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Abstract

Introduction

The role of Olanzapine therapeutic drug monitoring

is controversial. The present study explores the

associations of Olanzapine plasma concentrations

with clinical response and metabolic side effects in

first episode psychosis (FEP) after 2 months of

treatment.

Methods

Forty-seven patients were included. Improvement

in clinical symptomatology was assessed using the

PANSS. Metabolic assessment included weight,

blood pressure, waist circumference, blood glucose,
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total cholesterol, high-density lipoprotein, low-

density lipoprotein, and triglycerides.

Results

The Olanzapine plasma concentrations after 2

months of treatment were positively correlated with

weight gain (r = 0.49, p = 0.003), and a

concentration > 23.28 ng/mL was identified as a

positive predictor of weight gain (≥ 7%). The

Olanzapine concentration to dose (C/D) ratio was

positively correlated with the percentage of

improvement in the total PANSS (r = 0.46, p =

0.004), and a C/D ratio > 2.12 was identified as a

positive predictor of a good response (percentage of

improvement > 30%) after 2 months of treatment.

We also identified several factors that could alter

Olanzapine pharmacokinetics: gender (p = 0.03),

diagnosis (p = 0.05), smoking habit (p = 0.05), and

co-medications such as valproic acid (p = 0.05) and

anxiolytics (p = 0.01).

Discussion

In conclusion, our results suggest that therapeutic

drug monitoring of Olanzapine could be helpful to

evaluate therapeutic efficacy and metabolic

dysfunction in FEP patients treated with

Olanzapine.

Access provided by Universitat de València
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Olanzapine is a second-generation antipsychotic

(AP) commonly prescribed for the treatment of

schizophrenia and the World Federation of

Biological Psychiatry suggests it as a first-line

therapeutic option (Hasan et al. 2013). Several

pharmacological guidelines for schizophrenia

treatment also recommend Olanzapine as one of

the two non-clozapine AP trials before a trial of

clozapine is considered in first-episode psychosis

(FEP) patients (Keating et al. 2017). Olanzapine is

effective in the acute reduction of

psychopathological symptoms in FEP patients,

showing relative advantages in therapeutic

response in comparison to other APs with higher

rates of treatment retention or longer times to drug

discontinuation (Lieberman et al. 2003; Kahn et al.

2008; Green et al. 2006). Nevertheless, Olanzapine

treatment is associated with a higher risk of weight

gain and metabolic effects than other typical and

atypical APs are (Lambert et al. 2005; Duggan et al.

2005; Fernandez-Egea et al. 2011; Arango et al.

2014); for this reason, some guidelines do not

recommend Olanzapine as a first-line option

(Buchanan et al. 2010; Nguyen et al. 2020).

Olanzapine exhibits large inter-individual

variability in pharmacokinetics (up to 10-fold)

(Polasek et al. 2018). The intrinsic and extrinsic

factors that could explain this variability include

ethnicity, gender, age, Olanzapine dose, co-

medication, smoker status, and intrinsic inter-

individual variability in drug metabolism or
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clearance (Bergemann et al. 2004; Bigos et al.

2008; Callaghan et al. 1999; Shirley et al. 2003).

Olanzapine is almost entirely eliminated by

metabolism: predominantly by CYP1A2, CYP2C8,

and UGT1A4 (Korprasertthaworn et al. 2015), and

to a lesser extent by CYP2D6 (Callaghan et al.

1999).

Given the large inter-patient variability in plasma

Olanzapine concentrations at the same dose, the

monitoring of blood Olanzapine concentration can

be very useful in assessing therapeutic efficacy and

avoiding adverse events (Mauri et al. 2018). In

order to ensure Olanzapine effectiveness and

minimize adverse reactions, the consensus

guidelines of the Therapeutic Drug Monitoring

(TDM) group of the Arbeitsgemeinschaft fur

Neuropsychopharmakologie und

Pharmakopsychiatrie (AGNP) suggest that

Olanzapine-treated undergo TDM and recommend

Olanzapine concentrations ranging from 20 to 80

ng/mL (Hiemke et al. 2018).

However, the role of TDM is controversial both in

terms of Olanzapine efficacy (Citrome et al. 2009;

Fellows et al. 2003; Perry et al. 2001; Zabala et al.

2017; Lane et al. 2002; Lu et al. 2016; Mauri et al.

2005; Perry et al. 1997) and of Olanzapine-induced

adverse effects (Citrome et al. 2009; Lu et al. 2016;

Kelly et al. 2006; Perry et al. 2005; Skogh et al.

2002). The management of metabolic disturbances

is especially relevant taking into account the
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prevalence of metabolic syndrome and related

disorders in people with schizophrenia. A third of

people with schizophrenia have metabolic

syndrome, and the prevalence of obesity, type 2

diabetes, and hypercholesterolemia is 3 to 5 times

higher in schizophrenia patients than in the general

population (Pillinger et al. 2020). Moreover, people

with schizophrenia compared to general population

have double risk to have a diagnosis and die as a

consequence of cardiovascular disease (Olfson et al.

2015). Interestingly, although antipsychotic

medication has been related to the metabolic

alterations observed in schizophrenia,

accumulating evidence shows the presence of

metabolic dysregulation in drug naïve patients with

a FEP and their relatives (Garcia-Rizo et al., 2017;

Fernandez-Egea et al. 2008; Garcia-Rizo et al.

2017).

Studies of Olanzapine TDM have mostly been of

chronic schizophrenia patients, with a few

exceptions (Zabala et al. 2017). Taking into account

that FEP patients tend to be more sensitive to the

effects of APs and more vulnerable to side effects

(Fernandez-Egea et al. 2011; Arango et al. 2014),

together with the importance of early treatment of

these patients to improve outcomes and prevent

deterioration, it is especially important to develop

TDM studies in FEP patients. Therefore, the aims

of the present study are to explore the associations

of Olanzapine plasma concentrations with clinical

response and metabolic side effects in a naturalistic
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cohort of FEP patients, and to identify those factors

that alter Olanzapine pharmacokinetics and could

affect Olanzapine plasma concentrations.

Material and methods

This study is part of the project “Phenotype–

genotype interaction: application of a predictive

model in first-episode psychosis, FIS PI080208”

(known as the PEPs study, from the Spanish

abbreviation for first-episode psychosis). A

complete description of the protocol for the PEPs

study has been published previously (Bernardo et

al. 2013; Bioque et al. 2016; Mas et al. 2017; Bioque

et al. 2018). The 16 centers participating in the

PEPs project recruited a total of 335 patients with a

FEP from April 2009 to April 2012. Patients were

recruited from 16 centers located throughout the

Spanish territory with experience in performing

and assessing diagnoses, in the use of semi-

structured interviews and clinical scales, and in

treating this population. The PEPs study was

carried out in the context of the Center for

Biomedical Network Research on Mental health

(CIBERSAM), the leading scientific institution

devoted to mental health research in Spain (Salagre

et al. 2019; Bernardo et al. 2019). Every patient

who met the inclusion criteria and was attended at

these facilities during the recruitment period was

invited to participate in the study on either an

inpatient or outpatient basis. The inclusion criteria

for patients were as follows: age between 7 and 35
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years, presence of first psychotic symptoms

(positive symptoms or disorganization) of at least 1

week duration in the last 12 months, and speak

Spanish correctly. The exclusion criteria for

patients were as follows: (1) mental retardation

according to the Diagnostic and Statistical Manual

of mental disorders, 4th edition (DSM-IV), (2)

history of head trauma with loss of consciousness,

and (3) presence of an organic disease with mental

repercussions.

Participants

During the recruitment period (2009–2012), 335

subjects who presented FEP were included in the

PEPs study. From that initial FEP sample, 302

participants were prescribed at least one AP during

the follow-up period. Of these, 234 (77.5%)

participated in the pharmacogenetic and

therapeutic module of the study, and 174 (74.3%) of

the participants in this module provided blood

samples for the determination of AP plasma level.

Of these 174 FEP patients, 47 (27.0%) were treated

with Olanzapine during the first 2 months of the

follow-up period, and were included in the present

study (age range 17–36 years). Being a naturalistic

study, there were no specific guidelines for

treatment, so patients received AP treatment based

on the clinician’s decision. Co-medications and

treatment changes were based only on clinical

necessity, and a flexible dose regime was allowed.

Prior treatment with APs did not exceed 12 months
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at study entry. The study was approved by the

Ethics Committees of all the participating centers

and informed consent was obtained from all the

participants or their legal guardians.

Clinical assessment

As a measurement of AP efficacy, improvement in

clinical symptomatology was assessed using the

Spanish validated version of the PANSS (Peralta

and Cuesta 1994), a semi-structured interview with

30 items rated on a 7-point scale. The PANSS

results were collected at each visit during the PEPs

study. The current study is focused on data from 2

months of follow-up. The clinical response after 2

months of Olanzapine treatment was evaluated

using the percentage of improvement from baseline

according to total PANSS scores: ((PANSS  −

PANSS ) / PANSS ) × 100. For the

nonparametric ROC curve analysis, response to

treatment was defined as a decrease of at least 30%

in the PANSS total score from baseline, based on

the strong support of these criteria (Zabala et al.

2017).

Metabolic assessment

Several anthropometric and metabolic traits were

measured at baseline and at 2, 6, 12, and 24

months, including body weight, blood pressure,

waist circumference visit, blood glucose, total

cholesterol, high-density lipoprotein (HDL)

cholesterol, low-density lipoprotein (LDL)

2months

basal basal
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cholesterol, and triglycerides (TG) (Bioque et al.

2018; Gassó et al. 2020). Metabolic parameters

were directly analyzed by enzymatic procedures

with an Automatic Chemical Analyzer. The current

study is focused on data from 2 months of follow-

up. The metabolic response after 2 months of

Olanzapine treatment was evaluated using the

percentage of change of each metabolic parameter.

For the nonparametric ROC curve analysis, a

threshold for weight gain of 7% was chosen to be

consistent with the Olanzapine prescribing

information regarding weight gain (Perry et al.

2005).

Olanzapine and desmethyl-Olanzapine
determination

At 60 days after being included in the PEPs study,

we collected pre-dose and fasting blood samples

from patients between 08:00 and 10:00 h. Plasma

was stored at − 30 °C until analysis.

Plasma concentrations of Olanzapine and its

metabolite desmethyl-Olanzapine (DMO) were

measured by a simple isocratic high-performance

liquid chromatography system, with UV diode array

detection and selective solid-phase extraction

(Dusci et al. 2002). To assure high precision and

accuracy of the method, an internal standard is

included in the sample preparation and

quantitative evaluation. The within- and between-

day precision expressed as coefficient of variation

(CV)% were < 10%. The limit of quantification
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(LOQ) was 4 ng/mL. The quality of analyses was

subject to a program of internal quality control and

external quality assessment.

Using the concentration results, we extrapolated

the steady-state C  using the equation C  = Ct ×

e  as described elsewhere (Hiemke et al.

2018; Gex-Fabry et al. 2003), where Ct is the drug

concentration measured at time t, t  the time at

C  and ke the elimination rate constant (ke =

ln2/t ) (Olanzapine t  = 33 h) (Hiemke et al.

2018; Gex-Fabry et al. 2003). We computed a

concentration/dose (C/D) ratio by dividing the total

concentration of Olanzapine or DMO, in ng/mL, by

the Olanzapine dose, in mg/day. This C/D ratio is

considered an index of the total capacity to

eliminate Olanzapine. Lower values are related to

an increased capacity to eliminate Olanzapine (i.e.,

CYP inducers), whereas higher values are related to

an impaired capacity to eliminate Olanzapine (i.e.,

CYP inhibitors).

Cytochrome genotyping

Samples were genotyped at the Santiago de

Compostela node of the Spanish National

Genotyping Centre (CeGen) using the iPLEX

ADME PGx multiplex panel (Sequenom, Inc., San

Diego, CA, USA). SNPs from the panel that failed in

the sample or had excessive missing genotypes

were also analyzed using commercially available

TaqMan® assays (Applied Biosystems, Foster City,

min min

-ke(tmin - t)

min

min

1/2 1/2
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CA, USA). CNVs were further analyzed in those

samples that were positive for a multiplication or

deletion using TaqMan® Copy Number Assays. All

TaqMan® analyses were carried out at the Clinical

Research Center of the Extremadura University

Hospital Medical School (Badajoz, Spain). The

Cytochrome (CYP) allele designations refer to those

defined by the Cytochrome P450 Allele

Nomenclature Committee

(http://www.cypalleles.ki.se/). The activity score

was computed and the phenotype was extrapolated

based on the genotype obtained (Gaedigk et al.

2008; Swen et al. 2012).

Statistical analysis

Data were analyzed using SPSS 20.0 (statistical

analysis software, IBM, Chicago, IL, USA). Two-

tailed p values < 0.05 were considered to be of

statistical significance. Means and standard

deviations were computed for continuous variables.

The normality of continuous variables was tested

using the Kolmogorov–Smirnov and Shapiro–Wilk

tests, and the equality of the variance between

groups was assessed using Levene’s test.

Olanzapine and DMO plasma concentrations

together with the computed ratios were not

normally distributed; therefore, the Mann–

Whitney U test or Kruskal–Wallis test was

conducted to compare groups. If the overall null

hypothesis was rejected, pairwise tests of the

differences between groups were performed via the
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Dunn–Bonferroni post hoc method. The predictive

properties of those variables associated with

Olanzapine C/D ratio or Olanzapine concentrations

were tested using a multiple linear regression

model, following a stepwise approach using a

backward method. The association between plasma

concentrations or ratios and clinical improvement

or metabolic profiles was analyzed using the

Spearman rank correlation coefficient. In cases

where significant correlations were detected,

nonparametric ROC curve analysis was conducted

to determine optimum breakpoints as response

markers. Olanzapine doses, concentrations, and

C/D ratio are given as median and interquartile

ranges.

Results

Demographic, clinical, pharmacological, and

metabolic data are presented in Table 1. The

correlations between drug levels and clinical

response or metabolic parameters are shown in

Table 2. Olanzapine concentration positively

correlates with weight gain after 2 months of

Olanzapine treatment (p = 0.003), and the

Olanzapine C/D ratio positively correlates with the

percentage response according to total PANSS

scores (p = 0.004) (Fig. 1).

Table 1 Demographic, clinical,
pharmacological, and metabolic data of
study subjects
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Table 2 Results of Spearman rank
correlation tests for percentage
improvement in clinical response and
metabolic measures with levels of
Olanzapine and DMO. Italicized values
are significant correlations

Fig. 1

Scatter-plot showing the positive relationship

between: a Olanzapine concentration and weight gain

(kg) after 2 months of treatment(r = 0.49, p = 0.003);

and b Olanzapine C/D ratio and the percentage of total

PANSS improvement after 2 months of treatment (r =

0.46, p = 0.004).

We dichotomized weight gain using a cut-off value

of 7% to determine the Olanzapine plasma

concentration threshold using ROC analysis. An

Olanzapine concentration > 23.28 ng/uL (AUC =

0.77 ± 0.07; sensitivity, 0.75; specificity, 0.65) was

identified as a positive predictor of weight gain. The
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mean Olanzapine concentration was 73% higher in

patients with ≥ 7% weight gain (N = 14, 42 ± 46

ng/mL) than in the < 7% weight gain group (N =

33, 20 ± 16 ng/mL) (U = 216, p = 0.006). Patients

with ≥ 7% weight gain were treated with a

significantly higher dosage (15 ± 14 vs. 10 ± 5

ng/mL, U = 315.5, p = 0.024) and presented lower

baseline weight (62 ± 9 vs. 75 ± 13 kg, U = 79.0 p =

0.001) than the group of patients with < 7% weight

gain.

To establish the C/D ratio threshold predictor of

clinical response, > 30% response in the total

PANSS score was used in the ROC analysis. A C/D

ratio > 2.12 (AUC = 0.72 ± 0.08; sensitivity, 0.66;

specificity, 0.62) was identified as a positive

predictor of good response. Patients with a good

response presented a 103% higher Olanzapine C/D

ratio (N = 15, 3 ± 5) than patients with a poor

response (N = 32, 2 ± 1) (U = 216, p = 0.011). Non-

significant differences were found in dosage (U =

167.0, p = 0.086) and total PANSS score at baseline

(U = 317 p = 0.07) between responders (dose, 5 ±

10 ng/mL; PANSS, 79 ± 19) or non-responders

(dose, 10 ± 10 ng/mL; PANSS, 68 ± 24).

In order to identify those factors that alter

Olanzapine pharmacokinetics, we used the

Olanzapine C/D ratio. Figure 2 shows Olanzapine

C/D ratio distribution, according to the variables

tested: age, ethnicity, gender, diagnosis, smoking

habit, co-medication (valproic acid, anxiolytics, or
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antidepressants), and CYP genotype (CYP1A2,

CYP2C8, or CYP2D6). The Olanzapine C/D ratio

was significantly higher in females (3 ± 6) than

males (2 ± 1) (U = 145, p = 0.03); non-affective

psychotic patients (2 ± 3) than affective (2 ± 1) (U =

161, p = 0.05); non-smokers (3 ± 3) than smokers

(2 ± 1) (U = 161, p = 0.05); patients not using

anxiolytics (3 ± 4) than those using anxiolytics (2 ±

1) (U = 149, p = 0.01); and patients treated with

valproic acid (2 ± 3) than those not treated with

valproic acid (2 ± 1) (U = 161, p = 0.05). However,

when these variables were included in a linear

regression model, only gender (β = − 2.44 ± 1.08, t

= − 2.25, p = 0.030) and anxiolytics (β = − 1.98 ±

0.94, t = − 2.09, p = 0.042) significantly accounted

in part for the variability detected in the Olanzapine

C/D ratio (R  = 0.198). We also tested whether

these variables explained the observed variability in

Olanzapine plasma concentrations: they were

included in a linear regression model jointly with

Olanzapine dose. Only Olanzapine dose (β = 1.45 ±

0.33, t = 4.39, p < 0.001) and ethnicity (β = 20.98 ±

8.66, t = 2.42, p = 0.020) remained significant in

the model (R  = 0.407).

Fig. 2

2

2
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Box plots showing the impact of the following

covariates on Olanzapine C/D ratio: a ethnicity; b sex;

c diagnosis; d age; e smoking habit; f co-medication; g

valproic acid; h antidepressants; i anxiolytics; j

CYP1A2 genotype; k CYP2C8 allelic score; l CYP2D6

allelic score. The bars represented the upper and lower

quartiles, the mean (lines in the bars) and the 95%

confidence intervals from data

Discussion

The aim of the present study was to explore the

roles of Olanzapine plasma concentration in

response outcomes, including both clinical

response and metabolic disturbances in FEP

patients treated with Olanzapine for 2 months. The

Olanzapine plasma concentrations were positively

correlated with weight gain, and a concentration >
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23.28 ng/mL was identified as a positive predictor

of weight gain (≥ 7%). The Olanzapine C/D ratio

was positively correlated with the percentage of

improvement in the total PANSS score, and a C/D

ratio > 2.12 was identified as a positive predictor of

a good response (percentage of improvement in

total PANSS score > 30%). We also identified

several factors that could alter Olanzapine

pharmacokinetics: sex, diagnosis, smoking habit,

and co-medications (anxiolytics and valproic acid).

However, only gender and co-medication with

anxiolytics explained some (a small percentage) of

the observed variability in the Olanzapine C/D

ratio. Moreover, the observed variability in

Olanzapine plasma concentrations was mainly

attributable to dosage and ethnicity.

The relationship between Olanzapine

concentrations and metabolic disturbances, mainly

weight gain, remains highly controversial. Several

studies have found no significant relationship

between Olanzapine levels and weight gain

(Citrome et al. 2009; Kelly et al. 2006; Lu et al.

2013, 2018). One study reported an Olanzapine

concentration threshold of 20.6 ng/uL above which

it was associated with significant weight gain (>

7%) during Olanzapine therapy (Perry et al. 2005).

In our study, we found a significant correlation

between Olanzapine concentration and weight gain,

and a threshold of 23.28 ng/mL was the best

predictor of significant weight gain (> 7%).

Although this threshold is significantly higher than
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that reported by Perry et al. (Perry et al. 2005),

discrepancies between the findings of the studies

may be accounted for by differences in study

design. While Perry et al.’s (Perry et al. 2005) was a

retrospective study of chronically ill patients, ours

was a longitudinal study, under naturalistic

settings, including FEP patients with less than a

year of AP treatment. In addition, differences in

age, sex, and monitoring period should be noted, as

the Perry et al. (Perry et al. 2005) study was

performed with older patients (36.0 ± 8.8 years),

mainly male (78%) and follow-up was for only 6

weeks. One of the main explanations for the lack of

drug concentration-effect relationship is the use of

retrospective analysis of flexible–dose studies or of

TDM databases from clinical routine (Hiemke

2019). In case of flexible doses, the presence of

non-responders (that will receive high doses

resulting in high drug concentrations in blood) and

the presence of placebo responders (that will be

treated with lower doses) could mask the

concentration-effect relationship or even could

result in negative correlations (Hiemke 2019).

Several studies reported negative correlations

between DMO levels, or the DMO C/D or

Olanzapine /DMO ratios and metabolic dysfunction

(Lu et al. 2013, 2018; Melkersson & Dahl, 2003 and

Melkersson et al, 2000). DMO concentrations >

5.63 ng/mL or a DMO C/D ratio > 0.35 ng/mL has

been associated with a reduced risk of metabolic

disturbances (Lu et al. 2018). In our study, we
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observed no significant correlations between DMO

levels and metabolic parameters.

The role of TDM in the determination of clinical

response is similarly still controversial. While

several studies found no significant correlations

between Olanzapine plasma concentrations and

clinical improvement (Citrome et al. 2009; Fellows

et al. 2003; Perry et al. 2001; Zabala et al. 2017),

others did detect such associations (Lane et al.

2002; Lu et al. 2016; Mauri et al. 2005; Perry et al.

1997). According to these latter studies, there is an

increased probability of response with Olanzapine

plasma concentrations ranging from 22.7 to 23.2

ng/mL (Fellows et al. 2003; Perry et al. 2001; Lu et

al. 2016) for chronic schizophrenia patients, or 34.3

ng/mL for FEP patients (Zabala et al. 2017). Several

studies reported a curvilinear relationship between

OLZ concentrations and improved symptoms

(Zabala et al. 2017; Mauri et al. 2005; Perry et al.

1997). In our study, our data did not fit the

quadratic model (maybe because none of the

patients was over the therapeutic range (> 80

ng/mL)), and we did not detect significant

correlations between OLZ plasma concentrations

and clinical improvement. However, when OLZ

levels were normalized using dosage, determined as

the OLZ C/D ratio, we detected a significant

correlation with the percentage of response

according to total PANSS scores. Lower C/D ratio

could reflect impaired drug clearance, drug

interactions, or lack of adherence. We could
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identify valproic acid as a possible interactor, but

unfortunately, adherence was not controlled in our

study. Using ROC analysis, we identified an

Olanzapine C/D ratio threshold of 2.12 as a

predictor: greater values indicated a good response.

We are unable to compare this threshold with

previous studies as they focused exclusively on

Olanzapine plasma concentrations and C/D ratios

were not computed.

A recent meta-analysis by Pillinger already

highlighted a historical aspect of psychiatric

pharmacology, the association between clinical

improvement and weight gain (Pillinger et al.

2020). Indeed, another recent article reviews the

existing literature regarding symptomatology and

weight under olanzapine treatment while

suggesting the role of the gut-brain axis as a

possible pathway underlying both conditions

(Garcia-Rizo 2020).

As for the variables affecting Olanzapine

pharmacokinetics, our results seem to be consistent

with those obtained in chronic patients. Women

seem to have higher Olanzapine concentrations

than men (Seeman 2004), although the exact

mechanism behind this is unknown. Clearance of

Olanzapine in women appears to be slower than in

men (Bigos et al. 2008) and this may be explained

to a certain extent by the ability of feminine sex

steroids to inhibit CYP3A4 activity (Laine et al.

2003). Smokers treated with Olanzapine showed
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higher clearance rates than non-smokers (Bigos et

al. 2008), thereby lowering plasma concentrations,

this may be due to the induction of CTP1A2 activity

(Gex-Fabry et al. 2003). Valproic acid has been

shown to reduce Olanzapine concentrations, and

this interaction involves a presystemic mechanism

(Tveito et al. 2019). The combination of Olanzapine

and valproic acid is regularly prescribed in the

treatment of bipolar or schizoaffective disorders

(Vieta et al. 2018), and this could explain the

observed differences in Olanzapine C/D ratios

between affective and non-affective FEP patients in

our study. None of the genes involved in

Olanzapine metabolism included in the present

study (CYP1A2, CYP2C8, and CYP2D6) seems to

affect Olanzapine pharmacokinetics significantly.

The small sample size of our study and the complex

Olanzapine metabolism including several pathways

could explain the lack of any significant association.

In conclusion, our results show significant

correlations of Olanzapine concentrations or

Olanzapine C/D ratios with weight gain and clinical

improvement after 2 months of treatment. This

suggests that TDM of Olanzapine could be helpful

to evaluate the therapeutic efficacy and metabolic

dysfunction in FEP patients treated with

Olanzapine. Moreover, TDM could be useful to

identify non-compliance and thus prevent relapse

and patient deterioration, which are especially

relevant in FEP patients.
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