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Table 7. Community observer ratings of participant attitudes and behavior, and three measures of spirituality assessed at Baseline, Post-session 2
(5 weeks after Session 2), and 6 months, collapsed across the two drug sequence groups*.

Measure Assessment time-point
Baseline Post-session 22 6 monthsb

Community observer ratings of positive changes in attitudes & behavior

Total score 81.62 (1.61) 93.79 (1.70)*** 94.41 (1.66)***
FACIT-Sp - Spiritual well-being in chronic illness

Total score (% of maximum score) 44.92 (2.71) 68.13 (3.62)*** 70.79 (3.17)***
Faith Maturity Scale

Total score (% of maximum score) 49.73 (2.71) 53.94 (3.39)* 55.56 (3.29)*
Spiritual/Religious Outcome Scale

Total score (% maximum score) 48.53 (3.97) 64.67 (3.54)*** 63.41 (3.80)***

“Numerical data show means (1 SEM) for outcome measures collapsed across the two dose sequence groups (n = 51, 50, and 46 at Baseline, Post-session 2, and 6 months,
respectively). The two dose sequence groups were not significantly different from each other at Baseline, Post-session 2, and 6-month assessments (planned compari-
sons). Asterisks indicate significant differences from Baseline (*p<0.05, **p<0.01, ***p<0.001, planned comparisons).

aIn this column, effect size (Cohen’s d as absolute values) for the four measures from top to bottom were: 1.06, 1.03, 0.20, 0.61.
bIn this column, effect size (Cohen’s d as absolute values) for the four measures from top to bottom were: 1.14, 1.28, 0.28, and 0.55.

Table 8. Participant ratings of persisting effects attributed to the session on ratings completed 5 weeks after the low-dose and high-dose
psilocybin sessions, and, again, retrospectively for the high-dose session 6 months after the second session*.

Questionnaire and subscale description

Assessment time-point

Low dose High dose High dose
(5 weeks) (5 weeks) 6-month follow-up
Persisting Effects Questionnaire (% of maximum score)
Positive attitudes about life 39.57 (3.91) 57.78 (3.10)*** 61.17 (3.51)***
Negative attitudes about life 3.82 (0.99) 5.08 (1.54) 3.18 (0.96)
Positive attitudes about self 35.16 (3.80) 50.70 (3.46)*** 54.78 (3.37)***
Negative attitudes about self 3.89 (0.86) 4.80 (1.43) 3.52 (1.16)
Positive mood changes 36.85 (3.99) 49.06 (3.45)*** 55.32 (3.58)***
Negative mood changes 3.42 (1.18) 5.42 (1.57) 3.00 (1.18)
Altruistic/positive social effects 35.60 (3.79) 47.42 (3.49)*** 51.11 (3.69)***
Antisocial/negative social effects 3.55 (1.11) 3.73 (1.06) 2.51 (0.90)
Positive behavior changes 48.40 (4.66) 59.60 (4.02)*** 64.78 (4.03)***
Negative behavior changes 1.60 (1.27) 3.60 (1.97) 0.87 (0.61)
Increased spirituality 37.07 (4.31) 52.48 (3.88)*** 57.43 (4.17)***
Decreased spirituality 1.68 (0.63) 1.88 (0.68) 1.27 (0.39)
How personally meaningful was the experience? 4.62 (0.31) 6.38 (0.20)*** 6.65 (0.18)***
(maximum score=8)
Top 5 most meaningful of life, including 24% 62%*** 67.4%***
single most (% of participants)
How spiritually significant was the experience? 3.16 (0.24) 4.46 (0.19)*** 4.78 (0.17)***
(maximum score=6)
Top 5 most spiritually significant of life, 24% 66%*** 69.6%***
including single most (% of participants)
Did the experience change your sense of well- 1.50 (0.19) 2.20 (0.16)*** 2.33 (0.14)***
being or life satisfaction? (maximum score=3)
Increased well-being or life satisfaction 52% 86%*** 82.6%***

moderately or very much (% of participants)

*+Except where noted, numerical data show means (1 SEM) for persisting effects ratings 5 weeks after the low-dose session (n = 50), 5 weeks after the high-dose session
(n = 50), and, again, retrospectively for the high-dose session 6 months after the second session (n = 46). There were no significant differences between ratings of the
high dose at 5 weeks after the session vs. the 6-month follow-up. Asterisks indicate significant differences from ratings obtained 5 weeks after the low dose session
(*p<0.05, **p<0.01, ***p<0.001, planned comparisons).

consider only those measures that showed both a between-group
difference at Post-session 1 and a difference between Post-
session 1 and Post-session 2 assessments in the Low-Dose-1st

a difference between Post-session 1 and Post-session 2 assess-
ments in the Low-Dose-1st Group). Conservative criteria for
concluding that psilocybin dose affected these outcomes is to
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Figure 2. Within-session time-course of psilocybin effects on cardiovascular and observer-rated measures.

Cardiovascular (systolic and diastolic blood pressure, and heart rate) and observer (i.e. monitor)-rated overall drug effect, visual effects with eyes closed (as described by
the participant), and joy/intense happiness. Data points show means; brackets indicate 1 SEM; circles show data after the low dose (n = 50); squares show data after the
high dose (n = 50). Filled squares indicate the dose conditions were significantly different at the indicated time-point (p<0.05, planned comparisons). Y-axes for observer

ratings show maximum possible scores.

Group. Table 4 shows data for the 11 measures that fulfilled these
criteria and Figure 3 shows results graphically for nine of these
measures. For the 11 measures, the mean effect size (Cohen’s d)
for the between-group difference at the Post-session 1 assess-
ment was 0.82, for the within-group difference between Post-
session 1 and Post-session 2 in the Low-Dose-1st Group was
0.66, and, for both groups combined, the difference between
Baseline and 6 months was 1.55 (see Table 4 footnotes).

Table 5 presents results from six therapeutically relevant out-
come measures that did not fulfill conservative criteria for dem-
onstrating an effect of psilocybin. Although none of the measures
showed a significant difference between groups at Post-session 1,
five of the six showed a significant difference between Post-
session 1 and Post-session 2 in the Low-Dose-1st (High-Dose-
2nd) Group, and all six measures showed large significant
changes in a therapeutically relevant direction (decreases in neg-
ative affect and increases in positive attitudes about death and life
meaning and coherence) from Baseline to 6-Month Follow-up
(mean effect size 1.35).

Rates of clinically significant response and symptom remis-
sion for the two primary outcome measures of clinician-rated
symptoms of depression (GRID-HAMD-17) and anxiety (HAM-
A) showed large effects of psilocybin that were sustained at 6
months (Table 6, Figure 4). For instance, 5 weeks after Session 1,

92% of participants in the High-Dose-1st Group showed a clini-
cally significant response (i.e. =50% decrease relative to
Baseline) on the GRID-HAMD-17 compared with a 32%
response rate in the Low-Dose-1st Group. At 6 months 79% of
those in the High-Dose-1st Group continued to show a clinically
significant response. Likewise, these percentages for the HAM-A
were 76% and 24%, respectively, for the High-Dose 1st Group
and Low-Dose-1st Group 5 weeks after Session 1, and 83% for
the High-Dose-1st at 6 months. An analogous pattern of results
was shown for symptom remission to normal range (i.e. =50%
decrease relative to Baseline and a score of <7 on GRID-
HAMD-17 or HAM-A), with rates of symptom remission of 60%
and 52% for depression and anxiety, respectively, 5 weeks after
the high psilocybin dose in Session 1, and with rates of 71% and
63%, respectively, sustained at 6 months. Collapsing across the
two dose sequence groups, the overall rate of clinical response at
6 months was 78% and 83% for depression and anxiety, respec-
tively, and the overall rate of symptom remission at 6 months for
all participants was 65% and 57%, respectively.

Community observer ratings showed significant positive
changes in participants’ attitudes and behavior at the two post-
psilocybin assessment time-points (Table 7). All three measures
of spirituality showed similar increases (Table 7). As with the
measures shown in Table 4, these measures show significant
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Figure 3. Effects of psilocybin on selected outcome measures that were assessed at Baseline, Post-session 1 (5 weeks after Session 1), Post-session

2 (5 weeks after Session 2), and 6-month follow-up.
Data points show means; brackets indicate 1 SEM; circles represent the group that received a low dose on the 1st session and a high dose on the 2nd session (n = 25,

25, 24, and 22 at Baseline, Post-session 1, Post-session 2, and 6 months, respectively); squares represent the group that received a high dose on 1st session and a low
dose on the 2nd session (n = 26, 26, 25, and 24 at Baseline, Post-session 1, Post-session 2, and 6 months, respectively). Star symbol indicates a significant difference
between the two groups at the Post-session 1 time-point (p<0.05, planned comparison). Cross symbol indicates a significant difference between the Post-session 1 and
Post-session 2 time-points in the Low-Dose-1st (High-Dose-2nd) Group (p<0.05, planned comparison).
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Figure 4. Effects of psilocybin on clinically significant response rate and symptom remission rate as assessed with clinician-rated measures of

depression and anxiety.

Data are percentage of participants fulfilling criteria at Post-session 1 (5 weeks after Session 1) and at 6 months. Asterisks indicates that the low and high-dose groups
were significantly different at 5 weeks (p>0.001); data at 6 months show these effects were sustained at follow-up. See Table 6 for other details.

changes in the expected directions at Post-session 2 that were
generally sustained at the 6-month follow-up.

Table 8 shows participant ratings of persisting effects attrib-
uted to the session experiences rated 5 weeks after the low- and
high-dose psilocybin sessions, and, again, for the high-dose ses-
sion at the 6-month follow-up. The high dose produced signifi-
cantly greater ratings of positive persisting effects on attitudes

about life and self, mood changes, social effects, behavior, and
spirituality. These effects were sustained at 6-month follow-up.
Negative ratings of these dimensions were low and not signifi-
cantly different between conditions. The high-dose experiences
were rated as producing significantly greater personal meaning,
spiritual significance and increased well-being or life satisfac-
tion, with differences sustained at 6 months.
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Figure 5. Relationship between the Mystical Experience Questionnaire (MEQ30) total score assessed at end of Session 1 and several illustrative

outcome measures assessed 5 weeks after Session 1.

Each panel shows scores on an outcome measure assessed 5 weeks after Session 1 as a function of the total MEQ30 score obtained 7 h after psilocybin administration on
Session 1. MEQ30 scores are expressed as a percentage of maximum possible score. Data points represent individual participants (n = 50 or 51); blue circles represent the
group that received the low dose on the 1st session; red squares represent the group that received the high dose on the 1st session. Correlation coefficients and p-values

are shown.

Mystical experience scores (MEQ30) assessed at the end of
Session 1 correlated significantly with 18 of 20 measures assessed
5 weeks after the session: ratings of meaningfulness (» = 0.77),
spiritual significance (» = 0.75), increased life satisfaction (r =
0.53), GRID-HAMD (r = —0.41), BDI (» = —0.30), HADS
Depression (r = —0.36), HADS Total (» = —0.41), HADS
Anxiety (r =—0.34), HAM-A (r = —0.59), STAI-Trait Anxiety (»
= —0.31), POMS Total Mood Disturbance (» = —0.35) BSI (» =
—0.38), MQOL (r = 0.32), MQOF-meaningful existence (» =
0.41), LAP-R Death Acceptance (r = 0.38), Death Transcendence
Scale (= 0.31), Purpose in Life (» = 0.29), LAP-R Coherence (»
=0.41). Figure 5 shows some of these effects. To further examine
the contribution of mystical experience to these outcome meas-
ures, partial correlations were conducted to control for the partic-
ipant-rated intensity of drug effect, which, like mystical
experience, was assessed at the end of the session. This analysis
continued to show significant effects of mystical experience on
11 of these 18 measures (meaningfulness, spiritual significance,
life satisfaction, GRID-HAMD, HADS Depression, HADS
Total, HADS Anxiety, HAM-A, BSI, MQOL-meaningful exist-
ence and LAP-R Coherence). Finally, a mediation analysis

showed that MEQ30 score was a significant mediator of the
effect of psilocybin dose on seven of these outcome measures.
Point estimates and bias-corrected 95% confidence intervals
for the indirect effects of the mediation analysis were: meaning-
fulness (1.43 [0.72-2.44]), spiritual significance (1.19 [0.59—
2.10]), life satisfaction (0.60 [0.218-1.19]), HADS Anxiety
(=1.50 [-3.50 to —0.33]), HADS Depression (—1.11 [-2.79 to
—0.02]), HADS Total (—2.62 [-5.74 to —0.72]), and HAM-A
(—3.93 [-7.88 to —1.52]).

Discussion

The present study demonstrated the efficacy of a high dose of
psilocybin administered under supportive conditions to decrease
symptoms of depressed mood and anxiety, and to increase quality
of life in patients with a life-threatening cancer diagnosis. Eleven
of 17 therapeutically relevant measures fulfilled conservative cri-
teria for demonstrating efficacy of the high dose of psilocybin
(Table 4, Figure 3). The data show that psilocybin produced large
and significant decreases in clinician-rated and self-rated meas-
ures of depression, anxiety or mood disturbance, and increases in
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measures of quality of life, life meaning, death acceptance, and
optimism. These effects were sustained at 6 months. For the cli-
nician-rated measures of depression and anxiety, respectively, the
overall rate of clinical response at 6 months was 78% and 83%
and the overall rate of symptom remission was 65% and 57%.
Participants attributed to the high-dose experience positive
changes in attitudes about life, self, mood, relationships and spir-
ituality, with over 80% endorsing moderately or higher increased
well-being or life satisfaction. These positive effects were
reflected in significant corresponding changes in ratings by com-
munity observers (friends, family, work colleagues) of partici-
pant attitudes and behavior.

The results substantially extend the findings of a recent dou-
ble-blind pilot study with a lower dose of psilocybin (14 mg/70
kg) in cancer patients that showed non-significant trends for ben-
efits of psilocybin compared with placebo (niacin) on measures
of depression and anxiety, with some significant decreases rela-
tive to baseline demonstrated at 1 to 6 months (Grob et al., 2011).

The time-course, magnitude, and qualitative features of the
high dose of psilocybin on session days were consistent with
those observed in previous studies in healthy volunteers (Griffiths
etal., 2006, 2011; Johnson et al., 2012).

The significant association of mystical-type experience
(MEQ30) during Session 1 with most of the enduring changes in
therapeutic outcome measures 5 weeks later (Figure 5) is consist-
ent with previous findings showing that such experiences on ses-
sion days predict long-term positive changes in attitudes, mood,
behavior, and spirituality (Garcia-Romeu et al., 2014; Griffiths
et al., 2008, 2011). For most measures, this relationship contin-
ued to be significant when the intensity of overall psilocybin
effect was controlled in a partial correlation analysis. This sug-
gests that mystical-type experience per se has an important role
apart from overall intensity of drug effect. Finally, a mediation
analysis further suggested that mystical-type experience has a
mediating role in positive therapeutic response.

The observed decreases in psychological distress and anxiety
about death may relate to recent epidemiological findings that
lifetime psilocybin use was associated with significantly reduced
odds of past month psychological distress and suicidality
(Hendricks et al., 2015).

An innovative feature of the study design was that participants
and staff monitors were given instructions that obscured the actual
psilocybin dose conditions to facilitate blinding and minimize
expectancy effects, which are believed to be a significant determi-
nant of classic hallucinogen effects (Griffiths et al., 2006; Metzner
et al., 1965). Evidence of some success of this blinding was pro-
vided in a post-study questionnaire completed by staff and by sig-
nificant treatment effects observed after Session 1 in participants
who received the very low dose of psilocybin. Although it was
assumed that 1 mg/70 kg would be largely pharmacologically
inactive, some pharmacological activity of this dose cannot be
ruled out entirely. Thus, it might have been preferable to use an
even lower dose of psilocybin (e.g. 0.01 mg/70 kg) to assure phar-
macological inactivity while maintaining the benefit of the
instruction that psilocybin would be administered on each session.
Although the low-dose comparison condition and instructions to
participants and staff facilitated blinding and minimized expec-
tancy effects, it should be noted that these experimental design
features may be difficult to implement in research settings that
require complete disclosure of specific study conditions or arms.

Several additional experimental limitations should be noted.
Participants were crossed over to the alternative dose condition
after 5 weeks. Although this allowed assessment of acute and
persisting effects of psilocybin in all study participants, it pre-
cluded double-blind assessment of efficacy of the high dose of
psilocybin based on across group comparisons after 5 weeks. As
in previous research, the study documented enduring increases in
positive changes in attitudes and mood on both the participant-
rated Persisting Effects Questionnaire and on the Community
Observer Questionnaire (Griffiths et al., 2006, 2011). However,
neither of these measures has been independently validated.
Likewise, although the finding of significant decreases in depres-
sion and anxiety symptoms on both participant-rated and clini-
cian-rated measures is a strength, the inclusion of blinded
clinician ratings would further strengthen the study. The rela-
tively small sample (n = 51) that was highly educated and pre-
dominately White limits the generality of conclusions.

Finally, it is important to note that the overall approach of
treating cancer-related psychological distress with psilocybin is
limited by a variety of exclusion criteria (see online Supplementary
material) and by the significant time and cost of professional sup-
port provided before, during, and after the psilocybin session.
Patients may also be reluctant to participate in such an interven-
tion because high doses of psilocybin have sometimes been asso-
ciated with transient episodes of psychological distress or anxiety
in patients (current study and studies in healthy volunteers,
Griffiths et al., 2006, 2011).

The neuropsychopharmacological mechanisms of psilocybin
therapeutic effects remain speculative (Carhart-Harris et al.,
2012, 2014; Nichols, 2016; Vollenweider and Kometer, 2010).
As a 5-HT,, agonist, the psilocybin metabolite psilocin directly
and indirectly affects various brain cortical and subcortical areas
and alters brain network dynamics (Carhart-Harris et al., 2012,
2014; Vollenweider and Kometer, 2010). Precisely how the
enduring therapeutically relevant psilocybin effects are reflected
in long-term alteration of cortical networks or other neuroplastic
changes remains to be established.

Conclusions

When administered under psychologically supportive, double-
blind conditions, a single dose of psilocybin produced substantial
and enduring decreases in depressed mood and anxiety along
with increases in quality of life and decreases in death anxiety in
patients with a life-threatening cancer diagnosis. Ratings by
patients themselves, clinicians, and community observers sug-
gested these effects endured at least 6 months. The overall rate of
clinical response at 6 months on clinician-rated depression and
anxiety was 78% and 83%, respectively. A multisite study in a
larger and more diverse patient population should be conducted
to establish the generality and safety of psilocybin treatment of
psychological distress associated with life-threatening cancer.
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