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AD, antidepressant; MDD, major depressive disorder; 
TRD, treatment-resistant depression.
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TRD: background and burden
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Responders

Non-responders

TRD

Depression will be the second leading cause of disease burden by the year 2030

MDD affects 10–15% of the population per year
Responses to current AD treatments:



There is a need for effective treatment 
after 2 treatment failures
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▪SSRI or SNRI

2nd LINE
(Adjunctive MDD or Switch)
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TREATMENT-RESISTANT 1/3



• Treatment strategies for patients who have not responded to therapy 
with a first-line AD:
• Optimization of the current therapy to exclude “pseudo-resistance”

• Augmentation with another agent

• Combination therapy with another AD

• Dose escalation of the currently prescribed AD 

• Switching to another AD monotherapy 

• Although these strategies are common in clinical practice, evidence 
supporting their efficacy is limited

• New treatments are needed

Dold M, Kasper S. Int J Psychiatry Clin Pract. 2017;21:13-23. 
Bauer M. et al. Int J Psychiatry Clin Pract. 2017;21:166-76.
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Current treatment strategies for 
patients with TRD



The journey from street to medicine

Pre-Clin Ph. 1 Ph. 2 Ph. 3 Approval

Cannabinoids 
(THC/CBD)

MDMA (also 
Schedule 1)

Psilocybin

PMS/Phase 4

7 – 17 years

$350,000,000

(es)ketamine

8%

Main obstacle is 
money - unlikely to 
always come from 
the pharmaceutical 
industry!

Success rate

Total cost



Ketamine

• Uncompetitive NMDA 
receptor antagonist – binds 
to intrachannel site of 
activated NMDA receptor 
(same site as PCP and MK-
801)

• Blocks passage of calcium 
regardless of depolarisation 
of the neuron, glutamate 
and glycine binding.

ket



Effects of ketamine

Dissociative anaesthetic:

At sub anaesthetic doses, it induces 
perceptual changes including 
perceptual distortions and delusion-like 
ideas, as well as inducing effects 
resembling the negative symptoms of 
schizophrenia.

At the same doses, ketamine has also 
been shown to have antidepressant 
properties, in people with treatment 
resistant depression, and bipolar 
depression.



What is the underlying mechanism?



Suggested Pathways

Sheung et al. Fron. Neuroscience Front. Neurosci., 21 July 2015



Ketamine as an Antidepressant

• Initial RCT by Zarate 1996 showed immediate effect of ketamine on 
treatment resistant depression.

• Antidepressant effect maintained for 7 days.

• Similar effect also seen in patients with bipolar depression 
(Diazgranados 2010).

• Dose – IV – 0.5mg/Kg over 40 mins. Racemic.

• Recent meta-analyses confirm these effects for unipolar and bipolar 
depression and show a robust effect size (Kishimoto et al. 2016).



Adapted from Zarate 2006 and Diazgranados 2010

Clearcut effect still apparent at 7 days

Single intravenous infusion over 40 minutes

Treatment resistant depression



Ketamine and suicidal ideation

Acute bolus (0.2mg/Kg)

Larkin 2011

26 patients with TRD

Rated on MADRS

Price et al 2009



Dissociative effects

• Experienced by almost all
• Altered perception, sense of time

• Exact form varies

• Half find aversive

• Unrelated to mood response

• Unrelated to environmental noise 



Other major side effects

• Psychiatric
• 2 Suicidal behaviour

• ‘woke up on bathroom floor surrounded by tablets’

• Took overdose with intent – but then went to A/E

• Increased distress about knives

• Home visit required

• Single extra dose of neuroleptic

• Hypomanic relapse 

• Increased haloperidol after 2 weeks

• Settled with no clear behaviour change

• Mood instability
• Similar to prior to infusion

J Psychopharmacol. 2014 Jun;28(6):536-44.



Is ketamine ready for the clinic?

• Now several placebo controlled clinical trials all demonstrating 
efficacy of ketamine treatment in otherwise treatment resistant 
depression.

• However, maintenance of response without repeated dosing is not 
always possible.

• Potential concerns about long-term safety of ketamine infusions.



Future treatment options for patients with TRD: 
pharmacological options

Intranasal esketamine: a novel, NMDA receptor antagonist currently in a phase 3 trial, shows 
rapid onset of action, with sustained, dose-dependent efficacy in patients with TRD

Changes shown in period 1 (days 1–8) and 2 (days 8–15); 
period 2 consisted of participants who had received placebo in period 1 and had moderate-to-severe symptoms (n = 28). 
BL, baseline; MADRS, Montgomery–Åsberg Depression Rating Scale; 2H, 2 hours post-dose.

Daly EJ, et al. JAMA Psychiatry. 2018;75:139-48. 
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Mean change in MADRS total score over time in double-blind phase

No. of participants
Placebo 33 33 33
Esketamine 28 mg 11 11 11
Esketamine 56 mg 11 11 11
Esketamine 84 mg 12 12 12

BL 87654321(2H)
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Period 1

No. of participants
Placebo 6 6 6
Esketamine 28 mg 8 8 8
Esketamine 56 mg 9 9 9
Esketamine 84 mg 5 5 5

BL 87654321(2H)

10

−25

−20

−15

−10

−5

0

5

M
e

an
 c

h
an

ge
 in

 
M

A
D

R
S 

to
ta

l s
co

re

Time (days)

Period 2
Placebo Esketamine 56 mg
Esketamine 28 mg Esketamine 84 mg

Placebo Esketamine 56 mg
Esketamine 28 mg Esketamine 84 mg





TRANSLATIONAL THERAPEUTICS

Cannabidiol

DISCOVERY SCIENCE
• Antipsychotic effects in 

animal models

• Cannabis less likely to 
cause psychotic symptoms 
when it has high CBD 
content

EXPERIMENTAL MEDICINE
• Blocks Induction of Psychosis 

by THC

• Opposite effects to THC on 
brain function 

PHASE II TRIAL
• CBD Improves psychotic 

symptoms in patients with 
psychosis

• Distinct mechanism of action 
to conventional antipsychotic 
medication





What are psychedelics?

• Psychoactive drugs that produce mental state changes (without disturbing 
consciousness) summarised under 3 basic headings
• 1. Perceptual

• Misperceptions, illusions, eyes-closed hallucinations, synaesthesia
• 2. Psychic

• Mood alterations (ranging from panic through paranoia to euphoria), time distortion, disturbances in 
thought flow, blurring of conceptual and self/world boundaries (ego-dissolution), oneiric states, 
depersonalization/derealisation

• 3. Somatic 
• Dizziness, tremor, nausea, blurred vision all reported. Any somatic experience, generally, is possible. 

• ‘psychē’ – soul/mind & ‘dēloun’ – to reveal/manifest
• Psychedelic = mind manifesting / soul revealing
• Coined by psychiatrist, Humphry Osmond, in a letter he wrote to Aldous Huxley in 1956

• “To fall in hell, or soar angelic, you need a pinch of psychedelic”
• Other terms – hallucinogen/psychotomimetic – rarely used



LSD

Mescaline

Psilocybin

DMT

5-HT/Serotonin

Phenethylamine

Ergolide

CLASSICAL
PSYCHEDELICS Tryptamines



Type 2a Serotonin Receptors (5-HT2aR) 
Mediate the Psychedelic Effect

↑
5-HT2AR
affinity

Potency →

LSD

Glennon, R. A., Titeler, M., & McKenney, J. D. (1984). Evidence for 5-HT2 

involvement in the mechanism of action of hallucinogenic agents. Life Sciences, 

35(25), 2505–2511. 



Where is the 5-HT2a Receptor? 

Hot colours = 
5-HT2A in cortex

Erritzoe, D., Frokjaer, V. G., Holst, K. K., Christoffersen, M., Johansen, S. S., Svarer, C., et al. (2011). In Vivo Imaging of Cerebral Serotonin 

Transporter and Serotonin2A Receptor Binding in 3,4-Methylenedioxymethamphetamine (MDMA or “Ecstasy”) and Hallucinogen Users. Archives of 

General Psychiatry, 68(6), 562. http://doi.org/10.1001/archgenpsychiatry.2011.56



Physiological Harm – Toxic Ratios

Gable, R. S. (2004). Comparison of acute lethal toxicity of commonly abused psychoactive substances. Addiction, 99(6), 686–696. http://doi.org/10.1111/j.1360-0443.2004.00744.x
Gable, R. (2006). The Toxicity of Recreational Drugs. American Scientist, 94(3), 206. http://doi.org/10.1511/2006.3.206



Author Year Sample 
size (n)

Population Dose range Frequency of 
sessions

Number of 
sessions

Percentage 
improvement (n)

Condrau 1949 5 ‘Depressives’ ‘Daily increasing’ Daily Several 40% (2)

Busch and Johnson 1950 5 ‘Psychoneuroses’ 30-40mcg Unknown Unknown 40% (2)

Savage 1952 15 ‘Depressives’ 20-100mcg Daily Up to 30 47% (7)

Sandison* 1954 30 ‘Neurotics’ and ‘Depressives’ 25-400mcg Weekly 2 – 40 90% (27)

Sloane 1954 12 ‘Depression’ 40-120mcg Once 1 Unclear

Langner and Kemp 1956 19 ‘Psychoneuroses’ Unknown Unknown Unknown 58% (11)

Martin 1957 22 ‘Psychoneuroses’ 40-160mcg Weekly 2 – 13 91% (20)

Sandison* 1957 35 ‘Psychoneurotic depression’ 

and ‘Primary anxiety neurosis’

50-200mcg Weekly Up to 30 71% (25)

Lewis and Sloane 1958 11 ‘Psychoneuroses’ 25-500mcg Biweekly- weekly 1 – 25 64% (7)

Eisner and Cohen 1958 5 ‘Depressive reactions’ 25-100mcg Weekly 2 – 6 80% (4)

Chandler and Hartman 1960 44 ‘Psychoneuroses’ 25-150mcg 1- 6 weeks 1 – 26 Unclear

Maclean 1961 25 ‘Anxiety’ and 

‘Depressive reaction neuroses’

400-1500mcg Once 1 92% (23)

Sherwood 1962 7 ‘Neuroses’ 100-200mcg LSD and

200-400mg Mescaline

Once 1 57% (4)

Martin 1964 60 ‘Severe neurotics’ Unknown Weekly Mean = 20 95% (57)

Geert-Jörgensen 1964 28 ‘Anxiety neuroses’, ‘Depressive neuroses’ and 

‘Endogenous depression’

50-400mcg Unknown 5 – 58 68% (19)

Whitaker 1964 21 ‘Depression’ 100-250mcg Unknown Mean = 3.28 81% (17)

Savage** 1966 77 ‘Neurotics’ and ‘Depressives’ 200-300mcg LSD 

 200-300mg Mescaline

Once 1 80% (62)

Savage** 1967 36 ‘Psychoneurotic depressive reaction’ 200-300mcg LSD 

 200-400mg Mescaline

Once 1 81% (29)

Baker 1967 11 ‘Depressives’ 100-2000mcg Weekly 1 – 10 91% (10)

Leuner 1967 11 ‘Depressive reactions’ 30-200mcg Biweekly- weekly 2 to 16 82% (9)

Savage 1973 63 ‘Severe chronic neuroses’ 50mcg or 350mcg Once 1 Unclear



Pre-Prohibition Post-Prohibition



PsiloDep Trial – Psilocybin in Treatment Resistant Depression

• Open label, feasibility trial of psilocybin with psychological support in 
resistant depression. PI - David Nutt. 

• Patients seen at Imperial College London clinical research facility (the 
Hammersmith Hospital) between May 2015 and April 2016.

• N=20 (6 female), current moderate or severe depression (HAMD > 17). Failed 
at least two antidepressant treatments. Long histories of depression.

• Primary Outcome
• Quick Inventory of Depressive Symptoms (QIDS) – self rated



Telephone and face-to-face 
Psychiatric screening

Preparation
1-2 hours

Preparation
1-2 hours

Psilocybin session (10mg)
6-8 hours

Psilocybin session (25mg)
6-8 hours

Integration
1-2 hours

Integration
1-2 hours

Telephone follow up

1 week

1 week

1 week

1 week

1 week

1 week –
3 months

• Patients withdrawn from current 
meds 

• Day patient design – no 
overnight hospital stays

• 2 people (at least one 
psychiatrist) with patient at all 
times

• Patients accompanied home
• During drug sessions – sequential 

measurements of HR and BP 
every 30mins-1hr

• Rescue medications (never used)
• Oral lorazepam and 

risperidone

• No patient received additional 
antidepressant treatments in the 5 
weeks after psilocybin treatment

• 6/20 patients started new 
courses of antidepressants 
between 5 weeks and 6 months

Study Design/ 
Participant Journey

Variable

START

END

Clinical 
measures

Clinical 
measures

MRI + Clinical 
measures

Clinical 
measures

Clinical 
measures

MRI + Clinical 
measures

Clinical 
measures

Clinical 
measures





Details of adverse events

• No serious adverse events

• Transient adverse events (expected)
• 15/20 reported mild anxiety (30-150 mins)

• 8/20 reported post psilocybin headache (< 1 day)

• 5/20 reported mild nausea (1-3 hours)

• 3 instances of mild paranoia responsive to reassurance: subsided after 30-60 
minutes

• 1 prolonged experience (10 hours) - required us to stay with the participant 
until the early evening.



Trial criticisms…

• Pilot trial – feasibility & safety. Not a test of efficacy

• Unblinded, uncontrolled trial -> inflation of effect size

• How much improvement was attributable to drug vs. psychological 
support?

• Are they a self selecting group? Tend to believe strongly that 
psychedelics will help



Future Directions

• Phase 2: Feasibility RCTs

• Phase 3: Multi centre RCTs (Compass Pathways)

• Mechanism studies

• Money unlikely to come from pharma



Other Clinical Psychedelic Studies



Delivering Psilocybin Therapy

• Delivered in dedicated centres, like day hospitals
• Prescribing and overseeing psychiatrist
• Each patient with their own therapist

• Day patient treatments

• Limited psychological support before, during and after.
• Balance between cost and efficacy.

• Costs will be high relative to standard treatments
• Limited to patients with treatment resistant illness (and those that can pay for it)

• Treatment probably no more frequently than 3 monthly
• ?Risk of psychosis with repeated treatments

• Medication/side effect ‘sparing’ effect for most. Cure in the TRD group is rare.

• Whilst the drugs are not patentable, the therapeutic process may be.



Lithium  

• Prevents manic recurrence; less effective against depression acutely.

• Effective probably in only a minority of patients in monotherapy. 

• Narrow therapeutic index and long-term (renal) effects remain a concern.               

• Clear benefits in Unipolar Disorder. (see Young AH.  Lancet Psychiatry. 2017 

Jul;4(7):511-512)

• MOA and time course of effects remain uncertain.

• Lithium probably reduces risk of suicide both in RCTs and possibly 

environmentally.

• Putative effects on Dementias. 



Conclusion

• Many patients with depression do not respond to current therapy (TRD);

• Several treatment strategies for TRD are currently in use: augmentation, 
combination therapy, dose escalation and switching;

• “Street” drugs (Ketamine, cannabinoids, MDMA and psilocybin are being 
investigated for therapeutic benefits;

• Studies to date suggest ketamine is an effective antidepressant.

• Evidence suggests that molecular mechanism might occur through AMPA 
receptor agonism rather than NMDA receptor antagonism.

• Psilocybin RCTs are underway.

• Don’t forget lithium for unipolar depression!


