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ABSTRACT
Introduction  For major depression, a one-size-
fits-all treatment does not exist. Patients enter a 
‘trial-and-change’ algorithm in which effective 
therapies are subsequently applied. Unfortunately, 
an empirically based order of treatments has not yet 
been determined. There is a magnitude of different 
treatment strategies while clinical trials only compare 
a small number of these. Network meta-analyses 
(NMA) might offer a solution, but so far have been 
limited in scope and did not account for possible 
differences in population characteristics that arise with 
increasing levels of treatment-resistance, potentially 
violating the transitivity assumption. We; therefore, 
present a protocol for a systematic review and NMA 
aiming at summarising and ranking treatments for 
treatment-resistant depression (TRD) while covering a 
broad range of therapeutic options and accounting for 
possible differences in population characteristics at 
increasing levels of treatment-resistance.
Methods and analysis  Randomised controlled 
trials will be included that compared next-step 
pharmacological, neuromodulation or psychological 
treatments for treatment-resistant depression (TRD; 
ie, failure to respond to ≥1 adequate antidepressant 
drug trial(s) in the current episode) to each other or 
to a control condition. Primary outcomes will be the 
proportion of patients who responded to (efficacy) and 
dropped out of (acceptability) the allocated treatment. 
A random effects NMA will be conducted, synthesising 
the evidence for each outcome and determining the 
differential efficacy of treatments. Heterogeneity 
in treatment nodes will be reduced by considering 
alternative geometries of the network structure and 
by conducting a meta-regression examining different 
levels of TRD. Local and global methods will be 
applied to evaluate consistency. The Cochrane Risk 
of Bias 2 tool, Confidence in Network Meta-Analysis 
and the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) framework will 
be used to assess risk of bias and certainty.
Ethics and dissemination  This review does not require 
ethical approval.

INTRODUCTION
Depression has been one of the leading 
causes of non-fatal health loss for nearly 
three decades, with major depressive disorder 
(MDD) affecting 163 million people world-
wide in 2017.1 No one-size-fits-all treatment 
exists.2 3 Patients enter a ‘trial-and-change’ 
algorithm in which evidence-based treat-
ments are subsequently applied.4 Unfortu-
nately, there is no empirically based optimal 
treatment sequence determined yet.

In order to consider a depression to be 
treatment-resistant, several adequate treat-
ment trials of sufficient dosage and length 
must have been previously applied. Defini-
tions of ‘treatment-resistance’ range from 
nonresponse to one antidepressant medica-
tion (ADM) (after  ≥4 weeks of treatment) 
to a failure to respond to more than 10 
adequate trials of different classes of ADM 
and augmentation strategies, electroconvul-
sive therapy and psychological treatments, 

Strengths and limitations of this study

	► The systematic review and meta-analysis will fol-
low the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines.

	► We will address the potential heterogeneity aris-
ing from different levels of treatment-resistant 
depression.

	► Heterogeneity within treatment nodes will be limited 
by considering alternative geometries of the net-
work structure.

	► This study does not address quality of life.
	► Limitations of primary studies will be assessed us-
ing the Cochrane Risk of Bias 2 tool, Confidence 
in Network Meta-Analysis and the Grading of 
Recommendations Assessment, Development and 
Evaluation framework.
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taking into account factors such as disease severity, 
comorbidity, functional impairment and intensity of 
treatment.5 6 However, most recent insights suggest to 
use a dimensional approach to define levels of treatment-
resistant depression (TRD).6–12 In addition, TRD is often 
confused with ‘pseudoresistant’ depression, a term used 
to describe non-response to antidepressant trials of inad-
equate dosage and duration.13

Common strategies for treatment-resistance to 
ADM include dose-escalation and switching.14–17 
Dose-escalation of the first ADM has extensively been 
addressed in previous research. It was found that beyond 
20–40 mg fluoxetine equivalents for selective serotonin 
reuptake inhibitors (SSRI) and above 30 mg mirtazapine, 
efficacy does not increase, leaving limited room for 
dose-escalation in non-responders to these dosages.18–20 
However, it was found that adding or switching to 
mirtazapine was superior to continuing sertraline among 
previously untreated patients.21 The Sequenced Treat-
ment Alternatives to Relieve Depression (STAR*D) trial 
aimed to ascertain whether certain treatments were more 
optimal after one or more failed trials.2 22 No differences 
were found between any of the next-step treatment strate-
gies. However, it was found that patients with higher levels 
of treatment-resistance showed lower rates of remission, 
as remission rates dropped after two failed trials (remis-
sion rates of 36.8%–30.6% after step 1 and 2 vs 13.7%–
13.0% after steps 3 and 4). The authors hypothesised the 
steep reduction in remission rates after step 2 occurred 
due to differences in population characteristics (eg, pres-
ence of comorbid medical or psychiatric disorders, or 
degree of chronicity) and general heterogeneity of MDD. 
Alternatively, poor monitoring of nortriptyline or lithium 
levels and inadequate dosing of monoamine oxidase 
(MAO)-inhibitors might explain the poor responses in 
steps 3 and 4 in STAR*D. Nevertheless, the decreases 
in response and remission rates after the second ADM 
might be related to a selection process of patients that are 
non-responsive to all types of mono-aminergic ADM.23 
This could explain the slight advantage of between-class 
over within-class switches after a first ADM,17 24 25 but it 
remains to be shown empirically whether this selection 
effect is indeed applicable to increasing levels of TRD. 
Hypothetically, treatments targeting different pathways 
might provide better efficacy in these cases.

Several efforts have been undertaken to perform 
network meta-analysis (NMA) for TRD;26–30 however, 
overall conclusions are impeded by various factors. First, 
these NMAs employed various definitions of TRD: for 
example, two of them also included patients with only one 
failed adequate trial in the current episode.26 27 Second, 
these NMAs studied various types of interventions: from 
only a few augmentation strategies26 or only neuromod-
ulation strategies30 to several augmentation, pharmaco-
therapy switch and neuromodulation strategies.28 Third, 
only one study accounted for differences in dosages.26 
Fourth, one study accounted for outcome measures 
at different points in time, ranging from 2 to 8 weeks, 

limiting the number of possible comparisons.28 Fifth, 
the most recent study investigating multiple modalities 
grouped treatments based on the presumed mechanisms 
of action, without clear description of considerations 
regarding the treatment network.29 Although Wang et al31 
stratified for number of failed ADM in a pairwise meta-
analysis, none of the NMAs26–29 were able to account for 
levels of TRD and possible differences in population 
characteristics that might arise with increasing levels 
of TRD,2 which might violate the transitivity assump-
tion for NMA. Violation of the transitivity assumption 
would make estimating indirect comparisons from unob-
served head-to-head comparisons invalid.32 Neither were 
these studies able to evaluate whether higher levels of 
treatment-resistance respond to more aggressive or inva-
sive treatments.7 29

In summary, current research is affected by several 
complicating factors. No common consensus on the defi-
nition of TRD exists. A magnitude of different treatment 
strategies is available while clinical trials usually only 
compare a small number of these. NMAs performed so 
far are limited in scope and do not account for possible 
differences in population characteristics that might arise 
with increasing levels of TRD, potentially violating the 
transitivity assumption. Therefore, a more comprehen-
sive approach to summarise and determine relative effi-
cacy of treatments for TRD is needed.

OBJECTIVES
The aim of this systematic review and NMA is to evaluate 
(1) the differential efficacy and acceptability of treatment 
strategies when administered after a failed ADM trial in 
adults with MDD; (2) whether differential efficacy and 
acceptability is dependent on the study level of treatment-
resistance as defined by inclusion criteria used in the 
trials. These aims can be applied to the following clinical 
questions: (1) what are next-step treatment strategies in 
adult patients with TRD that are beneficial and/or safe? 
(2) how do the various treatment strategies compare to 
each other? (3) does the level of treatment-resistance 
affect the differential efficacy of next-step treatment 
strategies?

In order to answer the first clinical question, absolute 
and relative efficacy and acceptability of next-step antide-
pressant treatments for TRD will be examined using head-
to-head and treatment-control comparisons in pairwise 
meta-analyses. To answer the second clinical question, 
relative efficacy and acceptability of the various next-step 
treatment strategies will be estimated in an NMA, while 
ranking their probabilities of highest efficacy and accept-
ability to inform the treatment algorithm for MDD. In 
order to answer the third clinical question, we will investi-
gate the transitivity assumption by examining the impact 
of the study’s level of treatment resistance (ie, the number 
of failed antidepressant trials that studies required as an 
inclusion criterion) in an NMA with a meta-regression.
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METHODS
We used the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses Protocols,33 see online supple-
mental appendix 1. In case of protocol amendments, 
we will describe the date of each amendment together 
with a description of the change and the rationale. We 
performed a preliminary search in May 2021, and aim to 
submit the results in 2024.

Eligibility criteria
Types of studies
We include randomised controlled trials (RCTs), in which 
next-step pharmacological, neuromodulation or psycho-
logical treatment strategies are compared with each other 
or a control condition.

Quasi-randomised trials will be excluded, while cluster 
RCTs will be included when the clustering effect can be 
taken into account. For cross-over trials, the results from 
the first randomised treatment period will be included. 
We will exclude studies where there was a high risk of bias 
arising from the randomisation process.

Types of participants
We include studies with patients aged  ≥18 years with 
unipolar MDD diagnosed by using any standard opera-
tionalised criteria, such as Feighner criteria, Research 
Diagnostic Criteria, Diagnostic and Statistical Manual 
of Mental Disorders Third Edition (DSM-III), DSM-
III-R, DSM-IV, DSM-5 and International Classification of 
Diseases 10th Revision (ICD-10).

We require studies where patients failed to respond 
to ≥1 ADM trial(s) prescribed at least at a minimally effec-
tive dose for ≥4 weeks in the current episode.34 We will not 
exclude studies that considered intolerance to a previous 
treatment trial as a failure in their definition of TRD. 
Although intolerance to treatment could be considered 
pseudoresistance, in clinical practice, it might not always 
be possible to distinguish between failure and intolerance 
as information on previous failed trials is often based on 
historical information. We will include studies with both 
prospectively and historically assessed treatment failure.

Studies in which 20% or more of the participants are 
suffering from bipolar disorder, peripartum depression or 
psychotic depression will be excluded. We exclude RCTs 
that have included patients with a concurrent primary 
diagnosis of another psychiatric or personality disorder. 
A secondary diagnosis of another psychiatric disorder will 
not be considered an exclusion criterion. RCTs focusing 
on patients with a concomitant medical illness will be 
excluded.35 We include studies that allow use of rescue 
medications, if these medications were made equally 
available to all treatment groups.

Types of interventions
We distinguish eight types of next-step treatments covering 
different modalities: (1) Switching to a different ADM, 
(2) Combining continued ADM with another ADM, (3) 
Augmenting ADM with another psychopharmacological 

agent, (4) Switching to psychedelic or psychedelic-assisted 
therapy, (5) Switching treatment to neuromodulation 
treatment, (6) Augmenting ADM with neuromodula-
tion treatment, (7) Switching treatment to psychological 
therapy and (8) Augmenting ADM with psychological 
therapy. For a more detailed overview, see online supple-
mental appendix 2.

We will obtain information about interventions of 
interest either from head-to-head or controlled trials. 
We exclude studies if the intervention is not targeted at 
the depressive disorder. Studies that coinitiated multiple 
interventions of interest will not be excluded and treated 
as a combined treatment.

	► Comparator interventions (switching or augmenting)
	– Alternative intervention (head-to-head).
	– Pill placebo.
	– Psychological placebo.
	– Sham neuromodulation.
	– Continuation of antidepressant treatment.
	– Treatment as usual (TAU; defined as standard non-

protocolised treatment in primary or secondary 
care, typically with pharmacotherapy)

	– No treatment (NT; applies in case TAU involved vir-
tually no intervention, defined as <50% of patients 
receiving any antidepressant treatment (including 
pharmacotherapy, psychological therapy and/or 
neuromodulation treatment); patients know they 
will not receive active treatment after the trial).

	– Waiting list control (WL; similar to NT, except pa-
tients know they will receive active treatment after 
the waiting phase).36

Outcome measures
Primary outcomes

	► Response (efficacy as a dichotomous outcome), for 
patients who did not respond to first-step treatment 
strategies but achieved response with next-step treat-
ment strategies.

	► All-cause dropout (acceptability as a dichotomous 
outcome) for patients who left the trial or stopped 
the treatment early due to any reason up to the end 
of study duration.

Secondary outcomes
	► Change in severity of symptoms measured on the 

Hamilton or Montgomery-Asberg Depression Rating 
Scales or other depression rating scales. Extraction 
of continuous efficacy outcome data will be prior-
itised as proposed by Furukawa et al.37 Change 
scores will be used when end point scores are not 
reported.38

	► Remission, for patients who did not respond or did 
not achieve remission with first-step treatment strate-
gies but achieved remission with next-step treatment 
strategies.

	► Drop-out due to adverse events (tolerability) meas-
ured as the proportion of patients who left the trial 
early due to any adverse events.
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We will use the original author’s definition of ‘response’ 
and ‘remission’.

Trial duration
There is no consensus on the appropriate duration of an 
acute phase trial.39 40 Some newer treatments might show 
effects within one session.41 Nevertheless, the effect of 
trials should at least be evaluated after 4 weeks in order to 
determine stability of antidepressant effects. We will use 
the original author’s primary endpoint, ranging from 4 
weeks or longer but less than 6 months, for analysis of 
the acute phase outcome data. We address long-term 
outcomes by additionally analysing the primary outcomes 
at a treatment duration of 6 months or longer, if these 
data are available.42 43 We will exclude studies from the 
statistical synthesis if no primary endpoint data for the 4+ 
weeks period can be provided.37

Comparability of dosages
We include fixed-dose and flexible-dose designs, and only 
include arms randomising patients to pharmacological, 
neuromodulation and psychological therapies within 
licensed doses and ranges of approved treatments, and 
any dosage or range of unapproved treatments. In case 
of psychotherapy, we require a minimum of 4 sessions, 
as this has been proposed as a minimally effective dose.44

Setting
We will not apply restrictions by type of setting.

Language
We will apply no language restrictions.

Search strategy and data management
Search strategy
We will identify published, unpublished and ongoing 
RCTs that compared the efficacy and/or acceptability 
of one treatment strategy to another treatment or to a 
control condition in the treatment of TRD. The following 
sources will be searched: MEDLINE (Ovid), Cochrane 
Central Register of Controlled Trials (CENTRAL), 
Embase (Ovid), LILACS database and PsycINFO 
(Ovid). MEDLINE and Embase will be searched from 
2019 onwards, as these are also indexed by CENTRAL. 
CENTRAL, LILACS and PsycINFO will be searched 
without date restrictions. Keywords for TRD and the 
RCT filter are based on the strategy used by Davies et al.45 
See online supplemental appendix 3 for the MEDLINE 
search strategy, this strategy will be adapted to syntax and 
subject headings of other databases. We will search inter-
national trial registries (​clinicaltrials.​gov and WHO Inter-
national Clinical Trials Registry Platform). We will contact 
the National Institute for Clinical Excellence (UK), the 
Institut für Qualität und Wirtschaftlichkeit in Gesund-
heitswesen (Germany), check the websites of pharmaceu-
tical companies to obtain unpublished information and 
contact their representatives. In addition, we will search 
references lists of included studies and recent systematic 
reviews.26–30 45–52

Relevant authors will be contacted to supplement 
published/unpublished studies or incomplete reporting, 
and reminded twice.

Study selection
Two investigators will independently review retrieved 
references and abstracts. Abstracts will be screened using 
the Rayyan web-application.53 A pilot will be conducted to 
refine screening policy of both reviewers. If both reviewers 
agree about a trial not meeting eligibility criteria, it will be 
excluded. We will obtain the full text of all remaining arti-
cles and use the same eligibility criteria to determine the 
final selection. Two independent reviewers will perform 
the selection and resolve disagreements via discussion 
with a third member of the review team.

Data extraction
Two reviewers will independently extract data and eval-
uate risk of bias for each selected trial. We will use a 
structured data extraction sheet, the use of which will be 
refined in a pilot period. Reliability of the data extraction 
will be checked. Information extracted will include trial 
characteristics (such as lead author, journal, publication 
year, design, inclusion criteria, sponsorship, number of 
recruitment centres, whether nonresponse was prospec-
tively or retrospectively assessed, type and definition of 
non-response at time of enrollment (non-responder or 
non-remitter), whether non-response to psychological 
therapy was included in the TRD definition (a failed 
psychotherapy trial is classified as a failure to respond 
to an adequate course of 8 attended sessions of a form 
of psychotherapy with demonstrated effectiveness for 
MDD),7 definitions of response and remission), partic-
ipant characteristics (such as diagnostic criteria for 
depression, depression severity threshold, participant 
age, gender distribution, setting, number of previously 
failed treatment trials in the current episode, length of 
current depressive episode, number of previous episodes, 
length of depressive disorder since age of onset, length 
of the previous treatment trial(s), depression severity at 
baseline, physical or psychiatric comorbidity), outcome 
measures and intervention details including cointerven-
tions or continuation treatment. In case of pharmaco-
logical strategies we extract dosing schedule, dose ranges 
and mean doses of study drugs. For the antidepressant 
switching, we distinguish within or between class switches. 
In case of neuromodulation strategies we extract data 
on treatment protocols, mean number of treatment 
sessions, targeted sites and stimulation parameters. In 
case of psychological treatment strategies we extract 
type of psychotherapy, mean number of treatment sess-
sions, whether it concerned individual or group therapy, 
whether therapy was offered in a blended format or as 
partially self-guided therapy, and assessment of treatment 
integrity.

Level of TRD as inclusion criterion will be rated by two 
independent assessors. Reliablity of this assessment will 
be quantified. Disagreements in any of the extracted data 
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will be resolved through discussion with a third member 
of the review team. We will contact corresponding authors 
if necessary, to obtain missing information.

Risk of bias assessment
Risk of bias of included studies will be assessed at outcome 
level for the two primary outcomes, using the Risk of 
Bias 2 tool described in the Cochrane Handbook for 
Systematic Reviews of Interventions.54 We will assess the 
following domains: bias arising from the randomisation 
process, bias due to deviations from intended interven-
tions, bias due to missing outcome data, bias in measure-
ment of the outcome and bias in selection of the reported 
result. Two independent raters will perform the assess-
ment. If the raters disagree, the final rating will be made 
by consensus with the involvement of another member of 
the review group. We will contact corresponding authors 
if necessary, to obtain missing information. Overall risk 
of bias of each study will be categorised as follows: studies 
will be classified as having low risk of bias if all domains 
were rated at low risk of bias; some concerns if none were 
rated as high risk of bias but at least one domain raised 
some concerns; high risk of bias if at least one domain was 
rated at high risk of bias or multiple domains raise some 
concerns in a way that substantially lowers confidence in 
the results.

Statistical analysis
Synthesis of results
We will analyse the data using the meta55 and netmeta56 
packages in R.57 Characteristics and findings of included 
studies will be presented in text and tables. We will analyse 
dichotomous outcomes on an intention-to-treat basis: all 
drop-outs from treatment will be assumed to have had 
negative outcomes (ie, non-response).

Pairwise meta-analysis
In order to answer our three clinical questions (see the 
Objectives section), we conduct three main analyses. The 
first clinical question relates to whether treating TRD with 
next-step treatment strategies is beneficial and/or safe. 
Via pairwise meta-analysis, we will obtain estimates of effi-
cacy and acceptability of different treatment strategies, 
compared with both each other and control conditions. 
We will perform a random-effects meta-analysis on the 
eight types of next-step treatments as described in online 
supplemental appendix 2. For each pairwise comparison, 
we will synthesise data to obtain summary standardised 
mean differences (SMD, Hedges’ g) for continuous 
outcomes or ORs for dichotomous outcomes, both with 
95% CIs.58 59

Network meta-analysis
The second clinical question we aim to answer is how 
various next-step treatment strategies compare with each 
other. We will conduct an NMA to examine comparative 
efficacy and acceptability of the next-step treatment strat-
egies. In line with a previous protocol,37 we assume that 
patients who fulfil the inclusion criteria are equally likely 

to be randomised to any of the treatments that we plan 
to compare. If the collected studies appear to be suffi-
ciently homogeneous with respect to distribution of effect 
modifiers (see Assessment of transitivity assumption 
section below), we will conduct a random effects NMA 
to synthesise all evidence for each outcome, and obtain 
a comprehensive ranking of all treatments. We will use 
arm-level data and the binomial likelihood for dichoto-
mous outcomes. We will account for correlations induced 
by possible multiarmed studies by employing multivar-
iate distributions. We will assume a single heterogeneity 
parameter for each network. We will present summary 
ORs or SMD for all pairwise comparisons in a league 
table. To rank the various treatments for each outcome, 
we will use the surface under the cumulative ranking 
curve and the mean ranks.

Meta-regression analysis of treatment resistance
In order to answer our third clinical question, we will 
perform meta-regression that evaluates the impact of 
different levels of TRD on the primary outcomes. TRD 
is defined as (1) the number of failed (antidepressant) 
treatment-trials (including augmentation and psycho-
therapy) that were required as inclusion criterion for the 
study8 or (2) dichotomised by slightly adapting Conway et 
al:7 TRD level I (failure of 1 or 2 adequate dose-duration 
antidepressants or psychotherapy from different classes 
(either in combination or succession)) or level II (Failure 
of  ≥3 adequate antidepressant or psychotherapy trials 
from different classes (either in combination or succes-
sion)). If sufficient data are available, we aim to use the 
first, more detailed, grouping of TRD. If this proves 
unfeasible, we will employ the second definition.

Alternative geometry of treatment network structure
As described in online supplemental appendix 2, we aim 
to group treatments by presumed mechanism of action 
(eg, SSRI), and whether treatment was given as addi-
tion (augmentation) or replacement (switching) of the 
previous treatment. Similar to Carter et al29 we analyse 
the so-defined eight different types of treatment. Second, 
we aim to make detailed comparisons between individual 
treatments. We aim to reduce heterogeneity in treatment 
nodes as much as possible, depending on how much data 
will be available for analysis.60 We will not analyse the anti-
depressants in the ‘other’ subgroup at the subgroup level, 
due to the amount of heterogeneity we expect to arise 
from and lack of clinical relevance of grouping together 
this heterogeneous group of antidepressants (ie, we either 
include them in the general antidepressant group, or as 
individual antidepressants). In case of atypical antipsy-
chotics, we account for differences in low or high doses, 
if possible.26 28 In case of neuromodulation treatment and 
psychological therapy, if the data does not allow for sepa-
rate analysis for both switch strategies and augmentation 
strategies, these strategies will be (partially) clustered 
within a ‘mixed’ strategy. We will consider clustering the 
comparator interventions in ‘placebo’ (ie, pill placebo, 
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psychological placebo and sham neuromodulation), 
‘pharmacological control’ (ie, continuation of treatment 
and TAU) and ‘no treatment’ (ie, NT and WL) groups, if 
the groups are sufficiently homogeneous and consistent.

Assessment of heterogeneity (pairwise meta-analysis)
Comparable to Furukawa et al37 in the pairwise meta-
analysis, we check the possibility of heterogeneity by 
visually inspecting the forest plots and compare the 
estimated value for the heterogeneity variance with the 
corresponding empirical distribution.61 Moreover, we 
report the I2 statistic with 95% CI,62 63 using the proposed 
thresholds in the Cochrane Handbook for interpretation 
(eg, 0%–40% might not be important, 30%–60% might 
represent moderate heterogeneity, 50%–90% might 
represent substantial heterogeneity, 75%–100% might 
represent considerable heterogeneity).54 In the NMA, we 
estimate the heterogeneity variance and compare it with 
the empirical distribution.

Assessment of the transitivity assumption (NMA)
We will investigate the distribution of clinical and meth-
odological variables that can act as effect modifiers across 
treatment comparisons. We will examine levels of TRD 
as a possible violation of the transitivity assumption, as 
higher levels of TRD might be accompanied by differences 
in population characteristics.2 Clinical features which 
moderate efficacy of antidepressants include bipolarity64 
and psychotic features.65 We assure transitivity regarding 
these variables by limiting our samples to participants 
with non-psychotic, unipolar depression. Other variables 
that may influence our primary outcomes include: age, 
depressive severity at baseline,66 67 dosing schedule68 and 
whether inclusion criteria of studies concerned non-
response or non-remission. We will investigate whether 
these variables are similarly distributed across studies 
grouped by comparison. In order to account for the 
potential of placebo to violate the transitivity assump-
tion, the comparability of placebo-controlled studies with 
those providing head-to-head evidence will be examined 
carefully.69 70

Assessment of inconsistency
We employ local and global methods to evaluate consis-
tency of the network,71 using the node splitting approach72 
and design-by-treatment interaction test,73 respectively. 
We evaluate consistency in the entire network by calcu-
lating the I2 for network heterogeneity, inconsistency and 
for both.73 74 Because tests for inconsistency are known to 
have low power,75 and 10% of evidence loops published 
in medical literature are expected to be inconsistent,76 
we interpret statistical inference about inconsistency with 
caution; possible sources of inconsistency will be explored 
even in the absence of evidence for inconsistency.

Assessment of publication bias and small study effects
We use comparison-adjusted77 and contour enhanced78 
funnel plots to investigate whether results in imprecise 
trials differ from those in more precise trials. We will run 

network meta-regression models to detect associations 
between study size and effect size.79

Exploring heterogeneity and sensitivity analyses
We will explore whether treatment effects for the two 
primary outcomes are robust in subgroup analyses and 
network meta-regression using the following characteris-
tics:80 81

1.	 Level of treatment resistance (see Meta-regression 
analysis of treatment resistance).

2.	 Study year.
3.	 Depression severity at baseline.
4.	 Proportion of participants to be allocated to placebo.
5.	 Number of recruiting centres (single centre vs multi-

centric studies).
Sensitivity of our conclusions for the two primary 

outcomes will be evaluated by analysing:
1.	 Only studies with reported SD rather than imputed.
2.	 Only studies that required at least two treatment trial 

failures in their definition of TRD.
3.	 Only studies with a low risk of bias.
4.	 Only studies with a prospective ascertainment of at 

least one treatment trial failure.

Grading of Recommendations Assessment, Development and 
Evaluation quality assessment
We will assess certainty of evidence contributing to 
network estimates of the primary outcomes by using 
Confidence in Network Meta-Analysis,82 and according to 
the Grading of Recommendations Assessment, Develop-
ment and Evaluation framework.71

Patient and public involvement
No patients or members of the public will be involved in 
conducting this study.

ETHICS AND DISSEMINATION
This review does not require ethical approval. Findings 
will be submitted for publication in a peer-reviewed scien-
tific journal. The data set will be made available.
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Appendix 1. PRISMA-P 2015 checklist33 1 

Section/topic # Checklist item 

Information 
reported  Line 

number(s) 
Yes No 

ADMINISTRATIVE INFORMATION   

Title  

  Identification  1a 
Identify the report as a protocol of a 
systematic review 

Y  1-2 

  Update  1b 
If the protocol is for an update of a 
previous systematic review, identify as 
such 

N/A   

Registration  2 
If registered, provide the name of the 
registry (e.g., PROSPERO) and 
registration number in the Abstract 

Y  64, 181-182 

Authors  

  Contact  3a 

Provide name, institutional affiliation, and 
e-mail address of all protocol authors; 
provide physical mailing address of 
corresponding author 

Y  4-36 

  Contributions  3b 
Describe contributions of protocol authors 
and identify the guarantor of the review 

Y  77-80 

Amendments  4 

If the protocol represents an amendment of 
a previously completed or published 
protocol, identify as such and list changes; 
otherwise, state plan for documenting 
important protocol amendments 

Y  183-185 

Support 

  Sources  5a 
Indicate sources of financial or other 
support for the review 

Y  85-97 

  Sponsor  5b 
Provide name for the review funder and/or 
sponsor 

Y  85-97 

  Role of 
sponsor/funder  

5c 
Describe roles of funder(s), sponsor(s), 
and/or institution(s), if any, in developing 
the protocol 

Y  85-97 

INTRODUCTION  

Rationale  6 
Describe the rationale for the review in the 
context of what is already known 

Y  104-161 

Objectives  7 

Provide an explicit statement of the 
question(s) the review will address with 
reference to participants, interventions, 
comparators, and outcomes (PICO) 

 

Y  163-179 

METHODS  

Eligibility criteria  8 

Specify the study characteristics (e.g., 
PICO, study design, setting, time frame) 
and report characteristics (e.g., years 
considered, language, publication status) 

Y  189-236, 
254-270 
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Section/topic # Checklist item 

Information 
reported  Line 

number(s) 
Yes No 

to be used as criteria for eligibility for the 
review 

Information 
sources  

9 

Describe all intended information sources 
(e.g., electronic databases, contact with 
study authors, trial registers, or other grey 
literature sources) with planned dates of 
coverage 

Y  273-287 

Search strategy  10 

Present draft of search strategy to be used 
for at least one electronic database, 
including planned limits, such that it could 
be repeated 

Y  Appendix 3 

STUDY RECORDS  

  Data 
management  

11a 
Describe the mechanism(s) that will be 
used to manage records and data 
throughout the review 

Y  289-290, 
296-297 

  Selection 
process  

11b 

State the process that will be used for 
selecting studies (e.g., two independent 
reviewers) through each phase of the 
review (i.e., screening, eligibility, and 
inclusion in meta-analysis) 

Y  289-294 

  Data 
collection process  

11c 

Describe planned method of extracting 
data from reports (e.g., piloting forms, 
done independently, in duplicate), any 
processes for obtaining and confirming 
data from investigators 

Y  296-297, 
318-321 

Data items  12 

List and define all variables for which data 
will be sought (e.g., PICO items, funding 
sources), any pre-planned data 
assumptions and simplifications 

Y  298-317 

Outcomes and 
prioritization  

13 

List and define all outcomes for which data 
will be sought, including prioritization of 
main and additional outcomes, with 
rationale 

Y  238-252 

Risk of bias in 
individual 
studies  

14 

Describe anticipated methods for 
assessing risk of bias of individual studies, 
including whether this will be done at the 
outcome or study level, or both; state how 
this information will be used in data 
synthesis 

Y  193-194, 
323-334 

DATA 

Synthesis  

15a 
Describe criteria under which study data 
will be quantitatively synthesized 

Y  352-358 

15b 

If data are appropriate for quantitative 
synthesis, describe planned summary 
measures, methods of handling data, and 
methods of combining data from studies, 
including any planned exploration of 
consistency (e.g., I 2, Kendall’s tau) 

Y  337-363, 
375-418 

15c 
Describe any proposed additional analyses 
(e.g., sensitivity or subgroup analyses, 
meta-regression) 

Y  364-373, 
424-435 
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Section/topic # Checklist item 

Information 
reported  Line 

number(s) 
Yes No 

15d 
If quantitative synthesis is not appropriate, 
describe the type of summary planned 

Y  337-338 

Meta-bias(es)  16 
Specify any planned assessment of meta-
bias(es) (e.g., publication bias across 
studies, selective reporting within studies) 

Y  420-422 

Confidence in 
cumulative 
evidence  

17 
Describe how the strength of the body of 
evidence will be assessed (e.g., GRADE) 

Y  437-439 

Appendix 2. Types of interventions.  2 

 Types of next-step treatments  Antidepressant treatments 

1 Switching to a different antidepressant 

medication (ADM) monotherapy  

a. citalopram, escitalopram, fluoxetine, 

fluvoxamine, paroxetine, sertraline, (SSRIs) 

b. desvenlafaxine, duloxetine, 

levomilnacipran, milnacipran, venlafaxine 

(SNRIs) 

c.  amitriptyline, clomipramine, imipramine, 

nortriptyline (TCAs) 

d.  phenelzine, tranylcypromine (irreversible 

MAO-Is) 

e.  agomelatine, bupropion, mirtazapine, 

nefazodone, reboxetine, trazodone, 

vortioxetine, vilazodone (other) 

2 Augmenting ADM with another (mostly 

mono-aminergic) ADM (i.e. combination 

treatment) 

 see (1) 

3 Augmenting ADM with another 

psychopharmacological agent 

a. aripiprazol, brexpiprazole, cariprazine, 

olanzapine, olanzapine/fluoxetine 
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combination (OFC), quetiapine, 

risperidone, ziprasidone (atypical 

antipsychotics) 

b. i. lithium  

ii. lamotrigine, sodium valproate 

(mood stabilizers) 

c. i. esketamine, ketamine 

ii. d-cycloserine (DCS), minocycline 

(glutamatergic agents) 

d. dexamphetamine, methylphenidate 

(stimulants) 

e. triiodothyronine (T3) (thyroid hormone) 

f. buspirone, pindolol, metyrapone (other) 

4 Switching to psychedelic therapy or 

psychedelic-assisted psychotherapy 

 ayahuasca, dimethyltryptamine (DMT), 

lysergic acid diethylamide (LSD), 

psilocybin, mescaline, 3,4-

methylenedioxymethamphetamine 

(MDMA)  

5 Switching to neuromodulation treatment a. electroconvulsive therapy (ECT)(1) 

b. deep brain stimulation (DBS) 

c. magnetic seizure therapy (MST) 
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d. i. repetitive transcranial magnetic 

stimulation (rTMS)(2) 

ii. accelerated transcranial magnetic 

stimulation (aTMS) 

iii. deep transcranial magnetic 

stimulation (dTMS) 

iv. priming transcranial magnetic 

stimulation (priming TMS) 

v. thetaburst stimulation (TBS)(3) 

(transcranial magnetic stimulation) 

e. i. transcranial direct current 

stimulation (tDCS) 

ii. transcranial alternating current 

stimulation (tACS) 

f. vagus nerve stimulation (VNS) 

6 Augmenting ADM with neuromodulation 

treatment 

 see (5) 

7 Switching to psychological therapy  behavioural cognitive therapy (CBT), 

cognitive behavioral analysis system of 

psychotherapy (CBASP), dialectical 

behavioural therapy (DBT), interpersonal 

psychotherapy (IPT), intensive short-term 

dynamic psychotherapy (ISTDP), 

mindfulness-based cognitive therapy 

(MBCT) (4) 
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8 Augmenting ADM with psychological 

therapy 

 see (7) 

Notes:  3 

(1) Including: Right unilateral ECT (RUL ECT); bilateral ECT (BL ECT). 4 

(2) Including: high frequent rTMS of left DLPFC (HF-L rTMS); low  frequent rTMS of right DLPFC (LF-R 5 

rTMS; bilateral rTMS, protocol comprising both  high frequent rTMS of left DLPFC and low  frequent 6 

rTMS of right DLPFC (BL rTMS). 7 

(3) Including: intermittent thetaburst stimulation (iTBS) of the left DLPFC; bilateral thetaburst 8 

stimulation, protocol comprising both  iTBS of left DLPFC and cTBS of right DLPFC (BL TBS). 9 

(4) Psychological therapy is defined as a face-to-face interaction with a therapist, delivered either in a 10 

group or individually, in both in- and outpatient settings, possibly in a blended format. Solely e-health 11 

interventions will be excluded.46  12 

Appendix 3. Draft of search strategy 13 

Below we present the query for use in MEDLINE (Ovid). The keywords for TRD (see #1) are based on a 14 

version used by Davies, et al. 45, to which “(depress* and (adjunct* adj5 (treatment or therapy or 15 

placebo or antidepress*))).mp.” and “(antidepress* adj3 resistan*).ti,ab,kf.” are added to enhance 16 

sensitivity. The RCT filter (see #5 and #6) has also been adapted from Davies, et al. 45.  17 

 Search terms 

#1 Depressive Disorder, Treatment-Resistant/ OR  

 (depress* and ((antidepress* or SSRI* or SNRI* or (serotonin adj3 (uptake or reuptake or 

"re‐uptake")) or medication*  or psychotropic or treatment* or respon*) adj2 

fail*)).ti,ab,kf. OR  
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(depress* and ((antidepress* or SSRI* or SNRI* or (serotonin adj3 (uptake or reuptake or 

"re‐uptake")) or "psychotropic medication*" or treatment*) adj2 ("no respon*" or "not 

respon*" or nonrespon* or "non‐respon*" or unrespon*))).ti,ab,kf. OR  

(depress* adj3 (refractor* or resistan* or chronic* or persist*)).ti,ab,kf. OR (depress* adj3 

(relaps* or recurr*)).ti,kf.  OR 

(depress* and (augment* or potentiat*)).mp. OR 

(depress* and (adjunct* adj5 (treatment or therapy or placebo or antidepress*))).mp. OR 

(antidepress* adj3 resistan*).ti,ab,kf. 

#2 antidepressive agents/ or antidepressive agents, second-generation/ or antidepressive 

agents, tricyclic/ or "serotonin and noradrenaline reuptake inhibitors"/ or serotonin uptake 

inhibitors/ or monoamine oxidase inhibitors/ or levomilnacipran/ or milnacipran/ or 

mirtazapine/ or sertraline/ or vilazodone hydrochloride/ or vortioxetine/ or bupropion/ or 

citalopram/ or fluoxetine/ or fluvoxamine/ or paroxetine/ or trazodone/ or reboxetine/ or 

desvenlafaxine succinate/ or duloxetine hydrochloride/ or venlafaxine hydrochloride/ or  

amitriptyline/ or clomipramine/ or imipramine/ or nortriptyline/ or phenelzine/ or 

tranylcypromine/ or antipsychotic agents/ or aripiprazole/ or olanzapine/ or quetiapine 

fumarate/ or risperidone/ or ketamine/ or cycloserine/ or minocycline/ or lithium/ or 

lithium carbonate/ or lithium compounds/ or lithium chloride/ or valproic acid/ or 

lamotrigine/ or Triiodothyronine/ or pindolol/ or metyrapone/ or hallucinogens/ or lysergic 

acid diethylamide/ or mescaline/ or n,n-dimethyltryptamine/ or n-methyl-3,4-

methylenedioxyamphetamine/ or psilocybin/ or banisteriopsis/ or  (SSRI or "selective 

serotonin reuptake inhibitor*" or TCA or "tricyclic antidepressant*" or SNRI or "serotonin 

noradrenaline reuptake inhibitor*" or "serotonin norepinephrine reuptake inhibitor*" or 

MAOI or "Monoamine Oxidase Inhibitor*").ti,ab. OR (agomelatine or bupropion or 

citalopram or desvenlafaxine or duloxetine or escitalopram or fluoxetine or fluvoxamine or 

levomilnacipran or milnacipran or mirtazapine or paroxetine or reboxetine or sertraline or 
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venlafaxine or vilazodone or vortioxetine or amitriptyline or clomipramine or nortriptyline 

or imipramine or trazodone or nefazodone or tranylcypromine or phenelzine).ti,ab. OR 

(aripiprazole or brexpiprazole or cariprazine or OFC or olanzapine or quetiapine or 

risperidone).ti,ab. OR (esketamine or ketamine or "d-cycloserine" or cycloserine or DCS or 

minocycline).ti,ab. OR (lamotrigine or "sodium valproate" or "valproic acid" or 

lithium).ti,ab. OR (triiodothyronine or T3 or pindolol or Metyrapone).ti,ab. OR 

(psychedelic* or hallucinogen* or psychotomimetic or psilocybin or ayahuasca or 

banisteriopsis or LSD or "lysergic acid diethylamide" or MDMA or mescaline or DMT or 

dimethyltryptamine).ti,ab. OR (dexamphetamine OR methylphenidate OR 

dexmethylphenidate).ti,ab. OR exp dextroamphetamine OR exp methylphenidate/ 

#3 Electroconvulsive Therapy/ or Deep Brain Stimulation/ or Transcranial Magnetic 

Stimulation/ or Vagus Nerve Stimulation/ OR Transcranial Direct Current Stimulation/ OR  

("electroconvulsive therap*" OR "convulsive therap*" OR ECT OR "electroshock therap*" 

OR "shock therap*" OR "electroconvulsive treatment*" OR "convulsive treatment*" OR 

"electroshock treatment*" OR "shock treatment*" OR "deep brain stimulation*" OR DBS 

OR "transcranial magnetic stimulation*" OR rTMS OR VNS OR "vagus nerve stimulation*" 

OR "vagal nerve stimulation*" OR "transcranial direct current stimulation" OR "transcranial 

alternating current stimulation" OR tDCS OR tACS OR "transcranial electric current 

stimulation" OR "TES" OR "thetaburst stimulation" OR TBS OR iTBS OR cTBS).ti,ab. OR (TMS 

or aTMS or dTMS or MST or "magnetic seizure therap*" or "magnetic seizure 

treatment*").ti,ab. 

#4 exp Psychotherapy/ OR ("psychological treatment" OR "psychological therapy" OR 

psychotherap* OR "behavioural cognitive therap*" OR "behavioral cognitive therap*" OR 

"cognitive behaviour therap*" OR "cognitive behavior therap*" OR "cognitive behavioural 

therap*" OR "cognitive behavioral therap*" OR "behavioural cognitive treatment" OR 
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"behavioral cognitive treatment" OR "cognitive behaviour treatment" OR "cognitive 

behavior treatment" OR "cognitive behavioural treatment" OR "cognitive behavioral 

treatment" OR CBT OR "dialectical behavioural therap*" OR "dialectical behavioral 

therap*" OR "dialectical behaviour therap*" OR "dialectical behavior therap*" OR 

"dialectical behavioural treatment" OR "dialectical behavioral treatment" OR "dialectical 

behaviour treatment" OR "dialectical behavior treatment" OR DBT OR "mindfulness-based 

cognitive therapy" OR "mindfulness-based cognitive treatment" OR MBCT OR CBASP OR 

IPT OR ISTDP).ti,ab. 

#5 (randomized controlled trial.pt. or exp randomized controlled trial/ or exp Randomized 

Controlled Trials as Topic/ OR controlled clinical trial.pt. OR (RCT or randomi* or "at 

random" or (random* adj3 (assign* or allocat* or divide* or division or number*))).ti,ab,kf. 

OR ((placebo or sham or mock or fake or dummy) and (control* or group*)).ti,ab,kf. OR 

"double‐blind*".ti,ab,kf,hw. OR trial.ti. OR ((cluster or crossover* or "cross‐over*") adj3 

(random* or trial or study or control* or group*)).ti,ab,kf.) NOT ((letter/ OR editorial/ OR 

news/ OR exp historical article/ OR Anecdotes as topic/ OR comment/ OR case report/ OR 

(letter or comment*).ti. OR exp animals/ not humans/ OR exp Animals, Laboratory/ OR exp 

Animal Experimentation/ not (exp human experimentation/ or humans/) OR  

exp Models, Animal/ OR exp rodentia/ OR (rat or rats or mouse or mice or rodent*).ti.)) 

#6 1 AND (2 OR 3 OR 4) AND 5 

#7 Limit 6 to yr="2019 -Current" 

 18 
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