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Abstract

Despite concerted efforts to identify a pharmacotherapy for managing stimulant use disorders, no
widely effective medications have been approved. Innovative strategies are necessary to develop
successful pharmacotherapies for stimulant use disorders. This manuscript reviews human
laboratory studies and clinical trials to determine whether one such strategy, use of combination
pharmacotherapies, holds promise. The extant literature shows that combination pharmacotherapy
produced resultsthat were better than placebo treatment, especially with medications shown to
have efficacy as monotherapies. However, many studies did not compare individual constituents
to the combination treatment, making it impossible to determine whether combination treatment is
more effective than monotherapy. Future research should systematically compare combined
treatments with individual agents using medications showing some efficacy when tested alone.
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Stimulant use disorders are an unrelenting public health concern. Data from the National
Survey on Drug Use and Health indicate that approximately 1.6 million Americans over 12
years of age report current (i.e., past month) cocaine use, making cocaine the most widely
used stimulant in the United States [1]. That same survey indicated that approximately
440,000 Americans report current methamphetamine use and that 1.2 million Americans
report current non-medical use of prescription stimulants, including d-amphetamine and
mixed amphetamine salts. Of the individuals reporting illicit use, 1.1 million people met
cocaine abuse or dependence criteria whereas 535,000 met general stimulant abuse or
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dependence criteria. Despite prevention and intervention efforts, prevalence of stimulant use
and stimulant use disorders has remained relatively stable (e.g., the number of Americans
who meet cocaine abuse or dependence criteria has hovered between 1 and 1.5 million for
the past 10 years; [1]). The stable prevalence of problematic use (i.e., stimulant abuse or
dependence) indicates that novel approaches ae necessary to help treatment seekers to stop
using.

Chronic stimulant use by those with stimulant use disorders produces a number of direct
health problems like cardiovascular toxicity, malnutrition or miscarriage in pregnant women
[2,3,4,5,6,7]. Stimulant use disorders also increase risks for other health issues including
smoking cigarettes, comorbid psychological disorders and acquiring and transmitting
sexually transmitted infections [3,4,8,9,10]. Research that identifies promising therapies for
stimulant use disorders will thus have significant public health implications beyond reducing
the prevalence of illicit stimulant use and the social and legal issues associated with drug use
in general [11]. A substantial amount of research has been conducted to develop
pharmacotherapies to manage stimulant use disorders and their attendant health and societal
concerns, without identifying a widely effective treatment.

A range of medications has been tested for treating stimulant use disorders, including
antidepressants [12], anticonvulsants [13], antipsychotics [14] and monoamine agonists
[15,16,17,18,19] for a general review of treatments for amphetamine use). The studies
testing these medications have generally used them as single agents (i.e., monotherapies)
and most have failed to demonstrate benefit relative to placebo for treating stimulant
disorders. For example, antidepressants, as a class, do not reliably promote cocaine
abstinence in clinical trials [12]. Greater efficacy may be observed for the tested medications
at higher doses, but the emergence of side effects that could be dangerous or limit
compliance prevent escalation to these doses. Other monotherapies, especially dopamine
agonists, have consistently displayed efficacy for promoting stimulant abstinence
[16,17,18]. Dopamine agonists are likely effective because they function as replacement
medications, similar to methadone for opioid use disorder [20]. Unfortunately, the use of
dopamine agonists for managing stimulant use disorders has met with resistance due to
concerns regarding their abuse liability [21,22]. Given the lack of efficacy for many tested
monotherapies and the resistance to adoption of others that have demonstrated some
efficacy, innovative strategies are necessary for developing pharmacotherapies to treat
stimulant use disorders.

Combining medications, either as add-ons to initial monotherapy or from the outset of
treatment, is a strategy for many physical and psychiatric disorders, including human
immunodeficiency virus [23], obesity [24], diabetes [25], hypertension [26], depression [27]
and bipolar disorder [28]. Extending the use of combined pharmacotherapies to stimulant
use disorder represents an innovation that may surmount some of the problems noted above.
First, combining two medications at lower doses may reduce stimulant use while eliminating
the risk of increased side effects with higher doses. The results of an elegant preclinical
study demonstrate that the combination of low doses of two different drugs is an effective
strategy to manage stimulant use disorders and avoid the untoward effects of the constituent
compounds [29]. That study showed that combining low doses of the benzodiazepine
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oxazepam and metyrapone, a corticosterone synthesis inhibitor, decreased cocaine self-
administration. Importantly, the doses that were effective when combined, were ineffective
at reducing cocaine taking when administered alone.

Second, combining two medications with some efficacy as monotherapies when tested
preclinically or clinically may result in additive or synergistic reductions in stimulant use.
Amphetamine isomers reduce cocaine use [30,31,32], but there is substantial room for
improvement because not all patients achieve abstinence nor is a complete elimination of
cocaine taking observed during active drug maintenance. Topiramate has also displayed
some efficacy for treating cocaine use disorder [33,34]. Combining medications that
promote cocaine abstinence to some extent when administered alone could better promote
abstinence in more patients or completely eliminate cocaine taking altogether.

Third, as described below, cocaine and amphetamine produce their effects via interaction
with a number of neurotransmitters, including dopamine, serotonin, norepinephrine and
glutamate [35,36,37,38,39,40]. Using multiple pharmacotherapies with diverse
pharmacological effects can more effectively target these systems to better manage cocaine
or amphetamine use disorder than monotherapies that target a single neurotransmitter
system.

Given the need for novel pharmacotherapeutic strategies for managing stimulant use
disorder, and the strong rationale for testing combined treatments, the purpose of this
manuscript is to review the extant clinical research on this topic. Because fairly little
research has been conducted using this approach, we also provide recommendations for
future human laboratory studies and clinical trials. Articles were initially identified through
PubMed searches and review of references within identified articles. Only blinded, placebo-
controlled, randomized studies were included for review. The outcomes for the clinical trials
identified were diverse, including biologically verified cocaine abstinence (i.e., cocaine or
benzoylecgonine negative urine samples), self-reported cocaine abstinence, trial retention,
drug craving and withdrawal. Drug craving was typically assessed using standardized self-
report measures asking questions about whether subjects wanted, craved or desired cocaine
[41]. Drug withdrawal was also typically assessed using self-report measures examining
changes in mood (e.g., irritation), as well as physical symptoms (e.g., headache) [42].
Results of a recent study indicate that biologically verified cocaine abstinence or percent of
days abstinent may be better measures of clinical intervention success for cocaine
dependence than trial retention, complete cocaine abstinence or reduced frequency of
cocaine use [43].

A number of other studies were identified in which opioid-maintained patients received a
pharmacotherapy for stimulant use disorder [31], however, these experiments are not
reviewed because a placebo opioid maintenance condition could not be included. There are
also several studies that have tested the efficacy of combined levodopa/carbidopa for
reducing stimulant use [44], but these were also not reviewed as carbidopa is only included
to enhance the ability of levo-dopa to cross the blood brain barrier. Both of these drugs only
target a single neurotransmitter system, dopamine, which is not in keeping with one of the
rationales for testing combined treatments described above.
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Combination Pharmacotherapies for Cocaine Use Disorder

A range of combined pharmacotherapies has been tested for managing different aspects of
cocaine use disorder (see Table 1). The combinations tested included constituent
medications that have generally shown some efficacy on their own (e.g., d-amphetamine;
[31], consistent with the idea that combining two effective medications may produce a
synergistic improvement in the selected outcomes. Constituent drugs in the combinations
have also had distinct pharmacological targets because cocaine interacts with diverse and
numerous neurotransmitter systems. The primary abuse-related effects of cocaine have been
attributed to the ability of cocaine to block reuptake of dopamine [39], so it is not surprising
that many of these studies tested dopamine agonists (e.g., d-amphetamine, bromocriptine).

Cocaine also effectively blocks reuptake of norepinephrine, which may contribute to
continued cocaine use [40,45]. Although the role of norepiphrine in cocaine taking remains
to be determined and studies have failed to show an effect for some noradrenergic
antagonists [46], other noradrener gic agents like propanolol and desipramine have been
tested in the studies reviewed here. Although the abuse-related effects of cocaine have
primarily been attributed to the ability of cocaine to block monoamine reuptake [35],
cocaine also interacts with the glutamate system and can produce lasting impairments in
glutamatergic functioning that contribute to relapse [37]. Modafinil, a drug that produces its
effects via interaction with a number of neurotransmitter systems including glutamate
[47,48] has been tested in one clinical trial, as described below.

In addition to testing medications that directly interact with neurotransmitter systems
impacted by cocaine, other strategies have indirectly targeted these systems by
administering medications that produce downstream effects in brain monoamine and
glutamate systems. Most commonly, gamma-aminobutyric acid (GABA) and endogenous
opioid modulating drugs (e.g., oxazepam and naltrexone, respectively) have been tested
because brain monoamine tone is under the control of both GABA and opioid systems
[49,50]. Finally, other strategies have targeted cocaine/dopamine metabolism (e.g.,
disulfiram), monoamine synthesis (e.g., Itryptophan, I-tyrosine), stress response (e.g.,
metyrapone) or the pressor effects of cocaine (e.g., isradipine). Taken together, the overall
hypothesis of these studies has been to test combinations of medications with multiple
neuropharmacological targets (e.g., testing d-amphetamine with topiramate, a drug with
GABAergic and glutamatergic activity; [51] in order to more effectively treat cocaine use
disorder. Unless specifically indicated below, the doses of the individual constituents that
were tested are the same as those tested in the combined condition.

Human Laboratory Studies of Combination Treatments for Cocaine Use Disorder

We know of two human laboratory studies that assessed the impact of putative combined
pharmacotherapies on the pharmacodynamic effects of cocaine in humans, both of which
used double-blind, placebo-controlled, repeated measures designs [52,53]. In the more
recent study, subjects diagnosed with a cocaine use disorder (N=8) were maintained on oral
placebo or combined amantadine (a dopamine and glutamate releaser; 300 mg/day) and
baclofen (a GABARg agonist; 90 mg/day) for 5 days before completing experimental sessions
in which intravenous doses of cocaine (0, 20 and 40 mg) were administered [52].
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Intravenous cocaine produced prototypic effects, increasing heart rate and blood pressure
and subjective measures like High. During maintenance on the combination, subjective
ratings of Desire to Use Cocaine were significantly attenuated relative to placebo
maintenance.

In the earlier study, seven cocaine-using subjects first received an acute pretreatment of
oral placebo, naltrexone (a mu opioid receptor antagonist; 50 mg), isradipine (a calcium
channel blocker; 10 mg) or combined naltrexone and isradipine. Subjects then received
intranasal cocaine (4 mg [placebo] or 100 mg/70 kg) [53]. Intranasal cocaine produced
prototypic effects, increasing heart rate and blood pressure and subjective measures like
High. Pretreatment with isradipine, alone or in combination with naltrexone, attenuated the
pressor effects of cocaine, with greater reductions observed following administration of the
combination. Pretreatment with naltrexone alone, but not in combination with isradipine,
attenuated subject ratings of Good Effects produced by cocaine.

Clinical Trials of Combination Treatments for Cocaine Use Disorder

Seven blinded, placebo-controlled, randomized clinical trials have tested medication
combinations for treating cocaine use disorder. Four of these studies selected cocaine
abstinence, verified by negative urine benzoylecgonine screens, as the primary outcome
variable [51,54,55,56], whereas three studies tested the efficacy of combinations to alleviate
symptoms of cocaine withdrawal and/or reduce cocaine craving [42,57,58]. In the earliest
study testing a combination to promote cocaine abstinence, treatment seeking cocaine
dependent subjects (N=199) were enrolled in a 10-week study in which they were assigned
to placebo, amantadine (300 mg/day), propranolol (a beta blocker; 100 mg/day) or combined
amantadine and propranolol [54]. Using an intent-to-treat analysis revealed no differences in
cocaine abstinence across treatment groups. A subsequent analysis revealed that propranolol
alone increased both cocaine abstinence and treatment retention in highly adherent subjects,
indicating that the combination treatment may have failed in the larger study population due
to low adherence with the medication regimen.

The next study evaluated the effects of placebo, disulfiram (an aldehyde dehydrogenase and
dopamine beta hydroxylase inhibitor; 250 mg/day), naltrexone (100 mg/day) and combined
disulfiram and naltrexone on cocaine use in 208 co-morbid cocaine and alcohol dependent
subjects in an 11-week trial [55]. Although both disulfiram and naltrexone are approved for
treating alcohol dependence, the authors of this study note that disulfiram was selected for
its potential utility to reduce cocaine use and naltrexone was selected to reduce alcohol use.
As with the earlier study, primary analysis revealed no significant differences in cocaine use
across treatments. In fact, cocaine use increased in all groups over time. Subsequent analysis
revealed that disulfiram maintenance, alone or in combination with naltrexone, was more
likely to result in abstinence from both cocaine and alcohol. The reasons for the lack of
efficacy for the combined treatment are unknown, but, as noted in the manuscript, could be
due to limited adherence to the medication regimen.

The study conducted by Mariani et al. [51] compared the effects of placebo with mixed
amphetamine salts (a dopamine and norepinephrine releaser that also releases serotonin, but
with a much lesser degree of selectivity than for dopamine and norepinephrine; 60 mg/day)
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combined with topiramate (a GABA agonist and glutamate antagonist; 300 mg/day) in 81
cocaine dependent subjects over a 14-week trial. The group receiving active treatment was
twice as likely to achieve three consecutive weeks of cocaine abstinence than the placebo
group. Lastly, Schmitz and colleagues compared placebo to modafinil (a dopamine reuptake
inhibitor, glutamate agonist and GABA inhibitor; 400 mg/day), d-amphetamine (a dopamine
and norepinephrine releaser that also releases serotonin, but with a much lesser degree of
selectivity than for dopamine and norepinephrine; 60 mg/day) and combined modafinil
(200/mg/day) and d-amphetamine (30 mg/day) in 73 cocaine dependent subjects across a
16-week trial. The results of that study suggest that the combined treatment increased
cocaine use while placebo and d-amphetamine alone decreased cocaine use across time. The
reasons for the failure of the combined treatment to reduce cocaine use are unknown, but
may be due to testing lower doses of d-amphetamine and modafinil in the combination
relative to the doses for the individual constituent conditions. As with the other trials
reviewed above that did not show efficacy for combined treatments, poor adherence to the
medication regimen is also cited as a potential problem in this report.

In the earliest study that examined medication combinations for reducing cocaine
withdrawal, 36 cocaine users were randomized to receive placebo, bromocriptine (a
dopamine and serotonin agonist; 2.5 mg/day) or bromocriptine combined with desipramine
(a norepinephrine reuptake inhibitor; 200 mg/day) over a 99-day trial [57]. Bromocriptine
dosing only occurred for the first 30 days of the study in both groups receiving active
treatment. Active treatment with bromocriptine, alone or in combination, reduced cocaine
withdrawal symptoms rated on the Brief Psychiatric Rating Scale relative to placebo. This
improvement persisted after cessation of bromocriptine in both groups receiving active
treatment, but combined treatment resulted in greater improvement, indicating a benefit for
desipramine added to the bromocriptine regimen. The next study compared cocaine
withdrawal and craving in 50 inpatient cocaine dependent subjects who were randomized to
receive placebo or I-tryptophan (the precursor to serotonin; 1 g/day) combined with I-
tyrosine (the precursor to dopamine; 1 g/day) over 4 weeks [42]. There was no effect of
treatment, relative to placebo, in cocaine withdrawal or craving. The reasons for the failure
of combining these neurotransmitter precursors for reducing cocaine withdrawal and craving
are unknown, but, as suggested in the manuscript, may be due to the limited clinical efficacy
of the individual constituents for reducing cocaine withdrawal and craving.

In the most recent study, 45 cocaine dependent subjects were randomized to placebo,
metyrapone (a cortisol inhibitor; 500 mg/day) combined with oxazepam (a positive GABAa
modulator; 20 mg/day) or metyrapone (1500 mg/day) combined with oxazepam for 6 weeks
[58]. Cocaine craving was not reduced significantly in any treatment group across the full
trial. However, subsequent analyses indicated that cocaine craving was decreased at several
time points in the groups receiving active treatment relative to placebo. Cocaine abstinence
was also significantly increased at the end of the study in the high-dose metyrapone group
relative to placebo.
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The studies reviewed above show that combining medications for treating cocaine use
disorder produces better results relative to placebo, but greater effectiveness for combined
treatments relative to monotherapies has yet to be demonstrated. For example, both human
laboratory studies showed benefits of combined treatments over placebo for attenuating
either the abuse-related subjective [52] or pressor [53] effects of cocaine. Only naltrexone
alone reduced the abuse-related subjective effects of cocaine in the earlier study [53],
however. Some of the clinical trials also showed greater efficacy for combined treatments
relative to placebo on the selected primary outcome variables [51,57,58], but the utility of
combined treatments was not supported by the outcomes of other clinical trials
[42,54,55,56].

Due to the diverse range of tested medications and combinations, as well as the fact that no
studies repeated exact combinations, discerning a pattern to the pharmacological systems
targeted by successful combined pharmacotherapies is difficult. Two studies showed that
combining a monoamine agonist with a GABA agonist successfully reduced cocaine use or
attenuated the abuse-related subjective effects of cocaine [51,52]). Using monoamine
agonists for treating cocaine use disorder is further supported by the consistent finding that
amphetamine isomers reduce cocaine use in clinical trials [30,31,32,56]. Using GABA
agonists for treating cocaine use disorder is also further supported by trials demonstrating
modest efficacy of these compounds alone (i.e., topiramate; [33,34]) or in combination with
other drugs (i.e., oxazepam with metyrapone reduced craving and cocaine use; [58].
Continued evaluation of monoamine and GABA agonists as mono- and combined therapies
is clearly warranted.

One caveat to the studies reviewed above is that those which demonstrated efficacy for the
combined treatments generally did not test all constituent medications alone [51,52,57,58]
making it impossible to ascertain the unique effects produced by the individual compounds.
Thus, whether the combination produced superior results to the constituents remains largely
unknown. There has also not been any sequential work that has first screened medication
combinations in the human laboratory then moved the most promising agents into clinical
trials, which limits the ability to identify constituents or combinations that have shown
promise across a range of measures and are worthy of further investigation. Addressing both
of these gaps represents important future directions as described below.

Combination Pharmacotherapies for Amphetamine Use Disorder

There has been substantially less research examining the efficacy of combined medications
for treating amphetamine use disorder compared to the research with cocaine (see Table 2).
Consistent with the cocaine literature, selected constituent drugs have generally
demonstrated some efficacy for reducing amphetamine use (i.e., naltrexone promoted
amphetamine abstinence as a monotherapy; [59,60]) and the combinations have had distinct
pharmacological targets because amphetamine also interacts with diverse and numerous
neurotransmitter systems. The primary abuse-related effects of amphetamine isomers have
been attributed to the ability of amphetamines to release monoamines like dopamine and
serotonin [35,38], but none of the extant studies have directly targeted monoamine systems.
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Amphetamines also increase glutamate levels [36], so several studies have tested drugs that
“normalize” glutamatergic function (i.e., n-acetylcysteine) or reduce brain glutamate levels
(i.e., gabapentin). Again, as with cocaine, other studies have used the strategy of indirectly
targeting brain monoamine systems by using GABAergic (i.e., alprazolam, flumazenil,
gabapentin) or opioidergic (i.e., naltrexone) drugs. Taken together, the overall hypothesis of
these studies has also been to test combinations of medications that activate multiple targets
(e.g., testing alprazolam combined with naltrexone; [61]) in order to more effectively treat
amphetamine use disorder.

Human Laboratory Study of Combination Treatments for Amphetamine Use Disorder

We know of one human laboratory study that assessed the effects of putative
pharmacotherapies in combination with amphetamine in humans [61]. In this double-blind,
placebo-controlled, randomized study, eight subjects with a stimulant use disorder first
received an acute pretreatment of oral placebo, naltrexone (50 mg), alprazolam (a positive
GABA modulator; 0.5 mg) or combined naltrexone and alprazolam. Subjects then received
oral d-amphetamine (0, 15 or 30 mg). Oral d-amphetamine produced prototypic effects,
increasing blood pressure and subjective ratings like Good Effects. Pretreatment with
naltrexone alone enhanced the diastolic pressor effects, whereas pretreatment with
alprazolam or the combination reduced the systolic pressor effects, of d-amphetamine.
Pretreatment with each of the individual drugs attenuated the subjective effects produced by
d-amphetamine, especially those of the lower dose, but significant reductions were observed
on a greater number of subjective ratings following pretreatment with the combination of
naltrexone and alprazolam.

Clinical Trials of Combination Treatments for Amphetamine Use Disorder

Three blinded, placebo-controlled, randomized clinical trials have tested medication
combinations for treating amphetamine use disorder. All of these studies examined the
ability of these combinations to promote amphetamine abstinence, verified by negative urine
amphetamine screens, but other variables like amphetamine craving were also measured
[62,63,64]. In the earliest study, treatment seeking methamphetamine dependent subjects
(N=31) were enrolled in an 8-week study in which they were assigned to placebo or
naltrexone combined with n-acetylcysteine (a ligand at the glutamate/cysteine antiporter that
increases reuptake of glutamate) [62]. The starting dose for naltrexone was 50 mg/day and
the starting dose for n-acetylcysteine was 600 mg/day. Doses were increased throughout the
trial to a final dose of 200 mg naltrexone/2400 mg n-acetylcysteine/day in the final 2 weeks.
All subjects experienced improvement during the trial, but, due to a very small sample size,
there were no statistically significant differences between the treatment groups on any
outcome measure. Reductions in amphetamine use and amphetamine craving were greater in
subjects receiving active treatment, however.

The two more recent trials evaluated the primary constituents in the proprietary Prometa®
treatment in methamphetamine dependent subjects [63,64]. Ling and colleagues randomized
120 subjects to receive the placebo condition (the antihistamine hydroxyzine only; 50
mg/day for the first 10 days of the trial) or the active condition of gabapentin (a GABA
agonist that also reduces brain glutamate levels; target dose of 1200 mg/day), flumazenil (a
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benzodiazepine receptor antagonist; 5, 2 mg infusions) and hydroxyzine over a 40-day trial
[63]. Improvements were seen on outcome variables including amphetamine use and craving
after treatment across groups, but there were no between group differences. The study by
Urschel and colleagues enrolled 135 subjects into a similar dosing protocol with the
exception that the placebo group did not receive active hydroxyzine and the evaluation
period was 30 days long [64]. Both groups improved on amphetamine use and craving
throughout the study comparing baseline to day 30 measures, but active treatment produced
significantly greater reductions on these outcomes relative to the placebo group.

Two of the four studies reviewed above showed that combination treatments resulted in
significantly better outcomes relative to placebo [61,64], while the other two did not [62,63].
Only one study actually tested the combination and constituents alone, with the results
indicating that the combination was more effective than the individual drugs in attenuating
the effects of d-amphetamine [61]. Of note, two of the studies tested the same combined
treatment, but produced conflicting results [63,64]. The reason for the differences between
those two studies is unknown but may be due to trial duration or administration of
hydroxyzine. Clearly, more research is necessary for testing and developing combination
treatments for amphetamine use disorder. One common feature to the studies showing
efficacy of the combination was the use of GABAergic agents, which would suggest that
including a GABA modulator as one of the constituent compounds is a particularly
promising avenue for future studies. Caution should be used in taking this path, however,
because Ling and colleagues did not demonstrate a superior effect relative to placebo for the
same regimen that reduced amphetamine use in the study by Urschel and colleagues.
Naltrexone demonstrated efficacy in the human laboratory study, consistent with previous
findings [59,60]). The clinical trial testing naltrexone with n-acetylcysteine [62] also
demonstrated reduced amphetamine use in the active treatment group, but due to a very
small sample size, the study was underpowered to detect statistical significance. These
findings encourage the continued evaluation of naltrexone as a mono- or combination
therapy for amphetamine use disorder, albeit with appropriately powered studies.

The methodological concerns identified for the cocaine studies are similar to those for the
amphetamine studies. Three of the four studies reviewed did not compare the individual
constituents to the combined treatment [62,63,64] and no sequential work has been
conducted translating human laboratory work into clinical trials. Addressing these important
concerns as a field will help to better identify effective combined treatments for managing
stimulant use disorders.

Expert Commentary and Five-Year View

Stimulant use disorders remain a pervasive public-health concern. A widely effective
pharmacotherapeutic adjunct has yet to be identified and approved for reducing or
eliminating stimulant use. The clinical literature reviewed above suggests that combined
treatments may be a viable option for managing stimulant use disorders. In this section we
consider: 1) the outcomes of the extant research, 2) strengths and weaknesses of the extant
research that can guide study design for future work in this area, 3) the safety and
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tolerability of combined treatments for stimulant use disorder, 4) constituents and
combinations that warrant further investigation and 5) a five-year view for development of
combined treatments for stimulant use disorder.

Outcomes of Extant Research

The majority of clinical studies reviewed above demonstrated that combination treatments
had better efficacy than placebo on selected outcomes [51,52,53,57,58,61,64], indicating
that this strategy has some promise for managing stimulant use disorders. However, the
superiority of combination treatments relative to monotherapies has yet to be determined,
because only a small subset of those studies evaluated the effects of the individual
constituents [53,61]. This methodological praoblem leaves the question of whether the
combined treatments are more effective than their constituents alone essentially unanswered.
Only one study showed greater efficacy (i.e., reduction of a greater number of positive
subjective effects) for the combined treatment condition relative to the individual treatment
conditions [61]. Several of the studies that did not demonstrate efficacy for the combined
treatments showed that individual constituents significantly reduced drug taking [54,56],
further supporting the need to compare the effects of the combined agents to those of
individual compounds alone. In the next section, this design consideration, as well as a
number of others, are outlined to guide future work.

Strengths and Weaknesses of Extant Research: Guidance for Future Work

Given the fairly recent interest in developing combined treatments for stimulant use
disorders, it is important to identify the strengths and weaknesses of the extant research and
provide guidance on the design of future work to better ensure a successful outcome. One of
the primary strengths of the reviewed studies is the use of diverse and numerous outcome
measures to evaluate the efficacy of the combined treatments for stimulant use disorder.
Keeping with convention, the human laboratory studies measured a range of
pharmacodynamic outcomes including subjective and cardiovascular effects [52,53,61].
Most of the clinical trials also evaluated numerous outcomes, including biologically verified
stimulant use, self-reported stimulant use, combined alcohol and stimulant use, trial
retention, craving and withdrawal [54,55,58,62]. The gold standard of efficacy for clinical
trials of pharmacotherapies for stimulant dependence has been for putative treatments to
promote sustained abstinence (e.g., three consecutive weeks of biologically verified
abstinence from cocaine; [51]. Questions have recently arisen about whether complete drug
abstinence “sets the bar too high” and has contributed to our inability to identify an effective
pharmacological treatment [43,65,66]. These questions are especially germane to the
development of combined treatments because a number of the studies reviewed above only
showed efficacy for tested treatments with sub-analysis in adherent patients or at specific
time points in the trial [54,58].

Complete abstinence is a common goal for comprehensive 12-step type programs, but a
different outcome like increased per centage of days abstinent may be a better achievable
and thus more clinically relevant endpoint for pharmacotherapies [43]. Adoption of different
endpoints to define success of medications has been proposed in the treatment of other
health problems [67,68], so such a change for substance use disorder research would not be
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unprecedented. The onus is on researchers in the field of medications development for drug
use disorders to define and empirically support an appropriate endpoint as we move forward
in the approval process for putative combined pharmacotherapies.

Other strengths of the extant research that should continue to be included in future projects
are the selection of placebo-controlled, randomized designs and testing of agents that have at
least some efficacy for reducing or eliminating stimulant use as monotherapies either
preclinically or clinically. These design features will allow for more conclusive
determinations to be made about the efficacy of combined treatments and better ensure
success because there is no evidence that combining completely ineffective agents would
result in any benefit for stimulant using individuals [42]. Testing pharmacotherapies shown
to be ineffective as individual constituents also presents ethical and safety concerns.

The primary methodological weakness of many of the studies reviewed above is that they
did not test the individual constituents against the combined condition with a factorial design
[42,51,52,57,58,62,63,64]. As an example, the study conducted by Mariani and colleagues
showed the efficacy of mixed amphetamine salts combined with topiramate, but did not test
the constituent drugs alone, making it impossible to determine whether one or both of these
drugs contributed to the successful outcome. The doses of amphetamine (60 mg/day) and
topiramate (150 mg/day) tested in combination are similar to those tested alone in previous
studies and show similar efficacy to outcomes when the drugs were tested as single
constituents [30,31,34].

Although we recognize that including these additional conditions adds to study complexity
and cost, both human laboratory studies and clinical trials have been able to implement a
completely factorial design [54,61]. Using complex, full factorial designs to evaluate
treatments of different modalities is not uncommon in developing therapies for stimulant use
disorder [69,70,71,72,73]. For example, in one clinical trial, 161 cocaine dependent subjects
were randomized to receive levodopa/carbidopa or placebo combined with different “doses”
of behavioral intervention: clinical management, clinical management with cognitive
behavioral therapy or clinical management, cognitive behavioral therapy and voucher-based
reinforcement therapy [72]. Active medication treatment combined with the three behavioral
treatments was most effective in promoting cocaine abstinence. Using a fully factorial
design with two medications should not be perceived as any more difficult or resource
intensive than combining treatment of different modalities. Thus, in order to most
effectively demonstrate the superiority of combined treatments, future research should
include both the combination and individual constituents as conditions.

One way to most efficiently implement this design recommendation is to have a more
systematic pipeline of development for combined treatments, which also addresses a
weakness of the extant research in that very little translational work has been conducted
moving from preclinical findings to human laboratory studies as an initial screen for a range
doses of effective combinations, then moving the most promising agents into more costly
clinical trials. Human laboratory studies, especially those that examine the reinforcing
effects of stimulants, are ideally suited to determine initial efficacy and are a critical
component of medications development efforts for at least four reasons. First, the initial
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safety and tolerability of a potential medication in combination with the drug of abuse can
be determined prior to studying it in a larger group enrolled in a clinical trial. Second, this
research can be conducted efficiently, which allows it to serve as a screen for potential
medications prior to testing in larger clinical trials. Self-administration procedures in the
human laboratory have particularly good predictive validity for clinical trial outcomes,
bolstering the screening role of human laboratory research. Although none of the human
laboratory studies reviewed above included a self-administration component, the strong
predictive validity for medication efficacy of these outcomes relative to subjective effects
[74,75] suggests that future human laboratory screening for combination treatments must
include measures of drug reinforcement. Third, appropriate controls can be used in human
laboratory research, which helps refine medication development efforts. For example,
targeted populations, drug doses or drug combinations can be studied in the human
laboratory prior to investing in clinical trials targeting these groups, maximizing the chance
for success. Such research can also provide insight into naturalistic determinants of drug use
that may not be readily observable in larger clinical trials without extensive sub-analyses.

A final weakness noted by many of the clinical trials above [54,55,56] is limited adherence
to medication regimen. Not taking medications as prescribed is a common problem across
clinical conditions and increases health care costs [76], so it is not surprising that poor
adherence is also observed in clinical trials for stimulant use disorder [32,54,55,56]. Poor
adherence not only increases the likelihood and cost of health problems, it also reduces the
ability of clinical trials to accurately identify effective treatments for managing stimulant use
disorders. Future research should explore and develop methods to improve adherence to
medication regimens in patients with stimulant use disorder [77].

Safety and Tolerability of Combined Treatments

The safety and tolerability of combined stimulant pharmacotherapies is of critical
importance, because, as noted in the Introduction, using high enough doses of
monotherapies to completely suppress drug use could result in side effects that are clinically
significant or limit compliance. The human laboratory studies that provided information
about side effects or adverse events indicate that the tested treatments were well tolerated
and without incidence of clinically significant events [52,61]. The results of the clinical

trials that provided information about side effects or adverse events clearly show that active
treatment was associated with greater numbers or more severe ratings of adverse events
[51,54,55,56,58,63,64], although one trial showed no difference between groups, which
could again be due to small sample size [62]. Although a greater number of side effects or
adverse events occurred during active treatment, several of the clinical trials report that the
number of subjects reporting adverse events did not differ between placebo and active
treatment [58,64]. Unfortunately, because many of these studies did not compare the
individual constituents to the combined treatment, it is difficult to determine whether the
combined treatments produced a different safety and tolerability profile than the single
agents would have. Three studies did evaluate individual constituents and the combined
treatments, with mixed results [54,55,56]. In the earliest study, the combined treatment
(amantadine and propranolol) resulted in a greater incidence of medication-related, clinically
significant adverse events [54]. In the next study, all active treatments increased incidence of
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nausea relative to placebo, but only in the combined treatment group (naltrexone and
disulfiram) was sexual arousal increased [55]. Lastly, the study by Schmitz and colleagues
showed that the greatest incidence of side effects occurred in the d-amphetamine only
condition and that adverse events occurred at fairly equal rates in all active treatment groups
[56]. The conclusions that can be made about the safety and tolerability of combined
pharmacotherapies for stimulant use disorder are limited, but the available data do not
necessarily indicate that this strategy is associated with a worse side effect/adverse event
profile than monotherapy.

Constituents, Combinations and Strategies Warranting Further Investigation

Evaluation of effective medication combinations for managing stimulant use disorder is a
new area of research, and as such, a number of the tested combinations failed to produce
promising outcomes. The design of many of the studies does not allow for a determination
of whether the combinations tested were more or less effective than constituents alone, so
recommendations for constituents and combinations warranting further investigation are
made with some hesitation. In our opinion, the constituents that should continue to be tested
are those that have consistently demonstrated at least some efficacy when used as
monotherapies or in combination with other treatments. For cocaine use disorder, this would
be monoamine releasers like d-amphetamine or mixed amphetamine salts [30,31,51,56]
combined with GABA agonists like topiramate [33,34,51] or drugs that work in serotonin
systems given that some theoreticians have suggested that a careful balance of dopamine and
serotonin release is necessary for medications to most effectively reduce cocaine taking [78].
For amphetamine use disorder, naltrexone warrantsfurther study [59,60,61,]. GABA
agonists may also hold promise for managing amphetamine use disorder in combination
with other medications [61,64].

Because combination treatments are increasingly common for other disorders, we would
also advocate for looking to recent successes with combined pharmacotherapies for
disorders that share behavioral and neurabiological underpinnings with stimulant use
disorders like cigarette smoking [79], obesity [24] and attention deficit/hyperactivity
disorder [8]. Lastly, in the studies reviewed above, medications were combined from the
outset of treatment for the studies, so add-on pharmacotherapy based on initial response to
monotherapy represents an additional important avenue of research that would model
strategies taken with other disorders like hypertension and depression.

Five-Year View

Over the next 5 years, we envision that progress will have been made in identification of
effective combined pharmacotherapies for stimulant use disorders, especially because some
of the recommendations made here will have been adopted. We particularly look forward to
development of a more systematic pipeline between human laboratory screening models and
clinical trials, as well as the use of full factorial designs that evaluate the efficacy of placebo,
individual constituents and combined treatments on a range of outcomes (e.g., negative drug
urine screens, percent of days abstinent). This process will still be in its infancy, however,
because a long timeline is necessary for full approval of pharmacotherapies for managing
drug use disorders. Approval of buprenorphine for managing opioid dependence took nearly
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20 years. We envision that the most promising candidate combinations will only be entering
Phase 11 trials to demonstrate widespread efficacy within this 5-year time frame.
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Key Issues
-Effective pharmacotherapies for stimulant use disorders remain to be identified.

-Use of innovative strategies, like combination treatment, is necessary to develop
successful medications to manage cocaine or amphetamine use disorder.

-Combination treatment is a viable strategy for a number of reasons, including use of
lower doses of individual constituents to minimize side effects, the possibility of
achieving additive or synergistic effects with combinations and targeting the diverse
neurotransmitter systems impacted by stimulant drugs.

-Superior efficacy of combined treatments relative to placebo has been demonstrated for
a wide range of outcomes, including objective and self-reported drug abstinence.

-A number of methodological concerns, including not systematically testing putative
combinations from the human laboratory to the clinic and not evaluating individual
constituents, make more definitive conclusions about the promise of this strategy
impossible.

-Future research should more systematically evaluate drug combinations and include
individual constituents that have at least some efficacy when tested alone to overcome
these methodological limitations.
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Table 1

Outcomes of Clinical Studies of Combination Treatments for Cocaine Use Disorder.
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Amphetamine (30 mg/day) and
Modafinil (200 mg/day)

Citation Study Type Treatment Conditions’ Outcomes Rationale
Sofuoglu et al., Human Laboratory | Placebo, Naltrexone (50 mg), Isradipine Isradipine, alone or with naltrexone, 2,3
2003 (10 mg), Naltrexone and Isradipine reduced the pressor effects of cocaine.
Greater reductions in blood pressure
were observed with the combination.
Naltrexone alone reduced subjective
ratings of Good Effects produced by
cocaine.
Rotheram- Human Laboratory | Placebo, Amantadine (300 mg/day) and Combined amantadine and baclofen 2,3
Fuller et al., Baclofen (90 mg/day) reduced subjective ratings of Desire to
2007 Use Cocaine.
Giannini and Clinical Trial Placebo, Bromocriptine (2.5 mg/day), Bromocriptine, alone or with 2,3
Billett, 1987 Bromocriptine and Desipramine (200 desipramine, reduced cocaine
mg/day) withdrawal symptoms. Greater
reductions were observed for the
combination relative to bromocriptine
alone.
Chadwick et Clinical Trial Placebo, I-Tryptophan (1 g/day) and I- No treatment group differences. 3
al., 1990 Tyrosine (1 g/day)
Kampman et Clinical Trial Placebo, Amantadine (300 mg/day), No treatment group differences in 2,3
al., 2006 Propanolol (100 mg/day), Amantadine overall analysis. Sub-analysis indicated
and Propanolol that highly adherent subjects in the
propranolol alone condition were more
likely to be cocaine abstinent and stay in
treatment.
Pettinati et al., Clinical Trial Placebo, Disulfiram (250 mg/day), No treatment group differences in 2,3
2008 Naltrexone (100 mg/day), Disulfiram and | overall analysis. Sub-analysis indicated
Naltrexone. that disulfiram maintenance, alone or
with naltrexone, increased abstinence
from cocaine and alcohol.
Kablinger et Clinical Trial Placebo, Metyrapone (500 mg/day) and No treatment group differences in 1,2,3
al., 2012 Oxazepam (20 mg/day), Metyrapone overall analysis. Sub-analysis indicated
(1500 mg/day) and Oxazepam that both active treatments reduced
cocaine craving. Cocaine abstinence was
also increased in the high-dose
metyrapone group.
Mariani et al., Clinical Trial Placebo, Mixed Amphetamine Salts (60 Combined amphetamine salts and 2,3
2012 mg/day) and Topiramate (300 mg/day) topiramate doubled the likelihood that
subjects would achieve three consecutive
weeks of cocaine abstinence.
Schmitz et al., Clinical Trial Placebo, d-Amphetamine (60 mg/day), Combined d-amphetamine and modafinil | 1,2,3
2012 Modafinil (400 mg/day), d- increased cocaine use. Placebo and d-

amphetamine alone decreased cocaine
use.

Unless otherwise indicated, doses of the combined medications were the same as those tested for individual constituents.

*

Rationales were selected from the three provided in the introduction including 1) combining medications using lower doses to minimize side
effects, 2) combining medications that demonstrate some efficacy as individual constituents either preclinically or clinically and 3) combining
medications that target different neurotransmitter systems.
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Table 2

Outcomes of Clinical Studies of Combination Treatments for Amphetamine Use Disorder.
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Flumazenil (5, 2 mg/infusions)

Citation Study Type Treatment Conditions’ Outcomes Rationale
Marks et al., Human Laboratory | Placebo, Naltrexone (50 mg), Alprazolam (0.5 mg), | Combined naltrexone and 2,3
2014 Naltrexone and Alprazolam. alprazolam significantly
reduced a greater number of
subjective effects produced
by d-amphetamine than
placebo, naltrexone or
alprazolam alone.
Grantetal., Clinical Trial Placebo, Naltrexone (200 mg/day final dose) and n- | No treatment group 2,3
2010 Acetylcysteine (2400 mg/day final dose) differences.
Urschel et al., Clinical Trial Placebo, Hydroxizine (50 mg/day), Gabapentin Active treatment reduced 2,3
2011 (1200 mg/day target dose) and Flumazenil (5, 2 mg/ | amphetamine use and
infusions) craving.
Ling et al., Clinical Trial Placebo (Hydroxizine, 50 mg/day), Hydroxizine, No treatment group 2,3
2012 Gabapentin (1200 mg/day target dose) and differences.

+
Unless otherwise indicated, doses of the combined medications were the same as those tested for individual constituents.

*

Rationales were selected from the three provided in the introduction including 1) combining medications using lower doses to minimize side
effects, 2) combining medications that demonstrate some efficacy as individual constituents either preclinically or clinically and 3) combining
medications that target different neurotransmitter systems.
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