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A B S T R A C T

Background: Demand for treatment for amphetamine use is increasing internationally. Establishing effective
pharmacotherapy provides broader treatment options for people who are dependent on amphetamine and may
encourage engagement in evidence-based behavioral treatment. This study aimed to identify medicines that
have potential in improving treatment outcomes for people who are dependent on amphetamines.
Methods: Medline, PsycINFO, Embase and the Cochrane Database of Systematic Reviews were searched from
1997 to 2012 and again from 2013 to 2016. Studies on medications for amphetamine/methamphetamine de-
pendence treatment were selected and assessed by two independent researchers. A meta-narrative review ap-
proach was used to synthesize results.
Results: A total of 49 studies investigating 20 potential pharmacotherapies were eligible for inclusion. Of these,
35 studies related to 33 level II quality randomized controlled trials (RCTs). Five medications were subject to
multiple RCTs. Four of these medicines demonstrated some limited evidence of benefit for reducing ampheta-
mine use: methylphenidate (as reported in three studies), buprenorphine (in three studies), modafinil (two
studies), and naltrexone (one study). Four RCTs of dexamphetamine suggest its benefit on secondary outcomes
such as treatment retention, but not for reducing amphetamine use. Six other medicines indicate the potential for
efficacy, but the number of studies is too small to draw conclusions.
Conclusions: No medicine has as yet demonstrated sufficient, consistent evidence of effectiveness to support its
use in routine treatment. High study drop-out and poor medication adherence limits the strength of evidence and
raises important clinical questions about how to improve treatment engagement and outcomes.

1. Introduction

Internationally, recent increases in the proportion of people using
amphetamines in the community are reported for a number of regions.
Though global trends indicate no overall growth (Center for Behavioral
Health Statistics and Quality, 2015; United Nations Office on Drugs and
Crime, 2016) a rise in use is evident in East and South East Asia (United
Nations Office on Drugs and Crime, 2016) and in Europe, where Finland
and the Czech Republic showed increased use, although decreased
prevalence was reported for Spain and the United Kingdom (European
Monitoring Centre for Drugs and Drug Addiction, 2017). A trend is also
reported toward riskier methamphetamine use, such as injecting, and
the use of the more potent form of crystal methamphetamine (European
Monitoring Centre for Drugs and Drug Addiction, 2017).

The amphetamine group of drugs referred to broadly in this review
as ‘amphetamine’, includes amphetamine sulfate and methampheta-
mine (Cruickshank and Dyer, 2009). They are synthetic central nervous

system stimulant drugs with similar profiles of effect and potential for
abuse, though methamphetamine is considered a more potent type of
amphetamine (Perez-Mana et al., 2013; Darke et al., 2008). Metham-
phetamine makes up the largest share of the amphetamine-type sti-
mulant (ATS) seizures across the world and dominates the ATS street
markets in North America, East and South-East Asia and Oceania,
(United Nations Office on Drugs and Crime, 2016). ATS use is related to
a range of serious harms, including dependence (Cruickshank and Dyer,
2009; Mcketin et al., 2006a, b). Regular and longer-term use of me-
thamphetamine is particularly associated with extensive physical
health consequences (Cruickshank and Dyer, 2009; Darke et al., 2008),
elevated risk of psychiatric symptoms including psychosis and depres-
sion (Ma et al., 2018; Mcketin et al., 2006b) and increased prevalence
of aggressive behaviors (Mcketin et al., 2014; Darke et al., 2008), vio-
lent offending (Darke et al., 2010), high-risk sexual activity
(Cruickshank and Dyer, 2009) and blood borne viruses (Tavitian-Exley
et al., 2015; United Nations Office on Drugs and Crime, 2016).
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The purity of both amphetamine and methamphetamine is reported
to have increased in recent years (European Monitoring Centre for
Drugs and Drug Addiction, 2017; United Nations Office on Drugs and
Crime, 2016) raising further concerns for the potential impact on the
prevalence of amphetamine-related harms on public health. Crystal
methamphetamine is typically smoked or injected, and compared to the
powder or paste forms of methamphetamine, is significantly stronger
and associated with a greater likelihood of developing dependence
(McKetin et al., 2006a, b). Regions reporting increased use or purity of
crystal methamphetamine may be particularly negatively impacted. In
Australia, a state showing an overall increase in crystal methamphe-
tamine purity also experienced a drop in purity-adjusted price (United
Nations Office on Drugs and Crime, 2016), and found this change was
paralleled with substantial methamphetamine-related harms, including
a three-fold increase in the number of ambulance attendances specifi-
cally related to crystal methamphetamine (Heilbronn et al., 2013; Scott
et al., 2015).

In this context of shifts in amphetamine use patterns and drug
purity, the number of people presenting for treatment for ampheta-
mine-related disorders is seen to be rising internationally. In Europe,
the number of first-time treatment entrants for amphetamine use grew
by 50% since 2006 (European Monitoring Centre for Drugs and Drug
Addiction, 2017) and increased treatment access is reported across Asia
and specific regions of North America (United Nations Office on Drugs
and Crime, 2016). Such changes in treatment demand suggest a wider
trend of increased problem use and health consequences (United
Nations Office on Drugs and Crime, 2016).

Current treatment for amphetamine dependence is founded on
structured behavioral interventions, with cognitive behavioral therapy
(CBT) and contingency management interventions most supported for
reducing methamphetamine use (Lee and Rawson, 2008). However,
relapse rates are high (Mcketin et al., 2012) and a pharmacotherapy
may help attract people who use methamphetamine into treatment
(Kenny et al., 2011).

Investigation of medications to treat amphetamine dependence has
commonly involved trials of agonist replacement medications, anti-
depressant and antipsychotic-type medications (Rose and Grant, 2008).
The medicines achieve their effects through modulation of key neuro-
transmitter systems, primarily dopaminergic neurotransmitter systems,
but also the serotonergic and GABAergic systems (Rose and Grant,
2008; Panenka et al., 2013). A number of earlier reviews have shown no
benefit of pharmacotherapy for amphetamine dependence.

Brensilver et al. (2013) reviewed twenty-one randomized controlled
trials (RCTs) of pharmacotherapies for ATS or methamphetamine de-
pendence and concluded that no pharmacotherapy had been found to
be broadly effective. Four medications were indicated to have limited
evidence but promising results in reducing use and/or increasing ab-
stinence among subgroups of patients: naltrexone among individuals
with less severe dependence or with comorbid opioid and amphetamine
dependence, mirtazapine among men who have sex with men, me-
thylphenidate with people who use amphetamine by injection and
bupropion with lighter amphetamine users (Brensilver et al., 2013).

Reviews by Stoops and Rush (2013, 2014) similarly identify pro-
mising directions but no widely effective treatment option. In a review
of clinical trials and human laboratory studies of agonist replacement
medication options for stimulant dependence (Stoops and Rush, 2013)
they included 13 amphetamine treatment studies. Authors highlighted
the potential utility of methylphenidate for reducing amphetamine use
and the limited but promising evidence for bupropion among lighter
amphetamine users.

The review of combination pharmacotherapies for stimulant use
disorder (Stoops and Rush, 2014) included four amphetamine specific
studies that combined: naltrexone and alprazolam, naltrexone and n-
acetylcysteine, and gabapentin with flumazenil. Findings from the
limited evidence were mixed, but authors suggest combination phar-
macotherapy may be a viable and effective treatment approach for

stimulant use disorders, with most promising findings for the use of
naltrexone (as a mono- or combination therapy) and GABA agonists in
combination with other medications (Stoops and Rush, 2014).

A Cochrane systematic review evaluating the efficacy and safety of
psychostimulant medications for amphetamine abuse or dependence
(Perez-Mana et al., 2013) reviewed eleven studies involving adminis-
tration of dexamphetamine, bupropion, methylphenidate, and mod-
afinil. No significant differences were found between these medications
and placebo in their effect on reducing amphetamine use or craving, or
increasing length of abstinence. The retention in treatment was low,
and a similar proportion of adverse events prompting dropout was
evident for both psychostimulants and placebo groups.

Since the publication of these reviews, 12 new clinical studies have
been published, and this paper provides an update on these previous
reviews. We take a broad approach to this update, including both RCT
and non-RCT studies to offer a picture of what works and what is
promising in pharmacotherapies for dependence on amphetamines.

2. Method

2.1. Review protocol

2.1.1. Approach
A systematic review was undertaken in January 2013 examining

pharmacotherapy for amphetamine dependence as part of the
Australian Nation Council on Drugs (ANCD) report ‘Medication treat-
ment options for amphetamine-type stimulant users’ (Lee and Jenner,
2014). An updated search was undertaken for papers published be-
tween January 2013 and September 2016.

The methods and results are reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
-PRISMA statement (Liberati et al., 2009; Moher et al., 2015). A tra-
ditional systematic review works best when there are large numbers of
studies with similar methodologies and outcome measures. A more
recent review methodology, meta-narrative review (Potts, 2012) is a
pragmatic method of understanding a diverse and disparate literature
and can help provide better interpretation of the literature when
methods, measures, and outcomes between studies vary widely. Al-
though the efficacy and effectiveness of medicines are generally con-
sidered a ‘simple intervention’ (Wong et al., 2009), the complexity of
amphetamine use has resulted in the reporting of widely varied re-
search outcomes.

2.1.2. Eligibility criteria
The inclusion criteria were:

• Human studies

• Adult studies (participants aged 18 years and over)

• Materials published previous 15 years (1 January 1997–January
2013), an additional search of articles 2013 to September 2016

• Manuscripts in English or with available English translation

• Intervention studies of Level IV study type (case series with either
post-test or pre-test/post-test outcomes) or above (National Health
and Medical Research Council, 2009)

The exclusion criteria were:

• Animal studies

• Non-English manuscripts

• Studies published prior to 1997

• Qualitative studies and general reviews

• Studies that included primarily non-dependent participants

• Studies that included primarily non-treatment participants or con-
texts (e.g., used healthy volunteers or used dependent volunteers in
a laboratory setting)

• Studies of pharmacotherapy responses to acute toxicity
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• Studies specifically targeting other mental health disorder (e.g., at-
tention deficit hyperactivity disorder, depression)

Only published articles and abstracts that met these criteria and
contained sufficient comparison information to be extracted were in-
cluded in the review.

2.1.3. Information sources and search
Four electronic databases were searched: Medline, PsycINFO,

Embase and the Cochrane Database of Systematic Reviews. A combi-
nation of medical subject headings (MeSH), keywords and title searches
were used depending on the database. An example of the specific search
strategy, as used for Medline is detailed in Supplement 1. Searching by
hand the references within key papers also identified additional studies
of relevance.

2.1.4. Data items
An initial screen by one reviewer excluded all studies that were not

related to ATS. At the second screen, all studies that did not meet in-
clusion criteria were excluded. Data items extracted during the second
stage of screening included: citation details; country research was
completed; type of medicine and intervention; setting of study; study
objective; number and description of participants (i.e. gender, age,
mean days of methamphetamine use in past 30 days, mean years me-
thamphetamine use); intervention and comparison group details where
included in study; outcome measures used; response rate; length of
follow-up; outcomes, and effect size if reported.

2.2. Risk of bias

Two reviewers undertook the data extraction and quality check. The
data extraction sheet was adapted from Torgerson (2003) with each
paper also subject to assessment based on a number of criteria that
focus on study design elements that research has shown to have a sig-
nificant effect on the risk of bias in the results reported, including study
procedures for randomization, treatment allocation, blinding, outcome
measurement and study drop out (Scottish Intercollegiate Guidelines
Network (SIGN), 2014). The study type determined the checklist used;
copies are available from the Scottish Intercollegiate Guidelines Net-
work (SIGN)1 website. As recommended by SIGN (Scottish
Intercollegiate Guidelines Network (SIGN, 2014) the literature search
covered a range of sources and studies, which were appraised by two
reviewers. The inclusion of open-label and non-controlled studies in
this systematic review aimed to identify important and clinically useful
information but is acknowledged as potentially increasing the risk of
bias. Findings of high-quality RCTs assessed as low bias risk are more
heavily weighted in our synthesis of results.

2.3. Summary measures and synthesis of results

Extracted data were transcribed into a summary table by a single
reviewer and checked by a second reviewer consistent with systematic
methods of reporting (Higgins and Green, 2008). To synthesize the
studies, the meta-narrative review elements of interpretive synthesis
and guiding principle of ‘pragmatism’ (Greenhalgh and Peacock, 2005;
Greenhalgh et al., 2009; Potts, 2012) were then applied, aiming to
identify what will be most useful to the intended audience. In this
context, this pragmatic aim is interpreted as whether medicines show
promise in forming part of a comprehensive treatment plan and con-
versely whether there are medicines identified as unsafe to use with
people dependent on ATS. From this process, conclusions could be
made and have a chronological order (Kitson et al., 2013).

2.4. Study selection

The citations from all database sources and other sources (com-
mittee members suggestions) were saved into separate EndNote li-
braries (Thomson Reuters, 2013). A flow diagram of the search results
is provided in Fig. 1.

From the initial search, a total of 6537 citations were returned from
database searches, and an additional fifty-two papers were identified
through other sources. After removal of duplicates, 2179 articles were
assessed for eligibility.

A two-stage screening process was used. During the first screen, one
reviewer assessed each article to ensure they met the eligibility re-
quirements. A further n=2021 articles were removed, leaving n=158
articles to be further checked for eligibility and quality during the
second screen.

At the second screen, all studies (n= 121) that did not meet in-
clusion criteria were excluded (e.g., laboratory and animal studies,
participants without ATS dependence). Thirty-seven studies of medi-
cations for ATS dependence were initially included for review.

The updated search conducted in 2016, followed the same proce-
dures and identified an additional twelve papers for inclusion in the
review.

Forty-five of these studies reported no serious adverse events.
Overall there was no evidence that, at the doses reported, these medi-
cines produced significant adverse effects, even in patients severely
dependent on ATS.

3. Results

3.1. Study characteristics

A total of 49 studies were included in the final review, relating to 20
potential amphetamine dependence pharmacotherapies. Table 1 pro-
vides a detailed summary of each study.

Overall, thirty-five studies reported on 33 level II quality-controlled
trials. The majority of RCTs involved a trial of medication in conjunc-
tion with some level of behavioral intervention, and most (n=28)
specified their participant sample included methamphetamine-depen-
dent users.

3.2. Synthesis of results

A synthesis of studies reviewed for the treatment of amphetamine
dependence is provided in Table 2.

3.2.1. Dexamphetamine
Dexamphetamine is a functional agonist of methamphetamine,

structurally similar to endogenous monoamines (noradrenaline, dopa-
mine, and serotonin), competing with them for uptake at monoamine
transporters, resulting in higher levels of monoamines at the synaptic
cleft (Grabowski et al., 2004). Dexamphetamine is approved for the
treatment of attention deficit hyperactivity disorder (ADHD) and nar-
colepsy, and at higher doses can cause the release of noradrenaline and
dopamine and, to a much lesser degree, serotonin (Howell and Kimmel,
2008). As detailed in Table 1, a total of seven studies investigating the
efficacy of dexamphetamine for amphetamine dependence were re-
viewed, including four randomized trials.

Retrospective studies (levels III and IV) investigated the safety and
efficacy of dexamphetamine among specific groups of people who use
amphetamine. Studies suggested the medication may provide more
overall gains with injectors compared to people who ingest orally
(White, 2000); should only be initiated as a last-line treatment for those
amphetamine users who are pregnant (White et al., 2006); may achieve
comparable outcomes for people who use amphetamine on main-
tenance doses as for heroin users on methadone (Charnaud and
Griffiths, 1998).1 http://www.sign.ac.uk/methodology/checklists.html
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In a randomized controlled trial of dexamphetamine for metham-
phetamine dependence, administered at average daily doses of 80mg
(Longo et al., 2010) dexamphetamine showed benefit over placebo on
secondary variables of retention in treatment and reduced severity of
dependence. In RCTs administering lower doses (21–60mg daily),
dexamphetamine showed benefit on attendance at counselling sessions
(Shearer et al., 2001) and craving symptoms (Galloway et al., 2011),
however, no trials reported evidence of greater reductions in amphe-
tamine use compared with placebo (Longo et al., 2010; Galloway et al.,
2011; Shearer et al., 2001). An open-label RCT with no placebo control
(Merrill et al., 2005) administered up to 100mg dexamphetamine daily
and also found no benefit of the medication in reducing amphetamine
use compared with treatment as usual.

3.2.2. Methylphenidate
Methylphenidate is a dopamine agonist approved for the treatment

of attention deficit hyperactivity disorder. Methylphenidate is a dopa-
mine and noradrenaline reuptake inhibitor and primarily blocks re-
uptake of monoamines into the synapse, thereby increasing

concentrations of monoamines at the synaptic cleft (Karila et al., 2010).
Six studies of methylphenidate treatment of amphetamine dependence
were identified.

In four RCTs, sustained release methylphenidate was compared to
placebo using daily dosing regimen of 18mg at week 1, 36mg week 2
and 54mg for remainder of trials (7–17 weeks) (Ling et al., 2014; Miles
et al., 2013; Rezaei et al., 2015; Tiihonen et al., 2007). Methylphenidate
was superior to placebo in reducing the number of amphetamine-po-
sitive urine samples in two of these studies (Rezaei et al., 2015;
Tiihonen et al., 2007), and the self-reported days of methamphetamine
use in a third trial (Ling et al., 2014), but not in a fourth study (Miles
et al., 2013).

Benefits were demonstrated on secondary outcomes of reducing
craving symptoms (Ling et al., 2014; Rezaei et al., 2015) though me-
thylphenidate at 10mg daily was found to be less effective when
compared to risperidone (Solhi et al., 2014).

One RCT found reductions in amphetamine use were most notable
among dependent users with baseline moderate- to severe-level use
(Ling et al., 2014); one retrospective case series study (level IV)

Fig. 1. Flow diagram of systematic review.
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reported more favorable outcomes were achieved among regular, low
dose intravenous methamphetamine users (Minarik et al., 2016).

3.2.3. Modafinil
Modafinil belongs to a relatively new class of wakefulness-pro-

moting agents known as eugeroics and is approved for the treatment of
narcolepsy, sleep disorder associated with shift work, and excessive
daytime sleepiness associated with obstructive sleep apnea. The phar-
macology of modafinil is complex and involves dopaminergic effects
and modulation of glutamate, GABA, histamine, and hypocretin, al-
though the exact mechanism of action is not yet known (Ballon and
Feifel, 2006).

Five studies of modafinil for treatment of amphetamine dependence
were found, including two non-controlled studies that alternately re-
ported modafinil was beneficial (McEihiney et al., 2009) and not ben-
eficial (McGaugh et al., 2009) for reducing methamphetamine use.

Three double-blind placebo-controlled RCT trials (quality level II)
compared modafinil at daily doses ranging from 200mg to 400mg
daily; two studies showed that those who were compliant with taking
medicine were more likely to reduce drug use (Anderson et al., 2012;
Shearer et al., 2009) and one RCT reported no benefits above placebo
for reducing use (Heinzerling et al., 2010).

3.2.4. Bupropion
Bupropion is an atypical, non-tricyclic antidepressant and smoking

cessation aid thought to act through noradrenaline–dopamine reuptake
inhibition and also acts as a nicotinic acetylcholine receptor antagonist.

Bupropion has a mild stimulant effect, and antidepressant properties
probably brought about by restoring depleted levels of dopamine
(Brensilver et al., 2013). Seven studies of bupropion pharmacotherapy
for methamphetamine dependence were reviewed.

A two-stage pilot study (Mooney et al., 2016) of bupropion plus
naltrexone utilized additional strategies for medication monitoring and
adherence, and suggests it has potential as a combination pharma-
cotherapy for methamphetamine dependence, requiring further in-
vestigation.

As detailed in Table 1, six studies of five RCTs examining treatment
for amphetamine dependence, involved bupropion trialed at tapered
doses from 150 to 300mg daily. Analysis of findings from three of the
trials variously report bupropion as: associated with reduced metham-
phetamine use (McCann and Li, 2012), reduced use among men but not
women (Elkashef et al., 2008) and reduced among subgroups of med-
ication compliant users with ‘lighter’ use patterns of less than 18 days in
a month (Elkashef et al., 2008; Shoptaw et al., 2008) or less than daily
use (Heinzerling et al., 2014). Two RCTs showed no support for its
benefits (Anderson et al., 2015; Das et al., 2010).

In contrast to previous studies, Anderson et al.’s (2015) multi-site
RCT found no difference between a bupropion and placebo group in
achieving abstinence during the final 2-weeks of treatment, including
among subgroups of male participants and less frequent methamphe-
tamine users.

3.2.5. Naltrexone
Naltrexone is an opioid receptor antagonist that has been used in the

Table 2
Synthesis of studies reviewed for the treatment of amphetamine-type stimulant dependence.

Legend- Evidence of: **some benefit; *potential benefit but current evidence is limited; little or no evidence of benefit; evidence of harm.
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management of opioid dependence and alcohol dependence (Brensilver
et al., 2013). The opioid receptors partially modulate dopaminergic
effects and may act as a relevant pharmacological target for the positive
reinforcing effects of methamphetamine (Karila et al., 2010). Six studies
of naltrexone for amphetamine dependence were reviewed and are
summarized in Table 1.

Three clinically relevant though non-placebo-controlled studies
provided preliminary support of naltrexone for reducing methamphe-
tamine use in the form of oral naltrexone (Jayaram-Lindstrom et al.,
2005), implant naltrexone (Kelty et al., 2013) and extended-release
injectable naltrexone in combination with oral bupropion (Mooney
et al., 2016). A fourth, exploratory open-label study (Pal et al., 2015)
examined responsivity to treatment based on genotype but found no
difference in efficacy.

Equivocal evidence was demonstrated by two level II quality,
double-blind, placebo-controlled randomized trials. One RCT study
(Jayaram-Lindstrom et al., 2008) found lower amphetamine use, re-
duced craving and better retention among the naltrexone group com-
pared to placebo, and that higher medication adherence was associated
with higher rates of abstinence. A smaller, pilot RCT (Grant et al., 2010)
found no differences in outcomes between dependent methampheta-
mine users receiving Naltrexone plus N-acetyl cysteine (NAC) and those
receiving NAC plus placebo.

3.2.6. Mirtazapine
Mirtazapine is a noradrenergic and specific serotonergic anti-

depressant used primarily in the treatment of major depressive dis-
orders and thought to work by enhancing the release of noradrenaline
and serotonin (Anttila and Leinonen, 2001).

Mirtazapine to treat amphetamine dependence has been the subject
of only one published study, a double-blind placebo-controlled RCT
among a sample of men who have sex with men (Colfax et al., 2011).
The study found the mirtazapine group significantly decreased their
methamphetamine use and sexual risk-taking behaviors. Over 90% of
participants completed the 12-week trial, with no difference found
between treatment groups.

3.2.7. Sertraline
Sertraline is an antidepressant of the selective serotonin reuptake

inhibitor class. Sertraline and other medications which increase ser-
otonin at the synaptic cleft have been considered valid targets of in-
vestigation based on preclinical studies showing that blocking ser-
otonergic transmission increases amphetamine consumption, as well as
a range of methamphetamine withdrawal symptoms which appear si-
milar to that of depression (Rose and Grant, 2008)

There were two level II, double-blind placebo-controlled RCT stu-
dies (Shoptaw et al., 2006; Zorick et al., 2011) with outcomes of ser-
traline (different analyses of the same dataset). The studies showed
increases in use during the trial period, and one of these analyses also
showed poorer retention and more adverse events than placebo.

3.2.8. Fluoxetine
Fluoxetine is an antidepressant of the selective serotonin reuptake

inhibitor (SSRI) class (Rose and Grant, 2008).
A single study was identified reporting outcomes of fluoxetine

treatment. Preliminary data of a double-blind RCT (Batki et al., 1999),
reported only in conference proceedings, found fluoxetine was not su-
perior to placebo in reducing both self-reported and urinalysis-con-
firmed methamphetamine use, but the craving was lower in the fluox-
etine group compared to the placebo group.

3.2.9. Flumazenil and gabapentin combination
The gamma-aminobutyric acid (GABA) system has been found to

play a key role in inhibiting synaptic transmission in the brain. A
possible mechanism to reduce the reinforcing and rewarding effects of
amphetamines and craving is through GABA agonists mediating

transmission along the mesolimbic dopamine system (Rose and Grant,
2008). Hence a number of GABAergic medicines have been investigated
for their potential role in treating amphetamine dependence.

Flumazenil is a GABA antagonist available for injection only and
used as an antidote in the treatment of benzodiazepine overdose.
Gabapentin is a GABA agonist and anticonvulsant that increases GABA
concentrations in the central nervous system, possibly via inhibition of
GABA-transaminase (Cai et al., 2012). This medication combination
was investigated as a treatment for methamphetamine dependence in
three studies.

A pilot, open-label study of combination flumazenil and gabapentin
(Urschel et al., 2007) reported a significant reduction in methamphe-
tamine cravings and self-reported methamphetamine use. This was
followed by a double-blind, placebo-controlled RCT (Urschel et al.,
2011) in which ATS use steadily increased during the trial from day 1 to
day 30 in both placebo and treatment groups, although the results show
a large decrease in ATS use from 30 days pre-trial to week 1 of the trial
and frequency of use was lower among the treatment group than pla-
cebo at each assessment (Urschel et al., 2011). The placebo group also
showed a similar level of reduction suggesting the initial decrease may
have been a response to entering treatment. A second RCT (Ling et al.,
2012) found no effect of the protocol over placebo on measures of
methamphetamine use, craving or retention in treatment.

3.2.10. Topiramate
Topiramate is an anticonvulsant (anti-epilepsy) drug, known to fa-

cilitate GABAergic transmission througha non-benzodiazepine site on
the GABAA receptor, and which has shown promise in the treatment of
alcohol and cocaine use (Olive et al., 2012).

Two clinical trials of the medication to treat methamphetamine
dependence are published, both of which administered escalating doses
of topiramate (up to 200mg per day). One large, double-blind, multi-
site RCT (Elkashef et al., 2012) showed topiramate was ineffective
among study completers in promoting methamphetamine abstinence
but was superior to placebo on reducing use and severity of dependence
and increasing general functioning. The overall retention rate was 55%,
with no significant difference between groups in the drop-out rate.
More recently one smaller sample RCT (Rezaei et al., 2016) reported
significant reductions in methamphetamine use at week 6 of topiramate
treatment, as compared to placebo, and reduction in dependence se-
verity and drug need.

3.2.11. Gabapentin
Gabapentin is a GABA agonist and anticonvulsant that increases

GABA concentrations in the central nervous system, possibly via in-
hibition of GABA-transaminase (Cai et al., 2012).

While more commonly trialed in combination with flumazenil, as
described above, one double-blind RCT (Heinzerling et al., 2006) ex-
amined gabapentin as an individual medication in a study using three-
treatment groups. The trial found no effect for gabapentin in reducing
methamphetamine use, craving or retention when compared to both
baclofen and placebo, and reported lower rates of treatment retention
(35% gabapentin group completion, 40% placebo and 60% completion
for baclofen group).

3.2.12. Vigabatrin
Vigabatrin (Gamma Vinyl GABA or GVG) is an analog of GABA (but

not a receptor agonist) that has been shown to minimize the rapid rise
of dopamine, and associated behaviors (Gerasimov et al., 1999). Vig-
abatrin has been reported to cause visual field defects following pro-
longed use (Brodie et al., 2005).

One open-label, non-controlled safety and efficacy trial (quality
level IV) of Vigabatrin for treatment of methamphetamine and/or co-
caine dependence (Brodie et al., 2005) found it may facilitate ab-
stinence and did not produce serious adverse effects, particularly visual
field defects, over the nine weeks of use.
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3.2.13. Risperidone
Risperidone is a dopamine antagonist of the atypical antipsychotic

class of medicines, approved in Australia as a treatment for schizo-
phrenia and as adjunctive therapy to mood stabilizers for treating acute
mania associated with bipolar 1 disorder (Salwan et al., 2013).

There are three studies of risperidone for the treatment of amphe-
tamine dependence. Two small sample, open-label uncontrolled trials
by the same research group (Meredith et al., 2009, 2007) found in favor
of oral and injectable risperidone on measures of methamphetamine
use, craving, verbal memory and psychiatric symptoms. One rando-
mized trial (Solhi et al., 2014) found risperidone superior to methyl-
phenidate in its effect on reducing craving and decreasing psychiatric,
neurologic, cardiac and somatic symptoms, however, methampheta-
mine use or abstinence outcomes were not reported.

3.2.14. Aripiprazole
Aripiprazole is a partial dopamine agonist and atypical anti-

psychotic with additional antidepressant properties used in the treat-
ment of schizophrenia, bipolar disorder and clinical depression (Tadori
et al., 2008).

It was the subject of two double-blind placebo-controlled rando-
mized trials. One RCT (Coffin et al., 2013) found that Aripiprazole was
not superior to placebo in reducing methamphetamine use or any of the
other measures. One smaller trial with three treatment arms (Tiihonen
et al., 2007) was discontinued as participants in the aripiprazole group
produced significantly more positive ATS urine samples as compared to
a placebo and methylphenidate group, and showed a worsening of
symptoms.

3.2.15. Buprenorphine
Buprenorphine is a partial mu opioid receptor agonist approved for

treatment of opioid dependence, which causes morphine-like subjective
effects and produces tolerance to other opioids (Mattick et al., 2014). It
has been subjected to pre-clinical testing for cocaine dependence
treatment (Grabowski et al., 2004) and trialed as a treatment for con-
current opiate and cocaine dependence (Montoya et al., 2004).

One RCT study (Salehi et al., 2015) examined 16 weeks of daily
buprenorphine with Matrix model program. The study of forty parti-
cipants found adjunct buprenorphine achieved greater reductions in
methamphetamine use and cravings than a matched placebo group.

3.2.16. N-acetyl cysteine
N-acetyl cysteine (NAC) is an amino acid which reduces the release

of glutamate from the synapsis by stimulating inhibitory metabotropic
glutamate receptors (Olive et al., 2012). There is some evidence that
restoring extracellular glutamate concentration in the nucleus ac-
cumbens may block the reinstitution of compulsive behaviors (Olive
et al., 2012).

Two RCT studies of NAC were identified. One trial (Grant et al.,
2010) found that NAC plus naltrexone was not superior to placebo on
measures of craving or methamphetamine use. An RCT crossover trial
(Mousavi et al., 2015) found NAC had a superior, likely short-term ef-
fect on craving, as compared with placebo, but did not report on me-
thamphetamine use outcomes.

3.2.17. Baclofen
Baclofen is a derivative of GABA and an agonist for GABAB receptors

and was the subject of one RCT (Heinzerling et al., 2006). The study
found baclofen was not superior to placebo overall on measures of
methamphetamine use, craving or treatment retention. However, post
hoc analyses found that participants with greater medication ad-
herence, based on pill count and self-report, showed a significant re-
duction in methamphetamine use when compared with placebo. De-
spite some treatment effect relative to placebo, authors suggest the
short half-life of baclofen compared to the long half-life of ATS may
limit its use.

3.2.18. Ondansetron
Ondansetron is a serotonin receptor antagonist and modulator of

cortico-mesolimbic dopamine function (Johnson et al., 2008).
One multi-site RCT (Johnson et al., 2008) reported that ondansetron

was well tolerated by participants but was not superior to placebo on
measures of methamphetamine use, craving or severity of dependence,
at the doses provided (up to 4mg twice daily). The treatment groups
showed poorer outcomes (non- significant) than the placebo group. A
potential limitation of the study for demonstrating efficacy was re-
ported to be the high-intensity level of the adjunct psychosocial inter-
vention.

3.2.19. Varenicline
Varenicline is a selective α4β2 nicotinic acetylcholine receptor

partial agonist, which stimulates nicotine receptors more weakly than
nicotine (Rollema et al., 2007).

One study was identified, a pilot RCT with results only found pub-
lished as a brief conference abstract (Swanson et al., 2011) which re-
ported greater retention rates and trends in favor of varenicline over
placebo in reducing methamphetamine use and increasing duration of
abstinence compared with placebo.

3.2.20. Amlodipine
Amlodipine is a long-acting calcium ion antagonist used as an an-

tihypertensive and in the treatment of angina pectoris (Derosa and
Maffioli, 2011). Calcium-channel blockers have been proposed as a
treatment for methamphetamine dependence because of their observed
ability to reduce subjective effects of methamphetamine, by antag-
onizing the effect of dopamine in central dopaminergic pathways
(Johnson et al., 2008).

Amlodipine is the subject of one RCT (Batki et al., 2001) which
found no effect for the medication at daily doses of 5mg or 10mg on
any measures, including treatment retention, amount of methamphe-
tamine use and level of craving. This report was a conference abstract
with little detail about the direction of any changes.

4. Discussion

In this study, we examined 49 peer-reviewed journal articles and
abstracts covering 20 different pharmacotherapies for amphetamine
dependence.

Although a wide variety of medications have been trialled, most
individual medicines have been the subject of only one or two studies.
Many of the studies are typical of early pharmacotherapy research; that
is, they are case studies, open-label trials or feasibility RCTs, and do not
commonly have a very large sample size.

Five medications were found to have more than four published re-
ports and included two or more controlled trials each, offering some-
what more confidence in the results. Among these, investigation of
agonist pharmacotherapy approaches was most common. The five
medicines are dexamphetamine (n= 7 studies), bupropion (n=7),
methylphenidate (n=6), naltrexone (n=6) and modafinil (n= 5).
These medications were found to be generally safe and well tolerated.
Bupropion and methylphenidate are the subjects of the most controlled
trials (n= 5 each) followed by dexamphetamine (n=4 RCTs).

All five of these medicines showed some benefit for amphetamine
dependence treatment outcomes in one or more of the studies reviewed,
but study results are not unequivocal. As with previous reviews
(Brensilver et al., 2013; Perez-Mana et al., 2013; Stoops and Rush,
2013), this review identified no broadly effective pharmacotherapy,
despite the inclusion of eight new RCT level studies. Overall, many
trials showed variable outcomes and some conflicting results, and
promising findings of these medications are presented in this context.

Bupropion showed some potential for reducing amphetamine use
among subgroups of people with amphetamine dependence in three
trials. Dexamphetamine showed some benefits in reducing the severity
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of dependence and withdrawal symptoms (two studies) and improving
treatment retention (also shown in two trials), however, it did not re-
duce amphetamine use more than placebo. The majority of studies
(including two RCTs) trialed shorter acting dexamphetamine, and fur-
ther investigation of longer acting preparations may yield different
results. Methylphenidate was reported in three studies to reduce the use
of amphetamines and appeared to reduce craving. Two trials of mod-
afinil also showed some limited evidence for the reduced use of am-
phetamines among medicine compliant study participants.

Among the five medications with the most available evidence,
Naltrexone is the only medication with no psychostimulant effect and
had fewer controlled trials (n= 2), of which one supported its potential
benefit for reducing use and craving and improving retention.

Six other medicines showed some potential benefit for the treatment
of amphetamine dependence but had an insufficient number of studies
(most with only one controlled trial) upon which to draw firm con-
clusions. These medications included mirtazapine, topiramate, fluox-
etine, risperidone, buprenorphine, and varenicline. A clinical trial of
mirtazapine was underway at the time of review, which aims to expand
on the promising results demonstrated by an RCT among a sample of
men who have sex with men (Colfax et al., 2011).

Also identified were a number of medicines not recommended for
use or as a high priority for further study. Baclofen, gabapentin on-
dansetron, and amlodipine showed limited evidence of benefit; and an
unacceptable adverse effect profile was demonstrated by aripiprazole,
vigabatrin, sertraline and the Prometa™ protocol of combination flu-
mazenil and gabapentin.

The complex action of methamphetamine in the brain (Herin et al.,
2010; Scott et al., 2007), which affects multiple systems, means a single
medicine may not meet the needs of this group. It is still largely unclear
who benefits from which treatments, and what is considered optimal
dosing, to match medicines to individuals. There is a need for studies of
medicines showing the most potential for reducing amphetamine use or
preventing relapse, to be able to examine who most benefits.

Pharmacotherapy potency and dose, and people’s level of baseline
amphetamine use, appear to be useful considerations for future trials
aiming to improve treatment matching, at least in studies of agonist
pharmacotherapies. One study (Ling et al., 2014) found methylpheni-
date to be particularly of benefit for reducing amphetamine use among
people with higher use at treatment entry. Methylphenidate has also
demonstrated some benefit in people with ADHD and amphetamine
dependence (studies excluded from this review), improving treatment
retention and resulting in reduced ADHD symptoms and drug use
(Konstenius et al., 2013), though only when administered at greater
than routine doses (Konstenius et al., 2010), suggesting higher doses
may be optimal for some groups of amphetamine dependent people.
Subgroup analysis in two trials of the milder stimulant bupropion
showed benefit only for people with ‘lighter’ patterns of use (Elkashef
et al., 2008; Shoptaw et al., 2008), though this finding was not con-
sistent across all studies reviewed. Dean et al. (2009) showed that lower
baseline amphetamine use was strongly related to benefit from treat-
ment with bupropion. While results of some bupropion studies varied
(Anderson et al., 2015; Elkashef et al., 2008) these RCTs do demon-
strate sufficient homogeneity for meaningful comparison, an important
feature, as variation in outcomes reporting across trials of pharma-
cotherapy studies for amphetamine dependence (see Table 1) is an
acknowledged issue of concern (Kiluk et al., 2016; Perez-Mana et al.,
2013). More consistent approaches to outcomes measurement and re-
porting across trials, as well as larger sample studies, may enable more
robust investigation of any differential benefit of trialed medicines for
subgroups of dependent users.

All five of the most trialed medications had many studies with high
dropout rates (commonly ranging from 40 to 50 %) and/or low medi-
cation adherence. Clearly, this has implications for the veracity of the
results of the studies. These issues also raise significant clinical and
research design questions about how to improve treatment engagement

and medication adherence among a group of people whose drug use can
result in a chaotic lifestyle.

Assessing and improving medication compliance is a key challenge
for developing an effective pharmacotherapy for amphetamine depen-
dence. Methamphetamine use is associated with reduced medication
adherence (Hermanstyne et al., 2014). A number of the reviewed stu-
dies reported that benefits of treatment were selective for medication-
adherent participants. Yet, treatment compliance was not commonly
well assessed, with few trials applying robust, objective measures of
medication adherence (only nine of the 35 RCTs used biomarkers, seven
used supervised daily dosing- see Table 1). Trials which integrate
strategies to promote medication adherence and which use objective
measures to monitor compliance are needed.

From the limited evidence, contingency management has shown
promise in supporting adherence to the pharmaceutical protocol
(Heinzerling et al., 2010; Shoptaw et al., 2008, 2006). Daily supervised
dosing is a strategy with the potential to improve compliance and
minimize diversion; however, Miles et al. (2013) suggest the high at-
trition in their study (34.2% completed) may be in part due to the re-
quirement for daily clinic visits. In their study of twice daily dosing of
sustained-release bupropion (Heinzerling et al., 2014), authors sug-
gested that once-daily extended release bupropion may have helped to
improve poor medication adherence. Mooney et al. (2016) showed
preliminary support for the acceptability of implementing novel
smartphone-based adherence procedures and long-action medication
preparations with severe methamphetamine users that may assist with
adherence to treatment. Where feasible, more flexible dosing regimens
and extended delivery formulations of medications could be considered
for future trials.

5. Summary and conclusion

No medicines demonstrated strong enough evidence of effectiveness
in reducing amphetamine use or preventing relapse among dependent
methamphetamine users to recommend its use.

Medications such as dexamphetamine, methylphenidate, bupro-
pion, modafinil, and naltrexone are potentially beneficial for some
participants in improving treatment outcomes, but none has sufficient
consistent evidence to support its use in routine treatment. Meta-ana-
lysis may be useful in further assessing the viability of medicines,
though sample sizes in many studies were low, and more consistent and
standardized outcomes measurement would assist future research and
reporting across studies.

Behavioral therapies have been shown to be effective in reducing
amphetamine use (Lee and Rawson, 2008), and remain the treatment of
choice. Medication has been posited as a valuable tool for encouraging
people who use amphetamines to enter treatment (Kenny et al., 2011),
and evidence suggests some potential for medications to support
treatment retention. However, high drop out and poor medication ad-
herence raises important clinical questions about how to ensure people
who may benefit from these treatments can be encouraged to engage
with, and remain in treatment, to gain some benefit.
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