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Objective: To evaluate the efficacy and tolerability of tiagabine, a selective γ-aminobutyric
acid (GABA) reuptake inhibitor, in adults with
generalized anxiety disorder (GAD).
Method: This 8-week, randomized, doubleblind, multicenter, placebo-controlled study enrolled patients with GAD (DSM-IV). Tiagabine
was initiated at 4 mg/day and then flexibly dosed
twice a day to a maximum dose of 16 mg/day.
Study drug was tapered after week 8 in decrements of 2 mg every other day. Efficacy assessments included the Hamilton Rating Scale for
Anxiety (HAM-A) and Sheehan Disability Scale.
Adverse events, sexual functioning, and change
in depressive symptoms were monitored. Data
were collected from May 2003 to January 2004.
Results: A total of 266 patients (tiagabine,
N = 134; placebo, N = 132) were included in
safety analyses; 260 patients (tiagabine N = 130;
placebo N = 130) were included in efficacy analyses. Tiagabine reduced symptoms of GAD according to the observed case and mixed models
repeated-measures (MMRM) analyses but not the
primary last-observation-carried-forward (LOCF)
analysis. At final visit, the reduction from baseline in mean HAM-A total score was 11.8 for tiagabine, compared with 10.2 for placebo (LOCF
analysis, p = .27). In a post hoc MMRM analysis,
a significant difference in the mean reduction in
HAM-A total score over the efficacy evaluation
period was found, favoring tiagabine over placebo (p < .01). Tiagabine had an early onset of
effect, as shown by significant reduction from
baseline in mean HAM-A total score compared
with placebo at week 1 (observed cases, p < .05).
Tiagabine was generally well tolerated and not
associated with changes in sexual functioning or
depressive status. Symptoms of a discontinuation
syndrome during taper were not observed.
Conclusion: The primary LOCF analysis was
negative; however, results from the observed case
and MMRM analyses suggest that tiagabine may
be a useful treatment option for adult patients
diagnosed with GAD. These findings warrant
further evaluation in randomized clinical studies.
(J Clin Psychiatry 2005;66:1401–1408)
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G

eneralized anxiety disorder (GAD) is a chronic
and disabling disorder,1 with a reported lifetime
prevalence in the general population of approximately
5%.2 GAD is characterized by excessive anxiety and
worry that occur on most days, about everyday or routine
activities, for a period of at least 6 months.1 The disorder
typically follows a chronic episodic pattern of remission
and relapse.3 In the Harvard-Brown Anxiety Research
Program prospective study, less than 50% of patients
with GAD experienced full or partial remission during
5 years of follow up, and 27% of those experienced subsequent relapse.4 GAD has a detrimental effect on daily
activities, occupational performance, interpersonal relationships, and social activities. The level of impairment
reported by patients is further compounded by a high rate
of psychiatric comorbidity.5,6
Current treatment options for GAD include the benzodiazepines, buspirone, selective serotonin reuptake inhibitors (SSRIs), and the serotonin-norepinephrine reuptake inhibitor (SNRI) venlafaxine.7 Though effective,
benzodiazepines can be associated with the development
of physiologic dependence after a few weeks of therapy
as well as abuse liability in predisposed individuals.8,9
Buspirone, although demonstrating efficacy in clinical
trials, has been met with mixed success in clinical
practice.10
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SSRIs and SNRIs are also effective medications for
many patients with GAD; however, a significant proportion of patients either do not respond fully to these agents
or experience adverse events, including weight gain and
sexual dysfunction, that can lead to discontinuation of
treatment and a return of GAD symptoms.11 Additional
treatment options that are well tolerated and appropriate
for long-term treatment are warranted.
γ-Aminobutyric acid (GABA) is the primary inhibitory
neurotransmitter in the central nervous system and has
been implicated in the pathophysiology of GAD.12,13
GABA counterbalances the excitatory effects of glutamate, and the homeostatic mechanisms between these
systems act to prevent excessive neuronal hyperexcitability. Binding of benzodiazepines to the GABAA receptor increases the affinity of the GABA binding site for
GABA, thereby enhancing the effect of endogenous
GABA. Neuroimaging studies have shown reduced levels
of GABA and reduced GABAA–benzodiazepine-receptor
binding in patients with anxiety disorders, indicating dysfunction of the GABA system in these disorders.12,13
Given these findings and the utility of benzodiazepines,
agents that facilitate GABA neurotransmission by an alternative mechanism of action may be useful in the treatment of anxiety disorders.
Tiagabine is a selective GABA reuptake inhibitor that
increases synaptic availability of GABA via selective
inhibition of the GAT-1 GABA transporter, thus prolonging the effect of endogenous GABA in the synapse.14,15
Results of an open-label study suggest that tiagabine reduces symptoms of anxiety in patients with GAD.16 This
double-blind, placebo-controlled study evaluated the efficacy and tolerability of tiagabine in adult patients with
GAD.
METHOD
Study Design
This 8-week, double-blind, multicenter, placebocontrolled study randomly assigned patients to a flexibledose regimen of tiagabine or matching placebo. Tiagabine
was administered in divided doses: 1 dose with breakfast
and 1 dose in the evening (approximately 9:00 p.m.) with
a snack. Tiagabine was initiated at 4 mg/day for the first
week and then individually titrated through week 6, in
weekly increments of up to 4 mg, to a maximum dose of
16 mg/day. Dosages were titrated upward unless, in the
investigator’s judgment, a dose increase was (1) inadvisable due to recurrent or persistent adverse events, (2) not
expected to increase efficacy, or (3) not desired by the patient. The dose established at week 6 could not be increased during weeks 7 and 8. Throughout the efficacy
evaluation period, dose reductions (in 2-mg decrements
per week) were permitted if patients were unable to tolerate the drug because of adverse events. At the end of the
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efficacy evaluation period, study drug was tapered in decrements of 2 mg every other day (over a 2- to 14-day period), alternating between the morning and evening dose.
Patient Selection
Patients aged 18 to 64 years who met DSM-IV criteria
for GAD, as determined by a psychiatric evaluation
that included the Mini-International Neuropsychiatric
Interview,17 were enrolled in the study. To be included in
the study, patients had to meet the following criteria at
screening and baseline visits: a score of ≥ 18 on the 14item Hamilton Rating Scale for Anxiety (HAM-A),18 with
a score of ≥ 2 on item 1 (anxious mood) and on item 2
(tension); a score of ≥ 8 on the Hospital Anxiety and Depression Scale (HADS) anxiety subscale; a Covi Anxiety
Scale19 score that was greater than the Raskin Depression
Scale20 score; and a score of ≥ 4 (indicative of at least
moderate illness) on the Clinical Global ImpressionsSeverity of Illness scale (CGI-S).21
Patients were excluded from the study for the following reasons: a Montgomery-Asberg Depression Rating
Scale (MADRS)22 total score > 20 at screening or baseline; a diagnosis of any primary psychiatric disorder other
than GAD within the previous 6 months; a previous primary diagnosis of obsessive-compulsive disorder, bipolar
disorder, mental retardation, antisocial personality disorder, or psychotic disorder; a clinical assessment of current
risk of suicide (MADRS item 10 score > 3); or alcohol or
substance abuse within 3 months or dependence within
6 months of study entry. Patients who had previously
not responded to 2 or more adequate (in dose and duration) courses of treatment (pharmacotherapy or cognitivebehavioral therapy) for GAD and patients who had a
decrease of ≥ 50% in HAM-A total score or HADS anxiety subscale score between screening and baseline visit
were also excluded. Patients were also ineligible for inclusion if they had previously received tiagabine, had received any other investigational drug within 4 weeks of
the screening visit, were participating in a concurrent
clinical trial, or had undergone electroconvulsive therapy
within 3 months of the screening visit.
Patients were required to be free of drugs with known
or putative psychotropic properties, including herbal
medications, for 2 weeks (6 weeks for fluoxetine and 12
weeks for depot antipsychotic therapy) prior to the
screening and throughout the study. Psychotherapeutic intervention could not have been initiated within 2 months
of screening.
Efficacy Assessments
Efficacy was assessed using change from baseline on
the HAM-A total score, HAM-A anxiety and tension item
scores, and HADS anxiety subscale score at weeks 1–4, 6,
and 8. Patients’ overall clinical condition was evaluated
using the CGI-S at baseline and the CGI-Improvement
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scale (CGI-I)21 at weeks 1–4, 6, and 8. Impact on patient
functioning within the domains of work, social, and family life was evaluated using the Sheehan Disability Scale
(SDS)23 at baseline and at weeks 4 and 8.
Safety and Tolerability Assessments
The overall safety and tolerability of tiagabine was assessed throughout the study by recording adverse events
and vital signs. Changes in depressive symptoms were
monitored using the MADRS, which was administered at
baseline and at weeks 1–4, 6, and 8. Sexual functioning
was evaluated by the Massachusetts General Hospital
Sexual Functioning Questionnaire (MGSQ),24 completed
at baseline and at week 8. Weight was recorded at baseline
and at week 8. The Physician Withdrawal Checklist
(PWC)25 was administered at week 8, by telephone contact after each dose reduction during taper, and at the final
follow-up visit to monitor for symptoms associated with a
discontinuation syndrome.
Statistical Analysis
Randomly assigned patients who received at least 1
dose of study drug were included in the safety analysis.
Randomly assigned patients who received at least 1 dose
of study drug and had at least 1 postbaseline efficacy assessment were included in the efficacy analysis. The dose
taken most frequently by a patient during the efficacy
evaluation period prior to taper was used to describe the
distribution of doses.
The primary efficacy measure was the change from
baseline in HAM-A total score to final visit (last observation in the efficacy evaluation period carried forward
[LOCF]). The comparison between tiagabine and placebo
was made using an analysis of covariance (ANCOVA)
with baseline score, treatment, and center in the model. In
addition, a post hoc analysis to compare the mean treatment effect across the entire study period was performed
on changes from baseline in HAM-A total score using a
mixed models repeated measures (MMRM) analysis. This
method uses all available data and thus is consistent with
an intent-to-treat approach.26 Change from baseline in
mean HAM-A total score for the tiagabine and placebo
groups was also compared at each clinical visit (weeks 1,
2, 3, 4, 6, and 8) using observed data (cases) at the particular visit. Comparisons of the proportion of responders,
according to the HAM-A total score (≥ 50% reduction
from baseline) and the CGI-I rating (“very much improved” or “much improved”), and the proportion of patients who achieved remission (HAM-A total score ≤ 7)
all at final visit were made using a Cochran-MantelHaenszel χ2 test adjusted for center. Comparisons of the
change from baseline in HAM-A anxiety and tension
items scores, HAM-A psychic and somatic anxiety subscales scores, HADS anxiety subscale score, and SDS domain and total scores between tiagabine and placebo were
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also performed using ANCOVA with baseline score, treatment, and center in the model. All tests were 2-tailed at a
significance level of .05. Data were collected from May
2003 to January 2004.
The study was approved by individual institutional review boards at each site and conducted in accordance with
the current revision of the Declaration of Helsinki and
Good Clinical Practice Guidelines. All patients provided
written informed consent to participate.
RESULTS
Patient Disposition
A total of 272 patients were randomly assigned
to treatment (tiagabine, N = 138; placebo, N = 134). Of
these, 266 patients received at least 1 dose of study medication (tiagabine, N = 134; placebo, N = 132) and were
included in the safety analyses, while 260 (tiagabine,
N = 130; placebo, N = 130) had at least 1 postbaseline efficacy assessment and were included in the efficacy
analyses. Patient disposition and reasons for discontinuation are shown in Figure 1.
Baseline Patient Characteristics
Patients randomly assigned to tiagabine or placebo
were well matched with regard to demographics and
severity of illness (Table 1). At baseline, 49% of patients
(65/134) in the tiagabine group were rated as “markedly
or severely ill” on the CGI-S, compared with 48%
of patients (63/132) in the placebo group. Severity of
symptoms of anxiety (HAM-A total and HADS anxiety
subscale scores), depressive symptoms (MADRS total
score), and patients’ degree of disability (SDS) were also
similar between the tiagabine- and placebo-treated groups
at baseline.
Dosing
The mean dose of tiagabine during the efficacy evaluation period was 10.2 mg/day (range, 2–16 mg/day). The
distribution of tiagabine doses taken most frequently during the study prior to taper was as follows: 2 to 4 mg,
19% (25/134); 6 to 8 mg, 31% (41/134); 10 to 12 mg, 22%
(29/134); 14 to 16 mg, 29% (39/134).
Efficacy
At final visit (LOCF), the reduction from baseline in
mean HAM-A total score was 11.8 for tiagabine compared with 10.2 for placebo, which did not reach statistical significance (p = .27; Table 2). In a post hoc MMRM
analysis, however, a statistically significant difference in
the mean reduction in HAM-A total score over the efficacy evaluation period was found, favoring tiagabine over
placebo (p < .01). Moreover, by observed case analysis, a
significant reduction in HAM-A total score was noted for
study completers at week 8 (p < .05; Figure 2). An addi-
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Figure 1. Patient Disposition in a Trial of Tiagabine for Generalized Anxiety Disorder
Patients Randomly Assigned to Treatment
N = 272

Tiagabine
N = 138

Placebo
Placebo
134
NN==134

Safety Analysis
N = 134
Efficacy Analysis
N = 130

Completed Study
N = 97 (70%)

Discontinued
N = 41

Safety Analysis
N = 132
Efficacy Analysis
N = 130

Completed Study
N = 100 (75%)

Adverse Event
11
Lack of Efficacy
5
Withdrew Consent
11
Lost to Follow-Up
10
Noncompliance (medication)
3
Noncompliance (procedures) 1

Discontinued
N = 34
Adverse Event
2
Lack of Efficacy
4
Withdrew Consent
5
Lost to Follow-Up
18
Noncompliance (medication)
3
Noncompliance (procedures) 2

Table 1. Patient Demographic and Clinical Characteristics at
Baseline in a Study of Tiagabine for Generalized Anxiety
Disorder (GAD)

Table 2. Efficacy Measures at Week 8 (observed cases) and
Final Visit (LOCF) in a Study of Tiagabine for Generalized
Anxiety Disordera

Tiagabine
Placebo
Characteristic
(N = 134)
(N = 132)
Age, mean (range), y
37.3 (19.0–65.0) 37.2 (19.0–67.0)
Sex, N (%)
Male
58 (43)
57 (43)
Female
76 (57)
75 (57)
Weight, mean (range), kg
78.5 (44.9–145.1) 80.5 (44.9–167.8)
Duration of GAD,
14.0 (0.8–60.0)
12.8 (0.7–50.0)
a
mean (range), y
At least 1 comorbid
15 (11)
11 (8)
psychiatric disorder, N (%)b
CGI-S rating, N (%)
Moderately ill
69 (51)
69 (52)
Markedly ill
60 (45)
59 (45)
Severely ill
5 (4)
4 (3)
Score, mean (SD)
c
HAM-A total
26.1 (4.6)
25.7 (4.8)
HADS anxiety subscalec
13.8 (3.0)
13.7 (2.9)
MADRS total
14.9 (3.5)
14.8 (3.5)
c
SDS total
17.8 (6.0)
17.7 (5.9)
a
N = 131 in the placebo group.
b
Psychiatric comorbidities (≥ 3% of patients): major depressive
disorder (tiagabine, 2%; placebo, 5%); dysthymia (tiagabine, 3%;
placebo, 0%); social anxiety disorder (tiagabine, 3%; placebo, 4%).
c
N = 130 in both the tiagabine and placebo groups.
Abbreviations: CGI-S = Clinical Global Impressions-Severity of
Illness scale, HADS = Hospital Anxiety and Depression Scale,
HAM-A = Hamilton Rating Scale for Anxiety,
MADRS = Montgomery-Asberg Depression Rating Scale,
SDS = Sheehan Disability Scale.

Measure
HAM-A total score

Tiagabine
Placebo
p Value
Week 8
–13.2
–10.7
.046
Final visit
–11.8
–10.2
.27
Anxious mood
Week 8
–1.5
–1.1
.021
Final visit
–1.3
–1.1
.16
Tension
Week 8
–1.3
–1.1
.13
Final visit
–1.1
–1.0
.51
Psychic anxiety
Week 8
–7.6
–5.6
.011
Final visit
–6.5
–5.3
.11
Somatic anxiety
Week 8
–5.6
–5.1
.38
Final visit
–5.2
–5.0
.84
HADS anxiety
Week 8
–5.1
–4.0
.039
subscale score
Final visit
–4.7
–4.0
.22
SDS total score
Week 8
–6.7
–4.7
.011
Final visit
–6.0
–4.8
.17
HAM-A responders, Week 8
55 (52/95) 38 (39/103) .019
b
% (N/N)
Final visit 45 (58/130) 36 (47/130) .22
HAM-A remission, Week 8
33 (31/95) 23 (24/103) .15
% (N/N)c
Final visit 26 (34/130) 25 (32/130) .92
CGI-I responders,
Week 8
57 (54/95) 44 (45/130) .081
% (N/N)d
Final visit 50 (65/130) 42 (54/103) .22
a
All scores are shown as change from baseline.
b
HAM-A response: ≥ 50% reduction in total score from baseline.
c
HAM-A remission: total score ≤ 7.
d
CGI-I response: score of 1 or 2 (“very much” or “much” improved).
Abbreviations: CGI-I = Clinical Global Impressions-Improvement
scale, HADS = Hospital Anxiety and Depression Scale,
HAM-A = Hamilton Rating Scale for Anxiety, LOCF = last
observation carried forward, SDS = Sheehan Disability Scale.

tional finding from the observed case analysis was an
early onset of effect for tiagabine, as shown by significant
reductions from baseline in mean HAM-A total score
compared with placebo at week 1 (p < .05; Figure 2).
Results for the following secondary efficacy measures
generally showed favorable effects for tiagabine over placebo by observed case analyses but not by LOCF analyses
(Table 2). At week 8, 55% of patients (52/95) in the tiaga-

bine group compared with 38% of patients (39/103) in the
placebo group were responders (≥ 50% reduction from
baseline in HAM-A score; p = .02), and 33% of patients
(31/95) receiving tiagabine achieved remission (HAM-A
total score ≤ 7) compared with 23% of patients (24/103)
receiving placebo (p = .15; Table 2) by observed case
analyses. Similarly, 57% of patients (54/95) in the tiagabine group compared with 44% of patients (45/103) in
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Figure 2. Effect of Tiagabine on HAM-A Total Score in
Patients With Generalized Anxiety Disordera
30

Figure 3. Effect of Tiagabine on HAM-A Total, Subscale, and
Item Scores at Week 8 in Patients With Generalized Anxiety
Disordera

Tiagabine
Placebo

0

20

Change From Baseline, Mean (SEM)

Score, Mean (SEM)

25

HAM-A
Total

*

15
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5
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Week

Final
Visit

Psychic
Anxiety
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Somatic
Anxiety
Anxious
Subscale Mood Item

Tension
Item

*

–5

*

–10

Tiagabine
Placebo

*

–15
a

the placebo group were responders (i.e., “very much improved” or “much improved” on the CGI-I; p = .08).
Patients in the tiagabine group had significantly greater
mean reductions from baseline at week 8 compared with
placebo on the HAM-A anxious mood item score (tiagabine, 1.5; placebo, 1.1; p < .05) and the psychic anxiety
subscale score (tiagabine, 7.6; placebo, 5.6; p < .05; Table
2 and Figure 3), though not on the mean somatic anxiety
subscale score and tension item score.
Significant reductions in symptoms of GAD were also
observed on the HADS anxiety subscale (Table 2). The
tiagabine group had significantly greater mean reductions
from baseline on the HADS anxiety subscale score compared with placebo at week 6 (tiagabine, 5.1; placebo, 3.8;
p < .05) and at week 8 (tiagabine, 5.1; placebo, 4.0;
p < .05).
Tiagabine also improved patients’ overall functioning
according to SDS domain and total scores (Table 2 and
Figure 4). At week 8, the mean reduction from baseline in
the SDS total score was significantly greater in the tiagabine group (6.7) compared with placebo (4.7; p < .05). Patients receiving tiagabine reported greater reductions from
baseline in all domains at week 8 compared with placebo,
with a statistically significant difference observed for the
work domain (tiagabine, 2.3; placebo, 1.4; p < .05).
Tolerability
Tiagabine was generally well tolerated. The most commonly reported adverse events during the study period
were dizziness (34%), headache (30%), and nausea (22%)
for patients receiving tiagabine, and headache (27%) and
nausea (20%) for patients receiving placebo (Table 3).
Those adverse events experienced by at least 5% of pa-
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a

Week 8 data as observed cases.
*p < .05 vs. placebo.
Abbreviation: HAM-A = Hamilton Rating Scale for Anxiety.

Figure 4. Effect of Tiagabine on Sheehan Disability Scale
(SDS) Total and Domain Scores at Week 8 in Patients With
Generalized Anxiety Disordera

0
Change From Baseline, Mean (SEM)

Weekly data as observed cases; final visit as last postbaseline
assessment.
*p < .05 vs. placebo.
Abbreviation: HAM-A = Hamilton Rating Scale for Anxiety.

SDS Total

Work

Social
Life/Leisure Family Life/Home
Responsibilities
Activities

*

–5

*

–10

Tiagabine
Placebo

a

Week 8 data as observed cases.
*p < .05 vs. placebo.

tients receiving tiagabine and with at least twice the frequency as in patients receiving placebo were dizziness
(34% vs. 8%), somnolence (15% vs. 5%), disturbance in
attention (6% vs. 2%), dyspepsia (6% vs. 2%), anxiety
(5% vs. 1%), and asthenia (5% vs. 2%). Most patients
(78%) reported adverse events, which were generally mild
or moderate in severity. Eleven patients (8%) receiving tiagabine withdrew from the study because of adverse
events, the most common reasons being dizziness (N = 4)
and fatigue (N = 2).
Tiagabine did not seem to adversely affect patients’
sexual functioning, as there was no significant difference
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Adverse Event
Dizziness
Headache
Nausea
Fatigue
Nasopharyngitis
Somnolence
Diarrhea
Insomnia
Dry mouth
Disturbance in attention
Dyspepsia
Irritability
Anxiety
Asthenia
Sedation
Constipation
Vomiting
Paraesthesia
Influenza

Tiagabine, N (%)
(N = 134)
45 (34)
40 (30)
30 (22)
23 (17)
21 (16)
20 (15)
18 (13)
11 (8)
9 (7)
8 (6)
8 (6)
8 (6)
7 (5)
7 (5)
7 (5)
5 (4)
4 (3)
3 (2)
5 (4)

Placebo, N (%)
(N = 132)
11 (8)
36 (27)
26 (20)
12 (9)
19 (14)
7 (5)
10 (8)
9 (7)
6 (5)
2 (2)
3 (2)
8 (6)
1 (1)
2 (2)
5 (4)
6 (5)
6 (5)
6 (5)
7 (5)

Table 4. Effect of Tiagabine on Safety Variables in Patients
With Generalized Anxiety Disorder
Tiagabine
(N = 134)
Baseline
Final Visit
Mean (SD) Mean (SD)
78.6 (20.5) 78.6 (20.1)

Placebo
(N = 132)
Baseline
Final Visit
Mean (SD) Mean (SD)
80.5 (22.2) 81.1 (22.9)

Variable
Weight, kg
MGSQ scorea
Menb
15.3 (6.2)
14.8 (6.5)
14.7 (5.8)
14.2 (6.0)
Womenc
15.3 (5.9)
12.4 (5.6)
15.2 (5.0)
13.4 (5.5)
MADRS scored 14.9 (3.5)
10.9 (7.7)
14.8 (3.5)
11.9 (7.4)
a
A decrease indicates improvement.
b
Number of male patients with MGSQ scores at baseline and final
visit: placebo, 55 and 46, respectively; tiagabine, 57 and 46,
respectively.
c
Number of female patients assessed at baseline and final visit:
placebo, 70 and 58, respectively; tiagabine, 65 and 53, respectively.
d
Number of patients assessed at final visit: placebo, 132; tiagabine,
133.
Abbreviations: MADRS = Montgomery-Asberg Depression Rating
Scale, MGSQ = Massachusetts General Hospital Sexual Functioning
Questionnaire.

in the mean change from baseline in MGSQ scores at final
visit compared with placebo (Table 4). Tiagabine was not
associated with any worsening of depressive status (Table
4), but rather, there was a trend toward improvement in
mood, as shown by the mean reduction from baseline in
MADRS total score at final visit (tiagabine, 4.0; placebo,
2.8). Patients receiving tiagabine did not experience
weight gain. There was no significant difference in the
mean change from baseline in weight at final visit compared with placebo (tiagabine, 0.2; placebo, 0.4; Table 4).
No mean changes from baseline in vital signs were observed over the course of the study in the tiagabine group.
The most commonly reported adverse events during
the drug-tapering period were nausea (7%) and nasophar-
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Figure 5. Effect of Tiagabine on Physician Withdrawal
Checklist Total Score at Week 8 (or early termination),
Change From Week 8 to Follow-Up, and Maximum Change
From Week 8 in Patients With Generalized Anxiety Disordera
20

Score, Mean (SD)

Table 3. Patients With Generalized Anxiety Disorder
Reporting Adverse Events (frequency ≥ 5%) During
Tiagabine Versus Placebo Administration

15

10

5

0

a

Tiagabine
Placebo

Week 8

Change From
Week 8 to
Follow-Up Visit

Maximum
Change From
Week 8a

Maximum value across all telephone contacts during the taper and
follow-up visit.

yngitis (7%) for patients receiving tiagabine and headache (10%) and nasopharyngitis (7%) for patients receiving placebo.
Patients receiving tiagabine did not experience symptoms associated with a discontinuation syndrome during
taper. There was no significant difference in mean change
from week 8 in PWC score to the follow-up visit
compared with placebo (tiagabine, 0.0; placebo, 0.5; Figure 5). Similarly, no significant differences in mean
maximum change from week 8 across all telephone contacts during the taper and the follow-up visit were observed between tiagabine and placebo (tiagabine, 1.4;
placebo, 2.1).
DISCUSSION
In this randomized, double-blind, placebo-controlled
study, the efficacy and tolerability of tiagabine were
evaluated in adults with GAD. The primary LOCF analysis was negative; however, results from the observed case
and MMRM analyses suggest that tiagabine may be
a useful treatment option for adult patients diagnosed
with GAD. Tiagabine reduced symptoms of GAD over 8
weeks of treatment, with an early onset of effect. It was
generally well tolerated, with most adverse events being
mild to moderate in severity. Patients receiving tiagabine
did not experience changes in sexual functioning or
weight gain, which have been associated with the SSRIs
and SNRIs,11 or treatment-emergent depression or withdrawal symptoms during discontinuation, which are associated with benzodiazepines.
The efficacy of tiagabine in this study is within the
range reported for currently approved treatment options.
In 2 large, placebo-controlled studies, mean reductions in
HAM-A total scores of approximately 12 points with the
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SSRI paroxetine and 10 points with placebo at week 8
have been reported, with the onset of effect occurring at
week 6 or beyond.27,28 In these same studies, up to 68% of
patients were responders according to CGI ratings (compared with 47% in the placebo group) and up to 43% of
patients achieved remission (compared with 23% in the
placebo group).
In a pooled analysis of 5 placebo-controlled clinical
studies, mean reductions in HAM-A total scores of 12.7
were reported for the SNRI venlafaxine and 9.8 for placebo,29 with an onset of effect observed at week 1.30 Additional analyses with the same pooled data found that
56% of patients receiving venlafaxine were responders
according to HAM-A criteria (compared with 39% of placebo) and 31% achieved remission (compared with 18%
of placebo).31
Benzodiazepines also have been found to reduce mean
HAM-A total scores by a similar magnitude (approximately 13 points), with responder rates of 70%, in addition to having a rapid onset of effect at week 132,33 as was
noted for tiagabine in the current study.
A contributing factor to the observed discrepancy
between the results of the final visit analyses (LOCF)
and the completer analysis (observed cases) at week 8
is that premature discontinuations in the tiagabine treatment group tended to occur earlier than those in the placebo group. For example, 24 (59%) of the 41 premature
discontinuations occurred by week 4 in the tiagabine
group, compared with 11 (32%) of the 34 in the placebo
group. This fact, coupled with the observed and important
treatment effect, is likely to have introduced bias into
the LOCF imputation procedure used for the final visit
analyses.
The differential withdrawal rate over time observed
in the present study may be due to a limitation of the study
design. Because the study was designed with an intent
to explore doses associated with a patient’s maximum
clinical response, the titration criteria encouraged physicians to increase the dose until the patient achieved
a CGI-I rating of 1 (“very much improved”), or until tolerability precluded further dose increases. As a result, the
dose of tiagabine was often increased weekly in 4-mg increments. This rapid dose escalation quite likely resulted
in a greater number of early discontinuations in the tiagabine group, giving rise to the differential withdrawal rate.
Future studies of tiagabine in GAD will utilize a more
conservative upward titration schedule than the current
trial in order to reduce dropouts associated with early
rapid dose escalation.
In conclusion, in this randomized, double-blind,
placebo-controlled study, tiagabine reduced the symptoms of GAD, with an early onset of effect according to
the observed case and MMRM analyses, although not the
LOCF analysis. Tiagabine was generally well tolerated
and was not associated with changes in sexual function-
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ing, weight, or depressive status. Symptoms of a discontinuation syndrome during taper were not observed. Although the primary LOCF efficacy analysis was negative,
results from the MMRM and observed case analyses indicate that tiagabine shows promise as a novel treatment
option for adult patients with GAD. Additional clinical
studies are underway to confirm and further characterize
the efficacy and tolerability of tiagabine for the treatment
of patients with GAD.
Drug names: buspirone (BuSpar and others), fluoxetine (Prozac and
others), paroxetine (Paxil, Pexeva, and others), tiagabine (Gabitril),
venlafaxine (Effexor).
Financial disclosure: Dr. Pollack has served on the advisory boards
for Bristol-Myers Squibb, Cephalon, Forest, GlaxoSmithKline,
Janssen, Eli Lilly, Novartis, Otsuka, Pfizer, Predix, Roche,
Sepracor, UCB Pharma, and Wyeth; has received research grants
from Cephalon, Forest, GlaxoSmithKline, Janssen, Eli Lilly, Pfizer,
UCB Pharma, and Wyeth; and has served as a speaker for Forest,
GlaxoSmithKline, Janssen, Eli Lilly, Pfizer, Solvay, and Wyeth.
Dr. Roy-Byrne has received grant/research support from
GlaxoSmithKline, Pfizer, and Forest; has served as a consultant/
advisor to Alza, Cephalon, GlaxoSmithKline, Forest, Eli Lilly,
Janssen, Pfizer, Pharmacia, Roche, and Wyeth-Ayerst; and has received speaker honoraria from GlaxoSmithKline, Forest, Novartis,
Pfizer, Pharmacia, and Wyeth-Ayerst. Dr. Van Ameringen has served
as a consultant to Biovail, Cephalon, GlaxoSmithKline, JanssenOrtho, Lundbeck, Novartis, Pfizer, and Wyeth-Ayerst; has received
grant/research support from AstraZeneca, Bristol-Myers Squibb,
GlaxoSmithKline, Eli Lilly, Janssen-Ortho, Lundbeck, Pfizer, and
Wyeth-Ayerst; and has served on the speakers or advisory boards for
GlaxoSmithKline, Janssen-Ortho, Pfizer, and Wyeth-Ayerst. Drs.
Snyder and Ondrasik are employees of Cephalon. Dr. Brown is an
employee and major stock shareholder of Cephalon. Dr. Rickels has
received research grants from AstraZeneca, Biovail, Bristol-Myers
Squibb, Cephalon, GlaxoSmithKline, Johnson & Johnson, KramerFabre, Merck, National Institute of Mental Health, Novartis, Pfizer,
Sanofi-Synthelabo, Somerset, and Wyeth; and has received honoraria
and served as a consultant to or on the advisory boards for Biovail,
Cephalon, DOV Pharmaceuticals, Eli Lilly, Hoffman-LaRoche,
Medicinova, Merck, Novartis, Pfizer, Pharmacia, Pherin, PreDix,
Sanofi-Synthelabo, and Wyeth.
Acknowledgments: Investigators from the study centers were
R. Bielski, M.D., Summit Research Network Farmington Hills,
Farmington Hills, Mich.; J. Carman, M.D., Carman Research, Smyrna,
Ga.; L. Cunningham, M.D., Cunningham Clinical Research, L.L.C.,
Edwardsville, Ill.; N. Demartinis, M.D., University of Connecticut
Health Center, Farmington, Conn.; J. Ferguson, M.D., Radiant Research Salt Lake City, Salt Lake City, Utah; R. Fieve, M.D., Fieve
Clinical Services, Inc., New York, N.Y.; S. Goldstein, M.D., Medical
and Behavioral Health Research, New York, N.Y.; J. Hartford, M.D.,
Hartford Research Ltd, Florence, Ky.; R. Gopalan, M.D., Comprehensive Neuroscience of Northern Virginia, Falls Church, Va.; D. Grosz,
M.D., Pharmacology Research Institute, Northridge, Calif.; H.
Hassman, D.O., CNS Research Institute, Clementon, N.J.; J. Heisler,
M.D., Pharmacology Research Institute, Newport Beach, Calif.; G.
Joseph, M.D., Clinical Neuroscience Solutions Inc., Jacksonville, Fla.;
L. Kirby, M.D., Pivotal Research Center, Peoria, Ariz.; M. Lesem,
M.D., Claghorn-Lesem Research, Bellaire, Tex.; M. Liebowitz, M.D.,
Medical Research Network, New York, N.Y.; P. Londborg, M.D.,
Summit Research Network Seattle Boren, Seattle, Wash.; R. Lydiard,
Ph.D., M.D., South East Health Consultants, L.L.C., Charleston, S.C.;
D. Mee Lee, M.D., Hawaii Clinical Research Center, Honolulu,
Hawaii; C. Meridith, M.D., Affiliated Research Institute, San Diego,
Calif.; L. Moldauer, M.D., Radiant Research Denver, Denver, Colo.;
J. Miller, M.D., Clinical Neuroscience Solutions, P.A., West Palm
Beach, Fla.; D. Munjack, M.D., Southwest Research, Beverly Hills,
Calif.; K. Rickels, M.D., University of Pennsylvania, Philadelphia,

1407

Pollack et al.

Pa.; N. Simon, M.D., Massachusetts General Hospital, Boston, Mass.;
W. Smith, M.D., Summit Research Network Inc., Portland, Ore.; K.
Sokolski, M.D., Clinical Innovations Inc., Santa Ana, Calif.; S. Thein,
Ph.D., Radiant Research San Diego, San Diego, Calif.; N. Vatakis,
M.D., Social Psychiatry Research Institute, Brooklyn, N.Y.; R.
Weisler, M.D., Richard Weisler, M.D. and Associates, Raleigh,
N.C.; and D. Zimbroff, M.D., Pacific Clinical Research Medical
Group, Orange, Calif.

REFERENCES
1. American Psychiatric Association. Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition, Text Revision. Washington, DC:
American Psychiatric Association; 2000:429–484
2. Kessler RC, McGonagle KA, Zhao S, et al. Lifetime and 12-month
prevalence of DSM-III-R psychiatric disorders in the United States:
results from the National Comorbidity Survey. Arch Gen Psychiatry
1994;51:8–19
3. Keller MB. The long-term clinical course of generalized anxiety disorder.
J Clin Psychiatry 2002;63(suppl 8):11–16
4. Yonkers KA, Dyck IR, Warshaw M, et al. Factors predicting the
clinical course of generalised anxiety disorder. Br J Psychiatry 2000;
176:544–549
5. Stein DJ. Comorbidity in generalized anxiety disorder: impact
and implications. J Clin Psychiatry 2001;62(suppl 11):29–34
6. Wittchen HU, Zhao S, Kessler RC, et al. DSM-III-R generalized anxiety
disorder in the National Comorbidity Survey. Arch Gen Psychiatry 1994;
51:355–364
7. Bandelow B, Zohar J, Hollander E, et al. World Federation of Societies
of Biological Psychiatry (WFSBP) guidelines for the pharmacological
treatment of anxiety, obsessive-compulsive and posttraumatic stress
disorders. World J Biol Psychiatry 2002;3:171–199
8. Bateson AN. Basic pharmacologic mechanisms involved in benzodiazepine tolerance and withdrawal. Curr Pharm Des 2002;8:5–21
9. Uhlenhuth EH, Balter MB, Ban TA, et al. International study of
expert judgment on therapeutic use of benzodiazepines and other
psychotherapeutic medications, 6: trends in recommendations for the
pharmacotherapy of anxiety disorders, 1992–1997. Depress Anxiety
1999;9:107–116
10. Gammans RE, Stringfellow JC, Hvizdos AJ, et al. Use of buspirone in
patients with generalized anxiety disorder and coexisting depressive
symptoms: a meta-analysis of eight randomized, controlled studies.
Neuropsychobiology 1992;25:193–201
11. Dewan MJ, Anand VS. Evaluating the tolerability of the newer
antidepressants. J Nerv Ment Dis 1999;187:96–101
12. Lydiard RB. The role of GABA in anxiety disorders. J Clin Psychiatry
2003;64:21–27
13. Nemeroff CB. The role of GABA in the pathophysiology and treatment
of anxiety disorders. Psychopharmacol Bull 2003;37:133–146
14. Borden LA, Murali Dhar TG, Smith KE, et al. Tiagabine, SK&F
89976-A, CI-966, and NNC-711 are selective for the cloned GABA
transporter GAT-1. Eur J Pharmacol 1994;269:219–224
15. Fink-Jensen A, Suzdak PD, Swedberg MD, et al. The gammaaminobutyric acid (GABA) uptake inhibitor, tiagabine, increases
extracellular brain levels of GABA in awake rats. Eur J Pharmacol

1408

1992;220:197–201
16. Rosenthal M. Tiagabine for the treatment of generalized anxiety disorder:
a randomized, open-label, clinical trial with paroxetine as a positive control. J Clin Psychiatry 2003;64:1245–1249
17. Sheehan DV, Lecrubier Y, Sheehan LH, et al. The Mini-International
Neuropsychiatric Interview (M.I.N.I.): the development and validation
of a structured diagnostic psychiatric interview for DSM-IV and ICD-10.
J Clin Psychiatry 1998;59(suppl 20):22–33
18. Hamilton M. The assessment of anxiety states by rating. Br J Med
Psychol 1959;32:50–55
19. Lipman R, Covi L. Outpatient treatment of neurotic depression: medication and group psychotherapy. In: Spitzer RL, Klein DL, ed. Evaluation
of the Psychological Therapies. Baltimore, Md: Johns Hopkins University Press; 1976
20. Cicchetti DV, Prusoff BA. Reliability of depression and associated
clinical symptoms. Arch Gen Psychaitry 1983;40:987–990
21. Guy W. ECDEU Assessment Manual for Psychopharmacology. US
Dept Health, Education, and Welfare. Rockville, Md: National Institute
of Mental Health; 1976:218–222
22. Asberg M, Montgomery SA, Perris C, et al. A comprehensive psychopathological rating scale. Acta Psychiatr Scand Suppl 1978;271:5–27
23. Sheehan DV, Harnett-Sheehan K, Raj BA. The measurement of disability.
Int Clin Psychopharmacol 1996;11(suppl 3):89–95
24. Labbate LA, Lare SB. Sexual dysfunction in male psychiatric outpatients:
validity of the Massachusetts General Hospital Sexual Functioning Questionnaire. Psychother Psychosom 2001;70:221–225
25. Rickels K, Schweizer E, Case WG, et al. Long-term therapeutic use of
benzodiazepines, 1: effects of abrupt discontinuation [Erratum in Arch
Gen Psychiatry 1991;48:51]. Arch Gen Psychiatry 1990;47:899–907
26. Littell RC, Milliken GA, Stroup WW, et al. SAS System for Mixed
Models. Cary, NC: SAS Institute Inc; 1996
27. Pollack MH, Zaninelli R, Goddard A, et al. Paroxetine in the treatment
of generalized anxiety disorder: results of a placebo-controlled, flexibledosage trial. J Clin Psychiatry 2001;62:350–357
28. Rickels K, Zaninelli R, McCafferty J, et al. Paroxetine treatment of generalized anxiety disorder: a double-blind, placebo-controlled study. Am J
Psychiatry 2003;160:749–756
29. Katz IR, Reynolds CF III, Alexopoulos GS, et al. Venlafaxine ER as a
treatment for generalized anxiety disorder in older adults: pooled analysis
of five randomized placebo-controlled clinical trials. J Am Geriatr Soc
2002;50:18–25
30. Meoni P, Hackett D. Characterization of the longitudinal course of longterm venlafaxine XR treatment of GAD. Int J Neuropsychopharmacol
2000;8:S282
31. Pollack MH, Meoni P, Otto MW, et al. Predictors of outcome following
venlafaxine extended-release treatment of DSM-IV generalized anxiety
disorder: a pooled analysis of short- and long-term studies. J Clin
Psychopharmacol 2003;23:250–259
32. Lydiard RB, Ballenger JC, Rickels K, for the Abecarnil Work Group. A
double-blind evaluation of the safety and efficacy of abecarnil, alprazolam, and placebo in outpatients with generalized anxiety disorder. J Clin
Psychiatry 1997;58(suppl 11):11–18
33. Rickels K, DeMartinis N, Aufdembrinke B. A double-blind, placebocontrolled trial of abecarnil and diazepam in the treatment of patients
with generalized anxiety disorder. J Clin Psychopharmacol 2000;20:
12–18

J Clin Psychiatry 66:11, November 2005

