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INTRODUCTION

Stefan G. Hofmann
Department of Psychology, Boston University, Boston, MA, USA

Individuals with anxiety disorders show excessive fear when confronted
with specific objects, situations, physical sensations, or other external or
internal cues in the absence of any actual danger. As a consequence, people
with these debilitating conditions often avoid these cues or endure their
anxiety under great distress. This often leads to great personal suffering,
diminished quality of life, and high economic cost to society (Olatunji
et al. 2007).

Epidemiological studies indicate that the group of anxiety disorders,
which includes specific phobias, social anxiety disorder, generalized
anxiety, obsessive compulsive disorder, panic disorder, agoraphobia, and
post-traumatic stress disorder, are the most prevalent class of mental
disorders, with 12-month and lifetime prevalence rates of 18.1 and
28.8%, respectively (Kessler et al. 2005a; b).

A large body of work supports the efficacy of cognitive behavioral
therapy (CBT) (Hofmann and Smits 2008) and anxiolytic medication for
treating anxiety disorders (Roy-Byrne and Cowley 2002). CBT combines
cognitive strategies to target maladaptive beliefs about the fear-eliciting
cues and exposure techniques aimed at helping patients reacquire a sense
of safety around cues associatedwith anxiety disorders. In contrast toCBT,
pharmacological interventions aim to directly target biochemical path-
ways underlying the anxiety elicited by disorder-specific cues (Bourine
and Lambert 2002). Pharmacological agents that have demonstrated effi-
cacy for a variety of anxiety disorders include benzodiazepines, tricyclic
antidepressants, monoamine oxidase inhibitors, selective serotonin reup-
take inhibitors (SSRIs), reversible inhibitors of monoamine oxidase-A
(RIMA), and buspirone (Baldwin et al. 2005; Bourine and Lambert 2002).
There is some evidence to suggest that CBT may be more tolerable and
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more cost-effective, especially in the long-term, than some of these tradi-
tional anxiolytic agents (Otto et al. 2006). Although both treatment mo-
dalities are efficacious, there is clearly room for improvement (Hofmann
and Smits 2008; Roy-Byrne and Cowley 2002).
Because these treatment modalities are less than perfect when admin-

istered as monotherapies, investigators have examined whether combin-
ing pharmacotherapy and psychotherapy is more effective than either of
the monotherapies for reducing anxiety symptoms. Many of these studies
show that combination strategies are not substantially more effective than
monotherapies in the short term and may even be worse in the long term
for some anxiety disorders. Thus some cases, adding conventional phar-
macotherapy can even be detrimental to the success of psychological
treatments, such as when using benzodiazepines in combination with
exposure therapy for panic disorder (see Otto et al., 2006, for a review).
A more recent approach toward combination therapy is to enhance the

mechanism of CBT using pharmacological agents. Some of these ap-
proaches are highly promising and support such augmentation strategies
to further enhance the efficacy of CBT. Examples of those agents include
D-cycloserine, yohimbine, cortisol, oxytocin, propranolol, and various
nutritional supplements. Some of these agents appear to act as cognitive
enhancers based on the mechanism through which they augment CBT
(Hofmann et al. 2011).
The goal of this book is to discuss the evidence from the existing

literature on conventional and novel combination therapies for anxiety
disorders. For this purpose, a number of leading investigatorswere invited
to present the evidence of combination strategies for treating anxiety
disorders. The first chapter gives an overview of the biology and efficacy
of combination strategies, which points to some of the limitations of the
contemporary literature and recommends that future research should
embrace a translational research approach. The following chapters 2, 3,
and 4 discuss traditional combination strategies using benzodiazepines,
tricyclic antidepressants, monoamine oxidase inhibitors, SSRIs, RIMA,
and buspirone. Chapter 5 discusses the evidence of D-cycloserine as a
cognitive enhancer of CBT. Similarly, yohimbine (Chapter 6), cortisol
(Chapter 7), and oxytocin (Chapter 8) offer new combination strategies
born out of a translational research approach. Chapter 9 discusses dietary
supplements, which offer promising options that are worthy of further
investigation. Chapter 10 provides a general roadmap for future research
in combination treatments for anxiety disorders and recommends that the
field of psychiatry and pharmacology should:

. move beyond the traditional horse race comparison of clinical trials and
toward translational research from ‘bench to bedside;’

. move closer toward understanding themechanism of treatment change;
and
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. move closer toward personalizedmedicine by tailoring the treatment to
the client based on certain biomarkers.

I hope that this volume will inspire researchers, clinicians, policy makers,
funding agencies, and the pharma industry to move beyond conventional
paradigms of combination therapies for anxiety disorders.
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Chapter 1

THE BIOLOGY AND EFFICACY OF
COMBINATION STRATEGIES FOR
ANXIETY DISORDERS

Keith A. Ganasen and Dan J. Stein
Department of Psychiatry, University of Cape Town, Cape Town, South Africa

INTRODUCTION

Optimal treatment of anxiety disorders is important as they are the most
prevalent psychiatric disorders in community studies, and generalized
anxiety disorder is themost prevalent psychiatric disorder in primary care
(Kessler et al. 2010). In addition, anxiety disorders begin early in life, and
predispose to the development of comorbid disorders such as depression
and substance use disorders; early and robust treatment may therefore be
important in secondary prevention (Goodwin and Gorman 2002). Anxiety
disorders are not only associated with significant suffering in affected
individuals and families, but also contribute enormously to the societal
burden of disease; a number are among the most disabling of all medical
conditions (Lopez et al. 2006).

Fortunately, there have been significant advances in the treatment of
anxiety disorders. A range of medications have been approved in the past
few decades for the major anxiety disorders on the basis of randomized
controlled trials showing efficacy and safety. Similarly, during the same
period, a number of psychotherapies have been rigorously studied, and
shown to have both short-term and longer-term efficacy. Expert guide-
lines, often incorporating systematic meta-analyses of the research liter-
ature, have been developed, and highlight the evidence base for first-line
interventions, such as selective serotonin uptake inhibitors (SSRIs) and
cognitive behavioral therapy (CBT) (Ipser and Stein 2009). The majority of
patientswith anxietydisorders canbe expected to respond to suchfirst-line
interventions.
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At the same time, underdiagnosis and undertreatment of, and resistance
to treatment in, anxiety disorders remain significant problems. Underdi-
agnosis and undertreatment may reflect a range of structural and attitu-
dinal barriers, including insufficient numbers of well-trained therapists
and insufficient mental health literacy in both the general population and
primary care practitioners. First-line treatments may work in the majority
of cases, but evenwhen appropriately diagnosed and treated, 40% ormore
of patients may fail to respond (Pallanti et al. 2002; Bandelow and
Ruther 2004). There is a relative lack of effectiveness trials in anxiety
disorders, but in real-world settings, where patients may have increased
comorbidity, andwhere clinicians are required to begeneralists rather than
specialists, treatment response rates may be lower, and tolerability con-
cerns more obvious, particularly over the longer term.
Combination treatment is an important consideration in attempts to

improve the efficacy and effectiveness of intervention in anxiety disorders.
Given the multiple factors, including neurobiological and psychological
variables, involved in anxiety disorder pathogenesis, there is a prima facie
case for a comprehensive treatment approach including pharmacotherapy
and psychotherapy. Indeed, early thinking suggested pharmacotherapy
was useful for a rapid treatment response, while psychotherapy was
valuable for a maintained response, even after discontinuation of short-
term intervention (Riba andBallon 2005). It has therefore been surprising to
see a growing evidence base suggesting relatively little advantage in
combining pharmacotherapy and psychotherapy for anxiety disorders
(Foa et al. 2002; Otto et al. 2005; Black 2006; Bandelow et al. 2007; Hofmann
et al. 2009).
Perhaps one of the most exciting developments in combination treat-

ment of anxiety disorders, if not in all ofmedicine, has been the adoption of
a rigorous translational neuroscience approach (Davis et al. 2006; Otto
et al. 2007; Hofmann et al. 2011; Kaplan and Moore 2011). Advances in a
range of basic neuroscience areas, including animal models of anxiety
disorders, have allowed combination interventions to be studied in the
laboratory. Rather than relying on standard first-line pharmacotherapies,
such work has focused on targets (e.g. in glutamatergic systems) that may
be specifically relevant to enhancing cognitive-behavioral interventions.
Such work provides a rigorous foundation for moving findings through
to the bedside, in the form of proof-of-principle clinical studies. This
approach appears to have significant potential and has therefore attracted
considerable interest from researchers,making this book extremely timely.
This chapter will briefly focus on a number of background issues

relevant to combination treatment in anxiety disorders. First, we
will review some of the psychobiology relevant to an understanding of
how combined treatments work. Second, we will review some of the
findings addressing, and issues concerning, the efficacy of such
combined treatments.
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PSYCHOBIOLOGY OF COMBINATION TREATMENTS

There is a growing understanding of the neurocircuitry underlying the
fear response in animals and anxiety disorders in humans. Advances in
structural and functional neuro-imaging have been key in developing
our understanding of such circuitry in clinical conditions (Shin and
Liberzon 2010). Thus, a growing body of evidence suggests that anxiety
disorders are characterized by abnormalities in both prefrontal and sub-
cortical (e.g. amygdala, hippocampus) circuitry (Grillon 2002; Anderson
and Insel 2006). Neurotransmitters involved in such pathways include
serotonergic, noradrenergic, glutamatergic, gamma-aminobutyric acid
(GABA)ergic, and neuropeptide systems, and many available pharma-
cotherapies act on such systems (Charney 2003).

One approach to understanding the psychobiology of combined phar-
macotherapy and psychotherapy is to argue that pharmacotherapy acts
predominantly on bottom-up neurotransmitter-mediated mechanisms,
while psychotherapy acts mainly on top-down cognitive-affective pro-
cesses. Medications, such as SSRIs, may act on the amygdala and its
efferent pathways (e.g. to hypothalamus and brainstem) to reduce panic
attacks, which in turn leads to reduced anticipatory anxiety and phobic
avoidance (Gorman et al. 2000). However, interventions such as CBT, may
actupstreamof theamgydala, strengthening theability ofmedial prefrontal
areas to inhibit sub-cortically mediated processes, by decreasing cognitive
misattributions and deconditioning the fear response (Mayberg 2002).

While such an approach may be heuristically useful, it may entail some
over-simplification. First, neurocircuitry alterations following psychother-
apy are not limited to prefrontal areas; instead they may be widespread
(Roffman et al. 2005; Frewen et al. 2008). Conversely, the effects of phar-
macotherapy are unlikely to be limited to sub-cortical neurotransmitter
activity; rather theymay lead to significant changes in high-level cognitive
and affective processing. Furthermore, such an approach does not explain
why certain combinations of pharmacotherapy and psychotherapy appear
ineffective or even contra-indicated (Otto et al. 2005). Indeed, both phar-
macotherapy and psychotherapy are interventions that have complex and
interactive effects on the brain-mind.

Another question that requires a more complex approach is whether
combination strategies are likely to be similar across different anxiety
disorders, or whether specific combined treatment approaches will be
needed for each disorder. On the one hand, imaging studies suggest that
there are a number of overlapping mechanisms that cut across different
anxiety disorders. A recent meta-analysis of brain imaging studies in
anxiety disorders, for example, found an increase in the activity of the
amygdala and insula in participants with post-traumatic stress disorder
(PTSD), social anxiety disorder, and with specific phobia, relative to
healthy control subjects (Etkin andWager 2007). Thus, it may be predicted
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that SSRIs act to decrease insula activity, while CBT acts to decrease
amygdala activity, in a number of these conditions (Furmark et al. 2002;
Carey et al. 2004).On the other hand, there is also involvement of distinctive
neurocircuitry in different anxiety disorders (Etkin and Wager 2007).
Furthermore, within a particular disorder, different neuronal circuitry
may be involved in different symptom presentations (Lueken et al. 2011).
Thus, it is possible that different forms of combined treatment may be
effective, not only for different anxiety disorders, but also for different
subtypes of particular anxiety disorders.
Imaging studies in humans will no doubt continue to be important in

answering such questions. For example, particular neurocircuitry findings
predict response to pharmacotherapy, while others predict response to
psychotherapy, or to combined treatment (Brody et al. 1998; Furmark
et al. 2002; 2005). Data from studies that address the impact of particular
gene variants on neuro-imaging findings are also likely to be important in
developing more integrative models. Also, in order to develop more
complex models of combined treatments, it would be helpful to have
good laboratorymodels of anxiety disorders and interventions. Fortunate-
ly, there is a range of ongoing work in this area. We briefly review some of
the relevant work targeting neurotransmitter systems (e.g. glutamatergic,
noradrenergic, and adenosine systems), neuroendocrine systems (e.g.
glucorticorticoids), and social neuropeptides (e.g. oxytocin (OT)).

Neurotransmitter Systems

Laboratory research has suggested the glutamatergic system as a target for
combined pharmacotherapy and psychotherapy; this research demon-
strated that the N-methyl-D-aspartate (NMDA)-glutamate receptor of the
lateral and basolateral amygdaloid nuclei was involved in fear condition-
ing and fear extinction in rodents (Davis et al. 1993). Given that antagonists
of the NMDA receptor prevented both the acquisition and extinction of
fear (Lee and Kim 1998), the question arose of whether an NMDA agonist
would facilitate the extinction of conditioned fear (Walker et al. 2002).
Indeed, rats that received the partial NMDA agonist D-cycloserine (DCS),
in combination with repeated exposure to the conditioned stimulus, had
enhanced extinction of their fear as compared to the rats that receivedDCS
alone (Walker et al. 2002). Thework provided a solid foundation for clinical
trials of combined DCS and CBT; the first of these seminal proof-of-
principle clinical studies was undertaken in acrophobia (Ressler
et al. 2004), and several others soon followed.
Animal research has also questioned the extent to which the effects of

DCS on fear extinction are generalized. Rats given DCS and fear extinction
training to one stimulus, also exhibited reduced fear to another stimulus
(Ledgerwood et al. 2005). Furthermore, some animal work has indicated
that DCSmay prevent the relapse of learned fear (Ledgerwood et al. 2004).

8 PSYCHOBIOLOGICAL APPROACHES FOR ANXIETY DISORDERS


