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Abstract

Objective—Lower serotonin transporter (5-HTT) binding (BPp= = fpB,y4il/Kp) is reported during
a major depressive episode (MDE) compared to healthy controls. Higher 5-HTT binding in the
diencephalon has previously been associated with acute response to antidepressant treatment. We
assessed baseline 5-HTT binding as a predictor of one-year remission from a MDE, examining
binding in brain regions implicated in the pathophysiology of major depressive disorder (MDD).

Methods—5-HTT binding was quantified using positron emission tomography (PET) with [*1C]
McN5652 in 19 currently depressed subjects with MDD and 41 healthy controls. Depressed subjects
received open, naturalistic antidepressant treatment. Remission status was determined one year after
PET scan and treatment initiation.

Results—Significant differences in 5-HTT binding among the three groups (healthy controls,
remitters, and non-remitters) were observed in a linear mixed-effects model. Post-hoc, non-remitters
had lower 5-HTT binding than controls in midbrain, amygdala, and anterior cingulate. Remitters did
not differ significantly from controls or non-remitters in 5-HTT binding. Remitters did not differ
from non-remitters in clinical characteristics apart from greater family history of depression among
non-remitters. A logistic regression model fit to determine the capacity of baseline 5-HTT binding
to predict remission status at one year yielded a coefficient that was suggestive but not significant
(p=0.057).

Limitations—The small sample size and heterogeneous treatments received reduced statistical
power to detect differences in binding based on clinical outcome.

Conclusions—Lower pretreatment 5-HTT binding may be predictive of non-remission from major
depression following one year of naturalistic antidepressant treatment. Future studies using
standardized treatment are warranted.
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Objectives of the Study

Psychiatrists lack tools to select treatments for major depression based on the likelihood of
efficacy in individual patients. Markers identified in previous studies are not used clinically
due to overlap between responder and non-responder groups and non-standardized definitions
of response or remission (Joyce & Paykel, 1989).

The serotonin transporter (5-HTT) has been implicated in the pathophysiology of depression,
and is a target of antidepressant action (Owens & Nemeroff, 1994). We found lower 5-HTT
binding (BPp, proportional to the total number of available transporters) in midbrain and
amygdala in vivo in major depressive disorder (MDD) using positron emission tomography
(PET) with [11C]McN5652 (Parsey et al., 2006b), in agreement with some (Lehto et al.,
2006; Malison et al., 1998; Newberg et al., 2005), but not all (Ichimiya et al., 2002; Meyer et
al., 2004a), previous reports.

A SPECT study of depressed patients using [123]p-CIT found that higher 5-HTT binding in
the diencephalon predicts better acute antidepressant response to selective serotonin reuptake
inhibitors (SSRIs) (Kugaya et al., 2004). They also observed a similar trend between brainstem
5-HTT and treatment response.

We hypothesized that 5-HTT binding would predict one-year remission following
antidepressant treatment in MDD. We performed PET scanning with [21C]McN5652 to study
relevant brain regions previously unexamined as predictors of outcome. We hypothesized that
low 5-HTT binding would favor a lower remission rate. We also compared remitters and non-
remitters to 41 healthy controls.

Materials and Methods

Subjects

This is a follow-up to a previous study of 5-HTT binding in depression, which contains details
regarding methods (Parsey et al., 2006b). Nineteen subjects in a SCID-diagnosed DSM-IV
MDE (APA, 1994) and 41 healthy volunteers completed a 24-item Hamilton Depression Rating
Scale (HAMD-24) and PET scans while medication-free (Table 1).

MDD subjects met the following inclusion criteria: (1) age 18 to 65 years; (2) DSM-1V criteria
for a current MDE; (3) > two week medication-free period prior to PET scanning (four weeks
for oral neuroleptics, six weeks for fluoxetine, and an exception of three days for short-acting
benzodiazepines); (4) absence of current or lifetime history of alcohol or other drug abuse or
dependence; (5) no lifetime exposure to 3,4-methylenedioxymethamphetamine (MDMA); (6)
absence of significant current medical conditions; (7) absence of pregnancy; and (8) capacity
to provide informed consent. Study criteria for healthy volunteers were similar except for the
absence of a psychiatric history or a history of a mood or psychotic disorder in any first-degree
relative. The Beck Depression Inventory (BDI) (Beck, Ward, Mendelson, Mock, & Erbauh,
1961), Hamilton Depression Rating Scale (HAMD) (Hamilton, 1960), and Global Assessment
Scale (GAS) (Endicott, Spitzer, Fleiss, & Cohen, 1976) assessed subjective and objective
depression severity and functional impairment. Eight of 19 depressed subjects had made at
least one prior suicide attempt. Nine depressed subjects (47%) had current co-morbid Axis |
disorders, all of which were anxiety disorders.

Following baseline assessment and PET scans, depressed patients received open, non-
standardized antidepressant treatment. All subjects received outpatient treatment; 63% of
subjects additionally received initial inpatient treatment. Remission, defined as 50% reduction
of HAMD-24 score from baseline and final HAMD-24 score <10, was assessed at one year.
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The Antidepressant Treatment History Form (ATHF) was used to assess treatment adequacy
(Oquendo et al., 2003). This study was approved by the Institutional Review Board of The
New York State Psychiatric Institute. All subjects gave written informed consent after
explanation of the study.

Radiochemistry

[11C](+)-McN 5652, (+)-McN butyryl thioester tartrate, was produced as previously described
(Frankle et al., 2004). The injected dose and mass of [11C]McN5652 did not differ between
remitters and non-remitters (Table 1).

Image Analysis and Modeling

Statistics

PET and magnetic resonance imaging (MRI) data acquisition, analysis, and measurement of
metabolite corrected arterial input functions were performed as previously described (Parsey
et al., 2006a; Parsey et al., 2006b; Parsey et al., 2000). After a ten-minute transmission scan,
[11CIMcN5652 was injected intravenously and emission data acquired for 130 minutes.
Regions of interest (ROIs) were traced on MRIs obtained for each individual subject using
brain atlases (Duvernoy, 1991; Talairach & Tournoux, 1988) and published reports (Kates,
Abrams, Kaufmann, Breiter, & Reiss, 1997; Killiany, Moss, Nicholson, Jolesz, & Sandor,
1997). Six ROIs previously associated with serotonergic abnormalities in depression were
included in this study: the anterior cingulate, amygdala, putamen, hippocampus, midbrain, and
thalamus (Parsey et al., 2006b). Derivation of [11C]McN5652 regional distribution volumes
(V1) was performed using likelihood estimation in graphical approach (LEGA) (Ogden,
2003; Ogden, Parsey, & Mann, 2002; Parsey, Ogden, & Mann, 2003). V7 is the sum of the
specific (V) and non-displaceable (free plus nonspecific binding = V) distribution volumes.
Binding potential (BPp) = V1 — Vnp. The abbreviation BPp is consistent with a recent
consensus statement (Innis RB, 2007). We utilized a 12.1 + 1.5 mL sample of the cerebellar
gray matter as a measure of Vyp (Parsey et al., 2006b).

Considering six ROIs at once, data from all three groups (healthy controls, remitters, and non-
remitters) were analyzed using linear mixed effects models with brain region and group as
fixed effects and subject as the random effect. To stabilize the variance and ensure modeling
assumptions were met, analysis was performed on the natural log of the data (after first adding
a quantity (2.5) to all measures to ensure positivity). The log transform was necessary because
of two features of our BPp data: skewness, and unequal standard deviation (SD) of
measurements across groups with different binding levels (with SD roughly proportional to
the binding level). We and others have used this or related statistical approaches to allow for
valid statistical analysis of PET data with these characteristics (Meltzer et al., 2004; Oquendo
et al., 2006; Parsey et al., 2006a; Parsey et al., 2006b; Parsey et al., 2006c; Parsey et al.,
2006d; Rabiner et al., 2002; Sullivan et al., 2005). Graph of binding potential (Figures 1 and
2) uses actual (not log-transformed) BPp values. Logistic regression was performed on the data
from the depressed subjects with remitter status as the binary outcome and mean (across the
six regions considered) BPp as the predictor. Also, linear regression models were fit with final
HAMD-24 as outcome and binding measures and baseline HAMD-24 as predictors. For all
analyses, reported p-values correspond to two-sided alternatives, not adjusted for multiple
comparisons. Linear mixed effects models of binding, logistic and linear regression analysis,
and Fisher’s exact test were performed in R 2.1.0 (http://cran.r-project.org). Student’s t-test
and Chi-squared test were performed in Excel (Microsoft, 2003) or SPSS for Windows Version
12.0 (SPSS, Chicago, IL) to examine clinical and demographic variables. Statistics are
presented as (test statistic, DF, p-value).
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Results

Clinical Outcomes

36.8% of depressed subjects (7 of 19) were in remission at 1-year. There were no differences
between remitters and non-remitters in baseline HAMD-24 values or other clinical or
demographic variables including gender, ethnicity, prior suicide attempt, prior psychiatric
medication use, co-morbid anxiety disorders, or number of prior MDEs (Table 1). Non-
remitters had more first-degree relatives with a history of MDD than non-remitters.

The adequacy of antidepressant treatment during the one year period did not differ between
remitters and non-remitters as assessed by the ATHF (Table 2). There were no differences
between remitters and non-remitters in percentage of each group treated with various classes
of antidepressant medications, including SSRIs, during the one-year follow-up period (Table
2).

Baseline Binding Potential Determinations in Remitters, Non-Remitters and Healthy Controls

5-HTT BPp differed between the three groups (Figure 1; F=3.29, df=2,57, p=0.044). Post-hoc,
non-remitters had lower 5-HTT BPp than controls (F=6.59, df=1,57, p=0.013). There was a
region-by-group interaction and post-hoc testing revealed lower 5-HTT BPp in amygdala
(Figure 2; t=—3.37, df=289, p=0.00087), midbrain (t=—2.89, df=289, p=0.0041), and anterior
cingulate (t=—2.43, df=289, p=0.016). Non-remitters had lower mean 5-HTT BPp compared
with remitters in every brain region examined, but this effect was not statistically significant
(F=1.89, df=1,57, p=0.18). Incorporating family history of MDD into logistic regression or
mixed linear effects models did not affect these findings (data not shown).

Considering only the depressed subjects, a logistic regression model to determine the predictive
capacity of 5-HTT BPp (mean across all 6 regions) for remitter status was suggestive, with a
p-value of 0.057 in a two-tailed test (x2=3.6, df=1, p=0.057).

We also performed linear regression analysis to examine the predictive capacity of baseline 5-
HTT BPp on a continuous measure of clinical outcome, final HAMD-24 score at one year. In
all of these analyses, baseline HAMD-24 score was included as a regressor to account for
baseline severity as a potential confounder. Using mean BPp across the 6 regions as a predictor
yielded a coefficient in the regression analysis with a corresponding p-value of 0.059 (F=4.13,
df=1,16, p=0.059). As differences between non-remitters and controls were most significant
in the amygdala, we modeled baseline amygdala BPp as a predictor of final HAMD-24 score,
which was significantly predictive (F=5.32, df=1, p=0.035).

There was no significant difference in 5-HTT BPp between remitters and controls (F=0.18,
df=1,57, p=0.67). There was no group difference in non-specific binding quantified in
cerebellar V1 (F=0.69, df=2,58, p=0.51). Using an alternative outcome measure, BPyp (equal
to fnpBavail/Kp), the difference in 5-HTT binding between the three groups was nearly
significant (F=3.11, df=2,56, p=0.052), and non-remitters still had lower 5-HTT binding than
controls (F=6.11, df=1,56, p=0.017).

Discussion

We found lower 5-HTT BPp at baseline in amygdala, midbrain, and anterior cingulate in
depressed subjects who did not remit after one year of open antidepressant treatment compared
with healthy volunteers. Differences in baseline BPp between remitters and non-remitters when
compared using linear mixed effects modeling did not reach statistical significance. Similarly,
fitting a logistic regression model on the depressed subjects resulted in an effect of mean
BPp that was nearly significant. This may reflect a lack of difference between the two groups,
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or may be attributed to the relatively small sample size and heterogeneous treatments
administered in this study. The direction of our findings is consistent with a previous report of
higher 5-HTT binding predicting a better acute antidepressant response (Kugaya et al., 2004).
We extend these previous results by finding differences between non-remitters and controls in
previously unexamined brain structures, amygdala and anterior cingulate. Rostral anterior
cingulate hypometabolism at baseline is reported in antidepressant non-responders compared
to controls (Mayberg et al., 1997), providing a partial convergence of our neurochemical data
with the metabolic literature. Of note, the clinical features of remitters and non-remitters did
not differ apart from family history of depression in this study, suggesting that in vivo 5-HTT
quantification with PET may detect some additional feature of the illness important in
determining clinical outcome.

The higher family history of MDD we observed in non-remitters compared to remitters is
consistent with previous reports of poor long-term outcome among depressed patients with a
history of severe psychiatric iliness (Duggan, Sham, Minne, Lee, & Murray, 1998). In addition,
family history of depression was recently associated with recurrence of depressive episodes in
the STAR*D sample (Hollon et al., 2006).

Our data are not directly comparable to a recent report by Cavanagh et al, as they examined
the relationship of treatment response to serotonin transporter occupancy by medication
(Cavanagh et al., 2006), whereas we assessed binding prior to treatment as a predictor of
remission. The doses of antidepressants used by Cavanagh et al are comparable those presented
by Meyer et al, who demonstrated approximately 80% occupancy of 5-HTT by therapeutic
doses of SSRIs (Meyer et al., 2004b).

Lower 5-HTT binding in non-remitters compared to controls may reflect a deficit of
serotonergic neurons in the dorsal raphe nucleus, of projections from these neurons to their
terminal field, or of 5-HTT in terminal projections. Any of these alterations could contribute
to non-remission by making the serotonergic system less responsive to treatments that are
mediated by 5-HTT, including SSRIs, which were administered to 68% of depressed subjects.
If the observed deficits in 5-HTT are related to an early environmental stressor or a genetic
predisposition, they may reflect a persistent trait, rather than a state, and may indicate likely
refractoriness to antidepressant treatments. This hypothesis is consistent with reports of a trait
serotonin system deficiency that may predict poorer antidepressant responses (Malone et al.,
1993), and may reflect the predisposition to recurrent depression.

A functional promotor polymorphism in the 5-HTT gene (5-HTTLPR) (Lesch et al., 1996) has
previously been associated with antidepressant response (Serretti, Benedetti, Zanardi, &
Smeraldi, 2005), and 5-HTTLPR genotype may be independent of 5-HTT binding (Parsey et
al., 2006a; Shioe et al., 2003; Van Dyck et al., 2004). While the sample size of the current study
was not sufficient for a genetic association study, we include genetic data obtained from this
sample in the discussion, which should be considered exploratory. We assessed 5-HTTLPR
genotype as a predictor of one-year remission status in this same sample, using both a biallelic
(Lesch et al., 1996) and more recent tri-allelic categorization (Hu et al., 2005). There was a
trend toward a difference in tri-allelic frequency between remitters and non-remitters
(remitters: Lao=7 (50%), Lg=5 (35.7%), S=2 (14.3%); non-remitters: Lo=12 (50%), Lg=2
(8.3%), S=10 (41.7%); Fisher’s, p=0.073). Remitters had a higher frequency of the biallelic L
allele than controls (85.7% vs. 51.3%; Fisher’s, p=0.02), but did not differ from non-remitters
(non-remitters: 58.3%; Fisher’s, p=0.15). It is not clear that 5-HTTLPR genotype is predictive
of adult human brain 5-HTT binding (Parsey et al., 2006a; Shioe et al., 2003; Van Dyck et al.,
2004), so these trends may be due to an independent effect of genotype on clinical outcome.
Incorporating 5-HTTLPR genotype with 5-HTT binding into the logistic regression model did
not improve its predictive power.

J Psychiatr Res. Author manuscript; available in PMC 2009 October 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Miller et al.

Page 6

The primary limitations of this study are its modest sample size, the heterogeneous
antidepressant treatments administered, and the technical limitations of the [11C]McN5652
ligand. The greater family history of depression among non-remitters raises the possibility of
genetic factors unrelated to 5-HTT influencing treatment outcome that the current study was
underpowered to detect. 45% of the depressed subjects in our study had comorbid anxiety
disorders, and panic disorder has been reported to be associated with lower 5-HTT binding in
the midbrain, temporal lobes and thalamus (Maron et al., 2004). However, the rates of panic
disorder did not differ significantly between the remitters and non-remitters. Furthermore, there
was no difference in 5-HTT binding between depressed patients with and without panic
disorder in any region examined (data not shown), and including comorbid axis | diagnosis as
a covariate did not affect the comparison of BPp between remitters and non-remitters (p=0.18).

Future studies are needed in larger samples, using better PET tracers such as [11C]DASB, with
standardized treatment, to determine whether these measures predict clinical outcomes with
specific classes of medications. We have previously found that 5-HT 4 receptor binding is
elevated in non-remitters compared to remitters and controls, and demonstrated an association
between a polymorphism in the 5-HT1 o promoter and remission status (Parsey et al., 2006c).
Combining imaging and genetic variables for 5-HTT and 5-HT 14 in a statistical model may
allow us to account for a greater degree of the variance in treatment outcome. Such an analysis
was not possible with the current sample due to the limited number of subjects with measures
of both 5-HTT and 5-HT1a. Analogous use of multiple predictors in a statistical model has
recently been performed effectively with respect to first-episode psychosis (Wood, 2006). The
recent development of novel statistical tools using voxel-level parametric images as predictors
in regression models may aid further in this endeavor (Reiss, 2006).
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Differences in baseline 5-HTT BPp between controls and subjects with major depression who
remit or do not remit by one-year follow-up. Non-remitters have lower 5-HTT BPp than healthy
controls in the linear mixed-effects model, comparing all regions simultaneously (p=.005).
Reported levels of significance are for post-hoc tests of group-by-region effects. Regions of
interest: anterior cingulate (ACN), amygdala (AMY), dorsal putamen (PUT), hippocampus
(HIP), midbrain (MID), thalamus (THA). Error bars represent one standard deviation from

mean values. * = p<.05, ** = p<.01, *** = p<.001.
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Figure 2.
Scatter plot of individual subjects’ amygdala 5-HTT BPp by group, with means plotted as
horizontal lines.
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Details of antidepressant treatments among non-remitters and remitters prior to and during study period.

Remitters N (%)

Non-Remitters N (%)

Fisher’s exact or t-
test

# previously treated with antidepressant medications 5(71.4) 8 (66.7) 1
Med-free days prior to enrollment for non-med-naive 23.6+8.8 72+119.1 .39
subjects

Treatment intensity (ATHFl) 271+17 3.08+1.3 .60
On meds at 1 year 6 (85.7) 8 (61.5) .60
Exposure to:

Selective serotonin reuptake inhibitor 4 (57.1) 9 (75) .62
Tricyclic antidepressant 1(14.3) 1(7.7) 1
Monoamine oxidase inhibitor 0 (0) 1(8.3) 1
Bupropion 2(28.6) 4(33.3) 1
Venlafaxine 1(14.3) 3(25) 1
Lithium 3(42.9) 1(8.3) 12
Thyroid 1(14.3) 1(8.3) 1
ECT 0 (0) 0 (0) 1
Psychotherapy 8 (67.7) 5(71.4) 1

1 . .
antidepressant treatment history form
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