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Background:  Prior  studies  have  separately  examined  the  effects  of  dronabinol  (oral  THC)  on  cannabis
withdrawal,  cognitive  performance,  and  the  acute  effects  of  smoked  cannabis.  A single  study  examining
these  clinically  relevant  domains  would  benefit  the  continued  evaluation  of  dronabinol  as a  potential
medication  for the treatment  of  cannabis  use  disorders.
Methods:  Thirteen  daily  cannabis  smokers  completed  a within-subject  crossover  study  and  received  0,  30,
60 and  120  mg  dronabinol  per  day  for 5  consecutive  days.  Vital  signs  and  subjective  ratings  of  cannabis
withdrawal,  craving  and  sleep were  obtained  daily;  outcomes  under  active  dose  conditions  were  com-
pared  to  those  obtained  under  placebo  dosing.  On  the  5th  day  of medication  maintenance,  participants
completed  a  comprehensive  cognitive  performance  battery  and  then  smoked  five  puffs  of  cannabis  for
subjective  effects  evaluation.  Each  dronabinol  maintenance  period  occurred  in a counterbalanced  order
and was  separated  by  9  days  of ad  libitum  cannabis  use.
Results:  Dronabinol  dose-dependently  attenuated  cannabis  withdrawal  and  resulted  in  few adverse  side
effects  or  decrements  in  cognitive  performance.  Surprisingly,  dronabinol  did  not  alter  the  subjective

effects  of  smoked  cannabis,  but  cannabis-induced  increases  in  heart  rate  were  attenuated  by the  60  and
120 mg  doses.
Conclusions:  Dronabinol’s  ability  to dose-dependently  suppress  cannabis  withdrawal  may  be  therapeu-
tically  beneficial  to  individuals  trying  to  stop  cannabis  use.  The  absence  of  gross  cognitive  impairment  or
side effects  in  this  study  supports  safety  of  doses  up to 120  mg/day.  Continued  evaluation  of  dronabinol
in  targeted  clinical  studies  of cannabis  treatment,  using  an  expanded  range  of  doses,  is warranted.
. Introduction

Cannabis (marijuana, hashish) is the most widely used illicit
rug in the world (UNODC, 2007). Cannabis dependence develops

n a subset of users, typically daily or near daily users. Preva-
ence rates of cannabis dependence vary by region, but generally
xceed the rate for dependence on any other illicit drug (AIHW,
008; EMCDDA, 2008; SAMHSA, 2008; UNODC, 2007). Clinical trials
ave demonstrated efficacy for several psychosocial interventions,
ut, to date, there are no medications known to improve clinical
Please cite this article in press as: Vandrey, R., et al., The dose effects of sh
Drug  Alcohol Depend. (2012), http://dx.doi.org/10.1016/j.drugalcdep.2012

utcomes for those seeking treatment for cannabis use disorders
Benyamina et al., 2008; Nordstrom and Levin, 2007; Vandrey and
aney, 2009).
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Considering other drug use disorders, one could argue that the
most successful pharmacological treatment interventions involve
compounds that target the same neurobiological systems as the
drug of abuse. Agonist or partial agonist medications can be used
to effectively attenuate drug withdrawal symptoms and reduce the
rewarding effects of drugs binding to the same receptor systems.
Examples include the use of methadone (mu-opioid agonist) or
buprenorphine (mu-opioid partial agonist) for the treatment of
heroin or prescription opioid use disorders, and nicotine or vareni-
cline (partial agonist of the A4B2 nicotinic acetylcholine receptor)
for the treatment of tobacco use disorders (Raupach and van
Schayck, 2011; Stotts et al., 2009). Delta-9-tetrahydrocannabinol
(THC) is the primary psychoactive constituent of cannabis respon-
sible for the subjective “high” experienced by users (ElSohly,
2005). Dronabinol is an oral formulation of synthetic THC, com-
ort-term dronabinol (oral THC) maintenance in daily cannabis users.
.08.001

mercially available to treat symptoms associated with cancer
treatments and advanced HIV/AIDS, that has been investi-
gated as a potential pharmacotherapy for treating cannabis use
disorders.

dx.doi.org/10.1016/j.drugalcdep.2012.08.001
dx.doi.org/10.1016/j.drugalcdep.2012.08.001
http://www.sciencedirect.com/science/journal/03768716
http://www.elsevier.com/locate/drugalcdep
mailto:rvandrey@jhmi.edu
dx.doi.org/10.1016/j.drugalcdep.2012.08.001
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Several laboratory studies have been conducted to examine the
ffects of dronabinol on (1) cannabis withdrawal expression, (2)
he acute effects of smoked cannabis, and (3) “relapse” to cannabis
se following a period of abstinence. Dronabinol (30–90 mg/day)
as shown to reliably and dose-dependently suppress cannabis
ithdrawal symptoms (Budney et al., 2007; Haney et al., 2008,

004). Indeed, in one study, 90 mg/day (30 mg  tid) reduced sub-
ective ratings of withdrawal to baseline (ad libitum cannabis use)
evels (Budney et al., 2007). In another study, 80 mg/day, but not
0 mg/day dronabinol attenuated the subjective effects of smoked
annabis (roughly 50% reduction in ratings of “good drug effect”;
art et al., 2002a). Dronabinol (60 mg/day) combined with adren-
rgic agonist lofexedine (2.4 mg/day), but not dronabinol alone
40–80 mg/day), has reduced cannabis self-administration in lab-
ratory studies (Haney et al., 2008; Hart et al., 2002a).  Thus,
n controlled laboratory studies, dronabinol has exhibited dose-
elated effects on withdrawal and acute cannabis use consistent
ith other medications conferring clinical benefit in the treatment

f drug use disorders. That said, it is important to note that each of
hese laboratory studies was conducted with daily cannabis users
ho were not seeking treatment or otherwise trying to reduce their

annabis use.
There are currently two  published papers describing the use of

ronabinol in the context of treating cannabis use disorders. Levin
nd Kleber (2008) first presented two case reports of treatment
esistant cannabis users who successfully sustained cannabis absti-
ence with the assistance of open-label dronabinol. In one case,
ronabinol (40 mg/day) was administered for a finite period of time,
ollowed by a successful dose taper. In the other case, a long-term
ronabinol maintenance approach was utilized (40–50 mg/day ini-
ially with taper to 15–20 mg/day maintenance). More recently,

 controlled clinical trial of dronabinol-assisted treatment was
ompleted (Levin et al., 2011). In this study, dronabinol (up to
0 mg/day) reduced subjective ratings of withdrawal and improved
reatment retention, but no differences in cannabis use outcomes
ere observed when compared with placebo.

In summary, there is ample evidence that dronabinol can
ttenuate cannabis withdrawal severity. Mixed results have been
bserved regarding the effects of dronabinol on the acute effects
f smoked cannabis and cessation during treatment. Thus, while
he overall clinical benefit seems somewhat unclear, one consis-
ent finding across studies is that effects are clearly dose dependent.
his is important because the maximum dose administered in the
one controlled clinical trial conducted was relatively low com-
ared with doses that had the greatest effect on withdrawal and
cute cannabis effects in laboratory studies.

As described by Levin et al. (2011),  clinicians are hesitant to
dminister high doses of dronabinol in a clinical setting due to con-
erns about intoxication and patient safety and/or acceptability.
hough safety-related measures in prior studies suggest little or
o cognitive impairment, decreased performance following dron-
binol administration has been observed on measures of memory,
ttention, and psychomotor ability in some studies following doses
ower than the 90 mg/day dose that demonstrated the greatest sup-
ression of withdrawal in the outpatient study by Budney and
olleagues (Curran et al., 2002; Haney et al., 2004; Hart et al.,
002a; Kamien et al., 1994). Also, 2 of 12 participants experi-
nced significant side effects following 4 daily 30 mg  doses of
ronabinol in another study (Haney et al., 1999). However, among
tudies in which dronabinol has been administered chronically,
articipants were not always heavy/daily cannabis users, and the
ognitive performance measures used have not been comprehen-
Please cite this article in press as: Vandrey, R., et al., The dose effects of sh
Drug  Alcohol Depend. (2012), http://dx.doi.org/10.1016/j.drugalcdep.2012

ively studied with regards to assessments important for daily
unctioning (psychomotor ability, focused and divided attention,
ecision-making, problem solving, and multiple domains of mem-
ry ability) within the same participants. Thus, additional research
 PRESS
ependence xxx (2012) xxx– xxx

is needed to explore the safety, tolerability, and cognitive effects
of higher doses of dronabinol among heavy cannabis users to help
define an upper limit that balances safety and efficacy for clinical
use.

The present study examined the dose effects of dronabinol on
cannabis withdrawal, the acute effects of smoked cannabis, cogni-
tive performance, and subjective ratings of side effects among daily
cannabis smokers. Based on prior research, we hypothesized that
dronabinol would dose-dependently reduce withdrawal severity,
the acute effects of smoked cannabis, and cognitive performance
on measures associated with memory and divided attention. The
study extends prior research by including a larger range of doses
than has been studied previously in the same individuals. Also, the
combined assessment of outcomes believed to be related to clini-
cal benefit (reduction of withdrawal and smoked cannabis effects)
and safety (cognitive performance and side effects) will help inform
dosing strategy for clinical programs considering use of dronabinol
in the treatment of cannabis use disorders.

2. Methods

2.1. Participants

Cannabis users were recruited through newspaper advertisements and flyers
posted on campus and community bulletin boards. Volunteers were eligible for the
study if they: (1) were 18–55 years old; (2) self-reported cannabis use at least 25
days/month for the prior 3 months and provided a urine specimen positive for
cannabinoids; (3) reported experiencing withdrawal during periods of cannabis
abstinence; (4) had at least an 8th grade level of education and demonstrated liter-
acy; (5) were not taking psychoactive medication; (6) did not meet criteria for Axis
I  psychiatric disorders (DSM-IV-TR) other than nicotine or cannabis dependence;
(7)  were not seeking treatment for cannabis-related problems or using cannabis
for a medical disorder; (8) had a negative urine toxicology test for drugs other
than cannabis (cocaine, opioids, amphetamine, methamphetamine, PCP, benzodi-
azepines, barbiturates, methadone, and MDMA)  and a negative breath alcohol test
on  the day of study admission; (9) had a negative urine pregnancy test; and (10)
had  no history of seizures, severe hepatic impairment, or conditions associated with
clinically significant cognitive impairment.

Study eligibility was  determined based on an initial telephone interview fol-
lowed by screening assessments conducted in the laboratory. Demographic, health
and  drug history inventories were obtained with locally developed questionnaires.
The Time-Line Follow-Back (TLFB) method (Sobell and Sobell, 1992) was  used to
obtain the amount and frequency of substance use during the previous 3 months.
Urine testing for recent drug use and pregnancy was conducted using qualitative
rapid tests. The DSM Checklist (Hudziak et al., 1993) was used to diagnose current
Axis  I psychiatric disorders. An ECG test was conducted to assess cardiovascular
health. The Marijuana Quit Questionnaire (Boyd et al., 2005) and Marijuana With-
drawal Checklist (MWC)  (Budney et al., 1999) were conducted to obtain a detailed
history of cannabis use, quit attempts, and presence of cannabis withdrawal symp-
toms during prior periods of abstinence.

Written informed consent was  obtained prior to study participation. The study
was  approved by the John Hopkins Medicine IRB and conducted in accordance with
the ethical standards of the Helsinki Declaration. Thirteen of 25 enrolled participants
completed the study and were included in data analyses. Two were discharged on
the day of admission due to ECG abnormalities not detected during the screening
ECG test, three were discharged for personal conduct violations, six volunteers did
not complete the study for personal reasons, and one study completer was excluded
from analysis due to invalid reporting on subjective assessments (e.g., numerous
conflicting statements suggesting extremely poor compliance/comprehension of
the  assessments). Study completers had an average (SD) age of 34 (9) years, 92%
were male (12 males/1 female), and 100% were African American. Participants on
average (SD) first used cannabis at 14 (2) years of age, had been using cannabis reg-
ularly for 18 (9) years, and currently smoked cannabis 4 (2) times per day. Eleven
participants met  DSM-IV-TR criteria for cannabis dependence. The most common
route of cannabis administration was via “blunt,” cannabis rolled in a hollowed out
cigar. Use of drugs other than cannabis was infrequent.

2.2. Procedures

A within-subject crossover design was used to allow for a controlled compari-
son of placebo with three doses of dronabinol (30, 60, and 120 mg/day) on cannabis
ort-term dronabinol (oral THC) maintenance in daily cannabis users.
.08.001

withdrawal expression and severity during cannabis abstinence, side effects and
cognitive performance following repeated dronabinol exposure, and subjective and
physiological response to the acute effects of smoked cannabis after a period of
abstinence. The study lasted 51 days, requiring overnight inpatient housing at
the Johns Hopkins Bayview Medical Center (JHBMC). The first 4 days served as a

dx.doi.org/10.1016/j.drugalcdep.2012.08.001
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aseline period for acclimation to the laboratory and training on study tasks. This
as  followed by four 5-day dronabinol maintenance phases. During these phases,
ronabinol was  administered tid and cannabis use was restricted to a single, con-
rolled administration on the 5th day. The 5-day duration of dronabinol maintenance
as  selected to capture peak withdrawal effects, which generally occur after 2–4
ays of abstinence (Budney et al., 2003), and the emergence of side effects associ-
ted with chronic dosing without unnecessarily extending the duration of the study.
ach dronabinol maintenance period was separated by a 9-day washout period of ad
ibitum cannabis use between 12:00 and 23:00 h. In prior studies, separating multi-
le  abstinence tests by 9-day, but not 5-day periods of daily cannabis smoking has
een sufficient to reliably re-establish chronic exposure levels and support repeated
valuation of withdrawal symptoms without evidence of abstinence condition order
ffects (Budney et al., 2001, 2007; Vandrey et al., 2008).

A  number of subjective assessments were conducted daily. At 9:00 h, partici-
ants completed three questionnaires based on their experience the previous day.
he  MWC  assessed cannabis withdrawal symptoms during the prior 24 h. A sleep
iary provided estimates of sleep latency, total sleep, number of nocturnal awaken-

ngs, time awake after sleep onset, and 100 pt Visual Analog Scale (VAS) ratings of
leep quality, mood on awakening, and alertness on awakening based on the prior
ight’s sleep. Participants rated medication side effects experienced during the prior
4  h on a 4-point scale (none, mild, moderate, severe) based on a list of possible
ide effects listed in the package insert for dronabinol. In addition to these items,
he Marijuana Craving Questionnaire (MCQ; Heishman et al., 2009) and Addiction
esearch Center Inventory (ARCI); Haertzen and Hickey, 1987) were used to assess
articipant ratings of acute cannabis craving and drug effects respectively and vital
igns were obtained (via automated monitor) at 9:00, 14:00 and 19:00 h each day.

.2.1. Acclimation and training. On Day 1, participants received training on study
rocedures and smoked cannabis ad libitum after training until 23:00 h. On Days

 and 3, participants were trained on cognitive performance tasks. Each task was
epeated until competency was demonstrated and performance was  stable on pri-
ary outcome variables (within 20% on at least three consecutive trials). After

raining was completed on these days, ad libitum smoking was again allowed
etween the hours of 12:00 and 23:00.

.2.2. Counterbalanced dronabinol maintenance phases. During the dronabinol
aintenance phases, oral capsules were administered at 9:00, 14:00 and 19:00 h

ach day and cannabis smoking was  restricted to a single exposure on Day 5 (see
ection 2.2.4). Participants received one of three doses of dronabinol: 30 mg/day
10 mg  tid), 60 mg/day (20 mg tid), 120 mg/day (40 mg  tid), or placebo in a coun-
erbalanced order. Administration of placebo dronabinol (capsules) during the ad
ibitum cannabis phases and placebo cannabis during the medication maintenance
hases was  intentionally omitted from the study design in order to better model

 cannabis quit-attempt as it would occur in a users home environment and to
reclude possible placebo smoking effects on withdrawal suppression, as has been
oted for denicotinized cigarettes (Buchhalter et al., 2005).

.2.3. Cognitive performance testing. On the last day of each dronabinol main-
enance phase, participants completed a comprehensive cognitive performance
ssessment battery starting at 10:00 h (60 min  after morning dronabinol admin-
stration). Performance tasks took approximately 75 min to complete and were
lways administered in the same order. The timing of these procedures (60–135 min
ost-administration) coincides with the peak subjective and cognitive performance

mpairing effects of dronabinol observed in prior studies (Chait and Zacny, 1992;
urran et al., 2002; Kirk and DeWit, 1999). Cognitive performance tasks in this study

ncluded (in order of administration): Digit Symbol Substitution Test (DSST), a mea-
ure of psychomotor ability (McLeod et al., 1982); a divided attention task, a task
n  which participants needed to monitor and respond to peripheral stimuli while
ompleting a central tracking task (Kleykamp et al., 2010); a simple reaction time
ask, a measure of attention and psychomotor speed (locally programmed); a time
stimation task, a measure that assesses the participant’s ability to accurately repli-
ate time intervals (5-, 20- and 80 s) presented to them on a computer (Beardsley
nd Kelly, 1999); Trails A and B, a computerized measure of psychomotor ability
nd cognitive flexibility analogous to the paper/pencil Trail Making A and B tasks
Mintzer et al., 1997; Reitan and Wolfson, 1985); the N-Back Task (0, 1, 2, and 3-
ack tasks utilized), a measure of working memory (Gevins and Cutillo, 1993); the
ower of London (TOL), a measure of executive function and planning (Ramaekers
t al., 2006; Shallice, 1982); and Word Memory (recognition memory and free recall
ssessed), a measure of episodic memory and metamemory (Mintzer et al., 1997).

.2.4. Smoked cannabis challenge sessions. On the last day of each dronabinol main-
enance phase, following completion of the cognitive performance assessment,
articipants were administered five controlled puffs of smoked cannabis. The paced
Please cite this article in press as: Vandrey, R., et al., The dose effects of sh
Drug  Alcohol Depend. (2012), http://dx.doi.org/10.1016/j.drugalcdep.2012

uffing procedure included 5-s inhalations, 10-s breath holds, and 40-s inter-puff
ntervals. This procedure has been shown to reliably elicit dose-sensitive subjective
nd physiological cannabis effects in prior laboratory research (Hart et al., 2002b).
ital signs and subjective drug effect assessments (15-item VAS drug effect ques-

ionnaire) were obtained 5 min  before, immediately after the last puff, and 15, 30,
5,  and 60 min  following completion of the puffing procedure.
 PRESS
ependence xxx (2012) xxx– xxx 3

2.2.5. Cannabis cigarettes. The cannabis provided during the acclimation period
(Days 1–4), the three ad libitum cannabis-use periods, and the smoked cannabis
challenge sessions was obtained from the National Institute on Drug Abuse (NIDA).
The cannabis cigarettes contained approximately 5.7% THC by volume and weighed
approximately .8 g each. Participants were escorted, upon request, to a specially
ventilated room where cannabis smoking occurred.

2.2.6. Biological specimen collection and testing. Blood specimens were collected
at 9:00, 14:00, 19:00, and 22:00 h on the 1st and 5th day of each dronabinol
maintenance phase to assess plasma THC and metabolite concentrations follow-
ing  dronabinol and/or smoked cannabis administration. Blood was collected in
6  mL  green-top (sodium heparin) Vacutainer tubes and stored on ice no more
than 2 h prior to centrifugation to separate plasma. Specimens were frozen at
−20 ◦C until analysis via solid phase extraction with Clean Screen ZSTHC020
columns (United Chemical Technologies) and subsequent two-dimensional gas
chromatography–mass spectrometry with cryofocusing (Agilent 6890 GC-FID/5973
MSD; Lowe et al., 2007). Limits of quantification were .5 ng/mL for THC and THC-
COOH, and 1.0 ng/mL for 11-OH-THC.

2.3. Data analysis

Study outcome measures were analyzed using a repeated measures regression
with an AR(1) covariance structure. Cannabis withdrawal effects were first assessed
by comparing data from Days 1 to 4 of the placebo maintenance period with the 4
days of ad libitum cannabis use that immediately preceded it (true baseline). Day 5 of
the placebo maintenance period was excluded from this model due to the cannabis
administered during the acute cannabis challenge session. The dose effects of dron-
abinol were then assessed for all measures. For daily assessments (withdrawal, side
effects, sleep diary, craving, and ARCI), factors in the analyses included Dose (0, 30,
60,  120 mg/day dronabinol), and Time (Days 1–4 for each dronabinol maintenance
period). For assessments obtained during the acute cannabis challenge sessions
(VAS drug effect ratings and vitals), factors in the analyses included Dose (0, 30,
60, 120 mg/day dronabinol), and Time (−5, 0, 5, 15, 30, 45, and 60 min relative to
cannabis exposure). Cognitive performance was  only assessed once at each dose, so
only Dose (not Time) was included as a Factor in analysis of cognitive performance
outcomes. Planned comparisons (Student–Newman–Kuels (SNK) multiple compar-
ison tests) were conducted to ascertain differences between dronabinol doses when
main effects of dose were observed. A correlational analysis was conducted to assess
the  relationship between plasma levels of psychoactive cannabinoids (THC and 11-
OH-THC) and withdrawal symptom severity. Data analysis was completed using SAS
statistical software (Version 9.1), and  ̨ was set at .05 for all tests of significance.

Because there is some overlap of known cannabis withdrawal effects and poten-
tial medication side effects (e.g., nausea), these are distinguished in the results
based on the pattern of dronabinol dose effects observed. If participant ratings on
an  item decreased as dronabinol dose increased, it is reported as a cannabis with-
drawal effect (based on prior research showing dronabinol to dose-dependently
suppress withdrawal). If participant ratings on an item increased as dronabinol dose
increased, it is reported as a medication side effect.

3. Results

3.1. Withdrawal

Significant cannabis withdrawal effects (F1,12 from 4.97 to 27.88;
p < .05) were observed during the placebo maintenance phase
for subject ratings of decreased appetite, diarrhea, nausea, stom-
ach pain, irritability, sleep difficulty, total sleep time, subjective
sleep quality, mood at morning awakening, alertness at morn-
ing awakening, restlessness, nervousness/anxiety, chills, increased
aggression, increased anger, headaches, difficulty concentrating,
and total Withdrawal Discomfort Score (WDS).

Significant dronabinol dose effects (F3,36 from 2.95 to 9.44;
p < .05) were observed for each withdrawal item except “sleep
difficulty” and “nervousness/anxiety.” Planned comparisons of
individual dose conditions showed that 120 mg/day dronabinol sig-
nificantly suppressed ratings of stomach pain, irritability, chills,
headaches and total withdrawal (WDS) compared with 60 mg/day,
30 mg/day and placebo; ratings of decreased appetite, mood
and alertness upon awakening, and increased aggression com-
pared with 30 mg/day and placebo; ratings of subjective sleep
ort-term dronabinol (oral THC) maintenance in daily cannabis users.
.08.001

quality compared with 30 mg/day; and ratings of diarrhea, nau-
sea, increased anger, and difficulty concentrating compared with
placebo. The 60 mg/day dose suppressed ratings of decreased
appetite, difficulty concentrating, and WDS  compared with

dx.doi.org/10.1016/j.drugalcdep.2012.08.001
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Fig. 2. Mean subjective drug effect ratings (Panel A) and heart rate assessments
(Panel B) obtained during the cannabis challenge session conducted on the 5th day of
each  dronabinol maintenance phase. In order to account for pre-cannabis exposure
ig. 1. Mean subjective withdrawal ratings (WDS) presented by dronabinol main-
enance dose. Asterisks indicate significant differences between dronabinol dose
onditions and placebo.

0 mg/day and placebo; ratings of sleep quality and mood upon
wakening compared with 30 mg/day; and ratings of diarrhea and
ncreased aggression compared with placebo. The 30 mg/day dose
uppressed ratings of nausea and diarrhea compared with placebo.
he effect of dronabinol dose on total withdrawal (WDS) is illus-
rated in Fig. 1.

.2. Acute effects of cannabis

Significant main effects of time were observed for subjective rat-
ngs of drug effect (F5,60 = 22.08), good effect (F5,60 = 27.03), heart
acing (F5,60 = 3.95), and feeling hungry (F5,60 = 2.97) during the
annabis challenge sessions conducted on the last day of each
ronabinol maintenance phase. For each of these items, ratings

ncreased following smoked cannabis administration. However, no
ffects of dronabinol dose were observed on any subjective drug
ffect item. Fig. 2A shows mean participant ratings of “drug effect,”
hich is representative of the pattern of effects observed for other

tems in which significant effects of time were found.
Significant effects of Dose and Time were observed for heart

ate during the cannabis challenge sessions (Fig. 2B). The increase
n heart rate following smoked cannabis exposure was  signifi-
antly attenuated by both the 60 and 120 mg/day doses compared
ith placebo. The 120 mg/day dose also significantly attenuated

he increase in heart rate compared with the 30 mg/day dose. Sig-
ificant main effects of Time, but not Dose were observed for
ystolic and diastolic blood pressure during the cannabis challenge
essions. On average, blood pressure increased immediately follow-
ng cannabis administration and then gradually declined over the
ourse of the session, but the total mean change from baseline was
elatively small and did not exceed 8 mm/Hg in either direction for
ny dose.

.3. Side effects

Significant effects of Dose were observed for ratings of dry
outh (F3,36 = 6.14), rapid heart rate (F3,36 = 3.19), and flushing

n face or body (F3,36 = 6.58) on the side effect questionnaire.
lanned dose comparisons indicated that subjective ratings for each
Please cite this article in press as: Vandrey, R., et al., The dose effects of sh
Drug  Alcohol Depend. (2012), http://dx.doi.org/10.1016/j.drugalcdep.2012

f these items were significantly higher during the 120 mg/day
ose compared with all three other dose conditions. There
ere no differences between placebo and the 30 or 60 mg/day
oses. A significant effect of Dose was also observed for the
(baseline) effects of oral dronabinol on these measures, data are presented as a
change from baseline to better illustrate the relative effects of smoked cannabis.

Morphine–Benzedrine Group (MBG; euphoria) subscale of the ARCI
(F3,36 = 3.19), in which ratings during the 60 and 120 mg/day main-
tenance phases were greater compared with the placebo and
30 mg/day periods. There was no effect on other ARCI sub-scales,
including the Marijuana Scale.

3.4. Cognitive performance

Significant effects of Dose were observed for the Percentage of
Trials Correct on the DSST (F3,36 = 3.41) and Reaction Time for the
1-Back iteration of the N-Back task (F3,36 = 6.09). Planned dose com-
parisons indicated that DSST responding was  less accurate during
the 30 mg/day (96%) and 120 mg/day (96%) doses compared with
placebo (99%). Latency to respond on the 1-Back task was  delayed in
the 30 mg/day condition (.733 s) compared with the placebo (.690 s)
and 60 mg/day (.673 s) dose conditions, and in the 120 mg/day con-
dition (.715 s) compared with the 60 mg/day condition.

3.5. Physiological assessments

Significant effects of Dose were observed for diastolic blood
pressure (F3,36 = 4.63) assessed daily during the dronabinol main-
tenance periods. Mean diastolic blood pressure was  75, 74, 70
and 71 mmHg  during placebo, 30, 60 and 120 mg  dosing peri-
ods, respectively. These values were significantly lower during
the 60 mg/day and 120 mg/day study periods compared with the
placebo and 30 mg/day periods. No significant dose effects were
observed for systolic blood pressure or heart rate. Plasma analysis
ort-term dronabinol (oral THC) maintenance in daily cannabis users.
.08.001

of THC and its metabolites (11-OH-THC, THCCOOH) demonstrated
dose-related biological delivery of oral dronabinol (Fig. 3). A mod-
est inverse correlation (r2 = −.27) was observed between peak total

dx.doi.org/10.1016/j.drugalcdep.2012.08.001
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ig. 3. Mean peak Day 1 plasma concentrations of THC and 11-OH-THC (an equipo-
ent  metabolite of THC) as a function of dronabinol maintenance dose.

HC and 11-OH-THC (equipotent psychoactive metabolite) plasma
oncentrations and peak WDS  withdrawal scores.

. Discussion

The present study extends prior research examining dronabinol
s a potential pharmacotherapy for treating cannabis use disorders.
onsistent with other experiments, a dose-dependent suppres-
ion of cannabis withdrawal was observed when participants
ere maintained on dronabinol during consecutive days of abrupt

annabis abstinence (Budney et al., 2007). Cannabis withdrawal
as been associated with relapse and substance use severity out-
omes among people attempting to quit use of cannabis (Budney
t al., 2008; Chung et al., 2008; Cornelius et al., 2008), and two
ase reports suggest that carefully tailored delivery of dronabinol
an contribute to cannabis cessation among those resistant to other
reatments (Levin and Kleber, 2008). Thus, there is clear evidence
hat dronabinol can be used as a palliative tool in the treatment of
annabis use disorders in cases where withdrawal appears to be a
arrier to cessation.

That being said, there is some uncertainty regarding the gen-
rality and strength of a palliative intervention approach given
hat dronabinol reduced subjective ratings of withdrawal with-
ut a reduction in cannabis use in a recently completed clinical
rial (Levin et al., 2011). The difficulty in interpreting these appar-
ntly discordant findings is twofold. First, the laboratory studies
emonstrating withdrawal suppression were conducted in non-
reatment seekers during mandated periods of abstinence. Thus,
t is possible there were factors besides dronabinol administra-
ion that contributed to the magnitude of withdrawal suppression
bserved in these studies that does not translate to outpatient clin-
cal populations. Second, though withdrawal ratings were reduced
n the dronabinol group compared with the placebo group in the
linical trial, the true magnitude of withdrawal suppression from
ronabinol in that study is unknown. There was no pre-treatment
ssessment of withdrawal symptoms to compare to withdrawal
ssessed during treatment, and the comparison of dronabinol
ersus placebo on withdrawal included all study participants rather
han being limited to those who actually abstained from cannabis.
hus, additional research is needed to examine the magnitude of
ithdrawal suppression that can be achieved as a function of dron-

binol dose in a clinical setting, and to further explore the effect of
ithdrawal suppression versus other participant characteristics on
Please cite this article in press as: Vandrey, R., et al., The dose effects of sh
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annabis cessation rates among those in treatment.
Aside from withdrawal suppression, another possible clinical

enefit derived from agonist pharmacotherapies is an attenua-
ion of the acute effects of drug use. For example, the ability of
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varenicline to attenuate the subjective and rewarding effects of
smoking is believed to be instrumental in the improved initial
abstinence success and relapse prevention rates observed among
smokers using the medication during a quit attempt (McClure
et al., 2012; Patterson et al., 2009; Perkins et al., 2010; West et al.,
2008). In a prior study, Hart et al. (2002a) showed that treat-
ment with 80 mg/day dronabinol (but not 40 mg/day) for 3 days
reduced the subjective effects (good drug effect, high) of smoked
cannabis. However, in the present study, dronabinol maintenance
for 5 days at doses of up to 120 mg/day did not alter the subjective
effects of smoked cannabis, although it did attenuate the increase in
heart rate following smoked cannabis exposure. Both studies were
conducted on a residential unit with heavy, daily cannabis users
who were mostly male African Americans. The primary procedu-
ral difference between the studies is that acute cannabis exposure
occurred daily in the Hart et al. study, but only once after 5 days of
abstinence in the present study. Thus, it is possible that dronabi-
nol maintenance could reduce the acute positive reinforcing effects
of ongoing smoked cannabis use, but not drug effects experienced
initially after a period of sustained cannabis abstinence. This would
suggest that dronabinol maintenance prior to a programmed quit
attempt could enhance initial abstinence success in a treatment-
seeking population, but is unlikely to alter relapse rates among
those who lapse during a quit attempt. However, the mechanism
for a differential effect of dronabinol on smoked cannabis effects in
relation to periods of abstinence is uncertain and this effect needs
further examination.

Perhaps the most important outcome from the present study
was that safety and tolerability was  demonstrated for high doses of
chronic dronabinol administration within the context of also eval-
uating clinically relevant outcomes (withdrawal, acute effects of
smoked cannabis). This is consistent with the research of Jones and
colleagues who  have previously demonstrated safe and tolerable
administration of daily dronabinol up to 210 mg/day (Jones et al.,
1976). Side effects in the present study were infrequent and low
in magnitude, there were no concerning cardiovascular effects, nor
was there substantial impairment of cognitive abilities observed
in the present study. The cognitive performance assessment bat-
tery was  conducted 60–135 min  after dronabinol administration in
order to assess performance at the expected peak level of intoxica-
tion. While statistical significance was reached for 2 of 37 cognitive
performance outcomes, the true magnitude of change for these
outcomes was  small, and, in general, cognitive outcomes indicated
high levels of performance throughout the study. The FDA recom-
mends initial acute dosing of 2.5–5 mg  for clinical management of
appetite loss and emesis in the general population. The tolerabil-
ity and absence of serious side effects with much higher doses in
this study suggests substantial levels of tolerance to THC among
daily cannabis users, and may  also reflect the fact that THC acts as
a partial agonist with relatively flat dose-effect functions at high
doses (Pertwee, 2008). Indeed, many volunteers in the present
study verbally reported in daily interactions with study investiga-
tors a complete lack of subjective drug effects from oral medication
throughout study participation.

There are some key aspects of this study that are important to
note for those who  may  consider dronabinol as a clinical interven-
tion for cannabis use disorders based on the present data. First,
participants in this study represent the extreme end of cannabis
use, typically smoking cannabis multiple times throughout the day.
This is important because the safety and tolerability profile of high
doses of dronabinol observed in this study may  not extend to peo-
ple with less frequent cannabis use patterns, or to heavy cannabis
ort-term dronabinol (oral THC) maintenance in daily cannabis users.
.08.001

users who  have already achieved a period of sustained abstinence.
Second, there was  no behavioral cannabis use outcome included in
the present study (e.g., self-administration) due to practical limita-
tions of the complexity and duration of the protocol. The ultimate
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enchmark for clinical utility of a pharmacotherapy for treating
ubstance use disorders is a demonstration of reduced substance
se following use of the medication under investigation. Third,
ven within this homogeneous sample of heavy cannabis users,
he severity of cannabis withdrawal observed varied considerably.
ome participants reported no withdrawal while others experi-
nced severe disruption of their mood, sleep, appetite, and in some
ases emesis. Withdrawal symptom expression can be influenced
y subjective expectancy, the duration of cessation, and environ-
ental cues. The present study did not control for an effect of

ubjective expectancy by administering placebo cannabis during
he medication maintenance phases, and environmental influences
ere minimized because the study was conducted in a residential

aboratory. Thus, withdrawal expression in this study may  be an
verestimate of what is due to pharmacological factors alone, but
ay  be an underestimate of withdrawal that may  occur among peo-

le trying to quit indefinitely in their home environment. It is also
he case that the study design limited our ability to discern the spe-
ific effects of THC versus other non-THC components of cannabis
n withdrawal suppression. Because the most clear clinical benefit
f dronabinol appears to be withdrawal symptom suppression, a
linical approach in which dronabinol is used to alleviate demon-
trated withdrawal discomfort is recommended rather than use of
ronabinol as a first-line therapy.

In summary, this study adds to prior work showing a reli-
ble suppression of cannabis withdrawal with dronabinol, and
emonstrates that chronic administration of high doses of dron-
binol (up to 120 mg/day) can be well tolerated and result in
ew adverse effects in heavy, daily cannabis users. The failure to
bserve a change in the subjective effects of acutely administered
moked cannabis as a function of dronabinol dose following a
eriod of supervised abstinence suggests that any clinical ben-
fits of dronabinol in treating cannabis use disorders are likely
imited to improving rates of initial abstinence (via withdrawal
uppression and/or attenuating effects of smoked cannabis prior
o cessation). These data suggest that dronabinol remains a viable
andidate pharmacotherapy for the treatment of cannabis use
isorders, particularly cases in which severe withdrawal discom-
ort appears to be a barrier to cessation. However, additional
valuation of dronabinol is needed to support this argument. In
articular, studies are needed to examine safety following longer
eriods of high dose dronabinol maintenance, effects of dronabi-
ol on cannabis self-administration and the ability of dronabinol
o improve substance use outcomes among patients in clinical
ettings who exhibit significant withdrawal, especially under con-
itions when dronabinol dose can be adjusted flexibly to maximize
atient response.
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