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Abstract
Nearly one-third of patients with obsessive–compulsive disorder (OCD) fail to respond to
adequate therapeutic approaches such as serotonin reuptake inhibitors and/or cognitive-
behavioral therapy (CBT). This study investigated structural magnetic resonance imaging (MRI)
correlates as potential pre-treatment brain markers to predict treatment response in
treatment-naı̈ve OCD patients randomized between trials of fluoxetine or CBT. Treatment-
naı̈ve OCD patients underwent structural MRI scans before randomization to a 12-week clinical
trial of either fluoxetine or group-based CBT. Voxel-based morphometry was used to identify
correlations between pretreatment regional gray matter volume and changes in symptom
severity on the Yale–Brown Obsessive–Compulsive Scale (Y–BOCS). Brain regional correlations of
treatment response differed between treatment groups. Notably, symptom improvement in the
fluoxetine treatment group (n=14) was significantly correlated with smaller pretreatment gray
matter volume within the right middle lateral orbitofrontal cortex (OFC), whereas symptom
improvement in the CBT treatment group (n=15) was significantly correlated with larger
pretreatment gray matter volume within the right medial prefrontal cortex (mPFC). No
significant a priori regional correlations of treatment response were identified as common
between the two treatment groups when considering the entire sample (n=29). These findings
suggest that pretreatment gray matter volumes of distinct brain regions within the lateral OFC
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and mPFC were differentially correlated to treatment response to fluoxetine versus CBT in OCD
patients. This study further implicates the mPFC in the fear/anxiety extinction process and
stresses the importance of lateral portions of the OFC in mediating fluoxetine’s effectiveness in
OCD. Clinical registration information: http://clinicaltrials.gov-NCT00680602.
& 2012 Elsevier B.V. and ECNP. All rights reserved.

1. Introduction

Serotonin reuptake inhibitors (SRIs), cognitive-behavioral
therapy (CBT) or a combination of both are first line
treatments for obsessive–compulsive disorder (OCD) (Koran
et al., 2007). However, at least one-third of patients with
OCD fails to respond to adequate therapeutic approaches
(Mancebo et al., 2006). Therefore, reliable measures to
predict which treatment would be more effective in OCD
would be of great clinical value. These measures could be
used to guide clinical decisions toward the best treatment
choice for individuals with OCD (e.g., pharmacotherapy
versus CBT).

In this regard, neuroimaging methods have demonstrated
some utility for identifying brain patterns predictive of
treatment outcome in psychiatric disorders (Evans et al.,
2006). There are some neuroimaging treatment studies of
mood and anxiety disorders suggesting different mechan-
isms of action for SRIs and CBT (Benazon et al., 2003; Brody
et al., 1998; Gilbert et al., 2000; Hoexter et al., 2012;
Martin et al., 2001; Rosenberg et al., 2000). However, given
that there are also studies showing similar effects (Baxter
et al., 1992; Schwartz et al., 1996), the exact neurobiolo-
gical underpinnings that predict response to each specific
intervention are still not well understood. Brain structures
encompassing cortico-subcortical circuits, known to be
modulated by serotonergic transmission (el Mansari et al.,
1995; Soumier et al., 2009) and implicated in OCD patho-
physiology (e.g., orbitofrontal, anterior cingulate and tem-
porolimbic cortices, striatum and thalamus) (Saxena and
Rauch, 2000; Valente et al., 2005), are fine candidates.
Animal studies have suggested that SRIs were able to
modulate serotoninergic neurotransmission earlier in sub-
cortical regions and later in the cerebral cortex (el Mansari
et al., 1995). In addition, regions within the medial
prefrontal cortex (mPFC), due to their role in fear extinc-
tion (Milad et al., 2005; Phelps et al., 2004), should be
investigated. More specifically, the mPFC is a key regulatory
brain region that participates in the inhibition of condi-
tioned fear responses (thought to underlie some obsessive–
compulsive symptoms) and in the mediation of the extinc-
tion process of such fear responses (Milad et al., 2005;
Phelps et al., 2004). Therefore, this seems a plausible
region through which CBT exerts its therapeutic action.
The specific mPFC sub-regions that predict fear extinction
include the medial orbitofrontal, rostral anterior cingulate
and subcallosal cortices (Milad et al., 2005). Moreover,
there is evidence showing that successful pharmacological
treatments for OCD seems to preferentially exert a
subcortical–cortical ‘bottom-up’ regulation in the brain,
whereas CBT seems to elicit cortical–subcortical ‘top-down’
effects (Derryberry and Tucker, 1992; Goldapple et al.,
2004; Tucker et al., 1995).

The majority of the published neuroimaging outcome
studies in OCD, using positron emission tomography (PET),
have associated pretreatment resting regional metabolism
with treatment response (Brody et al., 1998; Evans et al.,
2006; Saxena et al., 1999, 2003). The most consistent finding
across these studies has been an inverse correlation of
pretreatment orbitofrontal cortex metabolism with symptom
improvement following SRI exposure (Brody et al., 1998;
Saxena et al., 1999). Notably, only one metabolic PET study
compared pharmacotherapy and CBTwith regard to response
prediction. Brody and colleagues showed that lower pre-
treatment orbitofrontal cortex metabolism correlated with
better response to fluoxetine, whereas higher metabolic
activity within this region correlated with a better response
to CBT (Brody et al., 1998). However, the treatment arms in
this study were not randomized, limiting the interpretation
of the reported findings. Furthermore, most of the afore-
mentioned studies included patients that had been previously
treated with SRIs, an important confounder, which likely
contributed to the variability observed across studies.
Though metabolic neuroimaging studies have been conducted
to evaluate predictors of response in OCD patients with
relative success (Brody et al., 1998; Saxena et al., 1999,
2003), morphometrical studies are lacking. This is unfortu-
nate, given that morphometric magnetic resonance imaging
(MRI) is widely available, is cheaper, requires no exposure to
radiation, and involves a simpler acquisition protocol com-
pared to other neuroimaging methods described above. The
heuristic value of using regional brain volumes to predict
clinical response has been explored in several studies that
investigated other psychiatric disorders such as depression
and schizophrenia (Garner et al., 2009; MacQueen, 2009).
Thus, the primary aim of the present study is to validate an
optimized voxel-based morphometry (VBM) approach to
investigate pretreatment structural MRI correlates as poten-
tial markers to predict changes in symptom severity in
treatment-naı̈ve OCD patients randomized to a clinical trial
of either fluoxetine or group-based CBT.

We hypothesized that pretreatment volumetric measures
within the principal brain structures implicated in OCD (i.e.,
orbitofrontal, anterior cingulate and temporolimbic cortices,
striatum and thalamus) (Saxena and Rauch, 2000; Valente
et al., 2005) would be correlated with subsequent treatment
outcome. Specifically, given the effects of serotonin in
modulating frontal–subcortical circuits (el Mansari et al.,
1995; Soumier et al., 2009) we hypothesized that widespread
measurements of gray matter (GM) volume within these
territories would be correlated with treatment response to
fluoxetine. Conversely, we hypothesized that treatment
response to CBT would be correlated with measurements of
GM volume within the mPFC, reflecting the primacy of
cognitive restructuration and extinction processes attributed
to this region (Milad et al., 2005; Phelps et al., 2004).
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