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Background:  Naltrexone  provides  excellent  opioid  blockade,  but  its  clinical  utility  is  limited  because
opioid-dependent  patients  typically  refuse  it. An  injectable  suspension  of  naltrexone  for  extended  release
(XR-NTX)  was  recently  approved  by  the  FDA  for  treatment  of  opioid  dependence.  XR-NTX  treatment  may
require concurrent  behavioral  intervention  to maximize  adherence  and  effectiveness,  thus  we  sought
to  evaluate  employment-based  reinforcement  as  a method  of  improving  adherence  to  XR-NTX  in  opiate
dependent  adults.
Methods: Opioid-dependent  adults  (n  =  38)  were  detoxified  and  inducted  onto  oral  naltrexone,  then
randomly  assigned  to  contingency  or prescription  conditions.  Participants  received  up  to  six  doses  of
XR-NTX  at  four-week  intervals.  All  participants  could  earn  vouchers  for  attendance  and  performance  at
a therapeutic  workplace.  Contingency  participants  were  required  to  accept  XR-NTX  injections  to access
the workplace  and  earn  vouchers.  Prescription  participants  could  earn  vouchers  independent  of  their
acceptance  of XR-NTX  injections.
Results:  Contingency  participants  accepted  significantly  more  naltrexone  injections  than  prescription
participants  (87%  versus  52%,  p =  .002),  and  were  more  likely  to accept  all injections  (74%  versus  26%,

p  =  .004).  Participants  in  the  two  conditions  provided  similar  percentages  of  samples  negative  for  opiates
(72%  versus  65%)  and  for cocaine  (58%  versus  54%).  Opiate  positivity  was  significantly  more  likely  when
samples  were  also  cocaine  positive,  independent  of  naltrexone  blockade  (p  =  .002).
Conclusions:  Long-term  adherence  to  XR-NTX  in  unemployed  opiate  dependent  adults  is  low  under  usual
care conditions.  Employment-based  reinforcement  can  maintain  adherence  to  XR-NTX.  Ongoing  cocaine

ith  t
use appears  to interfere  w

. Introduction

Naltrexone is an opioid receptor antagonist that blocks the rein-
orcing, subjective, and physiological effects of opioids (Martin
t al., 1973; Mello et al., 1981; Schuh et al., 1999; Walsh et al., 1996).
nlike agonist medications such as methadone and buprenorphine,

altrexone has no abuse liability or diversion potential, cannot
irectly cause overdose, and can be prescribed by any physician
ithout the need for special waivers. Despite these attributes, non-

� Supplementary material showing: a complete CONSORT diagram; the results of
he monthly assessments in Fig. 3; a table of all results from the GEE analysis and

 figure that summarizes this data can be found by accessing the online version of
his  paper. Please see Appendix A for more information.
∗ Corresponding author at: Department of Psychiatry and Behavioral Sciences,

ohns Hopkins University, School of Medicine, 5200 Eastern Avenue, Ste. W142,
altimore, MD 21224, United States. Tel.: +1 410 550 2694; fax: +1 410 550 7495.

E-mail address: ksilverm@jhmi.edu (K. Silverman).
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oi:10.1016/j.drugalcdep.2011.06.023
he clinical  effectiveness  of XR-NTX  on opiate  use.
© 2011 Elsevier Ireland Ltd. All rights reserved.

adherence has severely limited the utility of naltrexone in the
treatment of opioid dependence (Sullivan et al., 2007; Comer et al.,
2007; Adi et al., 2007; Modesto-Lowe and Van Kirk, 2002). Most
experience is with oral naltrexone, which has been clinically avail-
able for decades.

Several injectable suspension formulations of naltrexone for
extended release (XR-NTX) have been developed to reduce the
frequency of dosing and improve adherence (Comer et al.,
2007). Evaluations with an investigational XR-NTX formulation,
Depotrex®, showed that XR-NTX can provide long-lasting opioid
blockade and may  be useful in the treatment of opioid addic-
tion (Comer et al., 2002, 2006). Because opioid dependence is a
chronic condition (McLellan et al., 2000; Hser et al., 2001; Galai
et al., 2003), it is likely that naltrexone treatment will need to

be delivered as a long-term maintenance intervention for many
patients. However, the initial clinical evaluation of Depotrex®

showed that only 68% of patients completed an eight-week treat-
ment episode.

dx.doi.org/10.1016/j.drugalcdep.2011.06.023
http://www.sciencedirect.com/science/journal/03768716
http://www.elsevier.com/locate/drugalcdep
mailto:ksilverm@jhmi.edu
dx.doi.org/10.1016/j.drugalcdep.2011.06.023
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A. DeFulio et al. / Drug and Alc

Our research group recently conducted a clinical trial to assess
onger-term adherence to the Depotrex® investigational formula-
ion of XR-NTX and to determine if adherence could be increased
sing a novel employment-based reinforcement intervention that
ould potentially be used to improve adherence to XR-NTX over
xtended periods of time (Everly et al., 2011). In that study,
nemployed heroin-dependent adults were hired into a model
mployment setting in which they could earn wages for work-
ng in a job skills training program. Participants were prescribed

 six-dose course of Depotrex® through subcutaneous injections
iven every three weeks at no cost to them. Participants assigned
o a usual care prescription condition could work in the workplace
nd earn wages independent of their acceptance of XR-NTX. Par-
icipants assigned to the contingency condition were required to
ccept XR-NTX to access the training program and earn wages.
ontingency participants were significantly more likely than pre-
cription participants to complete the 18-week course of treatment
67% vs. 35% completers).

Depotrex® was never approved by the FDA, but the FDA
ecently approved another formulation of XR-NTX, Vivitrol®. This
edication has a four-week inter-dose interval and is adminis-

ered through intramuscular injections. A randomized trial of this
R-NTX formulation in Russia showed that almost half of the par-

icipants discontinued treatment prematurely; 53% completed 24
eeks of treatment (Krupitsky et al., 2011). The present study
as conducted to assess rates of adherence to the FDA-approved

ormulation of XR-NTX, Vivitrol®, in a U.S. population of opioid
ependent adults and to assess the efficacy of the employment-
ased reinforcement intervention for improving adherence with
his clinically available XR-NTX formulation.

. Method

.1. Participants

Volunteers were recruited from detoxification programs in Baltimore, MD and
hrough street outreach between September, 2008 and October, 2009. Individu-
ls were eligible if they met  the DSM-IV criteria for opioid dependence (American
sychiatric Association, 2000), reported using heroin at least 21 of the last 30 days
hile living in the community, were unemployed, were 18–65 years old, were med-

cally approved for naltrexone, and lived in or near Baltimore, MD.  Individuals were
xcluded if they were pregnant or breastfeeding, had serum aminotransferase levels
ver three times normal, had current hallucinations, delusions, or thought disorders,
urrent suicidal or homicidal ideation, expressed interest in methadone treatment,
ere required to use opioids for medical purposes, earned over $200 in taxable

ncome over the previous 30 days, had physical limitations that would prevent
hem from using a keyboard, or were incarcerated or under constant monitoring
y  the criminal justice system. Participants provided written consent. The study
as  approved by the Johns Hopkins Medicine Institutional Review Board, and is

egistered at: clinicaltrials.gov: NCT00684788.

.2. General therapeutic workplace procedures

The study was  conducted in the therapeutic workplace, a model workplace
n  which employment-based reinforcement contingencies (i.e., incentives) are
rranged to promote therapeutic behavior change. Participants could attend the
herapeutic workplace for four hours each weekday and work on training programs
hat  were almost fully automated. Participants were paid in vouchers that were
xchangeable for goods and services. Earnings were based on hours worked and
erformance on the training programs. Participants could earn $8.00 per hour in
ase  pay for time spent in the workplace, plus about $2.00 per hour in productivity
ay for their performance on training programs. Detailed descriptions of the thera-
eutic workplace can be found elsewhere (Silverman et al., 2001, 2002, 2007; Donlin
t  al., 2008; DeFulio et al., 2009).

.3. Assessments

Assessments were conducted at intake and every 30 days after random assign-
ent for 6 months. The main assessments included the Addiction Severity Index –
ite  (ASI – Lite; McLellan et al., 1985) for evaluating drug use, educational, employ-
ent, family, medical, and legal histories; the heroin, cocaine, alcohol, and nicotine

ections of the Composite International Diagnostic Interview (CIDI; intake only;
ompton et al., 1996), a diagnostic tool for psychiatric disorders; and the Wide
ange Achievement Test – 4th edition (WRAT4; intake only) for assessing math,
ependence 120 (2012) 48– 54 49

reading, and spelling skills (Wilkinson, 1993). Additional assessments of exploratory
measures were collected but are not reported here.

For safety purposes, blood samples for liver function testing were taken prior
to  each of the first three naltrexone injections and at the sixth month of the study,
and  females received urine pregnancy tests prior to each naltrexone injection. If
a  participant had aminotransferase levels that were over two times normal, then
additional blood draws were conducted prior to all remaining injections.

Urine samples were collected under observation upon arrival at the therapeutic
workplace on Mondays, Wednesdays, Fridays, and at each 30-day assessment. Urine
samples were screened using an Abbott AxSYM® for opiates and cocaine. Samples
collected at 30-day assessments were also screened for methadone, buprenorphine,
benzodiazepines, and amphetamines. Samples were considered positive for opiates
and cocaine if the concentration of the metabolite (morphine and benzoylecgonine,
respectively) was ≥300 ng/ml. Opiate urinalysis detects the subset of opioids that
produce morphine-positive urine samples, most commonly heroin.

2.4. XR-NTX treatment

Participants were required to complete opioid detoxification and were then
invited to attend the therapeutic workplace for induction onto oral naltrexone
(Depade®; from Mallinckrodt, Inc.). All opioid detoxifications and naltrexone induc-
tions were overseen by a physician and were guided solely by clinical judgment.
Participants who  completed opioid detoxification through an extended inpatient
detoxification program were immediately inducted onto oral naltrexone. Partici-
pants who  completed a brief inpatient detoxification were required to complete an
outpatient detoxification prior to being inducted onto oral naltrexone. The outpa-
tient portion of the detoxifications was conducted while participants attended the
therapeutic workplace, and lasted one to two weeks. During outpatient detoxifi-
cation participants were required to provide opioid negative urine samples to gain
access to the workplace. During oral naltexone induction, participants were required
to  take scheduled oral naltrexone doses to gain access to the therapeutic workplace.
Oral naltrexone induction continued until a maintenance dose of 100 mg on Monday
and Wednesday and 150 mg on Friday was reached. The maintenance routine was
maintained until three consecutive doses were ingested, after which the induction
period ended and oral naltrexone treatment was  discontinued. The oral naltrexone
induction period was completed in two weeks or less for all participants.

After completing oral naltrexone induction, participants were randomly
assigned to one of the study conditions described below, invited to attend the work-
place for 26 weeks, and offered a 24-week course of XR-NTX at no cost. Vivitrol® ,
the  XR-NTX formulation used in this study, contains 380 mg of naltrexone in a
microsphere formulation and 3.4 mL  diluent. The drug was administered as an intra-
muscular gluteal injection via customized needles provided by the manufacturer.
Injections were administered at a facility located on the same campus, 0.3 miles
from the therapeutic workplace. Participants could receive a total of six injections,
once every four weeks. After 24 weeks (the XR-NTX blockade period), participants
were encouraged, but not required, to resume oral naltrexone treatment. To min-
imize opioid overdose risk, reminders of these risks were provided routinely and
frequently throughout treatment, and at monthly lunch-time overdose prevention
seminars that included free pizza to encourage seminar attendance.

In order to insure that participants did not forget to take XR-NTX, all participants
were required to complete a form that notified them that their next scheduled XR-
NTX administration was  due. This form also specified whether they were required
to  take XR-NTX in order to maintain their access to the therapeutic workplace. Par-
ticipants were required to circle either “Yes” or “No” in response to the question,
“Do  you want to take your next depot naltrexone injection?” and initial the form.
The  form was  also initialed by the staff member who administered it.

2.5.  Experimental design and conditions

Prior to random assignment, participants were stratified according to whether
or  not they (1) attended the workplace every day of the last three workdays; (2)
submitted one or more opiate-positive urine samples out of the last 3 samples;
and  (3) submitted one or more cocaine-positive urine samples out of the last 3
samples. Participants were randomly assigned, via computer, to either a prescription
condition or a contingency condition in a manner that ensured that the levels of
each  stratification variable were evenly distributed among the conditions (Kernan
et al., 1999). Prescription participants were offered XR-NTX injections, but were
allowed access to the therapeutic workplace independent of whether they accepted
it. Contingency participants were required to accept XR-NTX injections to gain and
maintain access to the workplace. If a contingency participant had not taken XR-NTX
within 3 days of the scheduled date of administration, then the participant could
not  access the workplace; access to the workplace could be reinstated by resuming
XR-NTX treatment. Additionally, missing a scheduled injection resulted in a base

pay reset from $8 per hour to $1 per hour. After the reset, the participant’s base
pay increased by $1 per hour to the maximum of $8 per hour for every day the
participant attended the workplace for at least 5 min. One contingency participant
who  was  medically discontinued from XR-NTX treatment was exempt from these
rules.

Kinam Park
Highlight
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Table  1
Participant characteristics at intake.

Characteristica Naltrexone prescription (n = 19) Naltrexone contingency (n = 19) Fisher’s Exact (p) t-test (p)

Age, mean (SEM), years 42 45 0.46
Female, % 58 26 0.10
Black/white, % 84/16 95/5 0.60
Married, % 11 11 1.00
High school diploma or GED, % 63 68 1.00
Opioid dependent, %b 100 100 –
Cocaine dependent, %b 80 88 0.73
Usually unemployed past 3 years, % 74 58 0.50
Past  30 days income, mean (SEM), $

Employment 4 (18) 0 0.33
Welfare 127 (148) 98 (142) 0.55
Pension, benefits, Social Security 37 (159) 268 (729) 0.18
Mate, family, friends 217 (397) 190 (462) 0.85
Illegal 2489 (4349) 1089 (1984) 0.21
Total  income 2874 (4202) 1646 (2007) 0.26

$  spent on drugs, mean (SEM), past 30 days 2608 (4329) 1529 (1779) 0.32
Currently on parole/probation, % 58 32 0.19
Lifetime felony conviction, % 95 84 0.60
Grade levels, mean (SEM)c

Reading 9 (3) 9 (3) 0.94
Spelling 7 (3) 8 (4) 0.42
Arithmetic 6 (3) 8 (3) 0.23

Note. Results for Fisher’s Exact tests and t-tests are based on two-tailed tests with an alpha of .05.
a Unless otherwise noted, characteristics are taken from the Addiction Severity Index – Lite.
b Taken from the Composite International Diagnostic Interview.
c
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contingency participant was discontinued from naltrexone treat-
ment due to his potential need for surgery as a function of an
unrelated diagnosis of prostate cancer.
Taken from the Wide Range Achievement Test.

.6.  Sample size

Sample size was determined by a power analysis based on the magnitude of the
ffect on the percentage of doses taken in a similar study of voucher reinforcement of
ral  naltrexone adherence assuming an alpha of .05 and power of .80 (Preston et al.,
999).  The resulting sample size was 40 participants per condition. After enrolling
5  participants in our first study (Everly et al., 2011), Depotrex® became unavailable,
nd the study was  ended. We conducted the present study using Vivitrol® until the
ponsor institution’s support for the project was exhausted. At the end of the study,
here were 19 participants in the contingency condition and 19 in the prescription
ondition.

.7.  Outcome measures

The primary outcome measure was the percentage of XR-NTX doses accepted.
econdary outcome measures included the percentage of urine samples negative for
piates and cocaine. Also analyzed were the correlation between naltrexone adher-
nce and opiate use, the percentage of days participants attended the therapeutic
orkplace, voucher earnings, retention in naltrexone treatment and the therapeu-

ic  workplace, and the relationship between opiate urinalysis results and condition,
altrexone blockade, and cocaine urinalysis results.

.8. Data analyses

Participant characteristics at intake were analyzed using Fisher’s Exact tests
or dichotomous variables and t-tests for continuous variables. The main out-
ome analyses were based on data collected during the first 24 weeks after
andom assignment, the weeks that the XR-NTX could block the effects of opi-
ids. Analyses of urine samples were based on the first five monthly assessments
nd the first 72 thrice weekly urine samples after random assignment. Missing
amples were treated as positive for opiates and cocaine (missing positive). An
lternative method of handling missing urine samples was analyzed in which
issing samples were not imputed as positive (missing missing). This method

f  handling missing samples produced essentially the same results. Dichotomous
easures were analyzed using the method of generalized estimating equations

Zeger et al., 1988). Mean voucher earnings were analyzed using a linear mixed-
ffects model (Singer, 1998). Retention in XR-NTX treatment and the therapeutic
orkplace were analyzed using a Cox proportional hazards model. A Chi Square
est was used to compare the percentage of participants in the two  condi-
ions that took all scheduled XR-NTX injections. All analyses were intent-to-treat.
wo-tailed tests were used and results were considered statistically signifi-
ant  if p ≤ .05. Statistical analyses were conducted using SAS software version
.1.
3. Results

3.1. Participant characteristics and flow through the study

Of1 the 132 participants assessed for eligibility, 72 did
not qualify and seven declined participation. Of the remain-
ing 53 participants, nine failed to complete detoxification, four
did not complete the required induction onto oral naltrex-
one, and two  were discontinued prior to random assignment
due to unrelated medical issues. The remaining 38 partici-
pants were randomly assigned to the prescription (n = 19) and
contingency (n = 19) conditions. Data analyses include all 38 par-
ticipants. Table 1 shows that there were no significant differences
between the conditions on any of the characteristics assessed at
intake.

3.2. Naltrexone adherence and retention

Contingency participants took significantly more naltrexone
injections than prescription participants (Fig. 1 and Table 2). Reten-
tion in the contingency condition was  significantly greater than in
the prescription condition [�2 (1) = 7.11, p = .008; HR = 0.27; 95%
CI = 0.1–0.71]. Fig. 2 (top panel) shows that 84% of prescription
participants took their first scheduled injection and 100% of contin-
gency participants took their first scheduled injection. The entire
course of medication was completed by 74% of contingency partici-
pants, compared to 26% of prescription (�2 (1) = 8.53, p = .004). This
difference in naltrexone retention occurred despite similar reten-
tion in the workplace (�2 (1) = 0.3, p = .59; Fig. 2 bottom panel). One
1 A complete CONSORT diagram can be viewed as supplementary material by
accessing the online version of this paper.
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Fig. 1. The percentage of XR-NTX doses accepted by participants in the prescrip-
tion and contingency conditions. Bars show condition percentages and circles show
individual percentages.

Table 2
Naltrexone injections, opiate and cocaine urinalysis results, and workplace atten-
dance for participants in the two study conditions during the XR-NTX treatment
phase of the study.

Percentage OR (95% CI) p

Prescription Contingency

Injections received 51.8 86.8 6.0 (1.44–25.05) 0.002
Monthly urinalysis

Opiate negative
Missing positive 65.3 71.6 1.34 (.5–3.6) 0.56
Missing missing 79.5 81.0 0.96 (.31–2.9) 0.94

Cocaine Negative
Missing positive 53.7 57.9 1.19 (.42–3.36) 0.75
Missing missing 65.4 65.5 .88 (.27–2.86) 0.83

Collected Samples 82.1 88.4 1.66 (0.43–6.52) 0.47
Thrice weekly urinalysis

Opiate negative
Missing positive 51.8 66.2 1.82 (.81–4.1) 0.15
Missing missing 76.0 86.5 1.76 (.67–4.64) 0.25

Cocaine negative
Missing positive 45.3 54.6 1.45 (.6–3.53) 0.41
Missing missing 66.5 71.3 1.36 (.44–4.23) 0.60

3
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Collected Samples 68.2 76.6 1.64 (0.53–5.02) 0.36
Days  in attendance 57.5 64.5 1.35 (0.65–2.78) 0.42

.3. Opiate and cocaine use

As shown in Table 2, urinalysis collection rates were high and
imilar across conditions. There were no between group differ-
nces in opiate or cocaine use as assessed by urinalysis. As in our
rior study (Everly et al., 2011), review of individual naltrexone
dherence and urinalysis results (see Fig. 3) showed that most
rine samples that were positive for opiates were also positive
or cocaine (258 of 366; 70%), and that this occurred whether
he sample was provided by a participant currently under nal-

rexone blockade (222 of 309; 72%) or not (36 of 57; 63%).2

EE analyses (excluding missing samples) were conducted to
etermine whether opiate urinalysis results were associated with

2 A figure similar to Fig. 3 that shows the results of the monthly assessments can
e  viewed as supplementary material by accessing the online version of this paper.
Fig. 2. The percentage of participants retained in XR-NTX treatment (continued
to  take scheduled injections; top panel) and the therapeutic workplace (continued
attending the workplace; bottom panel) across study weeks.

condition (contingency/prescription), naltrexone blockade (sam-
ples collected within four weeks of the last injection; yes/no), or
cocaine use (urine sample positive for cocaine; yes/no), or interac-
tions of those variables. These analyses showed that opiate positive
urine samples were associated with cocaine positive urine samples,
both for monthly (�2 = 12.98, p < .001) and thrice weekly (�2 = 9.75,
p = .002) urine samples, even when controlling for condition and
naltrexone blockade.3 A Spearman’s rank correlation test showed
that opiate abstinence at monthly assessments was not correlated
with naltrexone blockade (r = .11, p = .16).

3.4. Other drug use

Of the 197 monthly samples collected, 1 was positive for
methadone, 1 was  positive for amphetamines, 4 were positive for
benzodiazepines, and 13 were positive for buprenorphine. No sam-
ple was  positive for more than one of these four substances.

3.5. Voucher earnings and attendance

Prescription participants earned about the same amount in
vouchers as contingency participants [M(SD) = $3111($1562) and
$3427($1,630), respectively; t = −.61, p = .55]. Participants in the
two  conditions attended the workplace a similar number of days
(Table 2), and for a similar number of total hours [M(SD) = 235(117)
and 257(134), respectively; t = −.53, p = .6].

4. Discussion
The FDA recently approved a formulation of XR-NTX, a medi-
cation designed to improve adherence to naltrexone. The clinical

3 A table of all results from these GEE analyses and a figure that summarizes
the data included in those analyses can be viewed as supplementary material by
accessing the online version of this paper.
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Fig. 3. Naltrexone blockade and opiate and cocaine urinalysis results across consecutive thrice weekly urine samples collected when participants attended the therapeutic
workplace. Within each panel, rows of data represent the results for individual participants. Urinalysis results are based on samples collected three times per week, typically
on  Monday, Wednesday and Friday of each week. Samples prior to the left of the vertical black line at 0 on the horizontal axis were collected prior to random assignment
while  participants were taking oral naltrexone. Black squares indicate urine samples negative for both opiates and cocaine; orange squares indicate opiate positive urine
samples; white squares with crosses indicate cocaine positive urine samples; orange squares with crosses indicate samples positive for both opiates and cocaine. Empty
s locked
i  of sch
f e sam

a
m
s
d
e
n
w
c
i
a
o
t
D
p
s
e
h
N
a
7
c

r
m
m
d

ections  indicate missing samples. Shaded portions show when participants were b
njection). Vertical lines after urine samples 0, 12, 24, 36, 48, and 60 indicate the time
rom  those with the most to least naltrexone blockade, most to least opiate negativ

vailability of XR-NTX has the potential to enhance the treat-
ent of opioid dependence. However, the results of this study

uggest that under routine prescription procedures many patients
iscontinue XR-NTX soon after beginning treatment, or refuse it
ntirely, even when the medication is conveniently available at
o cost. Only 26% of prescription participants completed the 24-
eek course of XR-NTX. This occurred under highly favorable

onditions for adherence: participants had free access to the med-
cation, the medication was available at a facility that was  within

 short walk of the therapeutic workplace that the large majority
f participants attended regularly, and participants received rou-
ine reminders at the workplace when injections were scheduled.
espite these highly favorable circumstances, most prescription
articipants stopped taking XR-NTX injections within the 6-month
tudy period. Importantly, and in contrast, this study showed that
mployment-based reinforcement for XR-NTX adherence can be
ighly effective in promoting and maintaining adherence to XR-
TX. Relative to prescription participants, contingency participants
ccepted a significantly greater percentage of XR-NTX; and nearly
4% of these participants completed the entire course of the medi-
ation.

The majority of the results of this study closely parallel the

esults of our prior study with the investigational Depotrex® for-
ulation of XR-NTX (Everly et al., 2011). Both studies showed that
any participants discontinue use of XR-NTX under usual care con-

itions, and that employment-based reinforcement was  effective in
 by naltrexone (i.e., the sample was  collected within 4 weeks of the last naltrexone
eduled injections. Within each panel, participants are arranged from top to bottom

ples, and then most to least cocaine negative samples.

promoting and maintaining adherence to XR-NTX, establishing the
generality of these findings. Both studies also showed that many
individuals use opiates while under XR-NTX blockade, particularly
when they also use cocaine. These latter results suggest that addi-
tional interventions will be needed to reduce the opiate and cocaine
use that persists under XR-NTX blockade.

Most participants who were simply prescribed the FDA-
approved XR-NTX at no cost did not sustain long-term adherence
to this medication in the absence of special procedures designed
to improve adherence. In contrast, a contingency in which partic-
ipants were required to adhere to XR-NTX in order to work and
earn wages significantly improved adherence to XR-NTX in opioid-
dependent adults. The excellent retention and adherence in the
contingency condition suggests that employment-based reinforce-
ment can be an effective means of promoting long-term adherence
to XR-NTX treatment. The relatively poor retention in XR-NTX
treatment in the control group suggests that reinforcement-based
adherence interventions may  be critical to the long-term success
of XR-NTX pharmacotherapy for many heroin dependent adults.

This study highlights the importance of addressing cocaine use
in polysubstance users who are prescribed XR-NTX. The substan-
tial and significant difference in adherence to XR-NTX across the

two  study conditions was not associated with a significant differ-
ence in opiate abstinence. Secondary analyses that controlled for
study condition and naltrexone blockade showed that urine sam-
ples were significantly more likely to be opiate positive when they
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ere cocaine positive, suggesting that heroin use and cocaine use
re related behaviors. This is a well established finding in the con-
ext of methadone treatment (Silverman et al., 1998; Avants et al.,
994). An especially noteworthy aspect of the relationship between
hese two behaviors is that abstinence contingencies that target
nly one type of drug use can have collateral effects on the other.
or example, methadone patients who can earn monetary vouch-
rs contingent upon opiate abstinence display collateral decreases
n cocaine use (Robles et al., 2002). Similarly, methadone patients

ho can earn monetary vouchers contingent upon cocaine absti-
ence display collateral decreases in opiate use (Silverman et al.,
998, 2004).

The robust association between opiate and cocaine positive
rine samples and the relatively rare occurrence of samples that
ere positive for opiates alone during XR-NTX blockade suggests

hat persistent cocaine use should be addressed via psychoso-
ial intervention in order to enhance the clinical effectiveness
f XR-NTX treatment. Importantly, employment-based reinforce-
ent contingencies used to promote naltrexone adherence in the

resent study could be arranged to simultaneously reinforce drug
bstinence by simply requiring that patients take naltrexone and
bstain from drug use in order to access the workplace and maintain
he maximum rate of pay. The treatment model of combined XR-
TX adherence and drug abstinence reinforcement contingencies
ould prove to be a highly effective means of reducing or eliminat-
ng opiate use, and could be used widely in community workplaces.
his is especially feasible in the U.S., where the existing infrastruc-
ure and guidelines for drug-free workplaces in safety-sensitive
obs could be harnessed for therapeutic purposes (for guidelines
ee US Department of Transportation, 2010). Overall, this study
uggests that contingent access to workplaces could be used thera-
eutically to promote consistent long-term use of XR-NTX in opiate
ependent adults.
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