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Background. At least 50% of patients with anxiety disorders experience only partial response to pharmacotherapy and
require augmentation therapy. Gamma-aminobutyric acid (GABA) isthe major inhibitory neurotransmitter in the CNS, and
agents that modulate GABA neur otransmission have shown promisein the treatment of anxiety disorders and are often used
as augmentation agents.

Objective. This study evaluated tiagabine, a selective GABA reuptake inhibitor (SGRI), as augmentation therapy.

Methods. This 8-week, open-label study enrolled patients who remained symptomatic despite adequate drug trials for
treatment of anxiety symptoms. Tiagabine augmentation therapy was initiated at 4 mg/d (taken in 2 doses; one in the
morning with breakfast and one in the evening with a snack) for 2 days and increased to 8 mg/d for 10 days. Dose was then
adjusted according to efficacy/tolerability in increments of 2 mg every 3 days up to a maximum of 20 mg/d. Effect was
assessed using the Hamilton Rating Scale for Anxiety (HAM-A), Beck Anxiety Inventory (BAI), Clinical Global Impression
(CGl) scale, Pittsburgh Seep Quality Index (PSQI), and 36-item Short-Form Health Survey (SF-36).

Results. Of the 18 patients enrolled, 17 were included in the efficacy analysis; one withdrew due to an adverse event prior
to post-baseline assessment. Mean final dose of tiagabine was 13 mg/d. Tiagabine as augmentation therapy further reduced
anxiety symptoms, as shown by significant decreases in mean HAM-A total and BAI scores at Week 8 (P<0.001). Thirteen
patients (76%) responded (=50% reduction in HAM-A total score), and 10 patients (59%) achieved remission (HAM-A total
score <7) at Week 8. Tiagabine improved sleep quality, with a significant reduction seen in PSQI global score at Week 8
(P=.001). Augmentation therapy with tiagabine was generally well tolerated.

Conclusion. These preliminary findings suggest that the SGRI tiagabine may be an effective and generally well tolerated
augmentation therapy in patients with anxiety who remain symptomatic despite adequate drug trials for treatment of
anxiety symptoms.
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INTRODUCTION

Anxiety disorders are one of the most common and dis-
abling forms of psychiatric illnessin clinical practice, with an
estimated lifetime prevalence of 25% in the U.S. (1). The most
common anxiety disorders are social anxiety disorder (SAD),
posttraumatic stress disorder (PTSD), generalized anxiety dis-
order (GAD), and panic disorder (PD). These are characterized
by a diverse range of physiological and psychological symp-
toms and triggering events. Often, the emotional arousal that
characterizes anxiety is an adaptive behavior that may offer
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protection from stressful events. When the amplitude or
frequency of anxiety increases it becomes pathological, causes
distress and interferes with daily functioning.

Sdlective serotonin reuptake inhibitors (SSRIs) are the most
commonly used pharmacotherapiesin the trestment of anxiety (2).
The efficacy of SSRIs is well documented; however, not all
patients are able to tolerate these agents (adverse events include
insomnia, weight gain, and sexua dysfunction), and not all
patients respond fully to an adequate trid (i.e., achieve remission)
of serotonergic drug therapy (3,4). Treatment options in patients
who do not achieve remission include increasing the dose of cur-
rent therapy, switching to an alternative anxiolytic agent, or aug-
menting with adrug targeting a different neurotransmitter system.

Gamma-aminobutyric acid (GABA), the predominant inhibi-
tory neurotransmitter in the central nervous system, plays a
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central rolein the pathogenesis and treatment of anxiety disorders
(5,6). Results of neuroimaging studiesin patients with GAD, PD,
and PTSD show dterations in the GABA system in aress of the
brain linked to anxiety disorders (7,10). GABA-modulating drugs,
such as barbiturates and benzodiazepines, have been used to
effectively treat many symptoms of anxiety. These classes of
medication are, however, prone to misuse and addiction and have
been delegated to second-line therapy to the SSRIs.

Tiagabine is a selective GABA reuptake inhibitor (SGRI)
that increases synaptic GABA availability via selective inhibi-
tion of the GAT-1 GABA transporter (11,12). This medication
iscurrently FDA-approved for adjunctive therapy in adults and
children 12 years and older in the treatment of partial seizures
with the presumed anti-seizure mechanism related to SGRI
action and increased inhibitory GABA tone that dampens neu-
rona firing. This elevation of GABA tone is related to the
increased availability of endogenous GABA. Thisis unlike the
benzodiazepine class of anti-epileptic and sedative-hypnotic
agents that elevate GABA tone by directly stimulating the
GABA-A receptor, thus facilitating more inhibitory chloride
ion influx into neurons. This direct receptor modulation may
explain tolerance and dependence to this class of drugs. Tiaga
bine does not share this potential adverse effect. There are no
known end organ side effects and laboratory monitoring is not
needed. Typical acute side effects include: nausea, headache,
dizziness, fatigue and somnolence. These are often transient
and are mitigated when taken orally with food (13). Rare cases
of seizure induction have been reported.

In a randomized, positive-controlled, open-label study in
patients with GAD, both tiagabine and paroxetine monother-
apy significantly reduced symptoms of GAD and improved
overal clinical condition (14). As the pharmacokinetic profile
of tiagabine has a low potential for interaction with concomi-
tant drug therapy and is known to facilitate GABA activity
pharmacodynamically (15), tiagabine may also be a promising
augmentation therapy for anxious patients. This study evalu-
ated tiagabine as augmentation therapy in patients who
remained symptomatic despite adequate drug trials for treat-
ment of anxiety symptoms.

MATERIALS AND METHODS

Thiswas an 8-week, single-center, open-label study. The study
design was approved by the loca ingtitutional review board, and
all patients provided written informed consent to participate.

Patients

Male and female outpatients (aged 18 to 65 years) with a
diagnosis of any anxiety disorder (except OCD) (16) according
to the Diagnostic and Satistical Manual of Mental Disorders
Fourth Edition (DSM-1V), arating of at least “moderately ill”
(score of =4) on the Clinical Globa Impression of Severity
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(CGI-S) scale for anxiety (17), and who al remained symp-
tomatic despite an clinically adequate trial of drug therapy for
anxiety symptoms were eligible for inclusion in thistrial. Ade-
guate treatment duration for current anxiety medication was
considered to be 4 weeks at the maximum recommended or tol-
erated dosage. Inadequate response was defined as less than
50% improvement in anxiety symptoms, as measured subjec-
tively by patients or objectively by physicians.

Patients were excluded from the trial if they had a diagnosis
of any active primary psychiatric disorder other than anxiety,
active substance abuse within 6 months of study entry, a his-
tory of suicidal tendencies, cognitive behaviora therapy within
28 days of study entry, or any other medical condition or medi-
cation that was likely to interfere with assessment of tiagabine
response. OCD patients were not eligible as they tend not to
respond to GABA drugs. Most patients were taking serotoner-
gic anxiolytic agents.

Treatment

Current drug therapy was maintained at a constant dose
throughout the study. Tiagabine as augmentation therapy was
initiated at a dose of 4 mg/d for the first 2 days and then
increased to 8 mg/d for the following 10 days. The tiagabine
dose was then individually adjusted according to efficacy/tol-
erability in increments of 2 mg every 3 days, with a maximum
increase of 4 mg/week. The maximum permitted total daily
dose of tiagabine was 20 mg. Total daily doses of tiagabine
were taken as two doses, one in the morning with breakfast and
one in the evening with a snack. Evening dose was allowed to
be increased preferentially in some patients due to daytime
adverse events.

Assessments

Assessments were made at baseline, weeks 3, 5 and 7, and
at the end of the study. Efficacy was assessed using the clini-
cian-rated Hamilton Rating Scale for Anxiety (HAM-A) (18),
Beck Anxiety Inventory (BAI) (19), and Clinical Global
Impression of Change (CGI-C) scale (18). Sleep quality was
evaluated using the Pittsburgh Sleep Quality Index (PSQI), a
subjective, 7-component scale (score range 0-21) where a
score of >5 is suggestive of significant leep disturbance (20).
Patient functioning was monitored at baseline and weeks 5 and
8 using the 36-item Short-Form Health Survey (SF-36) (21).
Adverse events were recorded throughout the study by way of
verbal report and use of the UKU side effect rating scale (22).

Statistics

Patients with at least one post-basdline efficacy measurement
were evaluated for efficacy using last-observation-carried-forward
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(LOCF). All patients who received at least one dose of study
medication were evaluated for safety (intent-to-treat popula-
tion). Descriptive statistics were calcul ated for each assessment
parameter. Changes from baseline in mean scores on the
HAM-A, BAI, PSQI, and SF-36 at each study visit were com-
pared using the paired Student’ s t-test or Wilcoxon signed rank
test. Changes in CGI-C ratings between visits were compared
using the Wilcoxon signed rank test. All statistical tests were
two-tailed, with a significance level of 0.05. Treatment
response was defined as a reduction of >50% in HAM-A total
score. Remission was defined as HAM-A total score of <7 at
endpoint (20).

RESULTS
Demographics and Clinical Characteristics

Patient demographics and clinical characteristics at baseline
are summarized in Table 1. The most common diagnosisin this
study population was GAD, which was noted in 10 patients
(56%). The majority of patients (14 patients;, 78%) were
receiving SSRIs for treatment of anxiety symptoms at the time
of study enrollment, with paroxetine and citalopram (n=6 and
n=5, respectively) being the most common SSRIs. Others uti-
lized benzodiazepines. Eighteen patients were enrolled and
received study medication, of which 17 were evaluable for effi-
cacy and comprised the intent-to-treat population, for whom
missing data were estimated by a last-observation carried

Tablel Patient Demographicsand Clinical Characteristics at Baseline

Characteristic? Tiagabine (N=18)
Age (years) 38 (26-53)
Gender, n (%)

Male 7 (39%)

Female 11 (61%)
Duration of anxiety (years) 9(0-31)
Age at time of initial diagnosis (years) 29 (19-44)
Current anxiety medication, n (%)

SSRI 14 (78%)

Venlafaxine 2 (11%)

Nefazodone 1(6%)

Alprazolam 1(6%)
Diagnosis, n (%)°

Generalized anxiety disorder 10 (56%)

Panic disorder 8 (44%)

Posttraumatic stress disorder 4 (22%)

Social anxiety disorder 3 (17%)
CGI-Srating, n (%)

Mildly/moderately ill 15 (83%)

Markedly/severely ill 3 (17%)

avalues are expressed as mean (range) unless otherwise stated.

bMore than one indication for anxiety medication was given in some patients.
SSRI, selective serotonin reuptake inhibitor; CGI-S, Clinical Global Impres-
sion of Severity.
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forward (LOCF) technique. The other patient discontinued
treatment because of a panic attack, which was considered
unlikely related to study medication, on day 9 prior to follow-
up assessment. Of the 17 patients included in the efficacy anal-
ysis, reasons for withdrawal included adverse events (n=1;
week 1) and loss to follow-up (n=2; both at week 4). The fina
mean dose of tiagabine was 13 mg/d (range 2-20 mg/d),
divided between a morning and evening dose.

Effectiveness of Tiagabine as Augmentation Therapy

Tiagabine as augmentation therapy further reduced symp-
toms of anxiety, as shown by significant reductions from base-
line in mean HAM-A total scores (Figure 1), as well as HAM-
A psychic and somatic anxiety subscale scores (Table 2).
Onset of tiagabine activity was observed at Week 3, the first
study visit (Figure 1). Thirteen patients (76%) were treatment
responders (=50% reduction in HAM-A total score at end-
point), and 10 patients (59%) achieved remission (HAM-A
total score <7 at endpoint) (Figure 2). Consistent with HAM-A
results, tiagabine reduced mean scores on the BAI (Table 2),
with improvements from baseline seen at each time point
(P<0.002). Eighty-eight percent (n=15) of patients had a posi-
tive clinical response to tiagabine as augmentation therapy, as
measured by ratings of much or very much improved on the
CGI-C at week 8.

Augmentation with tiagabine improved deep quality, as
shown by the significant reduction in PSQI global score
(P=0.001; Table 2). In addition, areduction in HAM-A insom-
niaitem score was also noted (P=0.002 at week 8 versus base-
line). Improvements in SF-36 mental and physical composite
scores were observed at week 8, though the change from base-
line was not significant.

Tolerability

Tiagabine augmentation therapy was generally well toler-
ated; cognitive slowing (a honCOSTART, more clinicaly,
descriptive term where subjects felt their thought processes
were slowed) was the most common adverse event occurring in
8 patients (44%; Table 3). These adverse events were mild or
moderate in severity, with no serious adverse side effects
reported. Side effects where often transient and remitted. Two
patients withdrew from the study due to adverse events, one
due to a panic attack and the other due to headache and cogni-
tive slowness.

DISCUSSION

In this 8-week, open-label study, augmentation therapy with
tiagabine (mean dose 13 mg/d) further reduced symptoms of
anxiety and improved sleep quality. These effects were apparent
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Figurel Changein mean HAM-A total score during augmentation therapy with tiagabine.
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Figure 2 Percentage of patients rated as treatment responders (reduction of
>50% in HAM-A total score) and those achieving remission (HAM-A total
score <7) during augmentation therapy with tiagabine.

Table2 Mean (SEM) Scores on Assessment Scales at Baseline and After
8 Weeks of Augmentation Therapy with Tiagabine

Tiagabine (N=17)

Assessment Scale Baseline Week 8
HAM-A

Total 18.2 (1.4) 8.1 (1.3

Psychic anxiety subscale 11.6 (1.0) 6.1(1.0)2

Somatic anxiety a

subscale 6.6 (0.7) 2.0(0.5)

BAI

Total 19.2 (3.4) 10.1 (2.8)
PSQI

Global 11.2(1.2) 7.6 (1.2

3P < 0.01 versus baseline.
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Table 3 Most Common Treatment-emergent Adverse Effects Reported
During Augmentation Therapy with Tiagabine (>10%)

Tiagabine (N=18)

Adverse Event N %
Cognitive slowing? 8 44
Somnolence 4 22
Headache 2 11
Insomnia 2 11
Rash 2 11
Flu syndrome 2 11
Elevated SGPT 2 11

SGPT, serum glutamic pyruvic transaminase.
3COSTART term substituted with a more clinically descriptive term.

at the time of the first assessment (3 weeks) and maintained
throughout the 8 weeks of therapy. Overall, 76% of patients
were considered to be treatment responders, and 59% of
patients achieved remission after 8 weeks of tiagabine as aug-
mentation therapy. Tiagabine was generally well tolerated,
with one patient discontinuing therapy due to an adverse event.
No reports of serious advents events were noted. The observed
tolerability profile was consistent with the known safety profile
of tiagabine (21).

These effects of tiagabine in the treatment of anxiety in this
study are in keeping with preliminary reports in the literature.
In a randomized, open-label trial study in patients with GAD,
tiagabine (10 mg/d) and the positive control paroxetine (27 mg/d)
significantly reduced symptoms of GAD and improved overall
clinical condition (13). In case reports, tiagabine (2—16 mg/d),
as monotherapy or augmentation therapy, reduced symptoms
of anxiety in patients with GAD, PTSD, and PD (22—-24). The
response to tiagabine with regard to subjective sleep quality in
the current study is also consistent with earlier observations,
where tiagabine increased self-perceived sleep intensity and
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improved objective sleep quality in healthy elderly subjectsin
adouble-blind, placebo-controlled study (25).

Theclinical effect of tiagabine observed here may be antici-
pated based on the current understanding of the role of the
GABA system in the pathophysiology of anxiety (5,6) and
deep disorders/disturbances (26). The effectiveness of tiaga
bine as augmentation of SSRI therapy would be expected given
that both neurotransmitters regul ate the neuroanatomical circuits
mediating fear in anxiety disorders (5). Therefore, combination
therapy with agents that selectively target the GABA and
serotonergic systems may provide synergistic therapeutic
effects and better alleviate anxiety than monotherapy aone
(27), as suggested by the results of this study.

Interpretation of the results of this trial must consider the
open-label design, small number of patients, and heterogeneity
of the patient population in terms of primary anxiety disorder
and current treatment. We, therefore, cannot comment on rela
tive effectiveness between anxiety disorders dueto lack of ade-
guate sample size. However, the enrollment of a diverse patient
population may actually better translate to typical clinical prac-
tice. Another limitation may have been that the entry criterion
for adequate treatment duration was greater than 4 weeks;
however, with the exception of one patient whose previous
treatment duration was 32 days, all others had durations of at
least 56 days. Moreover, as therapeutic response was not mon-
itored on primary treatment, it is not possible to determine
whether the patients entering this study were partial responders
or complete nonresponders, though all clearly required further
treatment for their anxiety symptoms. In clinical practice, this
SGRI seems to achieve symptom response faster than the
SSRIs, but slower than the benzodiazepines. Our study’s first
follow-up visit did not allow us to evaluate symptom response
at weeks one or two.

CONCLUSION

These preliminary findings suggest that the SGRI tiagabine
may be an effective and generally well tolerated augmentation
therapy in patients with anxiety who remain symptomatic
despite adequate drug trials for treatment of anxiety symptoms.
Further study of tiagabine in this setting is warranted. At the
CINP, datarelating to arandomized, placebo-controlled, statis-
tically powered study where monotherapy Tiagabine was uti-
lized to treat GAD revealed a significant lowering of anxiety
symptoms (28). It is hoped that replication studies will follow
en route to potential FDA review.
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