
 
 

University of Birmingham

Novel and emerging treatments for major
depression
Marwaha, Steven; Palmer, Edward; Suppes, Trisha; Cons, Emily; Young, Allan H;
Upthegrove, Rachel
DOI:
10.1016/S0140-6736(22)02080-3

License:
Creative Commons: Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

Document Version
Peer reviewed version

Citation for published version (Harvard):
Marwaha, S, Palmer, E, Suppes, T, Cons, E, Young, AH & Upthegrove, R 2023, 'Novel and emerging treatments
for major depression', The Lancet, vol. 401, no. 10371, pp. 141-153. https://doi.org/10.1016/S0140-
6736(22)02080-3

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 30. Apr. 2024

https://doi.org/10.1016/S0140-6736(22)02080-3
https://doi.org/10.1016/S0140-6736(22)02080-3
https://doi.org/10.1016/S0140-6736(22)02080-3
https://birmingham.elsevierpure.com/en/publications/a1bf8728-d159-4a59-956c-39a14985d12b


1 
 

NOVEL AND EMERGING TREATMENT FOR MAJOR DEPRESSION 

 

Steven Marwaha, PhD 

Institute for Mental Health, University of Birmingham  

Birmingham and Solihull Mental Health NHS Trust 

52 Pritchatts road, 

Edgbaston 

B152TE, UK 

 

Edward Palmer MBBS 

Institute for Mental Health, University of Birmingham  

52 Pritchatts road, 

Edgbaston 

B152TE, UK 

 

Trisha Suppes MD., PhD. 

Department of Psychiatry and Behavioral Sciences 

Stanford University School of Medicine 

Veterans Affairs Palo Alto Health Care System 

Palo Alto, CA  USA 

  

Emily Cons MSc 

University of Birmingham  

52 Pritchatts road, 

Edgbaston 

B152TE, UK 

 

Allan H. Young MB. ChB, PhD 

Centre for Affective Disorders 

Institute of Psychiatry, Psychology & Neuroscience (IoPPN) 

King's College London 

Room E2.09 



2 
 

PO72 De Crespigny Park 

Denmark Hill 

London 

SE5 8AF 

UK 

 

Rachel Upthegrove PhD 

Institute for Mental Health, University of Birmingham 

Early Intervention Service, Birmingham Womens and Childrens NHS Foundation Trust 

52 Pritchatts road, 

Edgbaston 

B152TE, UK 

 

 

Corresponding author: 

Rachel Upthegrove PhD 

Institute for Mental Health, University of Birmingham 

Early Intervention Service, Birmingham Womens and Childrens NHS Foundation Trust 

52 Pritchatts road, 

Edgbaston 

B152TE, UK 

Email: r.upthegrove@bham.ac.uk 

 

 

 

Word count minus search methods= 4721 

 

Word count search methods = 391 

 

 

 

 



3 
 

 

Abstract 

 

Depression is common, costly, debilitating, and associated with increased risk of suicide. It is 

one of the leading global public health problems. Whilst existing available pharmacological 

treatments can be effective, onset of action can take weeks, side effects are common, and 

recovery can require treatment with multiple different agents. Although psycho-social 

interventions may also be recommended, more effective treatments than those that are 

currently available are needed for patients with moderate or severe depression. In recent 

years, treatment trials have developed and tested a plethora of new, more targeted 

interventions. In this Therapeutics paper we review novel and emerging biological treatments 

for major depression, linking them to putative significant brain/body mechanisms, and 

highlight how close or far they might be from routine clinical use. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 
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Depression is a major global mental health challenge and is the leading cause of mental health 

related disability worldwide 1. It is common and frequently recurrent, with a global prevalence 

of 4.4% 2. For many, depression starts in mid to late adolescence with median 12 month 

prevalence in this age group being 4-5%3. Major depressive disorder (MDD) damages 

education, relationships, employment and is prospectively associated with obesity, cardiac 

disease, and with early death, including suicide4-6. The financial costs are very large and 

closely linked to working days lost, reduced productivity and absenteeism. Functional impacts 

are particularly significant in adults where comorbidity with physical health problems 

commonly complicates the picture further. 

 

Contemporaneous biomedical models of depression conceptualise this as a disorder of neural 

networks incorporating changes in widely distributed brain areas7 with effective 

antidepressants improving synaptic plasticity8, and acting as modulators of monoamines 

(serotonin, noradrenaline and dopamine). Although guidelines recommend a comprehensive 

biopsychosocial approach, and evidence suggests psychological interventions, social support 

and exercise are important, treatment with medication is often essential in moderate or 

severe depression. Whilst antidepressants are effective, a third to half of people with MDD 

do not respond to multiple anti-depressants9, 10 and a higher proportion may only obtain a 

partial response. People who do not respond to two trials of anti-depressants are commonly 

categorised as having treatment resistant depression (TRD). Typically, individuals must wait 

at least 4 weeks before obtaining a potential response to current anti-depressants, and side 

effects such as sexual dysfunction, loss of libido, headache, gastrointestinal symptoms, 

anxiety and agitation are common.  

 

Thus, there is a need to develop, test and understand the effectiveness of new agents or 

treatment modalities, ideally with a more rapid onset of action, and with the potential for 

greater effectiveness at least in the people in whom current anti-depressants have failed, and 

with better tolerability. We aimed to provide an expert review of novel biological treatments, 

using a systematic approach to highlight the best currently available evidence, with a 

particular emphasis on mechanism of effect and which depressed populations new 

treatments may ultimately be clinically useful. Although not a formal systematic review, we 
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outline search terms and strategy  in online materials. Table 1 outlines potential target by 

emerging treatment and proximity to routine use and Table 2 a summary of the current level 

of evidence for emerging treatments. 

 

N-methyl-D-aspartate (NMDA) modulators 

 

Glutamate functioning is known to be disturbed in brain areas linked to depression11. It is the 

commonest brain excitatory neurotransmitter and levels are increased by chronic stress. This 

glutamatergic upsurge can decrease synapse connectivity and result in deficits in GABA 

functioning, the most abundant inhibitory brain neurotransmitter. Both glutamate and GABA, 

or perhaps the balance between them in different brain areas are thought to be one of the 

final common pathways in depression, as well as the focus of antidepressant actions.  

 

Ketamine 

 

Research on ketamine has rapidly expanded because of interest in its novel and rapid action. 

Ketamine contains two enantiomers: R-Ketamine and S-Ketamine. Both are glutamatergic 

agents acting as antagonists at the NMDA receptor in the brain as shown in Figure 1. 

Ketamine also acts  to increase Brain-Derived Neurotrophic Factor’s (BDNF) translation12 a 

key agent involved in neural plasticity and known to be abnormal in depression. Reported 

areas of brain action for Ketamine as well as other agents in this review are shown in Figure 

2. Ketamine in clinical use for depression can be administered intravenously (I.V), 

intramuscularly (I.M), in tablet form as well as intranasally (Esketamine now licenced by the 

FDA, though not yet sanctioned by NICE). I.V dosage is commonly 0.5mg/kg delivered over 

30-40 minutes with blood pressure, heart rate and temperature monitoring and can be 

administered alone or as an adjunct to another antidepressant.  

 

Multiple meta-analyses have assessed ketamine efficacy with the majority focussing on its 

use in TRD. Ketamine infusion appears to be rapidly effective in alleviating depressive 

symptoms in TRD. In placebo controlled RCTs depression scores are significantly reduced 

compared to placebo with a standardized mean difference (SMD) of 0.68 (95% Confidence 

Interval (CI):0.46-0.9) after 24 hours (available from 7 RCTs), but with a fairly rapid reduction 



6 
 

of effect over the following week (SMD=0.77 at 24 hours vs 0.49 at 7 days post-infusion). A 

systematic review based on 28 studies from 2009-2019, but with 19 being suitable for meta-

analysis evaluating the efficacy of ketamine infusions in people with TRD indicatesefficacyin 

clinical response (pooled Odds Ratio (OR):6.33; CI:3.33-12.05) at 7 days based on 7 studies 

though the largest response was found after 24 hours. Data from 4 studies indicated an effect 

on clinical remission favouring ketamine (OR:5.11 (CI:2.15-12.17) at 24 hours post-infusion 

with reductions of effectiveness at 7 days13. There may be  some level of sustained anti-

depressant effect post-treatment for up to 6 weeks14, though the large effect size (g = −1.36, 

95% CI: −2.69 to −0.04, t4 = −2.85, p = .05) reported in this meta-analysis of the effectiveness 

of ketamine was based on only 5 studies, in which there was a high degree of heterogeneity 

and Eggers test for publication bias could not be completed because of insufficient studies..  

 

A similar pattern of effect, but from evidence which is subject to a range of bias, has been 

found with intranasal Esketamine 15 in people nonresponsive to at least 2 previous anti-

depressants and given as an adjunct to a recognized anti-depressant. Treatment is usually 

twice weekly. One (TRANFORM-2)16 of three short term clinical trials over 28 days found 

Esketamine to improve depressive symptoms when added to an oral antidepressant, in 

comparison to placebo (least squared mean difference (LSMD) of −4.0 (standard error (SE) = 

1.69, 95% CI = −7.31 to −0.64, p = 0.020). Whilst the LSMD was of a comparable order in 

TRANFORM 1 (-3.2) and 3 (-3.6), a statistically significant difference was not found. One 

(TRANFORM-3)17 of the negative trials was in older people aged 65 years and over. In the 

SUSTAIN 1 relapse prevention trial, in people who had responded to Esketamine, continued 

treatment in addition to an oral antidepressant increased time to relapse in comparison to 

placebo (log-rank P < .001, NNT, 4).18 The SUSTAIN-2 open label longer term trial found a 

sustained effect over 1 year in those who respond 19,20. The reduction in depressive symptoms 

can occur within a day16. If treatment is maintained for up to 6 months, relapse can be 

reduced by 51% in remitted patients if they are also taking their previous anti-depressant 18,20. 

Phase II and phase III trials indicate that the effects of Esketamine are lost when the 

medication is stopped21, not unlike effects that may be lost with cessation of other anti-

depressants. 

It is important to note that a recent overview of systematic reviews and meta-analyses15 of 

the effectiveness of ketamine and Esketamine note that bias within individual studies have 
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not been assessed, and funding sources were not always clear. The quality of the systematic 

reviews and meta-analyses were also considered to be “critically low” using the AMSTAR-2 

quality assessment. Therefore, results should be considered in this context. 

 

In a large recently completed network meta-analysis (N=8282 TRD patients, only 116 

allocated to NMDA medication) of augmenting agents, NMDA modulators were better than 

placebo (Effect Size (ES)= 0.91, 95% CI 0.67-1.16) in reducing depressive symptoms. 

Minocycline (an NMDA antagonist) appeared to have a particularly large ES. NMDA 

modulators had the highest chance of being an effective treatment22. A specific comparison 

with augmenting with anti-psychotics indicates add on intranasal Esketamine may be around 

twice as effective in reducing depressive symptoms 23. 

 

In people with TRD undergoing ECT, there is low quality evidence (as determined by GRADE 

criteria) to indicate that Ketamine added to Propofol (a common anaesthetic) results in a 

rapid reduction of depressive symptoms within a single ECT session24. Whilst this signal is 

important given the high morbidity of people who are usually treated with ECT there is a lack 

of convincing evidence that Ketamine agents are an effective alternative to ECT in managing 

TRD25. The evidence that ketamine agents could reduce suicidality in people with MDD is far 

from clear and doubts remain about the stability, nature and persistence of any effect 15. 

 

Therapeutics is a particularly difficult issue in adolescent depression with few agents shown 

to have a tangible action. A single available randomised trial (N=17) of Ketamine administered 

intravenously and using Midazolam as a control indicates an acute reduction of depressive 

symptoms (ES=0.78) at 24 hours in 13–17-year-olds with these gains maintained by day 14 

follow-up. The main adverse effect was transient dissociation26. Longer term studies 

examining efficacy and side effects are urgently needed. The evidence in adults is more mixed 

with one positive27 trial of subcutaneous Ketamine in people with TRD and one negative 

trial28,29 of intranasal Ketamine. Table 1 summarises in which depression population, 

Ketamine and other treatments have been studied, and also indicates the potential position 

in implementation for patient benefit. 
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Whilst depressive symptom reduction is clinically important, a return of functioning is a 

priority for patients. RCT evidence that Ketamine leads to improved functioning is limited, 

with analyses not completed in 2 trials because there was no difference in the primary 

depression endpoint 28,30. A third study indicated a difference in functioning 4 weeks post- 

treatment, in comparison to placebo as measured by the Sheehan Disability Scale (ES: 0.48; 

CI: 0.17-0.78) which focusses on disruption of work / school life, social life, family 

responsibilities, days lost from work / school and days that the individual was unproductive 
16. 

 

Side effects with I.V Ketamine are typically described as “mild” but include drowsiness, 

dizziness, poor coordination, blurred vision and feeling strange or unreal. The commonest 

side effects people experience with intranasal Esketamine appear to be dissociation, 

headache, nausea, vertigo, altered sense of taste and sleepiness15. A robust review of side 

effects has highlighted potential selective reporting bias in existing studies31. There is also 

concern over abuse, but the cost of prescribed Ketamine may reduce the risk of diversion to 

the recreational use market. A WHO expert committee did not consider the risk of 

dependence to be high enough to categorise Ketamine for scheduling or international control 
32. 

 

Dextromethorphan 

 

Ketamine, and its purported mode of action, provide proof of principle that agents targeting 

glutamate signalling may be important in the landscape of new antidepressants. 

Dextromethorphan is known to inhibit NMDA receptors and has effects at serotonin and 

norepinephrine transporters 33. It is already approved in the US for Pseudobulbar Affect. On 

a background of positive results in rodent models, clinical studies including phase II34  trials 

indicate better remission rates in people with TRD at 6 weeks with combined 

dextromethorphan and bupropion versus bupropion alone (47% vs. 16%). In the larger phase 

III GEMINI trial (N=327) 35,36 twice daily combination treatment resulted in a significant 

reduction in MADRS scores at week 1 and up to week 6 in comparison to placebo (week 1: 

−7.3 vs −4.9, p = 0.007; week 6: −16.6 vs −11.9, p = 0.002). The FDA have recently approved 

the dextromethorphan plus bupropion combination for the treatment of MDD. 
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Esmethadone 

 

Esmethadone is an opioid inactive isomer of racemic methadone which binds to the NMDA 

receptor with low affinity and potency. Esmethadone’s potential anti-depressant action could 

be a function of increasing plasma BDNF37  and/ or changing synaptic plasticity via the NMDA 

receptor complex. It is reported not to have clinically meaningful opioid effects and is not 

considered to have significant drug abuse liability. Whilst the agent also has affinity for 

monoamine receptors, the extent of this binding makes monoamine receptor action an 

unlikely primary mechanism. In a phase IIA placebo controlled double blind trial in patients 

with MDD who had not responded to 1-3 anti-depressants in the current episode and who 

were taking an SSRI, SNRI or Bupropion there was a significant improvement in depressive 

symptoms on day 4 and 7 of daily oral Esmethadone, which was sustained a week after the 

last dose. The effect size was large (0.7-1) 38 and common side effects were headache, 

constipation, nausea, and somnolence.  

 

Brain stimulation 

 

Repetitive transcranial magnetic stimulation (rTMS) 

 

Transcranial Magnetic Stimulation (TMS) is a form of non-invasive brain stimulation which 

doesn’t require an anaesthetic, with the TMS machine generating a magnetic field targeting 

stimulation of particular brain areas. This in turn can lead to changes in neuronal excitability 

triggering downstream effects between cortical and subcortical structures. Areas particularly 

relevant are the left dorsolateral prefrontal cortex (DLPFC) which is known to be underactive 

in depression and linked to treatment resistance, and the right prefrontal cortex (PFC) which 

may be over-active in people with depression. The left DLPFC is typically repeatedly 

stimulated with high frequency rTMS, whereas the right PFC typically using low frequency 

TMS. The treatment usually involves 30–45-minute treatment episodes per day for 4 weeks 

(at least). As might be expected placebo response is known to be large but is lower in people 

with more severe depression and is not linked to gender or age 39.  
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A recent health technology assessment review from Ontario Canada assessed data from 9 

systematic reviews and 58 primary studies reporting on the effectiveness of rTMS in adults 

with TRD compared to sham. Whilst there are a variety of different TMS modalities, they 

concluded that there was evidence that rTMS is an effective treatment, but that different 

rTMS modalities do not differ in effectiveness40. The meta-analysis investigating the response 

rate compared to sham showed that the absolute risk reduction was approximately 23% (CI: 

15%–32%), and number needed to treat (NNT) is 4. These results have been replicated in 

other reviews 41, which also generally suggest that rTMS is not as effective as ECT in this 

patient population. 

 

Many trials indicate no side effect differences between sham and active treatment which 

would at least on the face of it seem unlikely given the tenet that if an intervention is powerful 

enough to be effective it is powerful enough to cause side effects. However, headache and 

scalp discomfort appear to be the commonest reported side effects, followed by fatigue, pain, 

dizziness, insomnia, eye and nasal problems, and GI issues. Good quality data on whether 

rTMS leads to emergent hypomania in people with unipolar depression is not available but 

current evidence indicates not 42. There is clearer evidence that rTMS can trigger affective 

switches in people with bipolar disorder 43. 

 

Researchers have investigated various ways in which to reduce the treatment burden of 

rTMS. Accelerated protocols have tested more than once daily administration of rTMS. 

Though the quality of the evidence is not high, it suggests that effectiveness with 10 Hz high 

frequency rTMS using 2-15 sessions per day over a few days is not inferior to once-a-day 

protocols44,45 with response rates of 36-56% in people with depression. With recently FDA 

approved theta burst stimulation (e.g 50Hz) treatment sessions typically have a shorter 

duration with lower stimulation intensity offering an acceptability advantage. Data from RCTs 

(N = 294) and 4 uncontrolled clinical trials (N = 297) suggests a pooled significant effect on 

response (ES: 0.38; CI: 0.29–0.48) and on remission (ES: 0.20, CI: 0.13–0.29)46. 

 

The impacts of rTMS appear to be durable over 1 year with meta-analysis suggesting that 

amongst people who have initially responded (n=247, 9 studies), 46.3% (CI: 32.6-60.7) have a 

sustained response at 1 year. Female sex and being in receipt of maintenance treatment was 
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associated with higher durability 47. Comorbid anxiety symptoms, and incomplete response 

to rTMS may be associated with relapse after rTMS 48.  

 

One area where rTMS could potentially be invaluable is the treatment of depression in older 

adults. The prospect of a biological treatment which doesn’t interfere with medication for 

physical comorbidity could be invaluable. Out of 7 RCTs including a comparison to sham, most 

with small samples, 3 found a significant difference, though the endpoint for most was 2 

weeks49. The response rate from both RCTs and uncontrolled studies was highly variable 

ranging from 6-54%.  

 

In peri-partum (gestational period and up to 4 weeks after delivery) depression, meta-analysis 

indicates a positive effect (ES: 1.394; CI: 0.94–1.84) with little in the way of severe side effects 

to mother or baby50. This is particularly important as many women do not want to take 

medication during pregnancy because of concerns over the impact on the foetus. In 

postpartum depression, results are promising but higher quality evidence is still needed 51. 

Similarly there appears to be a signal of effectiveness for using rTMS in the treatment of 

adolescent depression, though only from open label studies and non-controlled trials 52. The 

only RCT with a sham in adolescent depression indicates rTMS did not differ significantly from 

sham in this population53. 

 

Transcranial direct current stimulation (tDCS) 

 

tDCS involves applying a weak electrical current over the scalp across an anode and cathode 

often by the use of a cap. Treatment usually involves 5-10 stimulations per day, for up to 6 

weeks. The sham response is large54. However a recent individual patient data meta-analysis 

incorporating 9 studies and 572 participants indicates tDCS was significantly better than sham 

in terms of response (30.9% vs. 18.9%; NNT = 9) and remission (19.9% vs. 11.7%, NNT = 13) 
55. No significant differences in all cause discontinuation between active and shams suggest 

good acceptability. tDCS is considered to be safe and well tolerated, but reported side effects 

in case reports do include 1 case of seizure in an individual with pre-existing epilepsy, and skin 

burns under the anode and cathode. Evidence also indicates an overall rate of 3.3% risk of 

emergent mania in people with unipolar depression and an increased odds of 5.01 (CI:1.37-
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18.26, p=0.015) and a pooled risk difference of 0.031 (0.011-0.050, p=0.002) in comparison 

to sham 56. 

 

Deep brain stimulation (DBS) 

 

DBS is a neuro-surgical intervention investigated for severe TRD. Studies have investigated 

stimulation of a variety of brain regions including the ventral capsule / ventral striatum, 

nucleus accumbens and subcallosal cingulate gyrus. Syntheses of small clinical trials, many 

without randomisation suggests a potential benefit 57 but this is independent of stimulation 

target. Side effects include surgery related (e.g. swollen eye), somatic (e.g. headaches) and 

psychiatric (e.g worsening of depression and agitation). Despite this meta-analytic evidence, 

a well conducted RCT using a sham control failed to find an effect on reducing depression 

with DBS, specifically targeting the ventral capsule/ventral striatum 58. 

 

 

Gamma-amino butyric acid (GABA) modulators  

 

Cognitive distortions including episodic memory, impaired learning, attention, negative bias 

and poor problem solving are all common features of depression. Evidence has highlighted 

the potential of GABA inhibition in such cognitive distortions59. In a magnetic resonance 

spectroscopy imaging study (1H-MRS), reduced GABA is apparent in MDD patients with 

anhedonia60.   

 

Allopregnanolone, a progesterone metabolite, is a positive modulator of the GABA receptor 

which exerts effects at both synaptic and extra synaptic levels. Primarily studied in 

postpartum depression three double blind RCTs have shown an allopregnanolone infusion 

gave a rapid reduction in anxiety and depression in women with postpartum depression 61,62. 

FDA approval for Brexanolone (the therapeutic preparation of allopregnanolone) was granted 

in 2020 in the USA. 

 

Glucosamine hydrochloride normalises GABA antagonism with additional anti-inflammatory 

effects. Preclinical evidence suggests it could be effective in depression, as it reverses social 
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defeat in mice models. A 4-week small open label pilot study of glucosamine 63 as 

monotherapy did not demonstrate an effect in people with depression. No adverse effects 

were noted but more definitive research is needed. 

 

Anti-inflammatory agents 

 

The proposal that immune dysfunction, or more specifically non-resolving low-level 

inflammation, may be relevant in depression and a target for treatment was first proposed in 

the early 1900s with vaccine therapy and the potential for typus to improve symptoms in 

patients residing in German asylums 64. Associative evidence is strong, with increased levels 

of inflammatory cytokines including interleukin (IL) 6, TNFa and C-reactive protein (CRP) 

consistently reported to be higher in patients with depression compared to controls. Causality 

has been inferred by both experimental design: inducing a state of inflammation can bring 

depressive symptoms, primarily anhedonia, dysphoria and lethargy, and in mendelian 

randomisation studies of IL6. Mechanistic explanations are that early life stress, and 

environmental stressors promote increased levels of pro-inflammatory cytokines which in 

turn act on secondary actors including prostaglandins, activate microglia and via the 

tryptophan/kynurenine system effect glutamatergic and other pathways; see figure 3. It is 

unsurprising then that there have been many anti-inflammatory trials targeting depression.  

 

Bai et al conducted a systematic review and meta-analysis citing 37 studies with a total sample 

of over 1600 participants65. Overall treatments, including celecoxib (a COX-2 inhibitor) and 

other NSAIDS, omega 3 fatty acids and statins, had a beneficial effect with a reduction in 

depressive symptoms in monotherapy or as an adjunct. However, effect sizes were moderate 

and gave a small pooled relative risk; publication bias and mixed quality of studies has also 

been highlighted66. Higher quality studies often show less significant, or indeed negative 

effects. In a rigorous double blind 12-week trial of Celecoxib (n=66), it did not have a superior 

effect to placebo 67. A large multi-centre, population-based (N>1800 depressed participants), 

double-blind, placebo-controlled trial of 100mg aspirin daily vs placebo (the ASPREE-D study) 

found those taking aspirin over 4.7 years had a significant (although small) increase in 

depressive scores68. 
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Minocycline is a tetracycline antibiotic with anti-inflammatory and GABA modulating effect. 

Whilst in schizophrenia there are negative results for minocycline in high quality trials 69, there 

is better primary evidence of efficacy in depression, including the Stanley funded multicentre 

3 month double blinded RCT of minocycline or celecoxib 67, and pooled in meta-analysis65. 

Targeting anti-inflammatory agents to patients with evidence of immune activation may be 

necessary and is a logical step. Nettis et al 70 recently reported significant treatment effect 

with minocycline in patients with depression who had elevated CRP levels of >3mg/l and a 

CRP threshold to distinguish responders from non-responders of 2.8mg/l. 

 

Psychedelics 

 

Clinical and research interest in psychedelics was sparked by lysergic acid diethylamide (LSD) 

and it was used widely in clinical practice throughout the 1950s and early 1960s71 . Despite 

intense interest of the clinical effects of psychedelics (LSD, psilocybin, N,N-

dimethyltryptamine and mescaline), in 1967 they were classified under Schedule 1 of the 

United Nations convention on drugs, meaning they were deemed to have no accepted 

medical use and significant potential for harm and dependence72.  The hallmark of the ‘classic 

psychedelics’ is their agonist actions at the serotonin 2A receptor subtype (5-HT2AR)73. 

However, it has been suggested their influence and antidepressant mechanism can be 

thought of as acting at various levels ranging from this agonism coupled with heightened 

plasticity and brain entropy, which may ultimately result in the relaxation of high-level 

beliefs71. Network cartography analyses indicate that 5-HT2A receptor-rich higher-order 

functional networks (e.g the default mode, executive and salience network) become more 

functionally interconnected and flexible after psilocybin treatment74. 

 

A limited number of studies have investigated efficacy and until very recently there were few 

RCTs of psychedelics in major depression. In a relatively small randomised trial (n=29) 

sampling people with TRD, one dose of freeze-dried ayahuasca brew (1.1 mg/kg n,n-DMT) 

was compared to placebo75. Significant group differences in reduction of depressive 

symptoms were apparent at day 7 in favour of Ayahuasca (p = 0.019, d=0.98; 95% CI 0.21–

1.75) compared with placebo, as well as in clinical response (57% vs 20%; p= 0.04), though 
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not of remission (43% vs. 13%; p = 0.07). A further open label uncontrolled trial76 (N=17) also 

showed significant decreases in depression scores (p<0.001) for up to 3 weeks.  

 

In a RCT of 24 patients with primary MDD, who were not currently taking antidepressants, 

participants were given 2 oral doses of psilocybin initially 20mg/70kg and then a higher 

30mg/70kg approximately 1-2 weeks later77 in the context of receiving supportive 

psychotherapy (approximately 11 hours). Impact on reduction of depressive symptoms was 

significant and the effect sizes were large at 1 week post second dose (d = 2.5; 95% CI, 1.4-

3.5; P < .001) and 4 weeks post second dose (Cohen d = 2.6; 95% CI, 1.5-3.7; P < .001). A 

further open label clinical trial of 20 patients with TRD78  also showed significant 

improvements in depressive symptom score at week 1 and 5 and at 3 and 6 month follow-up. 

Sub group analysis from a systematic review 79 drawing from both these studies concluded 

that the antidepressant effects were highly significant (Hedges’ g=2.190; CI= 1.42-2.96, 

p<0.001) in patients with depression, with it being more effective in primary MDD as opposed 

to secondary (in the context of physical health problems).  

 

More recently results from a phase II, double blind RCT comparing efficacy of psilocybin with 

that of escitalopram in addition to psychological support in 59 patients with MDD80 have been 

published.  The psilocybin group were given two doses of 25mg psilocybin, first on day 1 and 

again 3 weeks after along with a placebo tablet daily for 6 weeks. The escitalopram group 

were given a presumed placebo dose of psilocybin of 1mg on day 1, and again 3 weeks later 

and daily tablet of escitalopram 10mg for the first 3 weeks and 20mg for the final 3 weeks. 

Depressive symptoms, the primary outcome was not significantly different at the endpoint. 

Very recently, a large international phase 11b double-blind RCT compared safety and efficacy 

of COMP360 psilocybin at 25mg or 10mg to 1mg in 233 patients with TRD after a 2 week wash 

out of previous antidepressant. At 3 weeks post randomisation, 36% of the 25mg COMP360 

group compared to 18% of the 1mg group had responded. And 29% compared to 7% had 

remitted. 81 

 

Across all studies using psilocybin, (including secondary MDD) it was well tolerated. The 

medication is usually administered during a procedure that incorporates psychoeducation 

about the possible effects of the medication, and that lasts approximately 8 hours. 
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Importantly there are also a number of early stage controlled trials which investigate the use 

of psilocybin in anxiety, depression and “existential distress” in terminal care and have shown 

positive effects82, and this therapeutic space may be where use is sanctioned soonest.  

 

The current research into the therapeutic uses of psychedelic in depression show promising 

preliminary results, however, trials are still in relatively early stages. Further research and 

specifically further large phase II and III trials are needed. 

 

 

 

Other agents on the horizon 

 

Photobiomodulation is a novel device treatment based on nonretinal exposure to light. This 

is based on the idea that near infrared radiation and red light can be absorbed through the 

scalp skin and by mitochondrion chromophores which are known to be biologically active. A 

review in this area suggests some positive results in improving depressive symptoms both in 

animal models and in humans but nearly all studies lack a control group 83. 

 

Pimavanserin tartrate has been licenced in the US for the treatment of psychotic symptoms 

in people with Parkinson’s Disease. It has no appreciable action on D2 receptors but is an 

antagonist at the 5HT2a and 5-HT2c receptor. Investigated in the CLARITY trial its addition to 

an anti-depressant in people with TRD led to greater improvement in overall depression 

severity as compared to placebo. Pimavanserin augmentation also led to a higher degree of 

treatment response or remission compared to the placebo arm84. The agent seemed 

particular useful in tackling sexual dysfunction, reducing hypersomnia, and irritability in 

people with depression. However, a phase III trial did not demonstrate a significant effect 85. 

 

Precision medicine in the treatment of major depression 

 

Replicability in larger controlled trials is needed for clinical adoption of any new treatment, 

however it is clear from evidence above that significant heterogeneity exists in current 

evidence. One issue that may have an impact on this is the heterogeneity of MDD itself. 
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Indeed, given the breadth of the diagnostic criteria two or more individuals could have a 

diagnosis of MDD but share no common symptoms. Thus, one strategy to develop better 

treatments for MDD include stratification of subgroups, and prediction of pharmacological 

response and outcomes, moving away from ‘one-size-fits-all approach’ for treatment 

decisions by using objective and replicable psychosocial and/or neurobiological measures. 

Data science approaches are essential to this endeavor 86. However, the methods for 

predicting treatment response in MDD is still in infancy. A review of 12 prognostic model 

studies examining recovery or remission from MDD revealed overall poor predictive 

performance and limited external validation 87. Models investigating treatment response to 

individual pharmacotherapy are somewhat more promising; for example, the PreDiCT trial 

tested the effectiveness of a clinical symptom-based algorithm to guide treatment versus 

unguided care for depression. The algorithm guided care group did not have a higher rate of 

response to antidepressant but did have reduced anxiety and better functional outcome at 

week 24 88.  

 

Key challenges 

 

Fundamental questions remain to be addressed to ensure some of these effective treatments 

become widely used in clinical practice. Firstly, the durability of effect of several interventions 

requires further investigation, including better characterisation of factors that predict it, or 

are barriers to it. The impact for example of I.V. Ketamine appears to be rapid, and thus 

potentially lifesaving; however, it is less clear whether the model for Ketamine in whatever 

form of administration is continuous regular treatment in the medium term (many months 

and years), or whether the brain is fundamentally changed by treatment, and other anti-

depressants can be used in its stead. Does tolerance develop to NMDA modulators or 

psychedelics, and if the treatment is withdrawn is there a high rate of relapse as with other 

agents89. If to be administered over the longer term investigations are required about what 

doses are required. 

 

Secondly, a number of avenues are being pursued in isolation, whereas mechanisms are 

overlapping and intricate. For example, low level non resolving inflammation (resulting from 

genomic or environmental or a combination of both) may result in downstream impact on 
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glutamate and excitation / inhibition or may itself be alternative effect. Treatment of 

inflammation may therefore be of peripheral importance or more central. Indeed, recent 

evidence suggests inflammation may be more relevant to neurodevelopmental disorders or 

transdiagnostic phenotype with poorer outcome. Interdisciplinary, transdiagnostic research 

across cellular, preclinical and human studies are still much needed. 

 

Third, major advancements have been primarily in MDD and TRD in adults. The FDA approval 

of Allopregnanolone for use in post-partum depression is a notable exception. A major future 

challenge is testing these new agents in older adults and in children and adolescents where 

morbidity is significant and prescribing especially complex either because of a developing 

brain and changing physiology or because of multi-morbidity, cognitive decline and pre-

existing complex pharmacology.  

 

Fourth, the widespread use of many of these agents will need a change in thinking of patients, 

clinicians and in the set-up of healthcare services, and a move towards recognising medical 

treatment for MDD within a biopsychosocial approach. This is because many of these 

interventions require equipment to be operated, lab work-up and medical monitoring, as well 

as a move towards a greater need for neuroscientific knowledge. This may be most acceptable 

for people with severe TRD. 

 

Finally, there is a concern from clinicians and patients about the potential for abuse of a 

number of these novel and emerging agents. Concerns may be theoretically principled, given 

that for example psylocibin and ketamine are used as drugs of abuse. Much clearer data on 

dosing in medicinal products and how this differs to dosages used by people who abuse these 

substances are needed. It may be that longer term registries are needed for people taking 

medicines that are also used “recreationally” to fully understand the extent to which there 

are long-term dangers, if any. 

 

Conclusion 

 

The community has made major progress in capitalising on mechanistic knowledge, 

developing new agents and testing these to improve the biological treatment of MDD. Key 
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advancements are many agents have a rapid onset of action which will be clinically invaluable 

in many situations, and they seem tolerable. Many novel and emerging agents also target 

people with difficult to treat depression, perhaps out of necessity, but there has been a nadir 

of new interventions for this population over many years and this new evidence will bring 

hope to that group and their families in particular. Finally, new agents have a wide range of 

neurochemical targets, consistent with neuroscientific background knowledge of depression, 

and this can be used as platform for further developments in this therapeutics area, which 

addresses a priority global need. 
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