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Objective: Long-acting risperidone adminis-
tered intramuscularly biweekly is approved for the
management of schizophrenia. However, dosing of
long-acting antipsychotics is frequently extended
in clinical practice, and arecent clinical trial has
lent support to monthly dosing of long-acting ris-
peridone. The objective of this positron emission
tomography (PET) study was to examine the stria-
tal dopamine D, binding of long-acting risperidone
administered intramuscularly once a month.

Method: Following at least 3 maintenance
monthly injections of 50 mg long-acting risper-
idone, 7 patients with a DSM-IV diagnosis of
schizophrenia or schizoaffective disorder under-
went PET using [*C]raclopride to measure D,
binding potential within 4 days of the next sched-
uled injection. Data were collected from May to
October 2003. This PET study was part of alarger
52-week clinical study wherein individuals re-
ceived long-acting risperidone once monthly over
a l-year interval. One-year follow-up data were
obtained from the 52-week parent investigation.

Results: The mean + SD D, receptor occupancy
was 56% + 24% (range, 29%—82%). Of note, there
were 4 subjects with less than 60% D, occupancy,
none of whom relapsed over the course of the
1-year follow-up. The mean + SD total plasma
level of risperidone plus 9-hydroxyrisperidone
was 16.6 £ 12.3 ng/mL (range, 5.7-40.8).

Conclusion: Aswith plasmalevels, there was
considerable variability in D, occupancy levels for
individuals receiving long-acting risperidone. This
work suggests a possibility that sustained D, occu-
pancy at or above the accepted threshold with acute
clinical response may not be necessary to maintain
response, a hypothesis with important clinical
implications as we consider antipsychotic
dosing and future antipsychotic development.
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Schizophrenia is a chronic debilitating psychiatric
[Iness requiring long-term antipsychotic treatment.
Since antipsychotic drugs not only improve psychotic
symptoms but also prevent relapse,? regular dosing of
antipsychotics is considered critical to any successful
maintenance treatment strategy. Long-acting depot anti-
psychotic medications provide for reliable drug delivery
in patients for whom adherence with oral medications is
problematic.® Long-acting risperidone is the first atypical
antipsychotic available in depot formulation, and we have
recently shown that the optimal dose in terms of striatal
dopamine D, receptor occupancy is 50 mg administered
every 2 weeks,* consistent with results from clinical stud-
ies.® However, in clinical practice physicians will, on oc-
casion, administer depot antipsychotic drugs at intervals
that are longer than those recommended® to reduce expo-
sure to the drug and minimize adverse effects, or due to
patients’ partial adherence with the recommended dosing
intervals. For depot formulations of first-generation anti-
psychotic drugs, the literature has offered some support
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for the efficacy of this extended dosing,”® likely dueto the
pharmacokinetics of oil-based depot antipsychotic drugs.

Given the novel formulation of long-acting risperidone
(microspheres), it is not clear whether extending dosing
beyond 2 weeks is sufficient to maintain therapeutic ef-
fects. In fact, pharmacokinetic modeling based on single-
dose (50 mg) studies does not support a once-monthly
regimen due to low predicted steady-state levels of active
moiety at trough. However, arecent 12-month open-label
trial (N =615) showed that once-monthly dosing of 50
mg long-acting risperidone was well tolerated and asso-
ciated with arelatively low relapse rate of 17.9%,° similar
to that reported in a 1-year double-blind study of 25 mg
long-acting risperidone administered biweekly (N = 163,
relapse rate: 21.6%)."° Furthermore, this favorable out-
come using monthly administration was achieved in spite
of low plasma levels of risperidone and its active moiety
at trough (mean + SD = 6.2 + 3.1 ng/mL), approximately
half of that reported for biweekly administration (mean +
SD =11.3+ 4.5 ng/mL)."

From the standpoint of D, occupancy, it has been
demonstrated that peripheral pharmacokinetics for anti-
psychotics does not mirror what occurs in terms of bind-
ing at central D, receptors.”? This fact accounts for the
relatively poor relationship between peripheral plasma
levels, pharmacokinetic modeling, and clinical response;
greater success in this regard has been achieved using in
Vivo neuroimaging techniques such as positron emission
tomography (PET). For example, several laboratories em-
ploying PET, including our own, have shown that greater
than 60% D, occupancy is required to maximize chance
of therapeutic efficacy for acute response, while risk of
extrapyramidal side effects increases markedly beyond
80% occupancy.”*** This finding has been successfully
used to predict the therapeutic dose of new antipsychotic
drugs.’>®

However, it is less clear as to whether it is necessary
to maintain this threshold of D, occupancy in order to sus-
tain response beyond the acute state. The present PET in-
vestigation was part of alarger clinical study wherein in-
dividuals received long-acting risperidone once monthly
over a 1-year interval.’ Our focus was D, occupancy lev-
els at trough (preinjection) and the relationship of occu-
pancy with clinical response. One-year follow-up data
were obtained from the 52-week parent study.

METHOD

This PET study was conducted at the Centre for Ad-
diction and Mental Health, Toronto, Ontario, Canada, be-
tween May and October of 2003. Subjects were recruited
from a multicenter study investigating the use of long-
acting risperidone administered once monthly at 50 mg
in individuals with a DSM-IV diagnosis of schizophrenia
or schizoaffective disorder.” The PET investigation was
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approved by the Research Ethics Board of the Centre for
Addiction and Mental Health.

Details of the 52-week parent multicenter clinical trial
have been published elsewhere, including design and
clinical results.® Briefly summarizing, outpatients were
candidates for a switch to long-acting risperidone if they
met the DSM-IV criteria for schizophrenia or schizo-
affective disorder and had been maintained on oral risper-
idone monotherapy at a stable dose (2—6 mg/day) for 8
weeks. Exclusion criteria included treatment with ora
antipsychotic medications other than risperidone within
the past 8 weeks or depot antipsychotics within 6 months
of enrollment, presence of DSM-IV—defined substance
abuse or dependence within the preceding 6 months, a
neurologic or medical condition that could adversely in-
fluence patient safety or evaluation, or a positive preg-
nancy test.

During a 4-week lead-in phase, patients received 50
mg of long-acting risperidone every 2 weeks. Oral risper-
idone supplementation (2—6 mg/day) was restricted to the
first 2 weeksfollowing thefirst injection. No concomitant
antipsychotics were allowed throughout the rest of the
study period. During the subsequent 48 weeks, subjects
received 50 mg of long-acting risperidone every 4 weeks,
with clinical assessments including the Positive and
Negative Syndrome Scale (PANSS).”

Men and women aready enrolled in the parent study at
1 participating site (the Royal Ottawa Hospital, Ottawa,
Ontario, Canada) were candidates for the present PET
investigation if they had received at least 3 consecutive
monthly injections at the time of study enrollment. Wom-
en with positive urine pregnancy test before the scan or
currently nursing or those who had medical or psychiatric
contraindications to air travel were excluded. Following
at least 3 monthly injections of 50 mg long-acting risper-
idone, subjects who provided written informed consent
after receiving detailed information about the protocol
of this PET investigation were referred to the Centre for
Addiction and Mental Hedth and underwent a single
[*C]raclopride PET scan within 4 days of the next sched-
uled monthly injection.

The ["'C]raclopride PET scans for D, receptor occu-
pancy were obtained immediately following injection of
10 mCi of high specific-activity [*C]raclopride (> 300
Ci/mmol) using a bolus plus infusion protocol,”® with
59% injected as a bolus over 1 minute and the remainder
injected via intravenous infusion over 74 minutes. Fol-
lowing a brief transmission scan for attenuation correc-
tion of the emission scans, a continuous series of emission
scans were obtained every minute for the first 15 minutes
and then every 5 minutes until the end of the scan at 75
minutes. PET scanning was conducted using a brain-only
GEMS PC2048-Plus PET camera (General Electric Med-
ical Systems, Milwaukee, Wis.) that produced 6.5-mm
thick slices with a resolution of about 5 mm in air.
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Patients were scanned lying down and with fixation
of the head achieved using a thermoplastic facemask
(Tru-Scan Imaging, Annapolis, Md.). The regions of in-
terest were drawn directly on averaged PET images and
then transferred to the dynamic PET images to obtain a
time activity curve.

D, receptor binding potential (BP) was estimated by
means of previously described methods'®® using the
mean of the striatum/cerebellum ratio minus 1 obtained
between 30 to 75 minutes of scanning as an estimate of
the equilibrium BP. Receptor occupancy was then calcu-
lated as the percentage reduction of receptor-binding
potential with drug treatment compared to baseline
(100 % [1 = (BPyyg scan’ BPpasaine)])- Age-corrected mea-
sures of BP were obtained from a previously collected
data set of 31 antipsychotic-free patients and healthy
subjects using the linear regression equation “BP=
(—0.034 x age) + 3.82.” The absence of the patients’ own
baseline values introduces a potential error: for D, recep-
tor occupancy, this error, as calculated on the basis of
variance in the data from antipsychotic-naive patients,
is expected to vary from 0% to 9% for patients with
50% occupancy and 0% to 4% for patients with 80%
occupancy.

Venous blood was drawn for drug and prolactin
concentrations at the time of the PET scan. For ris-
peridone, blood samples were collected in heparinized
tubes and centrifuged for 10 minutes at 2500 rpm within
2 hours of collection. Separated plasma was stored at
—20°C for transport, and concentration of risperidone
plus 9-hydroxyrisperidone was determined using a vali-
dated liquid chromatography tandem mass spectrometry
(LC-MS/MS) method.* Prolactin levels were measured
using a 2-site chemiluminometric immunoassay with a
minimal detectable limit of 0.3 ng/mL (ACS, CIBA-
Corning Diagnostics, East Walpole, Mass.).

Statistical Analyses

Statistical analyses were carried out using SPSS Ver-
sion 14.0 (SPSSInc., Chiceago, I1l.) and PRISM Version 4
(GraphPad Software Inc., San Diego, Calif.). Bivariate
correlation analysis was used to examine the relationship
between the primary variables of interest. Nonlinear re-
gression analysis was used in the estimation of plasma
risperidone plus 9-hydroxyrisperidone level associated
with 50% D, receptor occupancy.

RESULTS

Seven participants (male, N = 6) completed the PET
study. The participants’ mean (SD) age and duration of
illness were 35+ 14 years (range, 18-59 years) and
11.9 + 15.0 years (range, 1-41 years), respectively. Data
obtained in this study and in the 52-week parent investi-
gation are summarized in Table 1.

1283

PSYCHIATRIST.COM

Table 1. D, Receptor Occupancy, Risperidone Levels, and Clinical Outcomes Among Patients With Schizophrenia Receiving Monthly Administration of Long-Acting Injectable

Risperidone

Data From the 52-Week Parent Study
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ect 5 withdrew from the study at week 24.
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Figure 1. Relationship Between D, Receptor Occupancy and
Plasma Risperidone Plus 9-Hydroxyrisperidone Level
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#The regression line was fit to the following saturating hyperbole
eguation: occupancy = a x (plasma level/[plasma level + EDx)),
where a is the maximal receptor occupancy and EDx is the plasma
level of risperidone plus 9-hydroxyrisperidone resulting in 50%
maximal receptor occupancy. The maximal occupancy a + SE
calculated with this regression equation for D, receptor occupancy
was 111 + 33, with the estimated EDs, of 13.0 ng/mL
(95% confidence interval = 0.0 to 36.0). When the maximal
occupancy was constrained to 100%, the estimated EDg, was
10.3 ng/mL (95% confidence interval = 4.4 t0 16.2).

Five of the 7 subjects completed the 52-week parent
study without significant clinical deterioration (Table 1).
Subject 5 (D, occupancy = 76%) withdrew her consent at
week 24, which was not related with clinical worsening,
and subject 7 (D, occupancy = 82%) dropped out at week
28 due to worsened auditory hallucinations and delusions
in spite of overall improvement in terms of PANSS score.

The mean+ SD total plasma level of risperidone
plus 9-hydroxyrisperidone was 16.6 + 12.3 ng/mL (range,
5.7-40.8 ng/mL), while the mean = SD D, receptor oc-
cupancy was 56% * 24% (range, 29%—82%). The D, oc-
cupancy was above the occupancy threshold associated
with clinical response (60%) in 3 subjects. As expected,
the relationship between plasma levels of risperidone
plus 9-hydroxyrisperidone and D, receptor occupancy
could be fit to the saturating hyperbole equation: occu-
pancy = a x (plasma level /[plasma level + EDgy]), where
a is the maximum receptor occupancy and EDs, is the
estimated plasma risperidone plus 9-hydroxyrisperidone
concentration (ng/mL) associated with 50% maximal re-
ceptor occupancy (Figure 1). The maximal occupancy
(a) £ SE calculated with this regression equation for D,
receptor occupancy was 111 + 33, with the estimated
EDs, 13.0 ng/mL (95% confidence interval = 0.0 to 36.0).
When the maximal occupancy was constrained to 100%,
the estimated EDg, was 10.3 ng/mL (95% confidence
interval = 4.4 t0 16.2).

The mean £+ SD prolactin level at the time of the PET
scanwas 38.4 + 37.9 ug/L (range, 7.3-40.8 ug/L). Plasma
prolactin level was not correlated with D, receptor oc-
cupancy (r=0.7, p=.07) or plasma risperidone plus 9-
hydroxyrisperidone (r = 0.2, p=.7).
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DISCUSSION

To our knowledge, this is the first study to assess the
central D, receptor binding of once-monthly long-acting
risperidonein patients with schizophrenia spectrum disor-
ders. We have previously shown that patients receiving
long-acting risperidone 50 mg biweekly showed D, oc-
cupancy levels greater than 60% at expected peak and
trough plasma levels.*

In contrast, 4 of the 7 subjects in this present study
receiving the same dose injected monthly showed D, oc-
cupancy levels less than 60% (range, 29%-53%) at ex-
pected trough plasma levels. We did not measure occu-
pancy at expected peak plasma concentrations in this
study, but pharmacokinetic data from the parent study
in a subset of subjects (N = 18) showed that the mean +
SD peak plasma concentrations of risperidone plus 9-
hydroxyrisperidone were 40.4 + 15.3 ng/mL for monthly
administration of 50 mg of long-acting risperidone,’
which would be expected to translate into 80% occupancy
(calculated from an EDg, of 10.3 ng/mL with the maxi-
mum receptor occupancy constrained to 100%). Hence, it
islikely that D, occupancy reached greater than 60% tran-
siently and then declined to the measured | ess than 60% at
trough. In spite of this, these 4 individuals did not relapse
over the course of the 1-year follow-up, asreflected in the
clinical data gathered in the parent study.®

A wide variability in D, occupancy was observed,
likely related to interindividual pharmacokinetic varia-
tion. This notwithstanding, the relationship between the
plasma level of risperidone plus its active moiety and D,
receptor occupancy could be fit to a saturating hyperbole
equation, consistent with standard drug-receptor interac-
tion studies.*®*® Pharmacokinetic data from the parent
study in a subset of subjects (N = 18) showed that the
mean = SD trough plasma level of risperidone plus 9-
hydroxyrisperidone was 6.2 = 3.1 ng/mL for monthly ad-
ministration of 50 mg of long-acting risperidone,” much
lower than the value reported for our sample (mean =
SD =16.6 + 12.3 ng/mL; range, 5.7-40.8 ng/mL). If we
applied the regression equation derived from this study to
the data derived in the parent study, a mean of 6.2 ng/mL
would be expected to translate into 38% occupancy.

Within the context of the results of the parent study,
the present PET results suggest a possibility that continu-
ous D, blockade greater than 60% may not be necessary
to sustain clinical response. One other PET study corrob-
orates this position, demonstrating that clinical response
was maintained in 8 stabilized schizophrenic outpatients
taking hal operidol decanoate administered every 4 weeks,
despite mean D, occupancy levels decreasing from 73%
(range, 60%—82%) at week 1 to 53% (range, 20%—74%)
at week 4.2 It has been argued that D, occupancy is
the sine qua non of antipsychotic activity, with evidence
from several laboratories indicating that optimal clinical
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response is achieved with D, blockade greater than
60%.* The most parsimonious explanation for these PET
data seems to be that while D, occupancy greater than
60% may be necessary to induce antipsychotic response,
sustained D, binding at or above the recommended
threshold may not be required to maintain clinical
response.

Along similar lines, recent work from our group has
reported that clinical stability can be maintained with oral
antipsychotics where the dosing interval was extended
from daily to intervals up to every 3 days.? Earlier inves-
tigations using intermittent antipsychotic dosing were as-
sociated with higher relapse rates.”*% However, in these
studies the interval was up to months, whereas our “ex-
tended” strategy demanded that individuals receive anti-
psychotic medications within briefer, regular intervals.

There are limitations to be noted in the present study.
The small sample size limits extrapolation of results, and
the sample studied may not necessarily be representative
of the larger parent study population given the higher
mean plasma levels observed here, which may have
biased the resulting D, occupancy results. The socia
functioning of subjects who consent to participate in a
PET study may be different from that of the population
of patients with schizophrenia, potentialy limiting the
generalizability of these data. Further, 1-year follow-up
may be insufficient to thoroughly examine the long-term
effectiveness of this dosing method. It should also be
noted that the parent clinical trial wasitself not blind and
did not involve a randomized comparator group with
biweekly injections.’ At the same time though, clinical
measures were recorded independent of the PET results,
mitigating to some extent this potential bias. Finaly, the
D, occupancy needed for the maintenance of clinical re-
sponse still needs to be discussed with caution given the
2 dropouts paradoxically occurred in individuals who
had greater than 60% occupancy in the present study, al-
though one of them was clearly unrelated to clinical wors-
ening. In order to rigorously test the hypothesis discussed
in this study, large randomized controlled trials combined
with the assessment of D, occupancy are warranted.

In conclusion, the results of this study suggest a possi-
bility that sustained D, binding at or above the currently
recommended threshold of 60% may not be required to
maintain clinical response in patients who have already
been stabilized. This has important clinical implications,
both in terms of antipsychotic dosing and future drug
development. Numerous lines of investigation have un-
derscored the significant side effects associated with
dopamine blockade (e.g., motor,** affective,” cognitive,
and dysphoric adverse events?) that may substantially
compromise functional outcome. With evidence that sus-
tained D, occupancy may not always be necessary to
maintain clinical response, we can begin to look at strate-
gies, pharmacologic and otherwise, that incorporate this
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therapeutic approach. Partial dopamine agonists, drugs
with a rapid Kk, and extended, but regular, dosing inter-
vals are representative of models in line with such an
approach.

Drug names: benztropine (Cogentin and others), citalopram (Celexa
and others), haloperidol (Haldol and others), lorazepam (Ativan and
others), risperidone (Risperdal).
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