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1. Introduction

Schizophrenia is a debilitating illness with anireated lifetime prevalence of around 0.7%
(McGrath et al., 2008). In 2001, the World Healthg@nization described schizophrenia as
one of the ten most disabling diseases in the w@&#daceno et al., 2005). It affects nearly all
areas of patients’ social, family and professiolnags. Its cost for society is high, both
directly (hospitalizations, treatment, dysfunctibrsocial skills) and indirectly (loss of
productivity) (McGrath et al., 2008). Its coursendae marked by resistance to antipsychotic
treatment, meaning that therapeutic support is #omae challenging for the practitioner,
with results that are partial and unsatisfactory.

Despite the development of a new generation of cubds, bringing greater efficacy and
fewer side effects, some patients still fail top@sd to treatment. The rate of treatment-
resistant schizophrenia (TRS) is estimated to lhevden 30 and 60%, depending on which
criteria are used (Solanki et al., 2009). If filise treatments prove ineffective, there are still
many options available, not least the gold standeakzapine. If this fails, then clozapine



augmentation is one possible solution, not to neenthe use of alternative antipsychotics,
anticonvulsants or nonpharmacological options, udiclg electroconvulsive therapy and
transcranial magnetic stimulation for resistantiuyg hallucinations (Mcilwain et al., 2011).
Another therapeutic option is the prescription tyjpecal antipsychotics at high doses. Since
the late 1990s, high-dose olanzapine has becomertowhile alternative for clozapine-
resistant or intolerant patients. Three out of fiamrdomized, double-blind clinical trials have
concluded that high-dose olanzapine (25-45 mg/fl)sisas effective as clozapine (100-600
mg/d), and is also well tolerated (Tollefson et aD01; Bitter et al., 2004; Meltzer et al.,
2008). Only one study, conducted in patients aged8l.years and treated with 10-30 mg/d,
failed to find any advantage to prescribing higls@olanzapine versus clozapine (Kumra et
al., 2008). A number of case reports have undetlthe usefulness of high-dose olanzapine.
Many of them describe its use at doses of betw&em@d (Martin et al., 1997; Rdduez-
Pérez et al., 2002) and 60 mg/d (Lerner, 2003; iGdil., 2006). They all highlight its good
neurological tolerance, but report weight gain agoanmon side effect. In a recently
published case report, we reported the case ofpatients who were treated with very high
doses of olanzapine (80 and 100 mg/d) (Batail et28112). They both had TRS and had
reached a therapeutic dead end. One of them hadacted a fever owing to clozapine-
related agranulocytosis. The other patient had/earset TRS, and high-dose olanzapine was
tried as an alternative before resorting to clozadBatail et al., 2012). They both became
responders at doses above 60 mg/d, with good taeraxcept for a 10-kg weight gain in
one, controlled by dietary measures. In this repeve raised the question of the
psychopharmacological mechanism behind the thetigpesponse at such high doses. Since
then, the question of the efficacy and toleranchigi-dose olanzapine has come to the fore.
Why are such high doses needed to elicit a cliniegponse in these patients? Do patients
with  TRS have lower plasma concentrations of olpimea as a result of reduced
gastrointestinal absorption or increased hepatitabodization? In other words, how far do
pharmacokinetic properties matter? To our knowledgere are no published data on the
pharmacokinetics of olanzapine at doses above 6@.m#gcording to the literature, the
dose-concentration relationship remains lineardi@nzapine regimens at doses < 60 mg/d
(Callaghan et al.,, 1999; Mauri et al.,, 2007). Thenes patients who are resistant to
conventional olanzapine doses may have either rlirraarmacokinetic characteristics,
implying that pharmacodynamic factors come intoyptatreatment resistance, or nonlinear

pharmacokinetics, which would justify an increasihgse strategy in order to achieve an



effective olanzapine blood concentration. The fioption would appear to be the most
relevant.

In the present study, we assessed the pharmadaekinéblanzapine at both conventional and
high doses. We hypothesized that there is a lidese-concentration relationship at very high

doses, just as the literature have highlightetidioses < 60 mg/d.

2. Methods

2.1. Patient population

Participants were recruited at Rennes UniversificRatric Hospital either as inpatients or as
outpatients. We included patients who had been ndised with schizophrenia or

schizoaffective disorder in accordance with DSMdg¥iteria and were being treated with

olanzapine. Exclusion criteria were other DSM-N\Aghoses (bipolar disorder, autism, etc.)
and addictions (alcohol, cannabis, heroin, cocate).

The participants were aware of the purpose of tilndys and gave their informed consent. The
study was approved by the Human Research Ethicariitee of Rennes University Hospital

(Brittany, France) and was conducted in accordavitie the Declaration of Helsinki and its

subsequent revisions.

2.2. Study design

We implemented a prospective, observational, opedlysdesign. In accordance with the
literature, patients were included after a stedd{esolanzapine regimen lasting at least 8 days
(Callaghan et al., 1999). They were assessed eitber in the course of their hospitalization
or during an outpatient consultation.

2.2.1. Clinical assessment

The clinical assessment was conducted by an expedepsychiatrist.

We recorded the participants’ general charactesstincluding age and sex, tobacco, tea

and/or coffee consumption, psychiatric, medical aodjical history, olanzapine treatment

history, and history of other treatments.



In line with the literature, therapeutic side effeavere assessed with two scales: the
Extrapyramidal Syndrome Rating Scale (ESRS), wifdcluses on neurological side effects,
and the Udvalg for Kliniske Undersogelser (UKU),n@re general scale that measures
psychic, neurological, neurovegetative and othde siffects. Schizophrenic symptoms were
assessed by means of the Positive and Negativer@yrdScale (PANSS). The Clinical

Global Impression scale (CGI) yielded a qualitatgsessment.

2.2.2. Biological assessment

2.2.2.1. Methodology

In order to study trough concentrations of olanzapand N-desmethyl olanzapine blood
levels, blood samples were taken at least 21-24shaiter the last dose. For patients who
were on high doses taken twice daily (4 patiefi®pd sampling was done 12 hours after the
last dose.

Patients on very high-dose olanzapine (> 60 mgAdleawent weekly biological assessments

(blood count, liver function) and electrocardiogeam

2.2.2.2. Serum sampling

The serum samples were collected as follows: 7-1®fvenous blood was collected in
vacuum tubes containing heparin directly in thedadurring routine blood tests.

The analyses were performed on a Thermo™ (San T#seUSA) TSQ Quantum HPLC-
coupled tandem mass spectrometer (LC-MS/MS).

Olanzapine and N-desmethyl olanzapine serum coratemts were obtained with a fully
validated LC-MS/MS analytical method commercializeg Chromsystems Instruments &
Chemicals GmbH (Grafelfing, Germany) called “Mass®olTDM Series A — Neuroleptics

17, featuring calibrators, quality controls, solt®and an analytical column.

2.3. Statistical analyses



Statistical analyses were performed on all includad assessed patients (intention-to-treat
analysis) with R software (http://www.R-project.OrAll results are reported as meanS=

for continuous variables and rate for discretealdds. In line with the literature, the UKU
subscale scores are described in terms of sideteftezurrences. ESRS subcale scores are
reported as meansSD. The significance threshold for all the tests weisat 5%§ < 0.05).

A descriptive analysis of clinical characteristansd the dose-concentration relationship was
carried out for the whole group. For the dose-cotration relationship, after calculating
Pearson’s correlation coefficient, we used a lineadel to assess the effects of sex, age,

body mass index (BMI) tobacco (number of cigargitessday), and coffee/tea consumption.

3. Results

A total of 50 patients were included in the study.

3.1. Whole group analysis

Clinical characteristics are summarized in Tabl@&de in the total sample ranged between 19
and 60 years. lliness severity, as assessed bhypeha score on the severity scale of the CGl,
was moderate.

Co-medications were benzodiazepine (12 patient§926), anticonvulsants (3; 6.52%), other
neuroleptics (cyamemazine or loxapine) (11; 23.918f}iparkinsonism drugs (3; 6.52%),
and antidepressants (5; 10.87%). Pharmacological hiological characteristics are

summarized in Table 2.

3.1.1. Dose—concentration relationship

Figure 1 illustrates the relationship between trowganzapine concentration and the daily
oral dose of olanzapine. We found a link betweeasdhtwo variables (Pearsomn’s 0.83,p <
0.001, 95% CI [0.72, 0.90]). Linear regression caomates were y = 1.91x + 10.25.

A linear model used to assess the effects of g, tabacco (number of cigarettes per day),
and coffee/tea consumption on the dose-concentragiationship revealed negative effects
of tobacco |§ < 0.005) and coffee/tea consumptipn<(0.001), but no significant effect of sex

(positive effect of female sep,= 0.06).



3.1.2. Concentration—tolerance relationship

Very few secondary side effects were reported, etaatthe olanzapine regimen, and there
was a low reported occurrence of neurological sigdgskinesia was described in two
patients, one at 80 mg/d (Olanzapine Trough Conatoin (OTC) = 186.3 ng/ml), the other
at 15 mg/d (OTC = 48.1 ng/ml). Dystonia affecteck gratient at 80 mg/d (OTC = 186.3
ng/ml). Parkinsonism was observed in four patieot® at 80 mg/d (106.1 ng/ml), one at 40
mg/d (OTC = 71.8 ng/ml), and two at 10 mg/d (OT@G=1 ng/ml, and OTC = 32.4 ng/ml).
In two of them, loxapine or cyamemazine had beeprescribed. Three patients who were
treated with 20 (OTC = 34.1 ng/ml), 30 (OTC = 60miky or 40 mg/d (OTC = 71.8 ng/ml)
had akathisia. All three of them were also recgvioxapine or cyamemazine. All the

neurological side effects were given light or madelintensity ratings.

4. Discussion

Ours was the first study to explore the pharmacstiés of olanzapine used at doses above 60

mg/d in patients with schizophrenia.

4 .1. Clinical considerations

Our sample comprised a majority of men (60%) andkars (70%), which is in accordance
with the literature (McGrath et al., 2008; Muesec®rk, 2004; Van Os et Kapur, 2009).
Age was homogeneously distributed between the abhd® and 60 years, with a majority
aged in their thirties. Mean disease duration wesefore approximately 10 years. The
response rate was 68%, which corresponds to therypt of the range that is classically
reported (0—76%) (Suzuki et al., 2011). A part afignts, included during consultations, had

been stable for a long time, which may have couted to this result.

4.2. Pharmacological and biological aspects

First, the mean daily oral dose of olanzapine Fa&r whole sample was 31.3 mg/d, that is,

higher than the dose currently recommended by thaltth authorities. Therefore, the



biological characteristics of our sample exhibitéde same upward trend as the
pharmacological one. The trough olanzapine conagotr (70.02 ng/ml) was close to the
upper limit of the therapeutic reference rangeweenh 20 and 80 ng/ml (Hiemke et al.,
2011)) recommended by the Arbeitsgemeinschaft figurbipsychopharmakologie und
Pharmakopsychiatrie (AGNP). The same is true ferGh D average in our sample was 2.34

ng / ml/ mg / day for a recommended range betvde®n and 2.38 (Hiemke et al., 2011).

4.3. Dose—concentration relationship

We observed a strong linear correlation (Pearson’6.83) between the olanzapine daily oral
dose and trough olanzapine concentration, whicldad our main hypothesis of a linear
dose-concentration relationship for olanzapine,nea¢ very high doses. This result is
consistent with the literature (Callaghan et al999; Mauri et al., 2007). Tobacco
significantly decreased the olanzapine plasma cdrat#n in our sample, in accordance with
current knowledge (Callaghan et al., 1999; Careli@l., 2003; Mauri et al., 2007; Nosawa et
al., 2008; Patel et al., 2011; Weiss et al., 20@H)acco has been identified as an inducer of
cytochrome P450 1A2, with a consequent multiplaratdbf enzymatic activity by a factor of
2-6 (Carrillo et al., 2003). A negative effect ehfcoffee consumption was also found. There
are very few data on the inductive effects of aaffe(Perera et al.,, 2012) on olanzapine
metabolism. There is a similar dearth of informatabout the inductive effect of green tea
extract on clozapine metabolism (Jang et al., 2@0%) the activity of cytochrome P450 1A2
(Schonthal, 2011). Data for green tea and cofferilshbe analyzed separately, in order to
disentangle their effects on olanzapine metabolism.

4.4. Concentration—tolerance relationship

In our sample, olanzapine treatment was well ttdeka particularly with regard to
neurological features. This result is in accordandg the literature (Callaghan et al., 1999;
Mauri et al., 2007). The neurological side effests observed were in patients treated with
doses between 10 and 80 mg/d, but the fact that Hael co-prescriptions for other
antipsychotics raises the issue of how far olammpvas actually responsible for these
effects. However, it must be pointed out that theeovational design of our study leave us
with a positively selected sample. In fact, pasenho do not tolerate olanzapine on any dose

may have been discontinued from treatment earlyTowerefore, the interpretation of these



results must be restricted to a descriptive anglgsiour sample and can not be generalized.
Thus, olanzapine through its H1 antihistaminic &ki2: antagonistic properties, has been

reported in many studies (Qadri et al., 2006; Rptz-Pérez et al., 2002; Weiss et al., 2005)
to increase appetite and disturb metabolism. Oudystvas not designed to assess these

aspects (single assessment).

5. Conclusion

To conclude, our study yielded one main result: linearity of the dose concentration
relationship, even at very high doses of olanzapih results also highlighted the need to
find psychopharmacological explanations for theapeutic response and tolerance of very
high doses of olanzapine for TRS. The linearityhef dose-concentration relationship shows
that pharmacokinetics cannot provide the whole angion. High-dose responding and
tolerating patients may have a specific brain ddpanb2 receptor occupancy profile that
explains this clinical observation. Accordingly,ettpharmacodynamic characteristics of
olanzapine in TRS patients who respond to high slossv need to be assessed. It would be
worthwhile conducting further research, such as Btillies, to explore those issues. They
would doubtless open up new perspectives, suchgasidhting regions of interest involved
in olanzapine response and tolerance at high dekes resistance is described at low doses
(< 20 mg/d). This would allow us to explore the nédrasis of TRS and identify potential

brain targets for innovative treatments such ag deain stimulation.
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Table

Table 1.

Clinical characteristics of the whole sample.

Variable Sample

Age (years) N = 50) 35.42 £1.48
Sex (male)l = 50) 30 (60%)
Tobacco

Smokerst = 46) 31 (67%)
Cigarettes/dayn(= 46) 10.91 + 1.55
PANSS @ = 41)

Positive score 14.23 £ 0.94
Negative score 17.28 £ 0.95
Psychopathology score 30.42 £1.65
Total score 61.93 £3.12
ESRS (=42)

Dyskinesia subscale 1 (2.38%)
Dystonia subscale 1 (2.38%)
Parkinsonism subscale 5 (11.91%)
Akathisia subscale 4 (9.52%)

UKU (n=42)
Psychic subscale
Neurological subscale

3.21 £0.31/27
0.27 £ 0.10/24

Neurovegetative subscale 1.02 +0.22/33
Others 1.42 + 0.31/57
CGl

Severity scalen(= 41) 4.14 +0.22
Improvement scalen(= 37)25 (68%)
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Fig. 1. Relationship between trough olanzapine eontration and daily oral dose of
olanzapine.
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