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Abstract

BACKGROUND—Methadone maintenance for heroin dependence reduces illicit drug use,
crime, HIV risk, and death. Typical dosages have increased over the past few years, based on
strong experimental and clinical evidence that dosages under 60 mg/day are inadequate and that
dosages closer to 100 mg/day produce better outcomes. However, there is little experimental
evidence for the benefits of exceeding 100 mg/day, or for individualizing methadone dosages. We
sought to provide such evidence.

METHODS—We combined individualized methadone dosages over 100 mg/day with voucher-
based cocaine-targeted contingency management (CM) in 58 heroin- and cocaine-dependent
outpatients. Participants were randomly assigned to receive a fixed dose increase from 70 mg/day
to 100 mg/day, or to be eligible for further dose increases (up to 190 mg/day, based on withdrawal
symptoms, craving, and continued heroin use). All dosing was double-blind. The main outcome
measure was simultaneous abstinence from heroin and cocaine.

RESULTS—We stopped the study early due to slow accrual. Cocaine-targeted CM worked as
expected to reduce cocaine use. Polydrug use (effect-size h = .30) and heroin craving (effect-size d
= .87) were significantly greater in the flexible/high-dose condition than in the fixed-dose
condition, with no trend toward lower heroin use in the flexible/high-dose participants.

CONCLUSIONS—Under double-blind conditions, dosages of methadone over 100 mg/day, even
when prescribed based on specific signs and symptoms, were not better than 100 mg/day. This
counterintuitive finding requires replication, but supports the need for additional controlled studies
of high-dose methadone.
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1. INTRODUCTION

Methadone maintenance is an effective treatment for opioid dependence, particularly when
given with other psychosocial services (Ball et al., 1988; Barthwell et al., 1989; Gerstein and
Lewin, 1990; McLellan et al., 1993; Caplehorn et al., 1994; Goldstein and Herrera, 1995;
Bell et al., 1997). Nevertheless, some methadone patients continue to abuse heroin during
treatment, even with extensive psychosocial services (McLellan et al., 1993).

One longstanding issue in methadone maintenance is appropriate dosing. Historically,
methadone dosage practices have sometimes been ideologically driven (Williams, 1970;
Maddux et al., 1991). The average methadone dose in community clinics has increased over
the past few decades, with the proportion of patients receiving doses <80 mg decreasing
from 94% in 1988 to 56% in 2005 (Maddux et al., 1991; D'Aunno and Vaughn, 1992;
D'Aunno et al., 1999; D'Aunno and Pollack, 2002; Pollack and D'Aunno, 2008), and prior
outside approval of doses over 100 mg/day is no longer required (Rettig and Yarmolinsky,
1995). The trend toward higher doses has been supported by clinical trials and by
retrospective analyses of outcome in clinical populations (Caplehorn and Bell, 1991; Strain
etal., 1993; Maremmani et al., 1994; Hartel et al., 1995; Ling et al., 1996; Schottenfeld et
al., 1997; Strain et al., 1999; Farré et al., 2002). A Cochrane review of randomized trials
found that higher doses of methadone (60 to 100 mg/day) were more effective than lower
doses (1 to 39 mg/day) in reducing heroin use (Faggiano et al., 2003). Some addictions
specialists have advocated for doses above 100 mg (Maremmani et al., 2003; Fareed et al.,
2009), particularly in special populations (McCarthy et al., 2005). One criticism of nearly all
recent major trials, including our previous studies, is that they used fixed doses (Strain et al.,
1993; Ling et al., 1996; Schottenfeld et al., 1997; Preston et al., 2000) rather than the more
flexible, individualized approach to dosing now endorsed by Center for Substance Abuse
Treatment (CSAT, 2005) and currently used in most community clinics.

A complication in clinical practice is that many methadone patients abuse nonopiate drugs
such as cocaine. Cocaine abuse during methadone maintenance indicates poor prognosis,
both in terms of treatment dropout (Greenfield et al., 1996; Simpson et al., 1997; Kidorf et
al., 1998) and heavy concurrent use of heroin (Hartel et al., 1995). In many cases, the
relationship between cocaine abuse and heroin abuse appears causal: 36% of cocaine-
abusing methadone patients report using heroin to modify the effects of cocaine, either by
co-injection or to lessen dysphoria as cocaine effects dissipate (Kidorf and Stitzer, 1993).
All these data suggest that methadone programs seeking to reduce treatment dropout and
heroin abuse should put a high priority on reducing cocaine abuse.

One of the most effective treatments for cocaine abuse is contingency management (CM), in
which desired behaviors are externally reinforced (Prendergast et al., 2006; Dutra et al.,
2008). We previously showed that CM targeted at opiate abstinence, along with a fixed
increase in daily methadone dose from 50 mg to 70 mg, each significantly increased opiate
abstinence (Preston et al., 2000).

In a more recent CM study (Epstein et al., 2009), we administered higher doses of
methadone (70 or 100 mg/day) combined with CM to promote abstinence from both heroin
and cocaine. We used a novel contingency that reinforced abstinence from either drug while
doubly reinforcing simultaneous abstinence from both. Each intervention was effective in
specific ways: cocaine-targeted CM reduced cocaine use, and the methadone dose increase
reduced heroin use. However, achievement of polydrug abstinence was difficult for most
patients. This finding suggested that for CM to promote simultaneous abstinence from
cocaine and heroin, a relatively high dose of methadone is necessary. Therefore, we decided
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to investigate an approach in which CM was targeted exclusively toward cocaine use, while
methadone was deployed against heroin use more effectively.

The aim of this study was to evaluate the efficacy and safety of individualized methadone
doses over 100 mg/day (based on each patient's opioid use, craving, and withdrawal
symptoms and on avoidance of side effects such as constipation and sedation) combined
with voucher-based cocaine-targeted CM to reduce opioid and cocaine use. We
hypothesized that the individualized dose increases would increase abstinence from heroin
and that the addition of CM would result in greater simultaneous opioid and cocaine
abstinence, and higher treatment retention, when compared to methadone doses fixed at 100
mg and a control condition for CM. As described below, surprisingly, these hypotheses were
not supported. One limitation of the study is a partial failure of randomization (discussed
below), but that limitation does not seem to account for the unexpected results.

2. METHOD
2.1 Participants

Participants were selected from 140 outpatients admitted for methadone maintenance at a
research clinic in Baltimore, MD. Screening included medical, psychiatric, and drug-use
histories, physical examination, standard laboratory tests, and a battery of assessment
instruments, including the Addiction Severity Index (ASI) (McLellan et al., 1985) and the
Diagnostic Interview Schedule (DIS-1V; Robins et al., 1995). Eligibility criteria for initial
enrollment were: age 18-65, cocaine and opiate use (by self-report and urine screen), and
physical dependence on opiates. Exclusion criteria were: current psychotic, bipolar, or major
depressive disorders; current physical dependence on alcohol or sedatives (because our
outpatient clinic did not have the resources to meet the medical needs that would arise
during detoxification); unstable serious medical illness; estimated 1Q below 80, per the
Shipley Institute of Living Scale (Zachary, 1986); and conditions precluding urine
collection. Eligibility for randomization to a group was based on subsequent heroin and
cocaine use during a six-week baseline (see below). DSM-1V diagnoses of heroin or cocaine
dependence were not required. Of 140 patients enrolled, 38 failed to meet continued-drug-
use criteria for randomization, and 38 dropped out before being randomized. Six were
assigned to a group whose only purpose was to maintain the blind (details below); the
remaining 58 were randomized to one of the three experimental groups (Figure 1).

This study was approved by the Institutional Review Board of the NIDA Intramural
Research Program; each participant gave written informed consent.

2.2. Standard treatment

All participants received daily methadone and weekly individual counseling for up to 40
weeks, of which the last 10 weeks were a scheduled dose taper (before and during which,
our clinic staff helped participants transfer to community methadone clinics). In weekly
individual-counseling sessions, counselors completed a semistructured psychosocial
assessment and treatment plan for each participant. Reduction of substance use was the
primary goal. Methadone HCI (Mallinckrodt, Inc., St. Louis, MO) was administered orally
in a fixed volume of 95 ml of cherry-flavored solution throughout the study. Dose was
stabilized at 70 mg/day within seven days.

2.3. Urine and breath toxicology

Mondays, Wednesdays, and Fridays, urine specimens were collected under observation.
Testing was conducted with an Enzyme Multiplied Immunoassay Technique (EMIT; Syva
Corp., Palo Alto, California) system that provided qualitative results for cocaine
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(benzoylecgonine equivalents; BZE), opiates (morphine), marijuana, and benzodiazepines
(oxazepam). Cutoffs were 300 ng/ml for cocaine, opiates, and benzodiazepines, and 50 ng/
ml for marijuana. Breath alcohol was determined with an Alco-Sensor I11 (Intoximeters,
Inc., St. Louis, MO). Use of alcohol, benzodiazepines, and nonheroin opiates was rarely
detected or reported; use of cannabis was detected in approximately 19% of urine screens.

2.4. Other measures of treatment response

Once a week, in clinic, participants completed questionnaires in which they rated on a scale
of 0 to 4 how much they had “wanted” heroin or cocaine in the past week, with the response
anchors “not at all,” “a little,” “moderately,” “quite a bit,” and “extremely.” On the same
occasions, with the same 0-4 response anchors, participants rated 24 symptoms of opiate
withdrawal (nausea, runny nose, etc.) in the last two days. The 24 opiate-withdrawal items
were summed to generate a score between 0 and 96. Cronbach alphas, computed separately
for each week, ranged from .93 to .95.

Every two weeks, during the experimental phase of the study, participants completed
questionnaires on which they rated their degree of constipation and sedation, the two main
side effects expected from high doses of methadone. In addition, every two weeks, a staff
member rated the participants’ objective signs of opiate withdrawal, using the Clinical
Opiate Withdrawal Scale (COWS; Wesson and Ling, 2003). A study physician (JPS or
KAP) reviewed participants’ progress at least every two weeks to determine whether dose
adjustments were appropriate. Actual dose increases were based on randomization group
assignment and were double-blind, with neither the physician nor participant knowing
whether they actually occurred.

2.5. Study timeline and groups

Baseline began upon enrollment and continued until the participant had provided 18 urine
specimens (at least 6 weeks). Participants were then eligible for randomization if they had
tolerated 70 mg/day and tested positive for heroin and cocaine at least four times each (not
necessarily on the same days) with at least one positive urine occurring in the last 2 weeks of
Baseline. Participants not meeting these criteria (n = 38) were excluded from randomization
but were permitted to remain in treatment for the rest of the study; their data are not reported
here. Participants were not told about the randomization criteria.

For the 16-week Intervention, participants were randomized to one of three main
experimental groups or a fourth group (described below). For the 8-week Maintenance,
standard treatment was resumed. Thereafter, participants were encouraged to transfer to
community treatment programs; those who did not were offered a 10-week methadone taper.

We used a 2 x 2 design, with each participant assigned to one of two methadone-dose
conditions and one of two CM conditions (Figure 1). Assignment was unequal to maximize
power for the two pairwise comparisons of interest (Woods et al., 1998; Dumville et al.,
2006). We hypothesized that group “Both” (flexible/!100 mg dose, cocaine-contingent
vouchers) would have greater sustained simultaneous abstinence from heroin and cocaine
than group “Neither” (fixed/100 mg dose, noncontingent vouchers) or group “CM” (fixed/
100 mg dose, cocaine-contingent vouchers). Group “Flexible” (flexible/>100 mg dose,
noncontingent vouchers) existed solely to maintain the blind.

When we began enrollment, toward the end of 2004, we intended to collect data from 55
participants in each of the three main experimental groups. We stopped enrolling
participants in 2010, before reaching our sample-size target, partly due to slow enrollment
and reduced randomization eligibility due to not meeting continued-drug-use criteria and
partly because we believed that real-world clinical practice had largely resolved our
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experimental question about flexible/high-dose methadone. Thus, we expected that we
would see at least a trend toward results in the hypothesized direction.

When we broke the blind, we noted that group “CM” was larger than the other two main
groups. This was due to an undetected change in the inputs to our urn-randomization
algorithm. The algorithm, which had been programmed into our in-house medical-records
system to maintain the double blinding of dose conditions, stratified group assignments by
sex, race, and frequency of opiate- and cocaine-positive urine specimens during baseline.
The algorithm had automated access to the baseline urine data, which came from an external
laboratory. Before the last 12 participants were randomized, the external laboratory changed
the format of its data so that the necessary fields were empty. The randomization algorithm
assigned all 12 of those participants to group “CM.”

2.6. CM conditions

In all of the CM conditions, participants could receive vouchers exchangeable for goods and
services in the community consistent with treatment goals (not for cash). The maximum
total value was $1418.

2.6.1. Noncontingent (Groups “Neither” and “Flexible”)—In this control condition,
each participant received vouchers independent of individual urine results on a schedule
designed to simulate the frequency of voucher earnings of participants in the CM condition.
This ranged from 20% to 100% of urine-collection days. Participants were told that they
would receive vouchers on a “completely unpredictable schedule.”

2.6.2. Cocaine contingency (Groups “CM” and “Both”)—Participants received a
voucher immediately upon provision of each cocaine-negative urine. The value of the
vouchers began at $4.00 and increased by $2.00 for each consecutive cocaine-negative
urine, to a maximum of $30 per voucher. Upon provision of a cocaine-positive urine sample
or failure to provide a urine sample, the voucher was withheld, and the value of the next
earned voucher was reset to $4.00. An additional voucher worth $10.00 was given for every
three consecutive cocaine-negative urine samples.

2.7. Methadone-Dose Conditions

2.7.1. Dose increase to 100 mg/day, then fixed at that dose (Groups “Neither”
and “CM")—Participants assigned to this condition received dose increases to a target of
100 mg/day over the first 4 days of Intervention and remained at that dose throughout the
Intervention.

2.7.2. Dose increase to 100 mg/day, followed by individualized dose
adjustments (Groups “Flexible” and “Both”)—Participants assigned to this condition
received dose increases to a target of 100 mg/day over the first 4 days of Intervention, and
were thereafter eligible to receive increases to a maximum of 190 mg/day, based on
withdrawal symptoms, adverse effects, and opiate-positive urines. Each dose increase was
15 mg/day, given at intervals of at least two weeks. If the participant showed signs of opioid
intoxication or other adverse effects, the dose increase was suspended, but could resume if
signs diminished.

Dose changes did not require breaking of the blind. When a participant met the requirement
for a dose increase, the clinic physician wrote a pharmacy order. If the participant was in a
flexible-dose group, the in-house pharmacist increased the methadone dose; if not, the
pharmacist left the dose unchanged. For dose decreases, the pharmacist completed all
physician orders.
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2.8. Data analysis

The primary outcome measure was urine drug screens simultaneously negative for opiates
and cocaine. Analyses in this report focus on the Intervention phase. The “Flexible Dose”
group not receiving cocaine-targeted CM was not included in the statistical analyses because
it existed only to maintain the blind and was not part of the a priori plan for analysis. Only
six participants were randomized to that group. For all analyses, the alpha level was p< .05
(two-tailed), with trends noted at p < .10. Analysis was on an intent-to-treat basis. Degrees
of freedom differ across analyses, reflecting inclusion of different numbers of covariates.

Intake measures were analyzed by ANOVA (for continuous variables), Pearson ! 2 (for
categorical variables), or Fisher's exact test (for categorical variables with expected cell sizes
under 5).

Study retention was analyzed with a log-rank test (SAS Lifetest procedure) of time until
provision of the final urine sample; participants who left before the final week of the
intervention phase were classified as “dropouts” in statistical analyses (see next paragraph).

Urine results from Intervention were analyzed by repeated-measures logistic regression
(SAS Proc Glimmix). In three sets of analyses, the dependent variables were opiate-negative
urines, cocaine-negative urines, and (the primary outcome measure) urines simultaneously
negative for opiates and cocaine. We treated Group as a three-level variable and made
Tukey-adjusted pairwise planned comparisons between groups. Thus, each model contained
the following predictors: Group (CM, Both, Neither), a control term for baseline drug use
(percentage of urine specimens negative for the drug or drugs being analyzed), and a control
term for the nonrandomness of the missing data (coded 1 for participants who were
intervention-phase “dropouts,” 0 for those who were not; Hedeker and Gibbons, 1997). To
avoid convergence problems, no parameter estimates were made for Day (which would have
had 48 levels, corresponding to the 48 urines screens done across 16 weeks). A first-order
autoregressive error structure was used.

Longest duration of simultaneous abstinence from opiates and cocaine, based on urine data,
was analyzed by an ANCOVA in which the categorical predictor was Group (CM, Both,
Neither) and the continuous covariate was each participant's baseline percentage of urines
simultaneously negative for opiates and cocaine. The ANCOVA was followed by Tukey-
adjusted pairwise comparisons between groups.

Withdrawal symptoms and drug craving were analyzed by repeated-measures linear
regression (SAS Proc Mixed), using models similar to the Glimmix models for urine results.
These models converged when parameter estimates were made for Week (17 levels) and
Group x Week interaction, so those terms were included. Each model also included a control
term for each participant's baseline mean on the response being analyzed. Tukey-adjusted
pairwise planned comparisons were made between groups.

COWS, sedation ratings, and constipation ratings were also analyzed by repeated-measures
linear regression (SAS Proc Mixed). These models converged when parameter estimates
were made for Week (8 levels) and Group x Week interaction, so those terms were included.
However, the measures were administered during the intervention phase only, so no control
term for baseline ratings could be included.

Effect sizes for differences between percentages are expressed in terms of Cohen's h; h
values of .2, .5, and .8 denote small, medium, and large effect sizes, corresponding roughly

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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to R? values of 1%, 5%, and 14% (Cohen, 1988). Effect sizes for differences between means
are expressed in terms of Cohen's d; d values of .2, .5, and .8 denote small, medium, and
large, corresponding roughly to R? values of 1%, 6%, and 14%. The values used to calculate
effect sizes were the covariate-adjusted values.

3. RESULTS

3.1. Participant Characteristics

Demographic characteristics (shown in Table 1) did not differ significantly among the three
main experimental groups, nor between the randomized participants and those who dropped
out before randomization or who did not meet criteria for randomization (data not shown).

3.2. Retention

The mean total number of weeks in the study (maximum 22, for Baseline plus Intervention)

was 19.9 (SD 4.3, range 7.3 to 22) for group “CM,” 18.9 (SD 5.1, range 9.6 to 22) for group
“Both,” and 21.1 (SD 3.6, range 7.6 to 22) for group “Neither.” Survival analysis showed no
significant difference across groups (log-rank chi-square = 1.49, df = 2, n.s.).

3.3. Methadone dose given

The maximum daily dose actually given in group “Both” averaged 139.2 mg/day (SD =
30.9, median = 115, range = 100 to 190). All but one participant in that group received a
maximum dose greater than 100 mg/day. The participant who did not was incarcerated
during the study before qualifying for increases over 100 mg/day.

3.4. Treatment outcome - Opiate and cocaine use

The primary outcome measure, urine specimens simultaneously negative for opiates and
cocaine, is shown in Figure 2. Controlling for the six-week baseline and for dropout, there
was a significant difference among groups during the 16-week intervention, F(2, 51) = 9.60,
p = .0003. However, the nature of the differences was not as predicted: abstinence was
greater in group “CM?” than in group “Both” (Tukey p = .018; effect-size h = 0.30) and did
not differ between groups “Both” and “Neither” (Tukey p =.70; h = 0.08).

Figure 3 shows another measure of simultaneous abstinence from opiates and cocaine,
longest duration of abstinence. An ANCOVA controlling for baseline abstinence showed no
significant difference among groups, F(2,53) = 1.09, p = .34 (no pairwise comparisons
significant).

Figures 4a and 4b show urine specimens negative for opiates and cocaine, respectively. For
opiates (Figure 4a), the difference among groups was only marginally significant, F(2,51) =
2.68, p = .078. Again, this reflected greater abstinence in group “CM” than in group “Both”
(Tukey p =.076, h = 0.28) and no significant difference between groups “Both” and
“Neither” (Tukey p =.13; h = 27, with the absolute values favoring group “Neither”). For
cocaine, the difference among groups was significant, F(2,51) = 21.61, p <.0001, and again,
this reflected greater abstinence in group “CM?” then in group “Both” (Tukey p =.0003; h

= .49) but no difference between groups “Both” and “Neither” (Tukey p = .60; h = 09).

3.5. Treatment outcome - Withdrawal

3.5.1. COWS and Withdrawal symptoms—Obijective signs of opiate withdrawal, as
reflected in COWS scores (Figure 5, upper left panel), differed among groups, F(2,52) =
12.35, p <.0001. Contrary to our hypothesis, this reflected lower COWS scores in group
“CM?” than in group “Neither” (Tukey p < .0001; effect-size d = 1.39) or Group “Both”
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(Tukey p =.0039; d = 1.18), and no difference between groups “Both” and “Neither”
(Tukey p =.93; d =0.14).

Subjective symptoms of opiate withdrawal (Figure 5, upper right panel) also differed among
groups at trend level, F(2,54) = 2.95, p = .061. The pattern was similar to what was seen
with objective signs on the COWS, except that group “Neither” seemed to have fewer
symptoms relative to its frequency of objective signs. The salient and unpredicted findings
were that withdrawal symptoms were greater in group “Both” than in group “CM” (Tukey p
=.048; d = 0.82) and did not differ between groups “Both” and “Neither” (Tukey p = .26; d
= 0.60; the absolute difference favored group “Neither”).

3.5.2. Craving (“Want heroin” and “want cocaine” )—Weekly ratings of “Want
Heroin” and “Want Cocaine” (Figure 5, lower panels) differed among groups, F(2,54) =
3.61, p = .034 (heroin), F(2,54) = 5.08, p = .009 (cocaine). In both cases, ratings were lowest
in group “CM.” For “Want Heroin,” ratings were significantly lower in group “CM” than in
group “Both” (Tukey p = .034; d = 0.87) and also tended to be lower in group “Neither”
than in group “Both” (Tukey p = .073; d = 0.85). For “Want Cocaine,” ratings were
significantly lower in group “CM” than in group “Neither” (Tukey p = .003; d = 0.96) and
also tended to be lower in group “CM” than in group “Both” (Tukey p =.092; d = 0.58), and
did not differ between groups “Both” and “Neither” (Tukey p = .38; d = 0.34; the absolute
difference favored group “Both”).

3.6 Methadone adverse effects

Weekly reports of sedation did not differ among groups; the frequency of such reports was
generally around 10% per week, and 38% of participants reported sedation on at least one
assessment (weekly data are shown in Figure S11). Weekly reports of constipation did differ
among groups, F(2,52) = 3.98, p = .025. However, the difference was not related to the
methadone dose: constipation was reported by 59% of participants in group “CM,” 88% in
group “Neither,” and 69% in group “Both” (weekly data are shown in Figure S22; in Tukey
pairwise comparisons, the only significant difference was “CM” vs. “Neither,” Tukey p =.
053).

4. DISCUSSION

We examined whether simultaneous abstinence from heroin and cocaine could be achieved
by combining individualized (flexible) high-dose (>100 mg) methadone and voucher-based
CM in heroin- and cocaine-dependent individuals. We ended the study before reaching our
planned sample size, partly due to slow accrual, and partly because we had begun to suspect
that a clinical trial comparing flexible high-dose methadone to fixed lower-dose methadone
was becoming like a clinical trial of whether parachutes protect against the effects of free
fall (Smith and Pell, 2003). Therefore, we were surprised to find that our flexible/high-dose
methadone participants were less likely to achieve simultaneous abstinence from heroin and
cocaine than participants receiving a lower, fixed dose, and that they did not even show a
greater likelihood of abstinence from heroin alone. Equally surprising, our flexible/high-
dose methadone participants reported more opiate-withdrawal symptoms and more heroin
“wanting” than participants receiving a lower, fixed dose. Our study had several limitations,
which we discuss below, but even in light of those limitations, our unexpected results merit
attention.

1Supplementary 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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One possibility, which we suggest only tentatively, is that higher doses can paradoxically
worsen outcome. This possibility has been discussed in the context of long-term opioid
treatment for chronic pain: “more is not necessarily better,” concluded one review (Doleys
et al., 2006). Issues raised in that context included opioid-induced hyperalgesia (White,
2004). We know of no studies suggesting analogous phenomena in addiction treatment, and
although there are survey studies that fail to show the expected positive relationship between
methadone dose and heroin abstinence (e.g., Blaney and Craig, 1999), interpretation of these
studies is obviously impeded by their nonrandomized nature: presumably, the patients who
receive the highest methadone dosages in clinical practice are those who are hardest to treat.
Randomized, double-blind trials have shown that higher methadone doses are better within a
dose range of 30 to 100 mg/day, but ours is one of very few such trials to have tested doses
over 100 mg/day. We hesitate to conclude on the basis of one study that “more can be
worse.” A more prudent conclusion is that (unlike parachutes) higher methadone dosages
need more experimental evaluation.

At the same time, one of the core methods of experimental pharmacology, double-blind
dosing, may cause problems that could explain our unexpected results. In clinical practice,
treatment retention is better in methadone programs in which patients are informed of their
dosages; this finding persists after statistical control for other program differences (Condelli
and Dunteman, 1993). Prior studies showing expected dose-response effects of methadone
have been double-blinded, but ours was unusual in that we were testing a flexible-dose
intervention in which dosages could change fairly frequently. Our participants may have
found these changes aversive under double-blind conditions, possibly more aversive than
receiving a lower, fixed dose under double-blind conditions (though it should be noted that
both groups were blinded, and the fixed-dose group had unmet expectations of possible dose
increases). If so, then fixed and individualized methadone dosing may not be amenable to
comparison using the standard tools of a clinical trial.

Another possibility is that our implementation of dose individualization was insufficiently
sensitive to our participants’ needs. We think this is unlikely. Dose individualization was
done by two physicians (JS from 2004 to 2007; KAP from 2007 to 2010). One physician
based dose-change decisions on questionnaire and face-to-face interview data gathered by
research assistants every two weeks or more, meeting with participants only when the data
seemed ambiguous. The other physician used the same data but also met with each
participant when a dose change seemed indicated, to discuss the participant's needs in a
more collaborative way. We found no trend toward any difference between physicians in the
numbers of dose changes ordered per patient-week.

The effects of cocaine-targeted CM in this study were as expected, increasing our
confidence that the study cannot be written off as a “failed trial” due to some idiosyncrasy of
the sample.

Nonetheless, our study has two clear limitations. One was the partial failure of urn
randomization; however, this does not explain our unexpected results (see Supplementary
Material.3) The more salient limitation is that we stopped the trial early, before achieving
the targeted sample size. Trials stopped early can produce false-positive findings (Bassler et
al., 2008), and we cannot rule out the possibility that we would have had different results if
we had completed our trial. Therefore, we do not suggest that our findings be immediately
acted upon in clinical settings. We find it both counterintuitive and unlikely that a fixed,
lower dose could be superior to an individualized higher dose. However, we think our

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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findings call for additional controlled studies to bolster or qualify the assumptions that
underlie recent trends in methadone maintenance

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Excluded during 6-week baseline

baseline (n = 64)

[Randomized to one of the 3 main

(n=76):
Too little drug use for

experimental groups (n = 58)]

‘

Group “Neither”:
Fixed 100 mg methadone dose,
noncontingent vouchers for
vouchers cocaine abstinence

Group “CM™:

n=16 n=29
14 (88%) completed 22 (76%) completed
12-week Intervention 12-week Intervention

Fixed 100 mg methadone dose,

Group “Flexible Dose™:*
Flexible >100mg methadone dose,
noncontingent
vouchers

N=6
3 (50%) completed
12-week Intervention

\ 4

randomization (n = 38)
Left before randomization
(n=38)

Groups “Neither and “CM” (n = 45):
Methadone dose increased to 100 mg/day

Figure 1.

Group “Both™:
Flexible >100mg methadone dose,
vouchers for
cocaine abstinence

n=13
9 (69%) completed
12-week Intervention

Groups “Flexible Dose” and “Both” (n = 19):
Methadone dose increased to 100 mg/day
and then individualized to doses up to 190 mg/day

Flowchart of participants? progress through the study. *Group 3Flexible Dose? (indicated by
dotted-line box) existed solely to maintain the blind and was not part of the data analysis
specified a priori. Likelihood of allocation to that group was deliberately set low. The main
pairwise comparisons of interest were group 3Both? versus groups 3Neither? and 3CM?;
those three groups were intended to be equal in size The disproportionately large N in

group 3CM? reflects an error in the input to the randomization algorithm for the last 12
participants randomized (see Methods section).
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Figure 2.

Percentage of participants simultaneously abstinent from cocaine and opiates on 66
successive urine test days in the Baseline phase (18 specimens) and Intervention phase (48
specimens) in the three experimental groups. In the figure, missing specimens (including
those due to dropout) are assumed positive. The statistical analyses (SAS Proc Glimmix)
treated missing specimens as missing. Contrary to our expectation, group “Both” was less
likely to achieve abstinence than group “CM” (see Results section for statistics).
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Figure 3.

Longest duration of simultaneous abstinence from cocaine and opiates during the
Intervention phase (48 specimens) in the three experimental groups. The bars show group
means; the filled circles show values for individual participants. Contrary to our expectation,
group “Both” was no more likely to achieve sustained abstinence than the other two groups
(see Results section for statistics). The possible influence of “outlier” values is discussed in

the online supplement.
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Percentage of participants abstinent from (A) opiates or (B) cocaine on 66 successive urine

test days. Details are the same as those for figure 2.
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Figure5.

a. Objective signs of opiate withdrawal as assessed on the Clinical Opioid Withdrawal Scale
(COWS) during the 16-week Intervention phase. Contrary to our expectation, group “Both”
showed more signs of withdrawal than group “CM” (see Results section for statistics).
Figure 5b. Subjective symptoms of opiate withdrawal as rated on questionnaires during the
16-week Intervention phase. Contrary to our expectation, group “Both” tended to report
more symptoms of withdrawal than group “CM” (see Results section for statistics).

Figures 5c¢ and 5d. Participant ratings of “wanting” for (A) heroin and (b) cocaine during the
6-week Baseline phase and the 16-week Intervention phase. Contrary to our expectation,
heroin wanting was higher in group “Both” than in group “CM” (see Results section for
statistics).
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Table 1

Total N
Women
African American
Age
Education
Estimated 1Q
Employment
Unemployed
Employed part time
Employed full time
Marital status
Never married
Separated or divorced
Married
Drug History
Cocaine
Lifetime use
Use in past 30 days
Route
Heroin
Lifetime use
Use in past 30 days
Route
Urine-detected drug use during 6-week study baseline
Urines testing opiate negative (mean %)
Urines testing cocaine negative (mean %)

Urines testing both opiate and cocaine negative (mean %)

58 participants

22%

47%

36.8 years (SD = 8.0, range 22-52)
11.8 years of (SD= 1.7, range 7-16),
95.1 (8D =17.7, range 81-110)

28%
25%
47%

71%
20%
9%

6.5 years (SD= 6.1, range 0-24);
11.3 days (SD= 7.7, range 2-30).

smoked 59%, injected intravenously 33%, insufflated 8%.

10.7 years (SD=7.7, range 1-35)
28.7 days (SD = 4.5, range 3-30)

injected intravenously 64%, insufflated 36%

23% (SD 23, range 0-78%)
16% (SD 19, range 0-72%)
6% (SD 11, range 0-44%)
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