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Objective: Preclinical evidence and data from a proof-of-
concept study in healthy volunteers suggest that samidor-
phan, an opioid antagonist, mitigates weight gain associated
with olanzapine. This study prospectively compared combina-
tion therapy of olanzapine plus either samidorphan or pla-
cebo for the treatment of schizophrenia.

Methods: This was an international, multicenter, randomized
phase 2 study of olanzapine plus samidorphan in patients
with schizophrenia. The study had a 1-week open-label
olanzapine lead-in period followed by a 12-week double-
blind treatment phase in which patients were randomly
assigned in a 1:1:1:1 ratio to receive olanzapine plus placebo
(N=75) or olanzapine plus 5 mg (N=80), 10 mg (N=86), or 20 mg
(N=68) of samidorphan. The primary aims were to confirm
that the antipsychotic efficacy of olanzapine plus samidor-
phan was comparable to olanzapine plus placebo, to assess
the effect of combining olanzapine with samidorphan on
olanzapine-induced weight gain, and to assess the overall
safety and tolerability of olanzapine plus samidorphan.

Results: Antipsychotic efficacy, as assessed by total score
on the Positive and Negative Syndrome Scale (PANSS), was
equivalent across all treatment groups. Treatment with

In comparative effectiveness trials of schizophrenia, olan-
zapine is one of the most efficacious antipsychotics, and in
long-term studies it has a lower rate of discontinuation due
to lack of efficacy compared with other first-line antipsy-
chotics (1-3). In the landmark Clinical Antipsychotic Trials of
Intervention Effectiveness (CATIE) study, only 15% of patients
treated with olanzapine discontinued treatment because of
lack of efficacy, compared with 24%—28% of patients treated
with other antipsychotics (2). In addition, short-term trials of
olanzapine have reported significant symptom improvement
in patients with schizophrenia (4, 5) as well as significantly
sustained response in relapse prevention (6). However, the
clinical utility of olanzapine has been limited by an association
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olanzapine plus samidorphan resulted in a statistically sig-
nificant lower weight gain (37% lower weight gain compared
with olanzapine plus placebo). The least square mean percent
change from baseline in body weight was 4.1% (2.9 kg) for the
olanzapine plus placebo group and 2.6% (1.9 kg) for the
olanzapine plus samidorphan group (2.8% [2.1 kg] for the 5
mg group, 2.1% [1.5 kg] for the 10 mg group, and 2.9% [2.2
kgl for the 20 mg group). Adverse events reported at a
frequency =5% in any of the olanzapine plus samidorphan
groups and occurring at a rate =2 times greater than in the
olanzapine plus placebo group were somnolence, sedation,
dizziness, and constipation. Other safety measures were
comparable between the olanzapine plus samidorphan
groups and the olanzapine plus placebo group.

Conclusions: The antipsychotic efficacy of olanzapine plus
samidorphan was equivalent to that of olanzapine plus pla-
cebo, and olanzapine plus samidorphan was associated with
clinically meaningful and statistically significant mitigation
of weight gain compared with olanzapine plus placebo.
Olanzapine plus samidorphan was generally well tolerated,
with a safety profile similar to olanzapine plus placebo.
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with comparatively greater weight gain and metabolic dys-
regulation (7, 8). Overall, body weight gain of =7% has been
observed in 22%—86% of olanzapine-treated patients,
depending on prior antipsychotic exposure and duration of
treatment (2, 3, 9).

Preclinical studies have provided evidence for a critical
role of the opioid system in mediating food reward, feeding
behavior, and metabolism. For example, decrease in weight
gain has been reported in p-, k-, and d-opioid receptor
knockout mice, despite no differences in caloric intake in
- and k-opioid receptor knockouts (10-12). Thus, adding an
opioid antagonist to CNS-active drugs may mitigate meta-
bolic dysregulation. Samidorphan is a new compound that
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has been demonstrated in vivo to function as a w-opioid
antagonist (13). In vitro, samidorphan binds with high affinity
to human -, k-, and 3-opioid receptors and acts as an
antagonist at p-opioid receptors and a partial agonist at k- and
d-opioid receptors (14, 15). Samidorphan was found in both
preclinical and phase 1 clinical studies to mitigate weight gain
associated with olanzapine (16, 17). In a recent proof-of-
concept study in healthy volunteers, mean weight gain
over the course of 3 weeks was significantly less in patients
treated with olanzapine plus samidorphan compared with
those treated with olanzapine alone (2.2 kg [SD=1.4] com-
pared with 3.1 kg [SD=1.9]) (17). The combination drug for-
mulation of olanzapine plus samidorphan is intended to
provide the antipsychotic efficacy of olanzapine while
mitigating the weight gain and concomitant metabolic ab-
normalities commonly associated with olanzapine alone.

In this proof-of-concept, placebo-controlled phase 2
study, we evaluated the efficacy, safety, and tolerability of
the combination of olanzapine and samidorphan in patients
with schizophrenia. The study compared the antipsychotic
efficacy and safety of olanzapine plus fixed doses of sami-
dorphan relative to olanzapine plus placebo, with a specific
safety focus on the evaluation of the hypothesized weight gain
mitigation effect of olanzapine plus samidorphan relative to
olanzapine plus placebo.

METHODS

This was an international multicenter safety, tolerability, and
dose-ranging phase 2 study conducted from June 2013 to
March 2015. The study was conducted in accordance with
the Declaration of Helsinki and Good Clinical Practice
Guidelines agreed on by the International Conference on
Harmonization, 1997. The study protocol, amendments, and
informed consent forms were approved by independent
ethics committees or institutional review boards for all sites.

Study Design

The primary aims of the study were to assess the antipsy-
chotic efficacy and safety of olanzapine in combination with
samidorphan compared with olanzapine plus placebo for the
treatment of schizophrenia, including adverse events and
weight gain. Secondary goals were 1) to explore the relation-
ship between weight mitigation effects of the olanzapine
plus samidorphan combination and the amount of weight
gained over the course of 1-week exposure to open-label
olanzapine prior to randomization, and 2) to assess whether
samidorphan exhibited a dose effect when combined with
olanzapine.

The study consisted of a 1-month screening phase, after
which patients were switched from their current treatment
to receive 1 week of open-label olanzapine. After the olanzapine
lead-in phase, patients entered a 12-week double-blind
treatment phase (hereafter referred to as the treatment
phase) consisting of open-label olanzapine (5-20 mg/day)
coadministered with a blinded dose of study medication
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(samidorphan at 5 mg/day, 10 mg/day, or 20 mg/day, or
placebo), followed by a12-week extension phase aswell asa
4-week safety follow-up. The 1-week open-label olanzapine
lead-in was utilized to detect early weight gain for subsequent
stratification in randomization, to identify the early-weight-
gain population, and to test patient toleration of olanzapine.
The olanzapine dosage was selected and titrated by study
investigators on the basis of patient needs throughout the
study and in line with current clinical practice. Patients who
completed the olanzapine lead-in were enrolled in the
treatment phase and were randomly assigned in a 1:1:1:1 ratio
to one of four treatment groups: olanzapine plus samidor-
phan at 5 mg/day, 10 mg/day, or 20 mg/day or olanzapine
plus matched placebo (see Figure S1 in the online supple-
ment). Randomization was stratified by weight change
during the 1-week olanzapine lead-in period into three
strata: no weight gain, weight gain <1 kg, and weight gain
=1 kg.

After completing the 12-week double-blind treatment
phase, patients transitioned to the extension phase, where
they received 12 weeks of active treatment with olanzapine
plus samidorphan. Patients who had been assigned to one of
the active samidorphan arms continued on the same dosage
of samidorphan, and those who had been on placebo started
20 mg/day of samidorphan in addition to olanzapine (see
Figure S1). In the extension phase, patients and study per-
sonnel were aware that all patients would receive olanzapine
plus samidorphan, but they were blind to the dosage that
patients received. The transition of patients from placebo to
olanzapine plus samidorphan in the extension phase was done
in a blinded manner via an interactive web response system.

Patients who exhibited early weight gain were identified
at the end of the 1-week olanzapine lead-in period, as it is
known that patients who exhibit early weight gain with
olanzapine treatment are likely to gain weight overall (18).

Patients
To be included in the study, patients had to be 18-50 years
of age; have a diagnosis of schizophrenia (based on DSM-IV-
TR criteria); be clinically stable (a score =80 on the Positive
and Negative Syndrome Scale [PANSS] and a score =3 on
the Clinical Global Impressions [CGI] severity scale); have
maintained a stable body weight for =3 months prior to
screening (=5% change by history); and have a body mass
index in the range of 17-30 at screening. Patients had not
been exposed to olanzapine, clozapine, mesoridazine, chlor-
promazine, or thioridazine for more than 1 week within 1 year
prior to screening, or at any time in the 3 months before
screening. The use or anticipated use of over-the-counter
drugs for weight reduction, systemic steroids, or antipsy-
chotic medications, among others, within 60 days before
screening was prohibited. Patients were excluded if they
were started on their first antipsychotic treatment within
the past 12 months or had symptoms lasting <2 years.
Patients who were taking antipsychotic medication at the
time of screening were tapered off of that medication within

Am J Psychiatry 176:6, June 2019


http://ajp.psychiatryonline.org

2 weeks after initiation of the treatment phase. All patients
provided written informed consent before entering the study.

Study Assessments

The primary efficacy endpoint was absolute change in PANSS
total score from baseline (randomization) to the end of the
treatment phase (week 12) for all of the olanzapine plus
samidorphan groups compared with the olanzapine plus
placebo group. Secondary endpoints included percent
change in body weight and the proportion of patients who
exhibited significant weight gain (=7% and =10%) from
baseline to the end of the treatment phase. Efficacy, safety,
and change in body weight were also assessed throughout the
12-week extension phase.

Safety evaluations were carried out over the full study
period and included adverse events, clinical laboratory tests
(chemistry, hematology, and urinalysis), ECG, vital signs, and
physical examination. Blood samples were taken at screening,
during the olanzapine lead-in phase, and throughout the active
study period for assessment of lipid and glycemic measures.

Statistical Analysis

The efficacy population included all patients who underwent
randomized treatment assignment and received at least one
dose of study drug and had at least one postbaseline PANSS
assessment. Absolute change from baseline to week 12 in
PANSS score was analyzed using a two-sided mixed model
for repeated measures (MMRM). For the primary analysis,
all patients in the olanzapine plus samidorphan treatment group
were pooled for comparison with those in the olanzapine plus
placebo group, with an equivalence margin of 10 points.
Analyses of individual dosage levels were to be performed
only if equivalence was demonstrated. Percent change in
body weight from baseline to week 12 for the olanzapine plus
samidorphan treatment group and the individual olanzapine
plus samidorphan treatment groups was also analyzed using
an MMRM model. The proportion of patients with significant
weight gain (=7% and =10% change from baseline) was
analyzed using the Cochran-Mantel-Haenszel method to
adjust for the olanzapine lead-in period weight change
strata. Descriptive statistics were generated for the change
from baseline in PANSS score and weight.

Percent change in body weight and proportion of patients
with significant weight gain were evaluated in all patients as
well as a subset of patients exhibiting early weight gain
(>0 kg). The early-weight-gain analysis population included
all patients who gained weight during the 1-week open-label
olanzapine lead-in period and had at least one postbaseline
weight assessment. Safety was assessed in all patients who
underwent randomized treatment assignment and received
at least one dose of study drug.

A sample size of 280 patients (70 per treatment group for
olanzapine plus placebo and olanzapine plus samidorphan at
5 mg/day, 10 mg/day, and 20 mg/day) was determined to
provide 95% power to demonstrate equivalence in change
in PANSS score from randomization to week 12 of all
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patients receiving olanzapine plus samidorphan compared with
those receiving olanzapine plus placebo, with an equivalence
margin of 10 points.

RESULTS

Baseline Characteristics and Disposition

Overall, 347 patients were enrolled and received at least one
dose of olanzapine. Of these, 89% (N=309) completed the
1-week olanzapine lead-in period; the main reasons for dis-
continuation during the lead-in period were patient decision
(N=11; 3.2%) and adverse events (N=3; 0.9%) (Figure 1). After
completion of the olanzapine lead-in period, patients were
randomly assigned in a 1:1:1:1 ratio to receive olanzapine plus
placebo (N=75), olanzapine plus samidorphan at 5 mg/day
(N=80), at 10 mg/day (N=86), or at 20 mg/day (N=68). All
309 patients received at least one dose of study drug and were
included in the safety analysis. Of these, 300 patients had at
least one postbaseline PANSS assessment and were included
in the analysis. In total, 195 (65.0%) of the 300 patients ex-
perienced early weight gain during the olanzapine lead-in
phase and were included in the early-weight-gain analysis.
Altogether, 221 patients completed the treatment phase:
165 (70.5%) patients in the olanzapine plus samidorphan
group and 56 (74.7%) patients in the olanzapine plus placebo
group. The proportion of patients who discontinued early
was similar between the olanzapine plus samidorphan and
olanzapine plus placebo groups; 29.5% (N=69) and 25.3%
(N=19), respectively. The most common reasons for discon-
tinuation were patient decision (olanzapine plus samidorphan,
9.4%; olanzapine plus placebo, 5.3%), adverse events (olanzapine
plus samidorphan, 9.0%; olanzapine plus placebo, 4.0%), and
lost to follow-up (olanzapine plus samidorphan, 6.4%;
olanzapine plus placebo, 12.0%) (Figure 1).

Of the patients who completed the treatment phase,
218 (98.6%) enrolled in the extension phase; those who had
previously received olanzapine plus placebo were switched
to olanzapine plus samidorphan at 20 mg/day (N=54), and
patients who had received olanzapine plus samidorphan
continued on the dosage they received in the treatment phase
(N=164) (Figure 1). Altogether, 85.8% (N=187) of patients
completed the extension phase and 14.2% (N=31) discontinued,
the majority of whom were lost to follow-up (4.6%).

The baseline demographic and clinical characteristics
were similar between the olanzapine plus samidorphan and
olanzapine plus placebo groups; 74.8% and 70.7%, re-
spectively, were males; the mean age was 38.4 years and 40.3
years, respectively; and the mean body mass index was 25.2
and 25.1, respectively. The mean baseline PANSS score was
62.8 and 62.7 in the olanzapine plus samidorphan and
olanzapine plus placebo group, respectively, and the mean
CGI severity score was 2.9 in both groups (see Table S1 in
the online supplement).

The average olanzapine dosage was 11.5 mg/day during
the treatment phase and was similar across the four treat-
ment groups: 11.1 mg/day, 10.9 mg/day, and 12.1 mg/day for
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FIGURE 1. Patient disposition in the 12-week treatment and extension phases in a study of olanzapine plus samidorphan compared with

olanzapine plus placebo?
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@ Olanzapine dosages were determined by the investigators and ranged from 5 to 20 mg/day.

the olanzapine plus samidorphan at 5 mg/day, 10 mg/day,
and 20 mg/day groups, respectively, and 11.8 mg/day for the
olanzapine plus placebo group.

baseline, the PANSS score for the olanzapine plus sami-
dorphan group was 62.0 (SD=9.7), compared with 62.0
(SD=10.4) for the olanzapine plus placebo group. At week 12,
the least square mean of the change from baseline in PANSS
score was —2.2 (95% CI=—3.2, —1.3) for the olanzapine plus
samidorphan group, compared with —2.9 (95% CI=—4.5, —1.3)
for the olanzapine plus placebo group. The least square
mean difference between the groups was 0.6 points (95%
CI=—1.2, 2.5), within a predefined equivalence margin of 10.

Efficacy

In the treatment phase, PANSS score was maintained from
randomization through week 12 (Figure 2, Table 1). There
were no differences in PANSS score between the olanzapine
plus samidorphan and olanzapine plus placebo groups. At
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TABLE 1. Total score and change from baseline on the Positive and Negative Syndrome Scale for patients treated with olanzapine plus

samidorphan or with olanzapine plus placebo®

Olanzapine Olanzapine Plus Olanzapine Plus Olanzapine Plus All Olanzapine
Plus Placebo Samidorphan Samidorphan Samidorphan Plus Samidorphan
Measure (N=74) 5 mg (N=75) 10 mg (N=83) 20 mg (N=68) (N=226)
Mean SD Mean SD Mean SD Mean SD Mean SD
Baseline score 62.0 10.4 60.9 10.0 62.3 9.6 629 9.4 62.0 9.7
LSM 95% Cl LSM  95% Cl LSM 95% Cl LSM 95% ClI LSM 95% CI
Change from baseline to week 12 -29 —-45-13 -15 -32,01 -27 -42,-11 -25 -42,-09 -22 -32 -13
Difference compared with olanzapine 1.3 -10,36 02 -20,25 03 -20,26 06 -1225

plus placebo

2 Baseline was week 0. The table presents observed data at baseline and model-based results at week 12. LSM=least square mean.

The mean PANSS score remained stable from week 12 (the
extension study baseline) to week 24; the mean change from
week 12 to the end of the extension phase for the olanzapine
plus samidorphan treatment group was —1.7 (SD=5.9).

Weight Changes

During the treatment phase, the mean percent change in
body weight at week 12 was 37% lower in the olanzapine
plus samidorphan group (least square mean percent change
from baseline to week 12, 2.6%; absolute change, 1.9 kg)
compared with patients in the olanzapine plus placebo
group (4.1% and 2.9 kg). The least square mean differ-
ence between groups was —1.5% (95% CI=—2.5, —0.4,
p=0.006) and —1.0 kg (95% CI=—1.8, —0.2, p=0.018) (Figure 3,
Table 2).

The risk of patients gaining =10% of baseline body weight
was 2.7 times greater for the olanzapine plus placebo group
compared with the olanzapine plus samidorphan group (odds
ratio=2.73, 95% CI=1.11, 6.67, p=0.023). The risk of patients
gaining =7% of baseline body weight was 1.6 times greater
for the olanzapine plus placebo group compared with the
olanzapine plus samidorphan group, but the difference was
not statistically significant (odds ratio=1.56, 95% C1=0.76, 3.20,
p=0.227) (Figure 4).

During the extension phase, the mean percent change in
body weight remained stable and was similar across all
olanzapine plus samidorphan dosages. There was a 0.5%
(SD=4.1) increase for patients who received continuous
olanzapine plus samidorphan treatment, compared with a
0.1% (SD=3.6) increase for those who were switched from
olanzapine plus placebo to olanzapine plus samidorphan at
20 mg/day (Figure 3).

Analysis of individual dosage groups. Patients who were
treated with olanzapine plus samidorphan at 5 mg/day (least
square mean: 2.8%; least square mean difference compared
with olanzapine plus placebo: —1.3, 95% CI=—2.6, —0.0,
p=0.049) and at 10 mg/day (least square mean: 2.1%; least
square mean difference compared with olanzapine plus
placebo: —1.9, 95% CI=—3.2, —0.7, p=0.003) had a signifi-
cantly lower percent change in weight from randomization to
week 12 compared with the olanzapine plus placebo group
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FIGURE 2. Positive and Negative Syndrome Scale scores for
patients treated with olanzapine plus samidorphan or with
olanzapine plus placebo, by visit?
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@The graph presents observed data. Error bars indicate standard error.
The least square mean difference between groups at week 12 was 0.6
(95% Cl=—1.2, 2.5). Table 1 presents mean values and least square
mean change and difference relative to olanzapine plus placebo.

(least square mean: 4.1%) (Figure 3). Although the change in
weight for patients in the group receiving olanzapine plus
samidorphan at 20 mg/day was lower, the difference was not
statistically significant compared with the olanzapine plus
placebo group (least square mean: 2.9%; least square mean
difference: —1.2%, 95% CI=—2.5, 0.1, p=0.072).

Analysis of olanzapine dosage and body weight. A non-
significant dose-dependent increase in weight was observed
inolanzapine-treated patients, with a mean percent change in
body weight at week 12 of 3.3%, 4.1%, and 4.8% for those
with mean daily olanzapine doses <10 mg, =10-<15 mg,
and =15 mg, respectively. There was not a dose-dependent
effect of olanzapine when given with samidorphan, with
changes in body weight at week 12 of 2.6%, 2.6%, and 0.4% for
those with mean daily olanzapine doses <10 mg, =10-<15
mg, and =15 mg, respectively.

Patients exhibiting early weight gain. Altogether, 195 of
300 (65.0%) patients had early weight gain during the

ajp.psychiatryonline.org 461


http://ajp.psychiatryonline.org

MITIGATION OF OLANZAPINE-INDUCED WEIGHT GAIN WITH SAMIDORPHAN

FIGURE 3. Change in body weight from baseline for patients treated with olanzapine plus samidorphan
or with olanzapine plus placebo, by visit, during the 12-week treatment and extension phases®
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cally significant (odds ra-
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During the extension
phase, in the early-weight-
gain population there was a
slight mean percent increase
in body weight (0.2%) in
both the olanzapine plus
samidorphan continuous
treatment group and the
group switched from
olanzapine plus placebo to
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@ Error bars indicate standard error. Table 2 presents mean values and least square mean change and difference

relative to olanzapine plus placebo.
b p<0.05 compared with olanzapine plus placebo.
€p<0.01 compared with olanzapine plus placebo.

olanzapine lead-in phase and were included in the early-
weight-gain analysis.

During the treatment phase, the mean percent change in
body weight at week 12 was 51% lower in the olanzapine plus
samidorphan group (least square mean percent and absolute
change from baseline to week 12, 2.6% and 1.9 kg, respectively)
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Safety

Adverse events. No deaths,
suicides, or suicide attempts
were reported during the
conduct of the trial.

Overall, during the olanzapine lead-in phase, 57 patients
(16.4%) experienced an adverse event. One serious adverse
event of worsening of schizophrenia symptoms was reported,
which led to study drug discontinuation.

During the treatment phase, 54.3% (N=127) and 54.7%
(IN=41) of patients in the olanzapine plus samidorphan and
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TABLE 2. Change in body weight from baseline for patients treated with olanzapine plus samidorphan or with olanzapine plus placebo
during the 12-week treatment and extension phases?®

Treatment Phase® Extension Phase®

Percent Difference Percent
Change From Versus Change From

Baseline Baseline to Olanzapine Plus Baseline Baseline to

Weight (kg) Week 12 Placebo Weight (kg) Week 25
Group N Mean SD LSM 95%Cl LSM 95% ClI p N Mean SD Mean SD
Olanzapine plus placebo 74 76.0 124 41 32,50 54 788 133 0.1 3.6
Olanzapine plus samidorphan 5 mg 75 783 139 28 18,37 -13 -26,-0.0 0049 52 794 147 -01 3.6
Olanzapine plus samidorphan 10 mg 83 774 136 21 13,30 -19 -32,-0.7 0.003 57 786 144 12 47
Olanzapine plus samidorphan20 mg 67 758 127 29 19,38 -12 -2501 0.072 54 779 139 0.2 3.6
All olanzapine plus samidorphan 225 772 134 26 21,31 -15 -25 -04 0.006 163 786 143 0.5 4.1

@ One patient from the olanzapine plus samidorphan 20 mg group was excluded from this analysis because of an abnormal weight gain pattern. LSM=least square
mean.

b Baseline for the treatment phase was the end of the 1-week lead-in period.

€ Baseline for the extension phase was the end of the 12-week treatment phase.

olanzapine plus placebo
groups, respectively, reported
adverse events; most were

FIGURE 4. Proportion of patients exhibiting significant weight gain by week 12 in a study of
olanzapine plus samidorphan compared with olanzapine plus placebo?

i Odds Ratio (95% CI
mild to moderate in severity [ | Olanzapine plus samidorphan 5 mg : s Ratio ( )
(Table 3). Common adverse [ | Olanzapine plus samidorphan 10 mg —.—.—I 1.95 (0.73, 5.20)
N | Olanzapine plus samidorphan 20 mg |
events that were reported at & _ _ ]
. c B A olanzapine plus samidorphan ——— 1.83(0.73, 4.59)
a rate =5% in any of the £ !
olanzapine plus samidor- g . 117 (049, 2.80)
phan groups and that oc- § E
curred at a rate of at least > —1 1.56 (0.76, 3.20)
twofold greater than in the -
olanzapine plus placebo group E L] 3.87(0.96, 15.53)
were somnolence, sedation, % !
dizziness, and constipation £ ! L 2.90(0.:86, 9.86)
. ]
(Table 3). Serious adverse .‘:? 1 .
. I I .01 (066, 6.
events were reported in -%’ !
13 patients: two patients > | 273 (111 6.67)
. . —— 73 (111, 6.
(2.7%) in the olanzapine plus :
lacebo group and 11 (4.7%) 00t Lo 100
. (o
P Odds Ratio

in the olanzapine plus sami-
dorphan groups. A total of
24 patients discontinued
the study because of adverse
events: three patients (4.0%) in the olanzapine plus pla-
cebo group and 21 (9.0%) in the olanzapine plus sami-
dorphan group.

In the extension phase, 40.9% (N=67) of patients had
adverse events, and serious adverse events were reported in
three patients (none were considered to be related to study
drug). Five patients had adverse events that led to study
discontinuation: two in the olanzapine plus samidorphan
group and three in the olanzapine plus placebo group who
switched to olanzapine plus samidorphan at 20 mg/day in
the extension phase.

Somnolence, sedation, dizziness, and constipation occurred
more frequently in patients receiving samidorphan, and no
clinically significant trends were observed for other adverse
events, laboratory values, vital signs, or ECG results in any of
the treatment arms.

samidorphan groups.
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@The figure reports odds ratios for the olanzapine plus placebo group compared with the olanzapine plus

Analysis of individual dosage groups. During the treatment
phase, patients who received olanzapine plus samidorphan
at 5 mg/day (N=38; 47.5%) experienced fewer adverse
events, those who received olanzapine plus samidorphan
at 10 mg/day (N=46; 53.5%) experienced a similar number
of adverse events, and those who received olanzapine plus
samidorphan at 20 mg/day (N=43; 63.2%) experienced a
greater number of adverse events compared with patients who
received olanzapine plus placebo (N=41; 54.7%). Table 3 provides
a breakdown of adverse events by samidorphan dosage.

Metabolic parameters. Mean changes in lipid and glycemic
parameters from baseline to the last postbaseline assessment
were highly variable across all treatment groups (Table 4).
It should be noted that fasting status was not confirmed
before sample collection.
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TABLE 3. Patients with common adverse events during the 12-week treatment phase in a study of olanzapine plus samidorphan

compared with olanzapine plus placebo (safety population)®

Olanzapine Olanzapine Plus Olanzapine Plus Olanzapine Plus All Olanzapine Plus
Plus Placebo Samidorphan5mg Samidorphan Samidorphan Samidorphan
(N=75) (N=80) 10 mg (N=86) 20 mg (N=68) (N=234)
Event N % N % N % N % N %

Any adverse event 41 547 38 47.5 46 535 43 63.2 127 543
Adverse event by highest severity

Mild 22 293 23 28.8 31 36.0 28 41.2 82 35.0

Moderate 17 22.7 13 16.3 13 151 13 191 39 16.7

Severe 2 2.7 2 2.5 2 2.3 2 2.9 6 2.6
Drug-related adverse events

Related to samidorphan/placebo or 30 40.0 28 35.0 36 41.9 35 515 99 42.3

olanzapine

Related to samidorphan/placebo 20 26.7 20 25.0 27 314 26 38.2 73 312

Related to olanzapine 26 347 25 31.3 27 314 30 441 82 35.0

Deaths 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Any serious adverse event 2 2.7 3 3.8 4 4.7 4 59 11 47

Adverse events leading to study 3 4.0 6 7.5 9 10.5 6 8.8 21 9.0

discontinuation

Nervous system disorders

Somnolence 3 4.0 10 125 11 12.8 8 11.8 29 12.4

Sedation 3 4.0 0 0.0 4 4.7 8 11.8 12 51

Dizziness 1 13 0 0.0 3 3.5 6 8.8 9 3.8

Headache 4 5.3 3 3.8 1 12 1 15 5 2.1
Investigations

Increased weight 9 12.0 8 10.0 7 8.1 6 8.8 21 9.0
Metabolism and nutrition disorders

Increased appetite 6 8.0 5 6.3 5 5.8 6 8.8 16 6.8
Gastrointestinal disorders

Nausea 4 53 5 6.3 4 4.7 5 7.4 14 6.0

Dry mouth 4 53 2 2.5 5 58 6 8.8 13 5.6

Constipation 1 13 0 0.0 5 5.8 2 2.9 7 3.0
Psychiatric disorders

Insomnia 4 53 2 2.5 2 2.3 1 15 5 2.1

@ Common adverse events are those that occurred in =5% of patients in any treatment group. Percentages are based on the number of patients in the safety

population.

DISCUSSION

Treatment with olanzapine plus samidorphan resulted in
antipsychotic efficacy equivalent to olanzapine plus placebo,
as assessed by PANSS total score from baseline to week
12 within a predefined equivalence margin of 10. The effect of
olanzapine plus samidorphan in mitigating olanzapine-induced
weight gain was observed through multiple endpoints, in-
cluding percent change in body weight from baseline and the
proportion of patients who gained =10% of baseline body
weight (representative of a clinically meaningful weight gain).
Additionally, there was an early and sustained stabilizing effect
of olanzapine plus samidorphan on body weight. Overall, there
was less weight gain with olanzapine plus samidorphan treat-
ment than with olanzapine plus placebo, and the differences
were statistically significant. A larger treatment effect was seen
in patients who experienced early weight gain. After 12 weeks of
treatment with olanzapine plus samidorphan, in the full study
population there was 37% less weight gain from baseline
compared with the olanzapine plus placebo group, and patients
who gained weight during the olanzapine lead-in phase (early
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weight gain) had 51% less weight gain from baseline com-
pared with the olanzapine plus placebo group. Consistent
with these observations, patients in the olanzapine plus placebo
group were 2.7-fold more likely to gain =10% of baseline weight
than those in the olanzapine plus samidorphan group, and
patients in the olanzapine plus placebo group who experienced
early weight gain were 4.1-fold more likely to gain =10% of
baseline weight than those in the olanzapine plus samidorphan
group.

Antipsychotic-induced weight gain generally has a rapid
onset and can occur in the first few weeks of treatment (19,
20)—an effect that was seen in all treatment groups during the
first 2 weeks of this study. Thus, the addition of samidorphan
mitigates olanzapine-associated weight gain but does not
completely prevent it. Rather, treatment with olanzapine plus
samidorphan changed the trajectory of weight gain over the
remainder of the study period: patients in the olanzapine
plus placebo group continued to gain weight throughout
the treatment phase, whereas treatment with olanzapine
plus samidorphan mitigated further weight gain. In addition,
during the extension phase, treatment with olanzapine plus
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TABLE 4. Change from baseline in metabolic parameters in the 12-week treatment phase in a study of olanzapine plus samidorphan

compared with olanzapine plus placebo (safety population)®

Olanzapine Plus Olanzapine Plus

Olanzapine Plus Olanzapine Plus All Olanzapine

Placebo Samidorphan 5 mg Samidorphan 10 mg Samidorphan 20 mg  Plus Samidorphan
(N=75) (N=80) (N=86) (N=68) (N=234)
Measure Mean SD Mean SD Mean SD Mean SD Mean SD

Cholesterol (mg/dL)

Baseline 1746  30.5 177.3 34.1 175.3 29.3 170.5 311 174.6 315

Change from baseline 89 268 3.3 29.2 31 29.3 5.0 24.6 3.8 27.9
Total cholesterol, fasting (mg/dL)

Baseline 1746 301 176.4 347 175.1 29.5 170.0 317 174.1 32.0

Change from baseline 85 27.4 51 27.2 3.5 295 4.6 24.8 4.4 27.3
LDL cholesterol, fasting (mg/dL)

Baseline 103.1 24.7 106.5 33.0 105.3 311 99.0 26.2 103.9 30.5

Change from baseline 115 219 5.8 231 6.5 20.0 10.3 20.9 7.4 21.3
HDL cholesterol (mg/dL)

Baseline 53.5 147 52.2 16.2 52.6 17.7 50.1 14.9 51.7 16.4

Change from baseline  -3.2 9.4 -2.0 9.1 -16 129 -29 7.3 -21 10.3
Triglycerides, fasting (mg/dL)

Baseline 1194 727 114.9 68.8 120.3 90.3 123.4 90.4 119.4 83.3

Change from baseline 6.5 75.6 20.4 60.5 -6.2 955 -0.7 78.3 4.0 80.9
Glucose (mg/dL)

Baseline 92.6 13.3 89.9 12.5 92.2 16.0 90.9 10.7 91.0 13.4

Change from baseline 41 20.2 3.8 21.0 7.0 341 52 17.4 54 25.8
Insulin (wlU/mL)

Baseline 171 24.2 16.6 27.7 16.8 18.4 16.4 418 16.6 29.8

Change from baseline ~ 10.8 52.1 10.6 48.8 0.08 23.9 47 47.1 5.0 40.8

@ Change from baseline is based on the last postbaseline value. HDL=high-density lipoprotein; LDL=low-density lipoprotein.

samidorphan was not associated with continued weight gain
in patients who were switched from olanzapine plus placebo
to olanzapine plus samidorphan at 20 mg/day, and the trend
of weight gain from the first 12-week treatment phase when
receiving olanzapine plus placebo was reversed in these
patients. Of note, when examining the effects of potential
weight-mitigating pharmacotherapies, efficacy has been
more pronounced when testing begins before the onset of
weight gain (21, 22). Therefore, we focused on testing the
prevention of weight gain and have designed our ongoing
clinical studies to evaluate this approach, as opposed to
treatment of established weight gain or obesity associated
with antipsychotics. The mitigation of weight gain by
samidorphan appears to be specific to weight gain associated
with use of olanzapine, as samidorphan was not found to be
associated with significant weight changes in monotherapy in
patients with a binge-eating disorder (23), in patients with
alcohol dependence (24), or in healthy volunteers (17). Som-
nolence, sedation, dizziness, and constipation occurred more
frequently in patients receiving samidorphan. Other safety
measures for olanzapine plus samidorphan were comparable
to olanzapine plus placebo.

This study has informed dosage selection for further study.
Olanzapine plus samidorphan at 10 mg/day was seen to be
an effective dosage, with a weight gain pattern similar to the
20 mg/day dosage and superior to the 5 mg/day dosage. As
overall adverse events were higher at 20 mg/day, olanzapine
plus samidorphan at 10 mg/day was selected as the dosage to
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advance into phase 3 testing. Administration of olanzapine
plus samidorphan at 10 mg/day resulted in greater effects on
antipsychotic efficacy and mitigation of weight gain com-
pared with olanzapine plus samidorphan at 5 mg/day. Fur-
thermore, olanzapine plus samidorphan at 20 mg/day did not
confer additional benefit (compared with olanzapine plus
samidorphan at 10 mg/day) and had a higher rate of adverse
events compared with the other dosages; hence, the com-
bination of olanzapine and samidorphan at 10 mg/day was
selected for further investigation in phase 3 studies.

The use of atypical antipsychotics in clinical practice has
improved outcomes for patients with schizophrenia; how-
ever, extrapyramidal symptoms, weight gain, and metabolic
syndrome continue to be significant concerns. High rates of
obesity, cardiovascular disease, and type 2 diabetes are seen
in patients with schizophrenia (25) and contribute to poor
quality of life and high morbidity and mortality in this patient
population (26). Additionally, metabolic effects of antipsy-
chotics pose a significant challenge because of their negative
impact on long-term treatment adherence, which leads to
poorer psychiatric treatment outcomes (27).

Although several mechanisms of metabolic syndrome
have been extensively explored both centrally and periph-
erally, weight gain and metabolic dysfunction associated with
antipsychotic use are not fully understood (7, 19, 28, 29).
Several potential new treatment options, such as metformin
(30-32), topiramate (33), and mifepristone (34, 35), have been
examined for their ability to mitigate antipsychotic-induced
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weight gain (36). Of these potential treatments, a common
limitation is that patients have gained a significant amount
of weight and/or have developed metabolic dysfunction
prior to treatment initiation. The combination of olanzapine
and samidorphan assessed in this study represents a new
mechanistic approach toward addressing olanzapine-induced
weight gain, whereby treatment is initiated before significant
weight gain and metabolic dysfunction have occurred.

One limitation of the study is that the design included a
1-week open-label olanzapine lead-in period, which was
incorporated to identify patients who could not tolerate
olanzapine and with the aim of enhancing the ability to detect
weight gain, because it is known that patients who exhibit
early weight gain with olanzapine treatment are likely to gain
weight overall (18). Thus, it is possible that the effects of
samidorphan were masked because of the olanzapine lead-in
phase, as metabolic effects of olanzapine are robust and occur
within a few days (37) and even after one dose (38). An ad-
ditional limitation is that only patients with stable symptoms
were included, and therefore efficacy (assessed by the PANSS)
was not fully explored. In addition, the inclusion of potentially
nonfasting blood samples makes interpretation of the meta-
bolic parameters difficult. Analysis was based on the collection
of precise repeated measures of weight that may be difficult
to replicate in non-research settings. Likewise, because of the
small subsample size of patients experiencing =7% and =10%
body weight gain, the statistical separation between olanzapine
plus samidorphan and olanzapine plus placebo should be
interpreted with caution, as this study was not powered to
look for these differences in categorical weight gain. Another
potential limitation of the study is that the dosage of olanzapine
was not predefined throughout the study but was selected
and titrated by the investigators on the basis of individual
patient needs and clinical condition. The sample was pre-
dominantly male and did not include patients with acute
psychosis, who constitute an essential population in the
treatment and management of schizophrenia. Lastly, the trial
duration was relatively short compared with the time course
of olanzapine-induced weight gain.

CONCLUSIONS

The antipsychotic efficacy of olanzapine plus samidorphan
was comparable to that of olanzapine plus placebo, but with
clinically meaningful and statistically significant mitigation of
weight gain. A consistent and durable mitigation of olanzapine-
induced weight gain was observed in patients who were
switched from olanzapine plus placebo to olanzapine plus
samidorphan. Treatment with the combination of olanzapine
and samidorphan was generally well tolerated, and its adverse
event profile was similar to that of olanzapine plus placebo,
but with higher rates of somnolence, sedation, dizziness, and
constipation. The findings from this study identified 10 mg of
samidorphan as the daily dose to further assess the mitigation of
olanzapine-induced weight gain, and they support the continued
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development of olanzapine plus samidorphan in a phase
3 program.

AUTHOR AND ARTICLE INFORMATION

Alkermes, Inc., Waltham, Mass. (Martin, Weiden, Jiang, Pathak, DiPetrillo,
Silverman, Ehrich); and Hofstra Northwell School of Medicine, Hemp-
stead, N.Y., and Zucker Hillside Hospital, Psychiatry, Glen Oaks, N.Y.
(Correll).

Send correspondence to Dr. Martin (william.martin@alkermes.com).

This study was sponsored by Alkermes, and funding for editorial support
was provided by Alkermes. The study sponsor was involved in the design,
collection, and analysis of the data. Interpretation of the results was by the
authors, and the decision to submit the manuscript for publication in the
American Journal of Psychiatry was made by the authors.

The authors thank all the patients and investigators who contributed to this
study. They also thank Mark S. Todtenkopf, Ph.D., who assisted in the
preparation and proofreading of the manuscript, and the ALK 3831-302
study group. Medical writing and editorial support for the preparation of
the manuscript (under the guidance of the authors) was provided by Mia
Cahill (ApotheCom).

ClinicalTrials.gov identifier: NCT01903837; EudraCT number: 2013-
002193-45.

Drs. Martin, Weiden, Jiang, Pathak, DiPetrillo, and Silverman are em-
ployees of and have stock in Alkermes, Inc. Dr. Correll has served as a
consultant and/or adviser to or has received honoraria from Alkermes,
Allergan, Angelini, Boehringer Ingelheim, Bristol-Myers Squibb, Gerson
Lehrman Group, Indivior, Intra-Cellular Therapies, Janssen/Johnson &
Johnson, LB Pharma, Lundbeck, Medavante-ProPhase, Medscape, Merck,
Neurocrine, Noven, Otsuka, Pfizer, Rovi, Servier, Sunovion, Supernus,
Takeda, and Teva; he has provided expert testimony for Bristol-Myers
Squibb, Janssen, and Otsuka; he has served on data safety monitoring
boards for Boehringer Ingelheim, Lundbeck, Pfizer, Rovi, Supernus, and
Teva; he has received grant support from Janssen and Takeda; and heis a
shareholder in LB Pharma. Dr. Ehrich is a former employee of Alkermes
and a current employee of Expansion Therapeutics; he is a venture partner of
5AM Ventures; and he has served on the advisory boards of Aileron
Therapeutics, Heptares Sosei, Praxis Precision Medicines, and Verge
Genomics.

Received March 9, 2018; revision received September 19, 2018; accepted
November 13, 2018; published online March 8, 2019.

REFERENCES

1. Treuer T, Anders M, Bitter I, et al: Effectiveness and tolerability
of schizophrenia treatment in Central and Eastern Europe: results
after 1 year from a prospective, observational study (IC-SOHO). Int J
Psychiatry Clin Pract 2006; 10:78-90

2. Lieberman JA, Stroup TS, McEvoy JP, et al: Effectiveness of anti-
psychotic drugs in patients with chronic schizophrenia. N Engl J
Med 2005; 353:1209-1223

3. Kahn RS, Fleischhacker WW, Boter H, et al: Effectiveness of anti-
psychotic drugs in first-episode schizophrenia and schizophreni-
form disorder: an open randomised clinical trial. Lancet 2008; 371:
1085-1097

4. Beasley CM Jr, Tollefson G, Tran P, et al: Olanzapine versus placebo
and haloperidol: acute phase results of the North American double-
blind olanzapine trial. Neuropsychopharmacology 1996; 14:111-123

5. Beasley CM Jr, Sanger T, Satterlee W, et al: Olanzapine versus
placebo: results of a double-blind, fixed-dose olanzapine trial.
Psychopharmacology (Berl) 1996; 124:159-167

6. Beasley CM Jr, Sutton VK, Hamilton SH, et al: A double-blind,
randomized, placebo-controlled trial of olanzapine in the pre-
vention of psychotic relapse. J Clin Psychopharmacol 2003; 23:
582-594

Am J Psychiatry 176:6, June 2019


mailto:william.martin@alkermes.com
http://ajp.psychiatryonline.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

. De Hert M, Detraux J, van Winkel R, et al: Metabolic and cardio-

vascular adverse effects associated with antipsychotic drugs. Nat Rev
Endocrinol 2011; 8:114-126

. Buchanan RW, Kreyenbuhl J, Kelly DL, et al: The 2009 Schizo-

phrenia PORT psychopharmacological treatment recommendations
and summary statements. Schizophr Bull 2010; 36:71-93

. Lilly E: Zyprexa (Olanzapine) US Prescribing Information. 2017.

http://pililly.com/us/zyprexa-pi.pdf

Czyzyk TA, Romero-Picé A, Pintar J, et al: Mice lacking 8-opioid
receptors resist the development of diet-induced obesity. FASEB J
2012; 26:3483-3492

Czyzyk TA, Nogueiras R, Lockwood JF, et al: Kappa-opioid receptors
control the metabolic response to a high-energy diet in mice. FASEB
J 2010; 24:1151-1159

Tabarin A, Diz-Chaves Y, Carmona MdelC, et al: Resistance to diet-
induced obesity in mu-opioid receptor-deficient mice: evidence for a
“thrifty gene”. Diabetes 2005; 54:3510-3516

Shram MJ, Silverman B, Ehrich E, et al: Use of remifentanil in a
novel clinical paradigm to characterize onset and duration of
opioid blockade by samidorphan, a potent mu-receptor antagonist.
J Clin Psychopharmacol 2015; 35:242-249

Wentland MP, Lou R, Lu Q, et al: Syntheses of novel high affinity
ligands for opioid receptors. Bioorg Med Chem Lett 2009; 19:
2289-2294

Bidlack J, Knapp B, Deaver DR, et al: In vitro pharmacological
characterization of buprenorphine, samidorphan, and combinations
being developed as an adjunctive treatment for major depressive
disorder. J Pharmacol Exp Ther 2018; 367:267-281

Todtenkopf MS, O’Neill KS, Kelly SM, et al: The novel opioid re-
ceptor modulator RDC-0313 (ALKS 33) reduces olanzapine-induced
weight gain in female rats. Poster presented at the 40th annual
meeting of the Society for Neuroscience, San Diego, November 16,
2010

Silverman BL, Martin W, Memisoglu A, et al: A randomized, double-
blind, placebo-controlled proof of concept study to evaluate sami-
dorphan in the prevention of olanzapine-induced weight gain in
healthy volunteers. Schizophr Res 2018; 195:245-251

Lipkovich I, Jacobson JG, Hardy TA, et al: Early evaluation of patient
risk for substantial weight gain during olanzapine treatment for
schizophrenia, schizophreniform, or schizoaffective disorder. BMC
Psychiatry 2008; 8:78

Correll CU, Lencz T, Malhotra AK: Antipsychotic drugs and obesity.
Trends Mol Med 2011; 17:97-107

Kinon BJ, Kaiser CJ, Ahmed S, et al: Association between early and
rapid weight gain and change in weight over one year of olanzapine
therapy in patients with schizophrenia and related disorders. J Clin
Psychopharmacol 2005; 25:255-258

Praharaj SK, Jana AK, Goyal N, et al: Metformin for olanzapine-
induced weight gain: a systematic review and meta-analysis. Br J
Clin Pharmacol 2011; 71:377-382

Wu RR, Zhao JP, Guo XF, et al: Metformin addition attenuates
olanzapine-induced weight gain in drug-naive first-episode
schizophrenia patients: a double-blind, placebo-controlled study.
Am J Psychiatry 2008; 165:352-358

Am J Psychiatry 176:6, June 2019

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

MARTIN ET AL.

McElroy SL, Guerdjikova AI, Blom TJ, et al: A placebo-controlled
pilot study of the novel opioid receptor antagonist ALKS-33 in binge
eating disorder. Int J Eat Disord 2013; 46:239-245

O’Malley SS, Todtenkopf MS, Du 'Y, et al: Effects of the opioid sys-
tem modulator, samidorphan, on measures of alcohol consumption
and patient-reported outcomes in adults with alcohol dependence.
Alcohol Clin Exp Res 2018; 42:2011-2021

Nasrallah HA, Meyer JM, Goff DC, et al: Low rates of treatment for
hypertension, dyslipidemia, and diabetes in schizophrenia: data from
the CATIE schizophrenia trial sample at baseline. Schizophr Res
2006; 86:15-22

MclIntyre RS: Understanding needs, interactions, treatment, and
expectations among individuals affected by bipolar disorder or
schizophrenia: the UNITE global survey. J Clin Psychiatry 2009;
70(suppl 3):5-11

Velligan DI, Weiden PJ, Sajatovic M, et al: The expert consensus
guideline series: adherence problems in patients with serious and
persistent mental illness. J Clin Psychiatry 2009; 70(suppl 4):1-46
Newcomer JW: Second-generation (atypical) antipsychotics and
metabolic effects: a comprehensive literature review. CNS Drugs
2005; 19(suppl 1):1-93

Pramyothin P, Khaodhiar L: Metabolic syndrome with the atypical
antipsychotics. Curr Opin Endocrinol Diabetes Obes 2010; 17:
460-466

Handen BL, Anagnostou E, Aman MG, et al: A randomized, placebo-
controlled trial of metformin for the treatment of overweight in-
duced by antipsychotic medication in young people with autism
spectrum disorder: open-label extension. J Am Acad Child Adolesc
Psychiatry 2017; 56:849-856.e6

Wu RR, Zhang FY, Gao KM, et al: Metformin treatment of
antipsychotic-induced dyslipidemia: an analysis of two randomized,
placebo-controlled trials. Mol Psychiatry 2016; 21:1537-1544
Zheng W, Li XB, Tang YL, et al: Metformin for weight gain and
metabolic abnormalities associated with antipsychotic treatment:
meta-analysis of randomized placebo-controlled trials. J Clin Psy-
chopharmacol 2015; 35:499-509

Zheng W, Xiang YT, Xiang YQ, et al: Efficacy and safety of adjunctive
topiramate for schizophrenia: a meta-analysis of randomized con-
trolled trials. Acta Psychiatr Scand 2016; 134:385-398

Beebe KL, Block T, Debattista C, et al: The efficacy of mifepristone in
the reduction and prevention of olanzapine-induced weight gain
in rats. Behav Brain Res 2006; 171:225-229

Gross C, Blasey CM, Roe RL, et al: Mifepristone treatment of
olanzapine-induced weight gain in healthy men. Adv Ther 2009; 26:
959-969

Choi YJ: Efficacy of adjunctive treatments added to olanzapine or
clozapine for weight control in patients with schizophrenia: a sys-
tematic review and meta-analysis. Sci World J 2015; 2015:970730
Kinon BJ, Stauffer VL, Kollack-Walker S, et al: Olanzapine versus
aripiprazole for the treatment of agitation in acutely ill patients with
schizophrenia. J Clin Psychopharmacol 2008; 28:601-607
Newcomer JW, Haupt DW, Fucetola R, et al: Abnormalities in
glucose regulation during antipsychotic treatment of schizophrenia.
Arch Gen Psychiatry 2002; 59:337-345

ajp.psychiatryonline.org 467


http://pi.lilly.com/us/zyprexa-pi.pdf
http://ajp.psychiatryonline.org

