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Background: Development of abuse-deterrent formulations (ADFs) of prescription opioids
(RxO) is an important step toward reducing misuse and abuse. Morphine-ARER
(MorphaBond™ ER) is an extended-release (ER) morphine sulfate tablet formulated to
deter misuse/abuse via intravenous (IV) and intranasal (IN) routes of administration.
Objective: A model was developed to estimate the budget impact to a hypothetical commercial health plan of 10 million members 2 years after adding morphine-ARER to drug formulary.
Methods: We analyzed incremental health care resource use (HCRU) associated with RxO
misuse/abuse based on a health plan’s RxO formulary coverage and patterns of misuse/abuse.
Misuse/abuse rates, incremental HCRU and associated costs were based on the 2015
National Survey on Drug Use and Health, an analysis of claims from OptumHealth Care
Solutions, Inc. (2013–2015) and published literature. RxO formulary shares were based on
2016–2017 Symphony Retail Prescription data. Morphine-ARER was assumed to capture 20
and 30 percent from branded and 0.3 and 0.6 percent from generic non-ADF ER morphine,
in the ﬁrst and second years, respectively. Proportions of misuse/abuse deterred by physical/
chemical properties of morphine-ARER were assumed to be 90 percent via IV and 60 percent
via IN administration, with further IN deterrence based on results from morphine-ARER’s
human abuse liability study.
Results: Adding morphine-ARER to formulary resulted in a potential decrease in abuserelated healthcare costs by $557,321 (−$0.00232 per-member per-month [PMPM]), offsetting a pharmacy cost increase of $217,045 (+$0.00090 PMPM), resulting in net cost-savings
of $0.00142 PMPM over 2 years, based on certain model assumptions.
Conclusion: Placing morphine-ARER on a health plan’s drug formulary may result in
reduced misuse/abuse and overall cost savings.
Keywords: prescription opioids, abuse-deterrent formulations, drug formulary change,
budget impact
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The opioid crisis has witnessed a large number of Americans misusing/abusing
prescription opioids (RxO). The number of overdoses and deaths arising from misuse/abuse of RxO has become a serious public health crisis. According to data from the
National Survey on Drug Use and Health (NSDUH), 11.1 million Americans aged 12
or older misused RxOs in 2017, with 2 million having initiated misuse over the
past year.1 NSDUH results suggest that a signiﬁcant majority (63.9 percent) of those
who misuse/abuse opioids do so without a prescription, with diversion of RxOs from
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patients with legitimate prescriptions to friends and family
members being the largest contributor to the problem.1,2
Birnbaum et al (2011) estimated the societal costs of RxO
misuse/abuse to be $56 billion annually in 2007. More
recently, Florence et al (2016) estimated $78.5 billion in
economic burden annually in 2013.3,4 These results were
largely driven by two primary factors: increased health care
and substance abuse treatment utilization associated with
RxO misuse/abuse which has signiﬁcant resource and cost
consequences on managed care; and, indirect costs associated with disability and medically related absenteeism
which impose a signiﬁcant burden on employers.
Several abuse-deterrent formulations (ADFs) of opioids
have been introduced to the market along with other initiatives such as appropriate opioid prescribing and patient
selection, and prescription drug monitoring programs, to
help combat RxO misuse/abuse. Indeed, the recent passing
of the Comprehensive Addiction and Recovery Act
(CARA) in the wake of other legislative actions continues
to focus on program development and treatment options for
addiction and abuse of RxOs.
Published evidence suggests that ADF opioids offer the
potential to reduce RxO misuse/abuse and the ﬁnancial burden of opioid misuse/abuse to the health care system and
society. In 2016, Coplan et al published a 10-study review
ﬁnding that the introduction of reformulated OxyContin led
to abuse event reductions of 48 percent in a national poison
center surveillance system, 32 percent in a national drug
treatment system, and 27 percent in a privately insured
patient population.5 In a 2014 study by Rossiter et al, it was
estimated that the introduction of reformulated OxyContin
was associated with annual cost savings of $430 million in
2011 USD.6 A recent review by the International Center of
Economic Research (ICER) estimated that ADF adoption
could lead to the prevention of 2300 new cases of misuse/
abuse and 6600 fewer abuse-years over non-ADF opioids per
100,000 chronic non-cancer pain patients over ﬁve years,
although the reductions in abuse-related costs were estimated
to be outweighed by higher ADF drug acquisition costs.7
Currently, the FDA has approved several extendedrelease (ER) and a single immediate-release (IR) RxOs
with ADF labeling, each of which has distinct properties
designed to deter RxO misuse/abuse.8 Morphine-ARER
(MorphaBond™ ER) is an extended-release morphine sulfate tablet formulated to deter misuse/abuse via the intravenous (IV) and intranasal (IN) routes of administration. The
objective of this analysis is to estimate the potential ﬁnancial impact of including morphine-ARER on a commercial
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US health care plan’s drug formulary, replacing existing
non-ADF ER morphine, as a treatment for the management
of severe pain. This is done by developing a tool with
ﬂexible inputs that payers can use as they consider the
potential ﬁnancial implications of formulary change and
the drivers of ﬁnancial outcomes with respect to the opioid
class, based on a variety of user-chosen inputs/assumptions.
The claims data underlying the study are not freely available and were obtained through a licensing agreement with
Optum Health. This research is exempt from IRB review as
the underlying claims data are de-identiﬁed and the underlying analysis is not conducted at the patient level – rather,
averages across the cohorts are present in the paper, as
described below. The authors do not intend to share any
more data than are presented in this paper.

Data and Analysis
Model Overview
A formulary budget impact model was developed utilizing
a previously published framework.9 The framework was
updated to account for the abuse deterrence properties of
morphine-ARER, the current landscape of ER and IR opioids
(prescribing volumes and costs), as well as updated prevalence rates and costs of RxO misuse/abuse.
The model estimates and compares incremental healthcare resource use (HCRU) and costs associated with RxO
misuse/abuse in a health plan under two formulary scenarios: with and without morphine-ARER. HCRU and costs
are calculated based on the estimated rates of RxO misuse/
abuse in the plan reﬂecting the formulary mix of ADF and
non-ADF opioids, and the extent of excess misuse/abuserelated events between plan members with and without
medical claims associated with a diagnosis of opioid misuse/abuse.
To estimate the potential reductions in rates of opioid
misuse/abuse if morphine-ARER is included on formulary,
the model incorporates information on the physical and
chemical properties of morphine-ARER and published
results from an in vivo human abuse liability (HAL)
study of morphine-ARER. Any reduction in misuse/
abuse of RxOs is expected to result in an associated
decrease in health care resource utilization and ultimately
costs borne by the health plan in managing misuse/abuserelated events. The model also incorporates prices of various ER morphine drugs to evaluate the implications on
pharmacy budget from the health plan perspective.
Figure 1 presents the conceptual framework of the model.
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Figure 1 Model structure.

Model Methodology
Patient Population
The number of plan members misusing/abusing RxOs was
estimated using the age distribution of the 2016 US
Census and age-speciﬁc prevalence estimates of misuse
reported by the 2015 National Survey on Drug Use and
Health (NSDUH).10,11 The survey represents individuals
from the general population who used prescription pain
relievers (primarily opioids) “in any way that a doctor did
not direct you to use them.”

Rates of Misuse/Abuse
Because not all RxO misuse/abuse cases are formally
diagnosed with ICD-9-CM codes, RxO misusers/abusers
were further classiﬁed into “diagnosed” and “undiagnosed” cases. Diagnosed misusers/abusers were health
plan members with at least one medical claim associated
with an ICD-9-CM diagnosis code for RxO abuse (304.0,
304.7, 305.5, 965.00, 965.02, 965.09), excluding codes for
heroin abuse (965.01). The age-speciﬁc prevalence rates of
diagnosed misusers/abusers were based on an analysis of
the OptumHealth Care Solutions, Inc. employer database
(January 2013 to September 2015). The database includes
de-identiﬁed medical and pharmacy claims for continuously eligible privately insured-patients from ages 12–64.
The number of undiagnosed misusers/abusers was calculated as the difference between the 2015 NSDUH RxO
misuse rates and the diagnosed misuse/abuse rates. The
calculated numbers of diagnosed and undiagnosed abusers
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were converted into age-speciﬁc prevalence rates of RxO
misuse/abuse across the plan population. The average prevalence rates (weighted by population in each age group
using US Census data) were 0.26 percent for diagnosed
abusers and 3.40 percent for undiagnosed abusers.

Excess Health Care Resource Utilization
Incremental HCRU/events (e.g., emergency room visits,
outpatient visits, hospitalizations and substance abuse treatment center stays, diagnoses of HIV and hepatitis C) associated with RxO misuse/abuse was calculated by comparing
the difference in clinical events over a 12-month period
covering the six months pre- and post-index dates (ie, the
date of ﬁrst abuse diagnosis, and index dates were randomly
assigned to controls) (Table 1) across two samples, one for
abusers, and the second for a propensity-matched control
sample of non-abusers using the OptumHealth claims database (8561 diagnosed abusers and 93,191 potential control
patients generated 7493 matched pairs). The cohorts were
matched based on select baseline patient characteristics,
including age, gender, index year, healthcare utilization,
costs, and Charlson Comorbidity Index. The excess
HCRU events per abuser were 0.9 for emergency department visits, 3.0 for outpatient visits, 0.5 for hospitalizations
and 1.0 for substance abuse treatment center stays. The
analysis also accounted for excess prevalence of HIV and
hepatitis C (0.2 and 2.3 per diagnosed abuser, respectively),
both of which are associated with injection-related RxO
abuse. For undiagnosed abusers, levels of excess events
were scaled down by 70 percent to account for the assumed
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Table 1 Excess Events/HCRU and Associated Costs for Abusers and Two-Year Estimated Budget Impact with Morphine-ARER on
Formulary
Misuse/Abuse-Related

Excess Events per

Excess Events per

Cost per

Cost per

Event

Diagnosed Abuser

Undiagnosed Abuser

Diagnosed Abuser

Undiagnosed Abuser

Emergency room visits

0.9

0.27

$1068

$739

Outpatient visits
Hospitalizations

3
0.5

0.9
0.15

$397
$9991

$275
$6914

Substance abuse

1

0.3

$2978

$2060

treatment programs
Death

0.0001

0.0001

N/A

N/A

Injection-Related

HIV

0.2

0.06

$6942

Hepatitis

2.3

0.69

$101,844

Current Formulary

Revised Formulary

Projected Changes

Total medical costs
Emergency room visits

$188,730,568
$9,092,288

$188,173,247
$9,067,531

-$557,321
-$24,758

Outpatient visits

$11,266,038

$11,232,152

-$33,886

Hospitalizations
Substance abuse

$47,253,982
$28,169,824

$47,141,523
$28,094,553

-$112,459
-$75,271

Injection-related disease
Pharmacy costs

$92,948,436
$309,497,939

$92,637,487
$309,714,984

-$310,949
$217,045

Total costs

$498,228,507

$497,888,230

treatment

PMPM cost

-$340,277
-$0.00142

Abbreviations: HCRU, health care resource use; PMPM, per member per month.

lesser severity of misuse/abuse within this population (see
below). Given data limitations, the model uses a single
mortality rate for the US population overall reported by
the CDC (10.4 deaths per 100,000 lives).12

ER Morphine Share of Misuse/Abuse
The model assigns a proportion of the incremental HCRU
and mortality associated with RxO misuse/abuse to ER morphine, based on the distribution of reported drug-speciﬁc
abuse data from ASI-MV, a data source within the National
Addictions Vigilance Intervention and Prevention Program
(NAVIPPRO) (January 1 to December 31, 2016). ASI-MV
data are collected from adults within a network of substance
abuse treatment centers and other assessment settings (460
facilities within 39 states across the U.S.) using a selfadministered and structured computerized interview. The
data provide a summary of the relative proportions of RxO
subject to abuse in the past 30 days. This information enabled
us to estimate that 4.8 percent of RxO misuse/abuse events
were attributable to ER morphine.
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Because data reported to ASI-MV are not drug-speciﬁc,
national RxO sales data (Symphony Health Solutions
Pharmaceutical Audit Suite 2.0 (SHS PHAST 2.0), 5/1/
2016 – 4/30/2017) were used to estimate the proportion of
ER morphine misuse/abuse that is attributable to each ER
morphine product listed on the formulary. The proportion
of misuse/abuse events via various routes of administration was assigned based on routes of misuse/abuse data for
ER morphine reported in the ASI-MV dataset. Based on
these data, 41.5 percent and 19.0 percent of total ER
morphine abuse cases were via IV and IN routes of administration, respectively.

Estimating Potential Beneﬁts of Abuse-Deterrent
Properties
The model incorporates information on the abuse-deterrent
properties of morphine-ARER to estimate the potential
reduction in ER morphine misuse/abuse. Morphine-ARER
is formulated with physical and chemical properties that are
expected to reduce misuse/abuse via the IN and IV routes of
administration. These properties include increased resistance
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to cutting, crushing, and/or breaking, and forming a viscous
material if physically compromised and placed in liquid to
deter syringeability and injectability. Given these physical
and chemical properties, the analysis assumes rates of misuse/abuse via IV and IN routes of administration will be
reduced by 90 percent and 60 percent, respectively, compared to non-ADF ER morphine products.
In addition, an IN human abuse liability study of crushed
morphine-ARER showed a 13.6 mm absolute risk reduction
in mean maximum “drug liking” compared to crushed nonADF ER morphine (Emax VAS scores 71.7mm vs 85.3mm;
P<0.0001).13 A previously published algorithm by White
et al (2015) was used to convert the difference in drug liking
scores between morphine-ARER and non-ADF ER morphine into a difference in the rate of ER morphine misuse/
abuse. Using this algorithm, we estimated that an additional
19.43 percent reduction in misuse/abuse rate via IN route of
administration for morphine-ARER relative to non-ADF ER
morphine can be expected based on the observed difference
in drug liking scores (Figure 2).14

Model Costs
Cost estimates for each component of HCRU were derived
from the OptumHealth claims analysis (Table 1). The model
assumes that each event for an undiagnosed misuser/abuser
would cost 69.2 percent of that for a diagnosed misuser/
abuser, based on a study that estimated the healthcare costs
of undiagnosed opioid misusers.15 Annual pharmacy costs for
outpatient treatment of HIV and hepatitis C were obtained

from published literature and were assumed to be identical for
both diagnosed and undiagnosed abusers, as it is not expected
that the severity of misuse/abuse would impact the cost to
treat these diseases.16,17 All HCRU costs were inﬂated to
USD2018 using the Consumer Price Index (CPI) for nonseasonally adjusted medical care (all urban consumers), and
pharmacy costs were calculated based on contemporaneous
weighted average wholesale acquisition costs.18
All pharmacy costs were based on wholesale acquisition costs (WAC) as of February 13, 2019, and were
calculated as the weighted average across product dose
strengths based on utilization rates observed in the
Symphony database (May 1, 2016–April 30, 2017). Cost
per 30-day supply was based on the weighted average
number of units per prescription. For morphine-ARER,
utilization was assumed to be 52 percent for 15 mg, 38 percent for 30 mg, 8 percent for 60 mg, and 2 percent for
100 mg tablets for a weighted average WAC of $9.41/unit,
with a 30-day supply of 60 units. Discounts and rebates
were not applied; however, patient out-of-pocket copayments were subtracted from drug costs and were assumed
to be $40 for branded and $10 for generic products.

Base Case Scenario
In the base case analysis, the plan population was assumed to
be a US commercial health care plan comprising 10 million
members. Two formulary scenarios were compared. In the ﬁrst
scenario, morphine-ARER was not part of the formulary, with

Change in Intranasal Maximum Drug Liking (Emax)
Morphine-ARER Relative to a Comparator non-ADO Morphine ER
Crushed IN non-ADO
Morphine Sulfate ER
85.3 mm

Drug Liking Emax

Crushed IN
Morphine-ARER
71.7 mm

Difference
13.6 mm
0.02

Point reduction in NMU rate per point reduction in drug liking Emax

Predicted point reduction in NMU
rate
Predicted NMU Rate
Predicted Reduction
with Morphine-ARER
for Morphine-ARER
1.13%
0.27%
0.27

Lifetime NMU Rate for
non-ADO Morphine (NSDUH)
1.40%

19.43% Reduction in Predicted NMU Rate
Figure 2 Methodology to calculate reduction in predicted NMU rate.
Abbreviations: NMU, non-medical use; ADO, abuse-deterrent opioid.
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the formulary share for other ER opioid products consistent
with national market share data in the US (Symphony Health
Solutions Pharmaceutical Audit Suite 2.0, 5/1/2016–4/30/
2017). In the second scenario, morphine-ARER was assumed
to replace 20 percent of the prescriptions from the two branded
non-ADF ER morphine drugs (Kadian and MS Contin), and
0.3 percent of the prescriptions from generic non-ADF ER
morphine drugs in the ﬁrst year and 30 percent of prescriptions
from branded non-ADF ER morphine products, and 0.6 percent of prescriptions from generic non-ADF ER morphine
drugs in the second year. These market share capture assumptions reﬂect a substitution from a branded morphine opioid to
another (branded) ADF opioid, morphine-ARER; the much
lower substitution from the generic morphine opioids reﬂects
the lower price of generic drugs relative to their branded
counterparts. This uptake translates to 0.14 percent and
0.26 percent total ER opioid market share in years one and
two, respectively. The size of the RxO market was assumed to
be stable during the ﬁrst two years. Morphine-ARER was not
expected to affect formulary share of other ADF ER morphine
products (ie, Embeda) or non-morphine opioid products.
Sensitivity analyses were conducted on two sets of parameters in order to evaluate the impact of certain model inputs:
i) the uptake of morphine-ARER from generic ER morphine,
and ii) the proportions of misuse/abuse deterred by morphineARER, based on its physical and chemical properties. In the
sensitivity analysis evaluating market share, morphine-ARER
was assumed to replace 0.4 percent and 0.8 percent of the
generic non-ADF ER morphine products in the ﬁrst
and second year, respectively. Three additional analyses
were performed further increasing these percentages (0.5 percent and 1.0 percent; 1.2 percent and 2.4 percent; and 1.5 percent and 3.0 percent in the ﬁrst and second years). In
evaluating the impact of the proportions of misuse/abuse
deterred by morphine-ARER, several sensitivity analyses
were performed holding either IN or IV misuse/abuse constant. In the ﬁrst set of these analyses, IN reduction was held at
60 percent while IV was reduced to 80, 70, 65, and 60 percent.
The second set of analyses held IV reduction at 90 percent
while IN was reduced to 55, 50, 45, and 40 percent.

Results – Estimated Events Avoided
and Budget Impact
In the base case analysis, prior to the addition of morphine-ARER to the formulary, it was estimated that 22,119
members were diagnosed with RxO misuse/abuse and
340,334 members misused/abused RxOs but were
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undiagnosed in a 10 million-member plan. Total healthcare
costs associated with RxO misuse/abuse over a 2-year
period were estimated to be $498,228,507. Medical costs
for misuse/abuse-related events and pharmacy cost for ER
RxOs accounted for 38 percent ($188,730,568) and 62 percent ($309,497,939) of total cost, respectively. Medical
costs were primarily driven by injection-related disease
(49 percent) with hospitalizations (25 percent) also
a signiﬁcant cost driver. After adding morphine-ARER to
the formulary, pharmacy cost for ER RxOs increased by
$217,045, and medical costs decreased by $557,321,
resulting in net savings of $340,277 ($0.00142 per member per month (PMPM)) (Table 1). Medical cost savings
were the result of 201 abuse-related events avoided; 32
emergency department visits, 115 outpatient visits, 16
hospitalizations, 35 substance abuse treatment center
stays and 3 cases of hepatitis C. There was no incremental
reduction in death by opioid overdose.
In the sensitivity analysis, when the market shares of
generic non-ADF ER morphine prescriptions replaced by
morphine-ARER were increased to 1.5 percent in year 1 and
3.0 percent in year 2, the incremental healthcare (medical +
pharmacy) savings to the plan was $148,217 ($0.00062
PMPM) (Figure 3). The results were also sensitive to the
amount of ER morphine RxO misuse/abuse deterred by the
physicochemical properties of morphine-ARER. Results
were more sensitive to the amount of misuse/abuse reduced
via the IV route than the IN route. Compared to the base
case scenario where relative reductions of IN and IV misuse/abuse were set to 60 percent and 90 percent, respectively, reducing the amount of reduction of IV misuse/abuse
to 65 percent while keeping IN misuse/abuse reduction at
60 percent provided lower net cost savings (ie, relative to
the base case) of $87,682 ($0.00037 PMPM). It was not
until IV abuse reduction was set to 41 percent that there was
an overall net cost to plan of $75,967 ($0.00032 PMPM).
When the amount of misuse/abuse reduction for IV was
held constant at 90 percent and IN misuse/abuse reduction
was lowered to 40 percent, the net cost savings were lower
(ie, relative to the base case) at $325,023 ($0.00135
PMPM). Lowering IN abuse reduction to 0 percent still
resulted in overall plan savings of $301,838 ($0.00126
PMPM) (Figure 4). The lower cost savings/higher costs
associated with reducing the amount of IV misuse/abuse
can be attributed to the high cost of treating injectionrelated diseases such as hepatitis C and HIV.
Note that results depend on the assumptions made with
respect to the market share capture of morphine-ARER as
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$1,000,000
Medical
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Pharmacy
Total

($1,000,000)

($2,000,000)

($3,000,000)

($4,000,000)

Figure 3 Sensitivity analyses of 2-year total estimated savings/costs based on
changes in generic market share for morphine-ARER. Base Case: Branded nonADF ER morphine: 20% year 1 and 30% year 2; generic non-ADF ER morphine:
0.3% year 1 and 0.6% year 2. Analysis 1: Branded non-ADF ER morphine: 20% year
1 and 30% year 2; generic non-ADF ER morphine: 0.4% year 1 and 0.8% year 2.
Analysis 2: Branded non-ADF ER morphine: 20% year 1 and 30% year 2; generic
non-ADF ER morphine: 0.5% year 1 and 1.0% year 2. Analysis 3: Branded non-ADF
ER morphine: 20% year 1 and 30% year 2; generic non-ADF ER morphine: 1.2% year
1 and 2.4% year 2. Analysis 4: Branded non-ADF ER morphine: 20% year 1 and
30% year 2; generic non-ADF ER morphine: 1.5% year 1 and 3.0% year 2.

well as its effectiveness in deterring abuse. This allows the
user (e.g., a commercial health plan) to test how different

Results of this analysis are consistent with the growing body of
evidence that ADFs have the potential to substantially reduce
misuse/abuse of RxOs, and the associated cost burden to
managed care. A recent review conducted by ICER concluded
that ADFs other than OxyContin demonstrate potential comparable or better results than non-ADF on “likability” in
human abuse potential studies, but there is a lack of published
evidence assessing reductions in the risk of abuse. However,
the economic beneﬁts of ADF opioids can be assessed by
modeling based on data from various data sources and
assumptions. ICER modeled the budget impact of converting
all non-ADF prescriptions to ADF prescriptions in
Massachusetts and estimated that such a policy would prevent
850 new cases of opioid abuse in one year in a 100,000member plan at a cost of $599,000 per new case of abuse
prevented.7 Net cost-savings were not possible because the
lower abuse-related costs of ADF opioids compared to nonADF opioids were outweighed by the higher prescription costs

IN
IN
IN
IN
IV
IV
IV
IV
Base Case Analysis 1 Analysis 2 Analysis 3 Analysis 4 Analysis 1 Analysis 2 Analysis 3 Analysis 4
60%
55%
50%
45%
40%
60%
60%
60%
60%
90%
90%
90%
90%
90%
80%
70%
65%
60%

IN
IV

$300,000
$200,000
$100,000
$0

Medical
Pharmacy

($100,000)

Total

($200,000)
($300,000)
($400,000)
($500,000)
($600,000)
Figure 4 Sensitivity analyses of 2-year total estimated savings/costs based on changes in IV and IN potential abuse deterrence for morphine-ARER.
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of ADF opioids. In contrast, the current analysis takes an
approach that is more reﬂective of current market conditions
where drug formularies support a mix of ADF and non-ADF
drug availability such that an ADF displaces branded and
generic non-ADF ER opioid drugs on a more limited basis.
While universal ADF adoption in the ICER analysis resulted
in an increase in health care costs, our results showed that
converting a proportion of ER morphine prescriptions from
non-ADF to ADF may lead to medical cost-savings that can
offset the higher drug acquisition cost of morphine ARER
relative to non-ADF ER morphine.
The FDA continues to support the development of new
ADF technologies.19 The FDA’s Opioids Action Plan
describes expanding access to ADFs as a critical step towards
ﬁghting the opioid crisis, and the National Institute on Drug
Abuse (NIDA) has stressed the important role of pharmaceutical companies in developing these new drugs.20,21
The generalizability of current model results depends
on how well the data sources and assumptions represent
actual patterns of RxO misuse/abuse and associated
HCRU in a real-world setting. While the model utilized
data available from widely cited published literature on
RxO misuse/abuse rates and cost estimates based on retrospective analysis of medical claims, the validity of several
model assumptions will need to be conﬁrmed by future
studies. The model assumed that the ER RxO market will
remain stable during the course of the model duration. The
2016 CDC guidelines on opioid prescribing now recommend non-pharmacologic and non-opioid therapy as the
preferred treatments for patients with chronic pain. In the
case where opioids are needed, the CDC recommends
starting patients on immediate-release opioids rather than
extended-release.22 Although difﬁcult to predict, it is possible that these recommendations may have a stabilizing
effect on the ER opioid market, and so the assumption of
no growth in the volume of opioid prescriptions dispensed
seems warranted. The introduction of morphine-ARER on
a drug formulary may replace a proportion of ER nonADF prescriptions; however, the actual market uptake for
the morphine-ARER cannot be known in advance. The
results of this analysis therefore need to be conﬁrmed
with future real-world data.
The abuse-deterrent properties of morphine-ARER are
described in the FDA-approved label. However, the degree
to which these abuse-deterrent properties will reduce RxO
misuse/abuse in the real world remains unknown. To address
this uncertainty, we ran a series of sensitivity analyses to
simulate study outcomes based on a variety of scenarios and
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presented the break-even points. We found the model results to
be highly sensitive to the deterrence of abuse via the IV route
of administration. Previous data suggested that injection is the
most common form of abuse of ER morphine (Butler 2011).
Therefore, deterrence of IVabuse in the real-world setting will
be important data to conﬁrm the value of morphine-ARER
from both clinical and ﬁnancial perspectives. As successful
deterrence of one route of administration may lead to shifting
of abuse to other routes, future studies should review the effect
of an ADF on all routes of abuse in a comprehensive manner.
The model allows for commercial health plans to consider
the HCRU and cost implications of formulary adoption of
morphine-ARER, and data inputs can be modiﬁed to reﬂect
assumptions that are plan-speciﬁc. ADFs may have the potential to reduce costs associated with RxO abuse. Recent legislation such as CARA includes provision for grants for treatment
options for RxO abuse – such programs may have potential to
hold down costs.23 Kuhn (2017) notes that employers can play
a role in curbing the epidemic through awareness campaigns
and messaging around the implications of sharing medications
and the availability of resources about RxO abuse.
Many individuals who misuse/abuse RxO are not patients
receiving RxO from a prescriber. The strength of our analysis is
that it considered the potential beneﬁt of ADF on RxO diversion. By directly applying RxO misuse/abuse rates of the US
population to the hypothetical health plan in the model, we
were able to quantify the number of misuse/abuse cases and
associated costs without requiring individuals to have an RxO
prescription ﬁll. However, our analysis did not account for all
possible costs that may be associated with RxO misuse/abuse,
such as costs associated with lost productivity and disability
due to RxO misuse/abuse and may underestimate the overall
potential value of ADFs from a societal perspective.

Conclusion
This analysis provides a framework for estimating the
budget impact of adding an ADF to an existing prescription drug formulary, and provides payers with a tool to
assist with an evaluation of the ﬁnancial impact of formulary changes and the drivers of the ﬁnancial outcomes.
Results suggest that the addition of morphine-ARER may
result in a reduction in misuse/abuse-related events translating to a net cost savings to the health plan. As the body
of work that examines the impact of replacing ER nonADFs with ER ADFs continues to grow, we will improve
our understanding of how new ADF products can help to
mitigate the opioid crisis and create societal cost savings.
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