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Carriers of the 142T>G gene variant are predisposed to reduced olanzapine exposure-an impact similar to male gender or smoking in schizophrenic patients
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Introduction

Schizophrenia is in most cases a chronic disease that requires continuous, effective pharmacological intervention. However, in the recent CATIE trials it was found that three out of four patients with schizophrenia discontinue treatment with antipsychotic drugs within 1.5 years from start of treatment. [1] One major reason for drug discontinuation is lack of therapeutic effect. This may be explained by several contributing factors such as poor compliance, adverse effects of poly-pharmacy, illicit drug abuse or more simply; subtherapeutic exposure to the antipsychotic drug. Clearly, it may be difficult to distinguish between all possible explanations.

In the western world, olanzapine is one of the most commonly used antipsychotic drugs.

Therapeutic drug monitoring (TDM) of olanzapine has been advocated to circumvent the potential problem with high inter-patient variability in olanzapine exposure at standard dosage, which relates to almost 10-fold differences in clearance. [2] However, even the intra-individual variability is considerable, according to a recent report [3], which means that single individual analyses of the steady state level are not fully reliable as guide for individual dose adjustments.

In addition, a target interval for plasma olanzapine has not yet been established and is still a matter of controversy. [4,21] However, initial studies have indicated that 12 h post-dose plasma levels of olanzapine at 74 nmol/L (23 ng/mL) or higher increase the likelihood for therapeutic effect. [4] In fact, it was reported that only 25% of patients below this level of exposure actually responded to treatment, which suggests that patients may be at risk of subtherapeutic exposure at standard dosage. In conclusion, identification of factors that predispose patients to low exposure should help to individualize treatment. In the present study on patients with schizophrenia and other psychotic diseases, we aimed to investigate the relative importance of gender, smoking status and specific genetic variants of UGT1A4, CYP1A2, and MDR1, on olanzapine plasma levels. The rational for the focus on these polymorphic genes is the documented role of uridine diphosphate glucuronosyltransferase (UGT) 1A4 [5,6] and cytochrome P450 (CYP) 1A2 [7] in olanzapine metabolism and clearance. A potential role for the MDR1 gene product P-glycoprotein, a CNS drug efflux pump, was implicated in a recent report that described a relationship between MDR1 gene variants and treatment response to olanzapine in female schizophrenic patients. [8] F o r P e e r R e v i e w

Material and methods

Study subjects

The present study focused on patients with schizophrenia or other psychoses, recruited from psychosis-specialized psychiatric outpatient departments mainly in Stockholm County. These departments are responsible for treatment of all outpatients with long-term psychotic disorders in their respective catchments area. The aim of the study was to recruit all patients from a number of such departments, and therefore this olanzapine-treated sub-sample is likely to represent psychosis treatment with olanzapine in the total catchments areas. In a total sample of 775 patients, 121 (15.6%) were prescribed olanzapine. After the patients had given their informed consent, information such as gender, age, smoking habits, dosage of antipsychotic drugs, time between dosage and blood sampling and co-medication was documented. DNA was extracted from venous blood samples, which also was used for isolation of plasma for drug concentration analysis. Ethical permission was obtained from the Stockholm Regional Ethics Committee #04-447/4.

Human genomic DNA samples

DNA was extracted with conventional methods from venous blood samples drawn from the patients by the Department of Forensic Medicine in Linköping, Sweden.

SNP genotyping

Genotyping of CYP1A2 -2467delT, MDR1 2677G>T and 3435C>T and UGT1A4 142T>G (L48V), was performed using Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) methods. The amplified PCR products were digested over night with respective restriction enzymes indicated in Supplementary table 1 and the fragments were analyzed on 2-3% agarose gels. Genotyping for UGT1A4 L48V polymorphism was performed using a forward primer (5´-GTTGGGCCCATAACGAAAGGCAGTT-3´) from Ehmer et al and a newly designed UGT1A4 specific reverse primer (5-'GCTCCACACAACACCTATGAAG-3´) to amplify a 576 bp fragment spanning the polymorphic site. [9] The amplified PCR products were digested over night with STU I. Wild type allele was cut into 324-bp and 152-bp fragments while the mutant allele was not. We confirmed the genotyping result by direct sequencing in both directions using ABI PRISM™ BigDye terminator cycle sequencing ready reaction kit V3.1 (Applied Biosystems) and analyzed on an ABI Prism 377 DNA sequencer.

CYP1A2 polymorphisms -729 C>T and -163C>A were genotyped by Minisequencing using taq arrays, as described earlier. [10] PCR primers and Minisequencing primers with 5´ Tag sequences covering the SNP site were designed using the Autoprimer (http://www.autoprimer.com) (Beckman Coulter) software. The primers were obtained from Integrated DNA Technologies (IDT Inc., Coralville, IA, USA). PCR and Minisequencing primers are listed in Supplementary table 2. PCR fragments spanning the SNPs were amplified in individual reactions by multiplex PCR (10 ng/µl DNA) containing forward and reverse primers for both SNPs. To remove remaining dNTPs and primers, the PCR products (7.2 µl) were treated with 1 U/µl shrimp alkaline phosphatase and 0.48 U/µl exonuclease I (USB Coorporation, Cleveland, OH, USA). The oligonucleotides complementary to the taq sequence attached to the 5´of the minisequencing primer were immobilized on the CodeLink Activated Slides (GE Healthcare, Uppsala, Sweden) in duplicate spots in each sub array. The minisequencing reaction was run in the presence of fluorescently labeled ddNTP (0.1 µM Texas Red-ddATP, Tamra-ddCTP, R110-ddGTP and 0.15 µM Cy5-ddUTP (Perkin Elmer Life Sciences, Boston, MA, USA)) and 0.065 U of KlenThermase™ DNA polymerase (GeneCraft, Germany). After annealing of the extension products to the immobilized complementary tag 

Determination of olanzapine plasma concentration

The plasma olanzapine concentration was measured by a HPLC method developed in the Karolinska University Hospital Therapeutic Drug Monitoring laboratory. 500 µl of olanzapine standard (160 nmol/L) was added to a triplet of 14 ml polypropene tubes; a blank plasma sample, a control, and a sample in duplicates. To this solution, 50 µl (750 ng/ml) of the internal standard methyl-olanzapine, 500 µl of 1M glycine buffer, pH 9.8, and 3 ml of diisopropyl ether (DIPE) was added and vortexed. The mixture was extracted for 10 minutes with a rotator at a low speed and centrifuged for 10 minutes at 3000 rpm. The water phase was frozen in a water bath at -15°C and the top phase was transferred to a new polypropene tube where 75 µl 25 mmol/L aqueous acetic acid was added and additionally extracted for 5 min with rotator and centrifuged for 5 min at 3000 rpm. The DIPE phase was discarded and any remaining DIPE was removed under vacuum. The samples were injected into a Waters XTerra RP 18 3, 3 µm, 100x3,0 mm column, pre-warmed to 40°C, coupled to a Dionex HPLC P 580 HPG system. Three µl of the samples was injected into the column with a flow rate of 0.6 ml/min and were monitored at 275 nm. The concentration of olanzapine was determined by taking the olanzapine over the olanzapine standard based on the ratio against the internal standard. The range of measurement was 20-2000 nmol/L (6.2ng/l -625ng/L).

The accuracy was 93-101% in the range 160-2000 nmol/L. The HPLC analyses were approved in general when the within-day coefficient (CV) of the control sample was less than 15% and when the CV of the samples in duplicate were less than 15%, however for the present analyses, CV was close to 5%, only.

Statistical analysis

Haplotype analysis and estimation of expected haplotype frequency from the raw genotype data was done using population genetic software program, ARLEQUIN 2.000. [11] A multiple regression analysis was performed to investigate the combined effect of patient characteristics and genotypes/haplotypes on daily dose-corrected plasma concentrations of olanzapine as the dependent variable. Correction of plasma concentrations with regards to daily dose was based on a linear relationship between given dose and achieved plasma concentrations, as clearly demonstrated in. [12] Unfortunately the time between last dose and sampling was not standardized. We therefore included a time variable 0.97716 Hours between last dose and sampling assuming a 50% decrease in plasma concentration of olanzapine for each 30 hours (the reported average half-life of olanzapine). 

Results

Patients

Out of a total of 121 patients treated with olanzapine, the great majority suffered from schizophrenia or schizoaffective syndrome (Table 1). There were 77 men (64%) and 44 women (36%). Fifty patients were smokers (41%) and 71 non-smokers (59%). The mean age was 47 years (range18-81, SD 12), and the mean body weight was 87 kg (range 49-138, SD 18). The women were slightly older that the men (50 versus 45 years). Smoking was somewhat less common among women (36%) as compared to the male population (44%).

There were 118 patients with information on daily dose (range 2.5-40 mg/day). Average daily doses of olanzapine are given in Table 1. The most commonly used dose of olanzapine was 10 mg daily (fig. 1) but the mean dose in the study population was 12.2 mg daily. There was no significant difference in the doses used for different diagnoses, nor in relation to gender or smoking status (Table 1). The average mean time of sampling after the last dose intake was 11.8 hours (range 0.5-24h SD 4.7). Including olanzapine, the patients used a mean of 3.1 (SD 2.19) prescribed drugs, none of which were known to interact with the pharmacokinetics of olanzapine.

Olanzapine plasma concentrations

Of the 118 patients with recorded daily dose of olanzapine, plasma concentration-to-dose ratios were not obtained in 11 patients because of analytical interference (n=6) or failure to detect olanzapine in the HPLC assay (n=5). In 8 patients (including the patient with missing DNA and including one of the patients with unknown daily dose) olanzapine concentrations were below 20nmol/L (6.2ng/mL) and were assigned a reference value of 10 nmol/L (3.1 ng/mL). There was a wide inter-patient variation in olanzapine plasma levels, with concentrations ranging between 10 and 646 nmol/L (202 ng/mL). Forty seven percent (52/110) of the patients had a plasma level below 74 nmol/L (23 ng/mL), the lower limit of the proposed therapeutic interval, i.e. an increased number of non-responders were found below this limit in a material of 198 schizophrenic patients. [14] The corresponding range in olanzapine C/D ratios was 0.5-47 nmol/L/mg/day (0.16-15 ng/mL/mg/day); however this great variability was to some extent explained by different time points of sampling in relation to last dose. There was a significant difference in the mean C/D between smokers and nonsmokers (mean difference: 3.56 nmol/L/mg/day (1.11 ng/mL/mg/day) lower in smokers, 95% CI of the mean difference 1.27, 5.85; p<0.003) and regardless of smoking habits, men (range 0.5-27 nmol/L/mg/day (0.16-8.4 ng/mL/mg/day)) had significantly lower C/D than the females (range 1.0-47 nmol/L/mg/day (mean difference: 3.4 nmol/L/mg/day (1.1ng/mL/mg/day) lower in males, 95% CI of the mean difference 1.05, 5.75; p<0.006).

Genotype/haplotype

Out of all 121 patients, DNA samples were missing from nine. The genotype of CYP1A2, MDR1 and UGT1A4 variants in 112 patients are given in Table 2. The observed genotype frequencies did not show a significant deviation from Hardy-Weinberg equilibrium. The most frequent SNP in CYP1A2 was -163C>A followed by -2467delT with frequencies of 76.8% and 9.8%, respectively. The SNP CYP1A2 -729C>T was not detected in this population. The frequencies of SNPs MDR1 3435C>T and 2677G>T were 58.5% and 45.5%, respectively, and SNP UGT1A4 142T>G with a frequency of 17.9%. The CYP1A2 and MDR1 haplotypes were constructed using the raw genotype data using population genetic software, ARLEQUIN 2.000. Three known haplotypes, CYP1A2*1A, CYP1A2*1F and CYP1A2*1D, were found in frequencies of 21.9%, 68.3% and 1.3%, respectively (Table 3). Since CYP1A2 -3860G>A, -739T>G and -3113A>G SNPs were not included, the remaining 8.3% of the haplotype could not be determined. MDR1 haplotypes were estimated by using two SNPs, 3435C>T and 2677G>T. The most frequent haplotype was TT followed by CG in frequencies of 41.2% and 37.2% respectively (Table 3).

The association of olanzapine plasma concentration with individual SNPs and haplotypes

The prevalence of each genotype together with the corresponding mean C/D is presented in Table 2. Using ANOVA, the individual genotypes and haplotypes were compared with mean C/D. None of the genotypes or haplotypes unadjusted for covariates showed any significant association with olanzapine plasma concentrations. To be able to control for other factors that have a possible effect on the results, a multiple regression analysis was performed with the combined effect of patient characteristics and genotypes/haplotypes on dose-corrected plasma concentrations of olanzapine (Table 4). Figure 2 shows the values of plasma olanzapine C/D predicted by the model, plotted against the measured concentrations. Male gender, UGT1A4 142T>G genotype and smoking, did each explain a significant proportion of the variation independently and predicted a decrease in dose normalized plasma concentration of olanzapine of 35%, 25% and 21% respectively. Overall, the full regression model (Table 4) accounted for 25% of inter-individual variability in olanzapine C/D, as indicated by the R 2 value (fig. 2).

No additional contribution to the olanzapine C/D variability was apparent from the different CYP1A2 and MDR1 genotypes/haplotypes. The regression model predicted a 5.1 fold higher olanzapine plasma C/D for a non-smoking female patient, without the UGT1A4 142T>G SNP, 13 with last dose intake 12 hours prior to sampling (14.0 nmol/mg/day), compared to a smoking man heterozygous for UGT1A4 142T>G (2.75 nmol/mg/day).

To further investigate the clinical impact of the UGT1A4 142T>G genotype for olanzapine exposure, the proportion of patients below the lower limit of the therapeutic interval (74 nmol/L (23 ng/mL)) was compared between homozygous carriers of the 142T-variant. i.e. the most common genotype, or patients being heterozygous for 142G. A larger proportion of patients that carry the UGT1A4 142G variant had a plasma concentration of olanzapine below 74 nmol/L (55%) as compared to 142T homozygous cases (42%), but this difference was not significant (p=0.22).

We also investigated the possible interaction between gender, UGT1A4 142T>G and smoking respectively, with time of sampling, and between UGT1A4 142T>G and smoking.

Neither of the multiplicative terms explained a significant proportion of the variability. To further investigate the interaction of CYP1A2*1F haplotypes and smoking, crude C/D plasma concentrations among smokers were compared. The plasma concentrations in individuals with 0, 1 and 2 CYP1A2*1F haplotypes were 8.19 (SD:5.82 ), 6.26 (SD:3.92) and 6.78 (SD:4.89) nmol/L/mg/day respectively. The difference was not significant (p=0.688). 

Discussion

The present study suggests that the UGT1A4 142T>G SNP is associated with lower average plasma concentrations of olanzapine.

Initially we performed genotyping for UGT1A4 142T>G using primers described by Nozawa M et al. [15] However we found no clear result to differentiate the different genotypes. Later we performed sequencing of the PCR product and the result indicated that the primers coamplified UGT1A3 and UGT1A5 together with UGT1A4. After multiple alignments of the UGT1A families, we designed UGT1A4 specific primers for genotyping and the result were confirmed by direct sequencing. The impact of the UGT1A4 polymorphism was significant after adjusting for other factors and the 142T>G allele was associated with a similar reduction in olanzapine exposure as smoking or male gender. Applying the defined algorithm (Table 4) to literature-based mean morning plasma levels of 140 nmol/L (46 ng/mL) at steady state after mean daily doses of 16 mg [3], corresponding to 8.75 nmol/L/mg/day, and assuming this represents the exposure in UGT1A4 142TT subjects mainly ('wild type'); the corresponding exposure in subjects genotyped as heterozygous for UGT1A4 142T>G is predicted to [8.75 minus 3.46] = 5.29 nmol/L/mg/day and 85 nmol/L (30 ng/mL) in plasma 12h after last dose at repeated intake of 16 mg/d. In other words, patients carrying one allele of UGT1A4 142G (population frequency of around 15-20%), treated with standard dosages of olanzapine are at risk of sub-therapeutic exposure, according to the cut-offs defined in earlier work. [4,14] It follows that olanzapine exposure in subjects homozygous for the UGT1A4 142T>G SNP would be much lower. However, this needs to be confirmed in separate pharmacokinetic studies on genotyped individuals; i.e. under controlled experimental conditions. We are currently planning to run such a study after screening of several hundred volunteers for the UGT1A4 142T>G SNP, in order to include homozygous 142GG carriers. Confirmatory data from such studies on a significant impact of the UGT1A4 polymorphism would unavoidably lead to the question whether prospective genotyping of patients should be considered, for an early detection of subjects at risk of sub-therapeutic olanzapine exposure.

The UGT1A4 142T>G SNP causes a leucine to valine amino acid substitution (L48V), and there are contradictory reports in the literature how this affects enzyme activity. Ehmer et al.

showed the almost complete absence of glucuronidation of steroid substrates by the UGT1A4 valine-48 enzyme. [9] However, a study including Japanese healthy volunteers showed that the UGT1A4 142T>G genetic variant may be associated with either an increase or decrease in glucuronidation activity, depending on substrate. Thus, the UGT1A4 L48V amino acid substitution decreased the intrinsic clearance (V max /K m ) for tigogenin while the intrinsic clearance for clozapine, another atypical antipsychotic with very close structural similarity to olanzapine, was twice as high in the UGT1A4 valine-48 enzyme variant compared to that of the wild type leucine-48 enzyme. [16] In light of these data, it is tempting to speculate that the UGT1A4 L48V amino acid substitution involves ethylene-group-dependent sterical changes in the substrate-binding region of the UGT1A4 enzyme.

The present data did not show any effect of the CYP1A2*1F haplotype on olanzapine exposure.

Interestingly, previous work has suggested the impact of this haplotype to be dependent on smoking, and that the extent of CYP1A2 gene expression and enzyme induction by smoking would be more pronounced in carriers of this haplotype. [17,18] However, we did not observe a corresponding positive relationship between the CYP1A2*1F haplotype and smoking in the present material. This might be explained by the fact that UGT1A4 probably plays a greater role in the metabolism of olanzapine than CYP1A2. [5] It is also of interest that UGT1A4 seems to be regulated through the aryl hydrocarbon receptor [19], in similarity with the CYP1A2 gene. As yet, there are no published studies that describe the influence of smoking on UGT1A4 gene expression or enzyme activity, and we failed to detect a difference between smokers and non-smokers regarding the impact of the UGT1A4 polymorphism on olanzapine plasma levels.

We lacked information regarding coffee intake which may be of some relevance for CYP1A2 metabolism since both caffeine and olanzapine are metabolised by this enzyme, and in theory coffee intake may contribute to inter-individual variability in olanzapine exposure. Coffee consumption has been suggested also to induce CYP1A2 [20], but this needs to be concluded from studies on intra-individual changes before and after repeated coffee intake since baseline differences in CYP1A2 activity may predispose to differences in coffee intake behaviour. In any case, the potential bias is likely to be non-differential and should therefore not have affected the results on the impact of UGT1A4 genotype on olanzapine levels.

Using multiple regression analysis, we showed that the male gender is associated with a 35% decrease in the daily dose corrected plasma concentration of olanzapine compared to females, after adjustment for other factors. Adjusting for body weight did not lower this effect, which is concordant with previous studies. Perry et al. reported that male patients required 15.8 mg/day and women 8.6 mg per day, to reach the therapeutic concentration of olanzapine, and Gex-Fabry et al. found that female gender was associated with an 11% increase in plasma concentration after controlling for other factors. [4,21] A possible explanation may be the undocumented use of oral contraceptives which appear to inhibit CYP1A2 activity in vivo. [17] Unfortunately we did not in the present study specifically ask the patients for information regarding contraceptives. To address this issue indirectly, we included age as a dichotomized variable separating patients with an age above 40 years, who may use contraceptives to a lesser extent, from patients 40 years or less. However, this variable did not explain a significant proportion of the variation, supporting the observed gender-specific difference in olanzapine metabolism. It is of interest to note that dose levels in our material did neither differ significantly between men and women, nor between smokers and non-smokers. Apparently, the established influence of these factors on olanzapine exposure did not translate into different dose levels in the clinic, despite being mentioned in drug label. Whether this is a matter of clinical neglect or indicates only a limited clinical importance of such differences for treatment outcome is not clear at this stage.

The regression model was based on an exponential association between the time passed between last dose and olanzapine exposure. As the interaction terms between the sample time and the factors shown to predict olanzapine exposure were not significant, with the exception to that of UGT1A4 142T>G SNP, we chose to keep this association fixed instead of dependent on the characteristics of each individual. This may, from a strict pharmacokinetic point of view be theoretically inappropriate, but appeared as the best approach due to the limited number of patients which resulted in non-significant interaction terms. One non-smoking man, wild type for UGT1A4 142T>G, with a sample that was taken 3.5 hours after the last dose, was identified as an outlier with an exceptionally high C/D olanzapine value of 47 nmol/mg/day (Figure 2). If this case was excluded from the analysis, also the time between last dose and sample became statistically non-significant. Also the predictive value of UGT1A4 142T>G for C/D olanzapine became weaker with a beta coefficient that decreased from -3.46 to -2.19, but did however remain significant (p=0.042). In 8 patients the olanzapine concentration was found to be <20nmol/L, i.e. below the level of more exact quantification. These samples were given a value of 10 nmol/L. By this approach we aimed to avoid the bias of excluding the 18 nmol/L. Calculations without these 8 patients did not change the results with regard to the effect of gender nor UGT1A4 142T>G. The effect of smoking was however not statistically significant (p=0.086). When scrutinizing the excluded patients it was evident that a disproportional large part of them (n=5) were smokers. Whether these patients had not taken their medication, misused their recommended dose or if they are ultra-rapid metabolizers remain unclear. In this respect, it should be commented that patient compliance with measurable or at least detectable intake of prescribed drug in > 90% of subjects may be considered surprisingly high. If it were assumed that patient compliance is independent of genotype, a lower compliance would significantly reduce the power to detect the genotypeconcentration relationship described above.

Conclusion

The results of the present study, based on multiple regression analysis, indicate that carriers of the UGT1A4 142T>G SNP have reduced exposure to olanzapine. The validity of this finding clearly needs to be confirmed in other similar naturalistic settings and by pharmacokinetic studies in genotyped healthy volunteers after oral administration of olanzapine. Also, studies of relapses and discontinuation of olanzapine treatment are needed to assess the clinical effects of the variation in olanzapine levels. In addition, the enzyme variants encoded by the UGT1A4 142T and 142G variants needs to be characterised in vitro with regards to potential catalytic properties. Such studies are now underway. We were also able to confirm that men and smokers are exposed to lower levels of the drug. Whether or not these factors influence the risk of therapeutic failure remains to be established. However, it became clear from the present study that factors already known to reduce olanzapine exposure such as smoking and male gender, was not translated into treatment with higher daily doses. We propose that treatment response to olanzapine in Results: In addition to time of sampling from last dose intake, the results indicate that interpatient differences in olanzapine exposure was explained by the following individual factors in order of relative impact (a) male gender (b) carrier of the UGT1A4 142T>G SNP and (c) smoking. Each of these predicted a decrease in daily dose-corrected plasma concentrations by 35%, 25% and 21% and respectively. In contrast, age, body weight, MDR1 or CYP1A2 haplotype did not have a significant impact.

Conclusions: At 12h after dose intake, the regression model predicted a 5.1-fold higher olanzapine plasma level in a non-smoking female patient, without the UGT1A4 142T>G SNP, compared to a smoking man treated with the same dose, but heterozygous for UGT1A4 142T>G. Whether these combined genetic and environmental factors influence the risk of therapeutic failure remains to be established.
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Schizophrenia is in most cases a chronic disease that requires continuous, effective pharmacological intervention. However, in the recent CATIE trials it was found that three out of four patients with schizophrenia discontinue treatment with antipsychotic drugs within 1.5 years from start of treatment. [1] One major reason for drug discontinuation is lack of therapeutic effect. This may be explained by several contributing factors such as poor compliance, adverse effects of poly-pharmacy, illicit drug abuse or more simply; subtherapeutic exposure to the antipsychotic drug. Clearly, it may be difficult to distinguish between all possible explanations.

In the western world, olanzapine is one of the most commonly used antipsychotic drugs.

Therapeutic drug monitoring (TDM) of olanzapine has been advocated to circumvent the potential problem with high inter-patient variability in olanzapine exposure at standard dosage, which relates to almost 10-fold differences in clearance. [2] However, even the intra-individual variability is considerable, according to a recent report [3], which means that single individual analyses of the steady state level are not fully reliable as guide for individual dose adjustments.
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The present study focused on patients with schizophrenia or other psychoses, recruited from psychosis-specialized psychiatric outpatient departments mainly in Stockholm County. These departments are responsible for treatment of all outpatients with long-term psychotic disorders in their respective catchments area. The aim of the study was to recruit all patients from a number of such departments, and therefore this olanzapine-treated sub-sample is likely to represent psychosis treatment with olanzapine in the total catchments areas. In a total sample of 775 patients, 121 (15.6%) were prescribed olanzapine. After the patients had given their informed consent, information such as gender, age, smoking habits, dosage of antipsychotic drugs, time between dosage and blood sampling and co-medication was documented. DNA was extracted from venous blood samples, which also was used for isolation of plasma for drug concentration analysis. Ethical permission was obtained from the Stockholm Regional Ethics Committee #04-447/4.
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The plasma olanzapine concentration was measured by a HPLC method developed in the Karolinska University Hospital Therapeutic Drug Monitoring laboratory. 500 µl of olanzapine standard (160 nmol/L) was added to a triplet of 14 ml polypropene tubes; a blank plasma sample, a control, and a sample in duplicates. To this solution, 50 µl (750 ng/ml) of the internal standard methyl-olanzapine, 500 µl of 1M glycine buffer, pH 9.8, and 3 ml of diisopropyl ether (DIPE) was added and vortexed. The mixture was extracted for 10 minutes with a rotator at a low speed and centrifuged for 10 minutes at 3000 rpm. The water phase was frozen in a water bath at -15°C and the top phase was transferred to a new polypropene tube where 75 µl 25 mmol/L aqueous acetic acid was added and additionally extracted for 5 min with rotator and centrifuged for 5 min at 3000 rpm. The DIPE phase was discarded and any remaining DIPE was removed under vacuum. The samples were injected into a Waters XTerra RP 18 3, 3 µm, 100x3,0 mm column, pre-warmed to 40°C, coupled to a Dionex HPLC P 580 HPG system. Three µl of the samples was injected into the column with a flow rate of 0.6 ml/min and were monitored at 275 nm. The concentration of olanzapine was determined by taking the olanzapine over the olanzapine standard based on the ratio against the internal standard. The range of measurement was 20-2000 nmol/L (6.2ng/l -625ng/L).

The accuracy was 93-101% in the range 160-2000 nmol/L. The HPLC analyses were approved in general when the within-day coefficient (CV) of the control sample was less than 15% and when the CV of the samples in duplicate were less than 15%, however for the present analyses, CV was close to 5%, only.

Statistical analysis

Haplotype analysis and estimation of expected haplotype frequency from the raw genotype data was done using population genetic software program, ARLEQUIN 2.000. [11] A multiple regression analysis was performed to investigate the combined effect of patient characteristics and genotypes/haplotypes on daily dose-corrected plasma concentrations of olanzapine as the dependent variable. Correction of plasma concentrations with regards to daily dose was based on a linear relationship between given dose and achieved plasma concentrations, as clearly demonstrated in. [12] Unfortunately the time between last dose and sampling was not standardized. We therefore included a time variable 0.97716 Hours between last dose and sampling assuming a 50% decrease in plasma concentration of olanzapine for each 30 hours (the reported average half-life of olanzapine). [13] Possible independent variables tested included gender, smoking, age, weight, time between last dose and sampling, co-medication with one of the following potent CYP2D6 inhibitors (there was no documented use of CYP1A2 inhibitors in the study population); paroxetine, fluoxetine, perphenazine or levomepromazine, polymorphisms in genes coding for CYP1A2, UGT1A4 and P-glycoprotein, 
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There were 118 patients with information on daily dose (range 2.5-40 mg/day). Average daily doses of olanzapine are given in Table 1. The most commonly used dose of olanzapine was 10 mg daily (fig. 1) but the mean dose in the study population was 12.2 mg daily. There was no significant difference in the doses used for different diagnoses, nor in relation to gender or smoking status (Table 1). The average mean time of sampling after the last dose intake was 11.8 hours (range 0.5-24h SD 4.7). Including olanzapine, the patients used a mean of 3.1 (SD 2.19) prescribed drugs, none of which were known to interact with the pharmacokinetics of olanzapine.

Olanzapine plasma concentrations

Of the 118 patients with recorded daily dose of olanzapine, plasma concentration-to-dose ratios were not obtained in 11 patients because of analytical interference (n=6) or failure to detect olanzapine in the HPLC assay (n=5). In 8 patients (including the patient with missing DNA and including one of the patients with unknown daily dose) olanzapine concentrations were below 20nmol/L (6.2ng/mL) and were assigned a reference value of 10 nmol/L (3.1 ng/mL). There was a wide inter-patient variation in olanzapine plasma levels, with concentrations ranging between 10 and 646 nmol/L (202 ng/mL). Forty seven percent (52/110) of the patients had a plasma level below 74 nmol/L (23 ng/mL), the lower limit of the proposed therapeutic interval, i.e. an increased number of non-responders were found below this limit in a material of 198 schizophrenic patients. [14] The corresponding range in olanzapine C/D ratios was 0.5-47 nmol/L/mg/day (0.16-15 ng/mL/mg/day); however this great variability was to some extent explained by different time points of sampling in relation to last dose. There was a significant difference in the mean C/D between smokers and non-smokers (mean difference: 3.56 nmol/L/mg/day (1.11 ng/mL/mg/day) lower in smokers, 95% CI of the mean difference 1.27, 5.85; p<0.003) and regardless of smoking habits, men (range 0.5-27 nmol/L/mg/day (0.16-8.4 ng/mL/mg/day)) had significantly lower C/D than the females (range 1.0-47 nmol/L/mg/day (mean difference: 3.4 nmol/L/mg/day (1.1ng/mL/mg/day) lower in males, 95% CI of the mean difference 1.05, 5.75; p<0.006).

Genotype/haplotype

Out of all 121 patients, DNA samples were missing from nine. The genotype of CYP1A2, MDR1 and UGT1A4 variants in 112 patients are given in Table 2. The observed genotype frequencies did not show a significant deviation from Hardy-Weinberg equilibrium. The most frequent SNP in CYP1A2 was -163C>A followed by -2467delT with frequencies of 76.8% and 9.8%, respectively. The SNP CYP1A2 -729C>T was not detected in this population. The frequencies of SNPs MDR1 3435C>T and 2677G>T were 58.5% and 45.5%, respectively, and SNP UGT1A4 142T>G with a frequency of 17.9%. The CYP1A2 and MDR1 haplotypes were constructed using the raw genotype data using population genetic software, ARLEQUIN 2.000. Three known haplotypes, CYP1A2*1A, CYP1A2*1F and CYP1A2*1D, were found in frequencies of 21.9%, 68.3% and 1.3%, respectively (Table 3). Since CYP1A2 -3860G>A, -739T>G and -3113A>G SNPs were not included, the remaining 8.3% of the haplotype could not be determined. MDR1 haplotypes were estimated by using two SNPs, 3435C>T and 2677G>T. The most frequent haplotype was TT followed by CG in frequencies of 41.2% and 37.2% respectively (Table 3).

The association of olanzapine plasma concentration with individual SNPs and haplotypes

The prevalence of each genotype together with the corresponding mean C/D is presented in Table 2. Using ANOVA, the individual genotypes and haplotypes were compared with mean C/D. None of the genotypes or haplotypes unadjusted for covariates showed any significant association with olanzapine plasma concentrations. To be able to control for other factors that have a possible effect on the results, a multiple regression analysis was performed with the combined effect of patient characteristics and genotypes/haplotypes on dose-corrected plasma concentrations of olanzapine (Table 4). Figure 2 shows the values of plasma olanzapine C/D predicted by the model, plotted against the measured concentrations. Male gender, UGT1A4 142T>G genotype and smoking, did each explain a significant proportion of the variation independently and predicted a decrease in dose normalized plasma concentration of olanzapine of 35%, 25% and 21% respectively. Overall, the full regression model (Table 4) with last dose intake 12 hours prior to sampling (14.0 nmol/mg/day), compared to a smoking man heterozygous for UGT1A4 142T>G (2.75 nmol/mg/day).

accounted
To further investigate the clinical impact of the UGT1A4 142T>G genotype for olanzapine exposure, the proportion of patients below the lower limit of the therapeutic interval (74 nmol/L (23 ng/mL)) was compared between homozygous carriers of the 142T-variant. i.e. the most common genotype, or patients being heterozygous for 142G. A larger proportion of patients that carry the UGT1A4 142G variant had a plasma concentration of olanzapine below 74 nmol/L (55%) as compared to 142T homozygous cases (42%), but this difference was not significant (p=0.22).

We also investigated the possible interaction between gender, UGT1A4 142T>G and smoking respectively, with time of sampling, and between UGT1A4 142T>G and smoking. Neither of the multiplicative terms explained a significant proportion of the variability. To further investigate the interaction of CYP1A2*1F haplotypes and smoking, crude C/D plasma concentrations among smokers were compared. The plasma concentrations in individuals with 0, 1 and 2 CYP1A2*1F haplotypes were 8.19 (SD:5.82 ), 6.26 (SD:3.92) and 6.78 (SD:4.89) nmol/L/mg/day respectively. The difference was not significant (p=0.688). 

Discussion

The present study suggests that the UGT1A4 142T>G SNP is associated with lower average plasma concentrations of olanzapine.

Initially we performed genotyping for UGT1A4 142T>G using primers described by Nozawa M et al. [15] However we found no clear result to differentiate the different genotypes. Later we performed sequencing of the PCR product and the result indicated that the primers coamplified UGT1A3 and UGT1A5 together with UGT1A4. After multiple alignments of the UGT1A families, we designed UGT1A4 specific primers for genotyping and the result were confirmed by direct sequencing. The impact of the UGT1A4 polymorphism was significant after adjusting for other factors and the 142T>G allele was associated with a similar reduction in olanzapine exposure as smoking or male gender. Applying the defined algorithm (Table 4) to literature-based mean morning plasma levels of 140 nmol/L (46 ng/mL) at steady state after mean daily doses of 16 mg [3], corresponding to 8.75 nmol/L/mg/day, and assuming this represents the exposure in UGT1A4 142TT subjects mainly ('wild type'); the corresponding exposure in subjects genotyped as heterozygous for UGT1A4 142T>G is predicted to [8.75 minus 3.46] = 5.29 nmol/L/mg/day and 85 nmol/L (30 ng/mL) in plasma 12h after last dose at repeated intake of 16 mg/d. In other words, patients carrying one allele of UGT1A4 142G (population frequency of around 15-20%), treated with standard dosages of olanzapine are at risk of sub-therapeutic exposure, according to the cut-offs defined in earlier work. [4,14] It follows that olanzapine exposure in subjects homozygous for the UGT1A4 142T>G SNP would be much lower. However, this needs to be confirmed in separate pharmacokinetic studies on genotyped individuals; i.e. under controlled experimental conditions. We are currently planning to run such a study after screening of several hundred volunteers for the UGT1A4 142T>G SNP, in order to include homozygous 142GG carriers. Confirmatory data showed the almost complete absence of glucuronidation of steroid substrates by the UGT1A4 valine-48 enzyme. [9] However, a study including Japanese healthy volunteers showed that the UGT1A4 142T>G genetic variant may be associated with either an increase or decrease in glucuronidation activity, depending on substrate. Thus, the UGT1A4 L48V amino acid substitution decreased the intrinsic clearance (V max /K m ) for tigogenin while the intrinsic clearance for clozapine, another atypical antipsychotic with very close structural similarity to olanzapine, was twice as high in the UGT1A4 valine-48 enzyme variant compared to that of the wild type leucine-48 enzyme. [16] In light of these data, it is tempting to speculate that the UGT1A4 L48V amino acid substitution involves ethylene-group-dependent sterical changes in the substrate-binding region of the UGT1A4 enzyme.

The present data did not show any effect of the CYP1A2*1F haplotype on olanzapine exposure.

Interestingly, previous work has suggested the impact of this haplotype to be dependent on smoking, and that the extent of CYP1A2 gene expression and enzyme induction by smoking would be more pronounced in carriers of this haplotype. [17,18] However, we did not observe a corresponding positive relationship between the CYP1A2*1F haplotype and smoking in the present material. This might be explained by the fact that UGT1A4 probably plays a greater role in the metabolism of olanzapine than CYP1A2. [5] It is also of interest that UGT1A4 seems to be regulated through the aryl hydrocarbon receptor [19], in similarity with the CYP1A2 gene. As yet, there are no published studies that describe the influence of smoking on UGT1A4 gene expression or enzyme activity, and we failed to detect a difference between smokers and non-smokers regarding the impact of the UGT1A4 polymorphism on olanzapine plasma levels.

We lacked information regarding coffee intake which may be of some relevance for CYP1A2 metabolism since both caffeine and olanzapine are metabolised by this enzyme, and in theory coffee intake may contribute to inter-individual variability in olanzapine exposure. Coffee consumption has been suggested also to induce CYP1A2 [20], but this needs to be concluded from studies on intra-individual changes before and after repeated coffee intake since baseline differences in CYP1A2 activity may predispose to differences in coffee intake behaviour. In any case, the potential bias is likely to be non-differential and should therefore not have affected the results on the impact of UGT1A4 genotype on olanzapine levels.

Using multiple regression analysis, we showed that the male gender is associated with a 35% decrease in the daily dose corrected plasma concentration of olanzapine compared to females, after adjustment for other factors. Adjusting for body weight did not lower this effect, which is concordant with previous studies. Perry et al. reported that male patients required 15.8 mg/day and women 8.6 mg per day, to reach the therapeutic concentration of olanzapine, and Gex-Fabry et al. found that female gender was associated with an 11% increase in plasma concentration after controlling for other factors. [4,21] A possible explanation may be the undocumented use of oral contraceptives which appear to inhibit CYP1A2 activity in vivo. [17] Unfortunately we did not in the present study specifically ask the patients for information regarding contraceptives. To address this issue indirectly, we included age as a dichotomized variable separating patients with an age above 40 years, who may use contraceptives to a lesser extent, from patients 40 years or less. However, this variable did not explain a significant proportion of the variation, supporting the observed gender-specific difference in olanzapine metabolism. It is of interest to note that dose levels in our material did neither differ significantly between men and women, nor between smokers and non-smokers. Apparently, the established influence of these factors on olanzapine exposure did not translate into different dose levels in the clinic, despite being mentioned in drug label. Whether this is a matter of clinical neglect or indicates only a limited clinical importance of such differences for treatment outcome is not clear at this stage.

The regression model was based on an exponential association between the time passed between last dose and olanzapine exposure. As the interaction terms between the sample time and the factors shown to predict olanzapine exposure were not significant, with the exception to that of UGT1A4 142T>G SNP, we chose to keep this association fixed instead of dependent on the characteristics of each individual. This may, from a strict pharmacokinetic point of view be theoretically inappropriate, but appeared as the best approach due to the limited number of patients which resulted in non-significant interaction terms. One non-smoking man, wild type for UGT1A4 142T>G, with a sample that was taken 3.5 hours after the last dose, was identified as an outlier with an exceptionally high C/D olanzapine value of 47 nmol/mg/day (Figure 2). If this case was excluded from the analysis, also the time between last dose and sample became statistically non-significant. Also the predictive value of UGT1A4 142T>G for C/D olanzapine became weaker with a beta coefficient that decreased from -3.46 to -2.19, but did however remain significant (p=0.042). In 8 patients the olanzapine concentration was found to be <20nmol/L, i.e. below the level of more exact quantification. These samples were given a value of 10 nmol/L. By this approach we aimed to avoid the bias of excluding the 18 effect of gender nor UGT1A4 142T>G. The effect of smoking was however not statistically significant (p=0.086). When scrutinizing the excluded patients it was evident that a disproportional large part of them (n=5) were smokers. Whether these patients had not taken their medication, misused their recommended dose or if they are ultra-rapid metabolizers remain unclear. In this respect, it should be commented that patient compliance with measurable or at least detectable intake of prescribed drug in > 90% of subjects may be considered surprisingly high. If it were assumed that patient compliance is independent of genotype, a lower compliance would significantly reduce the power to detect the genotypeconcentration relationship described above.

Conclusion

The results of the present study, based on multiple regression analysis, indicate that carriers of the UGT1A4 142T>G SNP have reduced exposure to olanzapine. The validity of this finding clearly needs to be confirmed in other similar naturalistic settings and by pharmacokinetic studies in genotyped healthy volunteers after oral administration of olanzapine. Also, studies of relapses and discontinuation of olanzapine treatment are needed to assess the clinical effects of the variation in olanzapine levels. In addition, the enzyme variants encoded by the UGT1A4 142T and 142G variants needs to be characterised in vitro with regards to potential catalytic properties. Such studies are now underway. We were also able to confirm that men and smokers are exposed to lower levels of the drug. Whether or not these factors influence the risk of therapeutic failure remains to be established. However, it became clear from the present study that factors already known to reduce olanzapine exposure such as smoking and male gender, was not translated into treatment with higher daily doses. We propose that treatment response to olanzapine in psychosis might improve if both genetic and environmental factors are taken into account by individualized dosage. 
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  To study the impact of UGT1A4, CYP1A2, and MDR1 genetic variants on olanzapine plasma levels was investigated in patients with schizophrenia, in relation to other individual factors such as gender, smoking status, body weight and age.Methods: One hundred and twenty-one patients were recruited from psychosis-specialized outpatient departments in Stockholm County. Olanzapine plasma concentrations were analyzed by HPLC. Genotyping was carried out by PCR-RFLP or Minisequencing and haplotypes were analyzed by the use of computer software on population genetics. Multiple regression analysis was performed to investigate the combined effect of patient characteristics and genotypes/haplotypes on daily dose-corrected plasma concentrations of olanzapine.
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9 and

 9 CYP1A2 and MDR1 haplotypes identified in the study population, using forward stepwise regression. The validity of the final model was tested using conventional residual analysis. The calculations were performed in SPSS software version 16.

  for 25% of inter-individual variability in olanzapine C/D, as indicated by the R 2 value (fig. 2). No additional contribution to the olanzapine C/D variability was apparent from the different CYP1A2 and MDR1 genotypes/haplotypes. The regression model predicted a 5.1 fold higher olanzapine plasma C/D for a non-smoking female patient, without the UGT1A4 142T>G SNP,

  on a significant impact of the UGT1A4 polymorphism would unavoidably lead to the question whether prospective genotyping of patients should be considered, for an early detection of subjects at risk of sub-therapeutic olanzapine exposure.The UGT1A4 142T>G SNP causes a leucine to valine amino acid substitution (L48V), and there are contradictory reports in the literature how this affects enzyme activity. Ehmer et al.
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Table 1 . Summary of diagnoses and the mean daily doses* and plasma concentrations of olanzapine in the study population

 1 

	Diagnosis**	Schizophrenia	Other psychosis	Other diagnosis
		or		
		schizoaffective	(psychosis NUD +	(including bipolar)
		syndrome	delusional disorder)	
	N total	75	27	14
	mg, daily dose (mean ± SD)	(13 ± 7.6)	(11 ± 5.6)	(11 ± 7.0)
	nmol/L, plasma concentration,	(115 ± 112)	(77 ± 53)	(78 ±55)
	(mean ± SD)			
	N males	46	17	11
	mg, daily dose (mean ± SD)	(13 ± 7.5)	(11 ± 5.0)	(8.4 ± 4.4)
	nmol/L, plasma concentration,	(104 ± 112)	(69 ± 42)	(58 ± 35)
	(mean ± SD)			
	N females	29	10	3
	mg, daily dose (mean ± SD)	(12 ± 7.9)	(11 ± 6.7)	(18 ± 10)
	nmol/L, plasma concentration,	(135 ± 111)	(91 ± 70)	(131 ± 71)
	(mean ± SD)			
	N non-smokers	43	16	9
	mg, daily dose (mean ± SD)	(12 ± 8.1)	(12 ± 6.0)	(11 ± 8.3)
	nmol/L, plasma concentration,	(139 ± 132)	(95 ± 56)	(87 ± 60)
	(mean ± SD)			
	N smokers	32	11	5
	mg, daily dose (mean ± SD)	(13 ± 7.0)	(9.3 ± 4.5)	(9 ± 4.2)
	nmol/L, plasma concentration,	(86 ± 71)	(50 ± 34)	(53 ± 35)
	(mean ± SD)			
	* Information on daily doses was available in 118 patients and missing in 3
	** Information on diagnosis was available in 119 patients and missing in 2	
	***Information on plasma concentrations of olanzapine was available in 110 patients and
	missing in 11			

Table 2 . Genotype frequencies of CYP1A2, MDR1 and UGT1A4 polymorphisms investigated and corresponding mean concentration-to-dose rations (C/D) of olanzapine

 2 

	Gene and SNP Genotype Number of patients	Mean C/D (SD)
			(n=112)	(n=102)
	CYP1A2			
	-2467 delT	TT	92	8.8 (6.4)
		T/delT	18	9.6 (6.0)
		delT/delT 2	-
	-729C>T	CC	112	8.9 (6.3)
		CT	0	-
		TT	0	-
	-163C>A	CC	7	11.0 (9.1)
		CA	38	9.0 (7.6)
		AA	67	8.3 (4.7)
	UGT1A4			
	142T>G	TT	83	9.6 (6.9)
		TG	29	7.0 (3.6)
		GG	0	
	MDR1			
	3435C>T	CC	21	8.2 (10.3)
		CT	51	8.8 (4.8)
		TT	40	9.3 (5.5)
	2677G>T	GG	32	9.2 (8.5)
		GT	58	8.2 (5.1)
		TT	22	10.7 (5.3)

Table 3 . Haplotype frequencies of CYP1A2 and MDR1 in 112 schizophrenic patients.

 3 

		Haplotype	Observed
				frequencies
	CYP1A2		
	CYP1A2*1A		0.219
	CYP1A2*1F (-163C>A)	0.683
	CYP1A2*1D (-2467delT)	0.013
	MDR1			
	3435C>T 2677G>T	
	CG	C	G	0.372
	CT	C	T	0.043
	TG	T	G	0.173
	TT	T	T	0.412

Table 4 . Inter-individual variability factors for plasma concentration of olanzapine per milligram oral daily dose, in the study population 1 .

 4 

	Factors affecting olanzapine plasma			p-value
		Expected values Std. Error	
	concentration (nmol/L)/(mg/day)			
	Male gender	-4.91	1.3	<0.001
	UGT1A4 142T>G	-3.46	1.4	0.019
	Smoking	-2.93	1.3	0.022

1 

The final linear model was as follows: Daily dose corrected plasma concentration of olanzapine = 1.29 + (16.83* 0.97716 Hours between last dose and sampling ) + (-4.91* Male gender) + (-3.46* UGT1A4 142T>G) + (-2.93* Smoking). The predicted dose corrected olanzapine concentration in (nmol/L)/(mg/day) in a non-smoking female, wild type for UGT1A4 142T>G genotype that had taken her last dose 12 hours prior to the sampling = 1.29 + (16.83* 0.97716 12 ) + (-4.91* 0) + (-3.46* 0) + (-2.93* 0) = 14.0.

CARRIERS OF THE UGT1A4 142T>G GENE VARIANT ARE PREDISPOSED TO REDUCED OLANZAPINE EXPOSURE -AN IMPACT SIMILAR TO MALE GENDER OR SMOKING IN SCHIZOPHRENIC PATIENTS Roza

  Table 4 and explained 25% of the inter-individual variability in plasma levels corrected for differences in daily dose. Ghotbi, PhD* 1 , Buster Mannheimer, MD, PhD* , Eleni Aklillu, PhD 1 , Akira Suda, MD, PhD 1, § , Leif Bertilsson, PhD 1 , Erik Eliasson, MD, PhD 1 # and Urban Ösby, MD, PhD 3 # * Both authors contributed equally and share first authorship. # Both authors contributed equally and share last authorship. § Visiting scientist from Yokohama City University School of Medicine, Department of Psychiatry. Karolinska Institutet, Stockholm, Sweden; 1 Department of Laboratory Medicine, Division of Clinical Pharmacology, Karolinska University Hospital, Huddinge 2 Department of Internal Medicine, Södersjukhuset 3 Department of Clinical Neuroscience, R&D Unit, Department of Psychiatry, Danderyd University Hospital
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Table 1 . Summary of diagnoses and the mean daily doses* and plasma concentrations of olanzapine in the study population

 1 Information on daily doses was available in 118 patients and missing in 3 ** Information on diagnosis was available in 119 patients and missing in 2 ***Information on plasma concentrations of olanzapine was available in 110 patients and missing in 11
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		schizoaffective	(psychosis NUD +	(including bipolar)
		syndrome	delusional disorder)	
	N total	75	27	14
	mg, daily dose (mean ± SD)	(13 ± 7.6)	(11 ± 5.6)	(11 ± 7.0)
	nmol/L, plasma concentration,	(115 ± 112)	(77 ± 53)	(78 ±55)
	(mean ± SD)			
	N males	46	17	11
	mg, daily dose (mean ± SD)	(13 ± 7.5)	(11 ± 5.0)	(8.4 ± 4.4)
	nmol/L, plasma concentration,	(104 ± 112)	(69 ± 42)	(58 ± 35)
	(mean ± SD)			
	N females	29	10	3
	mg, daily dose (mean ± SD)	(12 ± 7.9)	(11 ± 6.7)	(18 ± 10)
	nmol/L, plasma concentration,	(135 ± 111)	(91 ± 70)	(131 ± 71)
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	N non-smokers	43	16	9
	mg, daily dose (mean ± SD)	(12 ± 8.1)	(12 ± 6.0)	(11 ± 8.3)
	nmol/L, plasma concentration,	(139 ± 132)	(95 ± 56)	(87 ± 60)
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	N smokers	32	11	5
	mg, daily dose (mean ± SD)	(13 ± 7.0)	(9.3 ± 4.5)	(9 ± 4.2)
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	CYP1A2			
	-2467 delT	TT	92	8.8 (6.4)
		T/delT	18	9.6 (6.0)
		delT/delT 2	-
	-729C>T	CC	112	8.9 (6.3)
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	2677G>T	GG	32	9.2 (8.5)
		GT	58	8.2 (5.1)
		TT	22	10.7 (5.3)

Table 3 . Haplotype frequencies of CYP1A2 and MDR1 in 112 schizophrenic patients.

 3 

		Haplotype	Observed
				frequencies
	CYP1A2		
	CYP1A2*1A		0.219
	CYP1A2*1F (-163C>A)	0.683
	CYP1A2*1D (-2467delT)	0.013
	MDR1			
	3435C>T 2677G>T	
	CG	C	G	0.372
	CT	C	T	0.043
	TG	T	G	0.173
	TT	T	T	0.412

Table 4 . Inter-individual variability factors for plasma concentration of olanzapine per milligram oral daily dose, in the study population 1 .

 4 The final linear model was as follows: Daily dose corrected plasma concentration of olanzapine = 1.29 + (16.83* 0.97716 Hours between last dose and sampling ) + (-4.91* Male gender) + (-3.46* UGT1A4 142T>G) + (-2.93* Smoking). The predicted dose corrected olanzapine concentration in (nmol/L)/(mg/day) in a non-smoking female, wild type for UGT1A4 142T>G genotype that had taken her last dose 12 hours prior to the sampling = 1.29 + (16.83* 0.97716 12 ) + (-4.91* 0) + (-3.46* 0) + (-2.93* 0) = 14.0.Aricle title: CARRIERS OF THE UGT1A4 142T>G GENE VARIANT ARE PREDISPOSED TO REDUCED OLANZAPINE EXPOSURE -AN IMPACT SIMILAR TO MALE GENDER OR SMOKING IN SCHIZOPHRENIC PATIENTS

	Factors affecting olanzapine plasma			p-value
		Expected values Std. Error	
	concentration (nmol/L)/(mg/day)			
	Male gender	-4.91	1.3	<0.001
	UGT1A4 142T>G	-3.46	1.4	0.019
	Smoking	-2.93	1.3	0.022

1 

table 2 . PCR primers and Minisequencing primers used for the genotyping of CYP1A2 729T>G and -163C>A.

 2 

	SNP	PCR primer (5´-3´)	Minisequencing primer with tag sequence
	-729T>C	fo-AAGCTAGTGGGGACAGAAAGA	re-ATTGACCAAACTGCGGTGCGAGTCAA
			GAGCTGGGTAGCAAAGCCC
		re-TTAAAAATGGCTTAGTCCAAACTG	
	-163C>A	fo-AATCTTGAGGCTCCT TTCCA	fo-ATTAACTCGACTGCCGCGTGTGCTCAA
			AGGGTGAGCTCTGTGGGC
		re-AGCTGGATACCAGAAAGACTAAGC	re-AATACGCTGAATAGAGCCCTTAAGCTCC
			ATCTACCATGCGTCCTG
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Legends to figures:

 4and explained 25% of the inter-individual variability in plasma levels corrected for differences in daily dose. [19] [19]