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Background: Antipsychotics are recommended for pre-
vention of relapse in schizophrenia. It is unclear whether
increased risk of relapse following antipsychotic discontin-
uation is predominantly associated with an absolute mag-
nitude of dose reduction or rate of antipsychotic reduction.
Establishing the responsible mechanism is important be-
cause prolonged withdrawal schedules have been suggested
to reduce risk of relapse. Study Design: Individual pa-
tient data from antipsychotic discontinuation studies were
obtained. We estimated the occupancy of receptors over
time using half-lives and median effective dose ED, values
obtained from pharmacokinetic and receptor occupancy
studies. Hazard ratios for relapse events were calculated
using Cox proportional hazards models to assess the influ-
ence of formulation (oral, 1-monthly, and 3-monthly injec-
tions). The change in hazard ratio over time was estimated,
and the effect of time-varying covariates was calculated, in-
cluding rate of occupancy reduction and absolute receptor
occupancy. Study Results: Five studies including 1388 par-
ticipants with schizophrenia were identified (k = 2: oral,
k =2: 1-monthly injection, k =1: 3-monthly injection).
Withdrawal of long-acting injectable medication did not
lead to a lower hazard ratio compared with withdrawal of
oral medication, and this included the period immediately
following randomization. Hazard ratios were not associ-
ated with the rate of decline of receptor occupancy; how-
ever, they were associated with reduced absolute occupancy
in trials of long-acting injections (P = .038). Conclusions:
Antipsychotic discontinuation is associated with an in-
creased risk of psychotic relapse, related to receptor oc-
cupancy. Although relapse does not appear to be related to
the rate of discontinuation, gradual discontinuation strat-
egies may allow for easier antipsychotic reinstatement in
case of symptomatic worsening.
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Introduction

Schizophrenia is a relapsing remitting disorder with re-
lapse rates acknowledged to be as high as 85% in co-
horts pre-dating the modern psychopharmacology era.!
Relapses after the initial episode are associated with
functional deterioration, suicidal behavior, and increased
costs.>* Schizophrenia is associated with increased stri-
atal dopamine signaling and dopamine antagonism is the
mainstay of its pharmacological treatment.>¢ The value
of dopamine antagonists in preventing relapse in schiz-
ophrenia is one of their most well-established benefits.”’
Antipsychotic treatment is, however, associated with sig-
nificant side effects and, as a result, both patients and
clinicians may wish to consider dose reduction or dis-
continuation when symptoms have been stable for a sus-
tained period.!!2

Antipsychotic discontinuation is strongly associated
with an increased risk of relapse.®!*!* Several studies have
suggested that, although antipsychotic dosage can be
reduced in those with stable symptoms, risk of relapse
increases when dosages fall below the recommended treat-
ment range.'>!® These findings are consistent with a model
in which a minimal threshold of dopamine receptor occu-
pancy is required to reduce the risk of relapse.!’

In addition, some authors have argued that not only a
minimal threshold of consistent dopamine receptor oc-
cupancy, but also rapid changes in occupancy may be a
key factor in determining the risk of relapse, with abrupt
cessation more likely to precipitate relapse than a gradual
discontinuation.'>!® Recent recommendations regarding
medication reduction have suggested a prolonged
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“hyperbolic” strategy in which the magnitude of dose re-
duction decelerates over time may be particularly effec-
tive in ameliorating the risk of relapse.'” This approach
suggests that reducing the rate of antipsychotic discon-
tinuation may reduce the risk of relapse. This, however,
remains controversial, since meta-analytic data converge
in not finding large differences in relapse risk after dis-
continuation between abrupt and progressive tapers.'>!"°

Thus, although the data are quite compelling in
indicating that relapse risk is mediated by pharmaco-
dynamic factors, and ultimately related to dopamine
receptor occupancy, the details about the specific role
of absolute occupancy and rate of antipsychotic reduc-
tion are not yet well understood. Providing clarity on
this could have important implications both for our un-
derstanding of the pathoetiology of relapse and for de-
signing discontinuation schemes.

We aim to examine the role of absolute reductions in
receptor occupancy and rate of receptor occupancy by
analyzing individual-level data from relapse prevention
trials of three antipsychotic formulations with widely
varying half-lives. If the rate of withdrawal is an im-
portant factor in determining relapse, then relapse risk
should be greater during rapid reductions in receptor
occupancy. If, however, it is primarily the absolute level
of occupancy that is the causal factor, then relapse risk
should not differ significantly between formulations, and
should relate to occupancy.

Methods

Data Extraction

We searched the Yale University Open Data Access
(YODA) database® to identify relapse prevention trials
of antipsychotic medications in individuals aged 18-65
with schizophrenia or schizoaffective disorder. We in-
cluded double-blind, placebo-controlled randomized
controlled trials in which individuals were treated with
antipsychotics for over 3 months and clinically stabilized
prior to randomization to placebo or continued active
treatment. We identified five trials that compared oral,
I-monthly injectable, and 3-monthly injectable formula-
tions of paliperidone to placebo. For each individual, we
calculated the time to psychosis relapse (defined as per
original study criteria) or censoring.

Receptor Occupancy

In all trials, the initial stabilization period involved opti-
mizing dosing to maximize efficacy and tolerability. For the
main analysis, we therefore assumed that individuals had
a trough D2 receptor occupancy level (ie, the occupancy
level at the point of randomization) of 80%, given that this
is considered to be a level at which efficacy is maximized
without inducing severe extra pyramidal side effects.?' %
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This occupancy level of 80% was then converted to
a trough paliperidone plasma level based on a striatal
median effective dose (ED,)) of 2.38 mg/day.** The peak
plasma level was then calculated based on the trough
level, the time to peak level (5 days for 1-monthly
and 28 days for 3-monthly injections),>>* and the
dosing interval (30 days for 1-monthly and 90 days for
3-monthly), see Supplementary File for full details of
calculation. We did not investigate the role of receptor
occupancies in studies using oral medication as occu-
pancy reaches 0% too rapidly to allow for time-varying
analyses.”’

Plasma levels were assumed to rise linearly following
injection until reaching the peak at which point we cal-
culated a first-order decay until the next dosing (with
a half-life of 37 days for 1-monthly and 111.5 days for
3-monthly injections).?*? For individuals randomized to
placebo, a first-order decay was assumed to occur from
the trough level at the point of randomization.

The estimated plasma levels were translated to esti-
mated receptor occupancy levels according to the E_
equation of the form:

X

Receptor occupancy = maximal occupancy x dose/(dose + EDsp)

The value of ED,  was taken as 2.38 mg/day with maximal
occupancy at 100% based on the findings from receptor
occupancy studies.?* The resulting occupancy levels are il-
lustrated in figure 1, for the active treatment arm receptor
occupancies range between 80% and 86% for 1-monthly
injections, and 80% and 85% for 3-monthly injections.

We also performed sensitivity analyses for all subse-
quent analyses in which the trough occupancy level was
assumed to be 75% or 85%.

Statistical Analysis

We performed five analyses. First, we assessed whether
relapse hazard ratios differed across trials between
paliperidone formulations, that is, whether formulations
with longer half-lives were more protective against re-
lapse than those with shorter half-lives. Second, we as-
sessed whether hazard ratios differed within trials over
time, that is, whether hazard ratios were greatest near
the study start (which might be expected if sudden with-
drawal increases risk of relapse) or increased with time
(which might be expected if duration of time without re-
ceptor blockade is a risk factor for relapse). Third, we
investigated within trials whether periods during which
the rate of decline of receptor occupancy was greater
were associated with increased hazard ratios. Fourth, we
investigated whether within trials the absolute value of
receptor occupancy was associated with hazard ratios. In
all analyses, statistical significance was defined as P < .05
and specific details are as follows.
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1) Effect of formulation on relapse risk

We investigated whether the risk of relapse varied ac-
cording to formulation. Cox proportional hazard models
were fit to each study independently using the Survival
package® with randomization group (placebo vs active
treatment) as the sole predictor. A Wald-type test was
then performed with formulation as the moderating
factor to determine whether formulation was predictive
of hazard ratio across studies.

i1) Effect of time since randomization on relapse risk

We examined within trials whether the hazard ratio de-
creased with time to test whether relapses were partic-
ularly associated with the early weeks of a trial in oral
discontinuation studies. We employed the approach imple-
mented in the casebase package which allows for hazard
ratios to vary over time, in contrast to the Cox model in
which these are fixed. We examined whether there was an
interaction between the randomization group and time in
terms of relapse rates®!-*?; if a significant interaction exists,
it means that the hazard ratio is not constant over time.

iii) Effect of rate of change of receptor occupancy on re-
lapse risk

We then investigated whether the rate of change of re-
ceptor occupancy in trials of long-acting injectables was
associated with relapse risk. The daily rate of change of
receptor occupancy was defined as the first derivative
of the receptor occupancies calculated above. For each
study, proportional hazard models were fit with the ran-
domization group and the daily change as predictors.

Antipsychotic Discontinuation & Relapse

Coefficients were then combined within formulations via
random effects meta-analysis implemented in metafor.*

iv) Effect of absolute receptor occupancy on relapse risk

We investigated whether absolute receptor occupancy
was associated with relapse risk. For each study, propor-
tional hazard models were fit with randomization group
as a constant covariate and daily estimated occupancy (as
illustrated in figure 1) as a time-varying covariate.** As
before, coefficients were then combined within formula-
tions via random-effects meta-analysis.

Results

Included Studies

Five eligible studies were identified, encompassing 1388
participants (table 1). All compared paliperidone to pla-
cebo, two used an oral formulation, two used a 1-monthly
long-acting injection, and one used a 3-monthly
long-acting injection.

1) Effect of formulation on relapse risk

For all formulations, randomization to active treatment
was associated with a reduced risk of relapse (P < .001,

figure 2A). The hazard ratio did not differ between for-
mulations (P > .4 for all pairwise comparisons).

i1) Effect of time since randomization on relapse risk

We examined whether hazard ratios varied by time
post-randomization. If the hazard ratio was greater at
the start of the trial and this was accentuated for trials
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Fig. 1. Receptor occupancy levels over time. Illustration of the relationship between duration of antipsychotic cessation and receptor
occupancy for three formulations of paliperidone. Active oral treatment appears constant as plot only reports a daily average.
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Table 1. Characteristics of included studies

YODA

Study code NCT code Study design Interventions Participant characteristics

Berwaerts  PSY-3012 NCTO01529515 Double-blind; par- 3-monthly LAI (n = 159)  Schizophrenia (78% male, mean age

et al® allel; up to 16 months  Placebo (n = 144) 37.8 years)

Fu et al® SCA-3004 NCTO01193153 Double-blind; par- I-monthly LAI (n = 164)  Schizophrenia/schizoaffective disorder
allel; up to 16 months  Placebo (n = 170) (51% male, mean age 38.6 years)

Hough PSY-3001 NCTO00111189 Double-blind; par- I-monthly LAI (n = 205)  Schizophrenia (54% male, mean age

et al¥’ allel; up to 16 months  Placebo (n = 203) 42.8 years)

Kramer SCH-301  NCT00086320 Double-blind; par- Oral (n = 105) Schizophrenia (59% male, mean age

et al*® allel up to 12 months Placebo (n = 102) 38.2 years)

Rui et al®* SCH-3041 NCT01662310 Double-blind; par- Oral (n = 65) Schizophrenia (40% male mean age
allel up to 14 months Placebo (n = 71) 31.6 years)

Note: LAI long-acting injection.

using an oral formulation, it would imply that the rapid
withdrawal of oral medication may contribute to the
risk of relapse. For all formulations, the converse was
seen in that the protective effect of active treatment in-
creased with time (figure 3A) and this was statistically
significant when all trials were meta-analytically com-
bined (figure 3B, interaction ratio estimate —0.003,
SE = 0.0015, P = .04). The time interaction ratio did not
differ significantly between oral and long-acting injec-
tion trials (P = .52, figure 3B).

iii) Effect of rate of change of receptor occupancy on re-
lapse risk

We examined the rate of reduction in receptor occupancy
in trials of long-acting injections. Faster occupancy re-
duction was not significantly associated with relapse, and
periods of faster reduction were not associated with a re-
duced risk of relapse (P = .57) (figure 2B).

iv) Effect of absolute receptor occupancy on relapse risk

We examined trials of long-acting injectables to determine
whether estimated receptor occupancy was associated with
the risk of relapse. We found that lower receptor occu-
pancy levels were associated with an increased risk of re-
lapse (estimate = —0.34, SE = 0.17, P = .037) (figure 2C).

Sensitivity analyses using different initial receptor occu-
pancies demonstrated similar results (see Supplementary
File)

Discussion

In an analysis of 1388 individuals with schizophrenia
from five randomized controlled trials, we found that
the risk of relapse in those discontinuing antipsychotic
treatment relative to continued treatment does not vary
between formulations, is not frontloaded during the
period immediately following abrupt oral antipsychotic
discontinuation, and in trials of long-acting injectables
is not associated with the rate of receptor occupancy de-
cline. Instead, we find that the overall level of receptor
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occupancy is associated with the risk of relapse. These re-
sults suggest that extended withdrawal schedules may not
significantly reduce the risk of relapse following antipsy-
chotic discontinuation, and apparent benefits in reducing
relapse may primarily relate to the extended period in
which individuals receive dopamine receptor blockade.
These findings also support the hypothesis that relapses
observed in clinical trials are a distinct phenomenon from
acute withdrawal symptoms.

To the best of our knowledge, this is the first study to
explicitly examine how the relative risk of relapse varies
over the time courses of discontinuation studies of dif-
ferent formulations and to investigate the relationship
between the rate of receptor occupancy change and the
risk of relapse. Our findings are broadly consistent with
recent meta-analyses and observational studies that have
demonstrated that the risk of relapse increases when an
antipsychotic dose is reduced below recommended levels
and that there is no difference in relapse rates following
abrupt and gradual discontinuation.'>!*>1%4 One of these
meta-analyses did find that slower dose reduction (in re-
duction as opposed to discontinuation studies) was as-
sociated with a lower risk of relapse.®® This finding was
complicated, however, by the fact that slow reduction
studies often still used therapeutic doses of antipsychotics
at the study end, and it was shown that dropping below a
threshold of 5 mg haloperidol equivalents was associated
with relapse, consistent with our findings.*® Prolonged
dose-withdrawal schedules may simply extend the time
taken for the therapeutic threshold to be crossed and so
relapse only emerges at a later time.

Previous analyses, using overlapping samples with the
current paper, have, however, reported a reduced risk of
relapse in individuals withdrawing from formulations
with a longer half-life.#* For instance, in a previous
analysis, we found a lower risk of relapse following dis-
continuation of long-acting injectables compared with
discontinuation of oral antipsychotics.*> The discrepancy
with the current findings reflects the fact the earlier ana-
lyses examined raw relapse rates across different trials as
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Fig. 2. Hazard ratios relating to randomization group, receptor
occupancy, and rate of occupancy change. (A) For the “Group”

set of points, a negative log hazard ratio represents a reduced

risk of relapse for active compared to placebo treatment. All
formulations show a similar reduction in relapse risk compared

to placebo. (B) For the “Rate” set of points, a negative log hazard
ratio indicates that a slower decline in receptor occupancy within

a trial is associated with a reduced risk of relapse. The observed
positive value for the LAI combined analysis indicates that periods
in which occupancy is most rapidly declining (ie, the initial months
of a trial) are non-significantly associated with a reduced risk of
relapse compared to placebo (P = .57). (C) For the “Occupancy” set
of points, a negative log hazard ratio indicates that higher receptor
occupancy is associated with a reduced risk of relapse. The observed
negative value for the LAI combined analysis indicates that the risk
of relapse relative to placebo increases as receptor occupancy falls.
Horizontal bars represent the 95% confidence interval.

opposed to the risk relative to the continued active treat-
ment arm. Analyzing single arms of a trial in isolation,
however, is inconsistent with the aim of clinical trials
to isolate the effects of treatment.* Trial-level factors
must be accounted for, given that they correlate perfectly
with formulation and may significantly influence relapse
rates. If one examines raw relapse rates as opposed to the
hazard ratio relative to a continued treatment arm, any

Antipsychotic Discontinuation & Relapse

conclusions reached may relate to specifics of individual
trials, rather than more general points regarding formu-
lation. Trial-level factors can lead to greater relapse rates
in both the placebo and continued active treatment arms
of oral trials, as discussed further below. Meta-analyses
where relapse rates have been defined relative to a pla-
cebo comparator, thereby controlling for these trial-level
effects, are consistent with the current findings, with rel-
ative risk of withdrawal following discontinuation of
a long-acting injection not differing from the risk fol-
lowing oral discontinuation.* This lack of difference in
hazard ratios between oral and long-acting injectable
antipsychotics contrasts with what is observed in obser-
vational studies.* This is likely because clinical trials are
less likely to recruit nonadherent participants, the popu-
lation for whom injectable formulations are potentially
more effective than oral formulations.

In the oral discontinuation trials, many relapses occur
in both placebo and active arms near the start of the trial.
This may relate to the incentive that triallists have to en-
sure that positive and negative syndrome scale (PANSS)
scores remain below the eligibility threshold in the pre-
randomization phase, which is subsequently relaxed
following randomization. The reason why such a precipi-
tous decline is not seen in trials of injectable formulations
may relate to significantly longer pre-randomization
phases (mean of 29 weeks compared with 14 weeks in
oral trials), making it more challenging to erroneously
suppress PANSS scores and the fact that longer stabili-
zation period means that individuals with a high propen-
sity for relapse are more likely to have relapsed and been
excluded from the trial prior to the randomization point.
These factors mean that it is vital that relapse rates are
compared between placebo and active arms rather than
in isolation and, when this is performed as in our study, it
is clear that there is not an increased hazard ratio at trial
start for oral compared with injectable formulations.

Previous work has suggested that receptor occupan-
cies above 50% may be sufficient to prevent relapse.
Our findings suggested that higher occupancies were
more protective against relapse than lower ones.*®* A
previous analysis examined when placebo vs active sur-
vival curves separate following discontinuation of oral
medication. This found that separation occurred later in
studies of cariprazine, and proposed this as related to the
compound’s longer half-life.*® This earlier study was un-
able to disambiguate the rate of occupancy change from
the role of raw occupancy but its findings are consistent
with ours in which absolute occupancy is a key feature in
preventing relapse.

Limitations and Future Work

Although occupancy levels were estimated separately for
each formulation, within trials we assumed a common
starting occupancy level with identical pharmacokinetics
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since randomization. (B) This interaction with time is statistically significant when all trials are combined (P = .04).

and pharmacodynamics across participants. Given that
individuals initially have doses individually titrated based
on clinical response, the initial estimate of a similar oc-
cupancy across individuals may be unrealistic. Future
work collecting positron emission tomography measures
of receptor occupancy to directly assess individual-level
occupancies during antipsychotic withdrawal would be
beneficial here. Other assumptions relate to a linear re-
lationship between occupancy or rate of change and re-
lapse risk. As a result, the finding that occupancy levels
are associated with relapse risk might not be robust to dif-
ferent assumptions. It is likely, however, given the magni-
tude of the P-value, that even with considerably different
assumptions no significant association would be found
between the rate of occupancy change and risk of relapse.

All studies were of an identical antipsychotic and were
of a similar duration. Analyses of longer duration trials
would be of interest, given that, at the group level, this
appears to be associated with a reduced benefit of active
treatment over placebo.!
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There are major individual differences in acute re-
sponse to antipsychotics,” and it is therefore likely that
significant inter-individual differences exist in terms of
the effects of antipsychotic withdrawal. Given that spe-
cific dopamine antagonist withdrawal strategies are un-
likely to substantially affect the risk of relapse, efforts at
identifying predictors of relapse may be a better way of
minimizing relapse at a group level.*

Conclusion

The risk of relapse is directly related to receptor occu-
pancy and not to the rate of discontinuation of anti-
psychotics. A clinical question remains as to how to
optimally discontinue antipsychotic medication in indi-
viduals who request this. The current findings suggest a
prolonged discontinuation is unlikely to have a benefit
in reducing the risk of relapse. Despite this, a gradual
approach may still have benefits in that it may reduce
withdrawal symptoms, encourage more regular clinical
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contact, allow for prompt dose reinstatement if needed,
and may allow patients to find a lower dose of medication
with a better side effect profile that allows them to con-
tinue with treatment.

Supplementary Material

Supplementary material is available at https://academic.
oup.com/schizophreniabulletin/.

Acknowledgments

Dr. McCutcheon has received speaker/consultancy
fees from Karuna, Janssen, Boehringer Ingelheim, and
Otsuka, and is a director of a company that hosts psy-
chotropic prescribing decision tools. Dr. Pillinger has
participated in educational speaker meetings organized
by Lundbeck, Otsuka, Sunovion, Janssen, Schwabe
Pharma and Recordati and is a director of a company
that hosts psychotropic prescribing decision tools. This
study, carried out under YODA Project 2021-4620, used
data obtained from the Yale University Open Data
Access Project, which has an agreement with JANSSEN
RESEARCH & DEVELOPMENT, L.L.C. The inter-
pretation and reporting of research using this data are
solely the responsibility of the authors and does not nec-
essarily represent the official views of the Yale University
Open Data Access Project or JANSSEN RESEARCH &
DEVELOPMENT, L.L.C.

Funding

R.A.M.’s work is funded by a Wellcome Trust Clinical
Research Career Development (224625/7/21/Z). D.P. is
supported by the National Institute for Health Research
(NIHR) and Maudsley Charity. This research was funded
in whole or in part by Wellcome Trust Clinical Research
Career Development (224625/7/21/Z).

References

1. Taylor M, Jauhar S. Are we getting any better at staying
better? The long view on relapse and recovery in first epi-
sode non-affective psychosis and schizophrenia. Ther Advy
Psychopharmacol. 2019;9:204512531987003.

2. Wyatt RJ. The effect of early neuroleptic intervention on the
course of schizophrenia. Schizophr Res. 1991;4:297.

3. Dutta R, Murray RM, Allardyce J, Jones PB, Boydell J. Early
risk factors for suicide in an epidemiological first episode
psychosis cohort. Schizophr Res. 2011;126:11-19.

4. Pennington M, McCrone P. The cost of relapse in schizo-
phrenia. PharmacoEcon. 2017;35:921-936.

5. McCutcheon R, Beck K, Jauhar S, Howes OD. Defining the
locus of dopaminergic dysfunction in schizophrenia: a meta-

analysis and test of the mesolimbic hypothesis. Schizophr
Bull. 2018;44:1301-1311.

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Antipsychotic Discontinuation & Relapse

Barnes TR, Drake R, Paton C, et al. Evidence-based guide-
lines for the pharmacological treatment of schizophrenia:
updated recommendations from the British Association for
Psychopharmacology. J Psychopharmacol. 2020;34:3-78.

. Leucht S, Hierl S, Kissling W, Dold M, Davis JM. Putting

the efficacy of psychiatric and general medicine medication
into perspective: review of meta-analyses. Br J Psychiatry.
2012;200:97-106.

. Ostuzzi G, Bertolini F, Tedeschi F, et al. Oral and long-acting

antipsychotics for relapse prevention in schizophrenia-
spectrum disorders: a network meta-analysis of 92 random-
ized trials including 22,645 participants. World Psychiatry.
2022;21:295-307.

. Jauhar S, Johnstone M, McKenna PJ. Schizophrenia. Lancet.

2022;399:473-486.

Pillinger T, McCutcheon RA, Vano L, Mizuno Y. Comparative
effects of 18 antipsychotics on metabolic function in patients
with schizophrenia, predictors of metabolic dysregulation,
and association with .... Lancet. 2020;7:64-77. https://[www.
sciencedirect.com/science/article/pii/S221503661930416X
Carbon M, Kane JM, Leucht S, Correll CU. Tardive dyskin-
esia risk with first- and second-generation antipsychotics in
comparative randomized controlled trials: a meta-analysis.
World Psychiatry. 2018;17:330-340.

Horowitz MA, Jauhar S, Natesan S, Murray RM, Taylor D.
A method for tapering antipsychotic treatment that may min-
imize the risk of relapse. Schizophr Bull. 2021;47:1116-1129.

Leucht S, Tardy M, Komossa K, er al. Antipsychotic
drugs versus placebo for relapse prevention in schizo-
phrenia: a systematic review and meta-analysis. Lancet.
2012;379:2063-2071.

Alvarez-Jimenez M, Priede A, Hetrick SE, et al. Risk factors
for relapse following treatment for first episode psychosis: a
systematic review and meta-analysis of longitudinal studies.
Schizophr Res. 2012;139:116-128.

Taipale H, Tanskanen A, Correll CU, Tiihonen J. Real-world
effectiveness of antipsychotic doses for relapse prevention
in patients with first-episode schizophrenia in Finland: a
nationwide, register-based cohort study. Lancet Psychiatry.
2022;9:271-279.

Hojlund M, Kemp AF, Haddad PM, Neill JC, Correll CU.
Standard versus reduced dose of antipsychotics for relapse
prevention in multi-episode schizophrenia: a systematic re-
view and meta-analysis of randomised controlled trials.
Lancet Psychiatry. 2021;8:471-486.

Leucht S, Bauer S, Siafis S, et a/. Examination of dosing of
antipsychotic drugs for relapse prevention in patients with
stable schizophrenia: a meta-analysis. JAMA Psychiatry.
2021;78:1238-1248.

Viguera AC, Baldessarini RJ, Hegarty JD, van Kammen DP,
Tohen M. Clinical risk following abrupt and gradual with-
drawal of maintenance neuroleptic treatment. Arch Gen
Psychiatry. 1997;54:49-55.

Takeuchi H, Kantor N, Uchida H, Suzuki T, Remington
G. Immediate vs gradual discontinuation in antipsychotic
switching: a systematic review and meta-analysis. Schizophr
Bull. 2017;43:862-871.

Yale University Open Data Access (YODA) clinical trials
database. https://yoda.yale.edu (Accessed January 10, 2023).

Nordstrom AL, Farde L, Wiesel FA, et al. Central
D2-dopamine receptor occupancy in relation to antipsychotic
drug effects: a double-blind PET study of schizophrenic pa-
tients. Biol Psychiatry. 1993;33:227-235.

Page 7 of 8

¥20Z YOJBl 1| U0 1sanb Aq £/826Z./6€1PEAS/INAUIS/EE0 L 0 L/10P/[0IE-80UBAPE/UNS|INGEIUSIYA0ZIYOS/LL0D"dNO"0ILISPEDE//:SARY WO.) PAPEOUMOQ


https://academic.oup.com/schizophreniabulletin/
https://academic.oup.com/schizophreniabulletin/
https://www.sciencedirect.com/science/article/pii/S221503661930416X
https://www.sciencedirect.com/science/article/pii/S221503661930416X
https://yoda.yale.edu

R. A. McCutcheon et al

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Kapur S, Remington G, Jones C, et al. High levels of dopa-
mine D2 receptor occupancy with low-dose haloperidol treat-
ment: a PET study. Am J Psychiatry. 1996;153:948-950.

Pani L, Pira L, Marchese G. Antipsychotic efficacy: rela-
tionship to optimal D2-receptor occupancy. Eur Psychiatry.
2007;22:267-275.

Arakawa R, Ito H, Takano A, et al. Dose-finding study of
paliperidone ER based on striatal and extrastriatal dopa-
mine D2 receptor occupancy in patients with schizophrenia.
Psychopharmacology (Berl). 2008;197:229-235.

Rossenu S, Cleton A, Hough D, et al. Pharmacokinetic profile
after multiple deltoid or gluteal intramuscular injections of
paliperidone palmitate in patients with schizophrenia. Clin
Pharmacol Drug Dev. 2015;4:270-278.

Najarian D, Sanga P, Wang S, et al. A randomized,
double-blind, multicenter, noninferiority study com-
paring paliperidone palmitate 6-month versus the 3-month
long-acting injectable in patients with schizophrenia. Int J
Neuropsychopharmacol. 2022;25:238-251.

Janssen Pharmaceuticals. Invega (Paliperidone) Extended-
Release Tablets [Package Insert]. Janssen Pharmaceuticals
Inc; 2017.

Janssen Pharmaceuticals. Invega Sustenna (Paliperidone
Palmitate) Extended-Release Injectable Suspension, for
Intramuscular Use [ Package Insert ]. Janssen Pharmaceuticals
Inc; 2017.

Janssen Pharmaceuticals. Invega Trinza ( Paliperidone Palmitate)
Extended-Release Injectable Suspension, for Intramuscular Use
[Package Insert ]. Janssen Pharmaceuticals Inc.

Therneau TM. Survival Analysis [R package survival version
3.5-0]. Published online January 9, 2023. https://CRAN.R-
project.org/package=survival. Accessed February 3, 2023.
Bhatnagar SR, Turgeon M, Islam J, Saarela O, Hanley J.
Fitting Flexible Smooth-in-Time Hazards and Risk Functions
via Logistic and Multinomial Regression. R package version
0.9.0, https://CRAN.R-project.org/package=casebase.
Hanley JA, Miettinen OS. Fitting smooth-in-time prog-
nostic risk functions via logistic regression. Int J Biostat.
2009;5:1125-1125. doi:10.2202/1557-4679.1125.

Viechtbauer W. Conducting meta-analyses in R with the
metafor. J Stat Softw. 2010;36:1-48.

Zhang Z, Reinikainen J, Adeleke KA, Pieterse ME, Groothuis-
Oudshoorn CGM. Time-varying covariates and coefficients
in Cox regression models. Ann Transl Med. 2018;6:121.

Berwaerts J, Liu Y, Gopal S, ef al. Efficacy and safety of the
3-month formulation of paliperidone palmitate vs placebo
for relapse prevention of schizophrenia: a randomized clin-
ical trial. JAMA Psychiatry. 2015;72:830-839.

Fu DJ, Turkoz I, Simonson RB, et al. Paliperidone palmi-
tate once-monthly reduces risk of relapse of psychotic, de-
pressive, and manic symptoms and maintains functioning in

a double-blind, randomized study of schizoaffective disorder.
J Clin Psychiatry. 2015;76:253-262.

Hough D, Gopal S, Vijapurkar U, Lim P, Morozova M,
Eerdekens M. Paliperidone palmitate maintenance treatment
in delaying the time-to-relapse in patients with schizophrenia:
a randomized, double-blind, placebo-controlled study.
Schizophr Res. 2010;116:107-117.

Page 8 of §

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Kramer M, Simpson G, Maciulis V, et al. Paliperidone extended-
release tablets for prevention of symptom recurrence in patients
with schizophrenia: a randomized, double-blind, placebo-
controlled study. J Clin Psychopharmacol. 2007;27:6-14.

Rui Q, Wang Y, Liang S, et al. Relapse prevention study of
paliperidone extended-release tablets in Chinese patients with
schizophrenia. Prog Neuropsychopharmacol Biol Psychiatry.
2014;53:45-53.

Bogers JPAM, Hambarian G, Walburgh Schmidt N,
Vermeulen JM, de Haan L. Risk factors for psychotic relapse
after dose reduction or discontinuation of antipsychotics in
patients with chronic schizophrenia. A meta-analysis of ran-
domized controlled trials. Schizophr Bull. 2023;49:11-23.

Weiden PJ, Kim E, Bermak J, Turkoz I, Gopal S, Berwaerts
J. Does half-life matter after antipsychotic discontinuation? J
Clin Psychiatry. 2017;78:e813-e820.

Schoretsanitis G, Kane JM, Correll CU, Rubio JM. Predictors
of lack of relapse after random discontinuation of oral and
long-acting injectable antipsychotics in clinically stabilized
patients with schizophrenia: a re-analysis of individual par-
ticipant data. Schizophr Bull. 2022:;48:296-306.

Brandt L, Ritter K, Schneider-Thoma J, er al. Predicting
psychotic relapse following randomised discontinuation
of paliperidone in individuals with schizophrenia or
schizoaffective disorder: an individual participant data ana-
lysis. Lancet Psychiatry. 2023;10:184-196.

Senn S. Statistical Issues in Drug Development. 2nd ed. New
York: Wiley-Interscience; 2008.

Kishimoto T, Robenzadeh A, Leucht C, et al. Long-acting in-
jectable vs oral antipsychotics for relapse prevention in schizo-
phrenia: a meta-analysis of randomized trials. Schizophr Bull.
2014;40:192-213.

Kishimoto T, Hagi K, Kurokawa S, Kane JM, Correll CU.
Long-acting injectable versus oral antipsychotics for the
maintenance treatment of schizophrenia: a systematic review
and comparative meta-analysis of randomised, cohort, and
pre-post studies. Lancet Psychiatry. 2021;8:387-404.

Leucht S, Chaimani A, Mavridis D, et al. Disconnection of
drug-response and placebo-response in acute-phase anti-
psychotic drug trials on schizophrenia? Meta-regression ana-
lysis. Neuropsychopharmacology. 2019;44:1955-1966.

Nyberg S, Farde L, Halldin C, Dahl ML, Bertilsson L. D2
dopamine receptor occupancy during low-dose treatment with
haloperidol decanoate. Am J Psychiatry. 1995;152:173-178.

Uchida H, Mamo DC, Kapur S, et al. Monthly adminis-
tration of long-acting injectable risperidone and striatal
dopamine D2 receptor occupancy for the management of
schizophrenia. J Clin Psychiatry. 2008;69:1281-1286.

Correll CU, Jain R, Meyer JM, et al. Relationship between
the timing of relapse and plasma drug levels following dis-
continuation of cariprazine treatment in patients with
schizophrenia: indirect comparison with other second-
generation antipsychotics after treatment discontinuation.
Neuropsychiatr Dis Treat. 2019;15:2537-2550.

McCutcheon RA, Pillinger T, Efthimiou O, et al.
Reappraising the variability of effects of antipsychotic medi-
cation in schizophrenia: a meta-analysis. World Psychiatry.
2022;21:287-294.

¥20Z YOJBl 1| U0 1sanb Aq £/826Z./6€1PEAS/INAUIS/EE0 L 0 L/10P/[0IE-80UBAPE/UNS|INGEIUSIYA0ZIYOS/LL0D"dNO"0ILISPEDE//:SARY WO.) PAPEOUMOQ


https://CRAN.R-project.org/package=survival
https://CRAN.R-project.org/package=survival
https://CRAN.R-project.org/package=casebase
https://doi.org/10.2202/1557-4679.1125

