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eAppendix 1. Search strategy to define rate of publication of articles focussing on treatment resistance in psychiatry and raw data

Methods
· Based on methods described in Zhang et al.1 we performed the following searches:
· Web of Science was searched for total number of articles published annually in the field of psychiatry AND the topic of ‘treatment resistance’ between 2000-2019 inclusive.  Search terms used: (WC=psychiatry AND TS=(‘treatment resistance’)); there were no language restrictions.
· Web of Science was also searched for total number of articles published annually in the field of psychiatry overall between 2000-2019 inclusive. Search terms used: (WC=psychiatry); there were no language restrictions.
· For each year, the number for articles published in the field of psychiatry AND the topic ‘treatment resistance’ was divided by the number of articles published overall in the field of psychiatry, to give the ratio of publication on treatment resistance (TR) to the total number in the field (TR/total). 
· We then performed a simple linear regression to examine the relationship between TR/total and year of publication. All analyses were performed in R (v3.5.1); the figure was produced using the ‘ggplot2’ package.
Results
· Raw data and annual TR/total ratios are presented below.
· There was a significant increase in the ratio of publications on TR to total publications in the field between 2000-2019: =0.84, R2= 0.71, p<0.0001 (also see Figure 1 in main manuscript).







	Year
	Papers published in field of treatment resistance in psychiatry 
	Total papers published in field of psychiatry
	Ratio

	2000
	39
	16855
	0.00231385

	2001
	53
	14728
	0.00359859

	2002
	48
	18301
	0.00262281

	2003
	74
	18247
	0.00405546

	2004
	71
	23285
	0.00304917

	2005
	64
	22874
	0.00279794

	2006
	73
	22193
	0.00328933

	2007
	85
	22532
	0.00377241

	2008
	99
	24658
	0.00401492

	2009
	105
	23899
	0.00439349

	2010
	102
	25284
	0.00403417

	2011
	105
	27838
	0.00377182

	2012
	119
	29181
	0.004078

	2013
	143
	30933
	0.0046229

	2014
	133
	32208
	0.00412941

	2015
	135
	34458
	0.00391781

	2016
	156
	35690
	0.00437097

	2017
	167
	34740
	0.00480714

	2018
	177
	35553
	0.00497848

	2019
	227
	44208
	0.00513482

















eTable 1. Sources of pseudo treatment-resistance in schizophrenia and depression

	
	Schizophrenia
	Depression

	
	Representative Papers
	Outcome
	Representative Papers
	Outcome

	Drug plasma levels and adherence
	McCutcheon et al., 20182
	Over one third of patients identified as ‘treatment resistant’ have subtherapeutic antipsychotic levels. Predictors of low plasma levels include black ethnicity and lower antipsychotic dose
	Hollister et al., 19793
Lingam et al., 20024
Hunot et al., 20075
Sawada et al., 20096
	A cross-sectional study observed that 15% of patients with MDD presenting with poor clinical response to tricyclic antidepressant therapy had ‘unusually low plasma concentrations relative to dose’. Poor  adherence is reported in 10-60% of patients with depression

	Genetic variants affecting trans-membrane transporters 
	[bookmark: _Hlk5811680]Nikisch et al., 20107
[bookmark: _Hlk5811685]Bozina et al., 20088
[bookmark: _Hlk5811689]Lin et al., 20069
[bookmark: _Hlk5811694]Kuzman et al., 200810
[bookmark: _Hlk5811699]Xing et al., 200611
	P-glycoprotein (expressed on blood brain barrier and intestinal epithelia) polymorphisms may influence antipsychotic levels/pharmacokinetics/symptom severity in schizophrenia
	[bookmark: _Hlk5811704]Uhr et al., 200812
[bookmark: _Hlk5811708]Fukui et al., 200713
[bookmark: _Hlk5811714]Nikisch et al., 200814
[bookmark: _Hlk5811718]Gex-Fabry et al., 200815
[bookmark: _Hlk5811722]Sarginson et al., 201016
[bookmark: _Hlk5811726]O’Brien et al., 201217
[bookmark: _Hlk5811731]Kato et al., 200818
	P-glycoprotein transporter polymorphisms predict treatment response in depression, and influence plasma levels/ pharmacokinetics of antidepressants

	Genetic variants affecting liver drug metabolism
	[bookmark: _Hlk5811833]Perera et al., 201319
[bookmark: _Hlk5811840]Du et al., 201020
[bookmark: _Hlk5811845]Laika et al., 201021 
[bookmark: _Hlk5811850]Llerena et al., 200422
[bookmark: _Hlk5811855]Someya et al., 200323
[bookmark: _Hlk5811860]Linnet et al., 199624
[bookmark: _Hlk5811865]Jerling et al., 199625
	Rapid metabolism of psychiatric drugs owing to polymorphisms in hepatic cytochrome P450 enzymes leads to lower plasma levels of drugs. Both first- and second-generation antipsychotics plasma levels and/or efficacy reduced by some CYP1A2, 2D6, and 3A4 polymorphisms
  


	[bookmark: _Hlk5811872]Baumann et al., 199826
[bookmark: _Hlk5811878]Bertilsson et al., 199327
[bookmark: _Hlk5811883]Rau et al., 200428
[bookmark: _Hlk5811888]Fabbri et al., 201829
[bookmark: _Hlk5811893]Gex-Fabry et al., 200815
	Ultra-rapid metabolizer capacity recognised with polymorphisms of certain CYP450 enzymes (e.g. CYP2D6 and CYP2C19) result in reduced plasma levels for several antidepressants, including TCAs, SSRIs, and SNRIs, and influence clinical response

	Liver drug metabolism:
influence of co-prescribed psychiatric medication
	[bookmark: _Hlk5814348]Skogh et al., 200230 
[bookmark: _Hlk5814361]Lucas et al., 199631 
[bookmark: _Hlk5814367]Olesen et al., 199932 
[bookmark: _Hlk5814372]Savasi et al., 200233
	Co-prescription of psychiatric medications that act as CYP450 inducers (e.g. lamotrigine and carbamazepine) can reduce plasma levels of some antipsychotics

	[bookmark: _Hlk5814379]Leinonen et al., 199134
[bookmark: _Hlk5814387]Ketter et al., 199535
[bookmark: _Hlk5814391]De la Fuente et al., 199236
[bookmark: _Hlk5814396]Popli et al., 199537

	Co-prescription of psychiatric medications that act as CYP450 inducers (e.g. lamotrigine, carbamazepine) can reduce plasma levels of some antidepressants, including TCAs, SSRIs, and bupropion

	Liver drug metabolism:
influence of co-prescribed physical health medication
	Savasi et al., 200233
Frick et al., 200338
Kennedy et al., 201339
Van Strater et al., 201240
	Co-prescription of physical health medications that act as CYP450 inducers (e.g. omeprazole, phenytoin, St John’s wort, rifampacin) can reduce plasma levels of some antipsychotics 

	Johne et al., 200241
Perucca et al., 198542
	Co-prescription of physical health medications that act as CYP450 inducers (e.g. St John’s wort, phenytoin) may reduce plasma levels of some antidepressants

	Smoking
	[bookmark: _Hlk5814292]Patel et al., 201143
[bookmark: _Hlk5814297]Citrome et al., 200944
[bookmark: _Hlk5814302]Skogh et al., 200230
[bookmark: _Hlk5814307]Tsuda et al., 201445
	Smoking reduces plasma levels of those antipsychotics metabolised via CYP1A2 (e.g. olanzapine, clozapine)
	[bookmark: _Hlk5814312]Oliveira et al., 201746
[bookmark: _Hlk5814316]Spigset et al., 199547
[bookmark: _Hlk5814321]Augustin et al., 201848
[bookmark: _Hlk5814326]Ishida et al., 199549
	Smoking reduces plasma concentrations of various antidepressants

	Sex
	[bookmark: _Hlk5814250]Patel et al., 201143 
[bookmark: _Hlk5814256]Skogh et al., 200230	
	Male gender predicts lower plasma levels of some antipsychotics, potentially owing to higher CYP1A2 and CYP1A3 activity in males.
	[bookmark: _Hlk5814262]Bigos et al., 200950
[bookmark: _Hlk5814267]Kokras et al., 201151
	Male gender predicts lower plasma levels of some antidepressants

	Alternative Diagnosis
	O’Dwyer et al., 200052
King et al., 201153
	Symptoms of psychosis may overlap with obsessive compulsive disorder or autism spectrum disorder.  
	Angst et al., 200354
Smith et al., 201155
	A minority of apparently resistant unipolar depression may in fact be bipolar-type depression.


eAppendix 2. Search strategy and results for definitions of treatment resistance in psychiatry

We conducted a systematic review of national and international definitions of treatment resistance for common psychiatric diagnoses. We limited this to psychiatric disorders listed by the World Health Organisation in the 2013 global burden of disease study.56 As such, we systematically searched Pubmed for guidelines and consensus statements regarding diagnosis of the following disorders: schizophrenia, bipolar affective disorder (BPAD), Major Depressive Disorder (MDD), panic disorder, Obsessive Compulsive Disorder (OCD), Post-Traumatic Stress Disorder (PTSD), and alcohol/drug dependence. Specifically, the search was run as follows:
Pubmed was searched from inception to 25th April 2019 using the following search terms: (treatment resistan*) AND (schizophrenia OR bipolar OR depression OR panic OR obsessive compulsive disorder OR post traumatic stress disorder OR dependence OR addiction). Selection criteria were: documents that contained definitions of treatment resistance in psychiatry (for schizophrenia, bipolar affective disorder, depression, panic disorder, Obsessive Compulsive Disorder, Post-Traumatic Stress Disorder, and alcohol/drug dependence) that were either consensus statements by groups of leading international researchers/clinicians in the field, or guidelines provided by established national/international Associations/Institutes (e.g. NICE, BAP). 
This search was complemented by a separate search for management documents for schizophrenia, BPAD, anxiety disorders, OCD, PTSD, and addictions produced by nationally/internationally recognised psychiatric Associations/Institutes/Guidelines were examined for definitions of treatment resistance. Documents produced by the following bodies were examined: APA, RANZCP, MOHS, WFSBP, IPAP, NICE, BAP, Maudsley Guidelines.
American Psychiatric Association, Royal Australian and New Zealand College of Psychiatrists, Ministry of Health Singapore, World Federation of Societies of Biological Psychiatry, International Psychopharmacology Algorithm Project, National Institute for Health and Care Excellence, British Association for Psychopharmacology, and the Maudsley Guidelines. 
The overarching search yielded 5887 records, of which 23 were included in the manuscript: 9 for schizophrenia, 10 for MDD, 1 for BPAD, and 3 for OCD.  We were unable to identify definitions of treatment resistance for panic disorders, PTSD, or alcohol/other substance dependence. A PRISMA flowchart of the search process is shown below. 

[image: ]

eAppendix 3. Search strategy for reviews summarising current neurobiological understandings of treatment resistant schizophrenia and depression
Pubmed was searched from inception to 25th April 2019 using the following search terms: (treatment resistan*) AND (schizophrenia OR depression), filtering for reviews. Selection criteria were: review articles written in English that set out to provide summary evidence of putative mechanisms of treatment resistant schizophrenia or depression. A PRISMA flowchart of the search process is shown below. 
[image: ]


eAppendix 4. Search strategies for clinical trials of novel interventions in management of treatment resistant schizophrenia, depression, bipolar affective disorder, obsessive compulsive disorder, panic disorder, post-traumatic stress disorder, and substance dependence  
Clinicaltrials.gov was searched from inception to 18th March 2020 using the following search terms: 
Condition: ‘schizophrenia’ or ‘depression’ or ‘bipolar affective disorder’ or ‘obsessive compulsive disorder’ or ‘panic’ or ‘post traumatic stress disorder’ or ‘dependence’ or ‘addiction’
Other terms: none
Country: any
Filters: Phase 2 and 3 trials, adults
Selection criteria: studies currently recruiting that are examining interventions in patients with treatment resistant schizophrenia, depression, bipolar affective disorder, obsessive compulsive disorder, panic disorder, post-traumatic stress disorder, and substance dependence; outcome measure: clinical rating scales. A PRISMA flowchart of the search process is shown below.
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eTable 2. Novel interventions currently being examined in the management of treatment resistant schizophrenia, depression, bipolar affective disorder, and obsessive compulsive disorder
	Drug
	Clinicaltrials.gov ID
	Mechanism
	Link and note

	Schizophrenia (3 studies examined treatment resistance out of a total of 62 hits)

	Sodium benzoate (+TAU: add on to clozapine)
	NCT03094429

	D-Amino Acid Oxidase Inhibitor

	https://clinicaltrials.gov/ct2/show/NCT03094429?recrs=a&cond=Schizophrenia&age=1&phase=12&draw=2&rank=5

Placebo-control, phase 2/3
Estimated study completion date: December 2021

	Telmisartan (+TAU)
	NCT03868839

	Angiotensin II receptor blocker
	https://clinicaltrials.gov/ct2/show/NCT03868839?recrs=a&cond=Schizophrenia&age=1&phase=12&draw=2&rank=32

Single group, phase 2 (note symptom change not primary outcome)
Estimated study completion date: October 2020

	Transcranial magnetic stimulation (+TAU)
	NCT03762746

	Targeting a putative source- monitoring deficit

	https://clinicaltrials.gov/ct2/show/NCT03762746?recrs=a&cond=Schizophrenia&age=1&phase=12&draw=2&rank=54

Placebo-control. Phase 3
Estimated study completion date: February 2019  (however reported still to be recruiting)

	Depression (7 studies examined treatment resistance out of a total of 115 hits)

	Psilocybin (+TAU assumed but not stated)
	NCT03775200

	Serotonin receptor agonist
	https://clinicaltrials.gov/ct2/show/NCT03775200?recrs=a&cond=Depression&age=1&phase=12&draw=2&rank=3

Single group, variable dose. Phase 2
Estimated study completion date: December 2020

	Tocilizumab (+TAU)

	NCT02660528

	Anti-interleukin 6 receptor antibody
	https://clinicaltrials.gov/ct2/show/NCT02660528?recrs=a&cond=Depression&age=1&phase=12&draw=2&rank=17

Single group, open label. Phase 2
Estimated study completion date: November 2021 

	Simvastatin augmentation (+TAU)
	NCT03435744

	HMG-CoA reductase inhibitor
	https://clinicaltrials.gov/ct2/show/NCT03435744?recrs=a&cond=Depression&age=1&phase=12&draw=2&rank=33

Phase 3, placebo controlled
Estimated study completion date: December 2020 

	Cariprazine (+TAU)
	NCT03738215

	Dopamine D2/D3 receptor partial agonist

	https://clinicaltrials.gov/ct2/show/NCT03738215?recrs=a&cond=Depression&age=1&phase=12&draw=2&rank=64 

Phase 3, placebo controlled
Estimated study completion date: July 2021 

	Pimvanserin (+TAU)
	NCT03999918

	Antagonist/inverse agonist at serotonin 5HT2A receptors and less potently at 5HT2C receptors
	https://clinicaltrials.gov/ct2/show/NCT03999918?recrs=a&cond=Depression&age=1&phase=12&draw=2&rank=71

Phase 3, placebo controlled
Estimated study completion date: August 2021

	Vagus nerve stimulation (assumed +TAU but not stated)
	NCT04153812

	Stimulation of vagal nerve afferent fibres 
	https://clinicaltrials.gov/ct2/show/NCT04153812?recrs=a&cond=Depression&age=1&phase=12&draw=2&rank=77

Single group, open label. Phase 2
Estimated study completion date: May 2022

	Deep brain stimulation 
(assumed +TAU but not stated)

	NCT04009928

	Targeting the medial forebrain bundle or subcallosal cingulate (neural circuitry involved in panic and reward that may be altered in depression)
	https://clinicaltrials.gov/ct2/show/NCT04009928?recrs=a&cond=Depression&age=1&phase=12&draw=2&rank=78


Single group, cross-over (sham vs active). Phase 2
Estimated study completion date: January 2022

	Bipolar Affective Disorder (1 study examined treatment resistance out of 32 hits)

	Esketamine +TAU 
	NCT03965871

	NMDA-receptor antagonist
	https://clinicaltrials.gov/ct2/show/NCT03965871?recrs=a&cond=Bipolar+Affective+Disorder&age=1&phase=12&draw=2&rank=22

Phase 2/3 placebo-controlled 
Estimated study completion date: April 2020

	Obsessive Compulsive Disorder (4 studies examined treatment resistance out of 6 hits)

	Deep Brain Stimulation (whether +TAU not stated)


	NCT03184454
	Targeting the dorsolateral prefrontal cortex (dlPFC) and the ventral anterior limb of the internal capsule and adjacent ventral striatum (VC/VS); brain circuitry and associated functional dysconnectivity implicated in OCD
	https://clinicaltrials.gov/ct2/show/NCT03184454?cond=Obsessive-Compulsive+Disorder&age=1&phase=12&draw=2&rank=2




Single group. Phase 2
Estimated study completion date: October 2021

	Deep Brain Stimulation (DBS) 
(whether +TAU not stated)
	NCT04217408

	Targeting the Ventral Capsule/Ventral Striatum (VC/VS); brain circuitry and associated functional dysconnectivity implicated in OCD
	https://clinicaltrials.gov/ct2/show/NCT04217408?cond=Obsessive-Compulsive+Disorder&age=1&phase=12&draw=3&rank=23


Phase 2. 1 year of open-label treatment, followed by 5 week double blinded crossover (on/off) phase
Estimated study completion date: May 2021

	Tolcapone
+TAU (but not if psychology started within 3-months of study initiation)
	NCT03348930

	COMT inhibitor
	https://clinicaltrials.gov/ct2/show/NCT03348930?cond=Obsessive-Compulsive+Disorder&age=1&phase=12&draw=3&rank=18



Double blind RCT. Phase 3 
Estimated study completion date: August 2020

	Bilateral single-shot ventral capsule/ventral striatum gamma capsulotomy

(whether +TAU not stated)
	NCT02433886

	Radiosurgical induced lesion of brain region implicated in neurobiology of OCD
	https://clinicaltrials.gov/ct2/show/NCT02433886?cond=Obsessive-Compulsive+Disorder&age=1&phase=12&draw=3&rank=51

Phase 2. Single group, open label
Estimated study completion date: December 2020
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