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Background
The rate at which psychosis drugs can be reduced in dose
remains unclear. Anecdotal reports exist of people experiencing
worsening of mental state before their next dose of long-acting
injectable antipsychotic. No research has previously explored
this phenomenon, but understanding this may advise on the rate
of receptor occupancy change that provokes the emergence of
psychotic symptoms.

Aims
Exploring the relationship between psychotic symptoms and
variations in plasma concentration (and calculated receptor
occupancy) of long-acting injectable antipsychotics.

Method
This longitudinal study monitored mental state variation within
dosing cycles of people taking depot flupentixol and zuclopen-
thixol. The Positive and Negative Syndrome Scale (PANSS)
monitored global mental state changes, and was stratified into
domains according to a five-factor model. Plasma assays at
maximal and minimal concentrations allowed prediction of
striatal D2 occupancy from published data. We examined
correlations between receptor occupancy and the emergence of
psychotic symptoms.

Results
Preliminary results from ten participants with psychotic
disorders suggest that global mental state deterioration may

correlate with increased rate of D2 occupancy reduction.
Increased rate of D2 occupancy reduction led to deterioration
in ‘positive’ (r= 0.637 [CI: 0.013, 0.904], P= 0.047) and
‘resistance’ (r= 0.726 [CI: 0.177, 0.930], P= 0.018) PANSS
clinical domains at minimal concentrations. PANSS
score differences were not related to absolute reduction in
D2 occupancy.

Conclusions
Our novel observational study design has been demonstrated
to be feasible and practicable. Faster reductions in D2

occupancy may increase the risk of increased positive
psychotic symptoms and irritability. Slower reductions may
minimise this effect. Further recruitment is required before this
can be confirmed.
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Medications known as ‘antipsychotics’ can be effective in treating
acute psychotic illnesses.1,2 However, these often result in
debilitating3,4 and dose-dependent5,6 side-effects that can affect a
person’s quality of life.7 Establishing the optimal dose for such
medications, and whether the medication is still warranted, is
therefore essential for clinicians.

Long-acting injectable antipsychotics

Long-acting injectable antipsychotics (LIAs), also known as ‘depots’,
have prolonged elimination half-lives8,9 which result in less rapid
disruption of neuroreceptor activity, including at dopamine D2

receptors. It has previously been postulated that this prolonged
action can sometimes allow LIAs to be stopped abruptly because the
medication would ‘self-taper’. However, in silico modelling has
suggested that the peak rate of D2 receptor occupancy change
(RODOC) resulting from abrupt cessation of LIAs may still be
excessively rapid, thus increasing the risk of symptomatic relapse.10,11

Inter-dose variation

Drug concentrations of LIAs fluctuate by up to fourfold between
injections.8 It has been anecdotally reported that some people

develop increased psychotic symptoms as they approach the due
date for their next dose of LIA. This is presumably consistent with
an inter-dose withdrawal effect, as observed with significant
reductions or abrupt discontinuation of antipsychotics.12 We are
not aware of any formal investigation of inter-dose withdrawal for
LIAs documented in the academic literature.

Interpersonal variation

Different LIAs have varying half-lives due to varying mechanisms
of action, metabolism and elimination.13 In addition, interpersonal
metabolism of psychosis drugs varies substantially.9 Exploring the
effects of variation in drug concentration, and subsequently
RODOC, therefore provides a natural experiment allowing
examination of the relationship between RODOC and mental
state changes. This may shed light on a rate of dose reduction for
psychosis drugs that does not provoke worsening of mental state
and is therefore tolerated by patients.14

Hypothesis

We hypothesise that faster RODOC during the inter-dose
interval10,11 (produced by LIAs at lower doses or with shorter
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elimination half-lives) would lead to more prominent changes in
mental state than slower RODOC (produced by LIAs with longer
half-lives or prescribed at higher doses).10,11

Aims

We aimed to assess whether, and when, symptoms of antipsychotic
withdrawal (manifesting as worsened mental state) emerge during
the interval between administrations of LIAs. Our secondary aim
was to determine the acceptable and tolerable rate of change in drug
concentration and D2 occupancy for patients prescribed LIAs.

Method

Design

The ‘Monitoring the Inter-Dose Interval of Long-acting Injectable
Antipsychotics’ (MIDILIA) study was a longitudinal observational
study that monitored mental state and plasma concentrations (with
extrapolation to receptor occupancy) at different points during a
participant’s LIA dosing cycle. No interventional changes to a
participant’s existing treatment were made during the study.

Schedule of events

Two sampling sessions took place with each participant, occurring
as close as possible to the anticipated points of maximal and
minimal drug concentration8,9 during the same inter-dose interval.
At each session, a Positive and Negative Syndrome Scale (PANSS)
semi-structured interview15 was completed and a serum drug assay
obtained from each participant. Plasma drug concentrations were
used to account for interpersonal differences in metabolism, and
subsequently to predict the expected striatal D2 occupancy4,16 at
each interview.

Setting

Sampling sessions were completed in either an in- or out-patient
setting depending on current clinical status, but the setting was kept
as consistent as possible across both sessions to reduce confounding
factors. This included time of day, day of the week, environment
and any other personnel (e.g. staff, family or friends) present at each
meeting, in addition to the participant and researcher.

Ethical approval

The authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national and
institutional committees on human experimentation, and with the
Helsinki Declaration of 1975 as revised in 2013. All procedures
involving human participants were approved by the Health
Research Authority of England and Wales (Research Ethics
Committee, ref. 23/SC/0156). This granted ethical approval for
the research team to recruit participants from a single National
Health Service (NHS) mental health trust receiving either LIA
zuclopenthixol or flupentixol.

Inclusion and exclusion criteria

MIDILIA recruited adults (18–80 years) who had received at least
five consecutive LIA administrations of a consistent drug, dose and
dosing interval. The study excluded anyone with significant hepatic
or renal impairment, anyone on concurrent oral antipsychotic
medication and anyone deemed not yet to have reached a steady-
state plasma concentration of their LIA medication (i.e. had
received fewer than five consistent administrations of their current
drug and dose).

Recruitment

Participants were identified using existing clinical networks within
an NHS mental health trust, with the direct clinical team referring
potential participants to the MIDILIA research team. All
participants were deemed able to give capacitous informed consent
to participate within the study, and written consent was obtained
from all participants.

Timing of sessions

Expected timings for maximal drug concentrations were deter-
mined by derived tmax values from existing pharmacokinetic
literature8,9 for individual drugs. Both flupentixol and zuclopen-
thixol decanoate reach maximal concentrations between 4 and
7 days after injection. The sampling session relating to minimal
drug concentration took place within 24 h of the following LIA
administration being due.

Assessment of mental state

Participant mental state at each sampling session was assessed
through the completion of PANSS interviews15 with participants at
each session. PANSS has been validated and is widely used in
mental health research as a tool to assess the symptom severity of
psychosis.17 Global PANSS scores were used to account for the
broad and wide-ranging syndrome by which antipsychotic
withdrawal may manifest.18 However, stratification of PANSS
domains as separate outcome variables was also undertaken using
the five-factor model of PANSS.19 These comprised positive
symptoms, negative symptoms, cognitive disorganisation, affective
domains and resistance domains. The resistance domain comprised
rater scores for hostility, impulse control, excitement and
uncooperativeness.19

Two researchers (J.R.O. and C.W.) were involved in conducting
PANSS interviews with participants. An interrater reliability check
was conducted of global PANSS scoring using three video case
examples prior to commencing the study. The intra-class coefficient
(ICC)20 demonstrated reliability between the two raters to be
moderate to good (ICC= 0.691, 95% CI [0.551, 0.786]).

Drug concentration analysis

All participants provided at least one, but preferably two, blood
samples during their inter-dose interval for determination of
individualised drug concentrations. Samples were obtained through
venepuncture and mixed with ethylenediaminetetraacetic acid
(EDTA), before being sent immediately for centrifugation, which
occurred within 24 h. Plasma was harvested and samples were then
frozen until time of analysis, which was within 3 months for
zuclopenthixol21,22 and within 12 months for flupentixol,23 based
on previously published stability data. Analysis was performed by
liquid chromatography with mass spectrometric detection, using
certified reference materials from two independent sources to
prepare a calibration curve (ranging from 1 to 1000 μg/L) and
further, two quality controls within the calibration range.
Acceptance criteria were ±15% deviation from the nominal
concentrations for calibrators and ±20% for quality controls.
Samples were analysed in duplicate, one ‘neat’ and one sample
diluted (1 + 9, v/v). In the event of disagreement, the sample was
reanalysed for confirmation.

Calculation of anticipated striatal D2 occupancy

Clinical effects of antipsychotics on dopamine D2 receptors in the
brain have been studied most extensively in the striatum,24 which is
thought to be of central importance to psychotic phenomena.
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The Michaelis–Menten equation, used to calculate receptor
occupancy from a given drug concentration, is:

O � Vmax ×
C

�C � EC50�
where O is occupancy, C is concentration, Vmax is maximal potential
receptor occupancy and EC50 is the concentration resulting in half of
maximal potential receptor occupancy. Individual Michaelis–Menten
equations for each drug were derived from existing positron emission
tomography scan literature.4,16 These were used to anticipate striatal
D2 occupancy from drug concentrations at each research session;Vmax

for both flupentixol and zuclopenthixol was assumed to be 100%. The
EC50 values used were 0.680 μg/L for flupentixol16 and 1.158 μg/L for
zuclopenthixol.4

Variables

RODOC (percentage points per 30 days) was used as the main
predictor variable, while total PANSS score difference between
sessions (points at minimal concentration minus those at maximal)
was used as the outcome variable. Other predictor variables were
separately analysed throughout this study, including absolute
difference in D2 occupancy during the inter-dose interval
(percentage points), predicted D2 receptor occupancy at minimal
concentration (%) and the duration between sampling sessions
(days). Potential confounding variables of age, gender, ethnicity
and individual drug were analysed to observe any notable trends
within the overall sample, with the aim of controlling to allow
examination of the central relationship between RODOC and
mental state. Statistical analysis was performed using Stata software
(version 18 for Windows; StataCorp LLC, Texas, USA; www.stata.
com). We report effect sizes along with 95% confidence intervals,
and set the statistical significance level to 0.05.

Results

Recruitment and feasibility

Ten participants were recruited and completed both sampling
sessions within the pilot phase of MIDILIA. This represented a
recruitment rate of 23.8% from an eligible population of 42 people
within the single mental health trust. Figure 1 portrays a flowchart
representing the feasibility of recruitment and participation during
this study.

Demographics

Table 1 shows the demographics of our recruited sample. The mean
per-weekly dosage of flupentixol LIA in our sample was 43 mg/
week (range 5–150 mg/week), whereas the mean per-weekly dosage
of zuclopenthixol was 319 mg/week (range 175–600 mg/week).
Mean maximal and minimal plasma concentrations for flupentixol
were 5.8 and 3.4 μg/L, respectively, while mean maximal and
minimal plasma concentrations for zuclopenthixol were 79.0 and
32.6 μg/L, respectively.

Mental state differences between maximal and
minimal concentration

Global PANSS scores at maximal and minimal drug concentrations
were compared and analysed through within-subject t-tests. There
was no overall significant difference in global mental state between
maximal and minimal plasma concentrations during the inter-dose
interval. The mean difference between sessions was a mildly
increased total PANSS score of 1.3 points at minimal concentration
compared with maximal (95% CI [−3.130, 5.730], P= 0.524).

However, a positive trend was observed between RODOC and
total PANSS score difference between sampling sessions; more
rapid RODOC resulted in increased PANSS scores at minimal drug
concentrations; this is demonstrated in Fig. 2.

The effect of RODOC on inter-dose interval mental state
change was assessed using simple linear regression, to test whether
RODOC was able to predict differences in total PANSS score. The
fitted regression model used to predict the difference in total
PANSS score at minimal concentration compared with maximal
concentration (Y) was:

Y � 0:166 × RODOC � 2:788

However, analysis demonstrated this regression to be non-
significant (R2= 0.376, P= 0.059); 95% confidence intervals for
the regression coefficient were [−0.008 to 0.340].

In addition, RODOC was categorised into ‘fast’ (>10
percentage point change in D2 occupancy per 30 days) and ‘slow’
(<10 percentage point change in D2 occupancy per 30 days)
groups. A between-subjects t-test was applied to compare

16 expressed interest (38.1% of initial population)

42 eligible

12 consented to participation (28.6% of initial population)

10 completed research (23.8% of initial population)

1 lost to follow-up
1 refused after consenting stage

1 refused at consenting stage
3 unable to contact for consenting

10 unable to be contacted

16 unwilling to participate

Fig. 1 Flowchartdemonstratingrecruitmentandparticipationduring
the MIDILIA pilot.

Table 1 Demographics of recruited sample

Demographics Overall sample

Gender, n (%)
Male 8 (80)
Female 2 (20)

Age, years, mean (s.d.) 42.5 (10.3)
Ethnicity, n (%)

White British 7 (70)
Black African 3 (30)

LIA drug, n (%)
Flupentixol decanoate 6 (60)
Zuclopenthixol decanoate 4 (40)

Setting, n (%)
Out-patient 5 (50)
In-patient, rehabilitation ward 3 (30)
In-patient, assessment and treatment ward 2 (20)

LIA inter-dose interval, days, n (%)
7 1 (10)
14 3 (30)
21 4 (40)
28 2 (20)

PANSS score, median (IQR), points
Maximal drug concentration 56 (46–68)
Minimal drug concentration 56 (47–70)

LIA, long-acting injectable antipsychotic; PANSS, Positive and Negative Syndrome Scale;
IQR, interquartile interval.
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differences in outcome variable between the two groupings of
RODOC. The fast group demonstrated higher scores at minimal
concentrations by 4 points (95% CI [−1.010, 9.010]), whereas the
slow group had a lower total PANSS score at minimal concen-
trations by 2.75 points (95% CI [−12.920, 7.421]). The difference
between fast and slow groups did not reach statistical significance
(95% CI [−1.348, 14.848], P= 0.091).

Exploration of other potential predictor variables

Univariate regression analysis found all potential predictor
variables outlined in our methodology to be non-significant in
predicting differences in total PANSS score between sessions
(Table 2).

Differences between domains on PANSS

Serial univariate regression analysis was also used to compare the
role of RODOC as a predictor variable on each of the individual
PANSS domains outlined in the five-factor19 reclassification.

This was utilised to demonstrate whether antipsychotic withdrawal
was more prevalent in any specific domain. RODOC significantly
predicted increases in scores under the ‘positive’ and ‘resistance’
domains of PANSS as participants approached their minimal drug
concentration. There was no significant association between
RODOC and the three other PANSS domains. This is further
presented in Table 3 and Fig. 3, below.

Alternative predictor variables to RODOC

Further univariate regression analysis25 was used to compare the
relationship between total PANSS difference between maximal and
minimal concentrations with other potential predictor variables
listed inMethod, above. Total D2 occupancy change during the inter-
dose interval also significantly predicted differences in resistance
PANSS scores (R2= 0.445, P= 0.035), but did not predict differ-
ences in positive PANSS scores (R2= 0.249, P= 0.142). D2

occupancy at minimal drug concentration did not significantly
predict differences in PANSS scores for either positive (R2= 0.101,
P= 0.370) or resistance domains (R2= 0.264, P= 0.129).
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Fig. 2 Graph depicting relationship between rate of D2 occupancy change and difference in total Positive and Negative Syndrome Scale (PANSS)
score between sessions. Difference in PANSS score is calculated by that at the time of minimal drug concentration (tmin) subtracted from that at
the time of maximal drug concentration (tmax).

Table 2 Results of univariate regression sensitivity analyses outlining
how various independent variables predicted differences in total
Positive and Negative Syndrome Scale score between minimal and
maximal drug concentrations

Predictor variable R2
Regression

coefficient [95% CI] P-value

Rate of D2 occupancy
change

0.376 0.166 [−0.008, 0.340] 0.059

Total change in D2

occupancy (percentage
points)

0.248 0.24 [−0.101, 0.580] 0.143

Minimal D2 occupancy (%) 0.198 −0.106 [−0.281, 0.068] 0.198
Time between sessions, days 0.095 0.323 [−0.490, 1.136] 0.387

Table 3 Results of univariate regression analyses of how D2 receptor
occupancy change predicted differences in each of the five domains19

on the Positive and Negative Syndrome Scale (PANSS) interview
between minimal and maximal drug concentrations

PANSS domain R2 Regression coefficient [95% CI] P-value

Total 0.378 0.166 [−0.008, 0.340] 0.059
Positive 0.406 0.034 [0.001, 0.068] 0.047*
Negative 0.001 −0.006 [−0.146, 0.135] 0.928
Disorganisation 0.122 0.037 [−0.044, 0.119] 0.322
Affective 0.144 0.038 [−0.037, 0.113] 0.279
Resistance 0.527 0.062 [0.014, 0.111] 0.018*

*Statistical significance with an α-value of 0.05.
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Controlling for confounding variables

Potential confounding variables of gender, ethnicity and LIA drug
were planned to be analysed through between-subject analysis of
variance, with difference in total PANSS score as the outcome
variable. However, because only two groups were recruited within
each variable, statistical analysis was modified to a between-subject
t-test. The potential for age as a confounding variable was explored
by comparison with difference in total PANSS score through simple
linear regression. No trends in total PANSS score differences were
observed between difference in age (R2= 0.006, P= 0.835), groups
of different gender (P= 0.363), drug type (P= 0.486) or
ethnicity (P= 0.193).

Discussion

Our preliminary results suggest that the rate of D2 occupancy
change (RODOC) may be able to predict deterioration in mental
state with regard to positive symptoms of psychosis – for example,
delusional thoughts and hallucinations (positive PANSS sub-
scale19), as well as scores on hostility, uncooperativeness, impulse
control and excitement (resistance PANSS subscale19). This could
have implications for dose reduction in clinical practice, and may
guide clinicians on the early warning signs that may emerge during
a tapering regimen to suggest that dose reduction is progressing too
rapidly. However, the small sample recruited to date through this
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Fig. 3 Graphs depicting relationship between rate of D2 occupancy change and difference in Positive and Negative Syndrome Scale (PANSS)
score between sessions, relating to (a) positive domain and (b) resistance domain. Difference in PANSS score is calculated by that at the time of
minimal drug concentration (tmin) subtracted from that at the time of maximal drug concentration (tmax).
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pilot study means that these results must be replicated before final
conclusions can be made and clinical guidance amended.

Differences in mental state within the inter-dose
interval

Overall, mental state did not significantly fluctuate between
administrations of LIA. This may depend, rather, upon the rate
at which occupancy of dopamine receptors changes during the
inter-dose interval. At low doses and drug concentrations, more
pronounced changes in mental state appeared to have taken place
during the inter-dose interval, in line with anticipated receptor
occupancy changes being of a greater magnitude.

At higher antipsychotic doses and drug concentrations,
dopamine receptors are often excessively saturated to the point
that large reductions in plasma concentration may not lead to a
correspondingly large reduction in receptor occupancy.16,26 We
found that, for higher doses of LIA (and therefore predicted
oversaturation of D2 receptors), mental state was observed to be
worse at peak concentrations compared with that at trough
concentrations. In other words, participant mental state improved
as drug concentration reduced when high doses were used and
oversaturation of receptors alleviated. The converse was seen at
lower doses of LIA. Five participants in our study had predicted D2

occupancies at both maximal and minimal concentration exceeding
95%. The average difference in total PANSS score within this
subsample was a reduction of 2 points at minimal concentration
compared with maximal. This is in line with previous findings of
worse patient outcomes from exceeding ∼80% D2 occupancy.4,5,27

Dose reductions for LIAs

Determination of how to prevent the occurrence of symptoms of
antipsychotic withdrawal is crucial to devising tolerable tapering
regimens to reduce drug dosage. If psychotic symptoms provoked
as a result of withdrawal represent a major limitation to dose
reduction, it is envisaged that limiting RODOC to a tolerable degree
will improve the successful achievement of dose reductions and,
potentially in some cases, full discontinuation of psychosis drugs.

Proportionate dose reductions have proven successful in
randomised controlled trials for antipsychotics,28 benzodiaze-
pines29 and opioids.30 Hyperbolic tapering has also been observed
to be successful for people taking antidepressants.31,32 However,
implementing dose reduction regimens that accommodate linear
reductions in receptor occupancy is challenging in regard to LIAs,
given their infrequent dosing and fluctuance in drug concentration
during inter-dose intervals. Previous in silico modelling by some of
this study’s authors has recommended that a switch to oral
medication may be required at some stage during a reduction in
LIA dose.10,11 However, empirical evidence is currently lacking in
terms of the specific point during a taper that this should take place.

Evidence for a minimally effective D2 occupancy for
antipsychotic efficacy

The intention of multiple univariate linear regression analyses
through MIDILIA was to establish whether RODOC is in fact the
optimal predictor variable in anticipating potential deterioration in
mental state. An alternative consideration was whether a minimally
effective and therapeutic D2 occupancy existed, and whether
reduction below this would result in the emergence of symptoms of
psychosis. The latter has often been referenced with respect to an
‘optimal D2 receptor range’ being between 65 and 80%.27,33

From our preliminary results, we found no evidence that
reduction in antipsychotic drug plasma concentrations below that
expected to correspond with a D2 occupancy of 65% resulted in

increased deterioration in mental state. Rather, it appears that faster
RODOCmore closely predicted the emergence of both positive and
resistance symptoms on PANSS interviews. More rapid RODOC is
observed at lower doses of psychosis drugs, which may explain why
this concept of a minimally effective receptor occupancy has been
postulated. This will be an area of further focus as we expand the
study with a larger sample.

Strengths and limitations

The methodology of MIDILIA has proven to be a practicable and
feasible approach to observing how people tolerate variation in drug
concentration during the inter-dose interval of LIAs. Our
recruitment rate and feasibility calculations suggest that our
preliminary findings can be confirmed through modest expansion
of our geographical catchment and the inclusion of other psychosis
drugs in our recruitment strategy.

Observational studies are often subject to greater influence
from confounding variables when compared with controlled
interventional trials. Therefore, the former are often considered
to carry less evidential weight in terms of academic literature.34

However, MIDILIA capitalises on an opportunity to explore the
naturalistic variation of psychosis drugs, providing novel and
informative findings without altering clinical practice.

Previous antipsychotic discontinuation trials have found
increased rates of relapse with reduced dosage in the short term,35

thus leading to a reduction in some clinicians’ confidence in
considering and recommending dose reduction to their patients.
Observational studies will therefore play an important role before
further dose reduction trials can, and should, be conducted. This is
certainly the case for MIDILIA, whereby the required rate for
reduction in terms of D2 receptor reduction can be assessed before
testing through a clinical trial.

MIDILIA did not incorporate researcher blinding in terms of
when sampling sessions took place during the inter-dose interval.
This could be considered a limitation in terms of distinguishing
mental state between maximal and minimal concentrations, and
could be addressed in a replicated study with greater resources
provided to facilitate this. However, the main predictor variable
during the study was RODOC between the two examination points.
Both researcher and participant remained blinded with regard to
group assignment at the point of the research being conducted, due
to the nature of each participant’s plasma concentration not being
known until after interviews had been conducted. This is due to
individual metabolism and pharmacokinetic factors not being
known until serum assay results had been obtained. As an example
of the degree to which these factors can effect drug concentration,
flupentixol has been found to have a sixfold variation in plasma
concentration for the same dose.9 This highlights the considerable
differences that may occur between different participants, and
which would be detected only once serum assays had been analysed.

Due to the design of MIDILIA observing participants only
during their inter-dose interval, the longer-term effects and
successes of reducing the dose of antipsychotic, further than
minimal plasma concentrations observed during the study, cannot
be determined. Therefore, conclusions relating to this cannot be
made on the basis of this study design alone, and will be determined
only through future interventional work. Previous discontinuation
trials have reported poorer patient outcomes in the short term as a
result of rapid and linear dose reductions.35 However, longer-term
studies of psychosis drug dose reductions have demonstrated
improved outcomes.36 It is important that observational work such
as MIDILIA is first conducted to elucidate the required rate at
which any proposed interventional dose reduction should occur, to
avoid adverse outcomes from tapering in the short term.
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Finally, it is noted that there was a lack of even representation of
participants across gender and ethnicity within our study. Our
sample predominantly recruitedWhite British males and, while this
may be explained in part by the higher incidence of schizophrenia
among males,37 psychotic disorders are reported to be considerably
more prevalent within ethnic minority groups.38 The disparity
between the epidemiology of psychosis and our sample is one that
we aim to address as we expand our recruitment through sampling
frames and more targeted recruitment. However, preliminary
results suggest that difference in gender or ethnicity would not
affect the relationship between RODOC and mental state changes.

Implications for further research and clinical practice

We are planning to continue with the MIDILIA study over the
coming years through expansion of our inclusion criteria, both
geographically to incorporate other NHS mental health trusts as
well as recruiting participants taking other LIAs of haloperidol,39

risperidone and paliperidone.16,40 The methodology employed has,
to date, proven to be pragmatic and feasible, and we hope to
demonstrate statistically significant results that support our
preliminary indicative findings.

An equality sample size calculation, with a significance level of
5% and power set at 80%, was used to determine the sample size
required to achieve a statistically significant finding regarding the
relationship between RODOC and global mental state changes.
This utilised the differences between the groups of either fast or
slow RODOC, as described in the Method section above. Sample
size calculation indicated the required sample size to be 28
participants. Using the recruitment rate of 23.8% from this pilot, it
is envisaged that a total population of 118 people would need to be
approached in order to recruit our required sample.

The aim for clinicians treating psychosis should be to establish
optimised dosing for LIAs (i.e. as low a dose as possible) that would
result in an unchanged mental state throughout the inter-dose
interval, and between minimal and maximal drug concentrations.
Our preliminary results suggest that an approximate 15 percentage
point change in striatal D2 occupancy per 30 days did not lead to
any changes in mental state during the inter-dose interval of LIAs.
Whether this rate of change would be tolerable if continued
throughout a taper to full discontinuation remains unclear, due to
the short-term nature of this study.

MIDILIA was an observational study, and therefore could
analyse only existing clinical practice. However, findings from this
may be used alongside reanalysis of existing trial data28,35 to
compare successes between different tapering regimens employed
in interventional trials. Once there is further clarity around the
required tolerable rate of antipsychotic reduction from observa-
tional study, further interventional research will be required to test
dose reductions of LIAs in a hyperbolic manner.

In conclusion, MIDILIA has demonstrated its practicability and
feasibility through a successful pilot phase. Preliminary findings
suggest that changes in mental state may be more likely to manifest
as a faster rate of D2 receptor occupancy change, particularly with
respect to positive symptoms of psychosis, as well as hostility,
impulse control, excitement and co-cooperativeness.19 However,
further recruitment is required before statistical and clinical
significance can be achieved.

James R. O’Neill , MBChB, School of Medicine, University of Leeds, UK; Leeds and
York Partnership NHS Foundation Trust, Leeds, UK; and South West Yorkshire
Partnership NHS Foundation Trust, Wakefield, UK; Christopher Wilson, MBChB, Leeds
and York Partnership NHS Foundation Trust, Leeds, UK; Mark A. Horowitz, PhD,
Institute of Psychiatry, Psychology & Neuroscience, King’s College London, UK; and
North East London Foundation Trust, London, UK; Samantha L. McLean, PhD, School
of Pharmacy and Medical Sciences, University of Bradford, UK; and Wolfson Centre for
Applied Health Research, Bradford, UK; Muhammad Faisal, PhD, Wolfson Centre for

Applied Health Research, Bradford, UK; Faculty of Health Studies, University of Bradford,
UK; and NIHR Yorkshire & Humber Patient Safety Research Collaboration (PSRC),
Bradford, UK; Michael Dixon, BPharm, Leeds and York Partnership NHS Foundation
Trust, Leeds, UK; Lewis Couchman, PhD, Analytical, Environmental and Forensic
Sciences, King’s College, London, UK; and Analytical Services International, London, UK;
Katie Lawlor, MSc, Analytical, Environmental and Forensic Sciences, King’s College,
London, UK; and Analytical Services International, London, UK; George Crowther ,
PhD, Leeds and York Partnership NHS Foundation Trust, Leeds, UK

Correspondence: James R. O’Neill. Email: j.r.oneill@leeds.ac.uk

First received 16 Apr 2025, final revision 27 Jun 2025, accepted 23 Jul 2025

Supplementary material

The supplementary material is available online at https://doi.org/10.1192/bjo.2025.10831

Data availability

The data that support the findings of this study are available from the corresponding author,
J.R.O., upon reasonable request.

Acknowledgements

The authors thank all clinicians at Leeds and York Partnership National Health Service (NHS)
Foundation Trust who supported recruitment to the pilot phase of MIDILIA. We also thank
Alastair Cardno for his contribution to the manuscript, in terms of peer review feedback.
Finally, we formally thank the Research and Development team at Leeds and York Partnership
NHS Foundation Trust, specifically Sinead Audsley and Zara Brining, who greatly supported the
research team in the facilitation and administration of MIDILIA.

Author contributions

J.R.O.: conceptualisation, design, data acquisition, data interpretation and writing (original
draft). C.W.: data acquisition and writing (review and critical appraisal). M.A.H.: conceptualisa-
tion, design and writing (review and critical appraisal). S.L.M.: conceptualisation and writing
(review and critical appraisal). M.F.: conceptualisation, design, data interpretation and writing
(review and critical appraisal). M.D.: conceptualisation and writing (review and critical
appraisal). L.C.: data analysis and writing (review and critical appraisal). K.L.: data analysis and
writing (review and critical appraisal). G.C.: conceptualisation, supervision and writing (review
and critical appraisal).

Funding

This work was supported by funding through Leeds and York Partnership NHS Foundation
Trust, and by the Max Hamilton Fund available through the University of Leeds.

Declaration of interest

J.R.O. is a member of the Tapering Antipsychotics and Evaluating Recovery (TAPER) group,
comprising international psychiatric researchers. M.A.H. is a co-applicant on the RELEASE and
RELEASE+ trials in Australia, funded by the Medical Research Future Fund and the National
Health and Medical Research Council, evaluating hyperbolic tapering of antidepressants
against care as usual. M.A.H. reports being a co-founder of, and consultant to, Outro Health,
a digital clinic that provides support for patients in the USA to help stop antidepressant
treatment no longer needed using gradual, hyperbolic tapering. M.A.H. receives royalties for
the Maudsley Deprescribing Guidelines. L.C. and K.L. are employees of Analytical Services
International Limited, a bioanalysis and toxicology laboratory that provides analytical services,
including therapeutic drug monitoring of psychotropic drugs. C.W., S.L.M., M.F., M.D. and
G.C. have no conflicts of interest to declare.

Transparency declaration

J.R.O., as the lead author and manuscript guarantor, affirms that the manuscript is an honest,
accurate and transparent account of the study being reported. No important aspects of the
study have been omitted, and any discrepancies from the study as planned have been
explained.

References

1 Haddad PM, Correll CU. The acute efficacy of antipsychotics in schizophrenia:
a review of recent meta-analyses. Ther Adv Psychopharmacol 2018; 8:
303–18.

2 Tiihonen J, Mittendorfer-Rutz E, Majak M, Mehtala J, Hoti F, Jedenius E, et al.
Real-world effectiveness of antipsychotic treatments in a nationwide
cohort of 29823 patients with schizophrenia. JAMA Psychiatry 2017; 74:
686–93.

3 Girardin F, Gex-Fabry M, Berney P, Shah D, Gaspoz JM. Drug-induced long QT
in adult psychiatric inpatients: the 5-year cross-sectional ECG Screening
Outcome in Psychiatry study. Am J Psychiatry 2013; 170: 1468–76.

Findings from the MIDILIA pilot study

7
https://doi.org/10.1192/bjo.2025.10831 Published online by Cambridge University Press

https://orcid.org/0000-0001-8664-8825
https://orcid.org/0000-0002-5102-4593
mailto:j.r.oneill@leeds.ac.uk
https://doi.org/10.1192/bjo.2025.10831
https://doi.org/10.1192/bjo.2025.10831


4 Nyberg S, Farde L, Bartfai A, Halldin C. Central D2 receptor occupancy and
effects of zuclopenthixol acetate in humans. Int Clin Psychopharmacol 1995;
10: 221–7.

5 Siafis S, Wu H, Dongfang W, Burschinski A, Nomura N, Takeuchi H, et al.
Antipsychotic dose, dopamine D2 receptor occupancy and extrapyramidal
side-effects: a systematic review and dose-response meta-analysis. Mol
Psychiatry 2023; 28: 3267–77.

6 Wu H, Siafis S, Hamza T, Schneider-Thoma J, Davis J, Salanti G, et al.
Antipsychotic-induced weight gain: dose-response meta-analysis of random-
ized controlled trials. Schizophr Bull 2022; 48: 643–54.

7 Bobes J, Garcia-Portilla MP, Bascaran MT, Saiz PA, Bouzoño M. Quality of life in
schizophrenic patients. Dialog Clin Neurosci 2007; 9: 215–26.

8 Viala A, Ba B, Durand A, Gouezo F, Hou N, Jorgensen A. Comparative study of
the pharmacokinetics of zuclopenthixol decanoate and fluphenazine
decanoate. Psychopharmacology 1988; 94: 293–7.

9 Bailey L, Taylor D. Estimating the optimal dose of flupentixol decanoate in
the maintenance treatment of schizophrenia – a systematic review of the
literature. Psychopharmacology 2019; 236: 3081–92.

10 O’Neill JR, Taylor DM, Horowitz MA. Implementing gradual, hyperbolic tapering
of long-acting injectable antipsychotics by prolonging the inter-dose interval:
an in silico modelling study. Ther Adv Psychopharmacol 2023; 13:
20451253231198463.

11 O’Neill JR, Taylor DM, Horowitz MA. Using in silico methods to determine
optimal tapering regimens for decanoate-based long-acting injectable
psychosis drugs. Ther Adv Psychopharmacol 2024; 14: 204512532
41272790.

12 Brandt L, Bschor T, Henssler J, Müller M, Hasan A, Heinz A, et al. Antipsychotic
withdrawal symptoms: a systematic review and meta-analysis. Front
Psychiatry 2020; 11: 569912.

13 Taylor D. Psychopharmacology and adverse effects of antipsychotic long-
acting injections: a review. Br J Psychiatry 2009; 195: S13–9

14 O’Neill JR, Crowther GJE, Cardno AG. Monitoring of inter-dose intervals for
long-acting injectable antipsychotics: a proposed protocol for the MIDILIA trial.
BJPsych Open 2023; 9: S65.

15 Kay SR, Opler LA, Lindenmayer JP. Reliability and validity of the Positive and
Negative Syndrome Scale for schizophrenics. Psychiatry Res 1988; 23:
99–110.

16 Reimold M, Solbach C, Noda S, Schaefer J, Bartels M, Beneke M, et al.
Occupancy of dopamine D1, D2, and serotonin 2A receptors in schizophrenic
patients treated with flupenthixol in comparison with risperidone and
haloperidol. Psychopharmacology 2007; 190: 241–9.

17 Edgar CJ, Blaettler T, Bugarski-Kirola D, Le Scouiller S, Garibaldi GM, Marder SR.
Reliability, validity and ability to detect change of the PANSS negative
symptom factor score in outpatients with schizophrenia on select anti-
psychotics and with prominent negative or disorganized thought symptoms.
Psychiatry Res 2014; 218: 219–24.

18 Taylor D, Barnes T, Young A. The Maudsley Prescribing Guidelines in
Psychiatry 14th ed. Wiley Blackwell, 2021.

19 Shafer A, Dazzi F. Meta-analysis of the positive and Negative Syndrome Scale
(PANSS) factor structure. J Psychiatr Res 2019; 115: 113–20.

20 Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation
coefficients for reliability research. J Chiropract Med 2016; 15: 155–63.

21 Reed GA. Stability of drugs, drug candidates, and metabolites in blood and
plasma. Curr Protoc Pharmacol 2016; 75: 7.6.1–12.

22 Cuhadar S, Koseoglu M, Atay A, Dirican A. The effect of storage time and
freeze-thaw cycles on the stability of serum samples. Biochem Med 2013; 23:
70–7.

23 Baselt RC. Disposition of Toxic Drugs and Chemicals in Man 12th ed.
Biomedical Publications, 2020.

24 Agid O, Mamo D, Ginovart N, Vitcu I, Wilson AA, Zipursky RB, et al. Striatal Vs
extrastriatal dopamine D2 receptors in antipsychotic response—a double-
blind PET study in schizophrenia. Neuropsychopharmacology 2007; 32:
1209–15.

25 Huberty CJ, Morris JD. Multivariate analysis versus multiple univariate
analyses. Psychol Bull 1989; 105: 302–8.

26 Lako I, van den Heuvel E, Knegtering H, Bruggeman R, Taxis K. Estimating
dopamine D2 receptor occupancy for doses of 8 antipsychotics. J Clin
Psychopharmacol 2013; 33: 675–81.

27 Pani L, Pira L, Marchese G. Antipsychotic efficacy: relationship to optimal D2 –

receptor occupancy. Eur Psychiatr 2007; 22: 267–75.

28 Liu CC, Hsieh MH, Chien YL, Liu CM, Lin YT, Hwang TJ, et al. Guided
antipsychotic reduction to reach minimum effective dose (GARMED) in
patients with remitted psychosis: a 2-year randomized controlled trial with a
naturalistic cohort. Psychol Med 2023; 53: 7078–86.

29 Voshaar RCO, Gorgels WJMJ, Mol AJJ, Van Balkom AJLM, Van De Lisdonk EH,
Breteler MHM, et al. Tapering off long-term benzodiazepine use with or
without group cognitive-behavioural therapy: three-condition, randomised
controlled trial. Br J Psychiatry 2003; 182: 498–504.

30 De Kleijn L, Pedersen JR, Rijkels-Otters H, Chiarotto A, Koes B. Opioid reduction
for patients with chronic pain in primary care: systematic review. Br J Gen
Pract 2022; 72: e293–300.

31 Groot PC, Van Os J. Antidepressant tapering strips to help people come off
medication more safely. Psychosis 2018; 10: 142–5.

32 Horowitz M, Taylor D. The Maudsley Deprescribing Guidelines in Psychiatry:
Antidepressants, Benzodiazepines, Gabapentinoids and z-Drugs. Wiley-
Blackwell, 2024.

33 Lindauer A, Snoeck E, Laveille C, Ayani I, De Monasterioguren LOD, Almendros
M, et al. Exposure-efficacy analysis and dopamine D2 receptor occupancy in
adults with schizophrenia after treatment with the monthly intramuscular
injectable Risperidone ISM. J Clin Pharmacol 2025; 65: 350–60.

34 Burns PB, Rohrich RJ, Chung KC. The levels of evidence and their role in
evidence-based medicine. Plast Reconstructr Surg 2011; 128: 305–10.

35 Moncrieff J, Crellin N, Stansfeld J, Cooper R, Marston L, Freemantle N, et al.
Antipsychotic dose reduction and discontinuation versus maintenance
treatment in people with schizophrenia and other recurrent psychotic
disorders in England (the RADAR trial): an open, parallel-group, randomised
controlled trial. Lancet Psychiatry 2023; 10: 848–59.

36 Wunderink L, Nieboer RM, Wiersma D, Sytema S, Nienhuis FJ. Recovery in
remitted first-episode psychosis at 7 years of follow-up of an early dose
reduction/discontinuation or maintenance treatment strategy: long-term
follow-up of a 2-year randomized clinical trial. JAMA Psychiatry 2013; 70:
913–20

37 Ochoa S, Usall J, Cobo J, Labad X, Kulkarni J. Gender differences in
schizophrenia and first-episode psychosis: a comprehensive literature review.
Schizophr Res Treatm 2012; 2012: 916198.

38 Jongsma HE, Karlsen S, Kirkbride JB, Jones PB. Understanding the excess
psychosis risk in ethnic minorities: the impact of structure and identity. Soc
Psychiatry Psychiatr Epidemiol 2021; 56: 1913–21.

39 van Weringh G, Komen BJ, Thieme RE, van der Hoeven RTM, Vos T.
Comparative bioavailability study of two haloperidol decanoate containing
products. Pharm World Sci 1994; 16: 243–7.

40 Ravenstijn P, Remmerie B, Savitz A, Samtani MN, Nuamah I, Chang CT, et al.
Pharmacokinetics, safety, and tolerability of paliperidone palmitate 3-month
formulation in patients with schizophrenia: a phase-1, single-dose, rando-
mised, open-label study. J Clin Pharmacol 2016; 56: 330–9.

O’Neill et al

8
https://doi.org/10.1192/bjo.2025.10831 Published online by Cambridge University Press

https://doi.org/10.1192/bjo.2025.10831

	Correlations between receptor occupancy change and mental state in patients using long-acting injectable antipsychotics: MIDILIA pilot study
	Outline placeholder
	Long-acting injectable antipsychotics
	Inter-dose variation
	Interpersonal variation
	Hypothesis
	Aims

	Method
	Design
	Schedule of events
	Setting
	Ethical approval
	Inclusion and exclusion criteria
	Recruitment
	Timing of sessions
	Assessment of mental state
	Drug concentration analysis
	Calculation of anticipated striatal D2 occupancy
	Variables

	Results
	Recruitment and feasibility
	Demographics
	Mental state differences between maximal and minimal concentration
	Exploration of other potential predictor variables
	Differences between domains on PANSS
	Alternative predictor variables to RODOC
	Controlling for confounding variables

	Discussion
	Differences in mental state within the inter-dose interval
	Dose reductions for LIAs
	Evidence for a minimally effective D2 occupancy for antipsychotic efficacy
	Strengths and limitations
	Implications for further research and clinical practice

	Supplementary material
	Data availability
	Acknowledgements
	Author contributions
	Funding
	Declaration of interest
	Transparency declaration
	References


