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Abstract Despite the availability of different classes of drugs for the treatment of

depressive and anxiety disorders, there are a number of clinically significant
unmet needs, such as a high prevalence of treatment resistance, partial response,
subsyndromal symptomatology, recurrence and relapse. With the approval of
atypical antipsychotics, which are associated with a lower adverse effect burden
than typical antipsychotics, consideration of their off-label use for the treatment of
affective disorders and various other psychiatric disorders has become a viable
option. However, consideration should be given to the US FDA black box
warning indicating that atypical antipsychotics may increase mortality risk, partic-
ularly in the elderly population with dementia-related psychosis.
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There has been much conjecture about the utility of these atypical drugs to
facilitate traditional antidepressant therapy, either in combination (from the
initiation of therapy) or as adjunctive therapy (in the case of partial/incomplete
response). Nevertheless, at present, available evidence from randomized, placebo-
controlled trials is sparse, and a formal risk/benefit assessment of the use of these
agents in a nonpsychotic patient population is not yet possible.

As a representative agent from the atypical antipsychotic class with a novel
mechanism of action and a relatively low adverse effect burden, aripiprazole
represents an interesting potential treatment for depressive and anxiety disorders.
In this review, we focus on the rationale for the use of aripiprazole in these
disorders.

Preclinical data suggests that aripiprazole has a number of possible mechan-
isms of action that may be important in the treatment of depressive and anxiety
disorders. Such mechanisms include aripiprazole action at serotonin (5-HT)
receptors as a 5-HT1a partial receptor agonist, a 5-HT2c partial receptor agonist
and a 5-HT»A receptor antagonist. Aripiprazole also acts as a dopamine D2 partial
receptor agonist, and has a possible action at adrenergic receptors. Furthermore,
aripiprazole may have possible neuroprotective effects.

Clinical studies demonstrate that aripiprazole may be useful in the treatment of
bipolar depression, major depressive disorder, treatment-resistant depression and
possibly anxiety disorders. Clinical data also suggest that aripiprazole may have a
lower adverse effect burden than the other atypical drugs.

Future research may confirm the potential utility of aripiprazole in the treat-
ment of depressive and anxiety disorders.

Significant unmet medical need remains in the
treatment of depressive and anxiety disorders. Only
about 25-35% of patients with major depressive
disorder (MDD) and <50% with bipolar depression
(BD) achieve symptom remission with conventional
treatments.[?] Furthermore, approximately 50% of
MDD patients and 40% of bipolar patients experi-
ence a recurrent or chronic course of illness for
which long-term treatment is recommended.” Simi-
larly, anxiety disorders also have a chronic course,
with only approximately 30% of patients being suc-
cessfully treated with standard therapy, and 30-40%
of patients falling into the category of incomplete or
partial responders.™3 The remaining 30% of the
patients tend to be resistant to standard treatment.[*>]
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Empirical augmentation or combination of anti-
depressant/antianxiety therapies with conventional
antipsychotics showed some benefit in the treatment
of difficult-to-treat patients experiencing BD, MDD
and anxiety disorders.”>*! However, the well known
adverse effects of conventional antipsychotics have
limited their use in clinical practice. Hence, they
have been rapidly replaced by atypical antipsychot-
ics such as olanzapine, quetiapine and risperidone.
Nevertheless, the adverse effect profile typically
associated with the use of atypical antipsychotics,
such as sedation, extrapyramidal symptoms (EPS),
metabolic issues (e.g. increased risk of diabetes mel-
litus), weight gain, sexual dysfunction (e.g. prolac-
tin increase) and hypercholesterolaemia, are also

CNS Drugs 2008; 22 (5)
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critical limitations for application of these agents in
clinical practice.3671

Aripiprazole is a relatively new antipsychotic
drug that is differentiated from currently available
atypical antipsychotics in its mechanism of action
and adverse effect profile. Aripiprazole is a partial
agonist at dopamine D2 receptors, a partial agonist
at serotonin (5-HT)1A receptors and an antagonist at
5-HT2a receptors.! Its activity at muscarinic and
histaminic receptors is minimal.®®! Also important
for aripiprazole (as well as some other new antipsy-
chotics such as ziprasidone) is its neutral effect on
bodyweight, triglyceride levels, prolactin levels and
sedation.[!9 Aripiprazole is comparable to other
atypicals in terms of the occurrence of EPS, and has
no clinically meaningful effects on corrected QT
interval (QTc¢) prolongation.[-13]

This review focuses on the potential role of
aripiprazole in the treatment of depressive and anxi-
ety disorders based on currently available findings
from preclinical and preliminary clinical studies.

1. Pharmacological Relevance of
Aripiprazole for Depressive and
Anxiety Disorders

1.1 Basic Pharmacodynamics

Aripiprazole shows a high affinity for the dop-
amine D7 and D3 and serotonin 5-HT1A and 5-HT2a
receptors, a moderate affinity for D4 and 5-HT2c,
5-HT2B, 5-HTg and 5-HT7 receptors, and a weak
affinity for aj-adrenergic and histaminergic Hj re-
ceptors.['+191 Aripiprazole has no appreciable affini-
ty for muscarinic receptors. Finally, aripiprazole has
moderate affinity for the serotonin reuptake site (Kj
[inhibition constant] values: aripiprazole 98 nmol/L
vs fluoxetine 1.3 nmol/L).l1%29

Aripiprazole acts as a partial agonist at D2, D3
and D4, and 5-HT1a, 5-HT2c and 5-HT7 receptors,
as an antagonist at 5-HT2a and 5-HTg receptors, and
as an inverse agonist at 5-HT2B receptors.[!4-19:21-23]
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A summary of in vitro receptor-binding profiles
of the atypical antipsychotics is presented in table
1.22231 The theoretical applicability of the action of
aripiprazole at each major receptor subtype for its
use in the treatment of depressive and anxiety disor-
ders is explored in detail in section 1.2. However,
we should bear in mind that direct translation of data
from animal studies into humans is not straightfor-
ward.

1.2 Theoretical Rationale for Aripiprazole
in the Treatment of Depressive and
Anxiety Disorders

The proposed mechanism of action for aripipra-
zole in the treatment of depressive and anxiety dis-
orders, and also schizophrenia, is not yet completely
understood. Reflecting the efficacy and mechanism
of action of the SSRIs for treating depressive and
anxiety disorders, the most probable mechanism of
action of aripiprazole in depressive and anxiety dis-
orders might be based on modulation of the sero-
tonergic system through its agonist/antagonist activ-
ities on 5-HT receptors. In addition, other neuro-
transmitters, such as noradrenaline (norepinephrine)
and dopamine, may also be involved in its mecha-
nism of action for depressive and anxiety disorders.

1.2.1 Serotonin (5-HT)-Related Action

5-HT1A Receptor

5-HT A receptor stimulation is believed to be one
of the common mediators of antidepressant and
antianxiety drug effects.**261 5-HT1 A receptors are
distributed throughout the brain with their highest
concentrations in the frontal cortex, subthalamic
nucleus and entopeduncular nucleus, as well as in
the dorso-medial raphe nucleus.**! The intrinsic ac-
tivity of 5-HT1A receptor agonists at 5-HT1A recep-
tors may determine their antidepressive/anxiolytic
effect and the apparent intrinsic activity of 5-HT1a
receptor agonists may depend on the pre- or post-
synaptic localization of the receptors.l*” In fact, 5-
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Table I. Receptor-binding profiles of the atypical antipsychotic drugs!?>23a

Receptor Clozapine Risperidone Olanzapine Quetiapine Ziprasidone Aripiprazole
D1 85 460 31 455 525 265
D2 125 3 11 329 4.8 0.45
D3 473 10 49 340 7 0.8
D4 35 9 27 1600 32 44
5-HT1A 875 210 >7 100 717 3 4.4
5-HT1D 980 100 800 DNP 2 DNP
5-HT2a 12 0.6 4 148 0.4 3.4
5-HT2c 16 25 23 1500 1.3 15

o 7 2 19 94 10 57
o2 8 3 230 87 DNP DNP

H1 6 155 7 30 47 61

M+ 1.9 >10 000° 1.9 >10 000° >10 000° >10 000°
a All values represent Kj, nmol/L.

b ICsp.

5-HTx = serotonin-x; ox = ox-adrenoreceptor; Dx = dopamine-x; DNP = data not presented; H1 = histamine-1; IC50 = concentration that

inhibits 50%; Ki = inhibition constant; M1 = muscarinic-1.

HT A receptors are located both presynaptically in
the raphe nuclei, where they act as autoreceptors
inhibiting the firing rate of 5-HT neurons, and post-
synaptically in limbic and cortical regions, where
they also attenuate firing activity. Although still
controversial, the antidepressant effect of 5-HT1a
receptor agonists may be predominantly mediated
by postsynaptic 5-HT A receptors, whereas the anx-
iolytic effect may be mainly associated with pre-
synaptic 5-HT1a receptors.l?”)

The short-term effect of the systemic administra-
tion of a 5-HT1A receptor agonist is a decrease of
serotonergic neurotransmission. In contrast, the
long-term effect is more complex and results in
serotonergic stimulation,!?8! because desensitization
does not occur in all brain areas. The serotonergic
stimulation is a result of the postsynaptic action of 5-
HT1A receptor agonists after presynaptic receptor
desensitization, which is also supported by the re-
duction in density of the 5-HT?> receptors.!?®]

An increase in dopamine levels in the prefrontal
cortex>>? may also be indirectly related to the
antidepressant effect of 5-HT1A receptor agonists.
Aripiprazole has been shown to enhance the release
of dopamine in the hippocampus and in the medial
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prefrontal cortex through a mechanism requiring the
stimulation of the 5-HTja receptor.?’30-321 It has
been shown that the simultaneous combination of a
5-HTa receptor agonist and an SSRI can increase
the dopamine level in the prefrontal cortex even
more, resulting in greater improvement in depres-
sive symptoms in preclinical studies.??°! These
findings are also supported by a number of clinical
studies that demonstrated the augmentation of the
antidepressant effects of SSRIs by the 5-HTa re-
ceptor partial agonist pindolol.**3** Some negative
results were also reported,’ but this could be due to
the fact that higher dosages of pindolol (15 mg/day
vs 7.5 mg/day) may be needed.® Interestingly,
antidepressants have been found to induce neuro-
genesis in the hippocampus, an effect that occurs via
an action at 5-HT1A receptors.?”!

At a clinical level, pilot studies have demonstra-
ted that some atypical antipsychotic drugs (ziprasi-
done, olanzapine and quetiapine [which all have 5-
HT 1A receptor partial receptor agonist properties])
may have some antidepressant effects.!'*383° The
positive effect of a 5-HT A partial receptor agonist
(buspirone) on anxiety has been reported in both
clinical and animal studies;254%411 however, data

CNS Drugs 2008; 22 (5)
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from randomized controlled trials (RCTs) of 5-
HTia partial agonists in the treatment of anxiety
disorders are still insufficient.

In summary, the partial agonist effect of
aripiprazole on the 5-HT1A receptor may be linked
to the potential antidepressant and anxiolytic effect
through receptor-related activities, which lead to
changes in the serotonin and dopamine neurotrans-
mitter systems in the prefrontal cortex and other
depression- or anxiety-related specific brain regions
(e.g. hippocampus, dorsal raphe nucleus).

5-HToc Receptor

Abnormalities of 5-HT2c receptor activity have
been suggested to be involved in depressive and
anxiety disorders.[*”! A number of TCAs, and fluox-
etine, have been proposed to interact directly with
5-HTac receptors, although the exact role of 5-HT2c
receptors in antidepressant effects has not been fully
explained.*?! Long-term treatment with paroxetine
has been implicated in the functional desensitization
of 5-HT2c receptors. 2431 Fluoxetine was also found
to reverse the overall decrease in 5-HT2c receptor
activity in the prefrontal cortex of suicide attempt
victims with a history of MDD.[4244]

The increased inhibitory activity of SHTc recep-
tors in the nucleus accumbens may result in a reduc-
tion of serotonin-induced dopamine release that is
relevant to depressive-like behaviour.™ This was
supported by a clinical study with some antidepres-
sants.™ It is worth noting that a release of dop-
amine in the nucleus accumbens mediates motiva-
tion and reward, making this neurotransmitter a
likely candidate to be involved in anhedonia, which
is one of the major symptoms of MDD. 3]

In addition, the 5-HT2c receptor has been pro-
posed to be involved in the development of anxiety-
related behaviours.*%#7! In a recent animal study,!
5-HT»c receptor agonist activity was found to be
associated with increased quiet-waking and de-
creased rapid-eye-movement sleep, which is charac-
teristic of antidepressant drugs. Other preclinical
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studies suggested that agonist activity at the 5S-HT»c
receptor decreased stress-related anhedonia and
ameliorated experimentally induced panic symp-
toms also.[*3!

Given that 5-HT»c receptor agonist activity has
been proven to be related to reduced compulsive
behaviours, improved sleep-wake pattern and rever-
sal of passive avoidance in animal models,*’! the
5-HT>c receptor agonist property of aripiprazole
might be associated with its therapeutic potential in
depressive and anxiety disorders.

5-HT2a Receptor

The 5-HT2A receptor is widely distributed in the
brain with the highest concentration in the cerebral
cortex, and it is localized on the cortical and hippo-
campal pyramidal glutamatergic neurons as well
as on GABAergic interneurons.*’! Treatment with
SSRIs has been shown to result in the down-regula-
tion of 5-HT2a receptors, which is widely accepted
as a critical mechanism for their antidepressant effi-
cacy;PY however, this mechanism alone may not
explain the whole therapeutic benefit observed with
all SSRIs.b"

Animal studies®'”? have shown that atypical
antipsychotic drugs with a 5-HT2A receptor ant-
agonist effect down-regulated 5-HT2A receptors in
the frontal cortex. We have previously seen that
5-HT1a receptor agonists are also involved in the
down-regulation of 5-HT2a-receptor binding sites,
which suggests an intricate interaction between the
5-HT receptors that ultimately provides the basis for
the observed efficacy of 5-HT A receptor agonists in
the treatment of depressive symptomatology.?®!

Mounting evidence indicates that the combined
blockade of 5-HT2a receptors and 5-HT transporters
may boost antidepressant and anxiolytic efficacy
compared with blocking either site alone.>3-4! In
addition, this combination of effects was also found
to increase the synaptic availability of noradrenaline
as well as serotonin, suggesting an additional benefit

CNS Drugs 2008; 22 (5)
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in the treatment of depression and anxiety disor-
ders.1

Finally, 5-HT2A receptor blockade may stimulate
the mesocortical dopamine pathway, which is clini-
cally important for the improvement of depression
and negative symptoms in schizophrenia patients.?!!
In line with these findings, the 5-HTiA receptor
partial agonist effect of aripiprazole is linked to the
down-regulation of 5-HT2A receptors, which sup-
ports the theoretical basis for its utility as an antide-
pressant and/or antiobsessional agent.!""!

Other 5-HT Receptors

The activation of 5-HT2B receptors, which is
possibly a consequence of the sudden increase in
serotonin levels, results in the concomitant activa-
tion of the sensory trigeminovascular afferent neu-
rons that is associated with the onset of head-
aches.[’%-381 Hence, the 5-HT2B receptor antagonism
of aripirazole might play a partial role in the im-
provement of headaches or the associated somatic
symptoms that are commonly observed in patients
with depression and anxiety disorders,>*% although
this is not unequivocal based on currently limited
data.[50!

Aripiprazole also acts as an antagonist at the
5-HTpe receptor and as a weak partial agonist at the
5-HT7 receptor.l'”! The affinity of several antide-
pressant and antipsychotic drugs for 5-HTe®! and
5-HT7%?! receptors, and the CNS distribution of
these receptors, suggest that the therapeutic effect of
these drugs in depressive and anxiety disorders may
involve actions at these receptors. However, direct
evidence of the function of these receptors in vivo
will be needed to support these perspectives.6?!

1.2.2 Dopamine-Related Action

The involvement of dopamine in the modulation
of depressive symptoms is well established, specifi-
cally with regard to the processing of signals asso-
ciated with reward/pleasure, motivation, psychomo-
tor activity and appetite. Practically speaking,
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agents that facilitate dopaminergic transmission,
either as direct agonists (e.g. bromocriptine) or indi-
rectly (e.g. stimulants), have been used to treat the
anergic components of depression for at least the
past decade.[63-6%]

As a dopamine partial receptor agonist, it is spec-
ulated that aripiprazole has properties consistent
with functional agonism, as functional antagonism.
Aripiprazole has distinct dopamine intrinsic activi-
ties in various cellular environments, with regional-
ly specific activities that may be influenced by the
properties of local dopamine receptors as well as the
efficiency of coupling to downstream molecules.[67]
The relative absence of hyperprolactinaemia in pa-
tients with schizophrenia who receive aripiprazole
treatment is supportive of functional agonism. Other
manifestations of dopamine functional agonism
with aripiprazole include an improvement in nega-
tive/depressive symptoms and cognition dysfunc-
tion in patients with schizophrenia and/or a lack of
sedation normally associated with antipsychotic
use 110191

Clearly, properties of functional agonism may
explain the purported utility of aripiprazole in the
treatment of patients with MDD. However, while
the theory of the ‘functional selectivity’ of aripipra-
zole at regionally distinct dopaminergic pathways
supports its proposed dopamine-related antidepres-
sant-like effect, there is some discrepancy regarding
the effect of aripiprazole on the release of dopamine
in the prefrontal cortex.[?7-30-32.681

A recent study® complimented the hypothesis
that the D2/D3 receptors in the nucleus accumbens
may represent a ‘final common pathway’ for the
effect of antidepressants. This study investigated
whether the antidepressant action of SSRIs was re-
versed by acute administration of sulpiride, a specif-
ic D2/D3 receptor antagonist in the mesolimbic dop-
aminergic system. In this study, sulpiride caused a
worsening of depressive symptoms when adminis-
tered acutely to chronic depressive patients treated

CNS Drugs 2008; 22 (5)
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with SSRIs, suggesting an inhibitory action at super-
sensitive postsynaptic D2/D3 receptors in mesolim-
bic terminal regions.[®” In fact, previous animal”"!
and human”!7?! studies have showed that antide-
pressants may increase subcortical D2/D3 receptor
binding following successful treatment of depres-
sive symptoms.[®! In addition, the antidepressant
effects of drugs that act primarily as direct or indi-
rect dopamine receptor agonists are also consistent
with the proposed dopaminergic mechanism of anti-
depressant action.[®]

Many contemporary antidepressants lacking an
antagonistic effect at the D2 receptor have been
reported to promote the development of manic
symptoms,*? and excessive dopaminergic neuro-
transmission might also induce manic symptoms.3°!
In contrast, aripiprazole has demonstrated utility in
the treatment of acute bipolar mania and in the
maintenance of bipolar patients in the clinical trial
setting. Aripiprazole, like other atypicals, may also
have the advantage of not causing a switch from
depressive to manic symptoms because of the prop-
erty of dopamine blockade.*”!

Indirect facilitation of dopamine transmission via
5-HT receptor-mediated pathways is obviously also
a possibility for the mechanism of action of
aripiprazole in the treatment of depression and anxi-
ety. Aripiprazole produces identical dose-response
effects on the release of dopamine in the prefrontal
cortex and hippocampus through the stimulation of
the 5-HT1a receptor.?73031421 It is well known that
5-HT24A heteroreceptor blockade on the presynaptic
dopaminergic neurons increases the level of dop-
amine released in the prefrontal cortex.*!] Aripipra-
zole can also modulate dopamine release through 5-
HT2c partial receptor agonist activity, depending on
the prevailing intensity of the serotonergic func-
tion.[”3!

The exact mechanism by which aripiprazole ex-
erts its central effect on dopamine neurotransmis-
sion has not yet been completely explored. Further
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preclinical studies in this regard may help define
whether the effects of aripiprazole on dopamine
neurotransmission are involved in its antidepressant
and antianxiety properties.

1.2.3 Noradrenaline
(Norepinephrine)-Related Action

Aripiprazole also has some affinity for oj- and
oz-adrenergic receptors, although these effects are
weaker than those for the dopamine and 5-HT recep-
tors.l"”! Previous studies’*7%! support the involve-
ment of a-adrenergic receptors in the antidepressant
effect reported with the use of other atypicals that
have been shown to increase release of adrenaline
(epinephrine) in the prefrontal cortex. Currently,
there are limited preclinical data available to support
the putative effect of aripiprazole on the release of
noradrenaline.®?]

1.2.4 Other Potential Mechanisms of Action

An impairment in neuroprotective process has
also been implicated in the pathophysiology of de-
pressive and anxiety disorders.’”-78! Interestingly,
activation of 5-HT1a receptors was shown to be
neuroprotective against various brain insults such as
NMDA.! Several preliminary RCTs have demon-
strated a potential role of NMDA receptor antagon-
ists for the treatment of major depression, with these
agents showing an early improvement,®3! al-
though an 8-week RCT of memantine (a selective
NMDA receptor antagonist) failed to support pre-
vious positive findings.[®

A recent in vivo studyl” demonstrated the
neuroprotective effects of atypical antipsychotics
such as aripiprazole and ziprasidone against excito-
toxicity. However, assumption of a neuroprotective
effect of aripirazole as a mechanism of action in
alleviating depressive and anxiety disorders should
be considered highly hypothetical, considering the
fact that currently available evidence only comes
from early experimental studies.

In summary, a schematic presentation of specula-
tive mechanisms of action of aripiprazole for the

CNS Drugs 2008; 22 (5)
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treatment of depressive and anxiety disorders is
shown in figure 1.

2. Clinical Data on Aripiprazole for the
Treatment of Depressive and
Anxiety Disorders

2.1 Bipolar Depression

Among recently approved atypical antipsychotic
drugs, only quetiapine has been approved as mono-
therapy or add-on therapy for the treatment of
BD.33 Aripiprazole use in bipolar disorder is less
studied compared with other atypicals such as olan-
zapine, risperidone, ziprasidone and quetiap-
ine.!83841 However, aripiprazole has been approved
for the acute and maintenance treatment of patients
with bipolar mania and mixed episode patients on
the basis of shorter (3- or 12-week) and longer (24-
week) term RCTs.[85-88]

Aripiprazole has convincingly demonstrated a
significant benefit in the treatment of depressive or
negative symptoms in several previously published
RCTs for the treatment of bipolar disorder (manic
and mixed episodes, not depressive episodes),®
schizophrenial!% and schizoaffective disorders,!'! as

Partial agonist
5-HT, 5 receptor
5-HT,¢ receptor
D, receptor

| Serotonergic neuron firing?
| 5-HT, receptor binding sites?
T Dopamine release (PFC)

\4

Antagonist
5-HT,, receptor
5-HT,g receptor
5-HTg receptor

T Dopamine release (NA)
| 5-HT, receptor binding sites

v

5-HT receptor
o4/, adrenergic —»| Miscellaneous effect
receptors

Fig. 1. Schematic presentation of speculative mechanisms of ac-
tion of aripiprazole in depressive and anxiety disorders. 1 By stimu-
lation of presynaptic serotonin 5-HT1a receptors; 2 By occupation
of postsynaptic 5-HT1a receptors. 5-HT = serotonin; D = dopamine;
NA = nucleus accumbens; PFC = prefrontal cortex; 1 indicates
decrease; T indicates increase.
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measured by the Hamilton Depression Rating Scale
(HAM-D)®! or on the negative symptom subscale
of the Positive and Negative Syndrome Scale
(PANSS).”l However, drawing parallels between a
reduction in the depressive and negative symptoms
in mania or schizophrenia and potential success in
the treatment of depressive disorders is not possible,
given that each disorder has a different clinical
course, characteristics and drug response, and po-
tentially unique neurobiological basis.

Recently, a naturalistic study on adjunctive ther-
apy of aripiprazole investigated its effect on treat-
ment-resistant BD (see table II).°") The primary
outcome measure was a change in the mean Clinical
Global Impression-Severity (CGI-S)P? score from
baseline to endpoint. Secondary efficacy measures
included the response (CGI-S improvement of at
least two points) and remission (final CGI-S score of
two or less) rates, as well as the change from base-
line to endpoint in the mean Global Assessment of
Functioning (GAF)®? and depressed mood and sui-
cidal ideation scores on the Clinical Monitoring
Form (CMF).°¥ Aripiprazole was administered at a
mean starting dosage of 6.1 mg/day (5-10 mg/day),
with a mean final dosage of 15.3 mg/day
(2.5-40 mg/day), for approximately 84 days.
Aripiprazole showed significant improvement in the
—0.6, —13.6%;
p = 0.009). Aripiprazole also produced improve-
ment in the GAF (mean change = 5.3, 10.1%;
p = 0.004), and on the depressed mood (mean
change = —0.43, —44.4%; p = 0.007) and suicidal
ideation (mean change = —0.04, —10.8%; p = 0.005)
ratings on the CMF. In addition, suicidal ideation

CGI-S scores (mean change =

ratings decreased by 36.1% in the 22 nonresponders
(p = 0.03). This study was carried out as a part of
Systematic Treatment Enhancement Program for
Bipolar Disorder (STEP-BD) and included a hetero-
geneous cohort of bipolar patients with various clin-
ical manifestations, co-morbidities and medications,
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which may provide more relevant clinical informa-
tion reflecting real clinical practice than RCTs.°!l

A small chart review study® concerning 12
patients with treatment-resistant BD has been re-
cently published, in which 4 of 12 (33.3%) patients
achieved a response (defined as a 50% reduction in
the Montgomery—/oksberg Depression Rating Scale
[MADRS] score)® after 8 weeks of aripiprazole
augmentation. However, 5 of 12 patients (41.7%)
developed akathisia for the first time. It should be
noted that akathisia developed suddenly and severe-
ly in two patients at initiation dosages of
aripiprazole 10 mg/day and 7.5 mg/day, respective-
ly, indicating that even lower dosages, in the range
of 2.5-5 mg/day, could be needed to minimize the
development of EPS in the depressive phase.

The current limited evidence, albeit preliminary,
appears to indicate that aripiprazole may have some
potential therapeutic role in BD. Clearly, whether
aripiprazole will be another option for the treatment
of BD in the future will depend on the provision of
sufficient evidence-based data from adequately
powered, well designed RCTs.

2.2 Unipolar Depression

Most data supporting the effectiveness of atypi-
cal antipsychotic drugs in unipolar depression fo-
cused on partially responsive and treatment-resistant
depression (TRD) and originated from open-label
trials (OLTs) and case reports.[® RCTs of olanza-
pine, 7% risperidone'® and ziprasidone!'°!l as
monotherapy or augmentation therapy produced
mixed results for the short- and long-term treatment
of TRD.

Barbee et al.''"*! showed the effect of aripiprazole
augmentation in patients (n = 30) with TRD who did
not respond to previous trials with other atypical
antipsychotic drugs (risperidone n = 12, olanzapine
n = 6, quetiapine n = 9 and ziprasidone n = 3) in
a retrospective chart review study. Fourteen of
30 patients (46.7%) responded to aripiprazole aug-

[102]
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mentation and were rated as much or very much
improved in terms of the CGI-improvement (CGI-I)
score at the end of observation (week 6). Responders
were administered aripiprazole for an average of
3 weeks before being rated as much improved in
CGI ratings. The GAF scores also increased by
10.3% (mean change = +4.8; p < 0.001) compared
with baseline.

In a subsequent 8-week OLT of 15 MDD pa-
tients with TRD,!'%! aripiprazole augmentation
(2.5-10 mg/day) showed a statistically significant
reduction in the mean HAM-D score from baseline
to the end of treatment (—=14.6, —77.2%), and 93.3%
(n = 14/15) of patients were rated as responders
(=50% reduction in HAM-D score from baseline).
Surprisingly, 46.7% (n = 7/15) and 66.7% (n = 10/
15) of patients were rated as responders at weeks 1
and 2, respectively. Moreover, more patients receiv-
ing aripiprazole 10 mg/day tended to respond at
weeks 1 and 2 compared with those receiving
2.5 mg/day. The rate of remission was also higher in
patients receiving aripiprazole 10 mg/day than in
those taking 2.5 mg/day. However, the overall dis-
continuation rates at endpoint favoured the starting
dosage of 2.5 mg/day (n = 3/8; 37.5%) compared
with 10 mg/day (n = 4/7; 57.1%). In addition, the
early withdrawal rate caused by akathisia with the
starting dosage of 10 mg/day (n = 2/7; 28.6%) was
approximately twice that of those receiving 2.5 mg/
day (n = 1/8; 12.5%). Nonetheless, the methodologi-
cal limitations of this study do not allow any defini-
tive conclusion to be drawn about the effective
dosage of aripiprazole augmentation for treatment
of patients with TRD.

Another recent OLT!' investigated the effect of
aripiprazole augmentation (10-30 mg/day) for the
treatment of TRD (n = 10) for 6 weeks. The mean
aripiprazole dosage was 13.2 mg/day and the mean
change in the HAM-D score was —14.9 (—64.8%;
p < 0.001) at the end of treatment. Seventy percent
(n = 7/10) of patients were responders, achieving a

CNS Drugs 2008; 22 (5)
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>50% reduction in the HAM-D score, and 30% of
patients reached remission (HAM-D score <7) at the
endpoint. In addition, one patient responded at week
1, and seven patients responded at week 2. This
early improvement is in line with a previously men-
tioned study in which the authors reported that most
patients began to respond by week 2,[!91 as the
dosage was titrated from 10 to 15 mg/day in the
study of Patkar et al.l'® This indicates that
aripiprazole dosages may need to be titrated up to
dosages used in the treatment of schizophrenia or
bipolar disorder, in order to demonstrate its efficacy
in the treatment of TRD.[!%4

Our group has also conducted an open-label
study that supports the efficacy of aripiprazole in the
treatment of patients with TRD.['%! Aripiprazole
augmentation (5-30 mg/day) was carried out in 13
patients (intention-to-treat population = 11) with
TRD for 6 weeks. The HAM-D and CGI-S scores
decreased significantly from baseline to the end of
treatment, by 53.8% and 56.0%, respectively
(p=0.003; p=0.003). Compared with baseline, 7 of
11 patients (63.6%) showed a = 50% reduction in
the HAM-D score at the end of treatment. Three
(27.3%) patients met the remission criteria at the end
of treatment. The mean daily and exit dosage of
aripiprazole throughout the study was 10.8 2.4 mg
and 10.0 + 3.8 mg/day, respectively.[%%]

Other OLTSs!%1071 also reported the effect
of aripiprazole augmentation in the treatment of
patients who have TRD, with similar magnitude
of responder rates of 58.3% (=50% reduction in
HAM-D score)!' and 58.8% (CGI ratings of much
or very much improved).!%!

Recently, the efficacy and tolerability/safety of
aripiprazole as an adjunctive treatment for patients
with MDD that was partially responsive to SSRIs or
serotonin-noradrenaline reuptake inhibitors (SNRIs)
was demonstrated.l'%! This study randomized 362
patients with MDD who showed an incomplete res-
ponse to at least one historical course of therapy and

© 2008 Adis Data Information BV. All rights reserved.
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a prospective antidepressant trial. The study was
comprised of a screening phase, a prospective treat-
ment phase and a randomization phase. During pro-
spective treatment, each antidepressant (escitalo-
pram, fluoxetine, paroxetine controlled-release
[CR], sertraline or venlafaxine extended-release
[XR]) was administered with single-blind, adjunc-
tive placebo for 8 weeks. Patients with an incom-
plete response were then randomized to either con-
tinued adjunctive placebo or adjunctive aripiprazole
2-20 mg/day for 6 weeks. The primary efficacy
endpoint was the mean change in MADRS total
score from end of prospective treatment to end of
randomized treatment (week 14, last observation
carried forward). 178 patients were randomized to
184 to

adjunctive and

aripiprazole.

placebo adjunctive

Mean changes in MADRS total scores were sig-
nificantly greater with adjunctive aripiprazole ver-
sus adjunctive placebo (8.8 vs =5.8; p < 0.001).
Adjunctive therapy of aripiprazole also produced
greater remission (26.0% vs 15.7%, defined as
MADRS total score <10 and =250% reduction in
MADRS total score from end of prospective treat-
ment) and response (33.7% vs 23.8%, 250% de-
crease in MADRS total score from end of prospec-
tive treatment) rates, as shown in figure 2. Notably,
the differences in remission and response rates be-
tween adjunctive aripiprazole and placebo were sig-
nificantly evident by week 3 (p < 0.001) and week 1

40 1 B Response
35 1 O Remission

30 1
25 1
20 1
15 1
10 1
5 4
0

Rate (%)

Aripiprazole Placebo

Fig. 2. Remission and response rates in a multicentre, randomized,

double-blind, placebo-controlled study of the efficacy and safety of
aripiprazole as adjunctive therapy in major depressive disorder.!1%8]
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(p < 0.05), respectively, and remained significant
throughout the study (p < 0.05, p < 0.01 or
p < 0.001). The mean changes in CGI-S score from
baseline were also significantly greater with adjunc-
tive aripiprazole versus adjunctive placebo by week
1 (p <0.01) and remained significant throughout the
study (p < 0.0001). In the study, the mean
aripiprazole dosage across all antidepressants during
the last week of treatment was 11.8 mg/day. The
mean dosages of aripiprazole for patients receiving
fluoxetine and paroxetine CR were 14.1 mg/day and
10.3 mg/day, compared with 29.9 mg/day, 20.1 mg/
day and 25.5 mg/day for those receiving escitalo-
pram, sertraline and venlafaxine XR, respectively,
indicating a need for aripiprazole dosage adjustment
in combination with antidepressants having a cyto-
chrome 450 (CYP) 2D6 inhibitory effect.

Adverse events occurring in 210% of patients in
either the adjunctive placebo or adjunctive aripipra-
zole groups were akathisia (4.5% vs 23.1%), head-
ache (10.8% vs 6.0%) and restlessness (3.4% vs
14.3%). Incidence rates of adverse events leading to
discontinuation were low in patients treated with
adjunctive placebo (1.7%) and with adjunctive
aripiprazole (2.2%); only one adjunctive aripipra-
zole-treated patient (0.5%) discontinued as a result
of akathisia. However, overall EPS-related adverse
events were reported in 27.5% of adjunctive
aripiprazole-treated and 9.7% of placebo-treated pa-
tients, although there were partly significant differ-
ences in mean changes in the scores on the Simpson-
Angus Scale (p = 0.137), Abnormal Involuntary
Movement Scale (p = 0.560) and Barnes Akathisia
Rating Scale (aripiprazole 0.24 vs placebo 0.02;
p<0.001) at end of treatment. Weight gain =7% was
seen in 1.2% and 7.1% of adjunctive placebo- and
adjunctive aripiprazole-treated patients, respective-

ly.
The efficacy and safety of adjunctive aripiprazole

versus placebo for MDD patients with and without
chronic features were evaluated in the post hoc

© 2008 Adis Data Information BV. All rights reserved.
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B Aripiprazole (with chronic features)
O Avripiprazole (without chronic features)
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Fig. 3. Changes in total scores on the Montgomery-Asberg Depres-
sion Rating Scale (MADRS) in a multicentre, randomized, double-
blind, placebo-controlled study of aripiprazole as adjunctive therapy
in major depressive disorder with (vs placebo; p = 0.016) and
without (vs placebo; p = 0.012) chronic features.[1%9]

analysis from the dataset of the original study.!'%!
Patients with durations of current episode of
>24 months were classified as the chronic group. In
362 randomized patients, the median duration of
the current episode was 21.5 months, with a mean
duration of 40.9 months (range 1.7-474.0 months).
171 (47.0%) patients were chronic and 191 (53.0%)
were nonchronic. In both chronic and nonchronic
patients, the mean change in MADRS total score
from the end of prospective treatment to the end of
the randomization phase was significantly greater in
those receiving adjunctive aripiprazole than placebo
(=3.0; 95% CI -5.50, —0.58 and —2.9; 95% CI -5.1,
—0.64, respectively), in which the between-group
difference (vs placebo) was observed from week 2
through to endpoint, respectively (figure 3).

Taken together, these data indicate that adjunc-
tive aripiprazole may have a therapeutic role and is
well tolerated in patients with MDD, regardless of
chronic features, who demonstrate an incomplete
response with standard antidepressant treatment. A
currently ongoing study will also provide informa-
tion on the long-term safety issue of adjunctive
aripiprazole in this difficult-to-treat population.
However, more adequately powered RCTs are

CNS Drugs 2008; 22 (5)
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needed to confirm the exact role of aripiprazole for
TRD treatment. Currently, several RCTs of
aripiprazole for the treatment of unipolar depression
as a short- and long-term augmentation therapy are
underway or completed in the US.[''% The full avail-
ability of these data in the near future will hopefully
provide clinicians with a more practical understand-
ing on the role of aripiprazole for the treatment of
unipolar depression, as well as treatment parameters
to guide its use in this population.

2.3 Anxiety Disorders

There have been no RCTs of aripiprazole for
the treatment of anxiety disorders, so the following
evidence needs to be cautiously interpreted.
Aripiprazole was found to be effective in treating
anxiety and personality disorders through several
prospective OLTs and retrospective chart review
studies.['%’”l'm]

Patients experiencing depressive (n = 6) and anx-
iety disorders including panic disorder (n = 2), gen-
eralized anxiety disorder (n = 4), social anxiety
disorder (n = 2), post-traumatic stress disorder
(n = 2) and obsessive-compulsive disorder [OCD]
(n = 1) who had an incomplete response to a variety
of SSRIs received aripiprazole augmentation
(7.5-30 mg/day) over a 12-week period.[1%! At the
end of treatment, the CGI-S score decreased signifi-
cantly by 29.6% (mean change = —1.6; p < 0.001),
and 58.8% of patients received CGI-I ratings of
much or very much improved, in terms of their
depression and anxiety symptoms.[1%!

Eight patients with OCD entered an 8-week OLT
of aripiprazole monotherapy (10-30 mg/day).l''!!
The efficacy assessments included the Yale-Brown
Obsessive Compulsive Scale (YBOCS!!!+!15]) and
the CGI-I score. The YBOCS score decreased by
26.4% (mean change = —6.3; p = 0.06), with more
noticeable improvement being observed in the com-
pulsive symptoms (mean change = —3.5; p < 0.05)
compared with the obsessive symptoms (mean

© 2008 Adis Data Information BV. All rights reserved.
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change = —2.9; p = 0.09). Three subjects (42.9%)
met the response criteria based on a 30% or greater
reduction in the total YBOCS score from baseline.
This preliminary study showed promising effects of
aripiprazole as a monotherapy for the treatment of
OCD, supporting the need to conduct and report
larger RCTs.

A 9-week, OLT of aripiprazole augmentation
(5-20 mg/day) was conducted for the treatment of
ten patients with treatment-resistant mixed depres-
sive and anxiety disorders.''?! The effectiveness
assessments included MADRS, Hamilton Anxiety
Rating Scale (HAM-A),'!1 Hospital Anxiety
and Depression Scale (HADS)!"'7! and the Sheehan
Disability Scale (SDS).l''8! The mean MADRS,
HAM-A, SDS and HADS scores significantly de-
creased from baseline by 77.5%, 80.2%, 63.6% and
59.2% at endpoint, respectively. By week 2, eight of
ten patients showed a 50% or greater reduction in
the HAM-A and MADRS scores, indicating earlier
improvement in the depressive and anxiety symp-
toms with aripiprazole augmentation. Moreover, the
authors reported that the remission of symptoms
associated with depression and anxiety symptoms
was observed by weeks 3 or 4.[11%]

In another trial, patients with borderline person-
ality disorder with co-morbid anxiety disorders
(n = 26) receiving aripiprazole 15 mg/day were
randomly compared with placebo (n = 26) for
8 weeks.!'3! Aripiprazole treatment resulted in a sig-
nificantly higher rate of improvement com-
pared with placebo on all of the Symptom Checklist-
90-Revised (SCL-90-RI['"®1) scales, with observed
differences ranging from 6.8% to 22.3%, partic-
ularly in the obsessive-compulsive, insecurity in
social contacts, depression, anxiety, aggressiveness/
hostility, phobic anxiety, paranoid thinking and
psychoticism scales. In addition, aripiprazole (mean
change = —7; —30.0%) was superior to placebo
(mean change = —3.3; —14.5%) on improvement in
the HAM-A score (p = 0.007), as well as on im-

CNS Drugs 2008; 22 (5)
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provement in the HAM-D score (observed differ-
ence = 21.5%; p = 0.002).['31 Table II summarizes
these findings.

As data emerge from ongoing trials with
aripiprazole, relevant dosage strategies may facili-
tate appropriate use and expectations in patients
with anxiety disorders. Currently available data sug-
gest that aripiprazole augmentation in patients with
anxiety disorders/OCD may have similar effective-
ness to that observed with other atypical anti-
psychotic drugs.['?0]

2.4 Safety and Tolerability

The risk/benefit assessment is obviously critical
in the decision to use atypical antipsychotic drugs
for the treatment of depressive and anxiety disor-
ders. The adverse effect burden of second-genera-
tion antidepressants is lower than that of atypical
antipsychotic drugs. In general, aripiprazole is
known to be well tolerated. Commonly reported
adverse events, including nausea, headache, agita-
tion and akathisia, were observed in a number of
RCTs and randomized comparative trials in the
treatment of schizophrenia, schizoaffective disorder
and bipolar disorders.® 1385881 In contrast to other
atypical antipsychotic drugs, aripiprazole has been
considered a relatively neutral agent with regard to
treatment-emergent weight gain, hyperprolactin-
aemia, metabolic parameters and sedation.[8-13.85-88]
However, because of its limited use, data on adverse
effects that take time to develop (such as metabolic
adverse effects) are limited for aripiprazole com-
pared with for agents such as olanzapine, and there-
fore the risk of these adverse effects occurring with
aripiprazole is currently hard to assess.

Consideration of patient compliance is also an
extremely important component of the risk/benefit
equation, as the patient’s decision to interrupt treat-
ment is thought to involve negative subjective expe-
rience associated with treatment-emergent adverse
events. With the use of aripiprazole, factors such as

© 2008 Adis Data Information BV. All rights reserved.

381

weight gain, sexual performance (hyperprolactin-
aemia), overall health concerns (metabolic issues)
and cognitive/social functioning (sedation) are not
generally a primary concern.['?!l Therefore, a risk/
benefit assessment appears to favour the use of
aripiprazole compared with many of the drugs that
have been utilized in the past, in terms of safety and
patient compliance.

The safety and tolerability data regarding
aripiprazole, derived from clinical trials for the
treatment of depressive and anxiety disorders are
summarized in table III.

Aripiprazole augmentation for the treatment of
patients with depressive and anxiety disorders was
associated with early attrition due to adverse events
such as akathisia. In such studies,['92103 3 Jower
starting dosage of aripiprazole improved tolerability
in regard to EPS-related adverse events. This is
particularly important in patients with mood disor-
ders (e.g. bipolar mania), who have been suggested
to have higher rates of EPS compared with patients
with schizophrenia when treated with typical anti-
psychotic drugs.['??]

Aripiprazole is not a substrate of cytochrome
CYP1A1, CYP1A2, CYP2A6, CYP2B6, CYP2CS,
CYP2C9, CYP2C19 or CYP2E1 enzymes,!"'?3 indi-
cating a low risk for interaction with inhibitors or
inducers of these enzymes. However, aripiprazole is
extensively metabolized by both CYP3A4 and
CYP2D6.1'>%1 Hence, some of the frequently pre-
scribed psychotropic drugs that have a potential to
inhibit individual CYP enzymes, in particular carba-
mazepine (a CYP3A4 inducer), some of the SSRIs
(fluoxetine, sertraline and paroxetine [CYP2D6 in-
hibitors]) and several newer antidepressants
(nefazodone [CYP2D6 inhibitor]), could affect the
blood concentrations and clearance rate of
aripiprazole.l'>!! Combination of these medications
with aripiprazole may require a dosage modification
of aripiprazole to prevent unwanted adverse events.
The product label provides guidance that the dosage

CNS Drugs 2008; 22 (5)
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of aripiprazole, when given in combination with
CYP3A4 inducers, should be doubled, 23! whereas,
combination with CYP2D6 inhibitors requires a
halving of the normally prescribed dosage.

The serotonin syndrome, a characteristic symp-
tom triad of altered mental status, neuromuscular
abnormalities and autonomic dysfunction, might ap-
pear when two or more serotonergic agents are
combined. To our knowledge, there have been no
reports of the serotonin syndrome occurring with the
combination of aripiprazole with SSRIs or SNRIs.
However, there has been a case report of possible
neuroleptic malignant syndrome caused by the com-
bination of aripiprazole 30 mg/day and fluoxetine
20 mg/day,['> in which the authors were not sure of
the complete exclusion of the serotonin syndrome.
Despite the rare incidence of serotonin syndrome,
several cases have been reported with the combina-
tion of atypical antipsychotics and antidepressants
(olanzapine plus mirtazapine;!'?! risperidone plus
paroxetine!'?"). Hence, careful consideration and an
evaluation of the patient’s individual vulnerability
or risk factors for the serotonin syndrome would be
reasonable when combining aripiprazole with sero-
tonergic agents.

A black box warning from regulatory authorities
in the US also indicates an increased mortality risk
in elderly patients with dementia-related psychosis
treated with all atypical antipsychotic drugs (class
labelling that included aripiprazole). In addition,
retinal degeneration, biliary lithiasis, fetal toxicity
and teratogenicity have been proposed as potential
risks from basic research studies of aripiprazole.!'?®!

3. Dosage Issues

The available evidence indicates that the target
dosages of aripiprazole in BD, MDD and anxiety
disorders appear to be in the lower range compared
with those found to be efficacious in the treatment of
schizophrenia, schizoaffective disorder and bipolar
mania. As reported in the above-mentioned OLTs
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(see table II), which examined the effects of
aripiprazole augmentation in patients who were par-
tially responsive to ongoing therapy, a starting dos-
age of 2.5-5.0 mg/day enhanced tolerability com-
pared with a starting dosage of 10 mg/day. Gradual
titration to a terminal dosage of aripiprazole
10-20 mg/day was well tolerated.l'! Comparative
placebo-controlled, fixed-dose studies will hopeful-
ly generate more definitive information on dosage
strategies in the treatment of these patient popula-
tions.

4. Conclusions

In this review we have suggested a mechanistic
basis for the potential utility, and presented prelim-
inary clinical evidence, that aripiprazole may be
useful to complement the present options for the
treatment of depressive and anxiety disorders.

However, safety issues should always be taken
into consideration. Nonschizophrenic patients treat-
ed with antipsychotic drugs are vulnerable to the
development of severe long-term adverse effects
such as tardive dyskinesia.l'?! This is proposed to
have limited the use of atypical antipsychotic drugs
in depressive and anxiety disorders. Aripiprazole
has been demonstrated to be relatively safe and well
tolerated,!'3% although a number of possible adverse
events have been reported. For example, aripipra-
zole may cause neuroleptic malignant syndrome!!3!!
and dose-dependent QTc prolongation at higher
dosages than are approved.!'?3! The most critical
adverse effect would be tardive dyskinesia, which
has been very rarely reported with the use of
aripiprazole.''3?! Given the mechanism of action of
aripiprazole, it is not surprising that a potential
benefit for the treatment of pre-existing tardive dys-
kinesia has been also reported.!!33)

Pharmacokinetic factors should also be consid-
ered, as the dosage of aripiprazole must be either
doubled or halved when combined with inducers or

CNS Drugs 2008; 22 (5)
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inhibitors of CYP 3A4 and CYP 2D6, respective-
ly.[134

Finally, it is premature to draw any conclusions
regarding the efficacy of aripiprazole in these ‘off-
label’ indications, given the paucity and quality of
the currently available data. The continued use of
aripiprazole as an adjunctive or combination therapy
for the treatment of depression and anxiety will
depend on whether the drug demonstrates any incre-
mental value in terms of efficacy for the treatment of
these disorders, in future adequately-powered, well
designed, placebo-controlled trials.
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