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Abstract

Background—Selection of an appropriate indictor of treatment response in clinical trials is

complex, particularly for the various illicit drugs of abuse. Most widely-used indicators have been

selected based on expert group recommendation or convention rather than systematic empirical

evaluation. Absence of an evidence-based, clinically meaningful index of treatment outcome

hinders cross-study evaluations necessary for progress in addiction treatment science.

Method—Fifteen candidate indicators used in multiple clinical trials as well as some proposed

recently are identified and discussed in terms of relative strengths and weaknesses (practicality,

cost, verifiability, sensitivity to missing data). Using pooled data from five randomized controlled
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trials of cocaine dependence (N = 434), the indicators were compared in terms of sensitivity to the

effects of treatment and relationship to cocaine use and general functioning during follow-up.

Results—Commonly used outcome measures (percent negative urine screens; percent days of

abstinence) performed relatively well in that they were sensitive to the effects of the therapies

evaluated. Others, including complete abstinence and reduction in frequency of use, were less

sensitive to effects of specific therapies and were very weakly related to cocaine use or

functioning during follow-up. Indicators more strongly related to cocaine use during follow-up

were those that reflected achievement of sustained periods of abstinence, particularly at the end of

treatment.

Conclusions—These analyses did not demonstrate overwhelming superiority of any single

indicator, but did identify several that performed particularly poorly. Candidates for elimination

included retention, complete abstinence, and indicators of reduced frequency of cocaine use.
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Treatment outcome indicators; randomized trials; cocaine use disorders; follow-up studies

1. INTRODUCTION

1.1 Potential advantages of a commonly accepted outcome indicator

The field of treatment of illicit drug use has not yet achieved consensus on a practical,

psychometrically sound, clinically significant, and broadly accepted indicator of treatment

success or response (Donovan et al., 2012). In areas outside the addictions, identification

and adoption of standard measures of treatment response and clinical significance has

facilitated several important advances. These include the ability to more easily accrue and

compare outcomes for treatments and trials in meta analyses, benchmark clinical research

and clinical outcomes, set and monitor performance standards, compare outcomes among

different subgroups and samples, clearly convey the magnitude of treatment effects to

clinicians and policy makers, inform planning for equivalence trials, and facilitate

comparisons against a common meaningful outcome standard. Moreover, adoption of

common outcome measures to benchmark intervention trials does not constrain investigators

for selecting additional outcomes theoretically linked to the treatments putative mechanisms

of action.

The fields of alcohol and nicotine intervention research have made significant inroads in

wider adoption of common outcome measures in clinical trials as well as moving towards

defining benchmark indicators of treatment response. In nicotine research, prolonged

abstinence and point-prevalence abstinence, with biochemical validation, are now standard

measures for outcome trials (Hughes, 2007; Hughes et al., 2010; West et al., 2005). These

measures have been subjected to extensive psychometric evaluation establishing reliability

and validity, linked to multiple outcome domains, and shown to be sensitive to the effects of

a range of behavioral and pharmacological therapies (Hughes et al., 2003, 2010).

For alcohol use disorders, percent days of abstinence and indices of heavy drinking (e.g.,

percent heavy drinking days) have become standard measures of outcome for treatment
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trials (Allen, 2003; Anton and Randall, 2005; Finney et al., 2003; Sobell et al., 2003). These

indices have been demonstrated to be associated with a range of drinking-related risks and

consequences (Falk et al., 2010). Efforts have also focused on identifying clinically

meaningful and reliable dichotomous measures of treatment success, or good clinical

outcome (Anton et al., 2006; Cisler et al., 2005; Cisler and Zweben, 1999; Sobell et al.,

2003). These have included rates of individuals who are completely abstinent, as well as

rates of individuals with no heavy drinking days (Falk et al., 2010). Recognizing that many

treatment effects take some time to emerge and the course of improvement is not always

linear, some indicators include a ‘grace period,’ for example, by not including heavy

drinking days that occur early in treatment or allowing a limited number of heavy drinking

days during treatment in the dichotomous definition of good outcome (Falk et al., 2010;

Winchell et al., 2012).

For illicit drug use disorders, a common definition of treatment response has been elusive, in

part because of the complexity of determining what constitutes ‘clinically significant’

change (Winchell et al., 2012). Common conventions for evaluating clinical significance

(Jacobson and Truax, 1991; Kendall et al., 1999; Kraemer et al., 2003b; Lambert and Bailey,

2012), such as normative comparisons or reliable change indices are not easily generalized

to drug use disorders, e.g., because illicit drug use is essentially non-normative, definitions

based on the concept of ‘return to normative levels’ generally imply full sustained

abstinence. Although full abstinence is a relatively unambiguous positive outcome, limiting

‘success’ to complete abstinence may be an overly exclusive criterion, as the process of

change is inherently dynamic and thus complete abstinence may not be an appropriate

indicator of meaningful cessation behavior (Ciraulo et al., 2003; DeBusk et al., 1994; Hser

et al., 2008; Hughes et al., 2010; Velicer and Prochaska, 2004). Moreover, given that brief

slips are common, a dichotomous measure of prolonged abstinence may be a relatively

insensitive measure in that (1) few individuals may meet this standard, and (2) individuals

who use drugs once or twice would be considered treatment ‘failures’, even though they

may have made considerable improvement with respect to individuals whose drug use is

unimproved.

1.2 Defining meaningful change

Alternative strategies for quantifying ‘clinically meaningful change’ include defining a

threshold of meaningful change, typically at least two standard deviations on a symptom/

problem index (Jacobson et al., 1999; Jacobson and Truax, 1991). This strategy has proven

useful in defining positive outcomes for alcohol use disorders (e.g., ‘no heavy drinking

days’). Reduction of alcohol use to normative levels is now a viable goal for treatment

outcome studies, as it has been related to measurably reduced health risks and drinking-

related consequences (Cisler et al., 2005; Cisler and Zweben, 1999). Significant reduction in

alcohol use also appears to be an acceptable goal to clinical providers, as many clinicians

would see a 50% reduction in drinking as clinically meaningful (Miller and Manuel, 2008).

Conversely, ‘significant reduction in tobacco use’ has not been adopted as an indicator of

significant change, as even relatively low levels of regular smoking potentially carry

significant health risks. Similarly, in the field of drug use, there are few data from well-
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controlled trials linking reductions in frequency/level of drug use to meaningful

improvement in important areas of functioning (e.g., medical, legal, employment, social).

That is, there are few data suggesting that reductions in drug use are associated with

meaningful benefits in health or functioning, nor data regarding what might indicate ‘safe’

levels of illicit opioid, cocaine, or marijuana use. Furthermore, patterns of drug use and

consequences tend to vary widely both within and across types of illicit drug use (‘chippers’

versus daily users of opioids, binge use of cocaine versus regular low-level use). This

variability generally results in very large standard deviations on most indices of drug use

such that reduction of two of more standard deviations from baseline frequency/intensity

measures typically translates to complete abstinence.

Developing a criterion for ‘treatment success’ based on change from baseline is complex, as

it would result in differing criteria for success across study populations and may not yield an

outcome that is clinically meaningful despite its statistical significance. For example, in a

large population of treated cocaine users in the UK, Marsden and colleagues (Marsden et al.,

2009) calculated the reliable change index (Jacobson and Truax, 1991), which they

determined to be roughly 12 days of cocaine use or less per month—a definition of

‘successful outcome’ which would seem unacceptable to most clinicians.

1.3 Dichotomous versus continuous indicators

Dichotomous (e.g., success/fail, improved/not improved) indicators of outcome are fairly

easy to interpret, and thus may be attractive to clinicians or policy makers. However,

because of the relative statistical and power advantages of continuous over categorical

measures of outcome, many clinical trials have adopted continuous measures of frequency.

At the same time, continuous measures such as indices of change in quantity are also much

more complex for illicit drug use relative to alcohol and nicotine use. Standard units for

alcohol and nicotine are well defined, facilitating evaluations in terms of reductions in

quantity of use (Devos-Comby and Lange, 2008; Miller et al., 1991). For illicit drugs, there

are no standard units, potency varies widely, adulterants are uncontrolled, and frequently

used terms such as ‘dime bags,’ ‘hits,’ and ‘joints’ are anything but standard. This variation

makes it extremely difficult to quantify use across individuals and samples. The strategy of

transposing quantity of drug use to a standard such as cost in monetary currency is undercut

by both the illicit (drug commerce, trading sex for drugs, etc., makes it difficult to estimate

monetary value) as well as the social nature of drug use (difficulty of estimating value of

shared joints or cocaine in social situations).

1.4 Rationale for the current study

Multiple expert groups have sought and failed to reach consensus on a more standardized

approach to selection of primary outcomes in the field of drug dependence (Donovan et al.,

2012). These panels’ recommendations have been informed by extensive experience in

conducting trials, but seldom guided by empirical evaluation and systematic comparison of

the candidate outcome variables. McKay and colleagues’ report (2001) on continuous,

categorical, and time-to-event indices of cocaine use, drawn from a clinical trial of

behavioral interventions involving 132 male cocaine-dependent veterans, remains the most

comprehensive empirical evaluation of cocaine treatment outcomes to date. Although none
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of the measures was sensitive to treatment effects, McKay reported strong correlations

among the indicators and advocated use of two general types of outcomes: a measure of

frequency of cocaine use and a measure of severity. Since that report, multiple trials have

used these and similar measures to describe outcomes and to evaluate predictors of longer

term outcome but there have been no published reports of systematic empirical comparison

of outcome indicators that include data on relationships between within-treatment outcomes

and drug use during follow-up. Moreover, many trials, particularly those evaluating

pharmacotherapies, focus solely on drug use within the treatment protocol (Donovan et al.,

2012; Wells et al., 2010). However, because addiction is widely regarded as a chronically

relapsing disorder (McLellan, 2002; McLellan et al., 2000; Volkow, 2005), the degree to

which within-treatment indicators are associated with follow-up outcomes is a critical but

understudied aspect of the outcomes literature.

To address these issues, and as an initial step towards identifying variables that might serve

as common outcome indicators in treatment studies for illicit drug use, we identified a range

of continuous and dichotomous indicators that have been used as primary outcome measures

in clinical trials of treatments for illicit drug use (Donovan and Marlatt, 2005; Dutra et al.,

2008; McKay et al., 2001; Peters et al., 2011). We then review them briefly in terms of the

extent to which they are (1) easily collected and computed, (2) verifiable via biological

measures, (3) sensitive to the effects of missing data, and (4) cost effective. Next, we use

pooled data from a series of randomized controlled trials of cocaine dependence to compare

these measures in terms of criteria that can be evaluated empirically (sensitivity to treatment

effects, relationship to follow-up outcomes). We limited candidate indicators to those that

focus on drug use, as alternate outcomes measures (e.g., craving, quality of life) have

recently been reviewed elsewhere (Tiffany et al., 2012a).

1.4.1 Continuous indicators

1 Days of retention in the treatment protocol. Retention is frequently used as a

process and outcome variable. It can be an indicator of the acceptability of

treatments and can signal the possibility of differential data availability across

conditions. Multiple reports have linked treatment retention to better outcomes

(Ciraulo et al., 2003; NIDA, 2007; Simpson et al., 1999).

2 Percent of cocaine-negative urine specimens. Results based on urine toxicology

screens are among the most widely used in the field of treatment of illicit drugs,

as they reflect biological verification of recent use. Other sources of biological

data (e.g., hair, nails, skin, saliva) were not included here because they are not

yet commonly used in clinical trials (Donovan et al., 2012) and were not

collected in the studies included in this report.

3 Longest period of consecutive abstinence during treatment. A measure of the

extent to which the participant attains a stable period of abstinence within

treatment has frequently been linked to longer-term outcome (Higgins et al.,

2000). It is often based on self-report via a Timeline Follow Back (TLFB)

method (Robinson et al., in press; Sobell and Sobell, 1992), and can be verified

via biological measures, providing they are collected at appropriate intervals.
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4 Percent days of abstinence based on participant self-report (PDA). This is a

widely-used indicator in both the illicit drug and alcohol literature. Based on

self-reports of frequency of use (typically drawn from TLFB), it has the

advantage of typically being available for all protocol days for all participants,

as missing information can be back-filled when the participant is reached at

subsequent assessment points.

5 Maximum days of abstinence during last two weeks of treatment. Similar to

maximum consecutive days of abstinence, this is an indicator of the extent to

which the participant attained stable abstinence during the two-week interval

prior to completing or dropping out of treatment. This indicator might be useful

when it is recognized that a treatment may take several weeks to exert its effects,

and a continuous measure of end-of-treatment abstinence is desired.

1.4.2. Dichotomous indicators—Dichotomous indicators were drawn from the

treatment outcome literature as well as in response to calls for novel indicators tapping

reductions in frequency of use and included:

6 Abstinence during the final two weeks of treatment. This is a dichotomous

version of ‘maximum days of abstinence during the last two weeks of treatment’

described above. The modest success of many agents evaluated as

pharmacotherapy for stimulant dependence has led to proposals to consider

alternative measures of outcome such as these, in that they may be sensitive to

more subtle medication effects (McCann and Li, 2011).

7 Abstinence for 3 or more weeks. This measure has been used frequently since

the earliest randomized clinical trials for cocaine dependence (Gawin et al.,

1989) as an indicator of positive treatment response (Ehrman et al., 2001). It

measures whether or not the participant attained a stable period of 21 or more

consecutive days of abstinence at any time during the course of treatment, rather

than just at the end of treatment.

8 and 9Abstinence of 2 or 1 weeks duration. As the ‘three or more weeks of abstinence’

was adopted based on clinical intuition and convention rather than empirical

evaluation, these two dichotomous indicators were included in order to evaluate

whether briefer sustained periods of abstinence may be associated with

meaningful changes in drug use over time

10 Complete abstinence. This is usually considered the most stringent and

unambiguous indicator of treatment success. It has been criticized as insensitive

to smaller levels of change that might be meaningful. When using this measure

it is important to specify when the beginning of abstinence is to be measured, as

many participants enter treatment while still using illicit drugs, and thus a

‘grace’ or ‘washout’ period might be used. In addition, use of this variable

requires specification of whether this refers to complete verified abstinence

during the full intended length of the trial or simply during the period of time the

participant provided data.
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11 Treatment completion with end-of-treatment abstinence. This is a composite

measure indicating the participant completed treatment and was abstinent at the

end of treatment. Focus on ‘success at the finish line’ has recently received

support within the alcohol literature (Falk et al., 2010), and is frequently utilized

in clinical practice.

1.4.3. Reduction indicators—Both continuous and categorical indicators of reduction

were included, given recent interest in this approach for evaluating novel medications (see

McCann and Li, 2011).

12 Percent reduction in frequency of drug use. Given the difficulty of measuring

changes in quantity of illicit drug use, the outcome literature has typically

focused on changes in frequency of use from baseline to endpoint (Crits-

Christoph et al., 1999; Simpson et al., 1999). An alternate approach to

evaluating reduction in use that incorporates biological validation would include

changes in quantitative urine measures over time. This approach is promising

(Huestis et al., 2000, 2006; Preston et al., 1997) but not included here as

quantitative urine toxicology was not conducted in these studies.

13. and 1450% or 75% reduction in frequency of drug use. These are dichotomized

versions of the continuous reduction variable described above. They were

selected for this report in order to compare several dichotomous indicators

tapping reduction in frequency of use to those focused on abstinence. The 50%

reduction variable was selected based on Miller’s recommendation that

reduction of frequency of use by half would be seen as meaningful by clinicians

(Miller and Manuel, 2008). The 75% reduction variable was selected as it would

be a conservative estimate of a reliable change index and consistent with indices

used in previous health system evaluation studies (Marsden et al., 2009).

15 Proxy measure of ‘good functioning’ at the end of treatment. Definitions of

‘success’ in treating drug users are not always confined to substance use alone;

but may include other variables related to employment status, criminal justice

behavior, psychological functioning, health and quality of life (Humphreys and

McLellan, 2012; Miller and Miller, 2009; Tiffany et al., 2012a, b; Winchell et

al., 2012; Witkiewitz, 2013). Thus, in order to allow some comparison of the

candidate indices included here, which focus only on drug use, to a single

measure indicating relatively unambiguous positive outcome on a number of

dimensions, we developed a proxy dichotomous measure for good functioning,

based on Addiction Severity Index (ASI; McLellan et al., 1985). It reflects

complete abstinence in the past 28 days as well as 0 days of problems during

that period in the legal, psychological, employment, and family domains.

1.5 General characteristics of the candidate indicators

1.5.1 Ease of measurement—Broadly speaking, the various dichotomous measures

(complete abstinence and/or abstinence for defined intervals) are fairly straightforward and

easily computed. That is, the participant either completes treatment or not, provides drug-

negative urine specimens and self-report data supporting the defined length of abstinence, or
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not. Furthermore, the dichotomous variables can usually be computed for all participants

randomized, as individuals who do not complete treatment or do not demonstrate abstinence

of the defined length are assumed to have not meet the criterion.

The reduction measures are more complex, as they require the investigator to operationalize

the time period of interest for measurement of baseline use. Moreover, operationalization of

reduction is complicated (e.g., is reduction defined in terms of frequency or quantity of use

of a given drug? How are increases in drug use handled in the analyses?). Reduction

measures are also complex in terms of selecting the period over which reduction is to be

measured (i.e., the entire course of treatment, last month?). Finally, estimates of the

frequency, or quantity of use during the period preceding treatment entry are typically based

on self-report and cannot be verified independently.

The continuous indicators based on self-report (longest period of abstinence, percent days of

abstinence) or urine toxicology screens (percent drug-positive or negative urines) are fairly

straightforward in terms of calculation when trial data are complete. However, as is the case

of virtually all trials involving users of illicit drugs, some level of missing data is inevitable.

When data are incomplete (due to attrition from the trial, missed assessment visits, missing

urines), careful consideration regarding specification of the outcome indicator is needed as it

can influence study findings: For example, does one consider percent drug-positive urines in

terms of all urine specimens expected or those actually collected? If based only on urine

specimens actually collected, results can be highly variable: Consider the case of an

individual who submitted one urine specimen and then dropped out of a hypothetical

cocaine trial. There are multiple ways of calculating a “percent urine positive/negative

variable”: For example, if the specimen was positive for cocaine, the participant would be

considered to have 100% positive urines; if the trial reported percent negative, rather than

positive specimens, the variable would indicate 0%. However, if the single urine submitted

was positive and the variable was operationalized based on number of expected specimens,

in a 12-week trial collecting specimens weekly the percentage would be 8%. If the trial

collected urines 3x weekly, the percentage would be 3%. The widely varying interpretation

based on how these seemingly simple variables are calculated underscores the need for

clarity in clinical trials reporting regarding how missing data is handled as well as thoughtful

sensitivity analyses.

Finally, calculation of maximum days of consecutive abstinence or consecutive number of

negative urines is straightforward when missing data are minimal, but extremely complex in

studies where the level of missingness is substantial. For example, a participant who was

completely abstinent during an 84 day treatment protocol and who provided 81 days of self-

report data, but was missing 3 data points, could have a value ranging from 28 days of

consecutive abstinence to 81 days of abstinence, depending on the pattern of missingness.

1.5.2 Verifiability—In contrast to many other disorders, the addictions have the advantage

of reliable biological indicators of use that detect substance use over varying periods,

depending on the source of the sample, type of assay, and type of drug use targeted (Huestis

et al., 1995; Schwartz, 1988). In trials of cocaine use, quantitative urines collected 2–3 times

per week can provide accurate estimates of use, providing the analytic method controls for
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possible carry-over of use (Preston et al., 1997). However, frequent specimen collection

with quantitative analysis is costly, and in many cases it is necessary to provide incentives to

participants in order to sustain collection of multiple urine specimens per week over the

course of a several-month trial. Moreover, in the interest of independence of observations,

the urine collection schedule must be designed to minimize effects of such overlap (Preston

et al., 1997, 1999; Schuler et al., 2009; Schwilke et al., 2010).

The reliability and accuracy of self-report measures of illicit substance use remains a

controversial topic, but there is general agreement that self-reports are more accurate when

collected in conjunction with a biological indicator (Del Boca and Noll, 2000; Vocci, 2008).

While most consensus panels advocate combining urine and self-report data to enhance

accuracy (Donovan et al., 2012), doing so is not at all straightforward: In order to reconcile

the two sources of data, it is important that the urine specimens be collected at optimum

frequency (at least twice weekly). Ability to combine sources of data is constrained by the

analytical method and the type of drug considered, as most assays can identify only fairly

recent drug use, thus weekly or monthly urine specimen collection leaves ‘gaps’ in periods

of confirmability, while bi- and tri-weekly collection can overestimate use due to carry-over

effects (Preston et al., 1997; Somoza et al., 2008).

In addition, there is very little consensus regarding how self-report and urine data should be

combined when the two sources of information do not agree: The recommendation “believe

the source that indicates use” is sound but difficult to operationalize, particularly for

continuous variables (Korte et al., 2011). Consider the case in which a participant reports

using no marijuana for 2 consecutive weeks. With a cannabis- negative toxicology result at

week 1 and positive report at week 2, the self-report of abstinence is clearly not accurate, but

it is not clear how many days of use occurred. In the absence of a correction (e.g., through

re-interviewing the participant), the investigator would need to make assumptions regarding

how many days of marijuana use should be interpolated (one, two, or all seven?).

Dichotomous variables are somewhat less complex in these cases of discrepancy, as a single

positive urine sample will result in a clear ‘no’ for an indicator such as complete abstinence.

Similarly, the ‘abstinent at least X continuous days’ indicators are fairly straightforward, as

the presence of a positive urine during the time period in question will yield ‘no’.

1.5.3 Sensitivity to missing data—As noted earlier, the validity of many of the

candidate outcome indicators is to a large extent dependent on the availability of a full data

set, and their sensitivity and vulnerability to missing data is largely related to the

assumptions made regarding how missing data are handled. The implications of missing data

in analysis and reporting of clinical trials has been covered elsewhere (Lavori et al., 2008;

Siddique et al., 2008); hence we focus on the relative effects of missing data primarily as

they affect the indicators discussed herein. The key consideration underlying the “intention

to treat principle” is that data be collected regardless of the participant’s level of adherence,

retention, or dropout from a clinical trial (Nich and Carroll, 2002). In practice, however, it is

generally difficult to locate and obtain data from dropouts after they leave the trial.

Thus, a critical issue for most trials becomes clarifying the assumptions made regarding the

indicator after the participant drops out or is withdrawn, because most strategies used for
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estimating use after dropout (in the absence of data from the participant) are of questionable

validity. In particular, the frequently used strategy of ‘carrying forward’ the last value

recorded from the participant is untenable and highly problematic (Lavori, 1992; Lavori et

al., 2008; Mallinckrodt et al., 2004). Similarly, coding all data points from the point of

dropout as indicating drug use is unlikely to be accurate, as drug use trajectories after

treatment cessation vary widely (Hser et al., 2001, 2006; Morral et al., 1997). This approach

is particularly problematic when there is differential attrition across treatment conditions.

Statistical approaches such as multiple imputation strategies address these issues to some

extent, but remain constrained by the level of missing data (Mackinnon, 2010; Spratt et al.,

2010).

Regarding continuous variables, as noted earlier, use of different assumptions regarding

missing data can yield widely different estimates of use. Consider a participant who dropped

out of a 12-week trial after 4 weeks, with 2 of 4 of the weekly urine specimens collected

indicating use, and who reported using once a week. Percent days abstinent could be

calculated at least 2 different ways (7/28 or 25% if based on within treatment data; but

7+56/84, or 75%, if consistent use was assumed after dropout). Percent negative urine

specimens could also be calculated multiple ways (50% if based on urines given, 16% if

based on samples expected).

Reduction measures are also highly vulnerable to missing data, as they tend to require full

data over the time period of interest. For example, in order to evaluate the reduction in

cocaine use outcome, both the baseline “days of cocaine use in the past 28” and the

treatment endpoint “days of cocaine use in the past 28” must both be complete. The

dichotomous measures (continuous abstinence, continuous abstinence over a given period)

are less vulnerable to missing data, as they are generally based on the assumption of use

when data are missing.

1.5.4 Cost of measurement—The relative costs of different approaches to assessment in

randomized clinical trials in the addictions have been reviewed at length elsewhere (Babor et

al., 2000). In general terms, self-report is generally seen as the least costly, followed by

collateral reports and then biological indicators. However, costs of the various methods are

in reality much more complex, and one often “gets what one pays for” in that obtaining

accurate data often increases cost, regardless of the method used. Quantitative urinalyses,

which allow estimation of new episodes of drug use, are much more costly than qualitative

analyses. Similarly, self-report is generally seen as inexpensive and flexible relative to

urinalysis, but virtually all procedures used to increase accuracy of self-reports also increase

their costs. This includes the costs of more frequent data collection and with it, larger

incentives to participants to reimburse the time spent completing assessments, costs of more

experienced and highly trained research staff, and costs of collecting and analyzing urine

toxicology data against which to check accuracy of self-reports. Thus, even among self-

report methods, there are gradients of cost based on frequency of collection, whether the

measure is obtained via completing a form or through interview, and the frequency and type

of biological specimens required for validation. Variables such as retention in treatment and

reduction in frequency of use are probably the least expensive to obtain, as they take

comparatively little time to assess and cannot yet be verified biologically.
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1.6 Summary

Characteristics of the 15 candidate indicators across these criteria are summarized in Table

1, which also includes details on how they were operationalized. Overall, each indicator has

strengths and weaknesses, and no single one emerges as clearly superior based on the

features proposed here. The continuous variables are highly complex, as are the assumptions

underlying them, but they are most frequently used in reports of clinical trials and have the

benefit of sensitivity and added statistical power (Deyi et al., 1998; Snapinn and Jiang,

2007). However, continuous indicators of outcome are often not seen as particularly

compelling or informative to clinicians or policy makers (Kraemer et al., 2003a; Miller and

Manuel, 2008; Winchell et al., 2012). In contrast, the dichotomous variables have several

strengths when evaluated in this respect, but tend to be less sensitive and reduce power for

most analyses.

As noted earlier, few of these indicators have been evaluated empirically. Hence, a number

of important questions regarding key properties of these variables have rarely if ever been

studied. To address these issues, we evaluated these 15 candidate indicators using a dataset

compiled from 5 independent trials of behavioral and pharmacologic treatments for cocaine

dependence in terms of two key characteristics that can be evaluated empirically: First,

sensitivity to the effects of a range of interventions, both behavioral and pharmacological.

While in any single study it is crucial to include outcome indicators that are theoretically

linked to the goals and putative mechanisms of the intervention(s) studied, lack of a widely

used common indicator as basis on which to compare outcomes across studies/clinics

hampers progress in the field. At least some of the resistance to adoption of common

outcome indicators may be concern that some measures may not be sensitive to effects of

particular treatments. Thus, indicators that detect significant effects of multiple forms of

intervention may be more likely to be accepted by clinicians and researchers and therefore

adopted more broadly. Second, association with longer-term outcomes. Arguably the most

important characteristic of an outcome indicator, we evaluated the degree to which each

indicator was associated with cocaine use and general functioning during follow-up.

2. METHODS

2.1 Overview of the five trials

Rather than compare these indictors’ performance across multiple independent studies, data

from 5 randomized clinical trials of a range of treatments for cocaine dependence were

pooled in order to describe relative performance of the indicators in a large, heterogeneous

sample. These five trials (Carroll et al., 1998, 2004, 2008, 2012, under review) shared a

number of common characteristics: All were RCTs for cocaine dependent outpatients and

used similar inclusion/exclusion criteria. All but one trial was of 12 weeks in duration and

included a one-year follow-up with in-person interviews and urine specimen collection at

one, three-, six- and 12 months. All used a common assessment battery which included the

ASI (McLellan et al., 2006), administered monthly throughout treatment and at each follow-

up. Urine specimens were collected at least weekly during treatment and at each follow-up.

The Substance Use Calendar, an adaptation of the TLFB (Robinson et al., 2012; Sobell and

Sobell, 1992), provided self-reports of cocaine use on a daily basis for the 30 days preceding
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baseline assessment, daily throughout treatment, and through the terminal follow-up

interview. Urine data were generally consistent with self-report; rates of cocaine-positive

specimens in cases where the participant had denied use in the past three days were low and

consistent across studies (range 8.8 to 16.7%). Study designs, sample sizes, frequency of

urine sample collection and citations for the original trial reports and follow-up studies are

provided in Figure 1.

2.2 Calculation of within-treatment and follow-up outcome indicators

Descriptions of how the 15 candidate indicators were operationalized for these analyses are

provided in Table 1. Follow-up outcomes included days of cocaine use in the 28 days

preceding the 1, 3, 6, and 12 month follow-up, as well as complete abstinence from cocaine

for the entire follow-up period. Urine specimens were collected at each follow-up interview;

however, as these reflect only very recent cocaine use, these were used primarily as a check

of self-reports. The proxy measure of ‘good functioning’ within treatment was also

calculated over the course of follow-up as a dichotomous variable derived from the ASI as

described above.

2.3 Data analyses

The primary purpose of this report was to provide a descriptive comparison of the 15

candidate indicators in terms of sensitivity to treatment effects and prediction of cocaine use

and functioning during follow-up in a large heterogeneous sample. Hence, because we were

not testing specific hypotheses regarding efficacy of specific treatments or conducting a

meta-analysis (and thus simply replicating the original study reports), corrections for

multiple comparisons or use of inferential statistics were not made. Sensitivity of the

candidate outcomes to the effects of specific treatments, with separate analyses for the

behavioral versus pharmacologic approaches, was evaluated with specific contrasts for the

comparisons of interest (medication versus no medication; behavior therapy versus control)

using chi-square and ANOVA. Baseline severity was included as a covariate in those

analyses; because results were similar and would not alter interpretation, these are not

described here. Pearson product-moment and point biserial correlations were used to

describe relationships between the indicators and the follow-up outcomes. It should be noted

that this approach differs from those used in the original study reports, which used

longitudinal GLM models (e.g., days of cocaine use by week) and the full randomized

samples; the data described here are limited to the cross-sectional candidate indicators and

the subset of participants in each trial who contributed follow-up data.

3. RESULTS

3.1 Study samples, within treatment and follow-up outcomes

Descriptive data on participants’ demographic characteristics as well as substance use,

psychiatric and general functioning at baseline across the five studies are presented in

Supplemental Table 11. The pooled sample (N=434) had a mean age of 36.5; about one-

1Three Supplemental tables are included: Supplemental Table 1 provides demographic data by study and for the total sample; Table 2
provides intercorrelations among the 15 candidate indicators, and Table 3 provides detailed information on medication effects by
study; they can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:...
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third were female, one-half Caucasian and 39% African American, and 78% completed high

school. About half were unemployed, and 16% were referred by the criminal justice system.

Participants reported using cocaine an average of 13.4 days of the last 28, and had used

cocaine regularly for about 9 years prior to treatment. The majority (76%) had a lifetime

history of alcohol abuse/dependence; a smaller percentage met DSM-IV criteria for lifetime

depression (19%) or anxiety (10%) disorders. In terms of non-substance related problems on

the ASI, the participants reported most severe problems in employment (mean composite

score .61), followed by the family (.19) and psychological (.18) domains. Other than Study

C, which was composed of cocaine-dependent methadone-maintained individuals, opioid

use was minimal. As expected, there was substantial variability across studies in terms of

most baseline characteristics.

The 15 candidate outcome indicators by study are shown in Table 2. The retention indicator

(days in treatment) for the 84 day studies (Studies A, B, C, and E) ranged from 41 to 69

days. Higher retention in Study C likely reflects it being conducted in the context of a

methadone maintenance program. Percent of cocaine-negative urine specimens ranged

widely (23% to 54% across studies). Maximum days of consecutive abstinence ranged from

a mean of 17 to 28 days. Self-reported percent days of abstinence ranged from 60% to 85%.

Maximum days of consecutive abstinence during the last 2 weeks of treatment ranged from

7 to 10.

For the dichotomous indicators, percentages of participants who reported being completely

abstinent for the duration of treatment ranged from 5% to 24% across the studies. Percentage

reporting abstinence for 3 or more continuous weeks ranged from 23 to 65%; percentage of

those reporting abstinence for one or more weeks ranged from 63 to 81%. Percentage of

participants who completed treatment and were abstinent during the last week of treatment

ranged from 22% to 55%. For the reduction variables, the mean percent reduction in

frequency of cocaine use from the baseline month to the final month of treatment ranged

from 48% to 70%. Rates of participants who achieved 50% or more reduction in cocaine use

ranged from 16 to 33%, and for 75% reduction or more, rates ranged from 3 to 24%.

Follow-up outcomes are also presented in Table 2. Across studies, participants reported

using cocaine about 5 days each month throughout the follow-up period. For the four studies

with a one year follow-up, percentages of participants who reported abstinence for the full

duration ranged from 7 to 19%. The rate of complete abstinence for the study that followed

participants only up to 6 months post treatment (Study D) was 32%. Finally, a minority of

participants met criteria for the proxy indicator of ‘good functioning’ in the last month of

treatment (ranging from 0 to 25% across studies). Rates of individuals who met this

definition increased through follow-up; at the end of 6 months, between 13 and 27% met

this criterion; rates ranged from 11 to 39% for the four studies that followed participants out

to one year.

Simple correlations among the candidate outcomes are shown in Supplemental Table 22;

gradations in shading are used in order to simplify interpretation (darker shades of grey

2Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:...
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reflect higher correlations/stronger relationships). As expected, the majority of variables

were correlated with each other at a statistically significant level. Correlations were

particularly strong among the variables tapping similar dimensions (e.g., maximum days of

consecutive abstinence; 21, 14, or 7 days of abstinence; and abstinence at the end of

treatment). Variables that tended to have comparatively lower correlations with other

indicators, therefore suggesting greater independence, included retention as well as the two

dichotomous indicators of reduction in frequency of cocaine use (50%/75% reduction).

3.2 Sensitivity to effects of pharmacologic and behavioral therapies

3.2.1 Effects of medication—As four of the five studies evaluated disulfiram (Studies

A, B, C, and E), it was possible to explore outcomes by condition (disulfiram, placebo, no

medication). For the pooled sample in these four studies (N=396), six of the 15 indicators

suggested significant main effects; four of which indicated better outcomes for those

assigned to disulfiram as shown in Table 3. Three of these were continuous (retention,

maximum consecutive days of abstinence, and maximum days of abstinence during the last

two weeks of treatment) and one was dichotomous (abstinent and completed treatment).

Percent of participants who attained three or more weeks of abstinence approached but did

not reach statistical significance. The reduction variables, as well as complete abstinence,

did not indicate significant effects by medication condition.

Note that the original studies did not all report significant effects for disulfiram with respect

to the control condition (Studies A and B reported main effects for disulfiram over the

control, while in Studies C and E findings were weaker or confined to subgroups;

Supplemental Table 33 presents results across the outcome indicators by study). Considering

each study separately, these results replicate those described in each primary study report in

terms of the outcomes that indicated statistically significant effects. That is, the original

reports describing Studies A and B indicated a significant effect for disulfiram on maximum

days of abstinence and attaining three or more weeks of continuous weeks of abstinence; in

the current dataset there was a medication effect for number and percent completely

abstinent the last 2 weeks of treatment for these studies. Conversely, in the single protocol

that did not indicate a main effect of disulfiram (Study C), there were no significant

differences for any indicator.

3.2.2 Effects of behavioral therapies—The five RCTs evaluated three different

behavioral therapies (TSF, CBT, and CM), alone and in various combinations, and used a

range of designs and control groups, as shown in Figure 1. This complicated evaluation of

the 15 candidate indicators’ ability to detect effects of specific behavioral therapies, in a

manner similar to the difficulty of conducting meta-analyses for behavioral therapies where

different types of control groups are used. That is, magnitude of effects in behavioral

therapies research is to a large extent dependent upon the nature of the condition to which it

is compared (Kazdin and Bass, 1989; i.e., no treatment/wait list controls are more likely to

result in larger effect sizes than attention control conditions or active controls). Therefore,

3Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:...
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we evaluated the 15 indicators across the full pooled sample (N=434), contrasting each of

the three therapies of interest with one pooled control condition.

Results are shown in Table 4, which suggests that among the six continuous variables,

significant effects were seen for percentage of cocaine-negative urine specimens and self-

reported percent days of abstinence, two of the most widely-used outcome indicators.

Maximum days of abstinence approached statistical significance (p=.06), as did the

continuous measure of reduction (p=.09). Among the nine dichotomous variables, five

indicated statistically significant differences between the experimental therapy and control:

abstinence in the last two weeks of treatment, treatment completion with abstinence at the

end of treatment, attaining 2/3 or more weeks of continuous abstinence, reduction of

frequency of cocaine use by 75% or more, and the variable indicating good general

functioning. Those that appeared least sensitive included treatment retention and complete

abstinence.

For those variables where there were significant differences, post hoc pairwise comparisons

were consistent with previous systematic reviews and meta-analyses (Dutra et al., 2008)

which have indicated particularly strong within-treatment effects for CM, generally followed

by CBT, with less consistent effects for TSF. As with the medication analyses above,

selection of different primary indicators would lead to different conclusions regarding

efficacy of treatments. For example, CM, which specifically rewards submission of

consecutive drug-free urine specimens, had better outcomes than CBT, TSF, and the pooled

control condition, on variables reflecting those outcomes (percent negative urine specimens,

and various durations of consecutive abstinence). CBT generally appears strongest for

outcomes reflecting abstinence in the last 2 weeks of treatment, consistent with the literature

suggesting delayed emergence of effects (Carroll et al., 1994).

3.3 Association with follow-up outcomes

Relationships between the outcome indicators and follow-up outcomes (frequency of

cocaine use and ‘good functioning’ by follow-up) are shown in Table 5. To simplify

interpretation, strength of relationships is indicated by gradations in shading. Among the

continuous variables, the indicators most consistently/strongly related to frequency of

cocaine use and abstinence across the follow-up included maximum length of abstinence in

the last 2 weeks of treatment, maximum days of abstinence during treatment, and percent

days of cocaine use, all commonly used indicators of outcome in multiple trials. Among the

dichotomous indicators, those most strongly and consistently related to cocaine use during

follow-up included whether the participant attained 3 or more weeks of abstinence. Within

this set of candidate indicators, retention in treatment, complete abstinence, and the

dichotomous reduction indicators (50/75% reduction) were weakly and inconsistently

related to cocaine use during follow-up. The proxy indicator of ‘good functioning’ within

treatment showed moderate relationship to cocaine use during follow-up.

Regarding correlation of the indicators with the proxy measure of ‘good functioning’ during

follow-up, the three variables most strongly and consistently related to better outcomes

during follow-up were all dichotomous: three or more weeks of continuous abstinence, 2 or

more weeks of continuous abstinence, and good functioning at the end of treatment.
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Retention in treatment, the two dichotomous reduction variables and complete abstinence

within treatment were very weakly related to good functioning during follow-up.

4. DISCUSSION

With the broad aim of informing efforts to adopt a more standardized and clinically relevant

approach to reporting outcome measures in the addictions, this report describes a systematic

empirical comparison of commonly-used and novel indicators of cocaine treatment outcome

measures. In terms of sensitivity to the effects of pharmacologic and behavioral therapies,

the most commonly used outcome measures (percent negative urine screens; percent days of

abstinence), performed relatively well in that they were sensitive to the effects of behavioral

and pharmacologic treatments evaluated (and were consistent with findings reported for the

original trials). However, many of the other indicators were less sensitive to the effects of

these treatments. Finally, the indicators that had the highest and most consistent

relationships with cocaine use frequency and general functioning during follow-up were

those that reflected achievement of sustained periods of abstinence, particularly at the end of

treatment.

The primary aim of this report was to compare multiple outcome indicators across multiple

dimensions to inform efforts to identify clinically useful indicators of outcome for

intervention studies in the addictions. These data underscore that all indicators have some

strengths and weaknesses and suggest why adoption of a single indicator has been so

elusive: Even among these 5 trials, which were conducted by the same research group, with

largely parallel methods and assessment batteries, there was marked variability in baseline

characteristics and outcome across the candidate indicators. This level of heterogeneity is

inherent in the field as well, and underscores why investigators often have widely varying

opinions as to selection of appropriate indicators (and hence the limits of expert consensus

panels alone in selecting one common indicator). The variability in this pooled dataset also

highlights the limitations of using data from any single trial to identify robust predictors or

standard outcome indicators.

4.1 Poorer performing candidate indicators

On the basis of dimensions evaluated here, our data suggest several indicators as candidates

for elimination from the potential pool of common outcome indicators: First, retention in

treatment, while arguably the most attractive based on practical considerations (very

inexpensive to obtain, simple to verify, easy to calculate, and relatively impervious to

missing data), performed poorly. Retention also had relatively low levels of relationships to

the other indicators. Although it was one of the few variables demonstrating significant

differences between disulfiram and the control conditions, it did not discriminate among the

behavioral therapies tested and was a particularly weak predictor of cocaine use or

functioning in the year following treatment. Although retention has been frequently used as

an outcome indicator in important treatment trials (Simpson et al., 1997, 1999), these data

are consistent with recent reports that suggest retention may have limited utility as an

outcome measure in terms of its relationship with cocaine use and functioning during

follow-up (Hien et al., 2012; Walker, 2009).

Carroll et al. Page 16

Drug Alcohol Depend. Author manuscript; available in PMC 2015 April 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Another indicator which, although relatively easy to calculate and straightforward to

interpret, fared relatively poorly in this set of analyses was complete abstinence within

treatment. Although achieved by a reasonable minority of the sample (14%), complete

abstinence was not sensitive to the effects of the behavioral and pharmacologic treatments

evaluated here and was a relatively weak predictor of post-treatment cocaine use and general

functioning. Given the emphasis placed on complete abstinence in many clinical treatment

programs, the weak performance of this indicator is surprising and worthy of further

investigation. In contrast, the variables indicating abstinence achieved at the end of

treatment (abstinence in the last two weeks of treatment, completing treatment and abstinent

in the last week, maximum days of abstinence in the last two weeks) were more sensitive to

the effects of treatment and more consistently related to less cocaine use and better

functioning in follow-up. This may suggest some inherent value in striving to achieve

abstinence, or learning from episodes of relapse within treatment.

Other weaker indicators included the variables associated with reduction in use. These not

only were cumbersome to calculate, highly susceptible to missing data, and difficult to

verify biologically (unless quantitative urinalysis with an appropriate collection schedule is

available) but also proved insensitive to the effects of the therapies evaluated here.

Moreover, they had relatively weak relationships to indicators of cocaine use and

functioning during follow-up. While the concept of focusing on reduction, rather than

abstinence, in intervention trials is relatively novel and has the benefit of being tied to

traditional approaches of measuring clinical significance (Jacobson et al., 1999; Jacobson

and Truax, 1991; Marsden et al., 2009), reduction in frequency of cocaine use was, as

calculated here, of limited use in discriminating treatments or predicting cocaine use during

follow-up.

4.2 Better-performing candidates

Several variables performed comparatively well, including the continuous indicators that

have been used most frequently in the treatment outcome literature (maximum days of

consecutive abstinence, percent days abstinence, abstinence at the end of treatment, and

percent of negative urine specimens). These were generally sensitive to the effects of at least

some of the treatments evaluated and were relatively good predictors of follow-up. Although

these measures have limitations, these data should be of some reassurance to the field. It

therefore seems reasonable to continue to use them, provided they are consistently defined

and missing data are minimized.

Regarding the dichotomous indicators, attaining a period of abstinence for three or more

weeks at any time during the treatment episode performed relatively well. It was

consistently significantly related to cocaine use and ‘good functioning’ during follow-up,

perhaps the most important of our criteria. Although not sensitive to effects of disulfiram for

the pooled sample, it did replicate findings from the individual studies. In terms of the

behavioral therapies, it was also sensitive to the effects of CM. Finally, as one of the aims of

this report was to use a combined dataset and empirically based criteria to identify a

dichotomous indicator as a candidate standard outcome of clinical significance, it is notable
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that ‘three or more weeks of abstinence’, a ‘success indicator’ identified very early on in

cocaine treatment research (Gawin et al., 1989) performed relatively well.

In contrast to variables focused solely on cocaine use, this report also introduced a proxy

measure of ‘good functioning’, operationalized as a composite of no cocaine use with no

reported legal, employment, psychological or family problems in the 28 days prior to

interview. This variable, while requiring validation and replications, also suggested some

promise, as it identified a reasonable proportion of individuals at each assessment point (0%

of the pooled sample at baseline, 11% at end of treatment, and 21% at one year follow up).

4.3 Strengths and limitations

As one of the first systematic empirical comparisons of commonly-used and more novel

outcome indicators for cocaine intervention trials, this report had multiple strengths. Data

were drawn from randomized, well-controlled clinical trials that used a common assessment

battery and identical approach to measurement, with substantial representation of women

(33%) and ethnic minorities (48%). It included a variety of empirically-validated behavioral

therapies and one pharmacotherapy, disulfiram, which is one of a small field of agents

demonstrating promise in the treatment of cocaine dependence. Unlike many

pharmacotherapy trials, these trials included one-year follow-up data on both cocaine use

and general functioning. Finally, it was the first to systematically compare outcome

indicators based on standard definitions of clinical significance (e.g., reductions in

symptoms of 2 standard deviations or more; 75% reduction) to other indicators. Moreover,

the estimated level of reduction in frequency of cocaine use in the pooled sample (58%

overall) is comparable to another recently reported estimate from another large dataset

(Marsden et al., 2009).

There were some weaknesses as well; the dataset, while comparatively large, was drawn

from a single research group and focused only on cocaine treatment trials; hence validation

by other groups and with datasets focused on other types of illicit drug use is necessary. The

trials included multiple empirically-validated behavioral treatments, but only a single

medication disulfiram, that has not been uniformly effective. As different indicators may be

differentially sensitive to the effects of different medications, similar analyses may be useful

across other promising mediations. We did not include some candidate indicators that have

substantial support (craving, quality of life; Tiffany et al., 2000; Tiffany and Wray, 2012), as

these variables were not collected identically across all 5 trials. We operationalized and

defined each variable carefully; however, there are multiple, reasonable ways to calculate

many of these variables (e.g., percent days of abstinence, percent positive/negative urine

specimens). Alternate ways of calculating these indicators may have led to different

conclusions, underscoring the importance of sensitivity analyses in clinical trials and clear

specification regarding handling of missing data.

4.4 Summary

As the first empirical comparison of multiple widely-used outcome indicators across

multiple trials with well-characterized treatments, the data presented here represent a modest

proposal and challenge to the field move toward use and reporting of a smaller empirically
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strong set of common outcome measures. The outcome indicators emerging from these

analyses with the most support were closely related to those that have already been adopted

in the fields of tobacco and alcohol use, that is, abstinence-based outcomes, such as

abstinence at the end of treatment or a durable period of continuous abstinence. While

variability across samples and designs dictates continued selection of outcomes which are

matched to the theoretical mechanisms of action of the treatment and design of the trial,

consistent reporting of one common outcome measure would greatly accelerate comparison

across trials and benchmarking with clinical outcomes and hence are essential to systematic

progress within our field.
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Figure 1.
Overview of designs and samples of randomized clinical trials included in dataset

Note. CBT = Cognitive-behavioral therapy. TSF = Twelve-step facilitation. Disulf =

disulfiram. ClinM = Clinical management. CM = Contingency management.
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