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MEMORANDUM 
REVIEW OF REVISED LABELS AND LABELING

Division of Medication Error Prevention and Analysis (DMEPA) 
Office of Medication Error Prevention and Risk Management (OMEPRM)

Office of Surveillance and Epidemiology (OSE)
Center for Drug Evaluation and Research (CDER)

Date of This Memorandum: May 12, 2021

Requesting Office or Division: Division of Psychiatry (DP)

Application Type and Number: NDA 213378

Product Name and Strength: Lybalvi (olanzapine and samidorphan) tablets, 5 mg/10 mg, 
10 mg/10 mg, 15 mg/10 mg, and 20 mg/10 mg

Applicant/Sponsor Name: Alkermes, Inc.

OSE RCM #: 2020-2542-1

DMEPA Safety Evaluator: Loretta Holmes, BSN, PharmD

DMEPA Team Leader: Sevan Kolejian, PharmD, MBA, BCPPS

1 PURPOSE OF MEMORANDUM
The Applicant submitted revised container labels and carton labeling, received on May 5, 2021, 
for Lybalvi. The Division of Psychiatry (DP) requested that we review the revised container 
labels and carton labeling for Lybalvi (Appendix A) to determine if they are acceptable from a 
medication error perspective. The revisions are in response to the Division’s agreement with 
Alkermes’ proposed changes to the storage statement during labeling negotiations. 
Additionally, Alkermes made revisions to the labels and labeling to reflect the recent removal of 
samidorphan and its salts from the schedules of the Controlled Substances Act. 
2  ASSESSMENT
We reviewed the revised container labels and carton labeling and noted that the following 
statements were added to the labels and labeling: 

Container labels: “Store in original bottle with desiccant.”
Carton labeling: “Store in the original bottle with desiccant. Keep bottle tightly closed 
and protect from moisture.”

Additionally, the statement  that was on the previously 
proposed container labels was removed.
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Furthermore, the  was removed from the container labels and 
carton labeling  

3 CONCLUSION
We find the proposed container labels and carton labeling submitted on May 5, 2021 
acceptable from a medication error perspective. Therefore, we have no recommendations at 
this time.
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APPENDIX A. IMAGES OF LABELS AND LABELING RECEIVED ON MAY 5, 2021 (images of the                
30-count container labels and carton labeling are shown only—the images are not to scale)

Lybalvi packaging configurations:
Trade
Cartons—each containing one bottle:
7-count bottle with child resistant closure
30-count bottle with child resistant closure
90-count bottle with child resistant closure

Professional Sample
Cartons—each containing one bottle:
7-count bottle with child resistant closure

The container labels and carton labeling for the entire product line are available via this link: 
\\CDSESUB1\evsprod\nda213378\0023\m1\us\114-labeling\draft\carton-and-container\ 

Container labels
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OSE Postmarketing Surveillance and Communication Strategies Memorandum 

 
Date: April 7, 2021 

 
To: Tiffany Farchione, MD 
 Director, Division of Psychiatry (DP) 
 Office of New Drugs (OND) 

 
From:   Alicia Lopez, PharmD 

Safety Evaluator, Division of Pharmacovigilance I (DPV I) 
Office of Surveillance and Epidemiology (OSE) 

 Vicky Chan, PharmD, BCPS,  
Team Leader, DPV I, OSE 
Rose Radin, PhD 
Lead Epidemiologist, Division of Epidemiology II (DEPI II), OSE 

 Jana McAninch, MD, MPH, MS 
 Senior Medical Epidemiologist, DEPI II, OSE 
 Leah Hart, PharmD 
 Risk Management Analyst, Division of Risk Management  
 (DRM), OSE 
 
Through: Cindy Kortepeter, PharmD,  
 Division Director, DPV I, OSE 
 Cynthia LaCivita, PharmD 
 Division Director, DRM, OSE 
 Judy Staffa, PhD, RPh 
 Associate Director for Public Health Initiatives, OSE  
 
Product Name: Lybalvi (olanzapine/samidorphan) Oral Tablets 

 
Subject: Postmarketing Surveillance and Communication Strategies for 

Serious Adverse Events of Interest with Concomitant Use of 
Opioid Agonists and Lybalvi 

 
Application Type/Number: NDA 213378 
Applicant/Sponsor: Alkermes, Inc. 

 
OSE RCM #: 2020-2471 
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1 INTRODUCTION 
 
This memorandum provides the Office of Surveillance and Epidemiology’s (OSE’s) 
recommendations for postmarketing surveillance and communication activities to monitor for 
and mitigate the risk of serious adverse events of interest related to the concomitant use of an 
opioid agonist and Lybalvi (olanzapine/samidorphan), New Drug Application (NDA) number 
213378. 

 
2 REGULATORY HISTORY 

 
NDA 213378 is a 505(b)(2) NDA intended to support approval of Lybalvi 
(olanzapine/samidorphan) oral tablets for the treatment of schizophrenia and bipolar disorder. 
The Division of Psychiatry (DP) took a Complete Response action for NDA 213378 on 
November 13, 2020 due to concerns with manufacturing facilities.1 On December 1, 2020, the 
applicant resubmitted the NDA, and the resubmission’s user fee goal date is June 1, 2021.2 

 
Lybalvi oral tablets contain samidorphan, an opioid antagonist added to mitigate weight gain 
associated with olanzapine. In addition to risks associated with olanzapine, this product confers 
risks associated with the opioid antagonist effects of the samidorphan in various real-world 
settings of opioid agonist use. Cases of precipitated opioid withdrawal3-4, unintentional opioid 
overdose5-6, and other serious adverse events, some fatal, have been reported when products 
containing an opioid agonist are used concomitantly with, or in close temporal proximity to, 
opioid antagonist containing products.3-7 
 
The specific safety concerns include: 

1. Opioid overdose: 
a. If a patient attempts to overcome samidorphan’s opioid blockade by taking 

high or repeated doses of opioids (e.g., in an attempt to achieve adequate 
analgesia, reverse symptoms of opioid withdrawal, or to gain a euphoric effect) 
or  

b. Due to reduced opioid tolerance if a patient with a history of chronic opioid 
use resumes use at the same dose after discontinuing Lyblavi 

2. Precipitated opioid withdrawal (e.g., if a prescriber is unaware of a patient’s opioid use 
history) 

3. Reduced or insufficient acute analgesia (e.g., in an unexpected acute pain situation) 
 
To inform discussion of these risks, DEPI II and DPV I reviewed postmarketing data relevant to 
opioid overdose, opioid withdrawal, and reduced or insufficient acute analgesia. DPV identified 
13 cases of suspected opioid withdrawal syndrome and one case of reduced acute opioid 
analgesic effect in patients who used opioids with bupropion/naltrexone in the FDA Adverse 
Event Reporting System (FAERS) from December 2016 to August 2020.3 Bupropion/naltrexone 
is an FDA-approved combination product with an orally bioavailable µ-opioid antagonist. 
Considering this case series and a 2017 OSE review7 that identified adverse events reportedly 
occurring when opioids were used with bupropion/naltrexone, DPV concluded that concern 
regarding the potential for adverse events resulting from using opioids with Lybalvi is 
reasonable. DEPI’s review4 assessed 1) the associations between bipolar disorder or 
schizophrenia, chronic pain, and opioid nonmedical use, 2) utilization patterns of olanzapine and 
opioid-containing products, and 3) epidemiology of opioid overdose or withdrawal associated 
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with use of oral naltrexone. The review concluded that the three specific safety concerns listed 
above warrant careful consideration, and that a substantial subset of the indicated patient 
population could be at risk for one or more of these adverse events.  

 
During the NDA review process, the Applicant proposed voluntary communication activities, 
intended for health care professionals and patients to increase awareness of the known and 
potential risks of Lybalvi described in product labeling. The plan includes dissemination of 
information to potential prescribers and pharmacists and supporting materials for patients.8  

 
A joint meeting of the Psychiatric Drugs Advisory Committee (PDAC) and the Drug Safety and 
Risk Management (DSARM) Advisory Committee was held on October 9th.9 The committee 
voted that the sponsor had adequately characterized the safety issues associated with Lybalvi, 
and a majority voted that labeling would be sufficient to mitigate the risks associated with the 
opioid antagonist effects of samidorphan. Multiple committee members did, however, voice 
concerns about the risks associated with use of a product containing an opioid antagonist in real-
world settings of opioid use, particularly in the indicated patient population, and emphasized the 
need for clear communication of these risks and robust prescriber and patient education.10  

 
3 DRAFT PRODUCT LABELING 

 
The draft product labeling [as of April 1, 2021] for Lybalvi oral tablets includes the following 
language regarding specific serious adverse events of interest.11 Revisions to the draft label are 
ongoing, and therefore this language may change. 
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4 OSE RECOMMENDATIONS FOR POSTMARKETING SURVEILLANCE AND 
COMMUNICATION 

 
The OSE review team met on November 24, 2020 to discuss this issue and agreed that an 
enhanced postmarketing surveillance plan and a multi-component communication strategy in the 
postmarketing period are appropriate to address these risks. These recommendations are 
outlined below. In previous discussions with DP and Office of New Drugs (OND) leadership, 
the group decided that these safety issues did not necessitate a Boxed Warning or Risk 
Evaluation and Mitigation Strategy (REMS) to ensure a favorable benefit-risk balance. The team 
determined that appropriate labeling, additional pharmacovigilance activities, and Agency-
initiated communications to opioid prescribers were adequate initial approaches to mitigating 
these risks. In addition, the Applicant proposed a voluntary communication plan to increase 
awareness of risks by prescribers and pharmacists. The materials used in these activities largely 
fall under the umbrella of promotional materials, which will be reviewed by the Office of 
Prescription Drug Promotion (OPDP). OSE’s recommendations are described below. 
 
4.1 Additional Pharmacovigilance Activities 
 
Additional pharmacovigilance activities by the Applicant to monitor the safety of their medical 
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product beyond routine pharmacovigilance may involve the following: special reporting 
requirements for applicants beyond those specified in the Code of Federal Regulation (CFR), 
such as expedited reporting of labeled adverse events; use of standardized questionnaires for 
serious adverse events of interest for better data collection; and detailed periodic summaries on 
serious adverse events of interest. 

 
OSE recommends requesting the Applicant to include the following in future periodic 
reports: 
 
A summary, assessment, and listing of cases of the following serious adverse events of interest: 
1) opioid overdose, 2) opioid withdrawal, and 3) reduced analgesia in the Applicant’s global 
safety system from the time of approval through the end of the time period retrieved by, at 
minimum, using the following Medical Dictionary for Regulatory Activities (MedDRA) 
terminologies: 

• Standardised MedDRA Queries (SMQs)  
o Drug abuse, dependence and withdrawal (Broad) 
o Respiratory failure (Narrow) 

• Preferred Terms (PTs) 
o Accidental poisoning 
o Coma 
o Contraindicated product administered 
o Contraindicated product prescribed 
o Drug ineffective for unapproved indication  
o Drug interaction 
o Inhibitory drug interaction 
o Poisoning 
o Systemic toxicity 
o Therapeutic product effect decreased 
o Therapeutic product effect incomplete 
o Therapeutic response decreased 
o Therapeutic response unexpected 

 
The summary includes cases stratified by: 

• Total number of cases of each serious adverse events of interest by time period and 
cumulative since approval 

• Patient outcome 
o Fatal:  

 Cause of death 
o Non-fatal: admitted to the hospital; required medical intervention but not 

hospitalized (i.e., visit to the emergency room) 
 Medical interventions required (i.e., intubation, naloxone) 

• Age (Mean, Range) 
• Sex 
• Indication for Lybalvi 
• Dose of Lybalvi 
• Concurrent and past medical history 
• Concomitant drugs (list all, including prescription medications[indication, dose] and 
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illicit substances) 
• Onset of serious adverse event of interest after Lybalvi initiation with concomitant 

opioid(s) (Mean, Range) 
• Onset of serious adverse event of interest after opioid initiation with concomitant 

Lybalvi (Mean, Range) 
• Action taken with Lybalvi and opioid(s) (i.e., continued or discontinued treatment) 
• Dechallenge, Rechallenge 

o Lybalvi 
o Opioid(s) 

 
In addition to the summary and assessment in each periodic report, provide above data, 
including the respective manufacturer control number for each case, in .xlsx format. Please 
provide the above information with each periodic report for the first 3 years, post-approval, then 
annually thereafter. 

 
4.2 Other postmarketing surveillance and potential epidemiologic studies 
 
DPV will conduct surveillance of all adverse events with a focus on reports of serious adverse 
events of interest reported with Lybalvi in the FDA Adverse Event Reporting System (FAERS; 
see Appendix A for a description of the FAERS database), as well as in the published medical 
literature. Additionally, DPV will conduct recurring queries of the National Poison Data 
System (NPDS; see Appendix B for a description of the NPDS database) to monitor for reports 
of the serious adverse events of interest: 1) opioid overdose, 2) opioid withdrawal syndrome, 3) 
reduced or insufficient opioid therapeutic effect (e.g., analgesia), particularly when Lybalvi is 
used with concomitant opioids. As there are no clinical effects coded in NPDS for these 
specific adverse events, we will use a combination of clinical effects that could represent these 
conditions (e.g., coma, syncope, cyanosis, dyspnea, respiratory arrest, respiratory depression) in 
our recurring queries. We also plan to specifically identify those cases with concomitant 
opioids involved. We plan to request narratives of these reports as they may be helpful to 
further focus our queries to make it more targeted to the serious adverse events of interest.  

 
DEPI will continue to assess the potential need for and feasibility of epidemiologic 
investigations to further characterize and quantify opioid-related risks in patients who receive 
Lybalvi, but OSE is not recommending a postmarketing requirement (PMR) for such an 
observational study at this time. Postmarketing descriptive drug utilization and epidemiologic 
analyses could include Lyblavi prescription volume and patterns, including frequency of 
concomitant dispensing of Lybalvi with opioid analgesics, incidence of medically-attended 
opioid withdrawal in patients receiving Lybalvi, and incidence of medically-attended opioid-
involved overdose in patients receiving Lybalvi. If market uptake is sufficient and descriptive 
surveillance data suggest a possible serious safety issue, a subsequent inferential epidemiologic 
study could be considered to investigate whether Lybalvi confers an increased risk of non-fatal 
and fatal opioid overdose relative to olanzapine. An appropriate data source would need to have 
a sufficiently large sample of exposed patients with established linkage/access to mortality data. 
Based on drug utilization and pharmacovigilance data, OSE will consider whether a PMR may 
be warranted in the future to further investigate this safety issue. 
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4.3 FDA-Initiated Communications 
 
FDA’s Professional Affairs and Stakeholder Engagement (PASE) will conduct email outreach 
to selected professional societies to raise awareness of Lybalvi’s opioid antagonist properties 
and associated safety concerns in the setting of opioid use. This outreach effort is intended to 
target prescribers and pharmacists who may be involved in the management of pain, and who 
may prescribe or dispense opioids, rather than those who are most likely to manage 
schizophrenia or bipolar disorder using Lybalvi. With input from DP and CDER’s Office of 
Communications (OCOMM), OSE will draft a brief informational document that PASE will 
use for the outreach email. In collaboration with DP, OCOMM, and other relevant CDER 
stakeholders, OSE will also consider drafting a “drop-in” article for Pharmacy Times and other 
provider-targeted publications about combination products containing opioid antagonists and 
the risks and pain management challenges associated with these products. 
 
4.4 Potential broader regulatory options related to opioid antagonist and opioid agonist 

drug interaction and safety  
 
OSE will meet with DAAP and other appropriate CDER staff to discuss the possibility of 
adding language to opioid labeling (e.g., in the Warnings and Precautions and/or Drug 
Interaction sections) about risks associated with use of opioids by patients taking drugs 
containing opioid antagonist medications and pain management considerations for these 
patients in emergency situations.  
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6 APPENDICES 
 
6.1 APPENDIX A. FDA ADVERSE EVENT REPORTING SYSTEM (FAERS) 
 
FDA Adverse Event Reporting System (FAERS) 
 
FAERS is a database that contains information on adverse event and medication error reports 
submitted to FDA. The database is designed to support FDA's postmarketing safety surveillance 
program for drug and therapeutic biological products. The informatic structure of the database 
adheres to the international safety reporting guidance issued by the International Council on 
Harmonisation. Adverse events and medication errors are coded to terms in the Medical 
Dictionary for Regulatory Activities terminology. The suspect products are coded to valid 
tradenames or active ingredients in the FAERS Product Dictionary.  
 
FAERS data have limitations. First, there is no certainty that the reported event was actually due 
to the product. FDA does not require that a causal relationship between a product and event be 
proven, and reports do not always contain enough detail to properly evaluate an event. Further, 
FDA does not receive reports for every adverse event or medication error that occurs with a 
product. Many factors can influence whether or not an event will be reported, such as the time a 
product has been marketed and publicity about an event. Therefore, FAERS data cannot be used 
to calculate the incidence of an adverse event or medication error in the U.S. population. 
 

 
6.2 APPENDIX B. NATIONAL POISON DATA SYSTEM (NPDS) 
 
National Poison Data System (NPDS) 
 
The National Poison Data System (NPDS) is a database managed by the American Association 
of Poison Control Centers (AAPCC) and derived from a nationwide network of Poison Control 
Centers (PCCs) that receives calls from individuals, healthcare professionals, and other 
interested persons regarding exposures to prescription drugs, over-the-counter medications, and 
unapproved products. Exposure calls may result in documentation of the exposure and resulting 
clinical effect, provision of information, or advice regarding medical management. AAPCC 
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staff managing these calls undergo training in the efforts to standardize documentation across 
centers. 
 
Documentation of calls includes detail on the product(s), patient characteristics, route of 
exposure, reported reasons for exposure, level of care received (e.g., admitted to critical care 
unit vs. treated and released), medical outcomes (e.g., death, no effect) and other more curated 
variables, such as “relatedness” of the reported exposure to the outcomes of interest. AAPCC 
categorizes reasons for product use into groups such as “intentional” and “unintentional,” the 
former encompassing the subgroups of intentional misuse, abuse, suspected suicide or unknown 
intent. 
 
PCC call data should not be interpreted as representing the complete incidence of national 
exposures or cases of misuse/abuse related to any substance. These data only capture events if 
the exposure resulted in a call to a PCC. PCC data rely on information electively shared by 
patients and healthcare personnel, and most substance classification is based on history alone 
and does not involve any biologic confirmation. Reported exposures may be unconfirmed 
ingestions, i.e., the product may not have been ingested at all by the patient. Product exposures 
resulting in unattended or out-of-hospital death are unlikely to generate a call to a PCC, and 
therefore, fatal poisonings are expected to be underreported in PCC call data. Follow-up and 
medical outcomes are not available for all calls. It is possible that changes in PCC rates in part 
reflect changes in public and professional awareness of the risks associated with specific 
products, and awareness of the abuse potential of a product among call center personnel could 
also increase the likelihood of an exposure being coded as intentional abuse. Call rates may also 
be influenced by general changes in use of PCCs over time. AAPCC is not able to completely 
verify the accuracy of every report. 
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                          M E M O R A N D U M
DEPARTMENT OF HEALTH AND HUMAN SERVICES
               FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

Date: March 5, 2021

To: Tiffany Farchione, M.D., Director
Division of Psychiatry (DP)

Through: Dominic Chiapperino, PhD, Director
Chad Reissig, PhD, Supervisory Pharmacologist
Controlled Substance Staff

From: Edward Hawkins, PhD, Pharmacologist
Controlled Substance Staff

Subject: Product name: Lybalvi (olanzapine and samidorphan malate) tablet
Dosages, formulations, routes: oral tablets for once daily administration

 5 mg/10 mg olanzapine/samidorphan
 10 mg/10 mg olanzapine/samidorphan
 15 mg/10 mg olanzapine/samidorphan
 20 mg/10 mg olanzapine/samidorphan

NDA number: 213378
IND Number: 114375
Indication(s):

 Treatment of schizophrenia
 Treatment of bipolar I disorder

Sponsor: Alkermes, Inc.
PDUFA Goal Date: 
Materials Reviewed:

 DARRTS; NDA 213378; Consult review; 10/22/2020
 Proposed Rule: Removal of samidorphan from control

https://www.deadiversion.usdoj.gov/fed_regs/rules/2020/fr1210.htm

I. Background

This memorandum is in response to a consult request dated December 31, 2020 from the Division of 
Psychiatry (DP) pertaining to the resubmission of NDA 213378 Lybalvi (olanzapine and samidorphan 
malate) by Alkermes Inc. (Sponsor).  A review of the NDA was conducted in the first cycle by the 
Controlled Substance Staff (CSS) and submitted to DARRTS on October 22, 2020.  At that time, CSS 
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NDA 213378 for Lybalvi Page 2
CSS resubmission closeout

recommended approval of the drug product and submitted a medical and scientific analysis 
recommending the decontrol of samidorphan to the Drug Enforcement Administration (DEA) in 
December 2019.

The only update to the review submitted in October 2020 is that the Drug Enforcement Administration 
(DEA) published a Proposed Rule on December 10, 2020 for the removal of samidorphan from control 
under the Controlled Substances Act (CSA). Samidorphan is currently in schedule II of the CSA based 
on structural similarity (discussion of the abuse potential assessment is in the first cycle review cited 
above). The control status of samidorphan is dependent on a comment period after which DEA will 
determine if it should be removed from all levels of control under the CSA. If DEA publishes a final rule 
removing samidorphan from all levels of control in the CSA,  

It is 
unclear how long it will take for completion of the comment period and publication of a final rule.
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MEMORANDUM 
REVIEW OF REVISED LABELS AND LABELING

Division of Medication Error Prevention and Analysis (DMEPA) 
Office of Medication Error Prevention and Risk Management (OMEPRM)

Office of Surveillance and Epidemiology (OSE)
Center for Drug Evaluation and Research (CDER)

Date of This Memorandum: February 22, 2021

Requesting Office or Division: Division of Psychiatry (DP)

Application Type and Number: NDA 213378

Product Name and Strength: Lybalvi (olanzapine and samidorphan) tablets, 5 mg/10 mg, 
10 mg/10 mg, 15 mg/10 mg, and 20 mg/20 mg

Applicant/Sponsor Name: Alkermes, Inc.

OSE RCM #: 2020-2542

DMEPA Safety Evaluator: Loretta Holmes, BSN, PharmD

DMEPA Team Leader: Sevan Kolejian, PharmD, MBA, BCPPS

1 PURPOSE OF MEMORANDUM
The Applicant submitted revised container labels and carton labeling, received on December 1, 
2020, for Lybalvi upon a Class 2 Resubmission of NDA 213378 after a Complete Response (CR) 
action was issued by the Agency on November 13, 2020. The Division of Psychiatry (DP) 
requested that we review the revised container labels and carton labeling for Lybalvi                    
(Appendix A) to determine if they are acceptable from a medication error perspective. The 
revisions are in response to a DMEPA recommendation provided in the Complete Response 
Letter (CRL). 
2  CONCLUSION
The following recommendation was provided in the CRL:  

 

 
 

The Applicant implemented our recommendation and we have no additional recommendations 
at this time.
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APPENDIX A. IMAGES OF LABELS AND LABELING RECEIVED ON DECEMBER 1, 2020 (images of 
the 30-count packaging labels and labeling are shown only—the images are not to scale)

The labels and labeling for the entire product line are available via this link: 
\\CDSESUB1\evsprod\NDA213378\0020\m1\us\114-labeling\draft\carton-and-container

Container labels
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Department of Health and Human Services 
Public Health Service 

Food and Drug Administration 
Center for Drug Evaluation and Research 

Office of Medical Policy  
 

PATIENT LABELING REVIEW 

 
Date: 

 
February 12, 2021 

 
To: 

 
Jasmeet (Mona) Kalsi, PharmD 
Regulatory Project Manager (RPM) 
Division of Psychiatry (DP) 

 
Through: 

 
LaShawn Griffiths, MSHS-PH, BSN, RN  
Associate Director for Patient Labeling  
Division of Medical Policy Programs (DMPP) 
 

From: Shawna Hutchins, MPH, BSN, RN 
Senior Patient Labeling Reviewer 
Division of Medical Policy Programs (DMPP) 
Domenic D’Alessandro, PharmD, MBA, CDE 
Regulatory Review Officer 
Office of Prescription Drug Promotion (OPDP) 

Subject: Review of Patient Labeling: Medication Guide (MG)  
 

Drug Name (established 
name):   

LYBALVI (olanzapine and samidorphan) 
 

Dosage Form and 
Route: 

Tablets, for oral use, CII 

Application 
Type/Number:  

NDA 213378 

Applicant: Alkermes 
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1 INTRODUCTION 
On December 1, 2020, Alkermes re-submitted for the Agency’s review an original 
New Drug Application (NDA-213378) for LYBALVI (olanzapine and samidorphan) 
tablets, for oral use, CII, a combination of olanzapine and a new molecular entity, 
samidorphan, for the proposed indication of use for the treatment of schizophrenia 
and bipolar I disorder.  This NDA was originally submitted on November 15, 2019 
but received a Complete Response (CR) Letter issued by the Agency on November 
13, 2019.   
This collaborative review is written by the Division of Medical Policy Programs 
(DMPP) and the Office of Prescription Drug Promotion (OPDP) in response to a 
request by the Division of Psychiatry (DP) on December 14, 2020 for DMPP and 
OPDP to review the Applicant’s proposed Medication Guide (MG) for LYBALVI 
(olanzapine and samidorphan) tablets, for oral use, CII.   

 
2 MATERIAL REVIEWED 

• Draft LYBALVI (olanzapine and samidorphan) MG received on December 1, 
2020 and received by DMPP and OPDP on February 5, 2021.  

• Draft LYBALVI (olanzapine and samidorphan) Prescribing Information (PI) 
received on December 1, 2020, revised by the Review Division throughout the 
review cycle, and received by DMPP and OPDP on February 5, 2021. 

 
3 REVIEW METHODS 

In 2008 the American Society of Consultant Pharmacists Foundation (ASCP) in 
collaboration with the American Foundation for the Blind (AFB) published 
Guidelines for Prescription Labeling and Consumer Medication Information for 
People with Vision Loss. The ASCP and AFB recommended using fonts such as 
Verdana, Arial or APHont to make medical information more accessible for patients 
with vision loss.   
In our collaborative review of the MG we:  

• simplified wording and clarified concepts where possible 

• ensured that the MG is consistent with the Prescribing Information (PI)  

• removed unnecessary or redundant information 

• ensured that the MG is free of promotional language or suggested revisions to 
ensure that it is free of promotional language 

• ensured that the MG meets the Regulations as specified in 21 CFR 208.20  

• ensured that the MG meets the criteria as specified in FDA’s Guidance for 
Useful Written Consumer Medication Information (published July 2006) 

 
4 CONCLUSIONS 

The MG is acceptable with our recommended changes. 
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5 RECOMMENDATIONS 

• Please send these comments to the Applicant and copy DMPP and OPDP on the 
correspondence.  

• Our collaborative review of the MG is appended to this memorandum.  Consult 
DMPP and OPDP regarding any additional revisions made to the PI to determine 
if corresponding revisions need to be made to the MG.   

 Please let us know if you have any questions.  
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 DEPARTMENT OF HEALTH & HUMAN SERVICES        Public Health Service 

 
Division of Pediatric and Maternal Health  

Office of New Drugs 
Center for Drug Evaluation and Research 

Food and Drug Administration 
Silver Spring, MD  20993 

Tel   301-796-2200 
FAX   301-796-9744 

 
Division of Pediatric and Maternal Health Close-Out Memo 

 
Date:   2/12/2021              Date consulted: 2/11/2021                     
 
From:  Catherine Roca, M.D., Medical Officer, Maternal Health 

Division of Pediatric and Maternal Health  
 

Through: Miriam Dinatale, D.O., Team Leader, Maternal Health  
Division of Pediatric and Maternal Health  

 
To:              Division of Psychiatry (DP) 
 
Drug:             LYBALVI (olanzapine/samidorphan) oral tablets 
 
NDA :  213378  
 
Applicant: Alkermes, Inc. 
 
Subject: Close-out memo 
 
Indication: 1) Treatment of schizophrenia 
 2) Bipolar I disorder 
 
 
DP submitted a consult request to DPMH on February 11, 2021, regarding the resubmission of 
NDA 213378, requesting a “review of the FPI for PLLR compliance.” DP had originally 
consulted DPMH on December 27, 2019 to assist with the Pregnancy and Lactation subsections 
of labeling. DPMH provided a PLLR Consult review of LYBALVI (olanzapine/samidorphan) on 
June 29, 2020 (DARRTS Reference ID 4633270). At the time of the review, DPMH provided 
labeling recommendations for subsections 8.1, 8.2, 8.3 and 17 of labeling (see Appendix A) for 
compliance with PLLR. DPMH also recommended consideration should be given for a milk-
only lactation study since there is anticipated use of LYBALVI in females of reproductive 
potential with schizophrenia or bipolar I disorder. 
 
DPMH recommendations remain unchanged.  
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Appendix A 
LABELING RECOMMENDATIONS 
DPMH revised subsections 8.1, 8.2, 8.3 and 17 of labeling for compliance with the PLLR (see 
below). DPMH refers to the final NDA action for final labeling.   
 
DPMH Proposed Pregnancy and Lactation Labeling 
 
HIGHLIGHTS OF PRESCRIBING INFORMATION 
--------------------------USE IN SPECIFIC POPULATIONS-------------------------- 
• Pregnancy:   May cause extrapyramidal and/or withdrawal symptoms in neonates with third 

trimester exposure. (8.1) 
 
FULL PRESCRIBING INFORMATION 
 
8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 
Pregnancy Exposure Registry  
There is a pregnancy exposure registry that monitors pregnancy outcomes in women exposed to 
atypical antipsychotics, including LYBALVI, during pregnancy. Healthcare providers are 
encouraged to register patients by contacting the National Pregnancy Registry for Atypical 
Antipsychotics at 1-866-961-2388 or visit http://womensmentalhealth.org/clinical-and-research-
programs/pregnancyregistry/ 
 
Risk Summary 
Neonates exposed to antipsychotic drugs, including the olanzapine component of LYBALVI, 
during the third trimester are at risk for extrapyramidal and/or withdrawal symptoms following 
delivery (see Clinical Considerations). Overall published epidemiologic studies of pregnant 
women exposed to olanzapine have not established a drug-associated risk of major birth defects, 
miscarriage, or adverse maternal or fetal outcomes (see Data). There are no available data on the 
use of samidorphan or the combination of samidorphan and olanzapine in pregnant women to 
determine a drug-associated risk of major birth defects, miscarriage or adverse maternal or fetal 
outcomes.There are risks to the mother associated with untreated schizophrenia or bipolar I 
disorder and with exposure to antipsychotics, including LYBALVI, during pregnancy (see 
Clinical Considerations).  
 
LYBALVI 
In animal reproduction studies; in rats, there were no adverse effects on embryofetal 
development at maternal systemic exposures of olanzapine and samidorphan that were 
approximately 0.88 and 80 times, respectively, of exposures at the maximum recommended 
human oral dose (MHRD) of 20 mg/10 mg LYBALVI on an AUC basis. Higher maternal 
systemic exposures of olanzapine and samidorphan in rats (5.5 times and 448 times exposures of 
olanzapine and samidorphan, respectively, at the MHRD of 20 mg/10 mg LYBALVI on an AUC 
basis) were associated with adverse effects to the fetus (see Data). 
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Olanzapine 
In nonclinical development and reproductive toxicity studies with olanzapine, there was no 
evidence of teratogenicity in rats or rabbits at doses up to 9 times and 30 times, respectively, the 
MHRD dose (20 mg) of olanzapine on a mg/m2 basis. In an oral rat embryofetal developmental 
toxicity study, early resorptions and increased numbers of nonviable fetuses were observed at a 
dose 9 times the MHRD of olanzapine on a mg/m2 basis and gestation was prolonged at 5 times 
the MHRD of olanzapine on a mg/m2 basis. In an oral rabbit embryofetal developmental toxicity 
study, fetal toxicity (manifested as increased resorptions and decreased fetal weight) occurred at 
a maternally toxic dose of olanzapine which were 30 times the MHRD of olanzapine on a mg/m2 
basis (see Data). 
 
Samidorphan 
In nonclinical reproductive toxicity studies, when samidorphan was administered orally to 
pregnant rats during the period of organogenesis, fetal toxicities occurred at maternally toxic 
doses >248 times the MRHD based on AUC. Samidorphan was not embryotoxic in rabbits when 
administered during the period of organogenesis (>143 times the MRHD based on AUC). 
Administration of samidorphan to pregnant rats during pregnancy and lactation resulted in lower 
pup survival, lower pup birth weights, and decreased pup body weight at doses >188 times the 
MRHD based on AUC (see Data). 
The estimated background risk of major birth defects and miscarriage for the indicated 
populations is unknown.  All pregnancies have a background risk of birth defect, loss, or other 
adverse outcomes.  In the U.S. general population, the estimated background risk of major birth 
defects and miscarriage in clinically recognized pregnancies is 2to 4% and 15to20%, respectively. 
 
 
Clinical Considerations  
Disease-associated maternal and/or embryo/fetal risk  
There is risk to the mother from untreated schizophrenia or bipolar I disorder, including increased 
risk of relapse, hospitalization, and suicide.  Schizophrenia and bipolar I disorder are associated 
with increased adverse perinatal outcomes, including preterm birth. It is not known if this is a 
direct result of the illness or other comorbid factors. 
 
Fetal/neonatal adverse reactions 
Extrapyramidal and/or withdrawal symptoms, including agitation, hypertonia, hypotonia, tremor, 
somnolence, respiratory distress, and feeding disorder have been reported in neonates who were 
exposed to antipsychotic drugs, including the olanzapine component of LYBALVI, during the 
third trimester of pregnancy.  These symptoms have varied in severity.  Monitor neonates for 
extrapyramidal and/or withdrawal symptoms and manage symptoms appropriately.  Some 
neonates recovered within hours or days without specific treatment; others required prolonged 
hospitalization. 
 
Data 
Human Data  
Published data from observational studies, birth registries, and case reports on the use of atypical 
antipsychotics during pregnancy do not report a clear association with antipsychotics and major 
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birth defects.  A retrospective cohort study from a Medicaid database of 9258 women exposed to 
antipsychotics during pregnancy did not indicate an overall increased risk for major birth defects. 
 
Animal Data 
LYBALVI 
The developmental toxicity of LYBALVI was evaluated in rats following oral administration of 
olanzapine/samidorphan during the period of organogenesis. A no-observed-effect level for 
maternal toxicity was not determined. There were no adverse effects on embryofetal 
development at 2/50 mg/kg/day olanzapine/samidorphan (approximately 0.88/80 times of 
olanzapine/samidorphan exposures at the MHRD of 20 mg/10 mg LYBALVI on an AUC basis). 
Groups treated with samidorphan alone (200 mg/kg/day) and olanzapine in combination with 
samidorphan (6/200 mg/kg/day olanzapine/samidorphan) had reduced mean fetal body weights. 
Increased resorptions and post-implantation loss, with correlating lower mean viable fetuses and 
litter size, were observed at 6/200 mg/kg/day olanzapine/samidorphan. Groups treated with 
samidorphan alone (200 mg/kg/day) and 6/200 mg/kg/day olanzapine/samidorphan both showed 
increases in litter incidence of bent ribs and bent scapula; the incidence of bent scapula and bent 
ribs was not increased when samidorphan was administered in combination with olanzapine. 
These findings were similar to those observed in the definitive rat embryofetal developmental 
toxicity study with samidorphan alone. A dose of 6/200 mg/kg/day olanzapine/samidorphan was 
associated with maternal exposures that were 5.5 times and 448 times exposures of olanzapine 
and samidorphan, respectively, at the MHRD of 20 mg/10 mg LYBALVI on an AUC basis. 
 
Olanzapine 
In oral reproduction studies in rats at doses up to 18 mg/kg/day and in rabbits at doses up to 
30 mg/kg/day (9 and 30 times the maximum recommended human daily oral dose on a mg/m2 
basis, respectively), no evidence of teratogenicity was observed. In an oral rat teratology study, 
early resorptions and increased numbers of nonviable fetuses were observed at a dose of 
18 mg/kg/day (9 times the maximum recommended human daily oral dose on a mg/m2 basis). 
Gestation was prolonged at 10 mg/kg/day (5 times the maximum recommended human daily oral 
dose on a mg/m2 basis). In an oral rabbit teratology study, fetal toxicity (manifested as increased 
resorptions and decreased fetal weight) occurred at a maternally toxic dose of 30 mg/kg/day (30 
times the maximum recommended human daily oral dose on a mg/m2 basis) 
 
Samidorphan 
Administration of samidorphan to pregnant rats during the period of organogenesis at oral doses 
of 25, 100, and 300 mg/kg/day did not cause adverse effects on embryofetal development at 
25 mg/kg/day, which is approximately 29 times the MRHD based on AUC. Samidorphan was 
associated with an increased incidence of skeletal variations (unossified sternebrae and bent ribs) 
at maternally toxic doses of ≥100 mg/kg/day, and skeletal malformations (bent or misshapen 
forelimbs, hindlimbs, and/or scapula) at 300 mg/kg/day which are >248 and 742 times the 
MRHD based on AUC, respectively. 
Samidorphan did not cause adverse effects on embryofetal development in pregnant rabbits 
during the period of organogenesis at oral doses of 10, 30, and 90 mg/kg/day, which are up to 
approximately 143 times the MRHD based on AUC. 
In rats administered samidorphan at oral doses of 10, 30, or 100 mg/kg/day during pregnancy 
and lactation, reduced pup survival, lower birth weights, and decreased pup body weight gains 
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were observed at 100 mg/kg/day, which is >188 times the MRHD based on AUC. There were no 
adverse effects on pup developmental landmarks, learning, memory, reflexes, or fertility. 
 
8.2 Lactation 
Risk Summary 
Olanzapine is present in human milk. There are reports of excess sedation, irritability, poor 
feeding and extrapyramidal symptoms (tremors and abnormal muscle movements) in infants 
exposed to olanzapine through breast milk.  There is no information on the effects of olanzapine 
on milk production.  There are no data on the presence of samidorphan or the combination of 
olanzapine and samidorphan in human milk, the effects on the breastfed infant, or the effects on 
milk production. When samidorphan was administered to lactating rats, samidorphan and a 
metabolite were detected in the plasma of nursing pups, likely due to the presence of 
samidorphan in milk.    Infants exposed to LYBALVI should be monitored for excess sedation, 
irritability, poor feeding and extrapyramidal symptoms (tremors and abnormal muscle 
movements).The developmental and health benefits of breastfeeding should be considered along 
with the mother’s clinical need for LYBALVI and any potential adverse effects on the breastfed 
child from LYBALVI or from the mother’s underlying condition. 
 
8.3 Females and Males of Reproductive Potential  
Infertility 
Females 
Based on the pharmacologic action of olanzapine (D2 antagonism), treatment with LYBALVI 
may result in an increase in serum prolactin levels, which may lead to a reversible reduction in 
fertility in females of reproductive potential [see Warnings and Precautions (5.15)]. 
 
17    PATIENT COUNSELING INFORMATION 
Pregnancy 
Advise  patients to notify their healthcare provider if they become pregnant or intend to become 
pregnant during treatment with LYBALVI.  Advise patients that LYBALVI used during the third 
trimester may cause extrapyramidal and/or withdrawal symptoms (agitation, hypertonia, 
hypotonia, tremor, somnolence, respiratory distress, and feeding disorder) in a neonate.  Advise 
patients that there is a pregnancy exposure registry that monitors pregnancy outcomes in women 
exposed to LYBALVI during pregnancy [see Use in Specific Populations (8.1)]. 
 
Lactation  
Advise breastfeeding women using LYBALVI to monitor infants for excess sedation, irritability, 
poor feeding and extrapyramidal symptoms (tremors and abnormal muscle movements) and to 
seek medical care if they notice these signs [see Use in Specific Populations (8.2)]. 

 
Infertility 
Advise females of reproductive potential that LYBALVI may impair fertility due to an increase 
in serum prolactin levels.  The effects on fertility are reversible [see Use in Specific Populations 
(8.3)]. 
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****Pre-decisional Agency Information**** 
    

Memorandum 
 
Date:  February 10, 2021  
  
To:  Cathy A. Southammakosane, M.D., Clinical Reviewer  

Division of Psychiatry (DP) 
 
Mona Kalsi, PharmD, Regulatory Project Manager, (DP) 

 
 Kimberly Updegraff, PharmD, MS, Associate Director for Labeling, (DP) 
 
From:   Domenic D’Alessandro, PharmD, MBA, BCPS, Regulatory Review Officer 
  Office of Prescription Drug Promotion (OPDP) 
 
CC: Aline Moukhtara, RN, MPH, Team Leader, OPDP 
 
Subject: OPDP Labeling Comments for LYBALVI™ (olanzapine and samidorphan) 

tablets, for oral use, CII 
 
NDA:  213378  

  
In response to DP’s consult request dated December 14, 2020, OPDP has reviewed the 
proposed product labeling (PI), Medication Guide, and carton and container labeling for the 
original NDA submission for LYBALVI™ (olanzapine and samidorphan) tablets, for oral use, 
CII. 
 
PI:  OPDP’s comments on the proposed labeling are based on the draft labeling received by 
electronic mail from DP (Mona Kalsi) on February 5, 2021, and are provided below. 
 
Medication Guide: A combined OPDP and Division of Medical Policy Programs (DMPP) 
review will be completed, and comments on the proposed Medication Guide will be sent under 
separate cover. 

 
Carton and Container Labeling: OPDP has reviewed the attached proposed carton and 
container labeling submitted by the Sponsor to the electronic document room on December 1, 
2020, and we do not have any comments.  
 
Thank you for your consult.  If you have any questions, please contact Domenic D’Alessandro 
at (301) 796-3316 or domenic.dalessandro@fda.hhs.gov.  
 

FOOD AND DRUG ADMINISTRATION 
Center for Drug Evaluation and Research 
Office of Prescription Drug Promotion  
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Department of Health and Human Services 

Public Health Service 

Food and Drug Administration 

Center for Drug Evaluation and Research 

Office of Surveillance and Epidemiology Review (OSE) 

Office of Pharmacovigilance and Epidemiology (OPE) 

 

Epidemiology and Drug Utilization Review: Assessment of the Potential Risks 

Associated with Using Olanzapine/Samidorphan with Opioids  

Date: 11/12/2020 

Reviewers: Celeste Mallama, Ph.D., M.P.H., Epidemiology Reviewer  
 Division of Epidemiology II 
    Daniel Bak, Pharm.D., Drug Utilization Reviewer 
 Division of Epidemiology II  
Team Leaders: Rose Radin, Ph.D., M.P.H., Team Lead  
 Division of Epidemiology I 
 Shekhar Mehta, Pharm.D., MS., Team Lead (Acting) 
 Division of Epidemiology II 
Tertiary Reviewers: Jana McAninch, M.D., M.P.H, M.S.  
 Senior Medical Epidemiologist 
 Rajdeep Gill, Pharm.D., Drug Use Deputy Director Acting  
 Division of Epidemiology II 
Associate Office Directors: Grace Chai, PharmD, Associate Director for Special 

Initiatives  
 Office of Surveillance and Epidemiology   
Subject:  Assessment of the Potential Risks Associated with Using 
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Drug Name: Lybalvi  
Application Type/Number: NDA 213378  
Applicant/sponsor: Alkermes, Inc.  

OSE RCM #: 2019-2354 
**This document contains proprietary drug use data obtained by FDA under contract. 
The drug use data/information cannot be released to the public/non-FDA personnel 
without contractor approval obtained through the FDA/CDER Office of Surveillance and 
Epidemiology.** 
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FAERS: FDA Adverse Event Reporting System 
FDA: Food and Drug Administration 
NEISS-CADES: National Electronic Injury Surveillance System-Cooperative Adverse 
Drug Event Surveillance Project 
NESARC: National Epidemiological Survey on Alcoholism and Related Conditions 
NPA: National Prescription AuditTM 

NSDUH: National Survey on Drug Use and Health 
NP: Nurse Practitioner  
NPDS: National Poison Data System 
NSP: National Sales PerspectivesTM 

OSE: Office of Surveillance and Epidemiology 
PA: Physician Assistant  
SAMHSA: Substance Abuse and Mental Health Services Administration 
SH: Symphony HealthTM 
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EXECUTIVE SUMMARY 

Olanzapine/samidorphan (NDA #213378) is a combination of olanzapine, an atypical 
antipsychotic, and samidorphan, an orally bioavailable µ-opioid antagonist. This drug is 
indicated for treatment of (1) schizophrenia in adults and (2) bipolar I disorder in adults, 
including acute treatment of manic episodes as monotherapy and as maintenance 
monotherapy treatment, and adjunct to valproate or lithium in the treatment of manic or 
mixed episodes. In this combination product, samidorphan is intended to mitigate 
olanzapine-induced weight gain.  

The purpose of this review is to provide epidemiologic data to inform discussion of the 
potential risks associated with use of olanzapine/samidorphan in the setting of acute or 
chronic opioid use (either medical or nonmedical). This review addresses the following 
topics: 1) the associations between bipolar disorder or schizophrenia, chronic pain, and 
opioid nonmedical use, 2) utilization patterns of olanzapine and opioid-containing 
products, including concomitant use of these medications, and 3) epidemiology of opioid 
overdose or withdrawal associated with use of oral naltrexone, the only orally 
bioavailable µ-opioid antagonist marketed in the United States.  

Although chronic use of opioids and opioid dependence are proposed contraindications 
for olanzapine/samidorphan, it is important to consider the opioid antagonist effect of 
samidorphan and the safety implications of this for patients with acute or chronic pain 
conditions requiring opioids or who use opioids nonmedically. One safety concern is the 
potential for inadvertently precipitating opioid withdrawal in patients who are opioid 
dependent, either through medical or nonmedical chronic opioid exposure.  
Epidemiologic data suggest that chronic opioid use is relatively common among patients 
with bipolar disorder. In one large sample of adults with bipolar disorder, 10.4% were 
categorized as receiving a chronic opioid prescription, compared with 3.0% for patients 
without bipolar disorder. Results were mixed for schizophrenia with regard to whether 
these patients had a higher prevalence of chronic pain and opioid use, compared to those 
without schizophrenia.  

Epidemiologic data also indicate that bipolar disorder is associated with both nonmedical 
opioid use and opioid use disorder. A large nationally representative survey on alcohol 
use disorder, drug use disorders, and comorbidities found that individuals with opioid 
nonmedical use at baseline had approximately 1.7 times the risk of new bipolar disorder 
diagnosis as compared to people without baseline opioid nonmedical use; and individuals 
with bipolar disorder at baseline had approximately 1.7 times the risk of subsequent 
nonmedical opioid use compared to those without bipolar disorder at baseline. 
Individuals with baseline opioid use disorder or dependence had approximately 1.5-1.9 
times the risk of a new diagnosis of bipolar disorder, although those with bipolar disorder 
at baseline had a similar risk of subsequent opioid use disorder, compared to those 
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without bipolar disorder at baseline. Additionally, a study of individuals receiving care at 
a Veterans Affairs clinic reported the prevalence of opioid use disorder among patients 
with bipolar disorder at 2.7%. Given the estimated prevalence of opioid nonmedical use 
(3.6%) or opioid use disorder (0.7%) in the general population, based on the most recent 
data from the National Survey on Drug Use and Health (NSDUH), and the associations 
found in these studies, we estimate that the percentage of individuals with bipolar 
disorder who use opioids nonmedically may be greater than 5%, and the percentage of 
the population with bipolar disorder who have opioid use disorder may be in the range of 
1%-3%. All of these estimates are approximate, as there are not current, direct data on the 
prevalence of opioid use disorder among those with bipolar disorder, likely due to the 
challenging nature of this population to study and lack of reliable measures (i.e., claims-
based algorithms) of opioid use disorder that can be linked to these diagnoses. In 
addition, prevalence of opioid nonmedical use and opioid use disorder likely varies 
considerably across different patient populations.  

Data are sparse on nonmedical opioid use and opioid use disorder in patients with 
schizophrenia. Some studies of individuals seeking treatment for substance use disorders 
suggest that individuals who report nonmedical substance use with co-occurring 
schizophrenia are less likely to prefer opioids as compared to individuals who report 
nonmedical substance use with no co-occurring mental health disorder. However, older 
national survey data suggest that the percentage of individuals with schizophrenia who 
use opioid nonmedically may be many times higher than in patients without mental 
illness.  

A 2017 review of postmarket cases in the FDA Adverse Event Reporting System 
(FAERS) and the National Poison Data System (NPDS) identified adverse events 
reportedly occurring when an approved, naltrexone-containing product 
(bupropion/naltrexone, indicated for weight loss and contraindicated in the setting of 
chronic opioid use) was used with an opioid. Just over two years of postmarketing data 
were available at the time of this review, yielding 22 cases in NPDS and 69 cases in 
FAERS, with the majority of the cases reporting mild adverse events. Although there 
were 24 cases of serious adverse events reported (e.g., coma, encephalopathy, and 
mechanical ventilation), most of these cases provided insufficient clinical information to 
determine causality. At least one case was suggestive of a precipitated opioid withdrawal 
syndrome; however, this review was broad in scope to describe the concomitant use of 
bupropion/naltrexone and opioids and not designed to specifically identify cases of 
opioid withdrawal syndrome. An updated review of FAERS cases from 2016 to 2020 
identified an additional 15 cases of serious adverse events related to concomitant use of 
bupropion/naltrexone and an opioid product, including 13 cases of suspected opioid 
withdrawal syndrome, 1 case of serotonin syndrome, and 1 case of reduced acute opioid 
analgesic effect that is also a literature case report identified in the 2017 review.  
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Another safety concern involves a scenario where a patient taking 
olanzapine/samidorphan develops a severe pain condition requiring opioid analgesics. 
Given samidorphan’s opioid receptor antagonist effect, the patient could experience 
inadequately controlled pain and might increase or repeat their opioid dose to overcome 
the antagonist blockade. This could put the patient at higher risk for opioid overdose as 
the samidorphan effect wanes or fluctuates, exposing the patient to high levels of 
unopposed opioid agonist. Based on FDA’s analysis of drug utilization data, among 
patients with olanzapine prescription claims in 2019, approximately 21% (339,000 
patients) had concurrent opioid prescription claims, either analgesics or cough/cold 
products. A 2017 FDA safety review of bupropion/naltrexone indicated that 11% of 
patients on bupropion/naltrexone had a concurrent claim for opioid products. The 
concurrency analysis used national projections generated from outpatient retail 
dispensing claims; as patient outcome data were not available, the FDA review could not 
assess risk of opioid overdose in these patients. An updated review of FAERS cases from 
2016 to 2020 identified one case of inadequately controlled pain in a patient taking 
bupropion/naltrexone who underwent unplanned spinal surgery. Ninh et ala reported that 
the patient was unable to discontinue bupropion/naltrexone for the recommended 7 – 10 
day period prior to the procedure due to the urgent nature of the event. This case 
highlighted the challenges faced by the surgical team in providing adequate peri-
operative pain management for the patient. The case reported use of multi-modal 
intraoperative and postoperative pain management strategies including opioid and non-
opioid treatments. 

A final safety scenario to consider is a patient who tapers off chronic opioids to initiate 
olanzapine/samidorphan, and later discontinues olanzapine/samidorphan and resumes 
opioid use. If the patient resumes their previous opioid dose, they may be at elevated risk 
of opioid overdose due to loss of opioid tolerance. Epidemiologic literature suggests that 
patients being treated for opioid use disorder with naltrexone (an opioid receptor 
antagonist) have a period of increased opioid overdose risk immediately following 
naltrexone discontinuation. It should be noted that these studies only include patients 
being treated for opioid use disorder and are therefore likely to be at greater risk for 
opioid overdose than the patient population for which olanzapine/samidorphan is 
indicated.  

Conclusion: The potential safety concerns related to samidorphan’s opioid antagonist 

effect in various real-world settings of opioid use warrant careful consideration. These 

                                                      
a Ninh A, Kim S, Goldberg A. Perioperative Pain Management of a Patient Taking 
Naltrexone HCl/Bupropion HCl (Contrave): A Case Report. A A Case Rep. 2017 Oct 
15;9(8):224-226. doi: 10.1213/XAA.0000000000000573. PMID: 28604472. 
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concerns include the potential for precipitated opioid withdrawal, inadequate analgesia, 
and opioid overdose. The epidemiologic data suggest that a substantial subset of the 
indicated patient population could be at risk for one or more of these adverse events.  

1 INTRODUCTION 

Olanzapine/samidorphan (NDA #213378) is a combination of olanzapine, an atypical 
antipsychotic, and samidorphan, an orally bioavailable µ-opioid antagonist. This drug is 
indicated for treatment of (1) schizophrenia in adults and (2) bipolar I disorder in adults, 
including acute treatment of manic episodes as monotherapy and as maintenance 
monotherapy treatment, and adjunct to valproate or lithium in the treatment of manic or 
mixed episodes. Olanzapine is currently marketed as an atypical antipsychotic, but this is 
the first olanzapine antipsychotic in combination with samidorphan. Samidorphan is a 
new molecular entity, and thus is not currently marketed in the United States (U.S.) In 
this combination product, samidorphan is intended to mitigate olanzapine-induced weight 
gain.  

In assessing the benefits and risks of this combination product, it is important to consider 
the full µ-opioid antagonist effect of samidorphan and the safety implications of this for 
patients with acute or chronic pain conditions or who use opioids nonmedically. 
Although chronic use of opioids and opioid dependence are contraindications for 
olanzapine/samidorphan, it is important to consider the potential impact for patients in 
the indicated population who might require an opioid analgesic for unexpected acute, 
severe pain or for whom a prescriber may be unaware of a patient’s opioid use, 
particularly if opioids are being used nonmedically (e.g., obtaining them from a source 
other than their own prescription) or if the patient has an undisclosed opioid use disorder. 
One concern is the potential for inadvertently precipitating opioid withdrawal in patients 
who are opioid dependent, either through medical or nonmedical chronic opioid 
exposure. Another concern is the potential for inadequate control of unexpected, acute, 
severe pain in patients receiving olanzapine/samidorphan. Finally, patients taking 
olanzapine/samidorphan may have an increased risk for opioid overdose if high doses of 
opioids are used to overcome samidorphan’s antagonist effects (either to manage pain or 

in the setting of nonmedical use or an opioid use disorder), or if a previously high dose of 
opioid is resumed following olanzapine/samidorphan discontinuation.    

In a phase 1 study (ALK33-004) with samidorphan, one patient enrolled in the trial did 
not disclose their long-term opioid dependence, and the presence of samidorphan in their 
system precipitated opioid withdrawal. This patient was withdrawn from the clinical trial. 
Although opioid use is contraindicated with olanzapine/samidorphan, this example 
demonstrates the need to consider adverse events that may occur for patients who use 
opioids, either medically or nonmedically, while taking olanzapine/samidorphan.  
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The purpose of this review is to provide epidemiologic data to inform discussion of the 
potential risks associated with use of olanzapine/samidorphan in the setting of acute or 
chronic opioid use (either medical or nonmedical). This review addresses the following 
topics: 1) associations between bipolar disorder or schizophrenia, chronic pain, and 
opioid nonmedical use, 2) utilization patterns of olanzapine and opioid-containing 
products, including concomitant use of these medications, and 3) epidemiology of opioid 
overdose or opioid withdrawal associated with use of oral naltrexone, the only orally 
bioavailable µ-opioid antagonist marketed in the U.S.  

2 REVIEW METHODS AND MATERIALS 

2.1  TERMINOLOGY 

 
FDA has previously established standard regulatory definitions of misuse and abuse,1 as 
described below. This review combines these definitions into a composite term, 
nonmedical use. FDA acknowledges concerns about stigma associated with some 
terminology related to substance use disorders, including the term abuse among others, as 
well as the importance of reducing use of stigmatizing language to reduce barriers to care 
and address the nation’s public health crisis of addiction and overdose.   

Misuse: intentional use, for therapeutic purposes, of a drug in a way other than 
prescribed or by an individual for whom it was not prescribed.  
Abuse: the intentional, non-therapeutic use of a drug product or substance, even once, for 
its desirable psychological or physiological effects. 

2.2 DRUG UTILIZATION 

We used proprietary drug utilization databases available to the Agency to conduct these 
analyses. Detailed descriptions of the databases are included in the Appendix.  

2.2.1 Data Sources Used 

IQVIA, National Sales PerspectivesTM (NSP) database was used to determine the settings 
of care where olanzapine products were sold from manufacturers to the various channels 
of distribution in the U.S. for 2019. 

IQVIA, National Prescription AuditTM (NPA) database was used to determine the 
estimated number of prescriptions dispensed for olanzapine and other antipsychotics from 
U.S. outpatient retail and long-term care pharmacies from 2016 through 2019. This 
database was also used to determine the top prescriber specialties for olanzapine in 2019.   

The Symphony HealthTM IDV (Integrated Dataverse) database was used to obtain the 
nationally estimated number of patients with outpatient retail pharmacy prescription 
claims for olanzapine or opioid containing products as well as the number of patients 
with concurrent olanzapine and opioid containing prescription claims from 2016 through 

Reference ID: 4700901



 

 7 

2019. Patient counts were stratified by patient age (<18, 18-64, and 65+ years). Patient 
selection was based on the presence of prescription claims using the national drug codes 
(NDC) for olanzapine and products containing an opioid. “Opioid containing products” 

(Appendix 7.7) encompass a broad category of all formulations of opioids analgesics and 
cough-cold products that contain an opioid.  

A look back period of 180 days prior to the start of the study was applied to check for 
prescription claims within the study market to determine patient activity. An episode of 
concurrency was identified when an episode in the base group, olanzapine, overlapped 
with an episode in the concurrent group, opioid containing products. Episodes with 
overlapping days’ supply of at least 1 day from both the base group and the concurrent 

group during a calendar year were identified as having concurrency for that year. Our 
analysis did not distinguish between patients having one versus multiple concurrent 
episodes during a calendar year and did not capture the indication of use for these 
instances of concurrency. 

We applied a liberal definition of concurrency by adding a grace period of one-half of the 
total days’ supply time window for a dispensed prescription in either the base group or 
the concurrent group. A grace period was applied to prescription claims to allow for the 
days’ supply time window to adjust for delays in prescription filling. For example, if the 

total days of therapy for a claim were 30 days, a grace period of ½ times 30 would add 15 
more days for a total of 45 days of therapy.    

The Syneos Treatment AnswersTM database was used to determine the top diagnoses 
associated with the useb of olanzapine as reported by office-based physicians from 
January 2018 through December 2019, cumulative.  

2.3 NATIONAL SURVEY ON DRUG USE AND HEALTH (NSDUH) 
 
Prevalence of opioid nonmedical use and opioid use disorder  

  

The National Survey of Drug Use and Health (NSDUH) is an annual national survey 
sponsored by the Substance Abuse and Mental Health Services Administration 
(SAMHSA) designed to provide nationally representative estimates of illicit as well as 
prescription drug nonmedical usec in the general U.S. population. NSDUH uses a 

                                                      
b Diagnoses are expressed as "drug use mentions" which refers to mentions of a drug in association with a 
diagnosis during a patient visit to an office-based physician. This term may be duplicated by the number of 
diagnosis for which the drug is mentioned. It is important to note that a "drug use" does not necessarily 
result in prescription being generated. Rather, the term indicates that a given drug was mentioned during an 
office visit. 
c NSDUH’s definition of misuse (use in any way not directed by a doctor, including use without a 

prescription of one’s own; use in greater amounts, more often, or longer than told to take a drug; or use in 

any other way not directed by a doctor), aligns with the combined regulatory definitions of misuse and 
abuse, so we also refer to this measure as nonmedical use when describing NSDUH data.  
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multistage probability sample design to provide representative state and country-level 
estimates for non-institutionalized residents of the U.S. who are aged 12 years and above. 
Population subgroups not covered by the survey include individuals residing within 
institutional facilities (e.g., jails, nursing homes), as well as those without a permanent 
address (e.g., homeless individuals). The survey does sample people from 
noninstitutional group quarters like shelters, halfway houses, and college dormitories. 
The survey is conducted in a face-to-face manner, and during the year 2018, the interview 
response rate of 49% included 67,791 completed interviews.2 We extracted estimates of 
prevalence of past-year nonmedical use of prescription opioids and prevalence of past-
year opioid use disorder among those 26 years and older from the most recent NSDUH 
report, 2018.  

2.4 REVIEW OF PUBLISHED LITERATURE 

Associations between bipolar disorder or schizophrenia, chronic pain, and opioid 

nonmedical use 

To better understand the patient population potentially at elevated risk for opioid 
withdrawal or overdose while taking olanzapine/samidorphan, we conducted a systematic 
literature review of published epidemiologic studies examining the associations between 
bipolar disorder or schizophrenia and opioid nonmedical use. We searched PubMed, 
Embase, and Web of Science for relevant studies published after 2010, because articles 
within the past decade more accurately reflect current populations diagnosed with the 
specified psychiatric disorder or opioid use disorder. We excluded studies published 
outside the U.S., because substance use patterns vary widely across countries, as well as 
randomized clinical trials, and case studies. We included only original studies; review 
articles were assessed for any additional relevant, original studies that had not been 
identified in our search. The search string for this literature review is in appendix 7.1. 
Additionally, in order to understand the prevalence of chronic pain in these populations, 
we reviewed studies referenced by articles captured in the search described above that 
examined the prevalence of chronic pain diagnoses among individuals with schizophrenia 
or bipolar disorder. Abstracted information from included studies is in appendix 7.3.  

Epidemiology of opioid overdose or precipitated withdrawal associated with use of oral 

naltrexone 

To better understand opioid overdose or precipitated withdrawal associated with use of an 
oral µ-opioid receptor antagonist, we searched PubMed, Embase, and Web of Science for 
studies describing the epidemiology of opioid overdose or precipitated withdrawal 
associated with use of oral naltrexone. We excluded studies that failed to distinguish 
between oral and injectable naltrexone, randomized controlled trials (i.e., efficacy trials), 
and case studies. The search string for this literature review is in appendix 7.2. Abstracted 
information from included studies is in appendix 7.4.  
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2.5 OFFICE OF SURVEILLANCE AND EPIDEMIOLOGY (OSE) REVIEWS 

Concomitant use of bupropion/naltrexone with an opioid product  

To better understand adverse events reported with concomitant use of an opioid product 
and a combination drug product containing an opioid antagonist with FDA-approved 
indications not related to substance use disorders, we reviewed two OSE 
pharmacovigilance reviews related to use of bupropion/naltrexone and an opioid 
product.d,e  These OSE reviews analyzed cases from: 1) FDA Adverse Event Reporting 
System (FAERS),  which contains spontaneous reports of adverse events and medication 
errors submitted to FDA, 2) National Poison Database System (NPDS), which captures 
data regarding calls to U.S. poison control centers, and 3) National Electronic Injury 
Surveillance System-Cooperative Adverse Drug Event Surveillance Project (NEISS-
CADES), which captures information from adverse drug events treated in U.S. hospital 
emergency departments.   

3 REVIEW RESULTS 
 

3.1 ASSOCIATIONS BETWEEN BIPOLAR DISORDER OR SCHIZOPHRENIA, CHRONIC PAIN, 

AND OPIOID NONMEDICAL USE 
 

Studies using the National Epidemiological Survey on Alcoholism and Related 
Conditions (NESARC), a cross-sectional, nationally representative survey on alcohol use 
disorder, drug use disorders, and comorbidities that also longitudinally follows 
participants, generally found an association between opioid nonmedical usef and bipolar 
disorder (both for individuals diagnosed with bipolar I specifically, and individuals 
diagnosed with bipolar I or II).3-8 Results from this survey showed that individuals who 
report nonmedical opioid use at baseline have 1.7 times the odds of new bipolar 
diagnosis, compared to those without nonmedical opioid use;5 and individuals with 
bipolar disorder at baseline have 1.7 times the odds of subsequent nonmedical opioid use 
compared to those without bipolar disorder at baseline.5 Those with opioid use disorder at 
baseline also have 1.5 to 1.9 times the odds of bipolar diagnosis,5, 6 although those with 
bipolar disorder at baseline had similar odds of subsequent opioid use disorder, compared 
to those without bipolar disorder at baseline.5 Studies using NESARC data also found 
that the odds of a bipolar diagnosis increased with more severe and more recent opioid 

                                                      
d Webster M. Office of Surveillance and Epidemiology Review. In DARRTS 8/4/2017. Reference ID: 
4135425. 
e Lopez A. Office of Surveillance and Epidemiology Review. In DARRTS 9/24/2020. Reference ID: 
4675583. 
f Opioid nonmedical use in NESARC is defined as: use without a prescription or in greater amounts, more 
often, or longer than prescribed, or for a reason other than a doctor said you should use them.  
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nonmedical use. For instance, participants with more frequent opioid nonmedical use had 
increased odds of a bipolar diagnosis as opposed to those with less frequent use.8  

NSDUH reports that the prevalence of past year opioid nonmedical use in 2018 was 3.6% 
and past year opioid use disorder was 0.7% for adults aged 26 and older in the U.S. A 
2005 study estimated the point prevalence of opioid use disorder among individuals with 
bipolar disorder receiving care at a Veterans Affairs clinic at 2.7%.9 The elevated odds 
ratios (some of which are incidence odds ratios) reported above for individuals with 
nonmedical opioid use or opioid use disorder to be diagnosed with bipolar disorder, and 
for those with bipolar disorder to report nonmedical use or opioid use disorder, indicate 
that likely the prevalence of opioid nonmedical use and opioid use disorder is higher in 
the population with bipolar disorder as compared to the general population. Given the 
elevated odds ratios reported in these studies, and the estimated prevalence of nonmedical 
opioid use or opioid use disorder in the general population, the percentage of individuals 
with bipolar disorder who use opioids nonmedically may be higher than 5%, and 
percentage of individuals with bipolar disorder who have opioid use disorder may be in 
the range of 1%-3%.  

Data are sparse on nonmedical opioid use and opioid use disorder in patients with 
schizophrenia. Some studies conducted in populations seeking treatment for substance 
use disorders suggest that individuals who report nonmedical substance use with no co-
occurring mental health disorder are more likely to prefer opioids as compared to 
individuals who report substance nonmedical use with co-occurring schizophrenia, 
indicated by the smaller proportion of treatment-seeking individuals with schizophrenia 
who report a problem with opioids as opposed to the treatment-seeking population with 
no psychiatric disorder.10 However, older national survey data from the National Institute 
of Mental Health Epidemiologic Catchment Area Program (1980-1984) suggest a 
positive association between opioid nonmedical use and co-occurring schizophrenia.11 
National survey data from NESARC also suggest that individuals with schizophrenia 
have more than 5 times the lifetime prevalence of opioid nonmedical use, compared to 
individuals with no psychiatric disorder.12  

 
Generally, in studies using treatment records and administrative claims data, patients with 
bipolar disorder had 1.7-1.9 times the odds of being diagnosed with a pain condition as 
compared with those without bipolar disorder, and also had higher odds (2.1) of receiving 
a chronic opioid prescription.13, 14 Among a sample of 38,117 adults with bipolar 
disorder, 10.4% were categorized as receiving a chronic opioid prescription, compared 
with 3.0% of their matched controls.14 Results were mixed for patients with 
schizophrenia regarding whether they were more or less likely to be diagnosed with a 
pain condition or receive a chronic opioid medication as compared to those without 
schizophrenia.13, 14 Although some studies showed that patients with schizophrenia were 
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more likely to receive a diagnosis for a chronic pain condition overall, when analyses 
were adjusted for demographic characteristics, the odds of patients with schizophrenia 
receiving a chronic pain diagnosis fell below that of patients without mental illness.13, 14 It 
is unclear, based on the evidence presented in the studies, why patients with 
schizophrenia are less likely to be diagnosed with a chronic pain disorder, but a number 
of hypotheses are presented in the study, including: 1) difficulty in those with 
schizophrenia expressing experiences of pain, 2) healthcare providers interpreting 
patients’ reports of pain differently when they are diagnosed with schizophrenia, 3) 
fragmentation and inconsistent continuum of care for those diagnosed with 
schizophrenia.13  
 

3.2 UTILIZATION PATTERNS OF OLANZAPINE AND OPIOID-CONTAINING PRODUCTS, 

INCLUDING CONCOMITANT USE OF THESE MEDICATIONS 

3.2.1 Settings of Care 

In 2019, approximately % of olanzapine products were di ributed to outpatient retail 
pharmacies, followed by % to non-retail pharmacies, and  to mail-order/specialty 
pharmacies.g Of the % distributed through non-retail channels, approximately 42% 
were distributed to long-term care (LTC) facilities. Therefore, our analyses focused on 
outpatient retail pharmacy settings and included estimates for prescriptions dispensed to 
LTC settings of care.  

3.2.2 Concurrency Analysis for Olanzapine and Opioid Containing Products 

Table 1 below provides national estimates of patients with prescription claims for 
olanzapine and opioid containing products concurrently or as individual agents, stratified 
by age, from U.S. outpatient retail pharmacies from 2016 to 2019. Patients receiving 
prescriptions dispensed for opioid containing products decreased % from 
approximately  million patients in 2016 to  million patients in 2019. Patients 
receiving prescriptions dispensed for olanzapine increased % from approximately  
million patients in 2016 to  million patients in 2019.   

In 2016, approximately % (  patients) of total patients with olanzapine 
prescription claims had concurrent prescription claims with opioid containing products. 
In 2019, the proportion of patients with concurrent claims (olanzapine and opioid 
containing products) decreased to % (  patients).  

                                                      
g IQVIA, National Sales PerspectivesTM database. 2019. Extracted June 2020. File: 2020-619 NSP Lybalvi 
AC Jun-19-2020.xlsx 
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A lower proportion of concurrency ( %) was observed in patients <18 years of age 
compared to patients 18-64 years %) and 65 years and older ( %) in 2019 and 
similar patterns were observed during the entire study period.  
Table 1. National estimates of patients* who received a dispensed prescription for 

olanzapine and opioid containing products** concurrently or as individual agents, 

stratified by patient age, from U.S. outpatient retail pharmacies, 2016-2019 

 
Source: Symphony HealthTM (SH) database. 2016-2019. Extracted July 2020. File: 2020-619 SH Lybalvi concurrency tables.xlsx 
*The patient counts are pulled and projected at each unique level of reporting.  For this reason, the age breakouts may not sum to 
unique projected total patients. 
**Opioid containing products consist of claims for products that contain any opioids which include opioid analgesics, cough/cold 
products, tramadol, and combination products.(Appendix 7.7) 
 

3.2.3 Prescription Data from U.S. Outpatient Retail and Long-term Care 

Pharmacies 

Prescriptions for antipsychotic products have increased % from approximately  
million prescriptions in 2016 to  million prescriptions in 2019 (Table 2 in Appendix 

7.6).  Figure 1 below and Table 3 in Appendix 7.6 show the estimated number of 
prescriptions dispensed for antipsychotic agents from outpatient retail and long-term care 
pharmacies, stratified by molecule in 2019. Of the estimated  million prescriptions for 
antipsychotic agents dispensed, olanzapine accounted for approximately % (  million 
prescriptions). 
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Figure 1. Estimated number of antipsychotic prescriptions dispensed from U.S. 

outpatient retail and long-term care pharmacies stratified by active moiety*, 2019 

Source: IQVIA, National Prescription AuditTM (NPA) database. 2016-2019. Extracted July 2020. File: 2020-619 NPA Lybalvi AC 
antipsych opioids mol retail LTC 1_Jul-31-2020.xlsx 
*All Others include prescriptions for lurasidone, ziprasidone, clozapine, paliperidone, brexipiprazole, cariprazine, asenapine, loxapine, 
iloperidone, pimavanserin, thiothixene, pimozide, and molindone.  

Figure 2 below and Table 4 in Appendix 7.6 provide the estimated number of 
olanzapine prescriptions dispensed from U.S. outpatient retail and long-term care 
pharmacies stratified by prescriber specialties in 2019. Psychiatry was the top prescriber 
specialty and prescribed approximately % of estimated prescriptions, followed by 
nurse practitioners/physician assistants (NP/PA) at %, and internal medicine at %. All 
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other specialties accounted for % of estimated olanzapine prescriptions dispensed in 
2019. 
Figure 2. Estimated number of olanzapine prescriptions dispensed from U.S. 

outpatient retail and long-term care pharmacies, 2019, stratified by prescriber 

specialty. 

Source: IQVIA, National Prescription AuditTM (NPA) database. 2019. Extracted July 2020. File: 2020-619 NPA Lybalvi AC specialty 
retail LTC 1_Jul-31-2020.xlsx 
*NP/PA: consists of nurse practitioners/physician assistants; 
**All others include prescriber specialties for geriatrics, geriatric psychiatry, neurology, oncology, general practice, others, emergency 
medicine, pediatrics, internal/pediatrics, nephrology, cardiology, hospice & palliative medicine, physical medicine & rehab, 
psychology, obstetrics/gynecology, pulmonary diseases, infectious disease, general surgery, pharmacist, gastroenterology, 
anesthesiology, pulmonary critical care, endocrinology, addiction medicine, sleep medicine, rheumatology, pain medicine, 
hematology, dermatology, dentistry, clinical neurophysiology, urology, sports medicine, orthopedic surgery, nuclear medicine, general 
preventive medicine, critical care medicine, thoracic surgery, radiology, plastic surgery, pathology, otolaryngology, other surgery, 
ophthalmology, occupational medicine, neurological surgery, naturopathic doctor, clinical pharmacology, allergy, critical care 
surgery, podiatry, critical care pediatric, ortho surgery of spine, optometry, nutrition, medical microbiology, intern medicine-
diagnostic, hepatology, genetics, dermato-pathology, colon & rectal surgery, cardiothoracic surgery, and allergy/immunology diag lab. 
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3.2.4 Survey Data from Office-Based Physicians 

An analysis of the top diagnoses associated with the use of olanzapine as reported by 
U.S. office-based physician surveys from January 2018 through December 2019 was 
conducted (Table 5 in Appendix 7.6). Schizophrenia was the top diagnosis associated 
with the use of olanzapine, accounting for % of total drug use mentionsh, followed by 
schizoaffective disorders at %, and bipolar disorder at % of drug use mentions.   

3.3 EPIDEMIOLOGY OF OPIOID OVERDOSE OR OPIOID WITHDRAWAL ASSOCIATED 

WITH USE OF ORAL NALTREXONE 

Since samidorphan is not currently marketed in the U.S., we searched the medical 
literature for information relating to opioid overdose or withdrawal associated with use of 
naltrexone. We identified four studies relating to oral naltrexone and opioid overdose or 
overall mortality, only one of which was conducted in the U.S. The U.S. study was a 
retrospective cohort study that analyzed commercial claims for individuals diagnosed 
with opioid use disorder who initiated treatment between 2010 and 2016. This study 
found that the rate of fatal or non-fatal opioid overdose among those on oral naltrexone 
was 6.2 overdoses per 100 person years. The overdose rate increased to 11.0 overdoses 
per 100 person years during the 4-week window after discontinuation of oral naltrexone. 
For those who had been off treatment for greater than four weeks, the overdose rate was 
5.0 overdoses per 100 person years.15 A study of patients with opioid use disorder in 
Australia found a similar increase in overdose rate during the period following naltrexone 
discontinuation; the mortality rate during the 2-week post-discontinuation period was 
22.1 per 100 person-years compared to 1 death per 100 person-years during treatment.16 
It should be noted that the populations in these studies are comprised of patients currently 
undergoing treatment for opioid use disorder, and are likely to be at greater risk of opioid 
overdose than the general population of individuals using prescription opioids or the 
populations for which olanzapine/samidorphan is indicated.  

Although clinical case reports exist describing naltrexone-accelerated opioid 
detoxification, we did not find any epidemiologic studies related to unintended, 
precipitated opioid withdrawal associated with single-entity oral naltrexone.        

 

3.4 REPORTED POST-MARKETING ADVERSE EVENTS WITH CONCOMITANT USE OF 

OPIOIDS AND NALTREXONE-CONTAINING COMBINATION PRODUCT 

                                                      
h Diagnoses are expressed as "drug use mentions" which refers to mentions of a drug in association with a diagnosis during a patient 
visit to an office-based physician. This term may be duplicated by the number of diagnosis for which the drug is mentioned.  It is 
important to note that a "drug use" does not necessarily result in prescription being generated. Rather, the term indicates that a given 
drug was mentioned during an office visit. 
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In a 2017 OSE review of a bupropion/naltrexone product marketed for the indication of 
weight loss, 11% of patients on bupropion/naltrexone had concurrent claims for opioid 
products. This concurrency analysis used national projections generated from outpatient 
retail dispensing claims; as patient outcome data were not available, the OSE review 
could not assess risk of opioid overdose in these patients. Review of postmarket cases in 
FAERS and NPDS identified adverse events  reportedly occurring when 
bupropion/naltrexone was used with an opioid. Due to the limited sample size, the 
NEISS-CADES data did not provide support in evaluating the effects of concomitant 
exposure of bupropion/naltrexone with opioids. Just over two years of postmarketing data 
were available at the time of this review, yielding 22 cases in NPDS and 69 cases in 
FAERS, with the majority of the cases reporting mild adverse events. Although there 
were 24 cases of serious adverse events reported (e.g., coma [n=1], encephalopathy, 
n=1], and mechanical ventilation [n=1]), most of the cases provided insufficient clinical 
information to determine causality. At least one case was suggestive of a precipitated 
opioid withdrawal syndrome; however, this review was broad in scope to describe the 
concomitant use of bupropion/naltrexone and opioids and not to specifically identify 
cases of opioid withdrawal syndrome.i The Division of Pharmacovigilance updated this 
review and searched FAERS for reports of concomitant use of an opioid product with 
bupropion/naltrexone from December 2016 to August 2020. This review identified an 
additional 15 cases of serious adverse events related to concomitant use of 
bupropion/naltrexone and an opioid product, including 13 cases of suspected opioid 
withdrawal syndrome, one case of serotonin syndrome, and one case of reduced acute 
opioid analgesic effect that is also a literature case report identified in the 2017 review.j   

4 DISCUSSION 

Olanzapine/samidorphan contains a full µ-opioid receptor antagonist. Although chronic 
use of opioids and opioid dependence are proposed contraindications for 
olanzapine/samidorphan, it is important to consider scenarios where a prescriber may be 
unaware of a patient’s opioid use, including when the patient is using opioids 
nonmedically (i.e., using them not as prescribed, for example, taking longer than directed 
or obtaining them from a source other than their own prescription), or if the patient has an 
undisclosed opioid use disorder. One safety concern is the potential for inadvertently 
precipitating opioid withdrawal in patients who are opioid dependent, either through 
medical or nonmedical chronic opioid exposure. Epidemiologic studies show an 
association between bipolar disorder and chronic pain conditions. In one U.S. study, 

                                                      
i M Webster. Office of Surveillance and Epidemiology Review. In DARRTS 8/4/2017. Reference ID: 
4135425. 
j Lopez A. Office of Surveillance and Epidemiology Review. In DARRTS 9/24/2020. Reference ID: 
4675583. 
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percentage of patients with bipolar disorder who reported chronic opioid use was three 
times higher than patients without bipolar disorder.14 National survey data suggest a 
higher prevalence of opioid nonmedical use and opioid use disorder in people with 
bipolar disorder relative to the general population.3, 4, 6-8 5 Considering the estimated 
prevalence of nonmedical opioid use (3.6%) or opioid use disorder (0.7%) in the general 
U.S. population, the percentage of individuals with bipolar disorder who use opioids 
nonmedically in a given year may be greater than 5%, and the percentage of individuals 
with bipolar disorder who have opioid use disorder may be in the range of 1%-3%. The 
percentage of individuals with schizophrenia who use opioids nonmedically could be 
even higher, although the data on schizophrenia and nonmedical opioid use are sparse. 
All of these estimates are approximate, as there are not current, direct data on the 
prevalence of opioid use disorder among those with bipolar disorder or schizophrenia, 
likely due to the challenging nature of this population to study and lack of reliable 
measures (i.e., claims-based algorithms) of opioid use disorder that can be linked to these 
diagnoses. In addition, prevalence of opioid nonmedical use and opioid use disorder 
varies across different populations. Therefore, it is difficult to accurately estimate the 
percentage of individuals who might be at risk for nonmedical opioid use while on 
olanzapine/samidorphan. Nonetheless, the available data suggest that a non-trivial 
proportion of the indicated population could use opioids nonmedically.    

A 2017 review of postmarket cases in FAERS and NPDS and an updated review in 2020 
identified adverse events potentially related to opioid withdrawal reportedly occurring 
when an approved, naltrexone-containing product (bupropion/naltrexone) was used with 
an opioid. These cases indicate that, despite labeled contraindications and warnings, 
adverse events related to opioid withdrawal do occur in real-world, clinical settings and 
in patients prescribed a product containing an opioid antagonist indicated for a condition 
unrelated to a substance use disorder. The applicability of the postmarketing experience 
for bupropion/naltrexone to the population who may be prescribed 
olanzapine/samidorphan is limited due to the differences in the two drugs and indications.   

Another concerning scenario is a patient taking olanzapine/samidorphan who develops a 
severe pain condition requiring opioid analgesics. Given samidorphan’s opioid receptor 
antagonist effect, the patient could experience inadequately controlled pain and might 
increase or repeat their opioid dose in order to overcome the antagonist blockade. This 
could put the patient at elevated risk for opioid overdose if the samidorphan effect wanes 
or fluctuates, exposing the patient to a high level of unopposed opioid agonist. This risk 
may be further exacerbated if the patient is transitioned to olanzapine, a CNS depressant, 
or is already taking other CNS depressants as part of their therapeutic regimen.  A review 
of FAERS cases from 2016 to 2020 yielded one case of inadequately controlled pain in a 
patient taking bupropion/naltrexone who underwent unplanned spinal surgery. This is 
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also a literature case report identified in the 2017 review. Nihn et al.k reported that the 
patient was unable to discontinue bupropion/naltrexone for the recommended 7 – 10 day 
period prior to the procedure due to the urgent nature of the event. This case highlighted 
the challenges faced by the surgical team in providing adequate peri-operative pain 
management for the patient. The case reported use of multi-modal intraoperative and 
postoperative pain management strategies including opioid and non-opioid treatments. 

A recent FDA analysis of annual retail pharmacy dispensing data found that roughly one 
in five patients dispensed olanzapine received a concomitant prescription for an opioid-
containing product. Although these data do not predict precisely the percentage of 
patients taking olanzapine/samidorphan who would use opioids, they suggest that a 
substantial proportion of individuals prescribed olanzapine/samidorphan may at some 
point require opioid pain medication and be at risk for inadequate analgesia and possibly 
opioid overdose.  

The 2017 FDA review of bupropion/naltrexone found that 11% of patients on 
bupropion/naltrexone had a concurrent claim for opioid products, suggesting that despite 
the proposed labeling in olanzapine/samidorphan, concurrent use of opioids is likely to 
occur in the patient population. Due to limitations in the data sources, the report did not 
distinguish the reason for this co-prescribing despite the contraindication in labeling. 
Moreover, the FDA review could not assess risk of opioid overdose in these patients 
because the concurrency analysis used national projections generated from outpatient 
retail dispensing claims data, and patient outcome data were not available. In addition, 
individuals prescribed olanzapine/samidorphan who use opioids nonmedically could be at 
risk for overdose if they attempt to overcome the opioid blockade.  

A final scenario to consider is a patient who tapers off chronic opioids to initiate 
olanzapine/samidorphan, and later discontinues olanzapine/samidorphan and resumes 
opioid use. If these patients resume their previous opioid dose, they may be at elevated 
risk of opioid overdose due to loss of opioid tolerance. Epidemiologic studies suggest that 
patients being treated for opioid use disorder with naltrexone (an opioid receptor 
antagonist) have a period of increased opioid overdose risk immediately following 
naltrexone discontinuation (or waning of effect, in the case of depot naltrexone).15, 16 It 
should be noted that these studies follow patients being treated for opioid use disorder, 
who are likely to be at greater risk for opioid overdose than olanzapine/samidorphan’s 
indicated patient population.  

5 CONCLUSION 

                                                      
k Ninh A, Kim S, Goldberg A. Perioperative Pain Management of a Patient Taking Naltrexone 

HCl/Bupropion HCl (Contrave): A Case Report. A A Case Rep. 2017 Oct 15;9(8):224-226. doi: 

10.1213/XAA.0000000000000573. PMID: 28604472. 
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The potential safety concerns related to samidorphan’s opioid antagonist effect in various 
real-world settings of opioid use warrant careful consideration. These concerns include 
the potential for precipitated withdrawal, inadequate analgesia, and opioid overdose. The 
epidemiologic data suggest that a substantial subset of the indicated patient population 
could be at risk for one or more of these adverse events.  
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7 APPENDIX 

7.1 LITERATURE REVIEW SEARCH STRING: ASSOCIATIONS BETWEEN BIPOLAR 

DISORDER OR SCHIZOPHRENIA, CHRONIC PAIN, AND OPIOID NONMEDICAL USE 

Pubmed: (Bipolar [tw] or “manic depression”[tw] OR schizophrenia [tw]) AND (opium[tw] OR 

“opium tincture”[tw] OR Paregoric[tw] OR morphine[tw] OR Kadian[tw] OR MorphaBond[tw] 

OR Arymo[tw] OR “MS Contin”[tw] OR MSIR[tw] OR Astramorph[tw] OR Duramorph[tw] OR 
Infumorph[tw] OR DepoDur[tw] OR Avinza[tw] OR Mitigo[tw] OR Oramorph[tw] OR 
apomorphine[tw] OR Apokyn[tw] OR “morphine-naltrexone”[tw] OR Embeda[tw] OR 

oxymorphone[tw] OR Opana[tw] OR hydromorphone[tw] OR Dilaudid[tw] OR Exalgo[tw] OR 
fentanyl[tw] OR “Transmucosal Immediate-Release Fentanyl”[tw] OR TIRF[tw] OR Subsys[tw] 

OR Duragesic[tw] OR Fentora[tw] OR Ionsys[tw] OR Actiq[tw] OR Lazanda[tw] OR 
Abstral[tw] OR Sublimaze[tw] OR Innovar[tw] OR sufentanil[tw] OR Sufenta[tw] OR 
Dsuvia[tw] OR codeine[tw] OR “Fioricet with codeine”[tw] OR “Pentazine with Codeine”[tw] 

OR “promethazine with codeine”[tw] OR “promethazine VC with codeine”[tw] OR “Cheratussin 

AC”[tw] OR “Guaiatussin AC”[tw] OR “guaifenesin-codeine”[tw] OR Brontex[tw] OR “tylenol 
with codeine”[tw] OR “Tylenol #3”[tw] OR “tylenol #4”[tw] OR dihydrocodeine[tw] OR 

Trezix[tw] OR hydrocodone[tw] OR Zohydro[tw] OR Hysingla[tw] OR “hydrocodone-
acetaminophen”[tw] OR Vicodin[tw] OR Lorcet[tw] OR Lortab[tw] OR Norco[tw] OR 

Verdrocet[tw] OR “hydrocodone-homatropine”[tw] OR Tussigon[tw] OR Hydromet[tw] OR 

“hydrocodone-ibuprofen”[tw] OR Ibudone[tw] OR Vicoprofen[tw] OR Reprexain[tw] OR 

oxycodone[tw] OR Roxicodone[tw] OR RoxyBond[tw] OR OxyIR[tw] OR OxyContin[tw] OR 
Xtampza[tw] OR Oxaydo[tw] OR “oxycodone-acetaminophen”[tw] OR Percocet[tw] OR 

Endocet[tw] OR Nalocet[tw] OR Roxicet[tw] OR Primlev[tw] OR “oxycodone-aspirin”[tw] OR 

Percodan[tw] OR “oxycodone-ibuprofen”[tw] OR meperidine[tw] OR Demerol[tw] OR 

tapentadol[tw] OR Nucynta[tw] OR pentazocine[tw] OR alfentanil[tw] OR Alfenta[tw] OR 
tramadol[tw] OR Ultram[tw] OR Ryzolt[tw] OR Conzip[tw] OR “tramadol-acetaminophen”[tw] 

OR Ultracet[tw] OR buprenorphine[tw] OR Butrans[tw] OR Belbuca[tw] OR Buprenex[tw] OR 
Probuphine[tw] OR Sublocade[tw] OR “buprenorphine-naloxone”[tw] OR Suboxone[tw] OR 

Zubsolv[tw] OR Bunavail[tw] OR Cassipa[tw] OR Levacetylmethadol[tw] OR OrLAAM[tw] OR 
LAAM[tw] OR “levo-α-acetylmethadol”[tw] OR butorphanol[tw] OR methadone[tw] OR 

Dolophine[tw] OR Methadose[tw] OR levorphanol[tw] OR nalbuphine[tw] OR remifentanil[tw] 
OR Ultiva[tw] OR carfentanil[tw] OR naloxone[tw] OR Narcan[tw] OR Evzio[tw] OR 
naltrexone[tw] OR Vivitrol[tw] OR “naltrexone-bupropion”[tw] OR Contrave[tw] OR 

methylnaltrexone[tw] OR Relistor[tw] OR nalmefene[tw] OR Revex[tw] OR opioid[tw] OR 
opioids[tw] OR narcotic[tw] OR narcotics[tw] OR “opioid analgesic”[tw] OR “opioid 

analgesics”[tw] OR “opioid antagonist”[tw] OR “opioid antagonists”[tw] OR “medication-
assisted treatment”[tw] OR “medication assisted treatment”[tw] OR MAT[tw]) AND (misuse[tw] 
OR “drug misuse”[tw] OR abuse[tw] OR “drug abuse”[tw] OR “non-medical use”[tw] OR “non 

medical use”[tw] OR addiction[tw] OR dependence[tw] OR “substance use disorder”[tw] OR 

SUD[tw] OR “opioid use disorder”[tw] OR OUD[tw] OR overdose[tw] OR “overdose death”[tw] 

OR “opioid overdose death”[tw] OR “overdose related hospitalization”[tw] OR “overdose 

reversal”[tw] OR “opioid overdose reversal”[tw] OR withdrawal[tw] OR “non-fatal 
overdose”[tw] OR “non fatal overdose”[tw] OR diversion[tw] OR “drug diversion”[tw] OR 

“intravenous drug use”[tw] OR “IV drug use”[tw] OR “injection drug use”[tw] OR snort[tw] OR 

snorts[tw] OR snorting[tw] OR snorted[tw] OR intranasal[tw] OR crush[tw] OR crushed[tw] OR 
“people who inject”[tw] OR “people who inject drugs”[tw] OR PWID[tw] OR “people who use 

drugs”[tw] OR PWUD[tw] OR “performance enhancing”[tw] OR “performance-enhancing”[tw] 

OR doping[tw] OR "thrombotic microangiopathy"[tw] OR "thrombotic thrombocytopenic 
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purpura"[tw] OR "TTP"[tw] OR poisoning[tw] OR mortality[tw] OR death[tw] OR “respiratory 

depression”[tw] OR phlebitis[tw] OR “skin infection”[tw] OR “skin infections”[tw] OR “extra-
medical”[tw] OR “unintended misuse”[tw] OR recreational[tw] OR “adverse effects”[tw]) AND 

("systematic review"[tw] OR cohort[tw] OR "matched-cohort"[tw] OR “matched cohort”[tw] OR 

"case-control"[tw] OR "cross sectional"[tw] OR "cross-sectional"[tw] OR survey[tw] OR 
observational[tw] OR "prevalence study"[tw] OR "longitudinal study"[tw] OR "before-after 
study"[tw] OR “pre-intervention”[tw] OR “post-intervention”[tw] OR “pre-post”[tw] OR “real 

world”[tw] OR “real-world”[tw] OR “interrupted time-series”[tw] OR “interrupted time 

series”[tw] OR "population-based"[tw] OR “case report”[tw] OR “case-report”[tw] OR “case 

series”[tw] OR “case-series”[tw] OR retrospective[tw] OR prospective[tw] OR "pooled 

analysis"[tw] OR crossover[tw] OR “meta-analysis”[tw] OR “meta analysis”[tw] OR 

incidence[tw] OR prevalence[tw] OR rate[tw] OR rates[tw] OR database[tw] OR datalink[tw] 
OR "claims data"[tw] OR "administrative database"[tw] OR "insurance claim"[tw] OR "insurance 
database"[tw] OR "claims database"[tw] OR "pharmaceutical claims"[tw] OR "drug 
utilization"[tw] OR "electronic health records"[tw] OR EHR[tw] OR "electronic medical 
records"[tw] OR EMR[tw] OR registry[tw] OR registries[tw] OR biobank[tw] OR “researched 

abuse, diversion, and addiction-related surveillance system”[tw] OR RADARS[tw] OR “national 

addictions vigilance intervention and prevention program”[tw] OR NAVIPPRO[tw] OR 

Inflexxion[tw] OR “national poison data system”[tw] OR NPDS[tw] OR “addiction severity 

index-multimedia version”[tw] OR “ASI-MV”[tw] OR “American association of poison control 

centers”[tw] OR AAPCC[tw] OR “drug-involved mortality”[tw] OR DIM[tw] OR “national vital 
statistics system, mortality”[tw] OR “NVSS-M”[tw] OR “national survey on drug use and 

health”[tw] OR NSDUH[tw] OR “monitoring the future”[tw] OR MTF[tw] OR “national survey 

of substance abuse treatment services”[tw] OR “N-SSATS”[tw] OR “treatment episode data 
set”[tw] OR TEDS[tw] OR “survey of key informants’ patients”[tw] OR SKIP[tw] OR “opioid 

treatment program”[tw] OR OTP[tw] OR “national forensic laboratory information system”[tw] 

OR NFLIS[tw]) NOT (“randomized control trial”[tw] OR “randomized-control trial”[tw] OR 

“randomized control trials”[tw] OR “randomized-control trials”[tw] OR “randomized controlled 

trial”[tw] OR “randomized controlled trials”[tw] OR “randomized-controlled trial”[tw] OR 

“randomized-controlled trials”[tw] OR “randomised control trial”[tw] OR “randomised-control 
trial”[tw] OR “randomised control trials”[tw] OR “randomised-control trials”[tw] OR 

“randomised controlled trial”[tw] OR “randomised controlled trials”[tw] OR “randomised-
controlled trial”[tw] OR “randomised-controlled trials”[tw] OR RCT[tw] OR “randomized 

trial”[tw] OR “randomised trial”[tw] OR “randomized control”[tw] OR “randomised control”[tw] 

OR “cluster-randomized trial”[tw] OR “cluster-randomised trial”[tw] OR “randomized double-
blind”[tw] OR “clinical trial”[tw] OR “clinical trials”[tw] OR “clinical study”[tw] OR “clinical 

studies”[tw] OR “clinical conference”[tw] OR “clinical conferences”[tw] OR “open label”[tw] 

OR “open-label”[tw] OR “phase I”[tw] OR “phase 1”[tw] OR “phase II”[tw] OR “phase 2”[tw] 

OR “phase III”[tw] OR “phase 3”[tw] OR autobiography[tw] OR biography[tw] OR “patient 

education handout”[tw] OR webcast[tw]) NOT (cell[tw] OR "cell line"[tw] OR cellular[tw] OR 

tissue[tw] OR "in vitro"[tw] OR “in vivo”[tw] OR spectroscopic[tw] OR spectrometer[tw] OR 

spectrophotometry[tw] OR "transformation products"[tw] OR "gene variants"[tw] OR plant[tw] 
OR pharmacokinetic[tw] OR pharmacodynamic[tw] OR microscopy[tw] OR chromatography[tw] 
OR “mass spectrometry”[tw] OR “Hot-Melt”[tw] OR “injection-molding”[tw] OR “laboratory-
based”[tw] OR excipients[tw] OR bioequivalence[tw] OR “dissolution studies”[tw]) NOT 

(“Hormone replacement therapy”[tw] OR HRT[tw] OR “estrogen replacement therapy”[tw] OR 

“androgen replacement therapy”[tw] OR “oncologic hormone therapy”[tw] OR “transgender 
hormone therapy”[tw] OR “hormone therapy”[tw] OR “growth hormone deficiency”[tw] OR 

“androgen deprivation therapy”[tw] OR “estrogen deprivation therapy”[tw] OR “Klinefelter 

syndrome”[tw] OR “Turner syndrome”[tw] OR hypogonadism[tw] OR hyperthyroidism[tw] OR 
hypothyroidism[tw] OR “prostate specific antigen”[tw] OR PSA[tw] OR “opioid sparing”[tw] 
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OR “opioid-sparing”[tw] OR “nerve block”[tw] OR “nerve blocks”[tw] OR “nerve blockade”[tw] 

OR “nerve blockades”[tw] OR “neural blockade”[tw] OR “neural blockades”[tw] OR 

“intravenous regional anesthesia”[tw] OR “local nerve block”[tw] OR “local anesthetic nerve 

block”[tw] OR “central nerve block”[tw] OR epidural[tw] OR epidurals[tw] OR “spinal 

anesthesia”[tw] OR “neurolytic block”[tw] OR “neurolytic blocks”[tw] OR “neonatal abstinence 

syndrome”[tw] OR NAS[tw] OR “neonatal opioid withdrawal syndrome”[tw] OR “amniotic fluid 

embolism”[tw] OR “opioid induced constipation”[tw] OR “opioid-induced constipation”[tw] OR 

OIC[tw] OR “enhanced recovery”[tw] OR “enhanced recovery after surgery”[tw] OR “total 

intravenous anesthesia”[tw] OR TIVA[tw] OR “palliative sedation”[tw] OR intrathecal[tw] OR 

“extracorporeal membrane oxygenation”[tw] OR ECMO[tw]) NOT (animals[tw] OR animal[tw] 

OR "Pogona vitticeps"[tw] OR mice[tw] OR mus[tw] OR mouse[tw] OR murine[tw] OR 
woodmouse[tw] OR rats[tw] OR rat[tw] OR murinae[tw] OR muridae[tw] OR cottonrat[tw] OR 
cottonrats[tw] OR hamster[tw] OR hamsters[tw] OR cricetinae[tw] OR rodentia[tw] OR 
rodent[tw] OR rodents[tw] OR pigs[tw] OR pig[tw] OR swine[tw] OR swines[tw] OR piglets[tw] 
OR piglet[tw] OR boar[tw] OR boars[tw] OR "sus scrofa"[tw] OR ferrets[tw] OR ferret[tw] OR 
polecat[tw] OR polecats[tw] OR "mustela putorius"[tw] OR "guinea pigs"[tw] OR "guinea 
pig"[tw] OR cavia[tw] OR callithrix[tw] OR marmoset[tw] OR marmosets[tw] OR cebuella[tw] 
OR hapale[tw] OR octodon[tw] OR chinchilla[tw] OR chinchillas[tw] OR gerbillinae[tw] OR 
gerbil[tw] OR gerbils[tw] OR jird[tw] OR jirds[tw] OR merione[tw] OR meriones[tw] OR 
rabbits[tw] OR rabbit[tw] OR hares[tw] OR hare[tw] OR diptera[tw] OR flies[tw] OR fly[tw] OR 
dipteral[tw] OR drosphila[tw] OR drosophilidae[tw] OR cats[tw] OR cat[tw] OR carus[tw] OR 
felis[tw] OR nematoda[tw] OR nematode[tw] OR nematoda[tw] OR nematode[tw] OR 
nematodes[tw] OR sipunculida[tw] OR dogs[tw] OR dog[tw] OR canine[tw] OR canines[tw] OR 
canis[tw] OR sheep[tw] OR sheeps[tw] OR mouflon[tw] OR mouflons[tw] OR ovis[tw] OR 
goats[tw] OR goat[tw] OR capra[tw] OR capras[tw] OR rupicapra[tw] OR chamois[tw] OR 
haplorhini[tw] OR monkey[tw] OR monkeys[tw] OR anthropoidea[tw] OR anthropoids[tw] OR 
saguinus[tw] OR tamarin[tw] OR tamarins[tw] OR leontopithecus[tw] OR hominidae[tw] OR 
ape[tw] OR apes[tw] OR pan[tw] OR paniscus[tw] OR "pan paniscus"[tw] OR bonobo[tw] OR 
bonobos[tw] OR troglodytes[tw] OR "pan troglodytes"[tw] OR gibbon[tw] OR gibbons[tw] OR 
siamang[tw] OR siamangs[tw] OR nomascus[tw] OR symphalangus[tw] OR chimpanzee[tw] OR 
chimpanzees[tw] OR prosimians[tw] OR "bush baby"[tw] OR prosimian[tw] OR "bush 
babies"[tw] OR galagos[tw] OR galago[tw] OR pongidae[tw] OR gorilla[tw] OR gorillas[tw] OR 
pongo[tw] OR pygmaeus[tw] OR "pongo pygmaeus"[tw] OR orangutans[tw] OR pygmaeus[tw] 
OR lemur[tw] OR lemurs[tw] OR lemuridae[tw] OR horse[tw] OR horses[tw] OR pongo[tw] OR 
equus[tw] OR cow[tw] OR calf[tw] OR bull[tw] OR chicken[tw] OR chickens[tw] OR gallus[tw] 
OR quail[tw] OR bird[tw] OR birds[tw] OR quails[tw] OR poultry[tw] OR poultries[tw] OR 
fowl[tw] OR fowls[tw] OR reptile[tw] OR reptilia[tw] OR reptiles[tw] OR snakes[tw] OR 
snake[tw] OR lizard[tw] OR lizards[tw] OR alligator[tw] OR alligators[tw] OR crocodile[tw] OR 
crocodiles[tw] OR turtle[tw] OR turtles[tw] OR amphibian[tw] OR amphibians[tw] OR 
amphibia[tw] OR frog[tw] OR frogs[tw] OR bombina[tw] OR salientia[tw] OR toad[tw] OR 
toads[tw] OR "epidalea calamita"[tw] OR salamander[tw] OR salamanders[tw] OR eel[tw] OR 
eels[tw] OR fish[tw] OR fishes[tw] OR pisces[tw] OR catfish[tw] OR catfishes[tw] OR 
siluriformes[tw] OR arius[tw] OR heteropneustes[tw] OR sheatfish[tw] OR perch[tw] OR 
perches[tw] OR percidae[tw] OR perca[tw] OR trout[tw] OR trouts[tw] OR char[tw] OR 
chars[tw] OR salvelinus[tw] OR "fathead minnow"[tw] OR minnow[tw] OR cyprinidae[tw] OR 
carps[tw] OR carp[tw] OR zebrafish[tw] OR zebrafishes[tw] OR goldfish[tw] OR goldfishes[tw] 
OR guppy[tw] OR guppies[tw] OR chub[tw] OR chubs[tw] OR tinca[tw] OR barbels[tw] OR 
barbus[tw] OR pimephales[tw] OR promelas[tw] OR "poecilia reticulata"[tw] OR mullet[tw] OR 
mullets[tw] OR seahorse[tw] OR seahorses[tw] OR mugil curema[tw] OR "atlantic cod"[tw] OR 
shark[tw] OR sharks[tw] OR catshark[tw] OR anguilla[tw] OR salmonid[tw] OR salmonids[tw] 
OR whitefish[tw] OR whitefishes[tw] OR salmon[tw] OR salmons[tw] OR sole[tw] OR solea[tw] 
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OR "sea lamprey"[tw] OR lamprey[tw] OR lampreys[tw] OR pumpkinseed[tw] OR sunfish[tw] 
OR sunfishes[tw] OR tilapia[tw] OR tilapias[tw] OR turbot[tw] OR turbots[tw] OR flatfish[tw] 
OR flatfishes[tw] OR sciuridae[tw] OR squirrel[tw] OR squirrels[tw] OR chipmunk[tw] OR 
chipmunks[tw] OR suslik[tw] OR susliks[tw] OR vole[tw] OR voles[tw] OR lemming[tw] OR 
lemmings[tw] OR muskrat[tw] OR muskrats[tw] OR lemmus[tw] OR otter[tw] OR otters[tw] OR 
marten[tw] OR martens[tw] OR martes[tw] OR weasel[tw] OR badger[tw] OR badgers[tw] OR 
ermine[tw] OR mink[tw] OR minks[tw] OR sable[tw] OR sables[tw] OR gulo[tw] OR gulos[tw] 
OR wolverine[tw] OR wolverines[tw] OR minks[tw] OR mustela[tw] OR llama[tw] OR 
llamas[tw] OR alpaca[tw] OR alpacas[tw] OR camelid[tw] OR camelids[tw] OR guanaco[tw] OR 
guanacos[tw] OR chiroptera[tw] OR chiropteras[tw] OR bat[tw] OR bats[tw] OR fox[tw] OR 
foxes[tw] OR iguana[tw] OR iguanas[tw] OR "xenopus laevis"[tw] OR parakeet[tw] OR 
parakeets[tw] OR parrot[tw] OR parrots[tw] OR donkey[tw] OR donkeys[tw] OR mule[tw] OR 
mules[tw] OR zebra[tw] OR zebras[tw] OR shrew[tw] OR shrews[tw] OR bison[tw] OR 
bisons[tw] OR buffalo[tw] OR buffaloes[tw] OR deer[tw] OR deers[tw] OR bear[tw] OR 
bears[tw] OR panda[tw] OR pandas[tw] OR "wild hog"[tw] OR "wild boar"[tw] OR fitchew[tw] 
OR fitch[tw] OR beaver[tw] OR beavers[tw] OR jerboa[tw] OR jerboas[tw] OR capybara[tw] OR 
capybaras[tw]) AND “2010/01/01”[Date - Entrez] : “2020/04/01”[Date – Entrez] 

Embase:  
(bipolar OR 'manic depression'/exp OR 'manic depression' OR 'schizophrenia'/exp OR schizophrenia) 
AND ('opium'/exp OR opium OR 'opium tincture'/exp OR 'opium tincture' OR 'paregoric'/exp 
OR paregoric OR 'morphine'/exp OR morphine OR 'kadian'/exp OR kadian OR 'morphabond'/exp 
OR morphabond OR 'arymo'/exp OR arymo OR 'ms contin'/exp OR 'ms contin' OR 'msir'/exp 
OR msir OR 'astramorph'/exp OR astramorph OR 'duramorph'/exp OR duramorph OR 'infumorph'/exp 
OR infumorph OR 'depodur'/exp OR depodur OR 'avinza'/exp OR avinza OR 'mitigo'/exp 
OR mitigo OR 'oramorph'/exp OR oramorph OR 'apomorphine'/exp OR apomorphine OR 'apokyn'/exp 
OR apokyn OR 'morphine-naltrexone' OR 'embeda'/exp OR embeda OR 'oxymorphone'/exp 
OR oxymorphone OR 'opana'/exp OR opana OR 'hydromorphone'/exp 
OR hydromorphone OR 'dilaudid'/exp OR dilaudid OR 'exalgo'/exp OR exalgo OR 'fentanyl'/exp 
OR fentanyl OR 'transmucosal immediate-release fentanyl' OR tirf OR 'subsys'/exp 
OR subsys OR 'duragesic'/exp OR duragesic OR 'fentora'/exp OR fentora OR 'ionsys'/exp 
OR ionsys OR 'actiq'/exp OR actiq OR 'lazanda'/exp OR lazanda OR 'abstral'/exp 
OR abstral OR 'sublimaze'/exp OR sublimaze OR 'innovar'/exp OR innovar OR 'sufentanil'/exp 
OR sufentanil OR 'sufenta'/exp OR sufenta OR 'dsuvia'/exp OR dsuvia OR 'codeine'/exp 
OR codeine OR 'fioricet with codeine'/exp OR 'fioricet with codeine' OR 'pentazine with 
codeine' OR 'promethazine with codeine'/exp OR 'promethazine with codeine' OR 'promethazine vc with 
codeine'/exp OR 'promethazine vc with codeine' OR 'cheratussin ac'/exp OR 'cheratussin 
ac' OR 'guaiatussin ac'/exp OR 'guaiatussin ac' OR 'guaifenesin-codeine' OR 'brontex'/exp 
OR brontex OR 'tylenol with codeine'/exp OR 'tylenol with codeine' OR 'tylenol #3' OR 'tylenol 
#4' OR 'dihydrocodeine'/exp OR dihydrocodeine OR 'trezix'/exp OR trezix OR 'hydrocodone'/exp 
OR hydrocodone OR 'zohydro'/exp OR zohydro OR 'hysingla'/exp OR hysingla OR 'hydrocodone-
acetaminophen' OR 'vicodin'/exp OR vicodin OR 'lorcet'/exp OR lorcet OR 'lortab'/exp 
OR lortab OR 'norco'/exp OR norco OR verdrocet OR 'hydrocodone-homatropine' OR 'tussigon'/exp 
OR tussigon OR 'hydromet'/exp OR hydromet OR 'hydrocodone-
ibuprofen' OR ibudone OR 'vicoprofen'/exp OR vicoprofen OR 'reprexain'/exp 
OR reprexain OR 'oxycodone'/exp OR oxycodone OR 'roxicodone'/exp OR roxicodone OR 'roxybond'/exp 
OR roxybond OR 'oxyir'/exp OR oxyir OR 'oxycontin'/exp OR oxycontin OR 'xtampza'/exp 
OR xtampza OR 'oxaydo'/exp OR oxaydo OR 'oxycodone-acetaminophen'/exp OR 'oxycodone-
acetaminophen' OR 'percocet'/exp OR percocet OR 'endocet'/exp 
OR endocet OR nalocet OR 'roxicet'/exp OR roxicet OR 'primlev'/exp OR primlev OR 'oxycodone-
aspirin' OR 'percodan'/exp OR percodan OR 'oxycodone-ibuprofen'/exp OR 'oxycodone-
ibuprofen' OR 'meperidine'/exp OR meperidine OR 'demerol'/exp OR demerol OR 'tapentadol'/exp 
OR tapentadol OR 'nucynta'/exp OR nucynta OR 'pentazocine'/exp OR pentazocine OR 'alfentanil'/exp 
OR alfentanil OR 'alfenta'/exp OR alfenta OR 'tramadol'/exp OR tramadol OR 'ultram'/exp 
OR ultram OR 'ryzolt'/exp OR ryzolt OR 'conzip'/exp OR conzip OR 'tramadol-acetaminophen'/exp 
OR 'tramadol-acetaminophen' OR 'ultracet'/exp OR ultracet OR 'buprenorphine'/exp 
OR buprenorphine OR 'butrans'/exp OR butrans OR 'belbuca'/exp OR belbuca OR 'buprenex'/exp 
OR buprenex OR 'probuphine'/exp OR probuphine OR 'sublocade'/exp 
OR sublocade OR 'buprenorphine-naloxone'/exp OR 'buprenorphine-naloxone' OR 'suboxone'/exp 
OR suboxone OR 'zubsolv'/exp OR zubsolv OR 'bunavail'/exp OR bunavail OR 'cassipa'/exp 
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OR cassipa OR 'levacetylmethadol'/exp OR levacetylmethadol OR 'orlaam'/exp 
OR orlaam OR laam OR 'levo-α-acetylmethadol' OR 'butorphanol'/exp 
OR butorphanol OR 'methadone'/exp OR methadone OR 'dolophine'/exp 
OR dolophine OR 'methadose'/exp OR methadose OR 'levorphanol'/exp 
OR levorphanol OR 'nalbuphine'/exp OR nalbuphine OR 'remifentanil'/exp OR remifentanil OR 'ultiva'/exp 
OR ultiva OR 'carfentanil'/exp OR carfentanil OR 'naloxone'/exp OR naloxone OR 'narcan'/exp 
OR narcan OR 'evzio'/exp OR evzio OR 'naltrexone'/exp OR naltrexone OR 'vivitrol'/exp 
OR vivitrol OR 'naltrexone-bupropion'/exp OR 'naltrexone-bupropion' OR 'contrave'/exp 
OR contrave OR 'methylnaltrexone'/exp OR methylnaltrexone OR 'relistor'/exp 
OR relistor OR 'nalmefene'/exp OR nalmefene OR 'revex'/exp OR revex OR 'opioid'/exp 
OR opioid OR opioids OR narcotic OR 'narcotics'/exp OR narcotics OR 'opioid analgesic' OR 'opioid 
analgesics' OR 'opioid antagonist'/exp OR 'opioid antagonist' OR 'opioid antagonists' OR 'medication-
assisted treatment' OR 'medication assisted treatment'/exp OR 'medication assisted treatment' OR mat) 
AND (misuse OR 'drug misuse'/exp OR 'drug misuse' OR 'abuse'/exp OR abuse OR 'drug abuse'/exp 
OR 'drug abuse' OR 'non-medical use' OR 'non medical use' OR 'addiction'/exp 
OR addiction OR 'dependence'/exp OR dependence OR 'substance use disorder'/exp OR 'substance use 
disorder' OR sud OR 'opioid use disorder'/exp OR 'opioid use disorder' OR oud OR 'overdose'/exp 
OR overdose OR 'overdose death' OR 'opioid overdose death' OR 'overdose related 
hospitalization' OR 'overdose reversal' OR 'opioid overdose reversal' OR 'withdrawal'/exp 
OR withdrawal OR 'non-fatal overdose' OR 'non fatal overdose' OR 'diversion'/exp 
OR diversion OR 'drug diversion'/exp OR 'drug diversion' OR 'intravenous drug use' OR 'iv drug 
use' OR 'injection drug use'/exp OR 'injection drug use' OR snort OR snorts OR 'snorting'/exp 
OR snorting OR snorted OR intranasal OR crush OR crushed OR 'people who inject' OR 'people who 
inject drugs'/exp OR 'people who inject drugs' OR pwid OR 'people who use 
drugs' OR pwud OR 'performance enhancing' OR 'performance-enhancing' OR 'doping'/exp 
OR doping OR 'thrombotic microangiopathy'/exp OR 'thrombotic microangiopathy' OR 'thrombotic 
thrombocytopenic purpura'/exp OR 'thrombotic thrombocytopenic purpura' OR 'ttp' OR 'poisoning'/exp 
OR poisoning OR 'mortality'/exp OR mortality OR 'death'/exp OR death OR 'respiratory depression'/exp 
OR 'respiratory depression' OR 'phlebitis'/exp OR phlebitis OR 'skin infection'/exp OR 'skin 
infection' OR 'skin infections' OR 'extra-medical' OR 'unintended misuse' OR recreational OR 'adverse 
effects'/exp OR 'adverse effects') AND ('systematic review'/exp OR 'systematic 
review' OR cohort OR 'matched-cohort' OR 'matched cohort' OR 'case-control' OR 'cross 
sectional' OR 'cross-sectional' OR 'survey'/exp OR survey OR observational OR 'prevalence study'/exp 
OR 'prevalence study' OR 'longitudinal study'/exp OR 'longitudinal study' OR 'before-after 
study' OR 'pre-intervention' OR 'post-intervention' OR 'pre-post' OR 'real world' OR 'real-
world' OR 'interrupted time-series' OR 'interrupted time series' OR 'population-based' OR 'case 
report'/exp OR 'case report' OR 'case-report'/exp OR 'case-report' OR 'case series'/exp OR 'case 
series' OR 'case-series'/exp OR 'case-series' OR retrospective OR prospective OR 'pooled analysis'/exp 
OR 'pooled analysis' OR crossover OR 'meta-analysis'/exp OR 'meta-analysis' OR 'meta analysis'/exp 
OR 'meta analysis' OR 'incidence'/exp OR incidence OR 'prevalence'/exp 
OR prevalence OR rate OR rates OR 'database'/exp OR database OR datalink OR 'claims 
data' OR 'administrative database'/exp OR 'administrative database' OR 'insurance claim' OR 'insurance 
database' OR 'claims database' OR 'pharmaceutical claims' OR 'drug utilization'/exp OR 'drug 
utilization' OR 'electronic health records'/exp OR 'electronic health records' OR ehr OR 'electronic 
medical records' OR emr OR 'registry'/exp OR registry OR 'registries'/exp OR registries OR 'biobank'/exp 
OR biobank OR 'researched abuse, diversion, and addiction-related surveillance 
system' OR radars OR 'national addictions vigilance intervention and prevention 
program' OR navippro OR inflexxion OR 'national poison data system' OR npds OR 'addiction severity 
index-multimedia version' OR 'asi-mv' OR 'american association of poison control 
centers' OR aapcc OR 'drug-involved mortality' OR dim OR 'national vital statistics system, 
mortality' OR 'nvss-m' OR 'national survey on drug use and health' OR nsduh OR 'monitoring the 
future' OR mtf OR 'national survey of substance abuse treatment services' OR 'n-ssats' OR 'treatment 
episode data set' OR teds OR 'survey of key informants patients' OR skip OR 'opioid treatment 
program' OR otp OR 'national forensic laboratory information system' OR nflis) NOT ('randomized 
control trial' OR 'randomized-control trial' OR 'randomized control trials' OR 'randomized-control 
trials' OR 'randomized controlled trial'/exp OR 'randomized controlled trial' OR 'randomized controlled 
trials'/exp OR 'randomized controlled trials' OR 'randomized-controlled trial'/exp OR 'randomized-
controlled trial' OR 'randomized-controlled trials'/exp OR 'randomized-controlled trials' OR 'randomised 
control trial' OR 'randomised-control trial' OR 'randomised control trials' OR 'randomised-control 
trials' OR 'randomised controlled trial'/exp OR 'randomised controlled trial' OR 'randomised controlled 
trials' OR 'randomised-controlled trial'/exp OR 'randomised-controlled trial' OR 'randomised-controlled 
trials' OR rct OR 'randomized trial' OR 'randomised trial' OR 'randomized control' OR 'randomised 
control' OR 'cluster-randomized trial' OR 'cluster-randomised trial' OR 'randomized double-
blind' OR 'clinical trial'/exp OR 'clinical trial' OR 'clinical trials'/exp OR 'clinical trials' OR 'clinical 
study'/exp OR 'clinical study' OR 'clinical studies' OR 'clinical conference' OR 'clinical 
conferences' OR 'open label' OR 'open-label' OR 'phase i' OR 'phase 1' OR 'phase ii' OR 'phase 
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2' OR 'phase iii' OR 'phase 3' OR 'autobiography'/exp OR autobiography OR 'biography'/exp 
OR biography OR 'patient education handout' OR 'webcast'/exp OR webcast) NOT ('cell'/exp 
OR cell OR 'cell line'/exp OR 'cell line' OR cellular OR 'tissue'/exp OR tissue OR 'in vitro'/exp OR 'in 
vitro' OR 'in vivo'/exp OR 'in vivo' OR spectroscopic OR 'spectrometer'/exp 
OR spectrometer OR 'spectrophotometry'/exp OR spectrophotometry OR 'transformation 
products' OR 'gene variants' OR 'plant'/exp OR plant OR 'pharmacokinetic'/exp 
OR pharmacokinetic OR pharmacodynamic OR 'microscopy'/exp 
OR microscopy OR 'chromatography'/exp OR chromatography OR 'mass spectrometry'/exp OR 'mass 
spectrometry' OR 'hot-melt' OR 'injection-molding' OR 'laboratory-based' OR 'excipients'/exp 
OR excipients OR 'bioequivalence'/exp OR bioequivalence OR 'dissolution studies') NOT ('hormone 
replacement therapy'/exp OR 'hormone replacement therapy' OR hrt OR 'estrogen replacement 
therapy'/exp OR 'estrogen replacement therapy' OR 'androgen replacement therapy' OR 'oncologic 
hormone therapy' OR 'transgender hormone therapy' OR 'hormone therapy'/exp OR 'hormone 
therapy' OR 'growth hormone deficiency'/exp OR 'growth hormone deficiency' OR 'androgen deprivation 
therapy'/exp OR 'androgen deprivation therapy' OR 'estrogen deprivation therapy' OR 'klinefelter 
syndrome'/exp OR 'klinefelter syndrome' OR 'turner syndrome'/exp OR 'turner 
syndrome' OR 'hypogonadism'/exp OR hypogonadism OR 'hyperthyroidism'/exp 
OR hyperthyroidism OR 'hypothyroidism'/exp OR hypothyroidism OR 'prostate specific antigen'/exp 
OR 'prostate specific antigen' OR psa OR 'opioid sparing' OR 'opioid-sparing' OR 'nerve block'/exp 
OR 'nerve block' OR 'nerve blocks' OR 'nerve blockade'/exp OR 'nerve blockade' OR 'nerve 
blockades' OR 'neural blockade' OR 'neural blockades' OR 'intravenous regional anesthesia'/exp 
OR 'intravenous regional anesthesia' OR 'local nerve block' OR 'local anesthetic nerve 
block' OR 'central nerve block' OR epidural OR epidurals OR 'spinal anesthesia'/exp OR 'spinal 
anesthesia' OR 'neurolytic block' OR 'neurolytic blocks' OR 'neonatal abstinence syndrome'/exp 
OR 'neonatal abstinence syndrome' OR nas OR 'neonatal opioid withdrawal syndrome' OR 'amniotic 
fluid embolism'/exp OR 'amniotic fluid embolism' OR 'opioid induced constipation'/exp OR 'opioid 
induced constipation' OR 'opioid-induced constipation'/exp OR 'opioid-induced 
constipation' OR oic OR 'enhanced recovery'/exp OR 'enhanced recovery' OR 'enhanced recovery after 
surgery'/exp OR 'enhanced recovery after surgery' OR 'total intravenous anesthesia'/exp OR 'total 
intravenous anesthesia' OR tiva OR 'palliative sedation'/exp OR 'palliative 
sedation' OR intrathecal OR 'extracorporeal membrane oxygenation'/exp OR 'extracorporeal membrane 
oxygenation' OR ecmo) NOT ('animals'/exp OR animals OR 'animal'/exp OR animal OR 'pogona 
vitticeps'/exp OR 'pogona vitticeps' OR 'mice'/exp OR mice OR mus OR 'mouse'/exp 
OR mouse OR 'murine'/exp OR murine OR woodmouse OR 'rats'/exp OR rats OR 'rat'/exp 
OR rat OR 'murinae'/exp OR murinae OR 'muridae'/exp 
OR muridae OR cottonrat OR cottonrats OR 'hamster'/exp OR hamster OR 'hamsters'/exp 
OR hamsters OR 'cricetinae'/exp OR cricetinae OR 'rodentia'/exp OR rodentia OR 'rodent'/exp 
OR rodent OR 'rodents'/exp OR rodents OR 'pigs'/exp OR pigs OR 'pig'/exp OR pig OR 'swine'/exp 
OR swine OR swines OR 'piglets'/exp OR piglets OR 'piglet'/exp OR piglet OR 'boar'/exp 
OR boar OR boars OR 'sus scrofa'/exp OR 'sus scrofa' OR 'ferrets'/exp OR ferrets OR 'ferret'/exp 
OR ferret OR 'polecat'/exp OR polecat OR polecats OR 'mustela putorius'/exp OR 'mustela 
putorius' OR 'guinea pigs'/exp OR 'guinea pigs' OR 'guinea pig'/exp OR 'guinea pig' OR 'cavia'/exp 
OR cavia OR 'callithrix'/exp OR callithrix OR 'marmoset'/exp OR marmoset OR 'marmosets'/exp 
OR marmosets OR cebuella OR hapale OR 'octodon'/exp OR octodon OR 'chinchilla'/exp 
OR chinchilla OR chinchillas OR 'gerbillinae'/exp OR gerbillinae OR 'gerbil'/exp 
OR gerbil OR 'gerbils'/exp OR gerbils OR 'jird'/exp OR jird OR 'jirds'/exp 
OR jirds OR merione OR 'meriones'/exp OR meriones OR 'rabbits'/exp OR rabbits OR 'rabbit'/exp 
OR rabbit OR 'hares'/exp OR hares OR 'hare'/exp OR hare OR 'diptera'/exp OR diptera OR 'flies'/exp 
OR flies OR 'fly'/exp OR fly OR dipteral OR drosphila OR 'drosophilidae'/exp 
OR drosophilidae OR 'cats'/exp OR cats OR 'cat'/exp OR cat OR carus OR 'felis'/exp 
OR felis OR 'nematoda'/exp OR nematoda OR 'nematode'/exp OR nematode OR 'nematodes'/exp 
OR nematodes OR 'sipunculida'/exp OR sipunculida OR 'dogs'/exp OR dogs OR 'dog'/exp 
OR dog OR 'canine'/exp OR canine OR canines OR 'canis'/exp OR canis OR 'sheep'/exp 
OR sheep OR sheeps OR 'mouflon'/exp OR mouflon OR 'mouflons'/exp OR mouflons OR 'ovis'/exp 
OR ovis OR 'goats'/exp OR goats OR 'goat'/exp OR goat OR 'capra'/exp 
OR capra OR capras OR 'rupicapra'/exp OR rupicapra OR 'chamois'/exp OR chamois OR 'haplorhini'/exp 
OR haplorhini OR 'monkey'/exp OR monkey OR 'monkeys'/exp OR monkeys OR 'anthropoidea'/exp 
OR anthropoidea OR 'anthropoids'/exp OR anthropoids OR 'saguinus'/exp OR saguinus OR 'tamarin'/exp 
OR tamarin OR 'tamarins'/exp OR tamarins OR 'leontopithecus'/exp 
OR leontopithecus OR 'hominidae'/exp OR hominidae OR 'ape'/exp OR ape OR 'apes'/exp 
OR apes OR pan OR paniscus OR 'pan paniscus'/exp OR 'pan paniscus' OR 'bonobo'/exp 
OR bonobo OR bonobos OR troglodytes OR 'pan troglodytes'/exp OR 'pan troglodytes' OR 'gibbon'/exp 
OR gibbon OR 'gibbons'/exp OR gibbons OR 'siamang'/exp 
OR siamang OR siamangs OR 'nomascus'/exp OR nomascus OR 'symphalangus'/exp 
OR symphalangus OR 'chimpanzee'/exp OR chimpanzee OR chimpanzees OR 'prosimians'/exp 
OR prosimians OR 'bush baby' OR 'prosimian'/exp OR prosimian OR 'bush babies' OR 'galagos'/exp 
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OR galagos OR 'galago'/exp OR galago OR 'pongidae'/exp OR pongidae OR 'gorilla'/exp 
OR gorilla OR gorillas OR 'pongo pygmaeus'/exp OR 'pongo 
pygmaeus' OR orangutans OR pygmaeus OR 'lemur'/exp OR lemur OR 'lemurs'/exp 
OR lemurs OR 'lemuridae'/exp OR lemuridae OR 'horse'/exp OR horse OR 'horses'/exp 
OR horses OR 'pongo'/exp OR pongo OR 'equus'/exp OR equus OR 'cow'/exp OR cow OR 'calf'/exp 
OR calf OR 'bull'/exp OR bull OR 'chicken'/exp OR chicken OR 'chickens'/exp 
OR chickens OR 'gallus'/exp OR gallus OR 'quail'/exp OR quail OR 'bird'/exp OR bird OR 'birds'/exp 
OR birds OR 'quails'/exp OR quails OR 'poultry'/exp OR poultry OR poultries OR 'fowl'/exp 
OR fowl OR 'fowls'/exp OR fowls OR 'reptile'/exp OR reptile OR 'reptilia'/exp OR reptilia OR 'reptiles'/exp 
OR reptiles OR 'snakes'/exp OR snakes OR 'snake'/exp OR snake OR 'lizard'/exp 
OR lizard OR 'lizards'/exp OR lizards OR 'alligator'/exp OR alligator OR alligators OR 'crocodile'/exp 
OR crocodile OR crocodiles OR 'turtle'/exp OR turtle OR 'turtles'/exp OR turtles OR 'amphibian'/exp 
OR amphibian OR 'amphibians'/exp OR amphibians OR 'amphibia'/exp OR amphibia OR 'frog'/exp 
OR frog OR 'frogs'/exp OR frogs OR 'bombina'/exp OR bombina OR 'salientia'/exp 
OR salientia OR 'toad'/exp OR toad OR 'toads'/exp OR toads OR 'epidalea calamita'/exp OR 'epidalea 
calamita' OR 'salamander'/exp OR salamander OR 'salamanders'/exp OR salamanders OR 'eel'/exp 
OR eel OR 'eels'/exp OR eels OR 'fish'/exp OR fish OR 'fishes'/exp OR fishes OR pisces OR 'catfish'/exp 
OR catfish OR 'catfishes'/exp OR catfishes OR 'siluriformes'/exp OR siluriformes OR 'arius'/exp 
OR arius OR 'heteropneustes'/exp OR heteropneustes OR sheatfish OR 'perch'/exp 
OR perch OR 'perches'/exp OR perches OR 'percidae'/exp OR percidae OR perca OR 'trout'/exp 
OR trout OR trouts OR 'char'/exp OR char OR chars OR 'salvelinus'/exp OR salvelinus OR 'fathead 
minnow'/exp OR 'fathead minnow' OR 'minnow'/exp OR minnow OR 'cyprinidae'/exp 
OR cyprinidae OR 'carps'/exp OR carps OR 'carp'/exp OR carp OR 'zebrafish'/exp 
OR zebrafish OR zebrafishes OR 'goldfish'/exp OR goldfish OR goldfishes OR 'guppy'/exp 
OR guppy OR 'guppies'/exp 
OR guppies OR chub OR chubs OR tinca OR barbels OR barbus OR 'pimephales'/exp 
OR pimephales OR promelas OR 'poecilia reticulata'/exp OR 'poecilia reticulata' OR 'mullet'/exp 
OR mullet OR mullets OR 'seahorse'/exp OR seahorse OR 'seahorses'/exp OR seahorses OR 'mugil 
curema'/exp OR 'mugil curema' OR (('mugil'/exp OR mugil) AND curema) OR 'atlantic cod'/exp 
OR 'atlantic cod' OR 'shark'/exp OR shark OR 'sharks'/exp OR sharks OR catshark OR 'anguilla'/exp 
OR anguilla OR 'salmonid'/exp OR salmonid OR 'salmonids'/exp OR salmonids OR 'whitefish'/exp 
OR whitefish OR whitefishes OR 'salmon'/exp OR salmon OR salmons OR 'sole'/exp 
OR sole OR 'solea'/exp OR solea OR 'sea lamprey'/exp OR 'sea lamprey' OR 'lamprey'/exp 
OR lamprey OR 'lampreys'/exp OR lampreys OR pumpkinseed OR 'sunfish'/exp 
OR sunfish OR sunfishes OR 'tilapia'/exp OR tilapia OR tilapias OR 'turbot'/exp 
OR turbot OR turbots OR 'flatfish'/exp OR flatfish OR 'flatfishes'/exp OR flatfishes OR 'sciuridae'/exp 
OR sciuridae OR 'squirrel'/exp OR squirrel OR squirrels OR 'chipmunk'/exp 
OR chipmunk OR 'chipmunks'/exp OR chipmunks OR suslik OR susliks OR 'vole'/exp 
OR vole OR 'voles'/exp OR voles OR 'lemming'/exp OR lemming OR 'lemmings'/exp 
OR lemmings OR 'muskrat'/exp OR muskrat OR 'muskrats'/exp OR muskrats OR 'lemmus'/exp 
OR lemmus OR 'otter'/exp OR otter OR 'otters'/exp OR otters OR 'marten'/exp 
OR marten OR 'martens'/exp OR martens OR 'martes'/exp OR martes OR 'weasel'/exp 
OR weasel OR 'badger'/exp OR badger OR 'badgers'/exp OR badgers OR 'ermine'/exp 
OR ermine OR 'mink'/exp OR mink OR 'sable'/exp OR sable OR sables OR 'gulo'/exp 
OR gulo OR gulos OR 'wolverine'/exp OR wolverine OR 'wolverines'/exp OR wolverines OR 'minks'/exp 
OR minks OR 'mustela'/exp OR mustela OR 'llama'/exp OR llama OR llamas OR 'alpaca'/exp 
OR alpaca OR alpacas OR 'camelid'/exp OR camelid OR 'camelids'/exp OR camelids OR 'guanaco'/exp 
OR guanaco OR guanacos OR 'chiroptera'/exp OR chiroptera OR chiropteras OR 'bat'/exp 
OR bat OR 'bats'/exp OR bats OR 'fox'/exp OR fox OR 'foxes'/exp OR foxes OR 'iguana'/exp 
OR iguana OR 'iguanas'/exp OR iguanas OR 'xenopus laevis'/exp OR 'xenopus laevis' OR 'parakeet'/exp 
OR parakeet OR 'parakeets'/exp OR parakeets OR 'parrot'/exp OR parrot OR 'parrots'/exp 
OR parrots OR 'donkey'/exp OR donkey OR donkeys OR 'mule'/exp OR mule OR 'mules'/exp 
OR mules OR 'zebra'/exp OR zebra OR zebras OR 'shrew'/exp OR shrew OR 'shrews'/exp 
OR shrews OR 'bison'/exp OR bison OR bisons OR 'buffalo'/exp OR buffalo OR 'buffaloes'/exp 
OR buffaloes OR 'deer'/exp OR deer OR 'deers'/exp OR deers OR 'bear'/exp OR bear OR 'bears'/exp 
OR bears OR 'panda'/exp OR panda OR pandas OR 'wild hog'/exp OR 'wild hog' OR 'wild boar'/exp 
OR 'wild boar' OR fitchew OR fitch OR 'beaver'/exp 
OR beaver OR beavers OR jerboa OR jerboas OR 'capybara'/exp OR capybara OR capybaras) 

Web of Science: 

((Bipolar or “manic depression”  OR schizophrenia )  AND (opium  OR “opium 
tincture”  OR Paregoric  OR morphine  OR Kadian  OR MorphaBond  OR Arymo  OR “MS 
Contin”  OR MSIR  OR Astramorph  OR Duramorph  OR Infumorph  OR DepoDur  OR Avinza  OR Mitig
o  OR Oramorph  OR apomorphine  OR Apokyn  OR “morphine-
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naltrexone”  OR Embeda  OR oxymorphone  OR Opana  OR hydromorphone  OR Dilaudid  OR Exalg

o  OR fentanyl  OR “Transmucosal Immediate-Release 

Fentanyl”  OR TIRF  OR Subsys  OR Duragesic  OR Fentora  OR Ionsys  OR Actiq  OR Lazanda  OR Abst

ral  OR Sublimaze  OR Innovar  OR sufentanil  OR Sufenta  OR Dsuvia  OR codeine  OR “Fioricet with 

codeine”  OR “Pentazine with Codeine”  OR “promethazine with codeine”  OR “promethazine VC 

with codeine”  OR “Cheratussin AC”  OR “Guaiatussin AC”  OR “guaifenesin-
codeine”  OR Brontex  OR “tylenol with codeine”  OR “Tylenol #3”  OR “tylenol 

#4”  OR dihydrocodeine  OR Trezix  OR hydrocodone  OR Zohydro  OR Hysingla  OR “hydrocodone-

acetaminophen”  OR Vicodin  OR Lorcet  OR Lortab  OR Norco  OR Verdrocet  OR “hydrocodone-

homatropine”  OR Tussigon  OR Hydromet  OR “hydrocodone-

ibuprofen”  OR Ibudone  OR Vicoprofen  OR Reprexain  OR oxycodone  OR Roxicodone  OR RoxyBon
d  OR OxyIR  OR OxyContin  OR Xtampza  OR Oxaydo  OR “oxycodone-

acetaminophen”  OR Percocet  OR Endocet  OR Nalocet  OR Roxicet  OR Primlev  OR “oxycodone-

aspirin”  OR Percodan  OR “oxycodone-

ibuprofen”  OR meperidine  OR Demerol  OR tapentadol  OR Nucynta  OR pentazocine  OR alfentani

l  OR Alfenta  OR tramadol  OR Ultram  OR Ryzolt  OR Conzip  OR “tramadol-

acetaminophen”  OR Ultracet  OR buprenorphine  OR Butrans  OR Belbuca  OR Buprenex  OR Probu
phine  OR Sublocade  OR “buprenorphine-

naloxone”  OR Suboxone  OR Zubsolv  OR Bunavail  OR Cassipa  OR Levacetylmethadol  OR OrLAAM 

 OR LAAM  OR “levo-α-
acetylmethadol”  OR butorphanol  OR methadone  OR Dolophine  OR Methadose  OR levorphanol  

OR nalbuphine  OR remifentanil  OR Ultiva  OR carfentanil  OR naloxone  OR Narcan  OR Evzio  OR n
altrexone  OR Vivitrol  OR “naltrexone-

bupropion”  OR Contrave  OR methylnaltrexone  OR Relistor  OR nalmefene  OR Revex  OR opioid  O

R opioids  OR narcotic  OR narcotics  OR “opioid analgesic”  OR “opioid analgesics”  OR “opioid 
antagonist”  OR “opioid antagonists”  OR “medication-assisted treatment”  OR “medication 

assisted treatment”  OR MAT)  AND (misuse  OR “drug misuse”  OR abuse  OR “drug 
abuse”  OR “non-medical use”  OR “non medical 

use”  OR addiction  OR dependence  OR “substance use disorder”  OR SUD  OR “opioid use 

disorder”  OR OUD  OR overdose  OR “overdose death”  OR “opioid overdose death”  OR “overdose 

related hospitalization”  OR “overdose reversal”  OR “opioid overdose 
reversal”  OR withdrawal  OR “non-fatal overdose”  OR “non fatal 

overdose”  OR diversion  OR “drug diversion”  OR “intravenous drug use”  OR “IV drug 
use”  OR “injection drug 

use”  OR snort  OR snorts  OR snorting  OR snorted  OR intranasal  OR crush  OR crushed  OR “peopl

e who inject”  OR “people who inject drugs”  OR PWID  OR “people who use 
drugs”  OR PWUD  OR “performance enhancing”  OR “performance-

enhancing”  OR doping  OR "thrombotic microangiopathy"  OR "thrombotic thrombocytopenic 

purpura"  OR "TTP"  OR poisoning  OR mortality  OR death  OR “respiratory 
depression”  OR phlebitis  OR “skin infection”  OR “skin infections”  OR “extra-

medical”  OR “unintended misuse”  OR recreational  OR “adverse effects”)  AND ("systematic 
review"  OR cohort  OR "matched-cohort"  OR “matched cohort”  OR "case-control"  OR "cross 

sectional"  OR "cross-sectional"  OR survey  OR observational  OR "prevalence 

study"  OR "longitudinal study"  OR "before-after study"  OR “pre-intervention”  OR “post-
intervention”  OR “pre-post”  OR “real world”  OR “real-world”  OR “interrupted time-

series”  OR “interrupted time series”  OR "population-based"  OR “case report”  OR “case-

report”  OR “case series”  OR “case-series”  OR retrospective  OR prospective  OR "pooled 
analysis"  OR crossover  OR “meta-analysis”  OR “meta 

analysis”  OR incidence  OR prevalence  OR rate  OR rates  OR database  OR datalink  OR "claims 
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data"  OR "administrative database"  OR "insurance claim"  OR "insurance database"  OR "claims 

database"  OR "pharmaceutical claims"  OR "drug utilization"  OR "electronic health 

records"  OR EHR  OR "electronic medical 

records"  OR EMR  OR registry  OR registries  OR biobank  OR “researched abuse, diversion, and 

addiction-related surveillance system”  OR RADARS  OR “national addictions vigilance intervention 

and prevention program”  OR NAVIPPRO  OR Inflexxion  OR “national poison data 
system”  OR NPDS  OR “addiction severity index-multimedia version”  OR “ASI-MV”  OR “American 

association of poison control centers”  OR AAPCC  OR “drug-involved 

mortality”  OR DIM  OR “national vital statistics system, mortality”  OR “NVSS-M”  OR “national 

survey on drug use and health”  OR NSDUH  OR “monitoring the future”  OR MTF  OR “national 

survey of substance abuse treatment services”  OR “N-SSATS”  OR “treatment episode data 
set”  OR TEDS  OR “survey of key informants patients”  OR SKIP  OR “opioid treatment 

program”  OR OTP  OR “national forensic laboratory information 

system”  OR NFLIS)  NOT (“randomized control trial”  OR “randomized-control 

trial”  OR “randomized control trials”  OR “randomized-control trials”  OR “randomized controlled 

trial”  OR “randomized controlled trials”  OR “randomized-controlled trial”  OR “randomized-

controlled trials”  OR “randomised control trial”  OR “randomised-control trial”  OR “randomised 
control trials”  OR “randomised-control trials”  OR “randomised controlled trial”  OR “randomised 

controlled trials”  OR “randomised-controlled trial”  OR “randomised-controlled 

trials”  OR RCT  OR “randomized trial”  OR “randomised trial”  OR “randomized 
control”  OR “randomised control”  OR “cluster-randomized trial”  OR “cluster-randomised 

trial”  OR “randomized double-blind”  OR “clinical trial”  OR “clinical trials”  OR “clinical 
study”  OR “clinical studies”  OR “clinical conference”  OR “clinical conferences”  OR “open 

label”  OR “open-label”  OR “phase I”  OR “phase 1”  OR “phase II”  OR “phase 2”  OR “phase 

III”  OR “phase 3”  OR autobiography  OR biography  OR “patient education 
handout”  OR webcast)  NOT (cell  OR "cell line"  OR cellular  OR tissue  OR "in vitro"  OR “in 

vivo”  OR spectroscopic  OR spectrometer  OR spectrophotometry  OR "transformation 
products"  OR "gene 

variants"  OR plant  OR pharmacokinetic  OR pharmacodynamic  OR microscopy  OR chromatograp

hy  OR “mass spectrometry”  OR “Hot-Melt”  OR “injection-molding”  OR “laboratory-

based”  OR excipients  OR bioequivalence  OR “dissolution studies”))  

Refined by: PUBLICATION YEARS: ( 2020 OR 2012 OR 2019 OR 2011 OR 2018 OR 2010 OR 2017 OR 2016 

OR 2015 OR 2014 OR 2013 )  

 

7.2 LITERATURE REVIEW SEARCH STRING: EPIDEMIOLOGY OF OPIOID 

OVERDOSE/WITHDRAWAL ASSOCIATED WITH USE OF ORAL NALTREXONE 

Pubmed: ("oral naltrexone" [tw] OR "naltrexone hydrochloride"[tw]) AND ("opioid"[tw]) AND 
("withdrawal"[tw] OR "overdose"[tw]) 

Embase: ('oral naltrexone' OR 'naltrexone hydrochloride') AND 'opioid' AND ('withdrawal' OR 
'overdose') 

Web of Science: (('oral naltrexone'  OR 'naltrexone 
hydrochloride')  AND 'opioid'  AND ('withdrawal'  OR 'overdose)
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7.3 ABSTRACTED ARTICLES FROM LITERATURE REVIEW ON ASSOCIATIONS BETWEEN BIPOLAR DISORDER OR SCHIZOPHRENIA, 

CHRONIC PAIN, AND OPIOID NONMEDICAL USE  
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Author, 
year 

Dataset/Study 
Design 

Study 
Population Methods Results Limitations 

Birgenheir, 
2013 

Dataset: 
Administrative data 
extracted from 
Veterans' Health 
Treatment 
Records.Study 
design: Cross-
sectional 

All individuals who 
received health 
care in the 
Veterans Affairs 
(VA) system during 
10/1/2017-
9/30/2018.  

Seven specific pain conditions 
examined (based on ICD-9 codes 
from electronic medical record) 
were arthritis, back pain, chronic 
non-cancer pain, migraine 
headaches, tension and other 
headaches, psychogenic, and 
neuropathic. Clinical diagnoses 
were based on ICD-9 codes 
recorded by healthcare providers 
and included schizophrenia and 
bipolar disorders. Disorders were 
coded hierarchically into mutually 
exclusive categories such that 
schizophrenia>bipolar 
disorder>depression to eliminate 
diagnostic overlap. Descriptive 
statistics were first used to 
determine the overall prevalence 
of chronic pain conditions in 
those with schizophrenia or 
bipolar disorder. Next, a series of 
logistic regression analyses 
examined unadjusted and 
adjusted associations of serious 
psychiatric diagnoses with pain 
conditions.  

Patients with schizophrenia comprised 1.8% of the total population. In 
unadjusted analyses, compared to patient without schizophrenia, bipolar, or 
depression, patients with schizophrenia were more likely to report any pain 
condition (OR=1.21), as well as every pain condition, arthritis (OR=1.16), 
back pain (OR=1.37), chronic pain (OR=2.84), migraine (OR=1.46), other 
headache (OR=2.02), psychogenic (OR=4.56), neuropathic (OR=1.09). In 
adjusted analyses compared with patients without schizophrenia, bipolar, or 
depression, patients with schizophrenia were less likely to have any pain 
condition (OR=0.91), as well as arthritis (OR=0.93), and neuropathic pain 
(OR=0.94), but continued to have higher odds of diagnoses of chronic 
(OR=2.10), migraine (OR=1.13), other headache (OR=1.46), and psychogenic 
(OR=2.72) pain conditions.Patients with bipolar disorder comprised 1.9% of 
the total population. In unadjusted analyses, compared to patients without 
schizophrenia, bipolar, or depression, patients with bipolar disorder were 
over twice as likely to have any pain condition (OR=2.17), and every specific 
pain condition, arthritis (OR=1.75), back pain (OR=2.47), chronic pain 
(OR=5.43), migraine (OR=4.67), other headache (OR=3.46), psychogenic 
(OR=10.17), and neuropathic (OR=1.49). In adjusted analyses, patients with 
bipolar disorder had significantly higher odds of having any pain condition 
(OR=1.83), as well as every specific pain condition, arthritis (OR=1.59), back 
pain (OR=1.93), chronic non-cancer pain (OR=4.03), migraine (OR=2.75), 
other headache (OR=2.34), psychogenic (OR=6 24), and neuropathic pain 
(OR=1.50).    

(-) Sample includes only 
patients in VA system, not 
nationally representative 
(-) Recognition of pain 
condition depends on 
doctor diagnoses.  
(-) Large sample size could 
overrepresent statistical 
significance of findings 

Chiapelli, 2018 Dataset: Treatment 
Episode Dataset - 
Dischart (TEDS-D) 
2011 
 
Study Design: Cross-
sectional 

Part of a national 
census of annual 
discharges from 
substance abuse 
treatment 
facilities. 

Chi square tests to compare 
proportions of individuals 
reported as having problems with 
either alcohol, cocaine/crack, 
marijuana, heroin, or non-heroin 
opioid. Addiction treatment 
population. Patients with 
schizophrenia were compared to 
patients with depressive 
disorders, bipolar disorders, and 
treatment seeking population 
with no specifically reported 
psychotic, depressive, or bipolar 
diagnosis. 

Proportion of patients reporting problem with non-heroin opiates:  
Schizophrenia: 7.2%  
Bipolar: 17 3% 
Population with no psychotic, depressive, or bipolar diagnosis: 14.8% 
 
Proportion of patients reporting problem with heroin: 
Schizophrenia: 5.1% 
Bipolar: 7.0%  
Population with no psychotic, depressive, or bipolar diagnosis: 18.2% 

(-) Cross sectional design 
does not allow for 
understanding of temporal 
causality 
 
(-) Treatment seeking 
population only 
 
(-) No information on 
polysubstance 
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Grant, 2016 Dataset: National 
Epidemiological 
Survey on Alcoholism 
and Related 
Conditions (NESARC), 
Wave 3 2012-2013 
(nationally 
representative)Study 
design: Cross-
sectional 

NESARC 
participants: Non-
institutionalized 
adult population 
of the United 
States  

Diagnosis based on national 
institute on alcohol abuse and 
alcoholism alcohol use disorder 
and associated disabilities 
interview schedule DSM-5 
(AUDADIS-5). Odds ratios of 
psychiatric comorbidity on drug 
use disorder obtained from 
multivariable logistic regressions 
adjusted for sociodemographic 
characteristics and all other 
substance use and psychiatric 
disorders.   

Adjusted odds ratio (95% CI) for bipolar I disorder among those with past-
year drug use disorder: 
Any drug use disorder: 1.5 (1.06-2.05) 
Mild drug use disorder: 1.0 (0 65-1.64) 
Moderate to severe drug use disorder: 1.8 (1.22-2.65)  
 
Adjusted odds ratio (95% CI) for bipolar I disorder among those with lifetime 
drug use disorder: 
Any drug use disorder: 1.4 (1.14-1.74) 
Mild drug use disorder: 0.8 (0.55-1.29) 
Moderate to severe drug use disorder: 1.6 (1.29-2.02) 
 
Adjusted odds ratio (95% CI) for schizotypal disorder among those with 
past-year drug use disorder: 
Any drug use disorder: 1.5 (1.18-1.87) 
Mild drug use disorder: 1.4 (1.04-1.87) 
Moderate to severe drug use disorder: 1.6 (1.15-2.09) 
 
Adjusted odds ratio (95% CI) for schizotypal disorder among those with 
lifetime drug use disorder: 
Any drug use disorder: 1.5 (1.23-1.73) 
Mild drug use disorder: 1.3 (0 98-1.63) 
Moderate to severe drug use disorder: 1.5 (1.27-1.86) 

(-) Drug use disorder not 
stratified by drug type 
(-) Most respondents past 
the median age of 
psychopathology onset, 
resulting in lower 
incidence rate over follow-
up than expected in 
general population. 
(-) Data on nonmedical use 
and psychopathology self-
report 
(-) Cox2 inhibitors included 
in opioid category in wave 
2 of NESARC possibly 
inflating rates of opioid 
nonmedical use in wave 2 
compared to wave 1. 
(-) Does not cover 
homeless population, 
might underestimate 
prevalence of opioid 
nonmedical use and mood 
disorders 
(-) Temporal causality not 
clear based on cross-
sectional nature of data 

Iyiewuare, 
2017 

Dataset: Authors 
surveyed patients 
entering federally 
qualified health clinic 
(FQHC) in Los 
Angeles (LA)Study 
Design: Cross-
sectional 

15,723 adults 
visiting the FQHC 
from June 3, 2014 
to January 15 
2016.  

Presence of mental illness 
determined via self-
report/hospitalization records, 
diagnosis of substance abuse was 
assessed via NIDA-modified 
version of the World Health 
Organization's Alcohol, Smoking, 
and Substance Involvement 
screening test version 3.1. Chi 
square tests were used to 
compare characteristics. 

Of the clinic population, 9.6% had ever been diagnosed with bipolar 
disorder, and 1 3% had ever been diagnosed with schizophrenia or 
schizoaffective disorder. Of the study sample, composed of those with 
substance misuse, 31.9% had ever been diagnosed with bipolar disorder, 
and 13.2% had ever been diagnosed with schizophrenia or schizoaffective 
disorder.  

(-) Small, single institution 
study in LA, not nationally 
representative 
(-) Treatment seeking 
population only 
(-) Cross sectional design 
does not allow for 
understanding of temporal 
causality 
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Kerridge 2015 Dataset: National 
Epidemiological 
Survey on Alcoholism 
and Related 
Conditions (NESARC), 
Wave 3 2012-2013 
(nationally 
representative)Study 
design: Cross-
sectional 

NESARC 
participants: Non-
institutionalized 
adult population 
of the United 
States  

Diagnosis based on National 
Institute on Alcohol Abuse and 
Alcoholism's Alcohol Use and 
Associated Disabilities Interview 
Schedule 5 (AUDADIS-5) in order 
to measure DSM-5 disorders. 
Authors used multiple logistic 
regression to derive adjusted 
odds ratios for association 
between non-medical 
prescription opioid use/disorder 
and sociodemographic 
characteristics controlling for all 
others. Logistic regressions of 
psychiatric comorbidity with 
Nonmedical use/disorder 
controlled for sociodemographic 
characteristics and other 
substance use/psychiatric 
disorders.  

Adjusted odds ratio (95% CI) of 12-month nonmedical prescription opioid 
use and bipolar I: 
Men: 1.35 (0 82-2.22) 
Women: 1.22 (0.77-1.93) 
 
Adjusted odds ratio (95% CI) of lifetime nonmedical prescription opioid use 
and bipolar I:  
Men: 1.06 (0 81-1.39) 
Women: 1.15 (0.85-1.55) 
 
Adjusted odds ratio (95% CI) of 12-month nonmedical prescription opioid 
use disorder and bipolar 1: 
Men: 1.86 (0 99-3.49) 
Women: 1.61 (0.71-3.68) 
 
Adjusted odds ratio (95% CI) of lifetime nonmedical prescription opioid use 
disorder and bipolar I: 
Men: 1.61 (1.02-2.54) 
Women: 1.44 (0.85-2.42) 
 
Adjusted odds ratio (95% CI) of 12-month nonmedical prescription  opioid 
use and schizotypal: 
Men: 1.55 (1.19-2.01) 
Women: 1.27 (0.89-1.79) 
 
Adjusted odds ratio (95% CI) of lifetime nonmedical prescription opioid use 
and schizotypal: 
Men: 1.39 (1.09-1.78) 
Women: 1.34 (1.03-1.74) 
 
Adjusted odds ratio (95% CI) of 12-month nonmedical prescription opioid 
use disorder and schizotypal: 
Men: 1.43 (0 88-2.32) 
Women: 1.45 (0.75-2.81) 
 
Adjusted odds ratio (95% CI) of lifetime nonmedical prescription opioid use 
disorder and schizotypal: 
Men: 1.72 (1.18-2.50) 
Women: 1.09 (0.75-1.58) 

(-) Does not cover 
homeless population, 
might underestimate 
prevalence of opioid 
nonmedical use and mood 
disorders 
(-) Cross-sectional nature 
of data does not allow for 
understanding of temporal 
causality of drug use and 
psychological disorder  
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Kidorf, 2018 Dataset: Data 
collected by authors 
from new admissions 
to Addiction 
Treatment Services, a 
methadone-assisted 
treatment program 
in Baltimore, 
Maryland 
 
Study design: Cross-
sectional 

208 new 
admissions to 
Addiction 
Treatment services 
in Baltimore. All 
participants were 
opioid-dependent 
and referred from 
the Baltimore 
needle exchange 
program. 
Recruited from 
August 2010-April 
2015. Exclusion 
criteria: cognitive 
impairment,  

Participants were interviewed by 
research staff with battery of 
tests including SCID I for lifetime 
and current diagnosis of many 
DSM IV-TR Axis I substance use 
and non-substance use 
psychiatric disorders, and SCID II 
for diagnoses of personality 
disorder. Patients underwent 
urine drug testing.  

Prevalence of bipolar I and schizophrenia in the population of opioid-
dependent individuals was 12% and 0%, respectively.  

(-) Limited sample, not 
nationally representative 
convenience sample 
 
(-) Cross-sectional nature 
of data does not allow for 
understanding of temporal 
causality of drug use and 
psychological disorder  
 
(-) Treatment seeking 
population only 
 
(-) Data are self-report 

Martins, 2011 Dataset: National 
Epidemiological 
Survey on Alcoholism 
and Related 
Conditions (NESARC), 
Wave 1 (2001-2002)  
 
Study design: Cross-
sectional 

NESARC 
participants: Non-
institutionalized 
adult population 
of the United 
States, 43,093 
individuals.  

Diagnosis based on National 
Institute on Alcohol Abuse and 
Alcoholism's Alcohol Use and 
Associated Disabilities Interview 
Schedule 5 (AUDADIS-5) in order 
to measure DSM-5 disorders. 
Data analyzed using weighted 
proportions, 95% Cis, and 
weighted logistic regression 
models to generate odds ratios 
(Or) adjusted for socio-
demographic characteristics.  

Weighted proportion of respondents with schizophrenia who have lifetime 
use (95% CI) of: 
Heroin: 2.6% (0 8-4.3%) 
Opioids: 17.6% (12.4%-22.8%) 
 
Weighted proportion of respondents with schizophrenia who have lifetime 
abuse only (95% CI) of: 
Heroin: 1.0% (-0.2%-2.3%) 
Opioids: 1.7% (-1.2%-4 6%) 
 
Weighted proportion of respondents with schizophrenia who have lifetime 
dependence only (95% CI) on: 
Heroin: NA 
Opioids: 0.1% (-0.1%-0 3%) 
 
Weighted proportion of respondents with schizophrenia who have lifetime 
abuse and dependence (95% CI) on: 
Heroin: 1.1% (-0.1%-2.3%) 
Opioids: 3.6% (0.4%-6.8%) 

(-) Very small number of 
individuals with 
schizophrenia in the 
NESARC study 
(-) Large 95% CIs that 
often cross zero 
(-) Unable to create ORs 
for schizophrenia 
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Martins, 2012 Dataset: National 
Epidemiological 
Survey on Alcoholism 
and Related 
Conditions (NESARC), 
Wave 1 (2001-2002) 
and Wave 2 (2004-
2005) (nationally 
representative)Study 
Design: Longitudinal 
cohort 

NESARC 
participants: Non-
institutionalized 
adult population 
of the United 
States  

Diagnosis based on national 
institute on alcohol abuse and 
alcoholism alcohol use disorder 
and associated disabilities 
interview schedule DSM-4 
(AUDADIS-4). Two sets of nested 
logistic regression analyses 
examined whether nonmedical 
prescription opioid use and 
disorders due to this use predict 
incident mood/anxiety disorders 
at follow-up at wave 2. 1) 
Demographics were included in 
the models as covariates. 2) 
Controlled for baseline substance 
use variables, baseline comorbid 
anxiety/mood disorders. A 
second set of nested logistic 
regression analyses examined 
whether mood/anxiety disorders 
at baseline predict incident 
nonmedical prescription opioid 
use and disorders at wave 2 1) 
controlling for demographics and 
2) including a binary variable for 
baseline mood/anxiety disorder. 
Models also controlled for 
baseline other substance use. 

Among those with baseline lifetime nonmedical prescription opioid use, 
controlling for demographics and other substance use, adjusted odds ratio 
(95% CI) for: 
Any mood disorder: 1 8 (1.4-2.3) 
Bipolar I disorder: 1.7 (0.8-3.6) 
Bipolar disorder: 2.0 (1.1-3.7) 
(Reference is absence of nonmedical prescription opioid use at baseline) 
 
Among those with baseline lifetime abuse/dependence due to nonmedical 
use, controlling for demographics and other substance use, adjusted odds 
ratio (95% CI) for: 
Any mood disorder: 1.5 (0.9-2.5)  
Bipolar I disorder: 1 9 (0.5-6.9) 
Bipolar disorder: 2.6 (1.0-6.8) 
(Reference is absence of baseline lifetime abuse/dependence due to 
nonmedical use) 
 
Among those with baseline any mood disorder, controlling for 
demographics, comorbid mood/anxiety disorders, other substance use, 
adjusted odds ratio (95% CI) for: 
Incident nonmedical prescription opioid use: 1.6 (1 3-2.0) 
Incident abuse/dependence secondary to nonmedical use: 2.1 (1.5-3.0) 
(Reference is absence of baseline mood disorder) 
 
Among those with baseline bipolar I disorder, controlling for demographics, 
comorbid mood/anxiety disorders, other substance use, adjusted odds ratio 
(95% CI) for: 
Incident nonmedical prescription opioid use: 1.7 (1.1-2.6) 
Incident abuse/dependence secondary to nonmedical use: 1.1 (0.5-2.3) 
(Reference is absence of baseline bipolar I disorder) 
 
Among those with baseline bipolar disorder, controlling for demographics, 
comorbid mood/anxiety disorders, other substance use, adjusted odds ratio 
(95% CI) for: 
Incident nonmedical prescription opioid use: 2.0 (1.4-2.8) 
Incident abuse/dependence secondary to nonmedical use: 1.4 (0.7-2.5) 
(Reference is absence of baseline bipolar disorder)  

(-) Most respondents past 
the median age of 
psychopathology onset, 
resulting in lower 
incidence rate over follow-
up than expected in 
general population. 
(-) Data on nonmedical use 
and psychopathology self-
report 
(-) Cox2 inhibitors included 
in opioid category in wave 
2 of NESARC possibly 
inflating rates of opioid 
nonmedical use in wave 2 
compared to wave 1. 
(-) Does not cover 
homeless population, 
might underestimate 
prevalence of opioid 
nonmedical use and mood 
disorders 
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Owen-Smith, 
2020 

Dataset: Electronic 
medical records from 
13 mental health 
research network 
sites within a large 
integrated health 
care delivery system 
Study design: Case-
control  

Cases: adults aged 
18-70 years with 
diagnosis of major 
depressive 
disorder, bipolar 
disorder, or 
schizophrenia 
including 
schizoaffective 
disorder 
documented at 
least 2x by mental 
healthcare 
provider with 
continuous  health 
plan membership 
through 2015 and 
2016. Exclusions: 
any cancer or 
metastatic cancer 
diagnoses. 
Controls identified 
using same criteria 
with no 
documented 
mental illness 
diagnoses. 
Controls  matched 
based on age, sex, 
and Medicare 
status using 
random sampling. 
Matching 1:2 for 
schizophrenia and 
1:1 for bipolar 
disorder and 
major depressive 
disorder. 

For initial bivariate models, 
authors used t-tests for 
continuous variables and chi 
squared tests for categorical 
data. Multivariate analyses were 
conducted to evaluate odds of 
receiving a chronic pain-related 
diagnosis and the odds of 
receiving opioids, controlling for 
age, sex, Medicare status, 
race/ethnicity, income, medical 
comorbidities, healthcare 
utilization, and chronic pain 
diagnosis. Chronic opioid 
prescription was considered to be 
dispensing that covered at least 
70 days in any 90 day period or 
6+ dispensings in 2016. 

Patients with major depressive disorder vs. matched controls: 
Any pain: 62.4% vs. 39.8% 
Chronic opioid use: 10.1% vs. 2.4% 
 
Patients with bipolar disorder vs. matched controls: 
Any pain: 61.5% vs. 40.3% 
Chronic opioid use: 10.4% vs. 3.0% 
 
Patients with schizophrenia vs. matched controls: 
Any pain: 47.2% vs. 42.0% 
Chronic opioid use: 6.5% vs. 5.0% 
 
Adjusted odds ratio (95% CI) of receiving a chronic pain diagnosis among 
individuals with vs. without mental illness diagnosis: 
Major depressive disorder: 1.90 (1.85-1.95) 
Bipolar disorder: 1.71 (1.66-1.77) 
Schizophrenia: 0.86 (0.82-0.90) 
 
Adjusted odds ratio (95% CI) of receiving a chronic opioid prescription 
among individuals with vs. without mental illness diagnosis: 
Major depressive disorder: 2.59 (2.44-2.75) 
Bipolar disorder: 2.12 (1.97-2.28) 
Schizophrenia: 1.00 (0.91-1.11) 

(-) Treatment seeking 
population only 
(-) Largely insured sample, 
may not be representative 
of the population under 
study 
(-) Opioid prescription 
data based on dispensing 

Reference ID: 4700901
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Saha, 2016 Dataset: National 
Epidemiological 
Survey on Alcoholism 
and Related 
Conditions (NESARC), 
Wave 3 2012-2013 
(nationally 
representative)Study 
design: Cross-
sectional 

NESARC 
participants: Non-
institutionalized 
adult population 
of the United 
States  

Diagnosis based on national 
institute on alcohol abuse and 
alcoholism alcohol use disorder 
and associated disabilities 
interview schedule DSM-5 
(AUDADIS-5). Adjusted odds 
ratios were calculated from 
multiple logistic regressions to 
indicate association between 
nonmedical prescription opioid 
use/disorder and psychiatric 
comorbidity controlling for all 
other sociodemographic 
characteristics and psychiatric 
disorders.  

Adjusted odds ratios (95% CI) of 12-month opioid use disorder and 
comorbid disorder: 
Bipolar I: 1.73 (1.09-2.74) 
Schizotypal personality disorder: 1.44 (0 94-2.22) 
(Reference group, absence of 12-month opioid use disorder) 
 
Adjusted odds ratios (95% CI) of lifetime opioid use disorder and comorbid 
disorder: 
Bipolar I: 1.50 (1.07-2.12) 
Schizotypal personality disorder: 1.35 (1.01-1.80) 
(Reference group, absence of lifetime opioid use disorder) 

(-) Study was cross-
sectional, no information 
on temporal causality 
chronology of opioid 
nonmedical use/disorder 
and mood disorders 
(-) Most respondents past 
the median age of 
psychopathology onset, 
resulting in lower 
incidence rate over follow-
up than expected in 
general population. 
(-) Does not cover 
homeless population, 
might underestimate 
prevalence of opioid 
nonmedical use and mood 
disorders 

Reference ID: 4700901
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Schepis, 2011 Dataset: National 
Epidemiological 
Survey on Alcoholism 
and Related 
Conditions (NESARC), 
Wave 1 (2001-2002) 
and Wave 2 (2004-
2005) (nationally 
representative) 
 
Study design: 
Longitudinal cohort 

NESARC 
participants: Non-
institutionalized 
adult population 
of the United 
States  
 
Analyses split 
NESARC 
participants into 
four groups based 
on wave 1 data: 
1) no life-time 
non-medical use of 
controlled 
prescription 
medication 
(NUPM) and no 
history of outcome 
psychopathology  
2) life-time NUPM 
but no history of 
outcome 
psychopathology  
3) no life-time 
NUPM with a 
previous episode 
of outcome 
psychopathology  
4) Life-time NUPM 
and a previous 
episode of 
outcome 
psychopathology  

Diagnosis based on national 
institute on alcohol abuse and 
alcoholism alcohol use disorder 
and associated disabilities 
interview schedule DSM-4 
(AUDADIS-4). Authors used 
logistic regression to examine the 
risk for the onset of an outcome 
disorder in wave 2 by history of 
NUPM in wave 1. Authors 
performed a second set of 
analyses in those with history of 
psychopathology at wave 1 to 
examine risk for the recurrence of 
the previous diagnosis during the 
follow-up and examine the risk 
for onset of new 
psychopathology during the 
follow-up.  
 
Reported adjusted odds ratio, 
adjusting for socio-demographic 
factors and wave 1 personality 
disorder diagnostic status. 

Adjusted odds ratio (95% CI) among those with any NUPM and no history of 
psychopathology for diagnosis of: 
Bipolar (I or II): 2.61 (2.03-3 36), p<0.001 
(Reference group, no history of NUPM and no history of psychopathology) 
 
Adjusted odds ratio (95% CI) among those with past-year non-medical use 
of prescription medication and no history of psychopathology for diagnosis 
of: 
Bipolar (I or II): 2.81 (2.47-3 21), p<0.0001 
(Reference group, no past-year non-medical opioid use and no history of 
psychopathology) 
 
 
Adjusted odds ratio (95% CI) among those with past-year non-medical 
opioid use for recurrence of measured diagnoses: 
Bipolar (I or II): 1.76 (1.28-2.42), p=0.0005 
(Reference group, no past-year opioid nonmedical use) 
 
 
Adjusted odds ratio (95% CI) among those with past-year non-medical 
opioid use and past psychopathology for onset of new psychopathology: 
Bipolar (I or II): 1.29 (1.05-1.59), p=0.014 
(Reference group, no past-year non-medical opioid use with past 
psychopathology) 

(-) Most respondents past 
the median age of 
psychopathology onset, 
resulting in lower 
incidence rate over follow-
up than expected in 
general population. 
 
(-) Data on nonmedical use 
and psychopathology self-
report 
 
(-) Temporal causality of 
psychopathology and non-
medical use unclear, did 
not study effect of 
psychopathology on 
substance use 
 
(-) Does not cover 
homeless population, 
might underestimate 
prevalence of opioid 
nonmedical use and mood 
disorders 

Reference ID: 4700901
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Schepis, 2013 Dataset: National 
Epidemiological 
Survey on Alcoholism 
and Related 
Conditions (NESARC), 
Wave 1 (2001-2002) 
and Wave 2 (2004-
2005) (nationally 
representative) 
 
Study design: 
Longitudinal cohort 

NESARC 
participants: Non-
institutionalized 
adult population 
of the United 
States  

Diagnosis based on national 
institute on alcohol abuse and 
alcoholism alcohol use disorder 
and associated disabilities 
interview schedule DSM-4 
(AUDADIS-4). Multivariate logistic 
regression used to examine effect 
of past-year nonmedical use on 1) 
development of new diagnosis in 
wave 2 in those with past 
diagnosis of another psychiatric 
illness and 2) recurrence of 
psychopathology at wave 2 for 
those with history of disorder but 
without a current episode at 
wave 1. Participants with no 
history of  psychopathology were 
not included.  

Adjusted odds ratio (95% CI) of incidence of bipolar (I or II) psychopathology 
in individuals using opioids nonmedically: 
Non-users: 0.74 (0 63-0.87) 
Weekly/daily users: 2.12 (1.52-2.96) 
(Reference group is monthly or less users) 
 
Adjusted odds ratio (95% CI) of recurrence of bipolar (I or II) 
psychopathology in individuals using opioids nonmedically: 
Non-users: 0.66 (0.45-0.96) 
Weekly/daily users: 1.15 (0.54-2.44) 
(Reference group is monthly or less users) 

(-) Most respondents past 
the median age of 
psychopathology onset, 
resulting in lower 
incidence rate over follow-
up than expected in 
general population. 
(-) Data on nonmedical use 
and psychopathology self-
report 
(-) Cox2 inhibitors included 
in opioid category in wave 
2 of NESARC possibly 
inflating rates of opioid 
nonmedical use in wave 2 
compared to wave 1. 
(-) Does not cover 
homeless population, 
might underestimate 
prevalence of opioid 
nonmedical use and mood 
disorders 

Reference ID: 4700901
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Yoon, 2014 Dataset: 2010 
Nationwide Inpatient 
Sample (NIS), largest 
all-payer inpatient-
care database in the 
United States 
(nationally 
representative)Study 
design: Cross-
sectional 

Patients captured 
in the nationwide 
inpatient sample 
>=12 years of age, 
with valid report 
of sex. 6,686,905 
discharges.  

Diagnosis codes in NIS based on 
ICD-9 codes. Descriptive 
estimates produced with 95% CI. 
Cross-tabulation was used to 
examine how substance use 
disorders and mood/anxiety 
disorders are distributed across 
unintentional alcohol and/or drug 
poisonings and all 
hospitalizations. Strength of 
association between alcohol/drug 
poisoning and psychiatric 
disorders was further quantified 
by the adjusted prevalence ratio 
(or risk ratio) of cases with a 
particular type of psychiatric 
disorder as compared with those 
without it estimated from three 
Poisson regression models: 1) 
unintentional alcohol poisoning 
only, 2) unintentional drug 
poisoning only,  3) unintentional 
alcohol and drug poisoning, with 
no alcohol or drug poisoning as 
reference. To understand relative 
risk of specific drug poisoning, 
eight Poisson regression models 
corresponding to eight categories 
of drugs with "other drugs" as 
reference, were used to compare 
relative risk of associated specific 
psychiatric disorder for being 
poisoned by specific drug type 
among cases of unintentional 
drug poisoning.  

Among hospitalizations for unintentional drug poisoning in men, 10.8% 
(95% CI: 10.1%-11.4%) occurred among men with bipolar disorder.  
 
Among hospitalizations for unintentional drug poisoning in women, 14.1% 
(95% CI: 13.3%-14.8%) occurred among women with bipolar disorder. 
 
Adjusted risk ratio for unintentional drug poisoning only among those with 
bipolar disorder (reference group those with no alcohol/drug poisoning) was 
2.09 (95% CI 2.03-2.15) for men and 3.53 (95% CI 3.44-3.62). 
 
Adjusted risk ratio for unintentional drug poisoning related to illicit opioids 
among those with  bipolar disorder (reference group "other drugs") was  
0.94 (0.87-1.02) for men and 1.00 ((0.93-1.08) for women. 
 
Adjusted risk ratio for unintentional drug poisoning related to prescription 
opioids among those with bipolar disorder (reference group "other drugs") 
was 0.99 (0.94-1.05) for men and 1.05 (1.01-1.10) for women. 

(-) Cross-sectional nature 
of data does not allow for 
understanding of temporal 
causality of drug use and 
psychological disorder 
(-) Hospitalizations with 
drug poisoning might be 
more likely to be screened 
for psychological disorder 
(-) Treatment seeking 
individuals only 

Reference ID: 4700901
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Zhao, 2020 Dataset: Data 
collected by authors 
from participants 
during computer-
assisted interviews 
Study design: Cross-
sectional 

777 people who 
inject drugs, 397 
from communities 
of Los Angeles and 
380 from San 
Francisco 

Descriptive statistics examined 
for all study variables. Bivariate 
analysis determined 
characteristics associated with 
recent nonmedical methadone 
use. Bonferroni correction 
corrected for multiple 
comparisons. Significant variables 
were assessed for collinearity, 
and collinear variables were 
removed from final analysis 
based on strength of association. 
Associations were assessed using 
multivariate logistic regression 
with the dependent variable.  

Among the total 777 people who inject drugs, 147 (19%) had bipolar 
disorder, and 80 (10%) had schizophrenia. Among those with recent non-
medical methadone use, 33 (20%) had bipolar disorder, and 29 (18%) had 
schizophrenia. In multivariable logistic regression, self-reported diagnosis of 
schizophrenia was found to be associated with nonmedical methadone use 
(adjusted odds ratio, 2.36, 95% CI: 1.36-4.10) (reference group was those 
with <30 injections in past 30 days) 

(-) Cross-sectional nature 
of data does not allow for 
understanding of temporal 
causality of drug use and 
psychological disorder 
(-) Convenience sample - 
data are not nationally 
representative, specific to 
locale 
(-) Data are self-report 

Reference ID: 4700901
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7.4 ABSTRACTED ARTICLES FROM LITERATURE REVIEW ON EPIDEMIOLOGY OF OPIOID OVERDOSE ASSOCIATED WITH USE OF 

ORAL NALTREXONE 

Author, 
year 

Dataset/Study 
Design 

Study 
Population Methods Results Limitations 

Darke, 2019 Dataset: Australia's 
national coronial 
information system 
(NCIS). Linked coroner's 
report, autopsy report, 
police and toxicology 
reports.  
 
Study Design: Case series 

Closed cases on NCIS 
between January 2000 
and December 2017 
where decedent was 
being treated with 
naltrexone. Included if 
there was evidence of 
prescribing of oral 
preparations within the 
previous month, a depot 
injection within the 
previous month, or an 
implant within the 
previous 6 months. Cases 
where naltrexone was 
prescribed for alcohol 
dependence with no 
evidence of opioid use 
were not included.  

For normally distributed variables, mean and 
standard deviation and range was reported, 
otherwise medians and ranges were reported. 
Mann-Whitney U tests were used for 
comparison of morphine concentrations in those 
with and without naltrexone present at the time 
of death.  

There were 74 fatalities while using naltrexone. Accidental opioid 
toxicity accounted for 59 (79.7%) of cases. Of the 74 fatalities, 41 
(55.4%) were maintained on oral naltrexone, 24 (32.4%) were 
maintained on implant naltrexone, 4 (5.4%) were an unknown 
naltrexone formulation, and 5 (6.8%) were using oral naltrexone for 
detoxification.  
 
Among the naltrexone fatalities, 28.4% tested positive for naltrexone 
(21: oral 3, implant 12, detoxification 2, unknown 4), 25.7% tested 
negative (19: oral 16, implant 2, detoxification 1) and 45.9% were not 
tested (34: oral 22, implant 10, detoxification 2).  Among those 
screened for naltrexone, the drug was present in the blood or urine 
of 52.5% (15.8% of oral maintenance cases, 85.7% of implant cases). 

(-) Not conducted in the US 
(-) Case series, no information on 
prevalence  
(-) Large amount of cases with 
unknown formulation 

Reference ID: 4700901
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Author, 
year 

Dataset/Study 
Design 

Study 
Population Methods Results Limitations 

Fellows-Smith 
2011 

Dataset: Data linkage 
between Western 
Australia deaths register 
and recorded admissions 
to the Perth Naltrexone 
Clinic and community-
based methadone 
program. 
 
Study Design: Open-label 
sequential cohort study 

3,617 patients undergoing 
opioid pharmacotherapy 
at the Perth naltrexone 
clinic and community-
based methadone 
substitution program from 
1998-2000 (2,520 
methadone, 1,097 for 
naltrexone). 

Mortality rates were calculated as cumulative all-
cause deaths per 1,000 person years . 
Naltrexone and methadone decedents from all 
causes were compared with decedents from 
their age-matched controls.  

Mortality rate was 2.6% per year for oral naltrexone treatment. 
Mortality rate for oral naltrexone group was 26.28 per 1,000 person 
years, and mortality rate due to opioid toxicity was 17.98 per 1,000 
person years.   
 
Mortality rate per 1,000 person years for methadone patients was 
7.37 (95% CI: 5.00-9.75) compared with 26.28 (95% CI: 17.95-34.61) 
for oral naltrexone. Relative risk compared with age-matched control 
was 3.38 (95% CI: 2.29-4.47) for methadone, and 12.05 (95% CI: 8.23-
15 87) for oral naltrexone.  
 
Of the 37 deaths in the methadone cohort, 21 were accidental opioid 
poisoning. Of the 38 deaths in the oral naltrexone cohort, 26 were 
accidental opioid poisoning. Relative risk of death from opioid 
toxicity was 4.3 times greater following oral naltrexone treatment.  

(-) Demographics different 
between naltrexone vs. 
methadone cohort, naltrexone 
cohort younger, male, single, 
unemployed 
(-) Patients likely self-selected 
treatment, likely confounding by 
indication 

Gibson, 2007 Dataset: National 
Coronial Information 
System of Australia 
 
Study design: 
Retrospective cohort 
study 

Mortality from naltrexone, 
buprenorphine, and 
methadone in Australia 

Number of deaths related to naltrexone, 
buprenorphine, and methadone was determined 
by keyword search of the National Coronial 
Information System of Australia between 2000-
2003. Mortality rates were calculated using (a) a 
crude rate of deaths per 1000 treatment 
episodes and (b) a stratified death rate of deaths 
per 100 person-years at high or low risk of death. 
High-risk was considered to be deaths where the 
date of death was recorded as being within 2 
weeks after cessation of naltrexone treatment 
episode or in the first week of methadone or 
buprenorphine treatment. Low-risk period was 
defined as deaths during naltrexone treatment 
or after the first week of methadone or 
buprenorphine treatment. 

During the 2000-2003 study period, there were 282 methadone, 1 
buprenorphine, and 32 oral naltrexone-related deaths. Crude-
estimated mortality rate was 2.7 deaths per 1000 episodes for 
methadone, 0.02 per 1000 treatment episodes for buprenorphine, 
and 10.1 per 1000 treatment episodes for naltrexone. Naltrexone 
subjects had 3.7 (95% CI: 2.5-5.2) times the mortality risk compared 
to methadone subjects.  
 
Methadone treatment was associated with a mortality rate of 3.0 per 
100 person-years during the high-risk period and 0.34 per 100 
person-years during the low-risk period. Naltrexone was associated 
with a mortality rate of 22.1 per 100 person-years during the period 
of high risk, and 1.0 per 100 person-years during the period of low 
risk.  
 
Naltrexone subjects 2 weeks post-treatment (high-risk period) had 
7.4 times the risk of dying  than methadone subjects in their first 
week of treatment (high-risk period). This risk was highly significant 
(95% CI: 4.6-11.5). Naltrexone subjects during treatment (low-risk 
period) had 2 8 times the risk of dying than methadone subjects in 
the post-induction treatment period (low-risk period). This risk 
approaches significance (95% CI: 1.3-5.7) 

(-) Unclear crossover between 
cases: if naltrexone episodes were 
being used for detoxification and 
then patients would be moved to 
methadone/buprenorphine, in 
which case this period might be 
more high risk 
(-) Different definitions of high-risk 
and low-risk periods for 
naltrexone vs. MAT treatments 
might have made non-comparable 
categories 
(-) Mortality was not overdose 
specific 
 

Reference ID: 4700901
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Author, 
year 

Dataset/Study 
Design 

Study 
Population Methods Results Limitations 

Hulse, 2005 Dataset: Data collected 
from West Australian 
Health Services Research 
Linked Database and the 
emergency department 
information system 
 
Study design: 
Retrospective cohort 
study 

Population of Western 
Australia who interacted 
with health services or the 
emergency department. 
Cohort consisted of 361 
heroin dependent persons 
who received naltrexone 
implant treatment for 
heroin dependence 
between January 2001-
December 2002. A sub-
cohort composed of those 
who had been on oral 
naltrexone pre-implant 
consisted of 174 people.  

Overdoses were defined and grouped via ICD-10 
codes. For oral naltrexone sub-analysis, ICD-9 
CM codes were inspected to identify opioid, 
sedative, and other substance poisoning for 
admission prior to July 1999.  

146 oral naltrexone sub-cohort who had 6-month interval between 
oral naltrexone and implant and who were in the hospital admission 
database. Of these 146 people, in the 6 months pre-oral treatment, 
there were seven opioid overdoses (prevalence n=6 persons, 4.1%), 
compared with nine overdoses (prevalence n=8 persons, 5.5%) in the 
6-months post-oral treatment and zero in the 6-months post-
implant.  

(-) ICD-9 codes used for oral 
naltrexone outcomes because of 
early time point 
(-) These are individuals with 
heroin use disorder, likely on the 
severe end of addiction spectrum 
(-) Medication compliance may be 
different between medication for 
opioid use disorder and anti-
psychotic 
(-) Unclear if overdose was due to 
illicit or prescription opioids 
(-) Outside the US 

Kelty, 2012 Dataset: Linked data 
from Australian institute 
of health and welfare 
and the national death 
index for patients under 
study.Study design: 
Retrospective cohort 
study 

1467 patients treated with 
oral naltrexone, 1701 
patients treated with 
implant naltrexone, and 
688 patients treated with 
both at a community not-
for-profit drug treatment 
clinic in Australia between 
1997-2009. 

Crude mortality rates were calculated two ways: 
1) initial treatment, which consisted of 
separating patients into oral vs implant. For 
patients who moved groups, initial treatment 
only was considered and data collected after 
initial treatment was not included, and 2) all 
treatment, which consisted of separating 
patients into oral vs. implant, but patients who 
underwent both therapies were included in each 
treatment category. Patients years were 
calculated from commencement of one 
treatment to the second treatment, and fatality 
was assigned to the most recent treatment. Age-
specific, age-standardized, gender-specific and 
cause-specific mortality were calculated for 
patients using the all-treatment approach.  

Crude overall mortality rates for patients on oral naltrexone was 8.78 
per 1000 patient years. During the first four months following 
treatment, mortality rates in oral naltrexone patients were 
significantly higher than in patients treated with implant naltrexone 
(26.28 deaths per 1000 patient years in oral compared with 7.34 
deaths per 1000 patient years in implant group. All treatment 
approach.) In subsequent time-periods, there was only a significant 
difference in the 8-12 month time-period. Rate of opioid overdose 
death in oral group for the first four months of treatment was 25 
times higher than implant group, with 17.22 deaths per 1000 patient 
years for oral group vs. 0.67 deaths per 1000 patient years for the 
implant group. By 1-2 years into treatment, rate of opioid overdose 
mortality rate in oral naltrexone group dropped to <5 deaths per 
1000 patient years. Mortality associated with opioid overdose high in 
young age group for oral patients, not seen for implant group. 
Mortality rate not significantly different between initial treatment 
groups for oral vs. implant, but crude mortality for all-treatment 
groups was higher for oral naltrexone than implant (8.78 deaths per 
1000 patient years for oral (95% CI: 7.38-10.17), 6.59 deaths per 1000 
patient years for implant (95% CI: 5.13-8 06.) 

(-) Length of follow up longer for 
oral naltrexone 
(-) Oral treatments performed 
tended to be earlier in time than 
implant treatments  
(-) Often patients were treated 
with oral naloxone first then 
implant, not often treated with 
implant and then switched to oral. 

Reference ID: 4700901
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Author, 
year 

Dataset/Study 
Design 

Study 
Population Methods Results Limitations 

Morgan, 2019 Dataset: Truven Health 
Analytics MarketScan 
Commercial Claims 
Database 
(MarketScan)Study 
Design: Retrospective 
cohort study 

Patients in MarketScan 
from 2010-2016 with 1) 
evidence of diagnosis of 
opioid use disorder (OUD) 
based on ICD-9 or ICD-10 
codes in medical claims; 2) 
prescription of naltrexone 
or buprenorphine. 

Outcome measures: Overdose events based on 
ICD-9 and 10 codes on an inpatient or outpatient 
medical claim. Measured whether the individual 
was currently receiving each of the three 
medications (extended-release naltrexone (XR-
NTX), oral naltrexone, and buprenorphine) in a 
given week. Calculated person-time accrued on 
each medication and time spent on no 
medication. Outpatient prescription drug data 
determined date on which individuals filled 
prescriptions and days' supply. Used a four week 
window for recent discontinuation. Individuals 
began contributing follow-up time at their initial 
medication for opioid use disorder, after having 
not received medication for opioid use disorder 
for three months. In time to event analysis, 
individuals ceased contributing when they 
experienced an overdose or were censored at 
the end of the study period or exit from 
commercial insurance plan. Analyses: Calculated 
unadjusted overdose rate for each treatment 
status (current XR-NXT, current oral naltrexone, 
current buprenorphine, or no current 
treatment). Calculated incidence rate of 
overdose  per 100 person years and 95% CI. 
Developed a Cox hazards model on a weekly 
timescale to predict time from medication for 
opioid use disorder initiation to first opioid 
related overdose as a function of medication 
type,  both currently prescribed and recently 
discontinued within the previous four weeks, 
controlling for demographic factors.  

Cohort included 46,846 individuals with 72,215 person years. 
Buprenorphine: 40,441 persons with  29,628 person years, oral 
naltrexone: 7782 persons with 1617 person years, and injectable 
naltrexone: 1386 persons with 390 person years. There were 1805 
individuals who experienced 2755 opioid-related overdoses during 
the study period. Unadjusted opioid-related overdose rate (95% CI) 
per 100 person years during treatment:Not on treatment: 4.98 (4.79-
5.22) overdoses per 100 person years; Buprenorphine: 2 08 (1.94-
2.26) overdoses per 100 person years; XR-NTX: 3.85 (2.31-6 37) 
overdoses per 100 person years; Oral naltrexone: 6.18 (5.08-7.52) 
overdoses per 100 person years. Unadjusted opioid-related overdose 
rate (95% CI) per 100 person years during 4-week discontinuation 
periods: Buprenorphine: 3.86 (3.36-4.23) overdoses per 100 person 
years; XR-NTX: 10.46 (6.40-17.06) overdoses per 100 person years; 
Oral naltrexone: 10.96 (8 82-13.63) overdoses per 100 person years; 
Adjusted hazard ratio opioid-related overdose rate (95% CI) per 100 
person years; 
 During treatment compared to no treatment:Buprenorphine: 0.40 
(0.35-0.46)XR-NTX: 0.74 (0.42-1 31) Oral naltrexone: 0.93 (0.71-
1.22)Adjusted hazard ratio opioid-related overdose rate (95% CI) 
during discontinuation per 100 person years compared to no 
treatment:Buprenorphine: 1.08 (0 91-1.28) XR-NTX: 1.50 (0.83-2.73) 
Oral naltrexone: 1.15 (0.84-1 57) 

(-) Only commercially insured 
population 
(-) Only opioid overdoses captured 
in claims 
(-) Differences in demographics for 
treatment populations 

Reference ID: 4700901
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Author, 
year 

Dataset/Study 
Design 

Study 
Population Methods Results Limitations 

Robertson, 2018 Dataset: Linkage 
between department of 
mental health and 
addiction services 
(DMHAS), department of 
social services Medicaid 
program, and 
department of 
corrections, department 
of public safety, and 
judicial branch. Study 
Design: Retrospective 
cohort study 

Persons aged 18 years and 
older having a recorded 
diagnosis of schizophrenia 
spectrum disorder, bipolar 
disorder, major 
depression, a recorded 
diagnosis of moderate to 
severe opioid 
dependence, at least one 
night spent in Connecticut 
jail or prison during 2002-
2009 and having engaged 
in community-based 
treatment for opioid 
dependence between 
2003-2008.  8736 adults.  

Index date for pharmacotherapy group was the 
first observed outpatient opioid-dependence 
pharmacotherapy episode. For those treated 
with buprenorphine or naloxone, started 
counting maintenance episodes on 8th day, to 
isolate maintenance from possible 
detoxification. For comparison group, index 
treatment episode was first observed episode of 
outpatient substance abuse treatment without 
pharmacotherapy or outpatient mental health 
treatment if accompanied by opioid dependence 
diagnosis. Outcomes measured: inpatient mental 
health treatment, inpatient substance abuse 
treatment, visits to ED or crisis care provider. 
Generalized estimating equations determined 
group differences in odds of crisis-driven 
healthcare and criminal reoffending before and 
after index date of treatment. Conducted sub-
group analyses stratified by medication type. 

Of 4,800 opioid-dependent adults with serious mental illness in 
Connecticut public behavioral system, 267 were treated with 
Naltrexone for index treatment episode. Demographics and clinical 
characteristics of opioid-dependent adults  with severe mental illness 
in Connecticut Naltrexone cohort: Schizophrenia: 54 (20.22%)Bipolar: 
98 (36.70%)Depression: 115 (43.07%)Oral naltrexone group had no 
difference from comparison group (no pharmacotherapy) in terms of 
ER/crisis center use 0.86 (0.68-1.08) but a reduction in use for 
substance abuse mental health services 0.61 (0.47-0.79) and 0.61 
(0.43, 0.89), respectively.  

(-) Opioid withdrawal/overdose 
not a specific outcome 
(-) Odds ratios are in comparison 
to comparison group with opioid 
dependence diagnosis without 
treatment, but not clear overall 
amount of health care utilization 
due to opioid dependence in 
cohort of patients with serious 
mental illness on naltrexone 
(-) Naltrexone adherence unclear 

Tait, 2008 Dataset: Clinic records 
from not-for-profit 
community-based 
treatment service for 
heroin dependence in 
Perth, Western Australia. 
West Australia Data 
Linkage System 
(WADLS)Study Design: 
Retrospective cohort 
study 

People from West 
Australia who received 
naltrexone implants 
between January 2001 
and December 2002 and 
who could be followed in 
the WADLS. Cohort 
consisted of 174 people 
who sequentially entered 
treatment for heroin 
dependence initially using 
oral naltrexone and who 
later received sustained 
release implant 
naltrexone.   

Study assessed hospital admission in the 6-
month period prior to and following self-
reported first heroin use. First period of 
dependent heroin use was designated as the 6-
month period before oral naltrexone treatment 
where a diagnosis of DSM-IV dependence was 
required for treatment entry. The second period 
of dependent heroin use was designated as the 
6-month period before sustained release 
naltrexone treatment where a diagnosis of DSM-
IV dependence was also required for treatment 
entry.  

For patients during the oral naltrexone period, 92/130 were admitted 
to the hospital for any reason. There were 56 mental health opioid 
related admissions and seven admissions for opioid overdose.  

(-) Heroin use was self-report 
(-) Oral naltrexone was used as a 
mechanism of transfer to 
naltrexone implant, could be a 
time of fluctuation 
(-) Small cohort 
(-) Unclear which drugs were 
involved in overdoses  
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7.5 DATABASE DESCRIPTIONS 

IQVIA, National Sales PerspectivesTM, Retail and Non-Retail 

IQVIA, National Sales Perspectives™ (NSP) measures the volume of drug products, both 

prescription and over-the-counter, and selected diagnostic products moving from manufacturers 
into various outlets within the retail and non-retail markets. Volume is expressed in terms of 
eaches and share of market. These data are based on national projections. Outlets within the retail 
market include the following pharmacy settings: chain drug stores, independent drug stores, mass 
merchandisers, food stores, and mail service. Outlets within the non-retail market include clinics, 
non-federal hospitals, federal facilities, HMOs, long-term care facilities, home health care, and 
other miscellaneous settings. Estimates provided in this review are national estimates, but 
statistical tests were not performed to determine whether statistically significant changes occurred 
over time or between products; therefore, all changes over time should be considered 
approximate.  In addition, these results cannot be validated through medical chart reviews. 

IQVIA National Prescription Audit™ 

The IQVIA National Prescription AuditTM (NPA) measures the “retail outflow” of prescriptions, 

or the rate at which drugs move out of retail pharmacies, mail service houses, or long-term care 
facilities into the hands of consumers via formal prescriptions in the U.S. The NPA audit 
measures what is dispensed by the pharmacist. Data for the NPA audit is a national level estimate 
of the drug activity from retail pharmacies. NPA receives over 3.7 billion prescription claims per 
year, captured from a sample of the universe of approximately 59,900 pharmacies throughout the 
U.S. The pharmacies in the database account for most retail pharmacies and represent nearly 93% 
of retail prescriptions dispensed nationwide. The type of pharmacies in the sample are a mix of 
independent, retail, chain, mass merchandisers, and food stores with pharmacies, and include 
prescriptions from cash, Medicaid, commercial third-party and Medicare Part-D prescriptions. 
Data is also collected from approximately 45 – 75% (varies by class and geography) of mail 
service pharmacies and approximately 71 – 83% of long-term care pharmacies. Data are available 
on-line for 72-rolling months with a lag of 1 month.  We focused our prescription count analyses 
from outpatient retail pharmacy prescription claims.  Therefore, these estimates may not apply to 
other settings of care in which these products are used, such as mail-order pharmacies or specialty 
pharmacies.   

IDV® (Integrated Dataverse) 
IDV (Integrated Dataverse) from Symphony Health contains longitudinal patient data sources that 
capture adjudicated prescription, medical, and hospital claims across the United States for all 
payment types, including commercial plans, Medicare Part D, cash, assistance programs, and 
Medicaid.  The IDV contains over 10 billion prescriptions claims linked to over 280 million 
unique prescription patients of with an average of 5 years of prescription drug history.  Claims 
from hospital and physician practices include over 190 million patients with CPT/HCPCS 
medical procedure history as well as ICD-9/10 diagnosis history of which nearly 180 million 
prescription drug patients are linked to a diagnosis.  The overall sample represents over 65,000 
pharmacies, 1,500 hospitals, 800 outpatient facilities, and 80,000 physician practices.   

We focused our concurrency analyses from outpatient retail pharmacy prescription claims.  
Therefore, these estimates may not apply to other settings of care in which these products are 
used, such as mail-order pharmacies or specialty pharmacies.  Furthermore, the methodologies 
used to assess concurrent use of olanzapine and products containing opioids were quite broad. 
Prescription stockpiling was not accounted for and we were not able to ascertain if the same 
practitioner had prescribed both olanzapine and products containing opioids. Additionally, 
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assumptions are made when examining concurrency, such as (a) the patient takes each dispensed 
prescription as indicated, and (b) the days' supply for a prescription accurately reflects how the 
patient is actually taking the prescription. Prescriptions with the instructions of “as needed” will 

tend to have a pharmacist-assigned days' supply that assumes the patient will take the maximum 
dose possible. This may underestimate of the length of time that these 'as needed' prescriptions 
will actually last for a patient and thereby underestimate the true duration of therapy. 

Syneos Health Research & Insights, LLC., Treatment Answers™ 

Syneos Health Research & Insights, LLC., TreatmentAnswers™ and TreatmentAnswers™ with 

Pain Panel is a monthly survey designed to provide descriptive information on the patterns and 
treatment of diseases encountered in office-based physician practices in the U.S.  The survey 
consists of data collected from over 3,200 office-based physicians representing 30 specialties 
across the United States that report on all patient activity during one typical workday per month.  
These data may include profiles and trends of diagnoses, patients, drug products mentioned 
during the office visit and treatment patterns.  The Pain Panel supplement surveys over 115 pain 
specialists physicians each month.  With the inclusion of visits to pain specialists, this will allow 
additional insight into the pain market.  The data are then projected nationally by physician 
specialty and region to reflect national prescribing patterns.  Diagnoses obtained from physician 
survey data are expressed as "drug uses" which refers to mentions of a drug in association with a 
diagnosis during a patient visit to an office-based physician. This term may be duplicated by the 
number of diagnosis for which the drug is mentioned.  The survey data provide insight into the 
prescriber intent, but are not necessarily linked to dispensed prescriptions.  Moreover, the absence 
of a mention of a drug of interest for use in association with a diagnosis does not necessarily 
indicate that physicians did not mention the drug during the study period; drug use mentions may 
have occurred on an unreported day and may not get captured.  Further, the prevalence of the 
disease of interest should be considered when drawing inferences.  Rare diseases or diseases for 
which patients rarely seek medical attention generally produce lower estimates or mentions of 
use. 
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7.6 DRUG UTILIZATION TABLES 

Table 2. Estimated number of antipsychotic prescriptions dispensed from U.S. 

outpatient retail and long-term care pharmacies, 2016-2019, annually 

 
Source: IQVIA, National Prescription AuditTM (NPA) database. 2016-2019. Extracted: July 2020.  File: 2020-619 NPA Lybalvi AC 
antipsych opioids mol retail LTC 1_Jul-31-2020.xlsx 

Table 3. Estimated number of antipsychotic prescriptions dispensed from U.S. 

outpatient retail and long-term care pharmacies stratified by active moiety*, 2019 

 
Source: IQVIA, National Prescription AuditTM (NPA) database. 2016-2019. Extracted July 2020. File: 2020-619 NPA Lybalvi AC 
antipsych opioids mol retail LTC 1_Jul-31-2020.xlsx 
* All Others include prescriptions for lurasidone, ziprasidone, clozapine, paliperidone, brexipiprazole, cariprazine, 
asenapine, loxapine, iloperidone, pimavanserin, thiothixene, pimozide, and molindone. 

Table 4. Estimated number of olanzapine prescriptions dispensed from U.S. 

outpatient retail and long-term care pharmacies, 2019, stratified by prescriber 

specialty. 

 
Source: IQVIA, National Prescription AuditTM (NPA) database. 2016-2019. Extracted July 2020. File: 2020-619 NPA Lybalvi AC 
specialty retail LTC 1_Jul-31-2020.xlsx 
*All others include prescriber specialties for geriatrics, geriatric psychiatry, neurology, oncology, general practice, others, emergency 
medicine, pediatrics, internal/pediatrics, nephrology, cardiology, hospice & palliative medicine, physical medicine & rehab, 
psychology, obstetrics/gynecology, pulmonary diseases, infectious disease, general surgery, pharmacist, gastroenterology, 
anesthesiology, pulmonary critical care, endocrinology, addiction medicine, sleep medicine, rheumatology, pain medicine, 
hematology, dermatology, dentistry, clinical neurophysiology, urology, sports medicine, orthopedic surgery, nuclear medicine, general 

2016 2017 2018 2019

Antipsychotics

Prescriber specialty
TRx

(N)

Share 

(%)

Grand Total

PSYCHIATRY

NP/PAs*

INTERNAL MEDICINE

FAMILY PRACTICE

OSTEOPATHIC MEDICINE

All Others*

2019
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preventive medicine, critical care medicine, thoracic surgery, radiology, plastic surgery, pathology, otolaryngology, other surgery, 
ophthalmology, occupational medicine, neurological surgery, naturopathic doctor, clinical pharmacology, allergy, critical care 

 

Table 5. Diagnoses (ICD-10) associated with the use of olanzapine as reported by 

office-based physician surveys, January 2018- December 2019, cumulative 

 
Source: Syneos Health database. 2018-2019. Extracted July 2020.  File: 2020-619 Syneos Olanzapine 2018-2019.xls 
 
  

Uses 

(000)

Share

(%)

95% 

Confidence 

Interval

(000)

Total Olanzapine

    F20 Schizophrenia

    F25 Schizoaffective disorders

    F31 Bipolar disorder

    F32 Major depressive disorder, single episode

    R44 Oth symptoms and signs w general sensations and perceptions

    F29 Unsp psychosis not due to a substance or known physiol cond

    F33 Major depressive disorder, recurrent

    F43 Reaction to severe stress, and adjustment disorders

    F41 Other anxiety disorders

    F23 Brief psychotic disorder

    All Others

January 2018- December 2019
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7.7 DRUG UTILIZATION OPIOID CONTAINING PRODUCTS (INCLUDES ALL 

FORMULATIONS) 

 
ACETAMINOPHEN WITH CODEINE 
ACETAMINOPHEN/CAFF/DIHYDROCOD 
AMMON CHL/PE/HCOD/PYR/CP/PHDM 
AMMON CHL/PHENYLEPH HCL/COD/CP 
AMMON CHL/PHENYLEPHRINE/COD/CP 
ASPIRIN/CAFFEIN/DIHYDROCODEINE 
ASPIRIN/CODEINE PHOSPHATE 
BENZHYDROCODONE/ACETAMINOPHEN 
BROMPHENIRA/PSEUDOEPHED/CODEIN 
BROMPHENIRAM/PE/DIHYDROCODEINE 
BROMPHENIRAMINE/CODEINE PHOS 
BROMPHENIRAMINE/PE/CODEINE 
BROMPHENIRAMINE/P-EPH/CODEINE 
BROMPHENRM/PSEUDOEPH/DIHYDROCD 
BUPRENORPHINE 
BUPRENORPHINE HCL 
BUPRENORPHINE HCL/NALOXONE HCL 
BUTALBIT/ACETAMIN/CAFF/CODEINE 
BUTORPHANOL TARTRATE 
CARISOPRODOL/ASPIRIN/CODEINE 
CHLORCYCLI/PSEUDOEPHED/CODEINE 
CHLORCYCLIZ/PHENYLEPH/CODEINE 
CHLORCYCLIZINE HCL/CODEINE PH 
CHLORCYCLIZINE/CODEINE 
CHLOR-MAL/CODEINE/ACETAMINOPHN 
CHLORPHEN/PSEUDOEPHED/CODEINE 
CHLORPHENIRAMINE/CODEINE PHOS 
CHLORPHENIRAMINE/PE/CODEINE 
CODEINE PHOS 
CODEINE PHOS/ASA/ACETAMINOPHEN 
CODEINE PHOS/ASA/CAFFEIN/BUTAL 
CODEINE PHOS/ASPIRIN 
CODEINE PHOS/BR-DPHA HCL 
CODEINE PHOS/CARISOPRODOL/ASA 
CODEINE PHOS/PYRIL MAL 
CODEINE PHOSPHATE 
CODEINE PHOSPHATE/APAP 
CODEINE PHOSPHATE/APAP/BUTALB 
CODEINE PHOSPHATE/ASPIRIN 
CODEINE PHOSPHATE/BR-DPHA HCL 
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CODEINE PHOSPHATE/GUAIFENESIN 
CODEINE PHOSPHATE/PYRILAMINE 
CODEINE POLI/CHLORPHENIR POLIS 
CODEINE SULFATE 
CODEINE/ACETAMINOPHEN/BUTALB 
CODEINE/BUTALBITAL/ASA/CAFFEIN 
CODEINE/CALCIUM IODIDE 
CODEINE/CARISOPRODOL/ASPIRIN 
CODEINE/IODINATED GLYCEROL 
CODEINE/PROMETHAZINE HCL 
DEXBROMPHENIRAMINE/PSE/CODEINE 
DEXCHLORPHEN/PHENYLEPH/CODEINE 
DEZOCINE 
DHCODEINE BT/ACETAMINOPHN/CAFF 
DIHYDROCODEINE/ASPIRIN/CAFFEIN 
DIHYDROCODEINE/GUAIFENESIN 
DIPHENHYDRAMIN/PE/CODEINE PHOS 
FENTANYL 
FENTANYL CITRATE 
FENTANYL CITRATE/PF 
FENTANYL CITRATE-0.9 % NACL/PF 
FENTANYL HCL 
FENTANYL/BUPIVACAINE/NS/PF 
FENTANYL/ROPIVACAINE/NS/PF 
GUAIFEN/CODEINE PHOS/CP 
GUAIFEN/HYDROCOD BIT/PHENINDA 
GUAIFEN/HYDROCODONE/BR-PHENIR 
GUAIFEN/HYDROCODONE/PHENINDA 
GUAIFEN/PE HCL/PPA/COD/BPM 
GUAIFEN/PE/PHENYLPROP/COD/BPM 
GUAIFEN/PE/PHENYLPROP/HCOD/PNM 
GUAIFEN/P-EPHED HCL/COD/CP 
GUAIFEN/P-EPHED HCL/COD/TRIPRO 
GUAIFEN/P-EPHED HCL/DIHY-COD 
GUAIFEN/P-EPHED HCL/HCOD/CP 
GUAIFEN/PHENYLEPHRINE/COD/CP 
GUAIFEN/PHENYLEPHRINE/PPA/HCOD 
GUAIFEN/PPA HCL/HCOD/PYRIL/PNM 
GUAIFEN/PPA HCL/HCOD/SAL-AMIDE 
GUAIFENESIN/CODEINE PHOS 
GUAIFENESIN/CODEINE PHOSPHATE 
GUAIFENESIN/HYDROCOD BIT 
GUAIFENESIN/HYDROCODONE 
GUAIFENESIN/HYDROCODONE BIT 
GUAIFENESIN/P-EPHED HCL/COD 
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GUAIFENESIN/P-EPHED HCL/HCOD 
GUAIFENESIN/PHENYLEPHRINE/COD 
GUAIFENESIN/PHENYLEPHRINE/HCOD 
GUAIFENESIN/PPA HCL/CODEINE 
HYDROCOD BIT/HOMATROPINE 
HYDROCODONE BIT/ASPIRIN 
HYDROCODONE BIT/CHLOR-MAL 
HYDROCODONE BIT/HOMATROP ME-BR 
HYDROCODONE BIT/HOMATROPINE 
HYDROCODONE BITARTRATE 
HYDROCODONE BITARTRATE/APAP 
HYDROCODONE TANNATE/CHLOR-TAN 
HYDROCODONE/ACETAM/DIET.SUP.11 
HYDROCODONE/ACETAMINOPHEN 
HYDROCODONE/CHLORPHEN POLIS 
HYDROCODONE/CHLORPHEN P-STIREX 
HYDROCODONE/CHLORPHENIRAMINE 
HYDROCODONE/CHLOR-POLI 
HYDROCODONE/CPM/PSEUDOEPHED 
HYDROCODONE/IBUPROFEN 
HYDROCODONE/PSEUDOEPHED/GUAIF 
HYDROMORPHONE HCL 
HYDROMORPHONE HCL IN 0.9% NACL 
HYDROMORPHONE HCL IN WATER/PF 
HYDROMORPHONE HCL/0.9% NACL/PF 
HYDROMORPHONE HCL/NS 
HYDROMORPHONE HCL/PF 
HYDROMORPHONE/BUPIV/0.9NACL/PF 
HYDROMORPHONE/ROPIV/SOD CHL/PF 
IBUPROFEN/OXYCODONE HCL 
KG/COD/PROMETH/SODIUM CIT 
KG/SOD CIT(EXP)/COD/PROMETH 
KG/SOD CIT(EXP)/PE/COD/PROMETH 
KG/SODIUM CIT/COD/PROMETH 
LEVOMETHADYL ACETATE HCL 
LEVORPHANOL TARTRATE 
MEPERIDINE HCL 
MEPERIDINE HCL IN 0.9 % NACL 
MEPERIDINE HCL IN 0.9% NACL/PF 
MEPERIDINE HCL/ACETAMINOPHEN 
MEPERIDINE HCL/PF 
MEPERIDINE HCL/PROMETH HCL 
METHADONE HCL 
METHADONE IN 0.9 % SOD.CHLORID 
MORPHINE SULFATE 
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MORPHINE SULFATE IN 0.9 % NACL 
MORPHINE SULFATE LIPOSOMAL/PF 
MORPHINE SULFATE/0.9% NACL/PF 
MORPHINE SULFATE/D5W 
MORPHINE SULFATE/D5W/PF 
MORPHINE SULFATE/NALTREXONE 
MORPHINE SULFATE/NORMAL SALINE 
MORPHINE SULFATE/PF 
MORPHINE/BIS SS/KAO/PECT 
NALBUPHINE HCL 
NH4CL/PE HCL/HCOD/PYR/CP/PHDM 
NH4CL/PE HCL/PPA/COD/PYRIL/PNM 
OPIUM TINCTURE 
OPIUM/ASPIRIN/CAFFEINE 
OPIUM/BELLADONNA ALKALOIDS 
OPIUM/KAOLIN/PECTIN 
OPIUM/KAOLIN/PECTIN/BELLADONNA 
OXYCODONE HCL 
OXYCODONE HCL/ACETAMINOPHEN 
OXYCODONE HCL/ASPIRIN 
OXYCODONE HCL/OXYCODON TER/ASA 
OXYCODONE MYRISTATE 
OXYCODONE/ASPIRIN 
OXYMORPHONE HCL 
P/EPHED/CODEINE/ACETAMINOPH/GG 
PAREGORIC 
PE HCL/PPA HCL/HCOD/PYRIL/PNM 
PE/CODEINE/PHENIR/SODIUM CIT 
PE/HYDROCODONE/BROMPHEN TANNTS 
PE/HYDROCODONE/DEXBROMPHENIRMN 
PE/HYDROCODONE/DEXCHLOR TANNTS 
PE/P-EPHEDRINE/HCOD/PYRIL/CP 
PE/PPA HCL/DIHY-COD/CP 
PE/PPA HCL/HCOD/PYRIL/PHENIR 
PE/PPA/HCOD/PYRIL/PHENIR 
PE-CODEINE-ACETAMINOPHEN-GUAIF 
PENTAZOCINE HCL/ACETAMINOPHEN 
PENTAZOCINE HCL/ASPIRIN 
PENTAZOCINE HCL/NALOXONE HCL 
PENTAZOCINE LACTATE 
P-EPD TAN/HYDROCODONE TANNATE 
P-EPHED HCL/COD PHOS/TRIPROL 
P-EPHED HCL/COD/CHLORPHENIR 
P-EPHED HCL/CODEINE PHOSPHATE 
P-EPHED HCL/CODEINE/GUAIFEN 

Reference ID: 4700901



 

 55 

P-EPHED HCL/DHCODEINE BT/CP 
P-EPHED HCL/HCOD BT/CARBINOX 
P-EPHED HCL/HYDROCOD BIT 
P-EPHED HCL/HYDROCOD BIT/CP 
P-EPHED HCL/HYDROCODONE 
P-EPHED HCL/HYDROCODONE BIT 
P-EPHED HCL/HYDROCODONE/BPM 
P-EPHED HCL/HYDROCODONE/CP 
P-EPHED HCL/HYDROCODONE/TRIPRO 
PHENYLEPH HCL/HYDROCOD BIT/CP 
PHENYLEPH/CODEINE/ACETAMINP/CP 
PHENYLEPH/DIHYDROCODEINE/GUAIF 
PHENYLEPH/HYDOCODON/ACETAMN/CP 
PHENYLEPHRINE HCL/COD/PROMETH 
PHENYLEPHRINE HCL/COD/PYRIL 
PHENYLEPHRINE HCL/CODEINE 
PHENYLEPHRINE HCL/DIHYDROCO BT 
PHENYLEPHRINE HCL/HYDROCODONE 
PHENYLEPHRINE/COD/CP/POT IOD 
PHENYLEPHRINE/CODEINE/GUAIFEN 
PHENYLEPHRINE/DHCODEINE BT/CP 
PHENYLEPHRINE/HCOD BT/CARBINOX 
PHENYLEPHRINE/HCOD BT/PYRIL/CP 
PHENYLEPHRINE/HCOD TAN/DPHA 
PHENYLEPHRINE/HYDROCOD BIT/CP 
PHENYLEPHRINE/HYDROCODONE/BPM 
PHENYLEPHRINE/HYDROCODONE/CP 
PHENYLEPHRINE/HYDROCODONE/D-CP 
PHENYLEPHRINE/HYDROCODONE/DPHA 
PHENYLEPHRINE/HYDROCODONE/PYR 
PHENYLEPHRINE/PPA HCL/COD/CP 
PHENYLPROP HCL/COD/BR-PHENIR 
PHENYLPROP HCL/HYDROCOD BIT 
POT GUAIACO/HYDROCOD BIT 
POT GUAIACO/HYDROCODONE BIT 
POT GUAIACO/P-EPHED HCL/HCOD 
PPA HCL/CODEINE/BR-PHENIR 
PPA HCL/HYDROCODONE BIT 
PPA HCL/HYDROCODONE BITARTRATE 
PROMETHAZINE HCL/CODEINE 
PROMETHAZINE/PHENYLEPH/CODEINE 
PROPOXYPHENE HCL 
PROPOXYPHENE HCL/ACETAMINOPHEN 
PROPOXYPHENE HCL/ASA/CAFFEINE 
PROPOXYPHENE NAP/ACETAMINOPHEN 
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PROPOXYPHENE NAPSYL 
PROPOXYPHENE NAPSYLATE 
PSEUDOEPH/HYDROCOD/BROMPH TANS 
PSEUDOEPH/HYDROCODON/CP TANNS 
PSEUDOEPHED/COD/CHLORPHENIR 
PSEUDOEPHED/CODEINE/GUAIFEN 
PSEUDOEPHED/CODEINE/TRIPROLIDN 
PSEUDOEPHED/HYDROCODONE 
PSEUDOEPHEDRINE HCL/CODEINE 
PSEUDOEPHEDRINE/COD/TRIPROL 
PYRIL MA/PE/CODEINE PHOS 
PYRIL MAL/PSEUDOEPHED/CODEINE 
PYRILAM/PHENYLE/DIHYDROCODEINE 
SUFENTANIL CITRATE 
TAPENTADOL HCL 
TERPIN HYDRATE/CODEINE 
TRAMADOL HCL 
TRAMADOL HCL/ACETAMINOPHEN 
TRAMADOL/GLUCOSAMINE 
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Department of Health and Human Services 
Public Health Service 

Food and Drug Administration 
Center for Drug Evaluation and Research 

Office of Medical Policy Initiatives 
Division of Medical Policy Programs 

 
REVIEW DEFERRAL MEMORANDUM 

 
 
Date:  November 9, 2020 
 
To: 

 
Jasmeet (Mona) Kalsi, PharmD  
Regulatory Project Manager (RPM) 
Division of Psychiatry (DP) 

 
Through: 

 
LaShawn Griffiths, MSHS-PH, BSN, RN  
Associate Director for Patient Labeling 
Division of Medical Policy Programs (DMPP) 

 
From:  

 
Shawna Hutchins, MPH, BSN, RN 
Senior Patient Labeling Reviewer 
Division of Medical Policy Programs (DMPP) 

 
Subject: 

  
Review Deferred: Medication Guide (MG) 

 
Drug Name (established 
name):  

 
LYBALVI (olanzapine and samidorphan) 

Dosage Form and Route: Tablets, for oral use 
Application  
Type/Number:  

NDA 213378 

Applicant: 
 

Alkermes 
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1 INTRODUCTION 
On November 15, 2019, Alkermes submitted for the Agency’s review an original 
New Drug Application (NDA) for LYBALVI (olanzapine and samidorphan; also 
referred to as ALKS 3831) tablets, for oral use, for the treatment of schizophrenia 
and bipolar I disorder.  On December 27, 2019, the Division of Psychiatry (DP) 
requested that the Division of Medical Policy Programs (DMPP) review the 
Applicant’s proposed Medication Guide (MG) for LYBALVI (olanzapine and 
samidorphan) tablets, for oral use. 
This memorandum documents the DMPP review deferral of the Applicant’s 
proposed MG for LYBALVI (olanzapine and samidorphan) tablets, for oral use. 

 
2 CONCLUSIONS 

Due to outstanding clinical deficiencies, DP plans to issue a Complete Response 
(CR) letter.  Therefore, DMPP defers comment on the Applicant’s patient labeling at 
this time. A final review will be performed after the Applicant submits a complete 
response to the Complete Response (CR) letter.  Please send us a new consult request 
at such time.  
Please notify us if you have any questions.  
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 NDA 213378, olanzapine and samidorphan  

Clinical Inspection Summary 
 
 

 

 
 

Clinical Inspection Summary 
 
 

Date 10/22/2020 
From Jenn Sellers, M.D., Ph.D., Medical Officer 

Good Clinical Practice Assessment Branch 
Division of Clinical Compliance Evaluation  
Office of Scientific Investigations (OSI) 

To Jasmeet K Kalsi, Pharm.D., Regulatory Project Manager 
Cathy Southammakosane, M.D., Clinical Reviewer 
Bernard Fischer, M.D., Clinical Team Leader 
Division of Psychiatry (DP) 

NDA # 213378 
Applicant Alkermes, Inc 
Drug Olanzapine and Samidorphan  
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I. OVERALL ASSESSMENT OF FINDINGS AND RECOMMENDATIONS 
 

The clinical data from two studies, Protocols ALK3831-A305 and ALK3831-A303, were submitted 
to the Agency in support of NDA 213378 for olanzapine/samidorphan combination for the treatment 
of schizophrenia and for olanzapine-induced weight gain. 
 
The clinical investigators (CIs) Drs. Bartley, Hudefi, Marandi, and Sonnenberg were inspected in 
support of this NDA. There were some minor unreported adverse events (AEs) at two CI sites; 
several of these AEs are already included in the approved olanzapine label. Otherwise, based on the 
results of these inspections, the conduct of the above studies was adequate, and the clinical data 
generated from the sites of Drs. Bartley, Hudefi, Marandi, and Sonnenberg appear to be reliable in 
support the respective indication.   
 
II. BACKGROUND 

 
Lybalvi (ALKS 3831) is a fixed-dose combination of olanzapine and samidorphan. Olanzapine, an 
atypical antipsychotic, was initially approved by FDA in 1996 and is indicated, among other 
things, in schizophrenia. Weight gain is one of the most common side effects of atypical 
antipsychotics, in particular olanzapine. The sponsor (Alkermes) designed the combination product 
ALKS 3831 to include olanzapine together with samidorphan, a μ-opioid receptor antagonist, 
hoping to mitigate olanzapine-induced weight gain. 
 
The sponsor conducted a 4-week, randomized, placebo and active-controlled efficacy trial 
(Protocol ALK3831-A305) in adults with an acute exacerbation of schizophrenia as well as a 24-
week active-controlled weight gain study in adults with schizophrenia (Protocol ALK3831-A303). 
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Clinical inspections were requested for these protocols, which are briefly summarized below. 
 
Protocol ALK3831-A305 
 
Title: “A Phase 3 Study to Determine the Antipsychotic Efficacy and Safety of ALKS 3831 in 
Adult Subjects with Acute Exacerbation of Schizophrenia” 
 
This was a 4-week randomized, double-blind, active and placebo-controlled study in subjects 
experiencing an acute exacerbation of schizophrenia. Major eligibility criteria included adult 
subjects 18 to 70 years of age; body mass index (BMI) of 18.0-40.0 kg/m2; Positive and Negative 
Syndrome Scale (PANSS) total score of ≥ 80; a score of ≥4 on at least 3 of the selected Positive 
Scale items; and a Clinical Global Impression-Severity (CGI-S) score ≥ 4. After screening, eligible 
subjects were randomized in a 1:1:1 ratio to ALKS 3831, olanzapine, or placebo for 4 weeks of 
daily dosing.  
 
The primary efficacy endpoint was the change from Baseline in PANSS total score to Week 4. The 
PANSS is a 30-item scale that measures positive symptoms of schizophrenia (7 items), negative 
symptoms of schizophrenia (7 items), and general psychopathology (16 items), each rated on a 
scale of 1 (absent) to 7 (extreme). Total PANSS scores range from 30 to 210, with a higher score 
reflecting greater symptom severity. 
 
The key secondary efficacy endpoint was the change in CGI-S score from Baseline to Week 4. The 
CGI-S is for clinicians to rate a subject’s current illness severity and overall clinical state based on 
their experience with the study population. Scores range from 1 (normal, not at all ill) to 7 
(extremely ill). 
 
Protocol ALK3831-A303 
 
Title: “A Phase 3 Study to Evaluate Weight Gain of ALKS 3831 Compared to Olanzapine in 
Adults with Schizophrenia” 
 
This was a 24-week, randomized, double-blind study in subjects with schizophrenia. Major 
eligibility criteria included adult subjects 18 to 55 years of age (inclusive); a BMI of 18.0-30.0 
kg/m2; PANSS total score of 50-90; a CGI-S score of ≤4; and symptoms suitable for outpatient 
treatment. Eligible subjects were randomized in a 1:1 ratio to ALKS 3831 or olanzapine. Subjects 
were seen weekly for the first six weeks (visits 3-8), then biweekly for the remaining 18 weeks 
(visits 9-17/end of treatment), all as outpatients. Body weight, metabolic parameters, and 
psychiatric symptoms were measured throughout the 24-week double-blind treatment period. 
 
The coprimary endpoints were: 
1. Percent change in body weight from baseline to Week 24  
2. Proportion of subjects with ≥10% weight gain at Week 24  
 
The key secondary endpoint was proportion of subjects with ≥7% weight gain at Week 24. 
 
Rationale for Site Selection  
 
The clinical sites were chosen primarily based on numbers of enrolled subjects, treatment effect, 
protocol deviations, prior inspection history, and complaints (if any).  
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III. RESULTS  
  

1. Scott R.  Bartley, M.D 
 Site # 840127 

630 N. Coit Road, Suite 2200 
Richardson, TX 75080 
Inspection dates: 21-23 September 2020 
 
At this site for Protocol ALK3831-A305, 35 subjects were screened, 19 were enrolled, and 11 
subjects completed the study. Among the eight subjects who discontinued the study, Subject 
#  (in placebo group) was withdrawn by the clinical investigator (CI) due to lack of efficacy, 
i.e., the subject was in an unstable condition. Subject #  (in ALKS 3831 group) withdrew 
consent due to lack of efficacy per subject self report. Five subjects withdrew consent for 
“personal” or unknown reasons. One subject was lost to follow-up. 
 
The study records for all 19 enrolled subjects were reviewed including, but not limited to, 
informed consent; inclusion/exclusion criteria; randomization, blinding, dosing, and study drug 
administration; the primary and key secondary efficacy endpoints; adverse event reporting; and 
protocol compliance. The study monitoring, ethics committee approval and communications, 
financial disclosures, FDA 1572s, study staff background and training were also reviewed 
during the inspection. 

The primary and key secondary efficacy endpoint data were verified against the data line 
listings provided by the sponsor for all enrolled subjects; no discrepancies were noted. There 
was no evidence of underreporting of adverse events.  

 
2. Fayz Hudefi, M.D. 

Site # 840184 
609 W. Dyke Road 
Rogers, AR 72758 
Inspection dates: 14-16 September 2020 

 
At this site for Protocol ALK3831-A305, 21 subjects were screened, 14 were enrolled, and 12 
subjects completed the study. Two subjects withdrew consent due to “personal reasons.”  
 
All 21 screened subjects’ records were reviewed. These records included, but were not limited 
to, protocol adherence; inclusion/exclusion criteria; informed consent forms; data verification 
between source documentation and endpoint line listings; sponsor and IRB communications; 
investigator’s agreements; financial disclosure; monitoring; investigational product 
accountability; and training.  
 
The primary and key secondary efficacy endpoint data were verified against the data line 
listings provided by the sponsor for all enrolled subjects; no discrepancies were noted. There 
was no evidence of underreporting of adverse events. 
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3. Morteza Marandi, M.D. 
Site # 840246 

 11080 East Artesia Boulevard, Suite A 
 Cerritos, CA 90703 

Inspection dates: 17-18, 25, 28-30 September and 1 October 2020 
 
At this site for Protocol ALK3831-A303, 42 subjects were screened, 23 were enrolled, and 15 
subjects completed the study. Among the 8 subjects who discontinued the study, four subjects 
were lost to follow up. One subject withdrew consent. Three other subjects were discontinued 
due to the following reasons:  
 

• Subject #  (in ALKS 3831 treatment group) felt sedation after the first dose and 
decided to withdraw. The adverse event of sedation and discontinuation were reported 
in the NDA submission. 

 

• Subject #  (in olanzapine treatment group) was discontinued by the CI. The subject 
was prescribed lorazepam due to heightened anxiety during the study. The CI 
discontinued the subject due to an incident of reportedly losing the lorazepam packet. 
Since lorazepam is a controlled drug, the CI did not feel safe for the subject to continue 
the study. It should also be noted that this subject also had one episode of lorazepam 
overdose, but it is unknown if this was accidental or intentional. The concomitant use 
of Ativan and the discontinuation were reported but the adverse event of heightened 
anxiety was not reported.  

 
Reviewer’s comment: The review division may consider including this adverse event of 
heightened anxiety, which does not appear to be in the approved olanzapine label, 
when conducting their safety analysis. 

 
• Subject #  (in olanzapine treatment group) discontinued due to the adverse event of 

elevated prolactin level. Both the discontinuation and the adverse event were reported 
in the NDA submission. In addition, the adverse event of elevated prolactin is already 
in the olanzapine label.  

 
The records for 22 of the 23 enrolled subjects were reviewed. The weights at Baseline and 
Week 24 for these 22 randomized subjects were verified against the data line listing provided 
by the sponsor; no discrepancies were noted. Other records reviewed included, but were not 
limited to, laboratory certifications; staff CVs; Investigator Brochure, study protocol; subject 
enrollment logs; staff delegation logs; monitor correspondence and logs; IRB correspondence 
and approval letters; Form FDA 1572s; financial disclosure forms; test article accountability 
records; informed consent forms; inclusion/exclusion checklists; adverse event and 
concomitant medication logs; subject medical and pharmacy records; and protocol deviations.  
 

4. John G Sonnenberg, M.D. 
Site # 840139 
1021 W. Lawrence Ave 
Chicago, IL 60640 
Inspection dates: 14-18 September 2020 

 
At this site for Protocol ALK3831-A303, 35 subjects were screened, 23 were enrolled, and 15 
subjects completed the study. Eight subjects discontinued the study. Subject #  (in ALKS 
3831 group) withdrew himself as he became lethargic and reported lack of motivation. One 
subject was not able to continue the study due to incarceration. One subject was lost to follow-
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up. The following 5 subjects were withdrawn by the CI.  
 

• Subject #  (in ALKS 3831 group) due to subject’s substance abuse 
• Subject #  (in olanzapine group) due to noncompliance with study drug  
• Subject # (in ALKS 3831 group) due to the adverse events of low white blood cell 

count and low neutrophils (absolute);  
• Subject #  (in ALKS 3831 group) due to adverse events of drowsiness, disorientation, 

nausea and vomiting 
• Subject #  (in ALKS 3831 group) due to lack of efficacy of study drug shown as an 

increase in psychosis 
 

Reviewer’s comment: All of the above discontinuations and their causes were reported in 
the NDA submission. It should be noted that all of the AEs leading to discontinuation are 
included in the approved olanzapine label.  

 
Study records audited for the 35 screened subjects included (but were not limited to) IRB 
approval letters and correspondence; monitoring reports; financial disclosure reports; case 
report forms; drug accountability records; site signature and responsibility logs; and site 
training documentation. In addition, the records for the 23 enrolled subjects were audited for 
protocol adherence, weight measurements, adverse event reporting, test article accountability, 
and informed consent.  
 
The weight at Baseline and Week 24 for all 23 enrolled subjects were verified against the data 
line listings provided by the sponsor; no discrepancies were noted. However, it was observed 
that the following adverse events, all in subjects in the ALKS 3831 treatment group, were 
documented onto the adverse event Source Document Data worksheet but not on the case 
report forms and therefore not reported to the sponsor or FDA: 
 

• Subject # : Hypertension (moderate in severity) for an almost one-month period 
• Subject # : Lethargy (mild in severity) for 10 days 
• Subject # : Lethargy (mild in severity) for a more than one-month period 
• Subject # : Anxiety (moderate in severity) for an unspecified period, including the 

concomitant medication of lorazepam 1mg po BID to treat the anxiety. 
 

Reviewer’s comment: The above adverse events were not reported in the NDA submission. 
However, these adverse events, except for anxiety, are in the approved olanzapine label. 
 

 
 

 
 

{See appended electronic signature page}  

 Jenn W. Sellers, M.D. 
Good Clinical Practice Assessment Branch  
Division of Clinical Compliance Evaluation  
Office of Scientific Investigations 
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I. SUMMARY

1. Background
This memorandum responds to a consult request from the Division of Psychiatry (DP) to evaluate abuse-
related preclinical and clinical data submitted by Alkermes, Inc., (Sponsor) under NDA 213378 and IND 
114375 for Lybalvi (olanzapine and samidorphan malate).  This product is a fixed dose mixed 
combination product containing olanzapine (OLZ) and samidorphan (SAM) malate for the treatment of 
schizophrenia or bipolar I disorder in adults.  The Sponsor has formulated the drug product as oral 
tablets at doses of:

 5 mg/10 mg olanzapine/samidorphan
 10 mg/10 mg olanzapine/samidorphan
 15 mg/10 mg olanzapine/samidorphan
 20 mg/10 mg olanzapine/samidorphan
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The Sponsor proposes that the drug combination not be controlled in the Controlled Substances Act 
(CSA) because OLZ is approved and not currently controlled and SAM is a mu opioid receptor 
antagonist.

The Sponsor has submitted a 505(b)(2) application for Lybalvi using the reference listed drug Zyprexa® 
(NDA 020592) for OLZ which is not controlled in the CSA.  Samidorphan is a new molecular entity 
(NME) that is currently controlled in Schedule II of the CSA as a non-specified opiate derivative.

Olanzapine is an atypical anti-psychotic that functions through a combination of dopamine (D) and 
serotonin (5-HT) receptor antagonist activity.  In vitro, OLZ produces antagonist activity at the 5-HT2A, 
5-HT26, D1 - D4, histamine 1, adrenergic 1, and muscarinic 1 - 5 receptors.  The Sponsor is relying on 
the drug label for Zyprexa for the assessment of the abuse potential of OLZ.  According to the label, 
OLZ had no potential for abuse or physical dependence in rats or in rhesus monkeys.  Studies to assess 
the abuse potential of OLZ in humans have not been conducted.  An evaluation of abuse-related adverse 
events as part of NDA 213378 did not produce any signs of abuse potential related to OLZ. Olanzapine 
was approved on March 17, 2000 and has not been controlled in any schedule of the CSA and has 
demonstrated no signs of abuse.

Samidorphan is a NME that acts as a mu opioid receptor antagonist.  It is currently controlled in 
Schedule II of the CSA because it is derived from thebaine-derived naltrexone1.   

 
 The Sponsor conducted in vitro, animal, and human 

studies to assess the abuse potential of SAM   These studies were used to 
address a petition from the Sponsor to decontrol SAM from all schedules of the CSA and are outlined in 
this document.  Samidorphan is a mu antagonist that has weak partial kappa-opioid receptor agonist 
activity.  Samidorphan did not generalize to morphine in a rat drug discrimination study, did not produce 
significant reinforcing effects in a self-administration study, and did not produce positive subjective 
responses in a human abuse potential study.  

In the NDA submission, the Sponsor proposes to not control Lybalvi in the CSA based on the lack of 
demonstratable abuse potential of OLZ and SAM.  After evaluating the nonclinical and clinical data in 
the NDA, CSS concludes that Lybalvi should not be controlled in the CSA.  

2. Conclusions

CSS has reviewed the nonclinical and clinical abuse-related data submitted in NDA 213378 for Lybalvi 
(olanzapine/samidorphan) and concludes that the drug does not have a concerning level of abuse 
potential and should not be controlled in the CSA.  This conclusion is based on the following data:

Olanzapine
 Olanzapine was approved by FDA on March 17, 2000 and was not controlled at that time.
 According to the drug label provided by the Sponsor, animal studies to assess the reinforcing 

effects of olanzapine were negative

1 As defined in Title 21 CFR 1308.12(b)(1)(xvii), derivatives of the thebaine-derived naltrexone are not excluded from 
Schedule II controls under the CSA.
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 CSS concludes that olanzapine does not have abuse potential and should not be controlled in the 
CSA

Samidorphan
 SAM is currently controlled in Schedule II of the CSA because it is a derivative of thebaine 

derived naltrexone Title 21 CFR § 1308.21(b)(1)(xvii)
 In vitro binding and functional studies indicate that SAM is a mu opioid receptor antagonist with 

partial kappa agonist activity
 Metabolism studies show that SAM produces two major metabolites, RDC-9986 (through N-

dealkylation) and RDC-1066 (through cis-N-oxidation)
 In vitro binding and functional activity studies show that RDC-9986 is an agonist at mu, kappa, 

and delta opioid receptors, while RDC-1066 is an agonist at the mu opioid receptor. Despite 
these properties, there is little evidence that the metabolites are producing in vivo mu agonist 
effects.

 A drug discrimination study in rats shows that SAM did not generalize to the morphine 
discriminative cue. This means that animals did not recognize the effects of SAM as morphine-
like.

 A self-administration study in rats shows that SAM produces some self-administration that is 
greater than saline but comparable to the mu opioid antagonist, naltrexone, and significantly 
lower than the mu opioid agonist, heroin.

 Two HAP studies conducted in nondependent individuals with a history of opioid abuse show 
that SAM alone did not produce positive subjective responses or euphoria-related AEs that were 
outside of the acceptable placebo range. These data show that SAM does not produce rewarding 
effects in humans.

3. Recommendations

Based on the CSS determinations that Lybalvi (olanzapine/samidorphan) does not have abuse potential 
and does not appear to produce physical dependence, CSS concludes that:

 At the time of approval samidorphan will be controlled in schedule II of the CSA and will have 
to be labeled as such. A medical and scientific evaluation, and recommendation, was sent to 
DEA in December of 2019. 

 CSS recommends that DP consult DAAP regarding warnings and precautions and 
contraindications for the use of opioid antagonists:
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II. DISCUSSION

1. Chemistry

1.1 Drug Substance Information

Olanzapine

Olanzapine, also known by the developmental code OLZ, is the nonproprietary name of 2-Methyl-4-(4-
methyl-1-piperazinyl)-10H-thieno[2,3-b][1,5]benzodiazepine.  Olanzapine is achiral, has a molecular 
mass of 312.44 g/mol, a chemical formula of C17H20N4S, and a CAS # of 132539-06-1.  Olanzapine is a 
light-yellow powder that is soluble in n-propanol and acetone and insoluble in water (Table 1).

Table 1: General Chemical Properties of Olanzapine

Nomenclature
International Non-proprietary Name 
(INN) Olanzapine

Chemical Abstract Number (CAS) 132539-06-1

Chemical Name (IUPAC) 2-Methyl-4-(4-methyl-1-piperazinyl)-10H-
thieno[2,3-b][1,5]benzodiazepine

Company code OLZ

Structure
Molecular Formula C17H20N4S
Molecular mass  312.44 g/mol

Structure N

H
N

S

N

N

General Properties
Appearance Light yellow powder
pKa 7.8

Solubility (25°C) Insoluble in water
Soluble in acetone.
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Samidorphan

Samidorphan, also known by the developmental codes RDC-0313 or ALKS 33, is the nonproprietary 
name of 17-(cyclopropylmethyl)-4,14-dihydroxy-6-oxo-morphinan-3-carboxamide, and is structurally 
similar to the mu-opioid receptor antagonist naltrexone.  Samidorphan has a molecular weight of 370.44 
g/mol, a chemical formula of C21H26N2O4, and a CAS # of 852626-89-2. Samidorphan is a white to off- 
white powder that is soluble in water, sparingly soluble in methanol, and has a melting point of 199°C 
(Table 2).

Samidorphan is  
 

 

Table 2: General Chemical Properties of Samidorphan-L-malate

Nomenclature
International Non-proprietary Name 
(INN) Samidorphan L-malate

Chemical Abstract Number (CAS) 1204592-75-5

Chemical Name (IUPAC) Morphinan-3-carboxamide, 17-(cyclopropylmethyl)-4, 14- 
dihydroxy-6-oxo-, (2S)-2-hydroxybutanedioate

Company code ALKS-33, RDC-0313

Structure
Molecular Formula C21H26N2O4•C4H6O5

Molecular mass 504.53 g/mol

Structure

General Properties
Appearance White to off-white solid
pH (1% solution in water) 3.78
pKa 8.3 (amine) and 10.1 (phenol)

Solubility (25°C) Soluble in water and only slightly soluble in organic 
solvents like ethanol.

Melting point 199 °C
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Samidorphan L-malate is freely soluble (200 mg/mL) in water in a pH range of 3 to 6, and sparingly 
soluble in methanol.

1.2 Drug Product Information

Lybalvi is designed as a mixed combination product that contains the active pharmaceutical ingredients 
olanzapine and samidorphan (ALKS3831 or OLZ/SAM).  The Sponsor has developed the formulation 
into four tablet dosage forms with different doses of OLZ and a fixed dose of SAM:

 5 mg/10 mg olanzapine/samidorphan
 10 mg/10 mg olanzapine/samidorphan
 15 mg/10 mg olanzapine/samidorphan
 20 mg/10 mg olanzapine/samidorphan

Excipients 

Lybalvi contains several excipients   The excipients 
and their functions are listed in Table 3.  The excipients in Lybalvi do not have a known abuse liability.
 
Table 3: Composition of Excipients Used to Manufacture Lybalvi (20mg/10mg olanzapine/samidorphan 
tablets)

Component Function Quantity (mg)
Olanzapine Active 20
Samidorphan-L-malate Active 13.62
Microcrystalline cellulose
Lactose monohydrate
Crospovidone
Colloidal silicone dioxide
Magnesium stearate

 

2. Nonclinical Pharmacology 

Receptor binding and activity assays can give an indication as to whether or not a substance affects a 
receptor pathway that is known to be associated with abuse potential.  For substances that are CNS 
active, the Sponsor is required to determine if their active pharmaceutical ingredient and any major 
metabolites will bind to and have activity at these receptors.  

2.1 Receptor Binding and Functional Assays 

Binding Studies

Reference ID: 4690011

(b) (4)

(b) (4)

(b) (4)

(b) (4)



Lybalvi (olanzapine and samidorphan malate)
NDA 213378

Page 8 of 40

Olanzapine

According to the Sponsor, OLZ is an atypical anti-psychotic that functions through a combination of 
dopamine (D) and serotonin (5-HT) receptor antagonist activity.  In vitro, OLZ produces antagonist 
activity at the 5-HT2A, 5-HT26, D1 - D4, histamine 1, adrenergic 1, and muscarinic 1 - 5 receptors.   

Samidorphan

Study AT-0313-12 was an in vitro pharmacology study to measure the binding affinity of SAM (10 μM) 
to various receptors including those associated with abuse potential.  Samidorphan was found to bind to 
the mu, delta, and kappa opioid receptors. It did not bind significantly to other receptors, transporters, 
ion channels, or enzymes known to be associated with abuse potential.

Study 702-03231 was conducted to determine the in vitro binding and activity of SAM at human opioid 
receptors.  The Sponsor transfected Chinese Hamster Ovary (CHO) cells with human mu, kappa, and 
delta opioid receptors and measured the agonist and antagonist activity (depending on assay conditions) 
of SAM using the [35S]GTPγS assay.  The data from this study is summarized in Table 4 and Table 5 
which indicate that SAM binds to the mu, kappa, and delta opioid receptors with a Ki of 0.052, 0.23, and 
2.7 nM respectively.  Functionally, it is a mu opioid receptor antagonist with an IC50 of 0.88 nM and an 
Imax of 92%.  It is also a weak partial agonist at the kappa opioid receptor with an EC50 of 3.2 nM and an 
Emax of 36%.  Samidorphan has negligible activity at the delta receptor with the agonist and antagonist 
values being almost equal. Table 4 also includes published data for naltrexone for comparative 
purposes. These data indicate that SAM has similar antagonistic effects at opioid receptors as 
naltrexone.

Table 4: In Vitro Antagonist Activity of Samidorphan Compared to Naltrexone at Opioid Receptors

Opioid Receptor IC50 (nM)
Drug Mu Kappa Delta
Samidorphan 0.88 38 6.9
Naltrexone^ 4.8 130 130

^ (Wentland et al., 2009)

Table 5: In Vitro Agonist Activity of Samidorphan At Opioid Receptors

Opioid Receptor
Drug Mu Kappa Delta
Samidorphan EC50 

(nM)
NA 3.2 1.8

Samidorphan Emax 

(%)
NA 36 35

Samidorphan was found to generate two major metabolites, RDC-9986 and RDC-1066. Studies 702- 
03234 and 702-07219 were conducted to determine the binding affinity and activity of the two major 
metabolites of SAM to the mu, kappa, and delta opioid receptors. Similar to the study conducted 
above, the Sponsor transfected Chinese Hamster Ovary (CHO) cells with human mu, kappa, and delta 
opioid receptors and measured the agonist or antagonist activity of SAM using the [35S]GTPγS assay.  
Table 6 and Table 7 below summarize the data collected from these studies; samidorphan data was 
extrapolated from the previous studies.  Samidorphan has four-fold greater affinity at the mu opioid 
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receptor when compared to RDC-9986 and approximately 150-fold greater affinity than RDC-1066 at 
the mu - opioid receptors (Table 6).  Samidorphan also has higher affinity at the other two opioid 
receptors tested. Data presented in Table 7 show that RDC-9986, unlike SAM, is an agonist at all 
three opioid receptors with Emax values of 98%, 90%, and 80% at the mu, kappa, and delta receptors 
respectively.  RDC-1066 is a weak agonist at the mu opioid receptor (Table 7).  These data indicate 
that SAM has stronger affinity and is more potent as a mu opioid receptor antagonist than its 
metabolites RDC-9986 and RDC-1066.

Table 6: In Vitro Binding Assessment of Samidorphan and its Main Metabolites at Opioid Receptors

Opioid Receptor Ki (nM)
Metabolite Mu Kappa Delta
Samidorphan 0.052 0.23 2.7
RDC-9986 0.26 23 56
RDC-1066 8.1 110 280

Table 7: In Vitro Activity Assessment of Samidorphan and its Main Metabolites at Opioid Receptors

Opioid Receptor EC50 or IC50 

(nM)
Metabolite Mu Kappa Delta
Samidorphan (IC50) 0.88 38 6.9
RDC-9986 (EC50) 17 53 130
RDC-1066 (EC50) 37 NT NT

Study AT-1066-01 was an in vitro pharmacology study to measure the binding affinity of RDC-1066 
(10 μM) to various receptors including those associated with abuse potential.  The data indicate that 
RDC-1066 binds to the mu, delta, and kappa opioid receptors but not to other receptors, transporters, 
ion channels, or enzymes known to be associated with abuse potential.

Study AT-9986-02 was an in vitro pharmacology study to measure the binding affinity of RDC-9986 
(10 μM) to various receptors including those associated with abuse potential.  The data indicate that 
RDC-9986-01 binds to the mu, delta, and kappa opioid receptors as well as the serotonin transporter 
but not to other receptors, transporters, ion channels, or enzymes known to be associated with abuse 
potential.

2.2 Safety Pharmacology/Metabolites
Absorption

Olanzapine

The Sponsor did not conduct studies to assess the safety pharmacology of OLZ alone.  As a 505(b)(2) 
application, the Sponsor is relying on data from the reference listed drug for OLZ which is Zyprexa® 
(NDA 020592) which is not controlled in the CSA.  

Samidorphan
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The pharmacokinetics (PK) of SAM was first tested in study 702-01298 using naltrexone as a 
comparator.  In this study, separate groups of male Sprague Dawley rats were administered SAM or 
naltrexone IV (1 mg/kg), PO (10 mg/kg), or SC (0.1 mg/kg) and 500 μL of whole blood was obtained 
0.25, 0.5, 1, 2, 4, and 6 hours post administration.  Plasma was analyzed using LC/MS/MS to measure 
various PK parameters at the previously mentioned time points.  The data collected in this study are 
presented in Table 8 and indicate that the half-life of SAM is approximately 1.2 hours. The rest of the 
PK parameters are variable depending on dose and method of administration. In comparison to 
naltrexone (Table 9), SAM appears to have a similar half-life, but higher bioavailability, exposure, and 
time to Cmax following the same doses and methods of administration.

Table 8: Samidorphan PK Parameters Following IV, PO, and SC Administration in Rats

Route (dose) Cmax (ng/mL) Tmax *(hr) T1/2 (hr) AUC0-∞ F (%)
IV (1 mg/kg) - - 0.8 ± 0.3 888 ± 221 -
PO (10 mg/kg) 929 ± 435 0.25 (0.25-0.5) 1.2 ± 0.1 1316 ± 358 15
SC (0.1 mg/kg) 21.6 ± 6.6 1 (0.25-2) 12.2 ± 0.2 39 ± 7 44

*Tmax expressed as Median (Range)

Table 9: Naltrexone PK Parameters Following IV, PO, And SC Administration in Rats

Route (dose) Cmax (ng/mL) Tmax *(hr) T1/2 (hr) AUC0-∞ F (%)
IV (1 mg/kg) - - 0.7 ± 0.1 467 ± 61 -
PO (10 mg/kg) 61 ± 44 0.5 (0.5-1) 2.0 ± 0.5 150 ± 115 3
SC (0.1 mg/kg) 7.9 ± 1.5 0.25 (0.25-0.5) 1.0 ± 0.3 14.4 ± 4.7 31

*Tmax expressed as Median (Range)

Study 702-03558 determined the PK of multiple infusions of SAM in male Sprague Dawley rats. The 
animals were dosed with 0.0136 (7 infusions), 0.0408 (6 infusions), or 0.068 (6 infusions) 
mg/kg/infusion.  This study was used to determine the PK of SAM for use in the rat self-administration 
assays.  Overall, the data indicate that the maximum plasma concentration was observed 1-10 minutes 
after the first infusion of SAM and after ~ 15-30 minutes for the primary metabolite RDC-9986. The 
Cmax and AUCs increased dose proportionally for both substances and the clearance and volume of 
distribution (Vd) remained the same.  The terminal elimination half-life of SAM was 30-40 minutes 
and for RDC-9986 was 70-80 minutes.  A similar study (702-03570) was conducted using 
subcutaneous administration of SAM at doses of 0.1, 0.3, 1.0, and 3.0 mg/kg to make comparative PK 
measurements for the drug discrimination study. In this study samidorphan was rapidly absorbed 
(Tmax = 5 min) while RDC-9986 had a Tmax = 30 to 60 minutes. The parameters of these studies will 
be analyzed in Section 2.4 as part of the self-administration and drug discrimination studies.

Study AT-0313-41 was conducted to determine the toxicokinetics of SAM and its metabolites in male 
and female Sprague Dawley rats after 14 days of oral administration of 0, 25, 50, 100, 250, and 350 
mg/kg of drug. In relation to PK, this study determined that systemic exposure (AUC and Cmax) of 
SAM and its metabolites is greater in female rats than male rats for SAM and RDC-1066 and greater 
in males for RDC-9986.  Similar data was collected in study AT-0313-42 which gave mice oral doses 
of 0, 125, 250, and 500 mg/kg SAM every day for five days. A third study in beagle dogs (AT-0313-
43) administered 0, 1, 3, and 10 mg/kg/daily SAM for five days determined that there were no sex 
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differences for SAM and the metabolites.  This data showed that systemic exposure of SAM, RDC-
1066, and RDC-9986 increased dose dependently and proportionally.

As a follow-up, study AK-0313-03 was conducted to determine the bioavailability and dose linearity of 
SAM in nonhuman primates following oral and intravenous administration (Table 10). The data 
indicate that the Cmax, Tmax, and exposure of SAM increase dose dependently.  Interestingly, the half-
life was much longer then in rats; 5 hours orally and 7 hours through IV administration. The 
bioavailability of SAM after oral administration was calculated to be 71%.

Table 10: Summary of Samidorphan PK Following IV or Oral Administration in Nonhuman Primates 
(  Study AK-03130-03)

Following this study, a comparison was made of the PK parameters of SAM in the blood plasma or 
cerebral spinal fluid (CSF) of male Cynomolgus monkeys (Study 702-03214).  The animals were given 
an IV (1 mg/kg) or oral (3 mg/kg) dose of SAM and blood or CSF was collected predose, 5, 15, 30 
minutes and 1, 2, 4, 8, 12, and 24 hours post dose.  All of the samples were analyzed using LC/MS/MS.  
The data are presented in Table 11 and Table 12.  Interestingly, although similar doses, methods of 
administration, and species were used, the animals in this study produced Cmax, Tmax, and exposure 
levels that are almost twice as high as study AK-0313-03 (Table 10).  Irrespective of this, a similar half- 
life for SAM of 4-5 hours was calculated in each study. The important comparison in this study are the 
levels of SAM in the plasma versus those in the CSF. The PK parameter measured for the CSF indicate 
that SAM peaked at 2.5 hours (IV) and 4 hours (oral) with systemic exposure levels being roughly 
equivalent.  These data indicate that it could take some time for SAM to enter the CSF and reach levels 
that are equivalent to those seen in plasma.
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Table 11: Summary of Samidorphan Plasma PK in Monkeys Following IV or Oral Administration 
(  Study 702-03214)

Table 12: Summary of Samidorphan CSF PK in Monkeys Following IV or Oral Administration (  
 Study 702-03214)

Distribution

Samidorphan

Study 791202A determined that the mean plasma protein binding of SAM is 23%. This was supported 
by study AM-0313-04 which used a different method to determine that the human plasma protein 
binding of 0.1 to 1 μM of SAM ranges from 30% to 33%. Taken together these data indicate that the 
majority of SAM is unbound and distributes quickly throughout the body.
Two similar studies (AM-0313-06 and AM-1066-04) were conducted to determine the plasma protein 
binding of the SAM metabolites RDC-9986 and RDC-1066.  These studies determined that for RDC-
9986 at a concentration of 0.1 to 1 μM approximately 9.6% to 20.3% was bound to plasma proteins. For 
RDC-1066, the range of plasma bound metabolite was 25% to 37% at concentrations of
0.05 to 0.5 μM respectively.  The low protein binding of SAM and its two major metabolites indicate 
that protein binding does not significantly affect the efficacy of the drug or its metabolites.

As a result, the protein binding studies were followed by the distribution study XBL 14781-RPT03512. 
This study was conducted to measure the tissue distribution of [14C] SAM (10 mg/kg (300μCi/kg of 
[14C])) following single oral administration to ten male Long-Evans rats.  Measurements were taken 
using quantitative whole-body autoradiography.  The data indicate that most tissues had a Tmax of 0.5 
to 2 hrs post-dose.  All major body organs had a tissue:plasma ratio greater than one (eye, bladder, liver, 
kidney, pituitary gland) except for the brain and spinal cord which had ratios less than 1. These data 
indicate that SAM, or its metabolites, are widely distributed throughout the body within a couple of 
hours after dosing.
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Metabolism

Samidorphan

Study AK-0313-01 was conducted to determine the in vitro human liver cytochrome P450 inhibition 
potential of SAM.  Samidorphan, at concentrations of 0, 0.01, 0.1, 1, 10 and 100 μM, was incubated in 
isolated human liver microsomes containing cytochrome P450s 1A2, 2B6, 2CB, 2C9, 2C19, 2D6, and 
3A4, for 30 minutes.  The effects of standard inhibitors were used as positive controls. The only effect 
detected was inhibition of CYP2C19 at the highest dose of SAM that produced an IC50 of 82.9 μM.  
These data indicate that SAM is unlikely to have a role in drug-drug interactions through this 
mechanism of action.

Study AK-0313-02 was conducted to profile the metabolites of SAM in humans, non-human primates, 
dog, and rat liver hepatocytes.  Samidorphan was incubated at concentrations of 0.5 or 5 μM in
heptatocytes for 0, 30, 60 120, and 240 minutes.  The loss of SAM was measured by liquid 
chromatography mass spectrometry (LC-MS/MS).  Only the rat hepatocytes produced a significant 
decrease in SAM indicating that P450 mediated metabolism is not the major metabolic pathway of SAM 
in humans.  This data is supported by study AM-0313-01 which used SAM incubated in rat and human 
hepatocytes to identify four possible metabolites (M1-M4). No metabolites were detected in human or 
beagle dog kidney microsomes (Study AM-0313-05).

Studies AK-0313-06 and AK-0313-07 used a single oral dose of radiolabeled samidorphan ([14C] 
SAM) in rats or dogs respectively to determine the extent of and identify the metabolites of SAM.  In 
rats, a single oral dose of 50 mg/kg produced two metabolites that were detected at 74.4% and 8.8% of 
the parent compound in male rats and 13.4% and 15% in female rats. In the dogs given 10 mg/kg orally, 
four metabolites were detected with M1 = 49.5% and the other 3 equaling less than 10% of the parent 
compound.

Studies AM-0313-02 and AM-0313-03 were conducted to determine the rate at which the M1 metabolite 
(RDC-9986) is generated and to what extent.  This is important because this metabolite is an agonist at 
the mu, kappa, and delta opioid receptors.  Samidorphan was incubated in rat (2 or 20 μM), mouse (2 or 
20 μM), and human (0.5 or 5 μM), liver microsomes at the indicated concentrations.  Incubation times 
ranged from 0, 15, 30, and 60 minutes at which point aliquots were removed for analysis by HPLC. The 
rat microsomes produced the greatest amount of RDC-9986 at ~27% of the parent compound while the 
mouse and human microsomes produced ~ 2.6% and 4.8% respectively. In humans, the total estimated 
concentration of 5 μM RDC-9986 after 1-hour incubation was 0.61 μM.  A minor M2 metabolite was 
also detected (RDC-1066). These data will need to be analyzed in conjunction with in vivo and clinical 
studies to determine if RDC-9986 exerts pharmacologically relevant agonistic effects at the opioid 
receptors.

After detection and identification of the two human metabolites of SAM, Study AM-0313-07 was 
conducted to determine the pathway through which they are generated. The previous studies found that 
human liver microsomes produced the major metabolite RDC-9986 and the minor metabolite RDC- 
1066.  This study used cDNA expression systems to express clones of the major hepatic oxidative drug 
metabolizing enzymes (CYP1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1, 3A4, and 3A5).  Samidorphan 
was incubated at 5 and 50 μM for up to 60 minutes. RDC-9986 was detected at both concentrations 
when incubated in CYP3A4 or CYP3A5 while RDC-1066 was only detected at the 50 μM concentration 
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in very small amounts (less than 1% of parent drug) from metabolism by CYP2A6, 2C8, 2C9, 2D6, and 
2E1.

In a follow-up study (AM-0313-12) the Sponsor sought to determine the maximum amount of the RDC- 
1066 metabolite that could be generated through N-oxidation of SAM. The experiment used rat liver 
microsomes in the presence and absence of NADPH and incubated SAM (50 or 1000 μM) for either 15 
or 90 minutes.  The data indicate that generation of RDC-1066 from SAM is NADPH dependent 
producing 112 and 846 nM respectively for each concentration tested.  This was supported by study 
AM-0313-21 which used human liver and intestinal microsomes (1 mg protein/mL) to determine the 
metabolism of 0.1, 1, and 10 μM SAM.  The results of this study indicate that SAM is metabolized to 
RDC-1066 which makes up between 1.1 and 3.1% of the parent in vitro. More importantly the N-
desalkyl metabolite, RDC-9986, that has opioid receptor agonist activity made up 29% of the parent.  
Studies AM-1066-01 and 02, as well as AM-9986-01 and 02 determined that the
two metabolites, RDC-1066 and RDC-9986 do not inhibit or induce CYP enzymes and therefore would 
be unlikely to have drug-drug interactions through these mechanisms of action.

Excretion

Samidorphan

The Sponsor conducted two mass balance studies, 032317 in rats and AK-0313-05 in dogs, to 
determine the PK and excretion characteristics of SAM.  The first study used male (15) and female (3) 
Sprague-Dawley rats who were orally administered [14C] SAM (10 mg/kg (300μCi/kg of [14C])) with 
measurements for the males taken at 0.5, 1, 6, 24, and 48 hours and for the females at 1 hour.  The 
majority of the drug was collected as the metabolite RDC-9986 from the feces after 48 hours.  These 
data also indicate that male rats appear to metabolize the drug more quickly than the females, although 
only 3 females were tested at only 1 timepoint.  The other study used three male and three female 
beagle dogs who were orally administered [14C] SAM (3 mg/kg). Measurement of blood, urine, and 
feces were taken at several timepoints out to 168 hours post dose.  Contrary to the rat data, the dog data 
indicate that the majority of the drug is excreted in the urine; 68.55% in males and 78.36% in females. 
Analysis of the pooled urine by HPLC indicated that approximately 10% of the radioactivity measured 
was due to SAM and 48.87% was the M1 metabolite (RDC-9986), the rest consisted of a series of 
minor metabolites.  Interestingly, SAM was present in the first timepoint up to 12 hours, whereas the 
metabolite RDC-9986 was measured out to 24 hours.

Plasma pharmacokinetic parameters were calculated in this study from the plasma concentration data 
obtained for SAM and RDC-9986.  The Tmax for SAM was 1 hour for males and
0.5 hours for females, and the Tmax for metabolite M1 was 2 hours for males and 1 hour for 
females. The elimination half-life for SAM was 2.6 hours for males and 1.8 hours for females, 
and the elimination half-life for RDC-9986 was longer with values of 7.9 hours
for males and 7.1 hours for females. Based on the AUC0-∞ data, SAM accounted for 
approximately 33% of the total exposure to SAM -related materials in males and 20% in 
females, and RDC-9986 for approximately 63% of the total exposure to SAM -
related materials in males and 70% in females.  Data from Tables 12 and 13 indicate that the RDC-
9986 metabolite is a mu opioid receptor agonist.  The data obtained from this study indicate that the 
mu opioid receptor antagonist properties of SAM would be decreasing because of metabolism and 
excretion while the mu agonist properties of the metabolite RDC-9986 are increasing.  
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2.3 Findings from Safety Pharmacology and Toxicology Studies 

Safety Studies

Samidorphan

Study 702-03368 was conducted to determine the pharmacological characteristics of SAM using animal 
(rat) models of nociception, antinociception, and alcohol drinking.  The hot plate test was used to 
measure nociception; rats were placed on a heated surface (52°C) and the latency to respond (licking of 
either hind paw) after drug was administered was measured.  Morphine (15 mg/kg, IP, administered 30 
minutes before testing) was used as the positive control.  In this study, one group of rats received SAM 
at doses ranging from 0.003 – 0.1 mg/kg while another group of mice received a dose range of 0.01 – 30 
mg/kg, IP. Overall, this study was split into four different experiments:

1. In this study, one group of rats received SAM at doses ranging from 0.003 – 0.1 mg/kg while 
another group of mice received a dose range of 0.01 – 30 mg/kg, IP.  All of the doses tested in 
this part of the study produced a response latency similar to baseline indicating that SAM does 
not have analgesic activity at these doses.

2. To determine if SAM could antagonize the analgesic effects of morphine, a SAM dose response 
curve was conducted. Rats were given SAM 0.01 – 1 mg/kg, SC or PO, 45 minutes prior to 
testing. Fifteen minutes later they were given morphine (15 mg/kg, IP, 30 minutes prior to 
testing). All of these results were compared to a control group that received saline followed 
fifteen minutes later by morphine.  The results of this study indicate that SAM can block the 
analgesic effects of morphine in a dose dependent manner. SC administration of SAM produced 
an ED50 of 0.01 mg/kg and PO administration produced an ED50 of 0.3 mg/kg.

3. Tolerance to the development of repeated administration of SAM was also measured by giving 
rats SAM (0.02 mg/kg, SC) once a day for 5 days. The animals were given morphine on days 
one and five and tested on the hotplate to determine if SAM had a greater effect on day one 
compared to day five.  The results of this study indicate that the animals did not develop 
tolerance to repeated administration of SAM for five days. However, the positive control, 
morphine only developed a trend and not significant tolerance over the same time period.  
Studies used to measure tolerance and dependence are usually conducted at higher doses over the 
course of 14-28 days (section 2.5).

4. The last part of this study was to determine the effect of SAM on ethanol drinking behavior 
because opioid antagonists are known to reduce ethanol drinking. In this part of the study, rats 
were trained to a fixed ratio (FR) two level of reinforcement for ethanol (10% ethanol with 0.4% 
saccharine).  The testing phase began with the administration of SAM (0 – 3 mg/kg, SC) 30 
minutes prior to being placed in the testing chamber and allowed to lever press for a 10% ethanol 
cocktail.  Pre-administration of SAM (10 mg/kg, PO) produced a 37% decrease in the self-
administration of ethanol compared to untreated animals.

In conclusion, this study determined that in the hot plate assay, SAM does not produce analgesia and it 
is able to completely block the analgesic effects of morphine.  The assay regarding the tolerance of SAM 
was not conducted appropriately because the dose was to low and the time frame was too short.  
Furthermore, the positive control, morphine did not exhibit significant tolerance after repeated 
administration.   In the final study, SAM did reduce the reinforcing effects of ethanol, similar to other 
mu-opioid receptor antagonists.
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The hot plate test used in the previous study is thought to measure the supraspinally mediated 
nociceptive effects of a stimulus.  In contrast to this, the tail flick test measures the spinally mediated 
nociceptive effects of a stimulus.  Study 702-03371 used the tail flick test to measure the ability of SAM 
(0 – 1 mg/kg, SC and 0 – 10 mg/kg, PO) to block the analgesic effect of morphine. In this study, male 
Sprague Dawley rats were gently restrained, and their tails were placed over a thermal beam. The 
latency for the rats to move their tail was measured with a 10 second cutoff to prevent injury to the 
animal.  Rats were first given SAM followed 30 minutes later by morphine (7.5 mg/kg, SC) and tested 
in the assay 30 minutes after administration of morphine.  The vehicle/morphine control produced a 
maximum analgesic effect of 10s while the administration of SAM, either SC or PO, attenuated the 
analgesic effect of morphine in a dose dependent manner. Both of the above studies indicate that SAM 
(SC and PO) was able to block the centrally and spinally mediated effects of morphine to produce 
analgesia.

Study 702-03438 was conducted to determine if SAM has analgesic effects in either the hot plate or tail 
flick assays.  Male Sprague Dawley rats received SAM at doses of 0, 0.1, 1.0, and 10 mg/kg, SC, 30 
minutes before being tested in either the hot plate or tail flick assay (both assays were conducted as 
previously explained (studies 702-03368 and 702-03371)).  The rats were tested in each assay 60, 90, 
and 120 minutes post drug administration.  Although no positive control was used in the study, each 
time point was compared to saline as a negative control.  The data indicate that SAM did not produce 
analgesia at any of the doses or any of the time points in either assay.

These data are supported by study 702-03437 which was conducted to determine the potential for SAM 
to induce analgesia in mice using the writhing assay of acute acetic acid induced inflammatory pain. 
Control male CWF mice were injected with 0.2 mL of 1% acetic acid IP and observed for 15 minutes in 
3 consecutive bins.  The test group were given SAM 0, 0.01, 0.1, 1, and 10 mg/kg, SC, 25 minutes 
before administration of acetic acid and then monitored in a similar fashion as the control group.  The 
data indicate that SAM did not attenuate acetic acid induced writhing.  Interestingly the 0.01 mg/kg 
treatment group had a slight increase in the number of writhes compared to the saline control group, the 
reason for this is unknown.

Studies 00081 and 01675 were conducted to determine if SAM was able to reverse respiratory 
depression induced by fentanyl (a potent mu-opioid receptor agonist) in beagle dogs and cynomolgus 
monkeys respectively.  Naïve male beagle dogs (n = 8) received an IV infusion of fentanyl over 12 
hours at doses of 0.36 to 0.48 mg/kg (0.03 to 0.04 mg/kg/hr) to initiate and maintain respiratory 
depression without the need for mechanical ventilation.  After 1.5 hours of treatment with fentanyl, six 
dogs received a single dose of SAM at 0.1 mg/kg, IM, or 0.2 mg/kg, IM, and two of the dogs did not 
receive any treatment.  Measurements of cardiovascular and respiratory function were taken (e.g.
ECG, blood pressure, respiratory rate, and tidal and minute volumes) and analyzed throughout the 
treatment period.  The control animals developed constipation, sedation, increased blood pressure, and 
decreases in heart rates, body temperatures, and pulmonary function.  These effects were reversed within 
30 minutes of the IM administration of either dose of SAM which was administered 1.5 hours after the 
initial dose of fentanyl. Similar results were observed in cynomolgus monkeys dosed IV over 12 hours 
with fentanyl at a dose of 1.3 – 3 mg/kg (0.1 – 0.3 mg/kg/hr). The monkeys were then given an IM 
injection of SAM (0.4 mg/kg) 60 to 150 minutes following the initiation of the fentanyl infusion.  The 
parameters measured in this study included clinical observations, arterial blood pressure, body 
temperature, ECG, and pulmonary function.  Sixty-five minutes post administration of SAM seven out 
of the 8 animals were awake and alert, the other animal was awake but remained at a level 2 on the 
wakefulness scale.  All other parameters measured increased back to or superseded baseline values after 
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the administration of SAM.  These data indicate that SAM was able to reverse the cardiac and 
respiratory effects of the mu-opioid receptor agonist, fentanyl, in two different species.

The CNS mediated effects of SAM were evaluated in study AT-0313-11.  Male Sprague-Dawley rats 
were given 0, 3.5, 35, or 350 mg/kg SAM PO and then tested in a functional observational battery 
(FOB) 60 minutes post dose.  The FOB consists of 40 separate tests measuring different neurologically 
mediated events such as locomotor activity, ptosis, and grooming.  The high doses of
SAM produced significant differences compared to placebo in the following tests: 1) reduced response 
during hand-to-hand transfer, 2) increased salivation, 3) reduced locomotor activity, 4) reduced rearings, 
and 5) a reduction in rectal temperature.  These results are most consistent with substances that produce 
depressant effects such as opioids, cannabinoids, and GABAA channel modulators; however, naltrexone 
has been shown to produce these effects (references from study report).

Further safety studies (AT-0313-11) evaluated the cardiovascular and pulmonary effects of SAM in 
beagle dogs.  Non-naïve male and naïve female dogs were surgically implanted with radiotelemetry 
devices that measured systemic arterial blood pressure, heart rate, and electrocardiographic data.  Each 
animal was dosed with vehicle and SAM (0.5, 3.0, 10, and 20 mg/kg, PO) in a 4 x 4 Latin square 
crossover design.  Pharmacokinetic evaluations were conducted on the low and high doses of SAM.  
Cardiovascular effects were measured from 24 hours before dosing to 48 hours post dosing and 
respiratory data was collected 30 minutes before dosing up to 4 hours post dose.  The cardiovascular 
data indicate that there was a significant decrease in the systolic blood pressure at the high dose (20 
mg/kg) and not significant decreases at lower doses between 10 minutes and 6 hours post dose.  There 
was also a significant increase in the QT interval 1.5 hours post-dose at the highest dose tested.  This 
study determined a no observable adverse effect limit (NOAEL) of 10 mg/kg as there were no effects on 
the measured respiratory parameters.

Metabolites RDC-9986 and RDC-1066

Several studies were conducted by the Sponsor  to assess the in vivo activity of M1 metabolite RDC-
9986 which, as indicated in Tables 12 and 13, is an opioid receptor agonist.

Study 702-07222 was a nociception assay that used the hot plate (52.5°C) to measure the antinociceptive 
effects of RDC-9986 (0 – 20 mg/kg, SC) in rats.  Baseline measurements were taken using the latency 
for the animal to lick either hind paw.  Using morphine (7 mg/kg, SC) as a positive control, drug was 
administered 30 minutes prior to testing and each group was retested with the test values reported as a 
percent of baseline.  Morphine produced full antinociceptive effects, however, none of the doses of 
RDC-9986 produced responses significantly different from vehicle.  This indicates that at the doses 
tested, RDC-9986 does not produce analgesia similar to that of a mu-opioid receptor agonist.  The 
Sponsor mentions that this is in contrast to study 702-07223-01 which was an  antinociception study 
conducted in mice.  However, the Sponsor did not submit this study.

The Sponsor conducted study 702-07224 to determine the effects of RDC-9986 in an inflammatory pain 
model in which Complete Freund’s Adjuvant (CFA) is injected into the left rear paw of a rat.  Hind paw 
weight bearing was measured at baseline and 15, 30, 60, and 120 minutes following injection of RDC- 
9986 (0.15 and 1 mg/kg, SC). Both doses of RDC-9986 significantly increased the amount of weight 
bearing on the hind paw for up to 1-hour post dose indicating that the drug produces an analgesic effect.
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2.4 Animal Behavioral Studies 

Samidorphan

Microdialysis studies

The Sponsor conducted a microdialysis study (702-03396) to determine if SAM produced an effect on 
extracellular concentrations of dopamine, or its metabolites DOPAC (3,4- dihydroxyphenylacetic acid) 
and HVA (homovanillic acid) and the serotonin metabolite 5HIAA (5- hydroxyindoleacetic acid).  
Drugs of abuse are known to increase the signal of monoaminergic neurotransmitters from the ventral 
tegmental area to the nucleus accumbens, therefore, an increase in signaling in this area could be an 
indication that the drug has rewarding effects.  Male Wister rats were given SAM (0.1, 1.0, or 10 mg/kg, 
SC) and intra-cranial microdialysis of the cerebrospinal fluid (CSF) from discrete brain regions was 
collected and measured for the desired metabolites.  The cannula was stereotaxically implanted into the 
nucleus accumbens in preparation for the study.  CSF fractions were collected in 30-minute intervals 
beginning 2.5 hours before injection of SAM to establish a baseline and ranging from 0.5 to 3 hours 
after dosing to collect test samples.  The samples were then processed and analyzed by high 
performance liquid chromatography electrochemical detection (HPLC- EC) for the previously 
mentioned neurotransmitters and metabolites.  This study determined that SC administration of SAM at 
doses ranging from 0.1 to 10 mg/kg had no effect on DA, DOPAC, HVA, or 5HIAA concentrations in 
the nucleus accumbens of male Wistar rats.

Intracranial self-stimulation

The Sponsor followed the microdialysis studies with an intracranial self-stimulation study (ICSS) which 
is a method used to measure the reinforcing effects of a drug through direct stimulation of the rewarding 
pathways in the brain (Kenny et al., 2018).  In study 702-02192, rats were surgically implanted with 
permanent indwelling electrodes in the right medial forebrain at the level of the lateral hypothalamus.
They were trained to lever press using a frequency response curve and then tested with several doses of 
SAM.  At the start of each testing day, rats were placed in the ICSS chambers and three rate frequency 
functions (“passes”) were determined for each rat immediately prior to drug treatment. The first pass 
served as a warm-up period and was discarded because it was inconsistent. The second and third curves 
were averaged to obtain the baseline parameters. Each rat then received a subcutaneous injection of 
SAM (0.03, 0.1, 0.3, and 1.0 mg/kg) or vehicle, and six more 10-min rate frequency curves were 
obtained (60 min of testing). The locus of rise (LOR) and the maximum rate (MaxR) of the curves with 
and without drug were measured for comparison. The LOR and MaxR did not shift significantly from 
saline for any of the doses of SAM indicating that the substance does not affect the brain reward 
pathway at these doses in rats.

The Sponsor then conducted another ICSS study (702-03395) to determine the effects of SAM on the 
rewarding effects of buprenorphine.  The study was split into two parts: in the first part of the study the 
Sponsor determined that a dose of 0.1 mg/kg SC buprenorphine resulted in a reliable effect of a leftward 
shift of 20-30% of the LOR.  In the second part of the study the Sponsor conducted a partial dose 
response curve of SAM (0.1, 0.3, and 1 mg/kg SC) on the effects elicited by the 0.1 mg/kg 
buprenorphine treatment.  In the second part of the study, animals were first treated in the ICSS 
procedure to establish a baseline.  Rats then received one of the doses of SAM and were again tested in 
the ICSS procedure to confirm the data from study 702-02192 which showed that SAM has no effect on 
basal responding. After 30 minutes of testing the animals received 0.1 mg/kg buprenorphine and nine 
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more 10-minute ICSS sessions were conducted.  The results of the second part of the study indicate that 
the lowest dose of SAM, 0.1 mg/kg, did not significantly affect the rewarding effects or rate-increasing 
effects of buprenorphine.  However, the two higher doses of SAM, 0.3 and 1 mg/kg, significantly 
decreased the rewarding effects of 0.1 mg/kg buprenorphine. These results indicate that a 1:1 ratio of 
drug may not significantly affect the rewarding effects of buprenorphine and that more SAM may be 
required to effectively suppress the rewarding effects of the drug.

Self-administration

A self-administration assay is an experimental paradigm in which animals identify if a substance has 
positive reinforcing effects.  Positive reinforcement occurs when the presentation of a desired stimulus 
results in an increase in behavior that is associated with the administration of the desired stimulus 
(Gauvin et al., 2017).  For example, for abuse assessment purposes, animals are first trained to press a 
lever (behavior) resulting in the administration (typically IV) of a training drug (desired stimulus) 
known to be a drug of abuse (e.g., cocaine). Once properly trained, the animals undergo an extinction 
test to confirm that the training drug is the stimulus responsible for the reinforcing effects and not some 
other cue in the assay.  Animals then receive test drug, and rates of lever pressing and rates of injections 
are measured.  If the rates of administered drug are significantly different from placebo and the animals 
are not motor impaired by the drug, as measured by rates of lever pressing, the drug is said to be self- 
administered (Gauvin et al., 2017).

Two self-administration studies were conducted to assess the reinforcing effects of SAM. In the first 
study (AP-0313-05), rats were trained to self-administer morphine (0.56 mg/kg/injection) IV by lever 
pressing on a fixed ratio 5 (FR5) schedule of reinforcement. Sessions were conducted five days/week 
and lasted 1 hour per session.  Samidorphan was tested at 0.0136, 0.0408, and 0.068 mg/kg/injection and 
the animals did not respond at levels seen with the positive control, morphine. Mean infusions (± SE) 
per session for rats self-administering 0.0136, 0.0408 and 0.068 mg/kg/inj RDC- 0313 were 6.91 ± 
0.611, 6.44 ± 0.484 and 5.64 ± 0.626, respectively. The mean (± SE) number of infusions per session for 
rats self-administering the morphine training dose was 12.78 ± 1.443. Therefore, it was concluded that 
SAM did not produce reinforcing effects similar to that of morphine when tested in rats.  However, the 
total number of infusions of SAM was statistically higher than vehicle (3.22 ± 0.430).  The mean 
response rates for SAM were less than morphine but greater than vehicle indicating that there were no 
sedative or other disruptive effects to compromise the data.  According to the Sponsor, the fact that the 
number of infusions was greater for SAM than for saline could have been the result of the extinction test 
not being adequate because of the reintroduction of the training drug between doses of SAM.  This could 
have artificially inflated the responding of SAM as animals were undergoing extinction but were 
actually searching for the morphine cue.  The rules for the extinction test were followed by the Sponsor 
in which the animals did not progress to the testing phase unless they maintained a mean of ≤ 5 
infusions over 3 days with saline.  As a result, a second self-administration study was conducted.

The protocol for the second self-administration test was designed so that morphine was replaced with 
heroin as a training drug, and there was no reintroduction of the training drug between doses of 
samidorphan, and the study included the addition of a naltrexone arm. This study was conducted under 
an FR5 and a progressive ratio (PR) schedule of reinforcement.  In this study, conducted using the FR5 
schedule of reinforcement, it was determined that the number of SAM (0.068 mg/kg/injection,
IV) injections (9.2 ± 2.1 inj/session) was significantly higher than saline (4.3 ± 0.2 inj/session) but was 
the same as naltrexone (0.0136 mg/kg/inj, IV), (8.1 ± 2.3 inj/session), all of which were significantly 
lower than heroin (0.015 mg/kg/inj, IV), (18.8 ± 0.4 inj/session). It should be noted that although there 
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was a significant difference between saline and SAM there was no significant difference between saline 
and naltrexone with a p value equal to 0.053.  A PR schedule of reinforcement is used to compare the 
reinforcing efficacy of a drug by measuring the break point.  The breakpoint is defined as the number of 
operant responses (lever presses) at which the subject ceases self-administration of the reinforcer.  
Therefore, the higher the breakpoint that is achieved the stronger the positive stimulus and reinforcer.  
The study using the PR schedule of reinforcement had similar results to the FR5 study: All doses of 
SAM tested produced breakpoints that were significantly lower than heroin and only the highest dose of 
SAM (0.068 mg/kg/inj) was significantly higher than saline.  In conclusion, naltrexone, tested at the 
same doses as SAM, produced similar results to SAM.  These studies indicate that SAM can produce 
statistically significant reinforcing effects when compared to saline, however, these effects are not 
significant compared to naltrexone and have a profile similar to that of naltrexone.

Drug Discrimination

Drug discrimination is an experimental method in which animals identify whether a test drug produces 
physical or behavioral effects (an interoceptive response) similar to those produced by another drug with 
known pharmacological properties.  If the known drug is one with abuse potential, drug discrimination 
can be used to predict if a test drug will have abuse potential in humans (Balster and Bigelow, 2003).
For abuse assessment purposes, an animal is first trained to press one bar when it receives a known drug 
of abuse (the training drug) and another bar when it receives placebo.  A challenge session with the test 
drug determines which of the two bars the animal presses more often, as an indicator of whether the test 
drug is more like the known drug of abuse or more like placebo. A test drug is said to have "full 
generalization" to the training drug when the test drug produces bar pressing >80% on the bar associated 
with the training drug (Sannerud and Ator, 1995; Doat et al., 2003). Thus, a test drug that generalizes to 
a known drug of abuse will likely be abused by humans (Balster and Bigelow, 2003).

A drug discrimination study was conducted to test SAM in rats trained to distinguish the discriminative 
stimulus effects of morphine (3 mg/kg) to vehicle (0.9% sodium chloride for injection, USP). Morphine 
and vehicle were administered SC and the rats were trained to distinguish the effects of the drugs in a 
two-lever operant chamber on a fixed ratio 10 (FR10) schedule of reinforcement. Animals were tested 
30 minutes administration of SAM which coordinates with the Tmax of SAM and the highest measured 
doses of the metabolite RDC-9986 which is a mu opioid receptor agonist. Samidorphan was tested at 
doses of 0.1, 0.3, 1 or 3 mg/kg and did not generalize to the morphine cue at any of the doses tested.  
The response rates on the levers was not affected by any dose of SAM indicating that the rats were not 
incapacitated by the drug.  These data indicate that SAM does not produce a discriminative cue similar 
to morphine (3 mg/kg).

Conclusion

The in vivo abuse studies indicate that SAM does not have reinforcing effects similar to morphine or 
heroin.  However, it did produce reinforcing effects that were similar to naltrexone, a mu opioid receptor 
antagonist.  In the drug discrimination study, SAM did not produce discriminate stimulus effects similar 
to the mu opioid receptor agonist morphine.

2.5 Tolerance and Physical Dependence Studies in Animals 

Samidorphan

Reference ID: 4690011



Lybalvi (olanzapine and samidorphan malate)
NDA 213378

Page 21 of 40

Pharmacology study 702-03368 was designed to assess the development of tolerance to SAM.  In brief, 
the results of this study indicate that the animals did not develop tolerance to repeated administration of 
SAM for five days. However, studies used to measure tolerance and dependence are usually conducted 
at higher doses over the course of 14-28 days and are associated with measuring the toxicity of the 
compound (section 2.5).

Physical dependence usually manifests through signs or symptoms of withdrawal after cessation of use 
of a drug or precipitated withdrawal from administration of an antagonist. Therefore, it can be studied 
after cessation of long-term administration of the drug. In study AT-0313-16, Sprague-Dawley rats were 
orally administered SAM for 13 and 26 weeks.  Rats of each sex received doses of 0, 0.5, 5, or 50 
mg/kg/day and were monitored throughout the study for toxicological endpoints.
Following the 13 or 26-week administration period, 20 rats (ten of each sex) from the 0 and 50 mg/kg 
groups were monitored in a four-week non-dosing recovery period.  The observations made during the 
4-week recovery period could help indicate if SAM produces physical dependence. These animals were 
terminated on day 211 of the study for necropsy.  In the recovery phase (no drug), both male and female 
rats in the SAM treated group were eating more food and gaining weight which was lost during the 
treatment phase.  All of the biological markers that were measured appear to be the result of the 
administration of toxic doses of SAM and not the result of cessation of the administration of SAM.

The second study (AT-0313-19) administered 0, 1, 3, or 10 mg/kg/day SAM PO to beagle dogs for 39 
days.  A 28-day recovery period was added on to the 0 and 10 mg/kg groups and the animals were then 
sacrificed on day 302 of the study.  Neither of these studies reported AEs associated with withdrawal, 
however, it does not appear as though the studies were designed to look for these behavioral effects.  
Effects such as body temperature, fecal and urine excretion, jumping, wet dog shakes, and locomotion 
were not measured in either of the studies.  The animals were continually monitored after the study for 
signs of withdrawal which included, weight changes, food consumption, morbidity, mortality, and 
locomotion effects.  These studies did not observe any behaviors or physical manifestation that were 
different from the vehicle treatment groups indicating that SAM does not produce physical dependence.

3. Clinical Pharmacology 

3. 1 Absorption, Distribution, Metabolism, Elimination (ADME) 

Samidorphan

The Sponsor conducted several clinical studies to assess the PK of SAM and of the combination of 
/SAM at several different doses.

1. Study ALK33-001 was a phase 1 study conducted to determine the PK of single ascending doses 
of SAM in healthy adults.  Sixteen subjects were given an oral solution of 0, 5, 15, 25, 50, and 75 
mg SAM with each visit requiring a 60-hour inpatient stay.  The study determined that in 
humans SAM is rapidly absorbed orally and has a range of half-life from 7.0 to 8.3 hours.  The 
exposure of SAM increased in a supra-proportional manner with a 21-fold increase in AUC over 
a 15-fold increase in the dose range. The results are presented in Table 13.
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Table 13: Summary of Human PK After Single Oral Dose of Samidorphan (  Study 
ALK33-001)

2. Study ALK33-003 was conducted to evaluate the PK of multiple doses of SAM in healthy adults.  
In the study, 12 subjects received 15 mg SAM orally for a total of seven days, and three subjects 
received placebo over the same time period.  Following this, the study was repeated with a 
higher dose of 20 mg SAM.  The steady state PK parameters for day 1 and day 7 are presented in 
Table 14.  According to this study, SAM appears to accumulate over time at these doses (five 
and ten-fold the highest therapeutic dose).

Reference ID: 4690011

(b) (4)



Lybalvi (olanzapine and samidorphan malate)
NDA 213378

Page 23 of 40

Table 14: Selected Human PK Parameter After 7 Days of Oral Samidorphan (  study 
ALK33-003 synopsis, pg8)

3. Study ALK33-B107 was conducted to evaluate the absorption, metabolism, and excretion profile 
of single doses of [14C]- SAM (2 mg) in healthy male subjects (N=10) administered either 
sublingually (SL) or PO. The Sponsor determined the PK and excretion of SAM and of the mu 
opioid receptor agonist metabolite RDC-9986 using liquid chromatography-tandem mass 
spectrometry (LCMS).  A washout period of 4 days was included in the study between the two 
doses leading to a total of at least 14 days between doses.  To determine tolerability to the drug, 
subjects were first given a single IV bolus of 1 mg of SAM which produced a mean plasma 
clearance of 33.7 L/h, volume of distribution of 341 L, and elimination half-life of 7-8 hours.  
Samidorphan reached a peak plasma concentration within two hours of dosing following a single 
SL or PO dose and had an absolute bioavailability of 71% and 69% respectively.  Approximately 
80% of the radioactivity was recovered with 20% of the parent compound excreted unchanged in 
the urine.  The remaining 60% was composed of five circulating metabolites of which, two are 
considered to be major metabolites. RDC-9986 made up 14.4% and 17.5% of the total 
radioactivity following SL or PO administration respectively.  RDC-1066 made up 18.9% and 
16.6% of the total radioactivity following SL or PO administration respectively.

4. Study ALK33-009 was a phase 1 study designed to assess the effects of food, age, and gender on 
the PK of SAM in healthy subjects.  Young (18 to 40 years old) and elderly (> 65 years old) 
subjects received a single oral dose of 10 mg SAM in either fed or fasted states and PK 
measurements were assessed.  Samidorphan in fasted subjects had a Tmax of 2 hours and a 
Tmax of 4 hours in fed subjects. All other values remained unchanged between the fed and 
fasted state. There were no differences between age groups in any of the measured PK 
parameters in either the fasted or the fed groups.  Large sex differences in PK parameters were 
seen in in vivo animal studies.  Similar results were reported in this study in which females had 
significantly higher Cmax values and higher exposure (AUC) relative to males (Table 15).  The 
Sponsor states that the results of this part of the study are inconclusive because body weight and 
BMI were not taken into account as part of the calculations and could account for the 
differences.
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Table 15: Statistical Analysis of Samidorphan PK for Gender Effects  study ALK33-009)

4. Clinical Studies 

4.1 Human Abuse Potential Studies

Human abuse potential (HAP) studies evaluate the ability of a test drug to produce positive subjective 
responses in subjects compared to a known drug of abuse and to placebo.  Subjects in HAP studies are 
individuals with a history of recreational drug use but not drug dependent. When the test drug produces 
consistently high responses on scales such as “Drug Liking,” “Good Drug Effects,” and “High” 
significantly increased relative to placebo, it is likely that the test drug has abuse potential.

The Sponsor did not conduct a human abuse to assess the pharmacodynamic effects of OLZ.  
Olanzapine was approved on March 12, 2000, (NDA 20592) and was found not to have abuse-related 
properties at that time.  It has been marketed since that time and has minimal reports of abuse in 
individuals with a substance use disorder (Reeves, 2007).

The Sponsor submitted two HAP studies in the NDA that directly evaluated the abuse potential of SAM 
alone, or the combination of SAM plus   These studies are detailed below.

Exploratory PK and PD Study with Samidorphan and (Study# )

This was a Phase 1  
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1. 1 mg SAM/ 8 mg 
2. 4 mg SAM/ 8 mg 
3. 8 mg SAM/ 8 mg 
4. 16 mg SAM/ 8 mg 

 
 The PD 

endpoints measured were VAS (unipolar) scores for Drug Effect, Good Effect, High, Liking, Sick, and 
Bad Effects.  An assessment of pupillometry and a subjective symptoms questionnaire agonist and 
antagonist subscale score was also collected.

The VAS scores presented in Table 16 indicate that doses of 1 and 4 mg of SAM in combination with 8 
mg  produced statistically significant PD measures of Drug Effect, Good Effect, High 
and Liking.  However, doses of 4, 8, or 16 mg SAM in combination with 8 mg  were able to 
attenuate the drug liking effects of .  The dose of 8 mg SAM to 8 mg  is the same ratio as that 
proposed by the Sponsor and is the lowest ratio at which drug liking was significantly attenuated. The 
pupillometry data indicate that 1 mg SAM was able to attenuate  induced pupillary constriction by 
50%, and doses of 4, 8, and 16 mg SAM completely blocked  induced pupillary constriction. The 
PK data indicate that administration of the combination does not affect plasma level or exposure of 
either drug, and that SAM plasma and exposure levels increase dose dependently (also seen in Table 19 
with SAM alone).

Table 16: Mean Maximum VAS Scores from  (8 mg) and Samidorphan– Cohort 1 and 2 
combined

Samidorphan 
Dose

High 
Effects

Drug 
Effects

Good 
Effects

Bad 
Effects Liking Sick

Placebo (n=12) 55.2 58.0 54.3 28.3 48.5 17.7
1 mg (n=6) 29.3 34.3 39.2 3.5 34.7 2.7
4 mg (n=6) 20.8 29.5 21.3 15.8 19.2 4.5
8 mg (n=6) 22.2 22.3 22.7 8.5 21.7 13.0
16 mg (n=6) 21.7 23.5 21.7 7.3 20.8 4.0

A total of 55 AEs occurred in both cohorts and placebo over the course of the study.  Of these 55 AEs, a 
total of 38 were reported from the placebo group and a total of 17 AEs were reported from SAM 
treatment sessions at doses of 4, 8, and 16 mg.  The only treatment emergent nervous system disorders 
reported in the study at all doses tested were dysgeusia (1), headache (5), somnolence (1), tremor (1), 
and dizziness (1).

Human Abuse Potential Study with Samidorphan (Study #ALK33-012)

This was a single-center, double-blind, placebo- and positive-controlled, randomized, 6-way crossover 
28-day inpatient study to evaluate the abuse potential, PK, and safety profile of orally administered 
SAM, oxycodone, and placebo in non-dependent recreational opioid users.
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Subjects (n = 41) received single oral doses of SAM (2.5, 10, and 20 mg); the mu opioid agonist, 
oxycodone (15 and 30 mg); and placebo. The doses of SAM represent one dose that is slightly greater 
than the proposed high therapeutic dose (2 mg) and two supratherapeutic doses (5- and 10-fold greater 
than the highest therapeutic dose).

Subjective Responses

As shown below in Table 17, the study was validated by the statistically significant increase on the 
primary measure of Drug Liking (measured via VAS) in response to the positive control, oxycodone, at 
both doses tested (15 and 30 mg), compared to placebo.  Oxycodone also produced increases that were 
outside the acceptable placebo range (40-60 out of 100 on bipolar scales and 0-20 out of 100 on unipolar 
scales) on VAS measures for other positive subjective effects such as Overall Drug Liking, High, Good 
Effects, and Take Drug Again compared to placebo.

In contrast, SAM did not produce responses on any of the positive subjective measures that were outside 
of the accepted placebo range.

Table 17: Effects of Oral Placebo, Samidorphan and Oxycodone on Subjective Measures (mean and 
standard error) (n = 41)

Samidorphan OxycodoneMeasure Placebo 2.5 mg 10 mg 20 mg 15 mg 30 mg
Drug Liking 57 + 2 58 + 2 60 + 2 77 + 3 85 + 2
VAS bipolar

54 + 1
** ** ** * *

Overall Drug 49 + 3 47 + 3 42 + 4 70 + 4 75 + 4
Liking VAS
bipolar

48 + 3
** ** ** * *

Take Drug 25 + 5 22 + 5 20 + 5 60 + 6 73 + 5
Again VAS

15 + 5
** ** ** * *

16 + 4 24 + 5 26 + 5 58 + 5 78 + 3High VAS 6 + 2
** ** ** * *

Good Drug 19 + 4 23 + 5 26 + 5 56 + 5 73 + 4
Effects VAS

7 + 2
** ** ** * *

Bad Drug 
Effects VAS

2 + 1 6 + 3 13 + 4 20 + 5 8 + 3 17 + 5
^

Feeling Sick 
VAS

0 5 + 3 7 + 4 11 + 4 5 + 3 8 + 4
^

Alert/Drowsy 40 + 3 34 + 3 28 + 3 28 + 3 23 + 3
VAS bipolar

47 + 2
* * * * *

Any Drug 21 + 4 28 + 5 34 + 5 59 + 5 77 + 4
Effect VAS

9 + 2
* * * * *

Similarity to 
Opioid VAS

41 49 54 46 60 74

Pupillary 14 + 2 16 + 2 13 + 1 34 + 2 48 + 2
Constriction
(%)

11 + 2
** ** ** * *

All scales are unipolar (0-100, with 0 as neutral) unless noted to be bipolar (0-100, with 50 as neutral)
* = p < 0.001 compared to placebo, ^ = p < 0.05 compared to placebo,
** = p < 0.001 compared to oxycodone (both doses)
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Neither SAM or oxycodone produced negative subjective responses (Bad Drug Effects or Feeling Sick) 
that were outside of the acceptable placebo range. However, both SAM and oxycodone at each dose 
tested produced drowsiness outside of the acceptable placebo range (>40, with lower score indicating 
greater drowsiness).  On Any Drug Effect, both SAM and oxycodone produced a dose-dependent 
response.  However, the responses to oxycodone were twice that produced by SAM. Samidorphan 
produced scores on Similarity to Opioid that were similar to those produced by placebo.  In contrast, 
both doses of oxycodone produced scores that were much greater than those produced by placebo.
Pupillary constriction produced by oxycodone at both doses was 3-4 times greater than that produced by 
placebo.  In contrast, the pupillary changes in response to SAM were similar to that produced by 
placebo.

Abuse-related Adverse Events

As shown below in Table 18, the most frequently reported AEs following SAM administration were 
sedation (11-21%) and nausea (2-10%).  Samidorphan produced low rates of elevated mood (4-6%) and 
euphoric mood (2-4%) that were similar to, or greater than that produced by placebo (6% and 0%, 
respectively).  There were no reports of pruritus from SAM. In contrast, oxycodone produced a high rate 
of euphoria responses (17-29% for elevated mood and 21-22% for euphoric mood).  Oxycodone also 
produced high rates of sedation (12-15%) and nausea (6%), as well as a high rate of pruritus (11-29%).

Table 18: Abuse-Related Adverse Events Following Oral Samidorphan, Oxycodone, or Placebo (n = 
47-49)

Samidorphan OxycodoneSystem Organ Class 
Preferred Term 2.5 mg 10 mg 20 mg 15 mg 30 mg

Placebo

Sedation 5 (11%) 7 (15%) 10 (21%) 7 (15%) 6 (12%) 1 (2%)
Nausea 1 (2%) 3 (6%) 5 (10%) 3 (6%) 3 (6%) 0
Elevated mood 3 (6%) 2 (4%) 3 (6%) 8 (17%) 14 (29%) 3 (6%)
Euphoric mood 1 (2%) 2 (4%) 1 (2%) 10 (21%) 11 (22%) 0
Pruritus 0 0 0 5 (11%) 14 (29%) 0

Conclusions

Samidorphan at therapeutic and supratherapeutic doses did not produce an increase in positive 
subjective responses that were outside the acceptable placebo range.  Although SAM produced some 
euphoria-related AEs, they occurred much less frequently than those produced by the positive control 
drug, oxycodone.  Samidorphan was not identified as an opioid on a drug similarity measure. In contrast, 
oxycodone produced increases in positive subjective measures, and drug similarity to opioids, that are 
consistent with its known abuse potential. Thus, SAM did not produce a pattern of classic opioid 
responses in healthy individuals with a history of opioid abuse.

Human Abuse Potential Study with Samidorphan (Study #ALK33-B109)
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This was a single-center, double-blind, placebo- and active-controlled, randomized, six-way crossover 
study to evaluate the abuse potential, PK, and safety profile of SAM in healthy, nondependent, 
recreational opioid users. The study consistsed of a Screening Phase, the Main Study (Qualification 
Phase and Treatment Phase) and a Follow-Up Visit.

Subjects (n = 47) received SAM (10 and 30 mg, oral); the mu opioid agonist, oxycodone (40 mg, oral); 
the kappa opioid agonist, pentazocine (30 mg, IV); the mu and kappa opioid antagonist, naltrexone (100 
mg, oral); and placebo (oral and IV). The doses of SAM are 5-fold and 15-fold greater than the proposed 
high therapeutic doses (2 mg).

Subjective Responses

As shown below in Table 19, the study was validated by the statistically significant increase in the 
primary measure of Drug Liking (VAS) in response to both positive control drugs, 40 mg oxycodone 
and 30 mg pentazocine (kappa opioid agonist and partial agonist at the mu opioid receptor, 
respectively), compared to placebo.  Similarly, oxycodone and pentazocine also produced increases on 
VAS measures of  Overall Drug Liking, Take Drug Again, High, and Good Drug Effects that were 
outside the acceptable placebo range (40-60 out of 100 on bipolar scales and 0-20 out of 100 on unipolar 
scales).

Table 19: Effects of Oral Placebo, Samidorphan, Oxycodone and Naltrexone, and Intravenous 
Pentazocine, on Subjective Measures (mean and standard error) (n = 47)

Placebo Samidorphan Oxycodone Pentazocine Naltrexone
10 mg 30 mg 40 mg 30 mg 100 mg

Drug Liking 59 + 2 61 + 2 80 + 2 81 + 2
VAS bipolar

54 + 1
** ** * *

58 + 2

Overall Drug 40 + 4 45 + 4 68 + 3 67 + 4
Liking VAS
Bipolar

48 + 2
** ** * *

44 + 3

Take Drug 29 + 5 32 + 5 76 + 4 68 + 5
Again VAS

12 + 4
** ** * *

26 + 5

19 + 27 22 + 31 67 + 27 65 + 29High VAS 8 + 17
** ** * *

19 + 26

Good Drug 19 + 4 22 + 5 67 + 4 64 + 4
Effects VAS

8 + 2
** ** * *

19 + 4

Bad Drug 
Effects VAS

2 + 1 12 + 3 13 + 4 9 + 3 8 + 3 12 + 4

Feeling Sick 
VAS

2 + 1 8 + 3 8 + 3 13 + 3 6 + 3 9 + 3

Alert/Drowsy 
VAS bipolar

45 + 2 38 + 2 38 + 2 27 + 2 30 + 2 37 + 2

Any Drug 24 + 4 28 + 5 65 + 4 65 + 4
Effect VAS

10 + 3
** ** * *

20 + 4

VAS Similarity 
to Morphine, 
Oxycodone or 
Hydromorphone

9 23 23 75 58 17
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Pupillary 
Constriction 
(%)

10 + 1 16 + 1 19 + 1 51 + 2 32 + 2 15 + 1

In contrast, SAM did not produce any responses on either of the positive subjective effects measures that 
were outside of the accepted placebo range, with one exception: the mean scores for Take Drug Again 
(unipolar) at the 10 and 30 mg doses were 28 and 32 out of 100, which is similar to the score produced 
by the opioid antagonist, naltrexone (26 out of 100).  In comparison, oxycodone and pentazocine 
produced responses on Take Drug Again (76 and 68, respectively) that were twice that produced by 
SAM.

Neither SAM, oxycodone, pentazocine, or naltrexone produced negative subjective responses (Bad Drug 
Effects or Feeling Sick) that were outside of the acceptable placebo range. However, SAM, oxycodone, 
pentazocine, and naltrexone produced drowsiness outside of the acceptable placebo range (>40, with 
lower score indicating greater drowsiness) at each dose tested.

On Any Drug Effect, SAM produced responses that were slightly outside of the acceptable placebo 
range.  In contrast, both oxycodone and pentazocine produced large increases on Any Drug Effect that 
were 3-fold greater than SAM.  Naltrexone did not produce a response on Any Drug Effect that was 
outside the acceptable placebo range.

SAM and naltrexone produced scores on the VAS Similarity to Morphine, Oxycodone, or 
Hydromorphone that were greater than placebo (23 vs. 9, respectively) but too low to indicate similarity 
to an opioid.  In contrast, oxycodone produced a high score (75) showing it produced effects that were 
experienced as an opioid.  Pentazocine also produced a high score (58) on this measure, but this score 
was less than that of oxycodone. This suggests that a kappa opioid like pentazocine produces less 
familiar “opioid” effects to opioid abusers than a mu opioid like oxycodone.

Pupil constriction produced by oxycodone and pentazocine was 5 and 3 times greater (respectively) than 
that produced by placebo. In contrast, the pupillary changes produced by SAM and naltrexone were 1.5- 
2-fold greater than that produced by placebo.

Abuse-Related Adverse Events

As shown below in Table 20, the most frequent adverse events (AEs) reported following SAM 
administration were euphoria (12-15%) and somnolence (8-12%), followed by nausea (9-23%), 
vomiting (7-10%), and irritability (7-10%).  There was very little reported pruritus. In contrast, 
oxycodone produced a high rate of euphoria responses (54%) as well as pruritus (20%), nausea/vomiting 
(13-16%), and somnolence (9%).  Pentazocine produced a similar rate of euphoria responses (53%) and 
somnolence (11%), but lower rates of pruritus (4%) and nausea/ vomiting (2-5%).

Unexpectedly, both naltrexone and placebo produced high rates of euphoria (9%).  Naltrexone also 
produced a high rate of somnolence (14%) that was greater than that produced by any of the opioid 
agonists (8-12%).  Naltrexone also produced a high rate of nausea/vomiting (9-12%), which was greater 
than most of the opioid agonist treatments except for the highest dose of SAM.
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Table 20: Abuse-Related Adverse Events Following Oral Samidorphan, Oxycodone, Pentazocine, 
Naltrexone, or Placebo (n = 56 - 60)

Treatments, n (%)

Samidorphan Oxycodone Pentazocine Naltrexone
System Organ 
Class Preferred 
Term 10 mg 

(N=57)
30 mg 
(N=60)

40 mg 
(N=56)

30 mg 
(N=57)

100 mg
(N=57)

Placebo 
(N=57)

Euphoric mood 7 (12%) 9 (15%) 30 (54%) 30 (53%) 5 (9%) 5 (9%)

Somnolence 7 (12%) 5 (8%) 5 (9%) 6 (11%) 8 (14%) 2 (4%)
Nausea 5 (9%) 14 (23%) 7 (13%) 3 (5%) 7 (12%) 1 (2%)
Vomiting 4 (7%) 6 (10%) 9 (16%) 1 (2%) 5 (9%) 1 (2%)
Irritability 6 (11%) 4 (7%) 1 (2%) 1 (2%) 0 1 (2%)
Pruritus 1 (2%) 0 11 (20%) 2 (4%) 1 (2%) 1 (2%)

Abbreviations: AE=adverse event; TEAE=treatment-emergent adverse event

Conclusions

Samidorphan at supratherapeutic doses did not produce an increase on most positive subjective 
responses that were outside the acceptable placebo range.  Although SAM produced some euphoria- 
related AEs, they occurred much less frequently than those produced by the positive control drugs, 
oxycodone and pentazocine.  Oxycodone and pentazocine also produced increases in positive subjective 
measures that are consistent with their known abuse potential. Thus, SAM did not produce a pattern of 
classic opioid responses in healthy individuals with a history of opioid abuse.

Human Abuse Potential Study with /SAM (  + Samidorphan (Study #  
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Subjective Responses

As shown below in Table 21, the study was validated by the statistically significant increase in the 
primary measure of Drug Liking VAS in response to  at both 8 and 16 mg, compared to placebo. 
Similarly, both doses of  produced increases on VAS for Overall Drug Liking, Take Drug Again, 
High, and Good Drug Effects that were outside the acceptable placebo range (40-60 out of 100 on 
bipolar scales and 0-20 out of 100 on unipolar scales).

In contrast, /SAM did not produce responses on Drug Liking or Overall Drug Liking that were far 
outside of the accepted placebo range (40-60 out of 100 on bipolar scales). Although /SAM 
produced a dose-dependent increase in responses for Take Drug Again, High, and Good Drug Effects, 
these responses were one-half of those produced by  alone.

Table 21: Effects of  Administration of /SAM,  or Placebo on Subjective 
Measures (mean and standard deviation) (n = 48)

/SAMMeasure Placebo 2/2 mg 8/8 mg 16/16 mg 8 mg 16 mg
Drug Liking 60 + 12 61 + 12 64 + 16 76 + 16 82 + 15
VAS bipolar

52 + 9
** ** *, ** * *

Overall Drug 57 + 20 53 + 25 55 + 25 75 + 19 74 + 22
Liking VAS
bipolar

53 + 13
** ** ** * *

Take Drug 30 + 37 31 + 37 33 + 38 65 + 33 66 + 35
Again VAS

17 + 31
** ** ** * *

19 + 26 28 + 27 37 + 34 64 + 31 81 + 25High VAS 5 + 15
** *, ** *, ** * *

Good Drug 19 + 29 28 + 29 34 + 31 62 + 28 76 + 26
Effects VAS

5 + 15
** *, ** *, ** ** **

Bad Drug 
Effects VAS

2 + 5 4 + 14 16 + 25 26 + 39 24 + 28 33 + 37

Feeling Sick 
VAS

1 + 4 2 + 7 15 + 27 24 + 38 21 + 30 32 + 37

Alert/Drowsy 
VAS bipolar

47 + 14 38 + 15 30 + 17 29 + 21 16 + 16 14 + 16

Any Drug Effect 
VAS

6 + 15 21 + 27 32 + 29 44 + 36 67 + 28 83 + 24

VAS Similar to 0 39 6 10 92 89

Pupillary 
Constriction (%)

12 + 9 22 + 11 22 + 13 24 + 14 57 + 10 62 + 7

All scales are unipolar (0-100, with 0 as neutral) unless noted to be bipolar (0-100, with 50 as neutral)
* = p < 0.001 compared to placebo, ** = p < 0.001 compared to  (both doses)  

 S = samidorphan

/SAM produced a dose-dependent increase on Bad Drug Effects and Feeling Sick that were within 
or slightly greater than the acceptable placebo range. These negative subjective responses from 

/SAM were similar to, or less than those produced by  alone. /SAM produced a 
dose-dependent increase in drowsiness that was outside of the acceptable placebo range (>40, with 
lower score indicating greater drowsiness), but this response was one-half of that produced by  
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alone. On Any Drug Effect, /SAM produced a dose-dependent increase that was outside of the 
acceptable placebo range but was less than that produced by  alone.

/SAM did not produce a large score on Similarity to  although the lowest dose (2 
mg/2 mg) produced a greater score (39) than the two higher doses (6 and 10 from the 8 mg/8 mg and 16 
mg/16 mg doses, respectively). This suggests that as the dose of SAM is increased, it reduces the effects 
of , even as the  dose is increased.  As expected,  at 8 and 16 mg produced high scores on 
Similarity to  (76 and 82, respectively). Pupil constriction produced by /SAM was 
twice that produced by placebo, but one-third that produced by  alone.

Abuse-Related Adverse Events

As shown in Table 22, the most frequent AEs reported following /SAM administration were 
euphoria (19-21%), somnolence (6-14%), and nausea/vomiting (3-15%), followed by sedation (2-4%), 
and pruritus (2-9%).  The rate of each of these AEs following /SAM administration were greater 
than that produced by SAM alone in the two HAP studies reviewed above, suggesting these AEs were 
primarily induced by the addition of  In contrast,  alone produced a high rate of euphoria 
responses (48-67%) as well as somnolence (23-26%), nausea/vomiting (10-52%), sedation (11-13%)
and pruritus (35-39%).

Table 22: Abuse-Related Adverse Events Following /SAM,  or Placebo (n = 44-48)

System organ 
class Preferred 

2/2 mg 
(N=44)

8/8 mg 
(N=48)

16/16
mg

8 mg 
(N=48)

16 mg 
(N=46)

Placebo 
(N=46)

Euphoric mood 9 (21%) 9 (19%) 10 (21%) 32 (67%) 22 (48%) 0
Somnolence 6 (14%) 3 (6%) 4 (8%) 11 (23%) 12 (26%) 0
Vomiting 1 (2%) 6 (13%) 7 (15%) 19 (40%) 24 (52%) 1 (2%)
Nausea 3 (7%) 5 (10%) 6 (13%) 5 (10%) 14 (30%) 5 (11%)
Sedation 1 (2%) 2 (4%) 1 (2%) 6 (13%) 5 (11%) 0
Pruritus 4 (9%) 1 (2%) 2 (4%) 17 (35%) 18 (39%) 0

Conclusions

/SAM at therapeutic and supratherapeutic doses produced an increase on positive subjective 
responses that were outside the acceptable placebo range.  However, these responses were much less 
than those produced by  alone. Notably, the lowest dose of /SAM produced greater similarity 
to  compared to higher doses.  This suggests that, although maintaining the : SAM 
ratio, as the dose of SAM in /SAM is increased, it reduces the effects of , even as the  
dose is increased.

Although /SAM produced some euphoria-related AEs, they occurred much less frequently than 
those produced by  alone.
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Overall Conclusions from HAP Studies with Samidorphan

The subjective responses and AEs that were reported after administration of /SAM in a HAP study 
appear to be primarily the result of the effects of , since two HAP studies conducted with SAM 
alone did not produce drug effects outside of the acceptable placebo range.

The data from the HAP study conducted with /SAM demonstrate that administration of SAM with 
 reduces the positive subjective responses, euphoria-related AEs, and negative AEs produced by 
 alone in healthy individuals with a history of opioid abuse.  However, the combination of SAM 

and  in /SAM does not reduce the subjective responses and adverse effects to levels similar to 
those of placebo.

4.2 Adverse Event Profile Through all Phases of Development 

The Sponsor conducted 16 Phase 1 Studies: six studies on SAM alone and ten studies on the 
combination of OLZ and SAM.  Of the six studies on SAM alone, two were HAP studies and the 
analysis of AE profiles for those studies are located in Section 4.1.  The AEs for the other 14 studies are 
analyzed in this section.

The Sponsor also conducted eight phase 2/3 studies: two phase 2 studies on SAM alone and six phase 3 
studies on SAM/OLZ.  All AEs were coded to a Medical Dictionary for Regulatory Activities 
(MedDRA) and the MedDRA system organ class (SOC) and preferred term (PT). The following is a 
description and analysis of abuse-related AEs found during the different phases of clinical development.

Phase 1 studies with Samidorphan:

Table 23 contains a list of the phase 1 studies in which SAM was administered alone at doses ranging 
from 1 to 55.7 mg to 98 healthy subjects.  

Table 23: List of Phase 1 Studies in which Samidorphan (ALK33) was Administered Alone

Study ID
(Period)

Phase Design Subject Drug dose 
range

Population Single or 
multiple 
dose 

ALK33-001 1 DB, R, PC, 
SD

16 3.7-55.7 mg Healthy adults Single

ALK33-003 1 DB, R, PC 30 10-20 mg Healthy adults Multiple
ALK33-009 1 DB, R, PC, 

SD
42 10 mg Healthy adults Single and 

multiple
ALK33-B107 1 OL, SD, 

fixed seq
10 1 and 2 mg IV, 

SL, and PO
Healthy adults Single

The most common AEs in this group were nausea 48 (49%), somnolence 39 (39.8%), dizziness 22 
(22.4%), and drowsiness 13 (13.3%) (Table 24).  There were no AEs that are directly associated with 
abuse and there were no indications of the drug being diverted or taken at higher doses than directed that 
might indicate abuse.
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Table 24: AEs in Phase 1 Studies in Healthy Adult Subjects Administered Samidorphan Alone, N = 98, 
data presented as # (%)

Preferred Term Samidorphan
Abnormal dreams 1 (1.0)
Disturbance in 
attention 1 (1.0)

Dizziness 22 (22.4)
Drowsiness 13 (13.3)
Euphoria 2 (2.0)
Fatigue 8 (8.2)
Feeling drowsy 7 (7.1)
Nausea 48 (49.0)
Somnolence 39 (39.8)
Visual disturbance 1 (1.0)

Phase 1 studies with OLZ and SAM

Table 25 contains a list of ten phase 1 studies in which olanzapine/samidorphan (ALKS3831) was 
administered in order to test the PK, safety, and tolerability of the drug combination.  The studies consist 
of single and multiple dose studies and utilized subjects (N = 491) who received different doses of the 
drug combination and had different disease states: healthy adults, hepatic impairment, or schizophrenia.  
The AEs potentially related to abuse from these studies were collected and are presented by preferred 
term in Table 26.  The AEs potentially related to abuse expressed by 2% of the population were 
somnolence 179 (36.5%), dizziness 97 (19.8%), nausea 45 (9.2%), and fatigue 10 (2.0%).  There was 
one report of visual hallucination (0.2%), however, this was in a subject with schizophrenia and may be 
common in patients with this disorder.  There were no indications of the drug being diverted or taken at 
higher doses than directed that might indicate abuse.  Overall, the AEs from phase 1 studies do not 
provide evidence that OLZ/SAM has abuse potential.

Table 25: List of Phase 1 Studies with Olanzapine/Samidorphan 

Study ID
(Period)

Phase Design Subject Drug dose 
range

Population Single or 
multiple 
dose 

ALK33-301 1 DB, R, PC, 
AC, MD

106 ALKS3831
10/5 mg

Healthy Adults Single

ALK3831-
A101

1 OL, R, SD 48 ALKS3831
10/10 mg

Healthy Adults Single

ALK3831-
A103

1 OL 24 ALKS3831
10/10 mg

Healthy Adults Single

ALK3831-
A104

1 OL, R, MD, 
PG

42 ALKS3831
20/10 mg
10/10 mg

Schizophrenia Single

ALK3831-
A105

1 OL, PG, SD 21 ALKS3831
5/10 mg

Healthy adults 
with hepatic 
impairment 
(moderate)

Single

Reference ID: 4690011



Lybalvi (olanzapine and samidorphan malate)
NDA 213378

Page 35 of 40

ALK3831-
A106

1 OL, PG, SD 20 ALKS3831
5/10 mg

Healthy adults 
with hepatic 
impairment 
(severe)

Single

ALK3831-
A107

1 OL, R, SD 36 ALKS3831
10/10 mg

Healthy adults Single

ALK3831-
A108

1 R, PG, PC, 
AC, MD

60 ALKS3831
10/10 mg

Healthy adults Multiple

ALK3831-
A109

1 R, DB, MD, 
PC, AC, PG

100 ALKS3831
10/10 mg
20/20 mg
30/30 mg

Schizophrenia Multiple

ALK3831-
B101

1 MD, OL 34 ALKS3831
10/10 mg
VAL 500mg
LI 300mg

Healthy adults Multiple

Table 26: AEs in Phase 1 Studies in Healthy Adult Subjects Administered Olanzapine/Samidorphan 
(ALK-3831), N = 491, data presented as # (%)

Preferred Term ALK-3831
Abnormal dreams 3 (0.6)
Depressed mood 1 (0.2)
Disorientation 1 (0.2)
Disturbance in 
attention 1 (0.2)

Dizziness 97 (19.8)
Fatigue 10 (2.0)
Hallucination (visual) 1 (0.2)
Nausea 45 (9.2)
Somnolence 179 (36.5)
Vertigo 2 (0.4)
Vision, blurred 4 (0.8)

Phase 2 and 3 studies:

The Sponsor conducted two exploratory, multiple dose phase 2 studies to measure the effects of SAM in 
adult subjects who are alcohol dependent or who have binge eating disorder (Table 27).  An analysis of 
adverse events from these studies was conducted by preferred term and the results were combined and 
are presented in Table 28.  In these studies, 336 subjects received multiple oral doses of SAM ranging 
from 1 to 10 mg and 138 subjects received placebo.  In the placebo group there were high incidences of 
nausea 24 (17.4%), somnolence 11 (20.2%), and fatigue 7 (5.1%) because of reports from the alcohol 
dependent subjects.  However, SAM alone did increase the number of AEs: nausea 94 (27.9%), 
somnolence 68 (20.2%), dizziness 74 (22%), and abnormal dreams 17 (5.1%).  In the SAM treated 
group, there were also reports of blurred vision 11 (3.3%), euphoric mood 2 (0.6%), and hallucination 
(visual) 2 (0.6%) however, these were determined to be the result of the alcohol dependent state of the 
subject and not the study drug.  

Reference ID: 4690011



Lybalvi (olanzapine and samidorphan malate)
NDA 213378

Page 36 of 40

Table 27: List of Phase 2 Clinical Studies with Samidorphan (ALK33) Alone

Study ID
(Period)

Phase Design Subject Drug dose 
range

Population Single or 
multiple 
dose 

ALK33-005 2 DB, R, PC, 
MD

406 ALK33
1, 2.5, 10 mg

Alcohol 
dependent

multiple

ALK33-101 2 DB, R, PC, 
MD

68 ALK33 
10 mg

Binge eating 
disorder (adults)

multiple

Table 28: AEs in Phase 2 Studies in Adult Subjects Administered Samidorphan (ALK-33), N = 336, 
data presented as # (%)

 Treatment
 Placebo Samidorphan
Preferred Term N = 138 N =336
Abnormal dreams 3 (2.2) 17 (5.1)
Disturbance in attention 0 (0) 4 (1.2)
Dizziness 1 (0.7) 74 (22.0)
Euphoric mood 0 (0) 2 (0.6)
Fatigue 7 (5.1) 23 (6.9)
Feeling abnormal 0 (0) 2 (0.6)
Hallucination (visual) 0 (0) 2 (0.6)
Hangover 0 (0) 8 (2.4)
Nausea 24 (17.4) 94 (27.9)
Sedation 1 (0.7) 4 (1.2)
Somnolence 11 (20.2) 68 (20.2)
Vertigo 1 (0.7) 4 (1.2)
Vision, blurred 2 (1.5) 11 (3.3)

The Sponsor conducted eight phase 2/3 studies using various dose combinations of OLZ/SAM (Table 
29).  Two of these studies were phase 2 studies and six of the studies were phase 3 studies three of 
which are ongoing (cutoff date April 1, 2019).  The subjects in these studies were patients with 
schizophrenia except for study ALK3831-A303 which also utilized subjects with bipolar I disorder.  In 
these studies, 221 subjects received placebo, 602 subjects received OLZ, and 1334 subjects received  
OLZ/SAM. 

Table 30 presents the abuse related AEs from the phase 2/3 studies in subjects treated with placebo, 
OLZ, and a combination of OLZ/SAM.  Subjects treated with OLZ alone reported somnolence 68 
(11.3%), sedation 18 (3%), and dizziness 18 (3%).  In these studies, there were also minimal reports (> 
1% of the population) of abnormal dreams, affect lability, drug abuse, hallucination (auditory), 
hangover, and psychotic disorder with OLZ alone.  Subjects who were administered oral doses of 
OLZ/SAM reported AEs of somnolence 126 (9.5%), sedation 35 (2.6%), nausea 31 (2.3%), fatigue 15 
(1.1%), and dizziness 15 (1.1%). In these studies, there were also minimal reports (< 1% of the 
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population) of accidental overdose, drug abuse, extra-dose administered, hallucination, psychotic 
disorder, and substance use.  

 The two cases of hallucination (in subjects ) presented in 
subjects who were receiving repeated doses of OLZ/SAM, were mild to moderate in severity.  
Subject  completed the study with reporting further AEs related to abuse 
potential.  However, subject  withdrew from the study for unknown reasons. 

 According to the Sponsor, the other AE reports related to abuse were the result of positive tests 
of illicit drug use.  These include positive tests for methamphetamine (subject 

), cocaine, and an undetermined substance.   

Overall, these AEs were reported in low quantities and appear to be related to the underlying disease 
state (i.e., schizophrenia), and do not provide evidence that SAM has abuse potential.  

Table 29: List of Phase 2 and 3 Clinical Studies with OLZ/SAM (ALKS-3831)

Study ID
(Period)

Phase Design Subject Drug dose 
range

Population Single or 
multiple 
dose 

ALK3831-302 2 R, PC, DB 347 OLZ variable +
SAM 5, 10, 20 
mg

Schizophrenia multiple

ALK3831-401 2 R, OL, DB 300 with 
different 
treatments

OLZ variable +
SAM 10 mg

Schizophrenia multiple

ALK3831-
A305

3 R, DB, MD, 
PC, AC

403 ALKS3831
20/10 mg
10/10 mg
OLZ 20 or 10 
mg

Schizophrenia multiple

ALK3831-
A303

3 R, DB, PG, 
MD, AC

561 ALKS3831
20/10 mg
10/10 mg
OLZ 20 or 10 
mg

Schizophrenia multiple

ALK3831-
A303

3 R, DB, MD, 
AC

Ongoing ALKS3831
20/10 mg
15/10 mg
10/10 mg
OLZ 20, 15, 10, 
5 mg

Schizophrenia or 
bipolar I 
disorder

multiple

ALK3831-
A304

3 OL 266/ongoing ALKS3831
20/10 mg
15/10 mg
10/10 mg

Schizophrenia multiple

ALK3831-
A306

3 OL 281 ALKS3831
20/10 mg
15/10 mg
10/10 mg

Schizophrenia multiple

ALK3831-
A306

3 OL TBD/ongoing ALKS3831
20/10 mg
15/10 mg
10/10 mg

Schizophrenia multiple
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Table 30: AEs in Phase 2 and 3 Studies in Adult Subjects Administered OLZ/SAM (ALKS-3831), N = 
1334, data presented as # (%)

 Treatment
 Placebo Olanzapine Olz/Sam
Preferred Term N = 221 N = 602 N = 1334
Abnormal dreams 0 (0) 2 (0.3) 0 (0)
Accidental overdose 0 (0) 0 (0) 5 (0.4)
Affect lability 0 (0) 1 (0.2) 0 (0)
Dizziness 1 (0.5) 18 (3) 15 (1.1)
Drug abuse 0 (0) 2 (0.3) 2 (0.2)
Extra-dose administered 0 (0) 17 (2.8) 14 (1.1)
Fatigue 1 (0.5) 10 (1.7) 15 (1.1)
Hallucination 0 (0) 0 (0) 2 (0.2)
Hallucination (auditory) 0 (0) 5 (0.8) 0 (0)
Hangover 3 (1.4) 1 (0.2) 0 (0)
Intentional overdose 0 (0) 0 (0) 1 (0.1)
Nausea 1 (0.5) 12 (2) 31 (2.3)
Psychotic disorder 0 (0) 3 (0.5) 3 (0.2)
Sedation 1 (0.5) 18 (3) 35 (2.6)
Somnolence 14 (6.3) 68 (11.3) 126 (9.5)
Substance use 0 (0) 0 (0) 1 (0.1)
Vision, blurred 0 (0) 2 (0.3) 4 (0.3)

4.3 Safety Profile 

Phase 1, 2, and 3, multiple ascending-dose studies in healthy subjects showed rates of euphoria and 
hallucinations of less than 1% in subjects treated with OLZ/SAM and these AEs were absent in the 
placebo group. Furthermore, abuse-related AEs occurred at low rates in OLZ/SAM  treated subjects 
despite the presence of other neurological and psychiatric AEs (e.g., somnolence, fatigue, nausea).  

4.4 Tolerance and Physical Dependence Studies in Humans 

The Sponsor did not design a study to directly assess the tolerance or physical dependence of OLZ/SAM  
in humans, however, they did track AEs associated with drug withdrawal and dependence in study # 
ALK3831-A305.  In this study, subjects were given OLZ/SAM (ALKS3831) at doses of 20/10 mg, 
10/10 mg, or olz 10 or 20 mg for four weeks followed by a discontinuation period.  They also performed 
a complete search of the safety pool to determine if AEs related to discontinuation of OLZ/SAM were 
reported.  There were no reports of withdrawal related AEs in humans from either of these assessments.

5. Regulatory Issues and Assessment 
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Based on the preclinical data and the abuse-related AE profile in clinical studies, we recommend that 
olanzapine/samidorphan not be controlled in the CSA.  A scientific and medical evaluation (also known 
as an Eight Factor Analysis) was completed y CSS and was transmitted from the Office of the Assistant 
Secretary for Health to the Drug Enforcement Administration in [Month Year].  

Since the DEA has not yet removed samidorphan from schedule II, Lybalvi would need ot be labeled 
and marketed as a schedule II product until samidorphan is no longer controlled in schedule II.

CSS recommendations regarding the label are addressed in the Recommendations section.
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1 INTRODUCTION 

The purpose of this memorandum is to provide a summary of the FDA Adverse Event Reporting 
System (FAERS) data in preparation for the Joint Meeting of the Psychopharmacologic Drugs 
Advisory Committee and the Drug Safety and Risk Management Advisory Committee for 
LYBALVI (olanzapine/samidorphan) on October 9, 2020.1 The Division of Epidemiology 
(DEPI) Non-Medical Use (NMU) team requested the Division of Pharmacovigilance (DPV) to 
review recent FAERS reports of concomitant use of an opioid product with CONTRAVE 
(bupropion hydrochloride (HCl)/naltrexone HCl) because of its similarity to LYBALVI 
(olanzapine/samidorphan) in that it is also a combination drug that includes an opioid 
antagonist.2 In 2017, the Office of Surveillance and Epidemiology (OSE) completed a review of 
concomitant use of CONTRAVE with an opioid or another bupropion product (hereafter referred 
to as the 2017 OSE Review).3 For the purpose of this memorandum, DPV reviewed FAERS 
reports of concomitant use of CONTRAVE with an opioid product from the data lock date of the 
2017 review to present. The DEPI NMU team is concerned with the following safety issues: 
 

• Potential for precipitated opioid withdrawal in patients with undisclosed opioid use or use 
disorder 

• Potential for opioid overdose in patients taking olanzapine/samidorphan who use high 
doses of opioids for acute pain or nonmedically in attempts to overcome samidorphan’s 

opioid blockade, if the antagonist effect wanes and the patient is exposed to high levels of 
unopposed opioid agonist 

• Potential for opioid overdose if patients resume a previous dose of opioids after 
discontinuing olanzapine/samidorphan (because of decreased opioid tolerance following 
a period of opioid blockade and/or abstinence) 

• Potential for inadequate analgesia when analgesia is medically required 
 
CONTRAVE, a combination drug consisting of the antidepressant bupropion HCl and the opioid 
antagonist naltrexone HCl, received approval as a weight-loss medication in 2014.a,4 LYBALVI 
is a new combination drug product consisting of the atypical antipsychotic olanzapine and the 
opioid antagonist samidorphan. LYBALVI is currently under review by the Division of 
Psychiatry (DP) for the treatment of schizophrenia. Olanzapine is approved for the treatment of 
schizophrenia and bipolar-I disorder in adults and adolescents.5 Samidorphan is a new molecular 
entity opioid receptor antagonist proposed to mitigate olanzapine-induced weight gain.5  
 
CONTRAVE labeling includes multiple references to the potential for adverse events when used 
with an opioid (i.e., Highlights of Prescribing Information; CONTRAINDICATIONS; 
WARNINGS AND PRECAUTIONS; DRUG INTERACTIONS).6 Related excerpts of the 
CONTRAVE label can be found in Appendix A. Proposed labeling for LYBALVI is similar to 
the approved CONTRAVE labeling and can be found in Appendix B.7 
 

                                                 
a Bupropion HCl/naltrexone HCl is marketed as CONTRAVE in the United States (U.S.), and as Mysimba outside 
of the U.S.6  The sponsor still retains patent exclusivity for this product. For simplicity, CONTRAVE will be the 
term utilized in this memorandum to specify any bupropion HCl/naltrexone HCl product. 
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2 METHODS AND MATERIALS 

2.1 CASE DEFINITION 

We included cases in our case series that reported adverse events(s) from the concomitant use of 
CONTRAVE with an opioid product.  
 
Opioid withdrawal syndrome is an adverse event of interest. We included cases of opioid 
withdrawal reported by physicians, or cases that reported the following adverse events signs and 
symptoms of opioid withdrawal:8 

- Drug craving 
- Gastrointestinal distress: Abdominal cramps, diarrhea, nausea, and/or vomiting 
- Flu-like symptoms: Lacrimation, rhinorrhea, diaphoresis, shivering, and piloerection 

(goosebumps) 
- Sympathetic nerve and central nervous system arousal: Mydriasis, mild hypertension and 

tachycardia, anxiety and irritability, insomnia, agitation, restless leg syndrome, general 
restlessness, tremor, and, less frequently, low grade temperature and tactile sensitivity 

- Other: Yawning, sneezing, anorexia, dizziness, myalgias/arthralgias, and leg cramps 
 

We excluded reports for the following reasons: 
- Duplicate reports 
- Concomitant use of CONTRAVE and an opioid could not be confirmed  
- Adverse event could not be attributed to concomitant use of CONTRAVE and an opioid 
- No adverse event was reported  

 

2.2 FAERS SEARCH STRATEGY 

We searched the FAERS database with the strategy described in Table 1 for reports that listed 
both CONTRAVE and an opioid product as either a suspect drug or as a concomitant drug.3 

 
Table 1. FAERS* Search Strategy  
Date of search August 12, 2020 
Time period of search December 21, 2016† – August 11, 2020 
Search type  FBIS Drug/Drug Interaction Query 
Product Terms 

 

 

 

 

 

 

 

 

 

 

Group 1 

Active Ingredient: alfentanil; alfentanil hydrochloride; 
anileridine hydrochloride; buprenorphine; buprenorphine 
hydrochloride; norbuprenorphine; butorphanol; butorphanol 
tartrate; codeine; codeine hydrochloride; codeine phosphate; 
dihydrocodeine bitartrate; dihydrocodeine phosphate; 
dihydrocodeine; fentanyl; fentanyl citrate; fentanyl 
hydrochloride; hydrocodone; hydrocodone bitartrate; 
hydrocodone hydrochloride; hydrocodone polistirex; 
hydromorphone; hydromorphone hydrochloride; methadone; 
methadone hydrochloride; ethylmorphine; ethylmorphine 
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Table 1. FAERS* Search Strategy  
 

 
hydrochloride; morphine; morphine acetate; morphine 
hydrochloride; morphine sulfate; morphine tartrate; 
levallorphan tartrate; levorphanol; levorphanol tartrate; 
meperidine; meperidine hydrochloride; nalbuphine; 
nalbuphine hydrochloride; naloxone; naloxone 
hydrochloride; naloxone hydrochloride dihydrate; opium; 
oxycodone; oxycodone hydrochloride; oxycodone 
terephthalate; oxymorphone; oxymorphone hydrochloride; 
pentazocine; pentazocine hydrochloride; pentazocine lactate; 
remifentanil; remifentanil hydrochloride; sufentanil; 
sufentanil citrate; tapentadol; tapentadol hydrochloride; 
tramadol; tramadol hydrochloride 
 
Group 2 
Product Name‡: Contrave; bupropion 
hydrochloride/naltrexone hydrochloride 

Suspect/Concomitant Suspect and Concomitant 
* See Appendix C for a description of the FAERS database.     
† 2017 OSE Review included FAERS reports through December 20, 2016. 
‡ Contrary to the 2017 OSE Review search strategy, we did not use the FAERS Product Dictionary product term 
levels Active Ingredient or Verbatim. The Active Ingredient level includes individual drug products (i.e., 
bupropion HCl, naltrexone HCl) and the Verbatim terms are mapped to the Product Name level.  

 

3 RESULTS  

3.1 FAERS CASE SELECTION 

We retrieved 67 reports using the FAERS search strategy described in Table 1, six of which were 
previously discussed in the 2017 OSE Review.3  We evaluated the information submitted for 
these six cases and determined that five cases (FAERS case# 11727490, 11906341, 12526141, 
12825860, 12916575) did not meet the case definition described in Section 2.1 for this review. 
After removing duplicate reports and applying the case definition described in Section 2.1 to the 
remaining 61 reports, we included 15 cases in our case series of adverse event(s) resulting from 
concomitant use of CONTRAVE and at least one opioid product.  
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Figure 1. FAERS Case Selection  

 

 
 

Table 2 provides the case characteristics for the 15 FAERS cases of adverse event(s) resulting 
from concomitant use of CONTRAVE and at least one opioid product. Appendix D contains a 
line listing of the 15 cases in this case series.  
 
 
Table 2. Descriptive characteristics for FAERS cases of adverse event(s) reported with  

concomitant use of Contrave and at least one opioid product received by FDA from 

December 21, 2016 through August 11, 2020 (n=15) 

Case Characteristic 
Number of 

Cases 

Serious Outcome* Hospitalization 11 
Life Threatening 1 
Disability† 1 
Other 6 

Sex Female 12 
Male 3 

Age, years (n=12) Mean 63 
Median 67 
Range 42 – 79  

Suspect/concomitant product Contrave 
 

• Suspect 15 
Opioid‡  

• Suspect 6 
• Concomitant 9 

Reports meeting 
FAERS search criteria 

(n=67) 

 Case Series  

(n=15) 

 

See Table 2 

 

Excluded Reports (n=52) 
 

▪ Duplicates (n=5) 
▪ Concomitant use of CONTRAVE and 

opioid could not be confirmed (n=39) 
▪ Adverse event could not be attributed to 

concomitant use of CONTRAVE and an 
opioid (n=7) 

▪ No adverse event reported (n=1) 
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Table 2. Descriptive characteristics for FAERS cases of adverse event(s) reported with  

concomitant use of Contrave and at least one opioid product received by FDA from 

December 21, 2016 through August 11, 2020 (n=15) 

Case Characteristic 
Number of 

Cases 

Contrave started before or 

after opioid (n=14) 

Before 13 
After 1 

Opioid product‡ Fentanyl 5 
Hydrocodone 1 
Hydrocodone/acetaminophen 2 
Hydromorphone 2 
Methadone 6 
Morphine 2 
Oxycodone 3 
Oxycodone/acetaminophen 2 
Remifentanil 1 
Tapentadol 1 
Tramadol 2 

Opioid use§ (n=10) Chronic 9 
Acute 1 

Prescriber awareness of 

contraindicated agents (n=3) 

Prescriber aware 2 
Prescriber unaware 1 

Number of opioids reported 1 8 
2 5 
3 1 
6 1 

* For the purposes of this review, the following outcomes qualify as serious: death, life-threatening, hospitalization 
(initial or prolonged), disability, congenital anomaly, required intervention, and other serious important medical 
events. A report may be coded with one or more serious outcome. 
† Case details do not provide sufficient information to determine if the reported disability was related to the 
concomitant use of Contrave and an opioid. 
‡ A case may have one or more opioids listed as a suspect or concomitant product. 
§ For the purposes of this review, the following criteria qualify as chronic opioid use: opioid(s) indicated for a 
chronic pain disorder, opioid(s) prescribed or used on a scheduled basis, opioid use described as chronic from a 
narrative; the following criteria qualify as acute opioid use: opioid(s) used perioperatively. 

 
Out of the 15 cases included in this series, we identified 13 cases of suspected opioid withdrawal, 
one case of reduced opioid analgesic effect following acute opioid administration, and one case 
of suspected serotonin syndrome.  
 
Suspected Opioid Withdrawal (n=13) 

Table 3 provides the case characteristics for the 13 cases of suspected opioid withdrawal 
syndrome. The cases reported one or more  symptoms reported with opioid withdrawal across 
body systems including neurocognitive symptoms (n=22; e.g., altered mental status, dyskinesia, 
dystonia), cardiopulmonary symptoms (n=12; e.g., abnormal respiration, hypertension, 
palpitations), psychiatric symptoms (n=8; e.g., agitation, anxiety, insomnia), gastrointestinal 
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symptoms (n=6; e.g., diarrhea, nausea, vomiting), and other physical symptoms (n=4; e.g., chills, 
hyperhidrosis, pruritis). The most common reported reason for use of the opioid is chronic pain. 
 

Table 3. Descriptive characteristics for FAERS cases of suspected opioid withdrawal 

syndrome reported with concomitant use of Contrave and at least one opioid product 

(n=13) 

Case Characteristic 
Number of 

Cases 

Serious Outcome* Hospitalization 9 
Disability† 1 
Other 5 

Sex Female 10 
Male 3 

Age, years (n=10) Mean 65 
Median 67 
Range 46 – 79  

Suspect/concomitant product Contrave 
 

• Suspect 13 
Opioid‡  

• Suspect 4 
• Concomitant 9 

Contrave started before or 

after opioid (n=12) 

After 12 

Opioid product‡ Fentanyl 8 
Hydrocodone 2 
Hydrocodone/acetaminophen 4 
Hydromorphone 3 
Methadone 10 
Morphine 4 
Oxycodone 6 
Oxycodone/acetaminophen 4 
Remifentanil 1 
Tapentadol 2 
Tramadol 4 

Opioid use§ (n=8) Chronic 8 
Prescriber awareness of 

contraindicated agents (n=2) 

Prescriber aware 1 
Prescriber unaware 1 

Number of opioids reported 1 7 
2 5 
6 1 

* For the purposes of this review, the following outcomes qualify as serious: death, life-threatening, hospitalization 
(initial or prolonged), disability, congenital anomaly, required intervention, and other serious important medical 
events. A report may be coded with one or more serious outcome. 
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Table 3. Descriptive characteristics for FAERS cases of suspected opioid withdrawal 

syndrome reported with concomitant use of Contrave and at least one opioid product 

(n=13) 

Case Characteristic 
Number of 

Cases 
† Case details do not provide sufficient information to determine if the reported disability was related to the 
concomitant use of Contrave and an opioid. 
‡ A case may have one or more opioids listed as a suspect or concomitant product. 
§ For the purposes of this review, the following criteria qualify as chronic opioid use: opioid(s) indicated for a 
chronic pain disorder, opioid(s) prescribed or used on a scheduled basis, opioid use described as chronic from a 
narrative. 

 

We provide a summary of two example cases of suspected opioid withdrawal that required 
hospitalization below: 
 

FAERS Case #13363523, Version 2, Expedited, Foreign, 2017, Hospitalization  

A 69-year-old female initiated treatment with CONTRAVE after having applied a new fentanyl 
patch. The patient experienced symptoms of opioid withdrawal (e.g., diarrhea, tremor, anxiety, 
palpitations) within 30 minutes of taking the first dose of CONTRAVE, prompting her to seek 
emergency medical treatment. The patient was admitted to the emergency service where she 
received symptomatic treatment (i.e., intravenously administered diazepam, metoclopramide, 
and ondansetron). While hospitalized, the patient underwent a cranial computerized tomography 
without contrast, for which the results were reported as negative for abnormal findings. 
CONTRAVE was discontinued and the adverse events resolved (i.e., positive dechallenge) 
within two weeks. The physician who prescribed CONTRAVE was unaware that the patient was 
also prescribed fentanyl patches. CONTRAVE and fentanyl were both listed as suspect drugs. 
 
FAERS Case # 15688809, Version 1, Expedited, U.S.A., 2018, Hospitalization  

A 65-year-old male initiated treatment with CONTRAVE when he was already established on 
oxycodone for chronic pain. The patient experienced symptoms of opioid withdrawal (e.g., 
abdominal pain, diarrhea, dizziness, palpitations, vomiting) within 15 minutes of taking the first 
dose of CONTRAVE, prompting him to seek emergency medical treatment. At the time of the 
report, the patient had been hospitalized for one day and remained hospitalized. CONTRAVE 
was discontinued. Other treatment and outcome data were not provided. It is unclear if the 
physician who had prescribed oxycodone was the same physician who prescribed CONTRAVE. 
CONTRAVE was listed as the only suspect drug, with oxycodone listed as concomitant. 
 
 
Reduced Acute Opioid Analgesic Effect (n=1) 

FAERS Case #14554332, Version 2, Expedited, USA, 2018, Hospitalization 

Nihn et al published a case report of a 42-year-old obese female taking Contrave for six months 
who continued it until 12 hours prior to spine surgery.9 The article highlighted the challenges the 
anesthesiology team and the surgeons had in order to provide adequate pain management 
postoperatively. The patient was not seen in the preoperative clinic due to the acute nature of the 
surgery. The authors report use of acetaminophen and gabapentin for preoperative pain 
management. A multimodal intraoperative strategy for pain management (i.e., ketamine, 
fentanyl, midazolam) and maintenance of sedation (i.e., ketamine, propofol, remifentanil) was 
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employed. A liposomal bupivacaine field block was performed at the end of the procedure to 
assist with pain management. The authors state a post-operative pain management plan including 
a hydromorphone patient-controlled analgesia (PCA) pump and acetaminophen was chosen 
because of concerns that efficacy of a lower-intensity pain regimen would be limited by the pre-
operative use of CONTRAVE. Diazepam was reportedly given postoperatively as an anxiolytic. 
The patient’s postoperative pain was reported as severe and the authors hypothesize that this 

intensity may have been magnified by an interaction between CONTRAVE and the perioperative 
opioid analgesics. One episode of over sedation and oxygen desaturation was reported during 
post-operative recovery. Noting the labeling recommends a 7-10-day period between 
discontinuation of opioids and the initiation of Contrave,6 the authors suggest waiting 5 times the 
elimination half-life of the opioid may improve the likelihood of more complete product 
elimination from the body; however, they also state that this poses a challenge for pain 
management if emergency surgery is warranted.9 In addition to the recommended pre-operative 
period of discontinuation of CONTRAVE, the authors also suggest a multimodal postoperative 
non-opioid pain management strategy to improve patient outcomes.9 This case was also captured 
as a medical literature case (not submitted to FAERS) in the 2017 OSE review.3 
 
Suspected Serotonin Syndrome (n=1) 

FAERS Case #18038156, Version 1, Expedited, Foreign, 2020, Hospitalization, Life-

threatening 

A 72-year-old female established on multiple medications including methadone for pain (total 
daily dose [TDD]: 15mg; duration of use: ~5 years), amitriptyline for pain (TDD: 20 mg; 
duration of use: ~4 years), and sertraline for an unspecified “mental disorder” (TDD: 50 mg; 
duration of use: ~3 years) initiated treatment with CONTRAVE at an unspecified dose. Within 
one hour of taking a dose of CONTRAVE, the patient experienced symptoms consistent with 
serotonin syndrome: 1) autonomic instability (e.g., hypertension, hyperthermia, tachycardia); 2) 
neuromuscular abnormality (it was reported that the patient experienced “convulsions/muscle 

spasms” and “seizures” alternately); and 3) mental status changes (e.g., difficulty communicating 
clearly and impaired short-term memory). It is unclear if the patient experienced myoclonus, 
seizures, or both during hospitalization. Intensive hospitalization with intubation reportedly 
lasted 24-hours. Total duration of hospitalization was not provided. CONTRAVE was 
discontinued and all adverse events except for memory impairment and speech disorder 
(unknown outcome) were reported as resolved or resolving at the time of report. Action taken 
with methadone, amitriptyline, and sertraline were not reported. 
 

4  REVIEWER’S COMMENTS 

DPV identified 15 cases of adverse events reported with concomitant use of CONTRAVE and at 
least one opioid product. Approximately 87% (n=13) of the cases reported symptoms consistent 
with opioid withdrawal. In the remaining 2 cases, one case reported reduced acute opioid 
analgesic effect and the other case reported suspected serotonin syndrome. Naltrexone is an 
opioid antagonist that exerts its effects by competitively blocking and displacing opioid drugs 
from the opioid receptors.10 The resulting effect is precipitation of opioid withdrawal in patients 
who have a physiological opioid dependence and incomplete benefit from and/or decreased 
efficacy of opioid products used acutely in individuals not established on chronic opioid 
therapy6, as those seen in our case series.  
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The case of suspected serotonin syndrome in our case series may be explained by the 
pharmacokinetic interactions between CONTRAVE and the other suspect drugs: amitriptyline, 
methadone, and sertraline. Serotonin syndrome is a labeled event in the WARNINGS AND 
PRECAUTIONS section for methadone and sertraline, and in the Postmarketing Adverse Events 
section for amitriptyline.11-13 The Drug Interactions section of methadone states that the use of 
methadone with a cytochrome-P450-2D6 inhibitor (e.g., bupropion, sertraline) can increase 
plasma concentration of methadone.11 Similarly, the Drug Interactions section of amitriptyline 
states “Concomitant use of tricyclic antidepressants with drugs that can inhibit cytochrome P450 

2D6 may require lower doses than usually prescribed for either the tricyclic antidepressant or the 
other drug.”13 Thus, the addition of CONTRAVE likely offsets the balance of an established 
regimen with multiple drugs that can cause serotonin syndrome, either on their own or in 
combination.   
 
The concomitant use of opioids with CONTRAVE is listed as a contraindication in 
CONTRAVE’s labeling.6 The labeling also includes warnings regarding the potential for the 
precipitation of opioid withdrawal in patients dependent on opioids or established on chronic 
opioid therapy and the risk of partial or diminished therapeutic effect in acute opioid treatment.6 
Despite these warnings, we identified cases that reported opioids were prescribed with 
CONTRAVE. Current proposed labeling for LYBALVI (olanzapine/samidorphan) includes 
similar language as that used in the CONTRAVE labeling.7 Based on the findings from the 2017 
OSE review and our current case series, concern regarding the potential for adverse events 
resulting from the concomitant use of opioids with LYBALVI is reasonable. Determination of 
the extent of the potential risk of an opioid-associated drug-drug interaction with LYBALVI is 
beyond the scope of this review. When considering the implications of the findings of this review 
as they relate to LYBALVI, one confounding factor that is not addressed is the comparability of 
the target patient populations for each drug (i.e., CONTRAVE and LYBALVI). Most patients in 
our case series were females with a median age of 67 years (range: 46 – 79) receiving medically-
supervised weight-management who may or may not have had a comorbid psychiatric disorder. 
LYBALVI, if approved, is proposed for treatment of schizophrenia with the anticipated benefit 
of mitigating olanzapine-induced weight gain.  
 

5 REFERENCES 

 
1. FDA-2020-N-1767. Joint Meeting of the Psychopharmacologic Drugs Advisory 

Committee (PDAC) and the Drug Safety and Risk Management Advisory Committee 
(DSaRM) Meeting Announcement. 2020 October 9. Available at: 
https://www.fda.gov/advisory-committees/advisory-committee-calendar/october-9-2020-
joint-meeting-psychopharmacologic-drugs-advisory-committee-pdac-and-drug-safety-
and  

2. Naltrexone hydrochloride/Bupropion hydrochloride. Micromedex®, DrugDex®. 
Greenwood Village, Colorado, USA: Truven Health Analytics; 24 August 2020. 
Available at: http://www.micromedexsolutions.com 

3. Webster MP. REV-SURVEPI-03 Postmarket Safety Review: Contrave (naltrexone HCl/ 
bupropion HCl), NDA 200063. DARRTS reference ID: 4135425. 2017 August 4. 

Reference ID: 4675583



 

11 

4. NDA 200063 Contrave Approval Letter. Available at: 
https://www.accessdata.fda.gov/drugsatfda_docs/appletter/2014/200063Orig1s000ltr.pdf  

5. Martin WF, Correll CU, Weiden PJ, et al. Mitigation of Olanzapine-Induced Weight Gain 
with Samidorphan, an Opioid Antagonist: A Randomized Double-Blind Phase 2 Study in 
Patients With Schizophrenia. Am J Psychiatry. 2019 June 1;176(6):457-467. doi: 
10.1176/appi.ajp.2018.18030280. Epub 2019 Mar 8. PMID: 30845818. 

6. Contrave (bupropion HCl/naltrexone HCl) Prescribing Information. Nalpropion 
Pharmaceuticals LLC. Morristown, NJ. August 2020. Available at: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/200063s015lbl.pdf 

7. NDA213378 (213378 - 0001 - (1) - 2019-11-15 – ORIG-1 (Multiple 
Categories/Subcategories) - Labeling - Proposed Labeling Text 

8. Sevarino KA. Opioid withdrawal in adults: Clinical manifestations, course, assessment, 
and diagnosis. In: Saxon A, Friedman M, editors. UpToDate. [Internet]. Waltham, Mass.: 
UpToDate; 2020 [cited 3 September 2020]. Available from: 
https://www.uptodate.com/contents/opioid-withdrawal-in-adults-clinical-manifestations-
course-assessment-and-
diagnosis?search=opioid%20withdrawal%20syndrome&source=search_result&selectedT
itle=1~150&usage_type=default&display_rank=1#H3443629360  

9. Ninh A, Kim S, Goldberg A. Perioperative Pain Management of a Patient Taking 
Naltrexone HCl/Bupropion HCl (Contrave): A Case Report. A A Case Rep. 2017 Oct 
15;9(8):224-226. doi: 10.1213/XAA.0000000000000573. PMID: 28604472. 

10. Naltrexone hydrochloride. Micromedex®, DrugDex®. Greenwood Village, Colorado, 
USA: Truven Health Analytics; 11 September 2020. Available at: 
http://www.micromedexsolutions.com  

11. Methadone HCl Prescribing Information. Hikma Pharmaceuticals USA Inc. Eatontown, 
NJ. August 2020. Available at: http://fdalabel.fda.gov/fdalabel-r/services/spl/set-
ids/802ab399-479b-4271-a2a7-07aadde91cff/spl-doc?hl=methadone#section-5.6   

12. Zoloft (sertraline HCl) Prescribing Information. Pfizer Inc. New York, NY. 2018 January 
2018. Available at: http://fdalabel.fda.gov/fdalabel-r/services/spl/set-ids/fe9e8b7d-61ea-
409d-84aa-3ebd79a046b5/spl-doc?hl=sertraline#section-5.2   

13. Amitriptyline HCl Prescribing Information. Sandoz Inc. Princeton, NJ. May 2014 . 
Available at: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/085966s095,085969s084,08
5968s096,085971s075,085967s076,085970s072lbl.pdf 
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6 APPENDICES 

6.1 APPENDIX A. CONTRAVE PRODUCT LABELING FOR OPIOID-ASSOCIATED ADVERSE 

EVENTS 

4 CONTRAINDICATIONS 

 CONTRAVE is contraindicated in 
• Chronic opioid or opiate agonist (e.g., methadone) or partial agonists (e.g., 

buprenorphine) use, or acute opiate withdrawal [see Warnings and Precautions (5.4) 
and Drug Interactions (7.2)] 

 
5 WARNINGS AND PRECAUTIONS 

 5.4 Patients Receiving Opioid Analgesics 

Vulnerability to Opioid Overdose: CONTRAVE should not be administered to patients 
receiving chronic opioids, due to the naltrexone component, which is an opioid receptor 
antagonist [see Contraindications (4)]. If chronic opiate therapy is required, CONTRAVE 
treatment should be stopped. In patients requiring intermittent opiate treatment, 
CONTRAVE therapy should be temporarily discontinued and lower doses of opioids 
may be needed. Patients should be alerted that they may be more sensitive to opioids, 
even at lower doses, after CONTRAVE treatment is discontinued. An attempt by a 
patient to overcome any naltrexone opioid blockade by administering large amounts of 
exogenous opioids is especially dangerous and may lead to a fatal overdose or life-
threatening opioid intoxication (e.g., respiratory arrest, circulatory collapse). Patients 
should be told of the serious consequences of trying to overcome the opioid blockade.  

    

Precipitated Opioid Withdrawal: The symptoms of spontaneous opioid withdrawal, which 
are associated with the discontinuation of opioid in a dependent individual, are 
uncomfortable, but they are not generally believed to be severe or necessitate 
hospitalization. However, when withdrawal is precipitated abruptly, the resulting 
withdrawal syndrome can be severe enough to require hospitalization. To prevent 
occurrence of either precipitated withdrawal in patients dependent on opioids or 
exacerbation of a pre-existing subclinical withdrawal symptoms, opioid-dependent 
patients, including those being treated for alcohol dependence, should be opioid-free 
(including tramadol) before starting CONTRAVE treatment. An opioid-free interval of a 
minimum of 7 to 10 days is recommended for patients previously dependent on 
shortacting opioids, and those patients transitioning from buprenorphine or methadone 
may need as long as two weeks. Patients should be made aware of the risks associated 
with precipitated withdrawal and encouraged to give an accurate account of last opioid 
use. 

 
 7 DRUG INTERACTIONS 

 7.2 Opioid Analgesics 

 Patients taking CONTRAVE may not fully benefit from treatment with opioid-
containing medicines, such as cough and cold remedies, antidiarrheal preparations, and 
opioid analgesics. In patients requiring intermittent opiate treatment, CONTRAVE 
therapy should be temporarily discontinued and opiate dose should not be increased 
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above the standard dose. CONTRAVE may be used with caution after chronic opioid use 
has been stopped for 7 to 10 days in order to prevent precipitation of withdrawal [see 
Contraindications (4) and Warnings and Precautions (5.4)].  
 
During CONTRAVE clinical studies, the use of concomitant opioid or opioid-like 
medications, including analgesics or antitussives, were excluded. 
 
7.3 Potential for CONTRAVE to Affect Other Drugs 

Metabolized by CYP2D6 
In a clinical study, CONTRAVE (32 mg naltrexone/360 mg bupropion) daily was 
coadministered with a 50 mg dose of metoprolol (a CYP2D6 substrate). CONTRAVE 
increased metoprolol AUC and Cmax by approximately 4- and 2-fold, respectively, 
relative to metoprolol alone. Similar clinical drug interactions resulting in increased 
pharmacokinetic exposure of CYP2D6 substrates have also been observed with 
bupropion as a single agent with desipramine or venlafaxine. 
 
Coadministration of CONTRAVE with drugs that are metabolized by CYP2D6 isozyme 
including certain antidepressants (SSRIs and many tricyclics), antipsychotics (e.g., 
haloperidol, risperidone and thioridazine), beta-blockers (e.g., metoprolol) and Type 1C 
antiarrhythmics (e.g., propafenone and flecainide), should be approached with caution 
and should be initiated at the lower end of the dose range of the concomitant medication. 
If CONTRAVE is added to the treatment regimen of a patient already receiving a drug 
metabolized by CYP2D6, the need to decrease the dose of the original medication should 
be considered, particularly for those concomitant medications with a narrow therapeutic 
index [see Clinical Pharmacology (12.3)]. 
 
17 PATIENT COUNSELING INFORMATION 

Patients should be advised that if they previously used opioids, they may be more 
sensitive to lower doses of opioids and at risk of accidental overdose should they use 
opioids after CONTRAVE treatment is discontinued or temporarily interrupted.  
 
Patients should be advised that because naltrexone, a component of CONTRAVE, can 
block the effects of opioids, they will not perceive any effect if they attempt to self-
administer any opioid drug in small doses while on CONTRAVE. Further advise patients 
that the attempt to administer large doses of any opioid or to bypass the blockade while 
on CONTRAVE may lead to serious injury, coma, or death.  
 
Patients should be off all opioids for a minimum of 7 to 10 days before starting 
CONTRAVE in order to avoid precipitation of withdrawal. Advise patients they should 
not take CONTRAVE if they have any symptoms of opioid withdrawal.
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6.2 APPENDIX B. LYBALVI PROPOSED PRODUCT LABELING FOR OPIOID-ASSOCIATED 

ADVERSE EVENTS 

Reference ID: 4675583
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6.3 APPENDIX C.  FDA ADVERSE EVENT REPORTING SYSTEM (FAERS) 

 
FDA Adverse Event Reporting System (FAERS) 

 

FAERS is a database that contains information on adverse event and medication error reports 
submitted to FDA. The database is designed to support FDA's postmarketing safety surveillance 
program for drug and therapeutic biological products. The informatic structure of the database 
adheres to the international safety reporting guidance issued by the International Council on 
Harmonisation. Adverse events and medication errors are coded to terms in the Medical 
Dictionary for Regulatory Activities terminology. The suspect products are coded to valid 
tradenames or active ingredients in the FAERS Product Dictionary.    
 
FAERS data have limitations. First, there is no certainty that the reported event was actually 
because of the product. FDA does not require that a causal relationship between a product and 
event be proven, and reports do not always contain enough detail to properly evaluate an event. 
Further, FDA does not receive reports for every adverse event or medication error that occurs 
with a product. Many factors can influence whether or not an event will be reported, such as the 
time a product has been marketed and publicity about an event. Therefore, FAERS data cannot 
be used to calculate the incidence of an adverse event or medication error in the U.S. population. 
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6.4 APPENDIX D.  FAERS LINE LISTING OF ADVERSE EVENTS REPORTED WITH CONCOMITANT USE OF CONTRAVE AND OPIOID PRODUCT 

CASE SERIES (N=15) 

Case # 
Initial FDA 

Received Date 

FAERS 

Case # 
Version # Manufacturer Control # 

Case 

Type 

Age 

(years) 
Sex 

Country 

Derived 

Serious 

Outcome(s)* 

Suspected Opioid Withdrawal 

1 3/23/2017 13363523 2 
ES-OREXIGEN 

THERAPEUTICS, INC.-
1064572 

Expedited 
(15-Day) 69 Female ESP HO,OT 

2 4/10/2017 13422147 1 
US-OREXIGEN 

THERAPEUTICS, INC.-
1065195 

Expedited 
(15-Day) 

Not 
reported Female USA HO,OT 

3 5/3/2017 13508129 4 
US-OREXIGEN 

THERAPEUTICS, INC.-
2020155 

Expedited 
(15-Day) 46 Female USA OT 

4 5/30/2017 13592302 2 
US-OREXIGEN 

THERAPEUTICS, INC.-
2021352 

Expedited 
(15-Day) 65 Female USA OT 

5 6/19/2017 13664800 2 
US-OREXIGEN 

THERAPEUTICS, INC.-
2022215 

Expedited 
(15-Day) 

Not 
reported Female USA OT 

6 11/17/2017 14199615 1 
US-OREXIGEN 

THERAPEUTICS, INC.-
2034527 

Expedited 
(15-Day) 79 Female USA HO 

7 5/11/2018 14968482 1 Direct Direct 48 Male USA HO 

8 9/7/2018 15362303 6 
US-NALPROPION 

PHARMACEUTICALS 
INC.-2018-005677 

Expedited 
(15-Day) 73 Female USA HO 

9 11/16/2018 15626817 1 
DK-NALPROPION 

PHARMACEUTICALS 
INC.-2018-005995 

Expedited 
(15-Day) 71 Female DNK HO 
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Case # 
Initial FDA 

Received Date 

FAERS 

Case # 
Version # Manufacturer Control # 

Case 

Type 

Age 

(years) 
Sex 

Country 

Derived 

Serious 

Outcome(s)* 

10 11/30/2018 15678511 1 Direct Direct 69 Male USA HO 

11 12/5/2018 15688809 1 
US-NALPROPION 

PHARMACEUTICALS 
INC.-2018-006115 

Expedited 
(15-Day) 65 Male USA HO 

12 2/25/2019 15999895 1 
CA-NALPROPION 

PHARMACEUTICALS 
INC.-2018-006267 

Expedited 
(15-Day) 60 Female CAN DS† 

13 12/12/2019 17147101 1 
AU-NALPROPION 

PHARMACEUTICALS 
INC.-2019-009233 

Expedited 
(15-Day) 

Not 
reported Female AUS HO 

Reduced Acute Opioid Analgesic 

14 2/20/2018 14554332 1 US-MYLANLABS-
2018M1011583 

Expedited 
(15-Day) 42 Female USA HO 

Suspected Serotonin Syndrome 

15 7/17/2020 18038156 1 
DK-NALPROPION 

PHARMACEUTICALS 
INC.-2020-010577 

Expedited 
(15-Day) 72 Female DNK HO,LT,OT 

*As per 21 CFR 314.80, the regulatory definition of serious is any adverse drug experience occurring at any dose that results in any of the following outcomes: death, a life-
threatening adverse drug experience, inpatient hospitalization or prolongation of existing hospitalization, a persistent or significant disability/incapacity, a congenital 
anomaly/birth defect, or other serious important medical events. Those which are blank were not marked as serious (per the previous definition) by the reporter, and are 
coded as non-serious. A case can have more than one serious outcome. 
Abbreviations: DE=death, HO=hospitalization, LT= life-threatening, DS= disability, CA= congenital anomaly, OT=other medically significant 
† Case details do not provide sufficient information to determine if the reported disability was related to the concomitant use of Contrave and an opioid. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES 
 

Food and Drug Administration 
Silver Spring, MD  20993 

 
 

M E M O R A N D U M  DEPARTMENT OF HEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE  
FOOD AND DRUG ADMINISTRATION CENTER FOR 
DRUG EVALUATION AND RESEARCH 

 
 
 

TO: NDA 213378 
 
FROM: Gettie Audain, Senior Regulatory Health Project Manager 

Division of Pediatric and Maternal Health (DPMH) 
 

SUBJECT: Division of Psychiatry (DP) consult to DPMH (DARRTS Reference ID: 
4539559) requesting pediatric-related input and meeting attendance      

 
DRUG: Lybalvi (olanzapine/samidorphan) 
 
 

DP submitted a consult request to DPMH dated December 27, 2019 requesting assistance and 
pediatric-related input with labeling and meeting attendance.  The DPMH-Pediatric Team 
participated in corresponding discussions with DP and attended multiple meetings.   
 
The DPMH-Pediatric Team participated in the review of the application and engaged in 
discussions with DP in response to key pediatric issues. We attended all DP internal meetings 
requiring Pediatrics presence from January 2020 to September 2020.    
 
No further action is required from the DPMH-Pediatric Team.  This consult is considered 
closed.  
 
DPMH Pediatric MO Reviewer – Lily Mulugeta 
DPMH Medical Team Lead – Shetarra Walker 
DPMH RPM – Gettie Audain 
DPMH RPM Team Lead – George Greeley 
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MEMORANDUM 
REVIEW OF REVISED LABELS AND LABELING

Division of Medication Error Prevention and Analysis (DMEPA) 
Office of Medication Error Prevention and Risk Management (OMEPRM)

Office of Surveillance and Epidemiology (OSE)
Center for Drug Evaluation and Research (CDER)

Date of This Memorandum: July 17, 2020

Requesting Office or Division: Division of Psychiatry (DP)

Application Type and Number: NDA 213378

Product Name and Strength: Lybalvi (olanzapine and samidorphan) tablets, 5 mg/10 mg, 
10 mg/10 mg, 15 mg/ 10 mg, and 20 mg/10 mg

Applicant/Sponsor Name: Alkermes, Inc.

OSE RCM #: 2019-2353-1

DMEPA Safety Evaluator: Loretta Holmes, BSN, PharmD

DMEPA Team Leader: Sevan Kolejian, PharmD, MBA

1 PURPOSE OF MEMORANDUM
The Applicant submitted revised container labels and carton labeling received on July 15, 2020 
for Lybalvi.  The Division of Psychiatry (DP) requested that we review the revised container 
labels and carton labeling for Lybalvi (Appendix A) to determine if they are acceptable from a 
medication error perspective.  The revisions are in response to recommendations that we made 
during a previous labels and labeling review.a 
2  CONCLUSION
The Applicant implemented all of our recommendations and we have no additional 
recommendations at this time.

a Holmes, L. Labels and Labeling Review for Lybalvi (NDA 213378). Silver Spring (MD): FDA, CDER, OSE, DMEPA 
(US); 2020 Jul 02. RCM No.: 2019-2353.
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APPENDIX A. IMAGES OF LABELS AND LABELING RECEIVED ON JULY 15, 2020

Images of the revised container labels and carton labeling can be accessed in the Electronic 
Document Room (EDR) via this link:

Application 213378 - Sequence 0012 - 1.14.1.1 Draft Carton and Container Labels - 

Reference ID: 4642784



--------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically. Following this are manifestations of any and all
electronic signatures for this electronic record.
--------------------------------------------------------------------------------------------
/s/
------------------------------------------------------------

LORETTA HOLMES
07/17/2020 04:47:17 PM

SEVAN H KOLEJIAN
07/17/2020 04:52:33 PM

Signature Page 1 of 1

Reference ID: 4642784



1

LABELS AND LABELING REVIEW
Division of Medication Error Prevention and Analysis (DMEPA) 

Office of Medication Error Prevention and Risk Management (OMEPRM)
Office of Surveillance and Epidemiology (OSE)

Center for Drug Evaluation and Research (CDER)

*** This document contains proprietary information that cannot be released to the public***

Date of This Review: July 2, 2020

Requesting Office or Division: Division of Psychiatry (DP)

Application Type and Number: NDA 213378

Product Name and Strength: Lybalvi (olanzapine and samidorphan) tablets, 5 mg/10 mg, 
10 mg/10 mg, 15 mg/ 10 mg, and 20 mg/10 mg 

Product Type: Multi-ingredient Product

Rx or OTC: Rx

Applicant/Sponsor Name: Alkermes, Inc.

FDA Received Date: November 15, 2019 

OSE RCM #: 2019-2353

DMEPA Safety Evaluator: Loretta Holmes, BSN, PharmD

DMEPA Team Leader: Sevan Kolejian, PharmD, MBA
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1 PURPOSE OF REVIEW
As part of the approval process for Lybalvia (olanzapine and samidorphan) tablets,                            
5 mg/10 mg, 10 mg/10 mg, 15 mg/ 10 mg, and 20  mg/10 mg, the Division of Psychiatry 
(DP) requested that we review the proposed packaging, labels and labeling for areas that 
may lead to medication errors.

2 MATERIALS REVIEWED 

Table 1.  Materials Considered for this Label and Labeling Review

Material Reviewed Appendix Section 
(for Methods and Results)

Product Information/Prescribing Information A

Previous DMEPA Reviews            B (N/A)

ISMP Newsletters            C (N/A)

FDA Adverse Event Reporting System (FAERS)*            D (N/A)

Other            E (N/A)

Labels and Labeling F

N/A=not applicable for this review
*We do not typically search FAERS for our label and labeling reviews unless we are aware of 
medication errors through our routine postmarket safety surveillance

3 FINDINGS AND RECOMMENDATIONS

Table 2, below, includes the identified medication error issues with the submitted container 
labels and carton labeling, DMEPA’s rationale for concern, and the proposed recommendation 
to minimize the risk for medication error.  

Our evaluation of the proposed Prescribing Information did not identify any areas of 
vulnerability that may lead to medication errors.

a The proposed proprietary name “Lybalvi” was found conditionally acceptable in the following review:                         
Holmes, L. Proprietary Name Review for Lybalvi (olanzapine and samidorphan) NDA 213378. Silver Spring (MD): 
FDA, CDER, OSE, DMEPA (US); 2020 Feb 10. RCM No.: 2019-35851982.
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Table 2: Identified Issues and Recommendations for Alkermes (entire table to be conveyed to 
Applicant)

Container Labels and Carton Labeling (Trade and Professional Sample)

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION
1. The “Rx Only” and net 

quantity statements are 
too prominent.

The prominence of the “Rx 
Only” and net quantity 
statements draw attention 
away from important 
product identifying 
information such as the 
proprietary name, 
established name, dosage 
form, and strength.

Unbold the font used for the 
“Rx Only” statement and net 
quantity statement in order 
to decrease their prominence.

Carton Labeling (Trade and Professional Sample)
1. The Medication Guide 

(MG) statement lacks 
sufficient prominence.

The MG statement may be 
overlooked because of its 
lack of sufficient 
prominence.

Increase the prominence of 
the MG statement by using a 
bold font for the statement or 
consider using other means.

2. The MG statement is in 
too close proximity to 
the statement of 
strength.

The close proximity of the 
MG statement to the 
statement of strength may 
interfere with the 
readability of the statement 
of strength.

Consider adding some 
additional vertical space 
between the statement of 
strength and the MG 
statement.

3. The bottom panel 
contains the product 
strength.  However, 
other product identifying 
information such as the 
proprietary name, 
established name, and 
dosage form are missing.

The statement of strength 
is presented without other 
product identifying 
information that would 
provide context.

Add the proprietary name, 
established name, and dosage 
form to the bottom panel.

4 CONCLUSION 

Our evaluation of the proposed container labels and carton labeling identified areas of 
vulnerability that may lead to medication errors.  Above, we have provided recommendations 
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in Table 2 for the Applicant. We ask that the Division convey Table 2 in its entirety to the 
Applicant so that recommendations are implemented prior to approval of this NDA.
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APPENDICES:  METHODS & RESULTS FOR EACH MATERIALS REVIEWED 
APPENDIX A. PRODUCT INFORMATION/PRESCRIBING INFORMATION
Table 3 presents relevant product information for Lybalvi that Alkermes submitted on 
November 15, 2019. 

 
Table 3. Relevant Product Information for Lybalvi

Initial Approval Date N/A

Active Ingredient olanzapine and samidorphan

Indication 

Route of Administration Oral

Dosage Form Tablets

Strengths 5 mg/10 mg, 10 mg/10 mg, 15 mg/ 10 mg, and 20 mg/10 mg

Dose and Frequency 5 mg/10 mg, 10 mg/10 mg, 15 mg/ 10 mg, or 20 mg/10 mg orally 
once daily

How Supplied 7-count, 30-count, and 90-count bottles

Storage Store at room temperature 20°C to 25°C (68°F to 77°F) with 
excursions permitted between 15°C and 30°C (59°F and 86°F)

Container Closure Child-resistant closure
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APPENDIX F. LABELS AND LABELING 
F.1 List of Labels and Labeling Reviewed

Using the principles of human factors and Failure Mode and Effects Analysis,b along with 
postmarket medication error data, we reviewed the following Lybalvi labels and labeling 
submitted by Alkermes on November 15, 2019.

 Trade and Professional Sample Container Labels 
 Trade and Professional Sample Carton Labeling 
 Prescribing Information (image not shown)

 
F.2 Labels and Labeling Images (not to scale, not all images are shown), see next page

The trade and professional sample container labels and carton labeling images can be accessed 
via these EDR links:

 Application 213378 - Sequence 0001 - 1.14.1.1 Draft Carton and Container Labels – 

  \\Cdsesub1\evsprod\NDA213378\0001\m1\us\114-label\1141-draft-label 

b Institute for Healthcare Improvement (IHI).  Failure Modes and Effects Analysis.  Boston. IHI:2004. 
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LABELS AND LABELING REVIEW
Division of Medication Error Prevention and Analysis (DMEPA) 

Office of Medication Error Prevention and Risk Management (OMEPRM)
Office of Surveillance and Epidemiology (OSE)

Center for Drug Evaluation and Research (CDER)

*** This document contains proprietary information that cannot be released to the public***

Date of This Review: July 2, 2020

Requesting Office or Division: Division of Psychiatry (DP)

Application Type and Number: NDA 213378

Product Name and Strength: Lybalvi (olanzapine and samidorphan) tablets, 5 mg/10 mg, 
10 mg/10 mg, 15 mg/ 10 mg, and 20 mg/10 mg 

Product Type: Multi-ingredient Product

Rx or OTC: Rx

Applicant/Sponsor Name: Alkermes, Inc.

FDA Received Date: November 15, 2019 

OSE RCM #: 2019-2353

DMEPA Safety Evaluator: Loretta Holmes, BSN, PharmD

DMEPA Team Leader: Sevan Kolejian, PharmD, MBA
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1 PURPOSE OF REVIEW
As part of the approval process for Lybalvia (olanzapine and samidorphan) tablets,                            
5 mg/10 mg, 10 mg/10 mg, 15 mg/ 10 mg, and 20  mg/10 mg, the Division of Psychiatry 
(DP) requested that we review the proposed packaging, labels and labeling for areas that 
may lead to medication errors.

2 MATERIALS REVIEWED 

Table 1.  Materials Considered for this Label and Labeling Review

Material Reviewed Appendix Section 
(for Methods and Results)

Product Information/Prescribing Information A

Previous DMEPA Reviews            B (N/A)

ISMP Newsletters            C (N/A)

FDA Adverse Event Reporting System (FAERS)*            D (N/A)

Other            E (N/A)

Labels and Labeling F

N/A=not applicable for this review
*We do not typically search FAERS for our label and labeling reviews unless we are aware of 
medication errors through our routine postmarket safety surveillance

3 FINDINGS AND RECOMMENDATIONS

Table 2, below, includes the identified medication error issues with the submitted container 
labels and carton labeling, DMEPA’s rationale for concern, and the proposed recommendation 
to minimize the risk for medication error.  

Our evaluation of the proposed Prescribing Information did not identify any areas of 
vulnerability that may lead to medication errors.

a The proposed proprietary name “Lybalvi” was found conditionally acceptable in the following review:                         
Holmes, L. Proprietary Name Review for Lybalvi (olanzapine and samidorphan) NDA 213378. Silver Spring (MD): 
FDA, CDER, OSE, DMEPA (US); 2020 Feb 10. RCM No.: 2019-35851982.

Reference ID: 4635387



3

Table 2: Identified Issues and Recommendations for Alkermes (entire table to be conveyed to 
Applicant)

Container Labels and Carton Labeling (Trade and Professional Sample)

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION
1. The “Rx Only” and net 

quantity statements are 
too prominent.

The prominence of the “Rx 
Only” and net quantity 
statements draw attention 
away from important 
product identifying 
information such as the 
proprietary name, 
established name, dosage 
form, and strength.

Unbold the font used for the 
“Rx Only” statement and net 
quantity statement in order 
to decrease their prominence.

Carton Labeling (Trade and Professional Sample)
1. The Medication Guide 

(MG) statement lacks 
sufficient prominence.

The MG statement may be 
overlooked because of its 
lack of sufficient 
prominence.

Increase the prominence of 
the MG statement by using a 
bold font for the statement or 
consider using other means.

2. The MG statement is in 
too close proximity to 
the statement of 
strength.

The close proximity of the 
MG statement to the 
statement of strength may 
interfere with the 
readability of the statement 
of strength.

Consider adding some 
additional vertical space 
between the statement of 
strength and the MG 
statement.

3. The bottom panel 
contains the product 
strength.  However, 
other product identifying 
information such as the 
proprietary name, 
established name, and 
dosage form are missing.

The statement of strength 
is presented without other 
product identifying 
information that would 
provide context.

Add the proprietary name, 
established name, and dosage 
form to the bottom panel.

4 CONCLUSION 

Our evaluation of the proposed container labels and carton labeling identified areas of 
vulnerability that may lead to medication errors.  Above, we have provided recommendations 
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in Table 2 for the Applicant. We ask that the Division convey Table 2 in its entirety to the 
Applicant so that recommendations are implemented prior to approval of this NDA.
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APPENDICES:  METHODS & RESULTS FOR EACH MATERIALS REVIEWED 
APPENDIX A. PRODUCT INFORMATION/PRESCRIBING INFORMATION
Table 3 presents relevant product information for Lybalvi that Alkermes submitted on 
November 15, 2019. 

 
Table 3. Relevant Product Information for Lybalvi

Initial Approval Date N/A

Active Ingredient olanzapine and samidorphan

Indication 

Route of Administration Oral

Dosage Form Tablets

Strengths 5 mg/10 mg, 10 mg/10 mg, 15 mg/ 10 mg, and 20 mg/10 mg

Dose and Frequency 5 mg/10 mg, 10 mg/10 mg, 15 mg/ 10 mg, or 20 mg/10 mg orally 
once daily

How Supplied 7-count, 30-count, and 90-count bottles

Storage Store at room temperature 20°C to 25°C (68°F to 77°F) with 
excursions permitted between 15°C and 30°C (59°F and 86°F)

Container Closure Child-resistant closure
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APPENDIX F. LABELS AND LABELING 
F.1 List of Labels and Labeling Reviewed

Using the principles of human factors and Failure Mode and Effects Analysis,b along with 
postmarket medication error data, we reviewed the following Lybalvi labels and labeling 
submitted by Alkermes on November 15, 2019.

 Trade and Professional Sample Container Labels 
 Trade and Professional Sample Carton Labeling 
 Prescribing Information (image not shown)

 
F.2 Labels and Labeling Images (not to scale, not all images are shown), see next page

The trade and professional sample container labels and carton labeling images can be accessed 
via these EDR links:

 Application 213378 - Sequence 0001 - 1.14.1.1 Draft Carton and Container Labels – 

  \\Cdsesub1\evsprod\NDA213378\0001\m1\us\114-label\1141-draft-label 

b Institute for Healthcare Improvement (IHI).  Failure Modes and Effects Analysis.  Boston. IHI:2004. 
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 DEPARTMENT OF HEALTH & HUMAN SERVICES        Public Health Service 

 
Division of Pediatric and Maternal Health  

Office of New Drugs 
Center for Drug Evaluation and Research 

Food and Drug Administration 
Silver Spring, MD  20993 

Tel   301-796-2200 
FAX   301-796-9744 

 
Division of Pediatric and Maternal Health Review 

 
Date:   6/29/2020              Date consulted: 12/27/2019                     
 
From:  Catherine Roca, M.D., Medical Officer, Maternal Health 

Division of Pediatric and Maternal Health  
 

Through: Miriam Dinatale, D.O., Team Leader, Maternal Health  
Division of Pediatric and Maternal Health  

 
Lynne P. Yao, M.D., OND, Division Director 
Division of Pediatric and Maternal Health (DPMH) 

 
To:              Division of Psychiatry (DP) 
 
Drug:             LYBALVI (olanzapine/samidorphan) oral tablets 
 
NDA :  213378  
 
Applicant: Alkermes, Inc. 
 
Subject: Pregnancy and Lactation Labeling 
 
Indication: 1) Treatment of schizophrenia 
 2) Bipolar I disorder 
 
Materials  
Reviewed:   

• Applicant’s submitted background package and proposed labeling for NDA 213378 
• DPMH consult request dated December 27, 2019, DARRTS Reference ID 4539559 
• DPMH Review of ZYPREXA (olanzapine)  NDA 20592, 21086, 21253, 22173, 

Catherine Roca, M.D. Medical Officer, January 15, 2019, DARRTS Reference ID 
4376404 
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• DPMH Review of INVEGA (paliperidone) and RISPERDAL (risperidone) NDA 20272, 
20588, 21444, 21346, 21999, 22264, 207946,   Catherine Roca, M.D., Medical Officer, 
April 16, 2018, DAARTS Reference ID 42488401 

• DPMH Review  Jane 
Liedtka, M.D. Medical Officer, September 6, 2018, DARRTS Reference ID 43166072 
 

Consult Question:  “Review of the FPI for PLLR compliance.” 
 
INTRODUCTION AND BACKGROUND 
On November 15, 2019, Alkerme, Inc., submitted a 505(b)(2) NDA for LYBALVI 
(olanzapine/samidorphan) for the indication of schizophrenia and bipolar I disorder. DP 
consulted DPMH on December 27, 2019 to assist with the Pregnancy and Lactation subsections 
of labeling. 
 
Regulatory History 

• LYBALVI is an oral fixed dose combination of olanzapine and samidorphan that relies 
on information from ZYPREXA (olanzapine), NDA 20592, which was originally 
approved for use in the US on September 20, 1996 for the treatment of manifestations of 
psychotic disorders. Samidorphan is not an approved product. Samidorphan was 
proposed for another NDA in combination with buprenorphine, but that NDA was not 
approved. The addition of samidorphan is to mitigate olanzapine-induced weight gain. 
 

LYBALVI (olanzapine/samidorphan)3 

                                                             
1 The INVEGA/RISPERDAL review was part of the materials reviewed but was not a source relied upon for the 
labeling recommendations below. 
2 The  review was part of the materials reviewed but was not a source relied upon for the labeling 
recommendations below. 
3 LYBALVI Proposed package insert 

Drug Class Olanzapine: Second Generation (Atypical) Antipsychotic 
Samidorphan: Opioid Antagonist 

Mechanism of action Olanzapine: Unknown, however could be mediated though a 
combination of dopamine and serotonin type 2 (5-HT2) receptor 
antagonism.  
Samidorphan: Opioid receptor antagonism 

Molecular weight Olanzapine: 312.44 Daltons  
Samidorphan: 504.54 Daltons 

Half-life • Olanzapine - Ranges from 35 to 52 hours after a single dose of 
LYBALVI 

• Samidorphan – Ranges from 7 to 11 hours after a single dose of 
LYBALVI 

Protein Binding  Olanzapine: ~93% protein bound  
 Samidorphan: 23 – 33% protein bound 

Bioavailability  Olanzapine: not reported 
 Samidorphan: 69% 
 
 Both olanzapine and samidorphan are reportedly well-absorbed with 
peak plasma concentrations at 4.5 to 7 hours (olanzapine) and 1 to 2 

Reference ID: 4633270
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Current State of the Labeling for the drug relied upon (ZYPREXA)4 
Approved labeling is in the Physician Labeling Rule (PLR) Pregnancy and Lactation Labeling 
Rule (PLLR) format.  
There is no boxed warning for embryofetal toxicity. 
There is a boxed warning for increased mortality in elderly patients with dementia-related 
psychosis. 
There are no listed contraindications for use of ZYPREXA monotherapy.   
Subsection 8.1 Pregnancy 
Pregnancy Registry 

• There is a pregnancy registry  
Risk Summary 

• Neonates exposed to antipsychotic drugs, including ZYPREXA, during the third trimester 
are at risk for extrapyramidal and/or withdrawal symptoms following delivery (see 
Clinical Considerations). Overall available data from published epidemiologic studies of 
pregnant women exposed to olanzapine have not established a drug-associated risk of 
major birth defects, miscarriage, or adverse maternal or fetal outcomes (see Data). There 
are risks to the mother associated with untreated schizophrenia or bipolar I disorder and 
with exposure to antipsychotics, including ZYPREXA, during pregnancy (see Clinical 
Considerations). 

• Olanzapine was not teratogenic when administered orally to pregnant rats and rabbits  at 
doses that are 9-and 30-times the daily maximum recommended human dose (MRHD), 

                                                             
4 ZYPREXA (olanzapine) approved labeling, Drugs@FDA, accessed 3/11/2020 

hours (samidorphan) 
Serious Adverse Reactions • Increased risk of death in elderly patients with dementia-

related psychosis and increased incidence of cerebrovascular 
adverse events (stroke, transient ischemic attach) 

• Patients using opioids – there is a risk of precipitating opioid 
withdrawal in patients dependent on opioids. Patients should 
be opioid-free before using LYBALVI. Patients may 
experience reduced or ineffective analgesia when taking an 
opioid analgesic concurrently with LYBALVI.  

• Suicide 
•  Neuroleptic malignant syndrome 
• Drug Reaction with Eosinophilia and Systemic Symptoms 

(DRESS) 
• Metabolic changes (hyperglycemia, diabetes mellitus, 

dyslipidemia, weight gain) 
• Tardive dyskinesia 
• Orthostatic hypotension 
• Leukopenia, neutropenia, and agranulocytosis 
• Seizures 
• Potential for cognitive and motor impairment 
• Hyperprolactinemia 
• Use in combination with Lithium or Valproate: also refer to 

the package inserts for these drugs 

Reference ID: 4633270
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based upon mg/m2 body surface area; some fetal toxicities were observed at these doses 
(see Data). 

Clinical Considerations 
Disease -associated maternal and embryo/fetal risk 

• There is a risk to the mother from untreated schizophrenia or bipolar I disorder including 
increased risk of relapse, hospitalization, and suicide. Schizophrenia and bipolar I disorder 
are associated with adverse perinatal outcomes, including preterm birth. It is not known if 
this is a direct result of the illness or other comorbid factors.  

• Fetal/Neonatal adverse reactions 
Extrapyramidal and/or withdrawal symptoms, including agitation, hypertonia, hypotonia, 
tremor, somnolence, respiratory distress, and feeding disorder have been reported in 
neonates who were exposed to antipsychotic drugs, including ZYPREXA, during the third 
trimester of pregnancy. These symptoms have varied in severity. Monitor neonates for 
extrapyramidal and/or withdrawal symptoms and manage symptoms appropriately. Some 
neonates recovered within hours or days without specific treatment, others required 
prolonged hospitalization. 

Data 
Human Data 

• Placental passage has been reported in published study reports; however, the placental 
passage ratio was highly variable ranging between 7% to 167% at birth following 
exposure during pregnancy. The clinical relevance of this finding is unknown.  

• Published data from observational studies, birth registries, and case reports that have 
evaluated the use of atypical antipsychotics during pregnancy do not establish an increased 
risk of major birth defects. A retrospective cohort stud from a Medicaid database of 9258 
women exposed to antipsychotics during pregnancy did not indicate an overall increased 
risk for major birth defects. 
 

Animal Data 
• In oral reproduction studies in rats at doses up to 18 mg/kg/day and in rabbits at doses up 

to 30 mg/kg/day (9 and 30 times the daily oral MRHD based on mg/m2 body surface area, 
respectively), no evidence of teratogenicity was observed. In an oral rat teratology study, 
early resorptions and increased numbers of nonviable fetuses were observed at a dose of 
18 mg/kg/day (9 times the daily oral MRHD based on mg/m2 body surface area). In an 
oral rabbit teratology study, fetal toxicology manifested as increased resorptions and 
decreased fetal weight, occurred at a maternally toxic dose of 30 mg/kg/day (30 times the 
daily oral MRH based a mg/m2 body surface area).  

Reference ID: 4633270



5 
 

Subsection 8.2 Lactation 
Risk Summary 

• Olanzapine is present in human milk. There are reports of excess sedation, irritability, 
poor feeding and extrapyramidal symptoms (tremors, and abnormal muscle movements) 
in infants expose to olanzapine through breast milk (see Clinical Considerations). There is 
no information on the effects of olanzapine on milk production.  

• The developmental and health benefits of breastfeeding should be considered along with 
the mother’s clinical need for ZYPREXA and any potential adverse effects on the 
breastfed child from ZYPREXA or from the mother’s underlying condition. 

Clinical Considerations 
• Infants exposed to ZYPREXA should be monitored for excess sedation, irritability, poor 

feeding, and extrapyramidal symptoms (tremors and abnormal muscle movements). 
8.3 Females and Males of Reproductive Potential 
Infertility 
Females 

• Based on the pharmacologic action of olanzapine (D2 receptor antagonism), treatment 
with ZYPREXA may result in an increase in serum prolactin, which may lead to a 
reversible reduction in fertility in females of reproductive potential.  

There are no listed drug interactions with hormonal contraceptives or requirements for pregnancy 
testing. 

 
REVIEW 
PREGNANCY 
Schizophrenia and Pregnancy 

• Schizophrenia is seen in less than 1 % of the adult population.  Women generally have a 
later age of onset (twenties to thirties) than men do (late teens to early twenties).  It is 
slightly more prevalent in men compared to women (1.4:1).5 

• Untreated schizophrenia is associated with increased all-cause mortality, hospitalization, 
and risk of suicide.6, 7   

• Schizophrenia is commonly comorbid with cigarette use and substance abuse; 
approximately 62% of patients with schizophrenia smoke.8 

• Pregnancy and schizophrenia are associated with the following adverse obstetrical 
outcomes: prematurity, low birth weight, small-for-gestational age, still birth, and low 
APGAR scores.  It is not known if the adverse obstetrical outcomes are due to the disease 

                                                             
5 McGrath J, et al. Schizophrenia: a concise overview of incidence, prevalence, and mortality. Epidemiol Rev. 
2008;30:67-76. 
6 Hor K, Taylor M. Suicide and schizophrenia: a systematic review of rates and risk factors. J Psychopharmacol. 
2010;24(4Suppl):81-90. 
7 Kane JM, et al. Comprehensive versus usual community care for first episode psychosis: 2-year outcomes from the 
NIMH RAISE early treatment program. Am J Psychiatry. 2016; 173(4):362-72. 
8 Dickerson F, et al. Cigarette smoking by patients with serious mental illness, 1999-2016: an increasing disparity. 
Psychitr Serv. 2018;69(2):147-153. 
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itself or due to the social circumstances (lack of prenatal care, poor eating habits, 
smoking, use of illicit drugs) of pregnant women with schizophrenia.9, 10 
 

Bipolar Disorder and Pregnancy 
• The lifetime prevalence of bipolar I disorder in the U.S. is 1.0% and is approximately 

equally prevalent in men and women.11  
• Average age of onset is 21 years of age.12 
• Untreated bipolar disorder is associated with increased risk of substance abuse, suicide 

and all-cause mortality.13 
 
Nonclinical Experience 

There were no adverse effects on embryofetal development at 2/50 mg/kg/day 
olanzapine/samidorphan (approximately 0.88/80 times of olanzapine/samidorphan exposures at 
the MHRD of 20 mg/10 mg LYBALVI on an AUC basis). Groups treated with samidorphan 
alone (200 mg/kg/day) and olanzapine in combination with samidorphan (6/200 mg/kg/day 
olanzapine/samidorphan) had reduced mean fetal body weights. Increased resorptions and post-
implantation loss, with correlating lower mean viable fetuses and litter size, were observed at 
6/200 mg/kg/day olanzapine/samidorphan. Groups treated with samidorphan alone (200 
mg/kg/day) and 6/200 mg/kg/day olanzapine/samidorphan both showed increases in litter 
incidence of bent ribs and bent scapula; the incidence of bent scapula and bent ribs was not 
increased when samidorphan was administered in combination with olanzapine. These findings 
were similar to those observed in the definitive rat embryofetal developmental toxicity study 
with samidorphan alone. A dose of 6/200 mg/kg/day olanzapine/samidorphan was associated 
with maternal exposures that were 5.5 times and 448 times exposures of olanzapine and 
samidorphan, respectively, at the MHRD of 20 mg/10 mg LYBALVI on an AUC basis.14 

The reader is referred to the full Pharmacology/Toxicology review by Amy Avila, Ph.D. and 
Aisar Atrakchi, Ph.D. 

Reviewer Comment:  
Pharmacology-toxicology revisions were not finalized at the time this review was completed. 
 
Review of Pharmacovigilance Database 
The applicant performed a cumulative search of the Alkermes Global Safety Database through 
April 1, 2019, using the terms “Pregnancy and neonatal topics.”  
 
                                                             
9Robinson, G. (2012). Treatment of Schizophrenia in Pregnancy and Postpartum. J Popul Ther Clin Pharmcol, 19 
(3):e380-e386. 
10 Einarson, A and Boskovic, R. Use and safety of antipsychotic drugs during pregnancy. J Psychiatr Pract. 
2009. 15 (3): 183-92. 
11 Harvard Medical School 2007. National Comorbidity Survey (NCS) Retrieved from 
https://www hcp med harvard.edu/ncs/index.php. Lifetime prevalence DSM-IV/WMH-CIDI disorders by sex and 
cohort. Accessed 3/19/2018 
12 Merikangas KR, et al. Lifetime and 12-month prevalence of bipolar spectrum disorder in the National 
Comorbidity Survey Replication. Arch Gen Psychiatry. 2007;64:543-552. 
13 Hayes JF, et al. Mortality gap for people with bipolar disorder and schizophrenia: UK-based cohort study 2000-
2014. Br J Psychiatry. 2017;211(3_:175-181. 
14 LYBALVI proposed package insert 
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There was one pregnancy exposed to samidorphan alone. 
• A 22-year-old woman with alcohol dependence treated with 1 mg/day samidorphan in the 

two months prior to conception. The infant was born preterm at 35 weeks, 4 days without 
congenital anomalies. It is unknown if there was alcohol exposure during pregnancy. 
 

There were 8 pregnancies reported during the clinical trials of olanzapine/samidorphan. Results 
are described in the applicant’s table below. No additional information about the cause for 
terminations or the presence of congenital malformations in those pregnancies was available. 

 
Two additional pregnancy exposure cases were described in the 120-day safety report: 

• First trimester exposure to LYBALVI with a subsequent ultrasound detecting a foramen 
ovale aneurysm, noted to be “an isolated entity and considered benign.” The infant was 
born full-term. At three months, a follow-up echocardiogram showed “that the lower 
portion of the atrial septum bowed slightly to the right; there was a small patent foramen 
ovale, and the atrial septal aneurysm was noted to be almost completely resolved.” 

• A partner pregnancy occurred with no maternal of infant complications reported at the 
time of birth. At 38 days old, the infant died of malnutrition and dehydration, apparently 
due to caregiver neglect. The investigator assessed the death as definitely not related to 
study drug.  
 

Review of Literature  
Applicant’s Review of Literature 
The applicant performed a cumulative review of the published literature through April 1, 2019 
using PubMed and Embase databases. Search terms used included, “olanzapine,” or “opioid, 
mu/antagonists’ or inhibitors,” and “pregnancy,” “newborn,” or “infant.” 
 

Reference ID: 4633270
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No papers related to samidorphan and pregnancy or the combination of olanzapine and 
samidorphan and pregnancy were located in the search.  Papers related to olanzapine and 
pregnancy are discussed in the DPMH review of literature. 
  
DPMH Review of Literature 
DPMH conducted an updated search of the literature using PubMed, Embase, Reprotox, and 
Micromedex15 using the search terms, “olanzapine” or “samidorphan” and “pregnancy,” 
“pregnancy outcomes,” “congenital anomalies,” “stillbirth,” and “spontaneous abortion” from 
the time of the DPMH review of ZYPREXA in January 2019 to the present time. 
 
No new cases of olanzapine use in pregnancy were found in the literature search. For a summary 
table of published cases related to olanzapine use during pregnancy, see Appendix A.  
 
No cases related to samidorphan and pregnancy were found in the literature search.  
 
Reviewer comment: 
No new clinical data were identified on the effects of olanzapine on pregnancy outcomes, 
therefore no changes to current labeling language for the olanzapine portion of LYBALVI are 
required. Human data on samidorphan and pregnancy or the combination of olanzapine and 
samidorphan are not sufficient to determine a drug-associated effect on major birth defects, 
miscarriage or maternal or fetal outcomes. Nonclinical data of the combination of olanzapine 
and samidorphan showed increase in fetal loss and skeletal abnormalities at 5.5 times the 
MRHD. A pregnancy registry for antipsychotic medications has been established; this product 
should be included in this registry. 
 
LACTATION 
Nonclinical Experience 
Olanzapine is present in animal milk.16 When samidorphan was administered to lactating rats, it 
was detected in the plasma of nursing pups, likely due to the presence of samidorphan in milk.17 
 
The reader is referred to the full Pharmacology/Toxicology review by Amy Avila, Ph.D. and 
Aisar Atrakchi, Ph.D. 
 
Reviewer Comment:  
Pharmacology-toxicology revisions were not finalized at the time this review was completed. 
 
Review of Pharmacovigilance Database 
The applicant performed a cumulative search of the Alkermes Global Safety Database through 
April 1, 2019, using the terms “Pregnancy and neonatal topics.”  
 
No cases related to lactation were reported. 
 
 

                                                             
15 Truven Health Analytics information, http://www.micromedexsolutions.com/.  Accessed 3/12/2020 
16 Osz BE, et al. Olanzapine transfer into sheep’s milk: an animal model. Farmacia. 2017;65(5):677-682. 
17 LYBALVI proposed package insert. 
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Review of Literature  
Applicant’s Review of Literature 
The applicant performed a cumulative review of the published literature through April 1, 2019 
using PubMed and Embase databases. Search terms used included, “olanzapine,” or “opioid, 
mu/antagonists’ or inhibitors,” and “breastfeeding,” “milk,” or “newborn infant.” 
 
No papers related to samidorphan and lactation or the combination of olanzapine and 
samidorphan and lactation were located in the search.  Papers related to olanzapine and lactation 
are discussed in the DPMH review of literature. 
 
DPMH Review of Literature 
DPMH conducted an updated search of the literature using PubMed, Embase, Reprotox, and 
Micromedex18 using the search terms, “olanzapine” or “samidorphan” and “lactation,” and 
“breastfeeding” from the time of the DPMH review of ZYPREXA in January 2019 to the present 
time. 
 
No references related to samidorphan and lactation were located in the search.  
 
Hale19 rates olanzapine as “L2-Limited Data-Probably Compatible.  
 
In Drugs in Pregnancy and Lactation,20 Briggs’s breastfeeding recommendation for olanzapine 
is “Limited human data- potential toxicity.” 
 
Olanzapine is referenced in LactMed, which states: 

“Maternal doses of olanzapine up to 20 mg daily produce low levels in milk and 
undetectable levels in the serum of breastfed infants. In most cases, short-term side 
effects have not been reported, but sedation has occurred. Limited long-term follow-up of 
infants exposed to olanzapine indicates that infants generally develop normally. 
Systematic reviews of second-generation antipsychotics concluded that olanzapine 
seemed to be a first-line agent during breastfeeding.21, 22 Monitor the infant for 
drowsiness and developmental milestones, especially if other antipsychotics are used 
concurrently.” 

 
No new references regarding olanzapine and lactation were located. A summary table of the 
literature related to olanzapine and breastfeeding is in Appendix B. 
 
                                                             
18 Truven Health Analytics information, http://www.micromedexsolutions.com/.  Accessed 3/12/2020 
19 Hale, Thomas. Hale’s Medications and Mother’s Milk 2019. Springer Publishing Company, New York, NY. 
20 Briggs GG, Freeman RK. Drugs in pregnancy and lactation: a reference guide to fetal and neonatal risk. 10th Ed. 
2015. Online, accessed 10/8/2018 
21Uguz F. Second generation antipsychotics during the lactation period: a comparative systematic review on infant 
safety. J Clin Psychopharmacol 2016;36:244-252. 
22 Pacchiarotti I, et al. Mood stabilizers and antipsychotics during breastfeeding: focus on bipolar disorder. Eur 
Neuropsychopharmacol. 2016;26:1562-78. 

Reference ID: 4633270



10 
 

Reviewer comment: 
No new data on olanzapine and lactation were located. There are no data available on 
samidorphan and lactation. Because this drug will be used in women of reproductive potential, 
and because there are no data on samidorphan or its metabolites in breast milk, DPMH 
recommends a milk-only lactation study. 
 
FEMALES AND MALES OF REPRODUCTIVE POTENTIAL 
Nonclinical Experience23  

Olanzapine 

In an oral fertility and reproductive performance study in rats, male mating performance, but not 
fertility, was impaired at a dose of 22.4 mg/kg/day and female fertility was decreased at a dose of 
3 mg/kg/day (11 and 1.5 times the MHRD of olanzapine of 20 mg on a mg/m2 basis, 
respectively). Discontinuance of olanzapine treatment reversed the effects on male mating 
performance. In female rats, the precoital period was increased and the mating index reduced at 
5 mg/kg/day (2.5 times the MHRD of olanzapine on a mg/m2 basis). Diestrous was prolonged 
and estrous delayed at 1.1 mg/kg/day (0.6 times the MHRD of olanzapine on a mg/m2 basis); 
therefore, olanzapine may produce a delay in ovulation. 

Samidorphan 

Samidorphan did not impair fertility in rats when administered orally to males up to 
100 mg/kg/day and to females up to 450 mg/kg/day, which are approximately 16 times and 
>681 times the MRHD based on AUC. Estrous cycle lengths were increased in females at the 
highest dose of 450 mg/kg/day. 

The reader is referred to the full Pharmacology/Toxicology review by Amy Avila, Ph.D. and 
Aisar Atrakchi, Ph.D. 

Reviewer Comment:  
Pharmacology-toxicology revisions were not finalized at the time this review was completed. 
 
Review of Pharmacovigilance Database 
The applicant performed a cumulative search of the Alkermes Global Safety Database through 
April 1, 2019, using the terms “Pregnancy and neonatal topics,” but did not provide specific  
search terms related to fertility topics. 
 
No cases related to fertility were reported from the database search. 
 
Review of Literature  
Applicant’s Review of Literature 
The applicant performed a cumulative review of the published literature through April 1, 2019 
using PubMed and Embase databases. Search terms used included, “olanzapine,” or “opioid, 
mu/antagonists’ or inhibitors,” and “infertility,” “fertility,” or “estrogenicity.” 
 
The applicant reports there are no published findings with either olanzapine or samidorphan and 
infertility 
                                                             
23 LYBALVI proposed package insert 
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DPMH Review of Literature 
DPMH conducted a review of Micromedex, Embase, and PubMed using the terms, “olanzapine” 
and “fertility,” “contraception,” “oral contraceptives,” and “infertility.”  
 
Olanzapine 
No new cases related to infertility or hormonal contraception were located in the literature 
search. 
 
Samidorphan 
No papers were located in the search related to samidorphan and infertility or effects on 
hormonal contraception. 
 
Reviewer comment: 
No new references related to infertility or effects on hormonal contraception with olanzapine 
were found; therefore, no changes to labeling related to the olanzapine portion of LYBALVI 
labeling are needed. There are no clinical data on the effects of samidorphan and infertility; 
non-clinical data do not indicate adverse effects on fertility in rats. 
 
DISCUSSION AND CONCLUSIONS  
Pregnancy 
No new information was identified that will require changes in pregnancy labeling for the 
olanzapine portion of this product. There are no human pregnancy data with samidorphan. 
Nonclinical data indicate an increase in pregnancy loss and rib malformations but did not show 
major malformations. Labeling will include the Pregnancy Registry information for the 
antipsychotic pregnancy registry, the Risk Summary, Clinical Considerations and Data 
subheadings. 
  
Lactation 
No new information was identified that will require changes to the olanzapine portion of 
LYBALVI labeling. Because there are no data on samidorphan and lactation, consideration 
should be given for a milk-only lactation study since there is anticipated use of LYBVALI in 
females of reproductive potential with schizophrenia or bipolar I disorder.24   
  
 Females and Males of Reproductive Potential 
Current Zyprexa labeling includes subsection 8.3. No new data was located that would change 
labeling at this time. No clinical data on samidorphan and fertility are available; however 
nonclinical data do not indicate an adverse effect on fertility.  
 
LABELING RECOMMENDATIONS 
DPMH revised subsections 8.1, 8.2, 8.3 and 17 of labeling for compliance with the PLLR (see 
below). DPMH refers to the final NDA action for final labeling.   
 
 
                                                             
24 FDA draft Guidance for Industry Clinical Lactation Studies: Considerations for Study Design, published May 9, 
2019. https://www fda.gov/media/124749/download. 
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DPMH Proposed Pregnancy and Lactation Labeling 
 
HIGHLIGHTS OF PRESCRIBING INFORMATION 
--------------------------USE IN SPECIFIC POPULATIONS-------------------------- 
• Pregnancy:   May cause extrapyramidal and/or withdrawal symptoms in neonates with third 

trimester exposure. (8.1) 
 
FULL PRESCRIBING INFORMATION 
 
8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 
Pregnancy Exposure Registry  
There is a pregnancy exposure registry that monitors pregnancy outcomes in women exposed to 
atypical antipsychotics, including LYBALVI, during pregnancy. Healthcare providers are 
encouraged to register patients by contacting the National Pregnancy Registry for Atypical 
Antipsychotics at 1-866-961-2388 or visit http://womensmentalhealth.org/clinical-and-research-
programs/pregnancyregistry/ 
 
Risk Summary 
Neonates exposed to antipsychotic drugs, including the olanzapine component of LYBALVI, 
during the third trimester are at risk for extrapyramidal and/or withdrawal symptoms following 
delivery (see Clinical Considerations). Overall published epidemiologic studies of pregnant 
women exposed to olanzapine have not established a drug-associated risk of major birth defects, 
miscarriage, or adverse maternal or fetal outcomes (see Data). There are no available data on the 
use of samidorphan or the combination of samidorphan and olanzapine in pregnant women to 
determine a drug-associated risk of major birth defects, miscarriage or adverse maternal or fetal 
outcomes.There are risks to the mother associated with untreated schizophrenia or bipolar I 
disorder and with exposure to antipsychotics, including LYBALVI, during pregnancy (see 
Clinical Considerations).  
 
LYBALVI 

In animal reproduction studies; in rats, there were no adverse effects on embryofetal 
development at maternal systemic exposures of olanzapine and samidorphan that were 
approximately 0.88 and 80 times, respectively, of exposures at the maximum recommended 
human oral dose (MHRD) of 20 mg/10 mg LYBALVI on an AUC basis. Higher maternal 
systemic exposures of olanzapine and samidorphan in rats (5.5 times and 448 times exposures of 
olanzapine and samidorphan, respectively, at the MHRD of 20 mg/10 mg LYBALVI on an AUC 
basis) were associated with adverse effects to the fetus (see Data). 

Olanzapine 
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In nonclinical development and reproductive toxicity studies with olanzapine, there was no 
evidence of teratogenicity in rats or rabbits at doses up to 9 times and 30 times, respectively, the 
MHRD dose (20 mg) of olanzapine on a mg/m2 basis. In an oral rat embryofetal developmental 
toxicity study, early resorptions and increased numbers of nonviable fetuses were observed at a 
dose 9 times the MHRD of olanzapine on a mg/m2 basis and gestation was prolonged at 5 times 
the MHRD of olanzapine on a mg/m2 basis. In an oral rabbit embryofetal developmental toxicity 
study, fetal toxicity (manifested as increased resorptions and decreased fetal weight) occurred at 
a maternally toxic dose of olanzapine which were 30 times the MHRD of olanzapine on a mg/m2 
basis (see Data). 

Samidorphan 

In nonclinical reproductive toxicity studies, when samidorphan was administered orally to 
pregnant rats during the period of organogenesis, fetal toxicities occurred at maternally toxic 
doses >248 times the MRHD based on AUC. Samidorphan was not embryotoxic in rabbits when 
administered during the period of organogenesis (>143 times the MRHD based on AUC). 
Administration of samidorphan to pregnant rats during pregnancy and lactation resulted in lower 
pup survival, lower pup birth weights, and decreased pup body weight at doses >188 times the 
MRHD based on AUC (see Data). 

The estimated background risk of major birth defects and miscarriage for the indicated 
populations is unknown.  All pregnancies have a background risk of birth defect, loss, or other 
adverse outcomes.  In the U.S. general population, the estimated background risk of major birth 
defects and miscarriage in clinically recognized pregnancies is 2to 4% and 15to20%, respectively. 
 
Reviewer Comment: 
Pharmacology-toxicology revisions were not finalized at the time this review was completed. 
 
Clinical Considerations  
Disease-associated maternal and/or embryo/fetal risk  
There is risk to the mother from untreated schizophrenia or bipolar I disorder, including increased 
risk of relapse, hospitalization, and suicide.  Schizophrenia and bipolar I disorder are associated 
with increased adverse perinatal outcomes, including preterm birth. It is not known if this is a 
direct result of the illness or other comorbid factors. 
 
Fetal/neonatal adverse reactions 
Extrapyramidal and/or withdrawal symptoms, including agitation, hypertonia, hypotonia, tremor, 
somnolence, respiratory distress, and feeding disorder have been reported in neonates who were 
exposed to antipsychotic drugs, including the olanzapine component of LYBALVI, during the 
third trimester of pregnancy.  These symptoms have varied in severity.  Monitor neonates for 
extrapyramidal and/or withdrawal symptoms and manage symptoms appropriately.  Some 
neonates recovered within hours or days without specific treatment; others required prolonged 
hospitalization. 
 
Data 
Human Data  
Published data from observational studies, birth registries, and case reports on the use of atypical 
antipsychotics during pregnancy do not report a clear association with antipsychotics and major 

Reference ID: 4633270



14 
 

birth defects.  A retrospective cohort study from a Medicaid database of 9258 women exposed to 
antipsychotics during pregnancy did not indicate an overall increased risk for major birth defects. 
 
Animal Data 
LYBALVI 

The developmental toxicity of LYBALVI was evaluated in rats following oral administration of 
olanzapine/samidorphan during the period of organogenesis. A no-observed-effect level for 
maternal toxicity was not determined. There were no adverse effects on embryofetal 
development at 2/50 mg/kg/day olanzapine/samidorphan (approximately 0.88/80 times of 
olanzapine/samidorphan exposures at the MHRD of 20 mg/10 mg LYBALVI on an AUC basis). 
Groups treated with samidorphan alone (200 mg/kg/day) and olanzapine in combination with 
samidorphan (6/200 mg/kg/day olanzapine/samidorphan) had reduced mean fetal body weights. 
Increased resorptions and post-implantation loss, with correlating lower mean viable fetuses and 
litter size, were observed at 6/200 mg/kg/day olanzapine/samidorphan. Groups treated with 
samidorphan alone (200 mg/kg/day) and 6/200 mg/kg/day olanzapine/samidorphan both showed 
increases in litter incidence of bent ribs and bent scapula; the incidence of bent scapula and bent 
ribs was not increased when samidorphan was administered in combination with olanzapine. 
These findings were similar to those observed in the definitive rat embryofetal developmental 
toxicity study with samidorphan alone. A dose of 6/200 mg/kg/day olanzapine/samidorphan was 
associated with maternal exposures that were 5.5 times and 448 times exposures of olanzapine 
and samidorphan, respectively, at the MHRD of 20 mg/10 mg LYBALVI on an AUC basis. 

Olanzapine 
In oral reproduction studies in rats at doses up to 18 mg/kg/day and in rabbits at doses up to 
30 mg/kg/day (9 and 30 times the maximum recommended human daily oral dose on a mg/m2 
basis, respectively), no evidence of teratogenicity was observed. In an oral rat teratology study, 
early resorptions and increased numbers of nonviable fetuses were observed at a dose of 
18 mg/kg/day (9 times the maximum recommended human daily oral dose on a mg/m2 basis). 
Gestation was prolonged at 10 mg/kg/day (5 times the maximum recommended human daily oral 
dose on a mg/m2 basis). In an oral rabbit teratology study, fetal toxicity (manifested as increased 
resorptions and decreased fetal weight) occurred at a maternally toxic dose of 30 mg/kg/day (30 
times the maximum recommended human daily oral dose on a mg/m2 basis) 
 
Samidorphan 
Administration of samidorphan to pregnant rats during the period of organogenesis at oral doses 
of 25, 100, and 300 mg/kg/day did not cause adverse effects on embryofetal development at 
25 mg/kg/day, which is approximately 29 times the MRHD based on AUC. Samidorphan was 
associated with an increased incidence of skeletal variations (unossified sternebrae and bent ribs) 
at maternally toxic doses of ≥100 mg/kg/day, and skeletal malformations (bent or misshapen 
forelimbs, hindlimbs, and/or scapula) at 300 mg/kg/day which are >248 and 742 times the 
MRHD based on AUC, respectively. 

Samidorphan did not cause adverse effects on embryofetal development in pregnant rabbits 
during the period of organogenesis at oral doses of 10, 30, and 90 mg/kg/day, which are up to 
approximately 143 times the MRHD based on AUC. 

Reference ID: 4633270



15 
 

In rats administered samidorphan at oral doses of 10, 30, or 100 mg/kg/day during pregnancy 
and lactation, reduced pup survival, lower birth weights, and decreased pup body weight gains 
were observed at 100 mg/kg/day, which is >188 times the MRHD based on AUC. There were no 
adverse effects on pup developmental landmarks, learning, memory, reflexes, or fertility. 

 
8.2 Lactation 
Risk Summary 
Olanzapine is present in human milk. There are reports of excess sedation, irritability, poor 
feeding and extrapyramidal symptoms (tremors and abnormal muscle movements) in infants 
exposed to olanzapine through breast milk.  There is no information on the effects of olanzapine 
on milk production.  There are no data on the presence of samidorphan or the combination of 
olanzapine and samidorphan in human milk, the effects on the breastfed infant, or the effects on 
milk production. When samidorphan was administered to lactating rats, samidorphan and a 
metabolite were detected in the plasma of nursing pups, likely due to the presence of 
samidorphan in milk.    Infants exposed to LYBALVI should be monitored for excess sedation, 
irritability, poor feeding and extrapyramidal symptoms (tremors and abnormal muscle 
movements).The developmental and health benefits of breastfeeding should be considered along 
with the mother’s clinical need for LYBALVI and any potential adverse effects on the breastfed 
child from LYBALVI or from the mother’s underlying condition. 
 
8.3 Females and Males of Reproductive Potential  
Infertility 
Females 
Based on the pharmacologic action of olanzapine (D2 antagonism), treatment with LYBALVI 
may result in an increase in serum prolactin levels, which may lead to a reversible reduction in 
fertility in females of reproductive potential [see Warnings and Precautions (5.15)]. 
 
17    PATIENT COUNSELING INFORMATION 
Pregnancy 
Advise  patients to notify their healthcare provider if they become pregnant or intend to become 
pregnant during treatment with LYBALVI.  Advise patients that LYBALVI may cause 
extrapyramidal and/or withdrawal symptoms (agitation, hypertonia, hypotonia, tremor, 
somnolence, respiratory distress, and feeding disorder) in a neonate.  Advise patients that there is 
a pregnancy exposure registry that monitors pregnancy outcomes in women exposed to 
LYBALVI during pregnancy [see Use in Specific Populations (8.1)]. 
 
Lactation  
Advise breastfeeding women using LYBALVI to monitor infants for excess sedation, irritability, 
poor feeding and extrapyramidal symptoms (tremors and abnormal muscle movements) and to 
seek medical care if they notice these signs [see Use in Specific Populations (8.2)]. 

 
Infertility 
Advise females of reproductive potential that LYBALVI may impair fertility due to an increase 
in serum prolactin levels.  The effects on fertility are reversible [see Use in Specific Populations 
(8.3)]. 
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APPENDIX A - Olanzapine and Pregnancy Outcomes* 
Publication; 
author/date/ 
Country 

Type of study Population/control pop.; n 
and disease 

Exposure 
during 
pregnancy or 
pre-
conception; 
drug/dose 

Outcomes Comments 

Uguz F25 
Turkey 
2016 

Case series 8 pregnant women treated with 
olanzapine or quetiapine  
 
(olanzapine n=6)  

Prior to 
conception and 
throughout 
pregnancy 

No adverse events reported; additionally, women also 
breastfed without reported adverse effects on the infants 

Prior to conception patients 
were also taking either 
lithium or valproate 

Park Y, et al.26 
USA 
2018 

Nested cohort study 
using Medicaid 
Analytic Extract 
Database 

1,543,334 Nondiabetic 
pregnant women who received 
prescriptions for antipsychotic 
medication before and during 
pregnancy (olanzapine n=1425) 

First trimester There was an increased risk for gestational diabetes with 
olanzapine after adjusting for confounders (adj OR 1.61, 
95% CI 1.13 – 2.29) 

Adjusted for covariates 
including diagnosis, age, 
race, obesity, duration of 
medication use 

Petersen I, et 
al.27 
UK 
2016 

Cohort study Primary 
care health records 
review 

495,953 pregnancies 
 
(first trimester olanzapine 
n=149) 

4-6 months 
prior to 
pregnancy 
through 1 year 
after delivery 
 

No increased risk of major malformations in women 
prescribed antipsychotic medications; but were at higher 
risk for adverse birth outcomes (which the authors 
define as a composite outcome of tremor, agitation, 
breathing and muscle tone problems and low Apgar 
scores) (RR 2.62, 95% CI 1.52-4.52) and 
neurodevelopmental outcomes/behavioral disorder (RR 
1.58, 95%CI 1.04-2.4).   

After adjustments for health, 
lifestyle factors, and other 
medications, none of the 
associations was statistically 
significant. 

Cohen LS et 
al.28 
USA  
2016 

Pregnancy registry 214 pregnant women on 
atypical antipsychotics 
 
89 pregnant controls 
 
(number of women treated 
olanzapine not provided) 

First trimester Absolute risk for major malformations in exposed group 
=1.4% 
Odds ratio for major malformations (exposed vs 
unexposed) 1.25 (95% CI= 0.13-12.19) 
 
No reported birth defects in olanzapine exposed 
neonates. 

Not adjusted for confounding 
by other medications, 
smoking, obesity; size of stud 

                                                             
25 Uguz F. Prophylactic use of olanzapine and quetiapine from pregnancy to the postpartum period in women with bipolar disorder: a case series. J Matern Fetal 
Neonatal Med 2017;30(21):2569-2571. 
26 Park Y, et al. Continuation of atypical antipsychotic medication during early pregnancy and the risk of gestational diabetes. Am J Psychiatry. 2018;175:564-
574. 
27 Petersen I, et al. Risks and benefits of psychotropic medication in pregnancy: cohort studies based on UK electronic primary care health records. Health 
Technology Assessment. 2016;20(23):1-208. 
28 Cohen LS, et al. Reproductive safety of second-generation antipsychotics: current data from the Massachusetts General Hospital National Pregnancy Registry 
for Atypical Antipsychotics. Am J Psychiatry 2016;173(3):263-70. 
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Publication; 
author/date/ 
Country 

Type of study Population/control pop.; n 
and disease 

Exposure 
during 
pregnancy or 
pre-
conception; 
drug/dose 

Outcomes Comments 

Kularni J, et 
al.29 
Australia 
2014 

Pregnancy registry 147 pregnant women on 
antipsychotics 
 
(olanzapine n=24) 

First trimester 18% infants exposed to women on antipsychotics were 
preterm (<37 weeks). 
 
15% of infants exposed to antipsychotics displayed 
medication withdrawal symptoms.   
 
There was 1 malformation in an infant exposed to 
olanzapine – bilateral hip dysplasia 

No control for untreated 
illness, confounding by 
indication, data not 
randomized  

Huybrechts KF, 
et al.30   
USA 
2016 

Nested cohort study 
using Medicaid 
Analytic Extract 
Database 

1,360,101 pregnant women 
enrolled in Medicaid (Jan. 1, 
2000-Dec. 31, 2010), 
comparing women who took 
antipsychotics to those who did 
not take antipsychotics  
 
(olanzapine n=1394) 

Women filled 
at least one 
antipsychotic 
prescription 
during their 
first trimester. 
 

Adjusted RR for olanzapine for any major malformation 
was 1.09 (0.85-1.41); adjusted risk for cardiac 
malformations was 0.99 (0.64-1.53) 

Adjusted for multiple 
confounders, overall no 
increased risk for congenital 
malformations with second-
generation antipsychotics.   

Sadowski A, et 
al.31  
Canada 
2013 

Prospective cohort 
study 

133 women exposed to second 
generation antipsychotics 
(SGA); 133 matched controls 
 
(olanzapine = 22) 

First trimester 
 

There was one birth defect in an olanzapine-exposed 
infant (atrial septal defect). 
 
No difference between groups for miscarriage, or 
stillbirth.  
 
Infants exposed to SGAs were more likely to be born 
premature (10.6% vs 4.3%, p=0.071), admitted to NICU 
25.3 vs 9.5%, p=0.002), have poor neonatal adaptation 
(16.5 vs 5.2%, p=0.06), and have major malformations 
(6.2% vs 2.6% - p=0.211) 

No control for severity of 
illness.  Infants exposed to 
multiple medications were 
more likely to have adverse 
outcomes. 

                                                             
29 Kulkarni J, et al. A prospective cohort study of antipsychotic medication in pregnancy: the first 147 pregnancies and 100 one-year-old babies. PLoS One 2014; 
30 Huybrechts KF, et al. Antipsychotic drug use in pregnancy and the risk of congenital malformations. JAMA Psychiatry. 2016. 73;938-946. 
31 Sadowski A, et al. Pregnancy outcomes following maternal exposure to second-generation antipsychotics given with other psychotropic drugs: a cohort study. 
BMJ Open. 2013;2:e003062. 
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Publication; 
author/date/ 
Country 

Type of study Population/control pop.; n 
and disease 

Exposure 
during 
pregnancy or 
pre-
conception; 
drug/dose 

Outcomes Comments 

Haberman F, et 
al.32 
Germany 
2013 
 
 

Prospective cohort Pregnant women treated with 
SGAs (n=561); pregnant 
women treated with first 
generation antipsychotics  
 
(olanzapine n=187) 
 
First Generation Antipsychotics 
(FGAs) (n=284); Pregnant 
women not on antipsychotic 
drugs (n=1122) 
 
 

91.4% First 
trimester  

Increase in major malformations in infants exposed to 
SGAs compared to control women (adj OR 2.17, 95%CI 
1.2-3.91).  
 
 Most common malformations were atrial or ventricular 
septal defects (ASD, VSD) 
 
No difference in malformation rates between different 
SGAs. 
 
Data specific to olanzapine were not provided. 

Women on antipsychotics 
had higher BMI, smoking 
and alcohol consumption, 
more unwanted pregnancies, 
lower folic acid use 

McKenna K, et 
al.33 
Canada/Israel 
2005 

Pregnancy registry 151 pregnant women exposed 
to antipsychotics  
 
 (olanzapine n=60) 
 
151 Pregnant women not 
exposed to antipsychotics 

First trimester Women taking antipsychotics were less likely to take 
folic acid or multivitamins (p=0.005), were more likely 
to smoke (p<0.001), Concomitant medication use was 
also common in the exposed group including typical 
antipsychotics (16%), antidepressants (57%), 
anticonvulsant (17%), benzodiazepines (34%) and 
lithium (6%) 
 
There was no difference in major malformations 
between groups. 
 
There was one birth defect in an olanzapine-exposed 
neonate (cleft palate, encephalocele) 
 
There were more cases of low birth weight in the 
exposed group (p=0.05) 

Not a random sample, 
selection bias (patients 
participating higher 
functioning, more educated) 

                                                             
32 Haberman F, et al. Atypical antipsychotic drugs and pregnancy outcome: a prospective cohort study. J Clin Psychopharmacol. 2013;33(4):453-62 
33 McKenna K, et al. Pregnancy outcome of women using atypical antipsychotic drugs: a prospective comparison study. J Clin Psychiatry. 2005;66(4):444-9. 
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Publication; 
author/date/ 
Country 

Type of study Population/control pop.; n 
and disease 

Exposure 
during 
pregnancy or 
pre-
conception; 
drug/dose 

Outcomes Comments 

Reis M, Kallen 
B.34 
Sweden 
2008 
 

Retrospective, cohort 
study using 3 registries 
pregnancy registry; 
registry of congenital 
malformations, hospital 
discharge 

2908 pregnant women taking 
antipsychotics in early 
pregnancy; 
958,729 Pregnant women not 
on antipsychotic medications 
(olanzapine n= 79) 

First trimester There were three malformations in the 79 infants 
exposed to olanzapine. 
--1 case ventricular septal defect and unspecified upper 
alimentary tract malformation 
--1 case hand/finger reduction 
--one case craniosynostosis and ureteral reflux 
 
Overall moderate increased risk for congenital 
malformations in infants exposed to antipsychotics 
compared to the general population (OR 1.52, 95%CI 
1.05-2.19).  
 
There were three cases of gestational diabetes in the 
olanzapine-exposed group.  
 
Overall risk of gestational diabetes increased in 
pregnancies exposed to antipsychotics (OR 1.78, 95% 
CI 1.04-3.01) 
 
 

Confounding by diagnosis, 
severity, and smoking were 
not addressed. 
 

Sorensen MJ, et 
al.35 
Denmark 
2015 
 

Pregnancy registry 
cohort study  

Pregnant women exposed 
(n=3164), or not exposed 
(n=1,002,155) to antipsychotic 
medication 
(olanzapine n=223) 

Anytime 
during 
pregnancy 

Risk of miscarriage with olanzapine-exposed 
pregnancies (adj RR 1.10, 95%CI = 0.83-1.46),  
 
For antipsychotic treatment overall, stillbirth (RR 2.27, 
95% CI = 1.45-3.55) in women exposed to antipsychotic 
medications during pregnancy compared to unexposed.  
However, risk of miscarriage was similar in women 
taking antipsychotics prior to, but not during pregnancy 
(indicating impact of factors related to disease rather 
than treatment).   

Confounding by indication, 
illness severity, comorbid 
illness 

                                                             
34 Reis M, Kallen B. Maternal use of antipsychotics in early pregnancy and delivery outcome. J Clin Psychopharmacol. 2008;28:279-88. 
35 Sorensen MJ, et al. Risk of fetal death after treatment with antipsychotic medications during pregnancy. PLoS One. 2015;10(7):e0132280. 
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Publication; 
author/date/ 
Country 

Type of study Population/control pop.; n 
and disease 

Exposure 
during 
pregnancy or 
pre-
conception; 
drug/dose 

Outcomes Comments 

Babu GN, et 
al.36 
India 
2010 

Prospective 
observational study 

70 pregnant women exposed to 
olanzapine and other 
psychotropic medications  
 (olanzapine n=12, olanzapine 
+ other psychotropic 
medications n=12) 

Timing of 
exposure not 
reported 

Birth weight highest in olanzapine only treatment group 
(p=0.02) 

Small sample size with high 
drop-out rate (only 37 
women included in final 
analysis). No data on 
duration of treatment, other 
comorbid conditions. 

Newham JJ, et 
al.37 
UK 
2008 

Prospective 
observational study 

Infants exposed to typical 
antipsychotics (n-45), atypical 
antipsychotics (n=25) or 
controls (n=38) 
 
(olanzapine n=13) 

Specific 
timing of 
exposure not 
described 

No significant difference in preterm deliveries between 
the atypical and reference groups.  
 
Infants exposed to atypical antipsychotics are at greater 
risk for being large for gestational age (LGA) than those 
exposed to typical antipsychotics or controls (p<0.05) 
 
 

Small sample size, timing 
and duration of exposure not 
described; not controlled for 
substance abuse, obesity, 
smoking, concomitant 
medication use, maternal age 

Boden R, et 
al.38 
Sweden 
2012 

Prospective cohort 
study 

Pregnant women exposed (n= 
507) and not exposed (n= 
357,696) to antipsychotics 
 
(exposed to olanzapine n= 159)  

Exposure at 
any time 
during 
pregnancy 

Exposure to “other” antipsychotics or 
olanzapine/clozapine both associated with increased risk 
for gestational diabetes (OR 1.94, 95% CI 0.97-3.91). 
No increased risk for LGA from olanzapine/clozapine, 
but risk for increased head circumference (OR 3.02, 
95% CI 1.6-5.71) 

Exposure defined by 
outpatient prescriptions 
dispensed; no control for 
confounding by diagnosis 

Ping S, et al. 
China 
2014 

Prospective case-
controlled observational 
study 

33 infants exposed to atypical 
antipsychotics in utero 
(olanzapine n=8) 

Exposed at 
least during 
the third 
trimester; 
infants 
followed for 
one year after 
delivery 

Bayley-III assessed at 2 months (n=63); 6 months 
(n=60) and 12 months (n=58)  
 
Infants exposed to clozapine in utero had lower adaptive 
behavior scores compared to infants exposed to other 
antipsychotics at 2 and 6 months. There were no 
differences in any of the Bayley III scores at 12 months. 

Small sample size, not 
unexposed controls or infants 
exposed to disease but not 
treatment 

                                                             
36 Babu GN, et al. Birth weight and use of olanzapine in pregnancy: a prospective comparative study. J Clin Psychopharmacol. 2010;30(3):331-332. 
37 Newham JJ, et al. Birth weight of infants after maternal exposure to typical and atypical antipsychotics: prospective comparison study. Br J Psychiatry. 
2008;192(5):333-7. 
38 Boden R, et al. Antipsychotics during pregnancy. Arch Gen Psychiatry 2012;69(7):715-721. 
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Publication; 
author/date/ 
Country 

Type of study Population/control pop.; n 
and disease 

Exposure 
during 
pregnancy or 
pre-
conception; 
drug/dose 

Outcomes Comments 

Peng M, et al.39 
China 
2013 

Prospective case-
controlled study 

76 infants exposed to atypical 
antipsychotics in utero and 76 

infants unexposed infants 
(olanzapine n=8)  

Exposed at 
least at 38 
weeks of 

pregnancy 
infants 

followed for 
one year after 

delivery 
(average dose 
7.8 mg, range 
5mg-10 mg) 

Bayley-II assessed at 2, 6, and 12 months. 
At 2 months, mean composite scores (cognitive, motor, 
socio-emotional, adaptive behavior) were lower in 
infants exposed to atypical antipsychotics compared to 
controls. 
 
At 6 months, there was no difference in mean cognitive, 
motor and language composite scores; mean composite 
scores for social-emotional and adaptive behavior 
remained lower in the exposed group 
 
At 12 months, there was no significant differences in 
any of the composite score between groups. 

Pregnancies in the exposed 
groups were more likely to be 
unplanned (p<0.001), less 
likely to receive folic acid or 
a multivitamin (p=0.002) 
 
No control for infants 
exposed to untreated illness. 

Bergemann N, 
et al.40  
Germany 
2014 
 

Prospective follow-up 
study 

Pregnant women exposed to 
olanzapine (n=132) and 
pregnant controls (n=516) 

First trimester No statistically significant difference between groups 
for spontaneous abortion or congenital anomalies.  
There were 7 exposed infants with anomalies 
-One case hydrocephalus/leukodystrophy 
-One case cerebral palsy 
-One case of ASD and VSD 
-One case of clubfeet -One case of ASD 
-Two cases of motor delay 

 

Newport DJ, et 
al.41 
2007 
USA 

Placental transfer  study Fifty-four pregnant women 
treated with atypical 
antipsychotics or haloperidol 
(olanzapine n=14) 

On stable 
doses of 
antipsychotics 
(>5 half-lives) 
at time of 
delivery 

Olanzapine had the highest placental transfer (72.1%) 
compared to haloperidol (40.3%), risperidone (33.9%) 
or quetiapine (23.8%) 

 

                                                             
39 Peng M, et al. Effects of prenatal exposure to atypical antipsychotics on postnatal development and growth of infants: a case-controlled, prospective study. 
Psychopharmacol 2013;228:577-584. 
40 Bergemann N, et al. Pregnancy begin during antipsychotic therapy with olanzapine: a prospective follow-up study. Eur Neropsychopharm. 2014;24:Suppl 
2(S555). 
41 Newport DJ, et al. Atypical antipsychotic administration during late pregnancy: placental passage and obstetrical outcomes. Am J Psychiatry. 
2007;164(8):1214-20. 
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Publication; 
author/date/ 
Country 

Type of study Population/control pop.; n 
and disease 

Exposure 
during 
pregnancy or 
pre-
conception; 
drug/dose 

Outcomes Comments 

Friedman SH, 
et al.42  
New Zealand 
2016 

Retrospective chart 
review 

45 pregnant women prescribed 
atypical antipsychotics 
(olanzapine n=19)  

Any trimester Gestational diabetes in 13% (higher than the New 
Zealand gestational diabetes rate of 5-9%).  
Two olanzapine-exposed infants were low birth weight 
(LBW); there were no congenital malformations in the 
olanzapine-exposed infants. 
Preterm birth was 7% (within normal range for NZ- 5.4-
9.2%) 

Small sample size, 
retrospective, data from one 
site, no control group, 
confounding by diagnosis, 
concomitant medication, 
comorbid medical conditions 

Goldstein DJ, et 
al.43  
USA 
2000 

Prospective and 
retrospective reports to 
the Lilly Worldwide 
Pharmacovigilance 
Safety Database 

23 prospective reports (reported 
during pregnancy – clinical 
trials and spontaneous reports) 
11 retrospective reports 
(reported after pregnancy 
outcome was known) 

Any trimester Prospective Reports--Spontaneous abortion: n=3, 13% 
-Stillbirth: n=1, 5% 
-Normal pregnancy/no complications: n=16, 80% 
-Preterm delivery: n=1, 5% 
 
Retrospective Reports 
Spontaneous abortion n=2 
Congenital Malformation n=1 Dysplastic kidney 
Genetic abnormality n=1 Down Syndrome 
Perinatal Complications- gestational diabetes with 
preeclampsia (n=1), jaundice (n=1), tachycardia (n=1), 
convulsion on day 12 (n=1), sudden infant death 
syndrome at 2 months (n=1) 
 

 

 
 
 
 
 
 
 

                                                             
42 Friedman SH, et al. Atypical antipsychotic use and outcomes in an urban maternal mental health service. Int J Psychiatry Med. 2016;51(6):521-533. 
43 Goldstein DJ, et al. Olanzapine-exposed pregnancies and lactation: early experience. J Clin Psychopharmacol. 2000;20(4):399-403. 
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APPENDIX B- Summary of Lactation Cases (Olanzapine)44 

 
 
 

                                                             
44 Uguz F. Second-generation antipsychotics during the lactation period: A comparative systemic review on infant safety. J Clin Psychopharmacol. 2016;36:244-
252. 
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