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Abstract
BACKGROUND—Preclinical findings suggest that the inhibition of NMDA glutamatergic
neurotransmission may have beneficial effects in the treatment of opioid dependence. AIMS: We
hypothesized that memantine, a low-potency, uncompetitive NMDA receptor antagonist, would be
safe and effective when used as an adjunct to oral naltrexone in the treatment of opioid
dependence, particularly in preventing relapse to opiate use in detoxified individuals.

METHODS—Opioid-dependent participants (N =112) were enrolled. Following detoxification all
participants were inducted onto oral naltrexone and were randomized to receive memantine 15 mg
bid (N=27), memantine 30 mg bid (N=27) or placebo (N=27) for 12-weeks in combination with
naltrexone 50 mg/d and individual relapse-prevention therapy. The primary outcome was the
retention in treatment since treatment dropout is most commonly associated with relapse to opiate
use.

RESULTS—Twenty-six percent of participants withdrew from treatment prior to starting
naltrexone. Of those that were randomized 35% completed 4 weeks only, and 24% completed all
12 weeks of treatment. There was no significant difference in treatment retention or heroin use,
opiate withdrawal symptoms and craving between the groups treated with memantine versus
placebo.

CONCULSION—Thus, the efficacy of memantine 30 or 60 mg/d as an adjunct to oral naltrexone
for the treatment of opiate dependence was not supported.
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1. Introduction
Opiate use, particularly use of prescription analgesics, remains a serious public health
problem affecting a growing number of individuals in the US (SAMHSA, 2010). While
agonist maintenance with methadone or buprenorphine remains the treatment of choice for
individuals with a chronic and relapsing course of opioid dependence (Mattick et al., 2009;
Mattick et al., 2008), use of agonists remains controversial for the treatment of youth, newly
diagnosed patients, or prescription opioid abusers. Further, agonist maintenance is not
available or acceptable to many patients, nor is it universally effective. Naltrexone, a mu-
opioid antagonist, acts by a different mechanism and offers an alternative approach to
treatment (Johansson et al., 2006). Naltrexone blocks the effects of opioids, while producing
no agonist effects itself, and thus may be helpful to patients who are not suitable for agonist
maintenance or have failed prior trials of agonist treatment.

Naltrexone initiation is preferably implemented directly following detoxification and as such
it often coincides with the symptomatic treatment of the residual opiate withdrawal with
hypnotics, anxiolytics, and non-opiate analgesics. However, the effectiveness of this
approach has been limited as a significant proportion of patients continue to report physical
discomfort and, attributing these withdrawal symptoms to naltrexone, make the decision to
discontinue naltrexone during the initiation phase and relapse to opioid use.

One of the approaches to improve the tolerability of naltrexone induction would involve
targeting pathways that mediate residual opiate withdrawal and those responsible for relapse
during stabilization on naltrexone. Glutamatergic neurotransmission, an important
component of the endogenous reward system, is a viable target. Glutamate receptor
antagonists attenuate drug-conditioned response, reduce the development and expression of
physical dependence, and attenuate the reinforcing effects of opioids in preclinical models
(Bisaga and Popik, 2000; Gass and Olive, 2008).

Memantine is an NMDA glutamatergic receptor antagonist that has been in clinical use for
close to 20 years for the treatment of Parkinson’s Disease, spasticity, and dementia (Parsons
et al., 1999). As an uncompetitive NMDA receptor antagonist, memantine blocks
transmission when this receptor is in the active (open) state, such as in conditions of excess
glutamate concentration (Parsons et al., 2008). Compared to other NMDA receptor
antagonists such as ketamine or phencyclidine, memantine is a low affinity antagonist with
good tolerability at clinically relevant doses (20 to 40 mg/day). Memantine is well tolerated
in humans, with mild positive subjective effects and possible thymoleptic and anxiolytic
effects (Skolnick and Krystal, 2002). Memantine has produced encouraging results in animal
laboratory models of opioid dependence, where it decreased aversive and physical signs of
morphine withdrawal (Harris et al., 2008; Maldonado et al., 2003; Medvedev et al., 1998;
Popik and Danysz, 1997; Popik and Skolnick, 1996), attenuated rewarding and reinforcing
effects of morphine (Aguilar et al., 2009; Popik et al., 2003; Ribeiro Do Couto et al., 2004;
Semenova et al., 1999), and blocked morphine-induced reinstatement of place preference, an
animal model of relapse (Popik et al., 2006; Ribeiro Do Couto et al., 2005). In human
laboratory studies memantine, given in a single dose of 60 mg, attenuated the severity of
opioid withdrawal (Bisaga et al., 2001) and memantine given repeatedly at the doses of 30
and 60 mg/d reduced heroin craving and other positive subjective effects of heroin though it
did not affect heroin self-administration (Comer and Sullivan, 2007). A small controlled trial
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of medication given to detoxified opiate dependent patients in a residential program showed
that memantine 30 mg/d was superior to placebo in reducing protracted opiate withdrawal
symptoms (anhedonia, depression, anxiety), heroin craving, and in decreasing treatment
dropout (Krupitsky et al., 2002).

As the profile of memantine based on pre-clinical and early clinical work strongly suggested
that given at 30 and 60 mg/d dose memantine might be effective in the treatment of heroin
dependence we have decided to launch a clinical trial. We hypothesized that decreasing
glutamatergic neurotransmission using memantine could be effective in modulating
glutamate-dependent mechanisms that contribute to relapse and discontinuation of treatment
by individuals receiving naltrexone. To test this, we conducted a placebo-controlled trial of
memantine in detoxified opioid dependent individuals that started receiving naltrexone and
were being discharged to outpatient care. We hypothesized that memantine would reduce
protracted symptoms of opiate withdrawal and heroin craving, resulting in a decrease of
opioid use and prevention of relapse in detoxified individuals treated with oral naltrexone.

2. Methods
2.1. Participants

Individuals who applied for treatment at Columbia University’s Substance Treatment and
Research Service (STARS) outpatient clinic in New York City, USA, were recruited for this
study. Clinical screening included the Structured Clinical Interview for Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) (SCID Axis I/P version;
(First et al., 1995) and a clinical interview assessing substance abuse severity. Medical
assessment included history, laboratory tests, electrocardiogram (ECG), a physical
examination, and a psychiatric evaluation. Included were men and women 18–60 years old,
who met DSM-IV criteria for current opioid dependence and used opioids daily. Individuals
with major affective or psychotic disorder were excluded. Other exclusion criteria included:
1) regular use of methadone; 2) history of accidental opioid overdose, 3) ongoing treatment
with prescription opioids or psychotropic agents; 4) physiological dependence on alcohol or
sedative-hypnotics, 5) unstable physical disorders which might make participation
hazardous.

2.2. Study Procedures
Following study consent, participants were admitted to an inpatient unit at the New York
State Psychiatric Institute for the purpose of detoxification and naltrexone induction. We
have used a modification of a buprenorphine-assisted, rapid opioid detoxification and
naltrexone induction procedure (Collins et al., 2005). Briefly, participants were stabilized on
buprenorphine for 1 day, followed by a washout period of 1–2 days, then given an
increasing daily dose of naltrexone (12.5 mg, 25 mg, 50 mg, 100 mg) while precipitated
withdrawal symptoms were treated with clonidine, clonazepam, and other adjuvant
medications. On the second day of naltrexone induction, participants were randomized by a
research pharmacy to receive one of the two doses of memantine (30 or 60 mg/day) or
placebo. Participants were discharged with small supplies and week-long tapering schedules
for adjuvant medications that they have been receiving in the hospital (clonidine, trazodone,
and zolpidem).

Following discharge, participants continued treatment with memantine or placebo for 12
weeks. Both participants and study personnel were blind to medication assignment.
Memantine tablets were encapsulated with 25 mg of riboflavin, added by the research
pharmacy of the New York State Psychiatric Institute, as a urine marker to assess
compliance. A matching capsule containing folic acid tablets and riboflavin was used as a
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placebo. Throughout the 12 weeks of the study, participants received 3 medication capsules
daily (1 in the morning and 2 in the evening), each containing memantine 10 mg, memantine
20mg, or placebo, each encapsulated with 25 mg of riboflavin. The memantine dose was
gradually increased to a target dose of 30 or 60 mg/d over the 1- or 2-week period
respectively. We selected the maximum target dose of memantine 60 mg/day to ensure that
brain levels would be sufficient to achieve antagonist effects at the NMDA receptor (Danysz
et al., 1997). This dose has been safely administered in human laboratory studies (Bisaga et
al., 2001; Collins et al., 2007); however, it is higher than doses used in patients with
Alzheimer’s disease (up to 20 mg/d).

All participants received naltrexone during the 12-week study. Naltrexone was administered
under supervision in the clinic in doses of 100 mg on Mondays and Wednesdays and 150 mg
on Fridays. Participants were given an emergency supply of naltrexone to take at home in
case of a missed visit (Carroll et al., 2001). Participants were required to attend the clinic
three times per week. During each visit, participants gave an observed urine specimen and
completed self-report measures of drug use, craving, and mood. A nurse or a physician also
obtained vital signs and administered naltrexone under supervision. Participants met with a
research psychiatrist once per week to monitor their progress in treatment, and review
medication safety and adherence. All urine specimens were tested on-site for opiates and
two samples per week were sent to the laboratory for a full toxicology panel. Each urine
sample submitted during the trial was observed under UV light for riboflavin fluorescence
indicating adherence with study medication. Participants who did not come for a visit to
submit a urine sample for 14 consecutive days during the 12-week medication trial were
classified as study drop-outs. Participants were reimbursed $10 per week during the
treatment period and $25 for follow-up visits, for their time taken to complete the research
assessments.

All participants received a psychosocial intervention that covered the motivational and
cognitive-behavioral techniques incorporated in Behavioral Naltrexone Therapy (BNT)
(Rothenberg et al., 2002). Therapy was provided by clinical psychologists trained in BNT
and relapse prevention. All treatment sessions were provided within an individual therapy
framework. Therapy sessions were audiotaped for supervisory and adherence purposes.
Therapists participated in weekly supervision sessions to assure adherence to the
intervention procedures and to prevent therapeutic drift.

2.3. Outcome Measures and Data Analyses
The primary aim of the study was to compare the retention rates (time to drop out) of
participants across the three treatment arms in the 12-week trial. Secondary outcomes were:
weekly proportion of participants who used opiates (dichotomous), weekly average Clinical
Global Impression (CGI) severity score (continuous), weekly average CGI improvement
score (continuous), weekly craving (defined as any craving score >0 during the week;
categorical), and weekly average ratings of opiate withdrawal symptoms (SOWS: Subjective
Opiate Withdrawal Scale: continuous). Retention rates were compared using Kaplan-Meier
curves and log-rank statistics. Longitudinal secondary outcomes were analyzed using mixed
effect models with appropriate link functions. The two-way interaction between treatment
and time (i.e., week) was assessed and was retained in the final models if found significant.
All interaction terms were evaluated at a significance level of 15%. PROC GLIMMIX in
SAS was used to conduct these analyses. All analyses were conducted based on the intent-
to-treat principle. All statistical tests were two-tailed and employed an alpha significance
level of .05, unless otherwise stated.

Safety of the treatment was evaluated based on reports of adverse events (AEs). The
incidence of treatment-emergent AEs was defined as AEs that occurred after the first
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administration of study medication. The overall incidence of treatment-emergent AEs
described as mild, moderate or severe was compared across treatment arms using chi-square
tests or Fisher’s exact tests. A Data and Safety Monitoring Board met at the middle point of
the study to review enrollment, medication tolerability, and to conduct a preliminary data
analysis. Results of a preliminary data analysis are reported here. Because there was no
evidence of any efficacy, the DSMB recommended stopping the study.

3. Results
3.1. Sample description

We screened in person 476 individuals for eligibility (See Figure 1 for the CONSORT Flow
Diagram). Of those who were screened, 193 individuals declined to participate (159 failed to
complete the evaluation and were lost to follow-up, 22 wanted immediate detoxification, 12
were not interested in inpatient detox or treatment medications) and 78 individuals were not
eligible to participate (27 had significant medical problems, 12 had significant psychiatric
co-morbidities, 4 were taking other psychotropic medications, 2 were using methadone
regularly, and 33 were not eligible for other reasons). In addition, 94 participants entered
other treatment studies conducted concurrently at our clinic.

A total of 111 individuals consented to the study and entered the inpatient detoxification
protocol. Participants were on average 41 years of age (SD=10.1), mostly male (81%), either
White (48%) or Hispanic (30%). The majority of participants were daily intranasal heroin
users, using on average 7.5 bags heroin/day (range 2–30). Twenty-nine of those participants
(26%) decided to withdraw from study participation during the first 4–5 days of detox. After
receiving the first dose of naltrexone participants were stratified based on their age; 36 years
and younger vs. 37 years or older and the baseline level of heroin use; 5 or less bags/d vs. 6
or more bags/d (29 high age/high use, 33 high age/low use, 15 low age/high use, and 5 low
age/low use). After stratification, participants were randomized equally to three study arms;
memantine 30mg (n=27), memantine 60mg (n=27), and placebo (n=27). Demographic
characteristics of the 81 randomized participants are presented in Table 1. None was found
to be significantly different across the three groups.

3.2. Primary Outcome: retention in treatment
Of the 81 randomized participants, 35% (n=28) completed at least 4 weeks of treatment, and
24% (n=20) completed all 12 weeks of the trial. The survival curves in Figure 2 describe
retention in treatment for the placebo, memantine 30mg, and memantine 60mg groups.
Retention to week 12 was slightly higher in PBO (26%), compared to memantine 30mg
(19%) and memantine 60mg (22%) groups. However, the difference in retention rates across
the three groups was not statistically significant (P=0.32).

Among the 61 participants who dropped out of the trial, 10 were removed prior to
completing detoxification (8 were no longer interested in naltrexone and 2 were removed by
investigators, one for medical and one for psychiatric deterioration), 32 stopped attending
the clinic appointments and most likely resumed opiate use, 6 continued heroin use over
prolonged period of time and were referred out, 5 stopped taking naltrexone and attending
citing medical reasons, 4 moved out of state, 3 stopped attending due to work requirement
and one was removed by investigators after accidental overdose. There were no differences
between those who completed the trial and those who did not in demographic or clinical
characteristics.
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3.3. Secondary outcomes
Opiate Use—The proportions of participants who used opiates during the trials were not
significantly different across the three treatment groups (P=.97). Nonetheless, a significant
time effect (P=.008) suggests that the proportion of participants who used opiates decreased
in all treatment arms over the twelve-week trial. This decrease was comparable across
treatments, as no significant interaction between treatment and time was found. This finding
is most likely due to the fact that active users left treatment while abstinent participants
remained.

Clinical Global Impression (CGI)—The overall CGI severity and improvement scores
of participants remaining in treatment were low during the trial suggesting that patients
remaining in treatment had low severity of disease and were significantly improved from
baseline. CGI scores did not differ across the three treatment groups (P=.56 and P=.16
respectively). There was a statistically significant time effect on both measures (P<.001),
suggesting that CGI severity scores and the CGI improvement scores decreased over time
over time in all three groups. No significant treatment by time interaction was found.

Withdrawal Symptoms and Craving—No significant difference in SOWS scores was
observed across the three treatment arms (P=.24), although a significant time effect (P<.001)
suggests that SOWS scores decreased considerably for all treatment groups throughout the
course of the trial. No significant time-by-treatment interaction was found. Intensity of
craving did not differ across treatments and remained low and relatively constant over time.
There was no significant effect of either treatment (P=.49), or time (P=0.1), or the
interaction of treatment by time.

3.4. Medication Adherence
The number of memantine capsules taken was assessed at each visit using a structured
calendar-based interview and confirmed using a visual inspection of the sample for
riboflavin fluorescence. Medication adherence was quantified as the proportion of days with
compliance of 80% or more capsules taken during the 12 weeks of the treatment trial. The
median rate (and interquartile range) of medication adherence was 90% (67%–100%) for the
memantine 30mg group, 79% (50%–95%) for the memantine 60mg group, and 87% (58%–
97%) for the placebo group (P=.65).

Furthermore, blood samples for memantine levels were collected at weeks 4, 8 and 12.
Blood levels were measured in 83% of participants that remained in treatment at week 4. No
memantine was detected in participants randomized to receive placebo. Across all three
measurements mean memantine blood level for the 30 mg group was 61.5 ng/ml (SD 37.4;
range 0 to 102) and for 60 mg group was 97.7 ng/ml (SD 91.8; range 0 to 266), confirming
that participants in the 60-mg group were taking a higher mean dose of memantine.

3.5. Medication Tolerability, and Adverse Effects
The mean maximum tolerated dose of memantine (of the maximum 3 capsules per day
where each capsule contained 20 mg for high dose group, 10 mg in low-dose group, and 0
mg in placebo group) was 2.0 ± 1.3 capsules/day in the placebo group, 1.6 ± 1.4 capsules/
day in the memantine 30mg arm, and 2.4 ± 1.1 capsules/day in the memantine 60mg arm
(P=.57). Thirty-three participants required dose reductions, with 12 from the placebo group,
nine from the memantine 30mg group and 12 from the memantine 60mg group (P=.63). The
most frequent reasons given for dose reductions were insomnia, gastrointestinal distress,
headaches and dizziness.
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Fifty-nine percent of the placebo group, 37% of the memantine 30mg group and 63% of the
memantine 60mg group reported experiencing some adverse effects (Table 2). There were
no significant differences across treatment groups (P=.12). While some side effects had been
attributed to the study medications, such claims were not significantly different across the
three treatment groups (P=.81). None of the side effects was sustained and there were no
participants who reported discontinuing the study because of AEs.

There were four Serious Adverse Events (SAEs) that occurred in this study. Three SAEs
occurred during detoxification prior to participants’ receiving memantine or placebo and
included hypotensive crisis, stabilized with IV infusions in two participants and one episode
of fainting with head injury. One SAE occurred following discharge in a patient treated with
memantine 30 mg who resumed heroin use and had an episode of overdose requiring
hospitalization, with full recovery. Review of laboratory and ECG parameters revealed no
clinically remarkable changes from baseline. There were no differences between treatment
groups at the end of treatment in terms of weight, blood pressure (SBP and DBP), heart rate,
respiration, and oral temperature.

4. Discussion
The results of this randomized, placebo-controlled trial suggest that memantine (30 or 60
mg/d), is not effective as an adjunct to oral naltrexone combined with weekly individual
therapy for the treatment of opioid dependence in recently detoxified individuals. There
were no significant differences between the memantine and placebo treatment groups in the
retention in treatment, likelihood of heroin use, CGI ratings, opiate withdrawal symptoms or
the level of heroin craving during the 12 weeks of the trial. Overall, memantine appeared to
be well tolerated in this population; frequency of adverse effects and of requests to lower
medication dose in memantine groups were comparable to those of placebo. The majority of
participants complained of adverse effects during the first 1–3 weeks following discharge
from the inpatient unit, and although many participants believed that these might have been
related to the study medication, requests for dose reduction of medications occurred with
equal frequency in the medication and the placebo groups. This finding suggests that
adverse effects were more likely the result of protracted withdrawal, rather than medication
side-effects.

Our findings do not support results of preclinical and human laboratory studies predicting
effectiveness of memantine in opiod dependence (Aguilar et al., 2009; Bisaga et al., 2001;
Comer and Sullivan, 2007; Harris et al., 2008; Maldonado et al., 2003; Popik and Danysz,
1997; Popik and Skolnick, 1996; Popik et al., 2003, 2006; Ribeiro Do Couto et al., 2004,
2005; Semenova et al., 1999). In addition results of the present trial differ from an earlier
trial showing effectiveness of memantine in detoxified opioid dependent individuals residing
for a month on the inpatient unit (Krupitsky et al., 2002). There are several possible reasons
for the observed lack of memantine’s efficacy in the present study. We hypothesized that
memantine would decrease the aversive effects of residual and naltrexone precipitated
withdrawal, attenuate exaggerated reactivity to conditioned cues, and decrease heroin
craving. In turn, these effects would assure continued compliance with naltrexone and
sustained abstinence.

Almost all participants experienced distressing symptoms of moderate severity in the first
1-2 weeks following discharge. Memantine did not appear to reduce withdrawal symptoms
during this vulnerable period, as no measurable difference on SOWS was observed, and
ratings of craving remained low in both groups. It is possible that concomitant naltrexone
might have exacerbated protracted withdrawal, thus masking the potential ameliorative
effects of memantine that have been observed by Krupitsky and colleagues (2002) in
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inpatients undergoing detoxification. While a replication of the study testing memantine
only is warranted, this approach is suboptimal for outpatients since discharging participants
following detoxification without the protective effects of a prescribed agonist or antagonist
results in unacceptably high risks of relapse and overdose. Perhaps a study that initiates
treatment with memantine in the inpatient setting during the first month of treatment and
continues it in the outpatient setting will minimize the high risk of relapse that usually
occurs in the first month.

Second, the most significant dropout occurred during the first week after discharge.
However, at this time patients had had only a brief exposure to memantine, often at lower
doses used early in the titration schedule. Such modest exposure may have been insufficient
for the desired effects of memantine to emerge. Therefore, the adopted design might have
been insufficient to adequately test the effectiveness of memantine. A trial that includes
treatment with memantine from the first day of detoxification, perhaps with more aggressive
dose titration might have been more appropriate. Moreover, oral naltrexone has weak
effectiveness to retain patients in treatment, particularly in the absence of intensive
behavioral therapy, and this could have obscured any beneficial effect of memantine. Hence,
future trials should be considered combining memantine with long-acting preparations of
naltrexone, which have better retention over the first 1–2 months and provide a more robust
platform to determine effectiveness of adjunctive medications (Brooks et al., 2010).

In the present study, the inability to detect efficacy of memantine was unlikely to be related
to a small sample size or missing data, as the study was powered sufficiently to detect a
moderate or greater effect size, which would be clinically significant. The target dose of
memantine used in the present study was sufficient for a meaningful pharmacodynamic
effect at the NMDA receptor site (Parsons et al., 2007). The average serum concentrations of
memantine in the present study were in the 60-100 ng/mL range which is equivalent to the
concentration of 0.3-0.6 μM and with the average serum/CSF ratio of 0.5 (Kornhuber and
Quack, 1995) it is equivalent to the 0.15-0.3 μM concentration in the CSF. Memantine
inhibits NMDA receptors with an approximate affinity of 1μM (Rammes et al., 2008) and
therefore memantine levels achieved in the present study were most likely sufficient for a
meaningful pharmacodynamic effect at the NMDA receptors. More importantly, the doses
that were used in the present clinical trial were comparable with doses used in the human
laboratory studies and in the pilot clinical trial showing beneficial effect of memantine.

Finally, the failure to confirm positive effects of memantine might be related to the
limitations of preclinical animal and human laboratory studies in predicting results of
clinical studies. Such models may have excellent construct validity but may not be adequate
to predict clinically effective medication, i.e., they lack broad predictive validity (Haney,
2009). For example, it could be that the laboratory models that suggested promise of
memantine were sensitive to relatively subtle effects that are too small to have an impact in
the clinical arena. Alternatively, the effects detected in laboratory models, such as physical
withdrawal, subjective effects of heroin and craving were not the most important for the
medication to be useful in the clinical setting with treatment seekers. Instead, the reinforcing
effects of heroin may play a central role in relapse and indeed in the study of Comer and
Sullivan memantine did not alter the reinforcing effects of heroin (Comer and Sullivan,
2007). This suggests that more work may be needed in further developing human laboratory
models so that they better capture the variables that influence the efficacy of medication in
the natural ecology, and are stronger predictors of clinical efficacy.

In summary, the present findings did not support the efficacy of memantine as an adjunct to
oral naltrexone for the treatment for opioid dependence, despite support for beneficial
effects from preclinical models of the disease. However, replication of this finding using a
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design with modifications based on the present findings is warranted. Additional research
should be undertaken to improve the methodology of clinical medication development, at
the same time that new pharmacological targets and strategies are pursued.
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Figure 1.
Consort diagram summarizing participant flow
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Figure 2.
Kaplan-Meier curve of patient retention throughout the 12-week medication trial, by
treatment condition
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Table 1

Demographic characteristics of the participants randomized to placebo, memantine 30mg, and memantine
60mg (N=81)*

Characteristic Placebo (n=27) Memantine 30mg (n=27) Memantine 60mg (n=27) p-value

mean (SD) or n (%)

Age (years) 40.5 (9.6) 41.5 (9.4) 42.0 (10.3) 0.86

Male (n) 20 (74.1) 24 (88.9) 22 (81.5) 0.37

Race/Ethnicity

 Hispanic 6 (22.2) 10 (37.0) 8 (29.6) 0.41

 Black 5 (18.5) 4 (14.8) 10 (37.0)

 White 14 (51.9) 11 (40.7) 8 (29.6)

 Other 2 (7.4) 2 (7.4) 1 (3.7)

Education (n)

 Less than or equal to high school 12 (44.4) 10 (40.0) 14 (63.6) 0.53

 Some college 9 (33.3) 8 (32.0) 5 (22.7)

 College or more 6 (22.2) 7 (28.0) 3 (13.6)

Employment status

 Full-time 8 (29.6) 9 (33.3) 5 (19.2) 0.15

 Part-time 0 (0) 2 (7.4) 5 (19.2)

 Unemployed/others 19 (70.4) 16 (59.3) 16 (61.5)

Currently married 4 (14.8) 2 (8.0) 4 (18.2) 0.63

Pattern of Opiate Use at baseline

 Duration of use (yrs) 14.7 (10.5) 14.5 (11.2) 14.9 (11.5) 0.99

 Amount of daily use (bags)** 8.3 (6.4) 6.4 (3.5) 7.2 (3.9) 0.46

 Intravenous route 5 (18.5) 8 (29.6) 8 (29.6) 0.63

 Prescription opiate users 2 (7.4) 4 (14.8) 2 (7.4) 0.57

Baseline Drug and Alcohol Use

 Alcohol

  Days used in last 30 days 1.0 (0–3.0) 1.0 (0–12.0) 1.0 (0–7.0) 0.59

  Amount spent per day in last 30 days ($) 2.5 (1.8–3.5) 2.0 (1.0–3.3) 3.0 (1.8–4.0) 0.75

 Marijuana

  Days used in last 30 days 0.0 (0–1.25) 0.0 (0–0) 0.0 (0–2.0) 0.28

  Amount/day in last 30 days (#joints) 1.0 (1.0–1.8) 1.0 (0) 1.0 (1.0–3.0) 0.43

 Cocaine

  Days used in last 30 days 1.0 (0–10.0) 0.0 (0–2.0) 0.0 (0–1.0) 0.24

  Amount/day in last 30 days ($) 20 (10–21.3) 45 (18.8–50) 20 (10–43.8) 0.06

*
Frequencies may not sum to N=81 due to missing values. Percentages may not add up to 100 due to rounding.

**
One bag of heroin contains 50–100 mg of powder, which contains 50–70% of pure heroin.
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Table 2

Summary of Adverse Events reported in greater than 5% of randomized participants.

Number (%) of participants

Placebo (N=27) Memantine 30 mg/d (N=27) Memantine 60 mg/d (N=27)

Number of Participants who were removed from trial
because of SAEs*

0 1 0

Number of Participants with at least 1 TEAE* 16 10 17

Number of Participants requiring dose reduction 12 9 12

TEAEs*

 Headache 5 (18.5) 2 (7.41) 3 (11.1)

 Insomnia 7 (25.9) 8 (29.6) 9 (33.3)

 Body Aches 2 (7.41) 1 (3.7) 2 (7.41)

 Dizziness 3 (11.1) 2 (7.41) 2 (7.41)

 Nausea/Vomiting 1 (3.7) 1 (3.7) 5 (18.5)

 Weakness 1 (3.7) 3 (11.1) 1 (3.7)

 Diarrhea 4 (14.8) 2 (7.41) 4 (14.8)

 GI Distress 7 (25.9) 0 (0.00) 7 (25.9)

*
AE, adverse event, SAE, serious adverse event; TEAE, treatment-emergent adverse event. No significant differences were detected between

treatment conditions.
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