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ORIGINAL ARTICLE

Comparative efficacy and tolerability of pharmacological and somatic
interventions in adult patients with treatment-resistant depression: a systematic
review and network meta-analysis

Katerina Papadimitropouloua, Carla Vossena, Andreas Karabisa, Christina Donattib and Nicole Kubitzc

aMapi Group, Houten, Netherlands; bJanssen-Cilag UK, High Wycombe, United Kingdom; cJanssen-Cilag GmbH, Neuss, Germany

ABSTRACT
Objective: Major depressive disorder (MDD) affects about 10–15% of the general population in a life-
time. A considerable number of patients fail to achieve full symptom remission despite adequate treat-
ment and are considered treatment resistant (TRD). The current study compared the relative efficacy
and tolerability of pharmacological and somatic TRD interventions by means of a Bayesian network
meta-analysis.
Research design and methods: An electronic literature search of MEDLINE, MEDLINE In-Process,
EMBASE, PsycInfo, EconLit and Cochrane Library databases for trials published between September
2003 and September 2014 was conducted. Key outcomes extracted were disease severity change from
baseline, response and remission rates at various timepoints and discontinuation due to adverse
events.
Results: Of the 3876 abstracts identified, 31 publications/randomised controlled trials (RCTs) were
included in the analysis; 19 RCTs investigating 13 pharmacological interventions and 12 RCTs investi-
gating electroconvulsive therapy (ECT) and repetitive transcranial magnetic stimulation (rTMS). The evi-
dence synthesis investigating efficacy outcomes of TRD treatments demonstrated superior efficacy for
ketamine compared to pharmacological and somatic interventions at 2 weeks after treatment initiation.
At 4, 6 and 8 weeks, quetiapine augmentation (800mg/day) and risperidone augmentation were found
to be the first and second best treatments, respectively. Networks were small for response rate and
remission rate outcomes at most timepoints. The most tolerable treatment was lamotrigine augmenta-
tion showing a comparable profile to placebo/sham.
Conclusions: This analysis revealed scarcity of long-term data on sustained remission that would allow
a comparative long-term efficacy assessment. Key limitations of the analysis can be considered the
search timeframe and the use of mapping formula for the depression scores.
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Introduction

Major depressive disorder (MDD), also known as unipolar
depression, is a mental disorder mainly characterized by
depressed mood and/or loss of interest or pleasure in daily
activities for more than 2 weeks1. In a lifetime, MDD affects
about 15% of the general population in high-income coun-
tries and about 11% of the general population in low- to
middle-income countries2. MDD is associated with significant
morbidity and mortality. The Global Burden of Disease study3

has quantified the burden of non-fatal health outcomes for
289 diseases and injuries between 1990–2010. This is done
by determining the years of life lived in less than ideal health
(years lived with disability [YLDs]). Of the 777,491,000 total
global YLDs in 2010, 63 million (8%) were estimated to be
caused by MDD, thereby ranking second in the top 25 causes
of global YLDs3.

Treatment options for MDD include pharmacological and
somatic/non-pharmacological interventions. Selective sero-
tonin reuptake inhibitors (SSRIs) are the current first choice

of antidepressant drugs, followed by serotonin and noradren-
aline reuptake inhibitors (SNRIs). Other classes of antidepres-
sants include monoamine oxidase inhibitors (MOAIs) and
tricyclic antidepressants (TCAs)4. Somatic/non-pharmaco-
logical strategies include psychotherapy (often in conjunction
with pharmacotherapy), electroconvulsive therapy (ECT; often
used as late-line treatment) and transcranial magnetic stimu-
lation (TMS), among others5. The desired goal of treatment
for depression is full symptom remission. However, not all
MDD patients achieve this outcome; the Sequenced
Treatment Alternatives to Relieve Depression (STAR�D) trial
reported a theoretical cumulative remission rate after four
acute treatment steps of 67%6. Patients who require more
treatment steps are considered treatment/therapy resistant, a
concept initially proposed by Lehmann7 and Sartorius N.8 in
their seminal studies of classifying depressive disorders. In
clinical practice, there is no consensus on an operational def-
inition of treatment-resistant depression (TRD) and although
several staging models exist, they are not routinely used.
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The Thase and Rush Staging Model (TSRM)9 suggests that
patients are staged according to the number of failures of
antidepressant classes with treatment resistance increasing
when failure is reported after TCA, MAOI and ECT trials. In
general, failure to respond to two or more different antide-
pressants prescribed at adequate dose and duration is one of
the most commonly proposed definitions. It is also accepted
in a regulatory setting1,9–11 and was the definition adopted
for this study.

TRD pharmacological treatment can follow different strat-
egies: optimization of the antidepressant dose, “switching”
within and between classes of compounds, or “combining”
antidepressant therapies with each other or with, for
example, antipsychotic therapies (augmentation/adjunctive
therapies). Most of the current interventions are not specific-
ally approved for use in TRD. In the United States and
Mexico, one product is approved for the treatment of TRD:
olanzapine in a fixed dose combination with fluoxetine, mar-
keted as Symbyax12. In clinical practice, ECT is used to treat
patients with TRD or patients with depression who are
judged to be at significant risk for suicide, harm to others or
severe self-neglect whereas availability and use of repetitive
transcranial magnetic stimulation (rTMS) seems more limited
and restricted13.

Several studies utilizing pairwise meta-analyses have inves-
tigated the treatment effect of a class of treatments in MDD
and TRD – atypical antipsychotics14–16, SSRIs17, lithium aug-
mentation18 and rTMS19. Recently, a network meta-analysis
comparing treatment effects of all augmentation agents in
TRD was published20. The effect of different doses of adjunct-
ive atypical antipsychotics was explored in a subsequent net-
work meta-analysis (NMA)21.

The objective of this study was to compare the efficacy
and the tolerability of TRD treatments in adult patients by
means of a Bayesian network meta-analysis. This study is the
first to indirectly compare and rank pharmacological and
somatic interventions.

Methods

Systematic literature review

This systematic literature review (SLR) was performed as part
of a larger search aiming to identify, more broadly, the clin-
ical and economic burden of TRD. The search for the efficacy
and tolerability evidence of TRD treatments was thus com-
bined with the search for clinical and economic burden and
the identified literature was screened simultaneously. Only
results from the evidence on the efficacy and tolerability of
TRD treatments are described here; results on clinical and
economic burden of the disease will be reported elsewhere.
MEDLINE, MEDLINE In-Process, EMBASE, PsycInfo, EconLit
(through OVID) and Cochrane Library databases (including
CENTRAL, CDSR, CMR, DARE, HTAD, and NHS EED) were
searched for relevant trials in the combined search.
Predefined search strategies were used, using terms relevant
to TRD and major depression, randomised controlled trials
(RCTs) and the interventions/comparators of interest (avail-
able in Supplementary eTable 1 and eTable2). In addition,

clinicaltrials.gov was searched to confirm that all clinical trials
of interest were captured. Additional studies were searched
in the reference lists of all identified meta-analyses and sys-
tematic reviews. All searches were restricted to English lan-
guage. OVID was initially searched on 21 October 2013 for
literature published between 2003 and the date of search. A
targeted update, that is, only for evidence on the efficacy
and safety of TRD treatments, was performed September
2014 using additional search terms.

The relevance of each identified citation was assessed
based on the title and abstract according to predefined
selection criteria (details in Supplementary eTable 3). For the
abstracts that met the selection criteria, the full-text publica-
tions were retrieved and evaluated for inclusion. The abstract
and full-text selection process was performed by two
researchers: the first researcher was screening and the
second was checking the decision. Any disagreements were
resolved by a third reviewer. Only RCTs including at least 10
patients per treatment arm were considered of interest as
smaller RCTs are mostly exploratory in nature and lack preci-
sion. The patient population was defined as adult MDD
patients who failed to respond to �2 antidepressant treat-
ment regimens prescribed at adequate dose and duration.
Interventions (and comparators) of interest were: SSRIs,
SNRIs, TCAs, tetracyclic antidepressants (TeCAs), MAOIs, atyp-
ical antidepressants, antipsychotics, olanzapine/fluoxetine
combination (OFC), adjunctive use of lithium, triiodothyron-
ine (T3), lamotrigine, ketamine, ECT and repetitive transcra-
nial magnetic stimulation (rTMS).

Outcome measures

Outcomes of interest were: disease severity change from
baseline (CFB) measured on the Hamilton (HAM-D) or
Montgomery–Åsberg depression rating scales (MADRS) or
other depression rating scales, response, remission, relapse
and recurrence rates, time to response or relapse and toler-
ability outcomes. Previous studies have shown that relatively
small differences in improvement scores can produce rela-
tively large differences in expected response rates22.
Therefore, mean changes from baseline in MADRS scale
scores at 2, 4, 6 and 8 weeks after baseline were selected as
the primary outcome. Note that not all assessment time-
points were available for all treatments. The majority of stud-
ies reported mean CFB on the MADRS scale, yet when
studies reported depressive scores based on the 17-item
HAM-D scale, a mapping formula to convert HAM-D17 to
MADRS scores (and their respective standard deviations)23

was used: MADRS ¼ 1:04� HAM� D17þ10:13.
Secondary efficacy outcomes were response rates and

remission rates. Response was defined as a reduction in
MADRS scores from baseline of at least 50% at study end-
point. Remission was mostly defined as a MADRS score of 7
or lower at study endpoint. For studies that did not report
the number or proportion of responders/remitters, an imput-
ation method proposed and validated by Fukurawa et al.24

was implemented. The same method has been previously
used in other multi-treatment meta-analyses in MDD25.
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Tolerability was defined as the proportion of patients who
withdrew during the study due to adverse events.

Data extraction and quality assessment

The relevance of each citation identified was assessed in a
two-tiered approach: first titles and abstracts were screened
for eligibility (by one researcher and checked by a second),
and for those fulfilling the selection criteria, full texts were
retrieved and assessed. If there was a disagreement between
the two reviewers, a third reviewer was consulted. Full text
articles and abstracts that met the inclusion criteria were
included for data extraction. In addition, each study was crit-
ically appraised using the Cochrane Collaboration’s tool for
assessing risk of bias26.

Network meta-analysis

The relative efficacy and tolerability of TRD treatments for
the selected outcomes were evaluated using a Bayesian hier-
archical NMA27. In this analysis, a linear model with normal
likelihood distribution was used for continuous outcomes,
and a binomial likelihood with a logit link for dichotomous
outcomes. For continuous outcomes, i.e. change in MADRS
total score from baseline, pooled estimates of mean differen-
ces in change from baseline (DCFB) between two treatments
with 95% credible intervals (CrIs) were calculated, with nega-
tive values indicating greater symptomatic relief. When stud-
ies reported CFB without the associated sampling variance,
standard errors were calculated based on the available data.
For categorical outcomes, i.e. response rates, remission rates
and withdrawals due to adverse events, odds ratios (OR) with
95% CrIs were calculated. ORs above 1 for efficacy outcomes
indicate better efficacy for a treatment relative to the com-
parator. In contrast, ORs above 1 for withdrawals due to
adverse events indicate a worse outcome for a treatment
relative to a comparator.

Non-informative prior distributions were assumed for all
outcomes. In the presence of non-informative priors, CrIs can
be interpreted similarly to confidence intervals using a fre-
quentist approach. Moreover, if the 95% CrIs do not include
0 (for continuous outcomes) and 1 (for categorical out-
comes), respectively, results can be considered statistically
significant28. Prior distributions of the relative treatment
effects were assumed to be normal, with zero as a mean and
a variance of 10,000, while a uniform distribution with range
zero to five was used as the prior of the between-study
standard deviation.

It can be expected that there is always some variation in
patient characteristics, study sites and settings across studies;
if these characteristics are effect modifiers of the relative
treatment effects of interest, there will be heterogeneity in
the evidence base29–32. To allow for heterogeneity between
studies, random effects models were evaluated. Random
effects models assume that treatment effects may vary
between studies, but come from a common distribution of
treatment effects, with a mean for each treatment effect and
a common between-study covariance matrix. Furthermore, to

address potential bias in our study, a number of scenario
analyses were defined a priori. For each outcome, fixed and
random effects models were evaluated, and the better fitting
model was selected based on the deviance information cri-
terion (DIC) which adds a penalty term, equal to the number
of effective parameters33. The posterior densities for
unknown parameters were estimated using Markov chain
Monte Carlo (MCMC) simulations. The results presented
herein were based on 80,000 iterations on two chains, with a
burn-in of 20,000 iterations. Convergence was assessed by
visual inspection of trace plots. The accuracy of the posterior
estimates was assessed using the Monte Carlo error for each
parameter (Monte Carlo error <1% of the posterior standard
deviation). The unrelated mean effects (UME) model was
used to assess the consistency assumption, in which each of
the treatment contrasts (for which evidence is available) rep-
resents a separate, unrelated basic parameter to be esti-
mated. All models were implemented using the OpenBUGS
version 3.2.2 (MRC Biostatistics Unit, Cambridge, UK) and
RStudio (R version 3.1.2) and were based on the models
defined by Dias et al.34,35.

The Bayesian NMA provided posterior distributions of the
relative treatment effects between interventions and the
probability that one treatment is better than another for
each outcome of interest. This probability is calculated based
on the proportion of Markov chain Monte Carlo cycles in
which the specific treatment estimate is better than the com-
parator35. Ranking probabilities were reported as surface
under the cumulative ranking curve (SUCRA), the inversely
scaled average rank of treatment. SUCRA values range from 0
to 1; SUCRA is 1 when a treatment is certain to be the best
and 0 when a treatment is certain to be the worst.

Results

Evidence base

A total of 3876 abstracts were retrieved and screened
(Supplementary eFigure 1). After screening, 55 publications
were eligible for data extraction.

Risk of bias assessment

The results of the critical appraisal of the identified studies
(per study and in total) using the Cochrane risk of bias tool
are shown in Supplementary eTable 4 and Supplementary
eFigure 2 for the pharmacological studies and in
Supplementary eTable 5 and Supplementary eFigure 3 for
the somatic intervention studies.

Network meta-analysis feasibility assessment

Based on the extracted data, the feasibility of an NMA was
assessed following the steps recommended by Cope et al.36.
First, a connected network of studies was formed, including
31 studies (Supplementary eFigure 4), of which 19 investi-
gated 13 pharmacological interventions10,37–53 and 12 investi-
gated ECT and rTMS54–65.
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As a second step, study and patient characteristics
across studies that were a priori identified by clinical
experts as potential effect modifiers were investigated (see
Supplementary material for an overview of study characteris-
tics of pharmacological and somatic intervention studies).
The list of patient characteristics identified as potential treat-
ment effect modifiers included: age at baseline; concomitant
treatment for depression; mean symptom severity at base-
line; duration of the current episode; substance abuse; pres-
ence of anxiety; socio-economic status; and prior treatment
for depression (number and type).

Median age at baseline was similar across studies
(Supplementary eFigure 5 and eFigure 6); in pharmacological
interventions studies age ranged from 41 to 52 years (exclud-
ing an outlier study48) and in the somatic intervention stud-
ies from 38 to 58 years (excluding an outlier study66).

Eleven studies provided information on concomitant
medication (Supplementary eTable 6). The most commonly
used concomitant medications across studies were SSRIs and
SNRIs. Excluding studies allowing concomitant medication
resulted in a disconnected network, so potential modification
of the treatment could not be further investigated.

Thirteen pharmacological and 10 somatic intervention
studies reported baseline disease severity scores on various
depression scales. To facilitate valid comparisons, MADRS
scores were compared (using original or converted scores).
The mean baseline MADRS score in pharmacological studies
was 29.8 (range 25.2 to 33.7) compared to 34.1 for somatic
intervention studies (range 18.9 to 43.5). The effect of this
difference was explored in a scenario analysis separating the
somatic intervention from the pharmacological ones. The
mean duration of the current depressive episode was 25
months (range 5.8 to 48.5) in 10 pharmacological interven-
tion studies and 20 months (range 4.5 to 39.9) in 8 somatic
intervention studies. This patient characteristic was deemed
comparable across studies therefore no additional analyses
were performed.

Substance abuse was an exclusion criterion for most stud-
ies or was not reported (see Supplementary eTable 7 and
eTable 8); hence, no additional analyses were performed.
Only few studies reported the presence of anxiety, socioeco-
nomic status or prior treatment for depression
(Supplementary material). Therefore, no additional analyses
could be performed.

In general, study design, inclusion criteria and baseline
patient characteristics were deemed comparable across the
studies of the network, leading to the conclusion that per-
forming a valid NMA was feasible.

A key objective of this network meta-analysis was to com-
pare pharmacological and somatic interventions via a com-
mon comparator, i.e. a placebo/sham arm by pooling
placebo arms from pharmacological intervention studies with
sham arms of somatic intervention studies. Our assessment
of the validity of pooling these placebo/sham arms was
based on the comparison of baseline disease severity scores
(measured by the MADRS), the change in total score from
baseline (measured by the MADRS), response rate, defined as
50% reduction on MADRS or HAM-D score from baseline and
remission rate (defined as MADRS �10 or HAM-D score �7)

between studies. In total, 9 pharmacological intervention
studies were placebo-controlled trials and 11 somatic inter-
vention studies were sham-controlled and included in the
assessment. On average, patients randomized in the placebo
arms of the pharmacological intervention studies had lower
MADRS scores at baseline (range 25.9 to 36.2) than patients
randomized to sham arms (range 18.9 to 40.3). The average
MADRS CFB at 2 weeks was �4.5 for placebo arms and �4.9
for sham arms with a similar pattern at other timepoints.
Response rates were more variable across studies: placebo
arm response rates were reported in seven studies and
ranged between 18% and 46%, and sham arm response rates
were reported in six studies and ranged between 0% and
80%. The response rate range among somatic arms was con-
sidered inflated though since four of the six somatic studies
included only 10–25 patients per arm56,58,59,65. Hence, the
addition of one patient with a response would greatly impact
the response rate. Remission rates were higher in placebo
arms than in sham arms: remission rates in placebo arms,
reported in five studies, ranged from 13.5%53 to 23.8%37

whereas remission rates across sham arms, reported in four
studies, ranged from 0% to 8.3%. However, differences in
response and remission rates between placebo and sham
arms were not considered clinically relevant and pooling of
these arms was considered feasible. A scenario analysis was
performed excluding somatic interventions to determine the
validity of the similarity assumption.

The following additional assumptions were made when
constructing the global network: it was considered
feasible to pool lithium augmentation schedules from four
different studies40,46,49,67, ketamine treatment schedules (one
0.5mg/kg infusion twice or thrice per week) from 1 study51

and different intensities of rTMS treatment
(80–120%54–65,58–60,62–66) from 11 different studies. The valid-
ity of the latter assumption was tested in a scenario analysis
by separating rTMS intensities. It was not considered feasible
to pool different dosages of quetiapine XR, so quetiapine XR
150mg and quetiapine XR 300mg are represented separately
in the network. Also, pooling of the quetiapine arms
of Doree et al.40 and Bauer et al.37 was also not considered
feasible due to different induction and maximum treatment
dosages.

Network meta-analysis results

Mean difference in change from baseline in
Montgomery–Åsberg depression rating scale score at 2 weeks

For the primary outcome of the analysis, there were 16
nodes and 17 direct treatment comparisons in the network
plot (Figure 1) for CFB at 2 weeks. A random effects model
was employed and compared with placebo/sham.
Intravenous ketamine, risperidone augmentation and rTMS
(80–120%) were significantly more efficacious showing mean
differences in CFB of �14, �10.3 and �4.2, respectively.
Quetiapine augmentation schemes of 150, 300 and 800mg,
and ECT seemed to demonstrate better efficacy compared to
placebo/sham showing mean differences in CFB of �2.4,
�2.9, �6.7 and �4.6, respectively, although the 95% CrIs of
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the treatment effect estimates included 0. Nortriptyline
monotherapy, OFC, fluoxetine monotherapy, olanzapine
monotherapy, venlafaxine monotherapy and lamotrigine aug-
mentation were found comparable (mean difference close
to 0) to placebo/sham arms (Figure 2). Ranking outcomes
summarizing the median rank, the probability of being best
and SUCRA values for this analysis are presented in
Supplementary eTable 9. Intravenous ketamine ranked first,
followed by risperidone augmentation and quetiapine aug-
mentation of 800mg/day.

Mean difference in change from baseline in
Montgomery–Åsberg depression rating scale score at 4, 6
and 8 weeks

The network meta-analysis was repeated for CFB at 4, 6 and
8 weeks (networks not shown, available upon request). At 4
weeks, only rTMS (80–120%) showed a statistically significant
mean difference in CFB compared with placebo (CFB difference
�5.8, 95% CrI �8.6, �2.9). Risperidone augmentation and que-
tiapine augmentation 800mg seemed better than placebo yet
the 95% CrIs included 0 (�8.1 [�18.9, 2.6], �10.6 [�29.4, 8.2],

Figure 1. Network – disease severity change from baseline at 2 weeks.

Figure 2. Network meta-analysis results – mean differences in change from baseline at 2 weeks.
RE: random effects; MADRS: Montgomery–Åsberg Depression Rating Scale; ECT: Electroconvulsive therapy; rTMS: repetitive Transcranial magnetic stimulation; OFC:
Olanzapine/Fluoxetine combination; mono: monotherapy; aug: augmentation.
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respectively). In the network of studies with CFB data available
at 6 weeks, two additional treatments were included, brexpi-
prazole and quetiapine 300mg monotherapy, that reported
data only at this timepoint. At 6 weeks from baseline, com-
pared to placebo/sham, quetiapine augmentation schemes of
150, 300 and 800mg, risperidone augmentation and aripipra-
zole augmentation reduced depressive symptoms by �2.4,
�2.6 and �10.6, respectively (Figure 3). CFB at 8 weeks after
baseline was only reported in pharmacological intervention
studies. At this timepoint, quetiapine augmentation 800mg
and risperidone augmentation showed non-significant mean
differences in CFB of �11.5 and �7.6, respectively compared to
placebo.

Response rate at 2 weeks

The network of studies for treatment response rates
at 2 weeks consisted of four nodes/treatments and three
pairwise direct comparisons (Supplementary eFigure 7).

For studies that did not report response rates, data was
imputed using the imputation method described in the
Methods section. All three active treatments were more effica-
cious compared to placebo/sham (Table 1). Compared to pla-
cebo/sham, the percentage of responders was 14-fold higher
for ketamine and approximately three-fold higher for both
aripiprazole augmentation and rTMS (80–120%). Among the
active treatments, intravenous ketamine showed a five-fold
higher percentage of responders compared to aripiprazole
augmentation and rTMS (80–120%).

Response rate at 4, 6 and 8 weeks

At 4 weeks after baseline, response rate data was available
for aripiprazole augmentation, rTMS (80–120%) and ECT.
Compared to placebo/sham, response rates were, respect-
ively, two-fold, 2.7-fold and four-fold increased for aripipra-
zole augmentation, ECT and rTMS (80–120%). At 6 weeks
after baseline, a larger, interlinked network of 17 active

Figure 3. Network meta-analysis results – mean differences in change from baseline at 6 weeks.
RE: random effects; MADRS: Montgomery–Åsberg Depression Rating Scale; rTMS: repetitive Transcranial magnetic stimulation; OFC: Olanzapine/Fluoxetine combin-
ation; mono: monotherapy; aug: augmentation.

Table 1. Network meta-analysis results – response rate at 2 weeks.

Intervention Comparator

Placebo/Sham Aripiprazole (aug) rTMS (80–120%)

Aripiprazole (aug)
Estimate of treatment effect 2.6
95% CrI 1.8 3.8
P (better) >99%

rTMS (80–120%)
Estimate of treatment effect 2.9 1.1
95% CrI 1.5 6.0 0.5 2.5
P (better) >99% 58%

Ketamine
Estimate of treatment effect 13.7 5.2 4.8
95% CrI 3.8 69.1 1.4 27.5 1.1 27.5
P (better) >99% >99% 98%

aug:augmentation; rTMS: repetitive Transcranial magnetic stimulation.
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treatments could be formed with higher response rates for
rTMS (80–120%) compared to placebo/sham (OR 8.01, 95%
CrI 1.16–56.98). Augmentation with brexpiprazole, aripipra-
zole, quetiapine XR 150mg/day, XR 300mg/day and 800mg/
day seemed more efficacious compared to placebo/sham
(ORs of 2.17, 2.09, 1.36, 1.4 and 21.65), yet the 95% CrIs
included 1 (Figure 4). At 8 weeks, only pharmacological inter-
vention studies reported data on response rates.
Augmentation with quetiapine 800mg/day was better com-
pared to all competing interventions (placebo, OR 9.74; lamo-
trigine augmentation, OR 12.67; and lithium augmentation,
OR 20.53).

Remission rate at 2 weeks

At 2 weeks, only three pharmacological intervention studies
and three somatic intervention studies reported data on the
proportion of patients that remitted. Augmentation with ari-
piprazole and rTMS (80–120%) were found to be more effica-
cious than placebo/sham (Supplementary eTable 10). No
differences were found in remission rates between augmen-
tation with aripiprazole and rTMS (80–120%).

Remission rate at 4, 6 and 8 weeks

At 4 weeks after baseline, aripiprazole augmentation, rTMS
(80–120%) and ECT treatments were more efficacious than pla-
cebo/sham (OR: 2.55, 9.51 and 24.43, respectively). At 6 weeks
after baseline, rTMS (80–120%) showed the highest remission
rates and ranked first among all competing pharmacological
interventions (OR 8.58 95% CrI 1.15, 112.55). Augmentation
with brexpiprazole, aripiprazole, quetiapine XR 150mg/day, XR
300mg/day and 800mg/day were efficacious compared to

placebo/sham, yet the 95% CrI included 1 (Supplementary
eFigure 8). At 8 weeks after baseline, only two active pharma-
cological treatments reported remission rates compared to pla-
cebo. Augmentation with quetiapine 800mg/day was better
compared to all competing interventions (lamotrigine aug-
mentation, OR 0.21; and lithium augmentation, OR 12.00).

For all presented efficacy analyses, scenario (sensitivity)
analyses separating pharmacological from somatic interven-
tions were performed. The results of the scenario analyses for
the pharmacological interventions were in line with the joint
analysis. The results of all scenario analyses are presented in
Supplementary material.

Withdrawals due to adverse events (at 6 weeks)

The network formed for withdrawals due to adverse events
consisted of four active treatments: three pharmacological
treatments, augmentation with aripiprazole, quetiapine
(150mg/day and 300mg/day), and lamotrigine, and one som-
atic treatment, rTMS (80–120%). Compared to placebo/sham,
lamotrigine augmentation had a similar tolerability profile
(OR 1.00, 95% CrI 0.09–10.67). The other active treatments
showed higher withdrawal rates due to adverse events com-
pared to placebo/sham: augmentation with aripiprazole
showed an approximately three-fold increase, quetiapine
150mg a four-fold, quetiapine 300mg a two-fold and rTMS
(80–120%) a four-fold increase (Supplementary eFigure 9).

Discussion

A network meta-analysis was performed based on 31 RCTs
identified through a systematic literature review including

Figure 4. Network meta-analysis results – response rate at 6 weeks.
RE: random effects; rTMS: repetitive Transcranial magnetic stimulation; T3: Triiodothyronine; mono: monotherapy; aug: augmentation.
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5515 adult patients with unipolar TRD assigned to 13
pharmacological interventions and two somatic interventions.
The main finding is that ketamine demonstrated superior effi-
cacy, i.e. a faster reduction in depression severity and a
higher response rate (defined as a �50% reduction in
depression severity), over the competing pharmacological
and somatic interventions at 2 weeks after the start of treat-
ment. Ketamine treatment demonstrated rapid antidepres-
sant effects and was ranked first among all 12
pharmacological and two somatic interventions. The findings
for later timepoints of 4, 6 and 8 weeks, for which no keta-
mine data were available, favored quetiapine 800mg/day, ris-
peridone augmentation and rTMS treatment of pooled
intensities.

The findings of this study are aligned with results from
published systematic reviews and meta-analyses of ketamine
for the rapid treatment of major depressive disorders. McGirr
et al.68 performed a meta-analysis of randomized placebo-
controlled trials of ketamine investigating clinical response
and remission at 24 hours, 3 days and 7 days post-treatment.
McGirr et al. reported a pooled OR of 4.87 of ketamine versus
placebo, after 7 days, regarding response rate and 4.00
regarding remission rate defined as HAM-D score <7 or
MADRS score <10. Ketamine was administered intravenously
in all but one study, which employed intranasal ketamine.
Intravenous infusion protocols most commonly used 0.5mg/
kg over 40minutes. At earlier timepoints, 24 hours, ketamine
resulted in a nine-fold higher response rate versus placebo
(OR: 9.10, 95% CI: 4.28 to 19.34).

Given that the Sequenced Treatment Alternatives to
Relieve Depression (STAR�D) trial revealed a ceiling effect in
treating patients despite augmentation, switching and com-
bined strategies, ketamine should be further investigated in
longer-term RCTs. We acknowledge that there are ongoing
trials (SUSTAIN 1–369–71) investigating the long-term efficacy
and safety of intranasal esketamine in TRD.

The results regarding the efficacy of atypical antipsy-
chotics are aligned with the findings of Zhou et al.21.
Risperidone augmentation and a high dose of quetiapine
augmentation (800mg/day) appeared to be efficacious anti-
psychotic agents for the timepoint analysis of 4, 6 and 8
weeks. Aripiprazole augmentation and OFC were not found
as efficacious in alleviating depressive symptoms. From the
above mentioned agents, only OFC is licensed for the treat-
ment of TRD.

Regarding results of somatic interventions, ECT was found
to perform significantly better compared to placebo/sham
and comparable to pooled intensities of rTMS for the two
timepoints (2 and 4 weeks) where data was available. The
evidence base included only one ECT trial hence wide cred-
ible intervals were associated with its estimates. Pooled
intensities of rTMS were found to be significantly more effica-
cious than placebo/sham throughout all analyses and numer-
ically better than most pharmacological comparators with
the exception of ketamine at 2 weeks.

This study is the first study to compare the relative effi-
cacy of pharmacological and somatic interventions within
one network meta-analysis. These interventions were com-
pared using a common comparator arm of pooled placebo

and sham arms from, respectively, pharmacological and som-
atic intervention studies. The feasibility steps revealed no
relevant differences between the placebo arms of pharmaco-
logical intervention studies and the sham arms of somatic
intervention studies. In addition, a scenario analysis excluding
somatic interventions to determine the validity of the similar-
ity assumption did not show a large change in results.

There are a number of strengths of the current network
meta-analysis. First of all, a comprehensive and robust search
strategy was used to identify all relevant pharmacological
and somatic interventions for treatment resistant depression.
An additional strength of this analysis was the rigorous defin-
ition of TRD as at least two treatment failures; most pub-
lished systematic reviews and (network) meta-analyses report
and pool studies irrespectively of the number of treatment
failures, using as TRD definition an inadequate response to
initial treatment. The overall quality of identified and
included studies in the analysis was rated as good despite
the majority of pharmacological and somatic interventions
studies not adequately reporting the randomization and allo-
cation concealment schemes.

A general limitation of network meta-analyses is that the
indirect comparisons made may be influenced by potential
biases and uncertainties introducing heterogeneity and
inconsistent outcomes between studies. For the majority of
the analyses, random effects models could be applied to
account for potential heterogeneity across trials. In addition,
all inconsistency checks performed did not reveal inconsist-
ency in the treatment effects estimates. Also, by using a
more rigorous TRD definition, we aimed to reduce hetero-
geneity among studies.

The evidence base of the current network meta-analysis
had several limitations that could influence the results. First
of all, for efficiency reasons the systematic literature search
was restricted to articles published between January 2003
and September 2014. However, although publications might
have been missed, older publications are likely to have
included different regimens and different study populations
that would not have adhered to our rigorous TRD definition.
Also, placebo responses across antidepressant trials have
been shown to increase in the past two decades72. In the
current evidence base not all studies reported change from
baseline according to the MADRS depression rating scale.
Although the applied mapping technique to convert HAM-
D17 scores to MADRS scores facilitated valid comparisons, a
different mapping formula would have resulted in different
scores. In addition, many somatic intervention studies
showed small sample sizes ranging from 10 to 99 patients
per arm, with a poor evidence base for ECT consisting only
of one study including only 21 TRD patients.

Conclusions

This Bayesian network meta-analysis is the first to compare
the relative efficacy of pharmacological and somatic interven-
tions for TRD. Based on this analysis, ketamine has a rapid
and robust antidepressant effect as demonstrated by superior
short-term results at 2 weeks. However further studies are
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needed to evaluate its long-term antidepressant efficacy and
safety. Regarding efficacy results at later timepoints, there
was no clear distinction among the investigated treatments
except high dose quetiapine augmentation (800mg/day) and
risperidone augmentation (0.25–2mg/day) which showed
superior efficacy compared to the competing interventions at
4, 6 and 8 weeks analysis. This analysis revealed scarcity of
long-term data (i.e. data on sustained remission) that would
allow a comparative long-term efficacy assessment.
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