generation Antipsychotics (SGAs). FGAs were first
introduced in the fifties, while most SGAs were introduced after 1990. In general, SGAs
have different side-effects, compared to FGAs as a result of different receptor binding
profiles (Siafis, Tzachanis, Samara, & Papazisis, 2018). FGAs predominantly bind to
dopamine 2 receptors and, therefore, have a high probability of causing extrapyramidal
side-effects (acute dystonia, akathisia, parkinsonism and tardive dyskinesia). Most SGAs
bind to multiple receptors, in many cases resulting in a greater risk of metabolic side-
effects (Leucht et al., 2013).

Treatment-resistant schizophrenia
A part of the patients are treatment-resistant or become treatment-resistant in the course

of their treatment trajectory: they continue to suffer from positive symptoms, despite of
treatment with antipsychotics. Various definitions of treatment-resistance have been used
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in the past, but in a recent consensus guideline (Howes et al., 2017), treatment-resistant
schizophrenia (TRS) is defined as the persistence of at least moderately severe symptoms
for more than 12 weeks, despite two adequate trials with different antipsychotics. A
trial with a drug is considered to be adequate if the dosage was equivalent to 600 mg of
chlorpromazine or more, if this dosage was used for 6 weeks or more, and if during that
time, at least 80% of the prescribed doses was taken (Howes et al., 2017).

The long existing lack of consensus on treatment resistance caused a large variability
in reported prevalence rates, but it is generally accepted that a third of patients with
schizophrenia is treatment-resistant (Conley & Kelly, 2001; Kennedy, Altar, Taylor,
Degtiar, & Hornberger, 2014; Stroup, Gerhard, Crystal, Huang, & Olfson, 2014). In
70% of TRS patients, TRS is present from onset of illness (Lally et al., 2016; Lally &
Gaughran, 2018).

Clozapine

Clozapine was the first SGA, as it was developed in the fifties. However, after several
fatalities in Finland due to clozapine-induced agranulocytosis (first described in 1975
(Griffith & Saameli, 1975)), it was withdrawn from the market. In subsequent years
no new drugs were discovered that were just as effective as clozapine for patients with
TRS. After the landmark study of Kane (Kane, Honigfeld, Singer, & Meltzer, 1988)
it was reintroduced in the nineties. This re-introduction was possible thanks to the
implementation of weekly neutrophil counts during the first months of use

Clozapine is the only approved antipsychotic for treatment resistant schizophrenia and
it is effective for 40 to 70% of patients with TRS (Agid et al., 2011; Chakos, Lieberman,
Hoffman, Bradford, & Sheitman, 2001; Essali, Al-Haj Haasan, Li, & Rathbone, 2009;
Kane et al., 1988; Siskind, McCartney, Goldschlager, & Kisely, 2016; Souza, Kayo,
Tassell, Martins, & Elkis, 2013; Wahlbeck, Cheine, & Essali, 2000). In international
guidelines (Group, 2019; “NICE Guidance, Quality statement 4: Treatment with
clozapine.,” 2015), clozapine is the preferred treatment for these patients, if trials with
2 other antipsychotics have shown to be ineffective (Hasan et al., 2012; Lehman et
al., 2004; “NICE Guidance, Quality statement 4: Treatment with clozapine.,” 2015).
Most systematic reviews conclude that clozapine is superior to other antipsychotics in
patients with TRS. However, a recent review by Samara et al. (Samara et al., 2016) did
not report differences in efficacy between clozapine and other antipsychotics. Siskind
et al (Siskind et al., 2016), who conducted a comparable review, did find clozapine to
be superior to other antipsychotics. The authors of the latter study explained that the
results obtained by Samara et al. were insufficiently controlled for both funding source
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General introduction

and dosage. In addition, the results were also affected by the outcome of both positive
and negative symptoms, while it is known that antipsychotics are hardly effective for
negative symptoms. Some reviews even found clozapine to be more effective in patients
with non-resistant schizophrenia too (Huhn et al., 2019) and suggested that clozapine
may also be more effective than other antipsychotics when used as first- or second-line
treatment (Okhuijsen-Pfeifer et al., 2018). Although it is known that the abundant
receptor binding profile of clozapine differs from that of other antipsychotics (Siafis et
al., 2018), the working mechanism of this drug is still not elucidated (Seeman, 2014).

It is important to note that compliance with clozapine is better than with other
antipsychotics (Cooper, Moisan, & Gregoire, 2007) and it is also a cost-effective
treatment for patients with TRS (Hayhurst, Brown, & Lewis, 2002; Revicki, 2000;
Seshamani, 2002).

Other indications for clozapine

Apart from TRS, there are other indications for the use of clozapine, as it has been found
to reduce suicidality (Hennen & Baldessarini, 2005; Meltzer et al., 2003), aggression
(Frogley, Taylor, Dickens, & Picchioni, 2012; Krakowski, Czobor, Citrome, Bark, &
Cooper, 2006; Volavka et al., 2004), tardive dyskinesia (TD) (Hazari, Kate, & Grover,
2013; Lee, Back, Bae, Choi, & Hong, 2019), extrapyramidal symptoms (EPS) (Leucht et
al., 2013) and substance use (Kelly, Daley, & Douaihy, 2012) in patients with psychotic
disorders. International guidelines are not consistent with regard to other indications
than TRS. For example, clozapine has been approved in the USA for reducing the risk of
recurrent suicidal behavior in patients with schizophrenia or schizoaffective disorder, but
not in the European Union. At the same time, it has been registered in many European
countries for acute EPS and TD in case of failure of the usual therapeutic strategy,
but not in the USA. The Dutch guideline for clozapine recommends it for patients
with a non-affective psychotic disorder who suffer from treatment-resistant positive or
negative symptoms, persistent aggressive or suicidal behavior, untreatable EPS or TD
and substance use disorder (“Dutch Clozapine Collaboration Group. Guideline for the
use of clozapine [English version],” 2009). This guideline also recommends considering
clozapine for psychotic disorder in Parkinson’s disease, for treatment-resistant psychosis
in bipolar disorder or depression and for aggression or suicidality in patients with a
borderline personality disorder.

13
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Side-effects and monitoring

When clozapine was re-introduced in the nineties, it could only be prescribed under
the condition of an intensive monitoring of white blood cells to manage the risk of
agranulocytosis. There are different regulations in different countries (Nielsen et al.,
2016), but they all have weekly neutrophil counts in the first months of the initiation
phase in common. The duration of this period of weekly lab exams differs between
countries. In the Netherlands and most European countries, this period is 18 weeks.
In the USA and Japan, this period is 26 weeks (Nielsen et al., 2016). There are also
differences in the degree of obligation of these exams between countries. In Iceland
for example, the monitoring is not mandatory (Ingimarsson, MacCabe, Haraldsson,
Jonsdottir, & Sigurdsson, 2016), but in the USA and the UK, the prescription of
clozapine is only possible after the check of the neutrophils. In the Netherlands, the
lab exams are mandatory. However, there is no verification of the performance of the
neutrophil counts (Nielsen et al., 2016).

Apartfromagranulocytosis, thereare other side-effects which demand attention. Although
the monitoring of other side-effects is not mandatory in most countries (Nielsen et al.,
2016), some can be lethal, for example ileus (West, Rowbotham, Xiong, & Kenedi,
2017), pneumonia (De Leon, Sanz, & De Las Cuevas, 2020), thrombo-embolism
(Poudyal & Lohani, 2019) and myocarditis (Siskind et al., 2020). Apart from these
acute life threatening side-effects, there are other side-effects that can shorten patients’
life-expectancy or are very bothersome, for example salivation, sedation, constipation,
weight gain, hypotension, tachycardia and urinary problems. These side-effects are most
prominent in the titration phase, but may persist during its use thereafter. Considering
that clozapine is often a drug of last resort, it is important to continue its use until it
is clear whether it is effective or not. Therefore, close monitoring of all side-effects and
where necessary treatment thereof, might prevent premature termination.

Prescription rates

The desirable clozapine prescription rate can be estimated, based on proportions of
TRS. If a third of patients with schizophrenia is treatment resistant and clozapine is
effective in 40% of them (Siskind et al., 2016), clozapine prescription rates among
patients with schizophrenia should be approximately 13%, based on TRS alone.
Given other indications, the desired proportion may be close to 20%. However, in
many countries, clozapine is still under-prescribed (Bachmann et al., 2017). Studies
of clozapine prescription rates show large differences between countries. For instance,
rates of 1.2%, 4.8% and 10.1% were found in France (Verdoux et al., 2016), the USA
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(Olfson, Gerhard, Crystal, & Stroup, 2016) and Denmark (Nielsen, Roge, Schjerning,
Sorensen, & Taylor, 2012) respectively. In the Netherlands, the proportion of patients
on clozapine is unknown. In addition to the under-prescription of clozapine, the delay
before it is prescribed is also a cause for concern. There is emerging evidence that
treatment resistance can be present in the earliest stages of psychosis and can therefore be
diagnosed within the first months after onset of psychosis (Agid et al., 2011; Lally et al.,
2016). However, if clozapine is prescribed, it is often preceded by an unnecessary and
unwarranted delay. For example, this delay in London was on average 4 years (Howes
et al., 2012) and this seems to be common practice in other countries as well (Grover,
Hazari, Chakrabarti, & Avasthi, 2015; Nielsen et al., 2012; Ucok et al., 2015; Wheeler,
2008). A delay does not only prolong the patients’ suffering, but it may also diminish
the effect of clozapine (Ucok et al., 2015).

Causes of under-prescription and delay

There are many causes for the underprescription of clozapine or the delay before
prescribing this drug (Thien & O’Donoghue, 2018; Verdoux, Quiles, Bachmann, &
Siskind, 2018). Important barriers for prescribers are the concern about the adverse
effects of clozapine and the required blood monitoring. This monitoring is very time-
consuming and some psychiatrists do not have sufficient time to monitor carefully
and accurately. Prescribers often state that despite of the guidelines, they would rather
prescribe a third or fourth antipsychotic drug or try polypharmacy before they would
prescribe clozapine. Other frequently mentioned barriers are a lack of prescriber
knowledge and confidence. In addition, local traditions and prescribers preferences
are reasons for under-prescription too (Thien & O’Donoghue, 2018; Verdoux et al.,
2018). It is important to address this reluctance to prescribe clozapine, earlier described
as ‘prescribers fear’, because it withholds patients from an effective, evidence-based
treatment (Cohen, 2014).

Although prescribers assume that the side-effects and the blood monitoring are barriers
for patients too, only a minority of patients were found to dislike clozapine due to
regular blood monitoring or side-effects (Angermeyer, Loffler, Muller, Schulze, & Priebe,
2001; S. H. Gee, Shergill, & Taylor, 2017). The most important barrier for patients is a
possible hospital admission (S. H. Gee et al., 2017).
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Improving prescription

Although underprescription of clozapine is an international problem, research on
improving prescription rates is scarce. No randomized controlled trial has been done
yet to study the effects of an intervention designed to improve clozapine prescription
rates. However, there have been initiatives to improve clozapine prescription rates
by improving education and information, as for example internet-based educational
programs in New York (Carruthers et al., 2016) and the founding of a national expert
group in the Netherlands (Bogers, Schulte, Van Dijk, Bakker, & Cohen, 2016). There
are a few other initiatives to improve clozapine prescription rates. The first is the
utilization of nurse-led clinics as a part of the clozapine management system in Australia
(Clark, Wilton, Baune, Procter, & Hustig, 2014) and the second is the establishment
of specialized teams for the identification and treatment of patients with treatment-
resistant schizophrenia in London (Beck et al., 2014). In Australia, the nurse-led clinics
led to an increase in timely monitoring. However, the nurses only coordinated the care
for stable clozapine users and not for patients in the initiation phase, when monitoring
is most time-consuming. Introducing specialized teams in London, led to an increased
clozapine use. Nevertheless, the authors acknowledged that there also are disadvantages
in deploying additional teams: an extra service can cause confusion among clinicians
and patients about the clinicians’ role and responsibilities, and among patients, because
of multiple appointments of patients with different teams. This latter initiative is in line
with a UK survey that concluded that practitioners perceived the presence of dedicated
staff for outpatients clozapine monitoring in the initiation phase, as the factor that
would enable the use of clozapine most (S. Gee, Vergunst, Howes, & Taylor, 2014). An
additional advantage of the deployment of, for example, specialized nurses in clozapine
monitoring is that nurses maintain a longer therapeutic alliance with patients and
their relatives than other mental health professionals do. This is beneficial because a
better therapeutic relationship is associated with better adherence to medication among
patients with schizophrenia (McCabe et al., 2012).

Mortality and schizophrenia

In patients with schizophrenia, life expectancy is about 15 years shorter (Hjorthoj,
Sturup, McGrath, & Nordentoft, 2017) compared to the general population and in
recent decades, the differential mortality gap associated with schizophrenia has been
increasing (Saha, Chant, & McGrath, 2007). Factors that contribute to this mortality
gap are: the negative side-effects of antipsychotics (with metabolic side-effects as the
most important of these), unhealthy lifestyle (poor diet, smoking, excess alcohol
consumption, and lack of exercise), high risk of suicide and accidents, late detection
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and insufficient treatment of physical illnesses (Laursen, Munk-Olsen, & Vestergaard,
2012).

Clozapine and mortality

Given the shortened life expectancy of patients with schizophrenia and the possibly
negative influence of antipsychotics, it is important to study the associations with
mortality of different antipsychotics with different side-effect profiles. Regarding
clozapine, this is even more important, because concerns about mortality due to
the potentially dangerous side-effects may also contribute to low prescription rates.
Surprisingly, however, where most studies do not find a difference in all-cause mortality
between clozapine and other antipsychotics (Hennessy et al., 2002; Ringback Weitoft
et al., 2014; Stroup, Gerhard, Crystal, Huang, & Olfson, 2016; Taipale et al., 2017),
three large studies have reported a significant reduction of mortality associated with the
use of clozapine (Hayes et al., 2015; Tiihonen et al., 2009; Walker, Lanza, Arellano, &
Rothman, 1997).

Bias in studies on clozapine and mortality

In the studies on clozapine and mortality there are possible sources of bias that may
affect the results. An important source of bias is survivor bias, especially in the analysis
of death by suicide. Suicides occur more frequently in the first years after the onset of
psychosis (Kuo, Tsai, Lo, Wang, & Chen, 2005; Melle et al., 2017; Termorshuizen et al.,
2013), whereas clozapine is often first prescribed years after onset (Howes et al., 2012;
Nielsen et al., 2012). The best way to address this issue is the use of an incidence cohort.

Another potential source of bias is confounding by indication. Clozapine may be
prescribed to younger and relatively healthy patients more often, as prescribers may
be reluctant to prescribe this drug to patients who already have metabolic or cardiac
comorbidity. This could lead to an observation of a lower mortality rate among
clozapine users. Another example is the effect of the intensive monitoring of patients
that accompanies the use of clozapine. Given that patients with severe mental illness
are often somatically undertreated (Laursen, Munk-Olsen, & Gasse, 2011; Swildens,
Termorshuizen, de Ridder, Smeets, & Engelhard, 2016), clozapine-users may receive
more adequate somatic treatment.

Even without the above mentioned sources of bias, it is difficult to compare studies on
clozapine and mortality for a number of reasons. First, the comparison groups in the
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studies varied. Use of clozapine was compared, for example, to use of all non-clozapine
antipsychotics (Taipale et al., 2020) or to use of all non-clozapine users including those
not using any antipsychotic (Hayes et al., 2015; Tiihonen et al., 2009). Second, the
diagnostic inclusion criteria varied, e.g. users of antipsychotics irrespective of diagnosis
(Gjerden, Slordal, & Bramness, 2010), only those with a diagnosis of schizophrenia
(Ringback Weitoft et al., 2014) or restricted to patients with TRS (Stroup et al., 2016;
Wimberley et al., 2017). Third, some studies were conducted with only incident cases
(Kiviniemi, 2013) while others included prevalent cases too (Tiihonen et al., 2009).
Fourth, use of clozapine could be defined as any use during the observation period
(Hayes et al., 2015), sole use during the observation period (Crump, Winkleby,
Sundquist, & Sundquist, 2013) or intention to treat with clozapine (Wimberley et al.,
2017). Therefore, it is difficult to conduct a systematic review or meta-analysis when all
studies have different outcomes and inclusion criteria.

Outline and aims

This thesis is focused on two aspects of clozapine, that are both important in relation
to its under-prescription. The first part studies clozapine prescription rates and how to
improve these rates. The second part investigates clozapine and mortality. As clozapine
is associated with acute and prolonged life-threatening side-effects, the prescribers’ fear
of side-effects and an increased mortality, may affect the way they prescribe.

The aim of the first part of this thesis was to test whether clozapine prescription rates
can be increased. First, clozapine prescription rates in Dutch outpatient teams are
presented in Chapter 2. This chapter describes the baseline measurements at the start of
a randomized trial to improve prescription rates. The results of this trial are presented
in Chapter 3. This trial examined whether psychiatrists prescribe more clozapine if they
can delegate the labour-intensive monitoring tasks to an advanced nurse practitioner.
As previously discussed, this could be an important factor enabling the prescription
of clozapine. In addition to the effect on prescription rates, the safety of the clozapine
monitoring in both conditions was assessed.

The aim of the second part of this thesis was to clarify the complicated and debated
relationship between clozapine and mortality. This part starts with Chapter 4, a short
review on studies on clozapine and mortality. In this chapter, we also commented on a
meta-analysis on this subject. Chapter 5 is a Dutch database study to examine possible
forms of bias that may have influenced results of other studies. Chapter 6 is a nation-wide
Danish cohort study into mortality and clozapine. In this study clozapine is compared to
other categories of antipsychotics. Finally, in Chapter 7, I will summarize and discuss the
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findings presented in this thesis. Thereafter the limitations and strengths of the studies
are described, followed by the implications for practice and suggestions for future studies.

19



Chapter 1

References

Agid, O., Arenovich, T, Sajeev, G., Zipursky, R. B., Kapur, S., Foussias, G., & Remington, G. (2011).
An algorithm-based approach to first-episode schizophrenia: response rates over 3 prospective
antipsychotic trials with a retrospective data analysis. J Clin Psychiatry, 72(11), 1439-1444.
doi:10.4088/JCP.09m05785yel

Aleman, A., Lincoln, T. M., Bruggeman, R., Melle, 1., Arends, J., Arango, C., & Knegtering, H. (2017).
Treatment of negative symptoms: Where do we stand, and where do we go? Schizophr Res, 186,
55-62. doi:10.1016/j.schres.2016.05.015

Angermeyer, M. C., Loffler, W., Muller, P, Schulze, B., & Priebe, S. (2001). Patients’ and relatives’
assessment of clozapine treatment. Psychol Med, 31(3), 509-517.

Bachmann, C. J., Aagaard, L., Bernardo, M., Brandt, L., Cartabia, M., Clavenna, A., . .. Taylor, D. (2017).
International trends in clozapine use: a study in 17 countries. Acta Psychiatr Scand, 136(1), 37-51.
doi:10.1111/acps.12742

Beck, K., McCutcheon, R., Bloomfield, M. A., Gaughran, E, Reis Marques, T., MacCabe, J., . . . Howes, O.
D. (2014). The practical management of refractory schizophrenia--the Maudsley Treatment REview
and Assessment Team service approach. Acta Psychiatr Scand, 130(6), 427-438. doi:10.1111/
acps.12327

Bogers, J. P, Schulte, P. E, Van Dijk, D., Bakker, B., & Cohen, D. (2016). Clozapine Underutilization
in the Treatment of Schizophrenia: How Can Clozapine Prescription Rates Be Improved? J Clin
Psychopharmacol, 36(2), 109-111. doi:10.1097/jcp.0000000000000478

Carruthers, J., Radigan, M., Erlich, M. D., Gu, G., Wang, R., Frimpong, E. Y., . . . Stroup, T. S. (2016).
An Initiative to Improve Clozapine Prescribing in New York State. Psychiatr Serv, 67(4), 369-371.
doi:10.1176/appi.ps.201500493

Chakos, M., Lieberman, J., Hoffman, E., Bradford, D., & Sheitman, B. (2001). Effectiveness of second-
generation antipsychotics in patients with treatment-resistant schizophrenia: a review and meta-
analysis of randomized trials. Am J Psychiatry, 158(4), 518-526. doi:10.1176/appi.ajp.158.4.518

Clark, S. R., Wilton, L., Baune, B. T, Procter, N., & Hustig, H. (2014). A state-wide quality improvement
system utilising nurse-led clinics for clozapine management. Australas Psychiatry, 22(3), 254-259.
doi:10.1177/1039856214533395

Cloutier, M., Aigbogun, M. S., Guerin, A., Nitulescu, R., Ramanakumar, A. V., Kamat, S. A., ... Wu, E.
(2016). The Economic Burden of Schizophrenia in the United States in 2013. J Clin Psychiatry,
77(6), 764-771. doi:10.4088/JCP.15m 10278

Cohen, D. (2014). Prescribers fear as a major side-effect of clozapine. Acta Psychiatr Scand, 130(2), 154-
155. doi:10.1111/acps.12294

Conley, R. R., & Kelly, D. L. (2001). Management of treatment resistance in schizophrenia. Bio/ Psychiatry,
50(11), 898-911.

Cooper, D., Moisan, J., & Gregoire, J. P. (2007). Adherence to atypical antipsychotic treatment among
newly treated patients: a population-based study in schizophrenia. / Clin Psychiatry, 68(6), 818-
825.

20



General introduction

Crump, C., Winkleby, M. A., Sundquist, K., & Sundquist, J. (2013). Comorbidities and mortality in
persons with schizophrenia: a Swedish national cohort study. Am J Psychiatry, 170(3), 324-333.
doi:10.1176/appi.ajp.2012.12050599

De Leon, J., Sanz, E. J., & De Las Cuevas, C. (2020). Data From the World Health Organization’s
Pharmacovigilance Database Supports the Prominent Role of Pneumonia in Mortality Associated
With Clozapine Adverse Drug Reactions. Schizophr Bull, 46(1), 1-3. doi:10.1093/schbul/sbz093

Dutch Clozapine Collaboration Group. Guideline for the use of clozapine [English version]. . (2009).
Retrieved from http://clozapinepluswerkgroep.nl/pdf/SKMBT_C45110040808460.pdf.

Essali, A., Al-Haj Haasan, N., Li, C., & Rathbone, J. (2009). Clozapine versus typical neuroleptic
medication for schizophrenia. Cochrane Database Syst Rev(1), Cd000059. doi:10.1002/14651858.
CD000059.pub2

Frogley, C., Taylor, D., Dickens, G., & Picchioni, M. (2012). A systematic review of the evidence of
clozapine’s anti-aggressive effects. Int | Neuropsychopharmacol, 15(9), 1351-1371. doi:10.1017/
s146114571100201x

Gee, S., Vergunst, E, Howes, O., & Taylor, D. (2014). Practitioner attitudes to clozapine initiation. Acza
Psychiatr Scand, 130(1), 16-24. doi:10.1111/acps.12193

Gee, S. H., Shergill, S. S., & Taylor, D. M. (2017). Patient attitudes to clozapine initiation. Int Clin
Psychopharmacol, 32(6), 337-342. doi:10.1097/yic.0000000000000188

Gjerden, P, Slordal, L., & Bramness, J. G. (2010). Prescription persistence and safety of antipsychotic
medication: a national registry-based 3-year follow-up. Eur | Clin Pharmacol, 66(9), 911-917.
doi:10.1007/500228-010-0839-9

Griffith, R. W., & Saameli, K. (1975). Letter: Clozapine and agranulocytosis. Lancet, 2(7936), 657.
doi:10.1016/s0140-6736(75)90135-x

Group, G. W. (2019). THE AMERICAN PSYCHIATRIC ASSOCIATION PRACTICE GUIDELINE
FOR THE TREATMENT OF PATIENTS WITH SCHIZOPHRENIA. Retrieved from hteps://
www.psychiatry.org » Practice » Clinical Practice Guidelines » APA-D...

Grover, S., Hazari, N., Chakrabarti, S., & Avasthi, A. (2015). Delay in initiation of clozapine: a retrospective
study from a tertiary care hospital in North India. Psychiatry Res, 226(1), 181-185. doi:10.1016/j.
psychres.2014.12.046

Hasan, A., Falkai, P, Wobrock, T., Lieberman, J., Glenthoj, B., Gattaz, W. E, . . . Moller, H. J. (2012). World
Federation of Societies of Biological Psychiatry (WESBP) Guidelines for Biological Treatment of
Schizophrenia, part 1: update 2012 on the acute treatment of schizophrenia and the management
of treatment resistance. World ] Biol Psychiatry, 13(5), 318-378. doi:10.3109/15622975.2012.69
6143

Hayes, R. D., Downs, J., Chang, C. K., Jackson, R. G., Shetty, H., Broadbent, M., . . . Stewart, R. (2015).
The effect of clozapine on premature mortality: an assessment of clinical monitoring and other
potential confounders. Schizophr Bull, 41(3), 644-655. doi:10.1093/schbul/sbul20

Hayhurst, K. P, Brown, P, & Lewis, S. W. (2002). The cost-effectiveness of clozapine: a controlled, population-
based, mirror-image study. / Psychopharmacol, 16(2), 169-175. doi:10.1177/026988110201600208

Hazari, N., Kate, N., & Grover, S. (2013). Clozapine and tardive movement disorders: a review. Asian |

21




Chapter 1

Poychiatr, 6(6), 439-451. doi:10.1016/j.ajp.2013.08.067

Hennen, J., & Baldessarini, R. J. (2005). Suicidal risk during treatment with clozapine: a meta-analysis.
Schizophr Res, 73(2-3), 139-145. doi:10.1016/j.schres.2004.05.015

Hennessy, S., Bilker, W. B., Knauss, J. S., Margolis, D. J., Kimmel, S. E., Reynolds, R. E, . . . Strom, B.
L. (2002). Cardiac arrest and ventricular arrthythmia in patients taking antipsychotic drugs: cohort
study using administrative data. Bmj, 325(7372), 1070.

Hjorthoj, C., Sturup, A. E., McGrath, J. J., & Nordentoft, M. (2017). Years of potential life lost and life
expectancy in schizophrenia: a systematic review and meta-analysis. Lancer Psychiatry, 4(4), 295-
301. doi:10.1016/s2215-0366(17)30078-0

Howes, O. D., McCutcheon, R., Agid, O., de Bartolomeis, A., van Beveren, N. J., Birnbaum, M. L., . . .
Correll, C. U. (2017). Treatment-Resistant Schizophrenia: Treatment Response and Resistance in
Psychosis (TRRIP) Working Group Consensus Guidelines on Diagnosis and Terminology. Am J
Psychiatry, 174(3), 216-229. doi:10.1176/appi.ajp.2016.16050503

Howes, O. D., Vergunst, E, Gee, S., McGuire, P, Kapur, S., & Taylor, D. (2012). Adherence to treatment
guidelines in clinical practice: study of antipsychotic treatment prior to clozapine initiation. Br J
Psychiatry, 201(6), 481-485. doi:10.1192/bjp.bp.111.105833

Huhn, M., Nikolakopoulou, A., Schneider-Thoma, J., Krause, M., Samara, M., Peter, N., . . . Leucht, S.
(2019). Comparative efficacy and tolerability of 32 oral antipsychotics for the acute treatment of
adults with multi-episode schizophrenia: a systematic review and network meta-analysis. Lancet,
394(10202), 939-951. doi:10.1016/s0140-6736(19)31135-3

Ingimarsson, O., MacCabe, ]. H., Haraldsson, M., Jonsdottir, H., & Sigurdsson, E. (2016). Neutropenia
and agranulocytosis during treatment of schizophrenia with clozapine versus other antipsychotics:
an observational study in Iceland. BMC Psychiatry, 16(1), 441. doi:10.1186/5s12888-016-1167-0

Jongsma, H. E., Gayer-Anderson, C., Lasalvia, A., Quattrone, D., Mule, A., Széke, A., . . . Kirkbride, J.
B. (2018). Treated Incidence of Psychotic Disorders in the Multinational EU-GEI Study. JAMA
Psychiatry, 75(1), 36-46. doi:10.1001/jamapsychiatry.2017.3554

Kane, J., Honigfeld, G., Singer, J., & Meltzer, H. (1988). Clozapine for the treatment-resistant schizophrenic.
A double-blind comparison with chlorpromazine. Arch Gen Psychiatry, 45(9), 789-796.

Kelly, T. M., Daley, D. C., & Douaihy, A. B. (2012). Treatment of substance abusing patients with comorbid
psychiatric disorders. Addict Behav, 37(1), 11-24. doi:10.1016/j.addbeh.2011.09.010

Kennedy, J. L., Altar, C. A., Taylor, D. L., Degtiar, 1., & Hornberger, J. C. (2014). The social and economic
burden of treatment-resistant schizophrenia: a systematic literature review. Inz Clin Psychopharmacol,
29(2), 63-76. doi:10.1097/YIC.0b013e32836508¢6

Kiviniemi, M., J. Suvisaari, H. Koivumaa-Honkanen, U. Hikkinen, M. Isohanni, H. Hakkoe. (2013).
Antipsychotics and mortality in first-onset schizophrenia: Prospective Finnish register study with
5-year follow-up. Schizophr Res, 150, 274-280.

Krakowski, M. I., Czobor, P, Citrome, L., Bark, N., & Cooper, T. B. (2006). Atypical antipsychotic agents
in the treatment of violent patients with schizophrenia and schizoaffective disorder. Arch Gen
Psychiatry, 63(6), 622-629. doi:10.1001/archpsyc.63.6.622

Kuo, C. J., Tsai, S. Y., Lo, C. H., Wang, Y. P, & Chen, C. C. (2005). Risk factors for completed suicide in

22



General introduction

schizophrenia. / Clin Psychiatry, 66(5), 579-585.

Lally, J., Ajnakina, O., Di Forti, M., Trotta, A., Demjaha, A., Kolliakou, A., . . . Murray, R. M. (2016).
Two distinct patterns of treatment resistance: clinical predictors of treatment resistance in first-
episode schizophrenia spectrum psychoses. Psychol Med, 46(15), 3231-3240. doi:10.1017/
50033291716002014

Lally, J., & Gaughran, E (2018). Treatment resistant schizophrenia - review and a call to action. Ir J Psychol
Med, 1-13. doi:10.1017/ipm.2018.47

Laursen, T. M., Munk-Olsen, T., & Gasse, C. (2011). Chronic somatic comorbidity and excess mortality
due to natural causes in persons with schizophrenia or bipolar affective disorder. PLoS One, 6(9),
€24597. doi:10.1371/journal.pone.0024597

Laursen, T. M., Munk-Olsen, T., & Vestergaard, M. (2012). Life expectancy and cardiovascular
mortality in persons with schizophrenia. Curr Opin Psychiatry, 25(2), 83-88. doi:10.1097/
YCO.0b013e32835035¢ca

Lee, D., Back, J. H., Bae, M., Choi, Y., & Hong, K. S. (2019). Long-Term Response to Clozapine and Its
Clinical Correlates in the Treatment of Tardive Movement Syndromes: A Naturalistic Observational
Study in Patients With Psychotic Disorders. J Clin Psychopharmacol, 39(6), 591-596. doi:10.1097/
jcp-0000000000001114

Lehman, A. E, Lieberman, J. A., Dixon, L. B., McGlashan, T. H., Miller, A. L., Perkins, D. O., &
Kreyenbuhl, J. (2004). Practice guideline for the treatment of patients with schizophrenia, second
edition. Am J Psychiatry, 161(2 Suppl), 1-56.

Leucht, S., Cipriani, A., Spineli, L., Mavridis, D., Orey, D., Richter, E, . . . Davis, ]. M. (2013). Comparative
efficacy and tolerability of 15 antipsychotic drugs in schizophrenia: a multiple-treatments meta-
analysis. Lancet, 382(9896), 951-962. doi:10.1016/s0140-6736(13)60733-3

McCabe, R., Bullenkamp, J., Hansson, L., Lauber, C., Martinez-Leal, R., Rossler, W., . . . Priebe, S. (2012).
The therapeutic relationship and adherence to antipsychotic medication in schizophrenia. PLoS
One, 7(4), €36080. doi:10.1371/journal.pone.0036080

Melle, I., Olav Johannesen, J., Haahr, U. H., Ten Velden Hegelstad, W., Joa, L., Langeveld, J., . . . Friis, S.
(2017). Causes and predictors of premature death in first-episode schizophrenia spectrum disorders.
World Psychiatry, 16(2), 217-218. doi:10.1002/wps.20431

Melezer, H. Y., Alphs, L., Green, A. L., Altamura, A. C., Anand, R., Bertoldi, A., . . . Potkin, S. (2003).
Clozapine treatment for suicidality in schizophrenia: International Suicide Prevention Trial
(InterSePT). Arch Gen Psychiatry, 60(1), 82-91.

NICE Guidance, Quality statement 4: Treatment with clozapine. (2015, February 2015. ). Retrieved from
https://www.nice.org.uk/guidance/qs80/chapter/quality-statement-4-treatment-with-clozapine

Nielsen, J., Roge, R., Schjerning, O., Sorensen, H. J., & Taylor, D. (2012). Geographical and temporal
variations in clozapine prescription for schizophrenia. Eur Neuropsychopharmacol, 22(11), 818-824.
doi:10.1016/j.euroneuro.2012.03.003

Nielsen, J., Young, C., Ifteni, P, Kishimoto, T., Xiang, Y. T., Schulte, R E, . . . Taylor, D. (2016). Worldwide
Differences in Regulations of Clozapine Use. CNS Drugs, 30(2), 149-161. doi:10.1007/s40263-
016-0311-1

23




Chapter 1

Okhuijsen-Pfeifer, C., Huijsman, E. A. H., Hasan, A., Sommer, I. E. C., Leuchg, S., Kahn, R. S., & Luyks,
J.J. (2018). Clozapine as a first- or second-line treatment in schizophrenia: a systematic review and
meta-analysis. Acta Psychiatr Scand, 138(4), 281-288. doi:10.1111/acps.12954

Olfson, M., Gerhard, T, Crystal, S., & Stroup, T. S. (2016). Clozapine for Schizophrenia: State Variation
in Evidence-Based Practice. Psychiatr Serv, 67(2), 152. doi:10.1176/appi.ps.201500324

Poudyal, R., & Lohani, S. (2019). Clozapine associated pulmonary embolism: systematic review. J
Community Hosp Intern Med Perspect, 9(4), 300-304. doi:10.1080/20009666.2019.1627848

Revicki, D. A. (2000). The new atypical antipsychotics: a review of pharmacoeconomic studies. Expert Opin
Pharmacother, 1(2), 249-260. doi:10.1517/14656566.1.2.249

Ringback Weitoft, G., Berglund, M., Lindstrom, E. A., Nilsson, M., Salmi, P, & Rosen, M. (2014).
Mortality, attempted suicide, re-hospitalisation and prescription refill for clozapine and other
antipsychotics in Sweden-a register-based study. Pharmacoepidemiol Drug Saf, 23(3), 290-298.
doi:10.1002/pds.3567

Saha, S., Chant, D., & McGrath, J. (2007). A systematic review of mortality in schizophrenia: is the
differential mortality gap worsening over time? Arch Gen Psychiatry, 64(10), 1123-1131.
doi:10.1001/archpsyc.64.10.1123

Saha, S., Chant, D., Welham, J., & McGrath, J. (2005). A systematic review of the prevalence of
schizophrenia. PLoS Med, 2(5), e141. doi:10.1371/journal.pmed.0020141

Samara, M. T., Dold, M., Gianatsi, M., Nikolakopoulou, A., Helfer, B., Salanti, G., & Leucht, S. (2016).
Efficacy, Acceptability, and Tolerability of Antipsychotics in Treatment-Resistant Schizophrenia: A
Network Meta-analysis. JAMA Psychiatry, 73(3), 199-210. doi:10.1001/jamapsychiatry.2015.2955

Seeman, P. (2014). Clozapine, a fast-off-D2 antipsychotic. ACS Chem Neurosci, 5(1), 24-29. doi:10.1021/
cn400189s

Seshamani, M. (2002). Is clozapine cost-effective? Unanswered issues. Eur ] Health Econ, 3 Suppl 2, S104-
113. doi:10.1007/s10198-002-0115-8

Siafis, S., Tzachanis, D., Samara, M., & Papazisis, G. (2018). Antipsychotic Drugs: From Receptor-binding
Profiles to Metabolic Side Effects. Curr Neuropharmacol, 16(8), 1210-1223. doi:10.2174/157015
9x15666170630163616

Siskind, D., McCartney, L., Goldschlager, R., & Kisely, S. (2016). Clozapine v. first- and second-generation
antipsychotics in treatment-refractory schizophrenia: systematic review and meta-analysis. Br /
Psychiatry, 209(5), 385-392. doi:10.1192/bjp.bp.115.177261

Siskind, D., Sidhu, A., Cross, J., Chua, Y. T., Myles, N., Cohen, D., & Kisely, S. (2020). Systematic review
and meta-analysis of rates of clozapine-associated myocarditis and cardiomyopathy. Aust N Z J
Psychiatry, 4867419898760. doi:10.1177/0004867419898760

Souza, J. S., Kayo, M., Tassell, I., Martins, C. B., & Elkis, H. (2013). Efficacy of olanzapine in comparison
with clozapine for treatment-resistant schizophrenia: evidence from a systematic review and meta-
analyses. CNS Spectr, 18(2), 82-89. doi:10.1017/51092852912000806

Stroup, T. S., Gerhard, T., Crystal, S., Huang, C., & Olfson, M. (2014). Geographic and clinical variation in
clozapine use in the United States. Psychiatr Serv, 65(2), 186-192. doi:10.1176/appi.ps.201300180

Stroup, T. S., Gerhard, T., Crystal, S., Huang, C., & Olfson, M. (2016). Comparative Effectiveness of

24



General introduction

Clozapine and Standard Antipsychotic Treatment in Adults With Schizophrenia. Am J Psychiatry,
173(2), 166-173. doi:10.1176/appi.ajp.2015.15030332

Swildens, W., Termorshuizen, E, de Ridder, A., Smeets, H., & Engelhard, I. M. (2016). Somatic Care with
a Psychotic Disorder. Lower Somatic Health Care Utilization of Patients with a Psychotic Disorder
Compared to Other Patient Groups and to Controls Without a Psychiatric Diagnosis. Adm Policy
Ment Health, 43(5), 650-662. doi:10.1007/s10488-015-0679-0

Taipale, H., Mittendorfer-Rutz, E., Alexanderson, K., Majak, M., Mehtala, J., Hoti, E, . . . Tiihonen, J.
(2017). Antipsychotics and mortality in a nationwide cohort of 29,823 patients with schizophrenia.
Schizophr Res. doi:10.1016/j.schres.2017.12.010

Taipale, H., Tanskanen, A., Mehtala, J., Vattulainen, P, Correll, C. U., & Tiihonen, J. (2020). 20-year
follow-up study of physical morbidity and mortality in relationship to antipsychotic treatment in a
nationwide cohort of 62,250 patients with schizophrenia (FIN20). World Psychiatry, 19(1), 61-68.
doi:10.1002/wps.20699

Tandon, R., Gaebel, W., Barch, D. M., Bustillo, J., Gur, R. E., Heckers, S., . . . Carpenter, W. (2013).
Definition and description of schizophrenia in the DSM-5. Schizophr Res, 150(1), 3-10.
doi:10.1016/j.schres.2013.05.028

Termorshuizen, E, Wierdsma, A. L., Smeets, H. M., Visser, E., Drukker, M., Nijman, H., & Sytema, S.
(2013). Cause-specific mortality among patients with psychosis: disentangling the effects of age and
illness duration. Psychosomatics, 54(6), 536-545. doi:10.1016/j.psym.2013.05.011

Thien, K., & O’Donoghue, B. (2018). Delays and barriers to the commencement of clozapine in eligible
people with a psychotic disorder: A literature review. Early Interv Psychiatry. doi:10.1111/eip.12683

Tiihonen, J., Lonngqpvist, J., Wahlbeck, K., Klaukka, T., Niskanen, L., Tanskanen, A., & Haukka, ]J. (2009).
11-year follow-up of mortality in patients with schizophrenia: a population-based cohort study
(FIN11 study). Lancet, 374(9690), 620-627. doi:10.1016/s0140-6736(09)60742-x

Ucok, A., Cikrikeili, U., Karabulug, S., Salaj, A., Ozturk, M., Tabak, O., & Durak, R. (2015). Delayed
initiation of clozapine may be related to poor response in treatment-resistant schizophrenia. In¢
Clin Psychopharmacol, 30(5), 290-295. doi:10.1097/yic.0000000000000086

Veerman, S. R. T., Schulte, P. . J., & de Haan, L. (2017). Treatment for Negative Symptoms in Schizophrenia:
A Comprehensive Review. Drugs, 77(13), 1423-1459. doi:10.1007/s40265-017-0789-y

Verdoux, H., Pambrun, E., Cortaredona, S., Coldefy, M., Le Neindre, C., Tournier, M., & Verger, D.
(2016). Geographical disparities in prescription practices of lithium and clozapine: a community-
based study. Acta Psychiatr Scand, 133(6), 470-480. doi:10.1111/acps.12554

Verdoux, H., Quiles, C., Bachmann, C. J., & Siskind, D. (2018). Prescriber and institutional barriers and
facilitators of clozapine use: A systematic review. Schizophr Res. doi:10.1016/j.schres.2018.05.046

Volavka, J., Czobor, P, Nolan, K., Sheitman, B., Lindenmayer, J. P, Citrome, L., . . . Liecberman, J. A.
(2004). Overt aggression and psychotic symptoms in patients with schizophrenia treated with
clozapine, olanzapine, risperidone, or haloperidol. J Clin Psychopharmacol, 24(2), 225-228.

Wahlbeck, K., Cheine, M., & Essali, M. A. (2000). Clozapine versus typical neuroleptic medication for
schizophrenia. Cochrane Database Syst Rev(2), Cd000059. doi:10.1002/14651858.cd000059

Walker, A. M., Lanza, L. L., Arellano, E, & Rothman, K. J. (1997). Mortality in current and former users

25




Chapter 1

of clozapine. Epidemiology, 8(6), 671-677.

West, S., Rowbotham, D., Xiong, G., & Kenedi, C. (2017). Clozapine induced gastrointestinal
hypomotility: A potentially life threatening adverse event. A review of the literature. Gen Hosp
Psychiatry, 46, 32-37. doi:10.1016/j.genhosppsych.2017.02.004

Wheeler, A. J. (2008). Treatment pathway and patterns of clozapine prescribing for schizophrenia in New
Zealand. Ann Pharmacother, 42(6), 852-860. doi:10.1345/aph.1K662

Wimberley, T., MacCabe, J. H., Laursen, T. M., Sorensen, H. J., Astrup, A., Horsdal, H. T., . . . Stovring,
H. (2017). Mortality and Self-Harm in Association With Clozapine in Treatment-Resistant
Schizophrenia. Am ] Psychiatry, 174(10), 990-998. doi:10.1176/appi.ajp.2017.16091097

26



General introduction

27






PART 1

Clozapine prescription and
monitoring







o

Prescription and underprescription
of clozapine in Dutch ambulatory
- care

Y. C. van der Zalm
F. Termor shuizen
; P. F. Schulte
. J.P.Bogers
; M. Marcelis
I. E. Sommer




Chapter 2

Abstract

Purpose: To our knowledge, no study has examined in a structured way the extent
of under-prescription of clozapine in ambulatory patients with Non-Affective
Psychotic Disorder(NAPD). In the Netherlands, psychiatric care for such patients
is provided by Flexible Assertive Community Treatment (FACT) teams and, by
early intervention teams. In 20 FACT teams and 3 early intervention teams we
assessed the proportion of patients who: use clozapine (type 1 patients), previously
used this drug (type 2), have an unfulfilled indication for this drug, by type of
indication (type 3), or were at least markedly psychotic, but had not yet received
two adequate treatments with other antipsychotic drugs (type 4). We expected to
find major differences between teams. To rule out that these differences are caused
by differences in severity of psychopathology, we also calculated the proportions
of patients who use clozapine given an indication at any time (number of type 1
patients divided by the sum of type 1, 2 and 3 patients).

Materials and methods: The nurse practitioner of each team identified the
patients already on clozapine. Next, using a highly-structured decision tree, the
nurse practitioner and psychiatrist assessed whether the remaining patients had an
indication for this drug. Indications were treatment-resistant positive symptoms,
tardive dyskinesia, aggression and suicidality. The severity of positive symptoms was
determined using the Clinical Global Impression-Schizophrenia Scale

Results: In the participating FACT-teams 2,286 NAPD patients were assessed. The
range among teams in proportions was: type 1: 8.8 to 34.7% (mean: 23.0%), type
2: 0 to 8.2% (mean: 3.5%), type 3: 1.7 to 15.6% (mean: 6.9%), type 4: 1.8 to
16.3% (mean: 8.6%). The range in proportions of patients using this drug given
an indication was 49.0 to 90.9% (mean: 68.8%). These figures were lower in early
intervention teams.

Conclusions: The proportion of patients in FACT-teams who have an unfulfilled
indication for clozapine is 6.9%. There were considerable differences between teams
with respect to this proportion. Almost a third of the outpatients had at any time an
indication for clozapine. If one takes type 4 patients into account, this proportion
may be higher.

Registration number: NTR5135 http://www.trialregister.nl/trialreg/index.asp

Keywords: clozapine; psychotic disorders; outpatient care; prescription rates

32




Prescription of clozapine in Dutch ambulatory care

Introduction

Despite the general idea that clozapine is underutilized, little research has been done into
the extent of this problem. The main indication for this drug according to guidelines is
treatment-resistant schizophrenia, the prevalence of which has been estimated at about
20-30% (Kennedy, Altar, Taylor, Degtiar, & Hornberger, 2014), but exact numbers are
unknown. This uncertainty is not only caused by a scarcity of pertinent studies, but
also by the absence (until recently) of consensus on criteria to define treatment-resistant
schizophrenia (Howes et al., 2017). To illustrate this, Juarez-Reyes et al. (1995) found
that the proportion in a population of outpatients was 12.9% with a stringent definition
and 42.9% with a broad definition. A Danish register-based study among outpatients
with a diagnosis of schizophrenia found a prevalence of 24.7% or 48.2% (Wimberley et
al., 2016), depending on the definition of a proxy for treatment-resistant schizophrenia:
1) at least two different periods of antipsychotic use and one hospitalization within 18
months and 2) patients treated with polypharmacy for at least 90 days. No information
on adherence and symptom severity was available, which precludes an exact assessment
of treatment-resistant schizophrenia.

Furthermore, there are also other indications for clozapine, as it has been found to
decrease tardive dyskinesia (Hazari, Kate, & Grover, 2013), acute extrapyramidal
symptoms (, i.e. parkinsonism, acute dystonia and akathisia) (Leucht et al., 2013),
aggression (Frogley, Taylor, Dickens, & Picchioni, 2012; Krakowski, Czobor, Citrome,
Bark, & Cooper, 2006; Volavka et al., 2004), suicidality (Hennen & Baldessarini,
2005; Meltzer et al., 2003) and substance abuse (Kelly, Daley, & Douaihy, 2012). The
prevalence of these other indications is even more uncertain.

Studies of clozapine prescription rates show large international differences (Nielsen,
Roge, Schjerning, Sorensen, & Taylor, 2012; Stroup, Gerhard, Crystal, Huang, &
Olfson, 2014; Verdoux et al., 2016). In the Netherlands, the proportion of patients
with Non-Affective Psychotic Disorder (NAPD) using this drug is unknown. The vast
majority of them is treated on an ambulatory basis by Flexible Assertive Community
Treatment (FACT) teams and in some regions also by early intervention teams.
FACT-teams take care of patients with a severe mental illness and are called “flexible”
because they intensify treatment when the patient is in a crisis, with the aim to prevent
hospitalization (van Veldhuizen, 2007). These teams are responsible for a certain area
and treat approximately 200 outpatients, most of whom with NAPD. Some institutes
deploy specialized early intervention teams to treat patients in the first years after onset
of psychosis. These teams work in the same way as the FACT-teams, but they spend
more time on diagnosing patients and providing psychoeducation. Their caseloads may
be smaller and the patients are younger. After a maximum of five year, treatment will be
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continued by a FACT-team. In general, in every FACT or early intervention team there
is a psychiatrist, but only part of the teams have a nurse practitioner associated with it.

Summarizing, little is known about the magnitude of underprescription of clozapine in
outpatients with NAPD in the Netherlands. We set out to examine in a structured way
rates of prescription and underprescription in FACT teams and in early intervention
teams. We developed a decision tree with criteria for an indication for clozapine. Our
definition of treatment resistance differs only slightly from the consensus guideline that
was published shortly after we collected our data (Nielsen, Dahm, Lublin, & Taylor,
2010). Since in our experience there are major regional and personal differences in
adherence to guidelines regarding clozapine prescription, we expected considerable
differences between teams in proportions of patients using this drug and patients with
an unfulfilled indication. In order to exclude the possibility that these differences are
solely caused by differences in the severity of psychopathology, we calculated for each
team the proportion of patients who use clozapine given an indication at any time.

The aims of this study were to determine prescription rates and the extent of
underprescription of clozapine in outpatients with NAPD. We therefore assessed the
proportions of patients who (i) currently use clozapine (type 1 patients); (ii) had used
this drug and subsequently discontinued it (type 2 patients); (iii) have an indication
for this drug but have never used it, by type of indication (type 3 patients); (iv) were
at least markedly psychotic, but had not yet received two adequate treatments with
antipsychotic drugs (type 4 patients); (v) currently use clozapine among patients with
an indication for this drug at any time (number of type 1 patients divided by the sum of

type 1, type 2 and type 3 patients).

Materials and methods

Study design and setting

This study reports the results of baseline measurements preceding a randomized controlled
trial to assess the safety of the deployment of nurse practitioners to start patients on
clozapine. Therefore, in this study, only teams with a nurse practitioner associated with
it were included. Twenty FACT teams and three early intervention teams, from four
Dutch psychiatric institutes, participated. Each institute deploys several teams, housed
in the same building or at miles distance from each other. In all participating teams,
the psychiatrist was responsible for the prescription of antipsychotic drugs. Data was
collected from July 2015 to May 2016.
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Measures

According to Dutch guidelines (“Dutch Clozapine Collaboration Group. Guideline
for the use of clozapine [English version]. ,” 2009; Van Alphen, 2012), clozapine is
indicated for patients with a diagnosis of schizophrenia or schizoaftective disorder, who
suffer from 1) treatment-resistant positive or negative symptoms, 2) severe aggressive
behavior, 3) persistent suicidal behavior, 4) tardive dyskinesia, 5) treatment-resistant
acute extrapyramidal symptoms, and 6) alcohol or drug abuse (Van Alphen, 2012).
However, since the current evidence to support the use of clozapine for treatment-
resistant negative symptoms or substance abuse is insufficient, this study did not regard
these features as indications for clozapine.

In order to structure the assessment of an indication for clozapine, we developed a
decision tree (see Appendix). Positive symptoms were scored using the Clinical Global
Impression-Schizophrenia Scale (CGI-SCH), a simple instrument, appropriate
for use in observational studies (Haro et al., 2003). The researchers who developed
this instrument, reported that the correlation coefficient between the CGI-SCH for
positive symptoms and the PANSS score was 0.86 and the interrater reliability was high
(intraclass correlation coefficient, ICC = 0.82). Possible scores for positive symptoms are
“normal, not ill” (1), “minimally ill” (2), “mildly ill” (3), “moderately ill” (4), “markedly
ill (5), “severely ill” (6) and “among the most severely ill” (7) (20) (see Appendix for a
more detailed description of the scores). We defined treatment-resistance of positive
symptoms as the persistence of at least markedly severe positive symptoms (score 5 or
higher), despite adequate treatment. Adequate treatment was defined as having used two
different antipsychotics, of which at least one second generation antipsychotic, during at
least 4 weeks in an adequate dosage. A list of adequate dosages of antipsychotic medication
(see Appendix) was constructed using studies on comparable dosages of antipsychotics
(Andreasen, Pressler, Nopoulos, Miller, & Ho, 2010; Lieberman et al., 2005; Loebel et
al., 2015), information from the World Health Organization on Defined Daily Dosages
(“Dutch Clozapine Collaboration Group. Guideline for the use of clozapine [English
version]. ,” 2009; “WHO ATC/DDD index NO5A Antipsychotics,”) and Dutch
guidelines (Van Alphen, 2012). Three other indications for clozapine (markedly severe
tardive dyskinesia, aggressive behavior or suicidality, all persisting during the use of two
other antipsychotics) were also elaborated in the decision tree (Frogley et al., 2012;
Hazari et al., 2013; Hennen & Baldessarini, 2005; Krakowski et al., 2006; Leucht et al.,
2013; Meltzer et al., 2003; Volavka et al., 2004).

Procedures

In June 2015, the psychiatrists and nurse practitioners of each team followed a training
in the assessment of an indication for clozapine, during which the decision tree was
introduced. After the training, the nurse practitioner identified all patients with NAPD by
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checking the DSM-IV codes, schizophrenia, schizophreniform disorder, schizoaftective
disorder or psychotic disorder not otherwise specified. The latter diagnosis was included
because some Dutch psychiatrists are reluctant to use the word schizophrenia. In part of
the teams, the controversy surrounding the concept of schizophrenia seems to have led
to an increase of the diagnosis psychotic disorder not otherwise specified, and a lower
use of schizophrenia as diagnostic label.

Patients with delusional disorder were not included, because clozapine has not shown to
be effective for them. Those diagnosed with a brief psychotic disorder were also excluded
because clozapine is not indicated for patients with this diagnosis.

The nurse practitioner of each team, assisted by the first author, reviewed the files of
all the patients treated by that team. They identified the patients who were already on
clozapine or had used this drug and had discontinued it. We assumed that all of these
patients had an appropriate indication for this drug. Next, using the decision tree, the
nurse practitioner, again assisted by the first author, assessed the remaining patients
for clozapine indications, regardless of the feasibility of a trial with clozapine. These
patients were divided into 3 groups: a) no indication, b) indication, and ¢) questionable
indication (for example a score of 4 “moderate” on the CGI-SCH or uncertainty about
other indications or previous treatment with antipsychotics)Subsequently, they discussed
the cases from the latter two categories with the responsible psychiatrist and tried to
reach consensus about the indication for a trial with clozapine. In case of discordance,
the opinion of the psychiatrist was decisive.

Statistical analysis

Descriptive statistics were used to summarize demographic and clinical characteristics.
¥ -tests were used to compare teams on all four types of patients.

After a Bonferroni correction for multiple testing, a two-tailed p-value of <0.008 was
considered statistically significant for all tests.

Results

Demographic and clinical characteristics

In the FACT-teams, there were 2286 patients with NAPD and in the early intervention
teams 302 patients. The characteristics of these patients are presented in Table 1.
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Table 1. Demographic and clinical features of 2588 patients with Non-Affective Psychotic Disorder, treated
by 20 Functional Assertive Community Treatment (FACT) teams and three Early Intervention teams in
the Netherlands, 2016.

Characteristic Total Clozapine, Other
current patients
users
(Type 1)
FACT teams n=2286 n=526 n=1760
Mean (SD) Mean (SD) Mean (SD)
Age (years) 46.5(11.6 ) 46.5(11.6 ) 47.0 (11.9)
Sex % % %
Male 65.9 68.1 64.4
DSM-1V diagnosis
Schizophrenia (including schizophreniform disorder) 65.0 82.5 58.9
Schizoaffective disorder 15.2 12.9 15.8
Psychotic disorder not otherwise specified 19.8 4.6 25.3
Early intervention teams n=302 n=34 n=268
Mean (SD) Mean (SD) Mean (SD)
Age 33.8(10.1) 29.6(5.9) 34.2(10.4)
Sex % % %
Male 68.9 79.4 67.7
DSM-1V diagnosis
Schizophrenia (including schizophreniform disorder) 47.3 67.7 44.5
Schizoaffective disorder 6.0 8.8 5.9
Psychotic disorder not otherwise specified 46.7 23.5 49.6

Use of clozapine

The overall actual clozapine prescription rate among FACT- and early intervention-
teams (type 1 patients) was 21.6%. The overall proportion of patients with an indication
for clozapine at any time type 1, type 2 and type 3) was 33.4% in FACT-teams and
18.2% in early intervention-teams (overall: 31.6%). Of these patients 68.3% was using
clozapine (FACT-teams: 68.8% and early intervention-teams: 61.8%) also with a high
variability between teams, see Table 2.

The proportions of type 1, type 2, type 3 and type 4 patients and the ranges between
teams are shown in Table 2, by type of team. We found a significant variability between
teams with regard to the proportions of all 4 types of patients (see figure 1). The overall
rate of underprescription (type 3 patients) was 6.6%. In 94.8% of these patients
treatment-resistant positive symptoms were the reason for the clozapine indication (see
for indications and combinations of indications Table 3). Only 5.2% of patients had
other indications without treatment-resistant positive symptoms.
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Table 2. Mean proportion and range of type 1, type 2, type 3 and type 4 patients and results of y” tests to
compare teams, in 20 Flexible Assertive Community Treatment (FACT)-teams and 3 Early intervention
teams in the Netherlands, 2016.

FACT-teams n=2286 % Range e df P
Type 1 (users) 23.0 8.8- 34.7 53.6 19 <.001*
Type 2 (former users) 3.5 0- 82 26.75 19 110
Type 3 (unfulfilled indication) 6.9 1.7- 15.6 55.97 19 <.001*
Type 4 (as yet insufficiently treated) 8.6 1.8- 16.3 52.29 19 <.001*
Total of type 1, 2 and 3 33.4 17.6- 47.6 66.97 19 <.00I*
Users among type 1, 2 and 3 68.8 49.0- 90.9 46.64 19 <.001*
Early intervention teams n=302 % Range e df P
Type 1 (users) 11.3 8.5- 14.1 1.35 2 .509
Type 2 (former users) 2.3 1.1- 3.6 1.88 2 391
Type 3 (unfulfilled indication) 4.6 0- 9.4 13.14 2 .001*
Type 4 (as yet insufficiently treated) 11.6 7.0- 16.3 3.51 2 171
Total of type 1, 2 and 3 18.2 11.3-23.7 5.70 2 .058
Users among type 1, 2 and 3 61.8 45.5-92.9 10.04 2 .007

* A p-value of <.008 was considered statistically significant

Table 3. Type of indication for clozapine among 172 patients with Non-Affective Psychotic Disorder, with
an unfulfilled indication, from 20 Flexible Assertive Community Treatment (FACT)-teams and 3 early
intervention teams in the Netherlands, 2016.

Single indication N=134 N %
Treatment-resistant positive symptoms 125 72.7
Aggression 1 0.6
Suicidality 3 1.7
Acute extrapyramidal symptoms 3 1.7
Tardive dyskinesia 2 1.2
Multiple indications N=38
Treatment-resistant positive symptoms
And Aggression 24 14.0
And Suicidality 8 4.7
And Suicidality + Aggression 1 0.6
And Extrapyramidal symptoms 2 12
And Tardive dyskinesia 1 0.6
And Extrapyramidal symptoms + tardive dyskinesia 2 1.2
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Figure 1. Per team: proportions of current users of clozapine, of previous users, of those with an indication
for this drug, and of those as yet insufficiently treated to have a diagnosis of treatment-resistance. The first
20 bars are the FACT-teams, and the last three bars are the early intervention teams.
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Discussion

Main findings

The prescription rate of clozapine in FACT- and early intervention-teams was 21.6% (type
1 patients), and the rate of underprescription was 6.6% (type 3). However, the latter
proportion is probably higher, because a part of the as yet insufficiently treated patients
(type 4) may turn out to have an indication for this drug too. The differences between
teams in prescribing and underprescribing clozapine, were very large and statistically
significant.

Interpretation

The proportion of outpatients with NAPD on clozapine in this study is higher than those
reported by other European studies in outpatients. A national database study in Denmark
found that 10.1% of the patients with a diagnosis of schizophrenia was using clozapine
(Nielsen et al., 2012).. In a study in France, only 1.2% of the users of antipsychotics was
using clozapine. However, 6.6% of the total population was using antipsychotics, so the
clozapine prescription rate among patients with NAPD may be much higher (Verdoux
etal., 2016). Although different study designs may contribute to these differences, a large
international database study (Bachmann et al., 2017) also showed that prescription rates
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in the Netherlands are higher than in most other countries. A national clozapine expertise
center, founded in 2004, may have contributed to this (Bogers, Schulte, Van Dijk, Bakker,
& Cohen, 2016). An audit in the UK, with a comparable real-world design found similar
rates of 23.7% (Patel et al., 2014). However, Patel et al. only included patients that were
under care for at least 12 months, which may have led to somewhat higher clozapine
prescription rates. They found a proportion of 21.2% of patients who were not or partially
in remission (no definition given) and were not prescribed clozapine. Sixty-one percent of
these patients had already received two adequate trials of antipsychotics, suggesting that
12.9% was having an unfulfilled indication for clozapine. However, drug adherence had
been investigated for only 85% of them.

We found considerable difference in clozapine prescription rates between teams which
may partly be caused by differences in the severity of psychopathology. However, we
also found significant differences in prescription rates after restricting the analysis to
patients with an indication for this drug. It is unlikely therefore, that the variability
between teams is entirely explained by differences in severity of psychopathology. Other
explanatory variables are local norms and traditions (Howes et al., 2012; Olfson, Gerhard,
Crystal, & Stroup, 2016; Verdoux et al., 2016) or specific clinician-related factors, such
as their workload, knowledge and preferences (Patel, 2012). The more the time of the
psychiatrist is restricted, the more difficult it may become to supervise the weekly blood
drawings and monitor adequately for potentially lethal side-effects. Consequently, extra
staff, such as the deployment of a nurse practitioner, may help in preventing needless delay
in clozapine initiation (Gee, Vergunst, Howes, & Taylor, 2014).

Strengths and limitations

A strength of this study is the large number of patients from both FACT- and early
intervention-teams from four different institutes. Additionally, we were able to determine
the exact proportion on clozapine and the decision tree allowed for a standardized method
to assess indications for clozapine. However, several limitations require comment. First,
the teams of this study belonged to institutes that had agreed to participate in a trial
on the safety of the deployment of nurse practitioners to start patients on clozapine.
Consequently, the non-random selection of teams diminishes the generalizability of the
results. Second, the quality of the information obtained from electronic files was not
optimal in all cases. Some diagnoses may have been inaccurate and some information on
antipsychotics was lost during the transition from paper file to electronic file, about 10
years ago. Information on the presence of tardive dyskinesia was often lacking and was
almost solely obtained verbally from the responsible nurse practitioner or psychiatrist.
Third, the rating of the severity of the positive symptoms may not always have been
perfectly valid. However, since there were only 2 cases of discordance on the indication
for clozapine, the decisive role of the psychiatrist barely influenced the results. Finally,
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our definition of treatment-resistance differed somewhat from that in recently published
guidelines (Howes et al., 2017), in that it was based on a higher score for the severity of
positive symptoms (marked instead of moderate), on a adherence of 90% of prescribed
antipsychotics taken (instead of 80%), but on a shorter duration of adequate treatment
(4 instead of 6 weeks) and on a slightly lower minimum dosage of antipsychotic drug,
see Appendix. Consequently, a substantial over- or underestimation of the number of
indications for clozapine is highly unlikely.

Conclusion

In conclusion, about a third of the Dutch outpatients with NAPD is indicated for
the use of clozapine and more than two-thirds of them are using it. By international
standards, the clozapine prescription rates in Dutch ambulatory care are high, but the
differences between teams are considerable. Research into reasons for this variability is
urgently needed to develop targeted interventions.
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Appendix

Adequate dosages, description of the scores on the Clinical Global
Impression-Schizophrenia Scale (CGI-SCH), and the decision tree.

Adequate dosage, oral medication

Drug Adequate dosage
Aripiprazole 15 mg/d (2)
Bromperidol 4 mg/d
Flupentixol 4 mg/d
Haloperidol 4 mg/d (3)
Lurasidone 40 mg/d (7)
Olanzapine 15 mg/d (2)
Paliperidone 6 mg/d (5)
Penfluridol 40 mg/wk (5)
Perphenazine 16 mg/d (2)
Pimozide 4 mg/d (5)
Quetiapine 400 mg/d (2)
Risperidone 3 mg/d (2)
Sertindole 12-20 md/d (6)
Sulpiride 800 mg/d (5)
Zuclopenthixol 16 mg/d (4)
Adequate dosage, long lasting injectables

Drug Adequate dosage
Aripiprazole 400mg/4wk (6)
Bromperidol 100 mg/ 4wk
Fluphenazine 50 mg/4 wk (1)
Flupentixol 40 mg/2wk (1)
Fluspirilene 4 mg/wk (1)
Haloperidol 100 mg/4 wk (1)
Olanzapine 210 mg/ 2 wk (6)
Paliperidone 75mg/4 wk (6)
Risperidone 37,5 mg/2 wk (1)
Zuclopenthixol 225 mg/ 3wk (1)

(1)
@)
@)
(4)
)
(6)
@)

Moleman B, Birkenhiger T. Praktische Psychofarmacologie 2009. Houten: Bohn Stafleu Van Loghum.
Lieberman J et al. New England Journal of Medicine 2005;353(12):1209-1223.

Andreasen N et al. Biological psychiatry 2010;67(3):255-262.

Van Alphen C et al. Multidisciplinaire richtlijn schizofrenie 2012. Utrecht: De Tijdstroom.
http://www.whocc.no/atc_ddd_index/?code=N05A

Van Loenen A. Farmacotherapeutisch Kompas 2003. Amstelveen.

Loebel A et al. European Psychiatry 2015;30(1):26-31.

N.B. If the dosage was lower or the period shorter, due to untreatable EPS, this counts as adequate treatment.
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Description of the scores on the Clinical Global Impression-Schizophrenia

Scale (CGI-SCH).
1=Normal-not at all ill, symptoms of disorder not present past seven days.
2=Borderline mentally ill-subtle or suspected pathology.

3=Mildly ill-clearly established symptoms with minimal, if any, distress or difficulty in
social and occupational function.

4=Moderately ill-overt symptoms causing noticeable, but modest, functional impairment
or distress, symptom level may warrant medication.

5=Markedly ill-intrusive symptoms that distinctly impair social/occupational function
or cause intrusive levels of distress.

6=Severely ill-disruptive pathology, behavior and function are frequently influenced by
symptoms, may require assistance from others.

7=Among the most extremely ill patients-pathology drastically interferes in many life
functions; may be hospitalized.
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Decision tree

current use of antipsychotics)?
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4

No indication for clozapine
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dyskinesia or dystonia? L | taken as prescribed (estimated)? for clozapine (yet).
No Yes
\4 \ 4
Suicide attempt or persistent Yes| |Type 3 patient, indication for
suicidal thoughts (during current | —p»{ | clozapine.
use of antipsychotics)?
No
\ 4
Aggressive behavior (during Yes
>
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Chapter 3

Abstract

Purpose: To test whether: (1) psychiatrists will prescribe clozapine more often if
they can delegate the monitoring tasks to an advanced nurse practitioner (ANP), (2)
clozapine monitoring by an ANP is at least as safe as monitoring by a psychiatrist.

Methods: Patients from 23 Dutch outpatient teams were assessed for an indication
for clozapine. ANPs affiliated to these teams were randomized to Condition A:
clozapine monitoring by an ANP, or Condition B: monitoring by the psychiatrist.
The safety of monitoring was evaluated by determining whether the weekly
neutrophil measurements were performed. Staff and patients were blinded regarding
the first hypothesis.

Results: Of the 173 patients with an indication for clozapine at baseline, only 7 in
Condition A and 4 in Condition B were prescribed clozapine (Odds Ratio=2.24,
95% CI 0.61-8.21; p=.225). These low figures affected the power of this study.
When we considered all patients who started with clozapine over the 15-month
period (N=49), the Odds Ratio was 1.90 (95% CI 0.93-3.87; p=.078). With regard
to the safety of the monitoring of the latter group of patients, 71.2% of the required
neutrophil measurements were performed in condition A and 67.3% in condition

B (OR= 0.98; CI= 0.16-3.04; p=.98).

Conclusions: Identifying patients with an indication for clozapine does not
automatically lead to improved prescription rates, even when an ANP is available
for the monitoring. Clozapine-monitoring performed by an ANP seemed as safe as
that by a psychiatrist.

Key words: Clozapine, treatment-resistant schizophrenia, underutilization,
outpatients, randomized trial, nurse practitioner.
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Introduction

Despite evidence for the superiority of clozapine as therapy for treatment-resistant Non-
Affective Psychotic Disorder (NAPD) (Kane et al. 1988; Siskind et al. 2016; Souza et al.
2013), its prescription rate remains low (Bachmann et al. 2017; Stroup et al. 2014) and
clozapine initiation is often delayed (Grover et al. 2015; Howes et al. 2012; Ucok et al.
2015). This delay unnecessarily prolongs patients’ suffering and impedes their recovery.
Moreover, there is some evidence that a delay may even diminish efficacy of clozapine
(Ucok et al. 2015). Important reasons for this delay and under-prescription may be
concerns about the safety of clozapine and the need for regular laboratory investigations to
prevent potentially dangerous side-effects (Gee et al. 2014; Nielsen et al. 2010; Tungaraza
and Farooq 2015). More specifically, the mandatory weekly neutrophil measurements
in the first months, to detect agranulocytosis, and the regular monitoring of other side-
effects are time consuming and a burden to both patients and doctors. In a survey, UK
professionals considered the deployment of dedicated staff to arrange and monitor this
initiation phase as the factor most likely to increase the prescribing of clozapine (Gee et
al. 2014). The establishment of specialised teams for the management of patients with
treatment-resistant schizophrenia including clozapine treatment in London, increased
the number of patients who started to use this drug (Beck et al. 2014). However, the
authors acknowledged that there are disadvantages to deploying additional teams: an
extra service can cause confusion among clinicians and patients about the clinicians’
role and responsibilities, because patients have multiple appointments with different
teams of health professionals. With a view to stimulating clozapine use, the aims of
this study were to test the following hypotheses: (1) psychiatrists prescribe clozapine
more often if they can delegate the monitoring tasks to an advanced nurse practitioner
(ANP); (2) monitoring by an ANP is at least as safe as monitoring by a psychiatrist; and
(3) delegation of monitoring tasks to an ANP is associated with less frequent premature
termination of clozapine in the initial phase (first 18 weeks).

Methods

Setting / design

This exploratory study, set up as a cluster-randomized trial (study registration
NTR5135), involved Dutch outpatient teams for patients with Non-Affective Psychotic
Disorder (NAPD), called Flexible Assertive Community Treatment (FACT) teams.
These teams treat patients with severe mental illness and are flexible in that treatment
can be intensified in order to prevent the hospitalization of patients during a crisis (van
Veldhuizen 2007). FACT teams are responsible for a specific area and their caseload
consists of approximately 200-250 outpatients, most of whom have NAPD. In some
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areas, there are also Early Intervention Teams, which treat patients up to 5 years after
the first onset of psychosis. These teams differ from FACT teams in that their caseloads
are smaller and the patients younger. While teams typically include a psychiatrist, not all
teams have an AND. After at least 2 years of experience in psychiatry, Dutch nurses can
follow a 2- or 3-year training programme to become an ANP in mental health care. The
profession of ANP in mental health care in the Netherlands resembles that of a mental
health ANP in for example the UK, France and Australia and that of a Psychiatric Mental
Health Nurse Practitioner in the USA, although in some countries they are authorized to
prescribe drugs and in other countries not. In this study, they did not prescribe clozapine.
Given the objective of this study, only teams with an ANP were included.

Procedures

Before randomization, in order to prevent bias, the authors trained the ANPs and
psychiatrists of all participating teams for 3 hours about indications for clozapine and
monitoring guidelines. Subsequently, the ANP and psychiatrist of each team assessed
whether patients had an unmet indication for clozapine, using a standardised procedure
(van der Zalm et al. 2018). The decision tree used during this procedure is shown in
Appendix 1. The principle investigator (PI) was present at this discussion and available
for advice. Thereafter, the ANPs with their corresponding teams were randomized to
one of two conditions: A) intervention condition: the ANP performed the somatic
screening of patients before clozapine was started, the psycho-education of the patients
and their relatives, and the monitoring of laboratory investigations and side-effects;
where necessary, they asked supervision from the psychiatrist; or B) treatment as
usual: the psychiatrist performed these tasks. In both conditions, the psychiatrist was
responsible for the decision to start clozapine and for prescribing it. In order to avoid the
assignment of an ANP to both conditions, we decided to randomize the ANPs instead
of the teams. Psychiatrists, ANPs, and patients were kept blind to the first hypothesis
about the number of patients that would start to use clozapine in each condition. They
were only aware of the other two research questions. The randomization was stratified
by hospital, geographical area, and FACT vs. Early Intervention Team.

In September 2015, the ANPs randomized to condition A were trained by psychiatrists
of the Dutch Clozapine Expert Group and a mental health ANP in two sessions of 3
hours each. The topics covered were: 1) laboratory investigations — their frequency, the
interpretation of the results, and the necessary or recommended actions to be taken;
2) dangerous side-effects of clozapine, such as agranulocytosis, myocarditis, and ileus,
and how to prevent or detect them; 3) other side-effects such as sedation, orthostasis,
constipation, hypersalivation, and metabolic syndrome and how to prevent or treat
them; 4) possible interactions between clozapine and other drugs or tobacco use. The
participants then had to pass a test of their knowledge.
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All patients who started clozapine between 1 October 2015 and 1 January 2017 were
included in this trial. The follow-up of each patient started at the moment of clozapine
initiation and lasted 18 weeks, a period in which weekly neutrophil measurements are
mandatory in the Netherlands. Patients who started clozapine when in hospital were also
included, provided that they were discharged within 18 weeks. We excluded patients
who started clozapine during hospital admission and who stayed there during the first
18 weeks. We assumed that for these patients, the decision to start was most often made
by the responsible psychiatrist in the hospital. With reference to our second aim, about
the safety of the monitoring, inpatient weeks of monitoring were excluded, because the
focus of this study was on outpatient clozapine monitoring. The psychiatrist or the ANP
informed the PI when clozapine was started. After 18 weeks, the PI visited the ANP
or psychiatrist in his or her office. During this visit, the ANP or psychiatrist checked
the medical file and provided the following information to the PI: blood assessments
(dates and laboratory values) and duration of clozapine use (maximum of 18 weeks).
The PI noted this information on structured forms. She asked explicitly for hazardous
side-effects and, if clozapine use had been terminated, she documented the reasons for
discontinuation. Within this context, it is unlikely that the ANP or psychiatrist invented
or concealed outcomes.

Measures

In order to assess the safety of clozapine monitoring, the PI determined whether the
mandatory weekly neutrophil measurements had been performed and registered. If
there was an interval of 9 or more days between laboratory investigations, she considered
the measurement as missed. We reasoned that the number of missed measurements
was an indication of the risk to which the patient was exposed. In addition, we checked
the file for reports of dangerous side-effects (e.g., ileus, myocarditis, agranulocytosis,
venous thromboembolism) and investigated how soon the ANP or psychiatrist alerted
the relevant medical specialist.

Statistical analysis

Descriptive statistics were used to summarise demographic and clinical characteristics.
We used multilevel logistic regression analysis to test for a difference in the proportion of
patients who started to use clozapine. As a small number of patients without an NAPD
diagnosis also started clozapine, we conducted one analysis with all patients treated by
the teams at baseline, regardless of diagnosis, and another analysis restricted to those
with an unmet indication for this drug at baseline. In these analyses, patient was the first
level and team (the psychiatrist who could prescribe the drug) the second level.

We used a slightly different analysis to test for differences in the number of neutrophil
measurements performed. In this analysis, the measurements were the first level, the
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individual patient the second level, and cluster (ANP or psychiatrist) the third level.

The difference in retention on clozapine was analysed using multilevel analysis, with
patient as the first level and cluster (ANP or psychiatrist) as the second level. Duration of
use was the dependent variable in this analysis. In an additional analysis, we compared
the proportion of patients who stopped taking clozapine during the follow-up () test).

All multilevel analyses were random intercept models, adjusted for age, gender, and
DSM-1V diagnosis (NAPD vs other diagnoses) as patient-level variables. The second
analysis (of neutrophil measurements performed) was a model with random intercept
and random slopes on patient level. This model was also adjusted for time (weeks) after
clozapine initiation, because neutrophil measurements were more likely to be performed
in the first weeks after treatment was started. Descriptive statistics were performed with
SPSS, version 22.0. The multilevel analyses were performed with STATA, version 13.0,
using procedure GLAMM. A p-value of <0.05 was considered statistically significant
for all tests.

We calculated the required sample size for a cluster-randomized trial with a power of
0.80 (one-sided testing, 0=0.05). We assumed that there would be at least 15 patients
in each cluster with an unmet indication for clozapine (total n=240), of whom on
average 50% would actually start with this drug (N=120). We also assumed that in
our intervention condition twice as many patients would start with clozapine (OR = 2)
and that the coeflicient of intracluster correlation was 0.6. The results showed that we
needed 8 clusters in each condition (Hayes & Bennet, 1999).

Results

Teams and patients

Four psychiatric institutes in different Dutch regions agreed to participate in this trial.
Of the 5 Early Intervention Teams and 29 FACT teams of these institutes, 3 Early
Intervention Teams and 20 FACT teams were eligible, see Figure 1. Seventeen ANPs
worked for these 23 teams. Some ANPs worked for two teams, but there were no teams
with more than one ANP. The ANPs were randomized into one of the two conditions:
9 ANPs, working for 13 teams, were assigned to condition A and 8 ANPs, working for
10 teams, to condition B. At the start of the 15-month inclusion period, 3839 patients
were being treated by these teams. There were no significant differences in mean age or
gender between the patients of the two conditions, but there were minor differences in
proportions of diagnoses. The baseline characteristics are shown in Table 1. Screening
patients for an unmet indication for clozapine at baseline identified 82 patients in
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condition A (3.7% of all patients) and 91 patients in condition B (5.6% of all patients),
see Figure 1.

34 teams assessed for eligibility

11 teams excluded
-no advanced nurse
practitioner (ANP) in team

23 participating teams
17 participating ANPs

Allocated to condition A, intervention Allocated to condition B, treatment as usual

- 13 teams
- 9 ANPs
- 2216 patients

- 10 teams
- 8 ANPs

- 1623 patients

82 patients with an
unmet indication for
clozapine

2134 patients
without an unmet
indication for
clozapine

91 patients with an
unmet indication for
clozapine

1532 patients
without an unmet
indication for
clozapine

3

7 patients started on
clozapine

28 patients started
on clozapine

- 5 re-started

- 16 developed an
indication during the
trial

- 7 had no diagnosis
of non-affective
psychotic disorder at
the moment of the
screening yet

4 patients started on
clozapine

Figure 1. Flow diagram of teams and participants

10 patients started
on clozapine

- 2 re-started

- 8 developed an
indication during the
trial
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Table 1. Baseline characteristics of 3839 patients from 23 teams who participated in a cluster-
randomized trial to compare clozapine monitoring by advanced nurse practitioners and

psychiatrists.
Condition A*, Condition B**,
intervention treatment as usual
N=2216 N=1623
Age, years: mean (s.d.) 46.6 (12.4) 45.9 (12.6) .095
Male, n (%) 1353 (61.2) 1033 (63.7) 116
DSM-1V diagnosis, n (%) .003
Schizophrenia 885 (39.9) 734 (45.3)
Schizoaffective disorder 215 (9.7) 154 (9.5)
Schizophreniform disorder 13 (0.6) 17 (1.0)
Psychotic disorder not otherwise specified 367 (16.6) 258 (15.9)
Other diagnosis/unknown 737 (33.2) 460 (28.3)

* Condition A: delegation of clozapine-monitoring tasks to a trained advanced nurse practitioner.

** Condition B: treatment as usual, clozapine monitoring by a psychiatrist.

*H* y2-test: age, gender, diagnosis (schizophrenia, schizoaffective disorder, schizophreniform disorder,

psychotic disorder not otherwise specified, or other diagnosis).

Prescription of clozapine

Of the 173 patients with an unmet indication for clozapine, only 7 patients in condition
A and 4 in condition B were started on clozapine (i.e., 6.4% of all patients with an
unmet indication). The baseline characteristics of these patients are presented in Table 2.
The odds ratio for starting clozapine in condition A compared to condition B, adjusted
for age and gender was 2.24, CI 0.61-8.21; p=.225.

The reasons for not prescribing clozapine to patients were not systematically studied
and this data was not recorded in the files. However, at baseline, psychiatrists and
ANPs mentioned reasons for not prescribing clozapine to patients with an indication.
A frequently mentioned reason was that they expected the patient not to collaborate
with lab exams. Another frequently mentioned reason was non-compliance with oral
medication in the past and therefore the need to stay on long-acting injectables. That
the patient was doing much better than several years before and starting clozapine was
not worth the risk, was also mentioned several times.
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Table 2. Sociodemographic and clinical characteristics of patients who started clozapine in a
cluster-randomized trial comparing clozapine monitoring by advanced nurse practitioners and

psychiatrists.
Characteristic Starters with indication Starters with indication at
at baseline baseline or thereafter
N=11 N=49
Condition Condition Condition Condition
A*, B**, A*, B**,
intervention treatment intervention treatment as
(n=7) as usual (n=35) usual
(n=4) (n=14)
Age, years: mean (s.d.) 48.1 (3.1) 55.5 (6.4) 45.7 (12.3) 45.6 (14.0)
Male, n (%) 4 (57.1) 2 (50.0) 22 (62.9) 11 (78.6)
DSM-1V diagnosis, n (%)
Schizophrenia 4(57.1) 1(25.0) 20 (57.1) 9 (64.3)
Schizoaffective disorder 2 (28.6) 2 (50.0) 3 (8.6) 2 (14.3)
Schizophreniform disorder -
Psychotic disorder not otherwise specified 1(14.3) 1(25.0) 7 (20.0) 3(21.4)
Other diagnosis 5 (14.3)

* Condition A: delegation of clozapine-monitoring tasks to a trained advanced nurse practitioner.

** Condition B: treatment as usual, clozapine monitoring by a psychiatrist.

¥ y2-test: age, gender, diagnosis (schizophrenia, schizoaffective disorder, schizophreniform disorder,
psychotic disorder not otherwise specified, or other diagnosis).

Additional analysis on prescription of clozapine

Apart from the patients with an unmet indication for clozapine at baseline, there were
other patients in the teams who started with clozapine. Those patients either re-started the
drug, developed an indication during the trial (due to an increase of positive symptoms
or to a lack of effect of other antipsychotics), or did not have an NAPD diagnosis at
baseline (see Figure 1). In total, 49 started on clozapine during the study period: 35 in
condition A and 14 in condition B. Table 2 shows the characteristics of these patients.
Taking all 3,839 patients into account, the odds ratio for starting clozapine in condition
A compared to condition B, adjusted for age, gender and NAPD-diagnosis (yes/no) was
1.90 (95% CI: 0.93-3.87; p=.078).

There were large differences between the teams in prescribing clozapine, see supplementary
Table S1. Psychiatrists who had spoken negatively about clozapine hardly prescribed it,
regardless of the condition they were in. Conversely, psychiatrists with a strong positive
attitude toward clozapine regularly prescribed it, also regardless of the condition they
were in. On the other hand, some psychiatrists in condition A collaborating with three
ANPs informed us that they were very glad that they were allocated to the intervention
condition, because now they could start with ambulatory clozapine initiation. They
stated that they had not prescribed clozapine if they had been allocated to condition
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B. Supplementary table S1 shows the differences per team in patients on clozapine,
with an indication for clozapine and who started with this drug. This table also shows
that there were more patients newly admitted to the ambulatory team during the study
period who started to use clozapine in condition A (N=13) compared to condition B
(N=4). There was an in- and out-flow of patients during the inclusion period and it was
not possible to keep track of all these changes. Nonetheless, differences between the
conditions were in line with the first hypothesis.

Safety of clozapine monitoring

For our second question on safety of clozapine monitoring, we included all patients
who started clozapine in the participating teams (n=49). In condition A, 8 patients
started clozapine as an inpatient and another patient was admitted twice during the
first 18 weeks. The mean duration of admission, for these 9 patients, was 6.9 weeks (SD
3.8). In condition B, 7 patients started clozapine as inpatients. Their mean duration of
admission was 8.7 weeks (SD 4.9). After the exclusion of the weeks of inpatient treatment
(mean 1.8 weeks in condition A and 4.4 weeks in condition B) and the time between
premature stopping of clozapine and the end of follow-up, neutrophil measurement for
the 49 included patients was mandatory for 682 weeks (517 in Condition A and 165
in condition B). Overall, 368 neutrophil measurements in condition A were performed
as required (71.2%) and 111 in condition B (67.3%) (OR, adjusted for age, gender,
and weeks after start 0.98; 95% CI, 0.16-6.04; p=.982). The proportion of neutrophil
measurements carried out by one ANP or psychiatrist varied considerably. In condition
A, this proportion ranged from 30.6 to 87.2% and in condition B from 0 to 97%.
Supplementary Table S2 shows these proportions per cluster. No dangerous side-effects
occurred in either condition. The reasons for missed neutrophil counts varied. In most
cases the patients received a laboratory form, but did not go to the laboratory. In one
particular area neutrophil measurements were missed because of a failing laboratory. For
example, the wrong tests were performed or the laboratory assistant went to the wrong
address. Holidays of patients were another reason for missed lab exams. A psychiatrist
failed to notice that one patient missed all laboratory tests. Missing laboratory exams
was only in one patient the reason to stop clozapine. This psychiatrist made the decision
when the patient had a fever and persisted in refusing neutrophil measurements.

Duration of clozapine use

For the analysis on duration of use, we also included all patients who started clozapine
in the participating teams (n=49). There were no significant differences in the retention
on clozapine — the mean duration of use (including inpatient weeks of use)was 16.53
(SD 4.5) weeks in condition A and 15.96 (SD 3.4) weeks in condition B (b=0.31; 95%
Cl: -2.26-2.88; p=.815). In condition A, 11.4 % of the clozapine starters stopped taking
the drug prematurely (< 18 weeks) compared to 28.6% in condition B (y* =2.15; df=1;
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p=.142). One patient in condition B stopped to use clozapine after 7 weeks because it
was not effective and one patient in condition A had to stop clozapine because of a fever
in combination with the refusal to go to the laboratory. In all other patients (n=6), the
reason for discontinuation were the side-effects of clozapine. This was a shared decision
for all patients except one.

Discussion

Main findings

We tested the hypotheses that psychiatrists would prescribe clozapine more often if they
could delegate the monitoring tasks to an ANP, that monitoring by an ANP is at least as
safe as monitoring by a psychiatrist, and that delegation of monitoring tasks to an ANP
is associated with a longer retention on clozapine. Our findings were consistent with
the first hypothesis, but failed to reach the conventional level of statistical significance,
most likely due to a lack of statistical power. The OR was close to the OR assumed in
our power calculation, but the number of patients with an unfulfilled indication for
clozapine was smaller than we expected. In addition, the number of patients who started
with this drug in either condition were much smaller than expected. We conclude that
even when an ANP is present for support, Dutch psychiatrists still fail to start clozapine
for the vast majority of patients identified as having potential benefit from clozapine.
We can only speculate about the causes of this hesitation. Possible reasons are the side-
effects of clozapine, some of which are dangerous and require a prompt and adequate
reaction, or an absence of trust in the potential benefits from this drug.

Clozapine monitoring by an ANP seems as safe, in terms of performed and recorded
neutrophil measurements, as that done by a psychiatrist. Patients monitored by an ANP
tended to stay on treatment for longer than patients monitored by a psychiatrist, but the
difference was small and statistically not significant.

Comparison with other studies

This study was the first randomized controlled trial to examine the effect of an intervention
to stimulate the use of clozapine. The findings of our study are in line with those of the
study of Goren et al. (2016). In their study, Goren et al interviewed psychiatrists over
the phone to identify facilitators of and barriers to clozapine use. They concluded that
the involvement of ANPs and clinical pharmacists in clozapine teams was associated
with high clozapine prescription rates. This multidisciplinary approach is comparable
to the ANP condition in our study, where all ANPs collaborated with a psychiatrist.
As for the mandatory weekly neutrophil measurements, it is difficult to compare the
results between different settings. Of note, in the Netherlands, there is no manufacturer-
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organised mandatory service or database for haematological monitoring. It is the
responsibility of the physician to organise these weekly laboratory investigations. To our
knowledge, only one other study reported the frequency of neutrophil measurements
after the initiation of clozapine, with measurements being performed during the first 18
weeks at a mean interval of 25 days (Ingimarsson et al. 2016). This is less often than in
our study.

In order to compare sole nurse-led clozapine services to physician-led teams, Gage
et al. (2015) interviewed patients and concluded that clinics run by a nurse could
effectively provide clozapine-monitoring services. However, the lack of direct access
to a physician led to an increased use of community psychiatric services and to more
hospital psychiatrist appointments. This argues for a multidisciplinary approach within
one team, as occurred in the ANP condition in our study.

Strengths and limitations

A strength of this study is that all patients, psychiatrists, and ANPs were (and remained)
blind to the first hypothesis. Another strength is that this real-world study involved
patients and healthcare professionals from a non-academic setting, which is representative
for many European services. Additionally, multidisciplinary outpatient teams like the
FACT-teams in the Netherlands are comparable to services in other European countries
(Rosenheck et al. 2016; Valdes-Stauber et al. 2014). However, some limitations need
to be addressed. First, since the proportion of patients starting clozapine was smaller
than expected, especially among those with an indication at baseline, the power of the
trial to address the research questions was insufficient. Although we did not approach
our second question as a non-inferiority analysis, the results do not indicate that the
monitoring in our intervention condition was less safe. Second, the appraisal of the safety
of the monitoring was limited to the number of neutrophil measurements performed
and to the reporting of dangerous side-effects in the patient files. Information on
whether the results of the laboratory investigations were checked in time is usually not
recorded. It was not possible to investigate whether other aspects, such as constipation
and blood pressure, were monitored as required by guidelines. Third, the data-collection
was not performed by blinded research assistants. We believe that asking permission
for an independent researcher to check the file, would have lowered the number of
participants, because many patients are hesitant to start on clozapine and some of them
are paranoid. In order to prevent bias, the PI was present at the moment the ANP
or the psychiatrist checked the files for the data-collection. Fourth, in condition A,
there was a collaboration between ANP and psychiatrists, which may have been an
advantage. However, since ANPs cannot be responsible for the total of clozapine care, a
small involvement of a psychiatrist, as in our condition A, corresponds to reality. Fifth,
the training of psychiatrists and ANPs preceding the trial and the assessment of patients
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for an unmet indication for clozapine, could have increased the number of patients
to start with clozapine. However, the number of patients that started was much lower
than expected and this effect should be the same for both conditions. In addition, the
knowledge of being in a study on safety of clozapine monitoring may have increased the
number of lab exams. Since both psychiatrists and ANPs indicated that they did not
want to be inferior to those in the other condition, we expected this effect to be similar
in the conditions. Sixth, we were unable to adjust for the availability of a point-of-care
(POC) device to test neutrophils, because only one team was in possession of such a
device at the start of the follow-up (a team in condition B). Bogers et al. (2015) found
that patients preferred POC testing and that this method moderately influenced their
motivation for clozapine therapy. The availability of POC testing could, therefore, have
led to more patients starting with clozapine and to a longer retention. Finally, the results
of this study are only generalizable to countries where prescribers are responsible for
clozapine monitoring, so without an independent clozapine monitoring agency.

Implications

The results of this trial show that identifying patients with an indication for clozapine
does not automatically lead to improved prescription rates. The results also suggest that
some prescribers do not prescribe clozapine, irrespective of the condition they were in.
In future research on interventions to stimulate use of clozapine, the attitude of the
prescriber may be a better target for interventions. However, given the odds ratio and
the p-value found in this small sample, we are confident that the use of clozapine can
be stimulated by delegating the labour-intensive monitoring tasks to an ANP without
compromising safety. This strategy can lead to earlier recovery from chronic psychosis
and better patient outcome.
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Supplementary material

Supplementary Table S1. The numbers of patients with an indication for clozapine and of those
who started with this drug.

Condition A*, Patients, Patients On With Patients Started with Newly
intervention any with clozapine  indication started on indication admitted
diagnosis NAPD** for this clozapine  at baseline. patients
N=2216 N=1451 N=319 (%) drug N=7 who
N=82 (%) N=35 (%) started (not

included in
study)
N=13

ANP 1 174 122 26 (21) 9(7) 5 (4) 1 B

ANP 2 191 117 24 (21) 2(2) 1(1) - -

ANP 3 334 194 63 (32) 4(2) 2 (1) - 1

ANP 4 391 211 32 (15) 15 (7) 11 (5) 1 3

ANP 5 215 125 22 (18) 4(3) 4(3) - 1

ANP 6 332 281 74 (26) 16 (6) 9(3) 3 1

ANP 7 346 267 63 (24) 24 (9) 3 (1) 2 6

ANP 8 145 91 10 (11) 7 (8) - - 1

ANP 9 *** 88 71 6 (8) 1(1) - - -

Condition B,  N=1623 N=1163 N=243 (%) N=91 (%) N=14 (%) N=4 N=4

treatment as usual

Psychiatrist 1 183 134 37 (28) 16 (12) 4 (3) 2 -

Psychiatrist 2 216 129 24 (19) 20 (16) 2(2) 1 1

Psychiatrist 3 170 91 13 (14) 6(7) 1(1) 1 -

Psychiatrist 4 *** 102 92 13 (14) - 2(2) - 1

Psychiatrist 5 488 375 95 (25) 21 (6) 1(0.2) - -

Psychiatrist 6 *** 167 140 15 (11) 14 (10) 2(1) - -

Psychiatrist 7 146 98 18 (18) 10 (10) 2(2) - 1

Psychiatrist 8 151 104 28 (27) 4 (4) - - 1

* Condition A: delegation of clozapine-monitoring tasks to a trained advanced nurse practitioner Condition
B: treatment as usual, clozapine monitoring by a psychiatrist
** Non Affective Psychotic Disorder

*** Early intervention team
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Supplementary Table S2. The numbers of patients who started on clozapine and the numbers of

(mandatory and performed) neutrophil measurements, per condition and by each advanced nurse

practitioner (Condition A) and psychiatrist (Condition B).

Condition A*, intervention Patients started on Mandatory neutrophil ~ Neutrophil

clozapine measurements measurements,
N=517 performed on time (%)

N=35 N=368 (71.2)

ANP 1 5 77 66 (85.7)

ANP 2 1 14 7 (50)

ANP 3 2 36 11 (30.6)

ANP 4 1 157 114 (72.6)

ANP 5 4 42 15 (35.7)

ANP 6 9 144 114 (79.2)

ANP 7 3 47 41 (87.2)

ANP 8 - - -

ANP 9 - - -

Condition B**, Patients started on Mandatory neutrophil ~ Neutrophil

treatment as usual clozapine measurements measurements,

N=165 performed on time (%)

N-14 N=111 (67.3)

Psychiatrist 1 4 38 26 (68.4)

DPsychiatrist 2 2 38 34 (89.5)

Psychiatrist 3 1 9 1(11.1)

Psychiatrist 4 2 27 20 (74.1)

Psychiatrist 5 1 5 0*** (0)

Psychiatrist 6 2 19 2 (10.5)

Psychiatrist 7 2 29 28 (96.6)

Psychiatrist 8

* Condition A: delegation of clozapine-monitoring tasks to a trained advanced nurse practitioner.
** Condition B: treatment as usual, clozapine monitoring by a psychiatrist.
*** The psychiatrist instructed the patient to visit a laboratory, for blood tests, but he failed to notice that
the patient did not follow this instruction.
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Appendix

Adequate dosages, description of the scores on the Clinical Global
Impression-Schizophrenia Scale (CGI-SCH), and the decision tree.

Adequate dosage, oral medication

Drug Adequate dosage
Aripiprazole 15 mg/d (2)
Bromperidol 4 mg/d
Flupentixol 4 mg/d
Haloperidol 4 mg/d (3)
Lurasidone 40 mg/d (7)
Olanzapine 15 mg/d (2)
Paliperidone 6 mg/d (5)
Penfluridol 40 mg/wk (5)
Perphenazine 16 mg/d (2)
Pimozide 4 mg/d (5)
Quetiapine 400 mg/d (2)
Risperidone 3 mg/d (2)
Sertindole 12-20 md/d (6)
Sulpiride 800 mg/d (5)
Zuclopenthixol 16 mg/d (4)
Adequate dosage, long lasting injectables

Drug Adequate dosage
Aripiprazole 400mg/4wk (6)
Bromperidol 100 mg/ 4wk
Fluphenazine 50 mg/4 wk (1)
Flupentixol 40 mg/2wk (1)
Fluspirilene 4 mg/wk (1)
Haloperidol 100 mg/4 wk (1)
Olanzapine 210 mg/ 2 wk (6)
Paliperidone 75mg/4 wk (6)
Risperidone 37,5 mg/2 wk (1)
Zuclopenthixol 225 mg/ 3wk (1)

(1) Moleman P, Birkenhiger T. Praktische Psychofarmacologie 2009. Houten: Bohn Stafleu Van Loghum.
(2) Lieberman J et al. New England Journal of Medicine 2005;353(12):1209-1223.

(3) Andreasen N et al. Biological psychiatry 2010;67(3):255-262.

(4) Van Alphen C et al. Multidisciplinaire richtlijn schizofrenie 2012. Utrecht: De Tijdstroom.

(5) http://www.whocc.no/atc_ddd_index/?code=NO5A

(6) Van Loenen A. Farmacotherapeutisch Kompas 2003. Amstelveen.

(7) Loebel A et al. European Psychiatry 2015;30(1):26-31.

N.B. If the dosage was lower or the period shorter, due to untreatable EPS, this counts as adequate treatment.
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Description of the scores on the Clinical Global Impression-Schizophrenia

Scale (CGI-SCH).
1=Normal-not at all ill, symptoms of disorder not present past seven days.
2=Borderline mentally ill-subtle or suspected pathology.

3=Mildly ill-clearly established symptoms with minimal, if any, distress or difficulty in
social and occupational function.

4=Moderately ill-overt symptoms causing noticeable, but modest, functional impairment
or distress, symptom level may warrant medication.

5=Markedly ill-intrusive symptoms that distinctly impair social/occupational function
or cause intrusive levels of distress.

6=Severely ill-disruptive pathology, behavior and function are frequently influenced by
symptoms, may require assistance from others.

7=Among the most extremely ill patients-pathology drastically interferes in many life
functions; may be hospitalized.
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Decision tree

No
\ 4

No indication for clozapine

—

Diagnosis schizophrenia, No | No further screening of file.
schizoaffective disorder or >
psychotic disorder NOS?
Yes
4
Yes
Already using clozapine? »| Type 1 patient.
No
\ 4
Yes
Previous use of clozapine? »| Type 2 patient.
No
A
Score of 5 (markedly ill) or higher | Yes | Two different antipsychotics used, | No
for positive symptoms on the V' including a second-generation >
CGI-SCH? antipsychotic?
No Yes
A A4
Untreatable extrapyramidal side- | Yes| | Both antipsychotics administered | No
effects of antipsychotics? |5 in adequate dosage (see appendix) >
for at least 4 weeks?
No Yes
A A \ 4
At least markedly severe tardive Yes| | Minimally 90% of these drugs No | Type 4 patient, no indication
dyskinesia or dystonia? —® |taken as prescribed (estimated)? > for clozapine (yet).
No Yes
Y \ 4
Suicide attempt or persistent Yes| | Type 3 patient, indication for
suicidal thoughts (during current  —#{ | clozapine.
use of antipsychotics)?
No
A4
Aggressive behavior (during Yes
current use of antipsychotics)? ™
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Concerns about bias in studies on clozapine and mortality

In view of the high all-cause mortality among patients with schizophrenia and the wide
range of positive and negative effects of clozapine, it is important to know whether
the drug is associated with a differential mortality pattern in comparison to other
antipsychotic drugs. Tiihonen et al. (2009) reported a significantly lowered all-cause
mortality and a lowered mortality from suicide in users of clozapine. In this journal,
however, de Hert et al. (2010) pointed out that several types of bias may have influenced
the results. For example, the exclusion of deaths after a hospitalization of more than 2
days, so that two-thirds of deaths were not considered. Another example is survivorship
bias in the analysis of death by suicide. Suicide is more common in the first years after
onset of psychosis, whereas clozapine is often first prescribed years later.

The purpose of this letter is to discuss biases and methodological errors in other
studies that reported a significantly decreased mortality associated with clozapine. The
need to do so arose with the recent publication of a meta-analysis (Vermeulen et al.,
2018), which concluded that long-term all-cause mortality was substantially lower
with continuous clozapine treatment than with treatment with other antipsychotics
(mortality rate ratio=0.56; 95% CI 0.36-0.85). The authors used crude, unadjusted
mortality rates in the meta-analysis and ignored the fact that in many of the reviewed
studies there is a considerable age difference between clozapine-users and non-users (see
supplementary Table 1). The comparison of a relatively young group of clozapine-users
to an older group of non-users of this drug, without adjusting for age, resulted in an
overly optimistic evaluation of clozapine and an unjustified conclusion. For illustration,
supplementary Table 2 shows the large differences between the crude and the adjusted
mortality rate ratios of the included studies.

Besides the study of Tiihonen et al. (2009), two other studies reported a significantly
lower mortality rate with clozapine than with other antipsychotics. Hayes et al. (2015)
reported a strong association between being prescribed clozapine and a lower mortality
(adjusted hazard ratio=0.4; 95% CI 0.2-0.7). However, the authors failed to apply a left
truncation of the time between the start of follow-up (the time of diagnosis) and when
clozapine was started. Therefore, the patient was not observable for risk of death in this
period implying long periods necessarily without any observed death event (‘immortal
time bias’).

Perhaps the best study in this area was conducted by Walker et al. (1997). They compared
episodes of clozapine use to episodes after discontinuation of this drug and divided the
time period after discontinuation into episodes of “recent use” (up to 3 months after
discontinuation) and episodes of “past use” (more than three months later). All-cause
mortality was significantly lower during episodes of use than during episodes of past
use. It was highest during episodes of recent use, probably because moribund patients
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were taken off the drug. An impressive finding was the lower risk of suicide during
current use than during past use (standardized mortality ratio=0.17; 95% CI 0.10-
0.30). Nevertheless, the study was limited by its design (one would have preferred a
comparison of clozapine users to treatment-resistant patients who do not receive this
drug) and the lack of information on the reasons why clozapine was discontinued and
the pharmacotherapy after this discontinuation.

New large-scale and long-term studies are needed that take important forms of bias
into account. In order to avoid the risk of survivorship bias, we recommend the use of
incidence cohorts, especially if death by suicide is to be investigated. As to confounding
by indication, new studies should take into account that clozapine might be prescribed
more often to relatively healthy patients, and that the intensive monitoring of patients
may lead to better somatic treatment. It is also worthwhile to note that the inclusion
of individuals who do not use any antipsychotic affects the results. Wimberley et al.
(2017) found a significantly higher adjusted hazard ratio for all-cause mortality among
clozapine non-users (HR=1.84; 95% CI 1.13-3.01). However, after distinguishing
between users and non-users of antipsychotics, the hazard ratio for all-cause mortality
was no longer significantly higher among users of other antipsychotics (HR=1.41; 95%

CI 0.83-2.40) whereas it was significantly higher among non-users of antipsychotics
(HR=2.46; 95% CI 1.46-4.14).

The good news, despite all these caveats and criticisms, is that to the best of our
knowledge no study has reported a significantly increased mortality among clozapine
users. Thus, it is possible that the marked therapeutic effect of clozapine outweighs the
negative effects of metabolic and other side effects. Indeed many patients report that
they have finally found peace after years of agony and it is conceivable that this decrease
in stress is of crucial importance.
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Supplementary material

Supplementary Table 1. Differences in age between users of clozapine and the comparison group in
the studies included in the meta-analysis of Vermeulen et al. (2018).

Study Clozapine =~ Comparison group
Hennessy et al. (2002)
Clozapine  Other antipsychotic (haloperidol, risperidone or thioridazine)
Age % %
<35 38 30
35-44 35 26
45-54 16 17
55-64 8 12
65-74 4 9
>74 1 6
Tiihonen et al. (2009)
Clozapine  Any antipsychotic (including clozapine)
Age OR OR
<20 1 1
20-30 0,66 1,25
31-40 0,36 1,13
41-50 0,24 0,94
51-60 0,15 0,86
61-70 0,07 0,65
>70 0,02 0,35
Wimberley et al. (2017)
Clozapine  Non clozapine
Age % %
18-29 51,5 46,5
30-56 48,5 53,5
Hayes et al. (2015)
Clozapine  Non clozapine
Age, mean 36,7 43,5
Kelly et al. (2010)
Clozapine  Risperidone
Age, mean 39,0 41,2
Pridan et al. (2015)
Clozapine  Overall
Age, mean 69,4 67,4

In the studies of Taipale et al. (2017) and Modai et al. (2000), no data on age were available.
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Supplementary Table 2. Crude mortality rates, crude mortality rate ratios and adjusted mortality
rate ratios in the studies included in the meta-analysis of Vermeulen et al. (2018)

Study Crude MR* Crude RR** Adj RR***

Hennessy et al. (2002)
Clozapine (reference) 2,7 1 1
Haloperidol 7,3 2,70 1,25
Risperidone 7,2 2,67 1,75
Thioridazine 6,5 2,41 1,00

Taipale et al. (2017)
Fluphenazine LAI# 44,8 4,04 1,57
Flupentixol LAI# 19,8 1,78 0,98
Haloperidol LAI# 15,1 1,36 0,68
Perphenazine LAI# 14,0 1,26 0,70
Zuclopenthixol LAI# 16,0 1,44 0,75
Flupentixol oral 11,9 1,07 0,83
Haloperidol oral 18,3 1,65 1,11
Levomepromazine oral 30,8 2,77 1,45
Perphenazine oral 9,9 0,89 0,72
Zuclopenthixol oral 14,6 1,32 0,91
Olanzapine LAI# 11,8 1,06 0,74
Paliperidone LAI# 4,0 0,36 0,21
Risperidone LAI# 10,0 0,90 0,58
Aripiprazole oral 4,3 0,39 0,42
Clozapine oral (reference) 11,1 1 1
Olanzapine oral 11,4 1,03 0,91
Quetiapine oral 12,1 1,09 0,89
Risperidone oral 10,3 0,93 0,77
Other oral 8,9 0,80 0,75
Polytherapy 15,3 1,38 n/a’
No AP 21,4 1,93 n/a*

Tiihonen et al. (2009)

Clozapine (reference) 5,69 1 1
Perphenazine 10,77 1,89 1,35
Polypharmacy 11,19 1,97 1,46
Olanzapine 10,5 1,85 1,53
Thioridazine 12,32 2,17 1,54
Risperidone 15,2 2,67 1,81
Haloperidol 19,19 3,37 1,85
Quetiapine 16,6 2,92 1,91
Other 17,5 3,08 1,96
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Crude MR* Crude RR** Adj RR***

Wimberley et al. (2017)

Clozapine (reference) 6,0 1 1

Nonclozapine AP 8,8 1,48 1,41
Hayes et al. (2015)

Clozapine (reference) 5,6 1 1

Nonclozapine 19,3 3,45 2,5
Kelly et al. (2010)

Clozapine (reference) 11,1 1 1

Risperidone 9,4 0,85 n/a*
Modai et al. (2000)

Clozapine (reference) 2,7 1 1

Nonclozapine 3,2 1,20 n/a*
Pridan et al. (2015)

Clozapine (reference) 41 1 1

Nonclozapine 39,4 0,96 n/a'

* Crude mortality rate per 1000 person year
** Crude mortality rate ratio compared to clozapine
*** Adjusted mortality rate ratio compared to clozapine

*Not available

# LAlI=long acting injectable
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Abstract

Objectives: Reports of decreased mortality among patients with schizophrenia who
use clozapine, may be biased if clozapine is prescribed to relatively healthy patients
and if intensive monitoring during its use prevents (under-treatment of) somatic
disorder. We aimed to assess whether there is a difference in 1) somatic co-morbidity
between patients who start with clozapine and those who start with other anti-
psychotics, and 2) prescribed somatic medication, between patients using clozapine
and those using olanzapine.

Basic methods: Cohort study based on insurance claims (2010-2015). After
selecting new users of antipsychotics and those who subsequently switched to
clozapine (N=158), aripiprazole (N=295), olanzapine (N=204) or first generation
antipsychotics (N=295), we compared the clozapine starters to others on
cardiovascular or diabetic comorbidity. Those using clozapine and olanzapine were
compared on new prescriptions for cardiovascular or anti-diabetic drugs.

Main results: The OR ;. of cardiovascular or diabetic comorbidity among other
starters compared to clozapine starters was 0.77 (95% CI: 0.43-1.39), that is, a
non-significantly increased prevalence associated with clozapine was found. Users
of clozapine received significantly more new prescriptions for cardiovascular or

antidiabetic medication (ORadj: 2.70, 95% CI 1.43-5.08).
Conclusion: Starters with clozapine were not cardiovascular/metabolic healthier
than starters with other antipsychotics. During its use, they received more somatic

treatment.

Key words: schizophrenia, clozapine, epidemiology, outpatients
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Introduction

Although clozapine is the most effective antipsychotic drug for treatment-resistant
schizophrenia, (Siskind et al., 2016, Kane et al., 1988, Souza et al., 2013), it is also
a drug with potentially dangerous side-effects like agranulocytosis, myocarditis and
ileus (De Berardis et al., 2018). In addition, its use is associated with more metabolic
symptoms (e.g. weight gain, adverse effects on lipid profile and type 2 diabetes mellitus
(T2DM)) than other antipsychotics except olanzapine, which has a similar profile of
metabolic side-effects (Hirsch et al., 2017, Solmi et al., 2017, Leucht et al., 2013).

Surprisingly, a recent meta-analysis (Vermeulen et al., 2018) found a significantly decreased
mortality during clozapine use (Mortality rate ratio: 0.56; 95% CI: 0.36-0.85; p = .007).
However, as we discussed earlier (van der Zalm et al., 2018b), the results of this meta-
analysis may be biased because the effect sizes had not been adjusted for age. Nevertheless,
some studies (Tiihonen et al., 2009, Hayes et al., 2015) using age-adjusted effect measures
reported a decreased mortality during the use of clozapine compared to the use of other
antipsychotics. Considering that schizophrenia shortens life expectancy by more than 20
years (Laursen et al., 2014), it is important to investigate whether clozapine has the potential
to increase or decrease this mortality gap and what the mechanism of action is.

A possible explanation for findings of lower mortality during clozapine use is
confounding by indication: given its adverse side-effects, physicians may be reluctant
to prescribe this drug to patients who have already been diagnosed with (or are at high
risk for) cardiovascular disorder or diabetes mellitus. Another explanation is that the
intensive monitoring required during the use of clozapine, leads to a more adequate
treatment of risk factors for these disorders. For example, weight gain, high blood
pressure and increased glucose may be noted and treated more often than during the use
of other antipsychotics that do not require weekly or monthly checks. As patients with
schizophrenia are in general somatically undertreated (Laursen et al., 2011, Swildens
et al., 2016), clozapine monitoring may result in better somatic care and thus to a
decreased mortality (Kugathasan et al., 2018).

We therefore aimed 1) to compare cardiovascular and diabetics comorbidity (diagnoses
and pertinent medication) between new users of antipsychotics who, after a period of use
of a non-clozapine antipsychotic, switch to clozapine, to their counterparts who, after
a similar period switch to olanzapine, aripiprazole or First Generation Antipsychotics
(FGAs); 2) to determine whether patients are more likely to receive new cardiovascular
or anti-diabetic drugs during the use of clozapine than during the use of olanzapine.
Since olanzapine has similar metabolic effects as clozapine, but does not require weekly
or monthly check-ups, it is the comparison drug for question 2.
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Methods

Data source

For this retrospective cohort study, data from the Achmea Health Insurance Database
(AHID) was used. This database of healthcare claims covers over 4 million subjects in
the Netherlands, about 25% of the population. Insurance for the provision of medical
care is compulsory for all Dutch citizens. Health insurance companies are legally
obliged to provide citizens with insurance. Therefore, the AHID may be regarded as
highly representative for the health care utilization of the Dutch population. Besides
information on patients characteristics (age and sex), the AHID contains records of every
diagnostic and therapeutic provision (so called diagnosis-treatment-combinations). In
the list of all 4,391 possible somatic diagnosis-treatment-combinations used by insurance
companies the cardiovascular or diabetic diagnoses were identified by authors FT and
YZ independently and differences were discussed with author JPS to reach consensus.
The AHID also includes information on all reimbursed drugs. Drug prescriptions
during hospitalizations are not registered in this database.

Study cohort and procedures

The first data-set consisted of all prescriptions of antipsychotic drugs, Anatomical
Therapeutic Chemical (ATC) classification code NO5A, between January 1st 2010
and January 1st 2016, to patients aged at least 18 years. First, the records for lithium,
pipamperon, levomepromazine, periciazine, droperidol, and tiapride were removed
from this data-set, because in the Netherlands these drugs are mostly prescribed for
other indications than schizophrenia or other related psychotic disorders. Second,
this data-base was linked to a data-base with all insured subjects and we identified all
patients who used clozapine, aripiprazole, olanzapine and FGAs during the observation
period. We selected these antipsychotics for their similar (olanzapine) or different
(aripiprazole and FGA’s) profile of metabolic side—effects compared to clozapine. Third,
in an attempt to select patients with a first episode of psychosis, we restricted our
analyses to “new users” of antipsychotics. For this purpose we selected those who started
an antipsychotic after at least one year of no use (a longer period was not desirable
since prescribing data of only six years were available). Some of them may have been
neuroleptic-naive, others may have interrupted their ambulatory treatment for a year
or may have been hospitalized for a year (medication use is not registered during
hospitalization). Fourth, within this group of new users, we identified patients who
were switched to clozapine, aripiprazole, olanzapine and FGAs, after at least 6 months
use of non-clozapine antipsychotics. This restriction was necessary because clozapine is
a third-line treatment and therefore normally not the drug to start with. In practice, it
usually takes at least 6 months to find out that the patient is treatment-resistant. Fifth,
patients with records for drugs for Parkinson’s Disease (ATC code N04B) or dementia
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(ATC code NO6GD) were removed from the cohort, because antipsychotics are regularly
prescribed to patients with Parkinson’s Disease and dementia. Sixth, this data-base was
linked to the data-base with the somatic diagnosis-treatment-combinations. Patients
with a diagnosis of Parkinson’s disease or dementia were removed. At last, in order to
select only patients with a diagnosis of schizophrenia or other related psychotic disorder,
the drug prescription file was linked to a data-base with codes for psychiatric diagnosis-
treatment-combinations (17 codes for different psychiatric disorders).

Statistical analysis

Descriptive statistics were used to assess baseline characteristics. Clozapine-users were
compared to users of olanzapine, aripiprazole and FGAs with regard to age (t-test) and
sex (%2 test). To compare cardiovascular and diabetic comorbidity, between patients
who start with clozapine and those who start with olanzapine, aripiprazole or FGAs,
we performed a logistic regression, adjusting for age and sex. The independent variable
was start with clozapine, olanzapine, aripiprazole or FGAs with clozapine as a reference
category. The dependent variable was any diagnosis of a cardiovascular disorder or
diabetes mellitus type, I or II, or a drug prescribed for these disorders in the four months
preceding the start of this antipsychotic drug (yes/no). Our restriction to four months
was to ensure that the somatic comorbidity was present and could not be overlooked
by the prescribing physician at the moment of starting an antipsychotic. Cardiovascular
comorbidity was defined as treatment related to a cardiovascular diagnosis or the use
of cardiovascular drugs: ATC codes BO1AA, C01, CO2, CO3, C07, C08, C09, C10
(see supplementary Table S1). Diabetic comorbidity was defined as treatment related
to a diagnosis of diabetes mellitus or the use of drugs for diabetes: ATC code A10. In
addition, we conducted a similar univariate analysis, with olanzapine, aripiprazole and

FGAs combined.

For the second question, as to whether users of clozapine are more likely to receive a
prescription for cardiovascular or anti-diabetic drugs than users of olanzapine, a cox
regression analysis was used. The new users of clozapine and olanzapine were followed
(during the use of these drugs) and compared on new use (i.e. no use in the four months
preceding the particular antipsychotic) of (1) cardiovascular drugs and (2) ant-diabetic
drugs adjusting for age and sex. The follow-up started at the day of the first prescription
of either clozapine or olanzapine and ended at the day of the last prescription. An
additional logistic regression was performed to assess for differences in proportions of
patients who started with cardiovascular or anti-diabetic drugs, regardless of the duration
of their follow-up period. The cox regression and logistic regression analyses were also
performed for all cardiovascular drugs separately. The statistics were performed with
SPPS, version 22.0. A two-tailed p-value of <0.05 was considered statistically significant
for all tests.
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Ethical approval
The Executive Board of Achmea gave permission to use their data for this study. Since
data had been anonymized, ethical approval was not required.

Results

Description of cohort

In the 6-year observation period, 84,156 persons were using antipsychotic drugs. See
Figure 1 for a flow diagram. After elimination of those who did not meet the requirement
of no antipsychotic use during at least one year and those who were not switched to
another antipsychotic after at least 6 months of use, the study population consisted of
952 persons switching to clozapine (N=158), aripiprazole (295), olanzapine (204) or
first generation antipsychotics (295). Their baseline characteristics are shown in Table 1.
Given their mean age of over 40 years old, it is unlikely that the cohort only consisted

of neuroleptic-naive patients.

Table 1. Baseline characteristics of 952 patients switching to clozapine, aripiprazole, olanzapine
or first generation antipsychotics after 1 year of no use of antipsychotics and at least 6 months of
other antipsychotic use.

Clozapine Aripiprazol Olanzapine First generation

antipsychotics

N=158 N=295 N=204 N=295

Age, mean (SD) 41.7 (15.8) 42.5(13.1) 48.9 (16.9) 43.7 (15.0)

Sex, male (%) 111 (70.3) 170 (57.6) 122 (59.8) 182 (61.7)

Diabetes Mellitus diagnosis (%) 1 (0.6) 5(1.7) 3 (1.5) 9(3.1)

Cardiovascular diagnosis (%) 11 (7.0) 12 (4.1) 17 (8.3) 11 (3.7)

Drugs for diabetes, without 0 0 0 2(0.7)
diagnosis (%)

Cardiovascular drugs, without 4(2.5) 3 (1.0) 4 (2.0) 5(1.7)

diagnosis (%)
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Source population from pharmacoepidemiological database.
Users of antipsychotics (n=84,156; records: 3,690,198)

Exclusion of records of:
lithium (n=379,748)
pipamperon (n=156,280)
levomepromazine (n=1)
p——] periciazine (n=10,544)
droperidol (n=1)
tiapride (n=2,026)

v
Users of antipsychotics (n=78,113; records: (n=3,141,598)
Users of:
Clozapine: 3,007
Aripiprazole: 6,561
Olanzapine: 12,489
FGAs: 36,268

h 4
New users (start AP after one year of no use AP):
Clozapine: 1,465
Aripiprazole: 3,357
Olanzapine: 8,710
FGAs: 27,084

\ 4
After at least 6 months of antipsychotics use, switch to:
Clozapine 347
Aripiprazole: 1,129
Olanzapine: 1,038,
FGAs: 1,404

Excluding Parkinson, cloz 69, arip 14, olan 13, FGAs 27
Excluding dementia, cloz 78, arip 7, olan 54, FGAs 108

Study population:
Clozapine: 225
Aripiprazole: 1,109
Olanzapine: 972
FGAs: 1,276

Only diagnosis of “schizophrenia or
other related psychotic disorder”

Patients started Patients started Patients started Patients started
with clozapine with aripiprazol with olanzapine with FGAs
(n=158) (n=295) (n=204) (n=295)

Figure 1 Flowchart
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Cardiovascular and diabetic comorbidity at start of antipsychotic
treatment

The results of the logistic regression are shown in Table 2. There were differences in age
and sex between the clozapine starters and starters with other antipsychotics in that
the olanzapine starters were significantly older than the clozapine starters (p<.001) and
that there were significantly more female aripiprazole starters compared to clozapine
starters (p=.009). After adjusting for age and sex, starters with other antipsychotics had
less cardiovascular or diabetic comorbidity than starters with clozapine, although the
difference was not statistically significant (Odds Ratio [OR]: 0.77; 95% CI: 0.43-1.39;
p=.388). The difference between olanzapine-starters and clozapine-starters was smallest

(OR,,;,0.92; 95% CI: 0.46-1.84; p=.818).

Table 2. Results of a logistic regression, comparing starters with aripiprazole, olanzapine and
first generation antipsychotics to starters with clozapine (reference) on cardiovascular and
diabetic comorbidity.

Crude OR 95% CI P Adj.OR* 95% CI ?
Aripiprazol 0.58 0.29-1.17 125 0.58 0.28-1.19 138
Olanzapine 1.18 0.61-2.31 .622 0.92 0.46-1.84 818
First generation antipsychotics (FGAs) 0.89 0.47-1.71 736 0.85 0.44-1.64 619
Aripiprazol, olanzapine and FGAs 0.85 0.48-1.50 .563 0.77  0.43-1.39 .388

combined

* Adjusted for age and sex

Cardiovascular and anti-diabetic drugs during use of olanzapine and
clozapine

From the 158 starters with clozapine, 13 had a single prescription for such a drug. They
were excluded because (as a result of our definition) their duration of follow-up was 0
days. The mean duration of clozapine use for the remaining 145 patients was 487 days
(SD 425). From the 204 starters with olanzapine, 30 had a single prescription and
were excluded. The remaining 174 patients used olanzapine with a mean duration of
422 days (SD 408). Table 3 shows the results of the Cox regression analysis, adjusting
for age and sex. Physicians prescribed significantly earlier cardiovascular drugs (Hazard
ratio [HR]: 2.31; 95% CI 1.44-3.69; p<.001) to users of clozapine than to users of
olanzapine. There was a trend in prescribing anti-diabetic drugs to users of clozapine
earlier (HR: 2.53; 95%CI: 1.00-6.39; p=.051). The results of the logistic regression in
Table 3, show that cardiovascular or antidiabetic drugs were not only prescribed in an
earlier stage, but also more often. Supplementary Table S2 shows that adjusting for
cardiovascular/diabetic diagnoses or drugs before the start with clozapine or olanzapine
does not change the results.
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Table 3 Results of a cox regression and a logistic regression comparing starters with clozapine to
starters with olanzapine on new cardiovascular and diabetic drugs during the use of clozapine or

olanzapine.
Cox regression Clozapine  Olanzapine ~ HR* 95% CI ? OR* 95% CI ?
N=145 N=174
Anti-diabetes drugs 12 8 2.53  1.00-6.39 .051 2,51 0.96-6.60 .062
N=20
Cardiovascular drugs 37 39 231 1.44-3.69 <.001 2.73  1.41-5.27 .003
N=76
Total 40 41 2.38 1.51-3.76  <.001 2.70 1.43-5.08 .002
N=81

* Adjusted for age and sex

The differences in cardiovascular drugs were most prominent for ‘lipid modifying agents’
and ‘beta blocking agents’, see supplementary Table S1. However, after correcting for
multiple testing, only ‘beta blocking agents’ were prescribed significantly earlier to users
of clozapine.

Discussion

Main findings

The objective of this study was to examine whether patients who started with clozapine
were relatively healthier at the start and better somatically monitored during its use,
compared to patients who started with other antipsychotics. The results showed that
users of clozapine were not having less cardiovascular or diabetic comorbidity. On the
contrary, they seemed to have more cardiovascular or diabetic comorbidity. These findings
suggest that confounding by indication is not a likely explanation for lower mortality in
clozapine users. However, during the use of clozapine new cardiovascular or antidiabetic
drugs were prescribed earlier and more often, compared to those using olanzapine.
Although clozapine-users were having more cardiovascular or diabetic diagnoses (8%),
this difference is small and does not explain the large difference (HR >2) in prescribed
drugs during the use of clozapine found in this study, see supplementary table 2.

Interpretation and comparison to other studies

Our observation that clozapine is not prescribed to relatively healthy patients contradicts
findings made in Canada (Vanasse et al., 2016), but not a report from Denmark
(Wimberley et al., 2017). Vanasse et al. reported that starters with clozapine in Canada
were physically healthier compared to starters with other antipsychotics (only 10.8% had
a comorbidity index of 1 or higher, compared to 23.9% for users of other antipsychotics.
Wimberley et al., however, using the same comorbidity index, found a proportion of
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16.3% among the clozapine starters with a score of 1 or higher, which was not very
different from starters with other antipsychotics (17.3%). The differences in prescription
rates between countries may result in differences in cautiousness regarding prescribing
clozapine. To illustrate this, the prescription rates in Canada were very low (1.7%),
whereas in Denmark 57.9% of the treatment-resistant patients was using clozapine.
Assuming the prevalence of treatment resistance is about 30%, the prescription rate
in Denmark is about 15%. In the Netherlands prescription rates are relatively high
(21.6%) (van der Zalm et al., 2018a), which may explain the less restrictive use in
patients with somatic comorbidity.

There are as yet no studies on the effect of better somatic monitoring in patients using
clozapine. Hayes et al. (Hayes et al., 2015) reported that those prescribed clozapine had
more face-to-face clinical contact compared to those not prescribed clozapine, but they
did not provide information on the prescription of somatic drugs.

The differences between users of clozapine and users of olanzapine in somatic treatment
in our study were most prominent in the following categories of drugs: ‘drugs for
diabetes’, ‘beta blocking agents’ and ‘lipid modifying agents’ (statins).

Drugs for diabetes are prescribed in (the beginning of) diabetes, but are also effective
to prevent weight gain (de Silva et al., 2016). As shown by Leucht (Leucht et al., 2013)
olanzapine causes more weight gain than any other antipsychotic, but the difference with
clozapine was non-significant. Studies have also failed to show a significant difference
in the risk for T2DM between users of clozapine and users of olanzapine, (Hirsch
et al., 2017, Solmi et al., 2017, Komossa et al., 2010, Jesus et al., 2015). Therefore,
the difference in prescription of anti-diabetic drugs is not likely to be explained by
differences in risk of weight gain or T2DM.

Beta blocking agents are mostly prescribed for high blood pressure. Clozapine and
olanzapine can cause both hypotension and hypertension and no differences between
these 2 agents have been found in this respect (Kelly et al., 2014). However, clozapine
is also known to cause tachycardia (Miller, 2000), especially in the initiation phase. The
difference between clozapine and olanzapine in prescriptions of beta blocking agents
may therefore be caused to a certain extent by the higher risk of tachycardia associated
with the use of clozapine.

Previous studies have shown that the proportions of patients with high LDL cholesterol
and triglycerides rates among users of olanzapine and clozapine are similar (30-40%)
(Birkenaes et al., 2008). Our result of lipid modifying agents in 12.6% of olanzapine-
users and 14.5% for clozapine-users, confirms the undertreatment earlier mentioned.
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The more than two-fold increased odds of receiving lipid modifying agents among users
of clozapine emerged after adjustment for age.

Strengths and limitations

To our knowledge, this is the first study to investigate whether patients using clozapine
receive better physical health care. A strength of this study is the large representative
database consisting of almost a fourth of the Dutch population.

There are limitations that need to be addressed. First, since the register did not provide
DSM-IV or ICD-diagnoses, but so-called diagnosis-treatment-combinations, we could
only use the less specific term ‘schizophrenia or other related psychotic disorders’. Second,
BMI, blood glucose and dose of prescribed antipsychotic were not available, making it
impossible to compare number and severity of metabolic side-effects between different
groups. Third, other important variables like duration of illness or duration of untreated
illness were not available too. Fourth, reasons for prescribing clozapine were unknown.
We only included patients with a diagnosis of schizophrenia or other related psychotic
disorder, but there might have been patients for whom the diagnosis was reconsidered
and changed into bipolar disorder at a later stage. Finally, an unknown proportion of the
“new users” of antipsychotics in our study were not neuroleptic-naive. A part of them
may have used antipsychotics in the past and interrupted their ambulatory treatment for
more than a year. Another small part of these “new users” may have started outpatient
antipsychotic use after at least a year of in-patient stay (which is not recorded in the
data-base). However, to answer the questions in our study, patients do not necessarily
have to be neuroleptic-naive.

Conclusion

We found that clozapine is not prescribed to relatively healthy patients. The more
frequent prescription of cardiovascular and anti-diabetic drugs to patients using
clozapine (vs. olanzapine), may be the result of more adequate somatic treatment. This
is an important finding as it suggests that regular check-ups for psychotic patients may
improve somatic care and could help decrease mortality.
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Chapter 6

Abstract

Objective: To compare the mortality in people using clozapine to that of people
using other antipsychotics.

Methods: Danish incidence cohort of 22 110 patients with a first diagnosis of
non-affective psychotic disorder (1995-2013) and a prevalence cohort of 50 881
patients ever diagnosed with such a disorder (1969-2013). Hazard ratios (HR)
were calculated for the antipsychotic drug used at the time of death (‘current use’:
incidence and prevalence cohort), and for the drug used for the longest at that
moment (‘cumulative use’: incidence cohort), using a Cox model with adjustment
for somatic comorbidity. Clozapine was the reference drug.

Results: As for current drug use, the risk of suicide was higher among users of other
antipsychotics in the incidence (HR ;=1.76; 95% CI 0.72-4.32) and prevalence
(HR, clj=2.20; 95% CI 1.35-3.59) cohorts. There was no significant difference in all-
cause or cardiovascular mortality in the two cohorts. Cumulative use of clozapine
was not associated with an increased cardiovascular mortality. Cumulative use of
other antipsychotics for up to 1 year was associated with a lower all-cause mortality
and suicide risk than a similar period of clozapine use (all-cause: HR =0.73; 95%

CI 0.63-0.85, suicide; HRadj=0'65; 95% CI 0.46-0.91).

Conclusion: The results indicate that the use of clozapine is not associated with
increased cardiovascular mortality. We found opposing trends towards a lower risk
of suicide during current use of clozapine and a higher risk of suicide associated with
cumulative use up to 1 year. This suggests that clozapine cessation marks a period

of high risk of suicide.

Keywords: psychosis, clozapine, mortality, outpatient treatment
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Significant outcomes

* Despite the long-term follow-up, we found no major differences in cardio-vascular
mortality between users of clozapine and users of other antipsychotics.

* The findings add to an increasing body of evidence that clozapine use is associated
with a reduced risk of suicide.

* Clinicians should carefully monitor patients from whom clozapine has been
withdrawn within the first year, because these patients are at an increased risk of
suicide.

Limitations

* Information was available on dispensing of drugs, but not on actual use of drugs.

* Drug use during hospital admission was unknown.

* The analysis of cumulative use included only the drug that had been used for the
longest time at the time of death.

Data availability statement
The data are not publicly available due to privacy or ethical restrictions.
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Introduction

Clozapine is an effective drug for treatment-resistant schizophrenia, but has some
serious side-effects such as agranulocytosis, myocarditis, and ileus (De Berardis et al.,
2018). Since it is also associated with more metabolic side-effects than most other
antipsychotics (Hirsch et al., 2017), long-term use could have a negative impact on
life expectancy. Nevertheless, some studies have reported a significant reduction in all-
cause mortality and mortality due to suicide (Hayes et al., 2015; Tiihonen et al., 2009;
Vermeulen et al., 2019; Walker, Lanza, Arellano, & Rothman, 1997). The methodology
of these studies has been commented (De Hert, Correll, & Cohen, 2010; van der Zalm,
Termorshuizen, & Selten, 2019). An example is survivor bias, an important source of
confounding when studying clozapine and suicide. The risk of suicide is highest in the
first years after illness onset (Termorshuizen et al., 2013), whereas clozapine is often first
prescribed later (Howes et al., 2012). It is difficult to address this confounding effect of
time since diagnosis in a prevalence cohort, because a number of patients will have been
diagnosed at an unknown point in time before the start of the follow-up. A single study
used an incidence cohort (Kiviniemi, 2013), but it did not address survivor bias, because
the results were not adjusted for duration since onset of illness.

A long observation period is required to study the association between clozapine and
cardiovascular mortality and it is essential to distinguish between the drug used at
the time of death (“current use”) and the long-term use of a drug (often designated
“cumulative use”), since patients on clozapine may be switched to another antipsychotic
shortly before death. It is also important to adjust the results for somatic co-morbidity
or treatment, because clinicians may prescribe clozapine more often to patients in better
cardiovascular health and because mandatory monitoring may lead to more adequate
treatment of somatic disorder. To our knowledge, only two studies on cardiovascular
mortality used a measure of cumulative use (Taipale et al., 2020; Tiihonen et al., 2009).
The results of these studies showed no differences between cumulative use of clozapine
and cumulative use of other antipsychotics, but the results were not adjusted for somatic
co-morbidity and the treatment thereof.

Aims of the study

In view of the limitations of the above mentioned studies, the aim of the present study was
to critically re-assess the association between clozapine and mortality. We investigated,
in a nationwide Danish cohort, whether mortality (all-cause, due to suicide, or due
to cardiovascular disease) associated with current use or cumulative use of clozapine
is lower than that associated with current use or cumulative use of other categories of
antipsychotics, adjusting for somatic comorbidity and the treatment thereof.
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Materials and methods
More details on material and methods are given in Appendix 1.

Data sources

In this multi-register Danish cohort study, the following databases were linked: (1) The
Danish Psychiatric Central Research Register. The computerized registration started on
1 April 1969 and all outpatient contacts were registered after 1994; (2) The Danish
National Prescription Registry for information on dispensed drugs for all Danish
inhabitants, from 1995 onwards; (3) The Causes of Death Register from 1970 to 2015;
(4) The Danish National Patient Registry for somatic health care records from 1977
to 2015; (5) The Danish Civil Registration System from 1973 to 2015. The data that
support the findings of this study are available on request from the corresponding author.

Subjects

We defined an incidence cohort, the members of which were all Danish inhabitants
aged 15-100 years who were diagnosed with a first non-affective psychotic disorder
(NAPD: ICD-8 295 and 299; ICD-10 F20, F25, F28 and F29) between 1 January
1995 and 30 June 2013. Migrants to Denmark were excluded, because information
on diagnosis and drug use in the period before immigration was not available. We also
defined a prevalence cohort with all individuals ever diagnosed with an NAPD up to 30
June 2013. This cohort included all members of the incidence cohort, plus patients with
a first-registered diagnosis before 1 January 1995 and migrants.

Outcomes
The primary outcome was all-cause mortality. Secondary outcomes were suicide and
cardiovascular mortality.

Exposure

Treatment was categorized as follows: 1) clozapine (reference); 2) olanzapine; 3)
risperidone; 4) other Second-Generation Antipsychotics (SGAs); 5) First Generation
Antipsychotics (FGAs); 6) polypharmacy including clozapine; 7) polypharmacy
not including clozapine; 8) no antipsychotic medication; 9) hospital-delivered
antipsychotic, type unknown: antipsychotics are distributed free of charge to patients
sentenced to treatment and, since 2008, during the first 2 years subsequent to a
diagnosis of schizophrenia. The type of antipsychotic is not known because the drug
is not registered in the prescription registry. A small proportion of these patients will
not be using any antipsychotic; 10) Drug Unknown: no data available because of
hospitalization, inpatient drug use is not registered in the prescription registry. Episodes
of drug use were censored on day 15 of hospitalization. We chose this time period
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because antipsychotic drugs are often continued at the start of a hospitalization and
because their effects are likely to last during this period; 11) no use of antipsychotics.
We conducted separate analyses for current and cumulative use of antipsychotics. Both
current and cumulative use are time-dependent variables and were recalculated at the
time of each death event in the cohort, both for the patient who died and for those
who were still alive at that time. The currently used antipsychotic was defined as the
last drug that was prescribed before a death in the cohort, provided that death occurred
after no more than 2 weeks of no use or no more than 2 weeks after hospital admission.
Cumulative use was defined as a time-dependent variable as well and was recalculated
at the time of each death in the cohort. For this measure, all episodes of use of a certain
antipsychotic were aggregated and the total duration of these episodes was categorized
as follows: 0-1, 1-3, 3-6, 6-10 years, and more than 10 years. Thus, one individual
could contribute to several monotherapy or polypharmacy categories at different points
in time during follow-up. However, when a death occurred, a subject was placed in
only one category of cumulative antipsychotic use, namely, in the category of the drug
that had been used the longest at that time. This implies that shorter periods of use
of other antipsychotics at this point in time were disregarded. To illustrate this, after
consecutively 2 years of olanzapine, 4 years of clozapine and 3 months of risperidone
use, the patient is in the category “risperidone” for the analysis of current use and in
the category “clozapine (3-6years)” for the cumulative use analysis. After 3 months of
risperidone, 9 months of olanzapine and 6 months of clozapine use, a patient is in the
“clozapine” category for the analysis of current use and in the category “olanzapine (0-1
year)” for the analysis of cumulative use. Hazard ratios were calculated with the category
clozapine use as reference.

Covariates

Baseline variables were age at start of follow-up, sex, primary psychiatric diagnosis, and
psychiatric hospitalization before follow-up (yes/no). We included the latter variable
as a measure of the severity of illness. Duration of illness, i.e., duration since first
registered diagnosis of NAPD at the time of cohort entry, was another baseline variable
for members of the prevalence cohort. Time-dependent variables were substance use
disorder, drugs for substance use disorder, mood disorder, use of antidepressants,
cardiovascular disorder, drugs for cardiovascular disorders, diabetes, drugs for diabetes
and cancer. The time-dependent variables changed at the time of their first occurrence
and were time-lasting (permanent). To illustrate this point, after a diagnosis of a mood
disorder or the dispension of a drug for cardiovascular problems, this variable remained
‘yes for the rest of the follow-up period.
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Statistical analysis

For the main analyses, we used an incidence cohort, because follow-up can be started at
the moment of the first registration of a diagnosis of NAPD. The analyses for cumulative
use were conducted in the incidence cohort only, because we did not have information
on the use of antipsychotics before the start of follow-up in the prevalence cohort. Cox
proportional hazards regression with time-dependent variables was used to estimate
hazard ratios and 95% confidence intervals (Cls) for the association between exposure
to antipsychotics and mortality (all-cause and cause-specific). All subjects were followed
up from their first diagnosis, their 15th birthday, or from 1 January 1995, whichever
occurred last, until death or 1 July 2014. To allow for the possibility of at least 1 year of
follow-up, the latest entry date was 30 June 2013. Due to violation of the proportional
hazards assumption, the Cox analyses were stratified by age at start of follow-up, sex, Drug
Unknown, and in the prevalence cohort also by (registered) duration of illness before
the start of the follow-up. The proportional hazards assumption for the Cox regression
models was tested and evaluated by graphical assessment of smoothed hazard estimates
plots. Clozapine monotherapy was used as reference. The analyses were performed with
Stata. A two-tailed p-value of <0.05 was considered statistically significant for all tests.
Both the analyses of current use and the analyses of cumulative use were conducted for
three types of mortality: (1) all-cause mortality; (2) mortality due to suicide; and (3)
cardiovascular mortality.

We used two different types of adjustment in order to test the hypothesis that somatic
comorbidity and the treatment thereof may influence the association between clozapine
and mortality. In the first model, the results were adjusted for the time-fixed variables
age at entry, sex, type of NAPD, and psychiatric hospitalization before start of follow-up,
and for the time-dependent variables mood disorder, substance use disorder, malignant
neoplasms, drugs for mood disorder, and drugs for substance use disorder. We adjusted
for type of NAPD and psychiatric hospitalization, because they are proxies for illness
severity. We adjusted for malignant neoplasms, in order to make sure that any difference
between antipsychotics was not due to the occurrence of neoplasms. In the prevalence
cohort, we also adjusted for time since first (registered) NAPD diagnosis. In the second
model, the results were also adjusted for cardiovascular and diabetic comorbidity
(diagnosis and dispension of drugs) as time-dependent variables.

Compliance with ethical standards

Statistics Denmark and the Danish Health Data Authority approved use of the data
for the study. Ethics approval is not required for retrospective register-based studies in
Denmark.
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Results

Description of cohorts

The incidence and prevalence cohorts consisted of 22 110 patients and 50 881 patients,
respectively. Table 1 shows the baseline characteristics. In the 19.5-year observation
period, the mean duration of follow-up in the incidence cohort was 8.8 years (range
0-19.5; 195 461 person-years) and in the prevalence cohort 11.3 years (range 0-19.5;
572 617 person-years). During the follow-up period, 3 612 individuals in the incidence
cohort died, 479 due to suicide and 917 from a cardiovascular cause. For the analysis
of current use, 375 deaths that occurred after 2 weeks of hospitalization were excluded,
resulting in 3 237 deaths (407 due to suicide and 851 from a cardiovascular cause). After
the exclusion of 1 439 individuals who died after 2 weeks of hospitalization, in total 11
948 patients died (1 050 deaths due to suicide and 3 601 from a cardiovascular cause)
in the prevalence cohort. Supplementary Table S1 shows the number of person-years
and all-cause and cause-specific deaths, per category of antipsychotic use, for current use
in the incidence cohort. Supplementary Table S2 shows the numbers of cause-specific
deaths for the categories of cumulative use in the incidence cohort. There was a large
difference in the number of suicides associated with current use of clozapine (Table S1,
N=5) and cumulative use of clozapine up to 1 year (Table S2, N=113).

Current use

All-cause mortality

Figure 1 shows the results for the incidence and the prevalence cohorts, with two types
of adjustment. In the incidence cohort, clozapine was not associated with a lower
mortality, except when compared to hospital-delivered antipsychotics. In the prevalence
cohort, although the HRs were closer to 1 than in the incidence cohort, the confidence
intervals were smaller and the HRs for risperidone, polypharmacy including clozapine,
and hospital-delivered antipsychotics were significantly higher than that for clozapine
(monotherapy). The figure shows that the differences in results between the two types of
adjustment were very small. The additional analysis with all monotherapies combined
(the last bar in the figure) showed no significant effect of clozapine in either cohort.
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Table 1. Baseline characteristics of all people in Denmark first diagnosed with a non-affective
psychotic disorder between 1 January 1995 and 1 July 2013 (incidence cohort) and of all people
ever diagnosed with a non-affective psychotic disorder (prevalence cohort).

Incidence cohort Prevalence cohort
N=22110 N=50 881
Male 53.4% 55.6%
Age at inclusion in cohort (SD) 35.7 (16.4) 39.7 (16.5)
Age of first diagnosis of psychosis (SD) 35.7 (16.4) 34.1 (14.7)
Diagnosis at start follow-up
Schizophrenia (ICD-8 295) N.A. 15310 (30.1%)
Schizophrenia (ICD-10 F20) 16 611 (75.1%) 23 627 (46.4%)
Schizoaffective disorders (ICD-10 F25) 2076 (9.4%) 2926 (5.8%)
Unspecified psychosis (ICD-8 299) N.A. 3 946 (7.8%)
Other psychotic disorder not due to a substance or known
physiological condition (ICD-10 F28) 926 (4.2%) 1393 (2.7%)
Unspecified psychosis not due to a substance or known
physiological condition (ICD-10 F29) 2497 (11.3%) 3679 (7.2%)
Diagnosis at end of follow-up
Schizophrenia (ICD-8 295) N.A 16 384 (32.2%)
Schizophrenia (ICD-10 F20) 17 994 (81.4%) 26 163 (51.4%)
Schizoaffective disorders (ICD-10 F25) 1660 (7.5%) 2395 (4.7%)
Unspecified psychosis (ICD-8 299) NA. 2360 (4.6%)
Other psychotic disorder not due to a substance or known
physiological condition (ICD-10 F28) 702 (3.2%) 1 067 (2.1%)

Unspecified psychosis not due to a substance or known

physiological condition (ICD-10 F29) 1754 (7.9%) 2513 (4.9%)

Mood disorder
Psychiatric Hospitalization

Substance use disorder

Drugs for substance use disorder

Antidepressant drug
Diabetes mellitus
Circulatory system diseases

Malignant Neoplasms

5360 (24.2%)
16 365 (74.0%)
6014 (27.2%)
554 (2.5%)
6102 (27.6%)
549 (2.5%)
2062 (9.3%)
438 (2.0%)

10 855 (21.3%)
42 357 (83.3%)
12 352 (24.3%)
668 (1.3%)
7702 (15.1%)
1185 (2.3%)
3992 (7.9%)
1055 (2.1%)
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Suicide

Supplementary Table S1 shows that none of the clozapine users in the incidence cohort
died by suicide in 6 years after the first diagnosis (during 706 +1 017 =1 723 person-years).
The results of the analyses for current antipsychotic use are shown in Figure 2. In the
incidence cohort, mortality due to suicide during the use of clozapine was lower compared
to that during the use of other antipsychotics, but this difference was only significant for
the comparison with users of hospital-delivered antipsychotics. In the prevalence cohort, all
categories of current antipsychotic use were associated with a significantly higher mortality
compared to clozapine. These differences were larger than in the incidence cohort and the
confidence intervals were smaller. Accordingly, mortality for all monotherapies combined
was significantly higher compared to clozapine in the prevalence cohort (HR =2.20;
95% CI 1.35-3.59), but not in the incidence cohort (HRadj=1.76; 95% CI 0.72-4.32).

Adjustment for somatic comorbidity did not affect the results.

Figure 1. Adjusted hazard ratios for all-cause mortality during current use of antipsychotics compared
to current use of clozapine (reference), between January 1995 and July 2014, in Danish incidence and
prevalence cohorts of patients with a non-affective psychotic disorder.

Antipsychotic (AP) HR (95% CI)
Incidence adj 1 !
Clozapine 1.00 ref L
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Adj 1: Adjusted for age, sex, type of non-affective psychotic disorder, mood disorder, substance use

disorder, psychiatric hospitalization, and in the prevalence cohort for duration of illness.
Adj 2: Also adjusted for somatic comorbidity and the treatment of somatic disorders.
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Figure 2. Adjusted hazard ratios for mortality due to suicide during current use of antipsychotics compared
to current use of clozapine (reference), between January 1995 and July 2014, in Danish incidence and
prevalence cohorts of patients with a non-affective psychotic disorder. The observation period was from
January 1995 to July 2014.
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Adj 1: Adjusted for age, sex, type of non-affective psychotic disorder, mood disorder, substance use disorder,
psychiatric hospitalization, and in the prevalence cohort for duration of illness.
Adj 2: Also adjusted for somatic comorbidity and the treatment of somatic disorders.

Cardiovascular mortality

In the incidence cohort, the hazard of cardiovascular mortality was lower with clozapine
than with most other antipsychotics, but the confidence intervals were broad and
included 1 (Figure 3). As for the prevalence cohort, cardiovascular mortality associated
with clozapine was significantly lower in the first adjusted model than that associated
with risperidone and hospital-delivered antipsychotics. However, after adjustment for
cardiovascular and diabetic comorbidity, the HRs slightly decreased towards 1 and were
no longer statistically significant.
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Figure 3. Adjusted hazard ratios for cardiovascular mortality during current use of antipsychotics compared

to current use of clozapine (reference), between January 1995 and July 2014, in Danish incidence and

prevalence cohorts of patients with a non-affective psychotic disorder. The observation period was from

January 1995 to July 2014.
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Adj 1: Adjusted for age, sex, type of non-affective psychotic disorder, mood disorder, substance use disorder,
psychiatric hospitalization, and in the prevalence cohort for duration of illness.

Adj 2: Also adjusted for somatic comorbidity and the treatment of somatic disorders.

Cumulative use

All-cause mortality

Figure 4 shows that cumulative use of clozapine for up to 1 year was associated with
a higher all-cause mortality than cumulative use of most other antipsychotics. This
difference cannot be attributed to myocarditis, because there were no cases during this
1-year period. This difference in all-cause mortality was not present after longer use of
the drugs. Adjustment for somatic comorbidity had a minimal effect (figure with first
type of adjustment not shown).
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Figure 4. Adjusted hazard ratios for all-cause mortality after cumulative use of antipsychotics compared to
cumulative use of clozapine (reference), between January 1995 and July 2014, in a Danish incidence cohort
of patients with a non-affective psychotic disorder. Comparisons with clozapine were done within each of
the groups distinguished by the same length of antipsychotic use: 0-1, 1-3, 3-6, 6-10 years, and more than
10 years. The observation period was from January 1995 to July 2014.
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Adjusted for age, sex, type of non-affective psychotic disorder, mood disorder, substance use disorder,
psychiatric hospitalization, somatic comorbidity, the treatment of somatic disorders.

Suicide

The fully adjusted analysis of cumulative use also shows a significantly higher suicide rate
among patients who had used clozapine for up to 1 year than among patients who had
used polypharmacy including clozapine, olanzapine, other SGAs and all monotherapies
combined for a similar time (see Figure S1). After cumulative use of more than 1 year,
this difference in mortality due to suicide was no longer significant. Of the individuals
who committed suicide, 24% had used clozapine monotherapy for longer than any

other antipsychotic during a period up to 1 year (113 of 479 suicides) (Table S2).
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Cardiovascular deaths

Except for cumulative use of polypharmacy excluding clozapine (1 to 3 years), there
were no significant differences between use of clozapine and use of other antipsychotics
in cardiovascular mortality, irrespective of the duration of use or adjustment for somatic

comorbidity (see Figure S2).

Discussion

Our first objective was to investigate whether mortality (all-cause and cause-specific)
associated with “current” use of clozapine was lower than that associated with “current”
use of other antipsychotics. A second objective was to assess whether findings were
similar when “cumulative” use was analyzed instead of “current” use. In general, current
use of clozapine was not associated with a lower all-cause or cardiovascular mortality in
the incidence or prevalence cohort. In both cohorts, however, the numbers of suicides
were lower with current use of clozapine. Remarkably, cumulative use of clozapine
for 0—1 year was associated with a higher mortality (all-cause and suicide) compared
to cumulative use of almost all other categories. Cumulative use of clozapine for 6
years or longer was not associated with a higher all-cause or cardiovascular mortality,
despite its metabolic side-effects. Adjustment for the presence and treatment of somatic
comorbidity hardly affected the results.

Interpretation and comparison with other studies

Current use

Our finding of no significantly lower all-cause mortality among users of clozapine is
consistent with several other large database studies (Ringback Weitoft et al., 2014; Stroup,
Gerhard, Crystal, Huang, & Olfson, 2016; Taipale et al., 2017; Taipale et al., 2020),
but not with the study that most closely resembled our study in design, the FIN11
study (Tiihonen et al., 2009). It is possible that results in different countries vary due to
differences in prescription rates (more or less restrictive use) or differences in the National
registers that were used. However, the FIN20 study (Taipale et al., 2020) yielded different
results than the FIN11 study (Tiihonen et al., 2009), despite similar inclusion criteria and
year of start of follow-up. See Table S3 for differences and similarities between the Finnish
studies and the present study. The FIN11 study reported a large reduction of mortality
among users of this drug, for all-cause and cause specific mortality. As already pointed out
by de Hert et al. (2010), the authors disregarded two-thirds of all deaths, by excluding
deaths after a hospitalization of more than 2 days. In the FIN20 study, follow-up time was
censored after 7 days of hospital admission instead of 2 days. The results of the FIN20
study show that clozapine was no longer associated with a significantly lower mortality
compared to all other categories of antipsychotics. If these different findings of the Finnish
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studies are partly caused by the difference in censoring deaths during hospital admission,
this may also explain the differences in results between our study and the FIN11 study,
given that we excluded deaths after 14 days of hospitalization. In two studies that were
restricted to treatment-resistant patients (Cho et al., 2019; Wimberley et al., 2017), a
significantly lower mortality associated with clozapine use was found. However, mortality
was only significantly lower when comparing the use of clozapine to non-use of clozapine
(including no use of any antipsychotic).

Our finding of a lower suicide rate during the use of clozapine is in line with the results
of many previous studies (Hayes et al., 2015; Hennen & Baldessarini, 2005; Taipale et
al., 2020; Tiihonen et al., 2009; Walker et al., 1997). The differences in hazard ratios
for current use between the incidence and the prevalence cohorts in our study were
slightly smaller than expected, given the possible survivor bias in the prevalence cohort.
The HRadj for mortality due to suicide during use of all monotherapies combined
dropped from 2.20 (CI 1.35-3.59) in the prevalence cohort to 1.76 (CI 0.72-4.32)
in the incidence cohort, but the confidence intervals were broad and overlapping. In
a sensitivity analysis of the FIN20 study, excluding the first ten years of follow-up,
clozapine dropped from third to seventh place in the ranking of the most beneficial
antipsychotics and all-cause mortality. Thus, survivorship bias may have influenced the
results of the FIN20 study.

Cumulative use

There are two studies to which we can compare our results on cumulative use, despite
different designs and statistical analyses. The first is the FIN11 study (Tiihonen et al.,
2009), which also compared cumulative use of different categories of antipsychotics.
In this study a prevalence cohort was used, while we used an incidence cohort with
complete information on drug use before start follow-up. In addition, the analysis
strategies differed. In the FIN11 study, all episodes of use were included in the analysis
and relative risks were calculated. In such an analysis, some people can be in two different
categories at a certain time point and may have been compared with themselves. In our
Cox regression analyses, patients were put in exclusive categories at each time point
and, thus, were never compared to themselves at a single time point. Consequently,
they were in the category of the drug they had used for the longest time and the use
of other antipsychotics was disregarded. The second study, the FIN20 study (Taipale
et al., 2020), compared cumulative use of clozapine only to cumulative use of any
antipsychotic and calculated odds ratios. Neither the FIN11 nor the FIN20 reported
significant differences in cardiovascular mortality between cumulative use of clozapine
and cumulative use of other antipsychotics. This is in line with the results on cumulative
use of our study.
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Remarkably, cumulative use of clozapine for more than 6 years did not seem to increase
cardiovascular mortality, despite its metabolic side-effects. This is in line with the
findings of Kelly et al. (2010), who did not find significant differences in cardiovascular
mortality between those who started clozapine and those who started risperidone after a
6- to 10-year observation period. This may be explained by the effectiveness of clozapine
against psychotic symptoms and the subsequent reduction of stress and substance abuse.

Current and cumulative use combined

Our findings of higher overall mortality and higher suicide mortality among patients
who had used clozapine for up to 1 year, in combination with the lower mortality during
current use of this drug, suggest that the extra deaths occurred after the termination of
clozapine use. Concerning suicide, Tables S1 and S2 show that only 5 suicides occurred
during clozapine use, while 113 suicides occurred after 0-1 year of cumulative clozapine
use. This finding is in line with the previous report from Denmark (Wimberley et al.,
2017) of an increased risk of death after termination versus during clozapine use (HR
2.65, 95% CI 1.47-4.78). The authors of this report deemed it likely that the excess
mortality rate in the first year or even within 3 months of discontinuation was due
to causes other than suicide, because clozapine could have been discontinued due to
severe medical conditions related or unrelated to clozapine treatment. However, we
do find an increased risk of suicide after clozapine discontinuation, a phenomenon
previously described by Patchan, Richardson, Vyas, & Kelly (2015) and Walker et al.
(1997). Walker et al. (1997) reported a markedly decreased suicide rate during current
use compared to past use of clozapine (standardized mortality ratio 0.17; CI 0.10-0.30).
Their conclusion that clozapine decreases the suicide rate among users is only half the
story, because we found that the suicide rate associated with cumulative clozapine use
was higher than that for cumulative use of other antipsychotics. As clozapine is a drug
of last resort, stopping it may lead to relapse or give rise to despair and an increased
suicidality. Furthermore, since clozapine is indicated for suicidal patients, such patients
are more likely to start using clozapine (i.e., confounding by indication). This could
contribute to the high risk of suicide after termination of this drug. There is no good
evidence that the increased risk of suicide after termination is due to a rebound effect or
to acute clozapine withdrawal.

Strengths and limitations

To our knowledge, this is the first large study to compare mortality associated with
cumulative use of different antipsychotics using a representative incidence cohort with
complete information on medication use from the start of treatment. In addition, the
incidence cohort of 22 110 patients is larger than in any other study on clozapine and
mortality. With a maximum of 19.5 years, the follow-up time of the cohort was very
long. We included 90% of all deaths in the analyses of current use and this is the first
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study to adjust the results for somatic comorbidity and somatic treatment. To ensure
that differences in findings between our study and other studies are not due to the use of
an incidence cohort, we repeated our analysis in a prevalence cohort.

Several limitations need to be mentioned. First, the databases we used did not include
direct information on disease severity or lifestyle factors. Second, there was no
information on medication use during hospitalization, as a result of which we had to
exclude deaths during longer hospitalizations. Third, the prescription database consists
of dispensed drugs, it is unknown whether or not the patients have actually used the
drugs. Fourth, psychiatric registrations before 1969 were incomplete, leading to missing
information about age at disease onset for many patients in the prevalence cohort
and thus to residual confounding. Fifth, despite the long observation period (19.5
years), the power of the analyses of cause-specific mortality in the incidence cohort
was not optimal. Sixth, the category ‘non-users of antipsychotics’ is likely to consist
of patients with mild symptoms not needing antipsychotics and patients with more
severe symptoms who refuse treatment. We were not able to distinguish between these
groups. Seventh, we did not correct for multiple testing. Since almost none of our results
were significant, a correction for multiple testing would not have changed this result.
Eighth, in the incidence cohort analyses, we excluded migrants because information
on diagnoses and antipsychotic use before migrating was unknown. Ninth, because the
follow-up started at the moment of first diagnosis of NAPD, previous psychotropic and
antipsychotic drug use was disregarded. Tenth, our definition of cumulative use does not
take into account whether this drug has been discontinued and the length of time since
discontinuation. Finally, there may have been residual confounding. Since clozapine
is more commonly prescribed to severely ill patients, we adjusted for type of diagnosis
and history of hospitalization. We do not know whether this adjustment was adequate,
because it hardly changed the results. More adequate adjustments for severity of illness
could therefore have led to more favorable outcomes for clozapine.

To conclude, we found no major differences in mortality between users of clozapine and
users of other antipsychotics. This should encourage clinicians to prescribe clozapine to
the patients who need it. Moreover, our findings add to an increasing body of evidence
that clozapine use protects against suicide. This protective effect is lost when clozapine
is discontinued. Clinicians should carefully monitor patients from whom clozapine has
been withdrawn or consider a clozapine re-challenge.
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Table S2. Suicides and cardiovascular deaths in each category of cumulative use of antipsychotics in
incidence cohort (all people in Denmark first diagnosed with a non-affective psychotic disorder between 1
January 1995 and 1 July 2013).

Use during Type of antipsychotic therapy Suicides Cardiovascular
deaths
never used an antipsychotic drug 14 38
0-1 year clozapine monotherapy 113 74
0-1 year clozapine polytherapy 18 23
0-1 year olanzapine monotherapy 13 19
0-1 year risperidon monotherapy 28 69
0-1 year First generation antipsychotics monotherapy 15 24
0-1 year other second generation antipsychotics monotherapy 9 23
0-1 year polytherapy excluding clozapine 1 1
0-1 year unknown antipsychotic 0 5
1-3 years clozapine monotherapy 34 19
1-3 years clozapine polytherapy 19 44
1-3 years olanzapine monotherapy 9 16
1-3 years risperidon monotherapy 22 80
1-3 years First generation antipsychotics monotherapy 19 38
1-3 years other second generation antipsychotics monotherapy 18 38
1-3 years polytherapy excluding clozapine 1
1-3 years unknown antipsychotic 0 4
3-6 years clozapine monotherapy 23 13
3-6 years clozapine polytherapy 29 32
3-6 years olanzapine monotherapy 7 17
3-6 years risperidon monotherapy 18 64
3-6 years First generation antipsychotics monotherapy 6 33
3-6 years other second generation antipsychotics monotherapy 11 44
3-6 years polytherapy excluding clozapine 4 6
3-6 years unknown antipsychotic 4 1
6-10 years clozapine monotherapy 7 8
6-10 years clozapine polytherapy 12 31
6-10 years olanzapine monotherapy 1 8
6-10 years risperidon monotherapy 4 58
6-10 years First generation antipsychotics monotherapy 2 14
6-10 years other second generation antipsychotics monotherapy 5 20
6-10 years polytherapy excluding clozapine 4 2
6-10 years unknown antipsychotic 1 1
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>10 years clozapine monotherapy 0 0
>10 years clozapine polytherapy 0 2
>10 years olanzapine monotherapy 2 6
>10 years risperidon monotherapy 0 6
>10 years First generation antipsychotics monotherapy 0 15
>10 years other second generation antipsychotics monotherapy 0 0
>10 years polytherapy excluding clozapine 1 14
>10 years unknown antipsychotic 5 0
Total 479 917
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Chapter 6

Appendix 1, extra information (in bold) on materials and
methods.

Outcomes

The primary outcome was all-cause mortality. Secondary outcomes were suicide (ICD-
10 codes X60-84 and Y10-34) and cardiovascular mortality (ICD-10 codes G45-46
and 110-99).

Exposure

Treatment was categorized as follows: 1) clozapine (reference); 2) olanzapine; 3)
risperidone; 4) other Second-Generation Antipsychotics (SGAs: sertindole, ziprasidone,
lurasidone, quetiapine, asenapine, amisulpride, aripiprazole, paliperidone); 5) First
Generation Antipsychotics (FGAs: chlorpromazine, levomepromazin, promazine,
acepromazine, fluphenazine, perphenazine, prochlorperazine, periciazine,
thiordazine, pipotiazine, haloperidol, melperone, pipamperone, bromperidol,
flupentixol, chlorprothixene, tiotixene, zuclopenthixol, pimozide, penfluridol,
loxapine, sulpiride); 6) polypharmacy including clozapine (polypharmacy is defined
as prescriptions for 2 or more different antipsychotics in the same period); 7)
polypharmacy not including clozapine; 8) no antipsychotic medication; 9) hospital-
delivered antipsychotic, type unknown: antipsychotics are distributed free of charge to
patients sentenced to treatment and, since 2008, during the first 2 years subsequent
to a diagnosis of schizophrenia. The type of antipsychotic is not known because the
drug is not registered in the prescription registry. A small proportion of these patients
will not be using any antipsychotic; 10) Drug Unknown: no data available because of
hospitalization, inpatient drug use is not registered in the prescription registry. Episodes
of drug use were censored on day 15 of hospitalization. We chose this time period
because antipsychotic drugs are often continued at the start of a hospitalization and
because their effects are likely to last during this period; 11) no use of antipsychotics.

To define periods of antipsychotic use, we assumed that antipsychotic drug A
was used from the moment of redemption for a duration of 90 days unless: a) a
new prescription of the same drug was redeemed; b) another antipsychotic drug
B was prescribed in the 90-days period without a subsequent or concurrently
new prescription of drug A before the end of the 90 days period. A period of
polypharmacy began when drug B was prescribed during the 90-days period of
drug A, while drug A was prescribed again after the start of drug B. The use of
one category of antipsychotic medication for a period of less than 3 months is one
episode. If an antipsychotic drug is used for more than 3 months, each period of
3 months constitutes one episode. Episodes of drug use were censored on day 15
of a hospitalization, because during hospital stay no information on drug use is
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available. We took this arbitrary decision, because antipsychotic drugs are often
continued during the first two weeks of a hospitalization and because their effects
are likely to last during this period.

We conducted separate analyses for current and cumulative use of antipsychotics. Both
current and cumulative use are time-dependent variables and were recalculated at the
time of each death event in the cohort, both for the patient who died and for those
who were still alive at that time. The currently used antipsychotic was defined as the
last drug that was prescribed before a death in the cohort, provided that death occurred
after no more than 2 weeks of no use or no more than 2 weeks after hospital admission.
Cumulative use was defined as a time-dependent variable as well and was recalculated
at the time of each death in the cohort. For this measure, all episodes of use of a certain
antipsychotic were aggregated and the total duration of these episodes was categorized
as follows: 0-1, 1-3, 3-6, 6-10 years, and more than 10 years. Thus, one individual
could contribute to several monotherapy or polypharmacy categories at different points
in time during follow-up. However, when a death occurred, a subject was placed in
only one category of cumulative antipsychotic use, namely, in the category of the drug
that had been used the longest at that time. This implies that shorter periods of use
of other antipsychotics at this point in time were disregarded. To illustrate this, after
consecutively 2 years of olanzapine, 4 years of clozapine and 3 months of risperidone
use, the patient is in the category “risperidone” in the analysis of current use and in
the category “clozapine (3-6years)” in the cumulative use analysis. After 3 months of
risperidone, 9 months of olanzapine and 6 months of clozapine use, a patient is in the
“clozapine” category in the analysis of current use and in the category “olanzapine (0-1
year)” in the analysis of cumulative use. Hazard ratios were calculated with the category
clozapine use as reference.

Covariates

Baseline variables were age at start of follow-up, sex, primary psychiatric diagnosis (ICD-
10 codes F20, F25, F28 and F29, ICD-8 codes 295 and 299; the first diagnosis was
used as the patient’s primary diagnosis unless it was later changed into an NAPD
diagnosis ranking higher in the following hierarchy: 295/F20 was higher than
F25, F25 was higher than 299, 299 was higher than F28 and F28 was higher than
F29), and psychiatric hospitalization before follow-up (yes/no). We included the latter
variable as a measure of the severity of illness. Duration of illness, i.e., duration since first
registered diagnosis of NAPD at the time of cohort entry, was another baseline variable
for members of the prevalence cohort. Time-dependent variables were substance use
disorder (ICD-8 codes 291, 303, 304; ICD-10 codes F10-F19), drugs for substance
use disorder (ATC codes NO7B, excluding NO7BA), mood disorder (ICD-8 codes
296, 298.09; ICD-10 codes F30-F39), use of antidepressants (ATC codes NOGA),
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cardiovascular disorder (ICD-8 codes 400-429, 432-438, ICD-10 codes G45-46,
110-99), drugs for cardiovascular disorders (ATC codes B01, C01, C02, C03, C07,
C08, C09 and C10), diabetes (ICD-8 code 250, ICD-10 codes E10-14), drugs for
diabetes (ATC codes A10A, A10B) and cancer (ICD-8 codes 140-207, ICD-10 codes
C00-C97). The time-dependent variables changed at the time of their first occurrence
and were time-lasting (permanent). To illustrate this point, after a diagnosis of a mood
disorder or the dispension of a drug for cardiovascular problems, this variable remained
‘yes for the rest of the follow-up period.

Statistical analysis

For the main analyses, we used an incidence cohort, because follow-up can be started at
the moment of the first registration of a diagnosis of NAPD. The analyses for cumulative
use were conducted in the incidence cohort only, because we did not have information
on the use of antipsychotics before the start of follow-up in the prevalence cohort. Cox
proportional hazards regression with time-dependent variables was used to estimate
hazard ratios and 95% confidence intervals (Cls) for the association between exposure
to antipsychotics and mortality (all-cause and cause-specific). All subjects were followed
up from their first diagnosis, their 15th birthday, or from 1 January 1995, whichever
occurred last, until death or 1 July 2014. To allow for the possibility of at least 1 year of
follow-up, the latest entry date was 30 June 2013. Right censoring was applied at death,
emigration, other disappearance from the Danish centralized civil registration
system, the 100 years birthday or the latest on July 1, 2014. Interval censoring was
used for persons that emigrated and immigrated again within the study period. Due
to violation of the proportional hazards assumption, the Cox analyses were stratified by
age at start of follow-up (groups: 0-25, 25-35, 35-45, 45-55, 55-65, 65-75, 75+ years;
the groups were merged as necessary), sex, Drug Unknown, and in the prevalence
cohort also by (registered) duration of illness before the start of the follow-up (0, 0-5,
5-10, 10-15, 15-20, and 20+ years). The proportional hazards assumption for the
Cox regression models was tested and evaluated by graphical assessment of smoothed
hazard estimates plots. Clozapine monotherapy was used as reference. The analyses
were performed with Stata. A two-tailed p-value of <0.05 was considered statistically
significant for all tests. Both the analyses of current use and the analyses of cumulative
use were conducted for three types of mortality: (1) all-cause mortality; (2) mortality
due to suicide; and (3) cardiovascular mortality.

We used two different types of adjustment in order to test the hypothesis that somatic
comorbidity and the treatment thereof may influence the association between clozapine
and mortality. In the first model, the results were adjusted for the time-fixed variables
age at entry, sex, type of NAPD, and psychiatric hospitalization before start of follow-up,
and for the time-dependent variables mood disorder, substance use disorder, malignant
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neoplasms, drugs for mood disorder, and drugs for substance use disorder. We adjusted
for type of NAPD and psychiatric hospitalization, because they are proxies for illness
severity. We adjusted for malignant neoplasms, in order to make sure that any difference
between antipsychotics was not due to the occurrence of neoplasms. In the prevalence
cohort, we also adjusted for time since first (registered) NAPD diagnosis. In the second
model, the results were also adjusted for cardiovascular and diabetic comorbidity
(diagnosis and dispension of drugs) as time-dependent variables.
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Figure S1. Adjusted hazard ratios for mortality due to suicide after cumulative use of antipsychotics
compared to cumulative use of clozapine (reference), between January 1995 and July 2014, in a Danish
incidence cohort of patients with a non-affective psychotic disorder. Comparisons with clozapine were done
within each of the groups distinguished by the same length of antipsychotic use: 0-1, 1-3, 3-6, 6-10 years,
and more than 10 years. The observation period was from January 1995 to July 2014.
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