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Abstract: Olanzapine is one of the most widely used antipsychotics since its initial approval by the US Food and Drug
Administration in 1996 and has undergone extensive pharmacokinetic study. Despite being utilized in clinical psychiatry for decades,
there remain questions regarding the variety of available formulations, the utility of therapeutic drug monitoring, altered kinetic
properties in special populations/medical illnesses, the use of high-dose olanzapine, and drug interactions, among many others. We
performed a narrative literature review of olanzapine pharmacokinetics in June 2023 using the US National Library of Medicine’s
PubMed.gov resource (https://www.ncbi.nlm.nih.gov/pubmed) and Google Scholar. Herein, we review clinically relevant aspects of

olanzapine pharmacokinetic data while highlighting knowledge gaps and potential areas of future study.
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Introduction

The field of pharmacokinetics examines how exogenous substances are absorbed, distributed, metabolized, and excreted
by the body.! Conversely, pharmacodynamics is the study of how a drug impacts the body’s physiological processes.”
Multiple intrinsic and extrinsic factors influence pharmacokinetics including age, sex, genetic variants, concomitant
medications, drug-drug/drug-food interactions, renal and hepatic function, and medical comorbidities.® Judicious
medication and dosing regimens are informed by pharmacokinetic principles to balance drug efficacy, tolerability, and
limit toxicity. The method of drug administration and absorption also plays a central role in pharmacokinetics, and
medications with various formulations, such as olanzapine, can have differing pharmacokinetic properties.*

Olanzapine is a highly efficacious second-generation antipsychotic (SGA) utilized for the management of schizo-
phrenia, bipolar disorder, major depressive disorder (MDD) as adjunctive treatment, and agitation associated with
schizophrenia or bipolar disorder.’ Despite its initial approval in 1996, there has been a resurgence of interest in
olanzapine due to the development and approval of new formulations by the US Food and Drug Administration
(FDA) and other formulations currently under investigation in clinical trials.®’ Meta-analyses, efficacy trials, and
comparison trials have consistently ranked olanzapine as one of the most efficacious antipsychotic medications for the
treatment of schizophrenia and bipolar disorder.® !> However, utilization and enthusiasm for olanzapine are tempered by
tolerability concerns, and amongst antipsychotic medications, olanzapine consistently ranks as one of the leading
contributors of metabolic syndrome, weight gain, and dyslipidemia.'""'* Accordingly, many guidelines have relegated
olanzapine to being a second-line treatment option.'> '® Although, olanzapine-samidorphan was recently approved for
the treatment of schizophrenia and bipolar disorder and has shown efficacy in partially ameliorating olanzapine-induced
weight gain.'”

Olanzapine is one of the most studied antipsychotic medications and despite metabolic concerns, it remains widely
used due to its superior efficacy profile. However, despite robust data being available, unknowns related to olanzapine
pharmacokinetics remain — especially regarding the variety of available formulations, the utility of therapeutic drug
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monitoring (TDM), altered kinetic properties in special populations/medical illness, the use of high dose olanzapine, and
drug interactions, among many others. The focus of this review will be to provide an overview of olanzapine and its
pharmacologic profile while emphasizing clinically relevant pharmacokinetics along with current insights, knowledge
gaps, and potential areas of future study.

Methods

We performed a literature review of olanzapine pharmacokinetics through June 2023 using the US National Library of
Medicine’s PubMed.gov resource (https://www.ncbi.nlm.nih.gov/pubmed) and Google Scholar. The following keywords

in various combinations were searched: “Olanzapine”, “Pharmacokinetics”, “Absorption”, “Distribution”, “Metabolism”,
and “Elimination”. We identified additional literature by examining the reference lists of the results from our initial
keyword search. Accordingly, we described major findings as opposed to formally evaluating literature quality to
maintain a clinical focus. The resulting article content was reviewed by the authors for information regarding the
pharmacokinetic profile of olanzapine, relevant drug interactions, and considerations in medical illness/special
populations.

General Pharmacology

Pharmacokinetic and Pharmacodynamic Profile

Olanzapine is a thienobenzodiazepine derivative, discovered during efforts to synthesize an alternative to clozapine
without hematologic side effects requiring frequent laboratory monitoring.” The pharmacokinetics of olanzapine have
been extensively studied over the past three decades in healthy patients, patients with psychopathology, and special
populations.>*'?* Olanzapine has a high affinity (Ki<100 nM) at the dopamine (D1-4), adrenergic (alpha 1), histamine
(H1), muscarinic (M1-2 and M4-5, only moderate affinity at M3), and serotonin receptors (5-HT2A/C, and 5-HT3/6
receptors).” Daily doses of >12 mg have been shown to antagonize at least 65% of striatal D2 receptors while doses
>20 mg can attain more than 80% receptor occupancy.>*** Olanzapine demonstrates less D2 occupancy compared to
SHT2A occupancy within therapeutic dose ranges.”® The mesolimbic and mesocortical brain regions seem most

implicated in olanzapine’s pharmacodynamics.?”-**

Olanzapine demonstrates dose-dependent linear pharmacokinetics comparable to other atypical antipsychotics.?*
Orally administered olanzapine is almost completely absorbed but only has about 60% oral bioavailability given
contributions from first-pass metabolism.?® Olanzapine undergoes extensive biotransformation and less than 10% is
estimated to be renally excreted without being metabolized.” Olanzapine is converted to clinically inactive metabolites
via UDP-glucuronosyltransferase (10°/4’-N-glucuronides, major metabolites), CYP1A2 (4’-N-desmethylolanzapine),
flavin mono-oxygenase 3 (olanzapine N-oxide), and to a lesser extent by CYP2D6 (2-hydroxymethyl
olanzapine).****2° Given its lipophilicity, olanzapine has a large volume of distribution ranging from 16.4 = 5.1 L/
Kg and is highly protein bound by albumin and alpha-1-acid glycoprotein.*® The time to maximum concentration and the
half-life of olanzapine is approximately 6 hours and 33 hours, respectively.”® Examination of radiolabeled olanzapine
suggests that approximately 60% is renally eliminated with the remainder being mostly fecally excreted.®!

Pharmacogenomic Considerations

Several polymorphisms influencing olanzapine pharmacokinetics have been identified, specifically UDP-
glucuronosyltransferase, CYP1A2, and P-glycoprotein. Both the UGT1A4 and 2B10 alleles are associated with increased
and decreased formation of glucuronidated olanzapine products, respectively.”’ At least five CYP1A2 alleles have been
identified across several studies—although only two, the *1D and *1F alleles are associated with significant changes in
olanzapine plasma levels, resulting in increased and typically decreased levels respectively.**>* However, clinical
recommendations on CYP1A2-dependent olanzapine dosing are yet to be established given conflicting data from other
studies.** >’

Olanzapine functions as both a substrate and an inhibitor of P-glycoprotein.*® The impact of P-glycoprotein on

olanzapine pharmacokinetics is uncertain, likely due to the variability of P-glycoprotein local tissue expression and
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function. However, the T allele of the P-glycoprotein gene ABCBI1 has recently been associated with increased
olanzapine plasma levels.*® Additionally, olanzapine, via inhibition of P-glycoprotein, can potentiate its own CNS
penetration.’® These pharmacogenomic influences on olanzapine pharmacokinetics have clinical consequences such as
the development of metabolic syndrome.** The clinical relevance of these observations to clinicians whose patients are
not completing genetic profiling remains poorly understood. Further study into creating guidelines for when it is

appropriate or clinically relevant to perform genetic testing could be valuable.

Available Formulations and Pharmacokinetic Differences

Olanzapine is currently available in the following forms: oral tablet, oral disintegrating tablet (ODT), short-acting
intramuscular (IM) injection, depot long-acting intramuscular injection (LAI), and intravenous injection (IV).>#**
Table 1 provides an overview of the FDA-approved olanzapine formulations.*'****> There are no statistically significant
pharmacokinetic differences between the ODT and the standard oral formulation.*” IM olanzapine reaches its maximum
plasma concentration about 8—12 times faster compared to oral dosing and attains a peak plasma concentration possibly
up to five times the oral dose. Despite this, the half-lives of short-acting intramuscular olanzapine and oral olanzapine
remain similar.>*"*** The LAI formulation, olanzapine pamoate, has a half-life of approximately 30 days which is rate
limited by the speed of intramuscular absorption, and plasma concentrations increase gradually over the first 3 months of
administration until a steady state is reached.*” While an intranasal olanzapine preparation was developed and studied for
the treatment of agitation in schizophrenia and bipolar disorder, it is not FDA approved for clinical use at this time.*® The
safety of IV olanzapine has been established in emergency settings for agitation, although no studies have been dedicated
to investigating the pharmacokinetics of this route to our knowledge.***” Of note, for both olanzapine combination
preparations with fluoxetine (Symbyax) and samidorphan (Lybalvi) there are no clinically significant pharmacokinetic

differences when compared to olanzapine monotherapy.'**%4°

Table | Overview of FDA Approved Olanzapine Formulations

Formulations Brand Available Dose Recommended Dose in Healthy | Time to Maximum Half Life
Name Strengths Adults Concentration
Oral tablet Zyprexa 2.5 mg 10 mg - 20 mg/day 6 hours 30 hours
S5mg
7.5 mg
10 mg
15 mg
20 mg
Orally Zyprexa 5 mg 10 mg - 20 mg/day 6 hours 30 hours
Disintegrating Zydis 10 mg
Tablet 15 mg
20 mg
Short-acting Zyprexa 10 mg/vial -Dose may range from 2.5 mg to 15—45 minutes 30 hours
injectable intramuscular 10mg (Maximum concentration is ~5
-Exceeding 3 doses (10 mg 24 times greater than oral
hours apart) in 24 hours is not formulation)
recommended
Extended-release Zyprexa 210 mg/vial -Dose may range from 150 mg to Within first week of injection 30 days
intramuscular Relprevvy 300 mg/vial 300 mg every 2 weeks
injectable -Exceeding 405 mg every 4 weeks is
not recommended
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Dosing Considerations

Initiation, Titration, and Tapering

Olanzapine is usually initiated at a total daily dose of 5 mg for schizophrenia or bipolar disorder and titrated as clinically
indicated, although lower (2.5 mg) or higher (10 mg) starting doses can be warranted based on a patient’s psychiatric
history, medical comorbidities, and pharmacokinetics.® While clinical trials suggest the optimum total daily dose of
olanzapine for schizophrenia ranges from 10mg to 20mg, higher doses have been demonstrated to be efficacious in
treatment-resistant schizophrenia.’' > Abrupt discontinuation of olanzapine can precipitate cholinergic rebound and
increase the risk of psychiatric decompensation, therefore, gradually tapering olanzapine can attenuate these adverse
consequences.””

High Dose Olanzapine

Olanzapine has been tolerated at doses as high as 50 mg/day in case reports of patients with treatment-resistant
schizophrenia; however, expert panels have suggested 40 mg/day as the maximum daily dose.’>>® In some situations,
olanzapine dosed at 40 mg/day is more efficacious in treating psychotic disorders than doses of 20 mg/day or less.>®
Clinicians should weigh the risks and benefits of higher doses, up to 40mg, which come with increased risk for side
effects. Olanzapine’s pharmacokinetic properties appear to be consistent in doses up to 40 mg, although there are reports
of increased rates of akathisia and weight gain at doses beyond 20 mg.>’ Olanzapine overdoses up to 2 g have been
reported with the most common side effects being CNS depression, delirium, extrapyramidal symptoms, and antic-
holinergic symptoms, whereas cardiac arrhythmias and/or death are either rare or underreported.>>® There is limited data
on olanzapine pharmacokinetics in overdose and no relationship has been found between the dose ingested and the rate of
CNS depression, delirium, Intensive Care Unit admission, or hospital length of stay.’®

Therapeutic Drug Monitoring

The metabolism of olanzapine can be influenced by various factors such as age, gender, body weight, smoking status, and
drug interactions—all of which can affect therapeutic efficacy and tolerability.”® TDM evaluates medication plasma
concentration levels which can help ensure adequate dosing for efficacy and reduce the risk of toxicity.®* TDM can be
particularly useful in special populations such as the elderly, patients with hepatic or renal impairment, in the setting of
suspected non-adherence, and patients with comorbid medical conditions that may affect the metabolism of olanzapine.®'
TDM allows for an optimized dose of olanzapine for each patient, thus keeping with an “n=1" approach to personalized
medicine, and helps to account for variability in individual pharmacokinetics, pharmacodynamics, and concurrent
medications/medical conditions. Olanzapine serum levels between 20 to 40 ng/mL are suggested to be optimal, while
levels beyond 80-100 ng/mL increase the likelihood of adverse events and toxicity.””*> However, it’s important to be
mindful that TDM may not always reflect cerebral drug exposure, especially in the context of a disturbed blood-brain
barrier associated with certain medical illness. As olanzapine plasma levels are not commonly obtained, additional study
on their clinical utility is needed.

Medical lliness Impacts on Olanzapine Pharmacokinetics
Absorption & Distribution

There is limited pharmacokinetic data on olanzapine absorption and distribution in the context of medical illness.
Olanzapine is a lipophilic weak base that is readily absorbed and reaches peak concentrations approximately 4—6
hours following an oral dose.>*'*** The process of drug absorption is multifactorial with several contributors including
gastrointestinal motility, intestinal blood flow, gastric emptying time, gastric and intestinal pH, gut wall permeability, bile
secretions, and gut flora, among others.*®> Despite olanzapine being a weak base, there have been no notable changes in
the oral bioavailability of olanzapine after the administration of single doses of cimetidine (800 mg) or aluminum- and
magnesium-containing antacids.” Additionally, concomitant consumption of food or liquid does not affect the rate or
extent of absorption.” In a Roux-en-Y gastric bypass (RYGB) experimental model, olanzapine had less dissolution
compared with the in vitro control condition representing the pre-operative patient.** We were unable to identify other
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pharmacokinetic studies of olanzapine in the context of relevant medical illnesses impacting absorption such as
inflammatory bowel disease, gastroparesis, or Zollinger-Ellison syndrome among others. Olanzapine has a large volume
of distribution and is extensively bound by plasma proteins, albumin, and al-acid glycoprotein.’® Known factors that
may affect the distribution of drugs in the body include pregnancy, obesity, renal disease, hepatic disease, heart failure,

and extracorporeal therapies among others.>*6%:6¢

Metabolism & Elimination

Olanzapine is mostly metabolized hepatically via second-phase glucuronidation, which is typically maintained in liver
disease; therefore, the pharmacokinetics of olanzapine may be maintained in individuals with hepatic impairment.®®
However, in the context of cirrhosis, decreased alpha-1-acid-glycoprotein and albumin can result in an increased
concentration of unbound olanzapine.®” Moderate hepatic impairment can reduce olanzapine clearance by about 45%,
increasing systemic exposure and prolonging elimination half-life.®® Studies have shown that urinary concentrations of
olanzapine 10-N-glucuronide increase in patients with cirrhosis, suggesting increased compensatory glucuronidation
which may explain the lack of significant pharmacokinetic differences compared with healthy patients.”* Of note, some
rat models suggest a relationship between glucuronidation of olanzapine and the gut microbiome; however, this has yet to
be replicated in human models.®® A dosage adjustment is not recommended for patients with severe renal impairment, as
studies show no statistically significant difference in various pharmacokinetic parameters between patients with renal
impairment versus those with normal renal function.”” However, there is possible evidence showing a risk for adverse
effects such as hypothermia in patients with renal dysfunction.”” Of note, olanzapine is not removed during dialysis;

however, due to its lipophilicity would be expected to be sequestered by extracorporeal membrane oxygenation.>>

Drug-Drug Interactions
Olanzapine and Benzodiazepines

A 2009 post-marketing study found concomitant use of IM olanzapine and parenteral benzodiazepines has been
associated with an increased risk of respiratory depression, after which a warning against co-administration was issued
by the Food and Drug Administration.>’""’* Parenteral administration of benzodiazepines is recommended to be avoided
within the first hour after IM olanzapine administration.”> Despite the reported risk, pharmacokinetic explanations for
this interaction remain elusive. In an analysis of 539,000 cases where IM olanzapine was used, there were 29 fatalities
documented, of which 15 reported concomitant benzodiazepine use. Among elderly patients, benzodiazepines were co-
administered in seven out of the nine fatal cases.”' An analysis of concurrent IM olanzapine and lorazepam adminis-
tration was conducted at a county psychiatric hospital. The study identified 91 instances of administering both medica-
tions within a 24-hour period, with 41 of these occurrences taking place within a 60-minute timeframe. Notably, none of
the 91 cases resulted in serious adverse events including bradycardia, bradypnea, hypotension, or oxygen desaturation.””
Additional research into the mechanism and higher-quality studies are necessary to determine the safety of combining

parenteral benzodiazepines with olanzapine.

Olanzapine and Alcohol

Alcohol metabolism primarily occurs via CYP2E1, and there is no substantial evidence of metabolic interactions between
olanzapine and alcohol.? In a retrospective study conducted in an Emergency Department setting, administration of IM
olanzapine in combination with benzodiazepines did not lead to any vital sign changes in non-alcohol-intoxicated
patients. However, the administration of IM olanzapine monotherapy or with benzodiazepines was linked to a decline
in oxygen saturation in alcohol-exposed patients. Oral olanzapine regardless of benzodiazepine coadministration, in
alcohol intoxicated patients did not have a significant impact on oxygen saturation, suggesting oral olanzapine may be
a preferable choice in this population.’
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Olanzapine and Smoking

Smoking tobacco or marijuana induces the CYP1A2 enzyme, leading to a decrease in the serum levels of olanzapine.”*’>
Active smokers had a lower average maximum plasma concentration of olanzapine and a 23% higher clearance compared
to nonsmokers.”” These findings suggest that smoking affects the pharmacokinetics of olanzapine and should be taken

into consideration when prescribing this medication.

Olanzapine and Other Psychotropics

Fluvoxamine, carbamazepine, and fluoxetine have the most data regarding psychotropic drug interactions with olanza-
pine. Coadministration of fluvoxamine, a strong CYP1A2 inhibitor, with olanzapine, has been shown to significantly
increase the half-life and peak plasma concentration of olanzapine.?>’® Administration of olanzapine and carbamazepine,
a CYP1A2 inducer, increases the clearance of olanzapine. According to a study conducted on ten healthy volunteers pre-
treated with 2 weeks of carbamazepine, a single 10mg dose of olanzapine had a substantial reduction in the maximum
plasma concentration and elimination half-life and an increase in the plasma clearance.”” When fluoxetine, a CYP2D6
inhibitor, was administered with olanzapine, olanzapine showed statistically significant changes in clearance and
maximum plasma drug concentration. However, these changes were considered to be clinically insignificant.*’ Given
these pharmacokinetic changes, patients prescribed concomitant olanzapine and fluvoxamine, carbamazepine, or fluox-
etine, respectively, should be carefully monitored. There are no metabolic interactions between valproic acid or lithium

with olanzapine and no dose adjustment appears necessary when using olanzapine with either of the mood stabilizers.>

Tolerability and Safety

General Considerations

Tolerability issues from olanzapine have been long established, and a 1998 study identified side effects such as
orthostatic hypotension, constipation, weight gain, dizziness, akathisia, and prolactinemia.”® A 2017 clinical review
found similar tolerability issues and expanded the list of adverse effects to include: sedation, weight gain/metabolic
syndrome, hypotension, cardiovascular events, GI adverse events (nausea, vomiting, diarrhea, and constipation), dry
mouth and dental caries, liver dysfunction, binge eating, sexual dysfunction, and endocrine adverse effects (DKA,
hypothyroidism, and hyponatremia).”” Often noted as a consideration before treatment initiation, olanzapine is amongst
the highest-risk antipsychotics for associated metabolic syndrome.'*’® Conversely, olanzapine is found to have milder
extrapyramidal symptoms (EPS) than many other first-generation antipsychotics (FGAs) and SGAs.”> When compared to
other SGAs, olanzapine is found to minimally increase prolactin at levels comparable to clozapine, quetiapine, and
ziprasidone, and at much lower levels than risperidone and paliperidone.'? This is thought to be secondary, in part, to
olanzapine’s relatively low D2 receptor affinity within the tuberoinfundibular pathway.*® SGAs, including olanzapine, are
also less associated with hyposalivation and dental caries compared to FGAs.*' In a year-long randomized, double-
blinded study of 400 patients comparing olanzapine, risperidone, and quetiapine there was only 10% discontinuation of
olanzapine due to side effect intolerance.®* Two large meta-analyses of antipsychotics have also found olanzapine to have

. S 11,12
among the lowest discontinuation rates. ~

Post-Injection Delirium

The long-acting injectable formulation of olanzapine has a specific tolerability concern known as post-injection delirium/
sedation syndrome (PDSS), which carries an FDA black-box warning.” In the olanzapine LAI clinical trials program,
they assessed 45,000 injections administered to 2054 patients and found that 0.07% of injections resulted in PDSS in
1.4% of patients.83 Common PDSS symptoms include drowsiness, confusion, slurred speech, agitation, and ataxia,
consistent with olanzapine overdose and suggestive of anticholinergic syndrome.*>** Between 2009 and 2015, there were
no reported cases of PDSS symptoms beginning beyond three hours of injection, with approximately 91% of cases
occurring within the first hour.®> It was found that low Body Mass Index (BMI) and increased age were mild risk factors
for PDSS.*%¢ Nevertheless, according to a 2017 observational study involving 3538 patients, it was found that PDSS
was associated with higher dosage and male gender, rather than BMI and age.®’

1102 hetps: Pharmacogenomics and Personalized Medicine 2023:16
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Kolli et al

An investigation into the mechanism of PDSS studied the plasma concentrations of olanzapine in patients with
reported PDSS events (n=12).*% In all cases examined the olanzapine concentration became supratherapeutic within
hours, returned to the therapeutic range within days to weeks, and did not seem to be related to depot injection dose.
Mechanistically, iatrogenic intravascular injection followed by fast dissolution of the pamoate salt within the bloodstream
may explain PDSS.*®

Cardiac Considerations

When compared to other antipsychotics, olanzapine exerts a moderate QTc prolonging effect.”” A 2006 study examining
the cardiac effects of olanzapine, found olanzapine caused IKr blockade resulting in prolongation of cardiac repolariza-
tion. Therapeutic doses (5-20mg) of olanzapine result in peak plasma concentrations of 0.016—0.16uM, much less than
the olanzapine concentration found to have a significant effect on cardiac repolarization, 5.7uM. This makes it unlikely
that patients treated with therapeutic levels of olanzapine will have lengthening of cardiac repolarization.** However,
changes to the metabolism of olanzapine could increase plasma concentration, as with inhibition of CYP1A2 or CYP2D6
activity.>*® Even with toxic plasma concentrations of olanzapine prolonging QTc, it rarely led to torsades de pointes, and
atrioventricular blocks or bundle branch blocks were not typically observed.”® In a 10-week, prospective, open-label,
observational study, other cardiac markers such as PR interval, QRS complex, and RR interval were not demonstrated to
be significantly different from baseline after the initiation of olanzapine.”’ The QTc prolonging effects associated with
olanzapine have been predominantly noted in patients who exhibit multiple other risk factors for QTc prolongation.®

Respiratory Considerations

There are reports where olanzapine was suspected to contribute to a severe decline in respiratory status.”>* The use of
any antipsychotic in patients with chronic obstructive pulmonary disease increases the risk of acute respiratory failure by
1.5 times.”” Both FGA and SGAs are associated with an increased risk of pneumonia, but research suggests an increased
mortality rate from pneumonia in patients on FGAs compared to patients on SGAs.” When compared to quetiapine,

olanzapine was associated with an increased risk of pneumonia in patients older than 65.°*

There are several potential
mechanisms thought to contribute to the increased risk of pneumonia seen with SGA use, including sialorrhea, cough and
swallowing reflex dysfunction, and increased sedation.’®

In a prospective observational study, Cole et al observed 3.7% of patients administered IV olanzapine and 2.0% of
those administered IM olanzapine had subsequent respiratory depression, some of which required intubation.*’ In
a retrospective analysis by Martel et al, hypoxia was observed in 10.4% of patients following IV olanzapine adminis-
tration. However significant respiratory intervention, such as intubation, was used in only 2.1% of patients. Based on the
infrequency of severe airway complications, they concluded that IV olanzapine is safe for use in Emergency
Departments.”® When examining the safety of IV olanzapine in 46 acutely agitated patients with neurological injuries,
olanzapine was found to be low risk for respiratory depression with only four patients requiring additional oxygen
support, and no patients requiring intubation.”’

Specific Populations

Women’s Health

Several studies have investigated the differences in olanzapine pharmacokinetics between males and females. Females
have significantly higher olanzapine plasma concentrations than males likely due to slower CYP1A2 metabolism along
with sex differences in volume of distribution.”® Although, there is a lack of empirical evidence indicating a difference in
efficacy or occurrence of adverse reactions between male and female populations. Consequently, there are no recom-
mendations suggesting dosage adjustments specifically for women.”

In one double-blind study, olanzapine was found to cause dose-dependent elevations in prolactin levels but chronic
use of olanzapine did not result in persistent prolactin elevations.”” Olanzapine use seems to cause a dose-dependent
increase in prolactin levels, although there is conflicting research regarding the persistence of hyperprolactinemia.
Elevated prolactin has been known to lead to gynecomastia, galactorrhea, and sometimes breast cancer. Although no
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direct link between olanzapine and breast cancer has been identified.” A prudent prescriber should weigh the risk of
olanzapine administration in patients with a personal history or family history of known prolactin-dependent breast
cancer.

The decision to use olanzapine in pregnancy should be carefully considered in light of the potential impact on fetal
development. Olanzapine plasma concentrations in pregnant patients are slightly lower compared to non-pregnant
patients which can possibly be attributed to the physiologic changes noted in pregnancy, such as increased clearance
and volume of distribution.®>*’ In a large cohort of pregnant patients on antipsychotic therapy, maintenance of
olanzapine during the first trimester was associated with increased risk of gestational diabetes compared with risperidone,
aripiprazole, or ziprasidone.'” Despite pregnancy-induced changes to olanzapine pharmacokinetics, no specific dosage
guidelines have been recommended.®’

Olanzapine has a higher placental passage compared to haloperidol, risperidone, and quetiapine.'®’ Olanzapine
treatment during pregnancy is associated with low birth weight and increased neonatal intensive care unit
admissions'®' In a recent population-based birth cohort study, olanzapine was associated with double the risk of major
congenital malformations and a nearly four times increased risk of musculoskeletal malformations compared to infants
unexposed to antipsychotics during pregnancy.'®® Careful consideration is needed when prescribing olanzapine to
pregnant patients and the risks and benefits of pharmacotherapy should be discussed with the patient.

Antipsychotic medications with low excretion into human breast milk and minimal adverse effects in breastfed infants
are ideal choices. Olanzapine is preferred during breastfeeding because it is found to be at low levels in breast milk and
undetectable in the serum of breastfed infants. A systematic review of SGAs concluded that olanzapine is safe during
breastfeeding, suggesting that it is a reasonable treatment option for mothers with psychotic disorders who are

breastfeeding their infants.'®*:'%*

Pediatrics

Olanzapine is approved by the FDA for the treatment of schizophrenia and bipolar disorder in those 13 years and above.’
It is also used off-label for a variety of indications in the pediatric patient population, including autism spectrum disorder,
tic disorders, and delirium among others.'> The association between olanzapine half-life and pediatric age appears to be
parabolic and hepatically mediated with children between 6 months and 6 years old experiencing shorter olanzapine half-
lives.'”> Body weight also seems to be a significant contributor to olanzapine clearance in pediatric populations.'%’
Mabharaj et al described weight and age-based pediatric olanzapine dosing recommendations to attain similar plasma
concentrations compared to adults.'® Future research would help further elucidate optimal pediatric dosing strategies,
which is especially important given children seem more likely to experience the olanzapine side effects, such as weight
gain and sedation compared to adults.”'% It is unclear if the availability of olanzapine/samidorphan will appreciably alter
this dynamic, however, it should be noted that olanzapine/samidorphan is not FDA-approved for individuals < 18 years at
this time.

Geriatrics

Elderly patients may exhibit altered pharmacokinetics of olanzapine, although published results are inconsistent. While
Gex-Fabry et al reported a 27% increase in olanzapine plasma concentrations of olanzapine in patients over the age of 60
years, Skogh et al found no relationship between concentration-to-dose ratios and age.>”'®”” However Callaghan, found
that the weight-corrected concentration/dose ratios of olanzapine increased by an average of 9.4% per decade of life.**
Elimination half-life and time to maximum drug plasma concentration for olanzapine in the elderly were found to be 53%
and 34% longer respectively.”> Further study into the changes in the pharmacokinetics of olanzapine in the elderly is
warranted, but based on current evidence clinicians may consider lower dosing and slower titrations when utilizing
olanzapine in older patients.

Conclusion
This narrative review examines the current literature on olanzapine pharmacokinetics with an emphasis on clinical
practice. A question that needs to be answered is: Why review the pharmacokinetics of olanzapine now? Despite
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olanzapine demonstrating favorable efficacy when compared to other antipsychotic medications, its utilization has waned
due to tolerability concerns. However, its efficacy still makes it a medication of high interest as evidenced by the newly
approved olanzapine/samidorphan combination tablet and alternative formulations under investigation. How best to
maximize efficacy and tolerability remains a clinical question. Understanding the pharmacokinetic properties of olanza-
pine can help to optimize its usage, especially as each distinct formulation of olanzapine has unique pharmacokinetic
data. Despite many unknowns, the existing olanzapine pharmacokinetic data can assist practitioners in navigating
medical decision-making. We hope our narrative review serves as a reference for evidence-based olanzapine dosing as

well as intellectual scaffolding for the development of clinically relevant pharmacokinetic research questions.
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