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Abstract
Objective—Generalized Anxiety Disorder (GAD) is common in older adults and can be treated
with SSRIs. Genetic variation in the serotonin transporter gene promoter region is posited to be
associated with SSRI efficacy: two polymorphisms (5HTTLPR s/l and rs25531 g/a) form a
haplotype with the La combination having higher transcription activity than other haplotypes. We
hypothesized that GAD patients with no La haplotypes (La-) have lower SSRI treatment efficacy
than those with 1-2 La haplotypes (La+).

Method—The study enrolled subjects aged 60 and older with a principal diagnosis of GAD, into
a twelve-week, randomized trial of escitalopram vs. placebo. One hundred-fifty subjects were
genotyped for the serotonin transporter promoter region haplotype and were divided into La- and
La+ genotype groups; the primary analyses were done in European-Americans only (N=125; 59
escitalopram and 66 placebo).

Results—Escitalopram had no efficacy in the La- group versus moderate efficacy in the La+
group. This genetic moderation of SSRI efficacy was due to a higher placebo response in La-
subjects, compared to La+ subjects. Drug concentration did not affect the genetic results.
Exploratory analyses suggest that La- subjects had greater variability of anxiety symptoms
unrelated to treatment.

Conclusions—The serotonin transporter promoter haplotype is associated with variability in
SSRI efficacy for late-life GAD. The variability may result from a genetic effect on anxiety
symptom variability unrelated to treatment, rather than a pharmacodynamic effect that has been
previously assumed. Further research is needed to understand the pharmacogenetic mechanism of
this haplotype.
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INTRODUCTION
Generalized Anxiety Disorder (GAD) a common and impairing disorder in older adults (1).
Selective serotonin reuptake inhibitors (SSRIs) are efficacious for late-life GAD (2-4) and
are increasingly used for anxiety in this age group (5). Variation in the serotonin transporter
gene (SLC6A4), the target of SSRIs, has been posited as a potentially significant source of
SSRI treatment response variability (6). Within SLC6A4, two promoter polymorphisms form
a haplotype associated with high vs. low transcription of the gene. The 5HTTLPR is an
insertion/deletion polymorphism which results in a short (S) vs. long (L) polymorphism, and
rs25531 is an a/g single nucleotide polymorphism located just upstream of the 5HTTLPR.
Only the La haplotype is associated with high SLC6A4 transcription (7), with all others (i.e.
Sg, Sa and Lg) are associated with low SLC6A4 transcription. It is postulated that this
genetic association with SSRI efficacy is due to pharmacodynamic changes; i.e., those with
two low activity haplotypes have lower production of serotonin transporters, hence fewer
drug targets (8).

A meta-analysis of placebo controlled studies in depression found that genetic variation in
the serotonin transporter promoter is associated with treatment response variability with
SSRIs (8). These haplotypes were examined in the STAR*D study and were not associated
with citalopram treatment outcome (7); however, a separate analysis of the same dataset (9)
reported an association with remission for a haplotype consisting of 5HTTLPR, rs25531,
and a variable nucleotide tandem repeat variation (VNTR) in intron 2 (haplotype S-a-12).

In a placebo-controlled study which demonstrated efficacy of the SSRI escitalopram for the
acute treatment of GAD in older adults (4), we genotyped the serotonin transporter promoter
haplotype. We hypothesized that individuals with two low activity alleles (La-) would have
a lower SSRI efficacy than those with 1-2 high activity alleles (La+). Additionally, as
research suggests that serotonin transporter promoter variability may affect the SSRI
concentration-response curve (10), and as pharmacokinetic variability may be particularly
relevant to older adults (11), we gathered escitalopram levels to examine whether lower
efficacy of escitalopram in those with two low activity alleles was associated with
escitalopram concentration.

MATERIALS AND METHODS
Study design and participants

Subjects were participants in a randomized placebo-controlled trial of escitalopram for the
treatment of GAD in adults aged 60 and older (4). All subjects had a principal diagnosis of
GAD, diagnosed by the Structured Clinical Interview for DSM-IV Axis I disorders (12), and
a score of 17 or greater in the Hamilton Anxiety Rating Scale (Ham-A)(13) and be free of
dementia or other neurodegenerative disease, unstable medical illness, current substance
abuse, or lifetime history of a psychotic disorder or bipolar disorder; comorbid anxiety and
depressive disorders were allowed if GAD was the principal diagnosis and anxiety was not
due to medical illness. Participants were recruited in 2005-2007 from primary care practices,
specialty mental health practices, and by self-referral. Antidepressant or anxiolytic
coprescription was not allowed, with the exception of benzodiazepines (up to 2mg/day
equivalent of lorazepam) if already in use. The study was approved by the University of
Pittsburgh Institutional Review Board and all subjects provided written informed consent.

Subjects were randomized to escitalopram or placebo for 12 weeks using a permuted-block,
1:1 randomized list generated by a study statistician. The starting dose was 10mg daily; after
four weeks, for subjects who did not achieve response, the dose was increased to 20mg
daily, as tolerated.
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Outcome Measures
Participants were seen weekly for the first four weeks and then every other week. Outcome
assessments for this pharmacogenetic analysis were the Clinical Global Impressions-
Improvement scale (CGI(14)) and the Penn State Worry Questionnaire (PSWQ)(15). The
main outcome was the CGI, which incorporates symptom rating scale data, clinical
observations, and the patient's report (4). Interrater reliability for the CGI and Ham-A was
adequate (intraclass correlation coefficient: CGI, 0.89; Ham-A, 0.96).

Genotyping
DNA was extracted from blood using standard procedures. For genotyping the serotonin
transporter polymorphisms we followed a protocol which allows for genotyping of the
SLC6A4 promoter haplotype (16). In short, this is a triplex PCR protocol followed by double
restriction endonuclease digestion, which determines the phase-certain 5-HTTLPR and
rs25531 (combined as Sa, Sg, La, and Lg haplotypes).

Pharmacokinetics
Plasma samples for escitalopram levels were obtained at week 2, 8, and 12. We assessed
escitalopram concentrations using high performance liquid chromatography with ultraviolet
detection (17).

Statistical Analysis
Analyses were conducted using SAS 9.1 and Stata 9. The primary analytic strategy for this
measure was an evaluation of cumulative response, defined as CGI 1-2, for escitalopram vs.
placebo, separated by genotype. As a secondary analytic strategy we examined the efficacy
of escitalopram for improvement in self-reported worry severity (using the PSWQ) via
mixed effects repeated measures modeling within each genetic group. For these analyses, we
divided subjects into two genetic groups, depending on whether they had no La alleles (La-)
or 1-2 La alleles (La+), similar to previous work in depression (18-20).

Nonlinear mixed effects modeling was used for the population pharmacokinetic analysis
using the NONMEM computer program (Version 5, level 1.1; University of California at
San Francisco, CA, USA)(21) to calculate normalized average daily exposure for each
subject at a given dose. From this model, the variable utilized in this study was average
escitalopram concentration at the modal dose (i.e., the dose that the subject stayed on during
the major part of their participation in the study) (22). We used only parent compound
levels, as metabolites appear to have little to no pharmacological effect in vivo (23).

RESULTS
Patient Flow and Baseline Characteristics

Figure 1 shows patient recruitment and flow through the study. Of 177 participants
randomized to treatment, one refused genotyping. Another 19 subjects dropped out of the
study before blood could be obtained for genotyping, 5 samples could not provide DNA, and
2 DNA samples could not be genotyped at the 5HTTLPR, leaving 150 subjects for whom
treatment and genotyping data are available. Most dropouts were due to patient refusal to
continue, and there were no differences between treatment groups in dropouts or reason for
dropout. Analyses focused on the Caucasian-only subset of this sample (n=125) to reduce
confounding by population stratification, and were repeated in the full sample (n=150)
which included 25 minorities.
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Haplotype frequencies for 5-HTTLPR/rs25531 combinations were as follows: S[a] 40.3%,
S[g] 0%, L[a] 48.3%, L[g] 11.3%. Frequencies of these alleles or haplotypes were similar to
previously-published research (16) and genotypes showed no departure from Hardy-
Weinberg Equilibrium.

For all treatment effect analyses, we compared two groups: La- (i.e., all low-activity
haplotypes- Sa and Lg - were combined), n=37 (18 taking escitalopram, 19 placebo); and La
+ (i.e., 1-2 La alleles), n=88 (41 escitalopram, 47 placebo). The sample characteristics were
as follows: age, mean (SD) 71.5 (8.0) years, age of GAD onset mean (SD) 38.9 (27.1) years,
duration of GAD, mean (SD) 383 (331) months, gender 62% female; baseline Ham-A mean
(SD) 22.9 (4.7), PSWQ mean (SD) 57.2 (12.7), Mini-Mental State Examination score mean
(SD) 28.3 (1.7), Cumulative Illness Rating Scale-Geriatrics score 9.0 (4.1). Further
description of the subjects, including comorbidity, is available (4). There were no significant
differences in any baseline characteristic by number of La haplotypes.

Relationship of genotype to treatment outcome
Response—We found a significant association of serotonin transporter genotype with
treatment efficacy, as defined by escitalopram vs. placebo response. Response rate in the La
+ group was significantly higher for escitalopram (68%; 95% confidence interval 55-71%)
than placebo (42%; 95% CI 30-57%; p=0.02). In contrast, response for escitalopram in the
La- group (77%; 95% CI 58-92%) was not different than placebo (78%; 95% CI 59-91%,
p=0.96).

Symptomatic improvements
Figure 2 shows changes in PSWQ in the escitalopram and placebo groups, separated by
genotype group. Using mixed-effects repeated measures methods, the group × time
interaction was significant in the La+ group, but not significant in the La- group. Thus, we
found the same genetic relationship with escitalopram's efficacy in these analyses of self-
reported worry severity as was seen in time-to-response analyses.

We also examined effects based on the presence of 0, 1, or 2 La haplotypes; results showed
similar results for the 1 La group (i.e., La + Lg or Sa) N= 26 escitalopram, 26 placebo;
group × time interaction p=0.05) and 1 La group (i.e., La/La; N=15 escitalopram, 21
placebo; group × time interaction p=0.04); however, they did not show similar results for the
response analysis (1 La group p=0.001; 1 La group p=0.92); thus, there was no evidence of a
more favorable drug:placebo separation in the 2 La group compared to the 1 La group.

We also recoded genotype based on S vs L genotype alone, in line with previous research
(6). The analyses showed similar results: those with the S/S genotype (n=25) had an
escitalopram vs. placebo cumulative response rate of 76% vs. 70% (p=0.70), while those
with the S/L or L/L genotype (n=100) had a escitalopram vs. placebo response rate of 66%
vs. 47% (p=0.05). Similarly, PSWQ improvement in the S/S subjects was not different
between escitalopram and placebo (group × time interaction in mixed effect model p=0.25),
while PSWQ changes in the S/L or L/L subjects showed greater improvement with
escitalopram than with placebo (group × time interaction p=0.01). The differences in
escitalopram vs. placebo response by genotype were similar to, though slightly smaller than,
the same comparisons using the La- vs. La+ differentiation.

Association of the La- versus La+ group with response and symptomatic improvements was
re-examined with the entire sample (n=150 including 24 African-Americans and one Asian-
American). The size and direction of the effects did not change: response for the entire
sample favored escitalopram over placebo (p=0.009) for the La+ group but not in the La-
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group (p=0.97). Similarly, for symptomatic changes, in the La+ group, superiority of
escitalopram to placebo in reduction in PSWQ score was 5.3 points (95% CI 2.3-8.4, effect
size 0.63, while in the La- group there was no difference between escitalopram and placebo
(effect size 0.16).

Pharmacokinetic-Pharmacogenetic relationships
We calculated average escitalopram concentration at the modal dose (i.e., the dose that
subjects were taking for the greatest duration, typically 20mg during weeks 4 to 12). For the
entire sample (n=69), mean concentration was 40.7ng/ml (standard deviation 35.3; range
8.6–295.7). We examined association of drug concentration with response in the overall
group of escitalopram-treated subjects and by genotype. We found no relationship of drug
concentration with response: subjects who achieved a response (n=47) had a mean
concentration of 40.7ng/ml (SD 35.3), while those who did not achieve response during the
study (n=22) had mean concentration of 40.0ng/ml (SD 25.1); t=0.09, p=0.93. We also
found no relationship of drug concentration with response in either genetic group: La-,
responders (n=19) 46.9ng/ml (SD 46.2), nonresponders (n=6) 36.2ng/ml (SD 15.0); La+,
responders (n=28) 36.4ng/ml (SD 25.5), nonresponders (n=14) 44.4ng/ml (SD 29.1). PSWQ
change in these subjects similarly failed to show an effect of drug concentration, either in
the entire group or in each genotype group (data not shown).

Exploratory analysis of association of genotype with longitudinal course of symptoms
Because we found that treatment response variability associated with genotype appeared
mainly due to effects on the placebo response (i.e., higher in the La- group than the La+
group), we hypothesized that the La- group were more likely to have fluctuations in anxiety
level irrespective of treatment (consistent with prior literature (24)). We conducted an
exploratory examination of whether the La- group was more likely to show symptomatic
worsening of symptoms (irrespective of treatment assignment). We defined worsening as an
increase in the CGI score after week 0. This hypothesis was supported: in the La- group,
59% of subjects (22/37) worsened, compared to 38% (33/88) of the La+ group (exact
p=0.04). Thus, the finding suggested that the La- group had greater fluctuations in anxiety
symptoms, possibly undermining a drug-placebo separation.

DISCUSSION
Summary

We found that genetic variation in the serotonin transporter promoter is associated with
variability in SSRI treatment efficacy for late-life GAD: haplotypes associated with lower
transcriptional activity of the promoter were associated with lower drug-placebo separation,
supporting our hypothesis. However, the basis for our hypothesis was a pharmacodynamic
mechanism, which is not supported by our finding. Specifically, pharmacogenetic research
has postulated that association of the serotonin transporter polymorphisms with SSRI
efficacy is due to pharmacodynamic changes; i.e., those with two low activity alleles have
low transcription activity, resulting in lower production of serotonin transporters, hence
fewer drug targets. However, in our study the response variability associated with genetic
variation appeared to be mainly in placebo response, as response to escitalopram was not
different between genotypes. Of note, the higher placebo response with the S or Lg allele
has been suggested in previous research in geriatric depression (25). This genetic association
with placebo response cannot be a pharmacodynamic effect.

We carried out an exploratory analysis to examine alternative explanations for our finding.
One explanation is that the genetic variation in the serotonin transporter predicted a
difference in illness course, not in drug effect. La- individuals have altered corticolimbic
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affective regulation resulting in a “stress reactive” phenotype (26). Such individuals have
more fluctuations in anxiety (27), increased mood symptoms in the context of life stressors
(27), and a more robust biological stress response (28,29). Such fluctuation may appear as
placebo “response” or abrupt symptomatic exacerbation in a clinical trial, undermining
treatment efficacy, and our exploratory analyses support this: La- individuals showed not
only more response but more symptomatic worsening, compared to La+ individuals. These
fluctuations irrespective of treatment suggest a greater stress reactivity that was not reduced
by SSRIs, which is also suggested by a recent report in depression finding that the
pharmacogenetic effect of the serotonin transporter is strongly influenced by life events (30).
If so, it is possible that this subgroup would be better treated with psychotherapy targeting
affective regulation (31). However, this was an exploratory analysis which requires further
examination over longer periods of treatment.

Another important characteristic of this study was the inclusion of population
pharmacokinetic modeling, as recommended for pharmacogenetic studies of antidepressants
(32,33) and may be particularly relevant in elderly persons, in whom more variable drug
concentrations may confound pharmacogenetic results (11). We did not find a relationship
of escitalopram level with treatment response in any genetic group. This disagrees with a
late-life depression study, in which paroxetine concentrations were positively associated
with early changes in depressive symptoms in those with the S allele (10).

Limitations of this study should be noted. First, we had a relatively small sample size (e.g.,
37 subjects in the Caucasian-only La- group); thus, the findings may be due to low power in
the La- subgroup rather than a true genetic difference in drug-placebo separation. Second,
we did not gather data on experiences (e.g., life events or social modulators) or
psychological modulators that may have accounted for the treatment-unrelated fluctuations
in anxiety that we observed. Finally, results may not be generalizable beyond older adults
with GAD; such individuals are more likely to have medical illnesses or take medications
which may interact with genetic factors to affect response, and this study was not designed
to test such alternatives.

In summary, this study of older adults with GAD found that genetic variation in the
serotonin transporter promoter predicts SSRI efficacy. However, the genetic variability
appeared to occur in placebo response, not drug response, so our findings do not support a
pharmacodynamic hypothesis of this genetic effect. A genetic effect on illness course may
explain the results, and a study which employs multiple methods of measuring treatment
outcome, and also measures other environmental factors (such as life events) is needed, as
per recent recommendations for pharmacogenetic studies (34). More research into the
mechanism of the serotonin transporter haplotype with respect to treatment outcome is
necessary prior to the development and eventual implementation of genomic medicine in
anxiety disorders.
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Figure 1.
Study participant flow
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Figure 2. Symptomatic improvements in the Penn State Worry Questionnaire (PSWQ):
treatment effect size by genotype group
In the La+ allele group, there was a significantly greater improvement in the Penn State
Worry Questionnaire with escitalopram than placebo (N's 41 escitalopram, 47 placebo,
treatment group × time interaction β=-0.41 [standard error=.14, p=0.004], while in the no La
group, there were no differences (N's 18 escitalopram, 19 placebo, treatment group × time
interaction β=.25 [standard error=.23, p=0.274]). In the La+ group, superiority of
escitalopram to placebo in reduction in PSWQ score was 4.6 points (95% CI 1.6-7.5, effect
size [d] 0.54). In contrast, in the La- group there was no difference between escitalopram
and placebo (effect size -0.11). The difference in effect size between La+ and La- groups
was significant (p<0.001).
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