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Abstract

A critical component in development of opioid analgesics is assessment of their abuse liability
(AL). Standardization of approaches and measures used in assessing AL has the potential to
facilitate comparisons across studies, research laboratories, and drugs. The goal of this report is to
provide consensus recommendations regarding core outcome measures for assessing abuse
potential of opioid medications in humans in a controlled laboratory setting. Although many of the
recommended measures are appropriate for assessing the AL of medications from other drug
classes, the focus here is on opioid medications because they present unique risks from both
physiological (e.g., respiratory depression, physical dependence) and public health (e.g.,
individuals in pain) perspectives. A brief historical perspective on AL testing is provided and then
those measures that can be considered primary and secondary outcomes and possible additional
outcomes in AL assessment are discussed. These outcome measures include: (1) subjective effects
(some of which comprise the primary outcome measures, including drug liking); (2) physiological
responses; (3) drug self-administration behavior; and (4) cognitive and psychomotor performance.
Prior to presenting recommendations for standardized approaches and measures to be used in AL
assessments, the appropriateness of using these measures in clinical trials with patients in pain is
discussed.
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1. Rationale for selection of core outcome measures

A critical component in the development of opioid analgesics is the assessment of their
abuse liability (AL), the likelihood “that a drug with psychoactive or central nervous system
(CNS) effects will sustain patterns of non-medical self-administration that result in
disruptive or undesirable consequences” ([3]). A number of reviews have elucidated the
methods and measures used in human abuse liability assessment (ALA), and some of those
methods and measures will be elaborated upon in this article (cf. [1]; [3]; [4]; [7]; [9]; [16];
[22]; [25]; [35]; [36]; [371]; [46]; [53]). In addition to ALA, critical factors that inform
evaluation of AL include, but are not limited to, the chemical composition of the drug, its
formulation, data from preclinical behavioral pharmacology studies, data from clinical trials
pertinent to abuse potential, safety and efficacy data, and epidemiological data on abuse
when available ([17]).

Currently, a number of laboratories assess the AL of opioids. In some instances, the same
instruments are used, but more often than not the ALA batteries are not identical. In some
respects, this is good: if a drug with unknown AL is tested in several laboratories that use
different ALA batteries, and the same conclusion is reached regarding the degree to which
the drug has AL, this provides robust and convincing evidence that the drug indeed has that
degree of AL. Inappropriate conclusions can be made, however, if new instruments are used
that putatively assess AL without proper validation.

For over eight decades, the College on Problems of Drug Dependence (CPDD) has served a
leadership role in the field of drug abuse, and its members have facilitated the development
and refinement of methods for preclinical and clinical ALA of psychoactive drugs. In 2003
and 2006, CPDD convened conferences to address various issues pertaining to ALA. One of
the recommendations made by panels of experts at both conferences was a call to
standardize some psychometric scales (e.g., “drug liking”) for human ALA in order to
facilitate comparisons of AL testing across studies, research laboratories, and drugs.1

2. Methods

The Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials
(IMMPACT; e.g., [13]; [14]; [62]; [63]) convened a consensus meeting to provide
recommendations regarding key outcome measures for human opioid AL studies. The
meeting included an international group of participants from universities, government
agencies, industry, and a patient advocacy organization selected on the basis of research,
clinical, or administrative expertise relevant to evaluating the efficacy and safety of
analgesic medications, in particular, their AL. Background presentations that were delivered
to facilitate discussion are available on the IMMPACT website: www.immpact.org
(IMMPACT, 20009).

The objective of this article is to present the recommendations for standardizing, when
possible, key outcome measures in opioid AL studies. The charge for the consensus meeting
was to discuss the different measures that are used in opioid ALA and to come to an
agreement on selecting key primary and secondary outcome measures that might comprise a
standardized opioid ALA battery. This article describes the consensus reached on
recommendations for core outcome measures. In response to the upsurge in prescription

1Expert panel recommendations in two special issues of Drug and Alcohol Dependence. The first issue (Volume 70, Issue 3,
Supplement 1) was published in 2003 (Assessing the Abuse Liability of CNS Drugs) and the expert panel recommendations (Chair:
Edward Sellers) pertaining to standardization of measures is on p.113. The second issue (Volume 83, Supplement 1) was published in
2006 (Impact of Drug Formulation on Abuse Liability, Safety and Regulatory Decisions); the expert panel recommendations (Chair:
Charles Grudzinkas) again calling for measurement standardization is on p. S80.
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opioid abuse, pharmaceutical companies and others have developed or will be developing
formulations intended to minimize abuse of prescription opioids ([39]; [66]). This article is
timely in that subsequent to the consensus meeting, the US Food and Drug Administration
issued a draft guidance on the *Assessment of abuse potential of drugs” ([17]).

3. Historical perspective

Human testing for AL of opioids was initiated in the 1930s to facilitate the government-
sponsored efforts to develop “non-addicting” substitutes for morphine-like drugs in order to
reduce the public health and social problems associated with the diversion and misuse of
opioids ([19]; [31]; [32]). Initial studies of abuse potential at the Addiction Research Center
in Lexington, Kentucky were based upon studies of the morphine withdrawal syndrome
because it was thought at the time that the addiction potential of opioids was directly related
to their ability to produce physical dependence. If a drug prevented the onset of physical
withdrawal symptoms or signs in dependent subjects (substitution studies) or alleviated
physical withdrawal symptoms (suppression studies), the drug was judged to have addiction
potential. Subjective changes in mood and perception induced by opioids were recognized
but did not contribute to the addiction potential assessment.

In the late 1940s and early 1950s, Isbell and colleagues demonstrated that opioid abusers
could discriminate morphine from placebo as well as from other substances of abuse, and
that the opioid abusers reported dose-related liking of the effects ([18]; [30]). In the early
1960s, the Addiction Research Center Inventory (ARCI) ([28]; [29]) and the Single Dose
Questionnaire (SDQ) ([21]) were developed. These standardized instruments enabled
systematic characterization of drug-induced changes in mood, feeling, thinking, and
perception, as well as the degree to which drugs were “liked.” These assessment measures,
which will be described briefly in Section 5, allowed the assessment of changes in subjective
experience as a function of dose and type or class of drug administered. Thus, subjective
effects originally considered unimportant in AL testing of opioids became integral to the
assessment.

4. Critical elements of an opioid AL study

The major focus of this article is on primary and secondary core outcome measures for
opioid AL studies. However, other components or elements of an opioid AL study are
important and they will be outlined briefly here because they are related to the outcome
measures discussed subsequently ([22]; [46]). The design of the human abuse potential study
should be based on the study objectives and the specific statistical model that will be used
for data analysis. A prototypic opioid AL study is conducted in a controlled clinical
pharmacology laboratory and a randomized, placebo-controlled, crossover design is
typically used. The study includes a positive control opioid drug (i.e., one that has known
AL, such as morphine) to which the test drug will be compared. Inclusion of a broad range
of dose levels of the test compound and the positive control drug is typical. However, if the
test opioid has known abuse potential but is a different formulation, fewer dose levels may
be required than when the test opioid is novel and has not been previously examined.
Supratherapeutic doses of both the test opioid and the positive control opioid should be
included in the study design because drug abusers often use doses much higher than those
used in clinical settings.

Subject population is a critical consideration. Experienced drug abusers (e.g., those having
extensive and recent histories of non-medical use of drugs) are widely accepted as the
appropriate and most sensitive clinical population for assessing AL. They have
demonstrated by their behavior that they recognize and appreciate the pharmacological
effects of certain drugs that lead them to be abused. Within the population of experienced
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opioid abusers, a further distinction should be made. Specifically, a population of opioid
abusers should be chosen that “matches” the test conditions. That is, if medications are
being tested via the oral route, then the abusers who are enrolled in the study should prefer,
or have some experience, using opioids via the oral route. The primary reason for this
recommendation is that individuals who are accustomed to using drugs by routes that
produce more rapid peak drug effects (e.g., intravenous or smoked) often find oral drug
effects to be less appealing and therefore rate their subjective effects as being smaller in
magnitude than individuals who are more accustomed to taking drugs by the oral route.
Furthermore, the experienced drug abusers who are tested should not be physically
dependent on opioids in order to avoid complications in interpretation of the results (e.g., if
the test medication produces no increases in subjective effects, is it because of cross-
tolerance to the maintenance medication or because it truly has minimal subjective effects?).
Finally, ethical considerations also determine what type of opioid abusers should be
recruited into an ALA study. First, they should not be seeking treatment for opioid abuse or
currently in treatment. Second, if the test drugs are to be administered via the intravenous
route, for example, the participant population should be one that has experience with and
prefers using drugs intravenously. Introducing a more toxic route of drug administration or
one associated with higher abuse liability to an individual who has never used drugs by that
route is ethically problematic.

In contrast to experienced opioid abusers, individuals who do not abuse drugs are generally
less able to reliably assess the AL aspects of drugs, and are not used in typical ALA studies
of opioids. This does not necessarily preclude examination of opioids in those who do not
abuse drugs, and some AL studies have been conducted in this population (e.g., [11]; [48];
[70]; [71]). However, individuals who do and do not abuse drugs may differ in important
ways (e.g., [11]; [17]; [64]; [70]), and further research is warranted on the impact of these
differences on ALA. Finally, a number of prescription opioid AL studies include
prescreening procedures, initially determining that participants enrolled in the study can
distinguish an abused opioid from placebo, and that they report positive subjective effects
from the opioid ([6]; [17]; [38]; [57]; [61]). Failure to identify participants who can
distinguish an opioid from placebo and report positive subjective effects prior to
administering the test drug could result in a study that underestimates the abuse liability of
the test drug. In short, while we recognize that individual variability in response to drugs
exists (e.g., due to differences in drug use history, the presence or absence of pain, genetic
polymorphisms, etc.), which may warrant the use of different endpoints under certain
circumstances, our recommendations emphasize the use of standardized measures in
experienced drug abusers.

5. Subjective effects

Drugs are abused because of the effects they produce, and many of these effects are
uniquely and solely accessible to and assessable by the recipient of the drug. That is, many
important effects of drugs may occur in the subjective realm and may not be detectable or
quantifiable by objective observation and measurement. For these reasons, subjective reports
from individuals to whom test medications have been administered constitute a core element
of drug ALA.

5.1. Domains of subjective reports

The subjective effects assessed in drug ALA studies are typically within the following
domains: qualitative and quantitative effects experienced (e.g., feel drug effect), drug liking,
likelihood of taking the drug again, drug identification (i.e., similarity to known drugs of
abuse), and direct or comparative value estimates (e.g., dollar value, preference, or choice).
The domains are not mutually exclusive as specific assessments may contribute to multiple
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domains. These domains can be viewed as steps along a continuum of behavioral specificity
of the subjective reports — from having participants describe drug effects from which the
investigator will infer the likelihood of drug-taking behavior to having participants
themselves directly report their likely behavior.

5.1.1. Effects experienced—The subjective effects experienced are assessed by self-
reported descriptive characterizations of symptoms, mood, and physiological, sensory, and
behavioral experiences produced by a drug. Typically, these descriptive reports are
interpreted by judging the extent to which a test drug produces a profile of effects similar to
that of a known reference comparator drug. Drugs with similar profiles of effects generally
have similar abuse liabilities. Instruments that have been used to assess subjective effects
produced by opioid administration include the ARCI, the SDQ, adjective rating scales, and
visual analog scales (VAS). These instruments have been described elsewhere (e.g., [4];
[21]; [22]; [31]; [44]; [52]) and so will be discussed only briefly here (Table 1). Finally, the
subjective effects measured in opioid ALA studies should not just assess for positive effects
but should also assess for negative or “bad” effects, because an opioid that produces only
positive effects is likely to have greater AL than an opioid that produces both positive and
negative effects ([12]; [15]; [22]; [46]).

The original ARCI consisted of 550 true-false statements ([23]; [24]; [28]). In 1971, Martin
and colleagues described a shorter version (49 true-false statements and five scales) that is
now commonly used in opioid AL testing ([44]). Three of the scales especially pertinent to
opioid ALA are the Morphine-Benzedrine Group (MBG) scale, a measure of euphoria;
Pentobarbital-Chlorpromazine-Alcohol Group (PCAG) scale, a measure of sedation; and the
Lysergic Acid Diethylamide (LSD) scale, a measure of dysphoria, as well as somatic and
sensory disturbances ([4]). In opioid abusers, full mu agonists tend to increase scores (but
not always) on the MBG scale without increasing scores on the PCAG scale and the LSD
scale ([4]; [31]). Mixed action opioids, such as nalbuphine and pentazocine, have also been
shown to increase MBG scores, but at high doses they have also been shown to increase
scores on the PCAG and LSD scales, which differs from the profile of effects produced by
full mu opioids (e.g., [33]; [34]; [50]).

The SDQ was designed to assess whether or not a participant felt the effects of a drug, the
participant’s identification of the substance as belonging to a particular pharmacological
class, what symptoms were being experienced, and the degree of liking of the drug ([21]).
Like the ARCI, different profiles of effects have been found between full mu agonists and
mixed-action agonists on the SDQ (e.g., [33]; [34]). Although the SDQ in its original form is
rarely used nowadays, each component of it is typically included in ALA of opioids via
other formats, including adjective rating scales or checklists, and VASs.

5.1.2. Liking—The measurement of drug liking is considered to be one of the most
sensitive and reliable assessments of the likelihood of abuse of a drug ([4]; [7]; [22]) and is a
key component of opioid ALA. It also has excellent face and predictive validity to other key
measures of abuse liability, including drug self-administration in both the laboratory and in
real-world settings (e.g., [9]; [22]). The SDQ originally measured this domain by use of an
ordinal scale but a VAS is now typically used to assess drug liking. The VAS can be
unipolar in nature (O=not at all; 100=extremely) or bipolar (e.g., 0=dislike a lot; 50=neutral;
100=like a lot). There has been some discussion that the bipolar VAS may have advantages
over a unipolar VAS in that the bipolar VAS presumably reflects the net balance of liked
and disliked effects ([22]). Although some research groups have been evaluating the merits
of a unipolar versus bipolar scale empirically, there is as yet no clear consensus within the
ALA community about which type of scale should be preferred; some groups prefer unipolar
scales because they may better reveal when mixed effects occur. If both unipolar and bipolar
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scales are used as different outcomes in a single study, participants should be carefully
instructed on their differences to avoid confusion.

5.1.3. Likelihood to take again—In this assessment, participants rate their desire,
willingness, or disposition to take a drug again. This measure is often highly correlated with
drug liking ([22]), but is useful as a key outcome measure because it may provide an
estimate of future behavior rather than simply drug liking in the moment. For some
individuals, opioids produce both positive and negative effects (such as nausea) that
manifest at different points in time after drug administration. Therefore, while participants
may report liking the drug during the experimental session, their desire to take the drug
again either during or after the session may not differ significantly from placebo, depending
on when the aversive effects emerge ([11]; [71]).

5.1.4. Drug identification—This is a domain in which the participant assesses the
similarity of a test drug to known drugs with which the individual has experience. This is
commonly done with either categorical drug-class identification questions such as “Is it an
opioid?” or with graded similarity rating questions such as “Is it similar to [Drug X] (e.g.,
morphine, heroin, cocaine, alcohol)?” The SDQ assesses this domain, and since its origin
other investigators have added other drugs relevant to the drug classes listed on the SDQ

(e.g., [49]; [64)]).

5.1.5. Drug high—Most experienced opioid abusers report feeling “high” after opioid
administration. While we believe that the term “high” is often a valuable measure to aid in
characterizing the AL of drugs ([46]), including opioids, one problem is that the meaning of
the term can be different for different individuals. For some abusers, “high” may be
equivalent to “good effect,” but for others, “high” may be any feeling other than “normal.”
For example, studies have shown that opioid abusers can report feeling high from an array
of mixed action opioids while simultaneously reporting significant dysphoria (e.g., “feel
bad”) and no evidence of liking or good effects from the drug ([49]; [65]). However, we
should emphasize that this latter finding is more the exception than the rule. Recent clinical
pharmacology laboratory studies examining putative abuse deterrent formulations have
considered the subjective effect of “high” as either a primary outcome measure designed to
assess AL ([67]) or as a term denoting positive effects ([55]). While assessment of feeling
“high” is useful and we recommend it as a key outcome measure, it should not be used as a
sole outcome measure because of the variability between participants in how the term is
defined and its sensitivity to CNS effects that are unrelated to euphoria.

5.1.6. Street value—This domain assesses an estimate of the street value of a drug and/or
how much money a person would be willing to pay for the drug. There is typically a high
degree of correlation between how much individuals are willing to pay for a dose of drug
and the degree to which they report liking the effects of that drug ([22]). However, until
recently, most opioid AL studies involved subjects who were currently abusing heroin,
which could be considered a prototypic “street” drug that would be purchased with money.
In prescription opioid AL studies, the subject pool typically includes people who are abusing
prescription opioids. In some geographical regions, the predominant means of obtaining
these opioids is less likely to be by purchasing them on the street. In the 2010 National
Survey on Drug Use and Health, for example ([54]), respondents who admitted to
nonmedical use of prescription opioids in the previous 12 months were queried on their
primary source of the drugs: the predominant source was from a friend or relative for free
(55.0%). Only 4.4% of respondents reported they obtained prescription opioids from a drug
dealer or other stranger. If a subject in a prescription opioid AL study has limited experience
purchasing opioids on the street, their self-report on how much they would be willing to pay
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for a prescription opioid would be of questionable validity. For this reason we are not
recommending estimated street value as a core outcome measure, but rather a potentially
useful secondary outcome measure (e.g., if most participants in a prescription AL study
obtain their drugs from a street dealer).

5.2. Prioritizing AL outcome measures

The FDA’s Drug Abuse Advisory Committee initiated development of the draft guidelines
on ALA in the 1990s ([3]), and the FDA published a draft guidance in January 2010 that
included prioritization of various data sources that might contribute to ALA ([17]). These
ranged from chemical structure to epidemiological experience, with the latter designated as
having the highest priority as it is the actual outcome of public health interest. Clinical trial
results, such as human clinical pharmacology laboratory assessments, as described in this
section, were designated as having the next highest priority and as providing one of the most
useful and valid approaches to ALA in the absence of epidemiological data (which is
typically the circumstance with non-approved medications).

5.3. Limitations of descriptive effect and similarity assessments

Clinical research methods that focus on assessing subjective reports of effects experienced
and of similarity to comparison opioids of known AL have a long and proven history of
being sensitive, informative, and useful in assessing AL (e.g., [22]; [32]). These tests focus
on capturing the qualitative aspects of an opioid’s subjective effects and include the ARCI,
some items on the SDQ, VASs, and adjective rating checklists. However, because these
methods are based on assessing similarity to known opioids of abuse, they may be
unresponsive or less sensitive for detecting AL of drugs with novel pharmacologies, such as
those with different mechanisms of action or with different profiles of effects than the
traditional drugs of abuse commonly used as reference standards in opioid ALA studies. For
assessing such novel drugs, indices reflecting liking or likelihood to take again may be more
sensitive and have broader applicability because they do not depend to the same degree on
similarity to a known reference standard.

5.4. Strengths, limitations, and applicability of subjective effects measures

Human laboratory subjective effects assessment methodologies are excellent for
characterizing direct drug action and assessing the relative similarities and differences
among pharmacologically similar and different compounds. The methods are effective in
assessing and characterizing test compounds relative to the known reference compound(s)
included in a study. It is important to recognize and emphasize this “relative to” function --
these methods are relativistic tools, not absolute measurements. They provide a gradation
and rank ordering of AL. Historically, these methods appear to be quite valid, with good
correspondence between the human laboratory methods and assessments provided by other
methods such as animal laboratory behavioral studies of drug self-administration and
epidemiological estimates of abuse.

The public health phenomenon of drug abuse is strongly influenced by the pharmacology of
drugs and also by the social context in which they are taken, including availability, laws, and
cultural norms; these latter features cannot be readily incorporated into the laboratory
setting. Thus, a drug of substantial AL from a pharmacological perspective might have
limited abuse if it is available only in highly controlled inpatient hospital settings, whereas a
drug exhibiting only modest apparent AL from a pharmacologic perspective might have
substantial adverse public health impact if it is widely available in outpatient medical
settings.
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5.5. Is there a single best assessment?

The consensus among drug ALA experts is that the subjective rating of liking is probably
the most informative single AL outcome measure ([7]; [17]; [22]; [46]). In AL studies that
specify a priori a single primary outcome measure, subjective liking is the recommended
choice. However, there is variability among investigators regarding exactly how liking is
best assessed — Likert-rating scales, VASs, unipolar liking versus bipolar disliking-liking
scales, peak liking, area-under-the-curve liking, next-day or end-of-session liking. One
would expect all of these to be highly inter-correlated. At present, we do not have strong
data for arguing that any one is better than the others. Most common as a primary outcome
measure in current practice is peak (maximum) VAS liking, assessed using either a unipolar
liking scale or a bipolar disliking-liking scale over an appropriate time course based upon
the drug’s duration of action.

In practice, no study would be conducted with only a single measure, and measures are
typically included from most or all of the subjective report domains described above. The
ultimate judgment about AL will be guided by both the pre-specified primary or co-primary
outcome measures and two or three possible secondary outcome measures along with the
overall profile of outcomes and their coherence. Usually coherence and high intercorrelation
of indices will be the case, and subjective report assessments can then contribute to a
persuasive characterization of relative AL.

5.6. Recommendations for subjective ALA measures

Many subjective report indices have been utilized to assess the AL of new opioid
medications relative to existing medications. Although a convergence of multiple indices is
most persuasive in determining the likelihood that a medication will be abused, the use of a
few key standardized measures in ALA will allow comparisons to be made across different
studies in different laboratories. For this purpose, measures of liking, likelihood to take
again, and drug identification appear most useful. Another measure that could be considered
as a key outcome measure in opioid AL studies is drug “high,” especially when used with
other measures such as drug “liking” and desire to “take the drug again” to ensure that
elevated ratings are reflective of positive effects. These effects should be assessed prior to
drug administration, as well as at specific time points afterward. At the very least, post-drug
administration assessments should be made before the peak drug effect is observed (the
ascending portion of the time-effect curve), at the time of peak effect, during the descending
portion of the time-effect curve, and when the effects have completely dissipated. Ideally,
additional post-drug assessments would be made in order to minimize the chances of
missing the ascending, peak, and descending portions of the time-effect curve. For example,
in some studies, frequent assessments are made during the first 1-2 hours after drug
administration (e.g., every 15 min), after which less frequent assessments occur (e.g., every
30 or 60 min). In this manner, the complete time course of drug effects would be captured.

6. Physiological responses

Physiological responses are assessed in opioid AL studies for at least two reasons: to ensure
the safety of the subject and to provide a more comprehensive profile of the effects of an
opioid. The monitoring of such responses is an integral component of opioid ALA, and such
physiological responses can be considered key secondary outcome measures.

6.1. Medical supervision

Because opioid AL studies typically are conducted in healthy recreational drug using
volunteers who can expect no therapeutic benefit, often with supratherapeutic doses, special
attention should be given to medical safety issues. The study setting should be a medical one
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with continuous supervision by appropriately trained and licensed medical personnel (e.g.,
ACLS certified) and appropriate resuscitative equipment.

6.2. Drug safety

Typical physiological safety measures in opioid AL studies should include cardiovascular
monitoring (blood pressure, heart rate, electrocardiography), respiratory monitoring (pulse
oximetry for oxygen saturation, respiratory rate, and/or expired carbon monoxide), urine
drug testing, and in some cases, clinical laboratory tests (e.g., hepatic and renal function
electrolytes, lipids related to dosing). Urine drug testing (UDT) is typically performed at the
beginning of ALA as a safety precaution because of the possibility of drug interactions and
can also be used to confirm that a person is actually using opioids. Measurement of plasma
drug and metabolites can play a supplementary role in the evaluation of safety during an AL
study. However, these measurements and subsequent pharmacokinetic and
pharmacodynamic analyses are not routinely done.

6.3. What physiological endpoints should be measured?

Physiological effects that are typically produced by opioids include cardiorespiratory
depression (as assessed by respiration rate and oxygen saturation) and miosis. Measuring
cardiorespiratory depression is particularly important for safety assessment. Miosis
(pupillary constriction) is an objective biological index of opioid action that has been
employed as a standard measure in ALA for over five decades ([4]; [31]). Mioasis is usually
highly correlated with plasma opioid concentration, ability to suppress abstinence, incidence
of side effects, and intensity of euphoria in abusers (e.g., [20]; [31]; [40]).

6.5. Recommendations for physiological and safety measures

Physiological and safety measures are an integral aspect of human AL studies. Specific
physiological measures recommended for opioid ALA in humans include pupillary
constriction, respiration rate, and oxygen saturation. Such measures can be associated with
an opioid’s positive subjective effects, similarity to known drugs of abuse, and public health
risk. For safety, monitoring of respiration rate and oxygen saturation should be initiated
prior to drug administration and should continue throughout the laboratory session.
Recording of respiration rate and oxygen saturation data should be made at intervals that are
guided by the expected time course of drug effects based on the best available data (e.g.,
recordings would be made for longer periods of time for medications that are contained
within sustained-release formulations). Pupil diameter should be measured prior to drug
administration, during the ascending portion of the time-effect curve, at the time of peak
effect, during the descending portion of the time-effect curve, and when the effects have
completely dissipated.

7. Drug self-administration behavior

During assessments of the AL of a drug, a primary interest is measuring the likelihood that it
will be taken for non-medical purposes. As described above, measurements of subjective
effects generally provide good estimates of the likelihood that a drug will be abused.
However, in some instances, such as when the profile of subjective effects of a novel drug is
ambiguous or when the AL of certain putative abuse-deterrent formulations of known drugs
of abuse need to be ascertained, measuring drug-taking behavior itself may be useful.

7.1. Factors affecting the reinforcing effects of drugs

A drug is said to serve as a “reinforcer” if behaviors leading to its consumption increase in
probability after the drug is experienced. In studies of drug self-administration, these
behaviors have included verbal requests for the drug, bicycle pedaling, pulls or presses on a
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lever, and finger presses on a computer mouse (e.g., [10]; [41]; [59]). The exact behavior is
not critical; it just needs to be one that can be reliably detected and quantified. Factors
affecting the reinforcing effects of drugs include duration of drug action, route of drug
administration, participant characteristics, and the specific type of self-administration
procedure utilized. The issue of participant characteristics (e.g., intravenous versus oral
opioid abuser) has already been discussed in Section 3 and will not be discussed in this
section.

The duration of action of the medication is an important variable because potential carry
over effects from one session to another may alter the choice to self-administer the drug.
That is, if participants are still experiencing effects of the first dose, responding for
subsequent doses may be reduced. When trying to determine the appropriate interval for
self-administration, the investigator should rely on available pharmacodynamic and
pharmacokinetic data collected in humans to guide selection of an appropriate intersession
interval.

Another important consideration is the expected route by which the drug will most likely be
abused. Opioids can be abused by multiple routes, including but not limited to the oral,
intranasal, injected (intravenous, intramuscular, subcutaneous), and smoked routes. Because
delivery of a drug by a route that produces a faster onset of action and/or higher plasma
concentrations is generally believed to produce greater abuse potential, the route by which
participants are allowed to self-administer the drugs is a critical variable to consider in
designing a self-administration study.

A final important consideration is the type of self-administration procedure that should be
used. Many different methods for assessing the reinforcing effects of drugs have been used
in humans. Broadly speaking, these procedures can be divided into verbal and non-verbal
operant procedures. We have recommended a few procedures, described in more detail in
Table 2. The choice of procedure depends in part on the characteristics of the test drug and
the specific research question.

7.2. Strengths and limitations of self-administration procedures

Drug self-administration procedures have the advantage of providing direct information
about the AL of a novel compound or formulation compared to a drug with known AL (e.g.,
drug versus drug choice). In addition, these procedures model the behavior (namely, drug
taking) that is of interest to those who are concerned with a medication’s potential for abuse.
However, self-administration studies typically are not used in first-line assessments of the
AL of a medication for two reasons: (1) they are more difficult to design and conduct than
the standard AL study, and (2) self-administration procedures have not been validated to the
same extent as the subjective effects measures described above.

7.3. Recommendations for self-administration procedures

In some instances, measuring drug-taking behavior itself may be useful in order to obtain a
more complete profile of the AL of a drug, such as when a drug with known abuse liability
is re-formulated into a tablet that is ostensibly “abuse-deterrent” or “tamper-resistant”. Thus,
IMMPACT recommends that drug self-administration should be considered as a potential
outcome measure in opioid ALA. We have provided recommendations for different self-
administration procedures (Table 2) because different research objectives may determine
which of these procedures is most appropriate. Regardless of which procedure is used,
investigators should pay particular attention to variables that may influence drug-taking
behavior, such as duration of drug action and route of drug administration as well as the
characteristics of the study population. Ideally, each dose of the test drug should be assessed
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in the self-administration paradigm in order to obtain a complete dose-effect curve of its
reinforcing effects, because the slope of the dose-effect curve gives important information
about the efficacy of the drug as a reinforcer (i.e., shallower dose-response curves typically
are obtained with drugs that have lower AL). The time points at which reinforcing effects
are assessed should be driven by the drug’s pharmacodynamic effects. That is, participants
should be given the opportunity to self-administer drug when the effects of the previous
dose have completely dissipated.

8. Cognitive and psychomotor performance

When assessing AL, it may be useful to incorporate cognitive and psychomotor testing into
the study as a secondary measure in all ALA studies in order to: (1) quantify dose-response
functions directly on multiple measures of drug effect, thus resulting in a more complete
characterization of the psychoactive effects of the drug, and (2) provide information on the
likelihood that abuse of the drug will produce harmful effects ([4]; [22]; [46]; [53]). In non-
drug-abusing healthy volunteers, a number of studies have shown that prescription opioids at
supratherapeutic doses impair performance on various cognitive and psychomotor tests,
including the Digit Symbol Substitution Test (DSST) ([68]), the Baddeley Logical
Reasoning Test ([2]), and the Maddox Wing Test ([26]) (e.g., [11]; [48]; [69]; [70]; [71]). In
contrast, a number of studies primarily using a computerized version of the DSST ([47])
showed that performance was not impaired after parenteral administration of various full mu
agonists, partial mu agonists, and mixed action agonists in non-dependent heroin users (e.g.,
[271; [49]; [50]; [51]). Whether such lack of impairment from opioids would generalize to
prescription opioid abusers should not be assumed.

Several recent ALA studies have incorporated cognitive and psychomotor testing as
secondary measures in their study design and have detected impairment on some tests ([11];
[56]; [60]; [64]). Those tests included a divided attention task, the computerized version of
the DSST, the Maddox Wing Test, and the critical flicker-fusion test ([58]). We therefore
suggest that such testing would be informative as secondary outcome measures in ALA
testing of opioids and novel analgesic compounds. However, it would be premature to
recommend preferential use of one of these tests over others.

8.1. Recommendations for the assessment of cognitive and psychomotor performance

We encourage investigators who conduct AL testing to include one or more cognitive and
psychomotor measures in their studies, as ultimately this may inform the research
community regarding which tests are the most sensitive in detecting impairment. We
recommend that measures be used that have demonstrated good test-retest reliability, are not
prone to practice effects, and assess different aspects of performance (cognitive as well as
psychomotor processes). Ideally, performance should be measured prior to drug
administration, during the ascending portion of the time-effect curve, at the time of peak
effect, during the descending portion of the time-effect curve, and when the effects have
completely dissipated.

9. Extrapolation to people with chronic pain

A final topic for which there is limited evidence involves the appropriateness of using the
measures described above in individuals with pain. If these subjective and behavioral
measures are used to assess the AL of an opioid in patients with pain, the results will be
difficult to interpret. For example, patients may report drug liking, willingness to take the
drug again, and good drug effects not because of feelings of elation or elevated mood, but
rather because the drug reduced their pain. One of the few studies to address this issue was
conducted in the early 1950’s by Lasagna and colleagues ([42]). Amphetamine,
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pentobarbital, heroin, morphine, and placebo were administered to 30 chronically ill
patients, who were then asked a series of questions about their drug experience. Eight of the
30 patients reported no differences among the drugs, five could not remember the effects
well enough to compare, and 16 reported some drugs as more pleasant. Four patients
reported that morphine was pleasant only because it relieved symptoms. Thus, it is difficult
to determine whether the patients believed the drugs were pleasant because they reduced
pain or because they produced euphoria. Future research should examine factors that may
influence the subjective effects of opioids in patients with pain (e.g., history of drug abuse,
presence of aberrant drug-related behaviors, and pain severity).

Most assessments of opioid AL are conducted in individuals without pain who abuse
opioids, and the instruments were tailored for that population. Refinements of existing
measures with questions such as “I like the dose because it reduces my pain” or “I like the
dose because it reduces my anxiety” or “I like the dose because it makes me feel high” will
need to be tested in patients with pain before the measures can be used for ALA in such
individuals. Such questions get at the issue of motives for use, and have been employed
successfully in other populations (e.g., adolescents who use prescription opioids for
nonmedical purposes; [5]; [45]). Because abuse of opioid medications in patients with
chronic pain is not well characterized and may be more prevalent than previously recognized
(e.g., [8]; [43]), additional research is needed to gain a better understanding of factors
underlying opioid abuse among patients with chronic pain.

10. General recommendations for conducting ALA studies

We recommend that four subjective effects measures should be included in ALA studies of
opioid analgesics: drug liking, likelihood to take again, drug identification, and drug high
(Table 3). These can be considered core primary outcome measures, that is, core in the sense
that these measures should be part of any opioid ALA battery, and primary in the sense that
they are important measures in determining the AL of a drug. This does not preclude the use
of other subjective effects measures (e.g., good effects), and in many cases other tests should
be used in order to more fully characterize AL-related effects as well as other effects.
Indeed, these other effects might include those that would be considered negative in nature
(e.g., bad effects) and could play a role in reducing the overall AL of a drug.

We consider the measures of respiration rate, oxygen saturation, and miosis as core
secondary measures in opioid ALA studies (Table 3) for safety assessments and because
they have demonstrated sensitivity to opioids with substantial AL (e.g., heroin and other full
mu-opioid agonists). Although not integral to opioid ALA, cognitive and psychomotor
measures are recommended for inclusion in opioid ALA in order to characterize more fully
their psychopharmacologic effects and potential public health risks. It is premature,
however, to recommend a specific test or tests at this time. In some circumstances, self-
administration studies may be useful or necessary in ALA of opioids and novel analgesics.
Whether to include cognitive, psychomotor performance, and/or self-administration
measures and which test(s) to include should be determined by the study aims and the
specific drug/formulation under evaluation.
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Table 1

Instruments used to measure self-reported subjective effects of opioids and other psychoactive drugs

Instruments

Comments

ARCI-Short Form (ARCI)

49 items are grouped into five scales
. PCAG (measure of apathetic sedation)
. MBG (measure of euphoria)
. LSD (measure of dysphoria and somatic and sensory disturbances)

. BG and A (measures of stimulant-like effects)

Single Dose Questionnaire

(SDQ)

Measures four aspects of a drug’s effects
. effect detected (yes/no)
. drug identification (e.g., opiate, cocaine, marijuana)
. symptoms experienced (e.g., skin itchy, sleepy, nervous)

. drug liking

Adjective Ratings

Consists of a list of symptoms
. can be a checklist (yes/no) or an ordinal scale (e.g., 0-4)

. responses are sometimes grouped into subscales (e.g., Agonist, Antagonist/Withdrawal)

Visual Analog Scale (VAS)

Typically a 10 cm (or 100 mm line)
. endpoints are usually labeled with such descriptors as “not at all” and “extremely”

. allows subject to make a more graded response in terms of intensity to which a certain effect
(e.g., feel good) is perceived than a checklist

PCAG = Pentobarbital-Chlorpromazine-Alcohol Group; MBG = Morphine-Benzedrine Group; LSD = Lysergic Acid Diethylamide; BG =
Benzedrine Group; A = Amphetamine.
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Recommended drug self-administration procedures

Table 2

Page 20

and placebo, low and high doses of the same drug,
or different doses of different drugs) and then are
later asked to choose between Dose A and Dose B

at which doses are available,
which enhances safety

Procedures Advantages Disadvantages

Discrete trial choice: Drug versus drug 1 Simple 1 Few dependent measures
Participants sample Dose A and Dose B on . . . L
separate occasions (Dose A and B could be active 2 Experimenter controls the interval 2 Requires many sessions in

order to examine dose-
response relationships
using a within subjects

responding has been made

Response: Finger presses on a manipulandum
(computer mouse, joystick), pedals on a bicycle,
etc.

Dependent measures: Amount of drug consumed,
amount of money earned, rate of responding,

maximum ratio value completed (breakpoint)

manipulations

Response: Verbal response “Dose A” or “Dose B” 3 Sgr?;\i,tsigr?f?ai?in\/%t:i\::g |tg dose (crossover) design
(I?;S%ingﬁgsteweasures. Number or percentage of generally chosen more than
placebo, and high doses more
than low doses)
4 It is possible to test the relative
reinforcing effects of two or more
different drugs
Non-verbal operant choice procedure: Modified 1 Provides an estimate of the 1 In the absence of an
progressive ratfo (PR) schedule reinforcing efficacy of a drug, alternative reinforcer, the
Participants sample a dose of drug and money and which allows comparisons to be slope of the dose-
are later given the opportunity to “work” for that made across different drugs response function can be
dose and/or money by responding on a (theoretically, lower efficacy shallow (i.e., very low
manipulandum; the ratio requirement increases drugs maintain lower breakpoints doses of drug, including
after completion of the previous ratio requirement, than higher efficacy drugs) those that produce
but drug and money not delivered until all . minimal subjective
2 Generally sensitive to dose effects, can maintain

breakpoint values that are
significantly different
from placebo)
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Table 3
Domains of opioid human abuse liability laboratory testing and some recommended endpoints to assess those
domains
Domain Endpoints
Liking

Subjective effects (Primary endpoint)

Likelihood to take again
Drug identification
Drug high

Physiological responses (Secondary endpoint)

Pupillary constriction (miosis)
Respiration rate and oxygen saturation

Drug self-administration behavior (Optional endpoint)

Discrete trial choice: drug vs. drug
Nonverbal operant procedure: modified progressive ratio schedule

Cognitive and psychomotor performance (Optional endpoint)

No specific recommendations at this time
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