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ABSTRACT

Objectives: Olanzapine is an atypical antipsychotic that is approved across Europe, the USA, and in many
other countries for oral treatment of schizophrenia and acute manic episodes in patients with bipolar dis-
order as well as for maintenance therapy to prevent recurrence in responders. The objective of the present
study was to compare the pharmacokinetics of two 10 mg tablet formulations of Olanzapine following
a single oral dose in healthy volunteers under fasting conditions, as per the European Medicine Agency
(EMA) guidelines to grant marketing authorization.

Methods: This study was a randomized, open-label, two-treatment, two-period, two-sequences, single-dose,
cross-over design with a washout period of 14 days. Both the test and the reference products were adminis-
tered as 10 mg tablets with 240 mL of water after an overnight fast in each study period. A total of twenty
blood samples were collected before dosing and within 144 hours after drug administration. Adverse events
were monitored, recorded, and evaluated by investigators throughout the study.

Results: Of the 24 healthy adult male subjects enrolled, all of them completed both study periods. The
geometric mean ratio 90% confidence intervals (CI) for fasting Cmax, AUCO-t, and AUCO-infinity were
94.83-113.71%, 95.04-105.69% and 95.94-107.00%, respectively. The 90% CI for the ratios of the three
primary pharmacokinetic parameters (using log-transformed data) were within the range of 80-125%,
meeting the regulatory criteria for bioequivalence.

Conclusions: The generic Olanzapine was bioequivalent to the reference formulation. It was well tolerated
and provides an acceptable alternative to the reference drug.
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INTRODUCTION

Olanzapine (CAS 132539-06-1) is an anti-  ceptor affinities for serotonin 5 HT2A/2C, 5 HT3,
psychotic, antimanic, and mood stabilizing agent 5 HT6; dopamine D1, D2, D3, D4, D5; choliner-
that demonstrates a broad pharmacologic profile  gic muscarinic receptors M1-M5; al adrenergic;
across a number of receptor systems. In preclin- and histamine H1 receptors. This medication has
ical studies, Olanzapine exhibited a range of re- been approved for the treatment of schizophrenia
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and is effective in maintaining clinical improve-
ment during continuation therapy in patients
who have shown an initial treatment response.
Additionally, Olanzapine is indicated for the
treatment of moderate to severe manic episodes.
In patients whose manic episodes have respond-
ed to Olanzapine treatment, Olanzapine is used
for the prevention of recurrence in patients with
bipolar disorder. [1, 2] Olanzapine is generally
well tolerated, and although it is associated with
a higher incidence of weight gain, it has the ad-
vantage of a low incidence of extrapyramidal
symptoms and causes a minimal perturbation of
prolactin levels in comparison to the convention-
al antipsychotics. [3—5]

The pharmacokinetics of Olanzapine is
linear and dose-proportional within the approved
dosage range. Olanzapine is well absorbed after
oral administration, reaching peak plasma con-
centrations within 5 to 8 hours. The absorption is
not affected by food. Olanzapine is highly bound
to plasma proteins (>90%), predominantly to al-
bumin and al-acid-glycoprotein. Olanzapine is
metabolized in the liver by conjugative and oxi-
dative pathways. The major circulating metabo-
lite is 10-N-glucuronide, which does not pass the
blood brain barrier. Cytochromes P450-CYP1A2
and P450-CYP2D6 contribute to the formation
of the N-desmethyl and 2-hydroxymethyl me-
tabolites, both exhibited significantly less in vivo
pharmacological activity than Olanzapine in an-
imal studies. The predominant pharmacologic
activity is from the parent drug. Its mean plasma
half-life in healthy individuals is 33 hours (rang-
es from 21 to 54 hours). After administering ra-
diolabeled Olanzapine, approximately 60% of
the radioactivity is excreted in urine and 30% in
the feces. The mean apparent plasma clearance
is 26 L/h (ranges from 12 to 47 L/h). The plas-
ma clearance of Olanzapine is lower in elderly
versus young subjects, in females versus males,
and in non-smokers versus smokers. However,
the magnitude of the impact of age, gender, or
smoking on Olanzapine clearance and half-life
1s insignificant in comparison to the overall vari-
ability between individuals. [6, 7]

The objective of this study was to compare
the bioavailability of two 10 mg tablet formula-
tions of Olanzapine in healthy adult male sub-
jects, as required by regulatory authorities for
marketing of a generic product.

MATERIALS AND METHODS

2.1 Subjects

Subjects were recruited from the volun-
teer’s database of the Department of Preclini-
cal and Clinical Pharmacology & Toxicology,
Faculty of Medicine, Skopje, Republic of North
Macedonia. They signed informed consent pri-
or to participation in the study and underwent
screening evaluations to determine eligibility
within 14 days prior to dosing in the first study
period. Subjects were included if they were
male, aged 18-55 years (both inclusive), had
body mass index within the range of 18-28 kg/
m?, normal physical examination and vital signs,
clinically acceptable findings on hematology and
biochemistry tests, serology, urinalysis, 12-lead
electrocardiogram (ECQG), agreed not to use any
vitamins or herbal products for 2 weeks, as well
as any prescription and over-the-counter medica-
tions for 4 weeks prior and during the course of
the study, had no history of alcohol and/or drug
abuse within the past 1 year, were non-smokers
and able to communicate and cooperate with the
investigators and the study personnel.

Subjects with known sensitivity or idio-
syncratic reaction to Olanzapine or benzodiaz-
epines or other antipsychotic drugs, or subjects
with history of severe hypersensitivity reactions
(like angioedema) to any drugs, as well as histo-
ry or presence of glaucoma or any clinically sig-
nificant illness, particularly gastrointestinal, liv-
er or kidney disease, or any other conditions that
may affect drug bioavailability were excluded
from the study. Additionally, subjects who had
participated in another clinical study, had donat-
ed or lost more than 450 mL of blood within 2
months, or donated plasma or platelets within 2
weeks before the study, or were found positive
for human immunodeficiency virus, hepatitis B,
hepatitis C were excluded from the study. Based
on urine alcohol tests before and/or drug abuse
tests, performed at check-in for each study pe-
riod, and those who were unable or unwilling to
comply with the provisions of the protocol were
excluded from the study.

Moreover, subjects were also not included
if they refused to abstain from consuming food
for at least 10 hours prior to study medication
administration until 5 hours post-dose, as well
as drinking any fluid for at least 1 hour prior to
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study medication administration until at least 1
hour post-dose in each study period (except 240
mL of water given during study medication ad-
ministration).

All subjects were confined within the fa-
cility for at least 12 hours prior to dosing until
24 hours post-dose in each study period. They
returned to the study center at 48, 72, 96, 120,
and 144 hours post-dose for ambulatory blood
sample collection in both study periods.

2.2 Study design

Bioequivalence assessment was performed
at the Department of Preclinical and Clinical
Pharmacology & Toxicology, Faculty of Medi-
cine, University "Ss. Cyril and Methodius", Sko-
pje, Republic of North Macedonia. The trial was
designed as a randomized, open-label, balanced,
two-treatment, two-period, two sequence, sin-
gle-dose, crossover study under fasting condi-
tions with a 14 day washout period between two
study periods. The protocol was approved by the
Ethical Committee at the Faculty of Medicine,
Skopje and the study, carried out outside of the
European Union, met the ethical requirements
of Directive 2001/20/EC. This study was con-
ducted as per the principles of the Declaration of
Helsinki and adhered to the Good Clinical Prac-
tices guidelines, EMA regulations, and relevant
national legislation. [8§—11]

All subjects received information from a
qualified investigator about the study. Written
informed consent was obtained from each sub-
ject before the initial screening assessment. El-
igible subjects were given a subject number to
maintain the confidentiality of their identity. The
volunteer’s records and other source data was
archived according to the archiving regulations
and facilities of the study center.

2.3 Treatment and randomization

Eligible subjects received a single oral
dose of 1 x 10 mg tablet of Olanzapine, either
test (T: Olanzapine from Replekfarm AD (Batch
Number: PB0108)) or reference (R: Zyprexa®
from Eli Lilly Nederland B.V. (Batch Number:
A550347)) formulation, according to the ran-
domization schedule in each study period, with
240 mL of water under fasting conditions. A
mouth and hands check was done immediately
after drug administration to assess the compli-
ance to the procedure. The order of receiving

the test or reference drug for each subject during
both periods was determined according to the
randomization code (sequences TR or RT), en-
suring an equal number of subject allocation to
sequence, which maintained random allocation
of drugs over the period and sequence. The study
was conducted on healthy subjects in order to
reduce variability not related to differences be-
tween products.

2.4 Blood sampling

Twenty blood samples were withdrawn
at following time points in each study period: 0
(pre-dose), and at 0.5, 1, 1.5, 2, 3,4, 5,6, 7, 8,
10, 12, 16, 24, 48, 72, 96, 120 and 144 hours
post-drug administration. Blood samples were
collected into heparinized polypropylene tubes
and centrifuged within 10 minutes. The plasma
samples were stored frozen at —18 + 4°C until
assayed. The total volume of blood withdrawn
over the duration of the study for each subject
did not exceed 300 mL.

2.5 Bioanalytical methods

Determination of Olanzapine in plasma
was performed by a validated HPLC-MS/MS
analytical method. Linearity was tested at nine
calibration standard points and ranged from
0.032 ng/mL (lower limit of quantification) up
to 32.960 ng/mL (upper limit of quantification).
Within- and between-run accuracy ranged from
0.03 % to 14.97 %. The extraction recovery of
Olanzapine was constant for the three tested
quality control concentration levels averaging 85
%, 91%, and 89% respectively. The extraction
recovery of the internal standard was also con-
stant, averaging 90% - 94%. Results of the sta-
bility experiments were always within +15% of
deviation, and thus it was proven that no degra-
dation of Olanzapine and/or the internal standard
occurred under the different storage conditions.

2.6 Pharmacokinetic and statistical analysis

Pharmacokinetic analysis was conducted
according to a non-compartmental method us-
ing the drug concentration profiles and the actu-
al sampling time points with the KINETICA™
4.4 software (Innaphase Corporation, USA).
The maximum plasma concentration (C_ ) and
the time of reaching the maximum plasma con-
centration (T ) were directly derived from the
plasma concentration-time curves of Olanzap-
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ine (Figure 1). Area under the plasma concen-
tration-time curve from time zero until the last
sampling time point (AUC ) and the area under
the curve of the plasma concentrations extrap-
olated to infinity (AUC, ) were calculated ac-
cording to the linear trapezoidal rule up to last
sampling point Clast and extrapolated to infinity,
respectively. The extrapolation was performed
by adding Clast/p, B denoting the last-squares
estimate at the terminal elimination constant and
Clast denoting the concentration value at tlast
estimated by terminal logarithmic linear regres-
sion. The elimination rate constant (Kel) and the
elimination half-life (t, ,) were also calculated as
additional pharmacokinetic variables.
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Figure 1. Mean Olanzapine plasma concentration

versus time curves of the test and reference formula-
tions (a- mean values; b- log transformed data)

The pharmacokinetic parameters under-
went a descriptive statistical evaluation. The ra-
tio between the calculated values with the cor-
responding 25-75% distribution levels for each
pharmacokinetic parameter of the test and refer-
ence drug was represented by Box-Whisker plots
(Figure 2). Statistical comparisons between the
pharmacokinetic variables for AUC , , AUC

and C_  were completed via analysis of variance
(ANOVA) using the model for a two-period,
two-treatment crossover design by the comput-
er program EquivTest 2.0 (Statistical Solutions).
The model takes into account sources of varia-
tion due to subjects, treatments, sequence and
periods.
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Figure 2. Comparison of the primary pharmaco-

kinetic parameters: AUCO-inf (a), AUCO-t (b) and

Cmax (c) between the test and the reference formula-
tions (Box & Whisker Plots).

The information obtained from ANO-
VA served to calculate the correspondent 90%
confidence intervals for the primary pharma-
cokinetic parameters: AUC , , AUC  and C_
of the tested preparation as a ratio to the cor-
respondent values of the reference preparation
using parametric and nonparametric methods
with log-transformation of data. The same con-
fidence intervals were additionally calculated by
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the parametric Schuirmann’s approach. [12] As a
discrete variable, Tmax was analyzed by means
of a nonparametric Wilcoxon-Matched Pairs
test. The bioequivalence between the two Olan-
zapine products was concluded if the 90% confi-
dence interval fell within the acceptable range of
80-125% for all three primary pharmacokinetic
parameters: C_,AUC, and AUC . .

Considering the data in the literature that
the intra-subject coefficient of variation for Cmax
of Olanzapine is approximately 15%, a sample
size of 22 subjects was expected to demonstrate
bioequivalence with a power of 80% using the
90% confidence intervals (80-125% criteria).
Expecting certain dropouts and/or withdrawals,
a sample size of 24 subjects was considered to be
appropriate to meet the bioequivalence criteria.
[12-14]

RESULTS

3.1 Demographic characteristics

A total of 24 subjects were enrolled in this
study. All of them completed both study periods
and were included in the pharmacokinetic and
statistical analyses. The demographic charac-
teristics of the study population are presented in
Table 1.

3.2. Pharmacokinetic evaluation

All twenty-four dosed subjects complet-
ed both study periods and were included in the
pharmacokinetic evaluation. Figure 1 provides
graphic representations of mean plasma con-
centration-time profiles and mean logarithmic
plasma concentration-time profiles of the test
and reference formulations of Olanzapine. The
pharmacokinetic parameters of the volunteers
are summarized for both test and reference for-
mulations in Table 2. The arithmetic mean (SD)
of C_  for the reference and test formulations
was 3.05 (3.53) and 8.38 (3.76) ng/mL, respec-
tively. For the reference and test formulations,
the AUC, , was found to be 339.51 (122.65) and
341.60 (128 88) ngxh/mL, while the AUC,
was 371.97 (144.67) and 379.11 (155.03) ngxh/
mL, respectively. The ratio between the calcu-
lated values with the corresponding 25-75% dis-
tribution levels for the primary pharmacokinetic
parameters (C_ , AUC  and AUC . ) of the test

and reference drug is represented by Box-Whis-
ker plots (Figure 2).

3.3 Statistical evaluation

The results of the statistical analysis are
presented in Table 3. No significant sequence, pe-
riod, and treatment effects were observed for the
primary pharmacokinetic parameters. The 90%
CI of the ratios for the log-transformed values of
C, .. AUC,  and AUC . were 0.9483-1.1371,
0. 9504 1. 0569 and 0. 9594 1.0700, respective-
ly. The results indicate that the test formulation
was bioequivalent to the reference formulation
with respect to all three primary pharmacoki-
netic parameters that were within the predefined
bioequivalence range of 80.00-125.00% as per
EMA guidelines.

3.4 Safety evaluation

Both formulations appear to be well tol-
erated by the study subjects after single oral
dose of Olanzapine under fasting conditions. All
registered adverse events (AEs) were recorded
in the study source data and were evaluated by
investigators. A total of 40 post-dose adverse
events were reported by 23 (95.8%) of the 24
subjects who received at least one dose of the
study medication (safety population). The break-
down by treatment group was as follows: 22 AEs
reported by 66.7 % (n=16) of the 24 subjects
who received the test formulation and 18 AEs re-
ported by 62.5 % (n=15) of the 24 subjects who
received the reference formulation. The safety
profile was similar for the test and the reference
formulation.

The most commonly reported AE was
somnolence (35), followed by dry mouth (3),
headache (1) and dysgeusia (1), all were attribut-
ed to the pharmacological action of Olanzapine.
The relationship with the study medication was
assessed as possible (21 cases) or probable (19
cases). The severity of the 28 AEs was graded
as “moderate”, whereas the other 12 AEs were
graded as “mild”. All AEs experienced during
this study were resolved completely by the end
of the study. No severe adverse events, serious
adverse events, or deaths occurred during the
study. Upon conclusion of the clinical portion
of the study, the results from the subjects who
completed end of study procedures, including
laboratory tests and vital signs measurements
confirmed the absence of significant changes in
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Table 1. Baseline characteristics of the volunteers

N=24 Age Height Weight BMI
(year) (cm) (kg) (kg/m’)

Mean 38.1 179.58 85.37 26.45

SD 7.59 8.31 10.78 1.82

BMI = body mass index; SD = standard deviation; N = number of subjects

Table 2. Pharmacokinetic parameters of Olanzapine estimated
for the test and reference formulations.

Pharmacokinetic Test formulation Reference formulation
parameters (N =24) (N =24)
Mean SD Mean SD
AUC_, (ngxh/mL) 379.11 155.03 371.97 144.67
AUC_  (ngxh/mL) 341.60 128.88 339.51 122.65
C_ . (ng/mL) 8.38 3.76 8.05 3.53
tmax (h) 5.27 3.78 6.17 2.97
Kel (1/h) 0.018 0.004 0.019 0.004
t 15 (h) 40.95 9.77 38.57 7.88

SD = standard deviation; N=number of subjects

Table 3. 90% Confidence intervals for the test and reference formulations.

90% Confidence interval

Pharmacokinetic o Within bioequivalence
parameters Lower limit Upper limit limits
AUC,_ 0.9594 1.0700 YES
AUC | 0.9504 1.0569 YES
C 0.9483 1.1371 YES

ma;

the subjects' states of health. No new safety con-
cerns related to administered formulations were
raised during the conduct of this study.

DISCUSSION

Switching to generic antipsychotic may
lead to a significant reduction in out-of-pocket
cost and may be an attractive alternative, given
that chronic therapy is required for the patients
with schizophrenia and bipolar disorder. Addi-
tionally, recent research suggests that Olanzap-
ine might be a promising treatment option for
patients with anorexia nervosa and chemother-

apy-induced nausea. [15-19] In view of this, a
generic formulation of Olanzapine 10-mg tablets
was developed and a bioequivalence was demon-
strated with the reference formulation Zyprexa.
To meet the regulatory requirements of bioequiv-
alence, the study was conducted on healthy sub-
jects in accordance with EMA guidance. Consis-
tent with posology and administration, as given
in the summary of product characteristics, bio-
equivalence was examined following the admin-
istration of Olanzapine in the fasting conditions
as the rate and extent of Olanzapine absorption is
not affected by food. [7, 8]

This study examined the bioequivalence
of two 10 mg tablet formulations of Olanzapine
in healthy adult male volunteers. The presented
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results indicate that the generic and the reference
formulations have similar pharmacokinetic pro-
files. Both formulations provided similar mean
C, . Vvalues. Although it took slightly longer to
reach the mean maximum concentration with the
reference formulation (6.17 h) compared with
the test product (5.27 h), this is not considered
to be clinically relevant. More importantly, the
measured AUC and AUC_  values are not sig-
nificantly different and have 90% confidence in-
tervals within the standard acceptance bioequiv-
alence range (80-125%). These data imply that
similar Olanzapine exposure is achieved when
individuals are switched between these two in-
vestigated products. The obtained results are
comparable to those published in other pharma-
cokinetic studies with different generic Olanzap-
ine formulations (powder for oral suspension,
tablet, film-coated tablet, or dispersible tablet)
and with a similar safety profile. [20-24]

The current study has some limitations. The
sample size was relatively small, and it assessed
bioequivalence in relatively young (38.1+7.6
years) and only male subjects, which certainly
does not equate to the whole patient population.
It is more difficult to identify possible differenc-
es between two formulations in patients with
significant variability (other comorbidities, con-
comitant therapy, etc.) than in strictly controlled
studies in healthy individuals. Therefore, further
studies are needed to confirm these results in a
patient population.

CONCLUSION

The test formulation (Olanzapine 10 mg
tablets) manufactured by Replekfarm AD met
the European regulatory criteria of bioequiva-
lence as compared with the reference formula-
tion Zyprexa® (Eli Lilly Nederland B.V.) after a
single-dose administration in healthy volunteers
under fasting conditions and was well tolerated.
The switch to the test formulation seems to be
safe and effective, and it may reduce the eco-
nomic burden of treating psychiatric patients.

Abbreviations

AE- adverse event; AUC , - area under
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Pe3ume

KOMITIAPATUBHA, IBOJHO BKPCTEHA CTYAUJA HA BUOPACIIOJIOKUBOCT
HA IBE ®OPMVYJIAIIUA OJTAH3AIINH O/ 10 MG BO OBJIMK HA TABJIETH
ITO EJHOKPATHA AIIVIMKAIINJA KAJ 3IPABU JTOBPOBOJIIU HA TJIAJHO

Emuinja Atanacoscka, Kpyme Jakosckn, Kpucruna Iasnoscka, Kamuna Fopiuescka,
JAumue 3adupos, [Iparuna 3ennenoscka, Mapuja [lerpymescka, Hukosa JladbaueBckn

WHCcTUTyT 3a MpEeTKIMHUYKA W KIUHUYKA (apMakoJorHja cO TOKCHUKOJIOTHja, MeInIMHCKN (aKyTerT,
Ckomje, PC Maxkenonuja

Hesan: OnaH3anMHOT € aTUIIMYSH aHTUIICUXOTHK, KOj € 07100peH 3a ynorpeda Bo EBpomna, Bo CAJ]
U HHU3 CBETOT 3a MepopajieH TpeTMaH Ha IMU30(peHHja U aKyTHH MaHWUYHHU CMU30[U Kaj MAIeHTH CO
OWIoNapHH HapylIlyBamka, Kako U 3a Teparuja Ha OJp)KyBarbe 3a MPEBCHIMja Ha TTOBTOPHO I0jaByBarbe
Ha cumrtomure. LlenTa Ha oBaa cTyauja Oerme ja ce criopenar GapMaKOKHHETCKUTE ITapaMeTpy Ha JIBE
(dopmynanuu onanzanvi on 10 mg Bo 001Kk Ha TAaOIETH 10 eIHOKpaTHA aruIMKalHja Kaj 37paBu UCTIHTa-
HUIIM Ha [VIaJIHO, BO COIVIACHOCT cO BoauuuTe Ha EBporickara meaunnHcka areanrja (EMA) 3a noOuBame
omobpeHue 3a MPOMeT Ha JICK.

Metonu: Crynujara Oelie Tu3ajHApaHa Kako paHIOMH3MpaHa, OTBOPEHA, CO JiBa TPETMaHH, JIBE
CEKBCHIIMH, JBOJHO BKPCTCHA CTY/Mja CO €HOKpATHA arjIuKallyja Ha JICK U nepuon o 14 jeHa nomery
JBara nepuosa. Bo cekoj nmepro o1 cTyaujara, TeCTUPAHUOT U peepeHTHUOT MPOU3BO/ Oea arTUIUPaHn
kako tabieru o 10 mg co 240 mL Boja o nepuo Ha TaayBame BO TEKOT Ha HOKTa. bea 3eMeHu BKyITHO
20 mpuMepoIH Ha KPB BO HHTEPBAIOT O MPEA A03UPAKETO, NTa ¢ 10 144 yaca o aAMUHHCTpaIUjara Ha
nexoT. Hecakanure HacTann Oea MOHUTOPUPAHU, TOKYMEHTUPAHU U €BaTyHUpaHH OJ CTpaHa Ha UCTPaXKy-
BauMTE BO TEKOT Ha CTy/HjaTa.

Pesyararu: Cure 24 31paBu Mamky 100pOBOJILH IITO Oea BKITy4YeHH BO CTyjaTa ' 3aBpLIxja IBaTa
nepuoaa o cryaujara. OMHOCOT Ha TEOMETPUCKUTE CPeaHU BpeaqHOCTH 32 90 % MHTEpBa Ha JOBEPIMBOCT
(CI) 3a (hapMaKOKMHETCKUTE MapaMeTpy OAPENEHH IO alUIMKaIKja Ha JIeKoT Ha magHo: Cmax, AUCO-t,
u AUCO-infinity u3necyBaa 94,83-113,71 %, 95,04—105,69 % u 95,94-107 %, coonsetno. 90 % CI Ha
OZIHOCHTE Ha TPUTE IMIaBHU (PapMaKOKHMHETCKH MapamMeTpH (co yrnorpeda Ha JIor-TpanchopMUpaHH MoJaro-
u) Oea Bo ormcer ox 80 10 125 %, mTo oaroBapa Ha peryJaaTropHUTe KPUTEPUYMH 32 ONOCKBHBAJICHTHOCT.

3akay4ok: [eHepHUKHOT MpernapaTr Ha OoJaH3amUHOT Oellle OMOEKBUBAJICHTEH CO pedepeHTHATa
(hopmynanuja, co gob6ap 6e30eaHOCeH PO, ITOPAH IITO MOXKE JIa Ce cMeTa 3a MpuaTiIuBa aaTepHa-
THBA Ha peEPEHTHHUOT JIEK.

KuyuyHu 300poBu: o1aH3amH, OMOCKBUBAIICHIIN]a, 3PABH TOOPOBOIIIN





