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Strategien

‣ Switch
• zu anderem SSRI/SNRI          
• zu Mirtazapin                                                     

‣ Augmentation
• Lithium
• Atypikum

‣ Kombination
• Mirtazapin/Mianserin + SSRI/SNRI
• Desipramine + SSRI/SNRI
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Switch SSRI -> Venlafaxin

‣ Vergleichbar viele Daten
‣ 2 DB-RCTs. 

• Venlafaxin: 37% vs Paroxetin 18%
• Poirier & Boyer 1999, BJP.  n=122. 2x failures

• Venlafaxin = Citalopram XR. 
• Lenox-Smith & Jian 2008, ICPsychoph. n=406. 1x failure
• Vanlafaxine better in more severe (2y analysis)
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patients included in this trial could overestimate
treatment-related clinical differences, the significantly
higher rates of remission observed at 24 weeks in this
study with venlafaxine extended release compared with
conventional treatments, mainly SSRIs, is consistent
with results of three recent meta-analysis [Nemeroff
et al., 2003; Rudolph, 2002; Thase et al., 2001]. The
data obtained from these analyses of double-blinded

clinical trials comparing venlafaxine (IR or XR) and
selected SSRIs show remission rates significantly
higher with venlafaxine. It has been suggested that
there is a significantly greater likelihood of achieving
remission of depression with venlafaxine versus fluox-
etine and perhaps other SSRIs [Nemeroff et al., 2003].
The remission rate achieved by venlafaxine extended
release in this study was also significantly superior
to that reached by each of the five drugs prescribed
most commonly as conventional treatment: fluoxetine,
paroxetine, sertraline, citalopram, and mirtazapine.
Higher remission rates have been reported for venla-
faxine in other comparative studies versus fluoxetine
[Rudolph and Feiger, 1999], paroxetine [Poirier and
Boyer, 1999; Salinas for the Venlafaxine XR 367 Study
Group, 1997] and sertraline [Mehtonen et al., 2000].
Other reviewed studies did not find evidence of
differences in response or remission rates when
comparing venlafaxine and SSRIs [Alves et al., 1999;
Costa e Silva, 1998; Diaz-Martinez et al., 1998;
McPartlin et al., 1998; Tylee et al., 1997; Tzanakaki
et al., 2000]. An 8-week comparative study of
venlafaxine and mirtazapine showed higher rates of
remission for mirtazapine, although the difference was
not significant [Guelfi et al., 2001].

This study specifically investigated the optimal
treatment strategy for switching patients who had
experienced previous treatment failure with a conven-
tional antidepressant (mainly SSRIs), to treatment with
another monotherapy. Although there is no evidence

Figure 2. Remission rates (HAM-D17 r7) for the intent-to-treat population. LOCF analysis. Fisher’s association test: !VXR: Po.0001
versus CA; P 5.032 versus fluoxetine; P 5.015 versus paroxetine; P 5.024 versus citalopram; P 5.042 versus sertraline; and P 5.003
versus mirtazapine.

TABLE 4. Frequency of adverse events by body system
(safety population)!

Treatment

Adverse events by body VXR CA Total

system n 5 1,830 n 5 1,672 n 5 3,502

Total adverse events 483 (100.0) 472 (100.0) 955 (100.0)
Digestive 202 (41.8) 223 (47.2) 425 (44.5)
Endocrine-metabolic 47 (9.7) 57 (12.1) 104 (10.9)
Sexual 42 (8.7) 64 (13.6) 106 (11.1)
Psychic 66 (13.7) 56 (11.9) 122 (12.8)
Neurological 93 (19.3) 58 (12.3) 151 (15.8)
Cardiovascular 16 (3.3) 9 (1.9) 25 (2.6)
Other 17 (3.5) 5 (1.1) 22 (2.3)

!Numbers in parentheses indicate the percentage of adverse events
based on number of adverse events in each treatment group. VXR,
venlafaxine extended release; CA, conventional antidepressants.

74 Baca Baldomero et al.
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‣ Unblinded
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‣ => SSRI -> Mirtazapin möglicherweise effektiv.
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Switch SSRI -> TCA

‣ Noch weniger Daten
‣ Keine DB-RCTs
‣ Unblinded
• STAR*D Step 3 Mirtazapin = Nortryptilin
• Souery et al., 2011 - switch SSRI/TCA, aber kein Vergleich. 

‣ => Unklare Datenlage für switch von SSRI zu TCA
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Switch SSRI -> TCA

‣ Noch weniger Daten
‣ Keine DB-RCTs
‣ Unblinded
• STAR*D Step 3 Mirtazapin = Nortryptilin
• Souery et al., 2011 - switch SSRI/TCA, aber kein Vergleich. 

‣ => Unklare Datenlage für switch von SSRI zu TCA

• MOA - Daten existieren nur für switch von TCA, 
nicht von SSRI.
• STAR*D: MOA=Trancyclopromine. Weniger gut 

toleriert. Nicht besser für atypische Depression.
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Strategien

‣ Switch
• zu anderem SSRI/SNRI           SNRI > SSRI
• zu Mirtazapin                        ?
• zu TCA                                 ?
• zu MOA                                nein?

‣ Augmentation
• Lithium                       
• Triiodothyronin                     
• Atypikum                              

‣ Kombination
• Mirtazapin/Mianserin + SSRI/SNRI
• Desipramine + SSRI/SNRI
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Lithium Augmentation
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Lithium Augmentation

‣ TCAs - gute Datenlage
• Meta-analyse Crossley & Bauer 2007. 10(?) Studien. NNT ~4. 
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Lithium Augmentation

‣ TCAs - gute Datenlage
• Meta-analyse Crossley & Bauer 2007. 10(?) Studien. NNT ~4. 

‣ SSRIs

• Katona et al., 1995
• DB RCT: Li+Fluoxetine = Li+Lofepramin > Pla+Flu/Lof. n=61

• Baumann et al., 1996
• DB RCT: Citalopram + Li 60% > Citalopram + Pla 14%  n=24

• STAR*D
• Step 3. n=142. Li augm 15.9% vs T3 augm 24.7%

• Bauer et al., 2013 (WFSBP):   überzeugend
• Connolly & Thase 2011:         ungenügend
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Andere Augmentationen

‣ T3
• Evidenzbasis nicht stark.
• STAR*D: nicht besser als Li, aber mehr Nebeneffekte und 

daher mehr drop-out. 

‣ Buspiron, Pindolol
• keine Effekte

‣ Stimulantien (Modafinil, methylphenidat)
• marginaler Effekt in ‘enriched sample’ mit Müdigkeit
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Augmentation mit Atypika

‣ Kommerzielle Interessen -> substantielle Studien

‣ Theoretisch via 5HT
• 2A
• 1A partielle Agonisten: Ziprasidon, Aripiprazol
• NAT: Quetiapin, Ziprasidon

‣ Nebeneffekte
• Tardive Dyskinasien, EPS
• Metabolische / kardiologische Komplikationen
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Aripiprazol

• 8 Wochen SSRI non-response. 
• 6 Wochen DB-RCT 2-20mg Arip
• pooled n=749
• 3 trials, 3 positive Resultate
• MADRS 3 Punkte besser, Remission 25.7% vs 15.4%

• Akathisie und Unruhe
• Gewichtszunahme ca 1kg mehr als SSRI Weiterfuhrung

experiencing a significant weight gain (i.e. >7% of
pre-treatment weight) [table V].

These data demonstrate, by virtue of the con-
sistent results of three trials and the absence of
any negative trials, a significant treatment effect
of aripiprazole as an adjunct to antidepressant
monotherapy in the treatment of major depres-
sive disorder, with an NNT of <10. Thus, al-
though the chances of significant improvement
are modest for a particular patient (i.e. about one
in ten over and above the effects on ongoing
therapy), aripiprazole can be considered one of
the best proven adjunctive therapies for patients
who do not have an adequate response to currently
prescribed antidepressants. Important questions
that are extremely relevant to the public health
persist, however, particularly pertaining to the
optimal duration of adjunctive therapy and the
cost effectiveness of this strategy compared with
other adjunctive treatment strategies.

3.3.6 Summary

Adjunctive therapy with SGAs is currently the
most systematically and rigorously studied phar-
macological augmentation strategy. Both que-
tiapine and aripiprazole have been shown to be
effective adjunctive therapies, with comparable
efficacy results in placebo-controlled trials of pa-
tients receiving ongoing antidepressant therapy.
Risperidone trials have suggested similar bene-
fits, although over a briefer time period. Olanza-
pine, only thus far studied in combination with
fluoxetine, appears to have comparable shorter-
term benefit, although it may pose greater longer-
term problems with weight gain. There is, at
present, insufficient empirical support to recom-
mend ziprasidone for this use.

Despite the clinical gains seen with these
medications, this benefit must be weighed against

the risks involved with their use. Quetiapine
consistently worsened metabolic risk factors in
the clinical trials presented, while about one-third
of the patients treated with aripiprazole experi-
enced restlessness or akathisia. How the clinical
risks and benefits translate into clinical prac-
tice and real-world outcomes remains to be seen,
but at least in the case of these last two agents,
their use is firmly supported by the clinical trial
data.

3.4 Buspirone

Buspirone is an anxiolytic medication that is a
partial agonist at 5HT1A receptors. While its pre-
cise mechanism of action remains incompletely
elucidated, the rationale for studying its efficacy
as an augmenting agent has been its potential to
increase serotonin neurotransmission in a way
that might enhance the effects of SSRIs and
SNRIs.[49] While a number of open-label trials
have suggested benefit of buspirone augmenta-
tion, two randomized, placebo-controlled trials
have failed to find a significant advantage.[50,51]

It could be hypothesized that, as an anxiolytic,
buspirone may help particularly anxious, de-
pressed patients; this was examined in a second-
ary analysis of STAR*D.[52] The results of this
analysis, which focused on the outcomes of pa-
tients with higher levels of anxiety, were frankly
counterintuitive. Specifically, buspirone augmen-
tation tended to be more effective among patients
with lower levels of anxiety than higher levels of
anxiety.[53]

Despite some promising early, open-label data
to suggest a potential role for buspirone aug-
mentation of SSRIs, there have yet to be any
positive RCTs of buspirone for this use, or indeed
any convincing evidence that buspirone has a

Table V. Aripiprazole augmentation of current-generation antidepressants in randomized, placebo-controlled trials

Trial (year) Duration of double-blind
augmentation (weeks)

Response to aripiprazole
augmentationa [rate (%)]

Response to placebo
augmentation [rate (%)]

NNTa

Berman et al.[45] (2007) 6 61/182 (33.5) 42/176 (23.9) 10

Marcus et al.[46] (2008) 6 62/191 (32.4) 33/190 (17.4) 6.66

Berman et al.[48] (2009) 6 82/177 (46.3) 46/172 (26.7) 5

a Response is defined as 50% reduction in Montgomery-Åsberg Depression Rating Scale.

NNT = number needed to treat for one clinical response.
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• Gewicht, LDL & Trig, Glucose alle erhoht

Quetiapin

acute-phase therapy (risperidone added to the
originally unsuccessful antidepressant), and a
third trial has evaluated continuation therapy
after an open-label course of adjunctive treatment.
The first trial of risperidone as an augmentation
agent demonstrated significantly greater re-
sponse and remission rates among 268 patients
who had not benefited from a course of antide-
pressant monotherapy.[40] In this trial, treatment
refractoriness was described as failure of a first-
line antidepressant monotherapy at standard
doses for at least 4 weeks of treatment. Primary
efficacy was determined at 4 weeks and the study
was continued for a total of 6 weeks; remission
and response were defined as 50% reduction in
HDRS-17 and HDRS score of <7, respectively.
Response rates were significantly higher in the
risperidone group: 46.2% versus 29.5%, respec-
tively. Remission rates were also significantly
higher with risperidone at 24.5%, compared with
10.7% in the placebo group.

The second trial, a placebo-controlled study
of 97 nonresponders to SSRIs and other first-line
antidepressants, demonstrated a significant ad-

vantage of risperidone.[41] In this study, patients
receiving risperidone showed a remission rate of
51.6%, compared with 24.2% in the placebo group,
after 4 weeks. Interestingly, the risperidone group
showed significantly more rapid improvement in
the first 2 weeks of the trial; by week 4 the rate of
improvement had slowed and both groupswere seen
to be improving at a similar rate. As was the case
with the first trial, the brevity of the study is a lim-
itation, particularly with respect to estimating the
risk of weight gain and other metabolic side effects.

The question of whether the benefit of risper-
idone augmentation is sustained was investigated
in the third trial, which utilized a placebo-con-
trolled discontinuation design.[42] In this trial,
patients were first treated with a prospective trial
of citalopram, with nonresponders next treated
for 4–6 weeks with adjunctive risperidone therapy.
The 241 responders to open-label risperidone
augmentation were next randomized to either
continue this combination or switched to placebo
(plus active citalopram), in blinded fashion, with
time to relapse as the primary outcome. At the
end of 24 weeks, there were no significant differ-

Table III. Quetiapine extended-release augmentation of current-generation antidepressants in randomized, placebo-controlled trials

Trial (year) Duration of
double-blind
augmentation
(weeks)

Response rate with
quetiapine 150mg
augmentationa

[rate (%)]

Response rate with
quetiapine 300mg
augmentation
[rate (%)]b

Response rate with
placebo augmentation
[rate (%)]

NNT at
300mg
dosea

Bauer et al.[36] (2009) 6 92/166 (55.4) 93/166 (56) 74/160 (46.3) 8.7

El-Khalili et al.[37] (2010) 6 74/143 (51.7) 86/146 (58.9) 66/143 (46.2) 7.8

a Response is defined as 50% reduction in Montgomery-Åsberg Depression Rating Scale.

b Only the 300mg dose was statistically superior.

NNT = number needed to treat for one clinical response.

Table IV. Risperidone augmentation of current-generation antidepressants in randomized, placebo-controlled trials

Trial (year) Duration of double-blind
augmentation (weeks)

Response to risperidone
augmentation [rate (%)]

Response to placebo
augmentation [rate (%)]

NNT Definition of response

Mahmoud
et al.[40] (2007)

4 49/106 (46.2) 33/112 (29.5) 8.3 50% reduction in HDRS
at 4 weeks

Keitner
et al.[41] (2009)

4 35/64 (54.7) 10/30 (33.3) 4.65 50% reduction in MADRS
at 4 weeks

Rapaport
et al.[42] (2006)

24 57/122 (46.7) 54/119 (45.4) No
significant
difference

Remaining free of
depressive relapse
at 24 weeks

HDRS =Hamilton Depression Rating Scale; MADRS=Montgomery-Åsberg Depression Rating Scale; NNT =number needed to treat for one
clinical response.
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‣ Olanzapin + Fluoxetin

Olanzapin + Fluoxetin

By plan, these trials were pooled and analysed
together to provide greater statistical power.[35]

This pair of studies enrolled depressed patients
with a history of one prior unsuccessful course of
antidepressant therapy and first treated them
with a prospective 8-week course of fluoxetine
(mean dose 47.4mg/day). Patients who did not
respond to fluoxetine were randomized to 8 addi-
tional weeks of double-blind therapy with fluox-
etine alone, olanzapine alone or OFC. The first
trial, which randomized 638 patients, showed no
benefit of OFC compared with ongoing therapy
with fluoxetine alone. The second trial, which
randomized 675 patients, found a significant ef-
fect favouring OFC over both monotherapies.
Greater efficacy of OFC was also shown in the
planned pooled analysis, with a time course of
differential benefit similar to that seen in the
original trial of Shelton et al.[32]

In reviewing this set of five studies, the FDA
concluded that OFC had sufficient efficacy for
approval for treatment of depressive episodes
that have not responded to adequate trials of
antidepressant medications. The calculated NNT
for each of these trials is represented in table II.

It seems reasonable to conclude that out-
patients who have not responded to two trials of
SSRIs, including fluoxetine as the second agent,
may benefit from the addition of olanzapine.
Whether OFC offers comparable benefits for

patients who do not respond to other treatment
sequences has not been systematically evaluated.
Given that the efficacy of OFC has only been
established for fluoxetine monotherapy non-
responders, the potential benefits of this strategy
must also be weighed against its potential for
adverse effects. For example, in the pooled anal-
ysis of the last two studies of OFC, the combi-
nation strategy resulted in significantly greater
weight gain and increase in total cholesterol com-
paredwith ongoing fluoxetinemonotherapy.With
the increasing recognition of how commonly
these effects, as well as impairment of blood
glucose control, are seen with SGAs in general
and olanzapine in particular, a careful benefit/
risk appraisal is warranted before initiating this
therapy.[31]

3.3.2 Quetiapine

The initial neuropharmacological rationale for
adjunctive quetiapine therapy centred on its an-
tagonism at 5-HT2A and a2-receptors. However,
while the pivotal studies of adjunctive quetiapine
therapy were underway, it was discovered that
theN-desalkyl metabolite of this compound, now
named norquetiapine, was a moderately potent
inhibitor of the norepinephrine transporter. Three
early trials are included in a 2007meta-analysis of
antipsychotic augmentation of antidepressant
treatment.[29] Per the meta-analysis, these trials

Table II. Olanzapine/fluoxetine combination (OFC) compared with fluoxetine (FLX) alone in randomized, placebo-controlled trials

Trial (year) Duration of
double-blind
augmentation
(weeks)

Response rate with
OFC [rate (%)]a

Response rate
with fluoxetine
[rate (%)]a

NNT Notes

Shelton et al.[32]

(2001)
8 6/10 (60) 1/10 (10) 2 Also included OLZ-only group. OFC vs FLX

not statistically significant

Shelton et al.[33]

(2005)
8 40/146 (27.4) 41/142 (28.9) NA OFC compared with FLX started

simultaneously. Also included OLZ-only
group. OFC vs FLX not statistically significant

Corya et al.[34]

(2006)
12 100/243 (41.2) 19/60 (31.6) NA OFC compared with FLX started

simultaneously. Also included OLZ-only
group. OFC vs FLX not statistically significant

Thase et al.[35]

(2007)
8 Study 1: 37/101 (36.6)

Study 2: 43/97 (44.3)
Total: 80/198 (40.4)

Study 1: 30/102 (29.4)
Study 2: 30/101 (29.7)
Total: 60/203 (29.6)

9.26 Pooled results statistically significant

a Response is defined as 50% reduction in Montgomery-Åsberg Depression Rating Scale.

NA= no significant advantage found; NNT = number needed to treat for one clinical response; OLZ =olanzapine.
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‣ Risperidon

Risperidon

acute-phase therapy (risperidone added to the
originally unsuccessful antidepressant), and a
third trial has evaluated continuation therapy
after an open-label course of adjunctive treatment.
The first trial of risperidone as an augmentation
agent demonstrated significantly greater re-
sponse and remission rates among 268 patients
who had not benefited from a course of antide-
pressant monotherapy.[40] In this trial, treatment
refractoriness was described as failure of a first-
line antidepressant monotherapy at standard
doses for at least 4 weeks of treatment. Primary
efficacy was determined at 4 weeks and the study
was continued for a total of 6 weeks; remission
and response were defined as 50% reduction in
HDRS-17 and HDRS score of <7, respectively.
Response rates were significantly higher in the
risperidone group: 46.2% versus 29.5%, respec-
tively. Remission rates were also significantly
higher with risperidone at 24.5%, compared with
10.7% in the placebo group.

The second trial, a placebo-controlled study
of 97 nonresponders to SSRIs and other first-line
antidepressants, demonstrated a significant ad-

vantage of risperidone.[41] In this study, patients
receiving risperidone showed a remission rate of
51.6%, compared with 24.2% in the placebo group,
after 4 weeks. Interestingly, the risperidone group
showed significantly more rapid improvement in
the first 2 weeks of the trial; by week 4 the rate of
improvement had slowed and both groupswere seen
to be improving at a similar rate. As was the case
with the first trial, the brevity of the study is a lim-
itation, particularly with respect to estimating the
risk of weight gain and other metabolic side effects.

The question of whether the benefit of risper-
idone augmentation is sustained was investigated
in the third trial, which utilized a placebo-con-
trolled discontinuation design.[42] In this trial,
patients were first treated with a prospective trial
of citalopram, with nonresponders next treated
for 4–6 weeks with adjunctive risperidone therapy.
The 241 responders to open-label risperidone
augmentation were next randomized to either
continue this combination or switched to placebo
(plus active citalopram), in blinded fashion, with
time to relapse as the primary outcome. At the
end of 24 weeks, there were no significant differ-

Table III. Quetiapine extended-release augmentation of current-generation antidepressants in randomized, placebo-controlled trials

Trial (year) Duration of
double-blind
augmentation
(weeks)

Response rate with
quetiapine 150mg
augmentationa

[rate (%)]

Response rate with
quetiapine 300mg
augmentation
[rate (%)]b

Response rate with
placebo augmentation
[rate (%)]

NNT at
300mg
dosea

Bauer et al.[36] (2009) 6 92/166 (55.4) 93/166 (56) 74/160 (46.3) 8.7

El-Khalili et al.[37] (2010) 6 74/143 (51.7) 86/146 (58.9) 66/143 (46.2) 7.8

a Response is defined as 50% reduction in Montgomery-Åsberg Depression Rating Scale.

b Only the 300mg dose was statistically superior.

NNT = number needed to treat for one clinical response.

Table IV. Risperidone augmentation of current-generation antidepressants in randomized, placebo-controlled trials

Trial (year) Duration of double-blind
augmentation (weeks)

Response to risperidone
augmentation [rate (%)]

Response to placebo
augmentation [rate (%)]

NNT Definition of response

Mahmoud
et al.[40] (2007)

4 49/106 (46.2) 33/112 (29.5) 8.3 50% reduction in HDRS
at 4 weeks

Keitner
et al.[41] (2009)

4 35/64 (54.7) 10/30 (33.3) 4.65 50% reduction in MADRS
at 4 weeks

Rapaport
et al.[42] (2006)

24 57/122 (46.7) 54/119 (45.4) No
significant
difference

Remaining free of
depressive relapse
at 24 weeks

HDRS =Hamilton Depression Rating Scale; MADRS=Montgomery-Åsberg Depression Rating Scale; NNT =number needed to treat for one
clinical response.
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‣ Risperidon

Risperidon

acute-phase therapy (risperidone added to the
originally unsuccessful antidepressant), and a
third trial has evaluated continuation therapy
after an open-label course of adjunctive treatment.
The first trial of risperidone as an augmentation
agent demonstrated significantly greater re-
sponse and remission rates among 268 patients
who had not benefited from a course of antide-
pressant monotherapy.[40] In this trial, treatment
refractoriness was described as failure of a first-
line antidepressant monotherapy at standard
doses for at least 4 weeks of treatment. Primary
efficacy was determined at 4 weeks and the study
was continued for a total of 6 weeks; remission
and response were defined as 50% reduction in
HDRS-17 and HDRS score of <7, respectively.
Response rates were significantly higher in the
risperidone group: 46.2% versus 29.5%, respec-
tively. Remission rates were also significantly
higher with risperidone at 24.5%, compared with
10.7% in the placebo group.

The second trial, a placebo-controlled study
of 97 nonresponders to SSRIs and other first-line
antidepressants, demonstrated a significant ad-

vantage of risperidone.[41] In this study, patients
receiving risperidone showed a remission rate of
51.6%, compared with 24.2% in the placebo group,
after 4 weeks. Interestingly, the risperidone group
showed significantly more rapid improvement in
the first 2 weeks of the trial; by week 4 the rate of
improvement had slowed and both groupswere seen
to be improving at a similar rate. As was the case
with the first trial, the brevity of the study is a lim-
itation, particularly with respect to estimating the
risk of weight gain and other metabolic side effects.

The question of whether the benefit of risper-
idone augmentation is sustained was investigated
in the third trial, which utilized a placebo-con-
trolled discontinuation design.[42] In this trial,
patients were first treated with a prospective trial
of citalopram, with nonresponders next treated
for 4–6 weeks with adjunctive risperidone therapy.
The 241 responders to open-label risperidone
augmentation were next randomized to either
continue this combination or switched to placebo
(plus active citalopram), in blinded fashion, with
time to relapse as the primary outcome. At the
end of 24 weeks, there were no significant differ-

Table III. Quetiapine extended-release augmentation of current-generation antidepressants in randomized, placebo-controlled trials

Trial (year) Duration of
double-blind
augmentation
(weeks)

Response rate with
quetiapine 150mg
augmentationa

[rate (%)]

Response rate with
quetiapine 300mg
augmentation
[rate (%)]b

Response rate with
placebo augmentation
[rate (%)]

NNT at
300mg
dosea

Bauer et al.[36] (2009) 6 92/166 (55.4) 93/166 (56) 74/160 (46.3) 8.7

El-Khalili et al.[37] (2010) 6 74/143 (51.7) 86/146 (58.9) 66/143 (46.2) 7.8

a Response is defined as 50% reduction in Montgomery-Åsberg Depression Rating Scale.

b Only the 300mg dose was statistically superior.

NNT = number needed to treat for one clinical response.

Table IV. Risperidone augmentation of current-generation antidepressants in randomized, placebo-controlled trials

Trial (year) Duration of double-blind
augmentation (weeks)

Response to risperidone
augmentation [rate (%)]

Response to placebo
augmentation [rate (%)]

NNT Definition of response

Mahmoud
et al.[40] (2007)

4 49/106 (46.2) 33/112 (29.5) 8.3 50% reduction in HDRS
at 4 weeks

Keitner
et al.[41] (2009)

4 35/64 (54.7) 10/30 (33.3) 4.65 50% reduction in MADRS
at 4 weeks

Rapaport
et al.[42] (2006)

24 57/122 (46.7) 54/119 (45.4) No
significant
difference

Remaining free of
depressive relapse
at 24 weeks

HDRS =Hamilton Depression Rating Scale; MADRS=Montgomery-Åsberg Depression Rating Scale; NNT =number needed to treat for one
clinical response.
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Augmentation mit Atypika

‣ SSRI + Aripiprazol NNT ~7

‣ SSRI + Quetiapin NNT ~8
‣ SSRI + Risperidon NNT ~6, aber kurzfristig
‣ Fluoxetin + Olanzapin NNT ~10

‣ Unklar ob Atypika zur Rezidivprophylaxe beitragen
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Strategien

‣ Switch
• zu anderem SSRI/SNRI             SNRI > SSRI
• zu Mirtazapin                          ?
• zu TCA                                   ?
• zu MOA                                 nein?

‣ Augmentation
• Lithium                                   nach TCA
• Triiodothyronin                       nein?
• Atypikum                                aripiprazol - NNT ca 7

‣ Kombination
• Mirtazapin/Mianserin + SSRI/SNRI
• Desipramine + SSRI/SNRI
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‣ Triple action

‣ Californian rocket fuel

Kombinationen

Chapter 7: Antidepressants

California Rocket Fuel
SNBI + mirtazaPine

FigureT-g7. Heroiccombos,paft2iCaliforniarocketfuel.Aserotonin-norepinephrinereuptakeinhibjtor(SNRI) plusmirtazap':
combination thar has a great degree oftheoretical synergy: norepinephrine reuptake blockade plus o2 blockade, serotonin (5HT) reup:'' - :
5HT:r and 5HT26 antagonisr, u"nd thus many 5HT ictions plus norepinephrine (NE) actions Specifically, 5HT is quadruple-boosted l :-
reuptake bLockade, o, untugonir,1't, !HTro aniagonism, and 5HT26 aniagonism), NE is quadrupe boosted (with reuptake blockade' o-
antagonism, 5HT2A antagonist, unO SHir. antigonism), and tfie n,''u-y tu"n be a double boost of dopamine (wlth 5HT?A and 5Hi:
antagonism).

Arousal Combos

Figure 7-8g. Heroic combos, part 3: SNRI plus stimulant or modafinil. A serotonin-norepinephrine reuptake inhibitor (SNRI) c -' 'srimulant means that serotonin (5HT) and dopamine tonl aie iinqte ooosted and noreprnephrine (NE) is double-boosted with an :":
combination wlth modafinll, seroronin (5HT) and norepinephrine (NE) are single-boosted by the sNRl whiie dopamine (DA) is sjnql:-: - - r"rrr
by modafinil.

quadruple boost

(t t

SNRI + stimulant

SNBI + modafinil
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Californian rocket fuel minor

‣ Mirtazepine
• 1 DB RCT, n=26 non-responders nach 4 Wochen SSRI
• SSRI+Pla / SSRI+Mirtazepin
• Remission 45.5% vs 13.3%. NNT = 3

• Ko-medikation: 2 RCTs. NNT 3-5. 

‣ Mianserin
• 1 DB RCT, n=104 non-responders nach 6 Wochen Fluox.
• Fluox+Pla / Fluox+MIA / Pla+MIA
• Remission: 44% / 36% / 18%. NNT = 4
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Triple action

‣ Bupropion + SSRI oder SNRI
• Case studies. 
• Keine DB RCTs. 

‣ Desipramine + Fluoxetin
• 3 DB RCTs. 1 positives Resultat, 2 negative. 
• Beide 2D6 Substrate
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Strategien

‣ Switch
• zu anderem SSRI/SNRI           SNRI > SSRI 
• zu Mirtazapin                        ?
• zu TCA                                 ?
• zu MOA                                nein?

‣ Augmentation
• Lithium                                  nach TCA
• Triiodothyronin                      nein?
• Atypikum                               aripiprazol - NNT ca 7

‣ Kombination
• Mirtazapin/Mianserin + SSRI/SNRI
• Desipramine + SSRI/SNRI
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Wann hat’s nicht geklappt?

‣ Ansprechen innerhalb von 14 Tagen ersichtlich

‣ <10% werden danach noch responders Szegedi et al., 2003, 2009

Mechanism of Antidepressant Drug Response

J Clin Psychiatry 68:8, August 2007 1201

improvement, and greater than 85% of patients showing
sustained response in a 6-week clinical trial, experience
the respective onset within the first 4 weeks of treatment;
and (5) there is no indication of a general 4-week delay of
the onset of action of antidepressants, as proposed by
some researchers in the field.19

DISCUSSION

Delayed Onset of Action of Antidepressants?
It is currently impossible to predict when a particular

patient will respond to a particular antidepressant drug
treatment—if at all. Moreover, response rates are gener-
ally modest,20 as indicated by the observed drug-placebo
and drug-drug differences in our study, in which drug ef-
fects were achieved through a variety of different mecha-
nisms. This is in line with recent meta-analyses of U.S.
Food and Drug Administration (FDA) data on 10,030 pa-
tients from 52 antidepressant drug trials, in which active
substances showed superiority to placebo in fewer than
half of the studies.21,22

Central to our study was the question of the extent
to which active compounds possess a faster or slower on-
set of action, compared to placebo. To address this issue,
we relied on a 2-dimensional cure model that disentangles

the 2 central aspects of antidepressant drug response, effi-
cacy in terms of the proportion of patients in whom a
therapeutic response is induced (incidence), and efficacy
in terms of the speed at which depressive symptoms re-
duce (latency).

We found a continuous distribution of the time spans to
onset of improvement for all treatment modalities under
investigation and for all improvement criteria on the basis
of sustained baseline score reductions between 20% and
50%. The continuous distributions yielded no indication
of a distinct drug effect after 3 to 4 weeks of treatment, as
postulated by the delayed onset-of-action hypothesis.19

That is, there was no indication of multimodal character-
istics in which the first modal value is hypothesized to
reflect placebo response and the second mode, after a de-
lay of 3 to 4 weeks, is hypothesized to reflect true drug
response. In fact, the delayed onset-of-action hypothesis
has been seriously challenged by several recent meta-
analyses of samples of respectable size.1,17,23,24

Specifically, the speed differences among active
compounds and between active compounds and placebo
turned out to be marginal, yet became statistically signifi-
cant when incidence and latency were combined into
a single cure model (Figure 5A), so that the time to im-
provement was weighted (biased) by the treatment-
dependent response rates. It is likely, thus, that reports on
“faster-acting drugs” can almost entirely be explained by
the specifics of 1-dimensional cure models or equivalent
statistical procedures when compared to the results of 2-
dimensional models (Figure 5B). If one drug displays bet-
ter efficacy than another, it apparently converts through-
out the entire observation period a higher percentage of

Table 3. Time Characteristics of Improvement Under
Treatment With Imipramine, Moclobemide, and Placeboa,b,c,d,e

Imipramine, Moclobemide, Placebo,
n (N) = 419 (506),f n (N) = 453 (580),g n (N) = 111 (191),h

Day % % %
3 15.4 17.8 23.3
7 55.1 53.7 54.3

10 61.9 61.2 60.3
14 81.3 80.1 77.6
21 93.5 92.1 89.7
28 97.7 97.0 95.7
aData are from Stassen et al.3
bCumulative rates of improvers under treatment with imipramine

(TCA), moclobemide (MAOA), and placebo, as derived by survival-
analytic methods.

cOnset of improvement was defined as a 20% Hamilton Rating Scale
for Depression baseline score reduction without subsequent
deterioration.

dPercentages relate to improvers only, excluding nonimprovers.
eThe data of 3 patients were not yet available at the time point of the

first analysis.
fImipramine: 83% of total sample.
gMoclobemide: 78% of total sample.
hPlacebo: 58% of total sample.
Abbreviations: MAOA = monoamine oxidase-A inhibitor,

TCA = tricyclic antidepressant.

Figure 4. Odds Ratios Showing Increased Likelihood
of Early Improvement Leading to Sustained Responsea,b,c,d

aSustained response is much more likely among early improvers
independent of treatment modality as indicated by odds ratios that
exceed 3 for all drugs and placebo.

bThe estimates were derived by fitting a random-effects model that
accounted for the between-study variation.

cThe dotted line indicates an odds ratio of 1.
dEarly improvement was defined through a 20% sustained baseline

score reduction within the first 2 weeks of treatment and response
through a 50% sustained baseline score reduction (criterion typically
met around day 20 (mean 19.5 ± 9.2); cf. Table 1).
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Table 4. Time Characteristics of Improvement Under Treatment With Fluoxetine and Moclobemidea,b,c,d,e

Criterion: 20% Sustained Baseline Score Reduction Criterion: 50% Sustained Baseline Score Reduction
Fluoxetine, Moclobemide, Fluoxetine, Moclobemide,

Day n (N) = 345 (440),f % n (N) = 348 (437),g % n (N) = 211 (440),h % n (N) = 209 (437),i %
5 7.7 6.5 1.4 1.0
7 33.7 33.8 10.1 11.7

10 43.5 43.7 17.3 11.7
14 67.5 66.8 34.1 40.3
21 79.0 81.9 57.7 59.7
28 94.7 94.8 88.5 87.9
aData are from Stassen et al.10

bCumulative rates of improvers and responders under treatment with fluoxetine (SSRI) and moclobemide (MAOA) as derived by nonparametric
survival-analytic methods.

cOnset of improvement and response were defined as a 20% and a 50% Hamilton Rating Scale for Depression baseline score reduction without
subsequent deterioration, respectively.

dPercentages relate to improvers/responders only, excluding nonimprovers/nonresponders.
eThe data of 7 patients (3 moclobemide, 4 fluoxetine) were not yet available at the time point of the first analysis.
fFluoxetine: 78% of total sample were improvers.
gMoclobemide: 80% of total sample were improvers.
hFluoxetine: 48% of total sample were responders.
iMoclobemide: 48% of total sample were responders.
Abbreviations: MAOA = monoamine oxidase-A inhibitor, SSRI = selective serotonin reuptake inhibitor.

aData are from Stassen et al.3 The curves indicate significant between-
treatment differences with respect to the time characteristics of
recovery, but there is no indication of a delayed onset of action of
antidepressants with true drug effects occurring only after 3 to 4
weeks of treatment.

bData are from Stassen et al.3 The curves indicate that the differences
apparent in the 1-dimensional cure model can almost entirely be
explained by between-treatment differences in incidence. Please
note: patients who did not improve were excluded because
unconditional time to improvement curves show statistical
significance for identical time characteristics of improvement
whenever the proportions of improvers/responders significantly
differ.13

cData are from Stassen et al.3 The curves represent time to onset of
improvement with the empirical data of Figure 5A manipulated in
such a way that they support the delayed-onset hypothesis: of the
patients showing early onset of action under treatment with active
substances within the first 2 weeks of treatment, we randomly
selected exactly that many patients that exceeded the corresponding
placebo rate and randomly shifted their onset of action between day
17 and day 24.

Figure 5. Time to Onset of Improvement Under Treatment With Imipramine, Moclobemide, and Placebo: (A) One-Dimensional
Cure Model Combining Incidence and Latency,a (B) Two-Dimensional Cure Model Separating Incidence and Latency,b and
(C) One-Dimensional Cure Model as One Would Expect Under the Hypothesis of a Delayed Onset of Action of 3 Weeksc
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We asked pharmaceutical companies, regulatory 
agencies, and study investigators to supply all available 
information.

Two persons within the reviewing team independently 
reviewed references and abstracts retrieved by the search, 
assessed the completeness of data abstraction, and 
confi rmed quality rating. We used a structured data-
abstraction form to ensure consistency of appraisal for 
each study. Investigators were contacted and asked to 
provide data to supplement the incomplete reporting of 
the original articles.

We gave studies a quality rating of adequate, unclear, or 
inadequate, according to the adequacy of the random 
allocation concealment and blinding.13 Studies that scored 
adequate or unclear on these criteria were included in 
the fi nal list.

Outcome measures
We defi ned acute treatment as 8-week treatment for 
both effi  cacy and acceptability analyses.14 If 8-week data 
were not available, we used data ranging between 6 and 
12 weeks (we gave preference to the timepoint given in 
the original study as the study endpoint). Response and 
dropout rates were chosen as primary outcomes, being 
the most consistently reported estimates of 
acute-treatment effi  cacy and acceptability. We defi ned 
response as the proportion of patients who had a 
reduction of at least 50% from the baseline score on the 
Hamilton depression rating scale (HDRS) or 
Montgomery–Åsberg depression rating scale (MADRS), 
or who scored much improved or very much improved 
on the clinical global impression (CGI) at 8 weeks. 
When trials reported results from all three rating scales, 
we used the HDRS results. Finally, we defi ned treatment 
discontinuation (acceptability) as the number of patients 
who terminated the study early for any reason during 
the fi rst 8 weeks of treatment (dropouts).

Comparability of dosages
In addition to internal and external validity, we assessed 
the comparability of dosages. Because we could not fi nd 
any clear defi nitions about equivalence of dosages 
among new-generation antidepressants in the published 
literature, we used a modifi ed version of a previously 
published classifi cation described by Gartlehner and 
colleagues8 (table 1). We employed this information to 
detect inequalities in dosing that could aff ect comparative 
effi  cacy, and used it in a sensitivity analysis by defi ning 
within the therapeutic dose only those studies that used 
comparable dosages within the predefi ned range.

Statistical analysis
We chose a dichotomous primary outcome mainly for 
clinical reasons. We used both the number of patients 
who responded and the number of patients who 
dropped out to have hard outcome measures of both 
treatment effi  cacy and acceptability. We used response 

rate instead of a continuous symptom score for effi  cacy 
analysis to make the interpretation of results easier for 
clinicians.15 When dichotomous effi  cacy outcomes 
were not reported, but baseline scores, endpoint 
means, and standard deviations (SD) of the depression 
rating scales (such as HDRS or MADRS) were 
provided, we estimated the number of patients 
responding to treatment at 8 weeks (range 6–12 weeks) 

Range (mg/day) Low Medium High

Bupropion 150–450 <337·5 337·5–412·5 >412·5

Citalopram 20–60 <30 30–50 >50

Duloxetine 60–100 <70 70–90 >90

Escitalopram 10–30 <15 15–25 >25

Fluoxetine 20–60 <30 30–50 >50

Fluvoxamine 50–300 <75 75–125 >125

Milnacipran 50–300 <75 75–125 >125

Mirtazapine 15–45 <22·5 22·5–37·5 >37·5

Paroxetine 20–60 <30 30–50 >50

Reboxetine 4–12 <5 5–9 >9

Sertraline 50–200 <75 75–125 >125

Venlafaxine 75–250 <156·3 156·25–218·7 >218·75

Table !: Dosing classifi cation based on lower and upper dosing range 
quartiles

345 potentially relevant studies identified for retrieval from literature search

98 articles excluded after initial screening
of titles and abstracts

27 additional references

274 potentially eligible articles retrieved with full text for more detailed analysis

172 articles excluded after detailed screening
68 duplicate
11 meeting abstracts (unable to extract

any data) 
39 non-randomised design

4 not including active comparator arm
5 full text unavailable

18 unable to extract any data
27 reviews or pooled analyses

15 unpublished studies (from
pharmaceutical industry websites)

117 randomised controlled trials eligible for multiple treatment meta-analysis*
14 comparing bupropion with other second-generation antidepressants
16 comparing citalopram with other second-generation antidepressants

8 comparing duloxetine with other second-generation antidepressants
19 comparing escitalopram with other second-generation antidepressants
54 comparing fluoxetine with other second-generation antidepressants
11 comparing fluvoxamine with other second-generation antidepressants

6 comparing milnacipran with other second-generation antidepressants
13 comparing mirtazapine with other second-generation antidepressants
32 comparing paroxetine with other second-generation antidepressants

8 comparing reboxetine with other second-generation antidepressants
27 comparing sertraline with other second-generation antidepressants
28 comparing venlafaxine with other second-generation antidepressants

Figure !: Study selection process
*117 randomised controlled trials correspond to 236 arms because two three-arm studies comparing fl uoxetine 
with paroxetine and sertraline were included in this multiple-treatments meta-analysis.
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In a meta-regression analysis to assess potential 
sponsorship bias, ORs and fi nal rankings did not 
substantially change. The cumulative probability of 
being among the four best treatments became slightly 
smaller for those drugs in trials which were sponsored 
by the marketing company, with the comparators 
moving up the ranking slightly.

Discussion
Our analysis was based on 117 studies including 
25 928 individuals randomly assigned to 12 diff erent 
new-generation antidepressants. Our fi ndings might 
help to choose among new-generation antidepressants 
for acute treatment of major depression. Some 
antidepressants diff ered both statistically and clinically. 
In terms of response, mirtazapine, escitalopram, 
venlafaxine, and sertraline were more effi  cacious than 
duloxetine, fl uoxetine, fl uvoxamine, paroxetine, and 
reboxetine. In terms of acceptability, escitalopram, 
sertraline, citalopram, and bupropion were better 
tolerated than other new-generation antidepressants. 
These results indicate that two of the most effi  cacious 
treatments (mirtazapine and venlafaxine) might not be 
the best for overall acceptability.

Here, we did not investigate important outcomes, such 
as side-eff ects, toxic eff ects, discontinuation symptoms, 
and social functioning. However, the most important 

clinical implication of the results is that escitalopram and 
sertr aline might be the best choice when starting a 
treatment for moderate to severe major depression 
because they have the best possible balance between 
effi  cacy and acceptability.

We did not do a formal cost-eff ectiveness analysis; 
however, because some new anti depressants are now off  
patent and available in generic form, their acquisition 
cost is reduced. Indeed, only two of the 12 antidepressants 
(escitalopram and duloxetine) are still on patent in the 
USA and in Europe. Sertraline seems to be better than 
escitalo pram because of its lower cost in most countries. 
How ever, in the absence of a full economic model, this 
recom mendation cannot be made unequivocally because 
several other costs are associated with the use of 
antidepressants.138

Reboxetine, fl uvoxamine, paroxetine, and duloxetine 
were the least effi  cacious and acceptable drugs, making 
them less favour able options when prescribing an acute 
treat ment for major depression. Furthermore, in terms of 
acceptability, reboxetine was the least tolerated agent 
among the 12 anti depressants and was signifi cantly less 
eff ective than all the other 11 drugs. Therefore, reboxetine 
should not be used as a routine fi rst-line acute treatment 
for major depression.

Findings from this analysis apply only to acute-phase 
treatment (8 weeks) of depression. Clinicians need to 
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Figure !: Ranking for e!  cacy (solid line) and acceptability (dotted line)
Ranking indicates the probability to be the best treatment, the second best, the third best, and so on, among the 12 antidepressants.
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In a meta-regression analysis to assess potential 
sponsorship bias, ORs and fi nal rankings did not 
substantially change. The cumulative probability of 
being among the four best treatments became slightly 
smaller for those drugs in trials which were sponsored 
by the marketing company, with the comparators 
moving up the ranking slightly.

Discussion
Our analysis was based on 117 studies including 
25 928 individuals randomly assigned to 12 diff erent 
new-generation antidepressants. Our fi ndings might 
help to choose among new-generation antidepressants 
for acute treatment of major depression. Some 
antidepressants diff ered both statistically and clinically. 
In terms of response, mirtazapine, escitalopram, 
venlafaxine, and sertraline were more effi  cacious than 
duloxetine, fl uoxetine, fl uvoxamine, paroxetine, and 
reboxetine. In terms of acceptability, escitalopram, 
sertraline, citalopram, and bupropion were better 
tolerated than other new-generation antidepressants. 
These results indicate that two of the most effi  cacious 
treatments (mirtazapine and venlafaxine) might not be 
the best for overall acceptability.

Here, we did not investigate important outcomes, such 
as side-eff ects, toxic eff ects, discontinuation symptoms, 
and social functioning. However, the most important 

clinical implication of the results is that escitalopram and 
sertr aline might be the best choice when starting a 
treatment for moderate to severe major depression 
because they have the best possible balance between 
effi  cacy and acceptability.

We did not do a formal cost-eff ectiveness analysis; 
however, because some new anti depressants are now off  
patent and available in generic form, their acquisition 
cost is reduced. Indeed, only two of the 12 antidepressants 
(escitalopram and duloxetine) are still on patent in the 
USA and in Europe. Sertraline seems to be better than 
escitalo pram because of its lower cost in most countries. 
How ever, in the absence of a full economic model, this 
recom mendation cannot be made unequivocally because 
several other costs are associated with the use of 
antidepressants.138

Reboxetine, fl uvoxamine, paroxetine, and duloxetine 
were the least effi  cacious and acceptable drugs, making 
them less favour able options when prescribing an acute 
treat ment for major depression. Furthermore, in terms of 
acceptability, reboxetine was the least tolerated agent 
among the 12 anti depressants and was signifi cantly less 
eff ective than all the other 11 drugs. Therefore, reboxetine 
should not be used as a routine fi rst-line acute treatment 
for major depression.

Findings from this analysis apply only to acute-phase 
treatment (8 weeks) of depression. Clinicians need to 
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In a meta-regression analysis to assess potential 
sponsorship bias, ORs and fi nal rankings did not 
substantially change. The cumulative probability of 
being among the four best treatments became slightly 
smaller for those drugs in trials which were sponsored 
by the marketing company, with the comparators 
moving up the ranking slightly.

Discussion
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25 928 individuals randomly assigned to 12 diff erent 
new-generation antidepressants. Our fi ndings might 
help to choose among new-generation antidepressants 
for acute treatment of major depression. Some 
antidepressants diff ered both statistically and clinically. 
In terms of response, mirtazapine, escitalopram, 
venlafaxine, and sertraline were more effi  cacious than 
duloxetine, fl uoxetine, fl uvoxamine, paroxetine, and 
reboxetine. In terms of acceptability, escitalopram, 
sertraline, citalopram, and bupropion were better 
tolerated than other new-generation antidepressants. 
These results indicate that two of the most effi  cacious 
treatments (mirtazapine and venlafaxine) might not be 
the best for overall acceptability.

Here, we did not investigate important outcomes, such 
as side-eff ects, toxic eff ects, discontinuation symptoms, 
and social functioning. However, the most important 

clinical implication of the results is that escitalopram and 
sertr aline might be the best choice when starting a 
treatment for moderate to severe major depression 
because they have the best possible balance between 
effi  cacy and acceptability.

We did not do a formal cost-eff ectiveness analysis; 
however, because some new anti depressants are now off  
patent and available in generic form, their acquisition 
cost is reduced. Indeed, only two of the 12 antidepressants 
(escitalopram and duloxetine) are still on patent in the 
USA and in Europe. Sertraline seems to be better than 
escitalo pram because of its lower cost in most countries. 
How ever, in the absence of a full economic model, this 
recom mendation cannot be made unequivocally because 
several other costs are associated with the use of 
antidepressants.138

Reboxetine, fl uvoxamine, paroxetine, and duloxetine 
were the least effi  cacious and acceptable drugs, making 
them less favour able options when prescribing an acute 
treat ment for major depression. Furthermore, in terms of 
acceptability, reboxetine was the least tolerated agent 
among the 12 anti depressants and was signifi cantly less 
eff ective than all the other 11 drugs. Therefore, reboxetine 
should not be used as a routine fi rst-line acute treatment 
for major depression.

Findings from this analysis apply only to acute-phase 
treatment (8 weeks) of depression. Clinicians need to 
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treatments (citalopram was stopped and new treatment initiated
with sustained-release bupropion, cognitive therapy, sertraline,
or extended-release venlafaxine) and three augmentation options
(citalopram plus bupropion, buspirone, or cognitive therapy).

The equipoise stratified randomized design (36) allowed pa-
tients to exercise choices over which switch or augmentation
strategies were acceptable at Levels 2 and 3. For example, partici-
pants entering Level 2 could decline all three augmentation op-
tions, decline all four switch options, decline either or both cogni-
tive therapy cells (i.e., cognitive therapy alone or cognitive
therapy plus citalopram), or decline all treatments except for the
two cognitive therapy cells (to ensure that they would receive cog-
nitive therapy) (37). This design was used to mimic clinical prac-
tice as opposed to mandating randomization to all seven treat-
ments (at Level 2) or all four treatments (at Level 3) (38).

Participants who accepted the switch strategies in the second
step (Level 2) differed from participants who accepted the second
step augmentation strategies. As a group, they tended to be more
severely ill and to have experienced more side effects with citalo-
pram (39). Only 21 of 1,439 Level 2 participants accepted random-
ization to all seven treatments.

For the most part, patients who had not achieved remission
or were unable to tolerate their assigned second step (Level 2)
treatment could subsequently enter Level 3 directly. Level 3 in-
cluded two medication switch strategies (mirtazapine or
nortriptyline) or two medication augmentation strategies (lith-
ium or T3 [25 mg]). Once again, many Level 3 participants
elected either the augmentation or switch strategy, although
both strategies were encouraged.

FIGURE 1. Overall STAR*D Participant Flow

a Nine participants entered step 2 without a step 1 postbaseline visit being recorded.
b Only possible for participants who received cognitive therapy alone or cognitive therapy plus citalopram at step 2.
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for receiving lithium from the beginning. An important
limitation of this acceleration meta-analysis is also the
lack of data on lithium’s effects when added to selective
serotonin reuptake inhibitors or other newer antidepres-
sants, nowadays the de facto first-line antidepressant
agents in depression.

Confirming the results of our previously published
meta-analysis,3 our now updated meta-analysis of 10 ran-
domized lithium augmentation trials found lithium to be
effective, with an OR of 3.11, an NNT of 5, and a signifi-
cantly higher rate of responders compared with placebo

treatment (41.2% vs. 14.4%). Considering the number of
randomized trials and the results from this meta-analysis,
lithium is the foremost and most well-documented aug-
mentation strategy for depressed patients not responding
to antidepressants.

Possible reasons for the negative results in some of the
augmentation trials have been discussed previously,3

ranging from clearly insufficient lithium doses (e.g., only
250 mg/day in 1 study, leading to a mean lithium serum
level of 0.25 mmol/L24) to inappropriate duration of treat-
ment (e.g., only 48 hours in 2 studies22,29). For the new

Table 2. Randomized Double-Blind Lithium Augmentation Studies
Antidepressant Lithium Dosage

Study Subjects Treatment (serum level) and Duration Response Criteria
Heninger et al (1983)26 14 UP, 1 BP, 12 F, 3 M, Various TCAs 900–1200 mg/d Decrease of 2 or more points

mean age = 50 y and tetracyclics (0.5–1.1 mmol/L), 12 d on SCRS
Kantor et al (1986)22 7 UP, sex NR, mean age NR Various TCAs 900 mg/d, 48 h * 40% decrease in HAM-D
Zusky et al (1988)23 16 UP, 13 F, 3 M, Various TCAs 300 mg/d first week, Final HAM-D ) 7

mean age = 45 y and MAOIs 900 mg/d second week, 14 d
Schöpf et al (1989)28 18 UP, 9 BP, 19 F, 8 M, Various 600–800 mg/d * 50% decrease in HAM-D

mean age = 54 y antidepressants (0.6–0.8 mmol/L), 7 d
Browne et al (1990)29 14 UP, 3 BP, 10 F, 7 M, Various TCAs and 900 mg/d, 48 h * 50% decrease in HAM-D

mean age = 42 y tetracyclics
Stein and Bernadt (1993)24 34 UP, 27 F, 7 M, Various TCAs 250 mg/d, 21 d * 50% decrease in HAM-D

mean age = 47 y
Joffe et al (1993)25 33 UP, 18 F, 15 M, Various TCAs 900 mg/d (> 0.55 mmol/L), 14 d * 50% decrease in HAM-D

mean age = 37 y
Katona et al (1995)30 N = 61, polarity NR, 35 F, SSRIs and TCAs 800 mg/d (0.6–1 mmol/L), 42 d * 50% decrease in HAM-D

26 M, mean age = 40 y
Baumann et al (1996)27 23 UP, 1 BP, 17 F, 7 M, Citalopram 800 mg/d (0.5–0.8 mmol/L), 7 d * 50% decrease in HAM-D

mean age = 41 y
Nierenberg et al (2003)4 35 UP, 16 F, 19 M, Nortriptyline 900 mg/d * 50% decrease in HAM-D

mean age = 38 y

Abbreviations: BP = bipolar, F = female, HAM-D = Hamilton Rating Scale for Depression, M = male, MAOI = monoamine oxidase inhibitor,
NR = not reported, SCRS = Short Clinical Rating Scale, SSRI = selective serotonin reuptake inhibitor, TCA = tricyclic antidepressant,
UP = unipolar.

Figure 2. Meta-Analysis of Lithium Augmentation Studiesa

 aPooling of patients responding to augmentation therapy. Fixed effects model used.9

Fixed Effects OR Fixed Effects OR
Study Lithium, N/N Control, N/N and 95% CI (95% CI)
Heninger et al (1983)26 5/8 0/7 23.57 (1.00 to 556.08)
Kantor et al (1986)22 1/4 0/3 3.00 (0.09 to 102.05)
Zusky et al (1988)23 3/8 2/8 1.80 (0.21 to 15.41)
Schöpf et al (1989)28 7/14 0/13 27.00 (1.35 to 541.57)
Browne et al (1990)29 3/7 2/10 3.00 (0.35 to 25.87)
Stein and Bernadt (1993)24 2/16 4/18 0.50 (0.08 to 3.19)
Joffe et al (1993)25 9/17 3/16 4.88 (1.01 to 23.57)
Katona et al (1995)30 15/29 8/32 3.21 (1.09 to 9.48)
Baumann et al (1996)27 6/10 2/14 9.00 (1.27 to 63.89)
Nierenberg et al (2003)4 2/18 3/17 0.58 (0.08 to 4.01)
Total 53/131 24/138 3.11 (1.80 to 5.37)
Test for Heterogeneity: r2 = 11.90, df = 9, p= .22, I2 = 24.4%
Test for Overall Effect: Z = 4.06, p < .0001
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Baldomero et al., ARGOS study

Care Evaluation of Mental Disorders Questionnaire
(PRIME-MD) [Spitzer et al., 1999]: major depression,
3,294 patients (65.5%); recurrence of major depression,
334 patients (9.5%); dysthymia, 571 patients (16.3%);
and minor depression, 303 patients (8.7%). Between-
group differences in these categories were not sig-
nificant (P 5.553). There were significant differences
in the baseline mean HAM-D17 scores (VXR,
23.9174.88; CA, 23.0374.52; Po.0001), the mean
HAM-A score at baseline (VXR, 22.7876.70; CA,
22.1876.49; P 5.006), and the number of patients who
were rated as ‘‘markedly, severely or extremely ill’’
based on the CGI-S scale (VXR, 53.1%; CA, 42.8%;
Po.0001), indicating greater severity of depression,
associated anxiety symptoms, and global illness severity
among patients in the VXR group (Table 1). The mean
dose level difference between groups was not statisti-
cally significant (VXR, 1.7970.64; CA, 1.8471.04;
P 5.110; Table 1).

EFFECTIVENESS

Mean HAM-D17 scores were significantly lower in
the VXR group than they were in the CA group
(P 5.003) during the treatment period (P 5.086, visit 2;
P 5.001, visit 3; Po.0001, final visit). Mean HAM-A
scores were also significantly lower in the VXR group
than they were in the CA group (P 5.002) during the
treatment period (P 5.178, visit 2; P 5.005, visit 3;
Po.0001, final visit). Analyses of HAM-D17 and
HAM-A score reductions showed significant differ-
ences between groups at the end of the study (P 5.0011
and Po.001, respectively). Mean HAM-D17 and HAM-
A scores and reductions at follow-up visits are shown in
Table 2. Initial and final doses of VXR and the most
frequently prescribed CAs in the study are shown in
Table 3.

The remission rate (percentage of patients who had a
HAM-D17 score r7) at the end of the study was

Safety population: 3,502

Intention to treat population: 3,097 (88.4%)

study

Figure 1. Study flow chart.
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