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Background: Abuse liability is thought to possibly be lower in long- than in short-acting opioids because
lower peak serum levels may be less likely to induce psychoactive effects.
Methods: We compared patient responses to extended-release morphine, hydrocodone plus acetaminophen,
and placebo in a randomized, double-blind crossover study using markers of abuse liability. Patients
indicated their craving for drugs on 5 visual analog scales (VASs), completed the Addiction Research Center
Inventory, and underwent cue reactivity testing. To perform the latter, subjects watched a video intended to
produce a positive or a negative affect, after which a vial of medication was or was not presented (the cue)
and then indicated their craving for drugs on 5 different VASs (the reactivity).
Results: Differences in Addiction Research Inventory scores were statistically significant but clinically
unimportant. Neuropsychological test results were mixed and unrelated to the medications studied. Cue
reactivity did not differ among conditions but was uniformly high.

Conclusions: Using several markers of abuse liability, long-acting opioids do not have lower abuse potential
than do short-acting opioids or placebo. Although cue reactivity did not differ among the conditions,
uniformly high results in these patients suggest that it may have some value as a component of abuse
liability testing.
Published by Elsevier Inc.
1. Introduction

Prescription opioid abuse has increased greatly during the past
decade (SAMHSA, 2004; Katz et al., 2008). This public health crisis
challenges clinicians to deter prescription opioid abuse while
providing appropriate access to prescription opioids for treating
pain (Zacny et al., 2003). Although illicit activity cannot be
condoned, the undertreatment of pain cannot be overlooked (Passik
and Kirsh, 2008). The solution to these conflicting issues has long
sought to employ opioid formulations that offer analgesia while
minimizing euphoric effects. Purported advantages of long-acting
opioids include more convenient dosing, uniform serum levels
resulting in uninterrupted analgesia, and improved sleep without
interruption. Even the potential for aberrant behaviors has been
thought to be lower with long- versus short-acting opioids (Heit,
2001; McCarberg and Barkin, 2001). However, the conventional
wisdom that long-acting opioids have an inherently lower abuse
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liability than short-acting opioids has been challenged (Chou et al.,
2003). Although the higher peak serum levels of short-acting opioids
have been thought to be more likely to induce psychoactive effects,
this claim has not been tested empirically.

To determinewhether short- and long-acting opioids have different
abuse liability risks, we conducted a randomized, double-blind, cross-
over trial in chronic pain patients who had self-escalated their dose of
opioids. These patients were selected for their propensity to have a high
risk for abuse.We compared their self-reported effects after exposure to
extended-release morphine (ER morphine), hydrocodone plus acet-
aminophen, and placebo. Neuropsychological effects of study medica-
tions were performed and abuse liability was assessed with
standardized methods including “cue-reactivity,” a potential marker of
abuse potential (Carter and Tiffany, 1999; Drummond, 2000).

Cue-reactivity often involves exposing addicted individuals to
stimuli designed to elicit cravings (cues) and assessing concomitant
psychological and physiological changes, such as self-reported urge
to take the drug, (reactivity). Drugs with higher cue reactivity are
believed to present a greater risk of abuse than are drugs with lower
reactivity. Individuals commonly studied with cue-reactivity in the
past include cigarette smokers, alcoholics, heroin addicts or cocaine
addicts (Carter and Tiffany, 1999). Subjects have been exposed to a
wide range of cues (e.g. the sight of drug paraphernalia (Field and
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Duka, 2004)), observation of drug-use situations (Juliano and
Brandon, 1998; Taylor et al., 2000) and cue presentation modes
(e.g. photographic, imagery-based or in vivo presentations (Streeter
et al., 2002; Tiffany and Drobes, 1990)). The clinical utility of the
cue-reactivity paradigm lies in its predictive capacity. For instance,
an association between drug-related cues and relapse has been
identified in the alcoholic population (Cooney et al., 1997).

2. Materials and methods

2.1. Approval process

The protocol was approved by the Institutional Review Boards of
the UC Davis Medical Center (UCDMC) and the Northern California
Veterans Administration Health Care System (VANCHCS) and was
endorsed by the Research Advisory Panel of California,which approves
investigations of Schedule II and III controlled substances. TheNational
Institute of Drug Abuse granted a Certificate of Confidentiality. The
trial was registered with ClinicalTrials.gov in April, 2006 (Identifier:
NCT00314340).

2.2. Participants

Participants were recruited from the UCDMC and VANCHCS Pain
Clinics following referral from primary care physicians after they
manifested aberrant behavior (i.e., self-escalation of opioids). Patients
were screened using a brief telephone interview and met with the
primary author before being enrolled. All patients provided written
informed consent before beginning the study, and each received $25
per hour for participating ($450 total).

Participants had to have had chronic pain for more than 3 months
and to have self-escalated their dose of a short-acting opioid (i.e., a
combination product containing hydrocodone, codeine, or oxyco-
done) prescribed to treat their pain. This increase in the number of
pills consumed led to their being referred to a pain specialist because
of problems with multiple telephone calls, showing up without an
appointment, or other manifestations of running out of medications
early. The dose escalation had to be more than 40 mg of morphine
equivalents per day. For safety reasons, patients with uncontrolled
hypertension, cardiovascular disease, chronic pulmonary disease (e.g.,
asthma, COPD), or chemical dependencies were not eligible for study
Fig. 1. Testing schedule in a randomized cross-over trial comparing markers o
participation. In addition, subjects with significant abnormalities
detected during hematologic, blood chemistry, and/or urinary
screening were also excluded.

2.3. Study design

The study was a randomized, double-blind, crossover trial in
which each patient was tested under each of three conditions: a
long-acting opioid (ER morphine), a short-acting opioid (hydro-
codone plus acetaminophen), and placebo. Patients received each
treatment once, in random order, with the order of assignment
determined using a web-based random number-generating program,
“Research Randomizer” (http://www.randomizer.org/). The alloca-
tion schedule was kept in the research pharmacy and concealed from
all other study personnel and patients to maintain blinding to
treatment condition.

Participants arrived at the UC Davis Medical Center Clinical
Translational Research Center (CCRC) at 9 am and remained in a
hospital room for 6 h. Before taking the first medication dose of the
day, participants completed the cue-reactivity protocol, which
involved watching a 5-minute video (described below), the presen-
tation (or not) of a physical cue, and completing 5 visual analog scales
(VAS) to assess reactivity to the cue.

The first dose of the study medication was taken following
collection of baseline measurements, and subsequent measurements
were taken hourly thereafter (Fig. 1). Respiration, heart rate, arterial
oxygen saturation (pulse oximetry), and blood pressure were also
monitored at these intervals to insure the safety of subjects.

2.4. Study medications

On the day of the study session, patients received ER morphine
tablets, 45 mg (Mallinckrodt Pharmaceuticals, St. Louis, MO), hydro-
codone 30 mg plus N-acetyl-para-aminophenol 975 mg (APAP;
Qualitest Pharmaceuticals Inc, Huntsville, AL), or placebo. The dose
of ER morphine sulfate (45 mg) was selected because of its
approximate equianalgesic effect (Max et al., 1999) to the dose of
hydrocodone–acetaminophen (30/925 mg). Both opioid medications
and the placebo were administered in identical capsules.

Before the study, all participants underwent a urine toxicology
screen (QuickScreen Pro 5 Drug Test Card) to detect evidence of illicit
f abuse liability of short- and long-acting opioids in chronic pain patients.

http://www.randomizer.org/


Table 1
Outcome measures in study of markers of abuse liability of short- and long-acting
opioids.

Measure Scoring

Markers of abuse liability testing
Addiction Research Center Inventory 49 true–false questions
4 drug-liking ratings 100-mm visual analog scales
11-drug-effect ratings 100-mm visual analog scales

Neuropsychological testing
Wechsler Adult Intelligence Scale
(WAIS-III) Digit Symbol Test

Number of correct symbol substitutions
made in 120 s

Hopkins Verbal Learning Test Revised Correct responses in immediate and
delayed recall tasks

Grooved Pegboard Test Number of pegs placed in 120 s

Cue reactivity
5 urge-to-use pain medications questions 100-mm visual analog scales

Table 2
Characteristics of 12 chronic pain patients tested in a study of markers of abuse liability
of short- and long-acting opioids.

Characteristic Value

Sex, n
Male 8
Female 4

Age, y
Median 46
Range 35 to 59

Years of education
Median 14
Range 12 to 21

Race
Caucasian 8
Afro-American 2
Hispanic 2

Employment Status, n
Employed 3
Unemployed 3
Disabled 5
Retired 1

Cause of pain, n
Low Back Pain 10
Cervicalgia 1
RSD 1

Mean (SD) Baseline Pain Intensity, VAS measurement 6.4 (2.2)
Duration of pain, yrs

Mean 11.3
Range 0.5 to 37
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substance use (cannabis, cocaine metabolites and phencyclidine) and
a breath alcohol test (Alcohawk ABI Digital Breathalyzer, KHN
Solutions LLC, San Francisco, California). No one was disqualified for
having indications of taking an illicit substance or for a positive breath
alcohol test.

Between each testing session was a 3-to-10-day lead-in period
during which blood levels of the drug to be tested were stabilized and
the previous drug could be metabolized. Thus, patients being tested
while taking the long-acting opioid began taking the ER morphine
(15 mg q6h) at the beginning of the lead-in period and continued
taking it through the day of testing. Patients being tested while taking
either the short-acting opioid or the placebo began taking hydro-
codone plus acetaminophen (10 mg/325 mg q6h) at the beginning of
the lead-in period and continued through the day of testing.
Participants were asked to take their other non-opioid medications
as prescribed and to refrain from taking any opioid medication other
than that provided during the study.

A registered nurse watched participants swallow the capsules at
each testing session. Between testing procedures, participants were
free to engage in sedentary recreational activities. After completing
the sessions, participants were accompanied home by a responsible
adult and were not to drive, operate machinery, or sign important
documents for 24 h.

2.5. Markers of potential abuse liability testing

The subjective effects of the study drug were evaluated with the
short formof theAddiction ResearchCenter Inventory (ARCI) (Haertzen
andHickey, 1987;Martin et al., 1971). This inventory consists of 49 true/
false questions which survey major domains of drug effects. The
subscales studied include Morphine–Benzedrine Group (euphoria),
Phenobarbital–Chorpromazine–Alcohol (sedation), Lysergic Acid
Diethylmide (dysphoria, agitation), Benzedrine (an empiric amphet-
amine scale), and Amphetamine (activation).

Participants indicated the pleasurable effects or desirability of the
medications on 4 locally developed drug-liking ratings: craving,
liking, strong desire, and “want more pain medication.” Ratings were
made on a 100-mm VAS anchored with 0 at the low end and 10 at the
high end.

Participants also responded to 11 locally developed drug-effect
ratings to assess psychoactive effects. Ratings were again made on a
100-mmVAS anchoredwith 0 at the low end and 10 at the high end for:
“on cloud 9,” “high,” “good drug effect,” “bad drug effect,” “impaired,”
“stoned,” “sedated,” “confused,” “nauseated from,” “anxious,” and
“down”.

Abuse liability was indicated by differences in these potential
markers (i.e., ARCI and VAS scores) while on each treatment; the
rating levels over the course of the day were examined to explore the
timing of these effects.

2.6. Neurocognitive testing

Neurocognitive assessments focused on three domains: attention
and concentration, learning and memory, and fine motor speed.
Participants completed the Wechsler Adult Intelligence Scale Digit
Symbol Test (Wechsler, 1997), a test of concentration, psychomotor
speed, and graphomotor abilities. In this pen-and-paper test,
participants substitute a series of symbols with numbers as quickly
and accurately as possible for 120 s. The results were expressed as the
number of correct substitutions.

The Hopkins Verbal Learning Test Revised (Benedict et al., 1998)
provided information on the ability to learn and immediately recall
verbal information, as well as the ability to retain, reproduce, and
recognize this information after a delay. Alternate forms (A through F)
were used to minimize practice effects (Beglinger et al., 2005;
Benedict and Zgaljardic, 1998). A list of 12 words (four words from
each of three semantic categories) was presented, and the participant
was asked to recall as many words as possible, in any order. After a
20-minute delay, the participant was asked to recall the words once
again (i.e., delayed recall).

Utilizing the Grooved Pegboard Test (Klove, 1963) of fine motor
coordination and speed, participants were required to place 25 small
metal pegs into holes on a 3″×3″ metal board as quickly as possible.
All pegs are alike and have a ridge on one side, which corresponds to a
randomly oriented notch in each hole on the metal board. The
dominant hand was tested first and the non-dominant hand second,
and the total time for each test was recorded. The test was limited to
5 min, whether the task was completed or not.

Neurocognitive impairment was indicated by low scores on all
three assessments.

2.7. Cue-reactivity testing

At each session, participants were exposed to different cues. They
watched a multimedia presentation on a computer screen and were
instructed to vividly envision the imagery designed to induce a
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positive or negative affect. The videotaped imagery was presented
either with or without a vial of opioidmedication as a “perceived drug
use opportunity”, a technique that has been shown to increase cue-
reactivity in fMRI studies (Wilson et al., 2004) and maximized the
chance that cue-reactivity would be demonstrated using the self-
report measures examined in the present study.

The scripts (Appendix A) were intended to stimulate 1) negative-
affect imagery with explicit urges to abuse pain medications including
the presentation of pain medication), 2) negative-affect imagery with
explicit urges to abuse pain medications without the presentation of
pain medication, and 3) positive-affect imagery with the presentation
of pain medication. The latter was designed to serve as a control for
the negative affect imagery.

Each session was begunwith a 30-s rest period, followed by 30 s of
instructions. Participants were seated in a comfortable chair in a
darkened room to watch the video. After the video, subjects had 30 s
to answer the 5 urge-to-use pain medications questions. To minimize
social desirability bias, the research assistant told each participant
“Your thoughts about drug liking are very sensitive and personal. We
are interested in as honest an answer as you can supply, and we will
make sure that your answers are kept confidential.” In the two
instances in which the physical presentation of a vial of pain
Fig. 2. Participant dispositions in a randomized cross-over trial comparing marker
medication was performed, the research assistant added, “Please
look at the vial in front of you before you answer the questions. The
medicines in the vial will be provided to you within the hour.” This
part of the experiment lasted about 10 min.

Responses to the 5 urge-to-use pain medications questions were
recorded on 100-mm visual analog scales (VAS), anchored on the left
with “not at all” and on the right with “extremely:”

1. “Do you have a craving for pain medication right now?”
2. “Do you have a liking for pain medication right now?”
3. “Do you have a strong desire for pain medication right now?”
4. “Do you want to take extra amounts of pain medication right

now?”
5. “Do you have a need to control your pain with some pain

medication right now?”

The specific wording of these questions has not been validated for
measuring cue-reactivity, but was intentionally similar to questions
usedby other researchers tomeasure the self-reportedurge to consume
abusable substances in response to cues (Ooteman et al., 2006) or to
assess the use the term “craving” which may have variable meanings
including liking, wanting, urges, desires, need, intention or compulsion
to use (Drummond et al., 2000) (Kozlowski and Wilkinson, 1987).
s of abuse liability of short- and long-acting opioids in chronic pain patients.



Fig. 3. Sedation levels over time in a randomized cross-over trial comparing markers of
abuse liability of short- and long-acting opioids in chronic pain patients. (Sedation
levels were measured as the PCAG dimension of the Addiction Research Center
Inventory.) ○ Morphine Hydrocodone ▲ Placebo.
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2.8. Statistical methods

Outcome measures are summarized in Table 1 and the testing
schedule in Fig. 1. Sample size was based on similar studies comparing
a hydrocodone combination product to placebo (Zacny, 2003).

Treatment effects at baseline, 60, 120, 180, 240, and 300 min were
assessedwith repeatedmeasures ANOVA. A liner mixed-effects model
with inclusion of interaction terms (1) treatment and time and (2)
random order visit number and time was performed initially. If not
significant, a liner mixed-effects model without interaction terms was
then used for analysis. Log transformation of the response variable
was used when appropriate. Alpha was set at 0.05, and P values were
two-tailed. All analyses were performed with SAS Version 9.1.

3. Results

Of 55 patients approached, 18 were evaluated, and 14 met entry
criteria andwere enrolled (Table 2). Twowithdrew before completing
the study, one for insufficient pain relief from the study medication
and other for “feeling drugged.” One patient missed a visit, leaving 35
visits by 12 patients for analysis (Fig. 2).

The intervals between study sessions ranged from 6 to 10 days
with a mean (SE) of 7.1 (0.3) days.

3.1. Markers of potential abuse liability results

Measures of the 5 Addiction Research Center Inventory dimen-
sions did not change significantly between baseline and 300 min
Table 3
Statistical significance of results of markers of abuse liability and neuropsychological testin

Bolding indicates statistical significance at the 0.05 level. Bolding with gray shading i
further in Table 4 by examining peak or trough scores.
aTreatment and time interaction: P=0.02.
bVisit and time inter-action: Pb0.01.
cTreatment and time inter-action: P=0.03.
(Table 3) under any treatment condition. Visit and/or carryover
effects were statistically significant for all five subscales (Table 3).
After controlling for these variables, significant treatment effects were
observed for the Phenobarbital–Chorpromazine–Alcohol (sedation),
Morphine–Benzedrine (euphoria), and Lysergic Acid Diethylmide
(dysphoria, agitation) subscales. (Table 3).

Mean Phenobarbital–Chorpromazine–Alcohol (sedation) levels
were elevated at baseline, averaging 6 to 8 units on a scale of 0 to 15
for the various treatments. Trough levels were seen at 180 to 240 min
after ingesting either opioid medication (Fig. 3). The majority of the
treatment effect on the Morphine-Benzedrine (euphoria) dimension
resulted from values that peaked after the short-acting opioid was
g of short- and long-acting opioids among 12 chronic pain patients.

ndicates a statistically significant interaction or treatment effect and is evaluated



Fig. 4. Visual analog scores for A) drug craving and B) strong desire to take drugs in a
randomized cross-over trial comparing markers of abuse liability of short- and long-
acting opioids in chronic pain patients. (These questions are part of the four drug-liking
questions used to assess abuse liability.)
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ingested. However, the 1.3-unit difference in peak effect size (which
can range from 0 to 16 units; Table 4) between placebo and the short-
acting opioid was inconsequential. Likewise, the 1.1-unit difference
between placebo and the short-acting opioid on the Lysergic Acid
Diethylmide (dysphoria, agitation) dimension (which ranges from0 to
14 units), was also not clinically relevant (Table 4).

All 4 drug-liking VAS ratings showed significant time effects
(Table 3). All scores decreased after the medication was ingested, but
only craving and strong desire had statistically significant treatment
responses (Table 3 and Fig. 4A and B). Themean peak trough levels for
these two drug-liking measures were lower for the opioids than for
placebo. This difference suggests that drug-liking does not differ
substantially between ER morphine and hydrocodone-acetamino-
phen, a conclusions corroborated by the results of the ARCI
Morphine–Benzedrine (euphoria) subscale.

Drug effect ratings (Table 3) revealed a time–treatment interaction
for sedation and nausea and a time–visit interaction for confusion.
However, peak mean values of these adverse events were lower for
active medications than for placebo (Table 4), implying that these
effects were not clinically important for active medications.

Changes over the 6-hour study were evident, as were carryover
effects for numerous other drug effects (Table 3). However, using
repeated measures ANOVA, treatment effects were only statistically
significant for good drug effect, impaired, and stoned. As was the case
for the adverse events mentioned above, peak mean values for
placebo were higher than for either study medication in all three of
these variables (Table 4). These findings all argue against the
hypothesis that the hydrocodone product induced a greater euphoric
or reinforcing effect than that of ER morphine.

3.2. Neuropsychological results

Neuropsychological testing revealed significant changes over time
in several variables (Table 3). The slight improvement in the Digital
Symbol Modality Test over time was not clinically important. Other
neuropsychological variables paradoxically worsened somewhat
during the study; this was surprising as neuropsychological test
scores usually improve over time as a result of practice effects (Heaton
Table 4
Mean peak or trough scores ratings (SE) of response variables sensitive to one or more
of the active drug conditions.

Placebo Hydrocodone/
acetaminophen
30 mg/975 mg

Morphine
45 mg

Mean (SD) Addiction Research Center Inventory scores
Phenobarbital–Chorpromazine–Alcohola 7.6 (1.0) 5.4 (0.9) 5.2 (0.8)

(sedation)
Morphine–Benzedrineb 3.3 (0.8) 4.6 (0.9) 3.5 (1.0)

(euphoria)
Lysergic Acid Diethylmideb,c 4.7 (0.8) 4.2 (0.6) 3.6 (0.5)

(dysphoria, agitation)

Mean (SD) drug liking ratings, mm
Cravinga,c 23.0 (12.4) 11.1 (4.2) 7.5 (3.6)
Strong desirea,c 21.2 (8.2) 12.5 (5.0) 16.5 (7.8)

Mean (SD) drug effect ratings, mm
Sedateda,d 18.0 (8.0) 3.7 (1.5) 1.9 (1.0)
Confuseda,d 14.8 (6.8) 5.6 (3.2) 5.3 (2.2)
Nauseateda,d 10.2 (6.2) 0.6 (0.3) 1.5 (1.3)
Good drug effectb 24.8 (10.0) 10.2 (4.9) 15.9 (8.0)
Impaireda 16.2 (7.3) 5.3 (3.5) 9.6 (5.4)
Stoneda 17.1 (9.2) 12.4 (6.2) 8.3 (6.6)

The table utilizes statistically significant main effects or interactions from Table 3 (see
key below).

a Pb0.05.
b Pb0.001.
c Decline in trough score.
d Interaction effect.
and Marcotte, 2000). We controlled for practice effects by using a
placebo group, alternate forms of the test (Benedict and Zgaljardic,
1998) where applicable (i.e., the Hopkins Verbal Learning Test), and
exposure to the test before the study because the largest practice
effects typically occur between the first and second test (Collie et al.,
2003) (Beglinger et al., 2005). Using all of these maneuvers and
controlling for carryover and visit effects using repeated measures
ANOVA,we found no statistically significantmain treatment effects on
neuropsychological testing for the medications studied.

3.3. Cue-reactivity results

Participants completed the cue-reactivity protocol, which involved
watching a 5-minute video (Appendix A), the presentation (or not) of
a physical cue, and completing 5 visual analog scales (VAS) to assess
reactivity to the cue. There was evidence of cue-reactivity to all five
urge-to-use pain medication variables at each of the 3 visits (Fig. 5).
However, after controlling for the order of the videos and treatment
carryover effects, there was no statistically significant effect of either
presenting a cue or different imageries on the reactivity variables
(Table 5).

4. Discussion

There is a paucity of abuse liability testing of prescription opioids
in patients with chronic pain, and methods are certainly needed to fill
gaps in our knowledge in this area (Zacny et al., 2003). Here, we
report data suggesting that long-acting opioids offer no advantage
over short-acting ones in reducing abuse potential. Similarly,
cognitive performance did not differ selectively across treatments.
We also found no difference in cue-reactivity among our three
different sets of cue and imagery presentations, although cravings
were uniformly high across settings.

4.1. Markers of abuse liability testing

Over the last decade, Zacny and collaborators have characterized
the subjective and neuropsychological effects of a wide variety of



Fig. 5. Results of the urge-to-use questions from the cue-reactivity test in a randomized cross-over trial comparing markers of abuse liability of short- and long-acting opioids in
chronic pain patients.
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opioids in normal healthy volunteers (Black et al., 1999; Walker et al.,
2001; Zacny et al., 1997, 1998). A comparison of (short-acting)
hydrocodone and (immediate release) morphine revealed similar
profiles of subjective effects, which included both pleasurable and
unpleasant results (Zacny, 2003).

A more recent study employed the same type of double-blind,
randomized, within-subject, placebo-controlled design as our study to
examine the relative abuse potential and potency of oral oxycodone
(10, 20, and 40 mg), hydrocodone (15, 30, and 45 mg), hydromor-
phone (10, 17.5, and 25 mg), and placebo (Walsh et al., 2008). Unlike
the studies of Zacny et al., participants were adult volunteers who
used prescription opioids illicitly for psychoactive effects (but who
were not physically dependent on opioids at the time of the study).
They participated in 11 experimental sessions each 6.5 h long. The
results suggest that the abuse liability profile and relative potency of
these three commonly used short-acting opioids do not differ
substantially from one another and that analgesic potencies may not
accurately reflect relative differences in abuse liability of prescription
opioids (Walsh et al., 2008).

Our results are similar to those of the above study involving
volunteers who used prescription opioids illicitly (Walsh et al., 2008) in
that we found little difference in the markers of abuse liability of the
opioids studied. Our conclusions also contradict the belief that long
acting opioids have different abuse liability profiles than short acting
opioids. In our study, short- and long-acting opioids produced similar
reinforcing effects that did not differ substantially from placebo (i.e., on
the ARCI euphoria dimension, drug-liking VAS scales, and drug-effects
VAS scales). Thus, we cannot assume that long acting opioid differ-
entially reduce psychomimetic effects. However, these result cannot be
Table 5
Statistical significance of results of cue reactivity testing of short- and long-acting opioids a

Response to the question: “Do you ___ pain
medication right now?”

P value

Treatment carry-over effect
on response variable

“Have a craving for” 0.3
“Have a liking for” 0.9
“Have a strong desire for” 0.2
“Want to take extra amounts of” 0.9
“Have a need to control your pain with some” 0.1

Bolding indicates a statistically significant effect.
generalized to all circumstances and therefore do not imply that opioid-
naïve patients would not benefit from being placed on long-acting
opioids in terms of avoidance of reinforcing effects. Generalization will
require prospective studies of chronic pain patients who have not
already been started chronic opioid therapy, as recently proposed by
others (Turk et al., 2008). In addition, our results are hindered by not
studying repeated dosing of short-acting opioids on a prn basis as often
occurs in the clinical setting. Additional studies will be needed to
understand how various dosing schedules affect abuse potential.

Two aspects of the baseline characteristics of patients in this study
deserve mention. Unlike studies involving morphine and hydroco-
done in normal volunteers (Zacny, 2003), the initial scores on the
Phenobarbital–Chorpromazine–Alcohol (sedation) dimension, were
consistently elevated before administration of study medicine,
indicating that subjects were generally sedated. Chronic pain patients
often have sleep disturbances (Marin et al., 2006; Roehrs and Roth,
2005; Zelman et al., 2006) and fatigue (Moldofsky, 2008); therefore,
this finding is not particularly surprising. The other notable finding
was the initial drug-liking VAS ratings of craving and strong desire
which were also elevated (Fig. 4A and B). Although the VAS ratings of
active medications did not differ from placebo during the 6-hour
sessions, drug-liking was nevertheless initially endorsed by patients
who had self-escalated their opioid medications. Further recommen-
dations to assess craving are discussed below, under cue-reactivity.

4.2. Neurocognitive testing

A somewhat anticipated finding in our study was the lack of
differences in neurocognitive test results between opioid and placebo
mong 12 chronic pain patients.

Order of movie Type of movie with or without cue effect
on response variable

0.7 0.08
0.2 0.09
0.3 0.08
0.5 0.1
0.01 0.5
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test situations. It has been reported that the therapeutic use of opioids
can be associated with altered cognition and impaired psychomotor
function, particularly when first administered (Chapman et al., 2002;
Kamboj et al., 2005). However, some studies reach the opposite
conclusion when these medications are used long-term (Agarwal
et al., 2007; Gaertner et al., 2006), even with reports of improved
cognition (Lorenz et al., 1997; Panjabi et al., 2008). Concordantly,
Brown and colleagues (Brown et al., 2006) developed a regression
model in which psychological factors and pain severity predicted the
decline in cognitive function better than specific opioid medications
or daily opioid dose.

4.3. Cue-reactivity testing

Cue-reactivity assessment revealed moderate responses to all 5 of
the craving probes (Fig. 5) without detecting a significant influence of
the positive or negative affect imagery (Table 5). This result is
surprising, given the previous findings by our group (Wilsey et al.,
2008) and others (Becker et al., 2008; Wasan et al., 2007) that
psychological factors are associated with prescription opioid abuse.
That the “perceived drug use opportunity” (i.e., the presentation of
the vial of study medication) was not influential in increasing craving
was also unexpected. However, this finding may have been mitigated
by the fact that patients knew the study medication (or placebo)
would be administered for the addiction liability testing.

Given the responses to the 5 craving probes seen in the present
study (Fig. 5), further exploration of cue-reactivity as a potential
marker of abuse liability seems warranted. These findings are
consistent with elevated baseline drug-liking VAS ratings of craving
and strong desire (Fig. 4A and B), again suggesting that additional
evaluation of the reinforcing effects of opioids in this population is
needed.

Cognitive task performance and physiological reactivity (heart
rate, sweat gland activity, and skin temperature) should be evaluated
by cue-reactivity testing in within-session manipulations of drug
availability, in addition to assessing changes in self-reported urge as
we did in the present study. Ostensibly, the level of cue-reactivity has
intrinsic value in addiction studies. For instance, it has been found to
be positively correlated with the degree of alcohol consumption
(Streeter et al., 2002). Other investigations have found that the
reactivity to drug-related cues correlates with maintenance of drug
use and relapse (Juliano and Brandon, 1998). Perhaps similar
experiments should be done with chronic pain patients with a
propensity for prescription opioid abuse using a measure of the
degree of aberrant behavior such as the SOAPP Score (Akbik et al.,
2006; Butler et al., 2004, 2008). Alternatively, studies may seek to
determine if cue-reactivity in chronic pain patients with a history of
substance abuse differs from those without similar histories.

Despite the negative results in our study, the issue of emotional
context of cue-reactivity needs to be reassessed because of findings in
other addiction settings. One study used guided imagery designed to
induce negative moods in alcoholics who were then exposed to either
their favorite alcoholic beverage or to a glass of water (Cooney et al.,
1997). Both alcoholic beverage presentation and negative affect
imagery led to increased subjective reporting of desire to drink. These
effects were additive but not multiplicative (i.e., the interaction of
mood state with beverage type was not significant). The most notable
finding in this study was that the reported urge to drink during the
trial that combined negative mood imagery with alcoholic beverage
exposure predicted time to relapse after discharge from an inpatient
setting (Cooney et al., 1997). Similarly designed studies should be
replicated in chronic pain patients who have been hospitalized or
treated aggressively as outpatients for prescription opioid abuse.

The concept of “craving” has been central to addiction research for
5 decades, and cue-reactivity has become central to measuring
craving. In the past 10 years, studies applying functional neuroima-
ging techniques to the study of cue-reactivity have identified specific
brain regions in the pathogenesis of craving (Wilson et al., 2004).
Unfortunately, the lack of internal consistency in these studies has
perplexed investigators (Wilson et al., 2004). Perceived drug use may
provide a way to reconcile contradictory findings among brain-
imaging studies of cue-elicited craving (Wilson et al., 2004). If
resolved, the prospect of imaging patients with prescription opioid
abuse is one more reason why it is important to consider cue-
reactivity in this population. Chronic pain and drug addiction
presumably involve some shared neurobiologic anatomy. A better
understanding of their CNS pathways via functional neuroimaging
techniques may help the development of analgesics with less abuse
potential, and improved treatments for addiction (NIDA, 2008).

The Addiction Research Center Inventory was developed by the
PublicHealth Service in the1960s to assess opioid abuse liability andhas
been the prototype for most abuse liability assessments in use today
(Bigelow, 1991). Other techniques, such as self-reported measures that
directly examine drug-taking behavior in laboratory experiments, may
beuseful in developingmedications for treating substance abuse and for
assessing the abuse liability of opioid configurations designed to reduce
abuse and diversion (Comer et al., 2008). However, changes in self-
reported measures and subjective effects induced by the same
medication may not always agree (Comer et al., 2008). To this already
complicated scenario of different methodologies, we suggest adding
cue-reactivity to provide additional input into deciphering prescription
opioid abuse in laboratory experiments.

4.4. Limitations of the study

One limitationwas the evaluation of only one dose of hydrocodone
plus acetaminophen (as well as the single, equianalgesic dose of ER
morphine). Although this dose of hydrocodone plus acetaminophen
exceeded the dose that had been presented by others as a maximum
strength at the time the present study was devised (Zacny, 2003;
Zacny et al., 2005), a higher dose has subsequently been selected by
one investigator (Walsh et al., 2008). Future studies might therefore
benefit from employing a range of doses that include higher potencies
of studymedications. These studiesmight also employ a larger sample
size and perform follow-up at more prolonged intervals than the brief
6-hour period allotted in the present clinical trial to understand how
markers of abuse potential might vary over time.

Some authorities believe it necessary to prescreen subjects for
their ability to detect and report subjective drug effects, and to
distinguish the effects of an active drug from those of placebo (Busto
et al., 1999). However, we found no evidence to suggest that this was a
widely accepted practice and believe our results did not suffer from
the absence of such screening.

Another limitation of our study was the relatively simple design
of the cue-reactive presentation and measurement. Other investi-
gators use multiple trials of either a lit cigarette or a glass of water
and inform subjects of the probability (0%, 50%, or 100%) that they
would be able to consume the cue on each trial. This trial-by-trial
manipulation of drug availability had a pronounced impact on
reactivity to cigarette cues (Carter and Tiffany, 2001). In addition,
the “perceived drug use opportunity” in our study was not an
isolated condition; subjects knew that they were going to receive
study medication whether or not they viewed the prescription
bottle.

5. Conclusions

We found no difference in markers of abuse liability between
short- and long-acting opioids prescribed to treat chronic pain. Cue-
reactivity test results did not differ among the three presentations of
emotional imagery even when combined with a “perceived drug use
opportunity”. However, cue-reactivity scores were relatively high for
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all three treatments. The fact that these subjects endorsed craving of a
pleasant subjective state is noteworthy. Given their experience with
themedical profession, learned biases against reporting cravingswere
likely to have been overcome; it might even have been suppressed
somewhat in this clinical research setting. Therefore, further
evaluation of the cue-reactivity paradigm in the evaluation of
prescription opioid abuse is warranted to confirm this measure's
putative utility as a marker of abuse liability testing.
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Appendix A. Cue-reactivity scripts

A.1. Negative affect + urge, paraphernalia (view prescription medicine
vial)

You have been sitting in a reception room, nervously waiting for a
doctor's appointment. You're dreading asking your doctor for more
pain pills, and things aren't being helped by the fact that you have run
out of medicine over the past couple of days. As you sit in the chair
feeling worried and tense, you suddenly realize that the two people
across fromyou are taking painmedications out of vials. One of them is
even taking the type ofmedicine thatworkswell for you. Youwatch as
this person pulls pill after pill from her medicine vial and puts them in
her mouth. Her face tells you that her pain is melting away. Watching
her, you begin to think of using painmedication like candy. As the time
passes and your anxiety continues to build, the desire to take pain
medication grows stronger and stronger. Your urge builds and you
decide to ask thesewomen for a pain pill. She agrees andhands youher
vial of medications.

Off camera, the research assistant shows the patient his or her own
vial of pain medication.

A.2. Positive affect + urge, paraphernalia (view prescription medicine
vial)

As you are riding in a car on your way to visit some close friends,
you are enjoying the nice weather and the interesting scenery. You've
decided to try this trip without using pain medicine. Some of your
favorite music is playing on the radio (music comes on softly), and you
feel happy and carefree. You then stop at a red light and notice that
two people on a park bench are taking pills from a medicine vial. They
are both laughing and having a good time. You think that the
medicine vial is similar to your own (slide of prescription medication
vial). You can just imagine how good your medicine would make you
feel, as it would take away your pain and make you feel relaxed. You
think that now maybe you should go back home and get your
medicine and take a pain pill. It's something to look forward to:
something to make your day even more enjoyable. You turn your car
around and drive back to your place. You're home now and ready to
take your pain medicine.

Off camera, the research assistant shows the patient his or her own
vial of pain medication.
A.3. Negative affect alone

You're outside on a cloudy fall day, raking leaves (picture of yard
with leaves). There's only one small tree on this side of the lawn, so not
much raking needs to be done. Some of the leaves are wet and matted
into the grass. You have to press down hard on the rake to lift these
leaves, so you are beginning to feel more pain. As you rake all of the
brown leaves into a large pile, you can smell their musty odor. This
reminds you of mildew. You start to feel a little warm, so you take
your jacket off and drape it over one of the branches of the tree. You
can feel the wind blowing through your clothing as you continue
raking. Suddenly, you notice a car with a young driver speeding down
your street (picture of sports car with sound of acceleration). You lean
on your rake and watch as the car turns the corner. (Actors expression
turns very serious). Suddenly, the car nearly hits a child playing
hopscotch in the street. You regret that you cannot lecture that young
driver about obeying the speed limit.
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