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Abstract

Aim—To evaluate whether venlafaxine-extended release (VEN-XR) is an effective treatment for
cannabis dependence with concurrent depressive disorders.

Design—This was a randomized, 12 week, double-blind, placebo-controlled trial of outpatients
(n = 103) with DSM-IV cannabis dependence and major depressive disorder or dysthymia.
Participants received up to 375 mg VEN-XR on a fixed-flexible schedule or placebo. All patients
received weekly individual cognitive-behavioral psychotherapy that primarily targeted marijuana
use.

Settings—The trial was conducted at two university research centers in the United States.
Participants—One hundred and three cannabis dependent adults participated in the trial.

Measurements—The primary outcome measures were 1) abstinence from marijuana defined as
at least two consecutive urine-confirmed abstinent weeks and 2) improvement in depressive
symptoms based on the Hamilton Depression Rating Scale.

Findings—The proportion of patients achieving a clinically significant mood improvement [50%
decrease in Hamilton Depression score from baseline] was high and did not differ between groups
receiving VEN-XR (63%) and placebo (69%) (X12=0.48, p-value= 0.49). The proportion of
patients achieving abstinence was low overall, but was significantly worse on VEN-XR (11.8%)
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compared to placebo (36.5%) (X12=7.46, p-value<0.01; OR = 4.51, 95% CI: 1.53, 13.3). Mood
improvement was associated with reduction in marijuana use in the placebo group (F1 179=30.49,
p-value<0.01), but not the VEN-XR group (F 186=0.02, p-value=0.89).

Conclusions—For depressed, cannabis-dependent patients, venlafaxine-extended release does
not appear to be effective at reducing depression and may lead to an increase in cannabis use.

INTRODUCTION

Marijuana is the most commonly used illegal drug in the world (1). Marijuana dependence is
more prevalent than stimulant or heroin dependence in most countries, including the United
States (1-3), and is frequently the primary drug problem among both adolescents and adults
seeking treatment (3, 4). However, it is difficult to treat. Behavioral methods have shown
promise (5, 6), while as yet there are no effective medications for marijuana dependence.

Many cannabis-dependent adults suffer from additional psychiatric disorders, with
depression being particularly common (7-9). Cannabis dependence doubles the odds of
having a depressive disorder in the general population (8-10), and depression is prevalent
among cannabis-dependent patients seeking treatment (11). This suggests that identification
and treatment of depression might be an effective treatment strategy in the depressed
subgroup of cannabis dependent patients.

Among alcohol, opioid and cocaine dependent patients, depressive disorders are associated
with worse treatment outcome (12-15). Correspondingly, meta-analyses of placebo-
controlled trials (16, 17) have suggested that, among alcohol dependent patients, treating
depressive disorders with antidepressant medication is effective in reducing alcohol use,
particularly in trials where the placebo response rate was low. Among trials with depressed
opioid and cocaine dependent patients, the findings are less consistent (16-18). Interestingly,
most of the positive trials in this literature involved tricyclic antidepressants or other
medications with noradrenergic effects, while many of the negative trials tested selective
serotonin-reuptake inhibitors (SSRIs). Although high placebo (PBO) response may explain
these negative results, medications that enhance noradrenergic transmission might be more
effective among depressed substance abusers.

Evidence on the treatment of co-occurring depression and cannabis dependence is limited. A
secondary analysis of a PBO-controlled trial among depressed alcoholics (19) found the
SSRI fluoxetine was also effective at reducing concurrent marijuana use (20). However, a
recent trial with 70 depressed cannabis-dependent adolescents and young adults found a
high PBO response rate and no advantage for fluoxetine over PBO on either depression or
cannabis use outcomes (21). Venlafaxine was chosen for investigation for this trial because
it is a well-tolerated broad spectrum antidepressant and there were some data suggesting that
it might have greater efficacy than standard SSRIs because of its dual mechanism of action
as both a serotonin and norepinephrine reuptake inhibitor (22-25). By improving mood, it
was hypothesized that marijuana use would diminish.

We now report what is, to our knowledge, the largest PBO-controlled trial, to date, of an
antidepressant medication for treatment of adults with cannabis dependence and co-
occurring major depression or dysthymia. Venlafaxine-extended release (VEN-XR) rather
than immediate release venlafaxine was chosen because it can be administered daily and
improve adherence. Similar to specific serotonin reuptake inhibitors, it is generally well
tolerated. It was hypothesized that VEN-XR would both reduce depressive symptoms and
increase marijuana abstinence compared to PBO.
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Study Participants

Treatment seekers for problems related to marijuana use were recruited by local advertising
or clinical referrals. The CONSORT diagram is presented in Figure 1. The medical
screening included a history and physical exam, an electrocardiogram, and laboratory
testing. The psychiatric evaluation included the Structured Clinical Interview (SCID) for
Diagnostic and Statistical Manual of Mental Disorders- Axis | disorders DSM-1V (26, 27),
modified to relate the course of depressive symptoms and substance abuse history (28). In
DSM-1V, a “primary” mood disorder is diagnosed if the mood syndrome antedates onset of
substance abuse, persists during lengthy abstinent periods, or is “substantially in excess” of
the usual toxic or withdrawal effects of substances. A “substance-induced mood disorder”
may be diagnosed if there is depressed mood that has never been temporally independent of
substance abuse but is “in excess” of the usual toxic or withdrawal effects and “warrants
independent clinical attention” (26). Patients were eligible if they met current syndromal
criteria for either Major Depression of at least 3 months duration or Dysthymia by SCID
interview, and also met one of the above criteria, in an effort to exclude patients in whom
mood symptoms were likely usual effects of substances (e.g. cannabis withdrawal).

Participants were treated at the Substance Treatment and Research Service (STARS) of
Columbia University/New York State Psychiatric Institute (NYSPI; n=113) or at STARS- of
Columbia University/North Shore-L1J Medical Center (n=10).

Study inclusion required that participants 1) were between the ages of 18-60, 2) met DSM-
IV-TR criteria for current cannabis dependence and reported that marijuana was their
primary drug of abuse, 3) met DSM-IV criteria for current Major Depression or Dysthymic
Disorder and received a total score of = 12 on the Hamilton Depression Inventory (HAMD),
and 4) had a depressive syndrome of at least 3 months duration in the current episode.
Participants were excluded if they: 1) met DSM-1V criteria for past mania, schizophrenia, or
any psychotic disorder other than transient psychosis due to drug abuse; 2) were
physiologically dependent on any substances (other than nicotine) that would require a
medical intervention/detoxification; 3) had significant risk for suicide; 4) had a history of a
seizure disorder; 5) had an unstable medical condition; 6) had a history of allergic reaction
to VEN; 7) failed to respond to a previous adequate trial of VEN of at least 300 mg for > 6-
week period; 8) were currently being prescribed psychotropic medication, except for acute
treatment of insomnia; and 9) females who were nursing, pregnant and/or unwilling to use
an effective method of birth control.

The study was approved by the Institutional Review Boards of NYSPI and the North Shore-
L1J Medical Center. After a complete description of the study was presented to the subjects,
written informed consent was obtained. The study was conducted from January 2004
through September 2010.

Study Design

The study was a randomized, double-blind, parallel-group, 12-week clinical trial comparing
placebo to VEN-XR. The trial included a one-week PBO lead-in phase, a three week
medication titration phase, and an 8-week medication maintenance phase. Participants were
scheduled to attend the research clinic twice per week. Patients were randomized at the end
of the PBO lead-in phase using a computer generated fixed block size of 4, with a 1:1
allocation ratio, and stratified by joints used per week [<21 (n=41) versus = 21 (n=62)] and
severity of depression based on the HAMD score [< 20 (n=67) versus > 20 (n=36)]. A
research pharmacist, who was independent of the research team, conducted the
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randomization and maintained the allocation sequence. Participants, care providers and
outcome assessors were kept blinded to the allocation.

VEN-XR or matching PBO was prepared by the pharmacy at the New York State
Psychiatric Institute, packaged in matching gelatin capsules with lactose filler. Participants
were instructed to take the medication once per day in the morning. Study medication was
provided to participants on a weekly basis. Each week, participants were asked to return all
bottles and unused medication. The study staff documented any unused or missed
medication.

PBO responders during the 1-week placebo lead in (N = 7), defined as a Clinical Global
Impression (CGI) (29) rating of 1 or 2 (much, or very much improved) and a reduction in
the HAMD score > 75% or total score < 7, were not randomized.

Following the PBO lead-in week, participants were randomized into either the VEN-XR or
PBO group. VEN-XR (or matching PBO) was titrated to the target dose of 225 mg/day (or
the maximum tolerated dose) over the three weeks after randomization. After the fourth
week post-randomization, patients with persistent depression who were not rated as having a
CGI-Depression score of 1 (“very much improved”) and who were tolerating 225 mg/day
had their dose increased to a maximum of 375 mg/day. Dose reductions were also allowed if
225 mg/day was not tolerated.

Manualized Psychotherapy

Procedures

All participants received weekly Cognitive Behavioral Therapy/ Relapse Prevention
Treatment(CBT/RP) (30). The first four weeks of treatment included techniques derived
from motivational enhancement therapeutic techniques (31) that have been subsequently
adapted for use among cannabis-dependent patients (32). Patients were encouraged to set a
quit date at the onset of treatment, however, if a patient set a goal of reducing their use,
therapy focused on this goal, and abstinence sampling was revisited during the study using
motivational interviewing principles. The core therapy modules focused on the reduction
and cessation of marijuana use by developing the skills necessary to manage thoughts and
cravings for marijuana, implementing drug refusal skills, and managing environmental
contexts that could increase the probability of relapse. In addition, modules were included to
address the relationship between cognition and negative affect, developing strategies for
managing negative mood, altering depressionogenic thinking patterns, and increasing the
frequency of pleasant activities.

Patients were asked to come to the clinic twice a week. Once a week patients met with a
psychiatrist to administer clinical ratings of mood and marijuana use, assess side effects and
clinical status, and adjust medication dosage as needed. Participants were compensated $5-
$20 for transportation costs per visit. To better assess medication compliance, participants
earned an additional $10 per week if they returned their pill bottles and any remaining
medication.

Marijuana Use

At each visit self-reported marijuana use was assessed with the time line follow back
(TLFB) calendar method, customized for tracking cannabis use (33, 34). Quantitative urine
THC levels were obtained at each visit. The Analytical Psychopharmacology Laboratory of
the Nathan Kline Institute tested each urine sample for the presence of 11-nor- A°-
tetrahydrocannabinol-9-carboxylic acid (THC-COOH) using fluorescence-polarization
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immune analysis (FPIA). A cutoff of 100 ng/ml was used as the point between positive and
negative to decrease the probability of false positives (35). All THC levels were creatinine-
normalized to control for potential urine dilution.

Mood Symptoms

Mood outcome was evaluated with the Hamilton Depression Rating Scale (HAMD) (36-38)
every two weeks.

Side effects were assessed weekly by the study psychiatrist using the Modified Systematic
Assessment for Treatment and Emergent Events (SAFTEE)(39, 40).

Data Analysis—The sample size of 60 patients per group was chosen to afford sufficient
statistical power (power > 0.80 at alpha < 0.05, two-tailed) to detect effect sizes of just
under 0.50.

The primary outcome measure for marijuana use was a dichotomous abstinence response,
defined as at least two consecutive urine-confirmed abstinent weeks. This outcome was
chosen since continuous abstinence has been shown to predict long-term abstinence, albeit
for cocaine (30, 41). Each week during the study, subjects were scored as urine-confirmed
abstinent if both self-reported marijuana use for that week was negative, according to the
quantitative substance use daily inventory (TLFB), and all urines collected for that week
were negative for THC (i.e., quantitative THC <100 mg/ml normalized for creatinine).
Patients who achieved the two consecutive abstinent weeks were classified as abstinent
whether or not they subsequently dropped out of the study. Patients who dropped out of the
study without achieving two continuous weeks of abstinence were classified as not
abstinent.

The primary outcome measures for depression were two dichotomous variables: 1) at least a
50% reduction in the HAMD total score between randomization and end-of-study; 2) a score
of less than 8 at end-of-study. End-of-study was defined as week 12, or the last measurement
prior to dropout for patients completing less than 12 weeks of treatment. For secondary
analysis purposes, the HAMD scores were used as continuous longitudinal data measured
once a week.

Secondary outcomes were: THC urine level (measured once a week, longitudinal
continuous), side effects and adverse events (dichotomous), and treatment compliance
(continuous). While abstinence was the primary outcome, reduction in use may be a
reasonable goal, particularly for patients who are ambivalent about stopping their use. Thus,
quantitative THC urine levels normalized for creatinine during the study was assessed.

Logistic regression was used to analyze all dichotomous outcomes. The dichotomous
primary outcome marijuana abstinence was modeled using independent predictors: treatment
(VEN-XR vs. PBO) and baseline urine THC level. The initial analysis included an
interaction between treatment and baseline urine THC levels which was deemed not
significant and omitted from the final logistic model.

Side effects and adverse events were analyzed using Fisher’s exact test. T-tests were used to
analyze treatment compliance. Longitudinal outcomes THC urine level normalized for
creatinine and HAMD total score were analyzed using mixed effect models with a
lognormal or identity link function with the patient defined as a random factor and within
patient autoregressive correlation structure AR(1). The two-way interaction between
treatment and time was assessed and was retained in the final models if found significant.
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All analyses were conducted based on the intent-to-treat principle unless noted otherwise.
All statistical tests were two-tailed and employed an alpha significance level of 0.05, unless
otherwise stated and all interaction terms were evaluated at the significance level of 0.15.
PROC GLIMMIX in SAS was used to conduct these analyses.

Sample Description

Demographic and baseline clinical characteristics of the PBO (N = 52) and VEN-XR (N =
51) groups are shown in Table 1. There were no demographic or baseline clinical
characteristics that were significantly different between the two groups. Notably, this was a
heavy using population. The mean days of use was 27.4 [S.D.=5.6] and baseline mean grams
used per using day was 2.6 [S.D.=2.8]. Because active suicidal ideation was an exclusionary
criterion, a small percentage of the sample were rated as very severely depressed by the
Hamilton Rating scores (36) although most were rated as moderately or severely depressed.

Retention in the Trial

Sixty-two percent of the sample (64/103) completed the 12-week trial. Thirty-four of the
103 participants (33%) dropped out before week 11 without achieving two continuous
abstinence weeks, thus would be considered non-abstinent. The frequency of those dropouts
did not differ by treatment arm (X;2=0.82, p-value=0.36). Out of all baseline characteristics,
those patients who dropped out were significantly younger (X12=7.27, p-value<0.01) and
less likely to be married (X12=3.93, p-value<0.05) compared to those that completed
treatment based on logistic regression.

PRIMARY OUTCOMES

Two Consecutive Weeks of Abstinence

Nineteen patients of the 52 (36.5%) in the PBO group and 6 of the 51 (11.8%) in the VEN-
XR group achieved at least two consecutive abstinent weeks post-randomization. In the
logistic regression model, abstinence was significantly affected by 1) treatment group,
indicating greater likelihood of abstinence on PBO, compared to VEN-XR, and 2) baseline
urine THC level, indicating higher baseline THC urine level is associated with lower odds of
achieving abstinence (see Table 2). The interaction between treatment group and baseline
urine THC level was not significant (X12=2.03, p-value=0.15) and was omitted from the
final analysis. Notably, a patient receiving PBO had 4.51 (95% CI: 1.53, 13.3) times the
odds of achieving two weeks continuous abstinence than a patient receiving VEN-XR with
comparable baseline urine THC levels. A higher baseline THC urine level is associated with
lower odds of achieving two weeks continuous abstinence. For every 10 ng/ml increase in
the THC urine level at baseline, there was a 1.5% decrease in the odds of abstinence
(IRR=0.985, 95% CI: 0.974, 0.996).

The above findings were not altered when the model was adjusted for baseline HAMD
scores, age at first marijuana use, age of onset of regular marijuana use, and a dichotomous
variable indicating heavy marijuana use (defined as 21 joints or more per week at baseline).

Depression response

Proportions of subjects who achieved 50% reduction of HAMD score at the end of the study
were not significantly different between the two groups, and there were no significant
differences in proportions of subjects who scored <8 on the HAMD (See Table 2).
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When adjusted for baseline HAMD score we found 1) no significant effect of treatment and
no significant effect of baseline HAMD on 50% reduction of HAMD; and 2) no significant
effect of treatment, but a significant effect of baseline HAMD score on the proportion of
subjects with < 8 HAMD, where lower baseline scores increased the odds of <8 HAMD at
the end of study (see Table 2).

There were no significant longitudinal differences in HAMD score between the treatment
groups. However a significant time effect indicates that both groups improved on HAMD
scores over the course of the study (see Table 2).

SECONDARY OUTCOMES

THC urine levels (longitudinal)

Figure 2 displays the observed average THC urine levels by group and by week in treatment.
When analyzed longitudinally, there was a significant interaction between week and
treatment, indicating higher THC levels in the VEN-XR group throughout the second half of
the study (see Figure 2, Table 2).

Relationship of Cannabis Outcome to Depression Outcome

Because mood improvement has often been associated with reductions in substance use in
antidepressant trials among depressed alcoholics or other types of drug users (16), we
examined this association in the present trial. When urine THC levels were modeled as a
function of HAMD scores over weeks in the trial and treatment group, there was a
significant interaction between HAMD and treatment (see Figure 3). As can be seen in
Figure 3, in the PBO group the expected association between THC improvement and
depression improvement was observed, with lower HAMD scores associated with lower
THC levels. In contrast, in the VEN-XR group THC levels remained high even when the
HAMD scores at outcome were low.

Side effects and adverse events

Side effects that were present in at least 5% of patients in at least one of the treatment arms
are presented in Table 3. Loss of libido was the only side effect that showed a significant
difference, being greater in the VEN-XR than PBO groups (see Table 3).

Treatment compliance

For all patients, the average compliance with medication as tested by the percentage of pills
taken was 88.9%, and the average compliance with behavioral therapy was 79.2%. There
were no significant differences in either medication (PBO: 90.3% versus VEN-XR: 87.5%,
T100=0.93, p-value=0.35) or behavioral therapy (PBO: 82.3% versus VEN-XR: 76.0%,
T101=1.5, p-value=0.14) compliance between the PBO and the VEN-XR group.

Mean medication blood levels for patients on VEN-XR were 299.6 + 233.4 ng/ml. Five
participants in the VEN-XR group had bloods level of 0, indicating clear non-compliance.
Ten percent of blood tests done for VEN patients (9/90) were negative, and 7 of those 9 tests
(77.8%) were for the 5 subjects who never tested positive for VEN-XR.

Mean sustained dose (standard deviation) for patients on VEN-XR was 4.4 (+ 1.3) 75 mg
capsules (330.3 mg = 95.1) or 3.3 (x 1.8) capsules of placebo.
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DISCUSSION

In this controlled trial among depressed cannabis dependent adults, VEN-XR was no better
than PBO in reducing depressive symptoms. Both medication and PBO groups had large
improvements in depressive symptoms. This resembles a prior controlled trial among
cannabis dependent adolescents and young adults, which failed to find an antidepressant
effect (21). The low overall abstinence rate in this study resembles the low abstinence rates
found in other clinical trials for cannabis dependence (6, 35, 42-47), and reinforces that
cannabis dependence is difficult to treat. Surprisingly, those receiving VEN-XR were less
likely to become abstinent or reduce their marijuana use. While unexpected, this is an
important finding, and has both theoretical and clinical relevance.

There are several reasons why VEN-XR, an effective antidepressant agent, may not have
demonstrated superiority to PBO in improving depression here. The most likely factor was
the high PBO response rate for depressive symptoms. High PBO response is typically
associated with lack of medication effect in clinical trials testing antidepressants for co-
occurring depression and substance use (16). All patients in the present trial received
cognitive behavioral therapy, and the psychotherapy may have overwhelmed any potential
antidepressant effect of the medication. Patients with mild or moderate depression are likely
to respond well to psychotherapy, without the addition of medication (48), and the majority
enrolled in this study were not considered to have “very severe” depression, but rather had
“moderate to moderately severe” based on the Hamilton Scale scores. While we did not
specifically assess for functionality, much lower scores have been shown to be associated
with poor functioning in other patient populations (49).

There are several possible explanations for the observed worse marijuana outcome on
VENXR. VEN-XR is a serotonin-norepinephrine reuptake inhibitor, and prior work with
monoamine reuptake inhibitors, suggest that they either worsen marijuana withdrawal (50)
or are poorly tolerated (51). Although highly speculative, it is possible that when patients
attempted to reduce or cease using marijuana, venlafaxine produced uncomfortable side
effects or exacerbated withdrawal symptoms such that improvements in marijuana use were
not observed. Reminiscent of this concept, serotonin re-uptake inhibitors have produced
worse drinking outcome than PBO among alcohol dependent patients with early onset (52,
53). Cannabis dependence typically begins in adolescence. Thus, there may be some aspect
of the pathophysiology of early onset substance dependence that sets up poor responsivity to
serotonergic antidepressants. It is striking that in the present trial, VEN-XR seemed to
prevent the typical association between improvement in depressive symptoms and
improvement in substance use (Figure 3)(16). This suggests the mechanism at work directly
influences cannabis use, independent of the outcome of depression.

There are several limitations of the study. This was an outpatient study and excluded
patients with very severe depression. Thus we cannot generalize the findings to individuals
with more severe depressive symptoms, who might be more likely to benefit from
antidepressant medication. The study length was relatively brief. Longer treatment regimens
may be needed to have an impact on cannabis use.

In conclusion, in this moderately depressed sample of cannabis dependent patients,
depressive symptoms responded well to psychotherapy plus placebo, while VEN-XR was
not helpful for depression and reduced the already low likelihood of achieving abstinence.
Thus, VEN-XR was not shown to be effective in treating cannabis-dependent patients with
depressive disorders. Clinicians managing depressed, cannabis-dependent patients, who are
not responding to outpatient counseling, might consider more intensive psychosocial
interventions or antidepressants, although to date there are few data supporting the efficacy
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of antidepressants in cannabis-dependent individuals with depression. The low abstinence
rates for both treatment arms suggest the need for further treatment development efforts for
this population.
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Figurel.
Flow diagram of participants recruited to trial.

Venlafaxine group
Allocated to intervention: 51

Received allocated
intervention: 48

No follow-up post
randomization: 3

Completed 6 weeks of
intervention: 40

Completed 12 weeks of
intervention: 31

Discontinued intervention: 20
Lost to follow-up: 7
Not interested: 3
Non compliant: 5
Psychiatric: 1
Medical: 0
Side effects: 2
Other, life event: 2

I

Analyzed: 51
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Figure2.

Observed MJ urine levels by week and by treatment assignment, VEN-XR (N=51) vs. PBO
(n=52).

* When analyzed longitudinally, there was a significant interaction between week and
treatment (see Table 2). The effect of treatment was not significant in weeks 1, 2, and 4. The
VEN-XR group had significantly higher THC urine levels creatinine corrected in week 6
(T372=-2.71, p-value < 0.01), week 8 (T37o=-2.59, p-value = 0.01), week 10 (T37,=—2.62,
p-value < 0.01) and week 12 (T37,=—3.84, p-value <0.01) compared to the PBO group.
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THC urine levels creatinine corrected
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Figure 3.

Modeled THC urine levels creatinine corrected based on the treatment assignment (VEN-
XR, n=51; PBO, n=52) and HAMD score.

* When analyzed longitudinally, THC urine levels creatinine corrected were associated with
HAMD score but the interaction between week and HAMD score was not significant
(F6,354=0.96, p-value=0.45) so it was omitted from the final model. Additionally, week as a
main effect was not significant (Fg 354=0.96, p-value=0.45) and thus was omitted suggesting
that the effect of HAMD on the THC urine levels is the same throughout the study.

** For each treatment group, THC urine levels were differently associated with HAMD
score, demonstrated by significant interaction between HAMD and treatment (see Table 2).
*** \When the groups were analyzed separately, in the VEN-XR group there was not a
significant relationship between HAMD score and THC urine levels creatinine corrected
(see Table 2). However, for the PBO group, THC was associated with HAMD score (see
Table 2).
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