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Background: A combination of olanzapine and samidorphan (OLZ/SAM) is in develop-
ment to provide the established antipsychotic efficacy of olanzapine while mitigating
olanzapine-induced weight gain.

Methods: Two multicenter, open-label, parallel-cohort studies were performed to evaluate
the effect of moderate hepatic impairment (Child-Pugh score 7-9 [class B]; study 1) and
severe renal impairment (estimated glomerular filtration rate: 15-29 mL/min/1.73 m?; study
2) on the pharmacokinetics, safety, and tolerability of a single dose of OLZ/SAM 5/10 mg.
Results: There was a 1.67-fold increase in area under the plasma concentration-time curve
from time 0 to infinity (AUCy..,) and a 2.17-fold increase in maximum plasma concentration
(Cpax) of olanzapine, and a 1.52-fold increase in AUC,_,, and a 1.63-fold increase in C,,, of
samidorphan, in subjects with moderate hepatic impairment compared with healthy control
subjects. Compared with healthy control subjects, subjects with severe renal impairment had
a 33% and 56% reduction in clearance, a 1.51- and 2.31-fold increase in AUC,_., and a 1.32-
and 1.37-fold increase in C,,x of olanzapine and samidorphan, respectively.

Conclusion: OLZ/SAM 5/10 mg was generally well tolerated under the conditions of the
studies, with a safety profile consistent with that observed in other clinical studies of OLZ/
SAM.
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Introduction

Schizophrenia is one of the leading causes of disability worldwide. While a
number of effective medications for schizophrenia are currently available, lim-
itations in the tolerability of these medications' support continuous efforts in
developing additional treatment options. Although clozapine is the most effec-
tive treatment available today for treatment-resistant symptoms, safety concerns
(eg, agranulocytosis) preclude its use as a first-line antipsychotic.? Olanzapine is
considered to be a highly effective antipsychotic,® but its use has also been
curtailed by safety concerns related to long-term metabolic consequences,
including weight gain.'

Preclinical studies have identified the key role of the opioid system in governing
food-reward, feeding behavior, and metabolism. In p-, k-, and S-opioid receptor
knockout mice, a decrease in weight gain was found compared with non-knockout
mice, despite no differences in caloric intake in p- and x-opioid receptor knockout

submit your manuscript

Dove n

http:

in 3

Drug Design, Development and Therapy 2019:13 2941-2955 2941

© 2019 Sun et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

e 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Sun et al

Dove

mice.* ® It is hypothesized that the addition of an opioid
antagonist to central nervous system-active medications
may mitigate metabolic dysregulation. Samidorphan is a
new chemical entity. In vitro, samidorphan binds with high
affinity to human p-, k-, and 8-opioid receptors and acts as
an antagonist at p-opioid receptors and partial agonist at k-
and &-opioid receptors.”® In vivo, samidorphan has been
demonstrated to function as an opioid antagonist.” A com-
bination bilayer tablet composed of a flexible dose of
olanzapine (5, 10, 15, or 20 mg) and a fixed dose of
10 mg samidorphan (OLZ/SAM)'® is under development
and designed to provide the established antipsychotic effi-
cacy of olanzapine while mitigating olanzapine-induced
weight gain.'" In phase 1 and phase 2 clinical studies,
co-administration of samidorphan with olanzapine miti-
gated olanzapine-induced weight gain.'""'?

Olanzapine is predominantly eliminated via hepatic
metabolism, with less than 10% of the administered
dose excreted renally as unchanged olanzapine.'* The
disposition of samidorphan was evaluated in a clinical
study of 10 healthy male volunteers. Following a single
oral dose of 2 mg samidorphan with approximately 50
uCi ['*C]-labeled samidorphan, approximately 20% of
the dose was renally excreted as unchanged samidorphan,
with the remainder eliminated via hepatic metabolism
(data on file, Alkermes, Inc., Waltham, MA, USA).
Impaired hepatic clearance may impact the pharmacoki-
netics of olanzapine and samidorphan, as both are exten-
sively hepatically metabolized and eliminated. Although
neither olanzapine nor samidorphan is predominantly
renally eliminated, it was of interest to investigate the
effect of renal impairment on the pharmacokinetics of
olanzapine and samidorphan, as kidney disease is a
comorbidity in some patients requiring treatment with
antipsychotic medications. In addition, chronic renal
impairment may affect the pharmacokinetics of hepati-
cally cleared drugs.'* The effects of hepatic and renal
impairment on the pharmacokinetics of olanzapine and
samidorphan have been previously evaluated utilizing
physiologically based pharmacokinetic (PBPK) modeling
(unpublished data). PBPK modeling predicted that mild
hepatic or mild renal impairment would have minimal
impact on systemic exposure to olanzapine and samidor-
phan (<1.5-fold increase in total exposure), whereas
moderate to severe hepatic impairment would result in
>1.5-fold increase in both olanzapine and samidorphan
exposure, and severe renal impairment would result in
>1.5-fold increase in samidorphan exposure. Given that

the concept of using PBPK modeling to prospectively
predict drug pharmacokinetics in subjects with hepatic
or renal impairment has not been systematically
established,'® 2 clinical studies were conducted to assess
the effects of moderate hepatic impairment and severe
renal impairment on the pharmacokinetics, safety, and
tolerability of OLZ/SAM. Data from these clinical stu-
dies were used to confirm and refine the PBPK modeling
predictions, and in conjunction with PBPK modeling,
will be used to inform future dose recommendations of
OLZ/SAM in subjects with varying degrees of hepatic

and renal impairment.

Methods

Two separate studies were each conducted at 2 sites in the
United States
Pharmacology of Miami, Inc., Miami, FL and DaVita

(hepatic impairment study: Clinical
Clinical Research, Minneapolis, MN; renal impairment
study: Orlando Clinical Research Center, Orlando, FL
and DaVita Clinical MN).

Approval was obtained from each site’s Institutional

Research, Minneapolis,

Review Board prior to subject enrollment (IntegReview
IRB, Austin, TX for all study sites). Both studies were
performed in accordance with the Declaration of Helsinki
and the International Conference on Harmonization’s
Good Clinical Practice Guideline. Subjects provided writ-
ten informed consent.

Study design

Both studies were phase 1, multicenter, open-label, sin-
Each
approximately 6 weeks in duration, including a screen-

gle-dose, parallel-cohort studies. study was
ing period of up to 27 days, an 8-day in-clinic period,
and a follow-up visit, approximately 7 days after dis-
charge (Figure 1). On day 1, all subjects received a
single oral dose of 5 mg olanzapine in combination
with 10 mg samidorphan formulated in a bilayer tablet
(OLZ/SAM), taken with 240 mL of water. Subjects were

required to fast for at least 10 hrs predose and until

""""""""" =771
D -28 to -2 D-1 D8 D 152
outpatient (screening) admission discharge  follow-up
D1
OLZ/SAMP

Figure | Study design schematic.
Notes: *+3-day window; °5 mg olanzapine/|0 mg samidorphan.
Abbreviations: D, day; V, visit.
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4 hrs postdose. Subjects also fasted 10 hrs prior to the
morning assessments taken at days 2 through 8, any
screening visit where blood was drawn, and the end-
of-study follow-up visit.

Study populations

Each study included 2 cohorts (hepatic impairment study:
subjects with moderate hepatic impairment and healthy
control subjects; renal impairment study: subjects with
severe renal impairment and healthy control subjects).
Subjects were aged >18 to <70 years in the hepatic impair-
ment study and >18 to <79 years in the renal impairment
study. For both studies, subjects had a body mass index of
>18.0 and <40.0 kg/m?* and a total body weight >50 kg at
time of screening.

In the hepatic impairment study, subjects with moder-
ate hepatic impairment were defined as those having a
Child-Pugh score of 7-9 (class B) at the time of screening.
Further, these subjects had a history of chronic hepatic
dysfunction (minimum of 6 months) due to primary hepa-
tocellular disease, with their diagnosis documented by
medical history, liver biopsy, hepatic ultrasound, computed
tomography scan, or other standard procedure. They also
fulfilled the following inclusion criteria preceding or at the
time of screening: stable hepatic function for 2 months
before screening, creatinine clearance (CrCl) >60 mL/min
(Cockcroft-Gault formula), hemoglobin >9 g/dL, platelet
count >30x10%/L, and international normalized ratio <2.0.
Healthy control subjects were required to have no clini-
cally significant observed abnormality or psychiatric or
medical condition.

In the renal impairment study, subjects with severe
renal impairment met the following criteria preceding or
at the time of screening: stable renal function for at least
60 days prior to screening; stage 4 renal disease (esti-
mated glomerular filtration rate of 15-29 mL/min/
1.73 m? based on Modification of Diet in Renal
Disease), with no existing or anticipated need for dialy-
sis; hemoglobin >9 g/dL; alanine transaminase <I.5x
upper limit of normal (ULN); aspartate transaminase
<1.5x ULN; and total bilirubin within normal limits.
Healthy control subjects were defined as those with
CrCl >90 mL/min.

In both studies, healthy control subjects were enrolled
after the cohort of subjects with hepatic or renal impair-
ment. The demographics of the healthy control cohort
were matched to the cohort of subjects with hepatic or

renal impairment based on median age (£10 years), body
mass index (£15%), and gender.

Key exclusion criteria in both studies were as follows:
current evidence or history of any other clinically signifi-
cant medical or psychiatric condition; observed abnormal-
ity anticipated to potentially compromise subject safety or
affect pharmacokinetic evaluation; history of gastrointest-
inal surgery affecting drug absorption or biliary elimina-
tion, excluding appendectomy or cholecystectomy;
consumption of alcohol within 48 hrs of visit 2 or had a
positive urine toxicological screen for alcohol at visit 2;
inability to abstain from recreational drug use, opioid
medication, and any product containing nicotine from
screening until study completion.

In the hepatic impairment study, subjects with history
of a liver transplant were excluded. In the renal impair-
ment study, subjects with a history of inadequately con-

trolled diabetes were excluded.

Pharmacokinetic sample collection and

bioanalytical methods
In both studies, blood samples for plasma pharmacoki-
netic assessments were collected within 1 hr before
dosing (pre-dose) and at 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 12,
16, 24, 36, 48, 72, 96, 120, and 168 hrs post-dose. In
the renal impairment study, urine pharmacokinetic sam-
ples were also collected in intervals from —2 to 0, 0 to
4,4t08,8t0 12,12 to 16, 16 to 24, 24 to 36, 36 to 48,
48 to 60, 60 to 72, 72 to 84, 84 to 96, 96 to 108, 108 to
120, 120 to 132, 132 to 144, 144 to 156, and 156 to
168 hrs post-dose. In both studies, blood samples were
collected pre-dose and at 5 hrs post-dose for the deter-
mination of plasma protein binding of olanzapine.
Plasma concentrations of olanzapine and samidor-
phan were analyzed using a validated liquid chromato-
graphy system coupled with detection by tandem mass
spectrometry (LC-MS/MS) method.'® The linear range
of the plasma assay was 0.250 ng/mL to 100 ng/mL,
and the
0.250 ng/mL for both olanzapine and samidorphan.

lower limit of quantitation (LLOQ) was

Similarly, concentrations of olanzapine and samidorphan
in urine were analyzed using a validated LC-MS/MS
method. The linear range of the urine assay was
2.50 ng/mL to 2500 ng/mL, and the LLOQ was
2.50 ng/mL for both olanzapine and samidorphan. Both
plasma and urine samples were analyzed by an indepen-
dent bioanalytic laboratory (Covance/Tandem, Salt Lake
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City, UT) in accordance with Good Laboratory Practice
guidelines.

Outcome measures
Pharmacokinetic assessments of olanzapine and samidor-
phan included the following parameters: maximum
observed plasma drug concentration (C,.x), area under
the plasma drug concentration versus time curve (AUC)
from time O to last quantifiable concentration (AUC,g)
and to infinity (AUC(.,), time to Cax (tmax), terminal
elimination half-life (t;,), total body clearance (CL/F),
and volume of distribution (V,/F). In addition, the extent
of plasma protein binding of olanzapine was determined
based on samples collected at 5 hrs postdose. In the renal
impairment study, the following parameters were also
determined: renal clearance (CLg), amount of drug
excreted in urine (Ae) over each collection interval, and
total amount of drug excreted in urine from 0 to 168 hrs
after the dose (Aeg.163).

Safety assessments included monitoring for adverse
events (AEs); vital sign changes; abnormal laboratory

values; and electrocardiogram (ECG) changes.

Pharmacokinetic and statistical analyses
Pharmacokinetic parameters were calculated by a standard
noncompartmental analysis using elapsed time from dos-
ing to estimate individual plasma and urine pharmacoki-
netic parameters, and are summarized descriptively. An
analysis of covariance model was used to analyze natural
log-transformed systemic exposure parameters (ie, Cpax,
AUC,s, and AUC,_,) for olanzapine and samidorphan.
Geometric mean ratios of each of the exposure parameters
between subjects with hepatic or renal impairment and
healthy control subjects and their 2-sided 90% confidence
intervals were calculated.

Results

Subject disposition

In the hepatic impairment study, 10 subjects with moder-
ate hepatic impairment and 11 healthy control subjects
were enrolled. All 21 subjects received a single dose of
OLZ/SAM and were included in the safety population
analysis. The pharmacokinetic population included all
subjects in the safety population, except for 1 healthy
control subject who had a serious AE (syncope) within
hours after dosing. This resulted in insufficient samples
collected for estimation of pharmacokinetic parameters
for this subject.

In the renal impairment study, 10 subjects with severe
renal impairment and 10 healthy control subjects were
enrolled. All 20 subjects received a single dose of OLZ/
SAM and were included in the safety and pharmacokinetic
populations for analysis.

Subject demographics and baseline

characteristics

Subject demographics and baseline characteristics are sum-
marized in Table 1, and were balanced between cohorts. The
mean (SD) Child-Pugh total score for subjects with moderate
hepatic impairment was 7.5 (0.7), and the mean (SD) esti-
mated glomerular filtration rate for subjects with severe renal
impairment was 22.5 (3.8) mL/min/1.73 m®.

Pharmacokinetics

Hepatic impairment study

Pharmacokinetic parameters for olanzapine and samidor-
phan in subjects with moderate hepatic impairment and
healthy control subjects are summarized in Table 2. Mean
plasma concentrations of olanzapine (Figure 2A) and
samidorphan (Figure 2B) were higher in subjects with
moderate hepatic impairment compared with healthy con-
trol subjects after a single oral dose of OLZ/SAM
(Table S1). Absorption of olanzapine was faster in subjects
with moderate hepatic impairment compared with healthy
control subjects, with median t,,, values of 1.5 hrs and
7 hrs, respectively. Absorption of samidorphan was fast,
with median t,,, observed within 1 hr in both cohorts. The
ty» of both olanzapine and samidorphan in subjects with
moderate hepatic impairment was similar to that in healthy
control subjects.

Compared with healthy control subjects, subjects with
moderate hepatic impairment had a 45% and 36% reduc-
tion in CL/F of olanzapine and samidorphan, respectively,
and a 41% and 17% reduction in V,/F, respectively.
AUC,., values of olanzapine and samidorphan were
1.67- and 1.52-fold higher, and C,,,x values of olanzapine
and samidorphan were 2.17- and 1.63-fold higher, respec-
tively, in subjects with moderate hepatic impairment com-
pared with healthy control subjects (Table 3). Olanzapine
was approximately 92% bound to plasma protein in both
cohorts.

Renal impairment study

Pharmacokinetic parameters for olanzapine and sami-
dorphan in subjects with severe renal impairment and
healthy summarized in

control  subjects are
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Table | Demographics and baseline characteristics

Variable category/ Hepatic impairment study Renal impairment study
statistics
Moderate hepatic Healthy control Severe renal impairment | Healthy control
impairment (N=10) (N=11) (N=10) (N=10)

Age (years)

Mean (SD) 62.0 (6.07) 60.4 (4.37) 63.3 (11.08) 65.5 (4.53)
Sex, n (%)

Male 8 (80.0) 8 (72.7) 7 (70.0) 7 (70.0)
Ethnicity, n (%)

Not Hispanic or Latino 6 (60.0) 5 (45.5) 9 (90.0) 9 (90.0)

Hispanic or Latino 4 (40.0) 6 (54.5) 1 (10.0) I (10.0)
Race, n (%)

White 9 (90.0) 8 (72.7) 8 (80.0) 9 (90.0)

Black or African American | 0 3 (27.3) 2 (20.0) I (10.0)

Other 1 (10.0) 0 0 0
Height (cm)

Mean (SD) 169.9 (9.1) 169.2 (11.4) 168.2 (9.4) 173.7 (6.7)
Weight (kg)

Mean (SD) 89.7 (15.6) 87.7 (14.3) 82.8 (11.8) 86.4 (10.4)
Body mass index (kglmz)

Mean (SD) 3.1 (4.3) 30.4 (2.5) 29.3 (3.9) 28.6 (2.1)
Child-Pugh total score

Mean (SD) 7.5 (0.7) — — —
eGFR (mL/min/1.73 m?)

Mean (SD) — — 22.5 (3.8) —
CrCl (mL/min)

Mean (SD) — — — 113.6 (13.4)

Abbreviations: CrCl, creatinine clearance; eGFR, estimated glomerular filtration rate; SD, standard deviation.

Table 4. Mean plasma concentrations of olanzapine
(Figure 3A) and samidorphan (Figure 3B) were higher
in subjects with severe renal impairment compared
with healthy control subjects after a single oral dose
of OLZ/SAM (see Table S2, which also summarizes
mean urine concentrations of olanzapine and samidor-
phan). The t;,x values of olanzapine and samidorphan
were similar in subjects with severe renal impairment
and healthy control subjects (Table 4). The t;, of
olanzapine was longer in subjects with severe renal
impairment compared with healthy control subjects
(58 hrs vs 46 hrs). Similarly, t;,, of samidorphan was
17 and 11 hrs, respectively.

Compared with healthy control subjects, subjects with
severe renal impairment had a 33% and 56% reduction in
CL/F of olanzapine and samidorphan, respectively, and a
50% and 81% reduction in CLg, respectively. AUC._,

values of olanzapine and samidorphan were 1.51- and
2.31-fold higher, and C,,,x values of olanzapine and sami-
dorphan were 1.32- and 1.37-fold higher, respectively, in
subjects with severe renal impairment compared with
healthy control subjects (Table 5). Olanzapine was
approximately 90-91% bound to plasma protein in both
cohorts.

Safety

Hepatic impairment study

In total, 18 (86%) subjects experienced at least 1 AE: 10 in
the moderate hepatic impairment cohort and 8 in the con-
trol cohort (Table 6). All AEs were considered by the
investigators to be related to the study drug. Overall, the
most common AEs (reported in >2 subjects) included
somnolence (81%), dizziness (29%), and hypotension
(10%). These AEs had an earlier onset in subjects with

Drug Design, Development and Therapy 2019:13
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Table 2 Summary of pharmacokinetic parameters for olanzapine and samidorphan in subjects with moderate hepatic impairment and

healthy control subjects after a single oral dose of OLZ/SAM (5 mg olanzapine/10 mg samidorphan)

Parameter, arithmetic
mean (SD)

Olanzapine

Samidorphan

Moderate hepatic
impairment (N=10)

Crnax (ng/mL)

tmax (hr)?

ti2 (hr)

AUC,,; (hrxng/mL)
AUC,... (hrxng/mL)
CL/F (L/hr)

V,IF (L)

10.65 (4.21)
1.5 (0.5-4.0)
533 (16.1)
376 (71)
424 (84)
12.2 (2.4)
920 (249)

Healthy control Moderate hepatic Healthy control
(N=10) impairment (N=10) (N=10)

491 (1.51) 50.71 (13.6) 30.77 (8.5)

7.0 (2.0-12.0) 0.5 (0.5-1.0) 1.0 (0.5-3.0)

51.9 (18.0) 1.9 (2.3) 9.0 (0.8)

237 (129) 397 (84) 256 (64)

275 (149) 408 (87) 263 (65)

22.2 (9.0) 25.5 (5.1) 39.8 (8.2)

1555 (564) 429 (86) 514 (105)

Note: *Median (min, max) presented for ty.y.

Abbreviations: AUC,,, area under the plasma concentration-time curve from time 0 to last observed concentration above the lower limit of quantification; AUCo..., area
under the plasma concentration-time curve from time 0 to infinity; CL/F, apparent clearance; C,,x, maximum observed concentration; OLZ/SAM, olanzapine/samidorphan;
SD, standard deviation; t,,, time to maximum observed concentration; t,, terminal elimination half-life; V,/F, apparent volume of distribution.

moderate hepatic impairment; however, they were mild in
severity. Two healthy control subjects experienced severe
AEs (hypotension, n=1; syncope, n=1). The AE of syn-
cope was considered a serious AE, occurred approximately
6 hrs after dosing, and resulted in an overnight hospitali-
zation; the patient recovered the next day and continued in
the study. No deaths or study discontinuations were
reported.

Renal impairment study

In total, 12 (60%) subjects experienced at least 1 AE: 7 in
the severe renal impairment cohort and 5 in the healthy
control cohort (Table 7). All AEs were considered by the
investigators to be related to the study drug. Overall, the
most common AEs (reported in >2 subjects) were somno-
lence (25%), dizziness (15%), nausea (15%), abdominal
pain (15%), and lethargy (10%). Except for somnolence,
these AEs were reported more frequently in subjects with
severe renal impairment. The majority of AEs were mild
in severity. Two healthy control subjects experienced AEs
that were severe in intensity (syncope and orthostatic
hypotension, n=1; hypotension, n=1); neither of these
met the criteria for a serious AE. No deaths or study
discontinuations were reported.

Discussion

In the hepatic impairment study, subjects with moderate
hepatic impairment had faster absorption and higher sys-
temic exposure of olanzapine compared with healthy con-
trol subjects. The effect of moderate hepatic impairment
on the pharmacokinetics of olanzapine was more

pronounced than previously reported, where there was no
statistically significant differences in olanzapine pharma-
cokinetic parameters between subjects with mild/moderate
hepatic impairment and healthy subjects.'” However, the
results of the previous study are limited by 2 key consid-
erations: 1) subjects were neither age- nor gender-matched
and 2) 50% of subjects in the hepatic impairment cohort
were smokers as compared to only 25% of subjects in the
control cohort.!” Smoking is known to induce CYP1A2,
the primary CYP enzyme responsible for metabolizing
olanzapine.'” As olanzapine clearance is higher in smokers
and in men,'” the previous study may have underestimated
the effect of hepatic impairment on the pharmacokinetics
of olanzapine due to imbalance of these confounding fac-
tors. Consistent with the increases in olanzapine and sami-
dorphan exposure in subjects with moderate hepatic
impairment, clearance of both drugs was decreased.
However, as the volume of distribution of both drugs
was also decreased, the t;,» of both olanzapine and sami-
dorphan was similar in subjects with moderate hepatic
impairment and healthy control subjects, indicating that
the elimination rate of either drug was not affected.

The increase in olanzapine exposure in subjects with
severe renal impairment was small (geometric mean
ratio of 1.32 and 1.51 for C,,, and AUC,.,, respec-
tively; Table 5). This is consistent with renal excretion
being a minor clearance pathway for olanzapine and
findings from the previous study by Callaghan et al, in
which no significant changes in olanzapine pharmacoki-
netics were observed in subjects with severe renal
impairment.'” Subjects with severe renal impairment
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Figure 2 Plasma concentrations (mean + SD) of olanzapine (A) and samidorphan (B) over time in subjects with moderate hepatic impairment and healthy control subjects

after a single oral dose of OLZ/SAM (5 mg olanzapine/10 mg samidorphan).
Abbreviations: OLZ/SAM, olanzapine/samidorphan; SD, standard deviation.

had a higher systemic exposure of samidorphan com-
pared with healthy control subjects, consistent with a
56% reduction in total body clearance. However, t;.x
was similar between the cohorts, whereas t;, was
slightly longer in subjects with severe renal impairment.
These results suggest that severe renal impairment lar-
gely affects elimination, but not absorption, of samidor-
phan. The lower reduction in urine excretion and renal
clearance of olanzapine compared with samidorphan in
subjects with severe renal impairment is likely because
renal excretion plays a smaller role in the clearance of

olanzapine than that of samidorphan (7%'® vs 20% [data

on file, Alkermes, Inc., Waltham, MA, USA],
respectively).
Consistent with published data,

olanzapine bound to plasma protein was 90-92% in

'8 the fraction of

both studies. Although hepatic impairment can alter
protein binding and potentially lead to increased sys-
temic concentrations of free active drug,'” in both
studies, the fraction of olanzapine bound to plasma
protein was similar in subjects with moderate hepatic
impairment or severe renal impairment and in healthy
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Table 3 Comparison of systemic exposure of olanzapine and samidorphan in subjects with moderate hepatic impairment and healthy

control subjects after a single oral dose of OLZ/SAM (5 mg olanzapine/|0 mg samidorphan)

Parameter statistic Olanzapine Samidorphan
Moderate hepatic Healthy control Moderate hepatic Healthy control
impairment (N=10) (N=10) impairment (N=10) (N=10)
Crnax (ng/mL)
Geometric mean 11.21 5.17 48.13 29.58
Geometric mean ratio 2.17 1.63
90% ClI (1.69, 2.79) (1.32, 2.01)
AUC,,; (hrxng/mL)
Geometric mean 411 237 411 271
Geometric mean ratio 1.73 1.52
90% ClI (1.38, 2.18) (1.31, 1.75)
AUC,_.. (hrxng/mL)
Geometric mean 462 276 422 278
Geometric mean ratio 1.67 1.52
90% ClI (1.32, 2.13) (1.31, 1.75)

Abbreviations: AUC,,, area under the plasma concentration-time curve from time 0 to last observed concentration above the lower limit of quantification; AUCo..., area
under the plasma concentration-time curve from time 0 to infinity; Cl, confidence interval; C,,., maximum observed concentration; OLZ/SAM, olanzapine/samidorphan.

Table 4 Summary of pharmacokinetic parameters for olanzapine and samidorphan in subjects with severe renal impairment and
healthy control subjects after a single oral dose of OLZ/SAM (5 mg olanzapine/10 mg samidorphan)

Parameter, arithmetic Olanzapine Samidorphan
mean (SD) . . . .
Severe renal impairment Healthy control Severe renal impairment Healthy control
(N=10) (N=10) (N=10) (N=10)
Cinax (ng/mL) 7.36 (3.62) 5.25 (1.59) 34.58 (9.43) 26.09 (6.45)
tmax (hr)? 5.1 (3.0-7.0) 4.5 (2.0-12.0) 1.5 (0.54.0) 1.0 (0.5-4.0)
ti2 (hr) 57.8 (15.0) 45.6 (11.9) 17.1 (4.7) 11.4 (2.8)
AUC,,; (hrxng/mL) 347 (127) 228 (58) 519 (110) 224 (42)
AUC,_.. (hrxng/mL) 404 (138) 256 (68) 530 (109) 233 (43)
CL/F (L/hr) 13.9 (5.9) 20.7 (4.9) 19.7 (4.4) 44.6 (10.2)
V.IF (L) 1122 (405) 1306 (258) 468 (104) 706 (101)
CLg(L/hr) 0.964 (0.812) 1.93 (1.43) 1.92 (0.69) 9.87 (2.62)

Note: *Median (min, max) presented for tyx.

Abbreviations: Aeg_j¢g, total amount of drug excreted from 0 to 168 hrs after dosing; AUC,,,, area under the plasma concentration-time curve from time 0 to last
observed concentration above the lower limit of quantification; AUCy..,, area under the plasma concentration-time curve from time 0 to infinity; CL/F, apparent clearance;
CLg, renal clearance; C,,,, maximum observed concentration; OLZ/SAM, olanzapine/samidorphan; SD, standard deviation; t.x, time to maximum observed concentration;

t,,, terminal elimination half-life; V,/F, apparent volume of distribution.

control subjects. In the present study, a 5-mg olanza-
pine dose was chosen due to tolerability concerns in
healthy volunteers, should exposures be elevated in
subjects with hepatic and renal impairment. Given
that the pharmacokinetics of olanzapine is linear over
the commercial dose range of 2.5 mg to 20 mg,'” and
there are no pharmacokinetic drug-drug interactions

between olanzapine and samidorphan when the two
drugs were administered in combination as a bilayer
tablet,'*'¢ it is expected that the findings in the present
studies are applicable to the entire intended commercial
dose range of OLZ/SAM.

The sample size chosen for the studies reported here is
with  the

in accordance regulatory guidelines on
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Figure 3 Plasma concentrations (mean + SD) of olanzapine (A) and samidorphan (B) in subjects with severe renal impairment and healthy control subjects after a single oral

dose of OLZ/SAM (5 mg olanzapine/|0 mg samidorphan).
Abbreviations: OLZ/SAM, olanzapine/samidorphan; SD, standard deviation.

pharmacokinetic studies in patients with hepatic or renal

20-23 and not based on statistical considerations.

impairment
Due to enrollment difficulties, it has been traditionally
accepted that a sample size of approximately 8 subjects
per group should be sufficient in providing a fit-for-purpose
estimation of the effect of hepatic and renal impairment on
pharmacokinetics.”*** A sample size of 10 evaluable sub-
jects per cohort utilized in the studies reported here was
regarded as adequate to attain reliable results and to fulfill

the objectives and requirements of the studies.

A higher intersubject variability in olanzapine and sami-
dorphan pharmacokinetic profiles was noted in hepatically
and renally impaired subjects as compared with the healthy
control subjects (Figures 2 and 3). This result was likely
caused by alterations in drug bioavailability and clearance
due to chronic hepatic or renal disorder and/or potential
pharmacokinetic interactions with concomitant medication
received by subjects with hepatic or renal impairment.

Overall, OLZ/SAM was generally well tolerated. AEs
were typically consistent with those observed in other
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Table 5 Comparison of systemic exposure of olanzapine and samidorphan in subjects with severe renal impairment and healthy
control subjects after a single oral dose of OLZ/SAM (5 mg olanzapine/|0 mg samidorphan)

Parameter statistic Olanzapine Samidorphan
Severe renal impairment Healthy control Severe renal impairment Healthy control
(N=10) (N=10) (N=10) (N=10)
Crnax (ng/mL)
Geometric mean 6.71 5.07 34.51 25.21
Geometric mean ratio 1.32 1.37
90% Cl (0.954, 1.84) (.10, 1.71)
AUC,,; (hrxng/mL)
Geometric mean 341 238 529 226
Geometric mean ratio 1.43 2.34
90% Cl (1.12, 1.83) (1.98, 2.77)
AUC,_.. (hrxng/mL)
Geometric mean 403 268 540 234
Geometric mean ratio 1.51 2.31
90% Cl (1.19, 1.91) (1.96, 2.72)

Abbreviations: AUC,,,, area under the plasma concentration-time curve from time 0 to last observed concentration above the lower limit of quantification; AUC.«,
area under the plasma concentration-time curve from time 0 to infinity; Cl, confidence interval; C,,, maximum observed concentration; OLZ/SAM, olanzapine/

samidorphan.

Table 6 Summary of adverse events in the hepatic impairment study

Category, n (%) Moderate hepatic impairment (N=10) Healthy control (N=11) All subjects (N=21)
Any AE 10 (100.0) 8 (72.7) 18 (85.7)

Serious AE 0 1 9.1 | (4.8)

AE leading to discontinuation 0 0 0

AE by highest severity

Mild 8 (80.0) 5 (45.5) 13 (61.9)
Moderate 2 (20.0) I 9.1 3 (14.3)
Severe 0 2 (18.2) 2 (9.5)
AEs in >2 subjects in any cohort
Somnolence 10 (100.0) 7 (63.6) 17 (81.0)
Dizziness 3 (30.0) 3(27.3) 6 (28.6)
Hypotension I (10.0) 1 9.1 2 (9.5)
Abbreviation: AE, adverse event.
studies of olanzapine alone or OLZ/SAM.'*'*2° The early Conclusion

onset of the most commonly reported AEs (somnolence,
dizziness, and hypotension) in subjects with moderate
hepatic impairment was consistent with the earlier t,,,, of
olanzapine observed in this cohort; however, the AEs were

mild in severity.

There was a 1.67- and 2.17-fold increase in AUC_,, and C,,,«
of olanzapine, respectively, and a 1.52- and 1.63-fold increase
in AUCy_,, and C,,,, of samidorphan, respectively, in subjects
with moderate hepatic impairment compared with healthy

control subjects. Compared with healthy control subjects,
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Table 7 Summary of adverse events in the renal impairment study

Category, n (%) Severe renal impairment (N=10) Healthy control (N=10) All subjects (N=20)
Any AE 7 (70.0) 5 (50.0) 12 (60.0)
Serious AE 0 0 0
AE leading to discontinuation 0 0 0
AE by highest severity
Mild 5 (50.0) 2 (20.0) 7 (35.0)
Moderate 2 (20.0) I (10.0) 3 (15.0)
Severe 0 2 (20.0) 2 (10.0)
AEs in >2 subjects in any cohort
Somnolence 2 (20.0) 3 (30.0) 5(25.0)
Abdominal pain 2 (20.0) I (10.0) 3 (15.0)
Dizziness 2 (20.0) I (10.0) 3 (15.0)
Nausea 2 (20.0) I (10.0) 3 (15.0)
Lethargy 2 (20.0) 0 2 (10.0)
Abbreviation: AE, adverse event.
subjects with severe renal impairment had a 33% and 56%
References

reduction in total body clearance, a 1.51- and 2.31-fold
increase in AUCy.,, and a 1.32- and 1.37-fold increase in
Chax of olanzapine and samidorphan, respectively. OLZ/
SAM was generally well tolerated under the conditions of
the studies, with a safety profile consistent with that observed
in other completed clinical studies to date.
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Supplementary materials

Table S| Mean plasma levels of olanzapine and samidorphan in subjects with moderate hepatic impairment and healthy control
subjects after a single oral dose of OLZ/SAM (5 mg olanzapine/10 mg samidorphan)

Arithmetic mean (SD) postdose plasma concentration (ng/mL)

Olanzapine Samidorphan

Moderate hepatic Healthy control Moderate hepatic Healthy control

impairment (N=10) (N=10) impairment (N=10) (N=10)

Time postdose, hr

0 (predose) <LLOQ <LLOQ <LLOQ <LLOQ
0.5 6.32 (5.87) <LLOQ 44.37 (20.36) 19.14 (15.94)
| 7.32 (4.94) 0.72 (0.93) 40.90 (10.55) 26.08 (10.60)
2 6.20 (1.68) 2.04 (1.80) 2831 (4.75) 23.18 (6.04)
3 6.75 (2.84) 361 (1.79) 25.81 (6.63) 20.92 (5.73)
4 5.93 (1.25) 347 (1.29) 21.03 (3.32) 16.65 (4.21)
5 6.27 (2.01) 4.05 (1.20) 19.74 (3.23) 15.28 (4.30)
6 5.82 (1.85) 3.94 (1.23) 17.63 (3.05) 14.00 (4.19)
7 5.71 (1.69) 4.09 (1.48) 16.34 (3.06) 12.55 (4.13)
8 5.69 (1.86) 4.03 (1.48) 1523 (3.32) 11.05 (3.15)
12 5.00 (1.41) 3.57 (1.38) 10.60 (2.52) 6.95 (2.19)
16 4.45 (1.07) 3.21 (1.43) 7.52 (1.97) 4.73 (1.88)
24 4.20 (0.85) 2.82 (I.11) 4.26 (1.23) 2.67 (0.94)
36 3.27 (0.75) 2.30 (1.03) 2.24 (1.33) 1.05 (0.41)
48 2.90 (0.60) 2.00 (1.39) 1.08 (0.65) 0.40 (0.26)
72 2.05 (0.35) 1.29 (0.80) 0.31 (0.44) <LLOQ
96 1.44 (0.34) 0.92 (0.68) <LLOQ <LLOQ
120 1.08 (0.35) 0.69 (0.46) <LLOQ <LLOQ
168 0.58 (0.23) 0.29 (0.35) <LLOQ <LLOQ

Note: Values below the LLOQ (0.250 ng/mL) were set to 0 in the calculation of the summary statistics.
Abbreviation: LLOQ, lower limit of quantification.
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Table S2 Mean plasma and urine levels of olanzapine and samidorphan in subjects with severe renal impairment and healthy control

subjects after a single oral dose of OLZ/SAM (5 mg olanzapine/10 mg samidorphan)

Arithmetic mean (SD) postdose plasma concentration (ng/mL)

Olanzapine

Samidorphan

Severe renal impairment
(N=10)

Healthy control
(N=10)

Severe renal impairment
(N=10)

Healthy control
(N=10)

Time postdose, hr

0 (predose) <LLOQ <LLOQ <LLOQ <LLOQ
0.5 0.38 (0.56) <LLOQ 17.38 (16.93) 15.30 (12.21)
| 1.66 (1.76) 0.96 (1.14) 24.55 (12.33) 21.64 (8.48)
2 3.64 (3.57) 3.04 (2.39) 25.72 (9:21) 19.4 (5.73)
3 4.89 (3.92) 3.49 (1.24) 28.02 (6.01) 17.62 (4.39)
4 5.61 (4.27) 3.92 (1.21) 27.07 (4.64) 14.92 (2.96)
5 6.01 (2.98) 3.97 (1.40) 24.95 (4.26) 12.60 (1.86)
6 6.31 (2.76) 3.80 (1.10) 23.03 (3.48) 11.28 (2.15)
7 5.85 (2.56) 3.99 (0.94) 19.61 (2.02) 9.68 (1.40)
8 5.83 (2.13) 4.10 (0.81) 19.48 (3.45) 8.82 (1.38)
12 4.31 (1.53) 3.74 (0.73) 13.38 (2.76) 5.85 (1.21)
16 4.00 (1.49) 2.95 (0.60) 10.36 (2.16) 4.05 (0.92)
24 3.74 (1.34) 2.68 (0.43) 6.84 (1.59) 2.49 (0.76)
36 3.32 (1.20) 2.07 (0.46) 3.72 (1.26) 1.13 (0.52)
48 2.68 (0.88) 1.91 (0.51) 2.20 (0.95) 0.59 (0.36)
72 1.93 (0.78) 1.30 (0.37) 0.87 (0.57) <LLOQ
96 1.42 (0.57) 0.87 (0.33) 0.30 (0.33) <LLOQ
120 1.05 (0.32) 0.63 (0.28) <LLOQ <LLOQ
168 0.62 (0.30) <LLOQ <LLOQ <LLOQ
Arithmetic mean (SD) postdose urine concentration (ng/mL)

Time postdose, hr
0 (predose) <LLOQ <LLOQ <LLOQ <LLOQ
0-4 23.10 (19.81) 9.07 (9.58) 432.45 (213.66) 461.10 (224.40)
4-8 84.81 (69.96) 33.21 (36.45) 573.67 (398.33) 593.80 (197.93)
8-12 60.21 (30.98) 58.91 (29.86) 409.40 (110.92) 720.00 (255.28)
12-16 60.39 (26.00) 106.21 (73.04) 340.43 (107.58) 699.33 (433.96)
16-24 47.65 (18.60) 85.11 (50.09) 273.67 (98.91) 490.90 (389.37)
24-36 45.08 (22.70) 55.95 (30.92) 145.72 (92.07) 199.36 (66.83)
36-48 38.19 (21.65) 57.13 (43.77) 85.57 (38.76) 119.11 (96.76)
48-60 36.22 (18.30) 29.04 (18.53) 56.02 (39.05) 54.85 (43.34)
60-72 3111 (21.37) 21.87 (20.97) 34.84 (22.85) 30.44 (34.11)
72-84 28.57 (14.73) 19.21 (14.88) 26.10 (21.94) 12.52 (8.37)
84-96 20.09 (13.57) 12.95 (7.83) 15.33 (13.81) 1.6l (15.74)
96-108 15.60 (9.67) 10.49 (7.70) 7.96 (7.24) 6.39 (7.20)
108-120 13.62 (11.22) 10.66 (6.73) 5.82 (5.45) 4.33 (6.43)
120-132 12.67 (6.10) 11.57 (5.71) 4.30 (3.65) 4.02 (8.12)
132-144 10.70 (9.51) 9.84 (5.94) 2.88 (3.47) 3.23 (6.25)
144-156 891 (4.87) 5.53 3.73) <LLOQ <LLOQ
156-168 7.12 (3.58) 7.99 (4.55) <LLOQ 2.95 (7.33)

Notes: Values below the LLOQ (0.250 ng/mL for plasma and 2.50 ng/mL for urine) were set to 0 in the calculation of the summary statistics.
Abbreviation: LLOQ, lower limit of quantification.
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