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Dear Editor,

Treatment-resistant depression (TRD) is a type of hard-to-treat
depression with inadequate responses to at least two different antide-
pressant regimens, despite adequate dosage, duration, and adherence
(Gaynes et al., 2020). According to the World Health Organization,
approximately 5 % of adults suffered from Major Depressive Disorder
(MDD) in 2023, among whom 20-35 % of patients developed TRD
(European Medicines Agency, 2013). Psilocybin, acting as an agonist on
serotonin type 2A receptors (Lopez-Giménez et al., 2018), showed
promising effects on promoting neuroplasticity in cortical neurons and
improving depressive symptoms. Previous meta-analysis reported sig-
nificant benefits of psilocybin on anxiety and MDD symptom control
(Goldberg et al., 2020); however, overall efficacy and safety evidence of
psilocybin on TRD is limited.

We identified eligible publications (PubMed, Embase, Medline,
Cochrane, and APA PsycINFO), preprints (bioRvix, medRvix, PeerJ),
and unpublished records (ClinicalTrials.gov) updated to 14 July 2023.
Inclusion criteria were: 1) adult patients with TRD; 2) psilocybin as the
intervention; 3) reported safety (tolerance and adverse events) and/or
efficacy outcomes; 4) randomized controlled trials (RCTs) or open-label
trials.

The "Meta" and "Metafor" packages were used in R (version 4.3.1) to
conduct all the statistical analyses. Random effects models with a sta-
tistical significance level of a=0.05 were used. The eligible studies
examined the efficacy of psilocybin on TRD, with changes in depressive
scores. Standardized mean differences (SMD) were computed to
compare the studies that adapted different instruments to measure the
primary outcomes. To unify the standard, we recalculated SMD using
formulas of Cohen’s d or Hedges’ g. Higgins’ I statistic measured het-
erogeneity. Univariate meta-regressions, variables including mean age,
female proportion, measure times (the duration between psilocybin
intake and primary outcome measure), dose of psilocybin, and sample
size, were conducted to assess the potential source of heterogeneity. Risk
Of Bias In Non-randomized Studies - of Interventions (ROBINS-I) was
used for risk of bias assessment. Publication bias was assessed by Egger’s
test and funnel plot. Three researchers (QF, YJ, JW) independently
cross-checked candidate screening, data extraction, and analyses.

Five studies [RCTs: Goodwin et al., 2022 (NCT03775200) and
Goodwin et al., 2023 (NCT03775200); open-label trials: Carhart-Harris
et al., 2016, Carhart-Harris et al., 2018, and Lyons and Carhart-Harris,
2018] were included in the systematic review from initial screened
823 published literature and 105 preprints and trials. Four studies were
used for meta-analyses of efficacy, and three were included for a
descriptive analysis of safety. Goodwin et al., 2023 was excluded from
the meta-analysis due to duplicated trial information reported in
Goodwin et al., 2022. Demographic information, medical conditions,
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interventions, and outcomes of included studies were documented.

A random effects model with six arms from four studies showed that
psilocybin significantly reduced depressive scores compared to baseline
conditions (SMD = 4.14, 95 % CI = [1.86, 6.41], P=97 %, p < 0.01)
(Fig. 1). Subgroup analysis with 10 plus 25 mg psilocybin also showed a
significant reduction (SMD = 1.95, 95 % CI = [1.41, 2.49], P =14 %, p
= 0.31) (Fig. 1). A sensitivity analysis excluding the overlapping of
subjects from Carhart-Harris et al., 2016 also showed statistical signif-
icance (SMD =4.42, 95 % CI = [1.73, 7.12], P =098 %, p < 0.01). In
univariate meta-regressions, the proportion of female patients and
sample sizes were related to depressive symptom score changes - SMD
([coefficient = 0.1762, p = 0.0124] and [coefficient = 0.0649, p =
0.0121]), respectively. No high risk of bias was identified. Publication
bias was found based on the funnel plot and Egger’s test (p = 0.015).

Three studies with 265 patients recruited in total reported adverse
events (Table 1). Headache (20.75 %), anxiety (13.58 %), nausea (12.08
%), and confusion (4.91 %), all transient and short-term, were reported
in at least two studies. Only one study investigated drug adverse events
longitudinally. Suicidal ideation (1.51 %), intentional self-injury (1.13
%), and hospitalization (0.38 %) were reported as serious adverse events
from Day 2 to Week 3 since the treatment. Suicidal behavior (1.13 %)
was observed from Week 3 to Week 12 after psilocybin use.

This meta-analysis found that psilocybin significantly improved the
depressive symptoms of patients with TRD compared to baseline.
Moderate-level risk of bias was found in several domains, partially
attributed to the open-label study design. Considerable heterogeneity
was observed in the overall pooled results and sensitivity analysis driven
by female proportion in the participants and sample size. Headache,
anxiety, and nausea were common and transient adverse events, while
serious adverse events were rare.

The efficacy of psilocybin on TRD could be partly supported by the
clear link between psilocybin and its potential to alleviate depressive
symptoms. Volunteers who received psilocybin in a controlled and
supportive setting rated their experiences as having sustained positive
changes in their attitudes and behavior attributed to psilocybin,
including a shift in perspective, increased feelings of connectedness, and
a greater sense of purpose in life (Griffiths et al., 2006). Significant and
substantial improvements in a meta-analysis involving four studies
comparing behavioral treatment plus psilocybin to behavioral treatment
were observed in anxiety and depression levels of post-treatment and
follow-up versus pre-treatment (Hedges’ g = [1.16, 1.47]) (Goldberg,
2020), indicating that psilocybin might be an effective treatment option
for anxiety and depression. Furthermore, plateaued and bell-shaped
curves were observed for patients with primary and secondary depres-
sion in another meta-analysis, in which the maximum reduction of
depressive symptoms was 24.68 mg/70 kg and 8.92 mg/70 kg,
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Experimental
Study SMD SE(SMD) Total
Subgroup =10 mg + 25 mg
Carhart-Harris et al.,2018,10 mg + 25 mg 16334 03773 19
Carhart-Harris et al.,2016,10 mg + 25 mg 26824 05746 12
Lyons & Carhart-Harris,2018,10 mg +25mg 1.9276 04750 15
Random effects model 46
Subgroup =25mg
Goodwin et al.,2022,25mg 9.1722  0.5431 79
Subgroup =10 mg
Goodwin et al.,2022,10 mg 56051 0.3644 75
Subgroup =1 mg
Goodwin et al.,2022,1 mg 3.8327 0.2691 79
Random effects model 279

Heterogeneity: /> = 97%, t° = 7.8613, p < 0.01

Test for subgroup differences: 7_§ =165.86,df =3 (p <0.01)
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Fig. 1. Meta-analysis of four studies based on subgroup.
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SMD 95%-Cl Weight

163 [0.89; 2.37] 16.8%
268 [156; 3.81] 16.4%
193 [1.00; 2.86] 16.6%
1.95 [1.41; 2.49] 49.8%

917 [8.11;10.24] 16.5%

561 [4.89; 6.32] 16.8%

3.83 [3.31; 436] 16.9%

I 414 [1.86; 6.41] 100.0%
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Table 1

Summary of Adverse Events.

AE

Mood Dizziness  Paresthesia

Insomnia

Transient Transient Euphoric Fatigue
Mood

Transient

Transient

Subjects
(No.)

Subgroup

Published
Year

First Author

Altered

Headache Nausea Confusion

Anxiety

2018 10+25mg 20 15

Carhart-Harris

et al.
Carhart-Harris

12

12

10+ 25mg

2016

etal.

Day 1

17

19
11
13

79
75
79

25 mg
10 mg
1 mg

2022

Goodwin et al.

2.26 %

2.26 %

2.64 %

3.77 %

4.15 %

4.53 %

4.91 %

12.08 %

20.75 %

13.58 %

Proportion

Serious AE

AE

Serious AE

AE

Suicidal
Behavior

Headache

Hospitalization

Intentional
Self-injury

Anxiety  Fatigue Suicidal Depression Mood Suicidal
Ideation

Insomnia

Subjects
(No.) Headache

Subgroup

Published
Year

First Author

Ideation

Altered

10 4 25 20
mg

2018

Carhart-

Harris et al.
Carhart-

12

10 + 25

mg

2016

Harris et al.

Week 3 — Week 12

Day 2 — Week 3

9
5
79

25 mg
10 mg

1 mg

2022

Goodwin

etal.

1.13%

0.38 % 4.15%

3.77 % 1.89 % 1.51 % 1.13%

4.15 % 4.15 %

6.42 % 4.91 %

8.68 %

Proportion

AE: adverse events; Serious AE: serious adverse events.
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respectively (Perez et al., 2023). They indicated that there might be a
dose-response relationship between psilocybin and MDD, and the
optimal dose of psilocybin on TRD treatment requires additional evi-
dence due to the variations in specific depression conditions.

A previous systematic review reported that the main adverse events
caused by psilocybin were anxiety/fear, headache, and nausea or
purging. Although serum hallucinogens caused transient increases in
blood pressure, they did not lead to serious cardiovascular adverse
events (Andersen et al., 2021), aligning with our findings. Furthermore,
the meta-regression found physical discomfort events increased by 2.35
% with each 1 mg/70 kg of psilocybin intake. It also reported significant
increases in these side effects, including tachycardia, nausea, vomiting,
headache, migraine, and psychiatric adverse events. However, no as-
sociation was found between doses of psilocybin and the frequency of
serious adverse effects (Perez et al., 2023).

The study limitations cast a few future research directions. First,
there was still rare evidence from high-quality, large-sample RCTs and
long-term follow-up studies that were imperative for the efficacy and
safety of psilocybin. Second, SMD could not directly interpret the effect
given the introduction of standard deviation. In this study, however,
SMD allowed the comparison among different scales. Applying multiple
depressive scales in future studies will enable the meta-analyses to
compare effect sizes on each scale directly, avoiding the disadvantage of
SMD interpretation. Last, the TRD definitions were not unified across
included studies, causing great heterogeneity and variance in outcome
estimations. Future studies should apply guideline-recommended defi-
nitions when designing clinical trials for TRD.

This study provided emerging evidence that psilocybin might be a
viable option for TRD in improving depressive symptoms with accept-
able safety performance. High-quality RCTs with large sample sizes and
a unified definition of TRD are warranted to generate golden evidence
with regard to psilocybin’s effect on optimizing TRD management.
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