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Abstract
Background—Although opioid substitution therapy is an effective clinical tool used to manage
opioid abuse and dependence, concerns regarding the current FDA-approved medications have
lead to a search for efficacious, non-opioid medications. Preclinical data indicate that neurokinin 1
(NK1) receptor activity may modulate opioid effects and withdrawal. This investigation sought to
examine the ability of the NK1 antagonist aprepitant to alter the effects of methadone as well as
withdrawal symptoms induced by brief methadone discontinuation.

Methods—This blinded, placebo-controlled, within-subjects study consisted of placebo and
aprepitant conditions. Experimental assessments occurred on the first three days (Days 1–3:
placebo or aprepitant + methadone) and again on Days 8–10 (aprepitant or placebo + methadone).
Fifteen methadone-maintained patients completed the investigation. Outcome measures were
assessments of opioid withdrawal, as well as subjective measures of opioid-like effects.

Results—Statistical trends indicated that aprepitant may reduce opioid withdrawal symptoms.
When an active dose of aprepitant was administered an hour before methadone, participants
reported less desire to use methadone. However, ratings of methadone “Liking” also appeared to
increase.

Conclusions—These data tentatively suggest that aprepitant has some ability to alleviate
withdrawal following methadone abstinence, but also appears to increase subjective indicators of
methadone’s abuse liability. Since few of the differences between aprepitant and placebo reached
statistical significance, these data should only be viewed as preliminary. Findings from other
studies indicate that higher doses of aprepitant may be more clinically effective. Further clinical
investigations are needed in order to determine whether aprepitant is useful for alleviating opioid
withdrawal.

Introduction
It is estimated that 9.2 million people worldwide are regular heroin users, with an estimated
1.2 million active heroin users in the U.S. 1,2,3,4,5 The United States has also observed a
substantial increase in the abuse of opioid analgesics such as hydrocodone, hydromorphone
and oxycodone.6 In recent years, more people sought treatment for dependence on
prescription opioids than for dependence on heroin.7 Although long-term maintenance on
medications such as methadone and buprenorphine has significant clinical utility, these
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treatment strategies are not without shortcomings.8 In the U.S, methadone must be taken
daily at specially licensed clinics, and for some opioid abusers, this inconvenience can act as
a barrier to treatment access.9

Buprenorphine is another agonist maintenance treatment option, with a superior safety
profile and more convenient dispensing when compared to methadone.10, 11 However,
because both medications are potent mu agonists, diversion to illicit use is a
concern.12,13,14,15 Furthermore, both methadone and buprenorphine maintain physiological
dependence on opioids, which is another aspect of their use that does not appeal to some
patients and regulatory authorities. As an alternative to agonist maintenance therapy, opioid
receptor antagonists have been available in the U.S. since 1984. However, this treatment
strategy has been plagued by poor medication adherence by patients. As a result, only 15.8%
of substance abuse treatment facilities in the U.S. report using naltrexone.16

Although newer formulations of naltrexone may improve adherence and outcomes, there is
clearly a need for the continued development of efficacious treatments for opioid
dependence without abuse liability. One such novel and promising pharmacotherapeutic
target may be the NK1 receptor (the endogenous receptor for the neuropeptide substance P),
which appears to play a key role in modulating the behavioral effects of the prototypical mu
opioid agonist morphine. NK1 receptor knockout (KO) mice fail to demonstrate morphine-
induced (10 mg/kg) locomotor activity and conditioned place-preference (CPP), they do not
self-administer typically reinforcing doses of intravenous (IV) morphine (0.2 mg/kg), and do
not exhibit naloxone-precipitated (1 mg/kg) withdrawal symptoms.17,18 Chemical
destruction of NK1 receptors using intracerebroventricular (ICV) administration of the
neurotoxin substance P-saporin has been shown to reduce the stimulatory and rewarding
effects of morphine in mice.19 Other investigations have found that ICV administration of
another NK1 antagonist (GR 82334, 10–50 pmol/2 μl) can attenuate morphine-induced (5
mg/kg) locomotor activity but it enhances heroin (0.06 mg/kg) self-administration.20 ICV
injections of another NK1 antagonist (RP 67580, 10–90 μg/5 μl) can inhibit naloxone-
precipitated withdrawal.21, 22

These data strongly suggest an involvement of NK1 receptors in opioid reward and
withdrawal and highlight the need for investigations of this receptor system in clinical
populations. In 2003, aprepitant (Emend®) became the first FDA-approved NK-1 receptor
antagonist on the market for the treatment of chemotherapy-induced nausea and vomiting.23

The primary aim of this pilot study was to assess interactions between aprepitant and
methadone, and between aprepitant and early methadone withdrawal in methadone-
maintained patients (MMP).

Materials and Methods
Participants

Male and female methadone-maintained patients were recruited through flyers and
newspaper advertisements throughout the New York City metropolitan area. Participants
were required to be between the ages of 18 and 65 years, and must have been maintained on
the same approximate dose of methadone for at least 4 weeks prior to enrollment. All
patients received methadone to treat opioid abuse and dependence and not for the treatment
of physical pain. Potential participants were excluded for: any current significant Axis 1
psychiatric diagnoses (other than those related to drug abuse or opioid dependence), organ
dysfunction or serious unstable disease state, regular use of any psychoactive medication
and use of any investigational medication within the past 30 days. Participants were
screened over the course of approximately 1–3 visits, after providing written informed
consent. Participants were compensated $60 for completing screening and baseline
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evaluations, $30 for completing each visit on Days 1, 2, 8, and 9, and $100 for completing
each visit on Days 3 and 10. Participants who completed all test procedures received a $60
bonus, making the total possible compensation $440. This study and all of its procedures
were approved by the IRB of the VA New York Harbor Healthcare System (VA NYHHS).

Experimental Design
This outpatient, placebo-controlled, double-blind crossover study consisted of placebo and
aprepitant conditions separated by a medication washout period of at least 5 days (greater
than 5x the half-life of aprepitant). Participants and staff were blinded to the study
medication but not methadone. The total duration of the study was approximately 10 days
(Figure 1). Experimental assessments occurred on Days 1–3 (placebo or aprepitant) and
again, following the washout period, on Days 8–10 (aprepitant or placebo).

Prior to each experimental session, non-fasting participants provided a urine sample to
verify that they had not used illicit drugs. If participants tested positive for illicit substances
(illegal drugs or legal medications like benzodiazepines), that were not originally reported as
one of their concomitant medications, their session was rescheduled. Exceptions were made
for occasional THC positive urine tests, if the participant was not acutely intoxicated, since
urine screens for this drug test positive long after use.

On the first two days (Days 1, 2 and 8, 9) of each testing period, participants received the
study medication (placebo or aprepitant) at 9 am (after ≈ 24 hrs of methadone abstinence),
followed by their usual dose of methadone at 10 am. Study assessments occurred at baseline
(just prior to study medication) and every 30 min between 10 am and 11:30 am. On the third
day of each testing period (Days 3 and 10), participants received study medication (placebo
or aprepitant following ≈ 24 hrs of methadone abstinence) at 9 am, but did not received their
methadone dose until 4 pm. Study assessments were performed every 60 minutes between 9
am and 4 pm (Figure 1). Aprepitant and methadone dosing regimens employed for this study
were based upon standard clinical practice for their respective medical use.

Questionnaires
A number of questionnaires were used to assess medication effects and opioid withdrawal
symptoms. The first questionnaire was a 13-item visual analog scale (VAS) designed to
assess subjective mood and physiological effects of aprepitant and methadone. Participants
rated each item on the visual analog scale from ‘Not at all’ (0 mm) to ‘Extremely’ (100
mm). Similarly, a shortened form of the Addiction Research Center Inventory (ARCI)
allowed participants to rate a broad range of physical, emotive, cognitive, and drug effects.24

Additionally, the Subjective Opioid Withdrawal Scale (SOWS), Clinical Opioid Withdrawal
Scale (COWS) and Brief Substance Craving Scale (BSCS) were used to detect opioid
withdrawal and assess its severity.25

Drugs
Aprepitant capsules were obtained from commercial vendors via the VA NYHHS
Investigational Pharmacy. The dose used in this study (80 mg, p.o.) is the recommended
dose for its FDA-approved use as an anti-emetic agent. The investigational pharmacy
prepared blinded active aprepitant and matching placebo using over-encapsulation.

Participants’ methadone doses were dispensed in accordance with the standard clinical
practices at their respective methadone maintenance programs. During experimental testing
days (Days 1–3 and 8–10), methadone was administered in the research clinic at the VA
NYHHS. During all other periods, methadone was consumed at the participants’ respective
methadone-maintenance program (MMP) clinics.
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Statistical Analyses
The effects of aprepitant were analyzed in 2 models. The first model evaluated the
interaction between aprepitant and methadone on the second day of each treatment condition
(Days 2 and 9). Repeated-measures ANOVAs compared differences between the dosing
conditions (aprepitant vs. placebo) over the various post-medication time points. Only 8 of
15 participants were able to complete testing on the first day of both testing periods (Day 1
and 8). Participants missed the first day of each session due to: scheduling conflicts, arriving
too late to complete the session, and postponing of the session due to urine drug toxicology
results. Therefore, few complete data sets from Days 1 and 8 were available and the data
were not analyzed. Regardless of whether a Day 1/8 session was performed, participants
were administered a dose of aprepitant or placebo on the days preceding their Day 2/9 and
Day 3/10 session, consistent with the dosing procedures mentioned above.

The second model assessed the effects of aprepitant on methadone withdrawal measured on
the 3rd day of treatment (Days 3, 10). Outcome measures were analyzed using repeated-
measures ANOVA comparing aprepitant and placebo conditions, over the various post-
medication time points. When appropriate for both models, planned comparisons were used
as follow-up analyses to compare aprepitant and placebo at specific time points. Given the
preliminary nature of the study, the significance level of α was set at 0.05 with an α of less
than or equal to 0.1 considered as approaching statistical significance. All data analyses
were performed using SPSS version fifteen 26 and SuperANOVA.27

Results
Participant demographics

Twenty MMP patients were enrolled into this study, of which 15 completed it. The sample
of completers consisted of 11 men and 4 women; 6 African-Americans, 5 Caucasians and 4
Latinos. The participants’ average age was 47.3 ± 9 years, ranging from 31 to 59 years. All
participants were daily oral methadone users and had been under methadone therapy for a
minimum of 6 months. Participants’ current mean daily methadone dose was 80.9 mg ± 9,
ranging from 28–130 mg. For all participants, methadone doses administered during the
study matched the dose on which they had been maintained for at least 4 weeks. Nine of the
participants entered the aprepitant dosing condition first, and 6 began with placebo. Only 3
mild adverse events (AEs) were judged by a physician to be “possibly” study related
(Fatigue, Upset stomach, Insomnia). No adverse events were determined as being
“definitely” related to aprepitant.

Interaction of Aprepitant and Methadone
ANOVA revealed that aprepitant slightly decreased participants’ desire to use methadone [F
(1, 14) = 3.12, p=0.09]. Follow-up analyses at each of the individual time points revealed
that when placebo was given in combination with methadone, participants reported more
“desire to use methadone” at 90 min (p=0.06) and 120 min (p=0.05) following drug
administration. In support of this finding, a statistical trend was found indicating that
aprepitant decreased opioid craving (p=0.10). COWS and SOWS assessments of opioid
withdrawal did not show significant differences between aprepitant and placebo
pretreatments.

An active dose of aprepitant also appears to increase participants’ ratings of methadone
“Liking” [F (1, 14) = 2.14, p=0.08], with a nearly 41% increase being observed at time 120
min [t (14) = 2.45, p=0.028: Figure 3]. Interestingly, a similar finding at the same time point
was observed for participants’ rating of “High” (30% increase, [t (14) = 2.09, p=0.05].
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The Effects of Aprepitant on Withdrawal
Aprepitant slightly reduced COWS scores [F (1, 9) = 1.97, p=0.10)] during short-term
methadone abstinence, but did not affect SOWS scores or any other subjective indicators of
withdrawal severity.

Discussion
In this small cohort of methadone-maintenance patients, the data indicate that aprepitant
shows some utility for alleviating opioid withdrawal and craving. Interestingly, despite not
having any positive subjective effects (based on subjective assessments at the 60-min time
point, immediately prior to methadone administration), aprepitant did increase the positive
subjective effects of methadone. This finding suggests that co-administration of aprepitant
with opioid drugs may increase their abuse liability. These findings are consistent with
another recent clinical study reporting that 200 mg aprepitant significantly increased the
amount of money participants would pay for doses of oral and intranasal oxycodone.28

Aprepitant also increased participants’ subjective ratings of oxycodone-induced “High” and
drug “Liking”, while increasing oxycodone-induced miosis. In that investigation, the
magnitude of the effects of the lower dose of aprepitant (40 mg) on these abuse liability
measures were comparable to those observed in the current investigation.

Because of the small sample size and minimal statistical significance, conclusions drawn
from the current study should be considered very tentative. One possible explanation for the
lack of a robust drug effect may be the design of the study. The observation window selected
for assessment of aprepitant effects may have been too narrow and not have overlapped
adequately with methadone’s peak effects or when methadone withdrawal reached its peak.
Additionally, the study only employed a single, moderate dose of aprepitant. Since other
clinical studies have found that higher doses of aprepitant have stronger interactions with
opioids, higher doses deserve further systematic study. Because oral doses of aprepitant
greater than 300 mg are reportedly safe in patients undergoing chemotherapy, there is ample
room for clinical exploration with this drug.23

Aprepitant currently is approved as an anti-emetic medication. Since nausea and vomiting
are common clinical manifestations of opioid withdrawal29, aprepitant may be useful in
managing opioid withdrawal symptoms. In addition to its utility in treating opioid
withdrawal, the management of opioid craving may be important in maintaining opioid
abstinence. Although other non-opioid medications like clonidine and lofexidine are
available, these medications are limited in their ability to attenuate opioid craving and
autonomic signs of withdrawal.30 As such, these findings underscore the importance of
continued development of non-opioid medications such as aprepitant.
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Figure 1.
Time points throughout the day at which study drug (aprepitant or placebo) and methadone
were administered over the approximate 10-day duration of the study. PBO = placebo, APR
= aprepitant, MTD = methadone.
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Figure 2.
Participant ratings (mean ± SEM) of methadone “Desire,” “Liking,” and “High” as a
function of study drug (aprepitant or placebo) and time throughout the session (Day 2 and
9). Following 24 hrs of methadone abstinence, aprepitant or placebo was administered at
time 0 and methadone was administered 60 minutes later. * Indicates a significant difference
of less than 0.10.

Jones et al. Page 9

Am J Drug Alcohol Abuse. Author manuscript; available in PMC 2013 March 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Mean (± SEM) observer-rated COWS scores as a function of study drug (aprepitant or
placebo) and time throughout the session. Following 24 hrs of methadone abstinence,
aprepitant or placebo was administered at time 0. * Indicates a significant difference of less
than 0.10.
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