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a  b  s  t  r  a  c  t

Background:  The  development  of  abuse  deterrent  formulations  is one  strategy  for  reducing  prescrip-
tion  opioid  misuse  and  abuse.  A putative  abuse  deterrent  formulation  of oxycodone  extended  release
(OxyContin®) was  introduced  in 2010.  Early  reports  demonstrated  reduced  abuse  and  diversion,  how-
ever, an  analysis  of  social  media  found  32  feasible  methods  to circumvent  the  abuse  deterrent  mechanism.
We  measured  trends  of  diversion,  abuse  and  street  price  of  OxyContin  to assess  the  durability  of the initial
reduction  in  abuse.
Methods: Data  from  the  Poison  Center  Program,  Drug  Diversion  Program,  Opioid  Treatment  Program,
Survey  of  Key  Informant  Patients  Program  and  StreetRx  program  of the  Researched  Abuse,  Diversion,  and
Addiction-Related  Surveillance  (RADARS®) System  were  used.  The  average  quarterly  rates  of  abuse  and
diversion  for  OxyContin  were  compared  from  before  reformulation  to the  rate  in  second  quarter  2015.
Rates  were  adjusted  for population  using US  Census  data  and  drug  availability.
Results:  OxyContin  abuse  and  diversion  declined  significantly  each  quarter  after  reformulation  and  per-
sisted for  5 years.  The  rate  of abuse  of  other  opioid  analgesics  increased  initially  and  then  decreased,
but  to  lesser  extent  than  OxyContin.  Abuse  through  both  oral  and  non-oral  routes  of  self-administration
declined  following  the reformulation.  The  geometric  mean  difference  in  the  street  price  of reformulated
OxyContin  was 36%  lower  than  the reformulated  product  in the  year  after  reformulation.
Discussion:  Despite  methods  to circumvent  the  abuse  deterrent  mechanism,  abuse  and  diversion  of Oxy-
Contin  decreased  promptly  following  the  introduction  of a crush-  and  solubility-  resistant  formulation
and  continued  to  decrease  over the  subsequent  5 years.

©  2016  The  Authors.  Published  by Elsevier  Ireland  Ltd.  This  is an open  access  article  under  the CC
BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Misuse and abuse of prescription analgesics is a major health
problem. In 2014, there were 2.2 million current nonmedical
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users of prescription pain relievers in the United States (Center
for Behavioral Health Statistics and Quality, 2015). More than
16,000 deaths were attributed to prescription pain relievers in 2013
(Hedegaard et al., 2015). In 2011, the Office of National Drug Con-
trol Policy issued a national strategy to combat prescription drug
abuse (United States Office of National Drug Control Policy, 2011).
The strategy included several components, including research into
formulations with abuse deterrent properties. In 2015, the FDA
released guidance regarding the development of abuse deterrent
formulations (United States Food and Drug Administration, 2015).
One specified property was physical-chemical barriers, which
involves making a tablet difficult to crush; thereby inhibiting use
through chewing, nasal insufflation, injection, or smoking.

http://dx.doi.org/10.1016/j.drugalcdep.2016.09.018
0376-8716/© 2016 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

dx.doi.org/10.1016/j.drugalcdep.2016.09.018
http://www.sciencedirect.com/science/journal/03768716
http://www.elsevier.com/locate/drugalcdep
http://crossmark.crossref.org/dialog/?doi=10.1016/j.drugalcdep.2016.09.018&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Geoff.Severtson@rmpdc.org
mailto:ellism@psychiatry.wustl.edu
mailto:Steven.kurtz@nova.edu
mailto:Rosenblum@ndri.org
mailto:cicerot@psychiatry.wustl.edu
mailto:Mark.Parrino@aatod.org
mailto:michael@epidemico.com
mailto:mance.buttram@nova.edu
mailto:nabarun@epidemico.com
mailto:Becki.Bucher-Bartelson@rmpdc.org
mailto:Jody.Green@rmpdc.org
mailto:rdart@rmpdc.org
dx.doi.org/10.1016/j.drugalcdep.2016.09.018
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


220 S.G. Severtson et al. / Drug and Alcohol Dependence 168 (2016) 219–229

OxyContin® is an extended release (ER) formulation of oxy-
codone that became a popular drug of abuse (United States
Food and Drug Administration, 2001). In 2010, the manufacturer
introduced a reformulated tablet that was difficult to crush and
formed a viscous hydrogel to make snorting and injection dif-
ficult (Alexander et al., 2014). The FDA approved new labeling
describing the abuse deterrent features and subsequently denied
applications from other oxycodone ER formulations without abuse
deterrent features (United States Food and Drug Administration,
2013). Reformulated OxyContin and its authorized generic prod-
ucts remain the only form of oxycodone ER marketed in the United
States.

Initial reports suggested that reformulation reduced the abuse
and diversion of OxyContin (Severtson et al., 2013; Butler et al.,
2013). However, a review of internet forums found 32 feasible
recipes to overcome the tamper resistant properties (McNaughton
et al., 2014). Previous research suggests that many abusers switch
to other products, particularly immediate release oxycodone and
hydromorphone (Cicero et al., 2012; Havens et al., 2014). If meth-
ods to circumvent abuse deterrent methods became widespread,
abuse and diversion could return to high rates. OxyContin repre-
sents a sentinel opportunity to assess the durability of the strategy
of physical-chemical abuse deterrent properties.

We analyzed rates of opioid analgesic abuse and diversion for
the 5 years following reformulation to determine whether initial
reductions in OxyContin abuse persisted despite the availability of
methods to circumvent the abuse deterrent properties.

2. Methods

2.1. Data sources

The Researched, Abuse, Diversion, and Addiction Related
Surveillance (RADARS®) System provides post-marketing surveil-
lance of prescription medication abuse and diversion to phar-
maceutical companies, regulatory agencies, and policy making
organizations. The System is comprised of multiple surveillance
programs that independently gather data on prescription drug
abuse from different perspectives. The RADARS System is owned
and operated by the Denver Health and Hospital Authority, which
operates the public hospital for the city and county of Denver. The
system is supported by subscriptions from pharmaceutical compa-
nies that produce prescription opioids or stimulants, which use the
data for risk management and postmarketing surveillance report-
ing to the Food and Drug Administration.

The Poison Center Program studies acute health events by
recording the substances involved in poison center cases classified
as intentional abuse. The Drug Diversion Program measures drug
diversion by recording the drugs involved in cases opened by law
enforcement drug diversion investigators. The Opioid Treatment
Program and the Survey of Key Informants’ Patients Program both
query new patients entering substance-abuse treatment about
medications that they have abused. The StreetRx Program utilizes
a crowdsourcing website that gathers street price data for drugs
using a publically-accessible website. Further information on each
surveillance program has been published (Dart et al., 2015).

2.2. Definitions

In the Poison Center Program, a case involves an individual
exposure contact in which the case was coded to the category of
Intentional Abuse, which is defined as an exposure resulting from
the intentional improper or incorrect use of a substance where
the victim was likely attempting to gain a euphoric or other psy-
chotropic effect (American Association of Poison Control Centers,

2014). Poison Center Program mentions are the total number of
active pharmaceutical ingredient (API) reports involved for all cases
within a defined group. Mentions differ from cases in that an indi-
vidual (case) may  be exposed to more than one product (mention).
There is an average of 1.04 opioid mentions per case.

In the Opioid Treatment and Survey of Key Informants’ Patients
programs, a case is defined as a survey respondent endorsing the
abuse of a prescription opioid in the preceding 30 days. In these
programs, mentions are the total number of endorsements. The
average number of mentions per case is 1.68 for the Opioid Treat-
ment Program and 1.83 for the Survey of Key Informant Patients
Program.

In the Drug Diversion Program, a case is defined as an investiga-
tion, which can have one or more mentions (drugs involved in the
case). Drug diversion officers submit data quarterly on the number
of new cases involving prescription products within their jurisdic-
tion. These cases arise from arrests, street buys and sales by law
enforcement agents, and investigation of prescribers, among other
reasons.

In StreetRx, users enter the price of drugs they paid or heard
was paid from an extensive list of drugs provided on the website
(http://streetrx.com). StreetRx submissions from the United States
for OxyContin that included a price paid, dosage strength, and date
were included.

Quarterly population rates were calculated by dividing the total
number of cases by the sum of the population in the 3-digit ZIP
codes covered by each program using 2010 US census results, thus
allowing for each individual to contribute once to the numerator
and once to the denominator within each drug group. In con-
trast, rates adjusted for prescriptions dispensed are calculated by
dividing the sum of the mentions by the sum of the projected pre-
scription volume in the 3-digit ZIP codes covered by each program.
For mention based rates, such as prescription rates, a single indi-
vidual may  be counted multiple times in both the numerator and
denominator. Quarterly prescription rates were calculated using
the projected number of prescriptions dispensed as provided using
a proprietary method by IMS  Government Solutions, Inc., a sub-
sidiary of IMS  Health, Inc. (Danbury, CT) for each drug. Due to
preferences indicated by US FDA, we  also calculated rates using the
concept of “extended dosage units,” which is defined as individual
tablets or capsules dispensed at retail pharmacies (IMS Govern-
ment Solutions, Danbury CT; Secora et al., 2014)

2.3. Analysis procedures

Generalized linear modeling was  used to compare the differ-
ence in mean population intentional abuse and diversion rates in
the year prior to the reformulation (Baseline period: July 2009
through June 2010) to the estimated rate for 2015 quarter (2Q,
April 2015 through June 2015) based upon the trend (slope) of
the post-reformulation rates. Changes in the OxyContin rate were
compared to changes for the Other Opioid group (oral dosage
forms of opioid analgesics: hydrocodone, hydromorphone, mor-
phine, oxymorphone, tramadol, tapentadol, and immediate release
oxycodone). The group was  chosen because published evidence
indicates that abusers switch to a variety of other prescription
opioid analgesics, therefore, we  combined the oral dosage unit for-
mulation of those products into a single comparison group (Cicero
et al., 2012; Havens et al., 2014). Oxymorphone data were only
available from 2011 in the Drug Diversion program and from 2011
Q3 in the Opioid Treatment and Survey of Key Informants’ Patients
Programs. A Poisson regression analysis was  used to calculate the
expected rates and 95% confidence bands for each time period
and drug group. A drug group specific dispersion parameter was
included in the model to allow for unequal variances and overdis-
persion. The six month period encompassing the introduction of
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