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About ICER

The Institute for Clinical and Economic Review (ICER) is an independent non-profit research
organization that evaluates medical evidence and convenes public deliberative bodies to help
stakeholders interpret and apply evidence to improve patient outcomes and control costs. Through
all its work, ICER seeks to help create a future in which collaborative efforts to move evidence into
action provide the foundation for a more effective, efficient, and just health care system. More
information about ICER is available at http://www.icer-review.org.

The funding for this report comes from government grants and non-profit foundations, with the
largest single funder being the Laura and John Arnold Foundation. No funding for this work comes
from health insurers, pharmacy benefit managers, or life science companies. ICER receives
approximately 20% of its overall revenue from these health industry organizations to run a separate
Policy Summit program, with funding approximately equally split between insurers/PBMs and life
science companies. The treatments included in this review are not manufactured by any members
of this program. For a complete list of funders and for more information on ICER's support, please
visit http://www.icer-review.org/about/support/.

About New England CEPAC

The New England Comparative Effectiveness Public Advisory Council (CEPAC), a core program of the
Institute for Clinical and Economic Review (ICER), is a nationally-recognized community forum. The
New England CEPAC convenes three times each year at public meetings to review objective
evidence reports and develop recommendations for how stakeholders can apply evidence to
improve the quality and value of health care. More information about the New England CEPAC is

available here https://icer-review.org/programs/new-england-cepac/.

The New England CEPAC directly engages clinicians, patients, and payers during public meetings to
discuss implications of the evidence for clinical decision-making and coverage policies. Application
of evidence takes shape through new medical policies, benefit designs, and patient and clinician
tools to improve clinical care and patient outcomes. All members of the New England CEPAC must
meet ICER’s criteria for Conflict of Interest.

The findings contained within this report are current as of the date of publication. Readers should
be aware that new evidence may emerge following the publication of this report that could
potentially influence the results. ICER may revisit its analyses in a formal update to this report in
the future.
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UMP Utilization Management Policy
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USPSTF United States Preventive Services Task Force
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1. Introduction

1.1 Background

Opioid use disorder (OUD) is an increasingly common public health concern. In 2016, it was
estimated that 2.1 million people suffered from an OUD in the US and 116 Americans died every
day from opioid-related drug overdoses.! Overall life expectancy in the in the US began to decrease
in 2015 due to the opioid epidemic,? and this trend continued through 2016, the first such decrease
since the 1960s.2 On October 27, 2017, the Acting Secretary of Health and Human Services declared
a nationwide public health emergency regarding the opioid crisis.* The Council of Economic
Advisers estimates the overall economic cost of the opioid crisis to society to be $504 billion, or
2.8% of US gross domestic product.®

Treatment of OUD that is grounded in the use of medication, collectively known as medication for
addiction treatment (MAT), has received increasing attention in recent years as one of the essential
elements for countering the opioid epidemic. (Note: this term is used interchangeably with
“medication-assisted treatment;” we refer to both in this report through the MAT acronym.) The
2010 Affordable Care Act increased access to substance abuse treatment at the federal level, both
for commercial plans and Medicaid. In 2015, the Department of Health and Human Services
created a specific grant program for MAT that extended to 11 states and expanded to others in
subsequent years. The 21st Century Cures Act of 2016 allocated $1 billion over two years to
enhance states’ response to the epidemic® and recent state legislation has been enacted to increase
access to MAT, either by expanding OUD treatment programs or enhancing health insurance
coverage.’ Initiatives in New England states are often considered models for other programs:
Vermont’s “Hub and Spoke” is referred to as a success for integrating treatment facilities and

7-10

programs into its health care system.”* and Rhode Island is a leading example for providing access

to MAT in correctional facilities.”*!

In 2014, ICER conducted an assessment on clinical, delivery system, and policy options for the
management of patients with opioid dependence.'? The report found that “long-term maintenance
treatment approaches using methadone or Suboxone® (Indivior) to reduce the craving for opioids
have been found to be more effective than short-term managed withdrawal methods that seek to
discontinue all opioid use and detoxify patients” and concluded that coordinated efforts are needed
to improve access to opioid dependence treatment. Since that initial review, newer, extended-
release medications for addiction treatment have been approved or are currently undergoing
regulatory review. The present report does not seek to revisit the policy challenges and options
highlighted in 2014, but to specifically assess the effectiveness and value of these newer medication
options in patients with OUD.
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Opioid Use Disorder

Opioids are substances that act on specific receptors in the brain and produce a various effects such
as pain relief, euphoria, respiratory depression, and constipation.’®> They are either extracted from
opium, obtained from the pods of poppy varieties, or produced semi-synthetically or synthetically.
Opioids reduce pain by affecting the mu receptor in the brain and spinal cord.'* The mu receptor in
the brain is also central to the feelings of reward or pleasure, leading to abuse.'® The analgesic
effects are mediated mainly through the spinal mu receptor’s release of substance P,'* the central
neurotransmitter for pain. The rewarding effect involves the dopaminergic system, which is
implicated in all addictive behaviors including those of alcohol and nicotine.’

The concepts and terminology around illicit drug use are constantly evolving. In the 1980s, a
committee of experts convened by the American Psychiatric Association defined by consensus a set
of diagnostic criteria for compulsive, uncontrolled, drug-seeking behavior. However, some
members of the committee felt that using the term “addiction” to define this behavior constitutes a
moral judgment that stigmatizes patients. The term “dependence” was chosen instead, even
though this term was not directly related to the physical dependence that leads to withdrawal
symptoms by abrupt cessation, rapid dose reduction, or administration of an opioid antagonist. The
term was used in versions Il and IV of the American Psychiatric Association’s Diagnostic and
Statistical Manual of Mental Disorders of the American Psychiatric Association (DSM) as a term for
the compulsive, uncontrolled, drug-seeking behavior that is known to others as addiction. An
intermediate state between drug use and dependence called “abuse” was also created in DSM-I11.#

In 2013, DSM-5 replaced the categories of substance abuse and dependence with a single
classification of OUD, based on criteria related to the following dimensions: impaired control, social
impairment, risky use, increased tolerance, and withdrawal.® The language of OUD is now
generally accepted and has led to a general change in “terminology that will not reinforce prejudice,
negative attitudes, or discrimination.”?° OUD is generally considered to be a chronic, treatable
illness that requires long-term treatment and is marked by periods of “remission” (reduction in or
elimination of signs and symptoms) and relapse.

Considering the chronic nature and behavioral impacts of OUD, the primary aim of treatment is
recovery rather than cure. Recovery is defined as a process of change through which individuals
improve their wellness and health, live self-directed lives, and strive to reach their full potential. A
person in recovery refers to an individual who abstains from further use, reduces their substance
use to a safer level, or takes steps to mitigate the potential physical and emotional harm resulting
from continued use.?! Though some individuals enter and sustain recovery on their own, recovery
is mostly multi-achieved via access to evidence-based clinical treatment and recovery support
services.??
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Patients misusing opioids comprise a great number of different subpopulations and pathways. For
example, recreational users obtain and use opioids to get high, but as they do not use the drugs in a
compulsive and uncontrolled manner they are not considered to have OUD.?* This does not mean
that they do not need support and treatment, however, as recreational use is considered one of the
precursors to OUD. In all age groups, medical use of prescription opioids can lead to OUD, but
younger adults are more likely to abuse heroin and synthetic opioids, while older individuals are
more likely to move from therapeutically-appropriate use of opioids for acute or chronic pain to
misuse of those same opioids.?* Overall, OUD patients do present with important psychiatric
comorbidities, especially depression, post-traumatic stress disorder, and personality disorders.?>

Medications for Addiction Treatment

The 2014 assessment by ICER stressed the importance of medication-based long-term maintenance
treatments, and their superiority over medication-free “detoxification” protocols.'? More recent
assessments confirm the central role of medications in the treatment of OUD. A 2018 health
technology assessment informing legislation in California that would require MAT for OUD
concludes that “there is clear and convincing evidence that medications are more effective than a
placebo or no treatment for retention of patients in treatment, abstinence from opioids, and a
preponderance of evidence that receipt of medication reduces mortality.”?® The Treatment
Improvement Protocol (TIP) for Medications for OUD published in 2018 by the Substance Abuse and
Mental Health Services Administration (SAMHSA) states as one if its key messages that “the science
demonstrating the effectiveness of medication for OUD is strong.”?°

The FDA has approved three types of medication for the treatment of OUD: methadone,
buprenorphine, and naltrexone.?” All three drugs are to be used in combination with counseling
and psychosocial support,? described as a “multipronged approach that can include counseling,
vocational training, psychosocial therapy, family support, and building connections to community

28 also including safe/supportive housing as an essential dimension for many patients.

resources,
The FDA also questions the term “MAT,” “Because OUD is a chronic illness, we should consider
treating it much like we would any other chronic condition. We do not think of the medications
used to treat diabetes or hypertension as ‘medication assisted treatment.” We simply call it
‘treatment.” OUD should be viewed similarly.”?® Table 1.1 provides an overview of the three FDA-

approved drugs for the treatment of OUD.
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Table 1.1. Comparison of Medications for OUD?°:30-32

Mechanism of

Action at mu-
Opioid Receptor

Phase of
Treatment

Route of
Administration

Effective Dosage by
Mouth

Regulation through
Controlled
Substances Act

Availability

Agonist

Medically supervised
withdrawal,
maintenance

Oral

Usually 60mg—120mg
daily

Schedule Il

Only available in
opioid treatment
programs with
SAMHSA certification
and DEA registration

Partial agonist

Medically supervised withdrawal,

maintenance

Sublingual buccal, subdermal

implant, subcutaneous extended-

release
Usual sublingual/buccal

stabilizing dose between 12 mg—

16 mg daily

Schedule 11l

Prescribed by physicians, nurse

practitioners and physician
assistants with a SAMHSA
prescribing waiver

Antagonist

Maintenance, following
medically supervised
withdrawal

Oral, intramuscular
extended-release

Limited effectiveness of oral
naltrexone due to limited
treatment retention

Not regulated through
Controlled Substances Act

Available by prescription

Methadone is a complete synthetic mu opioid receptor agonist that does not produce a euphoric

effect as opioids do.?’ However, access to methadone treatment is very limited in the US, as it

cannot be legally dispensed through community pharmacies or physician offices, but only as part of

highly structured treatment programs that patients must attend daily to receive their dose of

medication.33

Buprenorphine is a semi-synthetic mu opioid partial agonist, meaning that it binds and activates the

receptor, but the activation is partial with a ceiling effect on its different actions, including the

“high” that is achieved. Buprenorphine has historically been administered sublingually or in the

form of buccal tablets to improve bioavailability. Prescription of buprenorphine in settings outside

of methadone treatment programs requires a waiver that can be obtained by physicians, nurse

practitioners and physician assistants, and the number of active OUD patients that any one

practitioner can have is capped at 30 patients in the first year, 100 patients thereafter, and 275 by

special designation.?’ The combination of buprenorphine with the opioid antagonist naloxone,

marketed as Suboxone, is frequently employed in order to avoid intravenous abuse.

Naltrexone is a semi-synthetic mu receptor antagonist, meaning that it binds to the receptor but

does not produce a response. Through its high affinity for the receptor it blocks the activation of

the receptor by other opioids and displaces other opioids if they are already bound to the receptor.
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For the treatment of OUD, the patient must first undergo opioid withdrawal therapy for seven days,
which involves abstaining also from buprenorphine and methadone, but taking only symptomatic
medication. Attaining the period of opioid abstinence represents a challenge for many patients
with OUD, and therefore MAT with oral naltrexone is not recommended due to low retention of
patients, except under very specific circumstances.?®

As stated by Nora Volkow, director of the National Institute on Drug Abuse, “these medications
reduce withdrawal symptoms, improve mood, and help restore physiological balance—allowing the
patient’s brain to heal while he or she works towards recovery.”3* This applies specifically to
treatments with agonists. Naltrexone, at least with oral administration, has not been shown to
normalize dopaminergic and stress responsive pathways.3® While this essential role of MAT has
been established, it is not yet known definitively if or when to taper these medications. Some
patients with OUD may achieve recovery without MAT, many need the medications for years, and
others require lifelong treatment.?®

In a recently published draft guidance document, the FDA recommends using a decrease in opioid
use as a primary efficacy endpoint for demonstrating the effectiveness of drugs for OUD. The FDA
further states that “sponsors and other stakeholders often mistakenly believe that using a change in
drug use patterns as the endpoint always requires complete abstinence.” Long-term studies should
demonstrate that observed reductions in drug use predict clinical benefit, even if opioid use has not
completely stopped.3®> By accepting and recommending a primary endpoint of a clinically relevant
decrease in the use of opioids, rather than abstinence, the FDA endorses certain dimensions of
“harm reduction strategies” that aim to minimize death, disease, and injury from continuing drug
use, with a focus on improving daily social function and productivity.

Despite the essential role of MAT in treating OUD and in preventing harm, including death, an
important gap persists between the need for and the availability of MAT. More than 30 million
people live in US counties without a single prescriber for addiction treatment, and even if existing
treatment capacity is reached, one million people would still lack access to treatment.3® Expanding
access to OUD medications is considered an important public health strategy for countering the
opioid epidemic.?°

Populations in prisons and jails present a unique challenge for MAT, as regular use of heroin or
other opioids is common prior to incarceration. For example, nearly 50% of people on arrival at the
Middlesex Sheriff’s office in Massachusetts require medically supervised withdrawal from opioids.3’
Few correctional settings in the US offer MAT for inmates to reduce diversion.3® This lack of access
leads to a vicious cycle of in-prison use of diverted methadone or buprenorphine for controlling
withdrawal and cravings and negative beliefs about opioid agonist therapy.3® During imprisonment,
tolerance of opioids is diminished and the risk for death from overdose is greatly increased upon
release.
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Extended-Release Medications

Extended-release formulations have generated clinical interest because of their potential to
improve retention in treatment and circumvent some of the access challenges seen with current
forms of MAT. These formulations are currently available only for buprenorphine and naltrexone.
Table 1.2 provides an overview of extended-release medications for OUD that are currently
available or under consideration by the FDA.

Table 1.2. Extended-Release Formulations for OUD Medications

m Name and Company FDA Approval FDA Recommended Dosing

After at least seven days of treatment with a

transmucosal buprenorphine-containing product
delivering the equivalent of 8 to 24 mg of

Sublocade™, Indivior buprenorphine daily, Sublocade abdominal
(Subcutaneous Nov 30, 2017 subcutaneous injections are initiated with 300 mg
injection) monthly for the first two months followed by a

maintenance dose of 100 mg monthly.
Maintenance dose can be increased up to 300mg
. monthly.

e T For patients on maintenance treatment with a

transmucosal buprenorphine-containing product

Probuphine®, Titan delivering the equivalence of buprenorphine 8 mg
Pharmaceuticals, Inc.  May 26, 2016 or less per day. Four Probuphine implants
(Subdermal implant) inserted subdermally in the upper arm for six

months of treatment, after a new insertion in the
other arm, transitioned back to a transmucosal.

PDUFA date
CAM?2038, Braeburn

expected for
(Subcutaneous N/A
L December 26,
injection)

2018

. After an opioid-free duration of a minimum of
Vivitrol®, Alkermes .
December 10, seven to 10 days. Administered 380 mg
Naltrexone (Intramuscular .
S 2010 for OUD intramuscularly every four weeks or once a
injection) month

Of the four extended-release formulations, only Vivitrol was available at the time of the ICER report
in 20142, As discussed in the previous section, naltrexone is an opioid receptor antagonist and it is
essential that the patient undergoes opioid withdrawal before Vivitrol can be started. An
intravenous or subcutaneous naloxone challenge is recommended to ensure complete withdrawal
before starting Vivitrol.2° Patients transitioning from buprenorphine or methadone to Vivitrol can
experience withdrawal symptoms for as long as two weeks after having stopped the agonist
treatment. After completed withdrawal, Vivitrol is administered by a healthcare provider as an
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intramuscular (IM) gluteal injection, alternating buttocks for each subsequent injection. The
injection should be made with one of the customized needles provided with the product. As with
all medications for OUD, treatment with Vivitrol should be accompanied by psychosocial support.3®
As naltrexone is not regulated by the Controlled Substances Act, Vivitrol can be prescribed without
any particular requirements.

Treatment with Sublocade replaces a daily dose of buprenorphine with a transmucosal product with
extended-release formulation of buprenorphine. For treatment to be initiated, patients need to be
on a stable transmucosal dose of 8 to 24 mg buprenorphine for at least seven days. Sublocade is
administered through abdominal subcutaneous injection using the syringe and safety needle
included with the product. Sublocade forms a solid mass upon contact with body fluids and if
administered intravenously, can cause life threatening pulmonary emboli, as mentioned in a black
box warning in the FDA label. To minimize the risk that would arise from intravenous self-
administration, the Risk Evaluation and Mitigation Strategy (REMS) program does not allow the
drug to be dispensed directly to the patient. Sublocade must be administered by a healthcare
provider.3® As buprenorphine is a Schedule Ill substance regulated by the Controlled Substances
Act, Sublocade can only be prescribed by physicians, nurse practitioners, and physician assistants
holding a SAMHSA waiver.

Treatment with Probuphine implants involves surgical subdermal insertion on the inside of the
upper arm of a set of four rods, each 2.5 mm in diameter and 26 mm in length, each rod containing
the equivalent of 80 mg of buprenorphine. The implants must be removed after six months and a
second set of rods can be placed in the other arm. After this second insertion, patients must
transition back to a transmucosal buprenorphine-containing product.*° Peak buprenorphine plasma
concentrations occur 12 hours after implant insertion, then slowly decrease, and after about four
weeks reach steady-state concentrations comparable to daily transmucosal buprenorphine doses of
8 mgor less.?®

The CAM2038 buprenorphine injection is currently under regulatory review with an expected
approval date in December 2018. In clinical studies, this subcutaneous injection has been
administered weekly or monthly with multiple dose strengths, in any subcutaneous tissue. The
product appears to be able to be used for initial treatment and maintenance, thus eliminating the
need for prior treatment with transmucosal buprenorphine.** During an FDA advisory committee
meeting in November 20174, the committee members expressed some concerns about the trial
design and the resulting clinical data on effectiveness and safety.*® In January 2018, the FDA
requested additional clinical information from the manufacturer, although the nature of the
additional data requested is currently unknown.
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1.2 Scope of the Assessment

The scope for this assessment is described on the following pages using the PICOTS (Population,
Intervention, Comparators, Outcomes, Timing, and Settings) framework. Evidence was collected
from available randomized controlled trials and observational studies.

Our evidence review included input from individuals and advocacy organizations, data from
regulatory documents, information submitted by manufacturers, and other grey literature when the
evidence met ICER standards (for more information, see https://icer-
review.org/methodology/icers-methods/icer-value-assessment-framework/grey-literature-policy/)

Analytic Framework
The analytic framework for this assessment is depicted in Figure 1.1.

Figure 1.1. Analytic Framework

Interventions

*  Buprenorphine injection
(Sublocade)
Buprenorphine implant

Buprenorphine injection

(CAM2038) /

Naltrexone injection Intermediate Outcomes:

Buprenorphine/naloxone

Short-term abstinence
from illicit opioid use
Population *  Diminishing illicit use of * Long-term abstinence

> opioids = ==00000Leeeeaa- * Health-related quality of life

Key Measures of Benefit:

Patients with Opioid Use Health system utilization * Employment-related outcomes
Disorders Craving for opioids *  Other patient-reported outcomes
*  Functional outcomes *  Mortality
Adherence/treatment

discontinuation /

The diagram begins with the population of interest on the left. Actions, such as treatment, are
depicted with solid arrows which link the population to outcomes. For example, a treatment may
be associated with specific clinical or health outcomes. Outcomes are listed in the shaded boxes:
those within the rounded boxes are intermediate outcomes (e.g., short-term abstinence from non-
medical opioid use), and those within the squared-off boxes are key measures of benefit (e.g.,
health-related quality of life). The key measures of benefit are linked to intermediate outcomes via
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a dashed line, as the relationship between these two types of outcomes may not always be
validated. Curved arrows lead to the potential harms of an action (typically treatment), which are
listed within the blue ellipsis.**

Populations

The key population of interest for the review included patients aged 16 years and above with OUD
in various treatment settings. Given different patient incentives for seeking treatment and differing
mechanisms of action for the treatments themselves, we focused on a range of patients with OUD
who are being considered for MAT. For the subpopulations we focused on adolescents and young
adults (up to 25 years), people who inject drugs, and pregnant women.

Interventions

The list of interventions was developed with input from patient organizations, clinicians,
manufacturers, and payers on which drugs to include. The full list of interventions is as follows:

e Buprenorphine subcutaneous extended-release injection (Sublocade)
e Buprenorphine implant (Probuphine)

e Buprenorphine subcutaneous extended-release injection (CAM2038)
e Naltrexone intramuscular extended-release injection (Vivitrol)

Comparators

Comparisons were primarily made to other common medications used for OUD (e.g.,
buprenorphine/naloxone in sublingual and buccal formulation), as well as to placebo. As described
further in Section 3, indirect comparisons of the interventions of interest to each other were not
feasible due to differences in study populations, timing of randomization, and outcome measures
between key trials.

Outcomes
The outcomes of interest are described in the list below.

e Short-term and long-term abstinence from ongoing use of opioids

e Diminishing illicit use of opioids

e QOpioid withdrawal syndrome

e Health system utilization (humber of emergency department (ED) visits, number of primary
care physician (PCP) visits, days of inpatient hospitalizations)

e Infectious (HIV, hepatitis), injection reactions, and other complications through continued
use of injectable opioids

e Functional outcomes (cognitive, occupational, social/behavioral)*
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e Craving/desire for opioids

e Accidental pediatric exposure

e Mortality (overdose deaths, suicide)

e Health-related quality of life

e Employment-related outcomes

e Other patient-reported outcomes

e Adherence/treatment discontinuation (number of times treated in detox/rehab, duration of
abstinence)

e Other adverse events

Timing
Evidence on intervention effectiveness and harms was derived from studies of any follow-up
duration.

Settings

The settings of interest included outpatient (including office-based), inpatient, and correctional
facility settings in the US.

1.3 Definitions
Agonist

An agonist is a chemical that binds to a receptor and activates the receptor to produce a
biological response. A partial agonist, such as buprenorphine, binds and activates the receptor,
but the activation is partial, even at maximal receptor occupancy.

Antagonist

An antagonist binds to a receptor but does not produce a response, and in the case of
naltrexone also blocks the activation of the receptor by other opioids.

Harm Reduction

Harm reduction for OUD includes policies, programs and practices that aim to minimize death,
disease, and injury from continuing drug use, without the explicit goal of reducing or stopping
use. Syringe exchange programs are an example of a harm reduction strategy to reduce HIV
and HCV infections in people who inject drugs. Although there is often misunderstanding and
unnecessary controversy surrounding harm reduction, its goals are congruent with the goals of
treatment and recovery. MAT with agonists can be viewed as an example of a harm reduction
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strategy, when diminishing opioid use, rather than complete abstinence, is accepted as a valid
outcome.

Maintenance Treatment

Providing medications to achieve and sustain clinical remission of signs and symptoms of OUD
and support the individual process of recovery without a specific endpoint (as with the typical
standard of care in medical and psychiatric treatment of other chronic illnesses).?°

MAT

Medications for addiction treatment (MAT) is helping individuals sustain recovery using
medications approved by the FDA in combination with individualized psychosocial supports. It
is also often called medication-assisted treatment. Different international organizations are
using the term Psychosocially Assisted Pharmacological Treatment of Opioid Dependence to
refer to the combination of specific pharmacological and psychosocial measures used to reduce
both illicit use of opioids and harms related to opioid use, and improve quality of life.3!

ouD

Opioid use disorder (OUD) is defined by DSM-5 by the presence of a certain number of the
following signs and symptoms: impaired control, social impairment, risky use, increased
tolerance, and withdrawal. OUD replaces what DSM-IV termed “opioid abuse” and “opioid
dependence.” The diagnostic criteria for moderate to severe OUD roughly correspond to what
is considered addiction, which is defined as a “primary, chronic, neurobiological disease, with
genetic, psychosocial, and environmental factors influencing its development and
manifestations, characterized by behaviors that include one or more of the following: impaired

control over drug use, compulsive use, continued use despite harm, and craving.”*®

Recovery

Recovery is a process of change through which individuals improve their health and wellness,
live self-directed lives, and strive to reach their full potential. Four major dimensions support a
life in recovery: health, home, purpose, and community. Though some individuals enter and
sustain recovery on their own, recovery is mostly achieved via access to evidence-based clinical
treatment and recovery support services.?? A person in recovery refers to an individual who
abstains from further use, reduces their substance use to a safer level, or takes steps to mitigate
the potential physical and emotional harm resulting from continued use.?* A person can be
considered in recovery while on MAT.
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Relapse

A process in which a person with OUD who is being treated and is in remission experiences a
loss of control. A relapse is different from a return to opioid use that is limited in scope and
time and that does not involve the return of the signs or symptoms of OUD. The different
operational definitions of relapse in clinical trials of medications for OUD are based on different
levels of return to opioid use as measured by toxicology tests and questionnaires.

Remission

Remission refers to the disappearance of signs and symptoms of the disease. DSM-5 defines
remission as present in people who were diagnosed with OUD but no longer meet OUD criteria,
except for craving. Remission is an essential element of recovery.?

Withdrawal

Opioid withdrawal is defined by DSM-5 by the presence of at least three of the following signs
or symptoms: dysphoric moods; nausea or vomiting; muscle aches; lacrimation or rhinorrhea;
pupillary dilation, piloerection, or sweating; diarrhea; yawning; fever, insomnia. A withdrawal
syndrome is a sign of physical dependence and can be produced by abrupt cessation, rapid dose
reduction, and/or administration of an antagonist, and is a sign of prior physical dependence.
Addiction medicine professionals use the term withdrawal management instead of
detoxification*’, which was defined under the Narcotic Addict Treatment Act of 1974 as a
treatment to achieve an opioid-free state.

1.4 Insights Gained from Discussions with Patients and Patient Groups

As part of our review, we spoke with organizations working with individuals and families affected by
OUD. There was a consensus that MAT is often difficult to access, in part because of the stigma
attached to OUD. This stigma is rooted in a widespread belief that drug addiction is a moral failing
rather than a medical condition that is best addressed through treatment.

OUD needs to be considered a chronic disease that can affect widely varying populations in terms of
age, background, and other factors. The expression, “treatment is not one-size-fits-all,” was used
by several organizations to stress the importance of patients having access to different treatment
options on their road to recovery; some patients enter recovery without the assistance of MAT,
while others require MAT for long periods of time or even their entire lives.

Equal access to all types of medications is considered important. For example, we received
comments that Vivitrol is currently more easily available than other medications. Buprenorphine
extended-release medications are considered important new treatment options that could improve
recovery and should be widely available for consideration by patients and physicians.
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It was also mentioned that peer support is particularly important for young people entering the
recovery process, as they usually lack a strong existing social network compared to older adults.

Several organizations stressed that better daily functioning and wellbeing, and eventually recovery,
are the most important outcomes of treatment. For some this may involve complete abstinence
from non-medical opioid use, for others a reduced and controlled level of use. It was mentioned
that this corresponds specifically to the discussions at the public meeting on Patient-Focused Drug
Development for Opioid Use Disorder convened in April 2018 by the FDA.*®

1.5. Potential Cost-Saving Measures in Extended-Release Opioid
Agonists and Antagonist MAT in Patients with OUD

As described in its Final Value Assessment Framework for 2017-2019, ICER now includes in its
reports information on wasteful or lower-value services in the same clinical area that could be
reduced or eliminated to create headroom in health care budgets for higher-value innovative
services (for more information, see https://icer-review.org/final-vaf-2017-2019/). ICER encourages

all stakeholders to suggest services (including treatments and mechanisms of care) currently used
for people with MAT that could be reduced, eliminated, or made more efficient.

We received one comment from the American Society of Addiction Medicine (ASAM) that the use
of extended-release formulations would likely diminish the number of supervised dosing visits at
treatment clinics or in office-based settings, as well as the need for quantitative urine testing for
buprenorphine and its metabolites that is often done frequently to demonstrate to payers that the
medications are being taken and not diverted.

We were unable to identify recommendations specific to MAT for patients with OUD from other
professional organizations such as Choosing Wisely, the American Academy of Addiction Psychiatry,
or the US Preventive Services Task Force.
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2. Summary of Coverage Policies and Clinical

Guidelines

2.1 Coverage Policies

To understand the insurance landscape for MAT, we reviewed publicly available representative
coverage policies for Sublocade, Probuphine, and Vivitrol. We reviewed policies from the Centers
for Medicare and Medicaid Services (CMS), MassHealth, and from regional and national commercial
insurers (Aetna, Anthem, Blue Cross Blue Shield of Massachusetts [BCBS of MA], Cigna, Harvard
Pilgrim, and United Healthcare [UHC]). At the time the draft Evidence Report was published, we
were unable to survey policies pertaining to CAM2038, as the FDA had yet to issue a decision on the
medication.

Limited information is available regarding Medicare coverage of treatment for OUD. National
Coverage Determinations (NCD) describe policies regarding physician-provided, hospital outpatient,
and freestanding clinic services for drug abuse treatment. Coverage is subject to general limitations
applicable to these settings of care.*** We were unable to locate Local Coverage Determinations
(LCD) for any treatment for OUD.

Details of the utilization management policies (UMPs) for Sublocade, Probuphine, and Vivitrol are
broadly summarized below. We were unable to locate specific UMPs for Harvard Pilgrim or Cigna,
but we located a general Cigna policy for the treatment of substance abuse, which defines
established standards of effective care.®!

Sublocade

We located UMPs for Aetna, Anthem, and UHC. All payers require a diagnosis of moderate-to-
severe opioid dependence. Additionally, the three payers require patients to have initiated
treatment first with a transmucosal or sublingual buprenorphine-containing product before
beginning treatment with Sublocade. Anthem and UHC specify that patients undergoing treatment
with Sublocade may not receive supplemental oral, sublingual, or transmucosal buprenorphine.
Aetna and Anthem state that psychosocial counseling must accompany treatment with Sublocade.
UHC specifies a further requirement that the initial authorization for Sublocade may not exceed six
months.52-54

Sublocade is not listed on the 2018 formularies for Aetna’s 3-Tier Value Plan, Anthem’s National 3-
Tier Drug Plan, Cigna’s Value 3-Tier Plan, Harvard Pilgrim’s Value 3-Tier Plan, or UHC’s Traditional
Three-Tier Plan. However, all plans offer alternative branded and generic forms of buprenorphine
and buprenorphine/naloxone for the treatment of OUD. BCBS of MA was the only payer to include
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Sublocade on its 3-Tier Plan formulary. Sublocade is placed on the mid-range tier and does not
require prior authorization.>

Probuphine

We located UMPs for Aetna, Anthem, BCBS of MA, and UHC. All payers require a diagnosis of
moderate-to-severe opioid dependence. Further, all payers state that the patient must have
achieved prolonged stability on transmucosal buprenorphine before initiating treatment with
Probuphine. Anthem, BCBA of MA, and UHC also specify that patients must be currently
maintained on an appropriate dose of sublingual or transmucosal buprenorphine. Aetna, Anthem,
and BCBS of MA specify that psychosocial counseling must accompany treatment with Probuphine.
UHC specifies two further requirements: one, the patient may not receive supplemental oral,
sublingual, or transmucosal buprenorphine, and two, the patient cannot have had an opioid
positive urine drug screen in the past 90 days prior to the insertion of Probuphine.>%>456:57

Probuphine is not listed on the 2018 formularies for Aetna’s 3-Tier Value Plan, BCBA of MA’s 3-Tier
Plan, Cigna’s Value 3-Tier Plan, Harvard Pilgrim’s Value 3-Tier Plan, or UHC’s Traditional Three-Tier
Plan.>>%61 Anthem covers Probuphine on its three-tier plan on the highest formulary tier and
requires prior authorization.®?

Vivitrol

Since Vivitrol has fewer prescribing restrictions and criteria than both Sublocade and Probuphine,
we were unable to locate UMPs from commercial and regional payers indicated for the treatment
of OUD. We were unable to locate UMPs from commercial and regional payers for Vivitrol
indicated for the treatment of OUD.

Vivitrol is not listed on the 2018 formularies for Cigna’s Value 3-Tier Plan or UHC’s Traditional
Three-Tier Plan.>®®1 Aetna, Anthem, BCBS of MA, and Harvard Pilgrim cover Vivitrol on the highest
formulary tier.>>°86162 Anthem is the only payer that requires prior authorization.

Medicaid Policies

To begin treatment with Sublocade, MassHealth requires a diagnosis of opioid dependency,
documentation that the patient is stabilized on buprenorphine for at least seven days, and evidence
that the patient needs the extended-release injection formulation. Prior authorization is required.
Similarly, Probuphine may be prescribed if the patient is diagnosed with opioid dependence, is
currently stabilized on buprenorphine or equivalent for at least six months and requires the implant
formulation due to an adverse reaction, contraindication, or diversion with other therapeutic
alternatives. Prior authorization is required. Vivitrol may be prescribed without prior authorization
and is not subject to a utilization management policy.®3
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The Department of Vermont Health Access (DVHA) covers Sublocade and Probuphine as non-
preferred brands for the treatment of OUD. All covered forms of buprenorphine require prior
authorization, and patients undergoing treatment with Sublocade and Probuphine must receive
psychosocial counseling and therapy. Patients may be prescribed Vivitrol if they pass the naloxone
challenge and partake in a comprehensive treatment plan that includes psychosocial counseling and
therapy.®

2.2 Clinical Guidelines

We reviewed guidelines on MAT issued by major US clinical societies, working groups, and health
technology assessment organizations. A majority of these guidelines do not include
recommendations concerning Probuphine and Sublocade because they were only recently
approved. The third long-acting buprenorphine formulation, CAM2038, is currently under review
by the FDA and, as such, was not listed in any clinical practice guidelines. The 2010 guideline from
the American Psychiatric Association, which was summarized in ICER’s 2014 report on opioid
dependence, has not been updated since and may be found in Appendix F.

Academy of Managed Care Pharmacy (AMCP)

Findings and Considerations for the Evidence-Based Use of Medications Used in the Treatment of
Substance Abuse Disorder (2016)%

In their 2016 recommendations, the AMCP recommends that all patients with substance abuse
disorder, including opioid addiction, should be offered medication. However, the decision to begin
medication for opioid addiction should be an individualized decision between the doctor and
patient. In conjunction with pharmacologic treatment, the AMCP recommendations also emphasize
that psychosocial treatment should be utilized as an important aspect of recovery.

American Association for the Treatment of Opioid Dependence (AATOD)
AATOD Guidelines for Using Naltrexone (Vivitrol) in OTPs (2012)%

The 2012 AATOD guidelines state that Vivitrol may be an effective treatment for patients who
struggle with a daily dosing routine. Because Vivitrol carries a black box warning for liver
complications, the guidelines recommend monitoring and frequent liver function studies. Before a
patient begins treatment with Vivitrol, they must be opioid-free for at least seven to 10 days.
Additionally, the AATOD recommends that a patient passes the naloxone challenge before initiating
treatment with Vivitrol. The guidelines also state that Vivitrol treatment should be combined with
drug rehabilitation programs, psychological counseling, and/or Narcotics Anonymous meetings.
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American Society of Addiction Medicine (ASAM)

The ASAM National Practice Guideline for the Use of Medications in the Treatment of Addiction
Involving Opioid Use (2015)°’

Buprenorphine (Sublingual)

In their 2015 guidelines, the ASAM recommends that sublingual buprenorphine should be initiated
in opioid-dependent patients once they begin to experience mild-to-moderate opioid withdrawal.
Psychosocial treatment should be employed in conjunction with buprenorphine in order to
maximize the benefit of treatment. In order to prevent diversion, the ASAM recommends that
patients undergoing treatment should have frequent doctor visits (especially early in treatment
when weekly visits are recommended), urine drug tests, and visits for pill counts. In addition, the
ASAM states that patients should be tested for buprenorphine, additional substances, and
prescription medications. Lastly, the ASAM states that if a patient switches from buprenorphine to
naltrexone, there should be a seven to 14 day waiting period before treatment with naltrexone is
initiated.

Naltrexone (Vivitrol)

The ASAM guidelines state that Vivitrol is also an effective treatment for OUD, and may be
especially effective in patients with contraindications to buprenorphine or for patients for whom
treatment with buprenorphine failed. The ASAM notes that Vivitrol may also be effective for
patients confined to prison or inpatient habilitation, patients with co-occurring opioid disorders,
and patients living in locations where methadone or buprenorphine treatment is unavailable. The
ASAM strongly recommends psychosocial treatment in conjunction with Vivitrol. Lastly, the ASAM
notes that treatment with Vivitrol does not have a specified timeframe and that the duration of
treatment is based on clinical determinations and a patient’s situation.

National Institute on Drug Abuse (NIDA)
Principles of Drug Addiction Treatment: A Research-Based Guide (2018)%®

The 2018 NIDA guidelines offer recommendations for both drug addiction broadly and addiction to
opioids. Overall, the NIDA emphasizes that the treatment program must take into consideration
not only the individual’s psychological, social, professional, and legal situation, but also their age,
gender, and ethnicity. The NIDA recommends that the treatment plan be continually reviewed and
modified if indicated.

Behavioral therapy and psychosocial counseling are also essential to treating drug addiction, and
may include individual, family, or group therapy.
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The NIDA states that pharmacologic therapy is also an important aspect of drug addiction
treatment, and that methadone, buprenorphine (sublingual, injectable, and an implantable form),
and naltrexone may be effective for individuals with opioid addiction. Individuals undergoing
pharmacologic therapy for addiction must be continually monitored to ensure the efficacy of the
treatment.

Substance Abuse and Mental Health Services Administration (SAMHSA) and the US
Department of Health and Human Services (HHS)

Federal Guidelines for Opioid Treatment Programs (2015)%°

The 2015 SAMHSA/HHS guidelines refer specifically to treatment with methadone and all products
containing buprenorphine (the guidelines also note that extended-release injectable naltrexone
may be appropriate for some patients, but is not subject to these SAMHSA/HHS regulations). The
guidelines state that the pharmacologic selection should be determined by a clinician and should
take into consideration the patient’s medical history, psychological state, complicating conditions,
age, gender, and past and present substance use. Dosages should be adjusted when clinically
indicated, and the SAMHSA/HHS guidelines note that dosage caps and ceilings should be
eliminated. The guidelines state that medication-assisted treatment may be continued indefinitely
and recommends against fixed treatment lengths. Patients undergoing pharmacologic treatment
should also undergo psychosocial treatment.
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3. Comparative Clinical Effectiveness

3.1 Overview

In this review of the comparative clinical effectiveness of newer, extended-release treatments for
MAT (two buprenorphine injections, one buprenorphine implant, and a naltrexone injection), we
systematically identified and synthesized the existing evidence from clinical studies. Full PICOTS
criteria are described in Section 1.2. In brief, we evaluated studies of patients 16 years or older
with OUD. Our review focused on the efficacy, safety, and effectiveness of MATSs versus
transmucosal formulations of buprenorphine/naloxone or placebo. We extracted any relevant
data, whether in published or unpublished form (e.g., conference abstracts or presentations, FDA
review documents). Due to important differences in study characteristics and outcomes assessed,
we did not compare the interventions of interest through direct or indirect quantitative
assessments.

Essential to our review was the evidence on the clinical benefits common to trials on MAT and
reported tolerability/harms. We sought evidence on all outcomes listed below:

e Relapse and abstinence outcomes based on urinalysis or self-report

e All-cause discontinuation/study retention

e Craving/desire for opioids

e Opioid withdrawal syndrome (Clinical Opiate Withdrawal Scale [COWS], Subjective Opiate
Withdrawal Scale [SOWS])

o Diminishing illicit use of opioids

e Health-related quality of life (EuroQol-5 dimensions questionnaire, 36-item short form
health survey [SF-36])

e Health system utilization (humber of emergency department [ED] visits, number of
primary care physician [PCP] visits, days of inpatient hospitalizations)

e Functional outcomes (cognitive, occupational, social/behavioral)

e Mortality (overdose deaths, suicide)

e Employment-related outcomes

e Other patient-reported outcomes

e Infections (HIV, hepatitis), injection reactions, and other complications through continued
use of injectable opioids

e Accidental pediatric exposure

e Adverse Event (AE): serious adverse events (SAEs), discontinuation due to AEs, any AE
reported by > 5% of a trial arm
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3.2 Methods

Data Sources and Searches

Procedures for the systematic literature review assessing the evidence on MAT for OUD followed
established best research methods.”® The review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.”* The PRISMA
guidelines include a list of 27 checklist items, which are described further in Appendix Table Al.

We searched MEDLINE, EMBASE, Cochrane Database of Systematic Reviews, and Cochrane Central
Register of Controlled Trials for relevant studies. Each search was limited to English language
studies of human subjects and excluded articles indexed as guidelines, letters, editorials, narrative
reviews, case reports, or news items. We included abstracts from conference proceedings
identified from the systematic literature search and submitted by manufacturers. All search
strategies were generated utilizing the Population, Intervention, Comparator, and Study Design
elements described in Section 1. The search strategies included a combination of indexing terms
(MeSH terms in MEDLINE and EMTREE terms in EMBASE), as well as free-text terms, and are
presented in Appendix Tables A2-A4. The date of the search was June 18, 2018.

To supplement the database searches, we performed a manual check of the reference lists of
included trials and reviews and invited key stakeholders to share references germane to the scope
of this project. We further supplemented our review of published studies with data from
conference proceedings, regulatory documents, information submitted by manufacturers, and
other grey literature when the evidence meets ICER standards (for more information, see
http://icer-review.org/methodology/icers-methods/icer-value-assessment-framework/grey-

literature-policy/).

Study Selection

Two reviewers independently screened the abstracts and full-texts of studies using DistillerSR
(Evidence Partners, Ottawa, Canada), with any incongruencies resolved through consensus. We
included relevant published and unpublished randomized clinical trials (RCTs) of any sample size as
well as non-randomized comparative studies where available. To support the comparative
evidence and to gain insights into the duration of treatment benefits and harms, we included non-
comparative single arm observational studies with a minimum of 50 participants, and open-label
extensions (OLEs) of RCTs of any size and duration. Studies assessing transmucosal buprenorphine
formulations not containing naloxone and any routes of administration outside of scope (e.g.,
naltrexone implant) were excluded. We excluded conference abstracts reporting data that were
also available in a full-text peer-reviewed publication. A detailed protocol of the methods was
registered on Prospero (CRD42018103836).
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Data Extraction and Quality Assessment

Data were extracted into Microsoft Excel by one researcher and independently verified by another
researcher. Data elements included a description of patient populations, sample size, duration of
follow-up, funding source, study design features (e.g., open-label), interventions (drug, dosage,
frequency, schedules), outcome assessments (e.g., timing, definitions, and methods of assessment),
results, and quality assessment for each study. Quality assessment was based on US Preventive
Services Task Force (USPSTF)”2 criteria that included presence of comparable groups, non-
differential loss to follow-up, use of blinding, clear definition of interventions and outcomes, and
appropriate handling of missing data. For more information on data extraction and quality
assessment, refer to Appendix D.

Assessment of Level of Certainty in Evidence

We used the ICER Evidence Rating Matrix to evaluate the level of certainty in the available evidence

of a net health benefit among each of the interventions of focus (see Appendix D).”?
Assessment of Bias

We assessed the presence of publication bias by utilizing the ClinicalTrials.gov database of trials.

Search terms included “buprenorphine injection,” “Sublocade,” “CAM2038,” “buprenorphine

” u ”n u

implant,” “Probuphine,” “naltrexone,” “Vivitrol,” and prior terms for these therapeutics.
Publication bias was evident if any registered trials meeting our inclusion criteria remained
unpublished after more than two years since their completion. We did not identify any completed,
but unpublished trials of our interventions. Therefore, we did not find any evidence of publication
bias. We did identify three registered and ongoing trials of the injectable naltrexone of focus.
These trials are described in the Ongoing Trials sections in Appendix C and not included in any

gualitative analyses.
Data Synthesis and Statistical Analyses

Data on relevant outcomes are summarized in evidence tables in Appendix D and are synthesized
qualitatively in the text of the report. Relevant data include those listed in the data extraction
section. Where possible, data on key outcomes of interest were evaluated on an intent-to-treat
(ITT) basis. Due to differences between the studies in terms of the study design, patient
characteristics, (including dosing and frequency), and outcomes (including definitions and methods
of assessments), we were unable to directly or indirectly compare the MATs by quantitative
assessments. Hence, we focused on narratively describing the comparisons made within the clinical
trials of each MAT.
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3.3 Results

Study Selection

Our literature search identified a total of 557 potentially relevant references (see Appendix Figure
Al). We included 23 references, of which 18 presented on comparative clinical trials, three focused
on OLEs, and two on observational study. These references consisted of 15 publications, five
conference abstracts, and three web-based references. Primary reasons for study exclusion
included use of interventions outside of our scope, different study population (e.g., recreational
opioid users), small sample size (sample size <50 for observational studies), and conference
abstracts with duplicate data to the full-text publications.

The 18 references of comparative trials correspond to 11 trials, of which five of the trials were
identified as key trials evaluating the four drugs of interest (Table 3.1). In four of the key trials,
three of the interventions of interest (CAM2038, Probuphine and Vivitrol) were compared to
buprenorphine/naloxone, while the remaining one key trial (Sublocade) was placebo-controlled
with no active comparator. We identified no head-to-head trials of the MATSs of interest. Below,
we describe these trials and efficacy results, followed by a discussion of the tolerability and harms.

Trial Characteristics
CAM2038 (Buprenorphine Subcutaneous Extended-Release Injection)

Data to inform our assessment of CAM2038 in patients with OUD were obtained from one
published Phase Il RCT (Lofwall 2018).”* This 24-week multicentered non-inferiority trial compared
CAM?2038 on a weekly and monthly basis to sublingual buprenorphine/naloxone in patients with
moderate-to-severe OUD aged 18 to 65 years. There was no detoxification period. Eligible
participants were already in opioid withdrawal and able to tolerate an initial sublingual dose of 4
mg of buprenorphine/1 mg of naloxone administered at the start of the study. Participants were
randomized on the first day to receive weekly or monthly subcutaneous injections of CAM2038 and
daily sublingual placebo tablets, or subcutaneous placebo injections and sublingual
buprenorphine/naloxone tablets. Doses were given on a flexible schedule of 16, 24, or 32 mg of
weekly CAM2038 for the first 11 weeks (phase 1), and 64, 128, or 60 mg of monthly CAM2038 from
weeks 12 to 24 (phase 2).”* Reinductions were not allowed if participants missed a visit.

The primary outcomes were the mean percentage of urine samples with test results negative for
illicit opioids during the 24-weeks trial period and responder rate.”* A responder was defined as
having no evidence of illicit opioid use (as measured by negative urine test results and self-report of
drug) in phase one (for at least two of three assessment at weeks nine to 11), and in phase two (for
five of six assessments from week 12 to 24). Other secondary outcomes included mean percentage
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of opioid-negative samples using the cumulative distribution function (CDF) for weeks four through
24, and study retention.

Sublocade (Buprenorphine Subcutaneous Extended-Release Injection)

Data used to inform our assessment of Sublocade was mainly taken from a six-month Phase |l
randomized placebo-controlled trial clinical.” Participants and investigators where blinded to
treatment in the trial. Eligible participants ages 18 to 65 first underwent an open-label run-in
induction phase with sublingual buprenorphine/naloxone film followed by an open-label run-in
dose adjustment period to achieve a dose of 8 t024 mg doses of buprenorphine /naloxone for four
to 11 days.”> Approximately three-fourths completed the run-in phase and were randomized to
either the 300 mg dose of Sublocade injection, 100 mg dose of Sublocade injection, or placebo.
After randomization, the dose of sublingual buprenorphine/ naloxone is tapered and then
discontinued. Those randomized to the 100 mg dose group received an initial monthly dose of
300mg Sublocade for two months before receiving a monthly 100 mg dose for four months, while
the 300 mg group received a monthly dose of 300 mg for the six months. In addition, participants
received individual counseling at least once a week.”®

The primary outcome was the percentage of urine samples combined with self-reports negative for
illicit opioids use from weeks five to 24. Secondary outcomes include percentage of participants
considered treatment success, percentage of urine samples negative for opioids from weeks five to
24, percentage of self-reports negative for illicit opioid use from weeks five to 24, opioid craving,
opioid withdrawal, participants who completed the last visit (completers), participants who were
abstinent, and clinical-reported ratings.””

In addition, we identified one OLE, an extension of the Sublocade trial.”® The study population
included a combination of participants who were rolled over after completed the RCT and newly
enrolled into the OLE. All participants underwent an induction period of sublingual
buprenorphine/naloxone film for up to two weeks at doses ranging from 8 mg to 24 mg/day was
achieved. All participants received manual-guided individual counseling sessions varying in
frequency.’®

Probuphine (Buprenorphine Implant)

Data used to inform our assessment of Probuphine was obtained from one Phase IIl RCT (Rosenthal
2016).”7 Rosenthal 2016 was a placebo-controlled, multicentered, six-month trial conducted in the
US on participants 18 to 65 years of age with OUD. In this non-inferiority trial, participants were
required to be clinically stable and must have received a stable dose of sublingual buprenorphine (8
mg/day or less) for at least 24 weeks with no opioid withdrawal or illicit opioid-positive urine
samples for at least 90 days before the study began. Patients were then randomized to receive
either four placebo subdermal implants or four buprenorphine implants with daily sublingual
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placebo tablets.”” Both the participants and investigators in the trials were blinded to treatments.”’
All participants received manual-guided counseling sessions during each visit and 2 mg/day of
supplemental sublingual buprenorphine as needed during the study duration.”’

The primary outcome in the Rosenthal 2016 trial was the difference in proportion of responders,
defined as participants with no illicit opioid use based on monthly urine drug tests and self-
reporting in four of the six months screening.”” Secondary outcomes assessed in Rosenthal 2016
included treatment retention, percentage of illicit opioid use per month, cumulative percentage of
negative illicit opioid urine results during six months, opioid craving, and opioid withdrawal.”’

In addition, we identified two six-month placebo-controlled randomized trials and one six-month
OLE all conducted in the US on participants of same age range as Rosenthal 2016.78% |n Rosenthal
2013 and Ling 2010, participants were required to complete an open-label induction phase with
buprenorphine/naloxone (12 to 16 mg/day sublingual tablets for three consecutive days) within 10
days of screening before randomization.”®”® Participants that experienced severe withdrawal
symptoms (>12 on the Clinical Opiate Withdrawal Scale) or severe cravings for opioids (>20 on the
0-100 Visual Analog Scale) during the induction phase were excluded.”®”® Participants in both trials
were randomized to receive either 320 mg Probuphine implants (four 80 mg subdermal implants) or
four placebo implants, with an additional open-label non-inferiority comparison to
buprenorphine/naloxone administered in a third arm of participants in Rosenthal 2013.
Participants and investigators were blinded to Probuphine and the placebo implant in both
trials.”®’® Participants also received manual-guided counseling sessions biweekly to weekly and 2
mg/day of supplemental sublingual buprenorphine as needed during the study duration.”®”® The
OLE found was a continuation of Rosenthal 2013. Participants who completed the Rosenthal 2013
trial underwent a brief induction phase with sublingual buprenorphine/naloxone (12-16 mg/day)
then received four buprenorphine implants in the opposite arm.8 The primary outcome in Ling
2010 was the percentage of the total urine samples that were negative for illicit opioids during first
16 weeks.”® In Rosenthal 2013, the primary outcome was the percentage of total urine samples
that were negative for illicit opioids during the 24 weeks trial period. In addition, the combination
of percentage of urine samples with negative self-report of illicit use was identified as a coprimary
endpoint in Rosenthal 2013.7° Secondary outcomes assessed in these trials include retention,
percentage of illicit opioid use per month, opioid craving, and patient-reported and clinician-
reported withdrawal scale. The OLE assessed the percent of opioid-negative urine samples, study
retention, and reductions in opioid use.

Vivitrol (Naltrexone Intramuscular Extended-Release Injection)

Data used to inform our assessment of Vivitrol were taken from two key trials: one Phase IV trial
(Lee 2018, X-BOT) and one Phase lll trial (Tanum 2017).8182 X-BOT was a 24-week multicentered,
open-label, randomized controlled trial that compared Vivitrol to buprenorphine/naloxone.
Participants were 18 years or older, diagnosed with OUD, and had used non-prescribed opioids
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within 30 days of the trial.8%8% Detoxification protocols and length of time varied by site: two sites
used clonidine or comfort medications (no opioids); four sites used three to five days of methadone
tapers, while three to 14 days of buprenorphine tapers was used at remaining two sites.® Timing of
randomization also varied (during detoxification or after completion of detoxification), but this was
designed a priori to assess the difficulty of completing detoxification. Participants were randomized
to receive either 380 mg/month of Vivitrol or 8 to 24 mg/day of sublingual buprenorphine/naloxone
film and stratified by treatment site and opioid use severity. Before induction with Vivitrol,
participants had to complete detoxification, have opioid-negative urine, and a negative naloxone
challenge (minimal or no withdrawal symptoms after administration of >0.4mg naloxone).83 Missed
Vivitrol injections required participants to be reinducted with a repeat naloxone challenge.®® The
primary outcome in X-BOT trial was the time to relapse event. Relapse was defined as the use of
non-study opioids after the twentieth day of randomization.®3 Other secondary outcomes were the
proportion of participants who were successfully inducted on an initial dose, frequency of non-
study opioid use, and opioid craving.’?

The second key trial of Vivitrol (Tanum 2017) was a 12-week, multicentered, non-inferiority, open-
label, randomized controlled trial that was conducted in outpatient settings in Norway comparing
Vivitrol to sublingual buprenorphine/naloxone in participants 18 to 60 years of age diagnosed with
OUD.® Participants with other drug or alcohol use disorders were excluded from the trial.
Following screening, participants were referred to a detoxification unit.2? After detoxification,
participants were randomly assigned to 4 to 24 mg/day of oral buprenorphine/naloxone or 380
mg/month of Vivitrol.8? The primary outcome in Tanum 2017 measures study retention, proportion
of total number of urine drug tests without illicit opioids, and number of days of heroin and other
illicit opioids.®? Secondary outcomes included number of days of injecting intravenous drugs, and
heroin craving.®?

In addition to the two key trials described above, we identified nine other trials of Vivitrol (four
RCTs and two OLEs).84%° All were government funded in the US and Russia, and ranged in duration
from eight to 78 weeks. Comparisons to Vivitrol included placebo or usual treatment, which varied
in definition from one trial to the other. The detoxification period also ranged from a week to a
month with up to a week of Vivitrol induction. Participants were ages 18-60 years and met either
DSM-VI or DSM-5 criteria with the majority of the trials assessing treatment on those who were or
had been incarcerated, differing from the general population being considered for MAT as in the
key trials. Appendix Tables D1-D3 contain data on the study design and baseline characteristics for
all studies included.
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Table 3.1. Trial Characteristics of Key Trials

Treatment Arms Patient Characteristics Intervention Period Primary Outcomes

CAM2038
N=428; Mean age: 38.4; Male: 61.4%; Heroin as e Mean percentage of urine samples with
CAM2038* primary opioid: 70.8%; Prescription drugs as primary test results negative for illicit opioids
Lofwall 2018 - 24 weeks . . .
SL bup/nal* opioid: 29.2%; Intravenous drug use: 52.3% ; Mean during trial period
years since OUD diagnosis: 4.5 e Responder rate
Sublocade
Sublocade 300mg/100mg N=504; Mean age: 45.2% between 30 and 45; Male: o Percentage of urine samples negative
Trial 13-0001 66.7%; Heroin as primary opioid: NR; Prescription S . .
. Sublocade 300mg/300mg . . 24 weeks for illicit opioid combined with self-
(Unpublished) drugs as primary opioid: NR; Intravenous drug use: . o
Placebo reports negative for illicit opioid use

NR; Mean years since OUD diagnosis: NR
Probuphine
. N=177; Mean age: 39.0; Male: 59.1%; Heroin as
Probuphine 320 mg . . " .
primary opioid: 21.0%; Prescription drugs as primary .
Rosenthal 2016 SL bup/nal <8 mg . 24 weeks e Proportion of responders
opioid: 74.4%; Intravenous drug use: NR; Mean years

since OUD diagnosis: 6.2

Vivitrol

e Percentage of urine samples that were

N=159; Mean age: 36.1; Male: 72.3%; Heroin as . e . .
negative for illicit opioids

Vivitrol 380 mg primary opioid: NR; Prescription drugs as primary

Tanum 2017 SL bup/nal 4-24 mg opioid: NR; Intravenous drug use: 85.5%; Mean years 12 weeks * Study retention .
- ¢ Number of days of heroin and other
of heavy opioid use: 9.3 S
illicit opioids
N=570; Mean age: 34.0; Male: 70.4%; Heroin as
e S T Vivitrol 380 mg primary opioid: 81.0%; Prescription drugs as primary o K - |
- : SL bup/nal 8-24 mg opioid: 15.8%; Intravenous drug use: 63.2%; Mean WEEKs * Time to a relapse event
years of opioid use: 12.5
*Flexible dosing
Bup/nal: buprenorphine/naloxone, d: day, mg: milligram, OUD: opioid use disorder, SL: sublingual
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Quality of Individual Studies

We rated the one trial of the buprenorphine implant, one trial of CAM2038, one trial of
Sublocade, and three trials of Vivitrol to be of good quality. These trials had comparable arms
at baseline, did not have differential attrition, were patient and physician/investigator blinded,
had clear definitions of intervention and outcomes, and used an intent-to-treat analysis or a
modified version. Most of the good quality rated trials did not impute missing data in their
primary outcomes, but a few used various imputation techniques across some of the outcomes
reported. Three trials of Vivitrol and two trials of Probuphine were rated fair, as they had
incomparable groups at baseline, differential attrition during follow-up, or were missing up to
two criteria. No trials were rated poor. Further details on the ratings of all included trials are in
Appendix Table D3.

Comparability of Evidence Across MATs

As noted above, we identified seven key trials for this review. Although these trials were similar in
eligibility criteria, patient characteristics, and study duration, we were unable to compare the MATs
to each other through quantitative indirect assessment primarily due to variations in study
characteristics. For example, five of the studies (all three Probuphine trials, the CAM2038 trial, and
Sublocade trial) randomized participants following induction, while randomization was conducted
before induction in the two Vivitrol trials. In addition, as seen in Table 3.1 above, there are
variations in the outcomes assessed in these trials that are further complicated by the use of non-
standard clinical measures. For example, time to relapse was an outcome assessed in only one key
trial of Vivitrol, while number of days of heroin and other illicit opioid use was only assessed in the
other Vivitrol trial. Furthermore, although the majority of the studies were 24 weeks in length, the
timing of outcome assessment differed across trials. The percentage of urine samples negative for
opioid use was assessed in the Sublocade trial (combined with negative self-reporting) and
CAM2038 trial with durations ranging from five to 24 weeks and four to 24 weeks respectively.
These differences are summarized in Table 3.2. below.
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Table 3.2. Comparability of Evidence: Key Trials Across MATs

Treatment
Duration
(Weeks)

Time of
Randomization

Detoxification/Induction Period

CAM2038 Lofwall 2018

ST GIET S Trial 13-0001

113158 Rosenthal 2016

X-BOT
Vivitrol
Tanum 2017

Study Design
Phase Il RCT 24
Non-inferiority
Phase 11l RCT 24
Phase lll
Non-inferiority 24
Phase IV
Phase 11l RCT 12

Non-inferiority

Detoxification: none

Induction: one day of 4 mg bup/1 mg
nal
Detoxification: none

Induction: run-in induction phase
with SL bup/nal film followed by
open-label phase with 8 to 24 mg
doses of buprenorphine/naloxone for
four to 11 days

Detoxification: none

Induction: stable dose of 8 mg/day or
less of sublingual buprenorphine
received for at least 24 weeks
Detoxification: yes, protocols and
length of time varied by site

Detoxification: yes

Bup/nal: buprenorphine/naloxone, d: day, mg: milligram, OUD: opioid use disorder, SL: sublingual

At start of induction

After induction

After induction

Before induction

After detoxification

e Urine samples used to assess abstinence
e OQutcome measured over 24 weeks

e Combination of urine samples and self-
report used to assess abstinence
e Outcome measured over 24 weeks

e Urine samples and self-report used to
assess abstinence
e OQutcome assessed over 24 weeks

e Abstinence not reported

e Time to relapse event reported

e Urine samples used to assess abstinence
e Outcome measured over 12 weeks
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Clinical Benefits
Mortality

We sought evidence on the prevention of deaths through the use of the MATSs of focus. However,
we found no relevant data on this outcome.

All-Cause Discontinuation

Discontinuation appeared similar in participants treated with CAM2038, and Probuphine and
Vivitrol in comparison to those treated with sublingual buprenorphine naloxone. However,
statistical significance was not reported in these trials. Of note, significantly more patients
discontinued before induction with Vivitrol compared to buprenorphine/naloxone. Results from
the placebo-controlled trials of Sublocade and Probuphine versus placebo showed substantially
greater attrition in the placebo group during follow-up than the active treatment arms. The most
common reasons that discontinuation occurred in the trials were lack of efficacy, adverse events,
withdrawing consent, being unable to complete induction, loss to follow-up, and withdrawal
symptoms.

CAM2038

Similar proportion of people dropped out in the CAM2038 arm compared to the sublingual
buprenorphine/naloxone arm (41% vs 43%; p-value: not reported).”* More than 80% of the total
participants who discontinued withdrew consent or were lost to follow-up. Other reasons cited for
discontinuation include clinical (physician’s) decision, and adverse events.

Sublocade

During the initial open label two-week run-in period at the start of the Sublocade trial, about a
guarter of the total study population (24.2%) discontinued the trial before being randomized to
receive treatment.”> Following the run-in period and after randomization, the number of
participants that discontinued were similar for both the 300-mg arm and the 100-mg arm of
Sublocade (36% vs. 38%, respectively; p-value: not reported), but substantially lower than for the
placebo arm (66%), although no statistical significance was reported.”® Participants mostly
withdrew consent or were lost to follow-up (>20% in both active arms). Other reasons included lack
of efficacy, adverse events, protocol violations, withdrawal symptoms, non-compliance with study
drug, withdrawal by physician’s decision, or site closure by sponsor.” Additionally, in the OLE, 50%
of participants who were newly enrolled dropped out of the trial.”®

Probuphine

Of the three trials on Probuphine, the most recent study reported very low discontinuation rates,
with a total of 7% in the Probuphine arm and 6% in the buprenorphine/naloxone arm with most

Olnstitute for Clinical and Economic Review, 2018 Page 36
Draft Evidence Report - MAT in Patients with OUD Return to Table of Contents




participants withdrawing or lost to follow-up.”’ Importantly, however, those participants who
entered the Rosenthal 2016 trial were already stable on buprenorphine/naloxone. In contrast,
higher rates of discontinuation were generally observed in Rosenthal 2013 and Ling 2010. In
Rosenthal 2013, discontinuation in the Probuphine arm and sublingual buprenorphine/naloxone
arm was 36% versus 37%, respectively (p-value: not reported) with a greater proportion of patients
discontinuing in the placebo implant arm (80%).”° Nearly half of the participants in this trial
discontinued for reasons unspecified. A similar finding was observed in Ling 2010 (refer to
Appendix Table D6). Major reasons cited for discontinuation in these trials include loss to follow-
up, consent withdrawn, treatment lacking efficacy, non-compliance/non-adherence, issues from
adverse events, or incarceration.

Vivitrol

The X-BOT trial had numerically more participants discontinued in the Vivitrol arm than in the
buprenorphine/naloxone arm (28% vs. 22%); however statistical significance was not reported. Of
note, significantly more participants discontinued before induction in the Vivitrol group compared
to the buprenorphine/naloxone group (28% vs. 6%, p-value<0.0001).8% In Tanum 2017 trial, 30% of
patients discontinued from the Vivitrol arm compared to 38% in the buprenorphine/naloxone arm,
(statistical significance was not reported). However, the study reported similar retention time
between the two arms (mean days: 69.3 vs. 63.7; p-value: not significant). In longer-term OLEs of
Vivitrol trials lasting 48 to 52 weeks, results showed up to 52% attrition.888° Over 80% of the
participants who discontinued withdraw consent or were lost to follow-up in both the X-BOT and
Tanum 2017 trials. Other reasons cited for discontinuation in these trials include induction,
detoxification failure, adverse effects, and incarceration.

Abstinence and Relapse Outcomes

Abstinence from opioid use was variably defined in available trials. For most interventions, the
number of opioid-negative urines did not statistically differ in comparison to sublingual
buprenorphine/naloxone, which is not surprising given the non-inferiority designs of some of
these studies. Results from the Probuphine trials showed significant differences from
buprenorphine/naloxone in various abstinence outcomes. Participants on Sublocade treatment
were also more likely to be abstinent, but in comparison to placebo. Relapse to opioid use was a
measure specific to trials of injectable naltrexone; a statistically significantly higher rate of
relapse was seen with Vivitrol versus buprenorphine/naloxone.

CAM2038

In the Lofwall 2018 trial, abstinence was primarily measured by the proportion of opioid-negative
urine samples during the first 24 weeks. CAM2038 was shown to be non-inferior to
buprenorphine/naloxone (p<0.001). However, the number of opioid-negative urine samples did not
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statistically differ for the two agents.”* As a secondary outcome, the proportion of opioid negative
samples with self-report from weeks four to 24 using cumulative distribution function (CDF) was
assessed, and it was shown to be significantly higher in the CAM2038 group compared to the
buprenorphine/naloxone group (Mean: 35.1% vs. 26.7%, p=0.004). The proportion of responders to
treatment was also reported, defined as having no illicit opioid use assessed by urine tests and self-
report both negative during phase one (at least two of three assessments at weeks nine to 11, and
week 12) and phase two (at least five of six assessments from weeks 12 to 24, and the last month of
treatment). A greater proportion of participants responded to CAM2038 than sublingual
buprenorphine/naloxone, but the difference was not statistically different (17.4 vs. 14.4, difference
=3.0,95% Cl -4.0t0 9.9).”*

Sublocade

In the Sublocade trial, abstinence was measured by the percentage of opioid-negative urine
samples combined with self-reports negative for illicit opioid use during weeks five to 24. Results of
the primary analysis showed that the proportion of participants with 90% or more negative samples
was similar between the 300-mg arm and 100-mg arm (48% and 41%), but significantly higher than
the placebo arm (2%, p<0.0001 for both comparisons to placebo).”® In a secondary analysis, the
numbers of weeks abstinent during weeks five to 24 was the same for the two active arms and also
significantly higher than placebo (8.5 for both vs. 1.0, p<0.0001).”> Additionally, results at 24 weeks
showed a statistically significant higher proportion of abstinent participants in the 300-mg arm than
in the 100-mg arm of Sublocade or placebo (87% vs. 71%, vs. 2%, p<0.0001).7®

Probuphine

In the Rosenthal 2016 trial, abstinence was measured by the combination of urine drug tests and
self-report both negative to illicit use of opioids. The primary analysis of the proportion of
responders was defined as participants with at least four to six months with no illicit use of opioids
based on urine samples and self-report. A statistically higher proportion of participants were
abstinent with Probuphine than buprenorphine/naloxone in all participants that received treatment
(96.4 vs. 87.6; HR: 13.8, 95% Cl 0.018 to 0.0258, p-value = 0.03).°® Furthermore, in a separate
sensitivity analysis in the intent to treat population that were randomized, a higher proportion of
participants were abstinent with Probuphine than buprenorphine/naloxone over the six-month
period (80.5% vs. 66.7%, p= 0.04.°° At six months, a statistically significant greater proportion of
participants were abstinent with Probuphine than buprenorphine/naloxone (85.7% vs. 71.9%;
Hazard Ratio (HR): 13.8, 95%Cl 0.018 to 0.258, p=0.027).%°

The two similar Probuphine trials (Ling 2010 and Rosenthal 2013) differed in the measurement of
abstinence. Ling 2010 measured abstinence as the percentage of a total of 48 urine samples
negative for illicit opioid use during the first 16 weeks, and showed a statistically significantly
greater number of reported opioid-negative samples with the buprenorphine implant than placebo
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(40.4, 95% Cl: 34.2 to 46.7 vs. 28.3 to 95% Cl: 20.3, 36.3).”® Rosenthal 2013 defined abstinence as
the percent of opioid-negative urines during the entire study duration. Rosenthal 2013 found a
statistically significant greater number of reported opioid-negative urine samples in the
buprenorphine implant arm than with the placebo implant (31.2, 95% Cl: 25.3 to 37.1 vs. 13.4, 95%
Cl: 8.3 to 18.6, p<0.0001), yet lower than sublingual buprenorphine/naloxone.

Vivitrol

We found data on abstinence and relapse outcomes in three Vivitrol trials. The abstinence-based
outcome presented in Tanum 2017 was defined as the proportion of the total number of urine drug
tests with no opioid use. Vivitrol was shown to be non-inferior to buprenorphine/naloxone. A
slightly higher proportion of the total number of opioid-negative urine drug tests was found
between Vivitrol and buprenorphine/naloxone (90% vs. 80%, difference = 10%, 95% Cl -0.04 to
0.2).%2 In addition, Krupitsky 2011 showed a statistically significant median proportion of weeks
with confirmed abstinence to be greater for Vivitrol compared to placebo (90.0% vs. 35.0%,
respectively) during weeks five to 24. Confirmed abstinence was defined as a negative urine drug
test and negative self-report for opioid use.?> Also, a significantly higher proportion of participants
with confirmed abstinence occurred with Vivitrol than placebo (35.7% vs. 22.6%, Relative Risk (RR)
=1.58, 95% Cl 1.06 to 2.36, p=0.0224). During weeks three to 24, the X-BOT trial assessed relapse
and showed that a statistically significant higher proportion of participants in the intent-to-treat
group relapsed after 20 days on Vivitrol compared to those on sublingual buprenorphine/naloxone
film (65% vs. 57%, p=0.036).12¢

Diminishing lllicit Use of Opioids

Vivitrol was the only intervention with data on diminishing illicit use of opioids. Results showed
less heroin and other illicit opioid use in Vivitrol participants than for buprenorphine/naloxone,
although not statistically significant. Days spent using intravenous drugs was not found to be
statistically different between the two.

CAM2038
No data on diminishing opioid use were reported in the CAM2038 trial.
Sublocade
No data on diminishing opioid use were reported in the Sublocade trial.

Probuphine

No data on diminishing opioid use were reported in the Probuphine trial.
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Vivitrol

Tanum 2017 was the only key trial reporting on diminishing illicit use of opioids. At 12 weeks,
results showed that participants receiving Vivitrol had fewer mean days of heroin use than those
receiving buprenorphine/naloxone (heroin use: 1.1 vs. 4.1, respectively; mean difference = -3.6,
p=0.003, 95%CI [-6.0 to 1.2]), although differences were not statistically significant for other illicit
opioid use. Its associated 48-week OLE showed a continued decrease in heroin use days and illicit
drug use days.® Evidence on intravenous drug use was mixed; the eight-week trial (Lee 2015)
showed a higher percent of participants with heroin use after release from prison with Vivitrol than
treatment as usual in the first month.®? In contrast, at 24 weeks in Lee 2016, the proportion of
criminal justice offenders using any intravenous drugs was higher in the treatment as usual group
versus Vivitrol, although not significant.

Opioid craving — Visual Analog Scale

No significant differences exist to distinguish CAM2038 and Probuphine from
buprenorphine/naloxone in opioid craving scores. Both Sublocade doses were found to be
significantly better than placebo. Results from one Vivitrol trial show that participants
experienced less cravings for opioids with Vivitrol than buprenorphine/naloxone, but remain
inconclusive due to insufficient data and no reporting of statistical significance.

Opioid craving is generally defined as a desire to use opioids. It is commonly measured with self-
reported questionnaires using the Visual Analogue Scale (VAS). A total of eight studies in our
included study set assessed for opioid craving using the VAS, and they are summarized in Table 3.3.
below.
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Table 3.3. Opioid Craving — VAS Scores* in Key Trials

Study Duration of Treatment Arm Mean VAS Over Duration Mean VAS Change from i
-Value
Study Design Follow-Up Dosage of Follow-Up Baseline o

CAM2038

CAM2038 213 17.3 (SD: 25.5)" NR
Lofwall 201874, RCT 24 weeks NR
Bup/nal, SL

215 17.3 (SD: 25.5)" NR

Sublocade

Sublocade 300mg/100mg 192" NR 2.1 (SE: 1.63) vs. placebo: p=0.0003
Sublocade 300mg/300mg 193" NR -0.9 (SE:1.63) vs. placebo: p<0.0001

Trial 13-0001, RCT 24 weeks

Placebo 96" NR 11.5 (SE: 2.48) -
Probuphine
_ . t.
Probuphine 84 NR 2:3(SD: 11.15)75
-2.7 (SD: 12.58)"
Rosenthal 2016°°, RCT 24 weeks . NS for both
Bup/nal, SL 89 NR -2.8(SD:19.57);
-1.9 (SD: 18.97)*
Vivitrol
Vivitrol 56 0.83 (95% Cl: -0.81 t0 2.43)®* NR
Tanum 2017%%, RCT 12 weeks NR
Bup/nal, SL 49 2.69 (95% Cl: 1.77 to 3.60)° NR

Bup: buprenorphine, mg/d: milligrams per day, nal: naloxone, RCT: randomized controlled trial, SL: sublingual, VAS: visual analog scale

*Qpioid craving measured on 100 mm scale, where 0=no craving and 100=strongest craving, unless otherwise noted;

tMean VAS need-to-use score, where 0=no need and 100=strongest need;

£Mean VAS desire-to-use score, where 0=no desire and 100=strongest desire;

§Craving for heroin, rated on a scale of 0=no craving to 10=very strong;

#Data reported are percentage of patients reporting opioid craving increases, decreases, or no changes compared to baseline, where 0=no craving and 10=strongest craving;
#Number of participants analyzed for outcome.
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CAM2038

Lofwall 2018 showed no differences in opioid cravings between CAM2038 injections and sublingual
buprenorphine/naloxone over 24 weeks. Groups were not compared statistically; however, data
presented in a graph indicates that CAM2038 and buprenorphine/naloxone resulted in identical
Mean VAS scores for opioid craving after 24 weeks of treatment (17.3, SD: 25.5).74 Likewise, both
groups showed a similar trend in VAS scores over the trial duration.

Sublocade

The Sublocade trial showed that participants in both the 300-mg (2.1; difference: 12.4, 95%Cl -17.5
to -7.28, p<0.0001) and 100-mg arm (-0.9 difference: -9.4, 95% Cl -14.56 to -4.30, p=0.0003) craved
opioids statistically significantly less than those receiving placebo.”®

Probuphine

In the Rosenthal 2016 trial, there were no significant differences between Probuphine and
buprenorphine/naloxone in the mean change from baseline of desire-to-use and need-to-use scores
by six months.?® In the two trials (Ling 2010 and Rosenthal 2013) comparing Probuphine to placebo
implants, a statistically significant benefit favoring Probuphine over placebo was seen when
comparing mean VAS scores over 24 weeks (Table 3.3).7%7° Ling 2010 reported a mean VAS scores
of 9.9 (95% Cl: 7.8 to 12.0) versus 15.8 (95% Cl: 12.7 to 18.9) in the buprenorphine and placebo
groups, respectively. Similarly, Rosenthal 2013 reported a mean VAS score of 10.2 versus 21.8 in
Probuphine and placebo implant groups, respectively. Rosenthal 2013 also compared the same
active implant to open-label buprenorphine/naloxone and found no statistically significant
difference between the two treatments.

Vivitrol

One key study of Vivitrol (Tanum 2017) comparing Vivitrol to buprenorphine/naloxone assessed
opioid craving by VAS scale specific to heroin using a 0-10 scale. The study found cravings to be less
intense among participants on Vivitrol compared to the buprenorphine/naloxone arm; however,
the statistical significance of this difference was not reported (Table 3.3).%2

In addition, two placebo-controlled trials of Vivitrol also reported on opioid cravings. The NEW
HOPE trial compared Vivitrol to placebo and reported the percentages of participants reporting
improved, worsened, or stable opioid cravings among a small subset of participants.?’” These results
were not statistically compared. Approximately 10% more participants in the Vivitrol group versus
placebo reported experiencing decreased opioid cravings (43.8% vs. 33.3%, respectively) through 24
weeks of treatment while similar proportions of the Vivitrol and placebo groups reported increased
opioid craving (18.8% vs. 20.0%, respectively) &
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Krupitsky 2011 reported a statistically significant treatment difference in opioid craving by VAS scale
favoring Vivitrol over placebo treatment after 24 weeks of treatment (Vivitrol mean VAS change
from baseline: -10.1, 95% Cl: -12.3 to -7.8; placebo: 0.7, 95% Cl: -3.1 to 4.4).8° Additional data
averaging results from weeks eight to 24 showed similar results (Vivitrol: -9.4, placebo: 0.8).93

Opioid Withdrawal

No significant differences were shown for CAM2038 and Probuphine each in comparison to
buprenorphine/naloxone in the COWS and SOWS scales. Only the higher Sublocade dose arm
showed any significant difference from placebo. There was no COWS or SOWS data for Vivitrol.

The Clinical Opiate Withdrawal Scale (COWS) measures 11 common opioid withdrawal symptoms
administered by clinicians. Higher scores indicate worse clinician-reported withdrawal symptoms.
Four common thresholds are used to indicate mild (5-12), moderate (13-24), moderately severe
(25-36), and severe (scores >36) opioid withdrawal symptoms.

The Subjective Opiate Withdrawal Scale (SOWS) is a self-reported measure for grading 16 common
opioid withdrawal symptoms. Each symptom is graded on a scale of 0 (not at all) to 4 (extremely)
for a total score of 64, where higher scores indicate more severe patient-reported withdrawal
symptoms. Both COWS and SOWS evaluate common opioid withdrawal symptoms including pulse
rate, sweating, restlessness, pupil size, bone and joint aches, gastrointestinal upset, tremors,
yawning, goosebumps, and anxiety or irritability.

Three key trials included in our systematic review measured COWS over 24 weeks. Two studies
reported both COWS and SOWS data; no studies reported only SOWS. Reporting of opioid
withdrawal symptoms was more homogenous than reporting of opioid craving. Neither the COWS
or SOWS scores, however, have an established and/or validated definition of a minimum clinically
important difference, so it is unclear whether the changes reported in the trials summarized below
represent clinically meaningful improvements for patients with OUD.

CAM2038

Lofwall 2018 showed no differences between CAM2038 injections and sublingual
buprenorphine/naloxone over 24 weeks.”* Groups were not compared statistically, however,
graphical data published shows nearly identical weekly (weeks one to 12) or monthly (weeks 12-24)
COWS scores over 24 weeks. COWS data estimated from this graph reported mean COWS scores of
3.3 (SD 3.5) and 2.7 (SD 4.0) for the CAM2038 and sublingual buprenorphine/naloxone groups,
respectively.
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Sublocade

The Sublocade trial showed a significant difference in COWS and SOWS in the 300-mg arm when
compared to placebo (COWS -1.1 vs. -0.1, difference: -1.72 to 0.23, p=0.0101|SOWS -2.0 vs. 0.7;
difference: -2.6, 95% CI -4.32 to 0.90, p=0.0028), but no significant difference in the 100-mg arm.”®

Probuphine

Rosenthal 2016 showed no significant differences in COWS and SOWS from baseline between
Probuphine and buprenorphine/naloxone.®® In addition, two studies — Ling 2010 and Rosenthal
2013 - evaluated buprenorphine implants versus placebo.”®’® Both studies showed buprenorphine
implants were statistically superior compared to placebo implants over 24 weeks of treatment in
COWS (2.49 vs. 4.52, p<0.001) and SOWS scores (5.30 vs. 8.42, p<0.0001). As noted above,
Rosenthal 2013 also included an open-label buprenorphine/naloxone group.”® Exploratory analyses
showed buprenorphine implants was associated with worse withdrawal symptoms compared to
open-label buprenorphine/naloxone (COWS 2.49 vs. 1.71, p=0.0005; SOWS 5.30 vs. 2.83, p=0.0006).

Vivitrol
There was no evidence on COWS or SOWS in the key trials of Vivitrol.
Health-Related Quality of Life and Other Outcomes

Evidence on health-related quality of life and patient specific outcomes were reported only in
trials of Vivitrol. Results showed an overall increase in quality of life in patients receiving Vivitrol
than with placebo. Patient satisfaction with treatment occurred more with Vivitrol than with
buprenorphine/naloxone.

CAM2038

No data on health-related quality of life, incidence of infectious diseases, functional outcomes,
employment-related outcomes, or patient-specific outcomes were reported in the CAM2038 trial.

Sublocade

No data on health-related quality of life, incidence of infectious diseases, functional outcomes,
employment-related outcomes, or patient-specific outcomes were reported in the Sublocade trial.

Probuphine

No data on health-related quality of life, incidence of infectious diseases, functional outcomes,
employment-related outcomes, or patient-specific outcomes were reported in the Probuphine trial.
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Vivitrol

Health-related quality of life was measured only in the Vivitrol placebo-controlled trial. This was
assessed using the 36-item short form health survey (SF-36) and the VAS self-rating assessment of
patients’ general health EuroQol-5 dimensions questionnaire.®> In the 24-week trial, the difference
in mean change from baseline in patients’ VAS assessments showed a statistically significant
increase in general health with Vivitrol when compared to placebo (14.1 vs. 2.7, difference of 11.4,
p-value = 0.0005, 95% Cl 5.0-17.8).8> The mean score for the mental component of SF-36 was also
higher in the Vivitrol arm than the placebo arm (50.37 vs. 45.28; difference of 5.09 95%Cl 2.09 to
8.09; p-value not reported).®

In addition, patient satisfaction was assessed in one of the key trials of Vivitrol (Tanum 2017).
Tanum 2017 measured satisfaction with treatment by the visual analog scale (VAS) with 0 indicating
very low and 10 indicating very high. By 12 weeks, participants’ satisfaction with treatment was
shown to be higher among participants receiving Vivitrol than those receiving
buprenorphine/naloxone (8.61, 95% Cl 7.95 to 9.21 vs 3.66, 95% Cl 2.93 to 4.35; p-value not
reported).??

No data on incidence of infectious diseases, functional outcomes, and employment-related
outcomes were reported in the Vivitrol trials that met our inclusion criteria.

Healthcare Utilization

Limited data was reported on healthcare utilization, and only for Vivitrol. Evidence from
available trials found no differences in healthcare utilization between Vivitrol and treatment as
usual. Results from one observational study showed reduced inpatient admissions with Vivitrol.

Healthcare utilization was reported in a post-hoc analysis of Lee 2016.57°2 During the 24-week
treatment phase of the study, healthcare utilization, defined as participants with any ED visits or
hospital admissions, did not significantly differ between patients randomized to Vivitrol and
treatment as usual (31.5% vs. 35.0%, respectively).”* When stratified by healthcare utilization type,
there also were no significant differences in the percentages of participants randomized to Vivitrol
and treatment as usual with drug detox hospitalizations (2.7% vs. 2.1%), psychiatric hospitalizations
(1.4% vs. 3.5%), and ED visits (25.3% vs. 28.0%).°* However, significantly fewer patients randomized
to Vivitrol had medical or surgical hospitalizations compared to patients randomized to treatment
as usual (6.9% vs. 14.0%; IRR=0.37 95% Cl: 0.16, 0.88; p=0.02).%*

We also identified one observational study assessing healthcare utilization among cohorts of
patients with OUD receiving treatment with Vivitrol (n=1,014), non-specific buprenorphine
(n=20,566), and nonpharmacological therapy (n=6,883).>> Comparing the 12-month period before
treatment (baseline) to the 12-month period after starting treatment (follow-up), the mean number
inpatient admissions was reduced by -46.6%, -20.8%, and -15.1% in the Vivitrol, buprenorphine, and
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nonpharmacological therapy cohorts, respectively (p<0.05 baseline vs. follow-up for all); the study
did not report the statistical significance of the differences among the cohorts. The mean days in
inpatient care was significantly reduced in the Vivitrol (-56.8%) and buprenorphine cohorts (-8.8%)
(p<0.05 baseline vs. follow-up for both) but not in the nonpharmacological therapy cohort (-0.6%).
In addition, the number of ED visits was reduced by 26.1% in the Vivitrol cohort, 13.3% in the
buprenorphine cohort, and 15.5% in the nonpharmacological therapy cohort (p<0.05 baseline vs.
follow-up for all).

Harms

Serious adverse events were generally low and similar in trials of CAM2038, Probuphine, and
Vivitrol in comparison to buprenorphine/naloxone and in the Sublocade trial. Discontinuation
due to adverse events was not reported in most trials. Results from one Vivitrol trial showed that
similarly low numbers of participants discontinued when compared to buprenorphine/naloxone.
The most common adverse events reported in the trials were injection/implant site pain,
gastrointestinal issues, headaches, and insomnia.

In the CAM2038 trial (Lofwall 2018), the incidence of serious adverse events (SAEs) occurred in 2.3%
of participants receiving CAM2038 arm versus 6% of those receiving sublingual
buprenorphine/naloxone at 24 weeks (see Table 3.4 below). Discontinuation due to adverse events
was not reported. Although no participant died from overdose, there was one unrelated death in
the buprenorphine/naloxone arm of the trial. The most commonly occurring AEs in the CAM2038
arm (see Table 3.4 below) were injection-site pain, injection-site pruritus and erythema, headache,
constipation, and nausea. Additional AEs of urinary tract infection and insomnia occurred in the
buprenorphine/naloxone arm.”

Data from Trial 13-0001 showed SAEs occurring in <5% of participants in the 300 mg Sublocade arm
versus 2% of participants in the 100 mg arm and 5% in the placebo arm. One death occurred in the
300 mg Sublocade arm unrelated to overdose. Discontinuation due to AEs was unreported. The
most common AE in the Sublocade arms were similar to CAM2038, and included gastrointestinal
disorders, injection site pruritus and pain, upper respiratory tract infections, nasopharyngitis,
headache, and insomnia.

In the 24-week Probuphine key trial,*° similar proportions of participants had an SAE (Probuphine:
2.3% vs. placebo: 3.4%). The other trials showed similar results of SAE occurrence in comparison to
placebo, except Ling 2010, who had a higher rate of SAEs occurring in the placebo arm (see Table
3.4 below).”®”® There was a reporting of one accidental pediatric exposure in the
buprenorphine/naloxone arm that led to the notification of child protective services.’® Deaths were
unreported in Rosenthal 2016. However, deaths occurred in the Rosenthal 2013 trial and were
overdose-related (Probuphine: 0 vs. placebo implant: 1).”° Discontinuation due to adverse event

Olnstitute for Clinical and Economic Review, 2018 Page 46
Draft Evidence Report - MAT in Patients with OUD Return to Table of Contents




was unreported in any trial. The most common AEs were related to the implant site (erythema,
itching, pain), headaches, gastrointestinal problems, and nasopharyngitis.

At 24 weeks, the X-BOT had an incidence of serious AEs with 14% and 11% on the Vivitrol arm and
sublingual buprenorphine/naloxone arm, respectively.®® Six participants discontinued due to the
occurrence of an AE in the Vivitrol arm, while eight discontinued in the placebo arm. Out of the five
total fatalities that occurred, two were in the Vivitrol arm with the other three in the
buprenorphine/naloxone arm. Overdose deaths occurred with two of the three participants in the
Probuphine arm and three of the four in the buprenorphine/naloxone arm.2 With no deaths
occurring in the Tanum 2017 trial, a similar proportion of participants had a serious AE occur in the
Vivitrol arm (8.5%), whereas it was lower in the buprenorphine/naloxone arm (4.2%) at 12 weeks.®?
Discontinuation due to AE was not reported in this trial. The most common AEs (also reported in
four other trials of Vivitrol versus usual treatment or placebo) were insomnia, psychiatric disorders
(anxiety and depression symptoms), and injection site problems.

the overdose deaths occurred within 28 to 56 days after the last reported Vivitrol dose.’” However,
it is unclear whether this time interval corresponds to a biological rebound risk of overdose.

Table 3.4. % of SAE, Discontinuation due to SAE (%), and Deaths

SAE, n (%) Discontinued Due to AE, n (%) Death, n (%)

CAM2038 (Lofwall 2018) 7

CAM2038 5(2.3) 7 (3.3) 1(0.5)
Bup/Nal 13 (6.0) 3(1.4) 0
Trial 13-000175

Sublocade (300mg/300mg) [WAEHR) 5.0 (due to TEAE) 1(0.5)
Sublocade (300mg/100mg) R:XbPX0)} 3.4 (due to TEAE) 0
Placebo 5 (5.0) 2.0 (due to TEAE) 0

Buprenorphine Implant®

Probuphine 2(2.3) 1(1.1) NR
Placebo 3(3.4) 0 NR
X-BOT®!

Vivitrol 29 (14) NR 2 (0.7)
Treatment as Usual 29 (11) NR 3(1.0)
Tanum 2017%2

Vivitrol 8.5 NR 0
Bup/Nal 4.2 NR 0
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Table 3.5. 25% AEs

Headache | Nasopharyngitis Injection Site Injection/Implant Site Pain . Insomnia
Depression (%) Gl Upset (%)
(%) (%) Problems (%) (%) (%)

CAM2038 (Lofwall 2018)7*

6.1 (pruritus); .
CAM2038 7.5 NR 8.9 NR 5.6 7.5 (constipation); 7.0 (nausea)
5.6 (erythema)

6.8 (pruritus); L.
Bup/Nal 7.9 NR 7.9 NR 2.8 7.4 (constipation); 7.9 (Nausea)
5.6 (erythema)

Trial 13-00017°

Sublocade . 8.0 (constipation), 8.0 (nausea), 5.5
8.5 9.5 (pruritus) 6.0 NR 8.5 .
(300mg/300mg) (vomiting)
Sublocade . 9.4 (constipation); 8.9 (nausea); 9.4
9.4 6.4 (pruritus) 4.9 NR 6.4 .
(300mg/100mg) (vomiting)
Placebo 6.0 4.0 (pruritus) 3.0 NR 11 0 (constipation), 5 (nausea), 4 (vomiting)

Buprenorphine Implants®

Probuphine . NR 13.8 6.9 NR 8.0
Placebo ’ ; NR 7.9 2.2 NR 1.1
Lee 20165

Vivitrol . 27.5 NR 13 7.2 18.3
Treatment As

(VHTE]

8.4 11 NA NR 7.1 5.2 1.9

Tanum 201782

. 16.9 (anxiety or
Vivitrol 5.6 NR . 113 NR
depression)

8.3 (anxiety or

Bup/Nal 0 NR . 4.2 NR
depression)
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Comparator Evidence
Methadone and Buprenorphine/Naloxone

We did not conduct a systematic search for methadone or buprenorphine/naloxone; rather, we
identified and summarized previous systematic reviews published by Cochrane and CADTH, as listed
below:

e Methadone maintenance therapy versus no opioid replacement therapy for opioid
dependence®
e Buprenorphine/naloxone versus methadone for the treatment of opioid dependence®

We were unable to identify a systematic review for buprenorphine/naloxone in comparison to no
active treatment. Therefore, we summarized the results from the sole placebo-controlled trial of
buprenorphine/naloxone.'® Fudala et al. was a multicenter, placebo-controlled trial including 326
patients with OUD (DSM-IV). Patients were randomly allocated to treatment with sublingual tablets
of buprenorphine/naloxone, buprenorphine alone, or placebo for four weeks. The trial was
terminated early because buprenorphine/naloxone and buprenorphine alone showed much greater
efficacy than placebo. After four weeks, 268 patients from the placebo-controlled phase and 193
newly-enrolled patients entered a 48- and 52-week open-label safety study of
buprenorphine/naloxone, respectively. We also highlighted findings from a systematic review of
randomized controlled trials of buprenorphine-containing formulations to supplement the results
from Fudala et al.1%L. This systematic review evaluated the efficacy of the buprenorphine-
containing formulations at low (2-6 mg), medium (7-15 mg), and high doses (216 mg) compared to
placebo. We summarized results for the medium and high dose levels as the doses of
buprenorphine in Fudala et al. and the key trials in our review are within the medium and high dose
range.

Mortality

Four studies included in the 2009 Cochrane systematic review of RCTs comparing methadone
maintenance treatment to therapies not involving opioid agonists (i.e., placebo, detoxification,
nonpharmacological therapy, wait-list controls) for the treatment of OUD reported the number of
deaths among patients. Three out of 287 (1%) patients on methadone maintenance treatment and
eight out of 289 (2.8%) patients receiving no opioid agonist therapy had died at one to 36 months of
follow-up.®® Five of the eight deaths associated with no opioid agonist therapy resulted from fatal
overdoses, and the causes for the other three deaths were not reported. At three years of follow-
up, only one of the three deaths associated with methadone maintenance treatment resulted from
an alleged overdose.'? Results from the meta-analysis showed methadone maintenance treatment
was associated with a lower likelihood of mortality, but the results were not statistically significant
(risk ratio [RR]: 0.48; 95% Cl: 0.10 to 2.39).%®
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We did not find any information from systematic reviews on buprenorphine/naloxone compared to
no active treatment or methadone in the ability to prevent deaths.

All-Cause Discontinuation/ Study Retention

The 2009 Cochrane systematic review found methadone maintenance treatment to be more
effective in retaining patients in treatment compared to therapy with no opioid agonists. To
analyze treatment retention, the authors of this review stratified the included studies by those
conducted before and after 2000. Treatment retention was found to be significantly higher with
methadone maintenance treatment compared to no opioid agonist therapy in the older studies at
six to 32 weeks (68.1% vs. 25.1% RR: 3.05; 95% Cl: 1.75 to 5.35, three studies, 505 patients);
benefits were greater in the newer studies at four to 24 weeks (73.4% vs. 16.4%; RR: 4.44; 95% Cl:
3.26 to 6.04, four studies, 750 patients).®

In Fudala et al, 10.1% of patients receiving buprenorphine/naloxone, 3.8% receiving buprenorphine,
and 11.0% receiving placebo discontinued from the four-week placebo-controlled trial; reasons for
discontinuation were not reported.!® Of the 472 patients assessed for safety in the 48- and 52-
week open-label phase of Fudala et al., 385 (81.6%) patients received at least eight weeks and 261
(55.3%) patients received at least six months of treatment with buprenorphine/naloxone.’® The
2014 Cochrane systematic review and meta-analysis of randomized controlled trials of
buprenorphine-containing formulations showed treatment with buprenorphine-containing
formulations was associated with significantly higher treatment retention compared to placebo at
medium doses (65.3% vs 37.6% RR: 1.74; 95% Cl: 1.06 to 2.87, four studies, 887 patients) at two to
48 weeks and high doses (65.5% vs. 39.7% RR: 1.82; 95% Cl: 1.15 to 2.90, five studies, 1,001
patients) at four to 48 weeks.10?

Five studies summarized in the 2016 CADTH review comparing buprenorphine/naloxone and
methadone reported the percent of patients completing treatment with methadone and
buprenorphine/naloxone. Three of these studies measured retention at six months and found
methadone retained between 46.4% and 74.1% of patients and buprenorphine/naloxone retained
between 30.3% and 46.1% of patients;'%31% two of these studies reported statistical significance
favoring methadone (p<0.01).103:105

Opioid Abstinence

The 2009 Cochrane systematic review found methadone maintenance treatment to be effective in
reducing heroin use compared to no opioid agonist therapy. A meta-analysis of six trials including
1,129 patients showed 45.7% of patients on methadone maintenance therapy versus 66.5% of
patients on no opioid agonist therapy had positive hair or urine analysis at four to 16 weeks of
follow-up (RR: 0.66; 95% Cl: 0.56 to 0.78).%
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In Fudala et al., buprenorphine alone and buprenorphine/naloxone both reduced use of opioids as
measured by urine tests. At four weeks, the percent of negative urine samples was 17.8% in the
buprenorphine/naloxone arm and 20.7% in the buprenorphine alone arm compared to 5.8% in the
placebo arm (p<0.001 for both vs. placebo).!®® The overall rate of opioid-negative urine samples
increased during the open-label study to 67% at week 52.1%° The 2014 Cochrane meta-analysis
showed maintenance treatment with buprenorphine significantly reduced the use of opioids as
measured by the percent of positive urine tests compared to placebo at high doses (standardized
mean difference [d]: -1.17; 95% Cl: -1.85 to -0.49; three studies; 729 patients) at four to 48 weeks
but not at medium doses (d: -0.08 95% Cl: -0.78 to 0.62; two studies; 463 patients) at two to 16
weeks. 101

Seven of the 10 studies included in the 2016 CADTH review measured the use of opioids with urine
tests. These studies presented mixed evidence on the efficacy of buprenorphine/naloxone and
methadone in reducing illicit use of opioids. Five of these studies found patients treated with
buprenorphine/naloxone were less likely to test positive for opioids compared to patients receiving
methadone, with two studies finding statistical significance. A longitudinal one-year study including
3,812 outpatients with OUD reported 47% of patients receiving buprenorphine/naloxone compared
to 70% of patients receiving methadone had opioid- and cocaine-positive urine samples at one year
of follow-up (p<0.001).1% Also, a 12-week randomized controlled trial reported that the percentage
of urine tests positive for opioids was 0.2% for patients treated with buprenorphine/naloxone
versus 1.5% for patients treated with methadone (p=0.03).1%” The remaining two of the seven
studies found patients receiving methadone were less likely to test positive for opioids compared to
patients treated with buprenorphine/naloxone, with one study reporting statistical significance; this
open-label extension of a randomized controlled trial of methadone versus
buprenorphine/naloxone followed 795 patients for up to five years (average 4.5 years) and found
42.8% versus 31.7% of buprenorphine/naloxone and methadone patients, respectively, had positive
urine samples at follow up (p<0.01),103108

Controversies and Uncertainties

As outlined in the section on comparability of evidence, differences in trial designs, population
selection, comparators, and outcome measures precluded formal comparisons between the
different extended-release formulations. All four formulations also differ in their labeled or
potential treatment indications; for example, only CAM2038 has the possibility of starting OUD
treatment directly after diagnosis. Sublocade and Probuphine must be preceded by daily
transmucosal use of buprenorphine and Vivitrol by a period of medically supervised opioid
withdrawal. Probuphine implants should be used for patients on maintenance treatment with a
transmucosal buprenorphine-containing product delivering a low to moderate dose, the
equivalence of buprenorphine 8 mg or less per day. The effective required buprenorphine dosage
for most patients is between 12 and 16 mg daily, therefore only patients who can tolerate such
doses may be suitable for Probuphine implants.
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Various outcome measures were used in the aforementioned trials on MATs. Outcome measures
are based on different calculations of negative urine samples, without any data on relapse or type
of opioid use, except for some trials involving Vivitrol (Appendix Table D5). It is not certain to which
degree different rates of negative urine samples constitute a meaningful measure of success, even
for the short duration of the trials.

The lack of any clear guidance on how to obtain the opioid-free state needed for starting Vivitrol
makes comparisons between the evidence for the extended-release agonist formulations and the
extended-release antagonist formulation very difficult. Head-to-head trials of agonist formulations
should be possible, but have not yet been conducted.

In the real world, OUD patients often present with important psychiatric comorbidities, such as
depression, post-traumatic stress disorder, and personality disorders.?> Patients with psychiatric
comorbidities are largely excluded from the trials (refer to Appendix Table D2), thus limiting their
generalizability. This is not limited to the evidence on extended-release formulations, but present
in the evidence base for all MAT treatments.2%°

As noted by SAMHSA in the 2018 TIP, no evidence clearly predicts which patients are best treated
with Vivitrol versus methadone or buprenorphine formulations.?° The treatment sequences for
different subpopulations with OUD cannot be based solely on the available evidence, but rather
must be informed by clinical knowledge and the local context.

The evidence on the use of the extended-release formulations is subject to the same general
limitations as for the other medications for OUD. It is not yet known if or when to best taper these
medications, 2° and evidence is lacking on the added value of the different types of counseling and
psychosocial support required by the FDA label and best practices.?®

Finally, but no less importantly, the current research also focuses on short-term outcomes and does
not provide any evidence of observed reductions or patient control of drug use that are of clinical
and social benefit, even if opioid use has not completely stopped.3>*” In addition, questions around
the impact of extended-release formulations on critically important outcomes, such as overdose
and other OUD-associated mortality, health-related quality of life, work productivity, educational
attainment, and incarceration have largely gone unanswered by the evidence currently available.

3.4 Summary and Comment

Using the ICER Evidence Matrix (Figure 3.1), we assigned evidence ratings independently for each of
the MATSs of focus when evidence from clinical trials showed comparisons to
buprenorphine/naloxone or placebo for study participants with OUD being considered for MAT.
Below, we provide a summary of the evidence for each MAT (see Table 3.6); given that most MAT
formulations have showed incremental benefits in comparison to placebo controls, however, our
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focus in these ratings is in comparison to active treatment with transmucosal

buprenorphine/naloxone.
Figure 3.1. ICER Evidence Rating Matrix

Comparative Clinical Effectiveness

High
Certainty D

Moderate
Certainty p /l

&
A

Level of Certainty in the Evidence

Negative Comparable Small Substantial
Net Benefit Net Benefit Net Benefit Net Benefit

Comparative Net Health Benefit

A = “Superior” - High certainty of o substantial (moderate-large) net health benefit

B = “Incremental” - High certainty of a small net health benefit

€ = “Comparable”- High certainty of a comparable net health benefit

D = “Negative”- High certainty of an inferior net health benefit

B+ = "Incremental or Better” - Moderate certainty of a small or substantial net health benefit, with high

certainty of at least a small net health benefit
C+ = “Comparable or Better” - Moderate certainty of o comparable, small, or substantial net health benefit,

with high certainty of ot least a comparable net health benefit

P/l = “Promising but Inconclusive” - Moderate certainty of a comparable, small, or substantial net health
benefit, and a small {but nonzero) likelihood of o negative net health benefit

C- = "Comparable or inferior” - Moderate certainty that the point estimate for comparative net health
benefit is either comparable or inferior

I = “Insufficient™ - Any situation in which the level of certainty in the evidence is low

Table 3.6. Evidence Ratings (Versus Transmucosal Buprenorphine/Naloxone)

Comparisons Evidence Rating

CAM2038 C+
Sublocade |

Probuphine P/l
Vivitrol C
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CAM2038

Evidence for CAM2038 is comprised of one 24-week Phase Il trial in comparison to
buprenorphine/naloxone. Data was limited on clinical outcomes due to the limed number of trials
available for synthesis. Due to the trial design, results showed CAM2038 to be non-inferior to
buprenorphine, but not significantly different in abstinence, opioid craving, and opioid withdrawal.
Similarly, while discontinuation rates were high, they did not differ between the active arms, and
safety profiles were also comparable. For participants with OUD being considered for MAT, we
have moderate certainty that CAM2038 provides a small, or substantial net health benefit given the
increased convenience and provider interaction associated with subcutaneous injections, but high
certainty that it is at least comparable as it is a buprenorphine-containing treatment. Therefore, we
consider the evidence on CAM2038 to be comparable or better (C+).

Sublocade

Evidence for Sublocade is limited to one 24-week Phase Il trial compared to placebo. Presently,
there are no head-to-head trials comparing Sublocade to buprenorphine/naloxone. Therefore, we
consider the evidence on Sublocade compared to buprenorphine/naloxone to be insufficient (l). In
the trial comparing Sublocade and placebo, Sublocade was shown to significantly improve
abstinence, opioid craving, and opioid withdrawal relative to placebo. However, limited data exists
from one trial of short duration. For participants with OUD being considered for MAT, we have
moderate certainty of a small or substantial net health benefit with high certainty of at least a small
net health benefit. Therefore, we consider the evidence on Sublocade in comparison to placebo to
be incremental or better (B+); as mentioned above, however, the comparisons of most policy
import are those to active treatment with transmucosal buprenorphine/naloxone.

Probuphine

Evidence for Probuphine compared to buprenorphine/naloxone comprises two 24-week Phase Il
trials, although only one was considered key. Due to the inclusion criteria and trial design, the
populations in the trials may be different from the general population being considered for MAT.
The key trial included only participants who were clinically stable and receiving buprenorphine
tablets for at least 24 weeks before the trial. Additionally, the other trial excluded participants with
severe opioid withdrawal symptoms and cravings, which may have inflated the reported benefits of
Probuphine on abstinence outcomes in this trial. No significant differences were found for opioid
craving and opioid withdrawal. Similar rates of discontinuation occurred between both active arms,
along with similar proportions of serious adverse events. For participants with OUD being
considered for MAT, we have moderate certainty of a comparable or small net health benefit.
However, we have concerns that the study population may not be reflective of the more general
population being considered for MAT. Therefore, we consider the evidence on Probuphine in
comparison to buprenorphine/naloxone to be promising but inconclusive (P/I).
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Vivitrol

Evidence for Vivitrol compared to buprenorphine/naloxone consists of data derived from two trials:
one 24-week Phase IV trial, and one shorter 12-week Phase lll trial. Due to the trial design, results
show that Vivitrol is non-inferior to buprenorphine/naloxone on a variety of abstinence outcomes.
However, a higher rate of relapse was seen in Vivitrol compared to buprenorphine/naloxone.
Results showed a significant reduction only in heroin use, but not for the use of other illicit opioids.
A higher rate of discontinuation was found during induction with Vivitrol than
buprenorphine/naloxone, which speaks to the difficulties encountered in attempts to successfully
withdraw from all opioid use. In terms of safety, serious adverse events were similar between both
active arms. However, while not a phenomenon observed during the clinical trials, the label for
Vivitrol warns against the increased risk of opioid overdose deaths based on spontaneous post-
marketing adverse event reporting.

Yet, Vivitrol remains the only extended-release MAT option with the potential to wean those
dealing with OUD completely off of opioids. In addition, Vivitrol has the most mature evidence base
of any of the treatments of focus for this review. Differences observed between Vivitrol and
buprenorphine/naloxone are due at least in part to differences in treatment intent and goals.
Therefore, we considered the evidence on Vivitrol in comparison to buprenorphine/naloxone to
have high certainty of a comparable net health benefit (C).
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4. Long-Term Cost Effectiveness

4.1 Overview

The primary aim of this analysis was to estimate the lifetime cost-effectiveness of MATs among a
cohort of patients who were considered for OUD treatment, from a US health care sector
perspective. A decision-analytic approach was employed. The model compared buprenorphine
extended-release subcutaneous injections (CAM2038 [investigational] and Sublocade), extended-
release injectable naltrexone (Vivitrol), and buprenorphine subdermal implant (Probuphine), to a
transmucosal buprenorphine/naloxone, specifically generic sublingual (SL)
buprenorphine/naloxone. We decided against a “no treatment” comparator given the target
population of interest, as well as the availability of a common active comparator. Quality-adjusted
survival and health care costs were summed over a five-year time horizon for each treatment
option. We deviated from the ICER Reference Case life-time horizon because of relatively high rates

of treatment discontinuation and restart in the MAT environment. While previous models have
employed even shorter time horizons,*'%'1! we used a five-year horizon to help capture potential
downstream effects of MATs. Costs and outcomes were discounted at 3% per year. Incremental
outcomes and costs were calculated comparing each intervention to SL buprenorphine/naloxone.
The model was developed in héRo3** with some components of the model, such as survival
distributions, developed in RStudio (version 1.1.442).

héRo3 is a Web-based, health economic modeling platform that supports the development of both
Markov cohort and partitioned survival models (Policy Analysis Inc., Brookline, MA). Calculations in
héRo3 are performed in the programming language, R, using an open-source health-economics
modeling package, called “heRomod” (https://github.com/PolicyAnalysisinc/heRomod), that runs

on a cloud-based platform. heRomod is a modified version of the open-source, health-economics
modeling package, HEEMOD (http://cran.r-project.org/package=heemod). An extensive set of unit

tests is available to validate calculations of the modeling package. Further details on héRo3
activities and functions are available in Appendix E.

4.2 Methods

Model Structure

We developed a de novo decision analytic model for this evaluation, informed by key clinical trials
and prior relevant economic models. The base case analysis took a health care sector perspective
and thus focused on direct medical care costs only. Costs and outcomes were discounted at 3% per
year. The analytic framework for this assessment is depicted in Figure 4.1.
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Figure 4.1. Model Schematic
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Patients in comparator arms of individual treatments enter the model in health states in the same manner as their
respective interventions.

4.1B. Markov Model
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The model focused on an intention-to-treat cohort of OUD patients attempting to initiate treatment
with MAT at model entry. Model cycle length was set at one month, reflecting prior economic
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models evaluating MATs.11%11! We acknowledge that treatment duration with Vivitrol and
Probuphine tend to be shorter compared to those with other MATSs that are meant to be
maintenance therapies. We hence modeled shorter time-horizons in scenario analyses, while
keeping the base-case time horizon at five years.

Initial treatment pathways differed for each intervention based on trial design and FDA label, and
patients were assigned initial state probabilities accordingly (Figure 4.1A). For CAM2038, patients
who tolerate an initial dose of 4 mg buprenorphine/naloxone initiate therapy on day one of the
model with a maximum dose of 8 mg generic SL buprenorphine/naloxone, followed by trial-based
doses of CAM2038 injections.'*? Sublocade patients undergo a “run-in” phase during which they
are stabilized on 8-24 mg per day of transmucosal buprenorphine product for 11 days, aligning with
the mean run-in phase in the Sublocade trial.}'* For Vivitrol, patients undergo a detoxification
period (completely opioid-free) for seven days prior to initiating treatment with Vivitrol, aligning
with the FDA label and one of the three detoxification regimens in the key trial.**#1> For
Probuphine, patients were required to be “clinically stable” for at least three months on <8 mg per
day of a buprenorphine-containing product prior to Probuphine implant insertion, as seen in its FDA
label and key trial.}*®'17 Details on initial state probabilities based on success/failure of the pre-
MAT treatment rules are presented below in Table 4.1.
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Table 4.1. Intention to Treat Analysis: Intervention-Specific Initial Health State Probabilities,
Based on Run-In/Detoxification/Stabilization Protocols from Key Clinical Trials

MAT with NO OFF MAT with OFF MAT with
Illicit Use of lllicit Use of NO lllicit Use
Opioids Opioids of Opioids

MAT with lllicit
Use of Opioids

CAM2038*112

Sublocade™!?

Generic SL
Buprenorphine/Naloxone*!!118

Vivitrol#11

Generic SL

Buprenorphine/Naloxone*'!*

Probuphine$!’ 0 0.891° 0.109% 0
Generic Buprenorphine/Naloxone$'” [N] 0.891% 0.109% 0
*4 mg buprenorphine/naloxone testing for tolerance to buprenorphine product. Percentage tolerance calculated

as per pre-randomization data across both treatment arms.

tTEleven-day ‘run-in’ period with 8-24 mg per day of transmucosal buprenorphine. Dose chosen for the model
during “run-in” phase was 16 mg per day.

$Seven-day opioid detoxification period.

§Three-month period of being ‘clinically stable’ on <8 mg per day of transmucosal buprenorphine-containing
product. Dose chosen for the model during “clinically stable” phase was 8 mg per day and ‘clinically stable’ was
assumed as abstinent from illicit use of opioids. Percentage “clinically stable” calculated as per pre-randomization
data across both treatment arms.

Note that patients do not need to be in complete opioid withdrawal when initiating treatment with
CAM2038 and Sublocade. In the CAM2038 arm, patients who tolerated the 4 mg
buprenorphine/naloxone test dose started the model in the “MAT with lllicit Use of Opioids” health
state while those who did not entered the model in the “OFF MAT with lllicit Use of Opioids” health
state. The proportion of patients who successfully completed a “run-in” phase with Sublocade
entered the model in the “MAT with Illicit Use of Opioids” health state, while those who fail this
“run-in” phase entered the model in the “OFF MAT with lllicit Use of Opioids” health state. For
both treatments, patients transitioned to “MAT with NO lllicit Use of Opioids” from “MAT with lllicit
Use of Opioids” health state as they abstained from illicit opioid use, defined as a negative urine
sample for opioids plus self-reporting of no illicit use of opioids, or to “OFF MAT with lllicit Use of
Opioids” health state due to MAT discontinuation. For CAM2038, Sublocade and relevant generic
SL buprenorphine/naloxone, the proportion of discontinuation of MATs from the “MAT with NO
llicit Use of Opioids” and “MAT with Illicit Use of Opioids” to the “OFF MAT” health states were
assumed the same, and were based on the “illicit use of opioid” status at the time of
discontinuation among patients in the Sublocade trial. Patients successful at detoxification prior to
initiating Vivitrol treatment entered the model in the “MAT with NO lllicit Use of Opioids” health
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state, while those who did not complete the detoxification period entered the model in the “OFF
MAT with Illicit Use of Opioids” health state. Similarly, for Probuphine, patients “clinically stable” at
three months on <8 mg per day on a buprenorphine-containing product entered the model in the
“MAT with NO lllicit Use of Opioids” health state, while those not “clinically stable” over the same
period entered the model in the “OFF MAT with Illicit Use of Opioids” health state. Relapse in the
Vivitrol and Probuphine trials is defined by a positive opioid urine sample. Upon relapse, patients
enter the “OFF MAT with lllicit use of Opioids” health state. For Probuphine, upon relapse to illicit
use, patients are modeled such that they enter the “MAT with lllicit Use of Opioids” health state if
relapse occurs within six months of implant insertion, and once implant is removed after the six-
month period, all relapsed patients transition to the “OFF MAT with lllicit Use of Opioids” health
state. The implant can be removed only at 24 weeks following implant insertion, thus effectively
rendering 0% discontinuation for the first six months when using the implant. We found no
evidence on immediate removal of implant upon relapse to illicit use of opioids.

As Vivitrol is an opioid antagonist and blocks other opioids from binding to opioid receptors, a
relapse (failure of abstinence from illicit opioid use) is considered equivalent to MAT
discontinuation, with patients transitioning from “MAT with NO lllicit Use of Opioids” to “OFF MAT
with Illicit Use of Opioids.” Since patients on Vivitrol have not been taking an opioid or opioid
agonist for a period of time (because they are taking an opioid antagonist), there is an increased
sensitivity (decreased tolerance) to opioids, resulting in an increased risk of mortality from opioid
overdose among patients relapsing to illicit use. However, we found no robust data on this
increased risk for mortality, so did not attempt to model this. For those treated with Probuphine,
although “clinically stable” could mean illicitly abusing at least low doses of opioids while on <8 mg
per day of buprenorphine-containing product, our model considered “clinically stable” as abstinent
from illicit opioid use. Patients not “clinically stable” were defined as those who did not meet
inclusion criteria pre-randomization in the trial.!*” The label also indicates use of Probuphine for no
longer than six months in one arm, after which a new implant can be administered subdermally in
the contralateral arm, but only if the new implant is administered immediately after the previous
implant has been removed.!'® However, treatment efficacy using a second set of implants has not
been studied. Thus, for patients abstinent from illicit opioid use on Probuphine at the end of the
six-month implant period, the next intervention in the treatment pathway was assumed to be
generic SL buprenorphine/naloxone. Beyond the six-month duration of the implant, patients
followed the same pathway as those who have been treated with generic SL
buprenorphine/naloxone for nine months, depending on which health state they were in at the
time of implant removal.

The comparator treatment versus each intervention is SL buprenorphine/naloxone and it follows
the same rules associated with initial state probabilities as the interventions when entering the
Markov model. The comparator was attributed trial-specific efficacy and discontinuation, except in
the case of comparison with Sublocade, where efficacy of SL buprenorphine/naloxone was assumed
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the same as SL buprenorphine/naloxone in the CAM2038 trial while SL buprenorphine/naloxone’s
discontinuation rate was derived from a network meta-analysis (NMA). Comparator price was
based on generic formulations of SL buprenorphine containing product.

In all treatment arms, patients could discontinue MAT when not illicitly using opioids and could
move to one of two health states: (1) “OFF MATs with NO illicit use of opioids,” occurring in an
assumed 10% of all patients who remained in the “MAT with NO illicit use of opioids” health state
for at least 12 months; or (2) “OFF MAT with illicit use of opioids,” among all other patients. Once
in the “OFF MAT with NO illicit use of opioids” or “OFF MAT with illicit use of opioids” health state,
we assumed that patients could not re-enter either the “MAT with illicit opioid use” or “MAT with
NO illicit use of opioids” health states in the model (Figure 4.1B). Patients remained in the model
until death. All patients could transition to death from all causes from any of the alive health
states. In addition, patients could die from opioid overdose in health states where they illicitly use
opioids.

Target Population

The populations of focus for this review generally included adults diagnosed with opioid use

disorder seeking MAT. Base case population characteristics in the trials were reasonably similar in
age and gender ratio. Trial populations varied mostly by type of OUD (prescription or injectables).
We therefore used a weighted average from all key trials considered for this analysis to derive the

percentage of patients with illicit prescription opioid use and injection drug use (Table
4.2).112,113,115,117,118

Table 4.2. Base Case Model Cohort Characteristics
Percent lllicit Use of Prescription Opioids
Mean Age Percent Female .
(vs. Injectable Drug Use)

Baseline Characteristics [RElSREES 30% 50.7%*

*Weighted average across interventions and comparators in the trials included for this analysis.

Treatment Strategies

The list of interventions was developed with input from patient organizations, clinicians,
manufacturers, and payers on which MATs to include. All listed interventions were compared to
generic SL buprenorphine/naloxone. Although SL buprenorphine/naloxone is the common
comparator across all interventions, its efficacy and rate of treatment discontinuation varies by
intervention due to the varied opioid use status of populations entering the key clinical trials
considered for this analysis. The MAT interventions evaluated were:

e Buprenorphine subcutaneous ER injection
0 CAM2038 (Investigational), Braeburn Pharmaceuticals
0 Sublocade, Indivior Pharmaceuticals
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e Injectable ER naltrexone — Vivitrol, Alkermes Pharmaceuticals

e Buprenorphine ER subdermal implant — Probuphine, Titan Pharmaceuticals

While both CAM2038 and Sublocade are SC injections containing buprenorphine, they differ in

dosing in that CAM2038 is initially administered as a weekly injection, followed by a monthly

injection, while Sublocade is recommended for use once per month. Additionally, according to trial

protocol, CAM2038 did not require an initial “run-in”/dose-stabilization period with buprenorphine

but only a test dose of 4 mg buprenorphine/naloxone to check for tolerability to buprenorphine,

while Sublocade did (and FDA labeling recommends such a “run-in” before starting the drug).

Key Model Choices and Assumptions

Our model was informed by the key choices and assumptions listed in Table 4.3.

Table 4.3. Key Model Choices and Assumptions

Model Assumption Rationale

Patients continue receiving ancillary counseling
services while on MAT, irrespective of whether they
maintain abstinence or whether they relapse.
Patients on MAT, upon relapse to illicit use of
opioids, are assumed to return to the same opioid
use (prescription or injectable) used pre-MAT.
Long-term discontinuation/relapse for all
interventions was assumed the same as seen in the
trials, if using point estimates, or were extrapolated
using the same parametric curve functions used to
fit trial-specific data.

We assumed that 10% of all patients who remained
in the “MAT with no illicit use of opioids” health
state for at least 12 months transitioned to an “OFF
MAT with NO illicit use of opioids” health state.

The model assumed only a single cost and utility
associated with each health state and does not

categorize levels of reduction of illicit use of opioids.

Opioid overdose-related mortality was assumed to
occur only during periods of illicit use of opioids and
was assumed the same whether on concurrent MAT
or otherwise.

Mortality from opioid overdose was held constant
over time.

Treatment with MAT is associated with ancillary
counseling services, based on stakeholder input.

We found no robust published evidence on the illicit
use of specific opioids by category in patients who have
relapsed on MAT.

There exists no robust data on long-term
discontinuation/relapse for all accessed interventions.

We found no published evidence indicating the
percentage of MAT recipients remaining off opioids
when they stop MAT. Given the frequency of relapse in
this population, we assumed a relatively low rate of
“cure” and tested this rate in sensitivity analyses.
We found no published evidence of categories of
reduction in illicit use of opioids use while on or after
MAT.

There exists no robust published evidence on opioid
overdose-related mortality by MAT type and
concurrent illicit opioid use.

We found no robust published evidence on time-
dependent mortality from opioid-overdose among OUD
patients.
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Incidence of Human Immunodeficiency Virus (HIV)
and Hepatitis C Virus (HCV) infections was only
attributed to people who inject drugs (PWID).

The model assumed a constant disutility associated
with HIV infection and treatment with anti-
retroviral therapy (ART).

Among PWID diagnosed with HCV, the model
assumed a constant disutility only for those for
whom there was no spontaneous clearance of HCV
infection and who fail treatment.

Additional HCV-specific health care costs, as well as
HCV-specific mortality, were attributed only to
those patients diagnosed with HCV who are without
HCV infection clearance and not cured with
treatment.

HIV drug (anti-retroviral therapy) costs were
attributed to all PWID diagnosed with HIV infection,
while 75% of these individuals were attributed costs
for HIV-specific community care-based programs.
Serious adverse event (SAE)-related costs or
disutilities were not included in the model.

A significant proportion of HIV and HCV cases among
those who illicitly use opioids occur in PWID. We found
no published evidence on HIV and HCV incidence
among non-PWID illicit opioid users.

We found no robust evidence on time- and disease-
status-dependent change in disutility among those
infected and diagnosed with HIV and treated with ART.

Patients with spontaneous HCV infection clearance or
those without cirrhosis successfully treated with direct-
acting antiviral therapy are assumed to have no HCV-
specific disutilities affecting their quality of life.

The proportion of individuals meeting these conditions
would be expected to be quite small given the high cure
rates associated with current treatments.

We found evidence that not all HIV-diagnosed
individuals enroll in supportive community-care based
programs.t1®

The trials vary in reporting of SAEs, with most reporting
only percentage of SAEs and not specific non-relapse-
related SAEs. Individual adverse events when reported
were not reported by category of severity. We assume
that background health care costs (sourced from a
claims analysis) include costs associated with treating
SAEs.
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Model Inputs
Clinical Inputs
Transition Probabilities

Treatment Efficacy

Transition probabilities related to treatment efficacy were derived from relevant trial data (Table
4.4) 112115117,118,120 Note that the comparator in the major Sublocade trial was placebo, not generic
SL buprenorphine/naloxone. We made additional assumptions to facilitate comparisons of
Sublocade to this active treatment. For efficacy (abstinence from illicit opioids), we used the same
efficacy estimates for SL buprenorphine/naloxone reported in the CAM2038 key trial establishing
non-inferiority of CAM2038 versus SL buprenorphine/naloxone. Note that the estimate for
Sublocade itself was received in-confidence and is currently redacted for this reason. All trial
efficacy estimates were converted to per-cycle transition probabilities and held constant
throughout the modeled time horizon.

Table 4.4. MAT Treatment Efficacy

| AbstinencofomlictUseoiOpioidsat2aWeeks®
| imtervention | Comparator (L Buprenorphine/Nalovonel
34.2% 27.4%
48.0%% 44.0%*
80.5%4+ 67.4%"

*Abstinence estimates over the 24-week trial duration, were converted to per cycle transition probabilities.
TAssumed the same as in the CAM2038 trial.
$KM curves used for modeling relapse over time are based on per protocol observations and not intention-to-treat

(ITT) observations since ITT approach has been taken into consideration in the decision tree prior to Markov model
entry.

Treatment Discontinuation

Treatment discontinuation to “OFF MAT with illicit use of opioids” could occur from both “MAT with
no illicit use of opioids” and “MAT with illicit use of opioids” for CAM2038, Sublocade, and generic
SL buprenorphine products. The proportion discontinuing from each of these states was derived
from data in the Sublocade trial (calculated from academic-in-confidence data) and applied to the
overall discontinuation rate reported for CAM2038 and generic SL buprenorphine products in the
trials. Treatment discontinuation was estimated from the trial-reported Kaplan-Meier (KM) curves
for discontinuation for CAM2038, Vivitrol, Probuphine, and their respective SL
buprenorphine/naloxone comparators.1211>117.118 Treatment discontinuation for Sublocade and its
SL buprenorphine/naloxone comparator was derived from an indirect treatment comparison, the
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methods of which are available in Appendix E text and Tables E2 and E3. Discontinuation rates for
each MAT at the end of trial period is presented in Table 4.5. Note that this comparison was only
made for discontinuation; as noted in Section 3, differences in study populations, outcome
measures, and run-in protocols prevented a formal and comprehensive network meta-analysis.

We fit parametric survival curves to KM data utilizing the approach described by Hoyle and
Henley.'?! First, we extracted data points from digitized copies of the trial curves, then used the
extracted values, the number of remaining patients at each time interval, and maximum likelihood
functions to estimate curve fits to the underlying individual patient data. The fitted model curves
included the distributional forms of exponential, Weibull, exponential, log-normal, log-logistic, and
gamma. The base-case parametric function was selected based on best model fit using Akaike
information criterion (AIC) values and visual comparison (see Appendix E Table E4). Beyond trial
duration, discontinuation was extrapolated using the best-fitting curve function seen within the trial
period.

Table 4.5. MAT Treatment Discontinuation

Comparator (SL Buprenorphine/Naloxone)

CAM2038!*? 31%* 27.4%*

Sublocade!!? 35.8% 24.5%*

Vivitrol +115 52% 54%

Probuphinet!'’ MZ% 32.6%
*KM curves used for modeling discontinuation over time

TKM curves used modeling treatment discontinuation are based on per protocol observations and not intention-
to-treat (ITT) observations since ITT approach has been taken into consideration in the decision tree prior to
Markov model entry.

fDerived from indirect comparison, relative to Sublocade. Details in Appendix Table E3.

§0% discontinuation because Probuphine will be implanted for the duration of six months irrespective of
abstinence or relapse to illicit use of opioids. Patients who remain abstinent at the time of Probuphine implant
removal were assumed to have the same discontinuation rate as those treated with SL buprenorphine product.

Comorbidities Associated with OUD

Key OUD-related comorbidities with significant public health impact include HCV and HIV infections
among PWID. A cohort study and a meta-analysis based on four US-specific surveys on PWID
reported annual incidence of HIV and HCV among PWID as 0.055% (95% Confidence Interval:
0.042% to 0.080%) and 26.7%, respectively.1?2123 These rates were converted to per-cycle
probabilities in the model. While endocarditis is also a potential adverse effect among PWID, it was
not included in the model due to relatively low incidence and associated mortality, with available
data being non-recent.124126
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Mortality

Opioid overdose-related mortality was estimated from observational data, while all-cause gender-
and age-specific mortality was sourced from the Human Mortality database’s US-specific
tables.'?”:128 |ncreased risk of mortality associated with HIV and HCV was attributed to PWID (Table
4.6).129130 Among PWID diagnosed with HCV, the increased mortality risk from HCV was applied
only to those for whom there was no spontaneous clearance of HCV infection along with treatment
failure 131132

Table 4.6. Mortality Inputs

Opioid-Related Overdose Death'?’ 13.3 per 100,000 people*
HR of Death from HIV*?»® 3.15 (95% Cl: 2.59 to 3.82)t
MRR of Death from HCV**° 2.37 (95% Cl: 1.28 to 4.38)*
All-Cause Mortality!?® US Life Tables

All values were converted to per cycle transition probabilities.

HR: hazard ratio, MRR: mortality rate ratio, Cl: confidence interval
*Among all illicit users of opioids
tCompared to PWID without infection

Utilities

Health state utilities were derived from a study that used an online US cross-sectional survey.'33
The study comprised hypothetical descriptive vignettes for OUD and associated MAT-related health
states that were developed based on inputs from literature, clinical expert opinion, and people
diagnosed with OUD. Quality of life assessments were undertaken using the standard gamble
technique. For each health state, two sets of vignettes were developed, one including
physical/emotional descriptors, and another “expanded” version adding societal to the
physical/emotional descriptors (i.e., employment, criminal justice, and family relationship-specific
aspects). The study excluded comorbidity-associated vignettes because its primary focus was
assessing quality of life associated with OUD alone. Health state utilities when on MAT with
concurrent use of illicit opioids were calculated by applying the ratio of utilities when illicitly using
opioids with and without MAT (from a UK study®*) to the base utility when illicitly using opioids
when OFF MATSs (from the cross-sectional survey) (Table 4.7). Health state utilities in the “OFF MAT
with NO lllicit use of opioids” health state was sourced from a nationally representative survey
study conducted in the US.13°
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Table 4.7. Health State Utilities

MAT with NO lllicit Use of Opioids!33 0.766 (0.738 —0.795)

Relapse — OFF MAT with lllicit Use of Opioids
_ 0.694 (0.660 —0.727)
(Prescription)33

IDU: injection drug use, Cl: confidence interval

*Based on utilities reported by Connock et al., 2007, the ratio of utilities in health states with illicit use of
prescription opioids while ON and OFF MATs is approximately 1.01, while the same with illicit use of injectable
opioids is approximately 1.07. These ratios were applied to the “relapse” OFF MAT illicit use of opioids health state
utilities to derive utilities for prescription and injection-related health states of “MAT with Use of lllicit Opioids.”
tSame lower bound as when “OFF MAT with Illicit Use of Opioids;” same upper bound as when OFF MAT with illicit
use of prescription opioids.

*Calculated as age-range specific population-weighted mean starting in the 30-39 years age range.

§Calculated ranges are not 95% Cls

For PWID diagnosed with HIV, we applied a 6.9% disutility to their baseline health state utilities.
This estimate was derived from an economic evaluation that assessed the cost-effectiveness of HIV
prevention programs among PWID in the U.S.1*® The model sourced baseline quality of life
estimates for PWID and HIV stage- and treatment-specific multipliers from published literature. We
applied multipliers specific to anti-retroviral therapy (ART) and symptomatic HIV to arrive at a 6.9%
reduction from baseline utility among PWID diagnosed with HIV and treated with ART. Detailed
calculations are available in Appendix E.

For PWID diagnosed with HCV, we applied a 7% disutility to their baseline health state utilities. This
disutility was derived from estimates used in a U.S.-specific cost-effectiveness model assessing anti-
HCV treatments in patients diagnosed with HCV.*¥” The applied disutility was held constant over
time and attributed only to PWID for whom there was no spontaneous clearance of HCV infection
or failure of anti-viral treatment.

Adverse Events

The trials vary in reporting of SAEs, with most reporting only percentages of SAEs and not specific
non-relapse-related SAEs. Individual adverse events, when reported, were not reported by
category of severity. For these reasons, and because separate costing of SAEs was not expected to
affect model results in a material fashion, we did not attempt to estimate SAE costs for any
treatment of interest. We did, however, use background health care costs from a claims analysis by
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Shah et al. that included costs associated with treating SAEs. We found no evidence on disutility
associated with serious adverse events in this population, so no impact on utility from SAEs was
assumed.

Economic Inputs

The model included all treatment costs associated with each individual regimen, including drug
acquisition costs, drug administration costs, and supportive care costs (e.g. clinician visits,
counseling, and monitoring).

Drug Acquisition Costs

We found no estimates on net price from SSR Health for the currently approved interventions. In
the absence of SSR net price data, we used net price as reported in the Federal Supply Schedule
(FSS) for all interventions except Vivitrol.1*¥® For Vivitrol, we used the net price provided to us by the
manufacturer, which was derived from IQVIA estimates.'3® There is no listed price available for
CAM2038, as the drug is currently under review, so we calculated only threshold prices (i.e., prices
that would achieve certain cost-effectiveness thresholds) for this MAT. For generic SL
buprenorphine/naloxone, we used the average of generic Wholesale Acquisition Costs (WAC).
Based on the regimen dosage specified earlier in the clinical evidence review section (Table 1.2), the
model utilized the lowest-cost combination of vials, tablets, or implants for each regimen. All MAT
costs are listed in Table 4.8.

Table 4.8. Drug Cost Inputs

Net Price
WAC per Dose*14° FSS Net price per Doset138 Discount

Annual

Net Price
from WAC

CAM2038 24/96 mg - - - -
Sublocade 300 mg $1,580 $1,206.83 24% $15,688.79
Vivitrol 380 mg $1,309 $759.25 42% $9,870.25
Probuphine 296.8 mg $4,950 $3640.32 26% $3,640.32%
Generic SL ER

Buprenorphine/Naloxone [V - - $3,037.46

16 mg
Generic ER Oral
Buprenorphine 8 mg®

$4.39 = S $1,603.02

WAC: wholesale acquisition cost, FSS: Federal Supply Schedule

*WAC as of August 13, 2018

*FSS price as published on August 1, 2018

*One-time cost; does not include MAT cost following implant removal
SFor clinical stabilization period for Probuphine
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Administration and Monitoring Costs

We included costs of administeringCAM2038, Sublocade, and Vivitrol once per cycle (Table 4.9).14!
We also included administration costs associated with insertion and removal of Probuphine, as
Probuphine-associated costs were not available in the background cost publication (Table 4.9).141.142

Table 4.9. Administration Costs (National Average Non-Facility Price)

5145.0
16308
s2085

Health Care Utilization Costs

Non-MAT (non-drug) background health care costs have been sourced from a retrospective cohort
study using claims data from the Truven Health Analytics MarketScan® database.*? This analysis
reports baseline and follow-up costs specific to treatment with Vivitrol, methadone, buprenorphine,
and non-pharmacological therapy in patients diagnosed with OUD. Patients were followed up for
one year and costs included those associated with inpatient admissions, emergency department
(ED) visits, outpatient visits, and pharmacy costs. We calculated the population-weighted average
costs of inpatient, ED, and outpatient visits among the Vivitrol and buprenorphine treated
populations at baseline and follow-up, and attributed these costs to the “OFF MAT with Illicit Use of
Opioids,” “ON MAT with lllicit Use of Opioids,” and the “MAT with NO lllicit Use of Opioids.” We
also excluded pharmacy costs, to avoid double-counting of costs of MAT. When illicitly using
opioids while on MATs and when using MAT while not illicitly using opioids, we added MAT drug-
specific (except CAM2038) and associated administration costs. While there was a decrease in
inpatient and ED costs between follow-up and baseline, there was an increase in outpatient costs,
which we believe is attributed to patients making more frequent physician office visits owing to
treatment with MATs. We assigned health care costs to the “OFF MAT with NO illicit use of opioids”
health state based on health care costs for the general population without OUD. These costs were
sourced from the Health Care Cost Institute’s 2016 report, which described costs based on claims
analyses in the population under 65 years old with employer-sponsored insurance.'** Components
of cost included inpatient, professional, outpatient and prescription drugs. All costs shown in Table
4.10 are per-cycle costs.
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Table 4.10. Health Care Costs per Cycle

ON or OFF MAT with MAT with No lllicit OFF MAT with NO lllicit
lllicit Use of Opioids’*? Use of Opioids!*? Use of Opioids!*

Inpatient Admissions $385.08 $332.94 -
Emergency Department Visits [ct:iox! $70.97

Outpatient Visits $480.78 $727.98 -

All Health Care Costs - - $427.84

All costs calculated and presented as per-cycle costs, using annual costs reported in source publications.

For PWID diagnosed with HIV or HCV, we attributed drug and other non-drug costs associated with
these comorbidities.'®%#* For individuals with PWID and HIV, we attributed only 75% of costs
associated with HIV-related community care programs, to reflect the proportion of those diagnosed
with HIV who participate in such programs.'® Spontaneous clearance of HCV infection has been
reported in 24.4% (95% Confidence Interval: 19.5% to 29.1%) of HCV-diagnosed PWID, based on a
meta-analysis of 28 reports, of which seven were US-specific.'*> Among those for whom no
spontaneous HCV infection clearance occurs, treatment with glecaprevir/pibrentasvir (Mavyret™,
AbbVie, Inc.), a pan-genotypic eight-week treatment for HCV, was initiated. Ongoing HCV-related
health care costs were attributed only to those who failed initial treatment with
glecaprevir/pibrentasvir. Costs of glecaprevir/pibrentasvir were estimated from the FSS.13®
Estimates for treatment success with glecaprevir/pibrentasvir were sourced from treatment
efficacy trial data presented in the drugs’ prescribing label.’3* Appropriate HIV- and HCV-related
costs were also attributed to those PWID in the “OFF MAT with NO illicit use of opioids” health
state. All HIV and HCV-related costs (per cycle) are presented in Table 4.11.

All costs were inflated to 2018 levels using the health care component of the personal consumption
expenditure index,'* in accordance with the ICER Reference Case.

Table 4.11. HIV and HCV Treatment Costs per Cycle

Drug Costs $1,865.04 $19,389.08*
Other Treatment Costs $396.22° $849.22%

HIV: human immunodeficiency virus, HCV: hepatitis C virus

HCV drug cost for patients achieving a cure is assumed to be that of glecaprevir 100mg/pibrentasvir 40mg
(Mavyret) for 8 weeks, assuming all new cases of diagnosed HCV patients have no liver cirrhosis.

*FSS net price per four weeks.

TAssuming only 75% of diagnosed individuals attend HIV-specific community care programs.

*Calculated as additional cost for HCV care relative to cost of non-HCV, non-MAT health care costs in PWID

diagnosed with HCV and treatment with Mavyret failed.
Societal Costs

We also included costs associated with lost productivity, criminal justice, and incarceration in a
scenario analysis that took a modified societal perspective. For lost productivity, based on trial
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https://icer-review.org/wp-content/uploads/2018/07/ICER_Reference_Case_July-2018.pdf

population baseline characteristics, we estimated that 34% of the population diagnosed with OUD
were employed.112115117.118,120 Birnhaum et al. reported productivity costs which included lost
wages, excess disability, medically-related absenteeism, lost wages from incarceration, and
presenteeism associated with opioid abuse, dependence, and misuse in the US.1¥® Combining these
estimates with SAMHSA data'¥’, we calculated the productivity loss costs per person (Table 4.11).
We then applied these costs to approximately 34% of the modeled cohort while in health states
that included illicit use of opioids.

The costs of criminal justice and incarceration were sourced from a retrospective cohort study that
included data from the California Outcomes Monitoring System, Automated Criminal History
System, Offender Based Information System, and National Death Index.!*® Patients included in the
study were those diagnosed with OUD with uniquely identifiable criminal justice records. Criminal
justice and incarceration costs comprised costs of policing, court, corrections, and medical
expenses, cash losses, property theft, and consequences related to criminal victimization.
Approximately 43% of the entire sample was involved in criminal justice and incarceration-related
events; we hence applied these costs to the same percentage within our cohort. This study
reported daily costs of criminal justice and incarceration when on opioid agonist therapy and “post-
treatment,” which in our model referred to costs when on MAT (with and without illicit use of
opioids) and off MAT (only with illicit use of opioids), respectively (Table 4.12). Details of our
calculation are available in Appendix Tables E6 and E7.

Table 4.12. Societal Costs per Cycle

T e
When ON MAT (With and Without lllicit Use of Opioids) $1,089.23%

*Applied to only 34.42% of cohort.

"Applied to only 43.24% of cohort.

Sensitivity Analyses

We conducted one-way sensitivity analyses to identify the impact of parameter uncertainty and key
drivers of model outcomes. Inputs for one-way sensitivity analyses are presented in Appendix
Tables E8 to E14. Probabilistic sensitivity analyses were also performed by jointly varying all model
parameters over 1,000 simulations. Details of distributions used for the probabilistic analyses can
be found in Appendix Tables E15 to E21. Additionally, we performed a threshold analysis across
incremental cost-effectiveness thresholds ranging from $50,000 to $150,000 per QALY gained.
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Scenario Analyses

Multiple scenario analyses were conducted to evaluate the impact of key model choices and
assumptions on the robustness of the results and conclusions.

e Weincluded a modified societal perspective that included the costs associated with
productivity loss and criminal justice and incarceration among patients who illicitly use
opioids.

e We modeled shorter time-horizons of one and two years. As stated in the model structure
sub-section, we acknowledge that treatment with the buprenorphine products (except
Probuphine) is meant to be long-term, while treatment with Vivitrol or Probuphine is often
intended to be for a shorter time horizon, up to one year, based on feedback received from
stakeholders.

e We varied population characteristics such that the entire cohort entering the model were
either illicit users of prescription opioids or were PWID.

e We conducted an analysis with a modified model structure that excluded the “OFF MAT
with NO lllicit Use of Opioids” health state, to model a scenario in which patients cannot be
“cured” from OUD.

e We included an analysis that followed a “per protocol” approach and not an “intention-to-
treat” approach wherein all patients entered the model in the “MAT with lllicit Use of
Opioids” for CAM2038, Sublocade, and their respective comparators, or in the “MAT with
NO lllicit Use of Opioids” for Vivitrol, Probuphine, and their respective comparators.

e We modeled a second implant for Probuphine following the first implant to see its effect on
longer-term outcomes.

Model Validation

Model validation followed standard practices in the field. First, we provided preliminary methods
and results to manufacturers, patient groups, and clinical experts. Based on feedback from these
groups, we refined data inputs used in the model. We then tested all mathematical functions in the
model to ensure they were consistent with the report (and supplemental Appendix materials).
Independent modelers also tested the mathematical functions in the model as well as the therapy-
specific inputs and corresponding outputs. We also conducted sensitivity analyses with null input
values to ensure the model produced findings consistent with expectations. Finally, we compared
the ICER model to previously published models. We searched the literature to identify models that
were similar to our own, with comparable populations, settings, perspective, and treatments.
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4.3 Results

Base Case Results

In the comparison of CAM2038 versus generic SL buprenorphine/naloxone, CAM2038 produced
marginally higher QALYs (3.26 vs. 3.20) and similar life years (4.62), as seen in Table 4.13. Note that
in all results below life years are different only at the third or subsequent decimal places.
CAM2038’s higher rate of abstinence was offset by its higher rate of discontinuation relative to its
comparator (as seen in the trial data), which led to a marginally higher QALY gain. Since there exists
no list or net price for CAM2038, we could not calculate its incremental cost-effectiveness ratio.

Table 4.13. Base Case Results for CAM2038 versus Generic SL Buprenorphine/Naloxone

CAM2038* $66,100 - 4.62 3.26
Generic SL Buprenorphine/Naloxone $5,400 $64,700 $70,100 4.62 3.20

*No List or net price available yet for CAM2038

In the comparison of Sublocade versus generic SL buprenorphine/naloxone, Sublocade produced
slightly fewer QALYs and similar life years relative to generic buprenorphine/naloxone (Table 4.14).
Drug costs with Sublocade were higher, while non-MAT health care costs were almost equal
compared with generic buprenorphine/naloxone. Sublocade’s higher abstinence rate was offset by
its substantially higher rate of discontinuation relative to its comparator, which led to fewer QALYs
gained with Sublocade. Note that because some of the Sublocade data was submitted to ICER as
academic in confidence, we are currently unable to show Sublocade-specific outcomes in the
report, and Sublocade-specific costs have been rounded to the nearest thousand dollars.

Table 4.14. Base-Case Results for Sublocade versus Generic SL Buprenorphine/Naloxone

Incremental
MAT Drug (014,1-1
Treatment Total Costs Life Years QALYs Cost per QALY
Costs Costs Gained
aine

More costly,
Sublocade 25,000 65,200 90,200

Iess effective

Generic SL
$7,500 $65,200 $72,700 4.62 3.25 --

Buprenorphine/Naloxone

In the comparison of Vivitrol versus generic SL buprenorphine/naloxone, Vivitrol produced
marginally fewer QALYs (3.25 vs. 3.28) and similar life years (4.62), as seen in Table 4.15. Drug costs
with Vivitrol are higher relative to its comparator, while nondrug costs between the two treatments
are similar. Thus, with higher costs and lower effectiveness, Vivitrol is dominated by generic SL
buprenorphine/naloxone (Table 4.15).
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Table 4.15. Base-Case Results for Vivitrol versus Generic SL Buprenorphine/Naloxone

Incremental
MAT Drug Other
Treatment Total Costs | Life Years | QALYs Cost per QALY
Costs Costs Gained
aine

More costly,
V|V|trol $15,900 $65,500 $81,500 4.62 )
less effective

Generlc SL
. $5,900 $65,200 $71,200 4.62 3.28 --
Buprenorphine/Naloxone

In the comparison of Probuphine versus generic SL buprenorphine/naloxone, Probuphine produced

QALYs that were essentially identical (3.38 vs. 3.37) and similar life years (4.62), as seen in Table
4.16. Drug costs are higher with Probuphine, by approximately $2,300, while non-drug costs are
higher by approximately $400, resulting in higher total cost with Probuphine. Probuphine’s cost-
effectiveness ratio relative to its comparator is approximately $265,000 per QALY gained; as
previously noted, however, only one implant was assumed for base case analyses, consistent with
the clinical trial design, even though the FDA label allows for a second implant.

Table 4.16. Base-Case Results for Probuphine versus Generic SL Buprenorphine/Naloxone

Incremental
MAT Drug Other Cost per
Treatment Total Costs Life Years (o]:\N'ES
Costs QALY
Gained

Probuphlne $11 000 $66,900 $77,900 $265,000

Generic SL
. $8,600 $66,500 $75,100 4.62 3.37 --
Buprenorphine/Naloxone

Sensitivity Analysis Results

One-way sensitivity analyses showed that results were most sensitive to intervention
discontinuation rate (relapse to illicit use of opioids), the incidence of HCV, and intervention costs
for Vivitrol and Probuphine. For Sublocade, generic Sl buprenorphine/naloxone’s OR of
discontinuation, the utility in the “MAT with Illicit Use of Opioids” health state among PWID, and
Sublocade cost were key drivers of the results. Since CAM2038 currently has no price, we do not
present tornado diagrams specific to CAM2038’s incremental cost-effectiveness ratios.
Intervention-specific tornado diagrams are presented in Appendix Figures E1-E3.

Results of the probabilistic analyses showed that none of the interventions reached cost-
effectiveness thresholds of $50,000 per QALY gained over 1,000 simulations. Zero percent of
simulations reached the $100,000 or $150,000 per QALY gained threshold for Sublocade or Vivitrol,
while 1% and 12.8% of all simulations for Probuphine achieved the $100,000 and $150,000 per
QALY gained threshold (Table 4.17). We also present below the percentage of simulations where
MAT interventions are more costly and more effective relative to their respective comparators
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(Table 4.18). Again, since CAM2038 currently has no published price, we do not present
probabilistic results on its incremental cost-effectiveness. Hexbins and cost-effectiveness
acceptability curves for each intervention are presented in Appendix Tables E4 to E9.

Table 4.17. Probabilistic Sensitivity Analyses

Percentage of 1,000 Simulations at or Below Willingness-To-Pay Thresholds

Table 4.18. Cost-Effectiveness Plane

Quadrant Sublocade Probuphine

Northeast (More Costly and More Effective) 12.4% 1.2% 76.8%
Northwest (More Costly and Less Effective) 87.6% 98.8% 23.2%
Southwest (Less Costly and Less Effective) 0% 0% 0%
Southeast (Less Costly and More Effective) 0% 0% 0%

Scenario Analyses Results

Modified Societal Perspective

In the modified societal perspective, total QALYs did not differ as we did not attribute additional
disutilities that may be associated with productivity loss or criminal justice and incarceration;
however, total costs in each treatment arm were greater. Intervention-specific costs associated
with lost productivity and criminal justice and incarceration are presented in Appendix Tables E22
to E25. Including societal costs increased the total costs across all interventions and their
comparators, but did not change the base case finding that Sublocade and Vivitrol were more costly
and less effective than their comparator. For Probuphine, however, including societal costs led to
Probuphine being the dominant strategy, as slightly less costly and slightly more effective than
generic SL buprenorphine/naloxone (Tables 4.19 to 4.21). However, the generalizability of the
findings for Probuphine are limited, as the population in the trial (i.e., clinically stable on SL
buprenorphine products for six months) is quite different from the eligible population in actual
practice, i.e., patients diagnosed with OUD seeking MAT.

Table 4.19. Sublocade versus Generic SL Buprenorphine/Naloxone

Treatment Total Costs QALYs Incremental Cost per QALY gained

Sublocade $210,000 _ More costly, less effective

Generic SL

$166,000 3.25 ==

Buprenorphine/Naloxone
QALY: quality-adjusted life year
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Table 4.20. Vivitrol versus Generic SL Buprenorphine/Naloxone

Total Costs QALYs Incremental Cost per QALY gained
$200,000 3.25 More costly, less effective

Generic SL
. $178,000 3.28 -
Buprenorphine/Naloxone

QALY: quality-adjusted life year

Table 4.21. Probuphine versus Generic SL Buprenorphine/Naloxone

QALYs Incremental Cost per QALY gained
Probuphine $155,000 3.38 Less costly, more effective

Generic SL
. $156,000 3.37 --
Buprenorphine/Naloxone

QALY: quality-adjusted life year

Other Scenario Analyses

Shorter time horizons resulted in results directionally similar to those observed in the base case
analyses, with CAM2038 producing higher QALYs relative to its comparator, Sublocade and Vivitrol
being dominated by their respective comparators, and Probuphine producing incremental cost-
effectiveness ratios well above willingness-to-pay (WTP) thresholds of $50,000 to $150,000 per
QALY gained. Detailed results of this scenario analysis can be found in Appendix Tables E26 and
E27.

Conducting analyses in a cohort comprising only PWID diagnosed and seeking MAT for OUD (i.e., no
persons illicitly using prescription opioids) resulted in interventions and comparators with fewer
QALYs and higher costs for all MATs, compared to those in the base case analyses. Detailed results
of this scenario analysis can be found in Appendix Tables E28-E31.

Varying the model structure to exclude the “Cure” health state resulted in marginally lower health
outcomes (QALYs) and higher costs for all MATs. This is because all patients discontinuing MAT
move to the “OFF MAT with lllicit Use of Opioids” health state, which involves lower utilities and
higher costs than the “OFF MAT with no illicit use” health state. Detailed results of this scenario
analysis can be found in Appendix Tables E32-E35.

We employed a “per protocol” approach, allowing for all patients in the CAM2038, Sublocade, and
relevant generic buprenorphine/naloxone comparator arms to enter the model in the “MAT with
Illicit Use of Opioids” health state, and the Vivitrol, Probuphine, and relevant generic
buprenorphine/naloxone comparator arms to enter the model in the “MAT with NO lllicit Use of
Opioids” health state. In this scenario, we found that results were similar, except in the case of
Vivitrol, which resulted in an incremental cost effectiveness ratio of slightly more than $1 million
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per QALY gained relative to its comparator. Detailed results of this scenario analyses can be found
in Appendix Tables E36-E39.

Aligning with the prescribing label for Probuphine, we modeled a scenario where a second implant
is inserted immediately after removal of the first implant. Since there is no trial-related efficacy on
the extended use of Probuphine, we assumed that the efficacy during the first six months extended
through the subsequent six-month period. Relative to the base case, extended use of Probuphine
for an additional six months resulted in increased total costs of approximately $3,200 and QALYs of
0.015 over five years, resulting in a lower incremental cost-effectiveness ratio of approximately
$236,000 per QALY gained. Detailed results of this scenario analysis can be found in Appendix Table
E40.

Threshold Analyses Results

Prices required to achieve willingness-to-pay thresholds of $50,000, $100,000, and $150,000 per
QALY for CAM2038 and Probuphine are presented below in Table 4.22. Sublocade and Vivitrol
showed inferior effectiveness but at higher costs relative to their respective comparator (generic SL
buprenorphine/naloxone) in the base-case analyses. Therefore, we did not calculate threshold
prices for these two MATs but recommend that their price per unit be no more expensive than
generic SL buprenorphine/naloxone.

Table 4.22. Threshold Analysis Results

WAC per Net Price Unit Price to Achieve | Unit Price to Achieve | Unit Price to Achieve
-
CAM2038* - $219+ $313+ $406+
$4,950*  $3,640* $1,165* $1,741* $2,318*

*No list or net prices for CAM2038 were available as of the date of this report.

*Price per four-week dose
*Price per implant

Model Validation

Model validation followed standard practices in the field. We tested all mathematical functions in
the model to ensure they were consistent with the report (and supplemental Appendix materials).
We also conducted sensitivity analyses with null input values to ensure the model was producing
findings consistent with expectations. Further, independent modelers tested the mathematical
functions in the model as well as the specific inputs and corresponding outputs.
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Prior Economic Models

We searched the literature to identify models that were similar to our analysis, with comparable
populations, settings, perspective, and treatments. Carter, Dammerman, and Frost recently
examined the cost-effectiveness of subdermal implantable buprenorphine (Probuphine) versus
sublingual buprenorphine for OUD treatment, using a US societal perspective that included both
direct medical costs and non-medical costs such as lost productivity and criminal justice costs.!!!
Their analysis used a shorter time horizon (12 months) and allowed for a second implant after the
first six months. Their model did not include a health state for off treatment without relapse, but
was otherwise similar to those from Jackson et al. and Schackman et al.}1%14° They estimated that
Probuphine treatment would lead to a slight increase in QALYs gained (0.031) and higher drug costs
but lower overall costs (by approximately -$4,400), largely due to decreases in ED/hospitalization
and criminal justice costs. A key difference between this model and the current ICER analysis is that
all patients were assumed to start “On treatment, not relapsed,” whereas the ICER analysis
assumed that 10.9% of patients started in the “Off MAT with lllicit Use of Opioids” health state, to
represent those patients who were not “clinically stable” for at least three months on <8 mg per

day of a buprenorphine-containing product prior to Probuphine implant insertion.

Jackson et al. analyzed the cost-effectiveness of injectable extended-release naltrexone (Vivitrol)
compared to methadone maintenance and buprenorphine maintenance treatments for OUD.#°
They estimated the incremental cost per opioid-free day over a six-month time horizon, using a
state health program perspective. They found that Vivitrol would cost approximately $72 per
opioid-free day (2015 USS) compared to methadone maintenance treatment, while buprenorphine
maintenance was dominated (i.e., more costly but less effective) by methadone maintenance. The
analysis by Jackson et al. did not include quality of life estimates or calculate cost per QALY,
precluding direct comparison with our model. In addition, the cohort in their model was assumed
to be on treatment and did not seem to account for patients who did not complete the
detoxification period required for Vivitrol treatment initiation.

Schackman et al. examined cost-effectiveness over a two-year horizon of long-term
buprenorphine/naloxone treatment compared to no treatment for OUD, from a health care system
perspective.!'® Their base case reported an incremental cost per QALY of $35,100 for
buprenorphine/naloxone compared to no treatment, and only a slight change to $35,200 when
using a five-year time horizon. They assumed an annual cost for buprenorphine/naloxone of
approximately $4,700 (compared to approximately $3,000 per year in our analysis); no generic
forms of the treatment were available at the time of their analysis. Estimated cost per QALY in their
analysis would decrease to $23,000 if the price of buprenorphine/naloxone were reduced by 50%
(2010 USS). Unlike our model, their model assumed a cohort of “clinically stable” OUD patients
who had already completed six months of outpatient buprenorphine/naloxone treatment, and who
entered the model as “In treatment off drugs.” As the authors point out, the inclusion of costs and
outcomes for patients in the first six months of treatment (including those who do not become
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“clinically stable”) would likely lead to higher cost-effectiveness ratios. Other analyses have
examined comparators outside the scope of the present analysis, such as diacetylmorphine versus
methadone treatment (Nosyk 2012)**°, or in different countries, such as the UK (Connock 2007)34,

4.4 Summary and Comment

Results of our assessment of the long-term cost-effectiveness of MATs for OUD suggest that all
therapies generated very similar life years, with only marginal differences in QALYs relative to their
respective comparators. This is not surprising given the non-inferiority designs employed in the
major clinical trials of these treatments. Both Sublocade and Vivitrol were dominated strategies
(each being more costly and less effective) relative to generic SL buprenorphine/naloxone. Our
analysis indicates that only CAM2038 and Probuphine produce incremental QALYs relative to
generic SL buprenorphine/naloxone, but then only marginally.

We recognize that the population pursuing Vivitrol for MAT may have different treatment intent
and goals, given the need for complete opioid withdrawal. We tested this in a per-protocol analysis
that assumed successful withdrawal at model entry. While in this scenario Vivitrol produced
greater QALYs than comparator treatment, this gain came at a cost of over S1 million per QALY
gained.

We did not calculate an incremental cost-effectiveness ratio for CAM2038, given the lack of an
available price. However, threshold analyses suggest that this agent should be priced between
$219 and $406 per four-week dose to fall within commonly-cited ranges for cost-effectiveness.
Probuphine’s incremental cost-effectiveness ratio was well above the $150,000 per QALY WTP
threshold relative to its comparator, a conclusion that did not change across multiple scenario and
sensitivity analyses from the healthcare sector perspective. Using a modified societal perspective
showed directionally similar results compared to the base case analyses for all interventions except
Probuphine, which under a modified societal perspective became the dominant strategy (as slightly
less costly and slightly more effective) relative to its comparator. As described above, however,
findings for Probuphine are reflective of the population in which this MAT was tested (i.e., clinically
stable on SL buprenorphine products for six months), so the generalizability of these results to the
broader MAT population is very limited.

Key model drivers included treatment discontinuation rates, intervention costs, and the incidence
of HCV infection among PWID. Probabilistic sensitivity analyses confirmed the robustness of our
base case findings. Shorter time horizons showed directionally similar results compared with those
seen in the base case for all interventions. Changing population characteristics to include only
PWIDs resulted in higher costs and lower QALYs for all interventions relative to the base case
analyses. Aligning with comments that OUD be considered a chronic disorder, our scenario that
excluded “cure” with MATSs resulted in poorer health outcomes and higher costs.
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Limitations

Our model has several limitations. While we acknowledge that OUD is a relapsing condition with
patients cycling through the same or different therapies multiple times, we did not model re-use of
MATs once patients relapsed, or relapse to illicit use among those considered “cured,” as since few
data exist for these estimates. Additionally, among illicit users of opioids, treatment efficacy and
discontinuation may depend on type of illicit use (prescription or injection) which we do not
consider as we did not find estimates on these specific to individual MATs. We modeled the pre-
Markov decision tree based on trial-reported estimates, which may differ in a real-world setting.
Also, quality of life among illicit users may differ based on levels of illicit use, which our model does
not consider due to lack of data on these estimates. We model health care costs based on those for
a commercially-insured population, which may not be representative of the real-world OUD
demographic. While our objective was to identify MATs with best value relative to current
treatment practices, we could not compare all MATs to a comparator with a single efficacy
estimate, and instead and had to rely on trial-specific comparator estimates due to differences in
population characteristics and trial design. Finally, we had to rely on an NMA in our analysis of
Sublocade as a treatment option for OUD, because since that was the only MAT compared to
placebo rather than an active comparator.

Conclusions

In conclusion, the findings of our analysis suggest that the extended-release MATSs result in only
marginal changes in QALYs relative to generic SL buprenorphine/naloxone, but universally higher
costs. The incremental cost-effectiveness of MATSs versus generic SL buprenorphine/naloxone
therefore falls outside commonly-cited thresholds of $50,000 to $150,000 per QALY gained.
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5. Potential Other Benefits and Contextual

Considerations

Our reviews seek to provide information on potential other benefits offered by the intervention to
the individual patient, caregivers, delivery system, other patients, or public that would not have
been considered as part of the evidence on comparative clinical effectiveness. These general
elements are listed in the table below, and the subsequent text provides detail about the elements
that are applicable to the comparison of extended-release opioid agonists and antagonist MAT to
transmucosal formulations of buprenorphine/naloxone.

Table 5.1. Potential Other Benefits and Contextual Considerations

Potential Other Benefits

This intervention offers reduced complexity that will significantly improve patient outcomes.

This intervention will reduce important health disparities across racial, ethnic, gender, socio-economic, or
regional categories.

This intervention will significantly reduce caregiver or broader family burden.

This intervention offers a novel mechanism of action or approach that will allow successful treatment of many
patients for whom other available treatments have failed.

This intervention will have a significant impact on improving return to work and/or overall productivity.

Other important benefits or disadvantages that should have an important role in judgments of the value of this
intervention.

Potential Other Contextual Considerations

This intervention is intended for the care of individuals with a condition of particularly high severity in terms of
impact on length of life and/or quality of life.

This intervention is intended for the care of individuals with a condition that represents a particularly high
lifetime burden of illness.

This intervention is the first to offer any improvement for patients with this condition.

Compared to buprenorphine/naloxone, there is significant uncertainty about the long-term risk of serious side
effects of this intervention.

Compared to buprenorphine/naloxone, there is significant uncertainty about the magnitude or durability of the
long-term benefits of this intervention.

There are additional contextual considerations that should have an important role in judgments of the value of
this intervention.

5.1 Potential Other Benefits

As stressed by several organizations representing patients with OUD, “treatment is not one-size-
fits-all” and patients need to have access to different treatment options on their road to recovery.
Extended-release formulations are important additional treatment options that could improve long
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term recovery by lowering the constraints of daily adherence to transmucosal buprenorphine
formulations.

Extended-release buprenorphine formulations are currently subjected to the limits of number of
patients that health care providers can treat annually. These limits intend to limit diversion of
buprenorphine products that are taken on prescription without direct medical supervision.
Considering the administration of extended-release buprenorphine products by health care
providers, it may be possible that these types of products are not subjected to waivers in the future,
thus increasing overall access to MAT.

These formulations also possibly reduce the intermittent illicit use of opioids by eliminating the
possibility of skipping daily doses. Furthermore, using these formulations may prevent accidental
poisoning in children given the need for administration by a health professional.

For OUD patients who are subjected to a program with external monitoring with important
consequences of adherence, such as healthcare professionals, pilots, probationers or parolees, the
use of extended-release formulations may also significantly improve rates of retention.?

In correctional settings with their high prevalence of OUD, extended-release formulations offer the
potential of decreasing diversion. It must be noted, however, that the risk of diversion of
transmucosal buprenorphine products is, at least in part, related to the fact that inmates with OUD
are entering withdrawal and buprenorphine is diverted for controlling withdrawal.3® Offering
buprenorphine through extended-release formulations may diminish negative beliefs about opioid
agonist therapy and improve general access to MAT for inmates.

5.2 Contextual Considerations

OUD is considered a public health emergency* with an epidemic of deaths that decrease the overall
life expectancy in the US?>® and impacts all parts of society: families, the health system, social
services, the judiciary system, and the economy. For the affected person, OUD is a chronic disease
that is often compared to other chronic diseases, such as diabetes, but that carries a stigma
affecting self-esteem, social relations, and work.?° Providing access to extended-release
medications, can contribute to diminish the consequences of the opioid epidemic.

Compared to transmucosal formulations of buprenorphine/naloxone or to methadone, there is
significant uncertainty about the magnitude or durability of the long-term benefits of extended-
release formulations, given the 6-month duration of nearly all trials of these agents. In addition,
Probuphine implants cannot be used for longer than 12 months according to the FDA label. For the
other formulations, their duration of appropriate use is unknown and will only be better defined
through clinical experience and long-term observational study.
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For antagonist therapy with Vivitrol, its action cannot be reversed, so it becomes impossible to use
opioids for emergency pain management. Regional analgesia or non-opioid analgesics need to be
used.3®
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6. Value-Based Price Benchmarks

Value-based price benchmarks will be included in the revised Evidence Report, which will be
released on or about October 25, 2018.
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7. Potential Budget Impact

7.1 Overview

We used the cost-effectiveness model to estimate the potential total budgetary impact of CAM2038
in the patients aged 18 years and above with OUD. We calculated budget impact using the prices to
achieve willingness-to-pay (WTP) thresholds between $50,000 to $150,000 per QALY gained in our
estimates of budget impact. Since CAM2038 hasn’t been approved for use yet, no WAC or net price
exists for the drug and we hence could not calculate budget impact at these prices. We did not
include Probuphine, Sublocade, or Vivitrol in our calculations given their presence in the US
marketplace for one year or longer.

7.2 Methods

We used results from the same model employed for the cost-effectiveness analyses to estimate
total potential budget impact. Potential budget impact was defined as the total differential cost of
using each new therapy rather than relevant existing therapy for the treated population, calculated
as differential health care costs (including drug costs) minus any offsets in these costs from averted
health care events. All costs were undiscounted and estimated over five-year time horizons. The
five-year timeframe was of primary interest, given the potential for cost offsets to accrue over time
and to allow a more realistic impact on the number of patients treated with the new therapy.

The potential budget impact analysis included the candidate populations eligible for treatment:
patients aged 18 years and above with OUD. To estimate the size of the potential candidate
populations for treatment, we used the reported prevalence for the year 2015 and applied it to the
2015 adult population to derive a point estimate of prevalence. Then we applied the estimated
prevalence to the projected 2018 to 2022 adult population in the US to derive the average number
of OUD patients each year over the five-year period. This resulted in a population size of
approximately 1.5 million patients over five years, or approximately 312,000 patients each year.
While not all patients diagnosed with OUD seek treatment with MAT and only providers with
adequate addition treatment training can prescribe certain MATs, we do not have data on the
former or data on the later-specific to CAM2038. We hence assumed that all patients diagnosed
with OUD were eligible for treatment with CAM2038.

ICER’s methods for estimating potential budget impact are described in detail elsewhere. The
intent of our revised approach to budgetary impact is to document the percentage of patients that
could be treated at selected prices without crossing a budget impact threshold that is aligned with
overall growth in the US economy.
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Briefly, we evaluate a new drug that would take market share from one or more drugs and calculate
the blended budget impact associated with displacing use of existing therapies with the new
intervention. In this analysis, we assumed that all patients diagnosed with OUD would be treated
with CAM2038 in place of generic buprenorphine/naloxone.

Using this approach to estimate potential budget impact, we then compared our estimates to an
updated budget impact threshold that represents a potential trigger for policy mechanisms to
improve affordability, such as changes to pricing, payment, or patient eligibility. As described in
ICER’s methods presentation (https://icer-review.org/methodology/icers-methods/icer-value-

assessment-framework/), this threshold is based on an underlying assumption that health care

costs should not grow much faster than growth in the overall national economy. From this
foundational assumption, our potential budget impact threshold is derived using an estimate of
growth in US gross domestic product (GDP) +1%, the average number of new drug approvals by the
FDA over the most recent two-year period, and the contribution of spending on retail and facility-
based drugs to total health care spending. Calculations are performed as shown in Table 7.1.

For 2018-19, therefore, the five-year annualized potential budget impact threshold that should
trigger policy actions to manage access and affordability is calculated to total approximately $991
million per year for new drugs.

Table 7.1. Calculation of Potential Budget Impact Threshold

1 Growth in US GDP, 2018 (est.) +1% 3.5% World Bank, 2018
Total personal medical health care spending, 2017 (S) $2.88 trillion CMS NHE, 2018
CMS National Health
17.0% Expenditures (NHE), 2018;
Altarum Institute, 2017

Contribution of drug spending to total health care
spending (%)

Contribution of drug spending to total health care

spending, 2016 ($) (Row 2 x Row 3)

Annual threshold for net health care cost growth for
ALL drugs (Row 1 x Row 4)

$481 billion Calculation

$16.8 billion Calculation

Average annual number of new molecular entity

34 FDA, 2018
approvals, 2016-2017

Annual threshold for average cost growth per

L . $495.3 million  Calculation
individual new molecular entity (Row 5 + Row 6)

Annual threshold for estimated potential budget
impact for each individual new molecular entity $991 million Calculation
(doubling of Row 7)
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7.3 Results

Table 7.2 illustrates the per-patient budget impact calculations in more detail, based on the prices
to reach $150,000, $100,000, and $50,000 per QALY gained WTP thresholds for CAM2038 ($5,301,
$4,082, and $2,863 per year, respectively) compared to generic buprenorphine/naloxone.

Table 7.2. Per-Patient Budget Impact Calculations Over a Five-Year Time Horizon

Average Annual Per Patient Budget Impact

$150,000/QALY $100,000/QALY $50,000/QALY
CAM2038 $35,420 $33,883 $32,346

Generic
$31,653

Buprenorphine/Naloxone

53,768 52,31 seos

QALY: quality-adjusted life year

The average potential budgetary impact at the three cost-effectiveness threshold prices for the
drug ranged from approximately $3,768 per patient using the annual price to achieve $150,000 per
QALY to approximately $694 using the annual price to achieve a $50,000 per QALY cost-
effectiveness threshold.

The annual potential budgetary impact of treating the entire population over five years did not
exceed the $991 million ICER budget impact threshold at the price (52,863) to achieve $50,000
WTP, approaching approximately 87% of the threshold.

However, as shown in Figure 7.1, only 24% and 40% of the entire population could be treated each
year at the prices that would reach the $150,000 to $100,000 per QALY thresholds respectively,
before the total budget exceeded the ICER annual budget impact threshold. This is an important
consideration, as they represent prices generally considered to be of reasonable value, but
nevertheless suggest potential affordability challenges for the health system.
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Figure 7.1. Potential Budget Impact Scenarios at Different Prices of CAM2038 to Treat Adults with
oub
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$1,000

S0
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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This is the second ICER review of MAT for OUD. The first ICER review can be found here:

https://icer-review.org/topic/opioid-dependence/
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Appendix A. Search Strategies and Results

Table Al. PRISMA 2009 Checklist

T

TITLE
Title 1 Identify the report as a systematic review, meta-analysis, or both. p. 25
ABSTRACT
Structured Provide a structured summary including, as applicable: background; objectives; data sources; study
Summar 2 | eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; p.7-13,p.26-32
v limitations; conclusions and implications of key findings; systematic review registration number.
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of what is already known. P.7-8;p.25
Objectives 4 Prowde.an explicit statement of quest|<?ns being addressed with reference to participants, interventions, 0.14-16
comparisons, outcomes, and study design (PICOS).
METHODS
Protocol and 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, 2
Registration provide registration information including registration number. P:
Eligibility 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years 33
Criteria considered, language, publication status) used as criteria for eligibility, giving rationale. P:
Information 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to 18- 19
Sources identify additional studies) in the search and date last searched. P:
search 8 Present full electronic search strategy for at least one database, including any limits used, such that it Appendix Table A2
could be repeated.
Study 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if 26
Selection applicable, included in the meta-analysis). P:
D
C:Itlaection 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and 7
any processes for obtaining and confirming data from investigators. P:
Process
Data Items 11 List and <.:ieﬁne all \{aria.b.les for which data were sought (e.g., PICOS, funding sources) and any p.14-16; p.25
assumptions and simplifications made.
Risk of Bias in Describe methods used for assessing risk of bias of individual studies (including specification of whether
Individual 12 | this was done at the study or outcome level), and how this information is to be used in any data p. 27
Studies synthesis.
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Summary
Measures
Synthesis of
Results

Risk of Bias
Across Studies
Additional
Analyses

Study
Selection
Study
Characteristics
Risk of Bias
Within Studies
Results of
Individual
Studies
Synthesis of
Results

Risk of Bias
Across Studies
Additional
Analysis

Summary of
evidence

Limitations

Conclusions

Funding

16

17

18

19

20

21

22

23

25

26

27

State the principal summary measures (e.g., risk ratio, difference in means).

Describe the methods of handling data and combining results of studies, if done, including measures of
consistency (e.g., 1% for each meta-analysis.

Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias,
selective reporting within studies).

Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done,

indicating which were pre-specified.

RESULTS
Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for
exclusions at each stage, ideally with a flow diagram.

For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up
period) and provide the citations.

Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).

For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for
each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Present results of each meta-analysis done, including confidence intervals and measures of consistency.

Present results of any assessment of risk of bias across studies (see Item 15).

Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see
Item 16]).

DISCUSSION
Summarize the main findings including the strength of evidence for each main outcome; consider their
relevance to key groups (e.g., healthcare providers, users, and policy makers).
Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete
retrieval of identified research, reporting bias).
Provide a general interpretation of the results in the context of other evidence, and implications for
future research.

FUNDING

Describe sources of funding for the systematic review and other support (e.g., supply of data); role of
funders for the systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG. The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews
and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): €1000097. doi:10.1371/journal.pmed1000097

p. 25

NA

p. 27

Appendix Fig. Al

p. 28 -32

p.34

p.36-52

NA

p. 27

NA

p. 58

p. 27

p.56-57

p.iii
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Table A2. Search Strategy of Medline 1996 to Present with Daily Update, PsycINFO, Cochrane
Central Register of Controlled Trials via Ovid, June 18, 2018.

# Search Terms

1 opioid related disorder*.mp.
(narcotic* or opiate* or opioid* or heroin) and (misuse or abus* or addict* or habit* or

2 dependenc* or withdraw).ti,ab.

3 lor2

4 (buprenorphine or Sublocade).mp.

5 (buprenorphine implant or Probuphine).mp.

6 (buprenorphine or CAM2038).mp.

7 (naltrexone or Vivitrol).mp.

8 (extended release or slow release or controlled release or sustained release).mp.

9 (4or6o0r7)and8

10 (medication assisted treatment or (medication adj3 addiction treatment) or MAT).mp.

11 5or9or 10

12 3and 11
clinical trial.pt. or clinical trial, phase Il.pt. or clinical trial, phase ii.pt. or clinical trial, phase iii.pt.
or clinical trial, phase iv.pt. or controlled clinical trial.pt. or multicenter study.pt. or randomized
controlled trial.pt. or double-blind method/ or clinical trials as topic/ or clinical trials, phase i as

13 topic/ or clinical trials, phase ii as topic/ or clinical trials, phase iii as topic/ or clinical trials, phase

iv as topic/ or controlled clinical trials as topic/ or randomized controlled trials as topic/ or early
termination of clinical trials as topic/ or multicenter studies as topic/ or ((randomi?ed adj7 trial*)
or (controlled adj3 trial*) or (clinical adj2 trial*) or ((single or doubl* or tripl* or treb*) and
(blind* or mask*))).ti,ab,kw. or (4 arm or four arm).ti,ab,kw.
cohort studies/ or longitudinal studies/ or follow-up studies/ or prospective studies/ or
retrospective studies/ or cohort.ti,ab. or longitudinal.ti,ab. or prospective.ti,ab. or

14 retrospective.ti,ab. or case-control studies/ or control groups/ or matched-pair analysis/ or
retrospective studies/ or ((case* adj5 control*) or (case adj3 comparison*) or control
group*).ti,ab,kw.

15 13 or 14

16 12 and 15
(abstract or addresses or autobiography or bibliography or biography or clinical trial, phase | or
comment or congresses or consensus development conference or duplicate publication or

17 editorial or guideline or in vitro or interview or lecture or legal cases or legislation or letter or
news or newspaper article or patient education handout or periodical index or personal
narratives or portraits or practice guideline or review or video audio media).pt.

18 16 not 17

19 (animals not (humans and animals)).sh.
20 18 not 19
21 limit 20 to english language
22 Remove duplicates from 21
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Table A3. Embase Search Strategy, June 18, 2018.

# ‘ Search Terms

#1 ‘opiate addiction’/exp or ‘opiate addiction’

# (narcotic* or opiate* or opioid* or heroin) and (misuse or abus* or addict* or habit* or
dependenc* or withdraw)

#3 ‘drug abuse’ and ‘substance abuse’

#4 #lor#2 or #3

#5 (buprenorphine or Sublocade)

#6 (‘buprenorphine implant’ or Probuphine)

#7 (buprenorphine or CAM2038)

#8 (naltrexone or Vivitrol)

#9 (extended or slow or controlled or sustained) and release

#10 (#5 or #7 or #8) and #9

#11 (medication assisted treatment or medication NEAR/3 addiction treatment or MAT)

#12 #6 or #10 or #11

#13 #4 and #12

#14 ‘clinical’:ab,ti AND ‘trial’:ab,ti OR ‘clinical trial’/exp OR random* OR ‘drug therapy’:Ink
‘clinical article'/exp OR 'controlled study'/exp OR 'major clinical study'/exp OR 'prospective

#15 study'/exp OR 'cohort analysis'/exp OR 'cohort':ab,ti OR 'compared':ab,ti OR 'groups':ab,ti OR
'case control':ab,ti OR 'multivariate':ab,ti

#16 #14 or #15

#17 #13 and #16

#18 #17 AND (‘chapter’/it OR ‘conference review’/it OR ‘editorial’/it OR ‘letter’/it OR ‘note’/it OR
‘review’/it OR ‘short survey’/it)

#19 #17 not #18

#20 ‘animal’/exp or ‘nonhuman’/exp or ‘animal experiment’/exp

#21 ‘human’/exp

#22 #20 and #21

#23 #20 not #22

#24 #19 not #23

#25 #24 and [english]/lim

#26 #24 and [medline]/lim

#27 #25 not #26
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Figure Al. PRISMA Flow Chart Showing Results of Literature Search

557 references identified 8 references identified
through literature search through other sources

references identified
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555 references after
duplicate removal
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/23 total references \

11 RCTs (2 secondary publications)
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15 publications, 3 clinicaltrials.gov
results page, 5 conference abstracts

N /

379 citations excluded
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Appendix B. Previous Systematic Reviews and

Technology Assessments

We identified four systematic reviews and one technology assessment on the treatment of OUD
using naltrexone and buprenorphine implant: (1) the induction and adherence rates of naltrexone
(XR-NTX, Vivitrol) in patients with OUD, (2) the effectiveness of sustained-release naltrexone and its
adverse events, (3) the effectiveness of buprenorphine in with patients with OUD, (4) the
effectiveness of naltrexone in patients with OUD, and (5) a NICE health technology appraisal on
naltrexone as a treatment option for the management of OUD. These reviews and technology
assessment are summarized below.

Jarvis, B., Et al. (2018). “Extended-Release Injectable Naltrexone for Opioid Use Disorder: A
Systematic Review” Cochrane Database of Systematic Reviews

This systematic review evaluated the success of introducing naltrexone, patient’s adherence to
treatment and its overall efficiency as a treatment option for patients with OUD. Thirty-four studies
met the inclusion criteria as peer-reviewed studies with patients who were considered for
treatment for opioid use, met the criteria for opioid abuse, or have OUD but were not required to
be hospitalized. The pooled results from all studies indicated that the efficiency of naltrexone waws
lowest when used in patients who did not yet undergo detoxification (62.6% to 85% success rate,
respectively). Investigational studies found higher rates of adherence to the treatment (47%),
whereas medical records indicated that only 10.5% adhered to treatment outside of a trial setting.
The study concluded that extended-release naltrexone is not clinically significant because the need
for patient detoxification significantly lowers the pool of patients eligible to complete the treatment
successfully. By six months, only 47% of participants were still adhering to the treatment.

Lobmaier, P. Et al. (2008). “Sustained-Release Naltrexone for Opioid Dependence (Review)”
Cochrane Database of Systematic Reviews

The purpose of this systematic review was to evaluate the effectiveness of sustained-release
naltrexone injection and its adverse effects separately in participants with OUD, participants with
alcohol use disorder, and healthy participants. RCTs were included in the review and for the
evaluations of the efficacy and safety of naltrexone injection. Researchers concluded that not
enough reports exist to evaluate the effectiveness of naltrexone injection. One included trial found
that the naltrexone injection’s effectiveness was dependent on dose. The high-dose treatment
group in the study took a longer amount of time before they dropped out of treatment as
compared to the low-dose or placebo group. When evaluating the amount and severity of adverse
events (AEs), participants with OUD reported feeling fatigued and having administration-site
specific conditions. Six out of ten participants with OUD in one trial, Waal 2003, reported dysphoria
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but the trial had no control group. In a separate trial (Waal 2006) patients with opioid dependence
reported irritability, headache, and nausea, but this decreased as the study continued. Researchers
concluded that there is not enough evidence to evaluate the effectiveness of sustained-release
naltrexone as a treatment for OUD.

NICE Health Technology Appraisal

NICE issued a technology appraisal for naltrexone as a treatment for the management of OUD. In
the assessment of naltrexone’s clinical effectiveness, researchers found 17 studies on the clinical
effectiveness of naltrexone: one systematic review, 13 randomized-controlled trials (RTCs) and 3
non-randomized comparative studies. Two RTCs were conducted in a prison setting with follow-ups
ranging from 20 days to a full year. All pooled studies mainly focused on reporting retention rates,
relapse of opioid use, and re-incarceration in the case of the prison RCTs. Pooled analysis of the
relapse rates showed a statistically significant reduction in risk of opioid use with naltrexone as
compared to placebo. NICE researchers assessed that the pooled data confirmed naltrexone use
showed a significant reduction in relapse. However, there was no difference in retention to
treatment with naltrexone as opposed to other treatments, nor was there a significant reduction in
mortality of patients being treated with naltrexone.
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Appendix C. Ongoing Studies

Appendix Table C. Ongoing Studies of Partial Opioid Agonists and Full Opioid Antagonist

Title, Trial Sponsor,

ClinicalTrials.gov
Identifier

Succes of Treatment
Dicontinuation in
Buprenorphine
Reponders

New York State
Psychiatric Institute

NCT03232346

A Strategy to Improve

Study Design

Phase lll,
Randomized
trial, parallel
assignment

Enrollement :

60 (currently
recruiting)

Treatment Arms

Experimental: Regimen 1

Rapid Monday to Friday
oral naltrexone-induction
procedure

Intervention: Drug:
Vivitrol

Experimental: Regimen 2

5-week buprenorphine
taper from maintenance
dose of 8, 6, or 4mg

Intervention: Drug:
Buprenorphine

Patient Population

Vivitrol

Inclusion Criteria:

1.

A documented history of treatment
with buprenorphine or
buprenorphine/naloxone for at least
6 months with sustained abstinence
from illicit opioids for at least 3
months.

Aged 18 to 60 years

In otherwise good health

Seeking buprenorphine
discontinuation and willing to accept
randomization to either taper from
buprenorphine or injection
naltrexone

Exclusion Criteria:

1.

Lifetime history of DSM-5 diagnosis
of schizophrenia, schizoaffective
disorder, or bipolar disorder
Individuals who meet DSM-5 criteria
for any substance use disorders -
severe, other than opioid and
nicotine use disorder.

A recent history of binge-use of
alcohol or sedative-hypnotics

Key Outcomes

Percent of patients
successfully transitioned off
buprenorphine

Percent of patients abstinent
from any opioids at 25-week
trial endpoint

Estimated
Completion
Date

August 1, 2019
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https://clinicaltrials.gov/ct2/show/record/NCT03232346?recrs=abdf&cond=buprenorphine&cntry=US&phase=2&rank=2

Title, Trial Sponsor,

ClinicalTrials.gov

Study Design

Treatment Arms

Patient Population

Estimated

Key Outcomes Completion

Identifier
Injectable
Pharmacotherapy for
Opioid Use Disorders
(IPOD)

University of California,
Berkeley

NCT02110264

Phase lll,
randomized,
parallel
assignment

Enrollement :
151

Experimental: Vivitrol (XR-
NTX)

50 participants will be
randomized to the long-
acting naltrexone
condition (XR-NTX) which
will include monthly
injections of study drug.

Experimental: XR-NTX+PN

50 participants will be
randomized to receive
long-acting naltrexone
(XR-NTX) and will be
assigned to a patient
navigator (PN).

Active Comparator: ETAU

50 participants will be
randomized to the drug-
education/treatment-as-
usual group.

Intervention: Behavioral:
ETAU

Inclusion Criteria:

1.

Be at least 18 years of age or older,
Meet criteria for DSM-5 opioid use
disorders

Be detained for at least 48 hours,
Have an expected release date
within one year,

Plan to reside in area after release.

Exclusion Criteria:

1.

Have a medical or psychiatric
condition that would make
participation unsafe in the judgment
of the medical staff or the PI,

Have current or chronic pain or have
plans to undergo pain
treatment/therapy,

Have known sensitivity to naltrexone
or naloxone,

Have participated in an
investigational drug study within the
past 30 days prior to screening,

Have a current pattern of alcohol,
benzodiazepine, or other depressant
or sedative hypnotic use, as
determined by the study physician
which would preclude safe
participation in the study.

Date
Compare outcomes of the February, 2019
three intervention groups,
measured by a combination of
self-reports and urine drug
screens for opioids at 6-

months post-intervention.
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https://clinicaltrials.gov/ct2/show/record/NCT02110264?term=treatment+as+usual&recrs=abdf&cond=vivitrol&cntry=US&phase=2&rank=1

Title, Trial Sponsor,

Estimated

ClinicalTrials.gov Study Design Treatment Arms Patient Population Key Outcomes Completion
Identifier Date
Long-Acting Naltrexone | Phase lll, Experimental: Vivitrol at place | Inclusion Criteria: treatment adherence August 2020
for Pre-release Prisoners | randomized, of residence 1. Adult male or female inmate at MTC, XR-NfT)|(|+ MMTX \I/s. XR;NTX-
- ) paralell e One injection of long- BPRU, JPRU, BCCC, or MCIW and be SrTi:o: owling refease from
Friends Researc assignment acting naltrexone (XR- eligible for release within 30 days L
Institute, Inc. S . i ) Any illicit opioid used
. NTX) in prison, followed 2. History of opiate disorder re-arrest [ Time Frame: 12-
NCT02867124 Enroliment : by 6 monthly injections 3. Suitability for XR-NTX treatment months following release
240 post-release at the Currently opioid-free by history, with from prison ]
participants's place of negative urine for all opioids and no re-incarceration [ Time Frame:
residence utilizing mobile signs of opiate withdrawal 12-mon.ths following release
medical treatment 5.  Willingness to enroll in XR-NTX fr?m prlson.]. )
' treatment criminal activity [ Time Frame:
Interventions: Drug: XR-NTX . o 1,2,3,4,5,6,7 and 12-months
Other: place of residence Exclusion Criteria: following release from prison
Active Comparator: Vivitrol at 1. Liver function test levels greater ]
opioid treatment program than three times normal Injection drug use and HIV
e One injection of long- 2. Active medical iliness that may make sexual risk factor [Time
articipation hazardous . -
acting naltrexone (XR- p P ardous Frame: 6 and 12-months
NTX) in prison, followed 3. Untreated psychiatric disorder that following release from prison
T may make participation ]
by 6 monthly injections . . .
4. History of allergic reaction to XR-NTX
post-release at a . -
. . 5. Creatinine above normal limits
community opioid L . o
6. Suicidal ideation (within the past 6-
treatment program.
months)
Interventions: Drug: XR-NTX 7. Body Mass |ndeX (BM') > 40
Other: opioid treatment 8. Unadjudicated charges that may
program result in transfer to another facility
and/or additional prison time.
Source: www.ClinicalTrials.gov (NOTE: studies listed on site include both clinical trials and observational studies)
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Appendix D. Comparative Clinical Effectiveness

Supplemental Information

We performed screening at both the abstract and full-text level. Two reviewers independently
screened the abstracts and full-texts of studies identified through electronic searches according to
the inclusion and exclusion criteria described earlier using DistillerSR (Evidence Partners, Ottawa,
Canada), with any incongruencies resolved through consensus. We did not exclude any study at
abstract-level screening due to insufficient information. For example, an abstract that did not
report an outcome of interest would be accepted for further review in full text. We retrieved the
citations that were accepted during abstract-level screening for full text appraisal. Each full-text
was independently reviewed by two reviewers and conflicts resolved by a third reviewer. Reasons
for exclusion were categorized according to the PICOTS elements during full-text review.

We used criteria published by the US Preventive Services Task Force (USPSTF) to assess the quality
of RCTs and comparative cohort studies, using the categories “good,” “fair,” or “poor” (see
Appendix Table D3).”?Guidance for quality ratings using these criteria is presented below, as is a
description of any modifications we made to these ratings specific to the purposes of this review.

Good: Meets all criteria: Comparable groups are assembled initially and maintained throughout the
study; reliable and valid measurement instruments are used and applied equally to the groups;
interventions are spelled out clearly; all important outcomes are considered; and appropriate
attention is paid to confounders in analysis. In addition, intention to treat analysis is used for RCTs.

Fair: Studies were graded "fair" if any or all of the following problems occur, without the fatal flaws
noted in the "poor" category below: Generally comparable groups are assembled initially but some
question remains whether some (although not major) differences occurred with follow-up;
measurement instruments are acceptable (although not the best) and generally applied equally;
some but not all important outcomes are considered; and some but not all potential confounders
are addressed. Intention to treat analysis is done for RCTs.

Poor: Studies were graded "poor" if any of the following fatal flaws exists: Groups assembled
initially are not close to being comparable or maintained throughout the study; unreliable or invalid
measurement instruments are used or not applied equally among groups (including not masking
outcome assessment); and key confounders are given little or no attention. For RCTs, intention to
treat analysis is lacking.

Note that case series are not considered under this rating system — because of the lack of
comparator, these are generally considered to be of poor quality.
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ICER Evidence Rating

We used the ICER Evidence Rating Matrix (see Figure D1) to evaluate the evidence for a variety of

outcomes. The evidence rating reflects a joint judgment of two critical components:

a) The magnitude of the difference between a therapeutic agent and its comparator in “net
health benefit” — the balance between clinical benefits and risks and/or adverse effects AND

b) The level of certainty in the best point estimate of net health benefit.”?

Figure D1. ICER Evidence Rating Matrix

Comparative Clinical Effectiveness

Low
Certainty

Negative Comparable Small Substantial
Net Benefit Net Benefit Net Benefit Net Benefit

Comparative Net Health Benefit

A = “Superior” - High certainty of o substantial (moderate-large) net health benefit
B = “Incremental” - High certainty of a small net health benefit

C = “Comparable”- High certainty of @ comparable net health benefit

D = “Negative”- High certainty of an inferior net health benefit

B+ = “Incremental or Better” - Moderate certainty of a small or substantial net health benefit, with high

certainty of at least @ small net health benefit

Q .
S Certainty
R

N

W

w

s

£

é Moderate
.£ Certain
3 i . P/l .
5

Q

by

2

1)

—)

C+ = "“Comparable or Better” - Moderate certainty of o comparable, small, or substantial net health benefit,

with high certainty of ot least a comparable net health benefit

P/l = “Promising but Inconclusive” - Moderate certainty of a comparable, small, or substantial net health

benefit, and a small {but nenzero) likelihood of o negative net health benefit

C- = "Comparable or inferior” - Moderate certainty that the point estimate for comparative net health

benefit is either comparable or inferior
I = “Insufficient” - Any situation in which the level of certainty in the evidence is low
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Table D1. Key Baseline Characteristics of Included Studies

.. Mean
. Prescription

. . Heroin as Mean (SD) | (SD) Years

Mean (SD) Male, White, | Employed, | Recent Opioid . Drugs as . .
Study Primary . Age at First | of Opioid

Age % % % Use, % L. Primary o

Opioid, % o Opioid Use | Use/OUD

Opioid, % . .
Diagnosis

CAM 2038
4.3 (7.8)
CAM2038 213 38.7 (11.2) 56.8 74.6 35.7 NR 71.4 28.6 53.5 NR since
Lofwall diagnosis
201874 4.7 (6.0)
SL bup/nal 215  38.0(10.9) 66.0 76.3 33.5 NR 70.2 29.8 51.2 NR since
diagnosis
316 3.06
i 5.29
CAM2038 114 37.3 (11.6) 54.4 78.9 29.8 tested positive  85.1 NR 100 NR (, )
since
CPDD for fentanyl . .
Injection diagnosis
2.76
Poster!5! 21.8 (3.54)
SL bup/nal 110 37.2 (66.4) 66.4 82.7 25.5 tested positive  86.4 NR 100 NR -
since
for fentanyl . .
diagnosis
4.03
35.5 (8.74)
CAM2038 152 38.8 (11.2) 56.6 66.4 27.6 tested positive 100 0 63.8 NR B
since
for fentanyl . .
diagnosis
CPDD
Heroin 513
Poster's? 25.8 (4 67)
SL bup/nal 151  38.9(11.4) 69.5 69.5 27.2 tested positive 100 0 62.9 NR B
since
for fentanyl . .
diagnosis
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.. Mean
. Prescription

. . Heroin as Mean (SD) | (SD) Years

Mean (SD) Male, White, Employed, | Recent Opioid . Drugs as ’ "
Primary . Age at First | of Opioid

Age % % % Use, % o Primary .

Opioid, % . Opioid Use | Use/OUD

Opioid, % . .
Diagnosis

Sublocade

21.7% (18-29),

Sublocade 43.3% (30-44),
203 67.0 69.0 NR NR NR NR NR NR NR
300mg/100mg 31.5% (45-59),
3.4% (60+)

22.4% (18-29),

. Sublocade 47.3% (30-44),
Trial 13- 201 d V672 71.6 NR NR NR NR NR NR NR
DI 300mg/300mg 26.4% (45-59),

4.0% (60+)

23.0% (18-29),
45.0% (30-44),

Placebo 100 650  78.0 NR NR NR NR NR NR NR
30.0% (45-59),

2.0% (60+)
Trial 13-

000376 De Novo 412 38.4 (12.10) 63.8 71.6 NR NR NR NR NR NR NR
(Study
{JIGWLEE Roll-Over 257  41.6(11.07) 65.8 64.9 NR NR NR NR NR NR NR
13-0001)
6.2 (5.93)
Probuphine 87 38 (11.2) 59.8 94.3 78.1 NR 17.2 75.9 NR NR since
Rosenthal diagnosis
2016%° 6.2 (6.95)
SL bup/nal 89 39 (10.8) 58.4 95.5 72.0 NR 24.7 73.0 NR NR since
diagnosis
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Mean

Prescription

. . Heroin as Mean (SD) | (SD) Years
Mean (SD) Male, White, Employed, | Recent Opioid . Drugs as ’ "
Primary . Age at First | of Opioid
Age % % % Use, % o Primary .
Opioid, % . Opioid Use | Use/OUD
Opioid, % . .
Diagnosis
Probuphine 114 36.4 (11.0) 63.2 83.3 NR NR 66.7 33.3 NR NR NR
CGIEEMGEIN Placebo
. 54 35.2 (10.3) 57.4 83.3 NR NR 51.9 48.1 NR NR NR
20137° implants
SL bup/nal 119 35.3 (10.9) 60.5 81.5 NR NR 63.0 36.1 NR NR NR
L Probuphine 108 35.8 (11.0) 66.7 75.9 NR NR 63.9 36.1 NR NR NR
ing
201078 Placebo
. 55 39.3 (11.7) 72.7 72.7 NR NR 61.8 38.2 NR NR NR
implants
Vivitrol
. 21.2 (6.5) 12.8 (9.0)
e Vivitrol 283 34 (9.5) 69.0 73.0 17.0 NR 81.0 15.0 63.0 L. .
opioid use  opioid use
20183 (X-
21.4 (7.6 12.2 (9.0
BOT) SL bup/nal 287  33.7(9.8) 720 750 20.0 NR 81.0 16.0 64.0 , ,( ) , ,( )
opioid use  opioid use
8.9(7.8
prior 30 days: (7:8)
. heavy
7.6 days using obioid
ioi
Vivitrol 80 36.4 (8.8) 76.3 90.0 NR heroin; NR NR 90.0 NR .
use;
8.2 days usin
Ea 6.9 (5.8)
other opioids .
heroin use
9.6 (10.5
prior 30 days: h ( )
eav
SL bup/nal 79 35.7 (8.5) 68.4 88.6 NR 12.0 days NR NR 81.0 NR . \;
opioi
using heroin; =
use;
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14.5 days 6.7 (5.2)
using other heroin use
opioids
22.5 6.7
L. 36.2
Continuing (95%ClI (95%ClI
. 54 (95% Cl: 33.9, 81.5 NR NR NR NR NR
solli Vivitrol 38.4) 21.1,24.0) 5.5,7.8)
2018%8 ’ heroinuse  heroin use
63.2
(Tanum s 21.4 6.7
L iyAelRIN Inducted on i (95%ClI (95%Cl
. 63 (95% ClI 32.9, 71.4 NR NR NR NR NR
Vivitrol 37.2) 19.5, 23.4) 5.2,8.1)
' heroin use  heroin use
prior 30 days: 42.1
Vivitrol 153  44.4(9.2) 84.3 20.4 17.0 30.9 any NR NR during NR NR
opioids lifetime
prior 30 days: 40.0
Treatment as .
| 155 43.2 (9.4) 85.2 194 18.7 38.1 any NR NR during NR NR
usua
opioids lifetime
44.0
. 40 13.0 (7-days )
Vivitrol 16 100 NR 31.0 NR NR during NR NR
[range 26-52] pre-arrest) o
lifetime
24.0
Treatment as 47 18.0 (7-days .
17 100 NR 12.0 NR NR during NR NR
usual [range 39-58] pre-arrest) o
lifetime
9.1 (4.5)
. prior 30 days: since
Vivitrol 126 29.4 (4.8) 90.0 98.0 NR . NR NR NR NR
88.0 heroin; dependen
Krupitsky 12.0 ce
20118 methadone; 10.0 (3.9)
13.0 other since
Placebo 124 29.7 (3.6) 86.0 100 NR o NR NR NR NR
opioids dependen
ce
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9.0 (4.2)

Continuing prior 30 days: since

. L. 67 29.5 (5.0) 92.5 100 NR . NR NR NR NR

(T Vivitrol 89.5 heroin; dependen

2013%° 8.8 ce

(Krupitsky methadone; 9.4 (4.0)

pLxENeJEIM Inducted on 9.8 other since

L. 47 29.4 (3.8) 85.1 100 NR o NR NR NR NR

Vivitrol opioids dependen
ce
20.1
(11.2)
heroin

Vivitrol 66 46.6 (8.3) 83.3 NR NR NR NR NR NR NR use;
2.8(7.2)
other
opioid use
18.4
(10.2)
heroin

Placebo 27 43.9 (7.8) 77.8 NR NR NR NR NR NR NR use;
3.2(5.4)
other

opioid use

Observational
1041 29.9(10.93) 69.0 NR NR NR NR NR NR NR NR

Naltrexone
Shah

2018% Nonpharmaco-

. 6883 33.2(13.43) 38.9 NR NR NR NR NR NR NR NR
logical therapy
95% Cl: 95% confidence interval; bup/nal: buprenorphine/naloxone; mg: milligram; N: number of participants; NR: not reported; OLE: open-label extension; OUD: opioid use

disorder; SD: standard deviation; SL: sublingual
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Table D2. Study Designs of Included Studies

. Intervention Total .
Location . . ’ Inclusion . .
Centers Induction Period Period Follow-Up Exclusion Criteria

of Sites Criteria
: (Weeks) (Weeks) :

CAM 2038

DSM-5 criteria

Pharmacotherapy for OUD
Lofwall 201874 for moderate Y

. Industry 1 day of 4 mg within 60 days;
([ P51 Multicenter  US 24 28 or severe OUD . . .
(Braeburn) bup/1 mg nal AIDS; chronic pain requiring
Phase lll for the 3 .
opioid therapy
months
Sublocade
. Condition requiring chronic
Open-label run-in .
. . opioid treatment;
. induction phase .
Trial 13- . L substance use disorder
; with SL bup/nal for DSM-5 criteria )
00017°NCT023 (DSM-5) with regard to any
. Industry 3 days followed by for moderate
57901 Phase Multicenter  US . 24 24 substances other than
(Indivior) a4-to 11-daySL or severe OUD . . .
1l bup/nal label for 3 th opioids, cocaine, cannabis,
up/nal open-labe or 3 months
Unpublished p' P tobacco, or alcohol;
run-in dose- . .
. . received MAT for OUD in
adjustment period .
prior 90 days
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. Intervention Total .
Location . . . Inclusion . o
Centers Induction Period Period Follow-Up Exclusion Criteria

f Sit Criteri
of Sites (Weeks) (Weeks) riteria

De novo subjects:
Condition requiring chronic

De novo opioid treatment;
. subjects: substance use disorder
. - Open-label run-in L .
Trial 13-0003 ML h DSM-5 criteria  (DSM-5) with regard to any
induction phase
NCT02510014 . 2 De Novo: for moderate substances other than
with SL bup/nal for . . .
Phase lll 49 weeks or severe OUD  opioids, cocaine, cannabis,
. . Industry 3 days followed by
Unpublished Multicenter  US . NR for 3 months tobacco, or alcohol;
(Indivior) a4-to 11-day SL . .
(Study Roll-Over: received MAT for OUD in
. bup/nal open-label )
following 13- . 25 weeks Roll-over prior 90 days
run-in dose- .
0001) . . subjects:
adjustment period .
Completed Roll over subjects:

trial 13-0001 Major protocol deviations
or adverse events in trial

13-0001
Probuphine
DSM-IV
diagnosis of
opioid
Stable dose of 8 2 Chronic pain requiring
Rosenthal dependence . )
mg/day or less of opioids; AIDS; primary
2016 . Industry . and no . .
Multicenter  US SL buprenorphine 24 24 . diagnosis of substance
NCT02180659 (Braeburn) evidence of
for at least 24 . dependence other than
Phase lll opioid . L
weeks . opioids or nicotine
withdrawal or
illicit opioid-
positive urine
Rosenthal Government Open-label DSM-IV AIDS; current dependence
20137° . (NIDA) and induction phase diagnosis of on psychoactive substances
Multicenter  US 0 ) 24 24 - -
NCT01114308 Industry with 12-16 mg/day current opioid  other than opioids or
Phase lll (Titan) of SL bup/nal for dependence nicotine (DSM-IV); received
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. Intervention Total .
Location Inclusion

Centers . Induction Period Period Follow-Up e Exclusion Criteria
of Sites Criteria
(Weeks) (Weeks)

three days within MAT for OUD in prior 90

10 days of days; current diagnosis of

screening chronic pain that required
opioid treatment

AIDS; current dependence

Open-label .
. . on psychoactive substances
induction phase .
. 8 . DSM-IV other than opioids or
Ling 2010 with 12-16 mg/day . . L .
. Industry diagnosis of nicotine (DSM-IV); received
([ o227y A8 Multicenter  US . of SL bup/nal for 24 24 . ) .
(Titan) . current opioid  MAT for OUD in prior 90
Phase lll three days within . .
dependence days; current diagnosis of
10 days of : . .
. chronic pain that required
screening .
opioid treatment
Vivitrol
Vivitrol arm: L
. DSM-5 criteria
>3 days since last
. for OUD; used
g1 Protocols opioid use and .
Lee 2018 opioids other . . L
and length pass naloxone Serious medical, psychiatric
(X-BOT) . Government than .
Multicenter  US of stay challenge (20.4 24 36 . disorder, or substance use
NCT02032433 (NIDA) . prescribed .
varied by mg) o disorder
Phase IV . within 30 days
site o
rior to
SL bup/nal arm: P
. consent
Varied
Government Vivitrol arm:
(Research >3 days since last
& ) o DSM-IV Other drug or alcohol
Tanum 2017 Council of opioid use and L .
. >7 days criteria for dependence; serious
\[qkVAVLELERS Multicenter  Norway Norway and pass naloxone 12 48 . . o
opioid somatic or psychiatric
Phase Il the Western challenge (2-4 mg) .
dependence illness
Norway
Regional SL bup/nal arm:
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Location
of Sites

Intervention

Induction Period Period

Follow-Up

Inclusion
Criteria

Exclusion Criteria

Lee 20162
NCT00781898
Phase II/Ill

Lee 2015*
NCT01180647
Phase lll

Multicenter

Multicenter

us

us

Health
Authority)

Government
(NIDA)

Academic
(NYU) and
Industry
(Alkermes
provided
study drug)

NA
(participants
had to be
opioid-free)

NA (partici-
pants had to
be opioid-
free)

(Weeks)
Three to four-day
dose titration to
reach target dose

Vivitrol arm: Pass
naloxone challenge 24 78
(>0.8 mg)

Vivitrol arm: Pass
naloxone challenge 8 8
(0.8 mg)

(Weeks)

DSM-IV
criteria for
opioid
dependence;
had been
incarcerated;
opioid-free
status at
randomization

Opioid-
dependent
adults
incarcerated in
NYC DOC
meeting DSM-
IV criteria for
opioid
dependence
prior to arrest;
not receiving
methadone or
buprenorphin
e treatment;
opioid-free at
randomization

Drug or alcohol dependence
requiring a high level of
care; an untreated
psychiatric disorder or
medical condition; a current
diagnosis of chronic pain
requiring opioids; drug
overdose in the previous 3
years requiring inpatient
hospitalization

Chronic pain requiring
opioids; serious,
uncontrolled medical or
psychiatric illnesses
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Krupitsky
2011%
NCT00678418
Phase Il

NEW HOPE®
NCT01246401
Phase I/II
Unpublished

Centers

Multicenter

Multicenter

Location
of Sites

Russia

us

Industry
(Alkermes)

Academic
(Yale),
Government
(NIH), and
Industry
(Alkermes
provided
study drug)

<30 days
(pre-study
detox)

If recent
opioid use
or
anticipated
withdrawal,
five-day
buprenor-
phine
withdrawal
protocol
was
employed

Intervention

Period
(Weeks)

Induction Period

7 days 24

If recent opioid use
or anticipated
withdrawal, three-
five days

Total
Follow-Up
(Weeks)

76

48

Inclusion
Criteria

DSM-IV
criteria for
opioid
dependence

DSM-IV for
opioid
dependence;
confirmed HIV
infection;
released from
prison within
30 days

Exclusion Criteria

AlIDS-indicator disease;
psychosis, bipolar disorder,
major depressive disorder
with suicidal ideation;
present dependence on
substances other than
opioids or heroin

Prescription of opioid pain
medications or expressing a
need for them; already
enrolled in an opioid
substitution therapy
program; in opioid
withdrawal (3-5 days since
last opioid ingestion)

Observational

Shah 2018%

Observational

Multicenter

us

Industry
(Alkermes)

NR 12 months

24
months

Diagnosis of
opioid
dependence
(ICD-9 CM) for
6 months

MAT for opioid dependence
in one month prior
excluded from the
buprenorphine and
nonpharmacological
therapy cohorts

Bup/nal: buprenorphine/naloxone; DSM: Diagnostic and Statistical Manual of Mental Disorders; ICD-9 CM: International Classification of Diseases, Ninth Revision, Clinical
Modification MAT: medications for addiction treatment; mg; milligram; NR: not reported; NYC DOC: New York City Department of Corrections; OUD: opioid use disorder; SL:

sublingual
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Table D3. Quality Ratings of Included Trials

Clear Definition of
Comparable Non-Differential Patient/Physician Interventions Clear Definition of | Primary Handling of .
Study . ’ o . USPSTF Rating
Groups Follow-Up Blinding (Including Outcomes Missing Urine Tests
Initiation)

CAM 2038

Lofwall 201874 Yes Yes

Sublocade

Trial 13-00017° Yes Yes

Probuphine

Considered positive Good

Considered positive Good

Data were randomly
90 imputed with 20%
Rosenthal 2016 Yes Yes Yes Yes Yes . Good
relative penalty

against Probuphine

Rosenthal 20137° Yes No Yes Yes Yes Considered positive Fair

Ling 201078 Yes No Yes Yes Yes Considered positive Fair
Vivitrol
Lee 2018% (X-BOT) [ Yes No Yes Yes Considered positive Good
Tanum 2017% Yes Yes No Yes Yes Considered positive Good
Lee 2016°2 Yes Yes No No Yes Considered positive Fair
Lee 2015% No Yes No Yes Yes Considered positive Fair
Krupitsky 2011% Yes No Yes Yes Yes Considered positive Fair
NEW HOPE® Yes Yes Yes Yes Yes Considered positive Good

USPSTF: United States Preventive Services Task Force
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Table D4. Key Abstinence and Relapse Outcomes in Included Studies |

Relapse and Opioid Use Opioid-Negative Urine Samples
Study . . . B/W Arm
Description B/W Arm Comparison Description )
Comparison

CAM2038

CAM2038 213 35.1(2.5) tx diff (95% Cl)

1-24 NR 6.7 (-0.1, 13.6)
SL bup/nal 215 28.4 (2.5) p<0'001

tx diff (95% ClI
CAM2038 213 i " PESRHCE SRS, 35.2 (2.6) oo 1(3 103 1;

o SLbup/nal 215 urine samples 299(26)  pisNs
CAM2038 213 339 (26)  xdiff(95%Cl)
13-24 NR 8.5(1.2,15.7)

SLbup/nal 215 25.4(2.6) p=0.02

CAM2038 213 2o \R mean (SE) % of negative 35.1 (2.5)* 0.004
: ) p=0.
SLbup/nal 215 urine samples, CDF 26.7 (2.5)*
CPDD Injection CAM2038 114 424 NR mean (SE) % of negative 30.9(3.3)% <0.001
2 . p<0.
Poster'>! SLbup/nal 110 urine samples, CDF 15.4 (2.7)*
CAM2038 152 mean % of negative 29.9*
CPDD Heroin Poster!>? 4-24 NR ) p<0.001
SL bup/nal 151 urine samples, CDF 12.7%
Sublocade
Sublocade
vs. placebo:
300mg/10 194 41* <0.0001.
omg % of participants with P
Trial 13-00017° Sublocade 5-24 NR >90% negative urine laceb
vs. placebo:
300mg/30 196 samples, CDF 48* 2
p<0.0001
Omg
Placebo 99 2% —
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Relapse and Opioid Use Opioid-Negative Urine Samples

. . . B/W Arm
Description B/W Arm Comparison Description )
Comparison

Roll-Over 257 % of participants with 28.8*

Trial 13-00037¢ NR >90% negative urine NR
De Novo 412 49 15.0*
samples, CDF

Probuphine

Probuphin vs. placebo:
31.2
e p<0.0001
Placebo 1-24 NR
. 54 134 —
implant
SL bup/nal 119 33.5 —
vs. placebo:
Probuphin p<0.0001
114 39.6
e vs. SL bup/nal:
1-16 NR mean % of negative pis NS
iv
Rosenthal 20137 Placebo san /o oTnes
. 54 urine samples, CDF 17.9 —
implant
SL bup/nal 119 37.8 —
vs. placebo:
Probuphin p<0.0001
114 28.9
e vs. SL bup/nal
17-24 NR pis NS
Placebo
. 54 7.2 —
implant
SL bup/nal 119 29.6 —
36.6 (95%
Probuphin (95%
108 Cl: 30.5,
e
. mean % of negative 42.6)
Ling 20107 1-24 NR ) p=0.01
urine samples 22.4 (95%
Placebo
. 55 Cl: 15.3,
implant
29.5)
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Relapse and Opioid Use Opioid-Negative Urine Samples
Study o . . B/W Arm
Description B/W Arm Comparison Description )
Comparison

) 40.4 (95%
Probuphin
o 108 Cl: 34.2,
46.7)
1-16 NR p=0.04
28.3 (95%
Placebo
. 55 Cl: 20.3,
implant
36.3)
Probuphin
o 108 NR
17-24 NR p<0.001
. NR
implant
Vivitrol
(1): n (%) (1): 185
tici t 65
Vivitrol participants  (65) 4(0-19)
who (Bl (1): OR (95%Cl) 1.44
a1 relapsed” (3.0,23.4) ’ o :
Lee 2018 (1.02, 2.01), p=0.036; median (IQR) weekly-
3-24 (2): median . ) p<0.0001
(X-BOT) (1): 163 (2): HR (95%Cl): 1.36 negative urine samples
S el | 2 ('?R) . (57) (1.10, 1.68), p=0.004 (e
na o .
up re a;‘)seI ree (2): 14.4
surviva (5.1, 23.4)
weeks
(1): 0.8
mean (SD)
days usin (1.5)
9 YSUSINg o) 12 tx diff (95%CI)
Vivitrol 63 (2): heroin,
(2.2) (1):-3.0(-4.9, -1.2),
(2): other
L (3): 2.96 p=0.001
Tanum 20172 4 illicit NR
- (1.32,4.58) (2):-2.9 (-4.8, -0.9),
opioids, and
(1):3.7 p=0.004
(3): IV drugs
. (7.4) (3): NR
SL bup/nal 65 during
: (2): 4.2
preceding 4
(7.9)
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Relapse and Opioid Use Opioid-Negative Urine Samples
Study Week o . . B/W Arm
Description B/W Arm Comparison Description )
Comparison

weeks (95%  (3):3.97

Cl) (1.90, 5.22)
(1): 0.8
(1.9)
. (2):1.8
Vivitrol 59 .
(4.7) tx diff (95%Cl)
(3):3.75 (1): -3.3(-5.1, -1.5),
(2.13,5.34) p<0.001
8 NR
(1): 4.4 (2):-2.6 (-4.6, -0.7),
(9.1) p=0.007
(2): 4.0 (3): NR
SLb | 55
up/na (8.5)
(3): 4.08
(2.38,5.72)
(1): 1.1
(2.3)
. (2): 2.0
Vivitrol 57 .
(5.0) tx diff (95%Cl)
(3):4.51 (1):-3.6 (-6, -1.2),
(2.46,6.61) p=0.003
12 . NR
(1):4.1 (2):-2.4(-4.9,0.1), p is
(8.4) NS
(2):4.4 (3): NR
SLb | 50
up/na (8.7)
(3): 4.56
(2.33, 6.68)
Wit 63 mean (SD) group 0.9 (0.3) tx diff (95%Cl)
1-12 NR proportion of total # of 0.1 (-0.04, 0.2),
SLbup/nal 65 negative samples 0.8(0.4) p<0.001
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Relapse and Opioid Use

Opioid-Negative Urine Samples

Week o . . B/W Arm
Description B/W Arm Comparison Description )
Comparison
(1): 0.1
mean
(95%Cl) (0.0, 0.2)
Continuin — (2):0.2 (- _
. 28 days using tx diff (95%Cl)
g Vivitrol . 0.1,0.4)
(1): heroin, (3): 2.4 ( (1): 0.3 (-0.5, 1.0),
. (2): other o p= NS
Solli 2018 (Tanum o 0.7,5.5)
36 illicit (2): 0.7 (-0.1, 1.6), NR
2017 OLE) . (1): 0.8(-
opioids, and 0.3, 1.9) p=0.088
(3):IVdrugs (3):1.2(-2.2,4.6),pis
Inducted . (2): 0.6
. 30 during NS
on Vivitrol . (0.0,1.2)
preceding 4
(3): 6.0
weeks
(2.2.,9.9)
(1): median  (1): 10.5
Vivitrol 153 weeks to (2):43.1 74.1
relapse* (3):5.9 (1): HR (95% Cl) 0.49
(2): % of (0.36, 0.68), p<0.001
participants (2): OR (95% ClI) 0.43 OR (95% Cl)
Lee 2016°2 24 who (1):5.0 (0.28, 0.65), p<0.001 % of negative samples 2.30 (1.48, 3.54),
Treatment * o 3): OR (95% Cl) 0.67 <0.001
155 relfzrpsEe (2): 63.9 (3): OR (95% 1) 55.7 &
as usual (3) % of (3): 8.6 (0.25, 1.82),
participants pis NS
reporting IV
drug use
19 1):38(2): OR (95%CI
Vivitrol 16 (2): % of (1):38 (2) (95%Cl) 59 OR (95%Cl)
4 participants 25 0.08 (0.01, 0.48), 35 (1.4, 8.5)
Treatment who (1):88(2):  p<0.004 : T
Lee 2015% 17 % of negative samples 29 p<0.009
as usual relapsed® 6 (2): NR
o (2): % of (1): 50 (2):
Vivitrol 16 8 - OR (95%Cl) 59 OR (95%Cl)
participants NR
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Relapse and Opioid Use Opioid-Negative Urine Samples
Study Week B/W Arm
Description B/W Arm Comparison Description
Comparison

Treatment reporting IV (1):93(2):  0.13 (0.02, 0.78), 4.6 (2.1, 10),
as usual drug use NR p<0.03 p<0.0001

. % (95%Cl)  0.8(0.0,
Vivitrol 126
of 2.3)
participants
relapsed to
physiologic tx diff (95%Cl)
Krupitsky 2011% 24 al i 17.3 (2.3, 127.8), NR
Placebo 124 dependenc 19'8) o p<0.0001
e (positive '
naloxone
challenge
test)
Continuin 67 73.7
Krupitsky 20138° g Vivitrol = NR mean (SD) % of negative  (33.2)* NR
(Krupitsky 2011 OLE) Inducted . monthly samples 81.0
on Vivitrol (28.6)*
. median 137 [0 to
Vivitrol 66
[range] days 168]
to first
relapse
NEW HOPE®’ 24 p=0.03 NR
based on 29 [0 to
Placebo 27
self- 168]
reported
opioid use
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Relapse and Opioid Use Opioid-Negative Urine Samples
.. . .. B/W Arm
Description B/W Arm Comparison Description )
Comparison

*Urine test results confirmed with self-report;

"Relapse defined as the use of non-study opioids any time after 20-day randomization (at the start of four consecutive opioid use weeks or at the start of seven consecutive
days of self-reported opioid use days). A use week was defined as any week where the participant reported at least one day of non-study opioids (buprenorphine,
methadone, morphine, heroin, codeine, oxycodone) or did not provide a urine sample;

*A relapse event was defined as 10 or more days of opioid use in a 28-day (four-week) period as assessed by self-report or by testing of urine samples obtained every two
weeks; a positive or missing sample was computed as five days of opioid use;

§Relapse defined as 210 of 28 days of self-reported opioid misuse following jail release or two or three positive of the three urine samples during weeks two, three and four.
A single positive or missing urine result counted as seven opioid misuse days.

95% Cl: 95% confidence interval; bup/nal: buprenorphine/naloxone; b/w: between; CDF: cumulative distribution function; HR: hazard ratio: IQR: interquartile range; IV:
intravenous; mg: milligram: mo.: month(s); N: number of participants; NR: not reported; NS: not significant; OR: odds ratio; SE: standard error; SD: standard deviation; tx diff:
treatment difference
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Table D5. Key Abstinence and Relapse Outcomes in Included Studies Il

CAM2038

Responders, n (%) Other Abstinence Outcomes
B/W Arm B/W Arm
Description Description
Comparison Comparison

no evidence of illicit
CAM2038 213 opioid use at 37 (17.4)* tx diff (95%Cl)
Lofwall 201874 1-24 prespecified time 3.0 (-4.0,9.9), NR

- .
SL bup/nal 215 pointst assessed via 31 (14.4)* p<0.001
urine tests

CAM2038 114 18 (15.8)*

CPDD Injection See Lofwall 201874 (15.8)

1-24 L p=0.047 NR

Poster'>! description
SL bup/nal 110 8 (7.3)*
CAM2038 152 24 (15.8)* tx diff (95%ClI

CPDD Heroin See Lofwall 20187* (15.8) (95%c)

Poster!*? 1-24 description 11.2 (4.5, NR
SL bup/nal 151 P 7 (4.6)* 17.9)

Sublocade
Sublocade vs. placebo: vs. placebo:
194 55 (28.4)* 2 mean (SE)#of g5 (0.68)* 2
300mg/100mg p<0.0001 weeks of p<0.0001
Sublocade 5-24 280% of negative vs. placebo: abstinence vs. placebo:
196 urine samples 57 (29.1)* = ' i 8.5 (0.68)* = '

300mg/300mg p<0.0001 assessed via p<0.0001
Placebo 99 2 (2.0)* urine tests 1.0 (0.84)* _

Trial 13-000175 Sublocade o o vs. placebo:
300mg/300mg - p<0.0001
Sublocade o participants o vs. placebo:
300mg/300mg 24 NR abstinent p<0.0001

assessed via
Placebo 99 urine tests 2% .
Olnstitute for Clinical and Economic Review, 2018 Page 129

Draft Evidence Report - MAT in Patients with OUD Return to Table of Contents




Responders, n (%)

Probuphine

Other Abstinence Outcomes

B/W Arm B/W Arm
Description Description
Comparison Comparison

tx diff 8.8%; % of
Probuphine 84 24 of 6 mo. w/o 81 (96.4)* one-sided participants 87.5*
evidence of illicit 97.5%Cl abstinent over
Rosenthal 2016°° 24 - p=0.027
opioid use assessed (0.009, ==); mo. 1-6
via urine tests * p<0.001 (NI); assessed via *
SL bup/nal 89 78 (87.6) 71.9
p =0.03(S). urine tests
Vivitrol
o 2018 Vivitrol 283 mffd'a” ('?Rd) 39 (1, 144)
=€ 3-24 NR sl <0.0001
(X-BOT) opioid &
sL bup/nal 287 el 81 (16, 144)
abstinent days
Continuing , % of patients ,
Vivitrol 8 reporting >3.
. - abstinence; n
Solli 2018 .
(T 2017 OLE) 36 NR analyzed is for NR
anum
In.d.ucted @i 30 54 continuing 444
Vivitrol arm and 63 for
inducted arm
% of 2-week
Vivitrol 153 2 : 71.1* OR (95%Cl)
intervals with
> . 2.50 (1.66,
Lee 2016° 24 NR no opioid use as
Treatment as . . 3.76),
155 assessed via 49.5
usual . p<0.001
urine test
Vivitrol 16 % of 50* OR (95%Cl)
Treatment 4 NR participants 7.5(1.3,
Lee 2015°* rea Imen as 17 abstinent 13* 44), p<0.03
usua assessed via
Vivitrol 16 8 NR urine tests 50* OR (95%Cl)
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Responders, n (%)
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Other Abstinence Outcomes

B/W Arm B/W Arm
Description Description
Comparison Comparison

16 (1.7,
Treatment as
17 7* 151),
usual
p<0.007
(1): median % (1): 90.0 (69.9,
v : 126 (95% Cl) weeks 92.4)* tx diff (95%
ivitro .
with (2):35.7(27.4, ClI)(1):55.0
abstinence 44.1)* (15.9, 76.1),
Krupitsky 201183 24 NR (2): % (95%Cl) p=0.0002
of patients (1):35.0 (11.4, (2): 1.58
Placebo 124 abstinent 63.8)* (2):22.6  (1.06, 2.36),
assessed via (15.2, 29.9) p=0.02
urine test
_ (1): % of
Continuing . (1): 49.3*
. 67 patients
Vivitrol . (2): 80.6 (29.7)
abstinent
Krupitsky 20138° assessed via
(Krupitsky 2011 52 NR urine test NR
(o] 3] Inducted on - (2): mean (SD) (1): 53.2*
Vivitrol % of reported (2): 87.4 (23.8)
opioid-free
days
% of
Vivitrol 66 .. 19.7
participants
NEW HOPE®* 24 NR abstinent NR
Placebo 27 assessed via 18.5
urine tests
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Responders, n (%) Other Abstinence Outcomes
B/W Arm B/W Arm
Description Description
Comparison Comparison

*Urine test results confirmed with self-report;

tPhase 1 at week 12 and for at least 2 of 3 assessments at weeks 9 to 11 and in phase 2 for at least 5 of 6 assessments from weeks 12 to 24, including month 6 (i.e., weeks
21-24)

95% Cl: 95% confidence interval; bup/nal: buprenorphine/naloxone; b/w: between; IQR: interquartile range; mg: milligram: mo.: month(s); N: number of participants; NI:
non-inferiority; NR: not reported; NS: not significant; OR: odds ratio; S: superiority SE: standard error; SD: standard deviation; tx diff: treatment difference
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Table D6. All-Cause Discontinuation and Treatment Retention in Included Studies

N at
Study a- . Discontinued, n (%)* Number of Days/Weeks Retained
Randomization

CAM2038
CAM2038 215 89 (41) NR

SL bup/nal 213 92 (43) NR
Sublocade

Lofwall 201874

Sublocade 300 mg/
100 mg 203 78 (38) NR
: _ 75
Trial 13-0001 Sublocade 300 mg/ 201 72 (36) NR
300 mg
Placebo 100 66 (66) NR
. De Novo 412 206 (50) NR
Trial 13-00037°
Roll Over 257 57 (22) NR
Probuphine
Probuphine 87 6 (7 NR
Rosenthal 2016°° & @)
SL bup/nal 90 5 (6) NR
Probuphine 114 41 (36) NR
Rosenthal 20137° Placebo implant 54 40 (74) NR
SL bup/nal 119 43 (36) NR
Probuphine 108 37 (34 NR
Ling 201078 i (34)
Placebo Implant 55 38 (69) NR
Vivitrol
Vivitrol 283 78 (28) NR
Lee 20188 (X-BOT)
SL bup/nal 287 62 (22) NR
Vivitrol 80 24 (30) 69.3 dayst
Tanum 20172
SL bup/nal 79 30 (38) 63.7 dayst
. Continuing XR-NTX 54 26 (48) 25.6 weekst
Solli 2018 (Tanum 2017 OLE)
Inducted on XR-NTX 63 33 (52) 25.4 weekst

Lee 2016°2 Vivitrol 153 34 (22) NR
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N at
Study a Discontinued, n (%)* Number of Days/Weeks Retained
Randomization

Treatment as usual 29 (19)

Vivitrol 16 7 (41) NR
Treatment as usual 17 10 (59) NR

Vivitrol 126 59 (47) >168 dayst
Placebo 124 77 (62) 96 days*
Krupitsky 2013%° (Krupitsky 2011 [ \ila[F1[s-S. 81 P 67 28 (42) NR

OLE) Inducted on XR-NTX 47 15 (32) NR

Vivitrol 66 0 NR

Placebo 27 0 NR
*Percentage of participants who discontinued was calculated from numbers reported in each trial; TMean; ¥Median

Lee 2015

Krupitsky 2011%°

NEW HOPE?’

bup/nal: buprenorphine/naloxone; mg: milligram; n: number of participants; OLE: open-label extension; SL: sublingual
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Table D7. Opioid Craving — VAS Scores*

Duration of Mean VAS Over Duration of )
Study Mean VAS Change from Baseline p-Value
Follow-Up Follow-Up

CAM2038

CAM2038 213 17.3 (SD: 25.5)t NR
Lofwall 201874 24 weeks NR
SL bup/nal

215 17.3 (SD: 25.5)t NR
Sublocade 300mg/100mg

Sublocade
NR

1921 2.1 (SE: 1.63) vs. placebo: p=0.0003

Trial 13-00017° 24 weeks Sublocade 300mg/300mg 193xn NR -0.9 (SE:1.63) vs. placebo: p<0.0001
Placebo 96x NR 11.5 (SE: 2.48) —
Probuphine
-2.3(SD: 11.15)%;
Probuphine 84 NR . :SD' P 58;*
Rosenthal 2016°° : o NS for both
. % \R -2.8 (SD: 19.57)%;
P -1.9 (SD: 18.97)t
vs. placebo: p<0.0001
Probuphine 114 102 NR p &
> vs. SL bup/nal: p=0.054
Rosenthal 2013 24 weeks
Placebo Implant 54 21.8 NR T
SL bup/nal 119 7.1 NR
. Probuphine 108 9.9 (7.8 to0 12.0) NR
Ling 201078 24 weeks p<0.001
Placebo Implant 55 15.8 (12.7 to 18.9) NR
Vivitrol

Vivitrol 56 0.83 (95% Cl: -0.81 to 2.43)§ NR
Tanum 201782 12 weeks NR
SL bup/nal 49 2.69 (95% Cl: 1.77 to 3.60)§ NR
. Vivitrol 126 NR -10.1 (-12.3to0 -7.8)
Krupitsky 201125 24 weeks NR
Placebo 124 NR 0.7 (-3.1to 4.4)

VAS increase: 18.8%
Vivitrol 32x NR No change: 37.5%
T 24 weeks VAS decrease: 43.8%# \R
VAS increase: 20.0%
Placebo 151 NR No change: 46.7%
VAS decrease: 33.3%#

95% Cl: 95% confidence interval; bup/nal: buprenorphine/naloxone, mg: milligram; NR: not reported; NS: not significant; SL: sublingual, VAS: visual analog scale

*Qpioid craving measured on 100 mm scale, where 0=no craving and 100=strongest craving, unless otherwise noted;
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tMean VAS need-to-use score, where 0=no need and 100=strongest need;

¥Mean VAS desire-to-use score, where 0=no desire and 100=strongest desire;

§Craving for heroin, rated on a scale of O=no craving to 10=very strong;

#Data reported are percentage of patients reporting opioid craving increases, decreases, or no changes compared to baseline, where 0=no craving and 10=strongest craving;

#Number of participants analyzed for outcome.
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Table D8. Opioid Withdrawal - Clinical Opiate Withdrawal Scale (COWS) and Subjective Opiate Withdrawal Scale (SOWS)

Duration of Mean Change in Mean Change
Study p-Value . p-Value
Follow-Up COWS Score in SOWS Score

CAM2038

CAM2038 3.3(SD: 3.5)" \R
SL bup/nal 2.7 (SD: 4.0)"

Sublocade

Lofwall 201874 24 weeks

91
Sublocade 300mg/100mg 192{ -0.5 (SE: 0.22) vs. placebo NS -0.9 (SE: 0.51) vs. placebo NS
192 vs. placebo:
Trial 13-00017° 24 weeks Sublocade 300mg/300mg { -1.1 (SE: 0.21) vs. placebo: p=0.01 -2.0 (SE: 0.51) 2
193 p=0.0028
96
Placebo / -0.1 (SE: 0.35) 0.7 (SE: 0.8)
Probuphine
Probuphine -0.1 (SD: 1.51) -0.6 (SD: 4.63)
Rosenthal 2016°° 24 weeks NS NS
SL bup/nal 89 -0.1 (SD: 1.69) 0.1 (SD: 5.26)
Rosenthal 20137° vs. placebo
vs. placebo p<0.0001 <0.0001
Probuphine 114 2.49 (NR)' e a 5.3 (NR)' &
vs. bup/nal p=0.0005 vs. bup/nal
24 weeks p=0.0006
Placebo implant 54 4.52 (NR)" 8.42 (NR)*
NR NR
SL bup/nal 119 1.71 (NR)" 2.83 (NR)*
Ling 201078 i 2.3(95% Cl: 1.9 4.1(95% Cl: 3.1
Probuphine 108 + +
] to 2.7) to 5.1)
24 . <0.001 =0.004
WeeKs Placebo implant 55 3.4(95%Cl:28 " 6.5(95%C:
to 4.0)" 5.1t07.9)"

95% Cl: 95% confidence interval; bup/nal: buprenorphine/naloxone, COWS: clinical opiate withdrawal scale, mg: milligram, N: number of participants, NR: not reported, NS:
not significant SD: standard deviation, SE: standard error; SL: sublingual, SOWS: subjective opioid withdrawal scale

*Number of p analyzed for COWS and SOWS, respectively;

tMean score, not change

Olnstitute for Clinical and Economic Review, 2018 Page 137
Draft Evidence Report - MAT in Patients with OUD Return to Table of Contents




Table D9. Serious Adverse Events and Adverse Events Leading to Discontinuation in Included Studies

“

CAM2038
Lofwall 201874

SL bup/nal
CPDD Injection CAM2038
Poster!®! SL bup/nal

Sublocade

Serious Adverse
Event, n (%)

5(2.3)

13 (6.0)

2 (1.8)

16 (14.5)

Discontinuation Due to
Adverse Event, n (%)

CAM2038

0

7 (3.3)
3(1.4)
NR
NR

Sublocade

At Least One Opioid Overdose
Event, n (%)

5(2.3)
0
5 (4.5)

Fatal Overdoses,
n (%)

o O O o

Death, n (%)

1(0.5)
0

NR

0

4(2.0) 7 (3.4) 0 0 0

300mg/100mg

GEIRESWIEEERS Sublocade
7 (3.5) 10 (5.0) 0 NR 1(0.5)

300mg/300mg

Placebo 5 (5.0) 2 (2.0) 1(1.0)* 0 0
Trial 13- Roll-over 9 (3.5) 5(2.0) 0 0 0
000376153 De Novo 16 (3.9) 12 (3.0) 2 (0.5)* 0 0

Probuphine

Rosenthal Probuphine 2 (2.3) 1(1.2) NR NR NR
2016°° SL bup/nal 3(3.4) 0 NR NR NR

Probuphine 6 (5.3) 0 NR 0 0
Rosenthal .
20137 Placebo implant 3 (5.6) 0 NR 0 0

SL bup/nal 7(5.9) 1(0.8) NR 1(0.8) 1(0.8)

Probuphine 2 (1.9 4 (3.7 NR NR NR
Ling 201078 & - (1.9) S

Placebo implant 4(7.3) 0 NR NR NR

Vivitrol

Lee 2018 Vivitrol 29 (14.0) 6(2.1) 15 (5.3) 2 (0.7) 3(1.1)
X-BOT SL bup/nal 29 (11.0) 8(2.8) 8(2.8) 3(1.0) 4(1.4)

Vivitrol 6 (8.5) 4 (5.6) 0 0 0
Tanum 20172

SL bup/nal 3(4.2) 6(8.3) 1(1.4) 0 0
Solli 201828 Continuing Vivitrol 1(1.9) 4(7.4) 0 0 0
(Tanum 2017 o

Inducted on Vivitrol 4 (6.4) 3(4.8) 0 0 1(1.6)

OLE)
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s Serious Adverse | Discontinuation Due to At Least One Opioid Overdose Fatal Overdoses, Death, n (%)
M Event, n (%) Adverse Event, n (%) Event, n (%) n (%) ¢ .
0 0 0

Vivitrol 16 (10.5) 5(3.3)
Lee 20162

Treatment as usual 45 (29.0) NA 5(3.2) 2 (1.3) 2 (1.3)

Vivitrol 0 NR 0
Lee 2015%

Treatment as usual 0 NR 0 0 0
Krupitsky Vivitrol 3(2) 2(2) 0 0 0
2011% Placebo 4 (3) 2(2) 0 0 0
Krupitsky Continuing Vivitrol 3 (4.5) 0 0 0 0
2013%°
(LGS SPLEERS  Inducted on Vivitrol 0 1(2.1) 0 0 0
OLE)

Vivitrol 0 0 0 0 0
NEW HOPE®’

Placebo 0 0 0 0 0

*Trial reports accidental overdoses only
bup/nal: buprenorphine/naloxone; mg: milligram; n: number of participants; OLE: open-label extension; SL: sublingual
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Table D10. Adverse Events=5% in Included Studies

Injection/ . . .. Nervous .
. Gastrointestinal Psychiatric Fatigue/
Implant Site Headache, % System

Upset, % Issues, % Insomnia, %

Reaction, % Disorders, %

CAM2038

6.1 (pruritus); L
7.5 (constipation); . .
CAM2038 5.6 (erythema); 7.5 5.6 5.6 (insomnia)

. 7.0 (nausea)
Lofwall 8.9 (pain)

201874 6.0 (prutritus); .
7.4 (constipation);

SL bup/nal 5.6 (erythema); 7.9 2.8 2.8 (insomnia)
7.9 (nausea)

7.9 (pain)
5.9 (severe .
) 6.6 (constipation);
CAM?2038 reaction); 6.6
. 5.9 (nausea)
CPDD Heroin 5.9 (pain)
Poster!s? 2.0 (severe

4.0 (constipation);
reaction); ( B ) 2.0

SL bup/nal
o/ 2.6 (nausea)

Infections and
Infestations, %

11.8 (any);
5.3 (upper
respiratory tract)
13.9 (any);
3.3 (upper

5.3 (pain) respiratory tract)
Sublocade
9.4 (constipation) >4
.4 (constipation); ; .
Sublocade 6.4 (pruritus); 8.9 (na seZ) 6 3.9 (fatigue); (nasopharyngitis
. usea); . . .
300mg/100mg 4.9 (pain) " 6.4 (insomnia) ); 7.4 (upper
9.4 (vomiting) .
respiratory tract)
8.0 (constipation) >0
.0 (constipation); . -
Trial 13- Sublocade 9.5 (pruritus); 8.0 ( p) " 6.0 (fatigue); (nasopharyngitis
.0 (nausea); . . .
00017% 300mg/300mg 6.0 (pain) - 8.5 (insomnia) ); 6.0 (upper
5.5 (vomiting) .
respiratory tract)
0 tipation) 1.0
constipation); ; .
4.0 (pruritus); P 3.0 (fatigue); (nasopharyngitis
Placebo ) 5.0 (nausea); 6.0 ) )
3.0 (pain) 11 (insomnia) ); 1.0 (upper

4.0 (vomiting)

respiratory tract)
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Injection/ . . .. Nervous . .
. Gastrointestinal Psychiatric Fatigue/ Infections and
Implant Site Headache, % System

. Upset, % Issues, % . Insomnia, % Infestations, %
Reaction, % Disorders, %

2.3
4.7 (any); . . -
Roll-over 2.7 (pain) 5.0 (nausea) 2.0 3.9 3.9 (insomnia) (nasopharyngitis
.7 (pain
IGEIRER )
000376 5.8
14.8 (any); . . -
De Novo . 5.0 (nausea) 7.5 6.6 6.6 (insomnia) (nasopharyngitis
9.5 (pain) )
Probuphine
6.9
(depression);
8.0 (mood
Probuphine 13.8 (any) 6.9 (any) 13.8 ( 8.0
change);
9.2 (psychiatric
Rosenthal disorder)
2016 34
(depression);
1.1 (mood
SL bup/nal 7.9 (any) 2.2 (any) 7.9 ( 4.5
change);
5.6 (psychiatric
disorder)
5.3
27.2 (any); 8.8 .
. 6.1 (nausea); . . . (nasopharyngitis
Probuphine 7.0 (hematomas); . 13.2 (depression); 7.9 7.9 (insomnia)
. 6.1 (vomiting) . ); 8.8 (upper
5.3 (pain) 1.8 (anxiety) .
Rosenthal respiratory tract)
20137° 5.6
25.9 (any); 5.6 -
. 1.9 (nausea); . . . (nasopharyngitis
Placebo implant 11.1 (hematomas); . 9.3 (depression); 14.8 14.8 (insomnia)
. 1.9 (vomiting) . ); 7.4 (upper
9.3 (pain) 5.6 (anxiety) .
respiratory tract)
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Injection/ Nervous

. Gastrointestinal Psychiatric Fatigue/ Infections and
Implant Site Headache, % System . .
. Upset, % Issues, % . Insomnia, % Infestations, %
Reaction, % Disorders, %
10.1
6.7 ( ) 34 ( h iti
.7 (nausea); . . . nasopharyngitis
SL bup/nal NA i 16.0 (depression); 13.4 13.4 (insomnia) AELS
4.2 (vomiting) ); 9.2 (upper

5.9 (anxiet
( ) respiratory tract)

Probuphine—> 14.0 (any)
Beebe 2012%°

Placebo
(Study 2 of .
implant> 12.5 (any)
Rosenthal .
Probuphine
2013%%)
SL bup/nal> 15.0 (any)
Probuphine ' v
56.5 (any);
25.0 (erythema); 13.9
(ery ) 13.9 (constipation); .
. 13.0 (edema); . . . . (nasopharyngitis
Probuphine . 5.6 (diarrhea); 25.0 10.2 (anxiety) 21.3 (insomnia)
25.0 (itching); ); 13.0 (upper
. 13.9 (nausea) .
22.2 (pain); respiratory tract)
12.0 (bleeding)
Ling 20107%
52.7 (any);
21.8 (erythema); 5.5
(ery ) 5.5 (constipation); .
. 9.1 (edema); . . . . (nasopharyngitis
Placebo implant . 12.7 (diarrhea); 18.2 9.1 (anxiety) 21.8 (insomnia)
14.5 (itching); ); 10.9 (upper
. 12.7 (nausea) .
10.9 (pain); respiratory tract)
12.7 (bleeding)
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Vivitrol

10.6
Vivitrol 16.3 (any) 12.0 (any) (psychiatric 7.8 (any)
Lee 20188 disorder)
(X-BOT) 10.1
SL bup/nal NA 20.6 any) (psychiatric 9.4 (any)
disorder)

- 16.9 (anxiety or . .
Vivitrol 5.6 (any) 4 ion) 11.3 11.3 (insomnia)
epression

8.3 (anxiety or

SL bup/nal 0 (any) . 4.2 4.2 (insomnia)
depression)
it 9.3
ontinuin
. 2 9.3 (any) 9.3 (psychological 3.7 3.7 (insomnia)
Solli 201828 Vivitrol .
reactions)
(Tanum 2017
12.7
OLE) Inducted on : . .
. 3.2 (any) 11.1 (psychological 9.5 9.5 (insomnia)
Vivitrol .
reactions)
Vivitrol 27.5 (mild reaction) 18.3 (any) 19 7.2 7.2 (insomnia) 9.8 (nasopharyngitis)
Lee 2016°>
Treatment as . . .
| NA 1.9 (any) 8.4 5.2 5.2 (insomnia) 11.0 (nasopharyngitis)
usua
Vivitrol 5.0 (pain) 6.0 6.0 (insomnia) 7.0 (nasopharyngitis)
Krupitsky
20113
Placebo 1.0 (pain) 1.0 1.0 (insomnia) 2.0 (nasopharyngitis)
. 15.2 (immediate .
Vivitrol . 7.6 9.1 (fatigue)
reaction)
NEW HOPE®
7.4 (immediate .
Placebo 0 3.7 (fatigue)

reaction)

bup/nal: buprenorphine/naloxone; mg: milligram; n: number of participants; OLE: open-label extension; SL: sublingual
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Appendix E. Comparative Value Supplemental

Information

Table E1. Impact Inventory

Included in This Analysis Notes on Sources (if
Type of Impact from... Perspective? quantified), Likely
(Add additional domains, as relevant) Health Care Magnitude & Impact

Formal Health Care Sector

Longevity effects X X
Health . .
Health-related quality of life effects X X
outcomes
Adverse events O |
Paid by third-party payers X X
. Paid by patients out-of-pocket X X
Medical costs :
Future related medical costs O O
Future unrelated medical costs O O
Informal Health Care Sector
Patient time costs NA O
Health-related - - -
. Unpaid caregiver-time costs NA |
costs
Transportation costs NA O
Non-Health Care Sectors
Labor market earnings lost NA X
Cost of unpaid lost productivity due to o "
Productivity illness
Cost of uncompensated household
. NA O
production
Future consumption unrelated to health NA O
Cost of social services as part of intervention  NA |
ENLTLEIRN Number of crimes related to intervention NA O
justice Cost of crimes related to intervention NA X
Impact of intervention on educational A O
achievement of population
m Cost of home improvements, remediation NA |
Production of toxic waste pollution b
m i i p y NA D
intervention
m Other impacts (if relevant) NA O
NA: not applicable
Adapted from Sanders et al., 2016.1>*
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héRo3

héRo3 compiles information and data that users enter into a browser describing the structure and
estimated parameters of a model, sends it to the cloud-based platform where necessary
calculations are performed in heRomod, and then parses information received from the modeling
package to various output displays, including Markov traces, bar charts, area charts, tornado
diagrams, waterfall charts, efficiency frontiers, and hexbin and contour plots, as well as tabular
displays. héRo3 effectively allows users to build and run models in the programming language, R,
even if they have had limited or no experience programming in R. héRo3 also generates an Excel
workbook with every model that provides a detailed listing of all input variables, intermediate
calculations, and final output on a cycle-by-cycle basis to facilitate model checking and auditing.

Indirect Treatment Comparison — Sublocade versus S| Buprenorphine/Naloxone

An indirect treatment comparison (ITC) was conducted to compare the discontinuations from
Sublocade and Buprenorphine/Naloxone using data from two placebo-controlled trials.”>*3 In trial
13-0001, Sublocade was compared to placebo, while buprenorphine/naloxone was compared to
placebo in Rosenthal et al., 2013 (Table E2.

The analysis was conducted under a Bayesian framework using WinBUGS software (MRC
Biostatistics Unit, Cambridge, UK) via an Excel-based interface, NetMetaXL (Cornerstone Research
Group, Burlington, ON, Canada). A fixed treatment effect with noninformative priors were used. A
total of 10,000 iterations each were used for both “burn-in” (for model convergence) and model
(for model results) simulations. Odds ratios (OR) and 95% credible intervals were generated.

Results of the ITC are presented in Table E3. The OR of buprenorphine/naloxone versus Sublocade
was estimated to be 0.67 (95% confidence interval: 0.28 to 1.61), indicating that the odds of
discontinuing buprenorphine/naloxone treatment are 33% lower than Suboxone. However, the
95% credible interval crosses 1, indicating that there is no statistical difference between the two
treatments.

Table E2. Trials included in ITC

. Sublocade 72 (36) 201
Trial 13-0001
Placebo 66 (66) 100
Buprenorphine/Naloxone 43 (26) 119
Rosenthal et al., 2013*
Placebo 44 (81) 54

*Rosenthal et al., 2013 had a third arm (Buprenorphine implant), which was not included in the NMA.
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Table E3. ITC results

SL Buprenorphine/Naloxone

0.67
Sublocade
(0.28—-1.61)
0.19 0.29
Placebo
(0.09-0.39) (0.17-0.47)

Legend: Each box represents the estimated odds ratio and 95% credible interval between the two drugs: the drug
at the top of the column compared the drug at the right of the row. Estimates in bold signify the 95% credible
interval does not contain 1. OR<1 means treatment in top left is better.

Table E4. Akaike-Information-Criterion (AIC) for Parametric Curve Functions Fit to Treatment
Discontinuation/Relapse

Parametric Curve Distributions

. Log-
Exponential Log-Normal o
Logistic

CAM2038"8 876.7731 876.8574 871.4067* 890.3406 876.1517
Generic SL
Buprenorphine/Naloxone!!®

867.3982 867.1221 871.8161 883.9106 866.8735*

Vivitrol'®® 652.9479 633.2282 630.9630* 651.0424 634.6471
Generic SL
Buprenorphine/Naloxone'?®

891.1924 874.8861 867.0644* 900.6312 877.4627

Probuphine!’ 115.5127 115.5183 120.7789 131.0022 115.4177*
Generic Buprenorphine/Naloxone!!’ 198.8468 198.9383 198.0326* 213.8443 199.2321
*Distribution chosen for the model

Table E5. Disutility Associated with HIV Infection

T iy Wultpier | Calelation

PWID with Symptomatic HIV treated with
0.838 0.90*0.81*1.15

ART
Disutility in PWID with Symptomatic HIV
treated with ART

PWID: persons who inject drugs, HIV: human immunodeficiency virus, ART: anti-retroviral therapy

0.069 -(1-(0.838/0.90))
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Table E6. Productivity Loss Calculations

. Inflated/Deflated
Parameter Original Value
Value

Deflated from 2009 to 2007 to match
$25,582,000,000 $23,995,751,389 SAMHSA number of persons abusing
prescription opioids in 2007

Total Annual Workplace
Productivity Cost!4®

Annual Number of

Persons Abusing 1,707,000 L L
147 prescription opioids in 2007

SAMHSA number of persons abusing

Prescription Opioids
Annual Workplace
Productivity Cost per $14,058 $17,405
Person

Inflated using OECD Hourly Earnings Index,
2007 Annual to 2018 Q1-Q2 Average®®®

Table E7. Criminal Justice and Incarceration Calculations

Per Day Cost when on OAT!4® $35 Inflated using General CPl 2014 Annual Value to 2018
Per Day Cost Post-Treatment'*® VA January -June Average Value.'*®

Inflated Value multiplied to Calculate Cost per Cycle

One-Way Sensitivity and Probabilistic Analyses Inputs for Treatment Discontinuation
Inputs for One-Way Sensitivity Analyses

When available, varied base case inputs by 95% Cls or published ranges.
e All drug costs were varied by £25% and non-drug health care costs were varied by +20% of
the base case estimate.
e All utilities were varied by their 95% Cls or assumed/calculated ranges
Only estimates for which ranges were not presented in the main report are presented in the table
below.
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Table E8. One-Way Sensitivity Analyses Inputs

PWID % 49.34% 39.47% to 59.21% Assumption (+20%)
Incidence of HCV Infection 26.7% 0.017 to 0.517 Assumption (+25% Points)

Probability of Abstinence

over a 24-week period — 34.2% 29.3% t0 39.1%

CAM2038

Probability of Abstinence

over a 24-week period — 95% Cl calculated using reported
. 27.4% 22.5% t0 32.3%

Generic SL standard error (2.45%)

Buprenorphine/Naloxone

95% Cl calculated using reported
standard error (2.46%)

Probability of Abstinence

. 95% Cl calculated using reported
over a 24-week period —

standard deviation
Sublocade

10% 0% to 20% Assumption (+10% Points)
Probability of
Discontinuation of .
35.8% 32.22%1t039.38%  Assumption (+10%)
Sublocade over a 24-week
period
Proportion of
Discontinuation from Heath
States With And Without 45.71% 41.14% t0 50.28%  Assumption (+10%)
lllicit Use of Opioids While
On MAT
Opioid Overdose-Related
Mortality Rate (per 100,000 [Wik}e] 2.4t043.4
lllicit Users of Opioids)

Range based on lowest and
highest US national rates

Range based on lowest and
$21.96 $19.77 to $27.63 highest US national non-facility
price

Physician’s Office Visit Cost
(CPT: 99211)

Range based on lowest and
$145.80 $129.09 to $179.43 highest US national non-facility
price

Cost of Probuphine Insertion
(CPT:

Range based on lowest and
$163.08 $144.99 to $202.43 highest US national non-facility
price

Cost of Probuphine Removal
(CPT:

Range based on lowest and
$20.88 $18.78 to $26.26 highest US national non-facility
price

Cost of SC/IM Injection
Administration (CPT:

For all relapse/discontinuation parameters for all MATSs and their respective comparators (except
Sublocade and its comparator), 95% confidence interval estimates for the parametric curve
functions were used in the one-way sensitivity analyses, and are presented in Tables E9 to E14.
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Since discontinuation/relapse is a function of two parameters (mean & SD for lognormal
distributions OR shape & scale for gamma distributions), we jointly varied the parameters in the
“one-way” sensitvitiy analyses, taking into account their correlation.

Table E9. Time to Discontinuation Parameter Estimates for the Lognormal Model for CAM2038'18

_ 95% Cl Lower Bound | 95% Cl Upper Bound Standard Error

3.5041796 3.1923378 3.8160215 0.15910590
SD Log 0.5862179 0.4347833 0.7376525 0.07726397

Cl: confidence interval

Table E10. Time to Discontinuation Parameter Estimates for the Gamma Model for Generic SL
Buprenorphine/Naloxone (versus CAM2038)18

_ 95% Cl Lower Bound | 95% Cl Upper Bound Standard Error

-0.1949288 -0.4402407 0.05038306 0.1251614
-4.1432573 -4.6410451 -3.64546956 0.2539780
Cl: confidence interval

Table E11. Time to Discontinuation Parameter Estimates for the Lognormal Model for Vivitrol**®

_ 95% Cl Lower Bound | 95% Cl Upper Bound Standard Error

Mean Log 3.0975681 2.7731938 3.4219424 0.16550014
SD Log 0.7018769 0.5193503 0.8844035 0.09312753
Cl: confidence interval

Table E12. Time to Discontinuation Parameter Estimates for the Lognormal Model for Generic SL
Buprenorphine/Naloxone (versus Vivitrol)'*®

_ 95% Cl Lower Bound | 95% Cl Upper Bound Standard Error

Mean Log 2.9434162 2.6977650 3.1890673 0.12533454
SD Log 0.5740773 0.4143103 0.7338443 0.08151526
Cl: confidence interval

Table E13. Time to Discontinuation Parameter Estimates for the Gamma Model Probuphine'?’

95% Cl Lower Bound | 95% Cl Upper Bound Standard Error

-0.4962139 -1.199059 0.2066317 0.3586013
-6.6180437 -9.290763 -3.9453238 1.3636576
Cl: Confidence Interval
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Table E14. Time to Discontinuation Parameter Estimates for the Lognormal Model for Generic SL

Buprenorphine/Naloxone (versus Probuphine)!!’

4.2138822 3.6446007
SD Log 0.6124004 0.3520751

Cl: Confidence Interval

Inputs for Probabilistic Analyses

_ 95% Cl Lower Bound | 95% CI Upper Bound Standard Error

4.7831637
0.8727258

0.2904551
0.1328215

Triangular distributions were used for all cost parameters with the base case assumed as the
“peak,” and lower and upper bound of ranges assumed as the “lower” and “upper” bounds of the

distribution.

Additional probabilistic analyses inputs are presented below.

Table E15. Probabilistic Analyses Inputs

Utility in “MAT with NO lllicit Use of Opioids”
Health State

Utility in “MAT with lllicit Use of Opioids” Health
State Among Patients lllicitly Using Prescription
Opioids

Utility in “MAT with lllicit Use of Opioids” Health
State Among PWID

Utility in “OFF MAT with lllicit Use of Opioids”
Health State Among Patients lllicitly Using
Prescription Opioids

Utility in “OFF MAT with lllicit Use of Opioids”
Health State Among PWID

Utility in “OFF MAT with NO lllicit Use of Opioids”
Health State

Incidence of HCV Infection

Opioid-Related Overdose Mortality Rate

Proportion of PWID diagnosed with HCV with
Spontaneous Clearance of HCV Infection
Probability of Abstinence over a 24-week period —
CAM2038

Probability of Abstinence over a 24-week period —

Generic SL Buprenorphine/Naloxone

Beta

Beta

Beta

Beta

Beta

Triangular

Triangular

Beta

Beta

Beta

Beta

a=648.61
B =198.14

a=502.49
B =215.36

a =420.08
B = 259.66

o =503.81
B=222.14

o =404.15

B =299.94
Peak = 0.852
Lower = 0.736
Upper = 0.901
Peak = 26.7%
Lower = 1.7%
Upper =51.7%
a=3217

B =58463.17
o =74.80
B=231.77

o =182.20

B =3014.36
a=119.32

B =2493.47
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Probability of Abstinence over a 24-week period — Bet
eta
Sublocade

Proportion of Discontinuation from Heath States
' : . . ’ . . Prob =45.71%
With And Without lllicit Use of Opioids While On Binomial

MAT Size =70
Probability of Discontinuation of Sublocade over a Binomial Prob = 35.8%
24-week period Size = 196
Peak = 6.9%
HIV Disutility Multiplier Triangular Lower = 1%
Upper = 19.5%
Peak = 10%
Proportion “Cured” Triangular Lower = 0%

Upper = 20%

o o o =3833.92
HCV Disutility Multiplier - Post SVR Beta
B=3.84
L o . . a=47.47
HCV Disutility Multiplier - FO to F3 Liver Disease Beta B=3.57

Odds Ratio — Discontinuation of Generic SL Mean = 0.67
. Lognormal
Buprenorphine/Naloxone vs. Sublocade SD Log = 0.45

For all relapse/discontinuation parameters for all MATs and their respective comparators (except
Sublocade and its comparator), normal distributions were used for the relevant parametric curve
functions in the probabilistic analyses, with distribution parameters being mean, standard
deviation, and correlation presented in Tables E16 to E21.

Table E16. Covariance of Discontinuation Parameters for Lognormal Model for CAM2038"18

Mean Log 0.025314689 0.005866107
SD Log 0.005866107 0.005969721
Correlation coefficient: 0.4771849, SD: standard deviation

Table E17. Covariance of Discontinuation Parameters for Gamma Model for Generic SL
Buprenorphine/Naloxone (versus CAM2038)18

0.01566538 0.02794661
0.02794661 0.06450484
Correlation coefficient: 0.8791488
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Table E18. Covariance of Discontinuation Parameters for Lognormal Model for Vivitrol*®

Mean Log 0.027390297 0.004508215
SD Log 0.004508215 0.008672736
Correlation coefficient: 0.2925016, SD: standard deviation

Table E19. Covariance of Discontinuation Parameters for Lognormal Model for Generic SL
Buprenorphine/Naloxone (versus Vivitrol)'*

Mean Log 0.015708746 0.003050788
SD Log 0.003050788 0.006644737
Correlation coefficient: 0.2986086 SD: standard deviation

Table E20. Covariance of Discontinuation Parameters for Gamma Model for Probuphine!’

0.1285949 0.4618465
0.4618465 1.8595621
Correlation coefficient: 0.9444533

Table E21. Covariance of Discontinuation Parameters for Lognormal Model for Generic SL
Buprenorphine/Naloxone (versus Probuphine)!!’

Mean Log 0.08436416 0.02151929
SD Log 0.02151929 0.01764156
Correlation coefficient: 0.5578025, SD: standard deviation
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One-Way Sensitivity Analyses

Figure E1. Tornado Diagram — Sublocade versus Generic SL Buprenorphine/Naloxone

Odds Ratio - Generic SL Buprenorphine/Naloxone vs. Sublocade Discontinuation __
Utility in " MAT with lllicit Use of Opicids” Health state among PWID [ NI D
Cost of Sublocade _—
Incidence of HCV Infection _—
Utility in " OFF MAT with lllicit Use of Opioids" Health State among PWID ]

Utility in " OFF MAT with lllicit Use of Opioids" Health State Among lllicit Users of _-
Prescription Opioids
Abstinence Rate When on Generic SL Buprenorphine/Naloxone _-
Utility in " MAT with NO lllicit Use of Opioids” Health State [ | ]
Utility in " MAT with lllicit Use of Opioids" Health State Among lllicit Users of Prescription

Opioids | |

Abstinence Rate When on Sublocade --

-$600,000 -5480,000 -$360,000 -$240,000 -$120,000 S0 $120,000

Incremental Cost-Effectiveness Ratio

M High Input ® Low Input

Figure E2. Tornado Diagram — Vivitrol versus Generic SL Buprenorphine/Naloxone

Relapse to lllicit Use When On Vivitrol _—
Cost of Vivitrol _—
Incidence of HCV Infection _—
Discontinuation Rate of Generic SL Buprenorphine/Naloxone -_
Utility in " MAT with NO Illicit Use of Opioids" Health State ]
Cost of Generic SL Buprenorphine/Naloxone --

Utility in " OFF MAT with lllicit Use of Opioids" Health State among PWID [ ] ]

Utility in " OFF MAT with lllicit Use of Opioids” Health State Among lllicit
Users of Prescription Opioids --

Proportion "Cured” --

QOutpatient Visit Cost when Not lllicitly Using Opioids ..
-$650,000 -$580,000 -5510,000 -5440,000 -5370,000 -5300,000 -5$230,000 -5160,000
Incremental Cost-Effectiveness Ratio

H High Input B Low Input
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Figure E3. Tornado Diagram — Probuphine versus Generic SL Buprenorphine/Naloxone

Relapse o licie Use when On probuphine | I

Cost ofProbuphine [ E—
Incidence of HCV Infection _—
Utility in " MAT with NO Illicit Use of Opioids” Health State ]
Utility in " OFF MAT with lllicit Use of Opioids" Health State among PWID ]
Utility in " OFF MAT magetrlzi: ;Jrs:s:;:t?;:i:g;i:edaslth State Among lllicit --
Cost of Generic SL Buprenorphine/Naloxone --
Outpatient Visit Cost When Not lllicitly Using Opioids --
Proportion "Cured"” .-
Outpatient Visit Cost when lllicitly Using Opioids ..

$100,000 $140,000 $180,000 $220,000 $260,000 $300,000 $340,000 $380,000

Incremental Cost-Effectiveness Ratio

H High Input ® Low Input

Relapse to illicit use of opioids when on generic SL buprenorphine/naloxone was also a key driver of the results.
However, that has not been included here since varying this estimate changed not only the costs and QALYs in the
comparator arm, but also in the Probuphine arm since the comparator is the treatment choice in those abstinent
from illicit use at the time of removal of Probuphine implant.
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Probabilistic Analyses

Figure E4. Probabilistic Analyses: Sublocade versus Generic SL Buprenorphine/Naloxone —
Incremental Cost-Effectiveness Ratio HexBin
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Figure E5. Probabilistic Analyses: Sublocade versus Generic SL Buprenorphine/Naloxone —
Incremental Cost-Effectiveness Ratio Acceptability Curve
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Figure E6. Probabilistic Analyses: Vivitrol versus Generic SL Buprenorphine/Naloxone —
Incremental Cost-Effectiveness Ratio HexBin

S20K

SISK )

8 o Density

& l | e
¥ "
S sIK * 0 [ aans
=
k=
<]
L] L ]
$5K
SOK. /"
0100 -0.080 -0.060 040 0,020 0.000

A total_QALY

Figure E7. Probabilistic Analyses: Vivitrol versus Generic SL Buprenorphine/Naloxone —
Incremental Cost-Effectiveness Ratio Acceptability Curve
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Figure E8. Probabilistic Analyses: Probuphine versus Generic SL Buprenorphine/Naloxone —
Incremental Cost-Effectiveness Ratio HexBin
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Figure E9. Probabilistic Analyses: Probuphine versus Generic SL Buprenorphine/Naloxone -
Incremental Cost-Effectiveness Ratio Acceptability Curve
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Modified Societal Perspective
Table E22. CAM2038 versus Generic SL Buprenorphine/Naloxone
o Criminal Justice &
Treatment Lost Productivity Costs .
Incarceration Costs
CAM2038 $13,600 $81,700
Generic SL Buprenorphine/Naloxone $17,200 $96,700
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Table E23. Sublocade versus Generic SL Buprenorphine/Naloxone

Criminal Justice &
Treatment Lost Productivity Costs
Incarceration Costs

Sublocade $18,000 $102,000

Generic SL Buprenorphlne/Nanxone $13,400 $80,000

Table E24. Vivitrol versus Generic SL Buprenorphine/Naloxone

. Criminal Justice &
Treatment Lost Productivity Costs .
Incarceration Costs

517,700 5101000

Generic SL Buprenorphine/Naloxone $15,500 $91,700

Table E25. Probuphine versus Generic SL Buprenorphine/Naloxone

Criminal Justice &
Treatment Lost Productivity Costs
Incarceration Costs

Probuphlne $9 700 $67,700

Generic SL Buprenorphine/Naloxone $10,300 $70,200

Shorter Time Horizons

Table E26. One-Year Time Horizon

T icrementaiaains | incrementl Coss | ncamentlCostper A
_ $7,000 More costly, less effective
-0.020 $3,200 More costly, less effective
0.002 $2,400 $963,000

QALY: quality-adjusted life year

Each intervention was compared to its relevant generic buprenorphine/naloxone comparator.
*No incremental costs or cost per QALY is reported since CAM2038 currently does not have a list or net price.

Table E27. Two-Year Time Horizon

| ncremenl QAL [ ncrementl Costs | cremental st per QALY
_ $12,000 More costly, less effective
-0.028 $5,500 More costly, less effective
0.005 $2,500 $465,000

QALY: quality-adjusted life year

Each intervention was compared to its relevant generic buprenorphine/naloxone comparator
*No incremental costs or cost per QALY is reported since CAM2038 currently does not have a list or net price
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Population Cohort Comprising Only PWID Seeking MAT for OUD

Table E28. CAM2038 versus Generic SL Buprenorphine/Naloxone in an OUD Population
Comprising 100% PWID

QAYs

CAM2038 3.224

Generic SL Buprenorphine/Naloxone 573,500 3.221

QALY: quality-adjusted life year

Table E29. Sublocade versus Generic SL Buprenorphine/Naloxone in an OUD Population
Comprising 100% PWID

QALYs Incremental Cost per QALY Gained

Sublocade $93,000 _ More costly, less effective
Generic SL
$75,700 3.21 -

Buprenorphine/Naloxone

QALY: quality-adjusted life year

Table E30. Vivitrol versus Generic SL Buprenorphine/Naloxone in an OUD Population Comprising
100% PWID

QALYs Incremental Cost per QALY Gained

Vivitrol $84,100 3.208 More costly, less effective

Generic SL
$73,600 3.241

Buprenorphine/Naloxone

QALY: quality-adjusted life year

Table E31. Probuphine versus Generic SL Buprenorphine/Naloxone in an OUD Population
Comprising 100% PWID

QALYs Incremental Cost per QALY Gained

Probuphine $79,400 3.353 $233,000

Generic SL
$76,400 3.342

Buprenorphine/Naloxone

QALY: quality-adjusted life year
Analyses Excluding the “Cure” Health State

Table E32. CAM2038 versus Generic SL Buprenorphine/Naloxone in a “No Cure” Scenario

CAM2038 3.255

Generic SL Buprenorphine/Naloxone $70,500 3.193

QALY: quality-adjusted life year
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Table E33. Sublocade versus Generic SL Buprenorphine/Naloxone in a “No Cure” Scenario

Treatment QALYs Incremental Cost per QALY Gained
Sublocade $91,000 _ More costly, less effective

Generic SL

$73,000 3.241 =

Buprenorphine/Naloxone

QALY: quality-adjusted life year

Table E34. Vivitrol versus Generic SL Buprenorphine/Naloxone in a “No Cure” Scenario

Treatment QALYs Incremental Cost per QALY Gained

Vivitrol $81,900 3.239 More costly, less effective
Generic SL

. $71,800 3.268
Buprenorphine/Naloxone

QALY: quality-adjusted life year

Table E35. Probuphine versus Generic SL Buprenorphine/Naloxone in a “No Cure” Scenario

Treatment Total Costs QALYs Incremental Cost per QALY Gained

Probuphine $78,300 3.359 $279,000

Generic SL
$75,600 3.369

Buprenorphine/Naloxone

QALY: quality-adjusted life year
“Protocol” Approach to Treatment

Table E36. CAM2038 versus Generic SL Buprenorphine/Naloxone

Treatment Total Costs QALYs

CAM2038 - 3.261
Generic SL Buprenorphine/Naloxone $70,100 3.202

QALY: quality-adjusted life year

Table E37. Sublocade versus Generic SL Buprenorphine/Naloxone

Treatment Total Costs QALYs Incremental Cost per QALY Gained

Sublocade $99,000 _ More Costly, Less Effective

Generic SL

. $72,700 3.249 -
Buprenorphine/Naloxone

QALY: quality-adjusted life year

Table E38. Vivitrol versus Generic SL Buprenorphine/Naloxone

Treatment QALYs Incremental Cost per QALY Gained

Vivitrol $88,300 3.310 $1,100,000

Generic SL
$71,600 3.295

Buprenorphine/Naloxone

QALY: quality-adjusted life year
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Table E39. Probuphine versus Generic SL Buprenorphine/Naloxone

QALYs Incremental Cost per QALY Gained
Probuphine $79,500 3.416 $64,700

Generic SL
$76,500 3.404

Buprenorphine/Naloxone

QALY: quality-adjusted life year
Consecutive Use of Probuphine per Prescribing Label

Table E40. Probuphine versus Generic SL Buprenorphine/Naloxone when Patients Are
Administered Two Probuphine Implants Consecutively

QALYs Incremental Cost per QALY Gained

Generic SL
$75,100 3.370

Buprenorphine/Naloxone

QALY: quality-adjusted life year
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Appendix F. 2014 APA Clinical Guideline

The following guideline was summarized in ICER’s 2014 report on opioid dependence. This
guideline has not been updated since the previous report was issued.

American Psychiatric Association
Practice Guideline for the Treatment of Patients with Substance Abuse Disorders (2010)

Buprenorphine or Buprenorphine/Naloxone (Suboxone)

The APA clinical guidelines state that buprenorphine may be effective on a less than daily schedule
and as a bridging agent to naltrexone. Therefore, the guidelines recommend that clinicians
administer higher, but less frequent doses. Buprenorphine may be best suited for patients with less
severe physical dependence. Although the rate of overdose is lower compared to methadone,
combining buprenorphine and a benzodiazepine is more likely to be fatal.

Naltrexone and Vivitrol (Injectable Naltrexone)

The APA clinical guidelines recommend naltrexone as a maintenance agent as it is highly effective in
blocking short-acting opioids. However, retention is generally poor and treatment with naltrexone
poses a high risk of relapse. As such, the APA states that naltrexone should be utilized in
particularly motivated patients who are willing to participate in ancillary services, such as
psychosocial and behavioral counseling.
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