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Introduction
Major depressive disorder (MDD) is one of the most economi-
cally and socially burdensome diseases worldwide (Friedrich, 
2017) and involves marked changes in mood, motivation, pleas-
ure and cognition (Otte et al., 2016). MDD is the second leading 
contributor to chronic disease burden among all medical condi-
tions, as measured by ‘years lived with disability’ (James et al.,  
2018) and each year affects about 6% of the worldwide adult 
population (Bromet et al., 2011). First-line treatment for MDD 
typically involves pharmacotherapy, which may or may not be 
coupled with psychotherapy. The most widely used medications 
for MDD are selective serotonin reuptake inhibitors (SSRIs) and 
serotonin-norepinephrine reuptake inhibitors (SNRIs). While 
serotonin reuptake inhibitors (SRIs) generally have greater toler-
ability compared to their older counterparts, side effects are com-
mon (Cipriani et al., 2009). Moreover, they do not induce a 
response in all patients (Cipriani et al., 2018). There is thus a 
great need for new efficacious treatment options.

The classic psychedelic drug psilocybin has recently been 
investigated as a possible alternative treatment option for MDD. 
Psilocybin, through agonism of serotonin 2A receptors 
(5-HT2AR), is believed to target rigid pathological belief systems 
by increasing psychological and neurobiological flexibility 

(Carhart-Harris et al., 2023; Carhart-Harris and Friston, 2019; 
Carhart-Harris and Nutt, 2017) This ‘flexible’ brain state is 
believed to facilitate emotional release and psychological insights 
that often arise during and after the acute psychedelic experience. 
Furthermore, when given in a therapeutic setting, these acute 
subjective effects have been shown to be facilitative of greater 
long-term positive outcomes (Carhart-Harris and Friston, 2019; 
Murphy et al., 2021; Peill et al., 2022).

A growing number of clinical trials have found prolonged 
reductions in the clinical symptoms of MDD following the admin-
istration of one-to-three doses of psilocybin in a therapeutic 
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setting (Carhart-Harris et al., 2021, 2016; Davis et al., 2021; 
Gukasyan et al., 2022). Carhart-Harris et al. (2021) recently pre-
sented the first double-blind randomized control trial to compare 
psilocybin with a leading SSRI medication, escitalopram, in indi-
viduals diagnosed with MDD. Based on the study’s primary out-
come measure, the Quick Inventory of Depression Symptomology 
Self-Report Version (QIDS-SR16), two doses of psilocybin were 
found to elicit nominally greater reductions in depression symp-
toms than the 6-week course of escitalopram, but not to a statisti-
cally significant extent. However, psilocybin outperformed 
escitalopram on all secondary outcome measures including all of 
the other depression rating scales as well as measures of well-
being, anhedonia, social functioning, rumination, sexual function-
ing and emotional responsivity (Barba et al., 2022; Carhart-Harris 
et al., 2021).

As is standard practice in psychedelic trials, participants in the 
Carhart-Harris et al.’s (2021) study, who were taking SSRI/SNRIs 
at screening, were required to discontinue prior to commencing 
the study. This practice is due to some overlap in serotonergic 
pharmacology of SSRI/SNRIs and psilocybin (i.e. both cause 
elevated stimulation of 5-HT receptors) as well as an absence of 
established safety data for combined treatment – at least at the 
time of conducting the present study (Malcolm and Thomas, 
2021). Additionally, previous case reports have indicated that 
long-term administration of SSRI/SNRIs can reduce the therapeu-
tically important subjective effects of psychedelics (Bonson et al., 
1996; Strassman, 1992). In accordance with guidelines set forth 
by the National Institute for Health and Care Excellence (NICE; 
National Institute for Health and Care Excellence, 2022) and the 
British Association for Psychopharmacology (Cleare et al., 
2015), SSRI/SNRI tapering in this study was done gradually for 
a period of 2–4 weeks with linear reductions to minimize with-
drawal symptoms. There was at least a two-week (or 5 half-
lives) drug-free washout period before study commencement, 
and participants were required to remain abstinent from the 
medication for the duration of the trial (Carhart-Harris et al., 
2021; Carhart-Harris et al., 2016; Davis et al., 2021; Ross et al., 
2016). Once the trial was complete, participants could re-start 
antidepressant medication under the guidance of their main care 
provider, typically their general practitioner (GP). This process 
has been found to be safe and effective (i.e. no serious adverse 
events) in clinical trials thus far (Carhart-Harris et al., 2016; 
Carhart-Harris et al., 2021).

For some individuals, however, stopping treatment with 
SSRI/SNRIs can cause various unpleasant physiological and psy-
chological symptoms such as nausea, sleep problems, lethargy, 
dysphoric mood, paraesthesia and dizziness. Although some of 
these symptoms overlap with symptoms of MDD, this “discon-
tinuation syndrome” is distinct from a relapse (American 
Psychiatric Association, 2013) and may last up to 6 weeks, or 
even up to 12 weeks for some patients (Horowitz and Taylor, 
2019; Lerner and Klein, 2019). Symptom usually resolve by rein-
troducing SSRI/SNRIs (Bhat and Kennedy, 2017; Fava et al., 
2015; Warner et al., 2006). Previous research pooling data from 
small scale studies of the related psychedelic compound 
3,4-methylenedioxy methamphetamine (MDMA) showed that 
discontinuing reuptake inhibitor antidepressant medications (ver-
sus no immediate prior use of such medications) had a negative 
impact on study outcomes in the treatment of post-traumatic 
stress disorder (PTSD) – meaning that those who were 

unmedicated before the start of the trial responded better to 
MDMA (Feduccia et al., 2021). The effects of discontinuing 
SSRI/SNRIs on study outcomes have yet to be formally tested in 
trials of psilocybin and other classic psychedelics. Moreover, it 
is important to note that the interplay between patient expecta-
tions and clinical outcomes is a complex and critical element in 
the design and interpretation of medical trials. This becomes 
even more pronounced in studies involving psychotropic sub-
stances, such as psychedelics, where subjective experiences and 
personal beliefs can markedly influence patient responses 
(Muthukumaraswamy et al., 2021). In light of this, it becomes 
essential to explore how preconceived notions about treatment, 
particularly among those with prior experiences with SSRI/
SNRIs, might shape the outcomes of such trials.

The aim of the current paper was this to explore a potential 
“discontinuation effect” of SSRI/SNRIs titration prior to study 
commencement in the Carhart-Harris et al., (2021) trial. 
Specifically, we investigated through exploratory post hoc analy-
ses (inspired by published comments to Carhart-Harris et al., 
(2021)) for possible differences in outcomes in participants who 
did and did not discontinue SSRI/SNRIs (venlafaxine, paroxe-
tine, sertraline, duloxetine and citalopram) at the start of the trial 
(referred to as “discontinuers” and “unmedicated” respectively). 
Additionally, we explored if baseline expectations of response to 
treatment affected outcomes in either group.

Methods

Study outline

Design. For full explanation of the study design, see Carhart-
Harris et al., (2021). Briefly, this double-blind randomized con-
trol trial (RCT) compared psilocybin (as COMP360) to the SSRI 
escitalopram in participants with a diagnosis of moderate-severe 
major depression (MDD). Fifty-nine participants received two 
oral doses of psilocybin accompanied by psychological support, 
separated by 3 weeks. Those in the “psilocybin” condition 
(N = 30; females = 11) received two 25 mg doses of psilocybin 
and a 6-week course of placebo. Those in the “escitalopram” con-
dition (N = 29; females = 9) received two 1 mg (placebo-like) 
doses of psilocybin coupled with a 6-week course of escitalo-
pram. Taking into account screening, preparation, dosing and 
integration, participants in each condition received approxi-
mately 20 hours of in-person therapeutic support during the trial, 
as well as up to six further integration calls over Skype or by 
telephone. There was no difference between conditions in the 
adoption of these optional calls (Carhart-Harris et al., 2021).

Participants. All participants provided written informed con-
sent after being provided with a complete description of the 
study. Inclusion criteria included an age range of 18–85 years, 
physically healthy (determined via physical examination) and a 
diagnosis of unipolar MDD (as confirmed by a GP). Key exclu-
sion criteria included diagnosis of a psychotic disorder, immedi-
ate family member with a psychotic disorder, positive pregnancy 
test at screening or during the study, excessive alcohol or drug 
use and MRI contraindications. For a full list of eligibility crite-
ria, see Carhart-Harris et al., (2021).

Participants who were taking serotonergic medication at 
screening but were otherwise deemed eligible were required to 
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discontinue their serotonergic medication before baseline meas-
ures were collected. This took place in the weeks prior to the first 
study visit. Discontinuation procedures were managed through 
collaboration between the participants prescribing GP and the 
psychiatrists on the study team.

Intervention. For full details on the therapeutic approach, refer 
to Carhart-Harris et al. (2021), Watts et al. (2020) and Murphy 
et al. (2022). Briefly, each participant was paired with two 
‘guides’ (therapists, or psychiatrists with therapy experience) 
who they worked with for the duration of the trial. During dosing, 
participants were encouraged to recline in a semi-supine position 
and were provided with an eye mask and headphones. Dosing 
days were preceded by psychological preparation (building the 
therapeutic relationship and discussing what to expect from the 
experience) and integration (non-judgemental listening to the 
participants’ experience, aiding their ability to contextualize and 
assimilate it). This approach is consistent with standard psyche-
delic-therapy protocols (Johnson et al., 2008).

Regulatory oversight. The trial received favourable opinion 
from the Brent National Research Ethics Service and was 
reviewed and approved by the Health Research Authority and 
Medicines and Healthcare products Regulatory Agency. The trial 
was sponsored by Imperial College London’s Joint Research and 
Compliance Office and was adopted by the National Institute of 
Health Research (NIHR) Clinical Research Network. The study 
took place at the NIHR-funded Imperial College Research Facil-
ity. Psilocybin was provided by COMPASS pathways, and esci-
talopram and placebo were provided by the Pharmacy 
Manufacturing Unit at Guy’s and St Thomas’s Hospital.

Aims

The overall goal of this investigation is to evaluate the overall 
effect of recent SSRI/SNRI discontinuation on depression out-
comes. For this, we explored the following four sub-aims. (1) We 
examined differences in baseline symptomology as well as 
changes in depression severity from screening (i.e. before discon-
tinuation started) to baseline (i.e. after discontinuation) in discon-
tinuers and unmedicated patients. (2) We assessed whether 
response to treatment based on the Quick Inventory of Depressive 
Symptomology (QIDS-SR16; primary outcome measure of the 
trial) differed for SSRI/SNRIs discontinuers and unmedicated 
patients separately. This analysis expands on the primary analysis 
presented by (Carhart-Harris et al., 2021), and answers the ques-
tion ‘does response to treatment differ between discontinuers and 
unmedicated patients at trial start?’ To further determine the con-
sistency of potential discontinuation effects within treatment con-
ditions, we also assessed the following secondary depression and 
well-being measures1 in the same manner: Beck Depression 
Inventory (BDI), Hamilton Rating Scale for Depression (HAM-D), 
Montgomery Äsberg Depression Rating Scale (MADRS) and 
psychological well-being (WEMWBS). (3) For gaining additional 
insight, we then assessed whether treatment response differed 
between SSRI/SNRIs discontinuers and unmedicated between the 
two treatment conditions to determine whether discontinuation 
differentially shapes response to either psilocybin or escitalo-
pram. This further analysis was performed in order to answers the 

question ‘do discontinuers and unmedicated patients respond dif-
ferently within each condition?’ For this analysis, we focused on 
the study’s primary outcome, the QIDS-SR16. (4) We further 
explored whether discontinuation attenuated known psychologi-
cal modulators of therapeutic outcomes of psychedelic-assisted 
therapy, including widely used acute indices in the domains of 
mystical-type experience, challenging experience emotional 
breakthrough and ego dissolution. Finally, we also explored the 
impact of expectation, which has been argued to be capable of 
playing an important role in psychedelic trials (Kaertner et al., 
2021; Muthukumaraswamy et al., 2021).

Outcome measures

Psychological outcomes. For the purposes of this study, four 
measures of depression were analysed. Two of these measures 
are widely used self-report measures of depression: (1) QIDS-
SR16 (Rush et al., 2003), which acted as the primary outcome 
measure of Carhart-Harris et al. (2021) and was administered 
weekly for the course of the trial and (2) the Beck Depression 
Inventory 1A (BDI-1A; Beck et al., 1996), which was adminis-
tered bi-weekly for the course of the trial. The remaining two 
scales are clinician administered measures of depression sympto-
mology that were administered at baseline and follow-up: (1) the 
Hamilton Depression Rating Scale (HAM-D) (Hamilton, 1960) 
and (2) the Montgomery and Asberg Depression Rating Scale 
(MADRS) (Montgomery and Asberg, 1979). In addition to these 
clinical measures of depression, we also include an analysis of 
the Warwick-Edinburgh Mental Well-being Scales (WEMWBS; 
Tennant et al., 2007) which was a key secondary outcome mea-
sure of Carhart-Harris et al. (2021) and was measured bi-weekly 
for the course of the trial.

Acute experience. As potential modulators of outcome, we also 
analysed four measures of the acute experience: the mystical 
experience questionnaire (MEQ; Barrett et al., 2015), the ego 
dissolution inventory (EDI; Nour et al., 2016), the emotional 
breakthrough inventory (EBI; Roseman et al., 2019), and the 
challenging experience questionnaire (CEQ; Barrett et al., 2016). 
These measures were chosen due to their wide use in psychedelic 
research, and because they index different aspects of the acute 
experience that are thought to play an important role in the thera-
peutic efficacy of psilocybin.

Expectation. Expectation was assessed with two questions at 
baseline. Specifically, participants were asked to rate (on a scale 
from 0 to 100) how much they expected their mental health to 
improve after receiving (1) 6 weeks of escitalopram, (2) 2 doses 
of psilocybin 3 weeks apart. All participants were asked both 
questions, irrespective of the arm they were randomized to.

Statistical analysis

All analyses were conceived of post hoc and in response to com-
ments to Carhart-Harris et al. (2021). Analyses were performed 
in R Studio (www.rstudio.com/) using the packages lme4 (Bates 
et al., 2015), lmertest and ggplot2. The results of significance 
testing (i.e. p values) are reported where these are required to 
meet the aim of the test performed, that is, for demographics 

www.rstudio.com/
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(where the aim is to test for a difference between groups) and for 
model comparisons (where the aim is to determine the winning 
model). We reported effect sizes, and 95% confidence intervals 
(95% CI) when the aim was to assess the magnitude of the dis-
continuation effect, (Cumming et al., 2012). Full results (includ-
ing p values) can be found in Supplemental Materials. Given the 
exploratory post hoc nature of the analyses and the high correla-
tions between the different depression measures used in this 
study (Li et al., 2017), we did not correct the results for multiple 
comparisons.

Differences in demographics. T-test and Chi-square tests were 
performed on demographic variables to assess for differences 
between the psilocybin and escitalopram conditions. Addition-
ally, a Chi-square test was used to assess differences in the pro-
portion of discontinuers and unmedicated patients in each 
treatment condition.

Effect of discontinuation on response to treatment. To 
assess whether response to treatment differed for discontinuers 
and unmedicated patients separately (Aim 1), mixed effects lin-
ear models were fit separately for those who discontinued, and 
those who did not for each depression measure. In both the cases, 
two models were specified that took the forms:

M1: Outcome–Timepoint + (1|Participant)

M2: Outcome–Timepoint * Treatment + (1|Participant)

where ‘Outcome’ is the psychological scale, ‘Treatment’ is the 
treatment condition (Psilocybin or Escitalopram) and ‘Timepoint’ 
is the timepoint the measure was taken, which differs for the five 
outcome measures (weekly for QIDS-SR16, bi-weekly for BDI 
and WEMWBS, and Baseline and Final Follow-up (6 weeks) for 
HAMD and MADRS). Both Treatment and Timepoint are treated 
as fixed effects, and participant was considered as a random 
intercept.

To determine whether treatment condition adds significantly 
to the model (i.e. whether there was a consistent difference 
between the psilocybin arm and the escitalopram arm), an analy-
sis of variance was performed between M1 and M2, where M1 is 
thought of as the null mode, and M2 as the alternative. As it is 
known that people improve over time in both treatment arms 
(shown in Carhart-Harris et al., 2021), timepoint is still part of 
the null model. A significant difference indicates that the treat-
ment condition adds consistently to the model.

In cases where the outcome of model comparison is signifi-
cant, we then explore M2 to assess the direction and magnitude of 
the effect of the term Treatment. In cases where there is no sig-
nificant difference, no further exploration is performed. Full 
results of M2 can be found in Supplemental Materials.

In all models, escitalopram is treated as the reference condi-
tion, that is, results for the effect of timepoint alone are related to 
the subjects in the escitalopram arm. As we are interested in the 
difference between the two treatment arms, we will focus our 
interpretations on the interaction terms involving Treatment.

Response to treatment based on discontinuation. To addi-
tionally explore whether responses in each treatment arm were 

different for those who had recently discontinued from serotoner-
gic medication (Aim 2), a linear mixed effects model was defined 
with the QIDS-SR16 as the outcome. This model took the form

M3: Outcome–Timepoint * Treatment * Discontinuation +  
(1|Participant),

where ‘Timepoint’ is a categorical variable considering each 
timepoint of the study, ‘Treatment’ is a categorical variable con-
sidering escitalopram or psilocybin arms, ‘Discontinuation’ is a 
categorical variable that refers to whether participants discontin-
ued or did not discontinue prior to participation and ‘Participant’ 
is a categorical variable that refers to the identity of each subject. 
In this model, the reference conditions are baseline (for 
Timepoint), escitalopram (for Treatment) and unmedicated (for 
Discontinuation). Treatment, Timepoint and Discontinuation are 
treated as fixed effects, and participant is considered as a random 
intercept.

Here, we focus our interpretation on two interactions. Firstly, 
the Time:Discontinuation interaction reveals whether discontinu-
ation modulates response from baseline to another timepoint 
within the reference condition escitalopram. Specifically, the 
parameter estimate is the mean value of the difference in the 
observed QIDS-SR16 change from baseline for those who did 
discontinue in the escitalopram arm with respect to those who did 
not. Secondly, the Time:Discontinuation:Treatment interaction 
reveals whether discontinuation modulates QIDS-SR16 change 
within the psilocybin arm. That is, the parameter estimates here 
represent the difference in QIDS-SR16 change from baseline for 
those who did discontinue in the psilocybin arm. Together, these 
two interactions, therefore, reveal how discontinuation differen-
tially shaped response between the two treatment arms.

Calculation of effect sizes. To assess the magnitude of various 
changes of interest in the various mixed models, we employed 
two complementary approaches. First, all models are imple-
mented using raw scores, and hence, the estimates, their standard 
error and their confidence intervals can be readily interpreted 
directly (i.e. an estimate of x units imply that under that condition 
subjects on average display x more units than the corresponding 
baseline). Secondly, we estimate effect sizes for the estimates 
obtained via linear mixed models, with provide unit-less quanti-
ties that characterize the ratio between differences between sub-
population means and the standard deviation of the error. For this 
purpose, we follow the approach outlined in (Brysbaert and Ste-
vens, 2018; Westfall et al., 2014) and calculate parameter effect 
sizes, which are given by the ratio between the estimate and the 
pooled variance, which in our case corresponds to

d
p e

=
+

β

σ 2 2σ
,

where σ p
2  is the variance of the random intercept assigned to 

participants, and σ e2  is the variance of the residuals of the model. 
That being said, it should be noted that – as discussed in the 
mentioned references – effect sizes in mixed models are less 
straightforward to interpret than in simpler designs. For simplic-
ity, given the nuanced dependency between parameter effect 
sizes of simple effects computed in this manner and their coding 
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(as highlighted in (Westfall et al., 2014)), we only report param-
eter effect sizes of interactions in models M2.

Effect of discontinuation on baseline depression scores. The 
impact of discontinuation on depression at baseline (Aim 4) was 
assessed using a simple regression model with depression scores 
at baseline as outcome (QIDS-SR16, BDI, HAM-D MDRAS) 
and discontinuation as predictor. Leveraging the fact that both 
QIDS-SR16 and BDI were collected at screening (i.e. before dis-
continuation started), a linear mixed model with discontinuation 
as a predictor assess change in depression scores from screening 
to baseline.

Modulators of response

Acute experience. To assess whether the acute experience 
modulated response (Aim 3), linear models were constructed 
using treatment and discontinuation for predicting the subjective 
scores in four key indicators of the psychedelic experience: the 
MEQ (Barrett et al., 2015), the EDI (Nour et al., 2016), the EBI 
(Roseman et al., 2019) and the CEQ (Barrett et al., 2016). Models 
with and without interaction were constructed, and model selec-
tion was then performed using the Akaike information criteria.

Expectation. To evaluate if baseline differences in expecta-
tion impact any discontinuation effect (Aim 4), we ran a linear 
regression using expectation to the efficacy of psilocybin or 
escitalopram to treat depression as target, and discontinuation as 
predictor.

Results

Differences in demographics 

T-test and Chi-square tests were performed on the psilocybin 
condition and escitalopram condition separately. There were 
no significant difference in age (t(57) = −0.403, p = 0.35), sex 
(χ2

(1, N = 59) = 2.6, p = 0.1), ethnicity (χ2
(8, N = 59) = 7.04, p = 0.53) 

or employment status (χ2
(4, N = 59) = 2.8, p = 0.64) between dis-

continuers and unmedicated patients.
Of those who discontinued medication prior to entering the 

trial, 11 patients in the psilocybin group and 9 in the escitalopram 

group were on SSRI/SNRIs (venlafaxine, paroxetine, sertra-
line, duloxetine and citalopram). One patient in the psilocybin 
group and 3 in the escitalopram group were on other psychiat-
ric medications (mirtazapine, pregabalin, bupropion and 
bupropion extended release). Patients who discontinued these 
other psychiatric medications were not included in further 
analyses. All patients completely discontinued medications at 
least 2 weeks before the start of the trial. There was no differ-
ence in the proportion of participants who discontinued in each 
arm (χ2

(1, N = 59) = 4.932, p = 0.1) (Table 1).

Effect of discontinuation on depression 
scores at baseline

Regression modelling on baseline depression scores (i.e. just 
before starting study treatment) with discontinuation as predictor 
revealed a trend towards greater depression scores at baseline in 
those who had discontinued compared to those who had not 
(QIDS-SR16 β = 2.00, 95% CI (−0.18, 4.18); HAMD β = 1.99, 
95% CI (0.50, 3.48); MADRS β = 2.25, 95% CI (−0.24, 4.74); 
BDI β = 3.14, 95% CI (−0.79, 7.06)). Linear mixed modelling 
revealed a significant increase from screening to baseline in 
QIDS-SR16 scores (Screening mean 15.95 (3.44), baseline mean 
16.75 (4.05)) and BDI scores (Screening mean 28.30 (7.34), 
baseline mean 31.10 (4.70)) in those who discontinued compared 
to those who were unmedicated (QIDS-SR16 β = 2.21, 95% CI 
(0.21, 4.23), BDI β = 3.66, 95% CI (0.85, 6.48)), suggesting a 
negative effect on depression severity of discontinuation before 
the start of the trial (Figure 1, Supplemental Table S1). The QIDS 
data also suggest a nominal improvement in symptom severity 
from screening to baseline in the unmedicated.

Effect of discontinuation on response to treatment. For the 
following analyses, models were fit for unmedicated patients and 
discontinuers separately. Full results can be found in Tables S3 
(unmedicated patients) and S4 (discontinuers).

QIDS-SR16

Model comparison for discontinuers revealed no significant dif-

ference between M1 and M2 ( ( ) . , . )χ2 8 7 45 0 489= =p , indicating 
that Treatment did not add significantly to the model (Table S4). 

Table 1. Demographics. For detailed demographics, refer to Carhart-Harris et al. (2021).

Treatment Discontinuers (N = 21) Unmedicated (N = 35)

Psilocybin (N = 11) Escitalopram (N = 9) Psilocybin (N = 18) Escitalopram (N = 17)

N
 Total 11 9 19 19
 Females 2 3 9 6
Age
 M (SD) 46.3 (11.2) 35.3 (7.5) 41.6 (12.0) 41.1 (10.4)
 Range 21–64 22–46 24–61 24–60
Ethnicity
 White N 10 10 18 14
No. of psychiatric medications previously used
 M (SD) 3.1 (.4) 2.3 (0.4) 1.6 (.3) 1.5 (0.4)
 Range 1–6 1–4 0–5 0–5
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Conversely, there was a significant difference between M1 and M2 
for the unmedicated ( ( ) . , . )χ2 8 21 39 0 006= =p  (Table S3). As 
demonstrated in Figure 2, among unmedicated patients there were 

significant interactions between timepoint and condition with the 
psilocybin group, demonstrating greater decreases from baseline 
in QIDS-SR16 compared with the escitalopram group at all 

Figure 1. BDI (right) and QIDS-SR-16 (left) scores at screening and baseline for those who did and did not discontinue SADs separately. QIDS-SR16 
and BDI scores increased from screening to baseline in those who discontinued (Yellow) compared to those who were unmedicated coming into the 
trial (Green).
*Indicates univariate significance p < 0.05.

Figure 2. QIDS-SR16 scores across time for discontinuers and unmedicated patients separately, after removing the effect of individual differences 
as captured by a random intercept in a mixed linear model. Thick lines connect mean values, and boxes show medians, 25 and 75 percentiles. Among 
unmedicated patients, greater decreases from baseline were seen in the psilocybin group compared with the escitalopram group at all timepoints 
except week 2. Among discontinuers, being in different treatment arms did not significantly add to the model.
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timepoints except week 2 (Week 1 β = −3.73, 95% CI (−6.40, 
−1.06); Week 3 β = −3.21, 95% CI (−5.81, −0.61); Week 4 
β = −3.89, 95% CI (−6.56, −1.22); Week 5 β = −4.08, 95% CI 
(−6.73, −1.44); Week 6 β = −3.39, 95% CI (−6.01, −0.76); 
Follow-up β = −3.00 , 95% CI (−5.60, −0.40)). Across the signifi-
cant timepoints, the magnitude of decrease in QIDS-SR16 for the 
psilocybin group (on top of the decrease seen for escitalopram) 
was an additional three to four QIDS-SR16 points, which corre-
sponds to an additional antidepressant effect of 50%–120%.

Additional depression and well-being measures. Similarly  
to what was seen for QIDS-SR-16, for all the additional depres-
sion measures, model comparison for discontinuers revealed  
no significant difference between M1 and M2 (HAM-D: 

χ2 2 1 06 0 589( ) = =. , .p ; MADRS: χ2 2 0 01 0 995( ) = =. , .p ; BDI: 

χ2 4 2 83 0 586( ) = =. , .p ), indicating that being in different treat-
ment arms did not add significantly to the model. In contrast, 

significant differences between M1 and M2 were found for all 
measures for the unmedicated patients on entry (HAM-D: 

χ2 2 36 60 001( ) = <. , .p ; MADRS: χ2 2 26 66 001( ) = <. , .p ; BDI: 
χ2 4 27 14 001( ) = <. , .p ). For all scales, M2 is summarized in Fig-
ure 3 (Tables S2 and S3).

While investigating changes in unmedicated patients, for the 
HAM-D there was a significant negative interaction between 
Timepoint and Treatment, with those in the psilocybin arm show-
ing an additional drop of 9.52 points (323%) compared with the 
drop in escitalopram group (95% CI (−12.43, −6.62)). The 
MADRS showed a similar negative interaction between 
Timepoint and Treatment, with those in the psilocybin arm show-
ing an additional drop of 12.08 (229%) points compared with the 
escitalopram group (95% CI (−16.87, −7.30)). Finally, the BDI 
also showed a negative interaction between Timepoint and 
Treatment, with those in the psilocybin condition showing con-
sistently greater drops in scores from baseline as compared to 

Figure 3. Scores across time for unmedicated on entry and SAD discontinuers for the following scales (from top to bottom): HAM-D, MDRAS, BDI 
and WEMWBS. Thick lines connect mean values, and boxes show medians, 25 and 75 percentiles. For the unmedicated on entry, greater response 
was seen in the psilocybin group compared with escitalopram. For discontinuers, being in different treatment arms did not significantly add to the 
model.
BL: baseline; W2: week 2; W4: week 4; FFU: final follow-up.
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escitalopram (Week 2 β = −9.25, 95% CI (−15.52, −2.99); Week 
4 β = −13.68, 95% CI (−19.94, −7.41); Follow-up β = −9.68, 95% 
CI (−15.94, −3.41)). As seen from BDI scores, the added drop in 
the psilocybin group over and above that seen in escitalopram 
corresponded to an additional antidepressant effect of 
113%–210%.

When considering well-being scores (WEMWBS), model 
comparison for discontinuers revealed no significant difference 
between M1 and M2 ( . , . )χ2 4 1 1 0 894( ) = =p . As with depression 
scores too, there was a significant difference between M1 and 
M2 for the unmedicated on entry ( . , . )χ2 4 33 46 001( ) = <p . M2 
for the unmedicated on entry is summarized in Figure 3 (Tables 
S3 and S4). There was a significant negative interaction 
between Timepoint and Treatment, with those in the psilocybin 
condition showing consistently greater increases in WEMWBS 
from baseline as compared to escitalopram (Week 2 β = 13.58, 
95% CI (7.40, 19.76); Week 4 β = 14.25, 95% CI (7.95, 20.54); 
Follow-up β = 13.42, 95% CI (7.24, 19.60)). The added increase 
in the psilocybin group over and above that seen in escitalo-
pram ranged from 13.4 to 14.2 WEMWBS points – which can-
not be mathematically estimated as a ratio in this case, given 
than at Week 2, there are zero positive changes in WEMWBS in 
the escitalopram arm.

Response to treatment based on discontinuation. Model M3 
(i.e. the full model considering all subjects) was used to assess 
whether discontinuers and unmedicated responded differently 
when looking at the two treatment conditions separately (Table 
S4). A significant negative interaction between Time and Discon-
tinuation was found at all weekly timepoints between weeks 1 
and 6. This demonstrates that, in the escitalopram arm, greater 
decreases in QIDS-SR16 were seen for those who had discontin-
ued, compared to the unmedicated (Week 1 β = −3.64, 95% CI 
(−7.04, −0.24); Week 2 β = −4.20, 95% CI (−7.60, −0.79); Week 
3 β = −5.91, 95% CI (−9.18, −2.63); Week 4 β = −4.19, 95% CI 
(−7.59, −0.79); Week 5 β = −3.70, 95% CI (−7.07, −0.32)). A sig-
nificant positive interaction between Time, Treatment, and Dis-
continuation was also found at all timepoints except week 1. This 
demonstrates that in the psilocybin condition, the anti-depressant 
response was reduced for those who did discontinue compared to 
those who were unmedicated coming into the trial (Week 2 
β = 5.99, 95% CI (1.33, 10.66); Week 3 β = 6.47, 95% CI (1.91, 
11.02); Week 4 β = 6.74, 95% CI (2.09, 11.39); Week 5 β = 8.31, 
95% CI (3.67, 12.94); Week 6 β = 6.31, 95% CI (1.74, 10.89); 
Follow-up β = 4.79, 95% CI (0.23, 9.35)).

Effect of discontinuation on the acute experience. Regres-
sion models on the acute experience revealed that discontinua-
tion was not a significant predictor for any of the acute indices 
measured (MEQ dosing 1: β = 0.04, 95% CI (−0.11, 0.18); MEQ 
dosing 2: β = −0.05, 95% CI (−0.20, 0.10); EDI dosing 1: β = 4.29, 
95% CI (−11.14, 19.70); EDI dosing 2: β =−1.01, 95% CI 
(−17.78, 15.76); EBI dosing 1: β = 10.22, 95% CI (−5.43, 25.87); 
EBI dosing 2: β = 0.23, 95% CI (−17.55, 17.09); CEQ dosing 1: 
β = 0.002, 95% CI (−0.089, 0.093); CEQ dosing 2: β = 0.015, 
95% CI (−0.083, 0.114]). In contrast, condition was a significant 
predictor in all models (MEQ dosing 1: β = 0.47, 95% CI (0.33, 
0.60); MEQ dosing 2: β = 0.39, 95% CI (0.24, 0.53); EDI dosing 
1: β = 34.50, 95% CI (0.24, 0.53); EDI dosing 2: β = 31.13, 95% 
CI (15.47, 46.79); EBI dosing 1: β = 39.49, 95% CI (24.67, 

54.30); EBI dosing 2: β = 42.70, 95% CI (26.38, 59.04); CEQ 
dosing 1: β = 0.153, 95% CI (0.067, 0.239); CEQ dosing 2: 
β = 0.249, 95% CI (0.157, 0.341)). In effect, while the treatment 
always played a significant role in predicting acute measures, 
discontinuation did not. Furthermore, model comparison revealed 
no significant interactions between discontinuation and treatment 
condition (full model summaries are provided for the selected 
models in Supplemental Materials).

Expectation does not explain differences on psilocybin 
arm. Regressions assessing expectation at baseline revealed that 
while there was no statistically significant relationship between 
discontinuation and expectancy to psilocybin (β = 5.14, 95% CI 
(−7.27, 17.54)), there was a trend for patients who discontinued 
SSRI/SNRIs to have higher expectations for escitalopram pre-
trial (β = 10.9, 95% CI (−0.09, 21.88)), as can be seen in Figure 4.

Discussion
Here, we examined how pre-trial discontinuation of selective 
serotonin-reuptake inhibitors or serotonin noradrenaline reup-
take-inhibitors affected outcomes in a 6-week double-bind rand-
omized controlled trial comparing psilocybin with escitalopram 
in patients with longstanding, moderate-to-severe MDD. Our 
results build upon those in the response to a letter-to-the-editor 
by Carhart-Harris et al. (2021) and show that SSRI/SNRI medi-
cation use may have had a substantial effect on response to treat-
ment, even when standard withdrawal procedures prior to study 
commencement are followed. In the present analyses, we found 
that unmedicated patients had a better response to psilocybin 
across multiple measures, unlike those who discontinued SSRI/
SNRIs, who showed no significant difference. A larger analysis 
revealed that discontinuing these medications affected responses 
differently: discontinuers had a lesser response to psilocybin but 
responded better to escitalopram (Supplemental Table 4), sug-
gesting that pre-treatment discontinuation of SSRI/SNRIs has 
contrasting impacts on treatment efficacy based on the type of 
medication administered.

These results provide a more nuanced interpretation of the 
results presented in (Carhart-Harris et al., 2021), which reported 
an absence of evidence for an effect of treatment condition in the 
primary outcome QIDS-SR-16 (despite there being between-
subjects differences in other measures of depression, possibly 
linked to the presence of compound imprecise items in the pri-
mary outcome (Weiss et al., 2023)). The analysis presented in 
this work reveals that this was the case only for discontinuers, 
suggesting that a discontinuation confound may have contrib-
uted to a dampening of true differences between treatment con-
dition – that is, a superior efficacy of psilocybin. That being 
said, it should be emphasized that discontinuers and those 
unmedicated on entry were equally distributed in the two study 
arms, and that the further refinement introduced in the analysis 
presented here does not invalidate the results of Carhart-Harris 
et al. (2021), or the conventions imposed to ensure transparency 
in clinical trials (i.e. pre-registration of primary outcomes). 
Additionally, it must be stressed that the analyses presented here 
were exploratory and performed post hoc in response to pub-
lished comments regarding Carhart-Harris et al. (2021). Despite 
these limitations, they do provide interesting insights into the 
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potential impact of discontinuation that should be considered in 
psychedelic clinical trials moving forward.

There are a few possible pharmacological explanations for the 
observed discontinuation effect. Firstly, chronic treatment with 
SSRI/SNRIs and related medications induce desensitization and 
downregulation of several serotonin receptors to maintain home-
ostasis (Gray and Roth, 2001). Downregulation appears to be a 
relatively stable phenomenon due to the time it takes for new 
receptors to be synthesized (Gray and Roth, 2001), rendering 
downregulation a possible mechanism for the current results. 
Particularly relevant here would be a downregulation of the 
5-HT2A receptor, which is the primary receptor involved in the 
subjective effects of psychedelics (Becker et al., 2022; Kometer 
et al., 2013; Madsen et al., 2019). Previous research has identi-
fied that chronic administration of SSRI/SNRIs downregulates 
5-HT2ARs in both preclinical (Klimek et al., 1994; Kubota et al., 
1989; Wamsley et al., 1987) and clinical studies (Meyer et al., 
2001). However, this has not been found consistently (Moresco 
et al., 2000; Zanardi et al., 2001). Several lines of research have 
highlighted the importance of the acute psychedelic experience 
for therapeutic effects (Roseman et al., 2017; Yaden and Griffiths, 
2021); the intensity of which has been shown to correlate with 
5HT2AR occupancy (Madsen et al., 2019). Thus, one natural 
conjecture is that a downregulation of 5-HT2ARs would cause a 
dampening of the acute effects of psilocybin. However, here, we 
found no effect of discontinuation on measures of the acute expe-
rience (mystical experiences, ego dissolutions, emotional break-
throughs and challenging experiences). This is intriguing as it 
could imply a dissociation between the acute pharmacological 

action of psilocybin (and associated subjective effects) – that is 
not affected by SSRI/SNRI discontinuation and an antidepressant 
response that is affected. Indeed, preclinical work has recently 
hypothesized that such a dissociation between ‘psychedelic’ sub-
jective effects and antidepressant psychological effects is possi-
ble (Cameron et al., 2021). Additionally, recent research showed 
that psychological changes after psilocybin were not paralleled 
by a consistent change in neocortical 5-HT2AR binding induced 
by the treatment (one dose, assessed 1 week later), indicating that 
the relationship between 5-HT2AR downregulation and psilocy-
bin’s effects may be more complex than just receptor treatment-
induced changes in receptor density (Madsen et al., 2020). 
Moreover, given the importance of extra-pharmacological factors 
in shaping the acute experience (Hartogsohn, 2016), the influ-
ence of the therapeutic setting in which all dosing sessions 
occurred for both treatment arms should not be underestimated. 
Such extra-pharmacological modulation is independent of 
5HT2AR downregulation. It is also important that absence of 
evidence is not confused with evidence of absence, and that this 
is explored further in future studies.

Another possible explanation of these results is that the short-
term discontinuation required to enter in the trial disturbed the 
stability previously acquired with medications, generating dis-
continuation symptoms (Horowitz and Taylor, 2019). In support 
of this hypothesis, discontinuers showed an increase in depres-
sive symptoms between trial screening and baseline (i.e. when 
withdrawal was taking place), as well as a trend towards higher 
depression scores at baseline compared with unmedicated 
patients. Tapering or cessation of SSRI/SNRIs is commonly 

Figure 4. Baseline expectations for psilocybin and escitalopram for discontinuers and unmedicated patients separately. Boxes show medians, 25 and 
75 percentiles. There is a trend for patients who discontinued having higher expectations for escitalopram.
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associated with withdrawal symptoms which often resemble 
symptoms of depression or a worsening of depressive symptom 
severity (American Psychiatric Association, 2013). These symp-
toms can be distinguished from a relapse of the original disorder 
by rapidity of onset (Bhat and Kennedy, 2017; Shelton, 2001; 
Warner et al., 2006), the presence of somatic symptoms like nau-
sea, shock-like feelings, dizziness (Black et al., 2000; Warner 
et al., 2006) and rapid response by reintroduction of SSRI/SNRIs 
(Bhat and Kennedy, 2017; Fava et al., 2015; Warner et al., 2006). 
While a minimum of 2 weeks of tapering is commonly consid-
ered sufficient (Cleare et al., 2015; National Institute for Health 
and Care Excellence, 2022), it may not mitigate prolonged symp-
toms (Horowitz and Taylor, 2019; Lerner and Klein, 2019). In 
fact, there is evidence suggesting that linear tapering over this 
period might not have additional benefit compared with abrupt 
discontinuation (Montgomery et al., 2004).

Withdrawal symptoms were not formally assessed over the 
course of the trial. However, some symptoms coded as depres-
sive could have been elevated because in part they were elevated 
by antidepressant discontinuation (Hengartner and Plöderl, 
2021). This may have inflated antidepressant symptomology at 
baseline or inflated the antidepressant action in this subgroup of 
patients. Reintroduction of an SSRI/SNRI after discontinuation 
in the escitalopram group would be predicted to mitigate with-
drawal symptoms, so contributing to the greater response to esci-
talopram in those who discontinued.

There is growing interest in the role of expectation in shaping 
results of clinical trials, and psychedelic trials are no exception 
(Muthukumaraswamy et al., 2021). Even though they had not 
responded adequately, it is conceivable that those taking SSRI/
SNRIs are more likely to hold SSRI/SNRIs in positive regard 
than those had presumably chosen to be unmedicated (despite 
being depressed). It was therefore important to assess whether 
individuals who were on SSRI/SNRIs at the time of the enrol-
ment (and had to discontinue before starting trial treatment) had 
a different, more positive attitude towards conventional antide-
pressant medication, and whether this contributed to the discon-
tinuation effect for the escitalopram arm. While we found no 
significant relationship between discontinuation and expecta-
tions of the efficacy of psilocybin, we found a trend for patients 
who discontinued to have higher expectation for escitalopram. 
This may be amplified by the conflation of withdrawal symptoms 
with depression symptoms discussed above, which may have 
been present for discontinuers when this expectation rating was 
collected. In the present paper, we have only addressed and dis-
cussed the relationship between expectation and discontinuation; 
however, a more focused and detailed analysis and discussion of 
expectancy effects will be presented in an upcoming paper.

Psilocybin is now being investigated for the treatment of 
depression, post-traumatic stress disorder, addiction, anorexia 
nervosa and obsessive-compulsive disorder, conditions that are 
often managed with serotonergic medications (American 
Psychiatric Association, 2010; Davis et al., 2023; Malcolm and 
Lee, 2017; Mithoefer, 2019; Thomas et al., 2017; Veterans 
Affairs Department of Defense, 2017). From a safety point of 
view, there is likely little risk of combining SSRI/SNRIs with 
classic psychedelics like psilocybin, LSD and DMT (although 
this is different for psychedelics containing monoamine oxidase 
inhibitors, like ayahuasca, which can increase the risk of seroto-
nin syndrome (Malcolm and Thomas, 2021)). Nevertheless, 

discontinuation from serotonergic ADs has become convention 
in the field due to both a lack of fully established evidence for 
safety when combining psychedelics with SSRI/SNRIs, and pre-
vious reports that SSRI/SNRIs may reduce the acute effects of 
psychedelics (Bonson et al., 1996; Strassman, 1992), possibly 
reducing their therapeutic efficacy. A recent survey study also 
supported these earlier reports, suggesting that concurrent use of 
SSRI/SNRIs may weaken psilocybin’s effects acutely (Gukasyan 
et al., 2023), despite not investigating the sub-acute antidepres-
sants effects. A recent small open-label trial of psilocybin ther-
apy in 19 MDD patients taking concomitant SSRI therapy 
delved into the matter, finding that concomitant SSRI treatment 
might still lead to significant antidepressant effects after psilo-
cybin, suggesting that discontinuation might not be required 
(Goodwin et al., 2023). Another RCT indicated that an atypi-
cally brief period of just 15 days of pre-treatment with escitalo-
pram had no relevant effect on positive mood effects of 
psilocybin. However, it significantly reduced self-rated ‘bad’ 
drug effects, physiological effects and other subjective effects 
like feelings of ‘ineffability’, ‘any drug effect’, ‘being talkative’ 
and ‘open’ (Becker et al., 2022). However, both these studies 
had small sample sizes, and the sample of the second study con-
sisted of healthy subjects who were pre-treated with escitalo-
pram for just 2 weeks – likely not long enough for long-term 
receptor downregulation effects or other homeostatic changes. 
However, it is known that the team behind this study are cur-
rently undertaking a trial with 6 weeks treatment with serotonin-
ergic antidepressants (personal communication with authors), 
and an increasing number of ongoing psychedelic trials are not 
requiring discontinuation of SSRI/SNRIs prior to study enrol-
ment anymore.

In case future research on concomitant treatment with psilo-
cybin and SSRI/SNRIs reveals an impairment of psilocybin’s 
antidepressant effects, three speculative strategies might be 
adopted. The first involves a cautious tapering process, poten-
tially over longer periods as suggested by (Groot and van Os, 
2018, 2021; Horowitz and Taylor, 2019), or employing partial 
tapering regimens aimed at reducing rather than completely dis-
continuing SSRI/SNRI doses. This could help minimize with-
drawal symptoms and the influence of SSRI/SNRIs on the 
effects of psilocybin. Horowitz and Taylor (2019) note that the 
most substantial withdrawal symptoms occur during the final 
phase of tapering – from low doses to full discontinuation. 
However, this approach may prolong the treatment gap, increas-
ing the risk of disease severity before psychedelic treatment. The 
second strategy would be to administer higher doses of psyche-
delics to patients currently on SSRI/SNRI treatment. This 
approach has not been formally researched, but a case report 
indicated that increasing the psilocybin dose could enable expe-
riences akin to those with standard doses in non-SSRI/SNRI 
users (Strassman, 1992). Given that chronic antidepressant use 
may lead to 5-HT2A receptor downregulation and desensitiza-
tion (Van Oekelen et al., 2003) and considering that psychedelic 
experience intensity correlates with 5-HT2A receptor occupancy 
(Madsen et al., 2019), investigating increased psychedelic doses 
in SSRI/SNRI-treated patients could be a promising research 
avenue. However, it is crucial to consider the potential for a ceil-
ing effect in 5-HT2A receptor occupancy. It is important to note 
that these strategies are not mutually exclusive, and each pre-
sents a viable avenue for further investigation. Future research 
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could explore these strategies to ascertain the most effective 
approach for enhancing psilocybin therapy outcomes.

Lastly, some caution in combining psilocybin with classic 
SSRI/SNRIs should be mentioned in cases of QTc prolongation, 
which can be sometimes associated with cardiac arrhythmia 
(Khatib et al., 2021). High doses of psilocybin could indeed lead 
to transient QTc increases up to 10 ms (Dahmane et al., 2021), 
and most common SSRI/SNRIs used at clinical doses are also 
associated with QTc prolongation (Beach et al., 2014). However, 
more research in controlled settings with chronic antidepressant 
users is required to better understand the interaction between 
SSRI/SNRIs and psychedelics before conclusions can be drawn.

Limitations

There are several limitations that should be considered in inter-
preting these results. First is the small and unequal sample sizes 
and the exploratory, post hoc, opportunistic nature of the analy-
ses. As such, these results should not be taken as confirmatory – 
rather, they may be used to inform hypothesis testing in well 
controlled future studies. Aside from there being a 2-week wash-
out period at the end of tapering, the length of each medication 
taper was not collected during the trial and formal assessments of 
withdrawal symptoms were not performed, so it was not possible 
to include this information in our analyses. The samples that dis-
continued or were unmedicated at the start of the trial might have 
differed in other fundamental ways. For example, discontinuers 
may represent a more treatment-resistant form of MDD, given 
that they were already treated with an antidepressant medication 
and sought to be enrolled in a clinical trial focused on a different 
treatment. There is also the possibility that the unmedicated were 
unmedicated because they had negative expectations for SSRI/
SNRIs – causing them to be primed for a negative response to 
escitalopram if they were allocated to that arm. Accordingly, 
demographic information suggests that the number of psychiatric 
medications previously used was higher in discontinuers than in 
the unmedicated. The discontinuation group also discontinued 
other psychiatric medications at the start of the study (see 
(Carhart-Harris et al., 2021) for a complete list of these medica-
tions), and this could have impacted outcomes. Finally, it is 
important to note that both treatment groups benefited from 
extensive psychological support, with an approach inspired by 
the Acceptance and Commitment Therapy model (Watts, 2021). 
The therapeutic effects derived from the support cannot thus be 
separated from the effects of the drugs in any of the trial arms, 
and likely acted synergistically to enhance both psilocybin’s and 
escitalopram’s effects.

Conclusion
The current results suggest that patients with recent discontinua-
tion of SSRI/SNRIs may be less responsive to treatment with 
psilocybin. If tapering is decided prior to psychedelic interven-
tion, a more cautious approach could involve longer tapering 
periods (e.g. hyperbolic (Groot and van Os, 2018, 2021; Horowitz 
and Taylor, 2019)) and/or regimens with partial tapering focused 
on lowering doses instead of total discontinuation might be 
required. More confirmatory research as well as careful clinical 
consideration before deciding whether to discontinue SSRI/

SNRIs is thus needed to inform future medical use. Lastly, we are 
mindful that a need for SSRI/SNRI discontinuation could impact 
on the potential future roll-out of psilocybin-therapy given that 
SSRI/SNRIs are the most common class of drugs prescribed for 
MDD, and patients tend to stay on these medications for long 
periods of time (Luo et al., 2020). A requirement for SSRI/SNRI 
discontinuation would be an inconvenience for this roll-out. 
Much more work is required to better understand if this is a nec-
essary inconvenience or not.
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Mr. James Close, Dr. Leor Roseman, Ms. Hilary Platt, Mr. Gregory 
Donaldson and Dr. Chris Timmermann for their voluntary assistant guide 
roles; Dr. Louise Paterson and Dr. Robin Tyacke for their assistance with 
randomisation, blinding and drug accountability; Ms. Ghazel Mukhtar 
for her assistance with administrative tasks; and Dr. Tim Read for his 
clinical supervision and guidance.

Declaration of conflicting interests
The author(s) declared the following potential conflicts of interest with 
respect to the research, authorship and/or publication of this article: RCH 
is a scientific advisor to Usona Institute, Journey Collab’, Osmind, Maya 
Health, Beckley Psytech, Anuma, MindState, Entheos Labs. DE is a paid 
advisor for Aya Biosciences, Clerkenwell Health, Lophora Aps and 
Mindstate Design Lab. DJN has received consulting fees from Algernon 
and H. Lundbeck and Beckley Psytech, advisory board fees from 
COMPASS Pathways and lecture fees from Takeda and Otsuka and 
Janssen plus owns stock in Alcarelle, Awakn and Psyched Wellness. TB 
has received consulting fees from Adamo Biosciences. None of the other 
authors reported conflicts of interest.

Funding
The author(s) disclosed receipt of the following financial support for the 
research, authorship and/or publication of this article: The study was sup-
ported by a private donation from the Alexander Mosley Charitable Trust 
and by the founding partners of Imperial College London’s Centre for 
Psychedelic Research. Infrastructure support was provided by the NIHR 
Imperial Biomedical Research Centre and the NIHR Imperial Clinical 
Research Facility.

ORCID iDs
David Erritzoe  https://orcid.org/0000-0002-7022-6211

Tommaso Barba  https://orcid.org/0000-0003-2565-4628

Robin Carhart-Harris  https://orcid.org/0000-0002-6062-7150

Supplemental material
Supplemental material for this article is available online.

Note
1. Carhart-Harris et al. (2021) report significant differences 

between-treatment conditions for all secondary measures.

References
American Psychiatric Association. (2013). Diagnostic and Statistical 

Manual of Mental Disorders (5th ed.). Washington, DC: American 
Psychiatric Association.

https://orcid.org/0000-0002-7022-6211
https://orcid.org/0000-0003-2565-4628
https://orcid.org/0000-0002-6062-7150


Erritzoe et al. 469

Barba T, Buehler S, Kettner H, et al. (2022). Effects of psilocybin versus 
escitalopram on rumination and thought suppression in depression. 
BJPsych Open 8: e163.

Barrett FS, Bradstreet MP, Leoutsakos JS, et al. (2016) The Challeng-
ing Experience Questionnaire: Characterization of challenging 
experiences with psilocybin mushrooms. J Psychopharmacol 30: 
1279–1295.

Barrett FS, Johnson MW and Griffiths RR (2015) Validation of the 
revised Mystical Experience Questionnaire in experimental sessions 
with psilocybin. J Psychopharmacol 29: 1182–1190.

Bates D, Mächler M, Bolker B, et al. (2015) Fitting linear mixed-effects 
models using lme4. J Stat Softw 67: 1–48.

Beach SR, Kostis WJ, Celano CM, et al. (2014) Meta-analysis of selec-
tive serotonin reuptake inhibitor-associated QTc prolongation. J Clin 
Psychiatry 75: 11731.

Beck AT, Steer RA, Ball R, et al. (1996) Comparison of beck depression 
inventories -IA and -II in psychiatric outpatients. J Pers Assess 67: 
588–597.

Becker AM, Holze F, Grandinetti T, et al. (2022) Acute effects of psilo-
cybin after escitalopram or placebo pretreatment in a randomized, 
double-blind, placebo-controlled, crossover study in healthy sub-
jects. Clin Pharmacol Ther 111: 886–895.

Becker AM, Klaiber A, Holze F, et al. (2022). Ketanserin reverses the 
acute response to LSD in a randomized, double-blind, placebo-con-
trolled, crossover study in healthy subjects. Int J Neuropsychophar-
macol 26: 97–106.

Bhat V and Kennedy SH (2017) Recognition and management of anti-
depressant discontinuation syndrome. J Psychiatry Neurosci 42: 
E7–E8.

Black K, Shea C, Dursun S, et al. (2000) Selective serotonin reuptake 
inhibitor discontinuation syndrome: Proposed diagnostic criteria. J 
Psychiatry Neurosci 25: 255–261.

Bonson KR, Buckholtz JW and Murphy DL (1996) Chronic administra-
tion of serotonergic antidepressants attenuates the subjective effects 
of LSD in humans. Neuropsychopharmacology 14: 425–436.

Bromet E, Andrade LH, Hwang I, et al. (2011). Cross-national epidemi-
ology of DSM-IV major depressive episode. BMC Med 9: 90.

Brysbaert M and Stevens M (2018) Power analysis and effect size in 
mixed effects models: A utorial. J Cogn 1: 9.

Cameron LP, Tombari RJ, Lu J, et al. (2021). A non-hallucinogenic psy-
chedelic analogue with therapeutic potential. Nature 589: 474–479.

Carhart-Harris R, Giribaldi B, Watts R, et al. (2021). Trial of psilocybin 
versus escitalopram for depression. N Engl J Med 384: 1402–1411.

Carhart-Harris RL, Bolstridge M, Rucker J, et al. (2016) Psilocybin with 
psychological support for treatment-resistant depression: An open-
label feasibility study. Lancet Psychiatry 3: 619–627.

Carhart-Harris RL, Chandaria S, Erritzoe DE, et al. (2023). Canaliza-
tion and plasticity in psychopathology. Neuropharmacology 226: 
109398.

Carhart-Harris RL and Friston KJ (2019) REBUS and the anarchic brain: 
Toward a unified model of the brain action of psychedelics. Pharma-
col Rev 71: 316–344.

Carhart-Harris RL and Nutt DJ (2017) Serotonin and brain function: A 
tale of two receptors. J Psychopharmacol 31: 1091–1120.

Cipriani A, Furukawa TA, Salanti G, et al. (2018) Comparative efficacy 
and acceptability of 21 antidepressant drugs for the acute treatment 
of adults with major depressive disorder: A systematic review and 
network meta-analysis. Lancet 391: 1357–1366.

Cipriani A, Santilli C, Furukawa TA, et al. (2009). Escitalopram versus 
other antidepressive agents for depression. Cochrane Database Syst 
Rev(2), Cd006532.

Cleare A, Pariante CM, Young AH, et al. (2015). Evidence-based 
guidelines for treating depressive disorders with antidepressants: A 
revision of the 2008 British Association for Psychopharmacology 
guidelines. J Psychopharmacol 29: 459–525.

Cumming G, Fidler F, Kalinowski P, et al. (2012) The statistical recom-
mendations of the American psychological association publication 
manual: Effect sizes, confidence intervals, and meta-analysis. Aust 
J Psychol 64: 138–146.

Dahmane E, Hutson PR and Gobburu JV (2021) Exposure-response 
analysis to assess the concentration-QTc relationship of psilocybin/
psilocin. Clin Pharmacol Drug Develop 10: 78–85.

Davis AK, Barrett FS, May DG, et al. (2021). Effects of psilocybin-
assisted therapy on major depressive disorder: A randomized clinical 
trial. JAMA Psychiatry 78: 481–489.

Davis AK, Levin AW, Nagib PB, et al. (2023) Study protocol of an open-
label proof-of-concept trial examining the safety and clinical effi-
cacy of psilocybin-assisted therapy for veterans with PTSD. BMJ 
Open 13: e068884.

Fava GA, Gatti A, Belaise C, et al. (2015) Withdrawal symptoms after 
selective serotonin reuptake inhibitor discontinuation: A systematic 
review. Psychother Psychosom 84: 72–81.

Feduccia AA, Jerome L, Mithoefer MC, et al. (2021) Discontinuation 
of medications classified as reuptake inhibitors affects treatment 
response of MDMA-assisted psychotherapy. Psychopharmacology 
(Berl) 238: 581–588.

Friedrich MJ (2017) Depression is the leading cause of disability around 
the world. JAMA 317: 1517–1517.

Goodwin GM, Croal M, Feifel D, et al. (2023) Psilocybin for treatment 
resistant depression in patients taking a concomitant SSRI medica-
tion. Neuropsychopharmacology 48: 1492–1499.

Gray JA and Roth BL (2001) Paradoxical trafficking and regulation of 
5-HT(2A) receptors by agonists and antagonists. Brain Res Bull 56: 
441–451.

Groot PC and van Os J (2018) Antidepressant tapering strips to help peo-
ple come off medication more safely. Psychosis 10: 142–145.

Groot PC and van Os J (2021) Successful use of tapering strips for hyper-
bolic reduction of antidepressant dose: a cohort study. Ther Adv Psy-
chopharmacol 11: 20451253211039327.

Gukasyan N, Davis AK, Barrett FS, et al. (2022) Efficacy and safety 
of psilocybin-assisted treatment for major depressive disorder: Pro-
spective 12-month follow-up. J Psychopharmacol 36: 151–158.

Gukasyan N, Griffiths RR, Yaden DB, et al. (2023) Attenuation of psilo-
cybin mushroom effects during and after SSRI/SNRI antidepressant 
use. J Psychopharmacol 37: 707–716.

Hamilton M (1960) A rating scale for depression. J Neurol Neurosurg 
Psychiatry 23: 56–62.

Hartogsohn I (2016) Set and setting, psychedelics and the placebo 
response: An extra-pharmacological perspective on psychopharma-
cology. J Psychopharmacol 30: 1259–1267.

Hengartner MP and Plöderl M (2021) Prophylactic effects or withdrawal 
reactions? An analysis of time-to-event data from antidepressant 
relapse prevention trials submitted to the FDA. Ther Adv Psycho-
pharmacol 11: 20451253211032051.

Horowitz MA and Taylor D (2019) Tapering of SSRI treatment to miti-
gate withdrawal symptoms. Lancet Psychiatry 6: 538–546.

James SL, Abate D, Abate KH, et al. (2018). Global, regional, and 
national incidence, prevalence, and years lived with disability for 
354 diseases and injuries for 195 countries and territories, 1990–
2017: A systematic analysis for the Global Burden of Disease Study 
2017. Lancet 392: 1789–1858.

Kaertner LS, Steinborn MB, Kettner H, et al. (2021) Positive expecta-
tions predict improved mental-health outcomes linked to psychedelic 
microdosing. Sci Rep 11: 1941.

Khatib R, Sabir FRN, Omari C, et al. (2021) Managing drug-induced QT 
prolongation in clinical practice. Postgrad Med J 97: 452–458.

Klimek V, Zak-Knapik J and Mackowiak M (1994) Effects of repeated 
treatment with fluoxetine and citalopram, 5-HT uptake inhibitors, on 
5-HT1A and 5-HT2 receptors in the rat brain. J Psychiatry Neurosci 
19: 63–67.



470 Journal of Psychopharmacology 38(5)

Kometer M, Schmidt A, Jäncke L, et al. (2013). Activation of serotonin 
2A receptors underlies the psilocybin-induced effects on α oscilla-
tions, N170 visual-evoked potentials, and visual hallucinations. J 
Neurosci 33: 10544–10551.

Kubota M, Ueno K, Yamano M, et al. (1989) [Changes in 5-HT2 receptor 
density induced by repeated treatment with 5-HT uptake inhibitor or 
5-HT agonist]. Yakubutsu Seishin Kodo 9: 289–292.

Lerner A and Klein M (2019) Dependence, withdrawal and rebound of 
CNS drugs: An update and regulatory considerations for new drugs 
development. Brain Commun 1: fcz025.

Li G, Taljaard M, Van den Heuvel ER, et al. (2017). An introduction to 
multiplicity issues in clinical trials: The what, why, when and how. 
Int J Epidemiol 46: 746–755.

Luo Y, Kataoka Y, Ostinelli EG, et al. (2020). National prescription pat-
terns of antidepressants in the treatment of adults with major depres-
sion in the US between 1996 and 2015: A population representative 
survey based analysis. Front Psychiatry 11: 35.

Madsen MK, Fisher PM, Burmester D, et al. (2019) Psychedelic effects 
of psilocybin correlate with serotonin 2A receptor occupancy and 
plasma psilocin levels. Neuropsychopharmacology 44: 1328–1334.

Madsen MK, Fisher PM, Stenbæk DS, et al. (2020) A single psilocybin 
dose is associated with long-term increased mindfulness, preceded 
by a proportional change in neocortical 5-HT2A receptor binding. 
Eur Neuropsychopharmacol 33: 71–80.

Malcolm B and Thomas K (2021) Serotonin toxicity of serotonergic psy-
chedelics. Psychopharmacology (Berl) 239: 1881–1891.

Meyer JH, Kapur S, Eisfeld B, et al. (2001). The effect of paroxetine on 
5-HT(2A) receptors in depression: An [(18)F]setoperone PET imag-
ing study. Am J Psychiatry 158: 78–85.

Montgomery SA and Asberg M (1979) A new depression scale designed 
to be sensitive to change. Br J Psychiatry 134: 382–389.

Montgomery SA, Kennedy SH, Burrows GD, et al. (2004). Absence 
of discontinuation symptoms with agomelatine and occurrence of 
discontinuation symptoms with paroxetine: A randomized, double-
blind, placebo-controlled discontinuation study. Int Clin Psycho-
pharmacol 19: 271–280.

Moresco RM, Colombo C, Fazio F, et al. (2000). Effects of fluvox-
amine treatment on the in vivo binding of [F-18]FESP in drug naive 
depressed patients: A PET study. Neuroimage 12: 452–465.

Murphy R, Kettner H, Zeifman R, et al. (2021) Therapeutic alliance and 
rapport modulate responses to psilocybin assisted therapy for depres-
sion. Front Pharmacol 12: 788155.

Muthukumaraswamy SD, Forsyth A and Lumley T (2021) Blinding and 
expectancy confounds in psychedelic randomized controlled trials. 
Expert Rev Clin Pharmacol 14: 1133–1152.

National Institute for Health and Care Excellence. (2022, June 29). 
Depression in adults: treatment and management (NICE Guideline 
No. NG222). https://www.nice.org.uk/ng222

Nour MM, Evans L, Nutt D, et al. (2016). Ego-dissolution and psychedel-
ics: Validation of the ego-dissolution inventory (EDI). Front Hum 
Neurosci 10: 269.

Otte C, Gold SM, Penninx BW, et al. (2016) Major depressive disorder. 
Nat Rev Dis Primers 2: 16065.

Peill JM, Trinci KE, Kettner H, et al. (2022) Validation of the psycho-
logical insight scale: A new scale to assess psychological insight 
following a psychedelic experience. J Psychopharmacol 36: 31–45.

Roseman L, Haijen E, Idialu-Ikato K, et al. (2019) Emotional break-
through and psychedelics: Validation of the emotional breakthrough 
inventory. J Psychopharmacol 33: 1076–1087.

Roseman L, Nutt DJ and Carhart-Harris RL (2017) Quality of acute psy-
chedelic experience predicts therapeutic efficacy of psilocybin for 
treatment-resistant depression. Front Pharmacol 8: 974.

Ross S, Bossis A, Guss J, et al. (2016) Rapid and sustained symptom 
reduction following psilocybin treatment for anxiety and depression 
in patients with life-threatening cancer: A randomized controlled 
trial. J Psychopharmacol 30: 1165–1180.

Rush AJ, Trivedi MH, Ibrahim HM, et al. (2003) The 16-Item Quick 
Inventory of Depressive Symptomatology (QIDS), clinician rating 
(QIDS-C), and self-report (QIDS-SR): A psychometric evaluation in 
patients with chronic major depression. Biol Psychiatry 54: 573–583.

Shelton RC (2001) Steps following attainment of remission: Discontinu-
ation of antidepressant therapy. Prim Care Companion J Clin Psy-
chiatry 3: 168–174.

Strassman RJ (1992) Human hallucinogen interactions with drugs affect-
ing serotonergic neurotransmission. Neuropsychopharmacology 7: 
241–243.

Tennant R, Hiller L, Fishwick R, et al. (2007). The Warwick-Edinburgh 
Mental Well-being Scale (WEMWBS): Development and UK vali-
dation. Health Qual Life Outcomes 5: 63.

Van Oekelen D, Luyten WH and Leysen JE (2003) 5-HT2A and 5-HT2C 
receptors and their atypical regulation properties. Life Sci 72:  
2429–2449.

Wamsley JK, Byerley WF, McCabe RT, et al. (1987) Receptor altera-
tions associated with serotonergic agents: An autoradiographic anal-
ysis. J Clin Psychiatry 48: 19–25.

Warner CH, Bobo W, Warner C, et al. (2006) Antidepressant discontinu-
ation syndrome. Am Fam Physician 74: 449–456.

Watts R (2021) Psilocybin for depression: The ACE model manual. 
Psyarxiv PREPRINT. DOI: 10.31234/osf.io/5x2bu.

Weiss B, Erritzoe D, Giribaldi B, et al. (2023) A critical evaluation of 
QIDS-SR-16 using data from a trial of psilocybin therapy versus esci-
talopram treatment for depression. J Psychopharmacol 37: 717–732.

Westfall J, Kenny DA and Judd CM (2014) Statistical power and optimal 
design in experiments in which samples of participants respond to 
samples of stimuli. J Exp Psychol Gen 143: 2020–2045.

Yaden DB and Griffiths RR (2021) The subjective effects of psychedel-
ics are necessary for their enduring therapeutic effects. ACS Pharma-
col Transl Sci 4: 568–572.

Zanardi R, Artigas F, Moresco R, et al. (2001) Increased 5-hydroxytryp-
tamine-2 receptor binding in the frontal cortex of depressed patients 
responding to paroxetine treatment: A positron emission tomography 
scan study. J Clin Psychopharmacol 21: 53–58.

https://www.nice.org.uk/ng222



