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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 5mg (N=80), 10mg (N=86), or 20mg
(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

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
kg] 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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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 landmarkClinicalAntipsychoticTrials of
InterventionEffectiveness (CATIE)study,only15%ofpatients
treated with olanzapine discontinued treatment because of
lack of efficacy, compared with 24%228% 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

with comparatively greater weight gain and metabolic dys-
regulation (7, 8). Overall, body weight gain of$7% has been
observed in 22%286% 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 m-, k-, and d-opioid receptor
knockout mice, despite no differences in caloric intake in
m- 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 m-opioid
antagonist (13). In vitro, samidorphan bindswith high affinity
to human m-, k-, and d-opioid receptors and acts as an
antagonist atm-opioid receptors andapartial agonist atk- and
d-opioid receptors (14, 15). Samidorphan was found in both
preclinical andphase 1 clinical studies tomitigateweight 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 comparedwith 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 1weekofopen-labelolanzapine.After theolanzapine
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

(samidorphan at 5 mg/day, 10 mg/day, or 20 mg/day, or
placebo), followedbya 12-weekextensionphase aswell as a
4-week safety follow-up. The 1-week open-label olanzapine
lead-inwasutilized todetect earlyweight 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 formore than 1weekwithin 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
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2 weeks after initiation of the treatment phase. All patients
providedwritten 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 bodyweightwere 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 patientswho 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 MMRMmodel. 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

patients receivingolanzapineplus samidorphancomparedwith
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 andwere
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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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.

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

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 was22.2 (95% CI=23.2,21.3) for the olanzapine plus
samidorphangroup, comparedwith22.9 (95%CI=24.5,21.3)
for the olanzapine plus placebo group. The least square
mean difference between the groups was 0.6 points (95%
CI=21.2, 2.5), within a predefined equivalence margin of 10.

FIGURE 1. Patient disposition in the 12-week treatment and extension phases in a study of olanzapine plus samidorphan compared with
olanzapine plus placeboa

Enrolled (N=347)

Randomized after olanzapine 

lead-in period (N=309)

Entered the extension 

phase (N=218)

Olanzapine plus 

samidorphan 5 mg (N=80)

Continued on olanzapine 

plus samidorphan 5 mg

(N=52)

Completed (N=52)

Discontinued (N=28)

• Withdrawal by patient (N=9)
• Adverse event (N=6)
• Lost to follow-up (N=7)
• Nonadherence (N=4)
• Physician decision (N=1)
• Protocol violation (N=1)
• Other (N=0)

Completed (N=45)

Discontinued (N=6)

• Withdrawal by patient (N=2)
• Adverse event (N=0)
• Lost to follow-up (N=3)
• Nonadherence (N=0)
• Physician decision (N=0)
• Protocol violation (N=0)
• Other (N=0)
• Lack of effi  cacy (N=1)

Olanzapine plus

samidorphan 20 mg (N=68)

Continued on olanzapine 

plus samidorphan 20 mg

(N=55)

Completed (N=55)

Discontinued (N=13)

• Withdrawal by patient (N=5)
• Adverse event (N=6)
• Lost to follow-up (N=2)
• Nonadherence (N=0)
• Physician decision (N=0)
• Protocol violation (N=0)
• Other (N=0)

Completed (N=44)

Discontinued (N=11)

• Withdrawal by patient (N=3)
• Adverse event (N=0)
• Lost to follow-up (N=4)
• Nonadherence (N=1)
• Physician decision (N=2)
• Protocol violation (N=0)
• Other (N=1)
• Lack of effi  cacy (N=0)

Olanzapine plus placebo

(N=75)

Olanzapine plus placebo,

switched to olanzapine plus

samidorphan 20 mg (N=54)

Completed (N=56)

Discontinued (N=19)

• Withdrawal by patient (N=4)
• Adverse event (N=3)
• Lost to follow-up (N=9)
• Nonadherence (N=1)
• Physician decision (N=1)
• Protocol violation (N=1)
• Other (N=0)

Completed (N=45)

Discontinued (N=9)

• Withdrawal by patient (N=1)
• Adverse event (N=3)
• Lost to follow-up (N=0)
• Nonadherence (N=2)
• Physician decision (N=1)
• Protocol violation (N=0)
• Other (N=2)
• Lack of effi  cacy (N=0)

Olanzapine plus

samidorphan 10 mg (N=86)

Continued on olanzapine 

plus samidorphan 10 mg

(N=57)

Completed (N=58)

Discontinued (N=28)

• Withdrawal by patient (N=8)
• Adverse event (N=9)
• Lost to follow-up (N=6)
• Nonadherence (N=4)
• Physician decision (N=0)
• Protocol violation (N=0)
• Other (N=1)

Completed (N=52)

Discontinued (N=5)

• Withdrawal by patient (N=0)
• Adverse event (N=2)
• Lost to follow-up (N=3)
• Nonadherence (N=0)
• Physician decision (N=0)
• Protocol violation (N=0)
• Other (N=0)
• Lack of effi  cacy (N=0)

Discontinued early from olanzapine 

lead-in period (N=38)

• Withdrawal by patient (N=11)
• Adverse event (N=3)
• Lost to follow-up (N=4)
• Nonadherence (N=2)
• Physician decision (N=3)
• Protocol violation (N=7)
• Other (N=8)

aOlanzapine dosages were determined by the investigators and ranged from 5 to 20 mg/day.
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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 21.7 (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 samidorphangroup (least squaremeanpercent 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 21.5% (95% CI=22.5, 20.4,
p=0.006) and21.0 kg (95%CI=21.8,20.2, p=0.018) (Figure 3,
Table 2).

The risk of patients gaining$10% of baseline bodyweight
was 2.7 times greater for the olanzapine plus placebo group
comparedwith theolanzapineplus samidorphangroup (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%CI=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: 21.3, 95% CI=22.6, 20.0,
p=0.049) and at 10 mg/day (least square mean: 2.1%; least
square mean difference compared with olanzapine plus
placebo: 21.9, 95% CI=23.2, 20.7, p=0.003) had a signifi-
cantly lower percent change inweight fromrandomization to
week 12 compared with the olanzapine plus placebo group

(least square mean: 4.1%) (Figure 3). Although the change in
weight for patients in the group receiving olanzapine plus
samidorphan at 20mg/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: 21.2%, 95% CI=22.5, 0.1, p=0.072).

Analysis of olanzapine dosage and body weight. A non-
significant dose-dependent increase in weight was observed
inolanzapine-treatedpatients,withameanpercent 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 bodyweight atweek 12 of 2.6%, 2.6%, and0.4% 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

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 placeboa

Measure

Olanzapine
Plus Placebo

(N=74)

Olanzapine Plus
Samidorphan
5 mg (N=75)

Olanzapine Plus
Samidorphan
10 mg (N=83)

Olanzapine Plus
Samidorphan
20 mg (N=68)

All Olanzapine
Plus Samidorphan

(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 62.9 9.4 62.0 9.7

LSM 95% CI LSM 95% CI LSM 95% CI LSM 95% CI LSM 95% CI

Change from baseline to week 12 22.9 24.5, 21.3 21.5 23.2, 0.1 22.7 24.2, 21.1 22.5 24.2, 20.9 22.2 23.2, 21.3
Difference compared with olanzapine
plus placebo

1.3 21.0, 3.6 0.2 22.0, 2.5 0.3 22.0, 2.6 0.6 21.2, 2.5

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

FIGURE 2. Positive and Negative Syndrome Scale scores for
patients treated with olanzapine plus samidorphan or with
olanzapine plus placebo, by visita
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a The graph presents observed data. Error bars indicate standard error.
The least square mean difference between groups at week 12 was 0.6
(95% CI=21.2, 2.5). Table 1 presents mean values and least square
mean change and difference relative to olanzapine plus placebo.
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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 frombaseline toweek 12, 2.6%and 1.9 kg, respectively)

compared with patients in
the olanzapine plus placebo
group (least square mean
change from baseline toweek
12, 5.3% and 3.8 kg). The least
square mean difference be-
tween the olanzapine plus
samidorphan and olanzapine
plus placebo groups was
22.7% (95% CI=24.0,21.4,
p,0.001) and 21.9 kg (95%
CI=22.9, 20.9, p,0.001),
respectively.

The risk of patients
gaining $10% of baseline
body weight was 4.1 times
greater (odds ratio=4.10, 95%
CI=1.4, 12.3, p=0.008) for
the olanzapine plus placebo
group compared with the
olanzapine plus samidorphan
group. The risk of patients
gaining $7% of baseline
body weight was 2.2 times
greater for the olanzapine
plus placebo group com-
pared with the olanzapine
plus samidorphan group, but
the difference was not statisti-
cally significant (odds ra-
tio=2.21, 95% CI=0.9–5.3,
p=0.07).

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
olanzapine plus samidorphan
at 20 mg/day.

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 ofworseningof schizophrenia symptomswas reported,
which led to study drug discontinuation.

During the treatment phase, 54.3% (N=127) and 54.7%
(N=41) of patients in the olanzapine plus samidorphan and

FIGURE 3. Change in bodyweight from baseline for patients treatedwith olanzapine plus samidorphan
or with olanzapine plus placebo, by visit, during the 12-week treatment and extension phasesa
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olanzapine plus placebo
groups, respectively, reported
adverse events; most were
mild to moderate in severity
(Table 3). Common adverse
events that were reported at
a rate $5% in any of the
olanzapine plus samidor-
phan groups and that oc-
curred at a rate of at least
twofold greater than in the
olanzapine plus placebo group
were somnolence, sedation,
dizziness, and constipation
(Table 3). Serious adverse
events were reported in
13 patients: two patients
(2.7%) in the olanzapine plus
placebo group and 11 (4.7%)
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.

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
greaternumber of adverseevents comparedwithpatientswho
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.

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 phasesa

Treatment Phaseb Extension Phasec

Baseline
Weight (kg)

Percent
Change From
Baseline to
Week 12

Difference
Versus

Olanzapine Plus
Placebo

Baseline
Weight (kg)

Percent
Change From
Baseline to
Week 25

Group N Mean SD LSM 95% CI LSM 95% CI p N Mean SD Mean SD

Olanzapine plus placebo 74 76.0 12.4 4.1 3.2, 5.0 54 78.8 13.3 0.1 3.6
Olanzapine plus samidorphan 5 mg 75 78.3 13.9 2.8 1.8, 3.7 21.3 22.6, 20.0 0.049 52 79.4 14.7 20.1 3.6
Olanzapine plus samidorphan 10 mg 83 77.4 13.6 2.1 1.3, 3.0 21.9 23.2, 20.7 0.003 57 78.6 14.4 1.2 4.7
Olanzapine plus samidorphan 20 mg 67 75.8 12.7 2.9 1.9, 3.8 21.2 22.5, 0.1 0.072 54 77.9 13.9 0.2 3.6
All olanzapine plus samidorphan 225 77.2 13.4 2.6 2.1, 3.1 21.5 22.5, 20.4 0.006 163 78.6 14.3 0.5 4.1

a One patient from the olanzapine plus samidorphan 20mg groupwas 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.
c Baseline for the extension phase was the end of the 12-week treatment phase.

FIGURE 4. Proportion of patients exhibiting significant weight gain by week 12 in a study of
olanzapine plus samidorphan compared with olanzapine plus placeboa
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samidorphan groups.
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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
12within a predefined equivalencemargin of 10. The effect of
olanzapine plus samidorphan inmitigating 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
inpatientswhoexperiencedearlyweight gain.After 12weeksof
treatment with olanzapine plus samidorphan, in the full study
population there was 37% less weight gain from baseline
comparedwith the olanzapine plus placebo group, and patients
who gained weight during the olanzapine lead-in phase (early

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
groupwere 2.7-foldmore likely to gain$10% of baselineweight
than those in the olanzapine plus samidorphan group, and
patients in the olanzapine plus placebo groupwho 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)—aneffect thatwas seen inall treatment groupsduring 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

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)a

Olanzapine
Plus Placebo

(N=75)

Olanzapine Plus
Samidorphan5mg

(N=80)

Olanzapine Plus
Samidorphan
10 mg (N=86)

Olanzapine Plus
Samidorphan
20 mg (N=68)

All Olanzapine Plus
Samidorphan

(N=234)

Event N % N % N % N % N %

Any adverse event 41 54.7 38 47.5 46 53.5 43 63.2 127 54.3
Adverse event by highest severity
Mild 22 29.3 23 28.8 31 36.0 28 41.2 82 35.0
Moderate 17 22.7 13 16.3 13 15.1 13 19.1 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

olanzapine
30 40.0 28 35.0 36 41.9 35 51.5 99 42.3

Related to samidorphan/placebo 20 26.7 20 25.0 27 31.4 26 38.2 73 31.2
Related to olanzapine 26 34.7 25 31.3 27 31.4 30 44.1 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 5.9 11 4.7
Adverse events leading to study

discontinuation
3 4.0 6 7.5 9 10.5 6 8.8 21 9.0

Nervous system disorders
Somnolence 3 4.0 10 12.5 11 12.8 8 11.8 29 12.4
Sedation 3 4.0 0 0.0 4 4.7 8 11.8 12 5.1
Dizziness 1 1.3 0 0.0 3 3.5 6 8.8 9 3.8
Headache 4 5.3 3 3.8 1 1.2 1 1.5 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 5.3 5 6.3 4 4.7 5 7.4 14 6.0
Dry mouth 4 5.3 2 2.5 5 5.8 6 8.8 13 5.6
Constipation 1 1.3 0 0.0 5 5.8 2 2.9 7 3.0

Psychiatric disorders
Insomnia 4 5.3 2 2.5 2 2.3 1 1.5 5 2.1

a 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.
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samidorphan was not associated with continued weight gain
in patients whowere 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 toweight gain associated
with use of olanzapine, as samidorphan was not found to be
associatedwith significant weight changes inmonotherapy 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 studyhas informeddosage 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 10mg/day was selected as the dosage to

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 20mg/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 highmorbidity andmortality 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 andmetabolic dysfunction associatedwith
antipsychotic use are not fully understood (7, 19, 28, 29).
Several potential new treatment options, such as metformin
(30–32), topiramate (33), andmifepristone (34, 35), havebeen
examined for their ability to mitigate antipsychotic-induced

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)a

Olanzapine Plus
Placebo
(N=75)

Olanzapine Plus
Samidorphan 5 mg

(N=80)

Olanzapine Plus
Samidorphan 10 mg

(N=86)

Olanzapine Plus
Samidorphan 20 mg

(N=68)

All Olanzapine
Plus Samidorphan

(N=234)

Measure Mean SD Mean SD Mean SD Mean SD Mean SD

Cholesterol (mg/dL)
Baseline 174.6 30.5 177.3 34.1 175.3 29.3 170.5 31.1 174.6 31.5
Change from baseline 8.9 26.8 3.3 29.2 3.1 29.3 5.0 24.6 3.8 27.9

Total cholesterol, fasting (mg/dL)
Baseline 174.6 30.1 176.4 34.7 175.1 29.5 170.0 31.7 174.1 32.0
Change from baseline 8.5 27.4 5.1 27.2 3.5 29.5 4.6 24.8 4.4 27.3

LDL cholesterol, fasting (mg/dL)
Baseline 103.1 24.7 106.5 33.0 105.3 31.1 99.0 26.2 103.9 30.5
Change from baseline 11.5 21.9 5.8 23.1 6.5 20.0 10.3 20.9 7.4 21.3

HDL cholesterol (mg/dL)
Baseline 53.5 14.7 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 –1.6 12.9 –2.9 7.3 –2.1 10.3

Triglycerides, fasting (mg/dL)
Baseline 119.4 72.7 114.9 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 95.5 –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 4.1 20.2 3.8 21.0 7.0 34.1 5.2 17.4 5.4 25.8

Insulin (mIU/mL)
Baseline 17.1 24.2 16.6 27.7 16.8 18.4 16.4 41.8 16.6 29.8
Change from baseline 10.8 52.1 10.6 48.8 0.08 23.9 4.7 47.1 5.0 40.8

a Change from baseline is based on the last postbaseline value. HDL=high-density lipoprotein; LDL=low-density lipoprotein.
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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
earlyweight gainwith olanzapine treatment are likely to gain
weight overall (18). Thus, it is possible that the effects of
samidorphanweremasked because of the olanzapine lead-in
phase, asmetabolic effects of olanzapine are robust andoccur
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 (assessedby thePANSS)
was not fully explored. In addition, the inclusion of potentially
nonfasting blood samples makes interpretation of the meta-
bolic parameters difficult. Analysiswasbased 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%
bodyweight 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 andmanagement 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 samidorphanwas 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 themitigation of
olanzapine-inducedweightgain, andtheysupport thecontinued

development of olanzapine plus samidorphan in a phase
3 program.
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