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1 Abbreviations 

BBB Blood-brain barrier 

CSF Cerebrospinal fluid 

ISF Interstitial fluid 

CNS Central nervous system 

OLA Olanzapine 

DMO N-desmethylolanzapine 

C/D Concentration-to-dose ratio 

EPS Extrapyramidal symptoms 

ADME 

ADR 

Absorption,  distribution, metabolism and excretion 

Adverse drug reaction 

TDM Therapeutic drug monitoring 

SNP Single nucleotide polymorphism 

PK Pharmacokinetics 

PD Pharmacodynamics 

PCR Polymerase chain reaction 

HPLC High performance liquid chromatography 

LC-MS/MS Liquid chromatography/tandem mass spectrometry 

PET 

FGA 

SGA 

5HT2A 

GAF 

BPRS 

Co-medication 

Positron emission tomography 

First-generation antipsychotic 

Second-generation antipsychotic  

5-Hydroxytryptamine receptor 2A 

Global assessment of functioning 

Brief psychiatric rating scale 

Concomitant medication 
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2 Sammanfattning på svenska 

Schizofreni och schizoaffektiv sjukdom är livslånga tillstånd som oftast medför påtaglig 

funktionsnedsättning och betydande lidande både för patienten och närstående. Trots att 

antipsykotika är avgörande för behandlingsframgång vid dessa sjukdomar förekommer inte 

sällan problem med bristande behandlingseffekt och/eller biverkningar. Olanzapin (OLA) är 

ett läkemedel godkänt för akut- och underhållsbehandling av schizofreni och schizoaffektiv 

sjukdom. OLA blev godkänt för allmän förskrivning i Sverige 1996. 

Det övergripande syftet med detta projekt var att undersöka variation i omsättningen av OLA 

och dess metabolit N-desmetylolanzapin (DMO) vid behandling av patienter med schizofreni 

eller schizoaffektiv sjukdom. Projektet utgörs av två delstudier. Studie 1 syftade till att 

klargöra hur OLA- och DMO-koncentrationer varierar i blodet mellan individer och inom 

individer vid upprepade mätningar. Syftet med studie 2 var att utforska om det fanns någon 

korrelation mellan OLA- och DMO-koncentrationer i serum och i likvor hos patienter som 

behandlades med enbart OLA som antipsykotiskt läkemedel. Effekten av rökning, kön, ålder 

och eventuell annan pågående medicinering undersöktes i båda studierna. I arbete 2 

analyserades även samband till varianter av gener som kodar för läkemedelsmetabolism 

(CYP2D6, CYP1A2) och läkemedelstransport (ABCB1). 

Materialet till studie 1 insamlades under 1997-1999. Med vätskekromatografi analyserades 

OLA- och DMO-koncentrationer i 753 serumprover från 545 patienter. Kliniska data 

registrerades enligt ett strukturerat protokoll. För de 194 patienter där provet var korrekt taget 

(jämvikt, dalvärde) och där relevant klinisk information fanns tillgänglig gjordes ytterligare 

dataanalys. Vi fann att förhållandet mellan serumkoncentration och OLA dos (C/D OLA) 

varierade 25-faldigt och C/D DMO varierade 22-faldigt mellan individer. Kvinnor hade 

signifikant högre C/D OLA än män och icke-rökare hade högre C/D OLA än rökare. Rökare 

ordinerades högre doser av OLA än icke-rökare. I gruppen med rapporterade biverkningar var 

medianvärdet av OLA i serum 22 % högre än i gruppen utan biverkningar. Patienter som 

samtidigt medicinerade med karbamazepin hade ett 71% lägre medianvärde av C/D OLA än 

patienter utan karbamazepinmedicinering. Variabiliteten av C/D OLA var lägre inom 

individer vid upprepade mätningar vid olika tillfällen än mellan individer. 

I studie 2 inkluderades 37 svenska polikliniska patienter (10 rökare och 27 icke-rökare). Från 29 av 

dessa erhölls likvor via lumbalpunktion. Vi fann stark korrelation mellan OLA-koncentration i 

serum och likvor och något svagare korrelation mellan serum- och likvorkoncentration av 
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DMO. Likvorkoncentrationerna av OLA och DMO var i genomsnitt 12% respektive 16% av 

koncentrationerna i serum. Icke-rökare hade högre C/D OLA i serum och likvor än rökare. 

Snabba metaboliserare via CYP2D6 förskrevs högre dagliga doser än långsamma 

metaboliserare när hänsyn togs till rökvanor. Rökande långsamma metaboliserare hade högre 

C/D DMO i likvor, högre DMO/OLA ratio och högre likvor/serum DMO än rökande snabba 

metaboliserare. Även patienter som samtidigt medicinerade med bensodiazepiner hade högre 

CSF DMO/OLA ratio och högre likvor/serum DMO än patienter som inte medicinerade med 

bensodiazepiner. Bärare av haplotypen 1236T/2677T/3435T för ABCB1 hade högre serum- 

och likvorkoncentrationer av OLA än patienter utan denna haplotyp. C/D DMO minskade 

med ökande ålder. 

Sammanfattningsvis fann vi att rökvanor och samtidig medicinering med karbamazepin 

påverkar metabolismen av OLA, vilket ska beaktas vid dosering av OLA. I studie 1 visade 

serumanalyser högre C/D OLA hos kvinnor än hos män. Denna könsskillnad var statistiskt 

signifikant enbart för icke rökare. Genetiska varianter av de metaboliserande enzymerna 

CYP2D6 och CYP1A2 hade en viss, men till synes underordnad, effekt. De effekter vi 

noterade avseende likvoromsättningen av DMO hos rökande långsamma metaboliserare samt 

hos patienter som använde bensodiazepiner måste undersökas närmare i framtida studier pga. 

viss metodosäkerhet vid låga DMO-koncentrationer. Det fanns en stark korrelation mellan 

serum- och likvorkoncentrationer av OLA och en något svagare motsvarande korrelation för 

DMO. Resultaten talar för att koncentrationer av OLA i serum reflekterar dem i likvor. Den 

intraindividuella variabiliteten av C/D OLA var som väntat lägre än den interindividuella 

variabiliteten. OLA-behandling kan betraktas som förutsägbart i så måtto att vid ökad 

dosering ökar likvorkoncentrationen linjärt med koncentrationen i serum. 

Serumkoncentrationsmätning av OLA kan, förutom att vara vägledande avseende 

ordinationsföljsamhet, användas för optimering av OLA-behandling och för långsiktig 

individuell uppföljning. Omgivningsfaktorer, som t.ex. rökning eller samtidig medicinering 

med vissa andra läkemedel, kan interagera med genetiska faktorer avseende 

läkemedelsmetabolism. Detta kan i sin tur markant påverka individuell variation över tid. 

Ändrade rök- och medicineringsvanor kan därför kräva betydande justeringar av OLA-

dosering. 
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4 Abstract 

Schizophrenia and schizoaffective disorders are chronic conditions with a significant impact 

on many functions. Positive, negative, cognitive and motor symptoms appear in different 

degrees and constellations. Antipsychotics are of fundamental importance to reduce 

symptoms. However, insufficient clinical effect and adverse drug reactions (ADRs) are 

important limitations of this drug therapy. Olanzapine (OLA) is a second-generation 

antipsychotic (SGA) drug widely used in the treatment of schizophrenia and schizoaffective 

disorder. The drug has well-documented effects against positive symptoms and has been 

claimed to be efficacious also against negative symptoms.  

 

This thesis comprises of two studies. The aim of study 1 was to investigate factors that may 

influence the inter- and intra-individual variability of steady-state trough concentrations of 

OLA and its N-desmethyl metabolite (DMO) in serum. This was done in a cohort of patients 

treated with oral OLA in a routine clinical setting. In study 2 steady-state trough serum OLA 

and DMO concentrations were studied in relation to cerebrospinal fluid (CSF) OLA and 

DMO concentrations in patients with schizophrenia or schizoaffective disorder, medicated 

with oral OLA as the only antipsychotic drug. We also analysed the effects of age, gender 

smoking and concomitant medication in both studies and in study 2 we also analysed 

polymorphisms in genes with suggested importance for OLA disposition. The drug 

metabolizing enzymes CYP1A2 and CYP2D6 have earlier been found to be of importance for 

OLA metabolism and one animal study has suggested a role for P-gp for the transport of OLA 

into the brain. Therefore we analysed the influence of single nucleotide polymorphisms in the 

CYP1A2 gene (-3860G>A, -2467T>delT, -739T>G, -729C>T, -163C>A, and in the CYP2D6 

gene (*3, *4, *5,*6, and*41) and in the ABCB1 gene (1236C>T, 3435C>T, and 2677G>A/T). 

Study 1 started as a post-marketing surveillance project. In 1997 a high-performance liquid 

chromatography (HPLC)-based therapeutic drug monitoring (TDM) routine for serum OLA 

and DMO was established. During 1997–1999, a total of 753 TDM requests for a total of 545 

Swedish patients were analysed. Additional patient information on certain clinical variables 

was collected on a specifically designed TDM request form. Samples from 194 patients were 

found to be eligible for further scrutiny. We found that the concentration-to-dose ratio (C/D) 

for OLA varied 25-fold and that of DMO 22-fold between individuals. The intraindividual 

variability over time was lower. Women had significantly higher median C/D ratio for OLA 
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than men. However, the higher C/D ratio for OLA in women was statistically significant only 

in the non-smoking group. Non-smokers had significantly higher C/D ratio for OLA than 

smokers. Smokers received significantly higher daily doses of OLA than non-smokers. In the 

group with reported ADRs, the serum OLA concentration was 22% higher than in the group 

without ADRs. Patients co-medicated with carbamazepine had a 71% lower C/D ratio for 

OLA than patients who did not co-medicate with carbamazepine. 

 

Study 2 included 37 Caucasian outpatients (10 smokers and 27 non-smokers). CSF was 

collected from 29 out of them. Because of very low OLA and DMO concentrations in CSF, a 

new liquid chromatography/tandem mass spectrometry (LC-MS/MS) method for 

determination of OLA and DMO in serum and CSF was developed. We found a strong 

correlation between serum and CSF concentrations of OLA and a somewhat weaker 

corresponding correlation regarding DMO. The median CSF concentrations of OLA and 

DMO were on an average 13% and 16% of the serum levels. Non-smokers had higher (P < 

0.01) C/D ratio for OLA in serum and in CSF than smokers. Extensive metabolizers (EM) of 

CYP2D6 had higher daily OLA dosages than poor metabolizers (PM) when the influence of 

smoking was taken into account. EM smokers also showed lower CSF C/D for DMO than PM 

smokers. The DMO/OLA ratio in CSF showed a similar pattern, with a statistically significant 

combined effect of smoking and CYP2D6 genotype, EM smokers having the lowest and PM 

smokers the highest ratio. The combination of smoking and CYP2D6 genotype also affected 

the CSF/serum DMO ratio, PM smokers having the highest and EM smokers the lowest ratio 

(mean 20%, vs 9.5%). Patients co-medicating with benzodiazepines also showed higher CSF 

DMO/OLA ratio than patients without benzodiazepines. Moreover, DMO concentrations in 

CSF in relation to serum were higher in benzodiazepine users than in patients not co-

medicating with benzodiazepines (mean 24% vs 14.4%). Smoking habits did not affect these 

results. Carriers of the ABCB1 1236T/2677T/3435T haplotype had higher serum and CSF 

OLA concentrations than patients without this haplotype. The C/D ratios for serum DMO 

decreased with increasing age (P < 0.05). 

In summary, smoking habits and co-medication with carbamazepine should be taken into 

consideration when dosing OLA. In study 1 we noted that women had higher serum C/D OLA 

ratio than men among non-smokers. This could not be confirmed in study 2, probably due to 

the small study population. Polymorphisms in genes of importance for OLA metabolism 

(CYP1A2 and CYP2D6) and transport (ABCB1) over membranes have some, but probably a 
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minor, effect on serum and CSF concentrations. Larger studies are needed to confirm these 

observations. Smoking in combination with CYP2D6 polymorphism and the use of 

benzodiazepines affected the DMO metabolism in the brain in this study. However, because 

of low precision in the method at low DMO concentrations and a low number of patients, 

these results must also be confirmed in larger studies. The strong correlation between serum 

and CSF OLA concentrations established in study 2 indicates that factors influencing serum 

concentrations (such as smoking) also influence these concentrations in CSF. When patients 

are non-responsive to treatment, not compliant, vulnerable to ADRs on standard doses, or 

when drug interactions are suspected, TDM serum-OLA concentrations can be used as a 

diagnostic tool. Therapeutic drug monitoring is also of value to optimize long-term treatment 

of patients as environmental factors such as smoking and drug interactions may differ over 

time and could markedly interact with a patient´s metabolic capacity and thereby the 

therapeutic outcome. 
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5 Background 

5.1 Schizophrenia and schizoaffective disorder 

Schizophrenia is a complex and heterogeneous disorder with differences in premorbid 

adjustment, course and outcome. It is characterized by positive, negative, cognitive and motor 

symptoms. Positive symptoms include delusions, hallucinations and disorganization of 

thinking and behaviour. Negative symptoms include flattened affect, loss of pleasure and loss 

of will or drive, ambivalence and social withdrawal. Cognitive symptoms include worsened 

memory functions, attention deficits and loss of executive function and loss of insight, all of 

which are closely related to the outcome of treatment (1). Co-morbidities such as depression 

and anxiety are common early in the course (2) and suicide is overrepresented, 5% of 

individuals with schizophrenia dying of suicide (1). Motor symptoms are often subtle 

disturbances of co-ordination and may include immobility or excessive motor activity, 

posturing, waxy flexibility, stereotypy and catatonia (1). Negative symptoms are more stable 

over time and also more resistant to treatment than positive symptoms (3). The annual 

incidence of schizophrenia averages 15 per 100,000, the point prevalence averages 

approximately 4.5 per population of 1000 and the risk of developing the illness over one's 

lifetime averages 0.7% (4). Schizophrenia occurs more often in some families and there are 

also variations in its incidence, with urbanicity, male gender and a history of migration being 

associated with a higher risk of developing the disease. Other factors linked to a higher 

likelihood of developing schizophrenia include cannabis use, prenatal infection or 

malnutrition, perinatal complications and a history of winter birth (4). Schizophrenia research 

has suggested structural, functional and neurochemical brain alterations in an array of brain 

regions and connecting circuitries and these alterations appear to begin early in development 

(5). The lack of complete concordance in monozygotic twins (lifetime incidence 50%) 

indicates, however, that environmental and epigenetic factors are also of significant 

importance (6). 

Schizoaffective disorder, a condition closely related to schizophrenia and bipolar disorder, is 

dominated by, besides schizophrenic symptoms, manic, depressive or a mixed status of 

affective symptoms for at least two weeks and the psychotic symptoms persist even when the 

affective symptoms are stabilized. The severity of the symptoms varies between patients and 

through the course of the disease. The prevalence of schizoaffective disorder is uncertain and 
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varies in different studies. Overall, despite the lack of specific data, there is a consensus that 

schizoaffective disorder is likely to be less common than schizophrenia (7). Current 

definitions of schizophrenia and schizoaffective disorder (ICD 10 World Health Organization 

1992 and DSM-IV, American Psychiatric Association, 2000) incorporate aspects of the onset, 

clinical course and characteristic symptoms (8). 

 

5.2 Antipsychotic drugs 

Antipsychotics are of fundamental importance when treating schizophrenia and 

schizoaffective disorder. In the acute stages positive symptoms dominate the clinical picture. 

However, in the long term, negative and cognitive symptoms are also important to manage. 

The heterogeneity in the symptoms, aetiology, pathology and course of schizophrenia 

encourages the development of drugs with diverse clinical effects. 

Chlorpromazine was developed in 1950. Patients with psychosis and mania were treated with 

this drug for the first time in 1952. It was the first of several first-generation antipsychotics 

(FGA) (i.e. haloperidol, perphenazine, thioridazine and flupentixol). These drugs are effective 

against positive symptoms, but only in about 70% of the patients. Common adverse drug 

reactions (ADRs) are extrapyramidal symptoms (EPS), akathisia and tardive dyskinesia. 

Clozapine was introduced in 1966 as a CNS-active compound. Although the drug did not 

induce catalepsy in animals as the traditional antipsychotics did, it was later shown to have 

antipsychotic properties. In contrast to other available antipsychotic drugs at that time, 

clozapine had a low risk of EPS and prolactin elevation. Clozapine was therefore classified as 

an atypical agent and the first second-generation antipsychotic (SGA). However, the risk of 

agranulocytosis limited its use in wider clinical practice (9). In 1988 Kane published a study 

showing the superiority of clozapine over chlorpromazine (10). This study led to widespread 

use of the drug and it was also shown that the development of agranulocytosis could be 

avoided by repeated monitoring of the neutrophils. This drug´s therapeutic advantage led to 

the development of other SGAs (i.e. risperidone, olanzapine, ziprasidone, quetiapine and 

paliperidone). 

SGAs have well documented effects against positive symptoms and has also been claimed to 

have effects against negative symptoms. Today it has been suggested that the low incidence of 

EPS, which characterizes an atypical antipsychotic in its original sense, can be ascribed to the 

fact it leaves dopaminergic transmission in the extrapyramidal motor system intact (9). Based 
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on PET studies, Farde and colleagues proposed that the antipsychotic effects of dopamine (D) 

receptor antagonists are obtained within a therapeutic window of 60–80% striatal D2/D3 

receptor occupancy and that EPS increase above the threshold level of 80% receptor 

occupancy (11). EPS can be reduced through different mechanisms which may include a high 

ratio of 5HT2A/D2 receptor antagonism, a high ratio of noradrenaline/D2 receptor antagonism, 

preferential mesolimbic binding and fast dissociation from D2 receptors (9). 

The Nobel laureate Arvid Carlsson has suggested that schizophrenia is associated with 

instability of dopamine release rather than with a continuously elevated baseline of dopamine 

activity. Elevated dopamine activity in schizophrenia may be limited to psychotic episodes. 

Thus, between psychotic episodes, these patients may suffer from dopaminergic hypofunction 

with severe disturbances in reward, cognition and motor systems (12). This will make it 

difficult to attain an adequate antipsychotic dose level during the different stages of the 

disease. Based on this hypothesis, compounds with dopamine-stabilizing properties, such as 

aripiprazol, have been developed (13). 

 

5.3 Pharmacokinetics 

Pharmacokinetics (PK) describes the fate of drug molecules administered to a living 

organism, including their absorption, distribution, metabolism and excretion (ADME). The 

processes can be expressed in mathematical formulas. The term pharmacodynamics (PD) is 

used to describe the effects of the drug at its site of action, i.e. the interactions with drug 

receptors or other targets in the body and the events elicited by these interactions. Variability 

in drug response and treatment outcome is influenced by both PK and PD. Factors affecting 

variability in PK are discussed below in more detail. 

 

5.3.1 Factors causing drug response variations 

Adherence to medication is crucial to reaching an optimal clinical effect and preventing 

relapses. Insufficient information and education about the medical treatment to the patients 

and relatives, worsened cognitive function, sometimes a total loss of insight, concomitant 

substance abuse, an insufficient medical effect or ADRs may all be reasons why patients are 

not compliant (14). 

17



18 
 

Physiological differences are also of importance for inter-individual variability. Thus, 

concomitant diseases and malnutrition may affect treatment responses. Furthermore, due to 

differences in body composition, drug kinetics also vary between juvenile and adult 

populations. In elderly people, drug metabolism is affected by loss of total body water, 

increased proportion of body fat, circulation disturbances, and decreased hepatic and renal 

function (15).  

Polymorphisms in genes coding for drug-metabolizing enzymes, transporters, receptors and 

other drug targets have all been linked to interindividual differences in the efficacy and 

toxicity of many drugs, as discussed below (15). 

Environmental factors such as smoking and other agents may also affect drug kinetics. 

Smoking induces the activity of the CYP1A2 enzyme and smoking cessation can, in the worst 

case, lead to serious intoxications due to decreased CYP1A2 activity as a result of the 

disappearance of induction and thereby elevated serum concentrations of CYP1A2-dependent 

drugs (16). Some drugs (including carbamazepine) are also enzyme inducers and potentially 

lead to drug interactions. Inhibition of drug metabolism by other drugs is another common 

cause of drug interactions (17). Examples of substrates, inhibitors and inducers of CYP1A2 

and CYP2D6 are given in Table I. 

 

5.3.2 Metabolism 

The overall purpose of metabolism of lipid-soluble drugs (such as antipsychotic drugs) is to 

make them more water soluble and thus facilitate their elimination (18-19). Drug metabolism 

includes phase I reactions (oxidation, reduction and hydrolysis) and phase II conjugation 

reactions (glucuronidation, sulphation, acetylation and methylation). Among phase II 

reactions, glucuronidation by hepatic glucuronyltransferases (UGTs) is probably the most 

important one (20). 

The cytochrome P450 (CYP) enzymes responsible for the oxidation process are localized in 

the mitochondria and endoplasmatic reticulum of the liver, but also in several extrahepatic 

tissues such as the skin, small intestine, kidney, and lung and also to some extent in the brain. 

These enzymes are important not only for the metabolism of drugs and structurally diverse 

chemicals, but also for some endogenous compounds (18). The most important CYP enzymes 

involved in drug metabolism are CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and 
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CYP3A4/5 (18). The overall expression of drug-metabolizing CYP enzymes in the brain is 

much lower than in the liver. The situation is more complex in that there is a region-specific 

distribution of cytochrome P450 enzymes in the human brain and different CYP isoenzymes 

often have different patterns of expression across brain regions and cell types. Brain CYP 

enzymes are inducible by many common hepatic inducers; however, many compounds affect 

liver and brain CYP expression differently (21-22). 

 

 

 

Table I. Two of the major hepatic drug-metabolizing cytochrome P-450s. Some examples of 

substrates, inhibitors and inducers 

 

CYP1A2                                                                        CYP2D6 

Substrates Inhibitors Inducers Substrates Inhibitors Inducers 

Caffeine Fluvoxamine Smoking Codeine Quinidine none 

Theophylline Fluoxetine Rifampicin Amitriptyline Paroxetine  

Clozapine Ciprofloxacin Carbamazepine Clomipramine Fluoxetine  

Olanzapine Oral contraceptives Phenytoin Imipramine   

Paracetamol  Omeprazole Nortriptyline   

Melatonin   Paroxetine   

Oestradiol   Duloxetine   

Amitriptyline   Haloperidol   

Imipramine   Perphenazine   

Clomipramine   Zuclopenthixol   

Duloxetine   Risperidone   
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5.3.3 Pharmacogenetics 

Pharmacogenetics is the science of the inherited component of the variability of drug 

response. This knowledge is now playing an increasing role also in psychiatry, thus driving 

the discipline from symptom-based medicine to more mechanism-based medicine. Today at 

least 57 CYP genes have been identified in humans (18) and this information has increased 

our understanding of the interindividual variation of drug response (23). Certain gene 

polymorphisms have been associated with increased or decreased enzyme activity or altered 

inducibility, e.g. by smoking (24). The clinical importance of polymorphisms of drug-

metabolizing enzymes depends on many factors such as the quantitative importance of the 

polymorphic pathway for the total clearance of the drug, whether pharmacologically active 

metabolites are formed, the further metabolism of the metabolites, the potency of the 

pharmacologically active compounds and whether the drug has a narrow or broad therapeutic 

index (25). The polymorphic CYP2D6 is of importance for the metabolism of many FGAs 

(i.e. haloperidol, perphenazine and zuclopenthixol) and of risperidone. Some studies have 

suggested that poor metabolizers (PMs) of CYP2D6 would be more prone to over-sedation 

and parkinsonism during treatment with FGA, whereas other studies have been negative or 

inconclusive (25). One study found that EPS and tardive dyskinesia and noncompliance were 

more frequent among PMs than among intermediate metabolizers (IMs) and extensive 

metabolizers (EMs) (26). 

 

5.3.3.1 CYP2D6 

The human CYP2D6 gene is polymorphic, with a number of functionally important alleles 

resulting in large interindividual differences in metabolic capacity. Based on genotype, 1–2% 

of Swedes carrying more than two functional CYP2D6 genes can be classified as ultrarapid 

metabolizers (UMs) (27). Gene duplication is more frequent around the Mediterranean (in 

Spain and Italy, 7–10%) and in some regions of Africa (Ethiopia, 29%) (25). Homozygous 

extensive metabolizers (EMs) have two functional genes, heterozygous EMs one functional 

and one loss-of-function allele and poor metabolizers (PMs, 7% of Swedes) have no 

functional genes. The most frequent inactivating CYP2D6 allele associated with the PM 

phenotype is CYP2D6*4. By analysis of partially defective genes leading to decreased but not 

fully absent enzyme activity, intermediate metabolizers (IMs) can also be indentified (28). 

The PM genotype has been associated with decreased elimination kinetics for a number of 

antipsychotic drugs and an increased risk of concentration-related ADRs (25-26). At the other 
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extreme, UMs might be at risk of an insufficient therapeutic effect or non-response (25). 

CYP2D6 activity is essentially not inducible in the liver. However, an increase in CYP2D6 

activity during pregnancy, which may be caused by induction of CYP2D6 in the liver, has 

been proposed (29). Further, induction of CYP2D by nicotine has been shown in the brain of 

African green monkeys. This expression of CYP2D and induction was region- and cell-

specific, with the highest levels of induced CYP2D in dopaminergic neuron rich regions 

(basal ganglia, including the substantia nigra). Moreover, higher human CYP2D6 levels were 

found in some brain areas (globus pallidus, substantia nigra and cerebellum) in smokers 

compared to non-smokers (21). 

 

5.3.3.2 CYP1A2 

A number of allelic variants of the CYP1A2 gene have been identified and studied with 

respect to their potential influence on enzyme activity and disposition of CYP1A2 substrates 

(24). The CYP1A2*1F allele contains a -163C>A mutation in intron 1 and this has been most 

consistently shown to increase the inducibility of the enzyme. 

 

5.3.3.3 P-glycoprotein 

To fulfil their actions, CNS-active drugs must cross the blood-brain barrier and reach their 

targets in CNS. Apart from drug-metabolizing enzymes, the pharmacokinetics of drugs can 

also be influenced by active transport proteins, the most extensively studied being P-

glycoprotein (P-gp), coded by the ABCB1 gene. P-gp is expressed in many tissues including 

the gut, liver, kidney and brain (30). A number of polymorphisms (1236C>T, 3435C>T and 

2677G>A/T) in the ABCB1 gene have been suggested to alter the pharmacokinetics of certain 

drugs including digoxin and phenytoin (31) and, more recently, also antipsychotic drugs such 

as risperidone (32). OLA penetration into brain tissue has been suggested to be greater in the 

ABCB1a P-gp-deficient mice than in the wild type (33). Among antipsychotics, risperidone 

and quetiapine were found to be good P-gp substrates, while OLA showed intermediate and 

clozapine low affinity for P-gp in vitro (34). 

 

21



22 
 

5.4 The concept of Therapeutic Drug Monitoring 

Therapeutic drug monitoring (TDM) refers to the individualization of dosage guided by 

measurements of blood (usually plasma or serum) concentrations with the aim of achieving or 

maintaining therapeutic drug concentrations. For adequate interpretation, the serum samples 

need to be drawn under controlled conditions (trough values at steady state). The trough value 

refers to the lowest concentration during the dosing interval, i.e. shortly before administration 

of the next dose. Evidence is growing that TDM may improve efficacy and safety in patients 

treated with new antipsychotic drugs (35). Because of the marked interindividual variability in 

dose-adjusted blood levels of a drug, the dose is an inaccurate tool for predicting serum drug 

concentrations. When the doses are very low TDM may be useful to establish that there is any 

drug in the bloodstream. Furthermore, interactions (i.e. induction or inhibition) between drugs 

or other agents can markedly affect metabolism and thereby change the serum concentration 

of a drug within a patient even if the dose is unchanged (36). 

 

5.5 Drug concentrations in CSF 

The in vivo assessment of CNS penetration of drugs is complicated. Analyses of drugs in CSF 

have been performed in a few studies e.g. (37-38). However, CSF concentrations are not 

believed to always follow the same profiles as the interstitial concentrations of a drug in the 

brain (39). Positron emission tomography (PET), which enables measurement of the 

occupancy of drug receptors, revealed that dopamine D2 receptor occupancy correlated better 

with serum concentrations than with the doses of the antipsychotics (35). Animal studies have 

shown that serum OLA concentrations correlate well with brain concentrations, and much 

better than with the dose (40). The CSF concentration-response relationship cannot, however, 

be assumed to remain constant when experimental conditions are altered or in the presence of 

pathophysiology (41). In post mortem human studies it has been found that concentrations of 

levomepromazine in different brain compartments may vary up to 20-fold. These differences 

may due to different transporters in different barriers or metabolism of the drug in various 

parts of the brain (22). 
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5.6 Olanzapine 

OLA is a widely used antipsychotic drug all over the world. It is approved for schizophrenia 

and schizoaffective disorder (acute and maintenance phase) and it is effective against positive 

symptoms and has also been suggested to be effective against negative symptoms (42-43). 

Common ADRs are sedation, weight gain, hypotension, dry mouth, constipation, seizures, 

headache and hypotonia. Anticholinergic effects, transaminase elevation, eosinophilia and 

elevated levels of glucose, insulin, leptin and blood lipids are other common ADRs (44-45). 

Compared to haloperidol, OLA is, however, characterized by minimal blood prolactin 

elevation, a low degree of EPS (42) and a low risk of tardive dyskinesia (46). Neutropenia and 

thrombocytopenia are uncommon ADRs and, compared to clozapine, reports of 

agranulocytosis are rare (47). As for other antipsychotics, there are few cases of malignant 

neuroleptic syndrome and prolonged QT-intervals. OLA should be administered to elderly 

persons with caution and not to patients with vascular/mixed type dementia because of the 

risk for cerebrovascular adverse events (stroke and transient ischemic attacks) and also for the 

risk of sudden death (i.e. cardiac failure). 

 

 

 

 

 

 

Figure 1. Structure of olanzapine (OLA). 

 

OLA is a thienobenzodiazepine derivate and the pharmacological effects are mediated by 

affinities for 5-HT-2A/C serotonergic, D1-4 dopaminergic, H1 histaminergic, α1 adrenergic 

and M1-5 muscanergic receptors (43). When investigated under controlled conditions, 

OLA shows linear pharmacokinetics throughout a dose range of 1–30 mg daily (44). A 

large interindividual variation in dose-corrected serum concentrations of OLA has been 

documented (48). The median reported elimination half-life of OLA after a single oral 

dose of 0.5–15 mg was 33 hours, but with a pronounced inter-individual variability (21-

54 hours) (44). OLA is highly protein bound (> 90%), predominantly to albumin and α1-
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acid glycoprotein. OLA undergoes extensive and complex metabolism by a number of 

enzymatic pathways. Thus, the variability in clearance could be explained by differences 

in the activity of enzymes catalyzing the metabolism of OLA. The formation of DMO 

correlates with the clearance of OLA (44). Data on smokers and men indicated a higher 

clearance of OLA upon repeated oral dosing compared to non-smokers and women (44). 

OLA does not inhibit CYP enzymes (CYP1A2, CYP3A4, CYP2D6, CYP2C9 or 

CYP2C19) (49). The smoking-inducible CYP1A2 has been implicated as the major 

enzyme catalysing the metabolism of OLA to 4´-N-desmethylolanzapine (DMO) (44, 

50). In conformity with this, smoking has been shown to influence the kinetics of OLA 

and DMO (44, 51). CYP2D6 is also implicated in the metabolism of OLA to 2-

hydroxymethylolanzapine, a minor metabolite (50). The clinical importance of CYP2D6 

polymorphism in OLA metabolism remains unclear. Only a few studies have investigated 

how the CYP2D6 polymorphism affects OLA pharmacokinetics in vivo (52-53). While 

one review study (54) suggested that PMs would have decreased clearance of OLA as 

compared to EMs, others have found no association between CYP2D6 genotype and the 

pharmacokinetics of OLA in vivo (51, 55). Other enzymes involved in the metabolism of 

OLA include the flavin-containing mono-oxygenase FMO3 and uridine diphosphate 

glucuronyltransferase 1A4 (UGT1A4) (44). Some drug interactions have been found to 

be of importance for serum concentrations of OLA. Carbamazepine is known to lower the 

serum concentrations of OLA (48). This effect is considered to be mediated mainly by 

increased UGT activity but also by CYP1A2 activity (17). It is not known whether the 

rather limited UGT-inducing properties of lamotrigine are of clinical significance (17). 

Certain drugs such as fluvoxamine and ciprofloxacin inhibit CYP1A2 and may increase 

the serum concentration of OLA (56). Some drugs such as fluoxetine inhibit CYP2D6 

which may affect the minor metabolic pathway forming 2-hydroxymethylolanzapine 

(53). Apart from drug-metabolizing enzymes, the pharmacokinetics of OLA might also 

be influenced by active transport proteins such as P-gp. In an earlier study a better 

therapeutic response to OLA was reported in female patients who were ABCB1 2677T-

carriers (57). 
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6 Aims of the present studies 

The present thesis had the following aims: 

 To study the inter- and intra-individual variability of steady-state trough serum OLA and 

DMO concentrations in a naturalistic cohort of patients medicated with oral OLA 

 To study the variability of steady-state trough serum OLA and DMO concentrations in 

relation to CSF OLA and DMO concentrations in patients with schizophrenia or 

schizoaffective disorder, medicated with oral OLA as the only antipsychotic drug 

 To study the effect of gender, age, smoking, co-medication and polymorphisms in genes 

coding for CYP1A2, CYP2D6 and P-glycoprotein on serum and CSF levels of OLA and 

DMO 
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7 Material and Methods 

 

7.1 Study 1 

7.1.1 TDM service 

From February, 1997, to June, 1999, clinicians were informed of and proposed to use a TDM 

service for OLA and DMO analyses at the Department of Clinical Pharmacology at Lund 

University, Sweden. A request form including clinical data was drawn up. Physicians (mostly 

psychiatrists) from Sweden (93 psychiatric centres) requested a total of 753 TDM analyses of 

OLA and DMO concentrations. For the purpose of this study, the serum concentration data 

and all available TDM request form information from these 753 analyses were transferred to a 

database (Access, Microsoft Inc, VA, USA). 

In total, 532 samples from 351 patients were excluded due to insufficient information on the 

request form, non-steady-state or trough values, drug interference in the analysis or other 

technical problems (two samples were excluded due to non-detectable serum levels of OLA 

and/or DMO). TDM data representing trough values in steady-state samples from 194 

patients, denoted as the per protocol (Pp) group, were reported. Only the first sample from 

each patient was included in this group. Twenty patients (7 females and 13 males) with 

repeated samples were available for intra-individual analyses. Sixteen of these patients were 

monitored on two occasions, while four were monitored on three or more occasions. Only the 

data on the first and second occasion for these 20 patients were used. The median time 

elapsed between the first and second TDM sample was 10 weeks (3 days–42 weeks).  

 

7.1.2 Study subjects 

The demographics of the 194-patient group (111 men and 83 women, age 19–90 years) did 

not differ significantly from the 545-patient group (Table II). They were prescribed doses 

between 2.5 and 40 mg and had been on the same OLA dose for at least 14 days. For inter-

individual and intra-individual comparisons, information on gender, age, dose regimen and 

the daily dose prescribed was required. Furthermore, information on co-medication or a 

written statement certifying that the patient was being medicated with no other drug but OLA 

(monotherapy) was required. 
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The majority of physicians provided clinical data on the request form including age, gender, 

dose regimen, how many days the same OLA dose had been prescribed and the number of 

hours passed between the last dose intake and the time of sampling. Furthermore, reports on 

co-medication, the indication for TDM and smoking habits were given. When ADRs were 

reported (indicated as “yes” or “no” by a tick in a box) the clinician was urged to present a 

short description of the nature of the ADR on the request form. 

 

7.1.3 Blood sampling 

Serum blood samples (7 mL venous blood collected in a vacuum tube) were obtained from 

545 patients. The blood was left to clot in the test tube for 30–60 minutes at room temperature 

and then centrifuged at 1500g for 10 minutes. Serum was then transferred to a polypropylene 

tube for transport to the TDM laboratory. If not analysed within 3 days the serum was kept at 

-20°C until analysed within 4 weeks. 

 

7.1.4 Serum OLA and DMO determination 

A method for analysis of OLA and DMO was developed based on a modification of an earlier 

published high-performance liquid chromatography (HPLC) method (58). One mL of serum 

sample containing 1 nmol of the internal standard (LY170222) was extracted using 1 mL 

Isolute HCX (130 mg) (Internal Sorbent Technology Ltd., Hengoed, U.K.) solid-phase 

extraction columns. OLA, DMO and the internal standard, a 2-ethyl analogue of OLA 

(LY170222), were obtained from Eli Lilly and Company. 

The columns were activated with 1 mL methanol and 1 mL deionizd water before extraction. 

After extraction of the serum, the cartridges were washed with 2 mL of 50 mM sodium 

acetate, pH 4.1, followed by 1 mL of deionized water and 2 mL of methanol. The analytes 

were eluted with 1 mL of 1% ammonia in methanol. The eluate was evaporated to dryness in 

a vacuum evaporator (AES 2000; Savant Instruments, Farmingdale, NY, USA). The residue 

was dissolved in 100 L of the mobile phase, consisting of acetonitrile-50 mM potassium 

dihydrogen phosphate buffer, pH 3.5 (13:87 vol/vol), and 20 L were injected into the HPLC 

system. The analytes were separated on a Lichrosphere RP-Select B 125x4-mm (5- m) 

analytical column (Merck, Darmstadt, Germany). The absolute extraction recoveries from 

serum amounted to 91%, 81% and 89% for OLA, DMO and LY 170222, respectively. The 
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within-day variation at 20 nmol/L established from 10 internal control samples in a single 

series was 1.7% for OLA (mean  SD =24.0  0.41 nmol/L) and 2.5% for DMO (mean  SD 

= 23.4  0.58 nmol/L). The inter-day variation at 20 nmol/L calculated from internal control 

samples on 20 different days was 7.9% for OLA (mean  SD =20.8  1.63 nmol/L) and 

11.1% for DMO (mean  SD =19.3  2.14 nmol/L). Four per cent of a total of 753 samples 

was excluded due to technical problems (i.e. interference). 

 

 

7.2 Study 2 

Study 2 includes two parts. Pharmacokinetic data are reported in this thesis, and the 

pharmacodynamic part of the study will be reported elsewhere. 

 

7.2.1 Study subjects 

Study 2 took place from January 2005 to January 2007. Fifty-four Caucasian outpatients at 

Linköping University Hospital, suffering from schizophrenia or schizoaffective disorder 

according to DSM-IV criteria, were invited to participate in the study. All patients had been 

medicating with oral OLA (as the only antipsychotic drug) for at least four weeks. Only 

somatically healthy patients as judged by routine laboratory analyses (liver, renal and thyroid 

function, haematology) and physical examination were included. Patients co-medicating with 

drugs affecting platelet function and patients with cancer, infectious diseases, ongoing drug 

abuse, diabetes type 1 or 2 with a blood glucose level higher than 15 mmol/L, earlier 

myocardial infarction, hypertension (systolic blood pressure >160 mmHg, diastolic > 110 

mmHg) or any other serious medical disease were excluded. If necessary, other specialists 

were consulted before inclusion. Among the 54 patients, 37 were found to be eligible and 

agreed to participate after being given oral and written information. The patients were 

between 23–50 years old (median 36 years). 

A request form including clinical data (age, gender, smoking habits, coffee intake and co-

medication) was drawn up. Dose regimen, OLA dose, last dose intake and ADRs were also 

reported and clinical ratings (GAF and BPRS) were done. Fasting blood sampling and lumbar 

puncture in the morning were performed. A lumbar puncture was successfully undertaken in 

29 of the 37 included patients. 

29



30 
 

 

7.2.2 Blood and CSF sampling 

Blood was collected after a minimum of 8 hours in the fasting state for serum concentrations 

of OLA and DMO and routine blood analyses including blood lipids, blood glucose, insulin 

and c-peptide and genetic analyses. The blood was centrifuged and kept in a refrigerator at 

-70◦C until analysed. Lumbar puncture was performed after a minimum of 8 hours in the 

fasting state. There were no restrictions concerning posture or rest during the preceding 8 

hours. At about 8.00 a.m. a disposable needle (BD Whitacre Needle 0.7 x 90 mm) was 

inserted at the L 4-5 level with the subject in the right decubitus position. For convenience, a 

pillow was placed under the subject‟s head. Two 6-mL fractions of CSF (dripped into two 

plastic test tubes) were protected from light and centrifuged at 3500 rpm for 10 minutes 

within 30 minutes after the puncture. Each 6-mL sample was placed in a freezer (-70°C) in 

two 3-mL tubes until analysed. 

 

7.2.3 Serum and CSF OLA and DMO determination 

For the purpose of study 2, a sensitive and specific LC-MS/MS method for determination of 

OLA and its metabolite DMO was developed (59). The analytes were quantified by tandem 

mass spectrometry operating in positive electrospray ionization mode with multiple-reaction 

monitoring. 200 µL were extracted from serum or cerebral spinal fluid samples, with tert-

butyl methyl ether using 25 µL IS (OLA-D3) as internal standard. Calibrations showed good 

linear response in the range of 0.6–96 nmol/L in CSF for both OLA and DMO. In serum 

linear response was achieved for OLA in the range of 16–320 nmol/L while a quadratic curve 

fit was used for DMO. The LOQ (signal-to-noise-peek ≥ 10) was 0.96 nmol/L for OLA and 

2.9 nmol/L for DMO in serum and 0.34 nmol/L for OLA and 1.0 nmol/L for DMO in CSF. 

The method was successfully used for the analysis of samples from patients treated with OLA 

in the dose range of 2.5–25 mg/day. For OLA the within-day precision (CV) was equal or 

better than 7% in serum and CSF while the precision for DMO was within 7-20%. The better 

precision shown for OLA was due to the use of the corresponding deuterated internal standard 

(i.e. OLA-D3) not available for DMO. 
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7.2.4 Genotyping 

Genotype analyses were done on blood samples collected into EDTA vacutainer tubes and 

kept frozen at -20°C until analysis. Genomic DNA was isolated from whole blood using the 

QIAamp  DNA Blood Mini Kit (QIAGEN Ltd, Hilden, Germany). The CYP2D6 alleles *3, 

*4 and *6, as well as *41, were analysed using TaqMan® Pre-Developed Assay Reagent kits 

(Assay-IDs for *3 C__32407232_50, *4 C__27102431_B0, *6 C__32407243_20, and for *41 

C__34816116_20) for allelic discrimination and the ABI PRISM 7000 Sequence Detection 

System (Applied Biosystems, Foster City, CA, USA). The CYP2D6*5 allele (total deletion of 

the gene) was detected by long PCR followed by 1% agarose gel electrophoresis (60). The 

CYP2D6 gene duplication, which usually confers ultrarapid metabolism, was detected using a 

long PCR as described by Steijns & van der Weide (61). The CYP1A2 polymorphisms -

3860G>A (rs2069514), -2467T>delT (rs35694136), -739T>G (rs2069526), -729C>T 

(rs12720461) and -163C>A (rs762551) were analysed by previously described PCR-RFLP 

methods with minor modifications (62-65). 

ABCB1 polymorphisms were also analysed using TaqMan® kits purchased from Applied 

Biosystems (for 1236C>T, rs1128503, Assay ID C___7586662_10, for 3435C>T, rs1045642, 

C___7586657_1_ and for 2677G>A/T, rs2032582, Forward Primer GTA AGC AGT AGG 

GAG TAA CAA AAT AAC ACT, Reverse Primer GAC AAG CAC TGA AAG ATA AGA 

AAG AAC T, 2677G probe VIC-CCT TCC CAG CAC CT, 2677A probe FAM-CTT CCC 

AGT ACC TTC, 2677T probe FAM-CTT CCC AGA ACC TT), according to the guidelines 

of the manufacturer. 

 

7.3 Statistical methods 

In study 1 the monitored OLA and DMO concentrations, as well as C/D ratios, were unevenly 

distributed (tested by the Kolmogorov-Smirnov test). A two-tailed non-parametric statistical 

method was therefore used for comparative tests. Median and range with the 25th and 75th 

percentiles are presented. Co-variations between variables were analysed using linear 

regression (r2) or Spearman´s rank correlation test (rs). Qualitative variables were analysed 

using chi-squared tests. 

In study 2 the distribution of the drug concentrations was found to be sufficiently normally 

distributed for an analysis of covariance (ANCOVA). Mallow´s cp was used to determine the 
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best subset of combinations of independent variables. Mean values are shown with SD. Co-

variations between variables were analysed using linear regression (r2) or Spearman´s rank 

correlation test (rs). Qualitative variables were analysed using chi-squared tests. 

The level of significance was set at P < 0.05 in both papers. The computer software GraphPad 

PRISM, version 3.0 (Graf Pad Software, Inc. San Diego, CA, USA) and Statview 5.0 (SAS 

Institute, Berkeley, CA, USA) were used for the statistical analyses in the first paper and the 

Statistica, StatSoft, Inc. (2007) STATISTICA (data analysis software system), version 8.0, 

program was used in study 2. 

 

7.4 Ethical considerations 

Study 1 was a post-marketing surveillance study in which clinical data and serum 

concentrations of OLA were referred to a database and then analysed. The purpose was to 

describe the variability of OLA and DMO serum concentrations in a Swedish population. 

These kinds of studies are important when a new drug enters the market. Drug interactions 

during polypharmacy are sometimes unpredictable and may markedly affect serum 

concentrations of drugs and thereby the drug response. 

During the design of study 2 ethical awareness was important since the study included lumbar 

puncturing (not a routine procedure) and genotyping in a vulnerable patient population. When 

analysing the benefits and risks of the study we considered that it would contribute knowledge 

that would be valuable for the patient population at large. 

Study 1 was approved by the Ethics Committee of the Medical Faculty of Lund University, 

Sweden. Study 2 was approved by the Ethics Committee of the Medical Faculty of Linköping 

University, Sweden, the Swedish Medical Products Agency and the Swedish Data Inspection 

Board. All patients gave their oral and written informed consent before inclusion in study 2. 
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8 Results 

 

8.1 Study 1 

The demographic data of the patients included in study 1 are shown in Table II. Oral OLA 

doses ranged between 2.5 and 40 mg daily (median 11.3 mg) in the Pp group (n = 194). The 

serum OLA and DMO concentrations varied 37-fold and 20-fold, respectively. The 

correlation between prescribed daily doses of OLA and the serum concentrations of OLA was 

low, r2 = 0.21 (P < 0.001; Figure 2) and the correlation between daily doses of OLA and 

DMO somewhat stronger, r2 = 0.42 (P < 0.001).  

In the 194 group (Pp group) the concentration-to-dose (C/D) ratio for OLA varied 25-fold and 

that of DMO 22-fold and the OLA/DMO ratio varied 46-fold. Women had higher median 

(range) OLA concentrations (82 (12–314) vs 64 (9–336) nmol/L; P < 0.05) and C/D ratio for 

OLA (7.2 (1–20.3) vs 5.2 (0.9–22.4) nmol/L/mg; P < 0.01) and DMO (1.6 (0.2–4.4) vs 1.2 

(0.3–3.6) nmol/L/mg; P < 0.01) than men. The higher C/D ratio for OLA in women was 

found to be significant only in the non-smoking group. 

Smoking habits were reported for 142 of the 194 patients (66 women and 76 men; Table II). 

Smokers had lower median (range) OLA concentrations (60 ( 9–257) vs 92 (12–336) nmol/L;  

P < 0.001), lower OLA/DMO ratios (3.3 (0.8–14.7) vs 4.9 (0.8–37); P < 0.001), lower C/D 

ratios for OLA (4.0 ( 0.9–17.3) vs 9.2 (1.0–22.4) nmol/L/mg; P < 0.001) and lower C/D ratios 

for DMO (1.2 (0.2–4.4) vs 1.6 (0.2–3.8) nmol/L/mg; P < 0.01) than non-smokers. Smokers 

had higher median (range) prescribed doses than non-smokers (12.5 (5–40) vs 10 (2.5–30) 

mg; P < 0.05). The difference in prescribed daily doses between smokers and non-smokers 

was significant only in women when grouped by gender. 
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Figure 2. The relation between prescribed daily doses of OLA and serum OLA concentration 

in the per protocol group (n = 194) in study 1. Two patients with no measurable OLA or 

DMO serum concentrations otherwise fulfilling per protocol criteria are not included. 
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Table II. Demographic data from the olanzapine analysis request forms in study 1.  

 
 All patients  Per protocol 

group (*)  
 Monotherapy 
group (*) 

      

Number of patients (n) 545   194    44  

Gender, n (%)      

   Men  294 (54%)  111 (57%)   25 (57%) 

   Women 251 (46%)   83 (43%)   19 (43%)  

Age, median (range), years      

   All   38 (16-90)    37 (19-90)   34 (17-70) 

   Men  37 (16-83)    37 (17-83)   34 (17-70) 

   Women  39 (16-90)    38 (16-90)   34 (20-58) 

Body height, median (range), cm 174 (131-200)  174 (156-200)  173 (156-195) 

Body weight, median (range), kg  79 (38-135)    80 (53-135)   80 (55-130) 

BMI, median (range), kg/m
2
        

   All  26 (14.8-52.4)   26 (17.1-47.8)   27 (18.3-36.8) 

   Men  26 (17.1-52.4)   25 (17.1-37.8)   26 (19.4-36.8) 

   Women  26 (14.8-48.7)   27 (18.3-47.8)   27 (18.3-36.6) 

   No information, n (%)  322 (59%)   79 (41%)   10 (23%) 

Dose, olanzapine daily dose,  
   Median, (range), mg 

     

   All  15.0 (2.5-50)   11.3 (2.5-40)   10.0 (2.5-40) 

   No information, n (%)  43 (10 %)     

Indication for analysis, n, (%)       

   Routine/therapy check-up 240 (44%)   96 (50%)   24 (55%) 

   Undertreatment? 129 (24%)   44 (23%)   12 (27%) 

   Overtreatment?    34 (6%)   15 (8%)    1 (2%) 

   Compliance?  51 (9%)   21 (10%)    6 (14%) 

   Intoxication   2 (<1%)       

   No information, n (%)  88 (16%)   18 (9%)    1 (2%) 

Effectiveness, VAS (**)      

   0-100 median (range), mm   46 (2-94)   49 (6-94)   68 10-94) 

   No information, n (%) 337 (62%)   87 (45%)   13 (30%) 

ADRs, n (%)       

   Yes  81 (15%)   47 (24%)   10 (23%) 

   No 195 (36%)   90 (46%)   27 (61%) 

   No information 269 (49%)   57 (30%)    7 (16%) 

Concomitant medication, n, (%)       

   Olanzapine monotherapy  65 (12%)   44 (23%)   44 (100%)    

   Olanzapine + one other drug 103 (19%)   39 (20%)   

   Olanzapine + 2 drugs 297 (54%)  111 (57%)   

   No information  80 (15%)     

Smoking, n, (per cent)      

   Yes 147 (27%)   69 (36%)   16 (36%) 

   No 135 (25%)   73 (37%)   23 (52%) 

   No information 263 (48%)   52 (27%)    5 (11%) 

      

 
 

(*) = steady state (  14 days on the current daily dose; trough value samples drawn 10–24 

hours post dose). (**) VAS =Visual Analogue Scale (0-100 mm). 
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Figure 3. Box-plot comparison (median and 25th to 75th percentile, range 0-100%) of C/D 

ratio for OLA in All = all patients included in study 1, in Mono = the subgroup of 

monotherapies with OLA, in Poly = the subgroup of polytherapies (olanzapine and  2 other 

drugs); Ach = patients on anticholinergic co-medication with orphenadrine or bipheridine 

(poly included), Cbz = patients on carbamazepine co-medication (poly included), Zop = 

olanzapine and zopiclone in monocombination. All samples are trough values at steady state 

(i.e.  14 days on the current daily OLA dose drawn 10–24 hours post dose). 

 

Co-medications were described separately in order to study drug interactions in the Pp group 

(n=194). Twenty one per cent co-medicated with anticholinergic drugs (orphenadrine, 14%, 

or bipheridine, 7%). Eleven per cent co-medicated with anticholinergics in the group with 

OLA as the only antipsychotic drug and 25% had been prescribed at least one other 

antipsychotic in addition to OLA. Patients on OLA monotherapy were compared with patients 

co-medicating with another single drug (monocombination). Only one such monotherapy 
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group was found large enough to study (OLA + zopiclone, n =7; see Figure 3). Patients on 

OLA and carbamazepine (polycombinations included, n = 10) had a 59% lower (P < 0.001) 

median serum concentration of OLA and a 50% lower (P < 0.001) median OLA/DMO ratio 

than the OLA monotherapy group. Interestingly, the doses of OLA were twice as high median 

(range) in patients co-medicated with carbamazepine when compared to the monotherapy 

group (20 (10–25) vs 10 (2.5–40) mg daily). As shown in Figure 3, the median C/D ratio for 

OLA in the carbamazepine group was 71% lower (P < 0.001) than in the OLA monotherapy 

group. Co-treatment with carbamazepine did not affect the C/D values for DMO. 

Tiredness (36%), followed by EPS (26%), weight gain (19%), dry mouth, constipation and 

hypotension (4% each) were the most common reported ADRs in the Pp group (n=137, 45% 

women and 55% men). In the monotherapy group, tiredness (60%) and weight gain (20%) 

were the most common reported ADRs. The serum OLA concentrations was 22% higher 

median (range) in the group with reported ADRs than in the group with no ADRs (88 (21–

282) vs 66 (11–320) nmol/L, P < 0.05). In the monotherapy group (n=37), this difference in 

median serum concentration was enhanced to 43% between the groups (see Figure 4). ADRs 

were noted in 39% of the women and 30% of men. The frequency of ADRs did not differ 

between smokers and non-smokers. On examining the subgroup of smokers separately, more 

women were reported to experience ADRs than men (12 women/3 men, P < 0.05). No gender 

difference in the report of ADRs was noted among non-smokers). The prescribed daily doses 

of OLA for patients older than 50 years were lower (P < 0.001) than among patients  50 

years old (median (range), 10 (2.5–20) vs 15 (2.5–40) mg). No correlation was observed 

between age and the serum OLA and DMO concentrations, C/D ratios for OLA and DMO, or 

the OLA/DMO ratios. 
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Figure 4. Box-plot comparison (median and 25th to 75th percentile, range 0-100%) of serum 

concentrations of OLA in patients on OLA monotherapy (study 1) with and without side-

effects. * = P < 0.05. 

 

8.2 Study 2 

Serum OLA and DMO concentrations varied 29-fold (11–327 nmol/L) and 7-fold (9–58 

nmol/L), respectively, between individual patients and correlated with the dose (rs= 0.69 and 

0.7 respectively; P < 0.05). A strong correlation (rs = 0.93; P < 0.05; Figure 5) was found 

between serum and CSF concentrations of OLA and a somewhat weaker (rs = 0.5; P < 0.05) 

between those of DMO. The dose-corrected serum concentrations (C/Ds) varied less, i.e. 4-

fold for OLA and 7-fold for DMO. In CSF, OLA and DMO concentrations varied 17-fold 

(1.8–30.2 nmol/L) and 23-fold (0.1–10.1 nmol/L), and the corresponding C/Ds varied 5- and 

12-fold, respectively. The CSF concentrations of OLA and DMO were on the average 13% 

and 16% of those in serum. Demographic data for study 2 are shown in Table III. 
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Table III. Demographic data on the 37 patients included in study 2.  

 

 Included With successful CSF collection 

Number of patients (Men/Women) 37 (25/12) 29 (19/10) 

Daily dose of  OLA, median (range), mg   

All 10 (2.5-25) 10 (2.5-25) 

Women 7.5 (5-25) 10 (5-25) 

Men 10 (2.5-25) 10 (2.5-25) 

Smokers, n (%)   

All 10 (27) 9 (31) 

Women 5 (42) 5 (50) 

Men 5 (20) 4 (21) 

Daily coffee intake, n (%)   

All 29 (78) 22 (76) 

Women 10 (83) 8 (80) 

Men 19 (76) 14 (74) 

Concomitant medication, n (%)   

Lithium 3 (8) 3 (10) 

Benzodiazepines  and/or zopiclone 10 (27) 8 (28) 

Benzodiazepines 5 (14) 5 (17) 

Zopiclone 6 (16) 4 (14) 

 

 

 

39



40 
 

 

Figure 5. The relationship between serum and CSF OLA concentrations in study 2, rs= 0.93 

 

 

Smokers received higher (P < 0.05) daily OLA doses than non-smokers. Smokers had lower 

C/D OLA in serum and CSF than non-smokers (P < 0.01 for both, see Table IV). The C/D 

ratios of serum DMO decreased with increasing age (rs = -0.41; P < 0.05). No effect of age on 

the other parameters was found. Coffee consumption or gender did not significantly affect any 

of the parameters studied. EM of CYP2D6 had higher (P < 0.05) daily doses than PM when 

the influence of smoking habits were taken into account (Figure 6). Smoking EM got the 

highest (mean 17 mg, n=7) and non-smoking PM the lowest (mean 7.5 mg, n=4) daily OLA 

doses. Notably, none of the 7 PM had doses higher than 10 mg. 
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Table IV. The effect of smoking on the prescribed daily OLA dose, serum and CSF 
concentrations of OLA and DMO and the calculated pharmacokinetic parameters in the total 
population in study 2. 

 

 

All 

(n=37, *29) 
Smokers 
(n=10, *9) 

Non-
smokers 
(n=27, *20) 

P-value, 
smokers 
vs non-
smokers 

Daily dose (mg) 10 (2.5-25) 10 (10-25) 10 (2.5-20) <0.05 

Serum OLA (nmol/L) 97 (11-327) 76 (54-226) 98 (11-327) Ns 

Serum DMO (nmol/L) 21 (9-58) 22 (11-58) 20 (9-51) Ns 

Serum DMO/OLA 0.2 (0.1-0.8) 0.3 (0.1-0.5) 0.2 (0.1-0.8) Ns 

Serum C/D OLA 
(nmol/L/mg) 

9 (4-16) 7 (4-14) 10 (4-16) <0.01 

Serum C/D DMO 
(nmol/L/mg) 

2 (0.9-4) 2 (1-3) 2 (0.9-4) Ns 

CSF OLA (nmol/L) 11 (1.8–30) 11 (5.5–21.2) 11.5 (2-30) Ns 

CSF DMO (nmol/L) 3 (0.1-10) 2.4 (1.9–6.8) 3 (0.1-10) Ns 

CSF DMO/OLA 0.3 (0.06-1.2) 0.2 ( 0.1-1.1) 0.3 (0.06-0.7) Ns 

C/D CSF OLA 
(nmol/L/mg) 

1.2 (0.4-2.0) 0.9 (0.4-1.4) 1.4 (0.7-2.0) <0.001 

C/D CSF DMO 
(nmol/L/mg) 

0.3 (0.1-1.0) 0.2 (0.1-0.7) 0.4 (0.1-1.0) Ns 

CSF/serum OLA (%) 13 (9-19) 11 (9-17) 13 (9-19) Ns 

CSF/ serum DMO (%) 16 (4-36) 11 (6-30) 19 (4-36) Ns 

 

*For CSF data the number of patients was 29, 9 smokers and 20 non-smokers. Ns 

indicates not significant. The data are given as median (range) values. 
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Seven patients (19%) were classified as CYP2D6 PMs, 28 (76%) as EMs and two (5%) as 

UMs. All patients were homozygous for the CYP1A2 -3860G and -729C alleles, only two 

patients carried the -2467delT variant and one the -739T variant allele. The position -163C>A 

was the most polymorphic with the minor allele frequency of 31% for -163C. Due to the low 

frequency of the other SNPs, only -163C>A was used in the statistical analysis and no 

haplotype analysis was performed. The allele frequencies for ABCB1 1236T, 2677T;A and 

3435T were 43, 47 and 60%, respectively. The major CYP1A2 and ABCB1 genotype 

frequencies are given in Table V. The ABCB1 haplotype 1236T/2677T/3435T (T/T/T) was 

found in 28 patients, four being homozygous for this haplotype. 

 

 

Table V. The frequencies of CYP1A2 and ABCB1genotypes among 37 patients in study 2. 
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 n (%) n (%) n (%) 

CYP1A   CYP1A2 -163C>A 

C/C 

5 (14) 

C/A 

13 (35) 

A/A 

19 (51) 

ABCB1 1236 C>T 

C/C 

9 (24) 

C/T 

24 (65) 

T/T 

4 (11) 

ABCB1 2677 G> 

T; A 

G/G 

8 (22) 

G/T; A 

23 (62) 

T/T 

6 (16) 

ABCB1 3435C>T 

C/C 

3 (8) 

C/T 

24 (65) 

T/T 

10 (27) 
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The serum and CSF OLA concentrations were on the average 1.7 times and 1.8 times higher 

in carriers of the ABCB1 T/T/T haplotype than in subjects homozygous for the corresponding 

C-alleles (mean ±SD, 120.6 ±67.1 vs 71.9 ±25.2 nmol/L for serum and 15.1 ±7.6 vs 8.3 ±2.6 

nmol/L for CSF, P < 0.05 for both). On investigating the three polymorphic sites separately, 

this difference remained significant (P < 0.05, in serum and CSF) for ABCB1 1236T and 

2677T carriers as compared to non-carriers. No significant effect of the ABCB1 T/T/T 

haplotype or the three individual genotypes on any of the other parameters was found. 

The effects of the ABCB1 haplotype on serum and CSF OLA concentrations remained 

significant when smoking habits were taken into account. T/T/T-carriers (7 smokers, 21 non-

smokers) showed higher (P < 0.05) serum OLA concentrations (mean 119.1 and 121.1 

nmol/L, respectively) than non-carriers (3 smokers, 6 non-smokers, mean 66.7 and 74.5 

nmol/L, respectively). Similarly, T/T/T-carriers (6 smokers and 16 non-smokers) had higher 

(P < 0.05) CSF OLA concentrations (mean 14.4 and 15.3 nmol/L, respectively) than non-

carriers (3 smokers and 4 non-smokers, mean 8.1 and 8.4 nmol/L, respectively). 

EM smokers showed the lowest (mean (±SD) 0.16 ±0.1 nmol/L/mg, n=6) and PM smokers 

the highest (0.51 ±0.2 nmol/L/mg, n = 3) CSF C/D of DMO. Non-smoking EMs and PMs had 

CSF C/Ds in between these two groups (0.38 ±0.3, n =16 and 0.29 ±0.2, n =3 nmol/L/mg, 

respectively). The DMO/OLA ratio in CSF showed a similar pattern, with a significant 

combined effect of smoking and CYP2D6 genotypes, EM smokers having the lowest and PM 

smokers the highest ratios (0.2 ±0.1 vs 0.7 ±0.4 DMO/OLA ratio; P < 0.01). The combination 

of smoking and CYP2D6 genotype also affected the percentage of DMO in CSF. PM smokers 

(n = 3) had the highest and EM smokers (n = 6) the lowest percentage of DMO in CSF (mean 

20 ±9.5 vs 9.5 ±3.6%; P < 0.05). 

Interestingly, the CSF DMO concentrations and the DMO/OLA ratios were higher (P <0.05 

for both) in patients co-medicating with benzodiazepines and/or zopiclone (n=8) than in 

patients not co-medicating (n=20) with these drugs (Figure 7). This effect remained 

significant even when analyzing the drugs separately. Patients co-medicating with zopiclone 

(n=4) had higher (mean ±SD) CSF DMO concentrations (5.9 ±3.2 vs 3.3 ±2.0 nmol/L; P < 

0.05) than patients not co-medicating with zopiclone. They also had higher (mean ±SD) 

DMO/OLA ratios than patients not co-medicating with zopiclone (n=24) (0.6 ±0.38 vs 0.27 

±0.16, P < 0.01). Patients co-medicating with benzodiazepines (n=5) also showed higher 

(mean ±SD) CSF DMO/OLA ratios than patients without benzodiazepines (n=23) (0.56 ±0.34 
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vs 0.26 ±0.16; (P<0.01). Moreover, DMO concentrations in CSF in relation to serum were 

higher (mean ±SD) in benzodiazepine users than in patients not co-medicating with 

benzodiazepines (24 ±8.6 vs 14.4 ±7.3% of the concentration in serum; P<0.05). Smoking 

habits did not affect the results above. The lowest DMO value was excluded in the analyses 

above because of low precision, thus 28 patients were included in the analyses above. 
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Figure 6. The relationship between the daily OLA dose and the CSF concentrations of OLA in study 2. 

The patients are grouped according to their smoking habits and CYP2D6 genotype (PM or EM). 
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The combination of smoking and CYP1A2 genotype was also found to influence the CSF 

DMO/OLA ratio (P < 0.05), smokers with the -163A/A genotype (n = 3) having higher (mean 

±SD) ratios 0.58 ±0.47, than the other groups 0.25 ±0.17 in smoking C-carriers (n = 6), 0.28 

±0.14 in non-smoking A/A subjects (n = 12) and 0.33 ±0.22 in non-smoking C-carriers (n = 

7). 

CYP1A2 -163C>A or CYP2D6 polymorphism alone did not affect any of the studied 

parameters. 
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Figure 7. Box-plot comparison (median and 25th to 75th percentile) of the CSF DMO/OLA 

ratio in relation to co-medication with benzodiazepines and/or zopiclone in study 2. 
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9 Discussion 

The main observation in study 1 was the profound inter-individual variability of the dose-

corrected serum concentrations of OLA and DMO in the naturalistic clinical setting (25-fold 

and 22-fold respectively). The intra-individual variability of the pharmacokinetic outcome 

over time was lower than the inter-individual variability. This is in line with earlier studies 

(48, 66). The inter-individual variability of C/D OLA was higher among patients on 

polypharmacy than among those on monotherapy with OLA. This increased variability may 

depend on drug interactions (induction or inhibition of drug metabolism) and has also been 

noted in earlier studies (66). In study 2 OLA and DMO concentrations were determined by a 

newly developed LS-MS/MS method and no patients were on polypharmacy. Here the 

variability of C/D OLA was lower than in study 1 and this is in line with the study by Olesen 

and Linnet (48). In study 2 we can establish for the first time that there is a strong correlation 

between serum and CSF concentrations of OLA and a weaker, but significant, correlation 

between serum and CSF concentrations of DMO in patients on treatment with OLA. We 

observed a larger variation in CSF/serum ratios for DMO together with a lower correlation 

between serum and CSF levels of DMO as compared to OLA. Even though CSF drug levels 

do not necessarily reflect those in brain tissue, our results with a high correlation between 

serum and CSF OLA are of importance when discussing the concentration-effect relationship 

and the concept of TDM of OLA.  

Some environmental factors such as smoking have considerable influence on enzyme activity, 

for instance, by inducing CYP1A2. Reports of a high frequency of smokers among patients 

with schizophrenia (up to 74% in one group of patients) may be explained by many complex 

mechanisms (67). We have previously reported a case in which abrupt cessation of smoking 

when medicating with a stable, high dose of the CYP1A2-metabolised antipsychotic 

clozapine, caused an acute overdosing event (16). Given the observation that smokers had 

lower OLA concentrations, a fair hypothesis is that excessive smoking may be a way to 

decrease concentration-dependent ADRs in smoking patients. Interestingly, among smokers 

with ADRs (in study 1), women were highly over-represented (12 women/3 men). 

In study 1 non-smokers displayed higher serum OLA and C/D OLA than smokers and 

smoking lowered the OLA/DMO ratio. Our findings concerning the effect of smoking and 

gender on serum OLA are in line with those of earlier studies (44, 48). Smoking may affect 

OLA pharmacokinetics by inducing CYP1A2, the major enzyme catalysing the N-
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demethylation of OLA to DMO (44). Carrillo found that CYP1A2 activity was lower in non-

smokers than in smokers and lower in women than in men (68). In study 2 smoking 

influenced the daily doses and the C/D ratios of OLA in both serum and CSF. The serum data 

are in accord with previous studies (44) but no prior information has been available on CSF 

concentrations. The results are in conformity with the role of the smoking-inducible CYP1A2 

as a major determinant of the kinetics of OLA. In study 1, women displayed higher serum 

OLA and C/Ds for OLA than men. In contrast to study 1 and other earlier studies (44, 48), we 

found no influence of gender as such on any of the kinetic parameters in study 2. However, 

we noted a higher proportion of women than men who were smokers when medicating with 

OLA (42% vs 20%), which corroborates the findings in study 1.  

Age has previously been shown to influence the kinetics of OLA, elderly patients (65–79 

years old) having a longer elimination half-life than a younger population (44). We found no 

correlation between age and serum concentrations of OLA or DMO, their corresponding C/D 

ratios or the DMO/OLA ratios in study 1. However, we noted that patients over 50 years old 

were prescribed lower (P < 0.001) OLA doses than the rest of the population. In study 2 the 

serum C/D DMO decreased significantly with increasing age. In CSF the correlation was 

close to significant (P = 0.051). These findings could reflect a decreased activity of CYP1A2 

with increasing age. Notably, none of the patients in study 2 were older than 50 years old. 

In agreement with Olesen and Linnet (48), we found in study 1 a substantial impact of 

carbamazepine on OLA pharmacokinetics. Patients on OLA therapy co-medicating with 

carbamazepine displayed a substantial decrease in serum OLA concentrations, C/D OLA and 

OLA/DMO ratio despite the fact that the median dose was 100% higher in patients co-

medicating with carbamazepine. This observation may be explained by induction of CYP1A2 

and/or UGT1A4 (17). 

An unexpected finding in study 2 was that patients treated with benzodiazepines and/or 

zopiclone had higher CSF DMO concentrations and DMO/OLA ratio (P < 0.05 for both) 

compared to patients not co-medicating with these drugs. No obvious mechanistic explanation 

is available as neither benzodiazepines nor zopiclone are known to influence the activity of 

drug-metabolizing enzymes. However, there are recent reports of fatal drug interactions 

between parenteral benzodiazepines and intramuscular OLA treatment, but so far the 

mechanism is unknown (69). Whether our findings of higher DMO concentrations in CSF in 

benzodiazepine users are of any relevance in this respect remains to be studied. 
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CYP2D6 genotype had no influence on OLA doses or any of the pharmacokinetic parameters 

when analysed alone. However, when smoking habits were taken into account, there was a 

significant influence of smoking and CYP2D6 genotype on the prescribed daily OLA dose. 

Smoking EMs received higher doses than non-smoking PMs and none of the PMs had daily 

doses higher than 10 mg. One could speculate that PMs might be more sensitive to ADRs of 

OLA or, alternatively, could have experienced ADRs during earlier treatment with other 

antipsychotics metabolized by CYP2D6, which may have resulted in a more cautious dosing 

of antipsychotics. However, in one study EPS or tardive dyskinesia was significantly more 

frequent among PMs than among EMs and IMs and this was not correlated to the use of 

CYP2D6 dependant antipsychotics (26). Interestingly, we also found a significant effect of 

smoking combined with CYP2D6 polymorphism on DMO in CSF, PM smokers having higher 

C/D DMO, higher CSF DMO/OLA ratio and higher CSF/serum DMO ratio than EM 

smokers. Whether these findings suggest a role for CYP2D6 in the disposition of OLA in the 

brain remains to be studied further. Interestingly, while CYP2D6 is not known to be inducible 

in the liver, induction of the enzyme by nicotine has been shown in brain in animal studies. 

Furthermore, higher CYP2D6 expression in certain brain areas in smokers compared to non-

smokers has been reported (21).  

The DMO concentrations in CSF were extremely low, in many patients close to the lower 

limit of quantification. Therefore, the low analytical precision with respect to CSF DMO 

concentrations and also the small study population cannot be excluded as a cause of these 

findings. 

We also analysed the potential influence of various polymorphisms in the CYP1A2 gene on 

OLA disposition. However, no correlation between CYP1A2 polymorphism and the studied 

parameters were statistically significant. This may be due to the small number of subjects 

included in the study, along with the lack of clear-cut relationships between these 

polymorphisms and CYP1A2 activity (24). However, the combination of smoking and 

CYP1A2 genotype was found to influence the CSF DMO/OLA ratio (P < 0.05). Smokers with 

the -163A/A genotype showed higher CSF DMO/OLA ratio than the other groups. These 

results must be confirmed in future studies because of the small population. 

Carriers of ABCB1 1236T and 2677T alleles had significantly higher serum and CSF OLA 

concentrations than subjects homozygous for the corresponding C-allele. However, no 

influence of ABCB1 genotypes on the daily OLA doses or the C/D ratio for OLA was found. 
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Similar results were obtained on comparing carriers and non-carriers of the T/T/T haplotype. 

As the three ABCB1 polymorphisms studied are in linkage disequilibrium, it is not surprising 

to find similar (though not necessarily identical) results for the three polymorphisms and the 

haplotype. The results remained significant even when smoking was taken into account, thus 

strengthening the signal for an association. Interestingly, in an earlier study (57), a better 

therapeutic response to OLA was reported in female patients who were ABCB1 2677T-

carriers. This would be in line with our data on higher serum and CSF OLA concentrations in 

this genotype group, assuming a relationship between drug concentrations and effects. Taken 

together, our results further indicate that ABCB1 polymorphisms could play some role in the 

kinetics and pharmacodynamics of antipsychotics, including OLA, possibly by influencing 

the transport of OLA over biological membranes in the gut and/or over the blood-brain barrier 

or the blood-CSF barrier.  

The main limitations in study 1 are the uncontrolled conditions and the uncertainty in the 

descriptive clinical data reported on the request form. In study 2 the small study population, 

especially when analysing the effects of pharmacogenetic traits, is a major limitation. 

However, with respect to the correlation of serum and CSF drug and metabolite 

concentrations, we consider a population of 29 patients to be more than adequate. 
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10 Conclusions 

 A profound inter-individual variation of dose-corrected serum OLA (25-fold) and DMO (22-

fold) in the naturalistic clinical setting was noted. The intra-individual variability of the 

pharmacokinetic outcome over time was lower than the inter-individual variability. The inter-

individual variability of C/D OLA was higher among patients on polypharmacy than among 

those on monotherapy with OLA. Smoking and carbamazepine co-medication have a large 

impact on OLA pharmacokinetics. Gender and age have a smaller impact. A higher 

percentage of women than men smoke when medicating with OLA. 

 

 A strong correlation between the serum and CSF concentrations of OLA and a somewhat 

weaker, but still significant, correlation between those of DMO was demonstrated. The 

strongest predictors of the OLA concentrations in CSF are the serum OLA concentrations. 

 ABCB1 polymorphisms had some impact on serum and CSF OLA concentrations, but their 

relevance to the therapeutic outcome is uncertain. CSF DMO levels were possibly affected by 

the combination of CYP2D6 genotype together with smoking habits and also possibly by co-

medication with benzodiazepines. We could not note any effect of CYP1A2 polymorphisms. 
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11 Future aspects 

TDM alone has limitations in guiding psychiatrists treating patients with antipsychotics. 

However, when patients are non-responsive to treatment, not compliant, vulnerable to ADRs 

on standard doses or when drug interactions are suspected, TDM can be used as a diagnostic 

tool. TDM is also of value to optimize long-term treatment of patients as environmental 

factors such as smoking and drug interactions may differ over time and could markedly 

interact with a patient´s metabolic capacity and thereby the therapeutic outcome. The inter-

individual variation in metabolic capacity is one important factor responsible for the 

variability in serum concentrations of antipsychotics and thereby variability in drug response. 

The metabolite/parent compound ratio is also important to consider, especially when the 

metabolites are pharmacologically active. The patient´s age, smoking habits, co-morbidity and 

concomitant drugs are all factors that may change over time and have to be considered when 

interpreting the inter- and intra-individual variability of TDM results. 

The FGAs have a relatively narrow therapeutic range with concentration-dependent ADRs 

occurring very near the concentrations needed for an antipsychotic effect. SGAs have a 

broader therapeutic index with respect to some ADRs while some of them occur even at low 

or “normal” concentrations (i.e. metabolic syndrome) in a subgroup of patients. The role of 

genetic variation in target molecules as a cause of interindividual variation in drug response 

and ADR vulnerability is being studied extensively. Identification of subgroups of patients at 

risk for a certain type of ADR or non-response by a genetic test could guide the clinician in 

drug and dose choices, and potentially increase patient safety. 

More regular CYP genotyping to indentify poor metabolizers early on before starting 

antipsychotic treatment might help the psychiatrist in choosing the right antipsychotic and the 

right starting dose so that potential ADRs can be avoided. Perhaps a more skilful treatment 

strategy initially might also affect compliance in a positive way. The high frequency of PM of 

CYP2D6 in our OLA monotherapy group (19% vs 7% in the normal population) and no 

higher OLA doses than 10 mg prescribed to PM corroborate the possibility that psychiatrists, 

based on clinical observations, may over time, to some extent learn to identify subgroups of 

patients requiring lower doses or special drug choices, which do in fact reflect differences in 

metabolic capacity. If genotyping and TDM monitoring were implemented more regularly 

early on in treatment in clinical practice, the decisions concerning drug and dose choice could 
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potentially be optimised earlier. The usefulness of TDM when the patient has reached 

symptom remission without ADRs is still underestimated as these results can be used 

pedagogically when teaching and motivating the patient to achieve adherence to drug therapy. 

Thus, clinical pharmacological research on antipsychotic drug therapy may be focused on 

drug effects in subpopulations instead of effects in the entire patient population (70). 

Although there are few studies investigating drug disposition in the brain by PET, there are 

now some PET studies on P-gp function and expression which may in future have a potential 

to increase our understanding of psychiatric disorders and how to optimize dosing regimens 

for CNS drugs (71). 

The overall goal is to give the right drug, the right dose to the right patient at the right time, 

based on a deeper understanding of the mechanisms responsible for the inter-individual 

variability in drug response. 
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