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Abbreviations

5-HT – 5-hydroxytryptamine (serotonin)

ADR – adverse drug reaction

ADROIT – Adverse Reactions On-line Information Tracking

AE – adverse event

AIMS – Abnormal Involuntary Movement Scale

ANCOVA – analysis of covariance

ANOVA – analysis of variance

AP – action potential

AST – all subjects treated set

AUC – area under curve

AUCSS – area under curve at steady state

AV – atrioventricular

BAS – Barnes Akathisia Scale

BMI – body mass index

BPRS – Brief Psychiatric Rating Scale

Cmax – maximum concentration

CGI – Clinical Global Impressions scale

CI – confidence interval

CHMP – Committee for Medicinal Products for Human Use

CL/F – apparent clearance

CNS – central nervous system

CPMP – Committee for Proprietary Medicinal Products

CYP – cytochrome P450

D receptor – dopamine receptor

DB – double-blind

DEV – decreased ejaculatory volume

DSM-III-R – Diagnostic and Statistical Manual of Mental Disorders,

revised third edition

DSM-IV – Diagnostic and Statistical Manual of Mental Disorders,

fourth edition

DSRU – Drug Safety Research Unit

DST – Digit Span Task

Emax – maximum effect

EAD – early after-depolarisation

ECG – electrocardiogram

EEG – electroencephalogram

EMEA – European Agency for the Evaluation of Medicinal Products

EPOS – European Post-marketing Observational Serdolect® study

EPS – extrapyramidal symptoms

ESES – Sertindole European Safety and Exposure Survey

fu – fraction unbound to protein

GAF – Global Assessment of Functioning

GI – gastrointestinal

HERG – human ether-a-go-go gene

HIV – human immunodeficiency virus

IKr – delayed rectifier potassium channel

ITT – intent-to-treat set

i.v. – intravenous

LOCF – last observation carried forward

NCCS – Nested Case Control Study

NIDS – neuroleptic-induced deficit syndrome

NMS – neuroleptic malignant syndrome

OC – observed cases

PANSS – Positive and Negative Syndrome Scale

PCP – phencyclidine

PEM – Prescription Event Monitoring

PET – positron emission tomography

PMS – post-marketing surveillance

PVT – polymorphic ventricular tachyarrhythmia

PYE – patient-years of exposure

QALY – quality-adjusted life year

QTC – change in QT interval, corrected for heart rate

QTCF – QT interval, corrected for heart rate using the 

Fridericia correction

RR – relative risk

RTD – Reaction Time Decomposition

SAE – serious adverse event

SANS – Scale for Assessment of Negative Symptoms

SAS – Simpson-Angus Scale

SCoP – Sertindole Cohort Prospective studies

SD – standard deviation

SNC – substantia nigra pars compacta

SPC – summary of product characteristics

SSS – Sertindole Safety Survey

T1/2 – half-life

tmax – time to maximum concentration

TdP – torsades de pointes

TEAE – treatment-emergent adverse event

Vβ/F – apparent volume of distribution

VTA – ventral tegmental area

WCST – Wisconsin Card Sorting Test



Schizophrenia is a disabling psychiatric disorder that often begins in

late adolescence or early adulthood and is characterised by severe, but

variable, symptoms. These include delusions, hallucinations, disorganised

and impoverished speech or behaviour, blunted mood expression, and

profound apathy.

Since the 1950s, the mainstay of treatment for schizophrenia has been

the ‘typical’ antipsychotics, previously referred to as ‘classical’

neuroleptics. These potent drugs preferentially block dopamine D2

receptors. However, although they are effective against the positive

symptoms of schizophrenia, they are largely ineffective against negative

symptoms and often induce high levels of extrapyramidal symptoms

(EPS). Furthermore, use of typical antipsychotics is also associated with

neuroleptic-induced deficit syndrome, that is, the drugs produce signs

and symptoms similar to, and sometimes indistinguishable from, the

negative symptoms of schizophrenia.1 These limitations are of

considerable clinical significance. For example, negative symptoms are

associated with long periods of hospitalisation, and EPS greatly reduce

patients’ quality of life, leading to non-compliance and a high risk of

relapse. In the longer term, EPS are associated with increased

vulnerability to tardive dyskinesia.2 Following the introduction of

clozapine, further new generation ‘atypical’ antipsychotic agents were

developed during the 1990s. These agents have a lower potential for

causing EPS than the typical antipsychotics, and some are also able to

act upon the negative symptoms of schizophrenia.

Serdolect® (sertindole) is a limbic-selective antipsychotic agent with a

unique neuropharmacological profile. It was discovered at H. Lundbeck

A/S, Copenhagen, Denmark.

Sertindole is effective against both the positive and the negative

symptoms of schizophrenia. It is associated with significantly greater

improvements than placebo in Positive and Negative Syndrome Scale

(PANSS) total score, PANSS negative subscale score, and PANSS

positive subscale score.3 With respect to negative symptoms, sertindole

demonstrated significant improvements relative to placebo, and also

versus haloperidol and risperidone.3–5 In comparison to risperidone,

sertindole also provided greater reductions in PANSS total score.5,6

Sertindole is well tolerated and shows placebo-level incidence of EPS.

These properties of sertindole may result in improved patient

compliance and an associated decrease in relapse rate – a problem

widely recognised as one of the greatest challenges facing psychiatric

medicine.

Sertindole was first licensed in the UK in 1996, but a signal from the

UK Adverse Reactions On-line Information Tracking (ADROIT) database

recorded what seemed to be an unusually high ratio of serious cardiac

arrhythmias and sudden cardiac deaths, in relation to total adverse drug

reaction (ADR) reports, linked to sertindole administration and the drug

was withdrawn in 1998. The rationale for this suspension was based

upon sertindole’s effect on the QT interval, and the possibility that a

prolonged QT interval could cause serious and fatal ventricular

arrhythmias. Concerns about cardiovascular drugs prolonging the QT

interval are, in many cases, justified and consequently this property has

led to the withdrawal of antipsychotic compounds such as thioridazine

and droperidole. However, non-clinical data has added to a further

understanding of the mechanisms underlying QT interval prolongation,

suggesting that QT interval prolongation in itself is not

proarrhythmic.7–9

Further to this, epidemiological studies were conducted to investigate

the ADROIT signal and, based on the new epidemiological evidence,

experts recommended that the Committee for Proprietary Medicinal

Products (CPMP) lift the suspension on sertindole. This

recommendation was adopted by the CPMP in October 2001. The data

on which the experts based their recommendation comprised no fewer

than seven epidemiological studies, totalling more than 10,000 patients

– considerably more patients than are generally included in a marketing

authorisation application. Each of the studies had the same conclusion,

that is, that the mortality rates amongst sertindole-treated patients are

comparable with those of other antipsychotics.10 In epidemiology, the

consistency of the results is a major criterion in assessing the

robustness of the conclusions. Therefore, taken individually, each study

may not be adequate to challenge the ADROIT signal but, taken

together, they provide sufficient data to refute the signal.10 The

epidemiological studies were also supported by extensive preclinical

investigations into the mechanism underlying sertindole’s effect on the

QT interval. As a result of these examinations, sertindole is probably
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one of the most extensively investigated non-cardiovascular

compounds, with respect to cardiac electrophysiological parameters.

The data consistently suggest that sertindole has a low

proarrhythmogenic potential, indicating that a given QT prolongation

may constitute a different risk of serious ventricular arrhythmias for

different drugs.

The final decision to lift the suspension of sertindole was formally

ratified by the European Commission in June 2002 – the first time a

suspension has been lifted following an Article 15a referral. The

reintroduction of sertindole was granted on the conditions that, for at

least one year, all patients treated with sertindole were enrolled in one

of two Sertindole Cohort Prospective (SCoP) studies. The SCoP studies

comprise one randomised, partially-blinded comparative study of

sertindole and risperidone, and one study of sertindole without a

comparator arm (for those patients not suitable for risperidone

treatment). The second condition for reintroduction is that H. Lundbeck

would not undertake normal promotional activities for sertindole

within this conditional period. Patients prescribed sertindole would

undergo electrocardiographic monitoring in accordance with the revised

summary of product characteristics (SPC), to show that sertindole

could be safely prescribed under these conditions. H. Lundbeck

committed to ensuring that these conditions were met and, after one

year, the results of the studies formed the basis of a revised review by

the Committee for Medicinal Products for Human Use (CHMP). The

CHMP carried out this review and, in 2005, issued a favourable opinion

regarding lifting the sertindole marketing restrictions. The European

Commission officially lifted them in December 2005. H. Lundbeck will

now carry out a stepwise introduction of sertindole throughout Europe,

with the first launches having taken place in Estonia, Norway, Finland,

Denmark, Sweden, Iceland, Czech Republic, and Germany during the

first half of 2006. The following countries are expected to launch later

in 2006: Turkey, Switzerland, Russia, Austria, Greece, Slovakia, Hungary,

and Spain.

Schizophrenia is a very serious illness associated with high mortality

and comorbidity rates. Not all drug treatments suit all patients.

Approximately 30% of patients are not fully responsive to any of the

currently available medications and, therefore, the reintroduction of

sertindole provides a valuable additional treatment option for patients

with schizophrenia.



Serdolect® (sertindole) is a limbic-selective antipsychotic agent with a

unique neuropharmacological profile.

Sertindole is indicated for the treatment of schizophrenia. It is

administered orally, once-daily, with or without meals.

Sertindole is effective against both the positive and negative symptoms

of schizophrenia. It is well tolerated and shows placebo-level incidence

of extrapyramidal symptoms (EPS). These properties may result in

improved patient compliance with treatment and a consequent

decrease in relapse rate.

Sertindole can cause QT interval prolongation in some patients and it is

therefore contraindicated in patients with a history of clinically

significant cardiovascular disease, congestive heart failure, cardiac

hypertrophy, arrhythmia, or bradycardia (<50 beats per minute). It

should not be initiated in patients with congenital long QT syndrome

or a family history of this disease, or in patients with known acquired

QT interval prolongation (QTC above 450 msec in males and 470 msec

in females). Sertindole is contraindicated in patients receiving drugs

known to prolong the QT interval.

Prescribers are advised to refer to the current sertindole summary of

product characteristics (SPC) for full prescribing information (see

Section 13, page 83).11

This monograph presents clinical data currently available on sertindole,

and provides an overview of the preclinical and epidemiological

evidence that supported the reintroduction of the drug.

Preclinical profile

In vivo and/or in vitro studies have shown that:

• Sertindole has selective effects on limbic dopamine neurones,

suggesting antipsychotic activity with reduced potential for EPS.

• Sertindole has a high affinity for serotonin 5-HT2 and 5-HT6

receptors, dopamine D2 receptors and α1-adrenergic receptors.

• Sertindole has a low affinity for α2-adrenergic, histaminergic H1,

sigma σ, serotonin 5-HT1A, cholinergic, and β-adrenergic receptors.

• Sertindole displays anxiolytic properties and is not sedating.

• Sertindole does not impair cognitive function in animals, and recent

evidence suggests that sertindole can reverse cognitive impairment

induced by blocking NMDA glutamate receptors.

• Sertindole prolongs the QT interval in several mammalian species

including guinea pigs, rabbits and dogs.

• Despite QT prolongation, sertindole does not exhibit proarrhythmic

activity in rabbit models of arrhythmia. Sertindole does not trigger

EADs in rabbit cardiac purkinje fibres and sertindole does not induce

torsades de pointes (TdP) ventricular arrhythmias in atrioventricular

(AV) node ablated rabbit hearts, despite experimental introduction of

severe hypokalaemia (1.5 mmol) and bradycardia.

• Dogs sensitised to TdP by surgical ablation of the AV-node did not

develop TdP following acute intravenous administration of sertindole

in relevant therapeutic dosages. TdP have occurred following acute

intravenous administration of a very large toxicological dose in dogs

sensitised to TdP.

• The antiarrhythmic properties of sertindole most likely reside in its

calcium and sodium current inhibition and/or its α1-adrenergic

receptor antagonism. These ancillary properties are likely to protect

against induction of EADs, which are triggered by re-entry of calcium

into the cardiac cells. Unlike some other non-cardiac drugs associated

with ventricular arrhythmia (i.e., astemizole, sparfloxacin and cisapride),

sertindole does not trigger EADs in rabbit cardiac Purkinje fibres.

• Sertindole has no effect on blood pressure in conscious rats and

dogs, at continued dosing. Tolerance develops to the orthostatic

hypotension induced in cats.

• Sertindole has only minimal pharmacodynamic interactions with

selected CNS-active compounds including hexobarbital, ethanol and

morphine.

Preclinical profile in detail: see page 9.
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Clinical pharmacology

• Sertindole is well absorbed after oral administration and its

absorption is unaffected by food or antacids.

• Sertindole readily penetrates the blood–brain barrier and it is

approximately 99.5% bound to plasma proteins.

• The elimination half-life of sertindole is approximately 3 days.

• At steady state, sertindole displays linear pharmacokinetics.

• Sertindole undergoes oxidative metabolism in the liver, mediated by

cytochrome P450 2D6 (CYP2D6) and cytochrome P450 3A (CYP3A).

• In poor CYP2D6 metabolisers, clearance is 33–50% that of extensive

metabolisers.

• Two metabolites of sertindole have been identified in human plasma:

dehydrosertindole (Lu 28-092) and norsertindole (Lu 25-073). Both

have receptor profiles similar to sertindole, but only dehydro-

sertindole has a potency allowing a possibility for contribution to

sertindole’s therapeutic effects.

• The clinical pharmacokinetics of sertindole are not significantly

affected by age, gender, race or renal impairment. However, as

sertindole undergoes extensive hepatic metabolism, patients with

mild to moderate hepatic impairment require slower titration and

lower maintenance doses of sertindole. Sertindole is contraindicated

in patients with severe hepatic impairment.

• Coadministration of fluoxetine or paroxetine may increase sertindole

plasma concentrations. Coadministration of carbamazepine or

phenytoin may decrease the plasma concentration of sertindole.

• Sertindole plasma concentrations are not predictive of therapeutic

effect.

• Sertindole prolongs the QT interval, and the effect of sertindole

treatment on the QT interval has been extensively studied in

schizophrenia patients as well as in healthy volunteers. Quinidine, in

addition to its potent inhibitory effects on CYP2D6, prolongs the QT

interval and is associated with a high incidence of TdP.

Coadministration of quinidine is, therefore, contraindicated in

patients receiving sertindole. Coadministration of other drugs known

to prolong the QT interval (e.g., terfenadine and astemizole; a

number of antiarrhythmic agents; some antidepressants; some

antipsychotics; some quinolone antibiotics) is also contraindicated.

• Coadministration of sertindole is contraindicated with drugs known

to potently inhibit CYP3A, including azole antifungal agents,

macrolide antibiotics and HIV protease inhibitors. Other individual

CYP3A inhibitors include cimetidine, which is also contraindicated.
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Table 2.1: Pharmacokinetic properties of sertindole

Metabolism Cytochrome P450 Through CYP3A4 and CYP2D6

Excretion Gastrointestinal tract Urine: 4% (parent and metabolites)

Protein binding 99.5% Bound to plasma proteins

Time to peak concentration (tmax) 10 hours ± 3 hours

Volume of distribution 20 l/kg On multiple dosing

Elimination half-life 2–4 days Dose adjustment in mild to moderate,
and contraindicated in severe, hepatic insufficiency

Interaction with other drugs Yes Through enzymatic competition

Pharmacological parameter Property Comment
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• The risk of QT prolongation is increased in patients with

hypokalaemia and hypomagnesaemia. If concomitant sertindole and

diuretic treatment is needed, a potassium-sparing diuretic should be

used. Other drugs that may induce hypokalaemia are

contraindicated. Electrolyte imbalances should be corrected and the

re-established balance maintained within the normal range during

treatment with sertindole.

• Sertindole may cause episodes of orthostatic hypotension due to 

α1-adrenergic blockade. However, this is overcome by titration

leading to the development of tolerance to the α1-adrenergic

cardiovascular effects (postural hypotension and sinus tachycardia) of

sertindole within the first few days of continued dosing.

• Positron emission tomography (PET) studies have shown that

sertindole is efficacious in patients with schizophrenia at relatively

low D2 receptor occupancy (52–68%) in striatal and extra-striatal

regions following 6–8 weeks of treatment with therapeutically

relevant doses of sertindole (20 mg/day). This supports the view that

sertindole has a mechanism of action that is distinct from

conventional and some of the new generation antipsychotics. The

relatively low D2 receptor occupancy may also provide an

explanation for the very low risk of EPS in patients treated with

sertindole, since it has been shown that patients treated with

antipsychotics with high D2 receptor occupancies (above 80%) have

an increased risk of EPS.

• Sertindole induced very high 5-HT2A receptor occupancies

(approximately 100%) in four healthy subjects treated with 

12 mg/day, confirming the preclinical receptor affinity findings of

sertindole.

Clinical pharmacology in detail: see page 19.

Clinical efficacy

• Sertindole has a clinically effective dose range of 12–20 mg/day.

Only in exceptional cases should a maximal dose of 24 mg/day be

considered.

• Sertindole is associated with significantly greater improvements than

placebo in the Positive and Negative Syndrome Scale (PANSS) total

score, Brief Psychiatric Rating Scale (BPRS) and Clinical Global

Impressions (CGI) scale.

• Sertindole is significantly more effective than placebo in decreasing

negative symptoms as measured by the PANSS negative subscale.

• Sertindole displayed advantages in some efficacy measures versus

haloperidol and versus risperidone, particularly against the negative

symptoms of schizophrenia.

• Efficacy of long-term treatment with sertindole is maintained for at

least 1 year. The greatest degree of overall improvement in the

various rating scales evaluated was consistently observed during the

first 2 months of treatment and maintained throughout the

treatment period.

• More recently, clinical studies in patients with schizophrenia have

suggested that sertindole may improve cognitive function.

Clinical efficacy in detail: see page 27.



Safety and tolerability

• Approximately 60,000 patients have been exposed to sertindole

since initiation of the first clinical studies.

• The tolerability and safety data for sertindole are based on

approximately 3,000 patients, with close to 2,000 patient-years of

exposure. The majority of patients were exposed to modal doses of

between 12 and 24 mg/day of sertindole. A dose of 16 mg/day

proved to be effective.

• Sertindole is well tolerated, with reported adverse events that are

generally mild and manageable. The most common adverse effects

reported significantly more frequently than in placebo controls

included nasal congestion, decreased ejaculatory volume (DEV),

dizziness and dry mouth. There is no significant dose–response

relationship to any adverse event.

• The incidence of EPS with sertindole (12–24 mg/day) is comparable

to that seen with placebo and is statistically significantly lower than

that observed with haloperidol.

• Sertindole treatment does not result in worsening (from baseline) in

movement rating scales assessing parkinsonian symptoms, akathisia

and dyskinesia. In contrast, deteriorations in these rating scales are

seen with all doses of haloperidol studied. Significant improvements

in motor function, as measured by the Abnormal Involuntary

Movement Scale (AIMS), are observed following sertindole treatment,

when compared with placebo.

• Use of anti-EPS medication is no greater in sertindole-treated

patients than in placebo-treated patients.

• In short-term trials, sertindole has a minor effect on serum prolactin

levels. Serum prolactin levels stay within normal limits. This effect is

not seen in long-term studies.

• In both short-term and long-term trials, the mean cholesterol

concentrations at endpoint were similar to those at baseline, and

sertindole had no consistent effect on blood lipids.

• A small increase in mean serum glucose has been observed in

sertindole-treated patients, and 4% of sertindole-treated patients in

the short-term studies had potentially clinically significant glucose

values (≥175 mg/dl) compared with 2% among placebo-treated

patients.

• Sertindole is associated with limited weight gain. In clinical studies a

mean increase of 3–5 kg from baseline body weight was observed.

• Clinically significant changes in haematological parameters have not

been observed.

• Sertindole is known to prolong the cardiac QT interval in some

patients. However, causality between sertindole-associated QT

prolongation and ventricular arrhythmia or TdP is not proven.

• Sertindole is not associated with anticholinergically mediated

cognitive impairment.

• During sertindole treatment, suicide has been observed to be less

frequent than during treatment with haloperidol, risperidone, and

olanzapine.

Safety and tolerability in detail: see page 39.

Pharmacoepidemiology

• Outcomes of several epidemiological studies consistently indicate

low overall, and cardiovascular, mortality rates associated with

sertindole treatment.

• Sertindole does not cause any more cardiac adverse drug reactions

than risperidone and olanzapine, and it is associated with a similar

mortality rate.

• Extensive epidemiological data refute the ADROIT alert raised for

sertindole.

Pharmacoepidemiology in detail: see page 51.

Health economics

• Pharmacoeconomic data showed that the substantial clinical benefits

provided by sertindole, compared to other antipsychotics, result in

increased compliance, improved quality of life, fewer relapses, fewer

hospitalisations, and improved long-term outcome.

• These benefits translate into potential cost savings in health

resources.

Health economics in detail: see page 63.
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3.1. Generic name

Sertindole

3.2. Chemical name

1-[2-[4-[5-chloro-1-(4-fluorophenyl)-1-H-indol-3-yl]-1-

piperidinyl]ethyl]-2-imidazolidinone 

Sertindole is a phenylindole derivative.

3.3. Empirical formula

C24H26ClFN4O

3.4. Molecular weight

440.9

3.5. Substance code

Lu 23-174

3.6. Pharmaceutical presentation

The free base of sertindole is used in tablet formulations and there are

no stereo or geometrical isomers present.
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Figure 3.1: Molecular structure of sertindole
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