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Figure 6. Secondary outcome measures: existential distress, quality of life, spirituality, persisting effects attributed to psilocybin administration.
(Top) Percentage of participants that reported ‘among the top 5 or ‘the single most’ personally meaningful and spiritually significant experiences, ‘moderate’, ‘strong” or
‘extreme’ positive behavioral change, and ‘increased moderately’ or ‘increased very much’ wellbeing or life satisfaction on the Persisting Effects Questionnaire (PEQ). As-
terisks indicate significance level of comparison to the niacin first group at 2 weeks post-dose 1. There were no significant differences between the psilocybin first group
at 2 weeks post-dose 1 versus the psilocybin first group at 26 weeks post-dose 2. (Bottom) Secondary measures of cancer-related existential distress (DEM, HAI, DAS,
DTS), quality of life (WHO-Bref) and spirituality (FACIT). Measures are shown at 2 weeks post-dose 1 (psilocybin first n=14, niacin first n=14) and at 26 weeks post-dose
2 (psilocybin first n=11, niacin first n=12); asterisks indicate significance level of comparison to the niacin first group at 2 weeks post-dose 1. There were no significant
differences between the psilocybin first group at 2 weeks post-dose 1 versus the psilocybin first group at 26 weeks post-dose 2.

atheist/agnostic (52% vs. 48%) and slightly less than half reported
no prior history of hallucinogen use (45%). Ninety per cent of
participants met DSM-IV criteria for cancer-related adjustment
disorder with anxious + depressed features. The two dose-
sequence groups did not significantly differ on demographic or
clinical characteristic measures. No dichotomous factors (i.e.
gender, prior hallucinogen use vs. none, spiritual faith/religion
vs. none, early vs. late cancer stage) significantly interacted with
the primary outcome measures in between-group comparisons.

Safety assessments

Adverse events. There were no serious AEs, either medical or
psychiatric, in the trial that were attributed to either psilocybin or
niacin. Regarding psychiatric AEs, no pharmacological interven-
tions (e.g. benzodiazepines, anti-psychotics) were needed during
dosing sessions, no participants abused or became addicted
to psilocybin, there were no cases of prolonged psychosis

or hallucinogen persisting perceptual disorder (HPPD), and no
participants required psychiatric hospitalization. In terms of AEs
attributable to psilocybin, the most common medical AEs were
non-clinically significant elevations in BP and HR (76%), head-
aches/migraines (28%), and nausea (14%); the most common
psychiatric AEs were transient anxiety (17%) and transient psy-
chotic-like symptoms (7%: one case of transient paranoid ide-
ation and one case of transient thought disorder). The medical
AEs (non-clinically significant elevations in BP and HR, head-
aches, nausea), and psychiatric AEs (transient anxiety, transient
near-psychotic symptoms) attributable to psilocybin are all
known AEs of psilocybin, were transient, tolerable, and consis-
tent with prior trials of psilocybin administration in normal vol-
unteers (Griffiths et al., 2006, 2008, 2011), and patients with
terminal cancer (Grob et al., 2011).

Cardiovascular effects during dosing sessions. Compared
to the control, psilocybin produced statistically significant
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Figure 7. Subjective effects of psilocybin and relationship of mystical experience to clinical outcomes.

(Top) Subjective effects as measured by the Mystical Experience Questionnaire (MEQ 30) in each treatment group at 7 hours post-session 1 (psilocybin first n=14, niacin

first n=15), 7 hours post-session 2 (psilocybin first n=12, niacin first n=14), and 26 weeks post-dose 2 (psilocybin first n=11, niacin first n=12). Asterisks indicate

significance level of between-group differences. (Bottom) Mediation model in which total scores on the MEQ transmit a portion of the effects of psilocybin versus niacin

treatment on change in anxiety and depression is shown.

differences in the following cardiovascular measures and time
points: systolic BP: 60, 90, 120, 180, 240, 300 minutes; diastolic BP
60, 90, 120, 180 minutes; pulse: 90, 120 minutes (see Supplemen-
tary Figure 1). Cardiovascular effects with psilocybin generally
peaked at 180 minutes post-dosing and decreased towards pre-drug
levels over the remainder of the session. Regarding the psilocybin
first group, peak mean systolic and diastolic BPs were 142/83 (both
recorded at 180 minutes post-dosing), while peak mean HR for this
group was 71 at 300 minutes post-dosing (see Supplementary Fig-
ure 1). There were no serious adverse cardiac events, consistent
with psilocybin’s absence of cardiac toxicity when administered in
controlled laboratory settings (Studerus et al., 2011). The medical
safety, time course, and magnitude of effects on these cardiovascu-
lar measures were consistent with those observed in previous stud-
ies of psilocybin in healthy volunteers (Griffiths et al., 2006, 2011)
and patients with advanced cancer (Grob et al., 2011).

Primary outcomes

For each of the six primary outcome measures (HADS T, HADS
A, HADS D, BDI, STAI S, STAI T), there were significant differ-
ences between the experimental and control groups (prior to the
crossover at 7 weeks post-dose 1) with the psilocybin group
(compared to the active control) demonstrating immediate,

substantial, and sustained (up to 7 weeks post-dosing) clinical
benefits in terms of reduction of anxiety and depression symp-
toms (Figure 3). The magnitude of differences between the psilo-
cybin and control groups (Cohen’s d effect sizes) was large across
the primary outcome measures, assessed at 1 day/2 weeks/
6 weeks/7 weeks post-dose 1 (Figure 3).

Treatment groups did not differ in magnitude of change
(e.g. 1 day before compared to 1 day after) across their respec-
tive psilocybin treatment sessions for any of the primary out-
come measures (BDI: F(,,=1.88, P=0.18; HADS A:
F(12672.59, P=0.12; HADS D: F; ,,=0.90, P=0.35; HADS T:
F12672.63, P=0.12; STAI S: F,,4=1.10, P=0.30; STAI T:
F126~0.58, P=0.45).

For all primary outcome measures, the psilocybin first group
demonstrated significant within-group reductions (compared to
baseline at each post-baseline assessment point) in anxiety and
depression immediately after receiving psilocybin (Figures 3 and
4). These reductions remained significant at each time point,
including the final point at 26 weeks post-dose 2 (approximately
8 months), post-psilocybin dosing. Prior to the crossover, the nia-
cin first group demonstrated either no significant within-group
reductions or a transient reduction that became non-significant
prior to dose 2. For the majority (five/six) of the measures, the
niacin first group demonstrated significant within-group
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reductions in anxiety and depression immediately after receiving
the psilocybin dose (dosing session 2), and these statistically
significant improvements persisted until the end of the study
(approximately 6.5 months post-psilocybin dosing, 26 weeks
post-dose 2, for this group).

Psilocybin produced immediate and enduring anxiolytic and
anti-depressant response rates, as well as significant anti-depres-
sant remission rates (measured by the HADS D and BDI) (Figure
5). For example, 7 weeks after dose 1, 83% of participants in the
psilocybin first group (vs. 14% in the niacin first group) met crite-
ria for anti-depressant response (with the BDI) and 58% (in the
psilocybin first group) for anxiolytic response using the HAD A,
compared to 14% in the niacin first group. At the 6.5-month fol-
low-up (after both groups received psilocybin), anti-depressant or
anxiolytic response rates were approximately 60—-80% (Figure 5).

Secondary outcomes

Figure 6 (bottom) shows the comparisons between dose-sequence
groups on the following secondary outcome measures: cancer-
related existential distress (demoralization, hopelessness, atti-
tudes and affect associated with disease progression and death),
quality of life, and spirituality. In the short-term (2 weeks post-
dose 1), psilocybin (compared to control) produced decreases in
cancer-related demoralization and hopelessness, while improv-
ing spiritual wellbeing and quality of life (physical, psychologi-
cal, environmental domains). These effects were sustained at the
final 6.5 month follow-up. Regarding anxiety and attitudes
towards death, the data were mixed. In the short-term (2 weeks
post-dose 1), psilocybin was not significantly associated with
decreased death anxiety or increased death transcendence.
However, at the 26-week post-dose 2 final follow-up assessment,
while death anxiety (as measured by the DAS) continued to
demonstrate no significant reductions, there was a significant
improvement in attitudes and adaptations towards death (as
measured by the DTS) in the psilocybin first group compared to
the niacin first group (assessed at 2 weeks post-dose 1).
Supplementary Table 2 shows participant ratings of persisting
effects attributed to the session experiences. As shown, prior to
the crossover, psilocybin produced significantly greater ratings
(compared to the niacin first group assessed at 2 weeks post-dose
1) of positive persisting effects on: attitudes about life and self,
mood changes, social effects (e.g. increased altruism), behavior,
and spirituality. After the crossover, these effects were sustained at
the final 6.5-month follow-up. When all participants were asked
(26 weeks post-session 2) to reflect on what they thought was
their psilocybin session, 52% and 70% rated the psilocybin expe-
rience as the singular or top 5 most spiritually significant, or the
singular or top 5 most personally meaningful experience of their
entire lives, respectively; while 87% reported increased life satis-
faction or wellbeing attributed to the experience (Figure 6 (top)).

Mystical experience subjective effects and
relationship of mystical experience to clinical
outcomes

Compared to the control, psilocybin produced mystical-type

experiences, consistent with prior trials of psilocybin administra-
tion in normal volunteers (Griffiths et al., 2006, 2008, 2011) and

patients with terminal cancer (Grob et al., 2011) (Figure 7 (top)).
Total mystical experience scores (MEQ 30) at the end of dose 1
(e.g. 7 hours post-drug administration) correlated with change
scores (baseline to 6 weeks after dose 1) on four out of six pri-
mary outcome measures: HADS T (Spearman r=0.39; P=0.04);
HADS A (Spearman r=0.36; P=0.07); HADS D (Spearman
r=0.30; P=0.11); BDI (+=0.49; P=0.01); STAI S (+=0.42;
P=0.03); STAI T (+=0.39; P=0.04).

Partial correlations to control for participant-rated intensity of
drug effect (item 98 from the HRS) continued to demonstrate
significant effects of total mystical experience scores (MEQ
total) on the change scores (baseline to 6 weeks after dose 1) of
the primary outcome measures in five of six measures assessed:
HADS T (Spearman r=0.49; P=0.009); HADS A (Spearman
7=0.46; P=0.01); HADS D (Spearman r=0.35; P=0.07); BDI
(r=0.48; P=0.01); STAI S (+=0.42; P=0.03); STAI T (+=0.40;
P=0.04).

MEQ total scores mediated (indirect effects) a significant por-
tion of the effect of psilocybin versus niacin treatment on four out
of six primary outcome measures with point estimates (ab) and
bias corrected 95% Cls as follows: (HADS T (ab=0.46, SE=0.24,
95% CI 0.01-0.97), HADS D (ab=0.43, SE=0.32, 95% CI1 0.01—
1.23), BDI (ab=0.79, SE=0.26, 95% CI 0.23-1.29), and STAI S
(ab=0.65, SE=0.25, 95% CI 0.13-1.16)] (Figure 7 (bottom)).
Thus, the amount by which AHADS T, AHADS D, ABDI, and
ASTAI S can be expected to increase through MEQ total as a
result of psilocybin versus niacin treatment is 0.46, 0.43, 0.79
and 0.65, respectively.

For other analyses of secondary outcome measures, see
Supplementary Results.

Discussion

Primary outcomes

Single moderate-dose psilocybin, in conjunction with psycho-
therapy, produced rapid, robust, and sustained clinical benefits in
terms of reduction of anxiety and depression in patients with life-
threatening cancer. This pharmacological finding is novel in psy-
chiatry in terms of a single dose of a medication leading to
immediate anti-depressant and anxiolytic effects with enduring
(e.g. weeks to months) clinical benefits. Even though it is not
possible to attribute causality of the experimental drug (in terms
of sustained clinical benefit) after the crossover, the post-crosso-
ver data analyses of the two dosing sequences suggest that the
clinical benefits, in terms of reduction of cancer-related anxiety
and depression, of single-dose psilocybin (in conjunction with
psychotherapy) may be sustained for longer than 7 weeks post-
dosing, and that they may endure for as long as 8 months post-
psilocybin dosing. The acute and sustained anti-depressant
effects of psilocybin in this trial are consistent with a recently
published open-label study of oral psilocybin treatment in
patients with treatment-resistant depression (TRD) in which psil-
ocybin (25 mg) was associated with 1 week and 3 months post-
psilocybin anti-depressant effects (Carhart-Harris et al., 2016).
The within-group analyses for the primary outcome measures
demonstrate that immediately after receiving psilocybin there is
a marked reduction in anxiety and depression scores for both the
psilocybin first and niacin first groups. Also, the magnitude of
psilocybin-induced change across each participant’s active
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psilocybin treatment session did not differ across treatment group
for any of the primary outcome measures. Together, this suggests
that the pharmacological/psilocybin intervention produced rapid
anti-depressant and anxiolytic clinical benefits. Both groups
demonstrated significant clinical improvements in anxiety/
depression from baseline relative to the final assessment. It is
unclear from the data whether the sustained benefits in clinical
outcomes were due to psilocybin alone or some interactive effect
of psilocybin plus the targeted psychotherapy. Future research
would be necessary to separate out the various therapeutic contri-
butions of psilocybin versus psychotherapy.

Psilocybin was associated with substantial anti-depressant
response rates (as high as approximately 80% at 6.5 months fol-
low-up). There have been several meta-analyses of placebo con-
trolled trials exploring the efficacy of anti-depressants in the
treatment of cancer-related depression and they have generally
failed to show a clear effect of anti-depressant treatment over
placebo (Iovieno et al., 2011; Laoutidis and Mathiak, 2013;
Ostuzzi et al., 2015). In a meta-analyses of anti-depressants for
major depressive disorder in patients with comorbid medical dis-
orders (including cancer), anti-depressants were more effective
than placebo in some medical conditions (e.g. HIV/AIDS, post-
stroke) but not in cancer patients, where the anti-depressants per-
formed about as well as the approximately 40% placebo response
rate (Iovieno et al., 2011).

Secondary outcomes

Psilocybin decreased cancer-related demoralization (e.g. loss of
meaning/hope/purpose, desire for hastened death) and hopeless-
ness, while improving spiritual wellbeing, general life satisfac-
tion, and quality of life. While a minority of patients with
advanced or terminal cancer experience clinically relevant exis-
tential/spiritual distress, when it occurs its effects are highly con-
sequential (e.g. decreased quality of life, increased depressive
and anxiety symptoms, increased desire for hastened death,
increased suicidal ideation and behaviors) (Puchalski, 2012) and
improving spiritual wellbeing (e.g. through a pharmacological-
psychosocial intervention) could serve as a buffer against these
negative clinical outcomes.

Although affect/anxiety towards death did not improve in the
short-term or longer-term follow-up period, psilocybin was asso-
ciated with improved attitudes and adaptations to death at the
6.5-month follow-up. More research into this important thera-
peutic area is warranted.

Psilocybin experiences were reported as highly meaningful
and spiritual, and associated with positive cognitive, affective,
spiritual, and behavioral effects lasting weeks to months. This
finding is consistent with prior research administering psilocybin
to normal volunteers (Doblin, 1991; Griffiths et al., 2006, 2008,
2011; Pahnke, 1963).

Safety/adverse events

There were no serious AEs, either medical or psychiatric, in the
trial that were attributed to psilocybin. Since the early 1990s,
approximately 2000 doses of psilocybin (ranging from low to
high doses) have been safely administered to humans in the
United States and Europe, in carefully controlled scientific

settings, with no reports of any medical or psychiatric serious
AEs, including no reported cases of prolonged psychosis or HPPD
(Studerus et al., 2011). This finding is consistent with a US popu-
lation (2001-2004 data from the National Survey on Drug Use
and Health) based study that found no associations between life-
time use of any of the serotoninergic psychedelics (including
psilocybin) and increased rates of mental illness (Krebs and
Johansen, 2013). It is important to monitor closely for the emer-
gence of transient difficult psychological states (e.g. anxiety, para-
noia) in these trials and to manage them. Difficult experiences are
not necessarily pathological and can be understood as part of the
therapeutic process (e.g. working through cancer-related psycho-
logical or existential distress through challenging encounters or
emotionally charged confrontations with cancer-related fearful
imagery or symbolism) (Carbonaro et al., 2016).

Limitations/generalizability

This trial was limited by a relatively small sample size, a non-
nationally representative cancer patient population (e.g. 62%
women, 90% Caucasian), which decreases generalizability, a
crossover design that limited the interpretation of clinical bene-
fits after the crossover, and the use of a control with limited
blinding.

Potential anxiolytic and anti-depressant
mechanisms of psilocybin

Neurobiological mechanisms. There is evidence from animal
research that serotoninergic psychedelics exert anxiolytic-like
effects (Nichols, 2015). Several trials using animal models of
anxiety demonstrated acute anxiolytic effects of the serotoniner-
gic psychedelic 2,5-Dimethoxy-4-iodoamphetamine (DOI), a
non-selective 5-HT2a/2c agonist (Nic Dhonnchadha et al., 2003;
Ripoll et al., 2005, 2006). In two rodent studies, one with SHT2A
knockout mice (Weisstaub et al., 2006) and the other in rats with
anti-sense-mediated SHT2A downregulation (Cohen, 2005), the
rodents displayed decreased anxiety-like behavior and in the trial
with the SHT2A knockout mice (Weisstaub et al., 2006), restora-
tion of SHT2A receptors in the pre-frontal cortex (PFC) re-estab-
lished anxiety-like behaviors. Furthermore, in humans,
fronto-limbic SHT2A density has been correlated with anxiety
symptoms (Frokjaer et al., 2008). Together, these data suggest
that SHT2A downregulation may explain some of the rapid and
sustained anxiolytic effects of psilocybin (Vollenweider and
Kometer, 2010).

There is growing evidence that the serotoninergic psyche-
delics produce rapid and sustained anti-depressant effects
(Nichols, 2015). In two recently published open-label trials, one
using a single dose of ayahuasca (Osorio et al., 2015) and the
other using two doses of oral psilocybin (Carhart-Harris et al.,
2016), acute and enduring anti-depressant effects were reported.
In addition to these two open-label trials, there are several lines
of evidence supporting using SHT2A agonists to treat depression.
In considering changes at the SHT2A receptor as a potential
mechanism of action: cortical SHT2A receptor expression is
increased in postmortem samples of patients with depression
who display suicidality (Mendelson, 2000; Pandey et al., 2002;
Shelton et al., 2009); depressed patients with elevated pessimism
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display increased PFC SHT2A receptor binding compared to
control participants (Bhagwagar et al., 2006; Meyer, 2012; Meyer
et al., 2003); and sustained treatment with various anti-depres-
sants (e.g. selective serotonin reuptake inhibitors, tricyclic anti-
depressants) have been associated with a reduction of SHT2A
receptor density (Gomez-Gil et al., 2004; Yamauchi et al., 2006).

The glutamate system may explain some of the anti-depres-
sant effects of psilocybin. In rodents, serotoninergic psychedelics
enhance cortical glutamatergic transmission, especially in the
medial PFC, and increase activation of cortical a-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors
(Aghajanian and Marek, 1997). In a trial in which rats received
DOI, there was a significant increase in expression of brain-
derived neurotrophic factor (BDNF) mRNA in neocortical areas
(Vaidya et al., 1997). Increased AMPA activation and BDNF
expression as biomarkers of anti-depressant effects are supported
by: cortical AMPA activation is known to stimulate the expres-
sion of cortical BDNF (associated with neuronal growth, differ-
entiation and synaptogenesis) (Hsu et al., 2015); decreased
cortical BDNF is associated with major depression in humans
(Duman, 2004); and cortical BDNF normalizes with anti-depres-
sant treatment (Sen et al., 2008; Shimizu et al., 2003). Similarly,
ketamine (the only other known acute and short-term sustained
anti-depressant) is theorized to exert its anti-depressant effects
via cortical AMPA activation (Zanos et al., 2016) and BDNF
expression (Lepack et al., 2014). However, the anti-depressant
effects of single-dose ketamine in patients with TRD typically
last no more than several days up to 1-2 weeks, not several weeks
to months (DeWilde et al., 2015).

Neuroimaging research with psilocybin is beginning to sug-
gest potential anti-depressant mechanisms of action at the level
of brain structure activity and network connectivity. Task-free
functional magnetic resonance imaging research in normal vol-
unteers under the influence of psilocybin has demonstrated
decreased activity in the medial PFC and decreased connectivity
within the default mode network (DMN) (Carhart-Harris et al.,
2012, 2014). The former is significant because depressive symp-
toms have been associated with increased activity in the medial
PFC (Drevets et al., 2008; Farb et al., 2011) and normalization of
medial PFC activity has been demonstrated with anti-depressant
treatment (Deakin et al., 2008; Holtzheimer and Mayberg, 2011;
Kennedy et al., 2007); and the latter because patients with major
depression (compared to controls) have demonstrated increased
DMN connectivity (Berman et al., 2011, Grecius et al., 2007).

Psycho-spiritual mechanisms. Moderate-dose psilocybin occa-
sioned mystical-type experiences in the cohort of cancer patients
studied, and the intensity of the subjective mystical experience sig-
nificantly mediated (e.g. suggestive of causality) clinical benefit
(e.g. reduction in anxiety and depression symptoms) in the medium
term (e.g. 6 weeks post-dose 1). This result matches with descrip-
tive historical data from open-label LSD-assisted psychotherapy
trials for psycho-spiritual distress associated with terminal cancer,
in which the mystical experience was reported as being an integral
part of the therapeutic effect (Grof and Halifax, 1977). It is further
corroborated by recent open-label trials using psilocybin-assisted
psychotherapy to treat tobacco addiction (Garcia-Romeu et al.,
2014; Johnson et al., 2014) and alcoholism (Bogenschutz et al.,
2015) showing significant correlations between the mystical expe-
rience and improved clinical outcomes.

This finding suggests a potential psycho-spiritual mechanism
of action: the mystical state of consciousness. The mystical expe-
rience is likely to be one of several mediators that transmit the
effect of psilocybin to changes in anxiety and/or depression.
Further enquiry into how particular dimensions of the mystical
experience relate to reductions in anxiety and/or depression in
this population and others, and what factors best predict or pro-
mote mystical experiences, is warranted.

Conclusions

In conclusion, single moderate-dose psilocybin (in conjunction
with psychotherapy) was safely administered to a cohort of
patients with cancer-related psychological distress (e.g. anxi-
ety, depression). It produced rapid and sustained anxiolytic and
anti-depressant effects (for at least 7 weeks but potentially as
long as 8 months), decreased cancer-related existential dis-
tress, increased spiritual wellbeing and quality of life, and was
associated with improved attitudes towards death. The psilocy-
bin-induced mystical experience mediated the anxiolytic and
anti-depressant effects of psilocybin. Psilocybin, administered
in conjunction with appropriate psychotherapy, could become
a novel pharmacological-psychosocial treatment modality for
cancer-related psychological and existential distress. Further
empirical research is needed definitively to establish its safety
and efficacy.
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