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Abstract: Olanzapine effectively treats schizophrenia and bipolar I disorder (BD-I); however, 
its use is limited by the risk of significant weight gain and metabolic effects. OLZ/SAM, a 
combination of olanzapine and samidorphan, was recently approved in the United States for the 
treatment of adults with schizophrenia or BD-I. OLZ/SAM provides the efficacy of olanzapine 
while mitigating olanzapine-associated weight gain through opioid-receptor blockade. Here, we 
summarize OLZ/SAM clinical data characterizing pharmacokinetics, antipsychotic efficacy, 
weight mitigation efficacy, safety, and long-term treatment effects. In an acute exacerbation of 
schizophrenia, OLZ/SAM and olanzapine provided similar symptom improvements versus 
placebo at week 4. In stable outpatients with schizophrenia, OLZ/SAM treatment resulted in 
significantly less weight gain, reducing the risk for clinically significant weight gain and waist 
circumference increases of ≥5 cm by half, compared with olanzapine at week 24. Based on open- 
label extension studies, OLZ/SAM is safe and well tolerated for up to 3.5 years of treatment, 
while maintaining schizophrenia symptom control and stabilizing weight. The olanzapine 
component of OLZ/SAM was bioequivalent to branded olanzapine (Zyprexa); adjunctive 
OLZ/SAM had no clinically significant effects on lithium or valproate pharmacokinetics. 
Additionally, OLZ/SAM had no clinically relevant effect on electrocardiogram parameters in a 
dedicated thorough QT study. Overall, safety and tolerability findings from clinical studies with 
OLZ/SAM indicate a similar safety profile to that of olanzapine, with the exception of less weight 
gain. As OLZ/SAM contains the opioid antagonist samidorphan, it is contraindicated in patients 
using opioids and in those undergoing acute opioid withdrawal. Clinical trial results from more 
than 1600 subjects support the use of OLZ/SAM as a new treatment option for patients with 
schizophrenia or BD-I. 
Keywords: antipsychotic agents, clinical efficacy, olanzapine, opioid antagonists, safety, 
weight gain

Plain Language Summary
Antipsychotic choice for individuals with schizophrenia or bipolar I disorder (BD-I) requires 
balancing efficacy with tolerability. For example, while olanzapine is highly efficacious, it is 
associated with weight gain and/or changes in how the body regulates glucose and lipids. 
Since the body’s natural opioid system is involved in regulating weight and metabolism, 
combining samidorphan with olanzapine is a potential strategy to address olanzapine-asso-
ciated weight and metabolic side effects. We summarize clinical data for OLZ/SAM, a 
combination of olanzapine and the opioid receptor-blocking compound samidorphan, 
recently approved in the United States for the treatment of adults with schizophrenia or 
BD-I. In pharmacokinetic studies, plasma concentrations of olanzapine were similar when 
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administered as OLZ/SAM or as the branded product, Zyprexa, 
with dose-proportional increases in concentration with increasing 
doses. Adjunctive OLZ/SAM did not affect lithium or valproate 
pharmacokinetics. Samidorphan’s pharmacokinetic profile sup-
ports once-daily dosing in combination with olanzapine as 
OLZ/SAM. In clinical studies, OLZ/SAM provided similar anti-
psychotic efficacy as olanzapine in patients with schizophrenia, 
with sustained symptom control during long-term treatment. 
OLZ/SAM treatment resulted in significantly less weight gain 
versus olanzapine; weight remained stable with long-term treat-
ment. The safety profile of OLZ/SAM was generally consistent 
with that of olanzapine, except for less weight gain. Owing to 
samidorphan’s opioid antagonist effects, OLZ/SAM is contra-
indicated in patients using opioids or undergoing acute opioid 
withdrawal. Lastly, because antipsychotic-associated weight gain 
is independent of disease state, OLZ/SAM provides a new treat-
ment option for patients with either schizophrenia or BD-I that 
balances efficacy with a reduced risk of weight gain.

Introduction
Schizophrenia and bipolar I disorder (BD-I) are chronic, 
complex psychiatric illnesses associated with substantial 
functional impairment and disability,1–3 high rates of 
comorbid conditions,4,5 and a high risk of suicide.6,7 

Both are associated with lower life expectancy, attributable 
in part to causes such as suicide, but also to higher rates of 
cardiovascular comorbidities.5,8,9 While antipsychotics are 
the cornerstone of treatment in schizophrenia, and second- 
generation antipsychotics are commonly prescribed in the 
treatment of BD-I either as monotherapy or in combination 
with mood stabilizers,10,11 they are often accompanied by 
adverse side effects12 that may contribute to suboptimal 
adherence and/or treatment discontinuation or to emergent 
cardiometabolic comorbidities.13,14 Despite a number of 
available antipsychotics, there remains a need for effective 
therapies with acceptable tolerability profiles that support 
long-term use.15–17

Based on data from clinical trials,18,19 real-world 
settings,20–22 meta-analyses,23,24 and pooled analyses,25 

olanzapine is one of the most effective antipsychotics for 
the treatment of schizophrenia.26,27 Olanzapine also effec-
tively treats manic or mixed episodes associated with BD-I 
and reduces relapse risk during maintenance treatment.28–30 

While olanzapine’s efficacy is well established,18,23,28,29,31 

the clinical utility of olanzapine has been hampered by the 
risk of substantial weight gain and metabolic effects,32–38 

such as elevations in blood glucose and lipid concentrations, 
waist circumference increases, and development of 

metabolic syndrome.36,37,39 Approximately 80% of patients 
gain at least 5 kg with long-term olanzapine treatment,40 and 
this weight gain can continue over several months or even 
years.40–43 In studies lasting at least 48 weeks, 64% of 
patients taking olanzapine gained at least 7% of their baseline 
body weight, and 12% gained at least 25% of their baseline 
body weight.40 Increases in waist circumference, reflecting 
central fat accumulation, are associated with higher cardio-
metabolic and mortality risks.44,45 Consistent with weight 
gain and/or increases in waist circumference, long-term olan-
zapine use increases the risk of developing diabetes or 
hyperlipidemia,46–49 as well as cardiovascular disease.45

The endogenous opioid receptor system is involved in 
the regulation of weight gain and metabolism.50–55 

Opioid receptors exist in both the central nervous system 
and in the periphery (eg, the pancreas, muscle, and 
liver),56–58 making the opioid system a potential thera-
peutic target for addressing antipsychotic-associated 
weight gain. A combination of olanzapine and the opioid 
receptor antagonist samidorphan (OLZ/SAM; Lybalvi, 
Alkermes, Inc.) was recently approved by the US Food 
and Drug Administration (FDA) for the treatment of 
adults with schizophrenia or BD-I.59 OLZ/SAM provides 
the antipsychotic efficacy of olanzapine, but with less 
weight gain.60–62 OLZ/SAM is being developed to 
include 5-, 10-, 15-, or 20-mg doses of olanzapine (simi-
lar to dose ranges approved for adults with schizophrenia 
or BD-I)40 with a fixed 10-mg dose of samidorphan in a 
single tablet.

Overview of Clinical Trials
The effects of OLZ/SAM on weight gain and body com-
position have been previously characterized in preclinical 
studies in rats and nonhuman primates.63 In this narrative 
review, we summarize the clinical data for OLZ/SAM and 
describe its overall efficacy and safety profile.

The clinical development program of OLZ/SAM 
includes 18 studies: 10 Phase 1,64–72 two Phase 2,60,73 

three randomized, double-blind Phase 3 (Study A307; 
NCT03187769),61,62 and three open-label, long-term, 
phase 3 safety extension studies (Study A308; 
NCT03201757)74,75 (Supplemental Table 1). These studies 
provided information on the pharmacokinetics,64–69 

safety,70,74,75 and efficacy (both antipsychotic efficacy as 
well as mitigation of weight gain relative to olanzapine [ie, 
weight efficacy])60–62 of OLZ/SAM.
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Pharmacology and Mode of Action 
of Samidorphan
The body’s endogenous opioid system is involved in the 
regulation of weight and metabolism.50–55 Samidorphan is 
an opioid receptor antagonist that binds to and blocks 
opioid receptors.76,77 The exact mechanism(s) by which 
samidorphan mitigates olanzapine-associated weight gain 
is unknown. Samidorphan has unique binding properties, 
functional activity, and pharmacokinetic attributes that 
differentiate it from other opioid antagonists.77–79 It is 
thought that in the central nervous system, opioid receptor 
blockade may reduce the rewarding effects of stimuli in 
systems where aberrant opioid signaling may contribute to 
motivational dysregulation, such as in behavioral addiction 
(eg, binge-eating or gambling).80–82 In the periphery, 
blockade or genetic ablation of opioid receptors alters fat 
accumulation and glucose utilization, as well as glucose 
homeostasis.63,83–85 Therefore, the weight-mitigating 
properties of samidorphan in combination with olanzapine 
may be mediated through opioid receptor blockade in both 
central and peripheral compartments.

Pharmacokinetics and 
Pharmacodynamics
The pharmacokinetics of oral olanzapine and samidorphan 
have been extensively characterized alone and in 
combination.64–67,71,79,86,87 Samidorphan has an oral bioa-
vailability of 69% and a half-life of approximately 7 to 10 
hours,79,87 making it suitable for once-daily dosing in 
combination with olanzapine. Combining olanzapine with 
samidorphan did not affect the pharmacokinetics of either 
drug.66,71 After once-daily dosing of OLZ/SAM at doses 
of 10/10 mg to 20/10 mg, steady-state olanzapine expo-
sures increased dose proportionally.66 In addition, consum-
ing a high-fat, high-calorie meal prior to taking OLZ/SAM 
had no clinically relevant effects on the pharmacokinetics 
of olanzapine or samidorphan; therefore, OLZ/SAM can 
be taken with or without food.67

The olanzapine component of OLZ/SAM was bioequi-
valent to branded olanzapine oral tablets (Zyprexa, Eli 
Lilly and Company; Supplemental Figure 1A).64 

Furthermore, coadministration of OLZ/SAM with lithium 
or valproate had no clinically significant effect on systemic 
exposures of lithium or valproate (Supplemental Figures 
1B and C).68

Drug-drug interactions known to be important for olan-
zapine should be considered important for OLZ/SAM as 

well.40 In addition, coadministration of OLZ/SAM with 
rifampin, a strong inducer of cytochrome P450 [CYP]3A4 
and an inducer of uridine 5′-diphospho-glucuronosyltrans-
ferase [UGT] enzymes, decreased the total systemic expo-
sure of olanzapine and samidorphan by 48% and 73%, 
respectively.65 This effect is consistent with the known 
metabolic pathways for olanzapine (primarily via 
UGT-mediated direct glucuronidation and CYP-mediated 
oxidation)88,89 and for samidorphan (predominately 
mediated by CYP3A4).79 Therefore, concomitant use of 
OLZ/SAM with strong CYP3A4 inducers, such as rifam-
pin, is not recommended.59

Subjects with severe renal impairment had up to a 
2.3-fold increase in the total systemic exposure of olanza-
pine and samidorphan, while subjects with moderate hepa-
tic impairment had up to 1.7-fold increases in total 
systemic exposure of olanzapine and samidorphan.69 No 
dose adjustment is needed for OLZ/SAM in patients with 
hepatic or renal impairment, but OLZ/SAM is not recom-
mended for patients with end-stage renal disease.59

Based on a thorough QT study conducted in patients 
with schizophrenia, OLZ/SAM, at doses up to a suprather-
apeutic dose of 30/30 mg, had no clinically relevant effect 
on electrocardiogram parameters, including QT interval.70 

Because no formal QT study had been conducted pre-
viously with olanzapine, this study fills an important infor-
mation gap and provides further clinical context for the 
safety of OLZ/SAM treatment. Supplemental Table 1 sum-
marizes these data, as well as data from other pharmaco-
kinetic and pharmacodynamic studies.

The abuse potential of samidorphan has been assessed90 

in a study with naltrexone, an opioid antagonist with no 
abuse potential,91 serving as a negative control. 
Samidorphan’s score on a drug-liking visual analog scale 
was similar to both placebo and naltrexone, indicating that 
samidorphan has no abuse potential.90 Furthermore, at 
doses of 10 mg and 30 mg, samidorphan had significantly 
lower drug-liking scores compared with those of the posi-
tive controls, oxycontin and pentazocine, which are sched-
uled drugs with known abuse potential.

Efficacy and Safety
Overview
The antipsychotic efficacy of OLZ/SAM was primarily eval-
uated in a pivotal phase 3 study in patients with an acute 
exacerbation of schizophrenia,61 while weight efficacy was 
primarily evaluated in a pivotal phase 3 study of stable 
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outpatients with schizophrenia.62 Additional studies support 
the antipsychotic60,62 and weight mitigation60 efficacy of 
OLZ/SAM. The durability of antipsychotic and weight miti-
gation effects, as well as long-term effects on metabolic para-
meters, were derived from two 52-week, open-label, extension 
studies.74,75 These findings are summarized below; additional 
detailed descriptions can be found in Tables 1 and 2.

Table 3 presents a summary of adverse events (AEs) and 
other key safety observations. In addition to collecting safety 
information from different populations of patients with schi-
zophrenia (ie, acutely ill inpatients and stable outpatients), 
OLZ/SAM safety information was also derived from a study 
in patients with schizophrenia and comorbid alcohol use 
disorder.73 In general, the AE profile for OLZ/SAM was 
similar to that of olanzapine, except for less weight gain. 
Because samidorphan is an opioid antagonist, concomitant 
use of opioids was exclusionary in the OLZ/SAM clinical 
trials, and OLZ/SAM is contraindicated in patients using 
opioids and in those undergoing acute opioid withdrawal.59

Specific Study Results Related to 
Antipsychotic Effects
The phase 3 ENLIGHTEN-1 study evaluated the antipsy-
chotic efficacy of OLZ/SAM in patients experiencing an 
acute exacerbation of schizophrenia requiring inpatient 
treatment. Treatment with OLZ/SAM resulted in signifi-
cant improvements in symptoms compared with placebo at 
week 4, as measured by changes in Positive and Negative 
Syndrome Scale (PANSS) total scores from baseline61 

(Figure 1A, Table 2). Improvement in PANSS scores 
with OLZ/SAM relative to placebo was similar to that 
observed with olanzapine; Figure 1A, Table 2). 
Antipsychotic efficacy of OLZ/SAM relative to placebo 
was also supported by improvements in Clinical Global 
Impression-Severity (CGI-S) scores61 (Table 2). The inclu-
sion of samidorphan in OLZ/SAM did not negatively 
impact the antipsychotic efficacy of olanzapine.59

The efficacy of OLZ/SAM in controlling symptoms of 
schizophrenia was further supported by findings from 
ENLIGHTEN-2,62 a pivotal study assessing weight gain as 
the primary endpoint. In that study, 24 weeks of treatment with 
either OLZ/SAM or olanzapine resulted in similar improve-
ments in PANSS total and CGI-S scores (Figure 1B; Table 2). 
Details and key findings on these and other studies assessing 
antipsychotic effects of OLZ/SAM are provided in Table 2 and 
in Figure 1B and C. The long-term effects of OLZ/SAM are 
summarized below.

Specific Study Results Related to Effects 
on Weight, Waist Circumference, and 
Metabolic Parameters
The 24-week phase 3 ENLIGHTEN-2 study primarily 
assessed the weight profile of OLZ/SAM versus olanza-
pine in stable outpatients with schizophrenia (Table 1).62 

Patients treated with OLZ/SAM gained significantly less 
weight than those treated with olanzapine (Table 2).62 

Figure 2A depicts the mean percent body weight changes 
in this study, which were similar to the findings observed 
in a phase 2 dose-finding study (Figure 2B).60 In the 
24-week study, the least squares (LS) mean percent weight 
change from baseline to the end of treatment was 4.2% 
with OLZ/SAM versus 6.6% with olanzapine, yielding an 
LS mean difference of −2.4%.62 In the phase 2 study, the 
LS mean percent change from baseline in weight at week 
12 was 2.6% with OLZ/SAM versus 4.1% with olanza-
pine, yielding an LS mean difference between groups of 
−1.5%.60 In both studies, patients treated with olanzapine 
and OLZ/SAM had similar weight gain for the first 4 to 6 
weeks. With OLZ/SAM, weight gain stabilized thereafter, 
whereas patients who received olanzapine continued to 
gain weight throughout the remainder of the treatment 
period.60,62 In ENLIGHTEN-2, this resulted in an altera-
tion of the weight gain trajectory (eg, the distribution 
curve of weight gain was shifted for OLZ/SAM compared 
with olanzapine, indicating that fewer patients gained 
weight across a wide range of percent weight gain cutoffs; 
Figure 2C).

In addition to assessing differences in mean percent weight 
gain, the ENLIGHTEN-2 study assessed the proportion of 
patients gaining at least 10% of their body weight as a coprim-
ary endpoint. The risk of gaining 10% or more of body weight 
from baseline was reduced by 50% with OLZ/SAM compared 
with olanzapine. In psychiatric practice, a weight gain of 7% 
or more is considered to be clinically significant.92,93 As with 
the 10% weight gain threshold, the odds of gaining 7% body 
weight or more from baseline at week 24 was also reduced by 
50% for OLZ/SAM compared with olanzapine (Table 2; 
Figure 2C). Based on a number needed to treat (NNT) analysis 
of the proportion of patients with clinically significant weight 
gain at week 24, the NNT for OLZ/SAM versus olanzapine 
was 7 and 8 for the ≥7% and ≥10% weight gain thresholds, 
respectively (Table 2). Generally, NNTs less than 10 denote a 
clinically meaningful effect size, and the lower the NNT value, 
the better the treatment response.94,95
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Table 2 Summary of Study Findings from Key Phase 2 and Phase 3 Studies

Study Key Findings

Antipsychotic efficacy study 

ENLIGHTEN-1 (ALK3831-A305)61

● Treatment with OLZ/SAM resulted in significant improvement in PANSS total score (1° EP) 

at week 4 vs placebo (LS mean: −23.9 vs −17.5; P<0.001) 

● Magnitude of PANSS changes observed with OLZ/SAM was similar to that observed with 

olanzapine vs placebo at week 4 (LS mean: −22.8 vs −17.5, P=0.004) 

● LS mean change in PANSS total score from baseline to week 4 was −6.4 (P<0.001) with 

OLZ/SAM and −5.3 (P=0.004) with olanzapine 

● LS mean CGI-S scores (key 2° EP) at week 4 were −1.21, −1.27, and −0.84 in the OLZ/SAM, 

olanzapine, and placebo groups, respectively; OLZ/SAM and olanzapine had significant 

improvements vs placebo (P=0.002 and P<0.001, respectively) 

● Key safety findings are presented in Table 3

Weight efficacy study 

ENLIGHTEN-2 (ALK3831-A303)62

● Percent change in body weight from baseline to week 24 was 4.21% with OLZ/SAM and 

6.59% with olanzapine, yielding an LS mean difference between OLZ/SAM and olanzapine of 

−2.38%; P=0.003 (co-1° EP) 

● Fewer patients gained ≥10% of their baseline body weight with OLZ/SAM vs olanzapine at week 

24 (17.8% vs 29.8%, respectively), such that patients had half the risk of clinically significant weight 

gain with OLZ/SAM vs olanzapine (NNTa=8; odds ratio=0.50; P=0.003; co-1° EP) 

● LS mean absolute change in body weight from baseline to week 24 was 3.18 kg with OLZ/SAM 

and 5.08 kg with olanzapine 

● Proportion of patients who gained ≥7% of their baseline weight was significantly lower for 

OLZ/SAM at week 24 than for olanzapine (27.5% vs 42.7%; NNTa=7; odds ratio=0.50; P=0.001; 

2° EP) 

● LS mean change from baseline to week 24 in waist circumference was 2.36 cm with OLZ/SAM 

and 4.47 cm with olanzapine (LS mean difference: –2.12 cm [95% CI: −3.35, −0.89]) 

● Proportion of patients with a waist circumference increase of ≥5 cm from baseline was 26.8% 

and 43.2% in the OLZ/SAM and olanzapine groups, respectively (NNTa=6 [95% CI: 4, 13]) 

● LS mean change from baseline to week 24 in PANSS total score was −8.2 with OLZ/SAM and 

−9.4 with olanzapine 

● Mean CGI-S scores at baseline were 3.7 and 3.5 in the olanzapine and OLZ/SAM groups, 

respectively; the LS mean change from baseline to week 24 was −0.5 and −0.4, respectively 

● Key safety findings are presented in Table 3

Phase 2 supportive efficacy and safety study 

dose-finding study (ALK3831-302)60

● PANSS score changes were similar between groups: LS mean (95% CI) change from 

baseline to week 12 in PANSS total score was −2.2 (−3.2, −1.3) with olanzapine + 

samidorphan and –2.9 (−4.5, −1.3) with olanzapine + placebo (1° EP) 

● Weight change with olanzapine + samidorphan was lower at week 12 than with olanzapine + 

placebo (mean absolute change was 1.9 kg vs 2.9 kg, respectively; LS mean difference: –1.0 [95% 

CI: –1.8, –0.2]) 

● Key safety findings are presented in Table 3

Long-term safety and durability of treatment effect study (1) 

ENLIGHTEN-1-EXT (ALK3831-A306)74

● Assessment of safety and tolerability were primary study objectives 

● AEs occurred in 136 (49.1%) patients; most were mild or moderate in severity 

● The most common AEs were increased weight (13.4%), somnolence (8.3%), 

nasopharyngitis (4.0%), and headache (4.0%) 

● Mean change from baseline to week 52 in body weight was 1.86 kg 

● Parkinsonism, akathisia, and dyskinesia occurred in 7%, 5%, and 3% of patients, respectively 

● During the treatment and follow-up periods, 5 (1.8%) patients had suicidal ideation, suicidal 

behavior, or intentional overdose identified 

● Mean PANSS total score was 78.9 (n=248) at study start 

● Schizophrenia symptoms improved over 52 weeks of treatment, with PANSS total scores 

decreasing by 16.2 points at week 52 

● CGI-S scores also improved over the 52-week treatment period; mean CGI-S baseline score 

was 3.9 (n=248) and decreased by 0.9 points at week 52 (n=182 patients with available 

assessments)

(Continued)
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OLZ/SAM was also associated with smaller increases in 
waist circumference compared with olanzapine (Table 2; 
Figure 3A),62 which occurred as early as week 1. As with the 
distribution curve for weight gain, the distribution curve for 
waist circumference increases was also shifted. Fewer patients 
had waist circumference increases across a range of cutoff 
values in comparison to olanzapine. The risk of experiencing 
a 5-cm increase in waist circumference was 50% lower for 
patients treated with OLZ/SAM versus olanzapine (Table 2; 
Figure 3B). This is clinically significant, as a 5-cm or greater 
increase in waist circumference is associated with an increased 
risk of all-cause mortality and cardiovascular disease.44 The 
NNT for the proportion of patients with a waist circumference 
increase of ≥5 cm in the OLZ/SAM group versus the olanza-
pine group was 6 (Table 2).

Changes in metabolic laboratory parameters in patients 
treated with olanzapine or OLZ/SAM in ENLIGHTEN-2 
were generally small and were similar between groups 
(Figure 4A and B). In addition, there were little differences 
between the two treatment groups in metabolic parameter 
changes considered to be of potential clinical significance, 
based on commonly used thresholds (Supplemental 
Table 2). In the context of metabolic laboratory para-
meters, sustained shifts are more clinically relevant than 
single excursions resulting from visit-to-visit variability or 
inconsistencies in fasting status. Across the fasting lipid 
and glycemic parameters, the incidence of sustained shifts 
was substantially lower than the incidence of anytime 
shifts and was similar for both groups (Supplemental 
Table 2).

Table 2 (Continued). 

Study Key Findings

Long-term safety and durability of treatment effect study (2) 

ENLIGHTEN-2-EXT (ALK3831-A304)75

● Assessment of safety and tolerability were primary study objectives 

● In total, 60.8% of patients experienced any AE; the majority were of mild or moderate 

severity 

● AEs occurring in ≥5% patients: weight decreased (8.7%), extra dose administered (7.9%), 

headache (6.8%), and weight increased (6.0%) 

● Mean change from baseline to week 52 in body weight was ─0.03 kg 

● Mean change from baseline to week 52 in waist circumference was −0.35 cm 

● Rates of parkinsonism, akathisia, and dyskinesia were 4%, 2%, and 2%, respectively 

● 6.8% of patients experienced suicidal ideation and 0.4% experienced the suicidal behavior 

of preparatory acts or behavior 

● These outpatients had a mean baseline PANSS total score of 59.0 (n=265) 

● Mean PANSS total score remained stable (58.3 at week 52 in 168 patients with available 

assessments) 

● CGI-S scores changed little over the course of ENLIGHTEN-2-EXT (mean score at 

baseline: 3.1; mean score at week 52: 3.0)

Other populations, treatment effects in schizophrenia and 

comorbid alcohol use disorder (ALK3831-401)73

● The difference between OLZ/SAM and olanzapine on time to first event of exacerbation 

of disease symptoms was not significant (1° EP; hazard ratio: 0.91; 95% CI: 0.53, 1.56; 

P=0.746) 

● There were no between-group differences in alcohol use behavior, as measured by 

changes in WHO drinking risk level, number of heavy drinking days, or desire for alcohol 

● Similar improvements in PANSS total scores were observed with either treatment at 

week 63 relative to randomization (change of −5.4 for OLZ/SAM and of −3.4 for 

olanzapine) 

● Overall, 57.1% of patients treated with OLZ/SAM and 59.0% of patients treated with 

olanzapine reported any AEs 

● The most commonly reported AEs (occurring in ≥3% of patients in both groups) were 

weight gain, nasopharyngitis, and exacerbation of schizophrenia symptoms 

● Key safety findings are presented in Table 3

Notes: aNNT values were calculated from the proportion of patients using a logistic regression model to adjust for covariates at baseline. Thus, the NNT and 95% CI values 
described here can differ from raw NNT estimates calculated from the actual rates without adjustment for covariates. In a study of human abuse potential, samidorphan had 
no abuse potential and had a profile consistent with naltrexone, a negative control in the study.90 

Abbreviations: 1° EP, prespecified primary endpoint; 2° EP, prespecified secondary endpoint; AE, adverse event; CGI-S, Clinical Global Impression-Severity; CI, confidence 
interval; EXT, extension; LS, least squares; NNT, number needed to treat; OLZ/SAM, combination of olanzapine and samidorphan; PANSS, Positive and Negative Syndrome 
Scale; WHO, World Health Organization.
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Adverse Events in Phase 3 Efficacy Trials
The AE profile of OLZ/SAM was consistent with the 
known AE profile of olanzapine. In ENLIGHTEN 1, 
adverse events that occurred at least twice the rate of 
placebo with OLZ/SAM included increased weight, 
somnolence, dry mouth, and headache; these were simi-
lar in type and frequency to those reported in the olan-
zapine group (Table 3).61 In ENLIGHTEN-2, the most 
commonly reported AEs (in ≥10% of patients) asso-
ciated with treatment were increased weight, somno-
lence, dry mouth, and increased appetite (Table 3).62 

In both studies, rates of serious AEs and AEs leading 
to discontinuation were low and were similar between 
groups (Table 3).

Long-Term Treatment Effects
The long-term effects of OLZ/SAM on safety, tolerability, 
and symptoms of schizophrenia were investigated in two 
open-label, phase 3, 52-week extension studies, 
ENLIGHTEN-1-EXT and ENLIGHTEN-2-EXT74,75 that 
enrolled patients who completed the respective antecedent 
phase 3 studies.61,62

Long-term tolerability was evidenced by low rates of 
AEs that led to treatment discontinuation: in both exten-
sion studies, the rate of discontinuation due to an AE was 
≤6%.74,75 Additionally, neither extension study reported 
any clinically meaningful changes over time in hematol-
ogy, biochemistry, vital signs, or electrocardiogram para-
meters. The incidence of extrapyramidal symptoms and
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suicidality was low in both long-term extension studies 
(Table 3).

Importantly, OLZ/SAM was effective in controlling 
symptoms of schizophrenia over 52 weeks of treatment 
(Table 2; Figure 5A and B), as evidenced by sustained 
improvements in PANSS and CGI-S scores over time. 
However, in contrast to what has been described with 
long-term olanzapine treatment, weight remained stable 
during open-label OLZ/SAM treatment in both long- 

term extension studies (Figure 5C and D).74,75 The 
observed long-term changes in weight were consistent 
with weight changes observed with other second-genera-
tion antipsychotics, although comparisons to other anti-
psychotics must be interpreted cautiously owing to 
different study objectives, designs, and analyses, and 
to the lack of comparators in these studies.96–99 Waist 
circumference also remained stable during long-term 
OLZ/SAM treatment.75
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ENLIGHTEN-1 study, antipsychotic efficacy, as measured by the change from baseline in the PANSS total score at week 4, was the primary endpoint. The baseline characteristics of 
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In general, long-term changes in metabolic laboratory 
parameter values were small and remained stable 
(Supplemental Table 3).74,75 In addition, there was little 
change in glycosylated hemoglobin (hemoglobin A1c) 
values, suggesting that glycemic control was maintained 
with long-term OLZ/SAM treatment.74,75

Results from numerous long-term treatment studies have 
indicated that patients discontinue olanzapine less frequently, 
or take longer to do so, compared with most other antipsy-
chotics, and this is attributed to its efficacy in treating and 
controlling symptoms.18–20 In the OLZ/SAM extension stu-
dies, the effectiveness of OLZ/SAM in controlling symptoms 
of schizophrenia was supported by the low rates of all-cause 
discontinuation, with nearly two thirds of patients (66.1% in 
ENLIGHTEN-1-EXT; 63.0% in ENLIGHTEN-2-EXT) 
completing the respective treatment periods.74,75 This com-
pletion rate is higher than what is typically observed in 

similar 1-year extension studies with other antipsychotics 
(ie, brexpiprazole, cariprazine, and lurasidone), which aver-
age less than a 50% completion rate.96–100 Time to all-cause 
discontinuation is presented graphically for each extension 
study in Figure 5E and F.

Results from the long-term extension studies should be 
considered in light of some limitations: (1) these were single- 
arm, open-label studies (ie, randomization was lost at study 
entry) without comparators, (2) the interpretation of long- 
term data may be impacted by missing data due to patient 
discontinuations over the long study duration, and (3) the 
studies may have selected for patients who responded favor-
ably to OLZ/SAM treatment in the preceding studies.

Other Populations
The efficacy, safety, and tolerability of OLZ/SAM compared 
with olanzapine have also been examined in patients with 
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schizophrenia and comorbid alcohol use disorder.73,101 In 
this study, while treatment with OLZ/SAM or olanzapine 
resulted in similar times to a composite endpoint of worsen-
ing illness and there was no added benefit of OLZ/SAM 
compared with olanzapine with regard to drinking behaviors, 
patients in both treatment groups had reduced alcohol use 
and improved psychiatric symptoms. Overall, OLZ/SAM 
treatment for up to 9 months was generally well tolerated in 
this patient population (safety data are summarized in 
Table 3). In addition, treatment with OLZ/SAM resulted in 
similar effectiveness to olanzapine in controlling symptoms 
of schizophrenia, based on changes in PANSS total scores 
over 60 weeks (Figure 1D).73

Evidence for the Use of OLZ/SAM in 
Bipolar I Disorder
OLZ/SAM is approved in the United States for treatment 
of manic or mixed episodes in BD-I, as monotherapy or as 
an adjunct to lithium or valproate, as well as for main-
tenance monotherapy in BD-I. The efficacy of OLZ/SAM 
in the treatment of adult patients with BD-I has been 

established based on adequate and well-controlled studies 
of orally administered olanzapine.40 Additionally, the 
olanzapine component of OLZ/SAM was shown to be 
bioequivalent to olanzapine in the branded product, 
Zyprexa.64 Furthermore, treatment with OLZ/SAM had 
no clinically significant effect on lithium or valproate 
pharmacokinetics.68 In schizophrenia patients, samidor-
phan did not negatively affect the efficacy of olanzapine 
when administered as OLZ/SAM.59 Finally, OLZ/SAM 
consistently mitigated olanzapine-associated weight gain 
across a range of species/populations (eg, rodents, non- 
human primates, healthy individuals, and patients with 
schizophrenia),60,62,71 and antipsychotic-associated weight 
gain and metabolic dysregulation occur independently of 
disease.102–104

Clinical Perspectives
Most second-generation antipsychotics used in the context 
of serious mental illness are associated with weight gain,14 

which may lead to detrimental effects in patients, includ-
ing lower self-esteem and the potential for negative 
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Figure 4 ENLIGHTEN-2 metabolic laboratory parameters: LS mean (95% CI) changes from baseline to week 24 for (A) fasting lipids and (B) HbA1c, fasting glucose, and 
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outcomes when patients do not fill prescriptions or take 
their medication.105–108 Additionally, excess weight gain 
may exacerbate cardiometabolic risk factors,45,109 espe-
cially in people with serious mental illness, including 
those with schizophrenia or BD-I.110,111 This is partially 
attributable to the rising prevalence of obesity in the gen-
eral population, and in patients with schizophrenia and 
BD-I in particular.112–114 Additionally, patients with ser-
ious mental illness have an increased prevalence of risk 
factors for cardiovascular disease relative to the general 
population, which contributes to excess early mortality in 
these patients.115–117

Up until now, there have not been any FDA-approved 
agents that address the specific issue of antipsychotic- 
induced weight gain. Several potential strategies have 

been investigated to reduce or mitigate antipsychotic-asso-
ciated weight gain, including both nonpharmacologic and 
pharmacologic interventions. With some exceptions, stu-
dies of pharmacologic options have mostly assessed 
weight reduction in patients who have already experienced 
weight gain, rather than investigating the prevention of 
antipsychotic-associated weight gain from the outset.118

An example of an “off-label” pharmacologic intervention 
that has been extensively studied is adjunctive metformin. In a 
meta-analysis of 32 randomized studies evaluating 15 pharma-
cologic agents for minimizing or attenuating antipsychotic- 
associated weight gain, metformin outperformed other agents 
versus placebo.119 In the 7 trials (lasting 6 to 16 weeks) 
informing that analysis, metformin treatment was associated 
with a weight loss of −2.94 kg versus placebo in patients who 
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had already experienced antipsychotic-associated weight 
gain.119 However, this meta-analysis did not detect a weight 
change difference versus placebo when metformin was 
initiated concomitantly with antipsychotics.119 In an updated 
systematic review and meta-analysis on this topic that included 
10 metformin studies,118 a mean 3.17-kg reduction in weight 
versus placebo was observed across studies. However, 3 of the 
4 studies that investigated the prevention of antipsychotic- 
associated weight gain with metformin were negative,120–122 

while one was positive in patients who completed the study.123

For other pharmacologic interventions that have been 
assessed for minimizing antipsychotic-associated weight, 
there is inadequate evidence of effect, no clinical benefit, 
or an AE profile that offsets any potential benefits for 
reducing existing antipsychotic-associated weight gain.124 

Current guidelines suggest that the use of such agents 
should be considered in the context of limited long-term 
data and the potential for AEs.11 Because OLZ/SAM is a 
single tablet, concerns regarding adding medications onto 
an existing regimen to reduce weight (eg, AEs, drug-drug 
interaction effects, and pill burden) may be avoided.

Appropriate antipsychotic selection for an individual 
patient requires that clinicians consider the benefits and 
risks of the treatment, as well as bearing in mind an 
individual patient’s characteristics and treatment goals. 
For patients who may benefit from the established efficacy 
of olanzapine, clinicians have to balance choosing this 
highly effective therapy for their patient while risking 
other safety concerns, including the risk of significant 
weight gain and its associated long-term health 
consequences.32,33 OLZ/SAM may be an option in this 
regard, as it provides similar efficacy compared with olan-
zapine but with significantly less weight gain. The weight- 
mitigating effects of OLZ/SAM relative to olanzapine 
have been replicated in at least 2 studies and is supported 
by long-term data extending over 1 year.41,125,126 For 
certain patients who are at greater risk of antipsychotic- 
associated weight gain, including those with a lower body 
mass index41,125,126 and those with less prior exposure to 
antipsychotics (eg, patients early in illness), OLZ/SAM 
may also be useful.127,128 However, it should be noted 
that, because OLZ/SAM contains the opioid antagonist 
samidorphan, it should not be used in patients using 
opioids or in those undergoing acute opioid withdrawal.59

One ongoing OLZ/SAM study will provide additional 
long-term safety and tolerability data (NCT03201757). 
Another ongoing study (NCT03187769; ENLIGHTEN- 

Early) is assessing treatment effects of OLZ/SAM in 
patients early in their disease course with schizophrenia, 
schizophreniform disorder, or BD-I.

Conclusions
OLZ/SAM provides the established efficacy of olanzapine 
while mitigating olanzapine-associated weight gain through 
opioid receptor blockade. Studies to date have characterized 
the pharmacokinetics, safety, and efficacy (both antipsycho-
tic and weight efficacy) of OLZ/SAM. Clinical pharmaco-
kinetic data indicate the feasibility of once-daily dosing 
with OLZ/SAM and provide support for the use of 
OLZ/SAM in BD-I based on bioequivalence of OLZ/SAM 
to olanzapine and the lack of clinically significant effects of 
adjunctive OLZ/SAM on lithium or valproate pharmacoki-
netics. The antipsychotic and weight gain mitigation effi-
cacy of OLZ/SAM was observed in multiple studies; these 
effects were durable and were maintained during open-label 
treatment. Overall, data from more than 1600 patients in 
studies of differing designs, durations, and treatment popu-
lations indicate an AE profile for OLZ/SAM that is similar 
to that of olanzapine, with the exception of less weight gain. 
Taken together, these data support the recent approval of 
OLZ/SAM as a clinically useful option for patients with 
schizophrenia or BD-I and its suitability for long-term 
treatment.
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