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ABSTRACT

Major depressive disorder (MDD) is one of the leading causes of disability worldwide. A substantial proportion of patients
fail to achieve remission through standard monoaminergic therapies, meeting the clinical criteria for treatment-resistant
depression (TRD). TRD is associated with significant clinical morbidity and a profound economic burden on healthcare
systems. This review evaluates the clinical efficacy, safety profile, and neurobiological mechanisms of psilocybin, a
serotonergic psychedelic, as a targeted intervention for TRD. Current neurobiological evidence indicates that psilocybin,
upon conversion to its active metabolite psilocin, acts primarily as a S-HT2A receptor agonist. This mechanism promotes
rapid structural neuroplasticity and modulates the aberrant functional connectivity characteristic of severe depression. Recent
randomized clinical trials demonstrate that psilocybin, when administered in controlled settings with psychological support,
produces rapid and clinically significant reductions in depressive symptoms. Comparative data indicate that its therapeutic
efficacy is at least comparable to standard first-line treatments, such as SSRIs, while frequently offering a faster onset of
action. Regarding safety, psilocybin is generally well-tolerated in clinical environments; adverse events are typically mild to
moderate and transient. However, the strict requirement for concurrent psychological support and rigorous psychiatric
screening highlights a clinical complexity distinct from traditional pharmacotherapies. Overall, current evidence indicates
that psilocybin is a promising intervention for TRD with a manageable safety profile in controlled settings. Nevertheless,
large-scale, long-term randomized trials are required to determine the durability of its effects and to establish standardized
treatment protocols.
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Introduction

Major depressive disorder (MDD) is one of the leading causes of disability worldwide, affecting millions
and creating a substantial global health burden (World Health Organization, 2023). Current clinical guidelines
for the management of MDD rely primarily on monoaminergic drugs, most commonly selective serotonin
reuptake inhibitors (SSRIs), along with psychotherapy (Gautam et al., 2017). While these standard treatments
are accessible and effective for many, a large portion of the patient population does not achieve adequate
symptom relief.

The clinical limitations of standard antidepressants were clearly demonstrated in the STAR*D trial. The
study showed that with each subsequent medication trial, the probability of achieving remission decreases
significantly, while the rate of adverse side effects increases (Rush et al., 2006). When a patient does not
respond to at least two different antidepressant treatments of adequate dose and duration, the condition is
classified as treatment-resistant depression (TRD) (MclIntyre et al., 2023).

TRD presents a major challenge not only in clinical practice but also in public health economics. Patients
with TRD require more intensive care, experience higher hospitalization rates, and face greater productivity
losses. In the United States alone, the economic burden placed on the healthcare system by TRD is substantially
higher than that of non-resistant depression (Sussman et al., 2019). This highlights a clear clinical need for
treatments that operate outside the traditional monoaminergic framework.

The difficulty in treating TRD suggests that depression involves more than just a simple deficit in
serotonin or dopamine levels. Current evidence points toward impairments in synaptic plasticity and cellular
resilience within brain networks regulating mood (Duman et al., 2016). Therefore, there is growing interest in
rapid-acting interventions capable of promoting structural neuroplasticity rather than simply blocking
neurotransmitter reuptake (Duman et al., 2016).
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Psilocybin is a serotonergic compound currently under investigation for its capacity to address these
specific neurobiological deficits. Following ingestion, it undergoes dephosphorylation to its active metabolite,
psilocin, which acts primarily as an agonist at the serotonin 5-HT2A receptor (Nichols, 2016). Activation of
this receptor promotes synaptogenesis and modulates the aberrant functional connectivity observed in patients
with severe depression (Vollenweider & Preller, 2020).

Consequently, recent clinical trials have evaluated psilocybin as a targeted pharmacological intervention
for TRD. This review examines selected literature concerning the clinical efficacy and safety of psilocybin in
treatment-resistant populations, alongside the neurobiological mechanisms underlying its antidepressant
effects.

Methodology

This article is structured as a narrative review. The primary objective was to evaluate the clinical efficacy
and safety of psilocybin specifically in the context of treatment-resistant depression (TRD). Additionally, the
review examines the underlying neurobiological mechanisms that contribute to its therapeutic effects. The
review examines data from a selected bibliography of 12 peer-reviewed sources, encompassing randomized
controlled trials (RCTs), open-label feasibility studies, clinical practice guidelines, and pharmacological
literature published between 2006 and 2023. Data were analyzed concerning definitions of TRD, the receptor-
level action of serotonergic compounds, and clinical outcomes comparing psilocybin-assisted therapy to
baseline measures, placebos, or standard antidepressant treatments.

Results

Clinical Efficacy of Psilocybin

Initial evidence supporting the use of psilocybin for TRD derived from open-label research. Carhart-
Harris et al. (2016) conducted a feasibility study in which patients with TRD received two oral doses of
psilocybin (10 mg and 25 mg, administered seven days apart) combined with psychological support. The
results indicated that the intervention was feasible in a clinical setting and produced measurable reductions in
depressive symptoms. Efficacy assessments demonstrated that these clinical improvements were sustained at
the three-month follow-up, providing the methodological rationale for subsequent randomized trials.

Subsequent randomized controlled trials have evaluated psilocybin against both standard
pharmacological treatments and varying control doses. In a double-blind phase 2 trial comparing psilocybin to
the SSRI escitalopram in patients with depression, Carhart-Harris et al. (2021) found no statistically significant
difference between the two interventions regarding the primary endpoint, which was the change from baseline
on the 16-item Quick Inventory of Depressive Symptomatology-Self-Report (QIDS-SR-16). However,
secondary clinical outcomes favored the psilocybin group, suggesting that its efficacy is at least comparable
to established first-line SSRI therapy.

Further evidence regarding dose-dependent efficacy specifically within TRD populations was reported
by Goodwin et al. (2022). In this trial, patients with a treatment-resistant episode of major depression received
a single dose of psilocybin at 25 mg, 10 mg, or 1 mg (acting as a control). The study demonstrated that the 25
mg dose resulted in a significantly greater reduction in Montgomery-Asberg Depression Rating Scale
(MADRS) scores at three weeks post-administration compared to the 1 mg control dose. Notably, the 10 mg
dose failed to produce a statistically significant difference from the control, suggesting that 25 mg may
represent the necessary single-dose threshold for clinical efficacy in this population.

Similarly, Raison et al. (2023) evaluated the efficacy of a single 25 mg dose of psilocybin compared
with an active control (niacin) in patients diagnosed with MDD. Although this trial evaluated a broader major
depression cohort rather than an exclusively treatment-resistant population, it demonstrated a statistically
significant reduction in depressive symptom severity that was sustained across the 43-day follow-up period.
Moreover, measurable clinical improvements emerged within eight days of administration, supporting the
rapid onset and short-term durability of psilocybin in severe depressive episodes.

In all evaluated trials, psilocybin was administered with psychological support. As a result, the reported
clinical outcomes reflect this combined treatment. These studies did not test the efficacy of psilocybin as a
standalone medication (Carhart-Harris et al., 2016; Goodwin et al., 2022).
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Safety and Tolerability

Data from the reviewed trials indicate a consistent safety profile for psilocybin when administered in
clinical environments. The most commonly reported adverse events include headache, nausea, transient
increases in blood pressure, and acute anxiety during drug onset (Carhart-Harris et al., 2021; Goodwin et al.,
2022). These effects appear to be generally mild to moderate and typically resolve within 48 hours without
additional medical intervention. Importantly, the cited trials reported no instances of severe physiological
toxicity, and psilocybin administration was not associated with symptoms of withdrawal or pharmacological
dependence (Goodwin et al., 2022).

However, evidence suggests that this safety profile is highly dependent on strict clinical controls. All
cited studies utilized rigorous screening to exclude patients with a history of psychosis, bipolar disorder, or
severe personality disorders (Carhart-Harris et al., 2016). In addition, trained staff continuously monitored
patients during the sessions to manage potential psychological distress. Due to these protocols, the reported
safety findings apply primarily to medically supervised settings and do not support unmonitored use.

Discussion

The reviewed literature indicates that psilocybin may represent a viable pharmacological intervention
for patients with treatment-resistant depression. The clinical data demonstrate that psilocybin, when
administered alongside structured psychological support, appears to facilitate rapid reductions in depressive
symptom severity. These outcomes suggest that engaging the 5-HT2A receptor to stimulate neuroplasticity
might effectively address the synaptic deficits that typically remain unresponsive to standard monoaminergic
reuptake inhibitors (Duman et al., 2016). Neuroimaging data suggest that this receptor activation acutely alters
functional connectivity across cortical networks, potentially disrupting the rigid neural signaling patterns
characteristic of TRD (Vollenweider & Preller, 2020). This mechanism contrasts with the delayed adaptive
changes required by conventional SSRIs.

Despite these neurobiological and clinical findings, several methodological limitations within the
current research require careful consideration. A primary challenge is maintaining rigorous double-blind
conditions in psychedelic trials. The profound psychoactive properties of psilocybin frequently unmask the
treatment allocation to both participants and investigators. This unblinding may introduce significant
expectancy bias. In psychiatric research, where primary endpoints rely on subjective clinical rating scales such
as the MADRS or QIDS-SR-16, expectancy effects can artificially inflate the reported efficacy in the active
treatment group. Future trial designs may need to incorporate active placebos, such as the niacin control
utilized by Raison et al. (2023), to attempt to mitigate this issue.

Furthermore, while the rapid onset of symptom reduction is well documented, the long-term durability
of these antidepressant effects remains unestablished. Most of the cited clinical trials feature relatively short
primary follow-up windows, typically ranging from three to six weeks. Treatment-resistant depression is
clinically characterized by high rates of chronic relapse. It remains unclear whether the neuroplastic changes
induced by a single or double administration of psilocybin provide sustained remission, or whether patients
would require periodic maintenance dosing. Establishing the long-term durability of these clinical benefits is
critical before integrating the compound into standard psychiatric care.

Finally, in all reviewed trials, psilocybin was evaluated strictly in conjunction with psychological
intervention rather than as a standalone medication. The drug was administered according to a defined clinical
protocol that included preparatory sessions, continuous monitoring during the acute pharmacological effects,
and subsequent psychological integration. Isolating the independent pharmacological efficacy of the
compound from these psychological components remains challenging. This combined approach presents
significant barriers to widespread clinical implementation. The requirement for specialized personnel and
extended monitoring hours contrasts with the standard outpatient management of conventional antidepressants.
This substantial logistical burden may limit broad patient access and offset some of the potential economic
benefits of treating TRD.
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Conclusions

Current clinical evidence indicates that psilocybin, when administered within structured therapeutic
protocols, appears to represent a rapid-acting and viable pharmacological intervention for treatment-resistant
depression. By potentially mediating structural neuroplasticity via 5S-HT2A receptor activation, the compound
is hypothesized to address underlying neurobiological deficits that typically remain unresponsive to
conventional monoaminergic reuptake inhibitors. Although recent trials report rapid initial reductions in
depressive symptomatology alongside an acceptable short-term safety profile, the available data are currently
insufficient to support the widespread integration of psilocybin into routine psychiatric practice.

The implementation of this intervention in standard clinical practice requires overcoming significant
methodological and logistical challenges. Future large-scale randomized controlled trials should incorporate
extended longitudinal follow-ups to better evaluate the long-term durability of the antidepressant response.
Additionally, further research is needed to determine optimal dosing regimens, assess the potential need for
maintenance therapy in patients prone to chronic relapse, and improve trial methodology — such as
incorporating active placebos — to better separate the pharmacological efficacy from the psychological
components. Another significant limitation to routine clinical use is the requirement for extended patient
monitoring. Until these challenges are resolved, psilocybin-assisted therapy remains strictly an experimental
intervention.

Funding Statement: The study did not receive any external funding.
Conflict of Interest Statement: The authors reported no potential conflict of interest.
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