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Abstract Major depressive disorder (MDD) is a chronic,

recurrent mental disease that causes serious disability.

Because currently available antidepressants have limited

efficacy with respect to response and remission in patients

with MDD, clinicians must choose the best available

treatment interventions for patients who do not respond to

initial antidepressant treatment. The existing literature

demonstrates that augmentation with atypical antipsy-

chotics (AAs) shows higher response and remission rates

compared with antidepressant monotherapy, but is associ-

ated with more withdrawals due to adverse events. In this

paper, specific clinical issues in the use of AA augmenta-

tion for patients with MDD are briefly discussed. Given the

limited information and clinical knowledge on the proper

and effective use of AAs for MDD, future research should

focus on practical clinical issues that can be commonly

seen in routine practice but have not been addressed yet.

This is because the use of AAs is likely to expand as there

is good evidence for their effectiveness and tolerability as

augmentation therapy for patients with MDD.

1 Introduction

Major depressive disorder (MDD) is a highly prevalent

chronic mental disorder [1]. The prevalence of MDD is

estimated to be approximately 16 % during an individual’s

lifetime and 7 % during a 1-year period [1]. MDD is also

the third leading cause of moderate and severe disability

and of disease burden worldwide, and causes a high eco-

nomic burden of mainly work-related costs, a high suicide

rate and vast impairment in quality of life [1]. Currently,

the main biological treatment for MDD is various antide-

pressants such as selective serotonin reuptake inhibitors,

dopamine–norepinephrine reuptake inhibitors, serotonin–

norepinephrine reuptake inhibitors and noradrenergic and

specific serotonin antagonists, which were mainly devel-

oped under a monoamine hypothesis [2, 3].

However, previous placebo controlled clinical studies

along with the Sequenced Treatment Alternatives to

Relieve Depression (STAR*D) [4] and Combining Medi-

cations to Enhance Depression Outcomes (CO-MED) [5]

trials have clearly demonstrated limited therapeutic out-

comes with appropriate antidepressant treatments in

patients with MDD. In particular, lower response (remis-

sion) and higher relapse rates were clearly observed among

those who required additional treatment steps in the

STAR*D trial [4]. Hence, most currently available treat-

ment guidelines recommend that nonresponders or partial

responders should be considered for a switch, combination,

or augmentation of treatment based on the patient’s clinical

situation (Fig. 1) [6–9].

The traditional augmentation agents include lithium,

triiodothyronine, buspirone, dopamine agonists and stim-

ulants, but have very limited supporting data [10].

Recently, augmentation of antidepressant therapy with

atypical antipsychotics (AAs) has become a more widely
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accepted treatment practice, with official approval from

regulatory authorities.

2 Currently Available Atypical Antipsychotics

for Major Depressive Disorder

Various AAs have demonstrated a positive antidepressant

effect in a number of small-scale, open-label studies or

randomized, placebo controlled clinical trials. In fact, the

use of AAs in MDD has also dramatically increased and

continues to be one of the best available augmentation

options. Some of these agents (aripiprazole and quetiapine

XR) have recently been approved for treatment of MDD as

augmentation therapy by the US Food and Drug Admin-

istration. Among those agents, aripiprazole has been

approved as an augmentation therapy for treating MDD in

South Korea, Taiwan, Hong Kong, Thailand, the Philip-

pines, Indonesia and Egypt.

Aripiprazole and quetiapine XR were approved for

augmentation treatment of MDD in 2007 and 2009,

respectively, whereas an olanzapine/fluoxetine combina-

tion (marketed as Symbyax) was also approved for treat-

ment-resistant depression in 2009. There is also some

limited evidence of the effects of other AAs for the treat-

ment of MDD (ziprasidone, risperidone, amisulpride, etc.)

[11]. Although the exact mechanism of AAs for MDD has

not yet been clearly elucidated, several plausible underly-

ing mechanisms such as the modulation of diverse neuro-

transmitter receptors and transporters other than dopamine

[serotonin (5HT) 1A, 5HT2A/2B, 5HT2C, 5HT6, 5HT7,

a-2 receptor, norepinephrine transporter, etc.], effects on

sleep, effects on various hormones (adrenocorticotrophic

hormone, sex hormones, etc.), alteration of immune func-

tions (cytokines, etc.), and modulation of neurotrophic

factors (brain-derived neurotrophic factor, etc.) may partly

explain the antidepressant effects [12].

Based on placebo controlled clinical trials, aripiprazole

has clearly shown efficacy as an augmentation therapy

[13]. However, it is also associated with more adverse

events (AEs) than antidepressant monotherapy in patients

with MDD [13]. In particular, the rate of extrapyramidal

symptoms (EPSs) was significantly higher than that of

placebo [13]. In fact, the occurrence of akathisia in MDD

trials was approximately four times (approximately 23 %)

higher than that (6 %) seen in schizophrenia trials [13].

Other AAs have also demonstrated beneficial effects and

potentially different AE profiles [14, 15]. An elevated risk

of weight gain is commonly seen in all AAs. However, an

olanzapine–fluoxetine combination is associated with more

profound weight gain, whereas risperidone and quetiapine

XR show more prolactin increase and sedation, respec-

tively, compared with placebo [11]. Clinicians should also

routinely monitor for cardiometabolic side effects and

EPSs during augmentation AA therapy [14]. No sufficient

data support the superiority of any individual AA over

other agents in the treatment of MDD. These points were

also replicated in a number of meta-analyses [11, 16]. The

efficacy of these agents was not affected by the clinical

trial duration or method of establishing treatment failure.
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-Sustaining previous treatment 
effect
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effect

-Targeting specific symptoms

-Increase of adverse events
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Fig. 1 Pharmacological treatment options for failure of initial antidepressant treatment
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Although limited data suggest that AAs may have better

efficacy as monotherapy than augmentation therapy in the

treatment of MDD, augmentation is more widely utilized in

treatment-resistant depression.

3 Clinical Issues in the Use of Atypical Antipsychotics

in Clinical Practice

As stated above, augmentation, combination and switching

strategies are available for partial or nonresponders to

current antidepressants. However, no supporting data are

available regarding the superiority of one strategy over

other treatment options. As was seen in surveys with cli-

nicians and treatment choice in the STAR*D trial, aug-

mentation is potentially favoured in partial responders [17–

22]. This is primarily based on practical considerations,

namely that the addition of a second agent allows the initial

response to be maintained, whereas a switch might not. In

addition, although combination approaches are common in

clinical practice, the evidence is quite limited.

What is the best timing for augmentation treatment for

our patients? Considering aripiprazole registration trials,

selection criteria were historical failure of one to three

adequate treatments with a marketed antidepressant during

the current episode of MDD (approximately 70 % of

patients had one failure) and a prospective failure of one

antidepressant treatment. Acute remission rates in MDD

are greatest with the first two sequential treatments [4].

Given findings from previous antipsychotic augmentation

trials, at least two antidepressant failures would be rea-

sonable to commence antipsychotic augmentation in such

MDD patients [23–25]. However, a recent study has sug-

gested that augmentation with low-dose aripiprazole

(2.5 mg/day) could augment the efficacy of regular-dose

sertraline in treatment-naive MDD [26], indicating that

augmentation AAs may also be used at an earlier treatment

stage for patients with MDD, and quetiapine XR trials also

suggest that AA augmentation could be used after one

antidepressant failure [15].

The number needed to treat (NNT) and number needed

to harm (NNH) are very useful values for clinicians to

interpret the relevance of clinical trial results compared

with traditional statistical information (such as the p value,

etc.), which cannot explain the clinical importance of

results [27]. In registration studies of aripiprazole, olan-

zapine–fluoxetine combination and quetiapine XR, the

NNT for response and remission ranged from 7 to 14 and

from 7 to 13, respectively, depending on the antipsychotic

and/or dose [13, 15, 28]. As described above, AE profiles

for aripiprazole, olanzapine and quetiapine XR are diverse;

aripiprazole is more strongly associated with akathisia

(NNH = 6), whereas olanzapine is more strongly

associated with weight gain (NNH = 3) and quetiapine XR

with somnolence (NNH = 5 for 300 mg/day and

NNH = 6 for 150 mg/day) [13, 15, 28]. When we carefully

consider the NNT or NNH with each antipsychotic, we can

also address the point of benefits against risk in the

selection of the best available medication in clinical

practice.

Although the registration studies of aripiprazole, olan-

zapine and quetiapine XR were not designed to identify the

proper dose for treating patients with MDD, we may learn

some lessons about the daily dose of an individual AA

from the dose findings of such trials. The mean daily dose

of aripiprazole was approximately 11.0 mg/day [13]. On

average, patients achieved a terminal dose at week 3,

maintaining this dose for the remainder of the study. The

dosing trend did not differ meaningfully across the indi-

vidual antidepressants. It has been suggested that a starting

dose of 2–5 mg/day with a target dose of 5–15 mg/day is

prudent for MDD [11, 13, 15]. The starting dose of que-

tiapine XR may be 50 mg/day, with a target dose of

150–300 mg/day [15]. According to the results from reg-

istration trials, quetiapine XR could be increased up to

300 mg/day after 2 weeks of treatment if the patient shows

an inadequate response to the initial dose [13]. However,

300 mg/day of quetiapine XR caused more discontinuation

due to AEs than 150 mg/day. Therefore, 150 mg/day of

quetiapine XR should be tried initially and then titrated up

to 300 mg/day in routine practice. Olanzapine and ris-

peridone doses ranged from 5 to 20 mg/day (target dose

10–15 mg/day) and from 0.25 to 3 mg/day (target dose

1 mg/day), respectively [29]. Ziprasidone and amisulpride

doses ranged from 80 to 160 mg/day and from 50 mg/day

in small-scale open or randomized controlled studies [30–

32]. For dysthymia, 50 mg/day of amisulpride was tested

as monotherapy or as an augmentation agent [31, 33].

Although there is no clear evidence indicating a dose–

response relationship in such antipsychotic augmentation

studies, a trend has been found towards increased intoler-

ability with gradual dosing increments [11, 13, 15].

Therefore, initiation at a low dose with slow titration to the

target dose should be performed to maximize the adequate

response and minimize the occurrence of unwanted AEs in

AA augmentation for patients with MDD. Table 1 sum-

marizes the proper dose ranges of AAs based on findings

from depression trials.

Early improvement in depressive symptoms with anti-

depressant treatment may predict a favourable treatment

outcome [34–39]. Studies on the association between the

onset time of antidepressant response and the probability of

response have yielded some intriguing findings, although

debates still continue. However, evidence from clinical

trials of aripiprazole, quetiapine XR and olanzapine for

MDD demonstrated that an initial response can be
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observed in 1 or 2 weeks [13, 15, 40]. In fact, augmenta-

tion may lead to a more rapid response and remission

compared with a switching strategy because no time is lost

titrating the initial and next antidepressants.

A differential augmentation effect of aripiprazole and

quetiapine XR by antidepressant class was not observed in

individual trials [13, 15]. Therefore, currently available

data suggest that augmentation AAs may produce a similar

augmentation effect regardless of antidepressant class. In

addition, there has been no such information supporting the

superiority of specific AAs over other AAs as an aug-

mentation therapy for MDD based on a recent, large meta-

analysis [11].

Some data showed different response and remission

based on the antidepressant class and the type of MDD

such as anxious depression and atypical depression [41,

42], for example, favouring monoamine oxidase inhibitors

over tricyclic antidepressants for atypical MDD. Symptom

severity, clinical course/outcome and functioning may be

worse in patients with atypical/anxious depression than in

those without [43, 44]. According to retrospective analyses

of pooled data of aripiprazole and quetiapine XR, they may

be effective and reliable augmentation agents for patients

with MDD regardless of the presentation of subdepressive

symptoms, depression severity, past treatment response, or

previous antidepressant treatment failure [45–49]. No

clinical factors predicting response to augmentation anti-

psychotics have been found in patients with MDD.

No new cases of tardive dyskinesia (TD) were observed

in short-term clinical trials of AAs for MDD [13, 15].

However, when we consider that the duration of most trials

varied from 4 to 12 weeks, such short-term trial duration

may not accurately evaluate a potential development of TD

in patients with MDD. Currently, we have only two

52-week maintenance studies each in aripiprazole and

quetiapine XR for MDD [50, 51]. There were four

spontaneous reports of TD in aripiprazole’s 52-week long-

term study, although all four cases resolved with dose

reduction or drug discontinuation. There was no TD case in

a 24-week open-label extension study of olanzapine–flu-

oxetine combination and olanzapine monotherapy,

although it was investigated in bipolar depression [52].

More than 1 year of maintenance treatment with AAs is not

yet supported by any evidence or clinical practice.

Treatment costs should also affect the choice of aug-

mentation agents in clinical practice. Healthcare utilization

and expenditures were analysed using claims data from

2001 to 2009 in patients with MDD treated with antide-

pressants and AAs [53]. In that study, mean adjusted

expenditures for aripiprazole were significantly lower than

those for olanzapine and quetiapine for most of each ser-

vice category (all-cause, all-cause medical care, mental

health and mental health-related medical care). In addition,

aripiprazole significantly lowered the chance of hospital-

ization and emergency department visits compared with

quetiapine. Clinicians may also consider currently avail-

able pharmacoeconomic vigilance data in clinical practice.

Polymorphisms in the cytochrome P450 2D6 (CYP2D6)

gene are a major cause of pharmacokinetic variability in

humans, and sufficient evidence suggests ethnic differences

in the metabolism of antipsychotics between Asian and

western populations [54, 55]. For instance, fluoxetine and

paroxetine, which are potent CYP2D6 inhibitors, will raise

aripiprazole blood levels and thus a lower dose might be

used in clinical practice. In fact, some open-label studies

involving Asian populations suggested a potential differ-

ence in the optimal dose of aripiprazole augmentation for

treating MDD [56–58]. The mean daily doses of augmen-

tation aripiprazole in studies involving Asian patients

(2–8 mg/day) were substantially lower than those in studies

involving Caucasian patients (11–12 mg/day). Additional

studies are required to confirm whether ethnic differences

Table 1 Dose ranges and common adverse events of atypical antipsychotics in depression trials [13, 15, 29–33, 51]

Drug Duration

(weeks)

Dose range AEs

Olanzapine* 8–12 5–20 mg/day with various combinations; mean dose 8–14 mg/day Weight gain: 4 kg for

8 weeks

Risperidone* 4–6 0.5–3.0 mg/day; mean dose 1.2–1.6 mg/day; 1–1.5 mg/day with minimal risk

of developing AEs

Hyperprolactinaemia

Quetiapine* 8–52 50–300 mg/day in flexible and fixed dose trials; mean dose 180 mg/day Sedation and weight gain

Aripiprazole* 6–52 5–15 mg/day; mean dose 11–12 mg/day EPS including akathisia

Ziprasidone** 6 80–160 mg/day Most common AE was

insomnia

Amisulpride*** 8–24 50 mg/day in MDD and dysthymia Sexual dysfunction and

weight gain

* Placebo controlled studies, ** only open-label study, *** open-label and randomized controlled studies for MDD and dysthymia. AE adverse

event, EPS extrapyramidal symptoms, MDD major depressive disorder

S42 C.-U. Pae, A. A. Patkar



in proper dosing exist, particularly in terms of pharmaco-

kinetics, for patients with MDD.

4 Conclusions

Clinicians may have different biological treatment strate-

gies to enhance the treatment outcomes of initial antide-

pressants, as recommended in the diverse treatment

guidelines [6] and as evidenced in the large practical

clinical studies [4] and a large survey [59]. However, no

clear evidence exists regarding which strategy among the

options of augmentation, combination and switching ther-

apy would be the best option for patients with an inade-

quate response. There is a paucity of controlled data

regarding a direct comparison of such strategies.

In addition, differential effects among AAs for treating

MDD have not been studied. Which antipsychotic is more

beneficial or harmful for a specific patient population?

Comparisons among antipsychotics, lithium, thyroid med-

ications, or other augmentation agents have not been con-

ducted. Therefore, subsequent well-designed studies that

address whether there is a clear benefit of adjunctive AAs

for treating patients with MDD compared with other aug-

mentation agents and treatment strategies may determine

their clear utility in real-world clinical practice.

Some evidence indicates that the initiation of augmen-

tation or combination strategies earlier in the treatment

phase may enhance the chance of response or remission [4,

19, 60]. However, this strategy has been rarely studied.

Potential but serious AEs with AAs such as weight gain,

metabolic syndrome and TD are not detectable in short-

term treatment; thus more long-term studies will be

mandatory.

Ethnic differences, especially in terms of the dosing

schedule and AEs, should also be investigated. Currently

available findings indicate that clinicians should consider

the potential risk/benefit analysis on a patient-by-patient

basis when making a decision to prescribe augmentation

AAs. Future adequately powered and well-designed studies

will provide more valuable and practical information about

the use of augmentation AAs for patients with MDD.
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