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Objective Olanzapine augmentation of fluoxetine, a selective serotonin reuptake inhibitor, is an effective augmentation therapy for
treatment‐resistant depression (TRD). However, studies of olanzapine augmentation of other antidepressants are few. We investigated the
efficacy and safety of olanzapine augmentation of milnacipran, a serotonin–norepinephrine reuptake inhibitor, for TRD.
Methods This study covered patients with stage 2 TRD, defined by Thase and Rush. Olanzapine was added to milnacipran, and its dosage
was adjusted according to each patient. Previous treatments were continued, but no new treatments were allowed. Response was measured
using Hamilton Depression Rating Scale (HAMD) and Clinical Global Impression at weeks 0, 1, 2, 3, 4, and 8.
Results Eleven patients aged 53.2 ± 24.0 years received olanzapine at 5.0± 1.9mg/day with milnacipran. HAMD and Clinical Global
Impression scores improved significantly from baseline to endpoint. This improvement occurred in week1. At endpoint, seven of 11 (64%) were
responders on HAMD (≥50% reduction). Four patients (36%) discontinued the trial because of no efficacy. No severe adverse effect occurred.
Conclusions Olanzapine augmentation of milnacipran for stage 2 TRD might be effective and well tolerated. However, our study is open
label and uncontrolled. Therefore, a double‐blind controlled trial is necessary to confirm our results. Copyright © 2011 JohnWiley& Sons, Ltd.
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INTRODUCTION

Although many antidepressants and augmentation
therapies are currently available, up to 30% of patients
with major depression are refractory to them.
Moreover, switching of antidepressants or augmenta-
tion often yields limited results (Nierenberg and
Amsterdam, 1990; Fawcett, 1994; Amsterdam and
Hornig‐Rohan, 1996). Therefore, treatment‐resistant
major depression (TRD) remains a major public health
concern; the development of new treatments that are
more effective for TRD is ardently desired.
Stage 2 TRD is generally defined as the persistence

of significant depressive symptoms despite at least two
treatment trials with antidepressants from different
pharmacological classes, each used in an adequate
dosage for an adequate period (Thase and Rush, 1995).
However, most past researchers have examined non‐
responders to a single antidepressant trial (stage 1 TRD)
as TRD. Little evidence exists for stage 2 TRD
(Stimpson et al., 2002). Electroconvulsive therapy,
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lithium augmentation, and thyroid augmentation
are recommended as treatment options in guidelines
(Bauer et al., 2002). They have provided some evidence
for stage 1 TRD, but little evidence for stage 2 TRD
(Stimpson et al., 2002).
Selective serotonin reuptake inhibitors (SSRIs) or

serotonin–norepinephrine reuptake inhibitors (SNRIs)
are commonly used, as a first choice in guidelines, to
treat major depression (Davidson, 2010). Antipsychot-
ics can exhibit antidepressant activity, either alone or
in combination with an antidepressant (Robertson and
Trimble, 1982). Especially, second‐generation anti-
psychotic agents such as olanzapine are preferred to
typical antipsychotic agents for the treatment of TRD
because of the low risk of extrapyramidal symptoms
and of tardive dyskinesia (Nemeroff, 2005). Recent
reports have described that olanzapine augmentation
of fluoxetine, an SSRI, is effective for stage 2 TRD
(Shelton et al., 2001). Nevertheless, there has been
little evidence for olanzapine augmentation of other
classes of antidepressants for stage 2 TRD.
This pilot prospective open study was undertaken to

investigate the efficacy and safety of olanzapine
augmentation of milnacipran, an SNRI, in patients
with stage 2 TRD.
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Table 1. Baseline characteristics, the course of HAMD17/CGI scores,
and remission rates of 11 patients with stage 2 TRD

Characteristic Value

Sex: female, n (%); male, n (%) 11 (100); 0 (0)
Age at entry, mean ± SD (year) 53.2 ± 24.0
Milnacipran dosage, mean ± SD (mg/day) 111.4 ± 25.9
Olanzapine dosage, mean ±SD (mg/day) 5.0 ± 1.9
Remission at week 1, n (%) 5 (45)
Remission at week 2, n (%) 7 (64)
Remission at week 4, n (%) 7 (64)
Remission at week 8, n (%) 7 (64)

HAMD, Hamilton Depression Rating Scale; CGI, Clinical Global
Impression; TRD, treatment‐resistant depression; SD, standard deviation.
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METHODS

Subjects

This study was conducted as a non‐randomized 8‐week
open‐label study during January 2004 to January 2006
with both outpatients and inpatients of the National
Hospital Organization Obihiro Hospital.
All subjects met the criteria of the Diagnostic and

Statistical Manual of Mental Disorder, Fourth Edition,
Text Revision, major depressive disorder, recurrent
and without psychotic features. They also met the
Thase–Rush criteria of stage 2 or greater for TRD, that
is, moderate or severe major depressive disorder despite
at least two treatment trials with antidepressants from
different pharmacological classes, each used in an ad-
equate dosage for an adequate period (i.e., a minimum
of the equivalent of 150mg of imipramine for 4weeks)
(Thase and Rush, 1995). They had been suffering from
marked depressive symptoms after treatment with
milnacipran for at least 6weeks at therapeutic doses
in the current episode of depression. The patients
with scores of 15 or greater on the 17‐item Hamilton
Depression Rating Scale Score (HAMD17) (Williams,
1988) were included. The patients with organic brain
syndrome, schizophrenia, bipolar or schizoaffective
disorder, severe physical illness, a history of substance
use, or marked suicidality were excluded. Prior to
starting this study, written informed consent was
obtained from each subject. This study was approved
by the institutional review board of the National
Hospital Organization Obihiro Hospital.

Intervention and measurements

Concomitant medications that had been administered
before starting the study were used continually without
changing. Drugs for mild physical illness were allowed
during the study, but no additional administration of
antidepressants or antipsychotics was permitted during
the study. Olanzapine at dosages of 2.5 or 5mg/day was
added to ongoingmilnacipran; the dosage of olanzapine
was adjusted according to each patient’s clinical
condition. The 17‐item HAMD17 Rating Scale score
(Williams, 1988) was assessed for evaluation of the
response to olanzapine augmentation at baseline and at
weeks 1, 2, 3, 4, and 8 after starting the study. Clinical
Global Impression (CGI) was also assessed at baseline
and at weeks 4 and 8. Body weight and blood levels of
fasting glucose, total cholesterol, and triglyceride were
checked at baseline and at week 4. Clinical assessments
of adverse events and drug compliance were conducted
at each visit by trained psychiatrists at baseline and at
weeks 1, 2, 4, and 8. The primary efficacy measure was
the HAMD17 score. The secondary efficacy measure
Copyright © 2011 John Wiley & Sons, Ltd.
was the CGI. Spontaneously reported adverse events
were recorded at each visit.

Data analysis

Statistical analyses were performed using a paired t‐test
for HAMD17 comparing baseline and weeks 1, 2, 3, 4,
and 8 [last‐observation‐carried‐forward results (LOCF)]
and for body weight, blood levels of fasting glucose,
total cholesterol, and triglyceride comparing baseline
and week 4 and also using Wilcoxon matched pairs test
for CGI comparing baseline and weeks 4 and 8 (LOCF)
with α set at 0.01 or 0.05; all tests were two tailed. All
analyses were conducted on an intent‐to‐treat basis. The
primary outcome was defined as treatment response
based on a≥50% reduction in HAMD17 score for over
8weeks of using the LOCF methodology. Remission
was defined as 7 or less on HAMD17 at the last visit
(LOCF). The secondary outcome was determined using
the CGI score. Secondary treatment response was
defined as a 2‐point improvement (decrease) of CGI
severity ratings. In addition, all data are presented as
means with standard deviations (SD) or as 95%
confidence intervals (95% CI).
RESULTS

Characteristics and clinical efficacy of the subjects are
presented in Table 1. Previous antidepressants except
for milnacipran and the duration of current episode
for each patient are presented in Table 2. All patients
were diagnosed with stage 2 TRD without psychotic
features. In this study, 11 patients participated. Themean
peak dose ofmilnacipran was 111.4mg/day (SD= 25.9)
and that of olanzapine was 5.0mg/day (SD= 1.9).
Especially, the dosages of olanzapine in responders
were 2.5 or 5.0mg/day. Seven of 11 patients (64%)
completed the 8‐week trial. Four patients discontinued
the trial because of lack of efficacy at week 4. Three of
11 patients took one or two concurrent antidepressants
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Table 2. Clinical data of 11 patients with treatment‐resistant depression treated with milnacipran

Subject Age Sex HAMD17 response Duration of current episode (week) Previous antidepressant treatment for current episode

1 74 F R 11 Amoxapine
2 70 F R 10 Sulpiride
3 73 F R 15 Paroxetine

Sulpiride
4 79 F R 12 Setiptiline
5 37 F R 10 Paroxetine
6 65 F R 12 Paroxetine
7 17 F R 10 Fluvoxamine
8 57 F N 16 Sulpiride

Paroxetine
9 69 F N 15 Sulpiride

Maprotiline
10 27 F N 19 Mianserin

Maprotiline
Fluvoxamine

11 17 F N 10 Fluvoxamine

F, female; R, responder; N, non‐responder.

Figure 1. (A) Seventeen‐item Hamilton Depression Rating Scale
(HAMD17) and (B) Clinical Global Impression (CGI) scores of stage 2
treatment‐resistant depression patient treated with olanzapine augmentation
of milnacipran (n= 11). Data are shown as mean ± standard deviation.
* (p< 0.05) and ** (p< 0.01) denote statistical significance from baseline
to a given point with paired t‐test (A) and Wilcoxon matched pairs test
(B). LOCF, last observation carried forward
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other than milnacipran: mianserin 30mg, paroxetine
40mg, and sulpiride 150mg +maprotiline 50mg,
respectively.
The mean HAMD17 scores decreased to a statis-

tically significant degree from 20.6 [SD= 2.3, 95%
CI (19.1, 22.2)] at baseline (week 0) to 12.2 [SD= 6.3,
95% CI (8.0, 16.4)] at week 1, 9.1 [SD= 7.5, 95%
CI (4.0, 14.2)] at week 2, 8.5 [SD= 7.9, 95% CI (3.3,
13.8)] at week 3, 8.5 [SD= 8.0, 95% CI (3.1, 13.8)] at
week 4, and 8.0 [SD= 8.3, 95% CI (2.4, 13.6)] at
week 8 (LOCF) [baseline versus week 1, p < 0.05; base-
line versus weeks 2, 3, 4, and 8, p< 0.01; Figure 1(A)].
Seven of 11 patients (64%) were judged to be
treatment responders based on HAMD17 scores
(≥50% reduction). In addition, all seven responders
achieved remission (HAMD17 score≤ 7), yielding a
64% remission rate; five of seven responders achieved
remission at week 1 (Table 1).
The mean CGI scores also decreased to a statistically

significant degree from 4.8 [SD=0.6, 95% CI (4.4, 5.2)]
at baseline to 2.4 [SD=1.4, 95% CI (1.4, 3.3)] at week 4
and 2.2 [SD=1.5, 95% CI (1.2, 3.2)] at week 8 (LOCF)
[p< 0.01, Figure 1(B)], with 64% of 11 patients (n= 7)
showing a CGI‐based treatment response.
The mean body weight was 52.8 kg [SD= 7.8, 95%

CI (47.5, 58.1)] at baseline and 53.6 [SD= 7.5, 95%
CI (48.5, 58.6)] at week 4. The mean blood level
of fasting glucose was 92.2mg/dL [SD= 8.7, 95%
CI (86.4, 98.0)] at baseline and 98.8mg/dL [SD= 8.7,
95% CI (91.0, 106.5)] at week 4. The mean blood level
of total cholesterol was 182.2mg/dL [SD= 24.8, 95%
CI (165.5, 198.8)] at baseline and 190.6mg/dL
[SD= 30.5, 95% CI (170.2, 211.1)] at week 4. The
mean blood level of triglyceride was 107.7mg/dL
Copyright © 2011 John Wiley & Sons, Ltd.
[SD= 55.5, 95% CI (70.4, 145.0)] at baseline and
116.8mg/dL [SD= 48.65, 95% CI (84.1, 149.5)] at
week 4. Therefore, no significant weight gain
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(p= 0.15) and no change in blood levels of fasting
glucose (p= 0.065), total cholesterol (p= 0.17), and
triglyceride (p= 0.50) were found during this study. In
addition, no patients developed extrapyramidal symp-
toms and other severe adverse effects during this study.
DISCUSSION

We found that low‐dosage (2.5–5.0mg/day) olanzapine
augmentation of milnacipran was apparently effective
for stage 2 TRD in 64% of 11 patients. Olanzapine
augmentation of milnacipran also led to rapid remission
in 71% of seven responders at week 1. Furthermore, no
adverse effect, including weight gain and hyperglyce-
mia, occurred during this open study. Therefore, our
results in this open study suggest that olanzapine
augmentation of milnacipran might be a rapid and
useful treatment for stage 2 TRD.
Recent studies have shown the efficacy of olanzapine

augmentation of fluoxetine, an SSRI, and amitriptyline,
a tricyclic antidepressant, in TRDpatients (Shelton et al.,
2001; Takahashi et al., 2008). However, to our
knowledge, no clinical trial of olanzapine augmentation
of milnacipran exists. Therefore, this open study is the
first clinical trial of olanzapine augmentation of
milnacipran. Moreover, some past studies have shown
the rapid response of olanzapine augmentation of
fluoxetine (Shelton et al., 2001) and various types of
antidepressants (Parker et al., 2005) as in the case of our
results. Thus, the rapid efficacy of olanzapine augmen-
tation in TRD patients might be independent of the type
of combined antidepressants.
The mechanisms underlying the efficacy of olanza-

pine augmentation of antidepressants remain unclear.
Results of an animal study suggest that increasing
dopamine levels in the medial prefrontal cortex might
be involved in the efficacy of antidepressants (Carlson
et al., 1996). In the case of fluoxetine, it has been shown
that acute administration of olanzapine after sustained
fluoxetine increases extracellular levels of dopamine in
the rat prefrontal cortex (Amargós‐Bosch et al., 2005).
Although it remains unknown whether olanzapine
augmentation of milnacipran increases dopamine levels
in the medial prefrontal cortex as in the case of
fluoxetine, results of those past studies suggest that
increasing dopamine in the medial prefrontal cortex
might be one mechanism underlying the efficacy of
olanzapine augmentation of milnacipran.
The blockade of serotonin 5‐HT2A receptor is also

known to be involved in the efficacy of antidepres-
sants (Celada et al., 2004). Olanzapine has strong
potency for blocking serotonin 5‐HT2A receptors
(Zhang and Bymaster, 1999). Therefore, the blockade
Copyright © 2011 John Wiley & Sons, Ltd.
of serotonin 5‐HT2A receptors by olanzapine might
also be involved in the efficacy of olanzapine aug-
mentation of milnacipran.
Olanzapine is metabolized by two common cyto-

chrome P450 (CYP) isoenzymes: CYP1A2 and
CYP2D6 (Prior et al., 1999). However, no cytochrome
P450 isoenzyme plays a role in the metabolism of
milnacipran (Puozzo et al., 2002). These suggest that no
pharmacokinetic interaction exists between olanzapine
and milnacipran. Therefore, olanzapine augmentation
of milnacipran cannot be explained by changes in drug
concentrations.
An important concern for olanzapine augmentation

of antidepressants is the potency of weight gain and
the increasing levels of fasting glucose, total choles-
terol, and triglyceride. Indeed, it has been suggested
that olanzapine augmentation of fluoxetine might
engender long‐term weight gain (Andersen et al.,
2005). In addition, the prevalence of metabolic
syndrome in mood disorders might be higher than
that in the general population (Garcia‐Portilla et al.,
2008). However, although the period of this study
was only 8weeks, no weight gain or change of fast-
ing glucose, total cholesterol, and triglyceride was
encountered in this study. Sufficient attention must
nevertheless be devoted to weight gain and the
increasing levels of fasting glucose, total cholesterol,
and triglyceride for long‐term continuation of olanza-
pine augmentation of milnacipran.
This study does not prove the efficacy or safety of

olanzapine because it was non‐randomized and uncon-
trolled. However, this study applies a prospective
outcomes assessment, with no changes allowed in any
other treatments. Thus, this study provides useful pilot
data that tend to support performing randomized studies
of olanzapine augmentation of milnacipran in stage 2
TRD. On the other hand, two limitations should be
noted. First, open‐label case series tend to overestimate
the effectiveness of novel interventions. Second, this
study examined the short‐term efficacy and safety of
olanzapine augmentation. Future studies examining
long‐term efficacy and safety are needed because a high
proportion of patients with more advanced levels of
TRD relapsed after responding to later stage short‐term
therapies in the long‐term naturalistic follow‐up phase
of STAR*D (Rush et al., 2006).
In conclusion, although the small number of subjects

and the short period are important limitations of this open
study, results suggest that olanzapine augmentation of
milnacipran can be a rapid, effective, and safe treatment
for patients with stage 2 TRD. Further large‐scale and
Hum. Psychopharmacol Clin Exp 2011; 26: 237–241.
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long‐term studies with double‐blind, placebo‐controlled
designs are necessary to examine the efficacy of
olanzapine augmentation of milnacipran.
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