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ABSTRACT

Objective: To compare the efficacy and discontinuation of augmentation agents in adult patients with treatment-
resistant depression (TRD). We conducted a systematic review and network meta-analyses (NMA) to combine
direct and indirect comparisons of augmentation agents.

Methods: We included randomized controlled trials comparing one active drug with another or with placebo
following a treatment course up to 24 weeks. Nineteen agents were included: stimulants, atypical antipsychotics,
thyroid hormones, antidepressants, and mood stabilizers. Data for response/remission and all-cause discontin-
uation rates were analyzed. We estimated effect-size by relative risk using pairwise and NMA with random-ef-
fects model.

Results: A total of 65 studies (N = 12,415) with 19 augmentation agents were included in the NMA. Our findings
from the NMA for response rates, compared to placebo, were significant for: liothyronine, nortriptyline, aripi-
prazole, brexpiprazole, quetiapine, lithium, modafinil, olanzapine (fluoxetine), cariprazine, and lisdexamfet-
amine. For remission rates, compared to placebo, were significant for: thyroid hormone(T4), aripiprazole,
brexpiprazole, risperidone, quetiapine, and olanzapine (fluoxetine). Compared to placebo, ziprasidone, mirta-
zapine, and cariprazine had statistically significant higher discontinuation rates. Overall, 24% studies were rated
as having low risk of bias (RoB), 63% had moderate RoB and 13% had high RoB.

Limitations: Heterogeneity in TRD definitions, variable trial duration and methodological clinical design of older
studies and small number of trials per comparisons.

Conclusions: This NMA suggests a superiority of the regulatory approved adjunctive atypical antipsychotics,
thyroid hormones, dopamine compounds (modafinil and lisdexamfetamine) and lithium. Acceptability was lower
with ziprasidone, mirtazapine, and cariprazine. Further research and head-to-head studies should be considered
to strengthen the best available options for TRD.

1. Introduction

and functional impairment (Fava, 2003; Fekadu et al., 2009; Malhi et al.,
2005). Despite more than 25 FDA approved medications for major

Despite advances in pharmacological and non-pharmacological depressive disorder (MDD), TRD continues to be highly prevalent, with
treatments for depression, strategies to improve treatment-resistant more than 30% of patients failing to achieve remission despite an
depression (TRD) continue to be inadequate, leading to poor outcomes adequate pharmacotherapeutic trial (Berlim and Turecki, 2007b; Rush
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et al., 2006). Current treatment guidelines recommend augmentation
strategies after failure of two antidepressants or partial response with a
primary antidepressant (Kennedy et al., 2016). However, consensus has
not yet been established regarding an integrated definition for TRD (i.e.
after trial of one or two antidepressant of same or different classes)
(Berlim and Turecki, 2007a). Moreover, there has been a lack of con-
sistency with recommendations for augmentation strategy in MDD
not/partially responsive to first-line antidepressants (McIntyre et al.,
2014). According to the Canadian Network for Mood and Anxiety
Treatments (CANMAT) guidelines and American Psychiatric Association
Practice guidelines, atypical antipsychotics (AA) have been reported as
an effective augmentation strategy to antidepressants. Among other
agents, mood stabilizers, combination of antidepressants, use of stimu-
lants, thyroid hormones, and ketamine have been investigated (Gelen-
berg et al., 2010; Kennedy et al., 2016). Previous meta-analyses have
shown evidence for the use of AAs, lithium, ketamine and esketamine
(Carter et al., 2020; Strawbridge et al., 2019; Vazquez et al., 2021; Zhou
et al., 2015).

Network meta-analysis (NMA) is a promising statistical method
which allows to synthetize information from different clinical trials by
combining direct and indirect evidence in the absence of head-to-head
treatment comparisons. As compared to conventional meta analytical
approaches; NMA yield estimates of the intervention compared to all
others, using a higher degree of precision by rank probabilities which
can have important implications for treatment decisions in clinical
practice (Cipriani et al., 2013; Mavridis et al., 2015; Salanti, 2012).
Previous studies utilizing NMA approaches have suggested the use of
AAs (Zhou et al., 2015; Carter et al., 2020) as augmentation agents,
although number of included trials and agents have varied across studies
due to different inclusion criteria. Head-to-head trials comparing
augmentation strategies in different phases of illness (acute versus
maintenance), different treatment-resistant staging models, dose-
response, and non-pharmacological interventions are needed. Carter
et al. recently conducted a systematic review and NMA of pharmaco-
logical and psychological augmentation interventions for TRD (defined
as two adequate treatments in current episode), however, no psycho-
logical trial could be included due to the absence of a common
comparator (Carter et al., 2020). There are still controversies sur-
rounding the relative efficacy of different augmentation agents [mood
stabilizers (lithium, lamotrigine), thyroid hormones, or stimulants] in
the daily clinical practice. Recent systematic reviews support the use of
dopaminergic compounds (stimulants and stimulants-like compounds)
both for unipolar and bipolar depression (McIntyre et al., 2017; Nunez
et al, 2020; Szmulewicz et al., 2017). A comprehensive review
comparing multiple interventions in a more diverse patient population
would help provide important information to clinicians, especially for
TRD patients who have failed one or more antidepressants. Therefore,
we conducted an updated systematic review and NMA to appraise the
efficacy and safety of augmentation agents in adult patients with uni-
polar TRD with the aim to improve clarity of pharmacological
augmentation recommendations for TRD.

2. Methods

Our systematic review and NMA is reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement guidelines.

2.1. Data sources and search

A comprehensive search of several databases from each database’s
inception to May 29th of 2020, any language, was conducted. The da-
tabases included Ovid MEDLINE(R) and Epub Ahead of Print, In-Process
& Other Non-Indexed Citations, and Daily, Ovid EMBASE, Ovid
Cochrane Central Register of Controlled Trials, Ovid Cochrane Database
of Systematic Reviews, Ovid PsycINFO, and Scopus. The search strategy
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was designed and conducted by an experienced librarian (LJP) with
input from the study investigator. Controlled vocabulary supplemented
with keywords (e.g. “major depression”, “refractory depression”,
“response”, “remission”, “depression scores”, “affective disorders”,
“augmentation treatments,) was used to identify the potential eligible
studies. Search was performed focused on articles with English lan-
guage. Search was limited to human studies and included randomized
controlled trials (RCTs) which compared one active drug with another or
placebo following an augmentation treatment course of up to 24 weeks
and assessed change in severity of depressive symptoms. We included
the following agents for augmentation treatments: stimulants/dopami-
nergic compounds (lisdexamfetamine, dextroamphetamine/amphet-
amine; methylphenidate; pramipexole; modafinil/armodafinil); thyroid
hormones [specifically triiodothyronine (T3), levothyroxine (T4)],
mood stabilizers (lithium, lamotrigine), atypical antipsychotics (olan-
zapine/olanzapine(fluoxetine), aripiprazole, brexpiprazole, quetiapine,
risperidone, cariprazine, ziprasidone), antidepressants (mirtazapine,
bupropion, venlafaxine nortriptyline, amitriptyline) and buspirone (a
serotonin 5-HT1A partial agonist). We excluded case reports, longitu-
dinal studies or conference abstracts or studies which included partici-
pants with bipolar disorder and non-resistant depression.

A manual search of references was performed in the included studies
to identify additional studies. The actual strategy listing all search terms
used and how they are combined is available in the Appendix 1, Table 1.

2.2. Study selection and eligibility criteria

Two reviewers, (NAN, MP) working independently, screened the ti-
tles and abstracts of potentially eligible articles. Subsequently, the full
texts of eligible articles were reviewed separately by the same two re-
viewers. The study’s inclusion criteria were the following: (1) Adult
MDD patients (18-65 years of age) refractory to one or more antide-
pressant therapies at an adequate dose; (2) RCTs; (3) Interventional
studies evaluating the use of augmentation treatments; (4) Studies
reporting outcome data on response or remission rates and all-cause
discontinuation rates if available (details in the outcome measure sec-
tion); (5) Articles published in English.

Exclusion criteria were: (1) Studies that evaluated only bipolar pa-
tients or MDD with psychotic features; patients with post-partum
depression or prenatal depression or with serious medical illnesses; (2)
Narrative reviews, letters or editorials; (3) Case series, case reports or
conference abstracts; (4) Non-interventional or observational study
design as well as prospective or non-randomized open label studies; (5)
Multiple reports from the same data set (only the original research
studies were included to prevent duplication of the data set).

Most studies had a study duration of 4 weeks or longer, however, we
also included studies with a shorter duration (< 4 weeks) for lithium and
thyroid as there is data suggesting faster efficacy for these two agents.

If a study included patients with both unipolar and bipolar disorders
or psychotic depression, we included the study if data was available for
patients with non-psychotic unipolar depression.

2.3. Data collection and risk of bias assessment

Data were extracted independently by three review authors (NAN,
BJ, and MP) according to inclusion criteria. Any discrepancies were
resolved by discussion and consensus by the group of investigators and
the senior author (BS). The methodological quality of the RCTs was
assessed using the Cochrane collaboration’s Risk Interventions Risk of
Bias Tool (Higgins et al., 2011) reporting each of its five domains
(adequate randomization and allocation, blinding, loss to follow-up,
selective reporting, and other sources of potential bias) into a low risk
of bias, high risk of bias, or unclear risk of bias. Additionally, studies
domains were classified by a low, unclear and high risk of bias leading to
an overall study level risk of bias (Higgins et al., 2011, 2019). For
multiple treatment groups, we merged treatment groups into one when
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these groups used different doses of the same medication (Higgins et al.,
2011). Similar to a previous study (Lorentzen et al., 2020), we inter-
preted the dose of 80 mg/day in the study by Fang et al. (2011) for
thyroid hormones as T4.

We examined the publication bias by examining a symmetry of the
funnel plot of the trials using Eggers tests and regression asymmetry tests
(Begg and Mazumdar, 1994; Egger et al., 1997). In case of asymmetry
we applied the trim and fill method for all outcome measures (Begg and
Mazumdar, 1994).

2.4. QOutcomes measures

Dichotomous data for response/remission and all cause discontinu-
ation rates were analyzed. The primary outcome was response rates
[(defined as a decrease of > 50% of the validated behavioral scales for
depression (e.g. HAMD or MADRS)]. Secondary outcomes included:
remission rates, defined as a score below <10 for the MADRS or <7 on
the HAMD or as per the study, and all cause discontinuation rates
calculated for the patients who discontinued the trial. We elected to use
all cause discontinuation (proportion of patients who discontinued due
to side effects) as measure of overall acceptability considering that data
was not widely available for all studies.
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2.5. Statistical analyses

An NMA was conducted based on a multi treatment random-effects
frequentist NMA for all comparisons within the trials. We estimated
effect sizes by relative ratio (RR) with 95% CI for binary outcomes.
Pairwise meta-analyses were conducted using the Der-Simonian and
Laird random effects model (DerSimonian and Laird, 1986). To visualize
the network geometry a network plot was produced. We created league
tables to display the outcome (remission/response/all cause discontin-
uation) for all pair-wise comparisons of studied pharmacological agents.
We used P-scores to rank pharmacological agents based on the studied
outcome. For remission and response rates, P scores ranged from 0 to 1,
with a lower P score indicating a favorable outcome compared to pla-
cebo. For all cause discontinuation, higher P scores were associated with
lower discontinuation risk compared to placebo.

Heterogeneity between the studies was assessed using the 12 statistic
(Higgins et al., 2003). The I statistic measures the percentage of vari-
ability that cannot be attributed to random error. A value of I = 0% to
50% was considered as low heterogeneity; 50% to 75% as moderate
heterogeneity; and 75% to 90% as high heterogeneity. We produced a
network plot by integrating all the randomized pharmacological treat-
ments. Inconsistency between findings from pairwise meta-analyses
(direct evidence) and NMA (indirect evidence) was evaluated by chi?
test using the “netheat” function (Krahn et al 2013) (Appendix 1, Table
2).

Records identified through
database searching
(n=6292)

Additional records identified

through other sources

(n=6322)

Records after duplicates removed

Records screened

(n=6322)

for eligibility
(n=123)

Full-text articles assessed

(n=30)
> Records excluded
(n=6199)
Full-text articles excluded,
e with reasons

(n=155)

(n=269)

Studies included in qualitative synthesis

Studies included in
quantitative synthesis
(meta-analysis)
(n=65)

Fig. 1. Flow diagram.

Full-text articles were excluded due to the following reasons: (14) were open label studies; (18) were articles that did not report data on depressive symptoms focused
on neuroimaging (10) wrong publication type, (5) were not treatment resistant and (7) articles fell under the exclusion criteria listed in the section above.
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Fig. 2. Network graph of the included studies
to enable visualization of the geometry of the
treatment network according to measured out-
comes. (A) Response (B) Remission.

Each of the connected line represent a com-
parison between 2 interventions. The thickness
of each line corresponds to the number of trials
comparing every pair of treatments.
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Table 1

Socio-demographic and clinical characteristic of randomized clinical trials (RCTs) assessing the augmentation in TRD.

Author, Year Intervention/Stage of TRD Sample size Male: female ratio (M:F), Mean age + SD (y)/ Duration Primary Results
Male (%) range (weeks) Outcome
Measure
Head-to-head randomized trials
Bauer et al. (2013) Lithium vs. Total sample= 460 subjects Not available. 18-65 6 weeks MADRS Positive. Add-on QTP is not-inferior to add-on
Quetiapine QTP=231 subjects Li.
Stage [ & II Li=229 subjects
Cheon et al. (2017 Aripiprazole vs Bupropion Total sample= 103 subjects ARI= 23:33; 41.1% ARI= 43.86 (16.63) 6 weeks MADRS Positive. ARI and BUP augmentation therapies
Stage I ARI= 56 subjects BUP= 13:34; 27.7% BUP= 47.69 (16.05) HAM-D17 in combination with SSRI had comparable
BUP= 47 subjects efficacy and tolerability.
Dorée et al. (2007) Lithium vs. Total sample= 20 subjects Li= 3:7; 30% Li= 49.3 (9.4) 8 weeks HAM-D 17, Positive. QTP efficacy in the sample of patients
quetiapine Li=10 QTP= 5:5; 50% QTP= 52.3 (8.1) MADRS was greater than that of Li. Significant
Stage I & II QTP= 10 improvement was seen in both groups.
Dunner et al. (2007) Ziprasidone vs. Sertraline Total sample = 61 subjects ZIP=41 ZIP= 22 (55%) SER ZIP= 42.85 (11.35) 8 weeks MADRS Positive. ZIP at higher doses were well
Stage I & I SER Mono=20 Mono= 9 (45%) SER= 46.3 (10.4) HAM-D 17 tolerated and efficacious in improvement of
depressive symptoms.
Nierenberg et al. Lithium vs. Total sample= 142 subjects Li= 9:14; 39.13% Li= 40.6 (12.2) 12 weeks QIDS-C, Negative. Remission rates did not differ
(2006) Thyroid hormone (T3) Li= 69 subjects T3= 32:41; 43.83% T3= 43.2 (11.8) HAMD-17 significantly. T3 had fewer side effects.
Stage II T3= 73 subjects
Raeisi et al. (2006) Nortriptyline/Citalopram Total sample= 45 subjects NOR+CTP= 14:9; NOR+CTP=33.63 8 weeks HAM-D17 Positive. Combo NOR-+CTP was more effective
vs. Citalopram NOR+CTP=23 subjects 60.86% (11.34) than CTP alone.
Stage II CTP=22 subjects CTP= 13:9; 59.09% CTP=32.31 (9.97)
Schindler and Lamotrigine vs. Total sample= 34 subjects LAM= 8:9; 47.05% LAM= 45.1(13.4) 8 weeks HAM-D 17 Positive. LAM augmentation was efficacy and
Anghelescu (2007)  Lithium LAM=17 subjects Li= 9:8; 52.94% Li= 50.3(13.6) tolerability were comparable to Li
Stage II Li= 17 subjects augmentation.
Shahal et al. (1996) Lithium/Imipramine vs. Total subjects = 20 Li/IMI= 11 subjects Li/IMI= 4:7; 57.14% Li/IMI= 52.1 (17.2) 5 weeks HAM-D 17 Negative. Li/IMI does not offer a therapeutic
Imipramine IMI= 9 subjects IMI= 5:4; 55.55% IMI= 52.0 (14.9) CGI-I benefit.
Stage III
Trivedi et al. (2006) Bupropion vs buspirone Total subjects = 565 BUP = 279 BUSP = BUP= 107/172 (38%) BUP=40.8 (12.9) BUSP= 12 weeks HAMD 17, Positive. Augmentation of CPT with either BUP
Stage I 286 BUSP= 126/160 (44%) 41.5 (12.6) QIDS SR-16 or BUSP appears to be useful. However, BUP
had certain advantages compared to BUSP.
Placebo-controlled trials
Abolfazli et al. Modafinil vs. Total sample= 46 subjects MOD-+FLX= 11:12; MOD+FLX= 33.13 6 weeks HAM-D 17 Positive. No significant differences between
(2011) Placebo MOD-FLX= 23 subjects 45.46% (7.53) PLB4+FLX = 33.27 groups in side effects.
Stage [ PLB+FLX= 23 subjects PLB+FLX = 11:11; 50% (6.08)
Appelberg et al. Buspirone vs. Total sample= 102 subjects BUSP: 19:32, 37.25% BUSP= 44 6 weeks MADRS, CGI Negative. Improvement with BUSP at first
(2001) Placebo BUSP= 51 subjects PLB=19:32, 37.25% PLB= 44 week only but no significant difference at
Stage I PLB= 51 subjects endpoint.
Barbosa et al. (2003)  Lamotrigine vs. Total sample= 23 subjects LAM: 8:5, 61.5% LAM=30.2 (8.4) 6 weeks HAM-D 17 Positive. Lam was superior to PLB by CGI at
Placebo LAM= 13 subjects PLB= 2:3, 40% PLB= 34.1 (6.9) MADRS endpoint, however failed to separate
Stage I PLB= 10 subjects CGI-S statistically from PLB on HAM-D17 and
(15 MDD; 8 BD-II) CGI-I MADRS.There was no statistically significant
difference in outcomes between the MDD and
BD-II patients.
Barbee et al. (2011) Lamotrigine vs. Total sample= 96 subjects LAM: 5:11, 31.25% LAM= 44.59 (12.22) 10 weeks MADRS Negative. No significant difference between
Placebo LAM= 48 subjects PLB= 5:11, 31.25% PLB= 45.83 (10.95) HAM-D 17 Lam and PLB; only on those more severely ill.
Stage II PLB= 48 subjects CGI-S/ CGI-L
Bauer et al. (2009) Quetiapine 300 mg/day, Total sample = 487 subjects QTP 150= QTP 150= 51:115; QTP 150= 46 (10.1) 6 weeks MADRS Positive. QTP groups showed a significant
Quetiapine 150 mg/day vs. 166 subjects 30.72% QTP 300= 45.5 (11.1) difference from PLB from baseline to endpoint.
placebo QTP 300= 161 subjects PLB= 160 subjects QTP 300= 51:110; PLB= 44.8 (10.4)
Stage I 31.67%
PLB= 7:13; 35%
Baumann et al. Lithium vs. Total sample= 24 subjects Li= 10 subjects  Li= 3:7; 30% Li= 40 (14) 1 week HAM-D 21 Positive. CTP + Li was a safe and effective
(1996) Placebo PLB= 14 subjects PLB= 2:5; 28.57% PLB= 43 (14) CGI combination for TRD.
Stage I

(continued on next page)
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Table 1 (continued)

Author, Year Intervention/Stage of TRD Sample size Male: female ratio (M:F), = Mean age + SD (y)/ Duration Primary Results
Male (%) range (weeks) Outcome
Measure
Berman et al. (2007) Aripiprazole vs. Total sample= 362 subjects ARI= 184 ARI= 35:57; 38.5% ARI= 46.5 (10.6) 6 weeks MADRS Positive. ARI was associated with a higher
Placebo subjects PLB= 178 subjects PLB= 63:115; 35.8% PLB= 44.2 (10.9) remission rate than PLB.
Stage I-IIT
Berman et al. (2009) Aripiprazole vs. Placebo Total sample= 349 subjects ARI=  ARI= 39:138; 22.0% ARI= 45.1 (10.6) PLB= 6 weeks MADRS Positive. ARI was associated with a higher
Stage I -1I 177 subjects PLB=172  PLB= 55:117; 32.0% 45.6 (11.3) remission rate than PLB.
subjects
Browne et al. (1990) Lithium vs. Total sample= 17 subjects Total sample= 7:10; Total sample= 42.7 48 hours HAM-D 21 Negative. Li was no more effective than
Placebo Li= 7 subjects in phase-I, followed by 8 41.2% (25-66) placebo in producing rapid relief of symptoms.
Stage I subjects 4/13 unipolar depressed patients responded at
Cross-over study PLB= 10 subjects in phase-I, followed by 4 48 h, whereas only 1/11 unipolar depressed
subjects patient responded to placebo at 48 h.
(MDD= 14; BDI=1 and BDII= 2)
Carpenter et al. Mirtazapine vs. Total sample= 26 subjects MIRT= 5:6; 45.45% Total sample= 46.3 (9.4) 4 weeks HAM-D 17 Positive. Mirtazapine showed statistically
(2002) Placebo Mirtazapine= 11 subjects PLB= 2:3; 40% MIRT= 45.9 (9.7) CGI-S significant superiority over placebo on all
Stage [ PLB= 15 subjects PLB= 46.6 (9.5) outcomes.
(MDD= 23; BD-II= 3)
Chaput et al. (2008) Quetiapine vs. Total sample= 22 subjects QTP=1:3; 27.27% QTP=41.6 (13) 12 weeks HAM=D21 Positive. QTP/CBT treatment showed
Placebo QTP=11 subjects PLB= 1:3; 27.27% PLB= 44.9 (10) significantly greater improvement in all
Stage II PLB= 11 subjects measure scores.
Corrigan et al. Pramipexole vs. Total sample= 139 subjects Not available. Total sample= 42 8 weeks MADRS, Positive. PPX significantly improved
(2000) Placebo PPX= 104 subjects HAM-D 17 depressive symptoms at 1.0 mg and more in 5
Stage [ PLB= 35 subjects CGI-SI mg groups.
Corya et al. (2006) Olanzapine/FLX vs. FLX Total sample= 483 subjects OLZ/FLX=302  M: F = 27.5:72.5 45.7 +10.8 12 weeks MADRS Negative. OLZ as an augmenter (with FLX) was
(placebo) subjects FLX/Placebo=60 subjects not statistically superior to FLX, and
Stage II venlafaxine at the end point.
Cusin et al. (2013) Pramipexole vs. Total sample= 60 subjects PPX= 7:8; 46.7% PPX= 47.3 (12.9) 8 weeks MADRS Positive. Modest statistically difference
Placebo PPX= 30 subjects PLB= 2:3; 40% PLB= 45.5 (1.8) between groups favoring PPX.
Stage [ PLB= 30 subjects
DeBattista et al. Modafinil vs. Total sample= 136 subjects MOD= 69 MOD= 1:2; 33.33% MOD=45 (19-64) 6 weeks HAM-D 21, Negative. No significant differences between
(2003) Placebo subjects PLB= 18:49; 26.86% PLB=45 (23-64) HAM-D 17, adjunct Modafinil and placebo.
Stage I PLB= 67 subjects CGI-S
Dunlop et al. (2007) Modafinil vs. Total sample= 72 subjects Total= 4:5; 44.44% Total sample= 43.9 6 weeks HAM-D 21 Negative. No significant differences at end
Placebo MODA= 36 subjects (10.3) MADRS point between the treatment groups. Study had
Stage I PLB= 36 subjects to discontinue due to new suicidal ideation.
Durgam et al. (2016)  Cariprazine vs. Total sample=819 Cariprazine=550 Cariprazine = 158 Cariprazine= 45.3(11.6) 8 weeks MADRS Positive. Cariprazine at higher dose was
Placebo PLB=269 (27%) PLB=76(28.5%) PLB= 46.4 (11.6) effective and well tolerated.
Stage I
Earley et al. (2018) Cariprazine vs Total sample=527 Cariprazine=269 Cariprazine=95 (35.3%)  Cariprazine= 44.2 (11.6) 8 weeks MADRS CGI- Negative. A greater percentage of subjects
Placebo PLB=258 PLB=88 (34.1%) PLB= 43.8 (11.8) 1 improved compared to placebo but differences
Stage I-1I were not significant.
El-Khalili et al. Quetiapine 150 mg/day vs. Total sample= 432 subjects QTP 150 = 34:109; QTP 150= 45.0 (11.0) 6 weeks MADRS, QTP 150 offers non-significant improvements
(2010) Quetiapine 300 mg/day QTP 150= 143 subjects QTP 300= 146 23.8% QTP 300= 20:53; QTP 300= 44.3 (11.3) HAM-D 17 from PLB at end-point. QTP 300 was effective
vs placebo subjects PLB= 143 subjects 23.8% PLB= 45:98; PLB= 46.2 (10.9) at end-point.
Stage I 31.5%
Fava et al. (2005) Modafinil vs. Total sample= 311 subjects MOD=158 MOD= 47:111; 30% MOD=42.0 8 weeks CGL, Positive. Significant improvement in CGI-I for
Placebo subjects PLB=153 subjects PLB= 43:110; 28% PLB= 42.3 HAM-D 17, MOD.
Stage I MADRS
Fava et al. (2012) Aripiprazole vs. Total sample= 221 subjects ARI= 19:56; 33.93% ARI= 45.36 (10.35) 4 weeks MADRS Positive. Marginal efficacy of ARI compared to
placebo ARI= 56 subjects PLB= 61:169; 36.09% PLB= 45.06 (11.34) placebo.
Stage I-III PLB=169 subjects
Fava et al. (2018) Cariprazine vs. Total sample=231 Cariprazine=150 Cariprazine= 49:100 Cariprazine=45.4(11.9) 8 weeks MADRS CGI- Negative. No significant differences were seen
Placebo Placebo=81 (33.0%) Placebo=20:61 Placebo=45.2(10.2) 1 on any measures between cariprazine and
Stage I (24.7%) placebo.

(continued on next page)
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Table 1 (continued)

Author, Year Intervention/Stage of TRD Sample size Male: female ratio (M:F), = Mean age + SD (y)/ Duration Primary Results
Male (%) range (weeks) Outcome
Measure
Gitlin et al. (1987) Liothyronine (T3) vs. Total sample= 16 subjects Not available. 41(20-62) 2 weeks HAM-D 17 Negative. No effect of T3 over imipramine.
placebo T3= 8 subjects
Stage I PLB= 8 subjects
GlaxoSmithKline Bupropion vs. Total sample= 325 subjects BUP= 44:39; 53.01% BUP= 36.8 (9.28) 12 weeks HAM-D 17 Negative.
(2009) Placebo BUP=166 subjects PLB= 88:71; 55.34% PLB= 36.0 (8.91)
Stage I PLB=159 subjects
Gulrez et al. (2012) Bupropion vs. Total sample= 60 subjects BUP= 1:1; 50% BUP= 39.23 + 2.21 4 weeks HAM-D17, Positive. Bupropion significantly improved
Placebo Bup=30 subjects PLB= 7:8; 46.66% PLB= 43.23 + 2.67 MADRS, scores of all measures.
Stage I PLB=30 subjects ADI
Han et al. (2015) Aripiprazole vs. Total sample= 95 subjects Not available. ARI=47.9 (16.2) 6 weeks MADRS Positive. ARI yielded potentially beneficial
Placebo ARI= 50 subjects PLB= 46 subjects PLB= 50.3 (13.5) clinical outcomes compared to SW.
Stage I
Heninger et al. Lithium vs. Total sample= 15 subjects Li= 1:7; 12.5% Li= 44.38 (15.85) 12 days HAM-D 17 Positive. Li augmentation improved symptoms
(1983) Placebo Li= 8 subjects PLB= 2:5; 28.57% PLB= 58.43 (6.35) in nonresponding patients.
Stage [ PLB= 7 subjects
Kamijima et al. Aripiprazole vs. Total sample= 592 subjects ARI= 225:173; 56.67% ARI= 38.6 (9.35) 6 weeks MADRS Positive. ARI augmentation at fixed or flexible
(2013) Placebo ARI=397 subjects PLB= 23:16; 58.97% PLB= 38.7 (9.2) dose was superior to antidepressant alone.
Stage I-1I PLB= 195 subjects
Katona et al. (1995) Lithium vs. Total sample= 62 subjects Li= 9:20; 31.03% Li= 40.05 (13.75) 6 weeks HAM-D 17 Positive. Combination of Li and FLX improved
Placebo Li= 29 subjects PLB= 6:5; 54.54% PLB= 40.5 (11.15) symptoms at end-point.
Stage [ PLB= 33 subjects
Keitner et al. (2009) Risperidone vs. Total sample= 97 subjects RSP=57.8:42.2;42.18%  RSP= 45.5 (11.6) 4 weeks MADRS Positive. Significantly higher and quicker rates
Placebo RSP= 64 subjects PLB= 54.4:45.5; 50% PLB= 44.6 (11.1) of remission and odds of remission after 4
Stage I PLB= 33 subjects weeks for RSP groups compared to PLB.
Kessler et al. (2018) Mirtazapine vs. Total sample= 480 subjects MIRT= 73:168; 30% MIRT= 50.4 (13.8) 12 weeks BDI-II Negative. No clinically important benefit with
Placebo MIRT= 241 subjects PLB= 75:164; 31% PLB= 49.9 (12.5) Mirtazapine addition to SSRI/SNRI.
Stage I PLB= 239 subjects
Landén et al. (1998) Buspirone vs. Total sample= 119 subjects BUSP= 19:40; 32.75% BUSP= 44.9 4 weeks MADRS, Negative. No difference in efficacy was
Placebo BUSP= 58 subjects PLB= 18:43; 29.5% PLB= 48.2 CGI identified between augmentation with BUSP
Stage I PLB= 61 subjects and PLB.
Madhoo et al. (2014)  Lisdexamfetamine vs. Total sample= 143 subjects LDX= 20:51; 28.16% LDX=41.9 (9.79) 9 weeks MADRS Positive. LDX augmentation of SSRI
placebo LDX= 71 subjects PLB= 1:2; 33.33% PLB=39.5 (10.59) significantly improved depressive symptoms.
Stage I PLB= 72 subjects
Mahmoud et al. Risperidone vs. Total sample= 268 subjects RSP=29.8:70.8;29.19%  RSP=45.9 (10.1) 6 weeks HAM-D 17 Positive. RSP augmentation produced a
(2007) Placebo RSP= 137 subjects PLB= 23.7:76.3; 23.66%  PLB= 46.4 (10.7) statistically significant reduction in depression
Stage I PLB= 131 subjects symptoms and increased remission and
response compared to PLB.
Marcus et al. (2008) Aripiprazole vs. Total sample = 381 subjects ARI= 191 ARI= 17:33; 34.03% ARI= 44.6 (11.0) 6 weeks MADRS Positive. ARI produced improvement in scores
Placebo subjects PLB= 32.6:67.4; 32.6% PLB= 44.4 (10.7) and higher response and remission rates
Stage I PLB= 190 subjects compared to PLB.
Mclntyre et al. Quetiapine vs. Total sample= 58 subjects QTP= 10:19; 34.48% QTP= 44 (10) 8 weeks HAM-D 17 Positive. QTP improved HAM-D total scores
(2007) Placebo QTP= 29 subjects PLB= 14:15; 48.27% PLB= 45 (12) from baseline to Week 8 and symptoms of
Stage I PLB= 29 subjects depression and anxiety compared to PLB.
Nierenberg et al. Lithium vs. Total sample= 35 subjects Li= 1:1; 50% Li= 37.2 (8.3) 6 weeks HAM-D 17 Negative. Lam augmentation for Ntp therapy
(2003) placebo Li= 18 subjects PLB= 10:7; 58.82% PLB= 39.7 (11.9) showed no statistical difference when
Stage III PLB= 17 subjects compared to PLB.
Normann et al. Lamotrigine vs. Total sample= 40 subjects LAM= 3:7; 30% LAM=39.6 (3.4) 9 weeks HAM-D 17 Negative. Lam was not found to be an efficient
(2002) Placebo LAM= 20 subjects PLB= 7:13; 35% PLB= 37.9 (1.9) augmentation agent in treatment-resistant
Stage I PLB= 20 subjects depression but accelerated onset of action of
antidepressant.
Papakostas et al. Ziprasidone vs. Total sample=139 ZIP=71 PLB=68 ZIP=22(31%) PLB= 19 Z1P=44.7(13.8) 8 weeks HAM-D 17 Positive. Adjunctive ziprasidone to
(2015) Placebo (28%) PLB=44.2(11.9) CGI-S escitalopram resulted in a significant
Stage I improvement in depression scores.

(continued on next page)
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Table 1 (continued)

Author, Year Intervention/Stage of TRD Sample size Male: female ratio (M:F), = Mean age + SD (y)/ Duration Primary Results
Male (%) range (weeks) Outcome
Measure
Patkar et al. (2006) Methylphenidate vs. Total sample= 60 subjects Total sample= 11:19; Total sample= 48.5 4 weeks HAM-D 21 Negative. No significant differences in
placebo MPH= 30 subjects 37% (10.3) reduction of mean HAM-D 21 scores.
Stage I PLB= 30 subjects
Ravindran et al. Methylphenidate vs. Total sample= 145 subjects MPH= 73 MPH= 26:47; 35.61% MPH= 45.6 (10.8) PLB= 5 weeks MADRS Negative. No statistical difference between
(2008) placebo subjects PLB= 25:47; 34.72% 41.9 (10.9) groups at end-point.
Stage I-II PLB= 72 subjects
Reeves et al. (2008) Risperidone vs. Total sample= 23 subjects RSP= 1:11; 8.33% RSP=46.5 (12.1) 8 weeks MADRS Positive. RSP significantly reduced suicidal
Placebo RSP=12 subjects PLB= 6:5; 54.54% PLB= 41.3 (12.6) ideation and overall effect was superior than
Stage I-1I PLB= 11 subjects PLB.
Richardsetal. (2016)  Lisdexamfetamine vs. Total sample= 402 subjects LDX= 24:43; 35.82% LDX= 42.0 (12.1) 16 weeks MADRS Negative. LDX not superior to placebo in MDD.
placebo LDX= 201 subjects PLB= 68:133; 33.83% PLB= 41.8 (12.04)
Stage I PLB= 201 subjects
Richardsetal. (2016)  Lisdexamfetamine vs. Total sample= 424 subjects LDX= 70:141; 33.17% LDX=42.3 (11.4) 16 weeks MADRS Negative. LDX not superior to placebo in MDD.
placebo LDX= 211 subjects PLB= 70:143; 32.86% PLB= 42.6 (11.41)
Stage [ PLB= 213 subjects
Santos et al. (2008) Lamotrigine vs. Total sample= 34 subjects LAM= 1:5; 17.64% LAM= 26 8 weeks MADRS Negative. Lam was not found to be an efficient
Placebo LAM= 17 subjects PLB= 6:11; 35.29% PLB= 29 augmentation agent in treatment-resistant
Stage II PLB= 17 subjects depression.
Schopf et al. (1989) Lithium vs. Total sample= 27 subjects Total sample= 8:19; Total sample= 54 2 weeks HAM-D 17 Positive. Combined therapy with Li may
Placebo Li= 14 subjects 29.62% improve response in treatment resistant
Stage I-1I PLB= 13 subjects depression.
Stein and Bernadt Lithium vs. Total sample= 34 subjects Li= 1:3; 25% Li= 47.2 (19.5) 3 weeks HAM-D 17 Negative. Both groups improved; no statistical
(1993) Placebo Li= 16 subjects PLB= 1:5; 16.66% PLB= 47.1 (15.4) difference.
Stage I (TCA) PLB= 18 subjects
Thase et al. (2007) Olanzapine/Fluoxetine vs. Total sample= 406 subjects OLZ/FLX=200  Not available. OLZ/FLX=44.3(10.2) 8 weeks MADRS Positive. OLZ/FLX combo was efficacious for
placebo (FLX) subjects PLB= 206 subjects PLB=44.6(10.0) patients with TRD with significant rapid onset
Stage II of therapeutic benefits.
Thase et al. (2015a) Brexpiprazole vs. placebo Total sample= 677 subjects BX1= 34:79; 30.08% BX1= 45.7 (11.6) 6 weeks MADRS Positive. BX3 demonstrated higher efficacy
Stage I-II BX1= 226 subjects BX3= 37:37; 32.17% BX3= 44.5 (11.2) when compared to BX1 and PLB. Both dosages
BX3= 230 subjects PLB= 74:147; 33.48% PLB= 46.6 (11.0) well tolerated.
PLB= 221 subjects
Thase et al. (2015b) Brexpiprazole vs. placebo Total sample= 379 subjects BX2= 29:65; 30.85% BX2= 44.1 (11.6) 6 weeks MADRS Positive. BX2 demonstrated greater efficacy
Stage I-II BX2= 188 subjects PLB= 54:137; 28.27% PLB= 45.2 (11.3) compared to PLB.
PLB= 191 subjects
Trivedi et al. (2013) Lisdexamfetamine vs. Total sample= 173 subjects LDX= 35:53; 39.77% LDX= 39.4 (9.65) 6 weeks HAM-D 17 Positive. Augmentation with LDX reduced
placebo LDX=88 subjects PLB= 31:54; 36.47% PLB= 38.6 (10.38) depressive symptoms in patients with
Stage I PLB= 85 subjects inadequate response to escitalopram.
Zusky et al. (1988) Lithium vs. Total sample= 16 subjects Li: 1:7; 14.28% Li= 46.8 3 weeks HAM-D 17 Negative. Low dose Li was not different than
Placebo Li= 8 subjects PLB: 1:4; 25% PLB= 44.8 placebo in terms of rate and degree of
Stage I-1I PLB= 8 subjects response.
Mixed treatment
comparisons/
Multi-arm trials
Fang et al. (2011) Buspirone vs. risperidone Total sample= 225 subjects RSP= 45 Not available. Not available. 8 weeks HAM-D 17, Positive. Augmentation with RSP, BUSP, TRA,
vs. thyroid hormone vs. subjects CGI-1 VPA or T4 was effective with no statistical
trazodone vs. sodium VPA= 39 subjects significance among treatment arms in
valproate BUS= 46 subjects remission rates.
Stage 11 TRA= 47 subjects
T4= 48 subjects
Franco-Chaves et al. Pramipexole vs. Total sample= 39 subjects PPX= 6:7; 46.15% PPX= 44.9 (10.1) 6 weeks MADRS Negative. No significant difference in response

(2013)

Escitalopram vs.
combination
Stage I

PPX= 13 subjects
ESC= 13 subjects
Combo= 13 subjects

ESC= 4:9; 30.76%
Combo= 3:10; 23.07%

ESC= 45.6 (13.6)
Combo= 46.1(12.5)

rates or remission rates and not well tolerated.

(continued on next page)
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Table 1 (continued)

Author, Year Intervention/Stage of TRD Sample size Male: female ratio (M:F), = Mean age + SD (y)/ Duration Primary Results
Male (%) range (weeks) Outcome
Measure

Joffe et al. (1993) Lithium vs. Total sample= 50 subjects Li= 9:8; 52.94% Total sample= 37.4 2 weeks HAM-D 17 Positive. Li and T3 are both significantly better
placebo vs. Li= 17 subjects T3= 5:13; 29.41% (11.2) than placebo and both have comparable
thyroid hormone T3= 17 subjects PLB= 3:5; 37.5% efficacy.
Stage I PLB= 16 subjects

Joffe et al. (2006) Lithium vs. Total sample= 36 subjects Li= 1:8; 11.11% T3= Li= 38.3 (6.8) 2 weeks HAM-D 17 Negative. Similar efficacy across groups. No
thyroid hormone vs. Li= 9 subjects 1:9; 10% Combo= 2:7; T3= 42.2 (6.8) differences in combination vs either treatment
combination (Li+T3) vs. T3= 10 subjects 22.22% PLB= 38.8 (7.4) alone or active treatment groups and PLB.
placebo Combo= 9 subjects PLB= 1:3; 25% Combo= 37.0 (6.7)
Stage I PLB= 8 subjects

Joffe and Singer T4 vs T3 augmentation of Total sample=40 T3= 8:9; 47% T4= 6:15;  Total sample = 34.5 3 weeks HAM-D 17 Positive. T3 is significantly more effective than

(1990) TCA (desipramine or T3= 17 subjects T4= 21 subjects 28.5 (10.5) T4.

imipramine)
Stage I

Shelton et al. (2001) Olanzapine vs. Fluoxetine Total sample= 28 subjects Gender not specified Age not specified 8 weeks MADRS Positive. OLZ/FLX superior efficacy then either
vs. Olanzapine/Fluoxetine FLX= 10 subjects agent alone.
Stage 11 OLZ= 8 subjects OLZ/FLX= 10 subjects

Shelton et al. (2005) Olanzapine vs. placebo Total sample= 500 subjects OLZ (FLX)= OLZ= 46 (32%) OLZ = 42.5 (10.7) 8 weeks MADRS Negative. OLZ augmentation of FLX was not
Stage II 146 subjects FLX=142 subjects Placebo= 39 (27%) Placebo = 41.7 (11.0) superior to the other therapies at endpoint.

OLZ=144 subjects NOR=68 subjects
Yoshimura et al. Aripripazole + Sertraline Total sample= 24 subjects ARI+SER= 6:7; 45.5% ARI+SER= 43.4 (10.9) 4 weeks HAM-D 17 Positive. Adding ARI to Par or Ser-was equally
(2012) vs. ARI+SER=13 subjects ARI+PAR=11 ARI+PAR= 5:6; 46.2% ARI+PAR= 39.3 (9.41) effective and tolerated.

Aripiprazole + Paroxetine subjects
Stage II

Yoshimura et al. Lithium vs. olanzapine vs Total sample= 30 subjects Li= 2:3; 40% Li= 39 (8) 4 weeks HAM-D 17 Positive. OLZ and ARI could be used as

(2014)

Aripiprazole (as
augmentation for
Paroxetine)

Stage I

Li= 10 subjects
OLZ= 10 subjects
ARI= 10 subjects

OLZ= 1:2; 50%
ARI= 3:7; 30%

OLZ= 42 (7) ARI= 40
(10)

alternatives to Li.

AD, antidepressant; ARI, aripiprazole; CTP, citalopram; ESC, escitalopram; BUS, buspirone; FLX, fluoxetine; Li, Lithium; MIRT, Mirtazapine; OLZ/FLX, olanzapine/fluoxetine combination; OLZ, olanzapine; QTP, que-
tiapine; RSP, risperidone; T3, liothyronine; T4, levothyroxine; PAR, paroxetine; SER, sertraline; TRA, trazodone; PPX, pramipexole; LDX, lisdexamfetamine; MOD, modafinil; NOR, Nortriptyline; IMI, Imipramine; BUP,
bupropion; LAM, lamotrigine; BX1, brexpiprazole 1 mg; BX2, brexpiprazole 2 mg; BX3, brexpiprazole 3 mg; ZIP, ziprasidone; TCA, Tricyclic antidepressants; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI,
selective serotonin reuptake inhibitor; TRD, treatment-resistant depression; MADRS, Montgomery Asberg Depression rating scale; HAM-A, Hamilton anxiety rating scale; HAM-D, Hamilton depression rating scale; HAM-
D17, 17-item Hamilton depression rating scale; HAM-D21, 21-item Hamilton Depression Rating scale; Clinical Global Impression- Improvement, CGI-I; Clinical Global Impression- Severity, CGI-S; SD, standard deviation;

PLB, placebo. Staging of TRD was based on the Thase and Rush Model.
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All the statistical analyses were conducted using the “meta” (version
4.9.6) “metafor” (version 2.1.0) and “netmeta” (version 0.9-7) packages
of the R software for statistical computing (version 3.6.1) in R (R Core
Team, 2019; Schwarzer, 2007; Team R, 2016; Viechtbauer, 2010). For
statistical significance we used a p <0.05 and 95% CI not containing 1
were considered statistical significant. Meta-analysis code is provided in
Appendix 2.

3. Results

A total of 6322 records were retrieved of which 69 studies were
included (Fig. 1). To visualize the network geometry a network plot was
produced (Fig. 2). Table 1 contains details of the trial characteristics:
Nine studies (N = 1450) examined head to head drugs (Bauer et al.,
2013; Cheon et al., 2017; Dorée et al., 2007; Dunner et al., 2007;
Nierenberg et al., 2006; Raeisi et al., 2006; Schindler and Anghelescu,
2007; Shahal et al., 1996; Trivedi et al., 2006) with a treatment duration
of up to 12 weeks. Fifty one studies (52 cohorts) evaluated medications
in comparison to placebo (Abolfazli et al., 2011; Appelberg et al., 2001;
Barbee et al., 2011; Barbosa et al., 2003; ; Bauer et al., 2009; Baumann
et al., 1996; Berman et al., 2007; Browne et al., 1990Carpenter et al.,
2002; Chaput et al., 2008; Corrigan et al., 2000; Corya et al., 2006;
Cusin et al., 2013; DeBattista et al., 2003; Dunlop et al., 2007; Durgam
et al., 2016; Earley et al., 2018; El-Khalili et al., 2010; Fava et al., 2018,
2012, 2005; Gitlin et al., 1987; GlaxoSmithKline, 2009; Gulrez et al.,
2012; Han et al., 2015; Heninger et al., 1983; Kamijima et al., 2013;
Katona et al., 1995; Keitner et al., 2009; Kessler et al., 2018; Landén
et al., 1998; Madhoo et al., 2014; Mahmoud et al., 2007; Marcus et al.,
2008; McIntyre et al., 2007; Nierenberg et al., 2003; Normann et al.,
2002; Papakostas et al., 2015; Patkar et al., 2006; Berman et al., 2009;
Ravindran et al., 2008; Reeves et al., 2008; Richards et al., 2016; Santos
et al., 2008; Schopf et al., 1989; Stein and Bernadt, 1993; Thase et al.,
2007, 2015b, 2015a; Trivedi et al., 2013; Zusky et al., 1988) with a
sample size of N = 10,701, and the treatment duration ranging from 48
hours-16 weeks; and 9 studies were multi-arm studies (Fang et al., 2011;
Franco-Chaves et al., 2013; Joffe et al., 1993; Joffe and Singer, 1990,

Table 2a
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2006; Shelton et al., 2001; Shelton et al., 2005; Yoshimura et al., 2014,
2012) with a sample size of (N = 972), and treatment duration of 2-8
weeks.

Primary analyses initially constituted comparisons of direct effect
(response, remission, and discontinuation) for each pharmacological
class compared with placebo (Appendix 3, Fig. 1a—c).

For response rates, 65 studies included data on 19 treatments
[medications (N = 7669) and placebo (N = 4746)] comprising: 7 AAs
(aripiprazole, n = 1147; brexpiprazole, n = 599; cariprazine, n = 963;
olanzapine/olanzapine (fluoxetine) n = 668; quetiapine, n = 909; ris-
peridone, n = 262 and ziprasidone, n = 71), 2 mood stabilizers (lithium,
n = 469; lamotrigine, n = 115), buspirone (n =441), 3 antidepressants;
(bupropion, n = 492; mirtazapine, n = 225; nortriptyline, n = 23), 4
dopaminergic compounds (pramipexole, n = 147; lisdexamfetamine, n
= 568; modafinil, n = 284; and methylphenidate, n = 103), and thyroid
hormones (T3, n = 114; T4, n = 69). In order of decreasing efficacy, T3,
nortriptyline, aripiprazole, brexpiprazole, quetiapine, lithium, mod-
afinil, olanzapine (fluoxetine), cariprazine and lisdexamfetamine were
statistically significant compared to placebo, with RRs ranging from
1.18 (1.03-1.37) for lisdexamfetamine to 1.90 (1.16-3.11) for T3.
Heterogeneity (12=9.8%, p = 0.541) or inconsistency (p = 0.085) were
not statistically significant. Two studies (Barbosa et al., 2003; Carpenter
et al., 2002) had included patients with MDD (n=38) and bipolar-II
disorder (n=11), without providing separate outcomes for MDD pa-
tients. We performed a sensitivty analysis by excluding one study and
both studies respectively, to assess the outcomes. Overall, the findings
remain fairly consistent with the main results (Appendix 3. Fig. 2 a & b).

In a sub-analysis, we reviewed lithium augmentation response rates
of 7 included studies which were of < 3 weeks of duration. Lithium
showed a significantly higher response rate than placebo (RR=2.43,
95% CI:1.45-4.07, p<0.0007) in this subset (Appendix 3, Fig. 3). In a
post-hoc subanalysis, just like lithium, we investigated thyroid
augmentation response rates of three short-duration studies (< 3
weeks). The response rate with thyroid augmentation was not statisti-
cally significant compared to placebo (RR= 1.79; 0.48- 6.67).

In terms of remission rates, 39 studies (40 cohorts) which included

League table for response rates associated with studied pharmacological agents. For interpretation, a number larger than zero favors the column-defining treatment of a

cell. Values are RR with associated 95% confidence intervals.
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1.39) 1.47) 1.03) 0.98) 1.07) 1.15) 1.05) 1.06) 1.18) 1.19) 1.12) 2.54) 1.10) 1.41) 1.16) 1.11)
1.32(0.89; 1.30(0.81; 0.96 (0.65; 0.91(0.65; 1.00(0.67; 1.02(0.63; 0.99 (0.67; 1.04(0.69; 1.02(0.61; 1.08 (0.69; 1.05(0.71; 1.71(0.78; 1.02(0.67; 1.13(0.62; 1.12(0.75; 1.02(0.71; 1.58 (0.90; T8
1.99) 2.09) 1.42) 1.28) 1.50) 1.65) 1.46) 1.58) 1.69) 1.69) 157) 3.76) 1.56) 2.05) 1.66) 1.46) 2.78)
092(0.5%; | 091(047 | 0.67(036; | 064(034 | 070(0.38; | 071(037 | 069(035 | 073(0.3% | 071(035 | 0.75(040; | 074(040; | 120(0.48; | 072(03% | 0.79(037 | 078(043; | 071(038 | 111(052 | 070(035; | .o
1.68) 1.76) 1.25) 1.19) 1.28) 1.38) 1.26) 1.36) 1.40) 1.43) 1.35) 2.96) 1.33) 1.67) 1.43) 1.34) 2.38) 1.39) P
157(136; | 1.56(L15; | 115(0.93; | 1.09(0.87; | 1.20(L0L; | 1.22(0.88 | 1.18(103; | 1.25(1.00; | 1.22(0.85 | 1.29(0.99; | 1.26(L.07; | 2.05(1.02 | 1.23(1L00; | 1.35(0.84; | 134(1.14; | 1.22(0.94; | 1.90(L16; | 1.20(0.83 | 1.71(0.96; o
1.82) 2.11) 1.43) 1.37) 1.42) 1.68) 137) 1.56) 1.73) 1.68) 1.48) 211) 1.50) 217) 1.56) 1.58) 3.11) 172) 3.06)
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Table 2b
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League table for remission rates associated with studied pharmacological agents. For interpretation, larger than zero favors the column-defining treatment of a cell.

Values are RR with associated 95% confidence intervals.

Aripiprazole
1.21(0.81;
1.82)
1.33(0.88; 1.10(0.62; BTN
2.01) 1.93) prop!
1.23(0.79; 1.02(0.57; 0.93(0.72; .
Buspirone
1.93) 1.83) 1.20)
1.52(1.18; 1.26(0.84; 1.14(0.72; 1.23(0.75; G
1.96) 1.89) 1.82) 2.02) P
0.99(0.35; 0.82(0.28; 0.74(0.25; 0.80 (0.26; 0.65(0.23; .
Lamotrigine
2.79) 242) 2.26) 2.46) 1.84)
1.55 (1.18; 1.27(0.84; 1.16(0.72; 1.25(0.76; 1.02(0.77; 1.56(0.55; [ Lisdexamfeta
2.02) 1.93) 1.87) 2.07) 1.33) 4.43) mine
1.70(0.83; 1.40 (0.64; 1.28(0.56; 1.38(0.60; 1.12(0.54; 1.72(0.62; 1.10(0.53; I
3.49) 3.10) 2.90) 3.18) 2.31) 4.76) 2.29)
0.44(0.05; | 0.36(0.04; | 0.33(0.04; | 0.35(0.04; | 0.29(0.03; | 0.44(0.04; | 0.28(0.03; | 0.26(0.03;
3.72) 3.14) 2.90) 3.14) 2.45) 4.71) 2.41) 2.43) ate
1.38(0.96; 1.14(0.70; 1.04(0.61; 1.12(0.64; 0.91(0.63; 1.40 (0.48; 0.89(0.62; 0.81(0.38; 3.16(0.37;
Mirtazapine
1.98) 1.85) 1.77) 1.95) 1.30) 4.08) 1.30) 1.75) 27.30)
147(1.09; | 1.21(0.78; 111(0.67; | 119(0.7%; | 0.97(0.73; 1.49(0.52 | 0.95(0.69; | 0.87(0.41; 3.36(0.3% | 1.06(0.71; e
1.99) 1.88) 1.81) 2.01) 131) 4.26) 1.31) 1.82) 28.81) 1.59)
017(0.0%; | 014(0.0L | 0.12(00%; | 013(00% | 011(0.0% | 047(00L | 0.11(00% | 010(0.0% | 038(0.0L | 0.12(00% | 011(00% |l L
2.85) 2.40) 2.20) 2.38) 1.87) 3.43) 1.85) 1.82) 13.23) 2.09) 1.95) ptyl
1.16(0.84; | 0.96(0.61; | 0.88(0.52; | 0.94(0.55; | 0.76(0.55; 1.18(0.41; | 0.75(0.53; | 0.68(0.32; 266(031; | 084(055; | 0.79(055; | 7.01(040; | L
1.62) 1.52) 1.46) 1.61) 1.07) 3.39) 1.06) 1.45) 22.88) 1.28) 1.15) 121.32) P!
1.41(0.63; 1.17(0.49; 1.06 (0.43; 1.14(0.46; 0.93 (0.41; 1.43(0.39; 0.92(0.40; 0.83(0.29; 3.23(0.33; 1.02(0.44; 0.96 (0.42; 8.51(0.45; 1.21(0.52; CEmTEas
3.19) 2.80) 2.62) 2.87) 2.10) 5.23) 2.08) 2.40) 31.51) 2.41) 2.21) 162.16) 2.82) pe
1.12(0.85; 0.93 (0.60; 0.84(0.52; 0.91(0.55; 0.74(0.55; 1.13(0.40; 0.73 (0.54; 0.66 (0.33; 2.57(0.30; 0.81(0.55; 0.76 (0.55; 6.76 (0.39; 0.96 (0.68; 0.79(0.35; Quetiapine
1.49) 1.42) 1.37) 1.51) 0.98) 3.18) 0.98) 1.31) 21.92) 1.19) 1.06) 116.40) 1.38) 1.81) P
1.03(0.68; 0.85(0.49; 0.78 (0.48; 0.84(0.52; 0.68 (0.44; 1.05(0.35; 0.67(0.43; 0.61(0.27; 2.37(0.27; 0.75(0.45; 0.70 (0.44; 6.23(0.35; 0.89 (0.54; 0.73 (0.30; 0.92(0.58; Risperidone
1.58) 1.47) 1.26) 1.36) 1.06) 3.14) 1.05) 1.37) 20.75) 1.25) 113) 109.46) 1.45) 1.79) 1.46) et
1.10(0.41; 0.91(0.32; 0.83(0.29; 0.89 (0.30; 0.72(0.27; 1.11(0.33; 0.71(0.26; 0.65 (0.33; 2.51(0.24; 0.80(0.29; 0.75(0.27; 6.62(0.33; 0.94 (0.34; 0.78(0.22; 0.98(0.37; 1.06 (0.37; 3
2.95) 2.57) 2.40) 2.62) 1.95) 3.78) 1.93) 1.27) 26.27) 2.22) 2.05) 133.12) 2.60) 2.74) 2.58) 3.06)
0.91(0.50; 0.75(0.37; 0.69 (0.39; 0.74 (0.44; 0.60 (0.32; 0.92(0.28; 0.59 (0.31; 0.54(0.21; 2.09(0.23; 0.66 (0.33; 0.62(0.32; 5.50 (0.30; 0.79 (0.40; 0.65 (0.24; 0.81(0.43; 0.88 (0.50; 0.83(0.26; T8
1.68) 1.54) 1.21) 1.26) 1.14) 3.04) 1.13) 1.36) 19.23) 1.31) 1.20) 100.31) 1.54) 1.76) 1.56) 1.55) 2.63)
1.42(0.86; 1.17(0.65; 1.07(0.57; 1.15(0.60; 0.93(0.56; 1.44(0.47; 0.92(0.55; 0.84(0.36; 3.25(0.37; 1.03(0.58; 0.97(0.57; 8.55(0.48; 1.22(0.71; 1.00 (0.40; 1.27(0.75; 1.37(0.78; 1.29(0.48; 1.55(0.72;  ra—
2.35) 2.12) 2.02) 2.22) 1.54) 4.43) 1.53) 1.94) 28.86) 1.81) 1.64) 151.80) 2.11) 2.53) 2.13) 2.55) 3.82) 3.35) P
1.75(1.47; | 1.44(1.00; | 1.32(0.86; | 1.42(0.89; | 1.15(0.96; 1.77(0.63; 1.13(0.93; 1.03(0.5%; | 4.00(0.47; | 1.27(0.92; | 1.19(0.93; | 10.53(0.62; | 1.50(1.14; | 1.24(0.56; 156(1.25 | 1.69(1.13; | 1.59(0.60; | 1.91(1.04; 1.23(0.77; e
2.09) 2.08) 2.02) 2.25) 1.38) 4.92) 1.39) 2.08) 33.77) 1.73) 1.52) 179.86) 1.99) 2.74) 1.95) 2.58) 4.22) 3.52) 1.97)
Table 2¢

League table for all cause discontinuation associated with studied pharmacological agents.

a cell. Values are RR with associated 95% confidence intervals.

For interpretation, larger than zero favors the column-defining treatment of

Aripiprazole
0a3(013; [ 7
1.49) rexpiprazole
1.07(0.63; 2.47(0.70; Bu "
1.82) 8.81) propion
0.83(0.44; 1.91(0.51; 0.77(0.48; -
Buspirone
1.55) 7.12) 1.23)
0.70(0.40; | 1.62(0.45 | 0.66(0.35; | 0.85(0.41; R
1.22) 5.83) 1.23) 1.74) Caripeazine
143(085 | 331(09%; | 134(070; | 173(084; | 20a(r05 | G
2.52) 11.97) 2.54) 3.59) 3.96) motrgine
1.09(0.69; | 253(0.73 | 1.02(0.5%; | 1.32(0.69; | 1.56(0.88; | 0.76(0.42; |Lisdexamfeta
1.74) 8.76) 1.77) 2.53) 2.77) 1.38) mine
0.92(0.5%; | 213(0.5% | 0.86(0.45 | 1.11(0.54; | 131(0.68 | 0.64(0.34; | 0.84(0.47; e
1.61) 7.69) 1.63) 2.30) 2.54) 1.23) 1.51) um
1.00 (0.40; 2.32(0.53; 0.94 (0.36; 1.21(0.43; 1.43(0.54; 0.70 (0.26; 0.92(0.36; 1.09 (0.41;
2.51) 10.12) 2.46) 3.38) 3.80) 1.88) 2.32) 2.92) ate
0.29(0.13; 0.68 (0.17; 0.27(0.12; 0.36 (0.14; 0.42(0.18; 0.20 (0.09; 0.27(0.12; 0.32(0.13; 0.29 (0.09; Mirtazapi
0.65) 2.76) 0.64) 0.89) 1.00) 0.49) 0.61) 0.77) 0.91) zapine
1.14(0.63; 2.64(0.72; 1.07(0.55; 1.38(0.65; 1.63(0.82; 0.80 (0.40; 1.04(0.57; 1.24(0.62; 1.14(0.42; 3.89 (1.59; Modafinil
2.06) 9.65) 2.07) 2.92) 3.22) 1.60) 1.92) 2.48) 3.10) 9.52) intl
1.03 (0.66; 2.39(0.69; 0.97(0.56; 1.25(0.66; 1.48 (0.84; 0.72(0.41; 0.95 (0.59; 1.13(0.63; 1.03 (0.41; 3.53 (1.57; 0.91(0.50; Olanzapine
1.63) 8.27) 1.66) 2.38) 2.60) 1.29) 1.52) 2.00) 2.61) 7.93) 1.66) P
1.45(0.63; 3.35(0.81; 1.36 (0.56; 1.76 (0.68; 2.07(0.84; 1.01(0.41; 1.33(0.57; 1.58 (0.63; 1.45 (0.45; 4.95 (1.69; 1.27(0.50; 1.40 (0.60; P " 1
3.35) 13.97) 3.30) 4.56) 5.11) 2.53) 3.11) 3.92) 4.64) 14.48) 3.22) 3.26) CUEED
1.06 (0.68; 2.45(0.71; 0.99 (0.58; 1.28(0.68; 1.51(0.86; 0.74 (0.42; 0.97 (0.60; 1.15(0.74; 1.06 (0.42; 3.62(1.61; 0.93 (0.51; 1.02(0.64; 0.73(0.31; tiapi
1.66) 8.47) 1.70) 2.44) 2.66) 1.31) 1.56) 1.79) 2.67) 8.12) 1.70) 1.63) 1.70) =gl
0.95(0.54; 2.20(0.61; 0.89(0.43; 1.15(0.62; 1.36 (0.70; 0.66 (0.34; 0.87(0.48; 1.03(0.53; 0.95 (0.35; 3.24(1.34; 0.83(0.41; 0.92(0.51; 0.66 (0.26; 0.90 (0.50; Ri idor
1.69) 7.97) 1.61) 2.15) 2.64) 1.31) 1.57) 2.03) 2.56) 7.84) 1.68) 1.64) 1.64) 1.61) Haperidone.
2.73(0.73; 6.32(1.09; 2.56 (0.70; 3.31(0.93; 3.90 (1.00; 1.91(0.49; 2.50 (0.66; 2.98(0.76; 2.73(0.58; 9.33(2.12; 2.40 (0.60; 2.64(0.70; 1.89(0.42; 2.58 (0.69; 2.88(0.83; Ta
10.25) 36.55) 9.36) 11.83) 15.26) 7.53) 9.46) 11.69) 12.85) 41.05) 9.54) 9.94) 8.47) 9.71) 9.98)
0.06 (0.00; 0.14 (0.01; 0.06 (0.00; 0.07 (0.00; 0.09 (0.00; 0.04 (0.00; 0.05 (0.00; 0.07 (0.00; 0.06 (0.00; 0.20 (0.01; 0.05 (0.00; 0.06 (0.00; 0.04 (0.00; 0.06 (0.00; 0.06 (0.00; 0.02 (0.00; Ziprasidone
1.05) 3.03) 0.99) 1.31) 1.52) 0.75) 0.96) 1.16) 117) 3.86) 0.94) 1.01) 0.79) 0.99) 1.13) 0.50) P
1.21(0.88; 2.79(0.85; 1.13(0.74; 1.46 (0.84; 1.72(1.09; 0.84(0.52; 1.11(0.78; 1.31(0.82; 1.21(0.51; 4.12(1.97; 1.06 (0.64; 1.17(0.84; 0.83(0.38; 1.14(0.82; 1.27(0.78; 0.44 (0.12; 20.12(1.17; Placebo
1.65) 9.23) 1.73) 2.54) 2.73) 1.36) 1.56) 2.11) 2.86) 8.63) 1.76) 1.62) 1.81) 1.58) 2.06) 1.59) 344.58) ace!
19 treatments [medications (N = 6279) and placebo (N = 3965)] lisdexamfetamine, n = 497; modafinil, n = 215; and methylphenidate, n
comprised: 7 AAs (aripiprazole, n = 1123; brexpiprazole, n = 599; = 30), and thyroid hormones (T3, n = 73 and T4, n = 48). In order of
cariprazine, n = 963; olanzapine/olanzapine (fluoxetine), n = 658; efficacy, T4, aripiprazole, risperidone, quetiapine, olanzapine(fluoxe-

quetiapine, n = 667; risperidone, n = 250 and ziprasidone, n = 71), 2
mood stabilizers (lithium, n = 106; lamotrigine, n = 30), 3 antidepres-
sants (bupropion, n = 326; mirtazapine, n = 225; nortriptyline, n = 23),
buspirone (n = 332), 4 dopaminergic compounds (pramipexole, n = 43;

tine), brexpiprazole were statistically significant compared to placebo
with RRs ranging from 1.44 (1.00-2.08) for brexpiprazole to 1.91
(1.04-3.52) for T4. Heterogeneity (12:2.4%, p = 0.473) or inconsistency
(p = 0.306) were not statistically significant.
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While examining all cause discontinuation, 53 studies (54 cohorts)
which included 17 treatments were assessed [medications (N = 7223)
and placebo (N = 4617)] with an overall of n = 1642 events comprising:
7 AAs (aripiprazole, n = 123; brexpiprazole, n = 22; cariprazine, n = 93;
olanzapine(fluoxetine) n = 156; quetiapine, n = 177; risperidone, n = 47
and ziprasidone, n = 10), 2 mood stabilizers (lithium, n = 79; lamo-
trigine, n = 27), 2 antidepressants (bupropion, n = 102; mirtazapine, n
= 51), buspirone (n = 69), 4 dopaminergic compounds (pramipexole, n
= 10; lisdexamfetamine, n = 89; modafinil, n = 37; methylphenidate, n
= 14), and thyroid hormones (T4, n = 3). Discontinuation data was not
available for nortriptyline. Discontinuation rates were significantly
higher compared to placebo for ziprasidone (RR= 20.12, 95% CI
1.17-344.58), mirtazapine (RR= 4.12, 95% CI, 1.97-8.63), and car-
iprazine (RR= 1.72 (95% CI 1.09-2.73). Heterogeneity was not statis-
tically significant (12=17.3%, p = 0.251) or inconsistency (p = 0.167).

In Tables 2a-2c we have synthetized the network of eligible com-
parisons for the measured outcomes represented by league tables.

3.1. Quality assessment and publication bias

The RoB assessment based on review authors’ judgements about
each risk of bias item was determined. Overall, 15 (24%) studies were
rated as having low risk of RoB, 40 (63%) had moderate RoB and 8
(13%) had high RoB (Appendix 4, Fig. 1). No indication of publication
bias was found for all the outcomes (p-value >0.05) (Appendix 4, Fig. 2).

4. Discussion

This NMA of 19 agents showed that several pharmacotherapeutic
agents are efficacious as adjunctive treatments for TRD. Our findings
further strengthen the results from previous studies (Carter et al., 2020;
Strawbridge et al., 2019; Vazquez et al., 2021; Zhou et al., 2015) and
adds to the current evidence as it includes other agents such as AAs
(brexpiprazole, cariprazine, ziprasidone), antidepressants (nortripty-
line, mirtazapine), dopaminergic compounds (pramipexole, lisdex-
amfetamine, methylphenidate, and modafinil), and thyroid hormones.
We found that T3, nortriptyline, aripiprazole, brexpiprazole, lithium,
quetiapine, modafinil, olanzapine (fluoxetine), cariprazine and, lisdex-
amfetamine were more efficacious compared to placebo. Regarding all
cause discontinuation, significant findings were found for ziprasidone,
mirtazapine, and cariprazine compared to placebo. Similar to a previous
NMA by Zhou et al. (2015), we did not include an open-label pilot study
(Dunner et al., 2007) in the main analysis. However, as a post-hoc
analysis, when we included the study by Dunner et al, the RR for
ziprasidone response rate, remission rate, and discontinuation rate were
1.80 (1.06-3.08), 1.27 (0.81-2.00), and 2.53 (1.07, 5.98), respectively.

Our data support current pharmacological augmentation recom-
mendations from several treatment guidelines for depression which
recommend the use of AAs as first line agents, specifically the use of
aripiprazole and quetiapine (Kennedy et al., 2016; NICE, 2010; Seshadri
et al., 2021). The use of augmentation with AAs has been supported by
many clinical studies for aripiprazole,(Berman et al., 2007; Marcus
et al., 2008) olanzapine+fluoxetine (Corya et al., 2006; Shelton et al.,
2010; Shelton and Papakostas, 2008; Thase et al., 2007), quetiapine
(El-Khalili et al., 2010; McIntyre et al., 2007) ) and risperidone (Keitner
et al., 2009; Mahmoud et al., 2007). Additionally previous studies
emphasize the use of these agents as a pivotal point to overcome treat-
ment resistance (Nelson and Papakostas, 2009; Rafeyan et al., 2020).

Our study provides evidence for brexpiprazole and cariprazine as
efficacious augmentation agents in TRD as well. Brexpiprazole, was FDA
approved as an adjunctive treatment to oral antidepressants in MDD
based on 3 trials which showed a significant reduction in depressive
symptoms (Fava et al., 2016; Thase et al., 2015a; Thase et al., 2015b).
Similarly, cariprazine currently FDA approved for treatment of schizo-
phrenia and bipolar-type I disorder has been studied as an adjunctive
agent for MDD showed a significant reduction in MADRS scores at week
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8 compared to placebo (Durgam et al., 2016; Earley et al., 2018).
Brexpiprazole trials were of slightly shorter duration compared to car-
iprazine (6 and 8 weeks respectively). There is a need for long term
maintenance trials for these agents.

Aripiprazole and quetiapine are the two most studied AAs. Aripi-
prazole as an augmentation agent (mean dose,10.68 + 3.1 mg/day)
showed significant benefit and had low discontinuation rates, which
aligns with previous studies (Seshadri et al., 2021; Strawbridge et al.,
2019). In addition, quetiapine (mean dose,156.74 + 97.6 mg/day)
showed significant benefits for both response and remission rates
compared to placebo, which is in accordance with current clinical rec-
ommendations for augmentation strategies for MDD (Cleare et al., 2015;
Kennedy et al.,, 2016). Similar to Spielmans et al’s meta-analysis
(Spielmans et al., 2016), we found that the olanzapine augmentation
of SSRIs (primarily fluoxetine) (mean dose 8.5 mg/day+ 3.9) had a
higher remission rate compared to placebo/SSRI. Our results examining
mood stabilizers suggested that lithium in combination with TCAs,
SSRIs, or other antidepressants, dose range between 300 and 1200 mg,
and duration between 1 and 12 weeks appears to be more effective than
placebo. Prior studies have suggested a rapid onset of lithium’s thera-
peutic effects for depression despite variability in lithium dosages,
population heterogeneity, and treatment durations among the studies.
Therefore, in a subanalysis, that included 7 lithium augmentation
studies of short duration (<3 weeks), lithium’s response rate was sig-
nificant compared to placebo (RR= 2.43; 1.45 —4.07). However, we
should acknowledge that remission rates were not significant compared
to placebo. Our results are consistent with previous NICE guidelines
which showed a significantly better response rates but not remission
rates (NICE, 2010). Importantly, these data provide further evidence of
lithium’s antidepressant efficacy which is consistent with the results of a
recent meta-analysis (Vazquez et al., 2021).This is also congruent with
current recommendations for augmentation in patients with unipolar
TRD by the World Federation of Societies of Biological Psychiatry Task
Force which considers lithium as first-line agent and aripiprazole and
quetiapine as alternatives (Grunze et al., 2018).

Our results showed that lamotrigine (100-400 mg daily dose) has
limited efficacy compared to placebo. The lower efficacy of lamotrigine
could be due to differences in the trial design, high placebo response
rates, variations in mean doses, and dose titration regimens. In some
studies, lamotrigine was administered for only 4 weeks, which may have
been inadequate time to reach a response state. Lastly, we should also
acknowledge the inconclusive evidence between association of lamo-
trigine serum levels and response which could contribute to inadequate
therapeutic levels (Kumar et al., 2021).

Despite decades of presence of thyroid hormones amongst the af-
fective disorders’ pharmacopeia, clinical recommendations have varied
(Gelenberg et al., 2010; Kennedy et al., 2016). Thyroid hormones have
shown evidence of antidepressant acceleration, particularly in women,
as well as an effective augmentation strategy (Altshuler et al., 2001).
Our results are in concordance with a previous NMA (Zhou et al., 2015)
showing efficacy of thyroid hormones as an augmentation agent and in
contrast to Lorentzen and colleagues who reported negative findings for
the use of thyroid hormones in unipolar TRD (Lorentzen et al., 2020). In
our study, we showed T3 to be significantly more effective than placebo
and comparable to lithium. Nevertheless, in a post-hoc sub-analysis of
only three short-term studies (<3 weeks) we found that response rates
were not significant as compared to placebo (RR= 1.79; 0.48-6.67).
Plausible explanation for differences between our study and studies in
the thyroid literature could be due to the difference in study population,
study design, heterogeneity in TRD definitions and therapeutic dosages
implemented in many of the studies included in previous meta-analysis.

This NMA provides data regarding a potential benefit of lisdex-
amfetamine and modafinil, mechanistically acting at vesicular mono-
amine transporter inhibition as well as dopamine reuptake inhibition
respectively to improve depressive symptomatology. The importance of
dopaminergic agents in depression has been suggested in both in
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unipolar and bipolar depression (McIntyre et al., 2017; Nunez et al.,
2020; Szmulewicz et al., 2017) showing promising results as augmen-
tation strategies. However, we should acknowledge that our results
emphasize an improvement on response rates not remission. Clinical
guidelines such as CANMAT suggest caution regarding the use of stim-
ulant and stimulant like molecules and based on previous meta-analysis
(Goss et al., 2013; Kennedy et al., 2016) recommend their utilization as
second-third line adjunctive agents.

Our study has the following limitations: (a) We provided a single
measure of all cause discontinuation as a general reflection of drugs
acceptability and safety outcomes and did not include individualized
side-effects associated to dropout rates due to data not being widely
available for all studies. (b) We did not include comparisons of non-
pharmacological treatments associated to augmentation strategies
considering difficulties to standardize comparisons; plausibly, this could
have overestimated the effect of a single medication or combination
drug (c) Several studies comprised small sample sizes (e.g. thyroid
hormones, nortriptyline, lithium, and stimulants) and had short follow-
up time. Additionally, we should consider the possibility that reporting
of side effects and dosing in the older trials (ie. thyroid, lithium) was not
optimal due to trial design methodology at that time. This could
contribute to wider confidence intervals and heterogeneity. (d) Different
standards of regulations in development of clinical trials may have
influenced reporting on adverse events or efficacy measures; (f) An
overestimation of the results for the included studies which could be
attributable indeed to the natural course of illness could not be ignored;
(g) We did not include comparisons with NMDA antagonists, such as
ketamine, since those have been addressed in a previous NMA (Carter
et al., 2020) and has much faster action as compared to the conventional
augmentation agents; (h) There was heterogeneity in the definition of
TRD in the included studies which precludes assuming a homogenous
population; (i) We cannot discount a dose-effect which could also
contribute to sample heterogeneity; (j) We included 3 studies which
reportedly included bipolar disorders patients however we tried to
extract data for patients with unipolar depression where possible (one
study) and conducted a sensitivty analysis after excluding the two
studies where independent unipolar depression outcomes were not
avilable. There may be a possibility that of some of those unipolar pa-
tients may have developed psychosis in their longitudinal course of the
illness; (1) we defined TRD as failure of one or more antidepressants in
the current episode of depression for our study. However, this definition
has been used in prior systematic reviews and thus, the included patients
could be less refractory than some other TRD studies requiring two
failed antidepressants. The results may vary for patients with a higher
level of treatment-refractoriness.

Additionally, we should consider some limitations inherent to NMAs.
For example, while conducting a NMA it allows to estimate effectiveness
of different treatments in the absence of direct comparison between
trials (Cipriani et al., 2013), thus, issues regarding inconsistency be-
tween either direct or indirect evidence could arise which was assessed
in our study and found to be noncontributing (Appendix 1, Table 2).
Considering the extensive and highly heterogenous studies which were
conducted in the TRD population we focussed on a strict inclusion and
exclusion criteria aimed at a discreet phenotype which limited further
analysis. We avoided the trials that included geriatric population med-
ical comorbidities such as studies including stimulants for fatigue and
somnolence in HIV clinical comorbidities. Moreover, we intended to
include data on unipolar TRD patients excluding bipolar or depressive
episodes with psychotic features. Importantly we should also consider
the plausibility of the transitivity assumption as an essential factor while
controlling for the individual biases that could occur in the selection of
included studies, populations and environment in which the studies
were conducted (LeLorier et al., 1997). Noteworthy is that the
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combination of trials from different decades, modifications in clinical
trial design characteristics and methodologies, and a small number of
trials per comparison (as we could see for the evidence for thyroid
hormones) may have precluded a further control over some effect
modifiers.

5. Conclusion

This study suggests an evidence base for considering atypical anti-
psychotics, dopaminergic compounds, lithium and thyroid hormones as
effective augmentation agents for TRD. Lithium and thyroid hormones
constitute an important augmentation strategy in the general pharma-
copeia for TRD despite being relatively underutilized. Our data reflects
that ziprasidone, mirtazapine, and cariprazine had higher risk for
discontinuation. There is a need for long-term studies to further
strengthen the current evidence.

Clinical recommendations should outweigh the potential risks and
benefits of treatment interventions in the context of side-effect burden
and patients’ preference to ameliorate depressive symptoms. Future
directions in the design of clinical trials for TRD are needed and
shouldinclude phenotypic variations (presence of comorbidities, psy-
chotic features, atypical compared to melancholic depressions) as well
as standardization in the development-methodology tailored by agent to
effectively demonstrate real world plausible efficacy and tolerability of
these compounds.
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