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Abstract: This study evaluated changes in abuse exposures, therapeutic error exposures, and diver-
sion into illegal markets associated with brand extended-release oxycodone (ERO) following intro-
duction of reformulated ERO. Original ERO and reformulated ERO street prices also were
compared. Data from the Poison Center and Drug Diversion programs of the Researched Abuse,
Diversion and Addiction-Related Surveillance (RADARS) System were used. Quarterly rates 2 years
prior to introduction of reformulated ERO (October 2008 through September 2010) were compared
to quarterly rates after introduction (October 2010 through March 2012) using negative binomial
regression. Street prices were compared using a mixed effects linear regression model. Following
reformulated ERO introduction, poison center ERO abuse exposures declined 38% (95% confidence
interval [Cl]: 31-45) per population and 32% (95% Cl: 24-39) per unique recipients of dispensed
drug. Therapeutic error exposures declined 24% (95% Cl: 15-31) per population and 15% (95% CI:
6-24) per unique recipients of dispensed drug. Diversion reports declined 53% (95% Cl: 41-63) per
population and 50% (95% Cl: 39-59) per unique recipients of dispensed drug. Declines exceeded
those observed for other prescription opioids in aggregate. After its introduction, the street price
of reformulated ERO was significantly lower than original ERO.

Perspective: This article indicates that the abuse, therapeutic errors, and diversion of ERO declined
following the introduction of a tamper-resistant reformulation of the product. Reformulating abused
prescription opioids to include tamper-resistant properties may be an effective approach to reduce

abuse of such products.
© 2013 by the American Pain Society
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buse and misuse of prescription opioid analgesics is
Aisubstantial and growing public health problem.
ccording to the 2011 National Survey on Drug

Use and Health, about 1.8 million individuals met criteria

for abuse or dependence of prescription pain relievers.'?
Emergency department visits for nonmedical use of oxyco-
done and other pain relievers more than doubled between
2004 and 2009."> Those who abuse extended-release
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opioid medications commonly report altering the tablets
by crushing (for snorting), dissolving (for injection), or
chewing the medication in order to bypass the
controlled-release delivery system.®'%'> By circumventing
the controlled-release mechanism, a larger quantity of
active ingredient becomes available more quickly,
resulting in an increased sense of euphoria and reinfor-
cing effects. Altering tablets to use through unintended
routes is associated with a higher risk of addiction.”

OxyContin (oxycodone HCL controlled-release; Purdue
Pharma LP, Stamford, CT) is one of many abused opioid
analgesic products and contains extended-release oxyco-
done (ERO). Purdue Pharma LP reformulated the ERO
tablets with physiochemical barriers to crushing and dis-
solving in order to deter tampering. Shipment of the orig-
inal ERO by the manufacturer within the United States
ceased on August 5, 2010, and shipments of reformulated
EROstarted on August 9, 2010. By the end of 2010, 92% of
retail prescriptions sold in the United States were for re-
formulated ERO. As a condition of approval, the Food
and Drug Administration (FDA) required a postmarketing
epidemiology program for reformulated ERO to assess
whether it is less abused and misused than original ERO,
particularly through nonoral routes of administration.®
This study provides results from 2 of the postmarketing
studies conducted under the epidemiology program,
based on data from a sentinel surveillance system of
poison centers and of drug diversion authorities.

The study uses data spanning the pre-reformulated ERO
and post-reformulated ERO eras from the Researched
Abuse, Diversion and Addiction-Related Surveillance (RA-
DARS) System.> The RADARS System programs are overseen
by specialists in addiction, law enforcement, drug regula-
tion, postmarketing surveillance, epidemiology, and statis-
tics. RADARS System programs assess the incidence of
different indicators of prescription drug misuse and abuse.
This report utilizes product-specific information on abuse
exposures, therapeutic error exposures, diversion, and
street price from the Poison Center and Drug Diversion pro-
grams. Four specific hypotheses about the impact of refor-
mulated ERO following its introduction were tested:

1) Mentions of ERO among poison center abuse expo-

sure cases would decline.

2) Mentions of ERO among therapeutic error cases

would decline.

3) ERO diversion events reported by participating

agencies would decline.

4) The street price of reformulated ERO would be less

than the street price of the original formulation.

Methods

Surveillance data collected from the RADARS System
Poison Center and Drug Diversion programs'® were
used to estimate rates of abuse exposures, unintentional
therapeutic error exposures, and diversion for ERO man-
ufactured by Purdue Pharma LP and other opioids in
aggregate in the periods before and after the introduc-
tion of reformulated ERO.

Poison centers collect data from phone calls regarding
specific prescription medication exposures. These data
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are summarized quarterly. Information from cases classi-
fied as abuse or unintentional therapeutic errors
mentioning at least 1 prescription opioid tracked by
the RADARS System (ERO, buprenorphine, fentanyl,
hydrocodone, hydromorphone, methadone, morphine,
immediate-release oxycodone, oxymorphone, tapenta-
dol, and tramadol) were used. Intentional abuse 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 high, euphoric effect or
some other psychotropic effect.”’ Unintentional thera-
peutic error is defined as “an unintentional deviation
from a proper therapeutic regimen that results in the
wrong dose, incorrect route of administration, adminis-
tration to the wrong person, or administration of the
wrong substance.”’

The RADARS System Drug Diversion program obtained
quarterly reports from approximately 300 drug diversion
officers across all 50 states and Puerto Rico on new inci-
dents of documented diverted drug products within
their jurisdiction. An incident is one that results in a writ-
ten complaint or report. Drug diversion officers repre-
sent municipal police departments, multijurisdictional
drug task forces, county sheriffs’ departments, regulato-
ry agencies (such as state medical and pharmacy boards),
state police agencies, prosecutors’ offices, and depart-
ments of health. Street prices of diverted prescription
opioids were examined using surveillance data from a
subset of drug diversion officers (n = 125) who were
selected based on consistency of reporting and
geographic diversity. On a quarterly basis, standardized
Street Price questionnaires were utilized, requesting in-
formation on the street values of targeted prescription
opioids diverted in each jurisdiction. Price data were ob-
tained from 787 questionnaires collected from first
quarter 2010 to first quarter 2012.

Data from the Poison Center and Drug Diversion pro-
grams undergo documented quality control review by
trained research staff. Longitudinal data beginning in
fourth quarter 2008 collected by both programs using
standard protocols were utilized.

The periods compared in this analysis were defined
based on the release date of reformulated ERO. The
2years prior to the introduction of reformulated ERO cor-
responding to fourth quarter 2008 through third quarter
2010 was defined as the pre-reformulated ERO period.
The post-reformulated ERO period was defined to begin
in the first full quarter after reformulated ERO introduc-
tion, fourth quarter 2010, and continue through first
quarter 2012. Although reformulated ERO was available
during the last month of third quarter 2010, the majority
of prescriptions dispensed in that quarter were for orig-
inal formulation ERO. In fourth quarter 2010, the major-
ity of prescriptions dispensed were for reformulated ERO.
The rates estimated for the post-reformulated ERO
period included poison center exposures and drug diver-
sion events for both original and reformulated ERO.

Abuse exposure, therapeutic error exposure, and diver-
sion reports were summed over each drug group (ERO vs
all other prescription opioids) and calendar quarter.
These counts were divided by population and unique
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recipients of dispensed drug (URDD), yielding a popula-
tion rate and an URDD rate for each outcome, respec-
tively.

Rates per 1,000,000 population for each quarter were
based on the 2000 and 2010 U.S. Census and quantify
the health-related burden of nonmedical prescription
drug use. Linear interpolation was used to adjust for
the 9.7% population growth observed in the United
States between 2000 and 2010. Specifically, the popula-
tion was estimated to increase by .24% (9.7%/[10 years
x 4 quarters]) each quarter.

The URDD denominator represents the number of
unique individuals who filled a prescription at pharmacies
for a particular product within a quarter. These data were
purchased from SDI Health by the RADARS System. Rates
using URDD allow for an estimate of the magnitude of
each outcome relative to a measure of contemporaneous
availability of the product through legitimate drug out-
lets. Rates were computed per 10,000 URDD.

Two negative binomial models were fit using the log
of the denominator (population and URDD) as the offset
variable for each outcome of interest (abuse exposure
rates, therapeutic error exposure rates, and diversion
rates). For each of the outcomes, testing for differences
in the mean level before and after introduction of refor-
mulated ERO for each of the 2 drug groups (ERO and all
other prescription opioids) was conducted. An interac-
tion term was included to determine whether the
declines observed for ERO were different from those
observed for other opioids. Because of the low number
of time points and the adjustment for overdispersion in
the negative binomial regression model, the results pre-
sented do not incorporate a correction for serial correla-
tion. However, sensitivity analyses suggest that the

ER Oxycodone Abuse After Reformulation

interpretations are robust to the inclusion of an autore-
gressive correlation structure. Following the initial anal-
ysis, these models were fit comparing each of the 6
quarters post-reformulated ERO introduction to the
average pre-reformulated ERO rate.

In addition to the rate comparisons presented above,
the street price per milligram of original formulation
ERO post-reformulated ERO introduction was compared
to the street price per milligram of reformulated ERO af-
teritsintroduction using a mixed effects linear regression
model. Prices were log-transformed to approximate a
Gaussian distribution. A total of 373 reports were used.
An exchangeable correlation structure was imposed
within reporting agencies and drug formulation to
account for correlations among street price reports.

Analyses were conducted using SAS version 9.3 (SAS
Institute Inc, Cary, NC). The RADARS System Poison Center
Program protocol was approved by the Colorado Multiple
Institutional Review Board and by the institutional review
board (IRB) of each participating poison center. A waiver
of informed consent was granted for this study. The proto-
col for the RADARS System Drug Diversion program was
reviewed by the Nova Southeastern University IRB and
was granted exempt status because human subjects are
not involved. The participation of coauthors from Johns
Hopkins Bloomberg School of Public Health also was
granted exempt status by the institution’s IRB.

Results

Table 1 presents the percentage of the U.S. population
covered by the Poison Center program each quarter dur-
ing the study period. The total number of abuse and
therapeutic error cases mentioning either ERO or

Table 1. U.S. Population Coverage and the Number of Events for ERO and Other Prescription
Opioids in Poison Center Program of the RADARS System

ABUSE UNINTENTIONAL THERAPEUTIC ERRORS
OTHER OTHER
PERCENTAGE OF PRESCRIPTION PRESCRIPTION
COVERED PoruLATION Orioips' Orioipst
TimE Periop QUARTER PoruLATION* CoVERED* ERO Events EvEnTs ERO Events Events
Pre-reformulated ERO 2008-Q4 259,230,574 85.1 158 1,497 199 2,391
2009-Q1 259,811,325 85.1 129 1,314 134 2,064
2009-Q2 260,392,076 85.1 163 1,443 165 2,246
2009-Q3 260,972,828 85.1 164 1,447 176 2,384
2009-Q4 261,553,579 85.1 132 1,334 161 2,359
2010-Q1 262,134,330 85.1 145 1,435 200 2,368
2010-Q2 264,170,953 85.6 142 1,461 177 2,246
2010-Q3 264,754,922 85.6 183 1,588 180 2,283
Post-reformulated ERO 2010-Q4 265,338,892 85.6 101 1,353 154 2,401
2011-Q1 267,082,225 85.9 123 1,622 135 2,580
2011-Q2 267,668,741 85.9 102 1,464 141 2,263
2011-Q3 279,924,538 89.7 90 1,601 129 2,276
2011-Q4 280,536,567 89.7 92 1,561 143 2,475
2012-Q1 282,303,059 90.0 79 1,610 132 2,720

*Adjusted for growth in the population as recorded by the United States Census in 2000 and 2010.
tIncludes immediate-release oxycodone products, hydrocodone, fentanyl, hydromorphone, morphine, oxymorphone, methadone, buprenorphine, tramadol, and ta-

pentadol.
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another prescription opioid are displayed by period and
quarter. All quarters in the post-reformulated ERO
period had fewer ERO abuse exposure mentions (range:
79-123) than quarters in the pre-reformulated ERO
period (range: 129-183). In addition, there was a decline
in the number of unintentional therapeutic error cases
mentioning ERO from the pre-reformulated ERO period
(range: 134-200) to the post-reformulated ERO period
(range: 129-154). Mentions of other prescription opioids
among abuse and unintentional therapeutic error cases
remained relatively stable during the study period.

Fig 1 displays quarterly ERO intentional abuse rates per
1,000,000 population in panel A and per 10,000 URDD in
panel B. Quarterly intentional abuse rates for other pre-
scription opioids per 1,000,000 population are displayed
in panel C and per 10,000 URDD in panel D. Predicted
values and P values from the negative binomial regres-
sion models comparing the average pre-reformulated
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ERO rates to the average post-reformulated ERO rates
also are displayed. The average ERO abuse exposure
rate of .36 per 1,000,000 population in the post-
reformulated ERO period was 38% (95% Cl: 31-45, P <
.001) less than the average rate of .58 per 1,000,000 pop-
ulation in the period before introduction of reformu-
lated ERO. Similarly, the average ERO abuse exposure
URDD rate in the post-reformulated ERO period (1.53
per 10,000 URDD) declined by 32% (95% Cl: 24-39, P <
.001) from the pre-reformulated ERO average (2.23 per
10,000 URDD). The average abuse exposure population
rates for other prescription opioids before and after
introduction of reformulated ERO were not significantly
different. However, the average URDD rate for other
prescription opioids in the period following the
introduction of reformulated ERO declined by 9%
(95% CI: 3-14, P = .002). The interaction term in both
models was significant (P < .001), indicating that the
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Figure 1. Poison center intentional abuse exposure rates per 1,000,000 population (A) and 10,000 URDD (B) for ERO and other
prescription opioids (C, D) from fourth quarter 2008 through first quarter 2012.
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declines in ERO population and URDD abuse exposure
rates were greater than the changes observed for other
prescription opioids.

In all 6 quarters post-reformulated ERO introduction,
the ERO abuse exposure population rate was signifi-
cantly less than the average pre-reformulated ERO
rate. The magnitude of the decline ranged from a 21%
decline in first quarter 2011 to a 52% decline in first
quarter 2012. In 5 of the 6 quarters, the URDD rate was
significantly less than the pre-reformulated ERO intro-
duction average rate. Declines ranged from a 17%
decline in first quarter 2011 to a 39% decline in first
quarter 2012.

Fig 2 displays quarterly ERO therapeutic error rates per
1,000,000 population in panel A and per 10,000 URDD in
panel B. Quarterly therapeutic error rates for other pre-
scription opioids per 1,000,000 population are displayed
in panel C and per 10,000 URDD in panel D. The average
ERO population rate declined by 24% (95% Cl: 15-31,
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P < .001), and the average ERO URDD rate declined by
15% (95% Cl: 6-24, P = .002). The decline in the average
ERO therapeutic error population rate following intro-
duction of reformulated ERO was significantly greater
than the change observed for other prescription opioids
(P < .001). Although the magnitude of decline in URDD
rates was larger for ERO than other opioids (15 vs 8%),
the interaction term comparing these declines did not
indicate a statistically significant difference (P =.219).

In 5 of the 6 quarters post-reformulated ERO introduc-
tion, the therapeutic error population rate for ERO was
significantly less than the average pre-reformulated
ERO population rate. Declines ranged from 13% in
fourth quarter 2010 to 31% in third quarter 2011. In 2
of the 6 quarters post-reformulated ERO, the URDD
rate was significantly lower than the pre-reformulated
ERO introduction average.

Table 2 shows the portion of the U.S. population
covered by the Drug Diversion program each quarter
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Figure 2. Poison center unintentional therapeutic error exposure rates per 1,000,000 population (A) and 10,000 URDD (B) for ERO
and other prescription opioids (C, D) from fourth quarter 2008 through first quarter 2012.
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during the study period. The total number of diversion
events of ERO and that of other prescription opioids
also are displayed by period and quarter. The number
of ERO diversion events ranged from 396 to 488 in the
period before introduction of reformulated ERO and
from 150 to 306 in the period after introduction of refor-
mulated ERO. Diversion events of other prescription opi-
oids remained relatively stable during the study period.

Fig 3 displays quarterly ERO diversion rates per
1,000,000 population in panel A and per 10,000 URDD in
panel B. Quarterly diversion rates for other prescription
opioids per 1,000,000 population are displayed in panel
Cand per 10,000 URDD in panel D. The average ERO diver-
sion rate of 1.63 per 1,000,000 population in the post-
reformulated ERO period was 53% (95% Cl: 41-63, P <
.001) less than the average rate of 3.47 per 1,000,000 pop-
ulation in the period before the introduction of reformu-
lated ERO. Similarly, the average ERO diversion URDD rate
declined by 50% (95% Cl: 39-59, P<.001) following intro-
duction of reformulated ERO. The change in ERO rates
from the pre- to post-reformulated ERO period were
significantly (P < .001) greater than the change observed
for the other prescription opioids for both population-
and URDD-based denominators.

The ERO diversion population rate in 5 of the 6 quar-
ters post-reformulated ERO introduction was signifi-
cantly less than the pre-reformulated ERO introduction
average. Declines ranged from 21% in fourth quarter
2010 to 69% in third quarter 2011. In 5 of the 6 quarters
post-reformulated ERO introduction, the URDD rate was
significantly less than the pre-reformulated ERO intro-
duction average. Declines ranged from a 21% decline
in fourth quarter 2010 to a 66% decline in third
quarter 2011.

The geometric mean street price for reformulated ERO
following its introduction was $.70 per mg, 22% lower
(95% Cl: 9-33, P =.002) than the street price of the orig-
inal formulation of ERO, $.89 per mg.
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Although abuse rates, diversion rates, and street price
declined, the results demonstrate ERO abuse exposures
and diversion persisted following introduction of the
new formulation. It should be noted that for 3 of the 6
quarters post-reformulated ERO introduction in the Poi-
son Center program and 2 of the 6 quarters in the Drug
Diversion program, more than half of the ERO mentions
were for the original formulation. Therefore, the results
likely represent conservative estimates of the tamper-
resistant benefit of the reformulated ERO.

The Journal of Pain

Discussion

Rates of ERO abuse exposures and diversion showed a
significant decline following introduction of reformu-
lated ERO. Declines in abuse exposure and diversion
rates for ERO were greater than those observed for all
other opioids in aggregate tracked by the RADARS Sys-
tem. The street price of reformulated ERO was 22%
lower than the street price of the original formulation
of ERO in the post-reformulated ERO introduction
time period. Finally, there was a decline in uninten-
tional therapeutic error rates involving ERO following
the introduction of reformulated ERO, though the
decline in the URDD rate was not significantly different
from the decline observed for other opioids. The
smaller decrease in URDD rates relative to population
rates may be due to the decline in the number of indi-
viduals filling prescriptions following the introduction
of reformulated ERO. It also may be due to the broad
range of exposures classified as unintentional therapeu-
tic error, beyond administration through incorrect
routes. Overall, the declines observed across multiple
indicators support the effectiveness of reformulated
ERO in reducing abuse, diversion, and therapeutic
errors involving ERO.

The difference in rates reported here reflects a
comparison of average rates across the pre- versus

Table 2. U.S. Population Coverage and the Number of Events for ERO and Other Prescription
Opioids in Drug Diversion Program of the RADARS System

PERCENTAGE OF

CoVERED PoruLaTiON OTHER PRESCRIPTION
TimE Periop QUARTER PoruLATION* COVERED* ERO EvenTts Orioipst EVENTS
Pre-reformulated ERO 2008-Q4 111,400,880 36.6 466 4,310
2009-Q1 115,522,410 37.8 434 3,325
2009-Q2 150,973,426 49.3 396 3,314
2009-Q3 152,270,658 49.7 456 3,714
2009-Q4 115,767,289 37.7 422 3,322
2010-Q1 116,031,616 37.7 431 3,620
2010-Q2 152,907,640 49.5 417 3,024
2010-Q3 116,773,170 37.7 488 3,586
Post-reformulated ERO 2010-Q4 110,966,961 35.8 306 3,282
2011-Q1 123,012,404 39.6 189 3,463
2011-Q2 119,903,290 38.5 242 3,521
2011-Q3 140,706,586 451 150 3,365
2011-Q4 132,412,843 42.3 159 3,084
2012-Q1 143,408,432 45.7 177 3,488

*Adjusted for growth in the population as recorded by the United States Census in 2000 and 2010.
tIncludes immediate-release oxycodone products, hydrocodone, fentanyl, hydromorphone, morphine, oxymorphone, methadone, buprenorphine, tramadol, and ta-

pentadol.
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Figure 3. Diversion rates per 1,000,000 population (A) and 10,000 URDD (B) for ERO and other prescription opioids (C, D) from fourth

quarter 2008 through first quarter 2012.

post-reformulated ERO periods. However, for most out-
comes, the rates decreased progressively through the
post-reformulated ERO period. Therefore, the differ-
ences in average rates over the entire post-
reformulated ERO period are smaller than those for
more recent quarters when compared to the pre-
reformulated ERO period. In addition, a large proportion
of ERO exposures in the post-reformulated ERO period
include poison center exposures and drug diversion
events for the original formulation. As a result, the de-
clines in rates reported here are conservative estimates
of the impact of reformulated ERO formulation. The re-
sults in this study indicate a reduction in street price of re-
formulated ER oxycodone (ERO) relative to that of the
original ERO, which is considerably smaller than the
reduction in diversion events after the reformulation
was introduced. It is not clear exactly why this is, but it
could indicate that there is a threshold price below which
drug dealers no longer carry drugs (what economists

refer to as an inelastic price), so that the volume of sales
fall more precipitously than the price.

The current study has notable limitations. Poison center
cases are dependent on voluntary reporting of exposures
and diversion cases are based on participating agency re-
sponses, leading to potential selection biases. These sur-
veillance methods likely underestimate the true
quarterly incidence of these events. However, the stability
of the methodology in both programs over time and
across products would suggest that estimates of changes
over time are accurate. In addition, it is unlikely that this
bias would be differential based on time period or on
drug product, especially because the rates of exposures
for both ERO and the comparator of all other prescription
opioids were relatively stable in the several quarters pre-
ceding introduction of reformulated ERO.

Another limitation of the study is the potential for
misclassification of product information by poison center
staff or law enforcement agents. However, both
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programs implement thorough quality control proce-
dures that were in place across the entire study period.
Also, in the Drug Diversion program, seized drugs often
are available to confirm product identification. This re-
duces the potential for bias in the risk estimates. The cur-
rent study did not adjust for other interventions that
were implemented during the study period. These may
include prescription drug monitoring programs or other
regional programs intended to reduce prescription drug
abuse. Although this is a limitation, the magnitude of the
differences between changesin ERO rates and changesin
other prescription opioids indicates that declines in ERO
rates following introduction of reformulated ERO can be
attributed to the introduction of reformulated ERO. This
study did not examine differences within strata of
gender, ethnicity, age, or amount of substance adminis-
tered because not all programs included collect the
requisite data. Examining such differences will require
further inquiry. However, the gender, ethnicity, and age
characteristics of the source population did not differ
substantially in the pre and post periods and, therefore,
are unlikely to have influenced the overall findings.
Overall, this supports the effectiveness of the reformula-
tion of ERO to reduce abuse and diversion.

The current study has notable strengths. Rates were
calculated per URDD, demonstrating that decreases in
rates cannot be entirely explained through declines in
the number of prescriptions filled for reformulated
ERO. The RADARS System Poison Center and Drug Diver-
sion programs combined cover more than 90% of the
U.S. population, indicating that the results are generaliz-
able to the entire U.S. population.

In summary, the results suggest that the reformulation
of ERO was followed by declines in abuse exposures and
diversion. In addition, reformulated ERO had a lower
street price than the original formulation. Results also
suggest that the new formulation may reduce mistaken
use through unintended routes of administration by pa-
tients. In spite of substantial reductions, reformulated
ERO is still abused and diverted. Although this study
does not examine whether changes in the formulation
of ERO alter patterns by which individuals abusing ERO
administer the drug, results presented elsewhere suggest
that both oral and parenteral (ie, injecting, snorting, and
smoking) routes of administration declined following
introduction of reformulated ERO, though parenteral
routes showed a greater decline.?

This study does not measure the success of the formu-
lation change in reducing the overall burden of prescrip-
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The current findings indicate that tamper-resistant
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