
© 2017 Luan et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Neuropsychiatric Disease and Treatment 2017:13 609–620

Neuropsychiatric Disease and Treatment Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
609

O r i g i n a l  R e s e a r c h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/NDT.S127453

Efficacy and safety of olanzapine/fluoxetine 
combination in the treatment of treatment-
resistant depression: a meta-analysis of 
randomized controlled trials

Shuxin Luan1

Hongquan Wan1

Shijun Wang1

He Li2

Baogang Zhang3

1Department of Mental Health, 
2Department of Pain Medicine, 
The First Hospital of Jilin University, 
3Department of Endoscopy, 
China-Japan Union Hospital of Jilin 
University, Changchun, People’s 
Republic of China

Background: Whether olanzapine/fluoxetine combination (OFC) is superior to olanzapine 

or fluoxetine monotherapy in patients with treatment-resistant depression (TRD) remains 

controversial. Thus, we conducted this meta-analysis of randomized controlled trials (RCTs) 

to compare the efficacy and safety of OFC with olanzapine or fluoxetine monotherapy for 

patients with TRD.

Materials and methods: RCTs published in PubMed, Embase, Web of Science, and the 

ClinicalTrials.gov registry were systematically reviewed to assess the efficacy and safety of 

OFC. Outcomes included mean changes from baseline in Montgomery–Asberg Depression 

Rating Scale (MADRS), Clinical Global Impression-Severity (CGI-S), Hamilton Rating Scale 

for Anxiety (HAM-A), Brief Psychiatric Rating Scale (BPRS) scores, response rate, remission 

rate, and adverse events. Results were expressed with weighted mean difference (WMD) with 

95% confidence intervals (CIs) and risk ratio (RR) with 95% CIs.

Results: A total of five RCTs with 3,020 patients met the inclusion criteria and were included in 

this meta-analysis. Compared with olanzapine or fluoxetine monotherapy, OFC was associated 

with greater changes from baseline in MADRS (WMD  =−3.37, 95% CI: −4.76, −1.99; 

P,0.001), HAM-A (WMD =−1.82, 95% CI: −2.25, −1.40; P,0.001), CGI-S (WMD =−0.37, 

95% CI: −0.45, −0.28; P,0.001), and BPRS scores (WMD =−1.46, 95% CI: −2.16, −0.76; 

P,0.001). Moreover, OFC had significantly higher response rate (RR =1.35, 95% CI: 1.12, 

1.63; P=0.001) and remission rate (RR =1.71, 95% CI: 1.31, 2.23; P,0.001). The incidence 

of treatment-related adverse events was similar between the OFC and monotherapy groups 

(RR =1.01, 95% CI: 0.94, 1.08; P=0.834).

Conclusion: OFC is more effective than olanzapine or fluoxetine monotherapy in the treatment 

of patients with TRD. Our results provided supporting evidence for the use of OFC in TRD. 

However, considering the limitations in this study, more large-scale, well-designed RCTs are 

needed to confirm these findings.
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Introduction
Treatment-resistant depression (TRD) is one of the greatest clinical challenges that 

psychiatrists face.1 Although there are an increased number of medications approved 

for major depressive disorder (MDD), approximately one-third of patients with 

MDD do not respond satisfactorily to the first antidepressant trial,2,3 and half of the 

patients have only partial response.4,5 Even after multiple interventions, approximately 
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one-quarter  of patients still remain depressed,4 and the 

likelihood of response to antidepressants decreases with the 

number of failed treatment trials.2 Moreover, patients with 

TRD appear to be at significantly higher risk of subsequent 

relapse,6 as well as heavy use of medical services.

Relapse in patients with TRD would result in high medi-

cal, social, and economic costs.7 Therefore, most clinicians 

attempt to prevent patients with MDD from relapsing. It is 

assumed that difficult-to-treat patients have a higher relapse 

rate than those who are resistant to treatment. Sequenced 

Treatment Alternatives to Relieve Depression (STAR*D) 

analyses reported that almost 25% of patients with TRD 

relapsed within 6–12 months after they remitted on level 1 

citalopram.8 Furthermore, they also found that those who 

required more treatment levels to achieve remission had 

higher relapse rates, which indicated that patients with TRD 

are at a higher risk of relapse.9

There are numerous treatment strategies that have been 

applied to manage TRD, including augmentation with 

lithium,10 or second-generation antipsychotics,11 switching 

antidepressants,11 and combining antidepressants.12 Among 

these treatments, olanzapine/fluoxetine combination (OFC) 

is a combination of the antipsychotic, olanzapine, and the 

antidepressant, fluoxetine. It has been reported in the pre-

clinical trials that OFC could improve extracellular levels 

of serotonin and norepinephrine, as well as dopamine in the 

rat brain.13,14 Moreover, in a 76-week, open-label study, OFC 

showed beneficial effects in improving depressive symptoms 

in patients with MDD.15 For TRD, there are also several 

clinical trials that evaluated the effects of OFC; however, their 

results remain inconsistent. Thus, we conducted this meta-

analysis of randomized controlled trials (RCTs) to compare 

the efficacy and safety of OFC with olanzapine or fluoxetine 

monotherapy in the treatment of patients with TRD.

Materials and methods
Literature search
We conducted this study according to the Preferred Report-

ing  Items for Systematic Reviews and Meta-Analyses 

(PRISMA) statement.16 Relevant studies were identified 

by searching PubMed, Embase, Web of Science, and the 

ClinicalTrials.gov registry (up to September 22, 2016). The 

following search items were used: (Treatment-Resistant[All 

Fields] AND (“depressive disorder, major”[MeSH Terms] OR 

(“depressive”[All Fields] AND “disorder”[All Fields] AND 

“major”[All Fields]) OR “major depressive disorder”[All 

Fields] OR (“major”[All Fields] AND “depressive”[All 

Fields] AND “disorder”[All Fields]) OR “major depressive 

disorder”[All Fields] OR “depressive disorder”[MeSH Terms] 

OR (“depressive”[All Fields] AND “disorder”[All Fields]) 

OR “depressive disorder”[All Fields] OR (“major”[All 

Fields] AND “depressive”[All Fields] AND “disorder”[All 

Fields]))) AND ((“olanzapine”[Supplementary Concept] OR 

“olanzapine”[All Fields]) OR (“fluoxetine”[MeSH Terms] 

OR “fluoxetine”[All Fields])). The search was limited to 

human subjects, and no language restriction was imposed. 

In addition, we also manually searched the reference lists of 

the original studies and previous review articles to identify 

any other potentially studies.

Study selection
Two independent investigators conducted the initial search, 

removed duplicate records, screened the title/abstracts and 

full information for relevance, and identified records as 

included for meta-analysis. The studies met the following 

inclusive criteria included in this meta-analysis: 1)  study 

design: RCT; 2) sample size: .100; 3) study population: 

adult patients were diagnosed with TRD who had one or 

more documented historical antidepressant treatment failures; 

4) study intervention: patients were treated with OFC or 

olanzapine or fluoxetine monotherapy; 5) outcome measure: 

response rate, remission rate, mean change from baseline in 

Montgomery–Asberg Depression Rating Scale (MADRS), 

Clinical Global Impression-Severity (CGI-S), Hamilton 

Rating Scale for Anxiety (HAM-A), Brief Psychiatric 

Rating Scale (BPRS), and incidence of treatment-related 

adverse events.

Data extraction and quality assessment
Two investigators independently extracted the following data: 

the first author’s name, year of publication, country, number 

of patients in each group, participant characteristics, duration 

of follow-up, dosage of olanzapine or fluoxetine, and main 

outcomes. If the data needed clarification or were not presented 

in the publication, we would contact the corresponding authors 

for the missing information. Any disagreement between the 

two investigators was resolved by discussion and consensus.

Risk of bias and evidence grade 
assessment
We used the Cochrane risk-of-bias tool to assess the risk 

of bias of the included study.17 The tool consists of the fol-

lowing criteria: random sequence generation, allocation 

concealment, blinding of participants and personnel to the 

study protocol, blinding of outcome assessment, incomplete 

outcome data, selective reporting, and other bias. According 

to these criteria, each trial was considered to be at high, low, 

or unclear risk of bias.

www.dovepress.com
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We evaluated the quality of evidence for each outcome 

according to Grading of Recommendations Assessment, 

Development, and Evaluation (GRADE)18 methodology. 

In addition, each outcome was classified as very low, low, 

moderate, or high quality of evidence. GRADE profiler 

(version 3.6, GRADEpro) was used to construct the summary 

tables for these outcomes.

Statistical analysis
We assessed the efficacy and safety of OFC in TRD based 

on data from included studies. The mean changes from 

baseline in MADRS, CGI-S, HAM-A, and BPRS scores were 

treated as continuous variables; thus, they were expressed 

as weighted mean difference (WMD) with 95% confidence 

intervals (95% CIs). The response rate, remission rate, and 

incidence of adverse events were treated as dichotomous 

variables; thus, they were expressed as risk ratio (RR) with 

95% CIs. Before the data were synthesized, we used the 

Cochrane Q chi-square test and I2 statistics to detect the 

heterogeneity among the included studies.19 A P-value ,0.10 

or I2.50% indicated significant heterogeneity.19 We used a 

random-effects model20 to pool the estimates when signifi-

cant heterogeneity was identified; otherwise, a fixed-effects 

model was used.21 We also performed sensitivity analysis to 

explore the impact of a single study on the overall heteroge-

neity when significant heterogeneity was found. Since the 

number of included studies was ,10, publication bias was 

not assessed. A P-value of ,0.05 was considered statistically 

significant, except where otherwise specified. All analyses 

were performed using STATA version 12.0 (Stata Corpora-

tion, College Station, TX, USA).

Results
Study identification
The initial search yielded 1,109 records, and 476 were 

excluded because of duplicate records. After reviewing 

abstract and title, 615 were excluded because they were 

reviews, letters, case reports, or animal experiments. Then, 

18 were left for full-text information review, and 13 of them 

were excluded because they were single-arm studies, did not 

provide outcomes of interest, or had sample size of ,100. 

Finally, five RCTs met the inclusion criteria and were 

included in this meta-analysis.22–26 The search flowchart is 

shown in Figure 1.

Study characteristics
The main characteristics of the included studies are pre-

sented in Table 1. These RCTs were published between 

2005 and 2014. The total number of enrolled participants 

was 3,020, ranging from 365 to 1,174 patients per study. 

Of the patients with TRD, 33.9% were male and 66.1% 

were female. The duration of follow-up ranged from 8 to 

12  weeks. All the studies were conducted in the USA. 

The dosage of OFC among these studies varied greatly, 

which ranged from 6/25  mg/day (olanzapine/fluox-

etine) to 18/50 mg/day. The dosage of fluoxetine ranged 

from 25 to 50 mg/day, and the dosage of olanzapine ranged 

from 6 to 18 mg/day.

The details of the risk-of-bias assessment are shown in 

Figure 2. Among the five RCTs, two were judged to be at 

low risk of bias and three at unclear risk of bias. The main 

reason for the study with unclear risk of bias was that they 

did not describe the method used to generate the allocation 

sequence. The GRADE evidence profiles for outcomes are 

shown in Table 2. The GRADE level of evidence was moder-

ate for response rate, remission rate, and mean changes from 

baseline in MADRS, CGI-S, HAM-A, and BPRS scores. 

The main reason for the outcomes with moderate evidence 

was that there was substantial heterogeneity among the 

included studies.

Effect of OFC on MADRS score
All the studies reported the data on MADRS scores.22–26 The 

aggregated results suggested that patients treated with OFC 

had a significantly greater change in MADRS score than 

those treated with fluoxetine or olanzapine monotherapy 

(WMD =−3.37, 95% CI: −4.76, −1.99; P,0.001; Figure 3). 

The test for heterogeneity was significant (P,0.001, 

I2=99.6%). Therefore, we conducted sensitivity analysis 

to explore the potential source of heterogeneity. When we 

Figure 1 Eligibility of studies for inclusion in meta-analysis.
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excluded the trial conducted by Corya et al,25 which had 

the least number of patients (N=365), the pooled estimates 

changed slightly (WMD  =−3.32, 95% CI: −4.92, −1.72; 

P,0.001), but the heterogeneity was still present (P,0.001, 

I2=99.5%). We also further excluded single trial once at a 

time, and the summarized results did not change substantially, 

which ranged from −4.12 (95% CI: −5.37, −2.88; P,0.001) 

to −3.05 (95% CI: −4.62, −1.49; P,0.001). However, the 

heterogeneity did not disappear.

We also conducted subgroup analysis based on control 

therapy. The results showed that OFC was associated with 

a greater MADRS reduction than fluoxetine (WMD =−2.77, 

95% CI: −4.73, −0.80; P=0.006) and olanzapine (WMD =−4.14, 

95% CI: −7.27, −1.01; P=0.009; Figure 3).

Effect of OFC on CGI-S, HAM-A, and 
BPRS scores
Four RCTs reported the data on CGI-S.23–26 The pooled 

estimates demonstrated that OFC was associated with 

a significantly greater reduction in CGI-S score than 

fluoxetine or olanzapine monotherapy (WMD =−0.37, 95% 

CI: −0.45, −0.28; P,0.001; Figure 4). Subgroup analysis 

based on control treatment suggested that patients treated 

with OFC had a significantly greater reduction in CGI-S 

than those treated with fluoxetine (WMD  =−0.29, 95% 

CI: −0.31, −0.27; P,0.001) and olanzapine (WMD =−0.48, 

95% CI:  −0.65, −0.31; P,0.001; Figure 4). There was 

significant heterogeneity among the studies reporting the 

effect comparison between OFC and olanzapine (P,0.001, 

I2=97.4%). Then, we conducted sensitivity analysis by 

excluding the trial conducted by Corya et al.25 The pooled 

estimates of the remaining studies did not change substan-

tially (WMD =−0.40, 95% CI: −0.42, −0.38; P,0.001), but 

the heterogeneity was not identified (P=1.00, I2=0.0%).

Three RCTs reported the data on HAM-A.23–25 The 

pooled estimates showed that OFC significantly decreased 

the HAM-A score as compared with fluoxetine or olanzapine 

monotherapy (WMD =−1.82, 95% CI: −2.25, −1.40; P,0.001; 

Table 1 Baseline characteristics of patients in the trials included in the meta-analysis

Study Country Treatment regimen No of patients Male/female Age (mean ± SD, years) BMI (mean ± SD, kg/m2)

Trivedi et al22 USA OFC: 6/50–18/50 mg/day 473 155/318 44.8±10.6 29.7±7.4
50 mg/day fluoxetine 352 112/240 44.2±10.3 30.3±7.8
6–18 mg/day olanzapine 349 123/226 44.1±10.8 30.1±7.3

Thase et al23 USA OFC: 6/50 mg/day 200 68/132 33.3±10.2 30.5±7.6
50 mg/day fluoxetine 206 78/128 44.6±10.0 29.4±7.1
6 mg/day olanzapine 199 76/123 44.3±10.8 30.4±7.1

Shelton et al24 USA OFC: 6/25–12/50 mg/day 146 48/98 42.5±10.7 30.5±8.2
25–50 mg/day fluoxetine 142 39/103 41.7±11.0 31.6±8.8
6–12 mg/day olanzapine 144 51/93 43.3±11.0 30.3±7.6

Corya et al25 USA OFC: 6/25–12/50 mg/day 243 NR NR NR
25 mg/day fluoxetine 60 NR NR NR
6–12 mg/day olanzapine 62 NR NR NR

Brunner et al26 USA OFC: 6/25–18/50 mg/day 221 NR NR NR
25–50 mg/day fluoxetine 223 NR NR NR

Abbreviations: BMI, body mass index; NR, not reported; OFC, olanzapine/fluoxetine combination; SD, standard deviation.

Figure 2 Risk of bias summary.
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Figure 5). Subgroup analysis based on control treatment 

revealed that OFC was associated with a significantly greater 

change in HAM-A score than fluoxetine (WMD =−1.67, 95% 

CI: −2.30, −1.03; P,0.001) and olanzapine (WMD =−1.98, 

95% CI: −2.97, −1.00; P,0.001; Figure 5). There was 

significant heterogeneity among the included studies. 

Exclusion of the trial conducted by Shelton et al24 showed 

that the pooled estimates altered slightly in the comparison 

between OFC and fluoxetine (WMD =−2.55, 95% CI: −2.80, 

−2.30, P,0.001), and olanzapine (WMD  =−1.89, 95%  

Figure 3 Forest plot showing the effect of OFC on MADRS score.
Note: Weights are from random-effects analysis.
Abbreviations: CI, confidence interval; MADRS, Montgomery–Asberg Depression Rating Scale; OFC, olanzapine/fluoxetine combination; WMD, weighted mean difference.

Figure 4 Forest plot showing the effect of OFC on CGI-S score.
Note: Weights are from random-effects analysis.
Abbreviations: CGI-S, Clinical Global Impression-Severity; CI, confidence interval; OFC, olanzapine/fluoxetine combination; WMD, weighted mean difference.
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CI: −2.69, −1.10, P,0.001). However, the heterogeneity was 

not significant (OFC vs fluoxetine: P=0.171, I2=46.8%; OFC 

vs olanzapine: P=1.0, I2=0.0%).

Three RCTs reported the data on BPRS.23–25 The pooled 

results showed that the mean change in BPRS score was 

significantly greater in the OFC group than that in the control 

group (WMD =−1.46, 95% CI: −2.16, −0.76; P,0.001; 

Figure 6). Subgroup analysis showed that OFC was associated 

with a significantly greater reduction in BPRS than fluoxetine 

(WMD =−0.86, 95% CI: −1.47, −0.25; P=0.006) and olan-

zapine (WMD =−2.06, 95% CI: −3.50, −0.63; P=0.005; 

Figure 6). There was substantial heterogeneity among the 

Figure 5 Forest plot showing the effect of OFC on HAM-A score.
Note: Weights are from random-effects analysis.
Abbreviations: CI, confidence interval; HAM-A, Hamilton Rating Scale for Anxiety; OFC, olanzapine/fluoxetine combination; WMD, weighted mean difference.

Figure 6 Forest plot showing the effect of OFC on BPRS score.
Note: Weights are from random-effects analysis.
Abbreviations: BPRS, Brief Psychiatric Rating Scale; CI, confidence interval; OFC, olanzapine/fluoxetine combination; WMD, weighted mean difference.
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studies for subgroup analysis. However, when we deleted the 

trial conducted by Shelton et al,24 the pooled estimates in each 

subgroup did not change substantially (OFC vs fluoxetine: 

WMD =−1.18, 95% CI: −1.41, −0.96, P,0.001; OFC vs 

olanzapine: WMD =−2.83, 95% CI: −3.09, −2.57, P,0.001), 

and the heterogeneity disappeared (OFC vs fluoxetine: 

P=0.790, I2=0.0%; OFC vs olanzapine: P=0.441, I2=0.0%).

Effect of OFC on response rate and 
remission rate
All the studies reported the data on response rate.22–26 The 

response rates in the OFC and control groups were 44.3% 

and 34.8%, respectively. Pooled estimates showed that 

OFC had a significantly higher response rate than fluox-

etine or olanzapine monotherapy (RR =1.35, 95% CI: 1.12, 

1.63; P=0.001; Figure 7). However, when we conducted 

subgroup analysis based on the control therapy, we found 

that OFC had a comparable response rate with fluoxetine 

(RR  =1.20, 95% CI: 0.99, 1.45; P=0.062), but a higher 

response rate than olanzapine (RR  =1.64, 95% CI: 1.41, 

1.91; P,0.001). There was significant heterogeneity among 

the studies reporting effect comparison between OFC and 

fluoxetine (P=0.004, I 2=74.3%). When we excluded the 

trial conducted by Trivedi et al,22 the pooled result did 

not change substantially (RR  =1.11, 95% CI: 0.95, 1.31; 

P=0.184), but the heterogeneity turned to be not significant 

(P=0.143, I 2=44.7%).

All the trials reported the data on remission rate.22–26 

The remission rates in the OFC and control group were 

31.8% and 24.4%, respectively. Pooled results showed that 

OFC resulted in a significantly higher remission rate than 

fluoxetine or olanzapine monotherapy (RR=1.71, 95% CI: 

1.31, 2.23; P,0.001; Figure 8). Subgroup analysis sug-

gested that OFC had a significantly higher remission rate 

than fluoxetine (RR=1.34, 95% CI: 1.08, 1.65; P=0.008) 

and olanzapine (RR=2.25, 95% CI: 1.60, 3.17; P,0.001; 

Figure 8). There  was moderate heterogeneity among the 

studies for subgroup analysis. When we excluded the trial 

conducted by Thase et  al,23 no heterogeneity was found 

among the studies comparing OFC with fluoxetine (P=0.112, 

I2=49.9%), and the pooled results changed slightly (RR=1.27, 

95% CI: 1.02, 1.57; P=0.029). Similarly, when we excluded 

the trial conducted by Shelton et al,24 no heterogeneity was 

found among the studies comparing OFC with olanzapine 

(P=0.879, I2=0.0%), and the pooled estimate did not change 

substantially (RR=1.87, 95% CI: 1.49, 2.35; P,0.001).

Adverse events
All the included RCTs reported the data on treatment-related 

adverse events.22–26 The incidences of adverse events in the 

Figure 7 Forest plot showing the effect of OFC on response rate.
Note: Weights are from random-effects analysis.
Abbreviations: CI, confidence interval; OFC, olanzapine/fluoxetine combination; RR, risk ratio.
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OFC and control groups were 70.4% and 69.5%, respectively. 

There was no significant difference in the incidence of 

adverse events between the two groups (RR =1.01, 95% CI: 

0.94, 1.08; P=0.834). Fewer patients (3.1%) in the fluoxetine 

group discontinued due to adverse events than in the OFC 

(10.9%) or olanzapine (13.1%) group. OFC resulted in a 

significantly higher rate of discontinuation than fluoxetine 

(RR =3.37, 95% CI: 2.30, 4.96; P,0.001), and a similar rate 

with olanzapine (RR =0.87, 95% CI: 0.67, 1.13; P=0.297).

Compared with fluoxetine, OFC induced a significantly 

higher incidence of somnolence (RR =1.97, 95% CI: 1.09, 

3.56; P=0.026), fatigue (RR  =1.57, 95% CI: 1.14, 2.16; 

P=0.006), peripheral edema (RR  =10.16, 95% CI: 4.61, 

22.38; P,0.001), sedation (RR =3.11, 95% CI: 1.60, 6.03; 

P=0.001), and hypersomnia (RR =3.57, 95% CI: 1.92, 6.63; 

P,0.001; Table 3). Besides, OFC had a higher incidence 

of tremor than olanzapine (RR =1.70, 95% CI: 1.18, 2.43; 

P=0.004; Table 3).

Discussion
In this meta-analysis, we summarized five RCTs to compare 

the efficacy and safety of OFC with fluoxetine or olanzapine 

Figure 8 Forest plot showing the effect of OFC on remission rate.
Note: Weights are from random-effects analysis.
Abbreviations: CI, confidence interval; OFC, olanzapine/fluoxetine combination; RR, risk ratio.

Table 3 Summary of RRs with 95% CIs of adverse events

Adverse events OFC vs fluoxetine OFC vs olanzapine

RR (95% CI) P-value RR (95% CI) P-value

Weight increase 2.53 (0.86–7.39) 0.090 0.70 (0.41–1.20) 0.197
Increased appetite 2.50 (0.92–6.77) 0.072 0.66 (0.38–1.15) 0.142
Dry mouth 1.58 (0.64–3.90) 0.318 0.60 (0.33–1.11) 0.105
Somnolence 1.97 (1.09–3.56) 0.026 0.70 (0.34–1.46) 0.346
Fatigue 1.57 (1.14–2.16) 0.006 0.91 (0.69–1.19) 0.482
Headache 0.53 (0.28–1.01) 0.052 0.69 (0.35–1.37) 0.294
Peripheral edema 10.16 (4.61–22.38) ,0.001 1.02 (0.46–2.24) 0.968
Tremor 1.66 (0.91–3.01) 0.096 1.70 (1.18–2.43) 0.004
Dizziness 0.56 (0.18–1.75) 0.319 0.66 (0.22–1.99) 0.458
Sedation 3.11 (1.60–6.03) 0.001 0.80 (0.52–1.22) 0.297
Hypersomnia 3.57 (1.92–6.63) ,0.001 0.82 (0.57–1.20) 0.307

Abbreviations: CI, confidence interval; OFC, olanzapine/fluoxetine combination; RR, risk ratio.
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monotherapy in the treatment of patients with TRD. Our 

pooled results showed that OFC had significantly greater 

changes from baseline in MADRS, HAM-A, CGI-S, and 

BPRS scores. Moreover, OFC was associated with higher 

response rate and remission rate than fluoxetine or olanzapine 

alone. The use of OFC in patients with TRD did not induce a 

higher incidence of adverse events than monotherapy, but it 

would result in a higher rate of discontinuation due to adverse 

events than fluoxetine.

There have been three systematic reviews27–29 and three 

meta-analyses,30–32 which assessed the effects and/or safety 

of OFC in the treatment of patients with TRD. Our study 

expends one, the prior meta-analysis, in providing more 

significant evidence for the use of OFC in TRD. 1) Our study 

is a meta-analysis using a fixed-effects or random-effects 

model to pool the results of included studies. Meta-analysis 

can increase the sample size to improve statistical power. 

Consequently, the quality of evidence from meta-analysis is 

higher than that from the original study. In addition, meta-

analysis can systematically summarize the current original 

studies on a specific topic and provide some implications 

for future investigations and decision making, especially 

controversial topics. Therefore, the studies by Dodd and 

Berk,28 Bobo and Shelton,29 and Chen et al27 were systematic 

reviews rather than meta-analysis. The authors summarized 

eligible studies and introduced the main clinical outcomes 

of the published trials. However, it did not provide us the 

pooled estimates of these outcomes. Thus, we could not 

judge whether the combination was superior or inferior to 

the monotherapy. In this meta-analysis, we used the statis-

tical methods to pool the data from included studies, and 

from the calculated values we can judge whether the two 

treatments were significantly different. 2) This study has an 

enlarged sample size, which provides a distinct advantage 

over the previous meta-analyses. The total sample size in 

this study was 3,020, whereas it was 1,146 in the Tohen 

et al’s30 study and 1,121 in the Spielmans et al’s31 study. 3) 

All the included studies are independent prospective RCTs, 

whereas in the trial conducted by Tohen et al,30 two RCTs 

were from the same study protocol. The overlapped data 

in the previous meta-analysis would reduce the reliability 

of the results. 4) In this study, we excluded studies with 

sample size ,100, whereas in the previous studies30–32 they 

included one trial with a sample size of 20. Studies with 

small sample size would result in an overestimation of the 

treatment effect than the large trials. 5) In this study, two of 

the included studies were judged to be at low risk of bias, and 

three at unclear risk of bias. All the outcomes were regarded 

as moderate level of evidence. However, in the previous 

meta-analyses,30–32 the qualities of included studies and the 

outcomes were not evaluated. Thus, their results may not 

be reliable. The enlarged sample size and moderate study 

quality have enabled more accurate and reliable statistical 

analysis. Furthermore, we also assessed the treatment effects 

of OFC therapy in CGI-S, HAM-A, and BPRS scores, as 

well as remission rate and adverse events, which had not 

been discussed in the previous meta-analyses.

In this meta-analysis, we found that the mean reduction 

from baseline in MADRS score was 3.37 points more in the 

OFC group than that in the control group. This result was 

not  consistent with the included studies. In the trial con-

ducted by Trivedi et al,22 1,146 patients with a history of non-

response during a 6- to 8-week antidepressant therapy were 

enrolled.22 Then, they were randomly assigned to receive 

OFC (n=462), fluoxetine (n=342), or olanzapine (n=342).22 

After 8  weeks, patients with OFC achieved a greater 

reduction from baseline in MADRS score (−13.0 points) 

than fluoxetine (−8.6 points) and olanzapine (−8.2 points) 

patients.22 The mean reduction in MADRS score of OFC 

was 4.32 points more than fluoxetine and 4.75 points more 

than olanzapine. However, in another trial conducted by 

Shelton et al,24 they also observed a significant mean change 

in MADRS score, but the magnitude of reduction in MADRS 

score was less than that reported by Trivedi et al. In  the 

study by Shelton et al,24 they selected 500 patients with 

TRD who had subsequently failed to respond to nortriptyline 

during an open-label lead-in phase. These patients were 

randomly assigned to receive olanzapine (6–12 mg/day) plus 

fluoxetine (25–50 mg/day), olanzapine (6–12 mg/day), or 

fluoxetine (25–50 mg/day).24 At the 8-week study end point, 

the MADRS scores decreased by 8.71 points from baseline 

with OFC, 6.95 points with olanzapine, and 8.51 points 

with fluoxetine.24 Compared with fluoxetine and olanzapine, 

OFC had 0.2 and 1.76 points more of reductions in MADRS 

score, respectively.

To explore the potential factors for the small advantage 

of OFC over fluoxetine and olanzapine, Shelton et al sug-

gested the following possible reasons. 1) The treatment time 

was not enough since the full response for patients to an 

antidepressant can take 12 weeks or more.33 2) Patients and 

investigators were aware that there were no placebo group; 

thus, they may have an enhanced expectation for improve-

ment for all the therapy groups.24 3) Patients randomized in 

the double-blind phase were not actually treatment resistant.24 

This would account for the higher response in the fluoxetine 

and olanzapine groups.24
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With regard to response rate, our results showed that 

OFC had a significantly higher response rate than olanzapine, 

but a similar response rate with fluoxetine. The response rate 

among the included studies ranged from 27.4% to 97.3% in 

the OFC group, 27.8% to 94.2% in the fluoxetine group, and 

19.4% to 25.9% in the olanzapine group. The comparable 

response rate between OFC and fluoxetine was confirmed 

in three of the included studies. But in the remaining two 

studies,22,23 they reported a higher response rate of OFC. 

In the study by Trivedi et al,22 the clinical response rates 

in the OFC and fluoxetine groups were 40.3% and 27.8%, 

respectively, and the difference between the two groups was 

significant (P,0.001). Similarly, in the trial conducted by 

Thase et al,23 the response rate in the OFC group (40.4%) 

was significantly higher than that in the fluoxetine group 

(29.6%) (P=0.028).23 In contrast to these trials, Brunner 

et al26 reported that the response rates were similar between 

the two treatments. In that study, the response rate in the OFC 

group was 97.3% (215/221) compared with 94.2% (210/223) 

in the fluoxetine group (P=0.126).26 The authors speculated 

that the following various factors might account for these 

results: patients who have already been under open-label 

acute and stabilization treatment of OFC for 20 weeks; the 

response was required for patients before they were entering 

the double-blind, relapse-prevention period; fluoxetine is an 

established effective antidepressant.26

In the analysis of treatment-related adverse events, we 

found that OFC had similar incidence of adverse events with 

fluoxetine or olanzapine alone, which was consistent with the 

findings of previous studies. There were more patients in the 

OFC group than in the fluoxetine group who discontinued 

the study due to adverse events. The most common adverse 

events included weight increase, increased appetite, somno-

lence, fatigue, peripheral edema, sedation, and hypersomnia. 

Thus, health care professionals should consider the adverse 

event profile of OFC, other treatment choices, and the patient 

factors (severity of illness, quality of response to alternative 

medications, and urgency for rapid response) when making 

prescribing decisions for patients with TRD.

There are several potential limitations in this meta-

analysis that should be considered with caution. 1) There 

was substantial heterogeneity among the included studies. 

However, it should not be surprising given the differences in 

characteristics of patients, duration of treatment, definitions of 

TRD and response, and dosage of fluoxetine and olanzapine. 

These differences may account for the heterogeneity and have 

a potential impact on the pooled estimates. To identify the 

potential sources of heterogeneity, we conducted sensitivity 

analysis and subgroup analysis. Our sensitivity analysis 

suggested that exclusion of one trial may reduce the level 

of heterogeneity, but the pooled estimates did not change 

substantially, which verified the robustness and reliability 

of our results. 2) Due to the limited data, we did not perform 

meta-analysis to assess the effects of OFC in time-to-relapse 

and time-to-remission. 3) Our data were abstracted from the 

published studies rather than individual patient; thus, the 

effect and safety of OFC in TRD may not be defined clearly.34 

4) Due to the limited data, we were unable to assess the effect 

of OFC on the time to onset of response.

Conclusion
This meta-analysis of five RCTs indicated that OFC had 

better effects than fluoxetine or olanzapine monotherapy, 

including higher response rate and remission rate and 

greater changes from baseline in MADRS, HAM-A, CGI-S, 

and BPRS scores. Moreover, OFC was associated with 

similar incidence of adverse events with monotherapy. These 

findings provided supporting evidence for the use of OFC in 

the treatment of patients with TRD. However, considering 

the potential limitations in the study, more large-scale RCTs 

are needed to verify our findings.
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