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ABSTRACT
Purpose Abuse and misuse of prescription opioids are serious public health problems. Abuse-deterrent formulations are an intervention to
balance risk mitigation with appropriate patient access. This study evaluated the effects of physicochemical barriers to crushing and dissolving
on safety outcomes associated with extended-release oxycodone (ERO) tablets (OxyContin) using a national surveillance system of poison
centers. Other single-entity (SE) oxycodone tablets and heroin were used as comparators and to assess substitution effects.
Methods The National Poison Data System covering all US poison centers was used to measure changes in exposures in the year before
versus the 2 years after introduction of reformulated ERO (7/2009–6/2010 vs 9/2010–9/2012). Outcomes included abuse, therapeutic errors
affecting patients, and accidental exposures.
Results After ERO reformulation, abuse exposures decreased 36% for ERO, increased 20% for other SE oxycodone, and increased 42%
for heroin. Therapeutic errors affecting patients decreased 20% for ERO and increased 19% for other SE oxycodone. Accidental exposures
decreased 39% for ERO, increased 21% for heroin, and remained unchanged for other SE oxycodone. During the study period, other
interventions to reduce opioid abuse occurred, for example, educational and prescription monitoring programs. However, these have shown
small effects and do not explain a drop for ERO exposures but not for other opioids.
Conclusions After ERO reformulation, calls to poison centers involving abuse, therapeutic errors affecting patients, and accidental exposures de-
creased for ERO, but not for comparator opioids. Abuse-deterrent formulations of opioid analgesics can reduce abuse, but switching to other acces-
sible non abuse-deterrent opioids might occur. © 2013 The Authors. Pharmacoepidemiology andDrug Safety published by JohnWiley& Sons, Ltd.
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INTRODUCTION

Abuse and misuse of prescription opioids are serious
public health problems that result in a significant
public health burden.1–4 However, opioid analgesics
are recommended for treatment of serious, persistent
pain after non-pharmacologic therapies, and non-opioid
medications have been used.5–9 Extended-release opioid
analgesics provide important pain relief for ~4 million
patients in the USA per year. Risk management of

opioid analgesics is therefore an important public health
priority.10 Abuse-deterrent formulations are a poten-
tially effective approach to minimize abuse of prescrip-
tion opioids while preserving analgesic benefits for
patients.11,12 The US FDA has stated “FDA considers
the development of these products a high public health
priority.”13 However, little data exist evaluating out-
comes of these formulations in the real world.
Prescription opioids are abused through oral ingestion

(with or without tampering), inhalation (“snorting”),
injection, and smoking. Non-oral routes of administra-
tion (ROAs) increase the abuse potential of opioids
because of rapid absorption of drug.11,12,14 A progres-
sion of opioid abuse occurs whereby users initially abuse
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orally, then progress to injection or snorting by the time
of admission to substance abuse treatment.12,15–17

OxyContin® is an extended-release oxycodone
(ERO) formulation to treat moderate-to-severe chronic
pain.18 It has been widely abused,19–21 especially by
non-oral ROAs.22–25 ERO was reformulated with
physicochemical barriers to breaking, crushing, or
dissolving intended to deter abuse. Reformulated
ERO was approved in the USA in April 2010. On 9
August 2010, the manufacturer stopped shipments of
original ERO and started shipping only reformulated
ERO. Pre-approval studies had demonstrated that
reformulated ERO is bioequivalent to original ERO
when taken orally, is harder to extract oxycodone
from,26 and has less liking to abusers.27 Postmarketing
studies have reported reductions in abuse of reformulated
ERO among individuals assessed in substance abuse
treatment centers.28 However, increases in heroin abuse
among the subpopulation with diagnosed dependence
on prescription opioids have been reported,29 but the
effects of introducing a potential abuse-deterrent
formulation of a widely used opioid-analgesic on the
general population have not been evaluated.
This study used the National Poison Data System

(NPDS) maintained by the American Association of
Poison Control Centers to assess the effects of
reformulated ERO on abuse. Calls to poison centers are
strongly correlated with poisoning mortality as identified
on death certificates for opioids and may be used for
timely surveillance of mortality.30 Changes in exposures
for ERO from 1year before to 2 years after reformulated
ERO were evaluated to test the hypothesis that
reformulating ERO tablets would reduce calls to poison
centers due to problems with ERO (i.e., “exposures”).
These changes were compared with trends for two
comparator opioids: other single-entity (SE) oxycodone
products (excludingOxyContin) and heroin. Comparators
were used to differentiate between ERO-specific and
general opioid trends, and to measure increases in other
opioids as reported in a national surveillance system.
In addition to abuse, tablets with barriers to crushing,

chewing, or breaking could reduce serious adverse events
from accidental exposures among young childrenwho put
tablets in their mouth by impeding their chewing or
crushing the tablet in a way that releases a potentially fatal
dose inadvertently. Tablets with barriers to crushing,
chewing, or breaking could also reduce serious adverse
events among patients exposed to doses intended for
sustained release that are delivered as immediate release,
an event that the boxed warning in the product label states
can lead to fatal respiratory depression.31 Therefore, this
study also tested the hypothesis that reformulating ERO
tablets would reduce calls to poison centers due to (i)

therapeutic errors affecting patients and (ii) accidental
exposures. This study is part of a formal postmarketing
commitment program required by the FDA, and the
results, raw data, and SAS programming code have been
submitted to the FDA.

METHODS

Data from the NPDS, a surveillance system that captures
99.8% of poison exposures reported to all poison centers
in the USA,31 were used to examine trends in exposures
reported to poison centers per quarter for ERO, SE
oxycodone excluding ERO, and heroin. Changes were
compared from the 1 year preceding (3Q2009–2Q2010)
to the 2 years following (4Q2010–3Q2012) reformulated
ERO, with 3Q2010 considered a transition period.
Given the imprecise ability to differentiate between

original and reformulated ERO, both original and
reformulated ERO were included in ERO trends.
Because of the categories that the poison centers use
for aggregate measures across drugs in a group, the
SE oxycodone group consisted of both immediate-
release SE oxycodone and generic extended-release
oxycodone, but excluded brand extended-release oxy-
codone (OxyContin).
Exposures reported to poison centers are classified

into reasons, including intentional abuse, unintentional
therapeutic errors, unintentional general exposures,
and adverse reactions.32,33 Intentional abuse is defined
as an exposure resulting from the intentional, improper,
or incorrect use of a substance in order to gain a high,
euphoric effect or some other psychotropic effect.
Unintentional therapeutic errors (errors affecting patients)
are defined as an exposure resulting from unintentional
deviation from a proper therapeutic regimen that results
in wrong dose, incorrect ROA, administration to the
wrong person, or administration of the wrong substance.
Unintentional general (accidental) exposures are those
not defined in another category and include exposures
resulting from children accidentally swallowing adults’
medicine, which could be fatal.
Poisson regression was used to calculate percent

change and 95% confidence intervals (CI) in the average
number of exposures per quarter. To facilitate compari-
sons across different kinds of exposures, the 1-year
period prior to reformulated ERO was used as a base-
line, and the change from baseline was calculated. The
latter was excluded from pre-reformulation versus
post-reformulation change measures but included in
figures and trends. Rates adjusted for population size
and number of prescriptions dispensed were calculated
using data from US census 2010 and IMS Health,
respectively. Changes in the slope of trends in exposures
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before and after reformulated ERO, between 2007 and
3Q2012, were assessed using Poisson regression with
a single spline knot at the end of 3Q2010 to provide a
piecewise linear function.34,35 Analyses were performed
using SAS v9.2 (SAS Institute, Inc., Cary, NC, USA)
and MS Excel 2010.

RESULTS

Compared with the one-year baseline period before
reformulation of ERO, ERO exposure types decreased,
including all, abuse, therapeutic errors, and accidental
exposures (Figure 1). In contrast, exposures for other SE
oxycodone products increased or remained unchanged
during the same period. Heroin abuse increased sharply
starting 4 to 6months after reformulation.
All exposures for ERO declined 26% (693 to 509 per

quarter), but increased 15% for other SE oxycodone
(from 1449 to 1670) and increased 37% for heroin (589
to 807) from the pre-reformulation to post-reformulation

period (Table 1). Abuse exposures for ERO decreased
36% (130 to 83), increased 20% for other SE oxyco-
done (229 to 273), and increased 42% (356 to 505)
for heroin. Unintentional therapeutic errors affecting
patients for ERO decreased 20% (161 to 129) and
increased 19% (223 to 265) for other SE oxycodone.
Unintentional general (accidental) exposures for ERO
decreased 39% (75 to 46), changed 0% (189 to 189)
for other SE oxycodone, and increased 21% for heroin
(22 to 27). The majority (63%) of unintentional general
exposures were among children 1 to 2½ years of age. In
the age category of 12 to 29.9months of age, accidental
exposures decreased by 51% (95%CI: �60%, �40%)
from before to after reformulation. Adverse reactions
for ERO decreased 34% and increased 15% for other
SE oxycodone.
Prescriptions for ERO decreased 2% in the first and

9% in the second year after reformulation from the
year pre-reformulation, while prescriptions for other
SE oxycodone products increased 51% by 3Q2012

A.  All exposures (for all reasons)

B.  Intentional abuse exposures   

C.  Unintentional therapeutic errors

D.  Unintentional general exposures

Figure 1. Changes in calls to poison centers reporting problems from exposure to brand extended-release oxycodone (ERO), other single-entity (SE)
oxycodone products, and heroin by exposure type between 3Q2009 and 3Q2012
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(Figure 2) from the year pre-reformulation. Changes from
baseline in ERO exposures had consistent decreases for
number of exposures per quarter, population-adjusted
rates, and prescription-adjusted rates. However, changes
in prescription-adjusted rates for other SE oxycodone dif-
fered from exposure numbers and population-adjusted
rates because of a 50% increase in the number of prescrip-
tions. Therapeutic errors for ERO declined steadily after
reformulation, except for a spike in 3Q2012 (Figure 3),
while those for other SE oxycodone increased in number.
In general, changes in exposures were greater for

higher ERO dosage strengths than lower (Table 2). For
all, abuse, suicide, and accidental exposures, decreases
were greater with increasing dose. The largest decreases
for the 80mg dose were seen for abuse and accidental ex-
posures. For other exposure types, decreases were greater
for doses≥40mg versus< 40mg. In contrast to findings

for other dosage strengths, for the 80mg dosage strength,
changes in prescription-adjusted rates differed from those
for population-adjusted rates because of large declines in
80mg prescriptions in the post-reformulation period. Af-
ter reformulation, ERO 80mg prescriptions decreased
31%, ERO 40–60mg prescriptions decreased 15%, and
ERO 10–30mg prescriptions increased 7%. Significant
reductions in prescription-adjusted rates occurred for
all, abuse, suicide, therapeutic error, accidental, and
adverse reaction ERO exposures.
Heroin abuse exposures increased steadily between

2007 and 3Q2012 (Figure 4). However, results from
spline regression indicate that there was a significant
increase in slope, from 3.4% quarterly increase (95%
CI: 2.7% to 4.0%) pre-reformulation versus 5.8% quar-
terly increase (95%CI: 5.0% to 6.7%) post-reformulation.
The net pre versus post increase in heroin abuse was

Table 1. Changes in the number of extended-release oxycodone (ERO) exposures per quarter reported to US poison centers from 1 year before to 2 years after
introduction of reformulated ERO by reasons for exposure

Pre-reformulation
(average per quarter)

Post-reformulation
(average per quarter)

Change
(post–pre) %

95%CI p value

Extended-release oxycodone
All exposures 692.8 509.4 �26 (�28, �20) <0.0001
–Intentional 390.5 292.5 �25 (�26, �16) <0.0001
–Abuse 130.3 83.3 �36 (�40, �23) <0.0001
–Suspected suicide 182.3 143.1 �21 (�26, �10) <0.0001
–Misuse 51.3 40.4 �21 (�29, 2) 0.0076

–Unintentional 242.5 180.9 �25 (�31, �18) <0.0001
–Misuse 5.3 3.9 �26 (�58, 37) 0.2826
–General 75.0 45.9 �39 (�49, �29) <0.0001
–Therapeutic errors 161.3 129.4 �20 (�26, �9) <0.0001

–Adverse reactions 29.8 19.5 �34 (�50, �17) 0.0005
–Withdrawal 13.5 4.5 �67 (�74, �37) <0.0001
–Unknown 42.8 38.3 �11 (�24, 12) 0.244

Other single-entity oxycodone
All exposures 1448.8 1670.3 15 (12, 20) <0.0001
–Intentional 887.5 1042.4 17 (14, 24) <0.0001
–Abuse 228.5 273.4 20 (13, 33) <0.0001
–Suspected suicide 477.8 553.4 16 (10, 23) <0.0001
–Misuse 104.0 119.6 15 (5, 34) 0.0172

–Unintentional 427.8 471.4 10 (3, 16) 0.0009
–Misuse 8.5 12.0 41 (2, 129) 0.0840
–General 189.5 189.4 0 (�9, 10) 0.9882
–Therapeutic errors 223.0 264.5 19 (7, 26) <0.0001

–Adverse reactions 74.3 85.8 15 (1, 34) 0.0382
–Withdrawal 14.3 14.9 4 (�26, 44) 0.7899
–Unknown 125.3 153.6 23 (11, 36) 0.0005

Heroin
All exposures 587.3 806.5 37 (22, 35) <0.0001
–Intentional 527.3 726.1 38 (22, 36) <0.0001
–Abuse 355.8 505.1 42 (24, 41) <0.0001
–Suspected suicide 100.8 130.4 29 (9, 39) <0.0001
–Misuse 46.5 60.4 30 (3, 47) 0.0025

–Unintentional 28.0 34.5 23 (�6, 49) 0.0624
–Misuse 2.0 3.5 75 (�61, 107) 0.1627
–General 22.3 27.0 21 (�6, 57) 0.1245
–Therapeutic errors 0.8 0.6 �17 (�83, 498) 0.8029

–Adverse reactions 2.0 7.9 294 (60, 629) 0.0003
–Withdrawal 15.8 18.1 15 (�28, 37) 0.3520
–Unknown 35.0 44.5 27 (5, 55) 0.0161
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2.3% (95%CI: 1.0% to 3.7%) quarterly. ERO abuse, in
contrast, had a flat slope quarterly slope pre-
reformulation (quarterly change of 0.3%, 95%CI:
�0.7%, 1.4%) and a downward slope post-
reformulation of �8.0% (�9.7%, �6.3%) so that the
net pre versus post decrease in ERO abuse was
�8.3% (95%CI: �10.6%, �6.0%) quarterly.

DISCUSSION

The current study uses data from a national surveillance
system of exposures reported to poison centers and
extends previously published findings of the impact of
ERO on abuse in two recent studies of patients in sub-
stance abuse treatment programs. Cicero et al. reported
results of sequential cross-sectional surveys of patients
with diagnosed opioid dependence/addiction in the
USA showing that the proportion of patients using to
“get high in the past 30 days at least once” fell from
47.4% to 30.0% (p< 0.001), whereas heroin use
increased from 10% to 20%.29 Butler et al. used a sentinel

surveillance sample of 140 496 individuals assessed for
substance abuse treatment in the USA and reported that
abuse of reformulated ERO was 41% lower (95%CI:
44% to 37%) than historical abuse for original ERO, with
oral abuse 17% lower (95%CI: 23% to 10%) and non-oral
abuse 66% lower (95%CI: 69% to 63%).28

Over the 3-year period surrounding the ERO
reformulation, there were large changes in the number
and rates of poison center exposures associated with
oxycodone in the USA. The number of exposures for
brand ERO (OxyContin) decreased steadily after the
reformulation was introduced. Marked decreases
occurred in all, abuse, suicide, therapeutic errors,
accidental, and adverse reaction ERO exposures, and
were sustained for the 2-year period after reformulation.
In contrast, exposures for other SE oxycodone increased
or remained unchanged after reformulation, suggesting
that changes were specific to reformulated ERO.
Overall, abuse exposures for ERO decreased 36% in
the 2 years after reformulation, but those associated with

A.  Brand extended-release oxycodone

B.  Other single-entity oxycodone products

Figure 2. Changes in abuse exposures and number of prescriptions from
1 year preceding to 2 years following extended-release oxycodone (ERO)
reformulation

A.  Brand extended-release oxycodone

B.  Other single-entity oxycodone products

Figure 3. Changes in unintentional therapeutic errors and number of pre-
scriptions from 1 year preceding to 2 years following extended-release oxy-
codone (ERO) reformulation
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80mg tablets decreased 59%. These results are consis-
tent with the intended role of physicochemical barriers
to breaking, crushing, or dissolving to reduce the desir-
ability of tablets for the purpose of abuse, and higher
dosage strengths being preferred for abuse.
The number of therapeutic errors affecting patients

decreased 20%, and those associated with 40–60mg
and 80mg doses decreased 41% and 23%, respectively.
Therapeutic errors include “unintentional deviation

from a proper therapeutic regimen that results in
wrong dose.” Reformulation reduces the release of
higher than intended doses from tablets that may be
crushed, chewed, or dissolved by patients for ease of
ingestion or crushed by health care providers for ease
of administration to patients. The product label warns
that it is important to instruct patients to swallow
tablets intact because life-threatening respiratory

depression may occur with use of OxyContin even
when not abused if tablets are crushed, dissolved, or
chewed, causing rapid release and absorption of poten-
tially fatal doses of oxycodone.18 This is corroborated
by the significant decrease after reformulation in
medication errors, including fatal errors, reported to
the manufacturer from patients crushing, chewing, or
dissolving tablets (unpublished data).
Accidental exposures, which include unintentional

ingestion by children gaining access to these substances
for nonmedical use, decreased 39%, and decreased 57%
for the 80mg dose. Pre-reformulation, 63% of accidental
exposures occurred among children 1 to 2½years of age,
and these exposures decreased 51% post-reformulation.
These results support the hypothesis that tablets with
barriers to crushing, chewing, or breaking reduce serious
adverse events in young children (who inadvertently

Table 2. Change in average number of extended-release oxycodone exposures per quarter by tablet strengths from pre- (July 2009 to June 2010) to post-
reformulation of OxyContin (October 2010 to September 2012)

Pre-reformulation
(3Q2009–2Q2010)

Post-reformulation
(4Q2010–3Q2012)

% change
in numbers

% change per
100 000 population

% change per
1000 prescriptions

95%CI for Rx
adjusted rates

p value for Rx
adjusted rates

All exposures
All strengths 692.8 509.4 �26% �27% �21% (�25, �17) <0.0001
10–30mg 412.3 345.3 �16% �17% �22% (�27, �17) <0.0001
40–60mg 155.8 95.9 �38% �39% �28% (�35, �20) <0.0001
80mg 111.5 64.9 �42% �43% �15% (�25, �4) 0.0102

Abuse
All strengths 130.3 83.3 �36% �37% �31% (�39, �23) <0.0001
10–30mg 77.0 60.0 �22% �23% �27% (�37, �16) <0.0001
40–60mg 21.0 10.1 �52% �52% �43% (�58, �23) 0.003
80mg 28.5 11.8 �59% �59% �40% (�54, �21) 0.0002

Intentional misuse
All strengths 51.3 40.4 �21% �22% �15% (�29, 1) 0.0625
10–30mg 30.3 27.0 �11% �12% �17% (�33, 4) 0.1039
40–60mg 12.0 7.8 �35% �36% �24% (�48, 11) 0.1518
80mg 8.3 5.5 �33% �34% �3% (�38, 52) 0.8975

Suspected suicide
All strengths 182.3 143.1 �21% �23% �16% (�23, �7) 0.0003
10–30mg 132.0 110.8 �16% �17% �22% (�30, �13) <0.0001
40–60mg 24.3 18.4 �24% �25% �11% (�31, 15) 0.3763
80mg 20.5 13.3 �35% �36% �6% (�29, 26) 0.6802

Unintentional therapeutic errors affecting patients
All strengths 161.3 129.4 �20% �21% �14% (�22, �5) 0.0032
10–30mg 72.0 72.4 1% �1% �6% (�19, 8) 0.3614
40–60mg 61.8 36.4 �41% �42% �31% (�42, �18) <0.0001
80mg 25.5 19.8 �23% �24% 13% (�12, 45) 0.3437

Unintentional general/accidental exposures
All strengths 75.0 45.9 �39% �40% �34% (�44, �23) <0.0001
10–30mg 41.8 29.1 �30% �31% �35% (�47, �21) <0.0001
40–60mg 18.0 10.4 �42% �43% �32% (�51, �7) 0.0156
80mg 14.8 6.4 �57% �57% �37% (�57, �8) 0.0154

Adverse reactions
All strengths 29.8 19.5 �34% �35% �30% (�44, �11) 0.0040
10–30mg 20.3 12.6 �38% �38% �42% (�57, �22) 0.0003
40–60mg 7.3 4.5 �38% �45% �27% (�55, 19) 0.2065
80mg 2.3 2.4 6% �20% 54% (�30, 240) 0.2881
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put tablets in their mouth) by preventing chewing or
breaking the tablet to release a potentially fatal dose.
Abuse exposures for heroin increased steadily before and

after reformulation, but the rate of increase was on average
2.3% greater quarterly after reformulation. This increase is
consistent with reports of patients preferring heroin or other
prescription opioids over reformulated ERO.29

While reductions in ERO exposures occurred, there are
other possible explanations for the decreases besides the
effects of reformulation. These include the passive surveil-
lance system of poison centers, changes in reporting pro-
cesses to poison centers, possible misclassification at the
poison centers between original and reformulated ERO
exposures, reductions in ERO prescriptions, changes in
the population covered, and secular trends in prescription
opioid abuse and misuse due to other interventions.
The NPDS depends on calls reported to poison centers

and can under-represent the occurrence of exposures. To
address potential bias from changes in reporting over
time, comparator groups of other opioids were used. It
is unlikely that changes in reporting of exposures
accounted for the observed changes, because the direction
of changes observed for ERO and comparator opioids
differed, and trends in exposures for ERO and other SE
oxycodone were relatively stable prior to reformulation.
To address potential misclassification between original

and reformulated ERO exposures, this analysis assessed
changes in exposures for all brand ERO formulations,
regardless of original or reformulation report, even
though poison center staff obtain specifics of products
from callers.36 As a result, ERO exposures underestimated
the impact of reformulation by including original ERO
exposures in the post-reformulated ERO period. The
greater decline in ERO exposures in more recent periods,
but not for comparator opioids, is consistent with

decreasing availability of original ERO. Prescriptions
filled at pharmacies for original ERO constituted 7.4%,
1.8%, and 0.6% of total ERO prescriptions in January
2011, June 2011, and December 2011, respectively.
To address the potential impact of reductions in

ERO prescriptions, prescription-adjusted analyses were
conducted. Changes in ERO prescription-adjusted rates
were similar to changes in number of exposures. To
address changes in population covered, population-
adjusted rates were calculated.
During the current study period, there have been a

number of other interventions intended to reduce pre-
scription opioid abuse, such as educational, prescription
monitoring, overdose prevention, and drug take-back
programs. Preliminary evaluation of state prescription
monitoring programs suggests they have a positive
impact on opioid abuse/misuse37; however, their effect
on drug overdose fatality rates is unclear.38 These
programs have been generally voluntary, intermittently
conducted, and reported either no impact38 or an effect
of slowing the increasing trend in poison center expo-
sures,37 but have not been reported to cause reductions
in poison center exposures. The FDA Risk Evaluation
and Mitigation Strategy (REMS) for the opioid class of
extended-release and long-acting opioids was approved
in July 2012 with continuing education training of
healthcare providers beginning in March 2013.10 Any
effects of the REMS would be after the time frame of the
current study.Overdose prevention and drug take-back pro-
grams have been applied to all opioid analgesics, including
ERO and other oxycodone products. Therefore, other inter-
ventions do not account for the large drop in exposures
for ERO and increases for other oxycodone products.
The strengths of this study include the national

scale, analyses of exposures by reasons (e.g., abuse,
therapeutic errors, and accidental exposures), analyses
of changes by dosage strengths, inclusion of heroin
changes relative to pre-existing trends, and assessment
of time trends using a quasi-experimental design.
Data sources to assess the impact of reformulation on

abuse and medication errors are limited. Administrative
claims databases provide data on opioid overdose but rarely
identify the opioid associated with the overdose. Mortality
databases (e.g., National vital statistics) do not differentiate
between immediate-release and extended-release oxy-
codone formulations. Federally funded emergency
department surveillance studies (e.g., Drug Abuse Warn-
ing Network) are not publically available and have a
limited sampling frame, or do not include emergency
departments associated with abuse or illicit drugs (e.
g., National Electronic Injury Surveillance System-All
Injury Program). The NPDS is therefore an important
data source for assessing formulation-specific effects.

Figure 4. Trends in intentional abuse exposures for heroin before and af-
ter extended-release oxycodone (ERO) reformulation—raw data and linear
spline trend lines

p. m. coplan et al.1280

© 2013 The Authors. Pharmacoepidemiology and Drug Safety
published by John Wiley & Sons, Ltd.

Pharmacoepidemiology and Drug Safety, 2013; 22: 1274–1282
DOI: 10.1002/pds



In conclusion, abuse, therapeutic errors affecting
patients, and accidental exposures reported to US poison
centers decreased for ERO after reformulation but not for
comparator opioids. These findings are consistent with
other published reports and anticipated effects, and indi-
cate that this abuse-deterrent formulation has reduced
abuse and adverse outcomes from misuse. However,
reformulating one product’s tablets will not treat opioid
addiction, and substitution of other available opioids is
likely to occur. However, findings in this report provide
proof of concept that physicochemical barriers can
reduce abuse and misuse of tablets with such barriers.
More consistent applications of abuse-deterrent proper-
ties to prescription opioids and addressing heroin avail-
ability may be necessary to maximize the public health
benefit. These data support FDA’s statement that devel-
opment of abuse-deterrent formulations is a high public
health priority. Abuse-deterrent formulations may be a
valuable risk management tool for opioid analgesics so
that innovation, policing, regulation, and education39

can be combined to mitigate the risks and improve the
benefit-risk balance of opioid analgesics.
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KEY POINTS

• A national surveillance system of all US poison
centers (the National Poison Data System) was
used to evaluate the effects of reformulating
extended-release oxycodone tablets with physi-
cochemical barriers to crushing and dissolving
on abuse and safety outcomes.

• The number of abuse, therapeutic errors, and acci-
dental exposures reported to US poison centers
decreased for extended-release oxycodone (ERO)
and increased for other SE oxycodone (both
extended-release and immediate-release SE oxy-
codone) and heroin after reformulation of ERO,
consistent with anticipated effects.

• The results indicate that formulating opioid prod-
ucts with barriers to tampering can reduce their
abuse by certain modes while preserving analgesic
benefit to patients.

• However, the results also suggest that reformulating
one opioid alone to have abuse-deterrent character-
istics will not achieve the desired public health
benefit if established opioid abusers can easily switch
to other available non-abuse-deterrent opioids.
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