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Abstract

Objective:

The development of new formulations of extended-release (ER) opioids with abuse-deterrent technology

attempts to deter prescription opioid abuse while maintaining appropriate access to care for pain patients.

This study examined the degree to which some patients may avoid switching to reformulated ER opioids with

abuse-deterrent technology and the extent to which those patients are more likely to be abusers.

Research design and methods:

We analyzed Truven MarketScan pharmacy and medical claims data following the introduction of two

reformulated ER opioids with abuse-deterrent technology. Adults aged 18–64 who were continuous

users of extended-release oxycodone HCl (ER oxycodone) or extended-release oxymorphone HCl (ER

oxymorphone) in a 6 month period prior to the introduction of the respective reformulations of those

products were identified and categorized based on whether they switched to the reformulation, switched

to other ER/long-acting (LA) opioids (without abuse-deterrent technology), or discontinued ER/LA opioid

treatment in a 6 month post-reformulation period. Abusers were identified using ICD-9-CM diagnosis codes

for opioid abuse/dependence. Pearson’s chi-squared tests and Fisher’s exact tests were then used to

compare rates of abuse between patients who avoided switching to a reformulated ER opioid. Sensitivity

analyses examined several definitions used in this analysis.

Main outcome measures:

ER/LA opioid utilization; rates of diagnosed opioid abuse.

Results:

A total of 31%–50% of patients avoided switching to reformulated ER opioids. Rates of diagnosed opioid

abuse were higher among these patients compared to patients who transitioned to the reformulated

ER opioids.

Limitations:

Due to the observational research design, caution is warranted in causal interpretation of the findings. The

study was conducted among commercially insured continuous ER oxycodone or ER oxymorphone users;

future research should consider additional patient populations, such as non-continuous users and those

without commercial insurance (i.e., Medicare, Medicaid, uninsured).

Conclusions:

Some patients switched to other ER/LA opioids without abuse-deterrent technology or discontinued ER/LA

opioid treatment when their existing ER treatment was reformulated. Rates of opioid abuse were higher

among patients who switched to other ER/LA opioids or discontinued ER/LA opioid treatment, suggesting

that abusers may seek more easily abuseable alternatives such as prescription opioids without abuse-

deterrent technology.
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Introduction

The abuse of prescription opioids (RxOs) is a major public
health problem in the US, and some have even classified
the problem as an ‘epidemic’1. In 2012, an estimated 2.1
million Americans aged 12 or older (or 0.8% of that popu-
lation) had pain reliever dependence or abuse2. Abuse
of prescription drugs can be as dangerous as the use of
illegal drugs, leading to addiction and even death3. RxOs
accounted for more than 15,500 deaths in 2009, nearly a
four-fold increase compared to 19994, which amounts
to more overdose deaths than those attributed to heroin
and cocaine combined5. At the same time, pain is a
common condition and cause of disability in the US6.
The Food and Drug Administration (FDA) has acknowl-
edged that RxOs are an important component of modern
pain management7, and the utilization of RxOs has
continued. These trends highlight the difficult balance
associated with RxOs, as noted by the FDA: ‘‘on the one
hand, providing access to pain medications for those who
need them, and on the other hand, managing the variety
of risks posed by analgesic drugs’’8.

Numerous public and private efforts have attempted
to address the problem of RxO abuse. For example, the
Prescription Drug Abuse Prevention Plan from the
Office of National Drug Control Policy recommends
actions in four major areas to reduce prescription drug
abuse: education, monitoring, proper disposal, and
enforcement3.

Another approach that attempts to deter RxO abuse
while maintaining appropriate access to care for pain
patients has been the development of new formulations
of extended-release (ER) opioids with characteristics
designed to resist crushing and deter abuse. ER opioids
provide a longer period of drug release and can thus be
taken less frequently than immediate-release/short-acting
(IR/SA) opioids, but their ER characteristics may be over-
come by manipulation or tampering, and some abusers may
find ER opioids to be more attractive than IR opioids due
to their higher drug dosages. Reformulated ER opioids with
abuse-deterrent technology are designed to be more diffi-
cult to crush, break, dissolve, or inject.

In April 2013, the FDA determined that reformulated
ER oxycodone HCl (reformulated ER oxycodone) has
abuse-deterrent properties designed to make certain types
of abuse more difficult and approved abuse-deterrent label-
ing for the product9. Reformulated ER oxymorphone HCl
(reformulated ER oxymorphone) was ‘‘developed to
incorporate technology designed to render the tablet
highly resistant to crushing without affecting its
extended-release properties’’, but the FDA determined in
May 2013 that the post-marketing investigations support-
ing an abuse-deterrent claim were inconclusive10. The
FDA determined that ‘‘[w]hile there is an increased ability
of the reformulated version of [ER oxymorphone] to resist

crushing relative to the original formulation, study data
show that the reformulated version’s extended-release
features can be compromised when subjected to other
forms of manipulation’’11.

Recent research has raised concerns that in the pres-
ence of a reformulated ER opioid with abuse-deterrent
technology, some patients being treated for substance
abuse may seek alternative targets for abuse, possibly
undercutting the potential benefits of these reformulated
ER opioids12,13. To date, little is known about the effect
of reformulated ER opioids with abuse-deterrent technol-
ogy in a commercially insured population, namely the
degree to which some patients may avoid switching to
reformulated ER opioids, and the extent to which patients
who avoid switching to these reformulated ER opioids are
more likely to be abusers. The aim of this study was to
assess patient behavior following the introduction of two
reformulated ER opioids with abuse-deterrent technology,
focusing on a commercially insured patient population.
Specifically, the study examined the degree to which
some patients may avoid switching to reformulated ER
opioids with abuse-deterrent technology and the extent
to which those patients are more likely to be abusers.

Methods

Using 2010–2012 Truven MarketScan de-identified phar-
macy and medical claims data for commercially insured
patients, we analyzed ER/long-acting (LA) opioid utiliza-
tion patterns and rates of diagnosed opioid abuse in the
period surrounding the introduction of reformulated ER
oxycodone with abuse-deterrent technology in August
2010. The reformulation of ER oxycodone may have moti-
vated some ER oxycodone patients who were looking
for abuseable drugs to switch to other RxOs without
abuse-deterrent technology. The introduction of reformu-
lated ER oxycodone along with the discontinuation of
the original formulation provided an opportunity to
assess patient behavior in response to this change in
an observational, real-world setting.

We restricted our sample to commercially insured
patients, aged 18–64, with continuous use of ER/LA
opioids (at least 120 days’ supply of ER/LA opioids).
We required that patients’ primary ER/LA opioid in the
6 month period from February to August 2010 (pre-
reformulation period) was ER oxycodone. The primary
ER/LA opioid was defined as the ER/LA opioid that
accounted for at least 70% of the days’ supply of all of
their ER/LA opioids in a 6 month period. The 70% criter-
ion was based on expert physician input, and we examined
alternative thresholds of 60% and 80% in sensitivity ana-
lyses. Our rationale was to focus the analysis on patients
who were using ER oxycodone consistently in the pre-
reformulation period. We then observed these patients’
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ER/LA opioid utilization in a 6 month period from
November 2010 to May 2011 (post-reformulation
period), allowing for a 3 month transition period between
the pre- and post-reformulation periods.

We examined whether ER oxycodone patients switched
to reformulated ER oxycodone with abuse-deterrent
technology, switched to other ER/LA opioids without
abuse-deterrent technology, or discontinued ER/LA
opioid treatment altogether in the 6 month post-
reformuation period (i.e., the 6 month period following
the introduction of reformulated ER oxycodone with
abuse-deterrent technology, as defined above). Similar to
the criterion used in the pre-reformulation period, patients
were categorized based on their primary ER/LA opioid in
the post-reformulation period (i.e., the ER/LA opioid that
accounted for at least 70% of the days’ supply of all of their
ER/LA opioids in that 6 month period) in order to address
the fact that pain patients often switch RxOs (opioid rota-
tion) or use different RxOs concomitantly. Patients could
also have discontinued ER/LA opioid treatment alto-
gether. Among those patients who discontinued ER/LA
opioid treatment in the post-reformulation period, we fur-
ther segmented patients based on whether they used IR/SA
opioids or discontinued use of any IR/SA or ER/LA opioids
in the post-reformulation period.

We then evaluated whether ER oxycodone patients
who avoided switching to reformulated ER oxycodone
with abuse-deterrent technology had higher rates of
opioid abuse than patients who switched to reformulated

ER oxycodone. A patient was classified as an opioid abuser
if he or she had any medical claims associated with
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) diagnosis codes for
opioid abuse or dependence (305.5x, 304.0x, 304.7x,
965.00, 965.02, and 965.09) during the study period
which spanned the pre- and post-reformulation periods.
Pearson’s chi-squared tests were used to compare rates of
diagnosed opioid abuse between groups of patients.
Alternative time periods over which abuse diagnoses
could occur and alternative definitions of opioid abuse
(i.e., separating ICD-9-CM diagnosis codes for opioid
abuse and dependence) were examined in sensitivity ana-
lyses, and they yielded consistent patterns (see below).
A similar analysis was conducted for reformulated ER oxy-
morphone which was introduced in March 2012 and also
uses technology designed to deter abuse. Due to a substan-
tially smaller sample of ER oxymorphone users, Fisher’s
exact tests were used instead of Person’s chi-squared tests
to compare rates of diagnosed opioid abuse between groups
of patients.

Results

ER/LA opioid utilization patterns

Study inclusion/exclusion criteria were met by 15,162 con-
tinuous users of ER oxycodone and 2285 continuous users
of ER oxymorphone (Figure 1). When faced with a

Relevant patient population1

≥ 120 days supply of ER/LA opioids
during the 6-mo. pre-reformulation period

108,912

Continuous (non HMO) coverage,
and age restrictions in the 15-mo.

study period
44,358

Analytical sample of ER
oxycodone users

Analytical sample of ER
oxymorphone users

ER oxycodone accounted for
≥ 70% of total days supply in
the 6-mo. pre-reformulation

period
15,162

Continuous (non HMO) coverage,
and age restrictions in the 15-mo.

study period
38,306

ER oxymorphone accounted for
 ≥ 70% of total days supply in
the 6-mo. pre-reformulation

period
2,285

ER oxycodone ER oxymorphone

≥ 1 prescription for an ER/LA opioid
during the 6-mo. pre-reformulation

period
N = 204,217

≥ 120 days supply of ER/LA opioids
during the 6-mo. pre-reformulation

period
109,373

≥ 1 prescription for an ER/LA opioid
during the 6-mo. pre-reformulation

period
224,280

2

3

4

Identify continuous ER/LA
opioid users

Ensure complete visibility of medical
and pharmacy utilization

Patients with the primary drug of
interest

ER/LA opioid utilization and rates of diagnosed
abuse are analyzed among analytical sample

Figure 1. Sample selection.
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reformulation of their existing ER opioid treatment – in
essence, a forced switch – the majority of ER oxycodone
patients transitioned to reformulated ER oxycodone with
abuse-deterrent technology. As shown in Table 1, Panel
A, among ER oxycodone patients, 69.4% switched
to reformulated ER oxycodone. However, a substantial
portion switched to other ER/LA opioids without abuse-
deterrent technology (21.3%) or discontinued ER/LA
opioid treatment (9.3%). Most patients (76.0%) who dis-
continued ER/LA opioid treatment in the post-reformula-
tion period used IR/SA opioids in the post-reformulation
period, though some (24.0%) discontinued use of any
IR/SA or ER/LA opioids.

A similar analysis of reformulated ER oxymorphone
yielded results that were directionally consistent. Among
ER oxymorphone patients, 50.3% switched to reformu-
lated ER oxymorphone, 6.9% switched to reformulated
ER oxycodone, 25.4% switched to other ER/LA opioids
without abuse-deterrent technology, and 17.4% discontin-
ued ER/LA opioid treatment in the post-reformulation
period (Table 1, Panel B). Among those who discontinued
ER/LA opioid treatment in the post-reformulation period,
most (82.7%) used IR/SA opioids in the post-reformula-
tion period, though some (17.3%) discontinued use of any
IR/SA or ER/LA opioids.

These findings are consistent with changes in the total
volume of ER/LA opioid prescriptions at the aggregate
level in the US, as observed in IMS National
Prescription Audit data for the period 2010–2012.

We analyzed changes in the volume of ER/LA opioid
prescriptions following the introduction of reformulated
ER oxycodone and, separately, following the introduction
of reformulated ER oxymorphone by comparing prescrip-
tion volume in the quarter prior to the introduction of a
reformulated product to prescription volume in the same
quarter the following year, post-reformulation. In other
words, for ER oxycodone, we compared prescription
volume in the second quarter of 2010 to prescription
volume in the second quarter of 2011; for ER oxymor-
phone, we compared prescription volume in the fourth
quarter of 2011 to prescription volume in the fourth quar-
ter of 2012. The prescription volume of ER oxycodone
decreased by 20.5% following the introduction of reformu-
lated ER oxycodone while all other ER/LA opioids experi-
enced an increase in prescription volume over the same
period (results available upon request). The prescription
volume of ER oxymorphone decreased by 32.0% following
the introduction of reformulated ER oxymorphone while
most other ER/LA opioids experienced an increase in
prescription volume over the same period.

Differences in rates of diagnosed abuse

In addition to the aforementioned observed shifts away
from reformulated ER oxycodone and reformulated ER
oxymorphone at both the aggregate and patient levels,
there were higher rates of diagnosed opioid abuse among

Table 1. Opioid utilization patterns and differences in rates of diagnosed opioid abuse following the introductions of reformulated ER oxycodone and ER
oxymorphone.

A. Following the introduction of reformulated ER oxycodone

ER oxycodone patients
(N¼ 15,162)

ER oxycodone patients diagnosed with
abuse during 15 month study period (N¼ 742)

Primary drug post-reformulation of ER oxycodone N % Rate of Abuse Relative Risk p Value

Reformulated ER oxycodone 10,520 69.4 3.5%
Other ER/LA opioid without abuse-deterrent technology 3230 21.3 6.7% 1.89 50.001
No ER/LA opioids 1412 9.3 10.9% 3.08 50.001

IR/SA opioids 1073 7.1 11.3% 3.19 50.001
No IR/SA or ER/LA opioids 339 2.2 9.7% 2.75 50.001

B. Following the introduction of reformulated ER oxymorphone

ER oxymorphone patients
(N¼ 2285)

ER oxymorphone patients diagnosed with
abuse during 15 month study period (N¼ 63)

Primary drug post-reformulation of ER oxymorphone N % Rate of Abuse Relative Risk p Value

Reformulated ER oxymorphone 1149 50.3 2.1%
Reformulated ER oxycodone 157 6.9 2.5% 1.22 0.766
Other ER/LA opioid without abuse-deterrent technology 581 25.4 2.6% 1.24 0.498
No ER/LA opioids 398 17.4 5.0% 2.41 0.004

IR/SA opioids 329 14.4 4.6% 2.18 0.019
No IR/SA or ER/LA opioids 69 3.0 7.2% 3.47 0.021

Opioid abuse referred to both abuse and dependence and was identified using the following ICD-9-CM diagnosis codes: 305.5x, 304.0x, 304.7x, 965.00, 965.02,
and 965.09. p Values for rates of abuse were calculated using Pearson’s chi-squared tests with reformulated ER oxycodone as the reference group (Panel A) and
Fisher’s exact tests with reformulated ER oxymorphone as the reference group (Panel B).
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those who switched to other ER/LA opioids without abuse-
deterrent technology or who discontinued ER/LA opioid
treatment after the introduction of these reformulated ER/
LA opioids. The rate of diagnosed opioid abuse among ER
oxycodone patients who switched to other ER/LA opioids
without abuse-deterrent technology was higher than that
of patients who switched to reformulated ER oxycodone
(6.7% vs. 3.5%, relative risk 1.9, p50.001) (Table 1, Panel
A). Similarly, ER oxycodone patients who discontinued
ER/LA opioid treatment following the introduction of
reformulated ER oxycodone had a higher rate of diagnosed
opioid abuse compared with patients who switched to
reformulated ER oxycodone (10.9% vs. 3.5%, relative
risk 3.1, p50.001). Among the ER oxycodone patients
who discontinued ER/LA opioid treatment in the post-
reformulation period, the highest rate of diagnosed
opioid abuse (11.3%) occurred among those who used
IR/SA opioids in the post-reformulation period, and this
rate was 3.2 times that of patients who switched to refor-
mulated ER oxycodone.

A similar pattern was observed for reformulated ER
oxymorphone. The rate of opioid abuse among ER oxy-
morphone patients who switched to other ER/LA opioids
without abuse-deterrent technology appeared slightly
higher than that of patients who switched to reformulated
ER oxymorphone, though the difference was not statistic-
ally significant (2.6% vs. 2.1%, relative risk 1.2,
p¼ 0.498), and the rate was similar to that of patients
who switched to reformulated ER oxycodone (2.5%)
(Table 1, Panel B). ER oxymorphone patients who discon-
tinued ER/LA opioid treatment had a higher rate of opioid
abuse than patients who switched to reformulated ER oxy-
morphone (5.0% vs. 2.1%, relative risk 2.4, p¼ 0.004).

Among the ER oxymorphone patients who discontinued
ER/LA opioid treatment in the post-reformulation period,
the highest rate of diagnosed opioid abuse (7.2%) occurred
among those who discontinued IR/SA or ER/LA opioids in
the post-reformulation period, and this rate was 3.5 times
that of patients who switched to reformulated ER
oxycodone.

These findings suggest that abusers may seek more
easily abuseable alternatives such as RxOs without
abuse-deterrent technology, which is consistent with a
2013 study of individuals assessed for substance abuse treat-
ment12. Some abusers may also switch to illicit substances
such as heroin13. These studies focused on individuals
being treated for substance abuse; our study examined a
broader patient population and found that patients who
avoided switching to reformulated ER opioids were more
likely to be diagnosed with opioid abuse or dependence.

Sensitivity analyses

We conducted several sensitivity analyses. First, we exam-
ined whether the 70% threshold used to define a patient’s
primary ER/LA opioid had a meaningful impact on the
results by considering alternative thresholds of 60% and
80%. When a 60% threshold was used to define a patient’s
primary ER/LA opioid, there was a larger starting sample of
ER oxycodone patients and ER oxymorphone patients, and
a greater share of those patients switched to the reformu-
lated products (Table 2). The relative differences in abuse
rates were similar to those from our core analysis. When an
80% threshold was used to define a patient’s primary ER/
LA opioid, there was a smaller starting sample of ER oxy-
codone patients and ER oxymorphone patients, and a

Table 2. Sensitivity analysis: 60% threshold for defining a patient’s primary ER/LA opioid (opioid utilization patterns and differences in rates of diagnosed
opioid abuse following the introductions of reformulated ER oxycodone and ER oxymorphone).

A. Following the introduction of reformulated ER oxycodone

ER oxycodone patients
(N¼ 15,316)

ER oxycodone patients diagnosed with abuse during
15 month study period (N¼ 762)

Primary drug post-reformulation of ER oxycodone N % Rate of Abuse Relative Risk p Value

Reformulated ER oxycodone 11,228 73.3 3.6%
Other ER/LA opioid without abuse-deterrent technology 2653 17.3 7.5% 2.07 50.001
No ER/LA opioids 1435 9.4 11.1% 3.10 50.001

B. Following the introduction of reformulated ER oxymorphone

ER oxymorphone patients
(N¼ 2335)

ER oxymorphone patients diagnosed with abuse during
15 month study period (N¼ 64)

Primary drug post-reformulation of ER oxymorphone N % Rate of Abuse Relative Risk p Value

Reformulated ER oxymorphone 1246 53.4 2.1%
Reformulated ER oxycodone 163 7.0 2.5% 1.18 0.771
Other ER/LA opioid without abuse-deterrent technology 526 22.5 2.7% 1.28 0.485
No ER/LA opioids 400 17.1 5.0% 2.40 0.004

Opioid abuse referred to both abuse and dependence and was identified using the following ICD-9-CM diagnosis codes: 305.5x, 304.0x, 304.7x, 965.00, 965.02,
and 965.09. p Values for rates of abuse were calculated using Pearson’s chi-squared tests with reformulated ER oxycodone as the reference group (Panel A) and
Fisher’s exact tests with reformulated ER oxymorphone as the reference group (Panel B).
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smaller share of those patients switched to the reformu-
lated products (Table 3). As was the case with the 60%
threshold, the relative differences in abuse rates were
similar to those from our core analysis. ER/LA utilization
patterns and differences in rates of diagnosed opioid abuse
following the introductions of reformulated ER oxycodone
and ER oxymorphone did not differ in a meaningful way
when alternative thresholds were used to define a patient’s
primary ER/LA opioid.

For the sensitivity analyses that follow, we focused on
ER oxycodone patients, as there was a much smaller
sample of ER oxymorphone patients. We examined
whether the use of different definitions of opioid abuse
altered our results. We limited the analysis to the ICD-
9-CM diagnosis codes for opioid abuse only (excluding
ICD-9-CM diagnosis codes for opioid dependence). The
absolute rates of abuse using this narrower definition of
abuse were lower, as would be expected, but the relative
risk of being an abuser among those who switched to ER/
LA opioids without abuse-deterrent technology compared
to those who switched to reformulated ER oxycodone
(relative risk of 2.0, p value50.001 using abuse-only diag-
nosis codes) (Table 4, Panel A) was similar to that in our
core analysis (relative risk of 1.9, p value50.001 using both
abuse and dependence diagnosis codes) (Table 1, Panel
A). The relative risk of being an abuser among those dis-
continuing ER opioid use compared to those who switched
to reformulated ER oxycodone was higher with the use of
abuse-only diagnosis codes (relative risk of 4.4, p value
50.001) than with the use of both abuse and dependence
diagnosis codes (relative risk of 3.1, p value 50.001).
When dependence-only ICD-9-CM diagnosis codes were

used (excluding ICD-9-CM diagnosis codes for opioid
abuse), the relative risks yielded a consistent pattern.
This sensitivity analysis suggests that ICD-9-CM diagnosis
codes for opioid abuse and dependence may be used inter-
changeably, as one would not expect that a reformulated
ER opioid with abuse-deterrent technology would directly
impact dependence. In addition, a prior study on
the excess costs of opioid abuse found that the magnitude
of the excess costs was similar regardless of whether abu-
se-only or dependence-only ICD-9-CM diagnosis codes
were used14.

As another sensitivity analysis, we examined whether
alternative time periods over which abuse diagnoses could
occur affected the findings. In the main analysis, the full 15
month study period (6 month pre-reformulation period, 3
month transition period, 6 month post-reformulation
period) was used to calculate rates of opioid abuse, as
shorter time periods would reduce the likelihood of captur-
ing interactions between opioid abusers and medical pro-
fessionals resulting in an abuse-related medical claim.
Regardless of whether the 6 month pre-reformulation
period or the 9 month period post-reformulation (includ-
ing the 3 month transition period and the 6 month post-
reformulation period) was used, there were higher rates of
opioid abuse among patients who switched away from
reformulated ER oxycodone and either switched to other
ER/LA opioids without abuse-deterrent technology or dis-
continued ER/LA opioid treatment (Table 4, Panel B).
The absolute rates of abuse were lower for these shorter
time periods compared to the rate of abuse for the full 15
month study period, as would be expected since shorter
time periods would be less likely to capture interactions

Table 3. Sensitivity analysis: 80% threshold for defining a patient’s primary ER/LA opioid (opioid utilization patterns and differences in rates of diagnosed
opioid abuse following the introductions of reformulated ER oxycodone and ER oxymorphone).

A. Following the introduction of reformulated ER oxycodone

ER oxycodone patients
(N¼ 14,957)

ER oxycodone patients diagnosed with abuse
during 15 month study period (N¼ 723)

Primary drug post-reformulation of ER oxycodone N % Rate of Abuse Relative Risk p Value

Reformulated ER oxycodone 10,015 67.0 3.5%
Other ER/LA opioid without abuse-deterrent technology 3566 23.8 6.3% 1.83 50.001
No ER/LA opioids 1376 9.2 10.9% 3.15 50.001

B. Following the introduction of reformulated ER oxymorphone

ER oxymorphone patients
(N¼ 2227)

ER oxymorphone patients diagnosed with abuse
during 15-month study period (N¼ 52)

Primary drug post-reformulation of ER oxymorphone N % Rate of Abuse Relative Risk p Value

Reformulated ER oxymorphone 1093 49.1 2.0%
Reformulated ER oxycodone 145 6.5 2.8% 1.37 0.535
Other ER/LA opioid without abuse-deterrent technology 605 27.2 2.6% 1.31 0.397
No ER/LA opioids 384 17.2 4.7% 2.33 0.009

Opioid abuse referred to both abuse and dependence and was identified using the following ICD-9-CM diagnosis codes: 305.5x, 304.0x, 304.7x, 965.00, 965.02,
and 965.09. p Values for rates of abuse were calculated using Pearson’s chi-squared tests with reformulated ER oxycodone as the reference group (Panel A) and
Fisher’s exact tests with reformulated ER oxymorphone as the reference group (Panel B).
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between opioid abusers and medical professionals resulting
in an abuse-related medical claim, as mentioned above.
The relative risk of being an abuser among those who
switched to other ER/LA opioids without abuse-deterrent
technology compared to those who switched to reformu-
lated ER oxycodone ranged from 1.6 to 2.1 (all p values
50.001). The relative risk of being an abuser among those
discontinuing ER/LA opioid use compared to those who
switched to reformulated ER oxycodone ranged from 2.8 to
3.4 (all p values50.001). Figure 2 summarizes the relative
risk of abuse across all sensitivity analyses conducted for
ER oxycodone: Panel A summarizes the relative risk of
abuse among patients switching to other ER/LA opioids
without abuse-deterrent technology relative to those

switching to reformulated ER oxycodone, and Panel B
summarizes the relative risk of abuse among patients dis-
continuing ER/LA opioid use relative to those switching to
reformulated ER oxycodone.

Discussion

This study finds 31% of ER oxycodone patients and 50% of
ER oxymorphone patients avoided switching to the refor-
mulated versions of their existing ER opioid treatment
which used abuse-deterrent technology. These patients
switched to other ER/LA opioids without abuse-deterrent
technology or discontinued ER/LA opioid treatment

Core analysis*

Definition of primary ER/LA opioid: 80% threshold

Definition of primary ER/LA opioid: 60% threshold

Abuse diagnosis time period: 9-mo. post-reformulation

Abuse diagnosis time period: 6-mo. pre-reformulation

ICD-9-CM codes: Abuse only

ICD-9-CM codes: Dependence only

1.89

Panel A: Relative risk of abuse among patients switching to other ER/LA opioids without abuse-
deterrent technology relative to those switching to reformulated ER oxycodone

Panel B: Relative risk of abuse among patients discontinuing ER/LA opioid use relative to those
switching to reformulated ER oxycodone

1.83

2.07

2.79

1.58

1.99

1.86

3.08

3.15

3.10

3.42

2.14

4.42

3.11

0 1 2

Relative risk of opioid abuse

3 4 5

0 1 2

Relative risk of opioid abuse

3 4 5

Core analysis*

Definition of primary ER/LA opioid: 80% threshold

Definition of primary ER/LA opioid: 60% threshold

Abuse diagnosis time period: 9-mo. post-reformulation

Abuse diagnosis time period: 6-mo. pre-reformulation

ICD-9-CM codes: Abuse only

ICD-9-CM codes: Dependence only

Figure 2. Sensitivity analyses for ER oxycodone patients. *The core analysis uses a 70% threshold for the definition of a primary ER/LA opioid, a 15 month
time period for abuse diagnosis, and both abuse and dependence ICD-9-CM diagnosis codes. p Values were50.001 for all relative risks shown above.
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altogether. Rates of opioid abuse were higher among
patients who switched to other ER/LA opioids or discon-
tinued ER/LA opioid treatment.

A recent FDA press announcement noted that ‘‘[t]he
development of abuse-deterrent opioid analgesics is a
public health priority for the FDA’’9. Reformulated ER
opioids with abuse-deterrent technology represent an
important step towards reducing RxO abuse while main-
taining appropriate access to care for pain patients.
However, potential unintended consequences exist when
addressing a complex problem such as RxO abuse. This
research suggests that the introduction of reformulated
ER opioids with abuse-deterrent technology may result
in substitution to more abuseable alternatives such as
other RxOs without abuse-deterrent technology. This
finding corroborates an earlier study on abuse rates and
routes of administration of reformulated ER oxycodone
which noted ‘‘the ease with which users can currently
switch to non-tamper-resistant products’’12.

Addressing RxO abuse will likely require a comprehen-
sive approach that combines investments in substance
abuse treatment for RxO abusers who may be prone to
substitution to alternative substances, programs to monitor
use of RxOs, and new technologies that hinder abuse of
RxOs. Intentional substitution away from reformulated
RxOs with abuse-deterrent technology may serve as a
signal of potential abuse. As new RxOs with abuse-deter-
rent properties continue to be introduced, studies should
be undertaken to examine potential unintended conse-
quences such as changes in RxO utilization and differences
in rates of opioid abuse.

This study has several limitations. First, due to the
observational research design used in the claims data ana-
lyses, caution is warranted in any causal interpretation of
the findings. While the introduction of reformulated ER
oxycodone and reformulated ER oxymorphone allows for a
quasi-experimental study design, it is not a full substitute
for a true randomized experiment. Therefore, while we
observed changes in ER/LA opioid utilization and differ-
ences in rates of diagnosed opioid abuse by ER/LA opioid
utilization patterns associated with the introduction of
reformulated ER oxycodone and reformulated ER oxymor-
phone, it is still possible that other factors may have con-
tributed to these changes. For example, one might be
concerned that changes in formulary status or co-payments
may have caused some patients to switch away from ER
oxycodone or ER oxymorphone around the time the refor-
mulated products were introduced. We were unable to
observe changes in formulary status in the claims data,
but we were able to examine changes in average
co-payments per prescription for ER oxycodone and ER
oxymorphone before and after the introduction of the
reformulation products. We found no meaningful increases
in average co-payments per prescription during this period
and even observed declines in average co-payments per

prescription in some cases (results available upon request).
Therefore, we believe that the observed changes in ER/LA
opioid utilization were not attributed to changes in
co-payments.

Second, our analysis was conducted among continuous
ER oxycodone or ER oxymorphone users so we were unable
to examine changes in ER/LA opioid utilization and dif-
ferences in rates of diagnosed opioid abuse by ER/LA
opioid utilization patterns among individuals who used
ER oxycodone or ER oxymorphone sporadically. Future
research should examine the impact of reformulated ER
oxycodone or ER oxymorphone in the broader population
of patients, part of which may not use ER oxycodone or ER
oxymorphone continuously or at all. Recent studies have
found that while reformulated ER oxycodone is aimed at
deterring abuse, serious abusers may find other substances
to abuse, such as ER/LA or IR/SA opioids without abuse-
deterrent properties or illicit drugs such as heroin. Future
research should also examine the potential unintended
consequences of reformulated ER oxycodone or ER oxy-
morphone such as their impact on the abuse of drugs with-
out abuse-deterrent characteristics, as determined abusers
may switch to other more abuseable drugs.

Third, we were only able to identify abusers who were
diagnosed for their abuse. Prior research has found that a
significant share of opioid abuse is not formally diag-
nosed15. We were unable to identify undiagnosed opioid
abusers in our claims database, so it is unclear whether our
results would generalize to undiagnosed opioid abusers.
Future research should examine the impact of RxOs with
abuse-deterrent technology on individuals abusing RxOs
but not yet formally diagnosed with opioid abuse, as it
would shed light on potential public health impacts of
RxOs with abuse-deterrent technology in the broader
population.

Finally, this study uses Truven MarketScan claims data
for a large sample of commercially insured individuals
throughout the US. Future research should examine the
impact of RxOs with abuse-deterrent technology on
Medicare and Medicaid beneficiaries and the uninsured.

Conclusion

Following the introduction of reformulated ER opioids
with abuse-deterrent technology, some patients avoided
switching to the reformulated version of their existing
ER opioid treatment and instead switched to other ER/
LA opioids without abuse-deterrent technology or discon-
tinued ER/LA opioid treatment. Rates of opioid abuse were
higher among patients who switched to other ER/LA opi-
oids or discontinued ER/LA opioid treatment, suggesting
that abusers may seek more easily abuseable alternatives
such as prescription opioids without abuse-deterrent tech-
nology. Reformulated ER opioids with abuse-deterrent
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technology represent a promising approach towards redu-
cing RxO abuse while maintaining appropriate access to
care for pain patients, but providers and policymakers
should be aware that there may be potential unintended
consequences to reformulated ER opioids, such as a shift
towards more easily abuseable alternatives.
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