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A Systematic Review of Aripiprazole—
Dose, Plasma Concentration, Receptor Occupancy, and Response:
Implications for Therapeutic Drug Monitoring

Anna Sparshatt, MPharm, MRPharmS; David Taylor, MSc, PhD, MRPharmsS;
Maxine X. Patel, MBBS, MSc, MD, MRCPsych; and Shitij Kapur, MBBS, PhD, FRCPC

Objective: To evaluate relationships between ari-
piprazole dose, plasma level, pharmacologic activity,
and clinical outcome in order to evaluate the poten-
tial for therapeutic drug monitoring.

Data Sources: In August 2008, we searched
Embase, MEDLINE, and PubMed databases using
the keywords aripiprazole, plasma levels, plasma
concentration, and therapeutic drug monitoring.

Study Selection: Twenty-one reports were re-
trieved. Eight studies investigating the relationship
between blood concentrations of aripiprazole and
dose, dopamine D,/Dj; occupancy, and/or outcome
and adverse effects were then selected.

Data Extraction: All data concerning plasma or
serum concentrations of aripiprazole were included
if concentrations were reported in relation to a dose,
dopamine occupancy, or clinical outcome. Those
reports solely investigating drug interactions were
not included.

Data Synthesis: A strong correlation exists
between aripiprazole dose and plasma concen-
tration. Positron emission tomography analyses
suggest that there are significant relationships
between dopamine receptor occupancy and both
aripiprazole dose and blood concentration. Dopa-
mine receptor occupancy appears to reach a plateau
at doses above 10 mg, supporting the observation
found in dose-response studies that 10 mg/d is the
optimal dose for aripiprazole.

Conclusions: The dose range for aripiprazole
is well defined, and it reliably predicts plasma
level, dopamine receptor occupancy, and clinical
response. Plasma level variation appears to have
minimal impact on clinical response, but it may
predict some adverse effects. A putative target
plasma level range of between 150 and 210 ng/mL
is suggested. Therapeutic drug monitoring has lim-
ited value in the clinical use of aripiprazole, but it
may be useful in assuring adherence and optimizing
response in individuals.

J Clin Psychiatry 2010;71(11):1447-1456
© Copyright 2010 Physicians Postgraduate Press, Inc.

Submitted: January 16, 2009; accepted June 9, 2009.

Online ahead of print: June 1, 2010 (doi:10.4088/JCP.09r05060gre).
Corresponding author: David Taylor, MSc, PhD, MRPharmS, Pharmacy
Department, Maudsley Hospital, Denmark Hill, London SE5 8AZ, UK
(David. Taylor@slam.nhs.uk).

Therapeutic drug monitoring (TDM) is an established,
and in some cases essential, practice when prescribing
and administering many drugs. It is the process by which
plasma drug concentrations are measured in order to en-
sure beneficial effect in individual patients. Drugs that have
a narrow therapeutic index and those drugs with an estab-
lished relationship between plasma concentration and either
efficacy or toxicity are those for which TDM is most ap-
propriate. Although widely used in general medicine, there
are relatively few drugs for which TDM is recommended in
psychiatry.

Most common uses of TDM include assuring compli-
ance (by monitoring to see if a given level is plausible for
a prescribed dose) and ensuring consistency of plasma lev-
els following a switch of formulation (eg, tablet to liquid).
Therapeutic drug monitoring can also be used as a tool to
guide dosing in the presence of drug interactions or physical
illness, such as hepatic or renal disease. When a clear dose-
response relationship cannot be established, but a correlation
is found between plasma levels and clinical effect, TDM can
be used to predict response, avoid relapse, and optimize
symptom control. It is particularly useful when plasma con-
centrations show high variability between individual patients
following exposure to equal doses.! Therapeutic drug moni-
toring thus allows the clinician to personalize treatment and
ensure optimal use of the drug.

Aripiprazole is an atypical antipsychotic with a unique
pharmacologic profile, acting as a partial agonist at dopa-
mine D, receptors, an antagonist at 5-HT,, receptors, and
a partial agonist at 5-HT , receptors.>® Attempts have been
made to establish a dose-response range for aripiprazole*>
but little is known about plasma-level relationships. Phar-
macokinetic studies in healthy male volunteers have shown
steady-state plasma levels to be achieved only after approxi-
mately 14 to 16 days of continuous daily dosing owing to
its long half-life of around 75 hours.®” Aripiprazole’s major
active metabolite, dehydroaripiprazole, has a receptor bind-
ing profile similar to the parent compound, and therefore is
expected to show similar pharmacologic activity.”® At steady
state, systemic exposure to the metabolite has been reported
to represent 39% of that of the parent drug.’ Plasma concen-
tration of this metabolite may therefore be clinically relevant
to both outcome and adverse effects, although its full effects
have not yet been studied.'” Further pharmacokinetic details
are shown in Table 1.

In this review, our aim was to evaluate relationships
between dose, plasma level, pharmacologic activity, and
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clinical outcome in order to establish the role of TDM in
patients receiving aripiprazole.

DATA SOURCES

In March 2008, we searched Embase, MEDLINE, and
PubMed databases using the drug name aripiprazole along-
side each of the terms plasma levels, plasma concentration,
and therapeutic drug monitoring. The search was restricted to
those articles written in English. All references were screened,
then appropriate articles retrieved in full and the text exam-
ined for relevant citations. The search was repeated in April
2009 before final analysis of data. Graphs of pooled data from
the various results were plotted using Stata software, version
10 (StataCorp LP, College Station, Texas). Linear regression
lines were fitted to display the relationships between aripip-
razole dose and aripiprazole concentration, aripiprazole dose
and dehydroaripiprazole concentration, and aripiprazole con-
centration and dehydroaripiprazole concentration.

STUDY SELECTION

Twenty-one published articles were retrieved from the
initial literature search. Those articles selected were reports
investigating, in multiple participants, the relationship be-
tween plasma/serum concentrations of aripiprazole and dose,
dopamine D,/D; occupancy, and/or outcome and adverse
effects. Review articles were also obtained and included for
discussion.

DATA EXTRACTION

All published reports of plasma or serum concentrations of
aripiprazole were included if plasma or serum aripiprazole con-
centrations were reported in relation to a dose, dopamine D,/
D; occupancy m or clinical outcome (measured by a suitable
efficacy measure such as the Brief Psychiatric Rating Scale!!
and the Positive and Negative Syndrome Scale [PANSS]'?).
Investigations into the effects of age and sex were also selected.
Those reports solely investigating drug interactions were not
included here. Data from both randomized controlled trials
and naturalistic TDM studies were selected in order to ensure
that a varied and large sample of participants was studied.
Mens and women of any age were included, regardless of psy-
chiatric diagnosis, comorbidity, and bed status.

DATA SYNTHESIS

Description of Studies

Twenty-one published articles were retrieved from the
initial literature search. Eight studies with data available for
651 participants were selected. Excluded studies are shown
in Table 2. Selected articles included 4 positron emission to-
mography (PET) studies, one of which included a naturalistic
TDM sample; and a further 4 naturalistic TDM studies. The
included studies came from a range of health care systems
across Europe, North America, the United Kingdom, and
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Table 1. Dosing Recommendations and Pharmacokinetic
Properties of Aripiprazole®P

Recommended dosing 10-15 mg once daily, maximum 30 mg

once daily*
Recommended time of Trough concentration (from once-daily
sampling dosing)
Units of plasma ng/mL or pg/L (equivalent units)
concentration
Approximate elimination 75 in extensive metabolizers of CYP2D6
half-life, h and approximately 146 in poor

metabolizers of CYP2D6"
16 (based on half-life of 75 h)
99, bound to serum proteins; binds
primarily to albumin®
Absolute bioavailability, % 87>
Apparent volume of 4.9°
distribution, L/kg
Peak absorption, h
Metabolism

Time to steady state, d
Plasma protein binding, %

3-5 postdose®

Aripiprazole is extensively hepatically
metabolized, primarily by
dehydrogenation, hydroxylation
(via CYP3A4 and CYP2D6), and
N-dealkylation (CYP3A4)P

Active metabolite Dehydroaripiprazole®

Data from Joint Formulary Committee.**
"Data from Otsuka and Bristol-Myers Squibb.?
Abbreviation: CYP = cytochrome P450.

Table 2. Excluded Studies

Study
Mallikaarjun et al,’ 2004

Reason for Exclusion

Healthy volunteer study to investigate
pharmacokinetic parameters; trough
concentrations not reported

Citrome et al,” 2005 Medication interaction study

Kubo et al,** 2005 Study of analytic method
Kubo et al,** 2005 Medication interaction study
Zuo et al,*® 2006 Pharmacokinetic profile study; trough

Mallikaarjun et al,* 2006
Hendset et al,>! 2007
Citrome et al,>” 2007
Castberg et al,>® 2007
Kubo et al, > 2007
Musenga et al,** 2008
Boulton et al,'? 2008

concentrations not reported
Plasma levels not reported
Genotype comparison study
Medication interaction study
Comedication interaction study
Pharmacokinetic profile study
Study of analytic method
Healthy volunteer pharmacokinetic profile

PSYCHIATRIST:COM

study of intramuscular/intravenous
aripiprazole

Waade et al,*! 2009 Comedication interaction study

Canada. These studies were published from 2002 to 2008.
Details of the various study designs including methods of
plasma/serum concentration detection, are shown in Tables
3 and 4. Mean aripiprazole plasma/serum concentrations
and doses found in each study are shown in Figure 1A.
Five studies combined display a strong positive correlation
between aripiprazole daily dose and plasma level (r*=0.8707,
P<.0001; Figure 1A). There was also a moderate correlation
between aripiprazole dose and dehydroaripiprazole plasma
concentration (r*=0.6211, P=.035; Figure 1B) and between
the concentrations of the parent and metabolite (r*=0.6193,
P=.035; Figure 1C).

Plasma/Serum Concentration Studies

The relationship between both aripiprazole and dehydro-
aripiprazole serum concentration and dose was investigated
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Figure 1. Comparison of Drug Dose or Plasma/Serum
Concentration to Drug or Metabolite Concentration

A. Mean Aripiprazole Dose Versus Mean
Plasma/Serum Aripiprazole Concentration?
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in a set of 523 serum samples collected from TDM data of
283 patients diagnosed with various psychiatric conditions.'®
Serum concentrations correlated with dose for each of the
compounds individually and their total moiety (Table 3;
demographic and mean serum concentration information
for this data set were not reported). Mean concentration of
dehydroaripiprazole was calculated to represent 40% of the
parent compound, with a coefficient of variation (CV) of
93% between patients. (Coefficient of variation is an indica-
tor of the degree of variability in relation to the mean value:
CV=100x [SD/mean value].) A subset of patients had their
blood collected on multiple occasions, allowing intraindi-
vidual CVs of the parent/metabolite ratio to be calculated at
26% (n=73; range, 2-9 serum samples).

Subjects with a diagnosis of schizophrenia (n=164)
were selected for further analysis; demographic and serum
level information is shown in Table 3. Aripiprazole was
the sole antipsychotic prescribed for 74 of these subjects.
Clinical response of the aripiprazole monotherapy patients
was measured by change in Clinical Global Impressions
(CGI) (item 1 for evaluation of severity of illness and item
2 for global improvement) score.'* Sixty percent of subjects
within the aripiprazole monotherapy group were classed as
very much improved or much improved. These patients were
classed as responders to aripiprazole treatment. The serum
aripiprazole concentration of the responders ranged from
124 to 286 ng/mL (25th to 75th percentile range). The inter-
quartile range of the active moiety was 173 to 367 ng/mL. The
authors therefore suggest a target aripiprazole concentra-
tion range of 150-300 ng/mL. A response rate of 68% was
found within this proposed concentration range. In patients
whose serum levels were above and below the target range,
mean response rates were 50% and 57% respectively. Adverse
effects (measured on a modified 4-point version of the
Utvalg for Kliniske Undersogelser Side Effect Scale!®) were
absent or mild in those with concentrations in the ranges of
110 to 249 ng/mL for aripiprazole and 166 to 353 ng/mL for
the total moiety (25th to 75th percentile ranges). Moderate to
severe adverse effects were reported within the ranges 210 to
335 ng/mL for aripiprazole and 245-375 ng/mL for the total
moiety (25th to 75th percentile range).

Several of the subjects in this study were comedicated with
drugs suspected to affect the metabolism of aripiprazole. The
effect of each drug (fluoxetine, fluvoxamine, metoprolol, pa-
roxetine, and carbamazepine) was measured by comparison
of the mean dose-corrected aripiprazole and dehydroari-
piprazole concentrations (concentration/dose [C/D] ratio,
ng/mL/mg). Although all of these drugs altered the C/D
ratio to an extent that may be clinically significant, only those
patients taking metoprolol had significantly altered C/D ari-
piprazole ratios (40% increase, n=11, P<.05). The number
of subjects taking any additional comedication (other than
metoprolol) was less than 6 in each case.

A smaller study’® collected information from routine
hospital TDM data in order to investigate the pharmaco-
kinetic variability of aripiprazole and dehydroaripiprazole
and the effect of sex and comedication. Concentration of
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both aripiprazole and the active moiety (data not avail-
able) were significantly but weakly correlated with dose.
Interquartile ranges are shown in Table 3. Pharmacokinetic
variability was expressed as the range in dose-adjusted se-
rum concentrations (C/D ratio; nmol/L/mg/d). As shown in
Table 3, greatest interindividual variability was measured for
dehydroaripiprazole. No significant difference was found be-
tween the median dose-adjusted concentration ratio of men
and women (median difference less than 15%, P>.14).

Intraindividual variation was measured by the range in
C/D ratio of the 24 subjects who had given multiple samples.
Within this group, the majority of subjects had less than a
2-fold intraindividual difference between samples for aripip-
razole, dehydroaripiprazole, and the active moiety (n=19, 15,
and 18, respectively). Those who had more than 3 samples
were described individually (n=9). The highest variability
measured was a 9-fold range in aripiprazole C/D ratio, with
a corresponding 3-fold range in the metabolite ratio.

Patients taking additional medication were included in
the sample. The authors identified 3 patients with a copre-
scription of known potent cytochrome P450 (CYP) CYP2D6
inhibitors (fluoxetine and paroxetine). Although C/D ratios
varied widely within the 3 patients also taking fluoxetine or
paroxetine, a difference was not seen when compared with
the whole sample. This study suggests that pharmacokinetic
variability is extensive and unlikely to be related to dose or
sex.

A smaller TDM study by Kirschbaum and colleagues'”
analyzed trough aripiprazole serum samples with the aim of
establishing the utility of TDM for aripiprazole. Pure aripip-
razole was not available for the assay, so it was obtained from
incubation of 15 mg Abilify tablets. The authors stressed that
the accuracy of the method was uncertain and urged caution
when reviewing the results. The 27 subjects took aripiprazole
across the dose range of 10-30 mg. The mean dose was 18.4
mg/d (median, 15 mg/d); the corresponding median serum
concentration was 219 ng/mL, with an interquartile range of
146-254 ng/mL. In the absence of any established range for
efficacy or adverse effects, the authors suggested this range
as a preliminary target range for TDM of aripiprazole.

The serum concentration of aripiprazole in adolescents
was studied by Bachmann and coworkers.'® Thirty-three
patients diagnosed with schizophrenia spectrum disorders
and having a mean + SD age of 18.7+ 1.7 (range, 13.5-21.6)
years were dosed and treated according to clinical needs.
Mean + SD aripiprazole dose was 12.9+6.4 (range, 5-30)
mg/d Mean + SD serum concentration of aripiprazole was
142.0+122.7 (range, 40-648.3) ng/mL, and of dehydroari-
piprazole was 51.6 £22.3 (range, 30.0-111.6) ng/mL. There
was a significant correlation between daily dose and aripip-
razole concentration (r=0.548, P=.001), which was stronger
for dehydroaripiprazole (r=0.740, P<.0005). Patients who
provided more than 1 sample at a stable dose of aripiprazole
were assessed for intrapatient variability. Aripiprazole C/D
ratio between the lowest and highest concentration varied
9.3-fold. There was a maximum interpatient variability of
6.4 times. By calculation of variance components, it was
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found that the percentage of total variability in serum con-
centration caused by intraindividual variability was 30.5%
for aripiprazole and 87.5% for dehydroaripiprazole.

The majority of patients (32 of 33) were also treated con-
comitantly with other medication. Serum C/D ratio was
compared between patients; grouped according to the class
of any concomitantly prescribed drug (eg, antipsychotic,
SSRI, and anti-Parkinson medication) No significant serum
concentration differences were found to be associated with
comedication. There were no drugs prescribed with the
potential to induce or inhibit CYP2D6 or CYP3A4 enzymes.
A multiple regression analysis found no significant influence
of effect of age, sex, body mass index, or cigarette smok-
ing on dose-corrected aripiprazole or dehydroaripiprazole
concentration.

Positron Emission Tomography Studies

Four PET studies were identified during which human
in vivo dopamine occupancy of aripiprazole was inves-
tigated (Table 4).72? The earliest of these studies was a
dose-response study carried out during the drug develop-
ment stage.'® Plasma levels were not reported, but a highly
significant positive correlation was found between daily
aripiprazole dose and peak plasma concentration at steady
state (r=0.97, P<.01). A hyperbolic relationship was found
between both aripiprazole dose and plasma levels with stri-
atal dopamine D,/D; receptor occupancy. Almost complete
saturation was found at peak plasma levels above 100-200
ng/mL. Similarly, there appeared to be no important increase
in striatal dopamine D,/D; receptor occupancy in doses
above 10 mg/d.

Kegeles and colleagues?® reported a further dose-
occupancy study that compared aripiprazole D, receptor
occupancy in striatal and extrastriatal areas. A strong cor-
relation was found between plasma concentration and daily
dose (r=0.814, P=.0002; actual concentrations not report-
ed). Because of the high correlation found, authors deemed
it unnecessary to continue plasma-level investigation, and
subsequent analyses of occupancy were performed in rela-
tion to dose rather than plasma level. Occupancy was not
reported for all doses, but it ranged from 71.6 £5.5% at 2
mg/d to 96.8+5.3% at 40 mg/d (mean of all subjects at all
regions). Changes in PANSS positive symptom subscale cor-
related positively with striatal subregional occupancy (n=7).
No such relationship was found for extrastriatal regions or
for the negative symptom subscale in any region. Extrastri-
atal occupancy was consistently higher than in the striatal
regions for any given dose.

Two PET studies were identified that directly investigated
the relationship between plasma aripiprazole concentration
and dopamine D, receptor occupancy.?'?? Study methods
and results are shown in Table 4. Mamo and colleagues?!
reported the PET scans of 12 subjects diagnosed with schizo-
phrenia or schizoaffective disorder, randomly assigned to 1
of 4 fixed doses of aripiprazole.?! High striatal dopamine D,
occupancy was found at all doses. At the lowest dose of 10
mg, mean occupancy was 85% (putamen range, 81%-88%),
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and it increased with dose. At a 30-mg dose, a mean occu-
pancy of 91% was recorded (range, 90%-94%). Dopamine
D, occupancy in the putamen was consistently lower than
in the caudate (P<.001) and ventral striatum (P=.01). D,
receptor occupancy in all 3 areas was significantly corre-
lated with aripiprazole dose and plasma concentration. As
dose increased, aripiprazole and dehydroaripiprazole plasma
concentration also increased, displaying a modest linear cor-
relation (r=0.67, P=.02 and r=0.63, P=.03, respectively).

In the Mamo and colleagues®! study, 4 patients had D,
occupancy exceeding 90%. Two of these patients suffered
with extrapyramidal side effects (EPSE) during the study
period, and both had parent and metabolite plasma levels
considerably higher than the mean level recorded for the
dose they were taking (aripiprazole levels: 442 ng/mL at 30
mg/d and 663 ng/mL at 20 mg/d). Reasons for the elevated
plasma concentrations were not investigated.

Grunder and colleagues* investigated the dopamine
receptor binding of aripiprazole in relation to its serum
concentration. Positron emission tomography scans were
performed and serum levels were taken from 16 aripiprazole-
treated patients. In addition, 203 routine TDM serum samples
were also collected from 128 patients prescribed aripiprazole.
Aripiprazole occupied both striatal and extrastriatal D,/D;
receptors at values close to saturation throughout the brain.
There was no significant difference in receptor occupancy
across the different regions, and no preferential extrastriatal
binding was observed (see Table 4). The PET study revealed
no correlation between the dose of aripiprazole and trough
plasma concentration or between aripiprazole dose and
receptor occupancy in any area of the brain. However, in
the independent larger TDM study, there was a correlation
between dose and plasma concentration (r=0.510, P<.01,
Figure 1A, 1B, and 1C). There was a significant correlation
between aripiprazole concentration and dopamine receptor
occupancy in all brain regions (r=0.51 to 0.62 across regions,
P=.0001 in each region). At plasma levels above the range
100-150 ng/mL, D, receptor occupancy approached 100%
in all brain areas studied. The mean serum concentration in
the clinical sample was in excess of 200 ng/mL.

CONCLUSIONS

A strong linear correlation exists between aripiprazole
dose and plasma/serum aripiprazole concentration. There
is also evidence that there is a similarly robust correlation
between aripiprazole dose and concentration of both its
active metabolite dehydroaripiprazole and the total moiety.
In addition, there is a clear relationship between the con-
centration of aripiprazole and that of dehydroaripiprazole.
Positron emission tomography scan analyses suggest that
there are statistically significant relationships between dopa-
mine D,/D; receptor occupancy and both aripiprazole dose
and blood concentration.

Therapeutic drug monitoring is a useful practice when
plasma concentration is not predictable from dose alone and
when a therapeutic range is established in which efficacy is
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Figure 2. Aripiprazole Daily Dose Versus Mean Reduction in
PANSS Score From Baseline?
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2Reproduced with permission from Mace and Taylor.*

enhanced and toxic effects are largely avoided. The avail-
able data for aripiprazole demonstrate a strong relationship
between dose and concentration, making it possible to pre-
dict with some certainty an approximate plasma level for a
given dose. All reports of this relationship have confirmed
a correlation between dose and plasma level, with the single
exception of the relatively small PET scan study by Grunder
and colleagues.?? In the larger TDM arm of this last study, a
clear relationship was found between aripiprazole dose and
serum concentration.

Dose-response studies for aripiprazole suggest a thresh-
old of approximately 10 mg/d for clinical response, with little
clinical benefit found above this dose (Figure 2).* Dopamine
occupancy PET scans studied here have shown that high
dopamine receptor occupancy is found even at low aripip-
razole doses, with little increase in occupancy and almost
complete saturation measured above 10 mg/d. For D, an-
tagonist antipsychotics it has been postulated that a striatal
occupancy of 65% produces efficacy, and a striatal occupancy
of 78% produces EPS.? Aripiprazole’s partial agonist activity
is indicated by the observations that D, occupancy of more
than 65% (at 2 mg/d)'*?° shows no therapeutic benefit** and
that occupancies well above 78% seem not to give rise to
EPS.1%25> What is important, however, is that D, occupancy
and clinical response appear to reach something of a plateau
at doses above 10 mg, supporting the observation that 10
mg/d is the optimal dose for aripiprazole. This observation
is somewhat supported by the evidence that, in clinical prac-
tice, dosage in patients treated with aripiprazole is not often
increased above the recommended range, unlike patients
treated with other atypical antipsychotics.?®

Only 2'%2! of the 4 PET studies reviewed were able to
establish a significant correlation between dose and do-
pamine receptor occupancy, while a correlation between
plasma level and occupancy was found by all 3 research
groups that investigated the relationship. The small finite
dose range of aripiprazole, along with the small numbers
of participants in each study, may mean that a statistically
significant correlation is less likely to be found between dose
and occupancy than between plasma level and occupancy.
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Regardless of the lack of significant correlation, it is clear that
occupancy and response increase up to a dose of 10 mg, after
which no significant further increase is evident.!>-*!

Kirschbaum and colleagues!'*!7 were the only study
groups to suggest a serum target range for either efficacy or
adverse effects. In their smaller study,'” a serum target range
of 146-254 ng/mL was suggested, based on the interquartile
range measured in their whole study sample (without direct
reference to efficacy). In a larger and later study'® a wider ef-
ficacy range of 150-300 ng/mL was suggested, based on those
patients who made a clinical response to aripiprazole. This
study also found 2 ranges for adverse effects—one in which
adverse effects were “absent to mild” (110-249 ng/mL) and
the other in which they were “moderate to severe” (210-335
ng/mL). These 3 ranges found in the later study'® might sug-
gest that a plasma/serum level range for optimal efficacy and
avoidance of adverse effects is between 150 and 210 ng/mL.
Both studies used a method of finding a target range based
on the interquartile ranges found in their population rather
than on any statistical method to establish significance. Ad-
ditionally, the authors of the earlier study advised caution
when considering their results, as their standard aripiprazole
assay sample was not pure and authentic. However, these are
the only studies to investigate the relationship between blood
concentration and response, and the later study is one of only
2 to comment on adverse effects in any way.

In the reviewed studies, a concentration range of 150-
210 ng/mL corresponds to an approximate predicted dose
range of 10-15 mg/d Dopamine receptor occupancy at these
doses would be expected to be in excess of 80%. In all stud-
ies in which patients were dosed according to clinical need
(rather than being randomly assigned to a dose), all mean
doses were within the range of 15-20 mg/d, and the major-
ity of serum levels were just greater than the upper end of
the suggested 150-210 ng/mL range. All serum levels were
within the efficacy range of 150-300 ng/mL suggested by
the later Kirschbaum study group. As patients were dosed
freely according to clinical decision, it may be assumed that
doses were titrated for optimal efficacy and avoidance of
adverse effects, which would provide some support for the
efficacy and adverse effect range suggested by Kirschbaum
and colleagues.

Two study groups discussed adverse effects caused
by aripiprazole.!*?! Several pooled analyses of tolerabil-
ity data from different studies of patients diagnosed with
schizophrenia have shown that up to 12.5% of patients tak-
ing aripiprazole report extrapyramidal symptoms (EPS)
and akathisia.”’~?° The studies discussed here report only
patients diagnosed with schizophrenia or schizoaffective dis-
orders, but aripiprazole-induced EPS may be more common
in patients diagnosed with affective disorders. A large meta-
analysis analyzing the frequency of EPS in patients taking 5
different antipsychotic drugs and diagnosed with affective
disorders and schizophrenia found that patients being treat-
ed for bipolar affective disorder were more likely to suffer
EPS than those diagnosed with schizophrenia. Patients pre-
scribed aripiprazole were significantly more likely to suffer
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akathisia if diagnosed with bipolar mania or depression than
schizophrenia.®® In the PET study conducted by Mamo and
colleagues, 2! EPSE were reported by 2 subjects in whom
plasma levels were far above the mean for their dose. Pos-
sible explanations for these high levels were not investigated,
but it may be that plasma level and not dose predicts likeli-
hood of EPSE. To the best of our knowledge, there are no
further available data concerning the relationship between
plasma levels and EPS or akathisia for any group of patients.
If plasma levels, more than dose, predict likelihood of EPSE
or akathisia, TDM may be a particularly useful tool for use
in treating patients diagnosed with an affective illness.

Interindividual variability in aripiprazole and metabolite
plasma concentration, particularly in dehydroaripiprazole
concentrations, was found to be extensive in 3 TDM stud-
ies.!>1618 Only 2 studies'®!® investigated the effect of sex on
plasma concentration, and they found no relationship be-
tween the two. Other possible reasons for variability, such as
age and metabolic enzyme genotype, were not investigated
by any of the research groups, although they were suggested
as a likely cause of interindividual variability. The effect of
comedication was investigated by 3 studies,'>!®18 and they
found that several drugs affect the metabolism and therefore
the concentration of aripiprazole and its metabolite. These
interactions were not investigated in detail and do not ex-
plain all the variability found. This interindividual variation
within the same prescribed dose supports the argument for
plasma level monitoring of aripiprazole.

Our review of the literature includes data from many dif-
ferent studies and from more than 600 subjects. The majority
of the data are from naturalistic studies, which, although less
controlled than a randomized controlled trial, may more
accurately reflect prescribing in a clinical population, and
they are therefore valuable when applying these findings to
clinical practice. Although the majority of studies were in
groups of patients diagnosed with schizophrenia or schizo-
affective disorder, one PET study was carried out in healthy
volunteers.”” Many of the studies did not report exclusion
criteria, and only 2 studies clearly excluded subjects who
had a substance misuse diagnosis and who were taking other
medication (Tables 3 and 4). None of the studies we have
reported investigated the CYP2D6 metabolizing capability
of the participants. The CYP2D6 genotype is known to have
an extensive effect on the metabolism, and therefore on the
plasma and serum concentration, of aripiprazole in individ-
ual patients.’! In all the studies, despite a mixture of both
males and females and an age range of 13 to 69 years, the
majority of subjects were male, and all studies had a mean
age near 30 years old. These limitations should be considered
when applying the results to clinical practice.

The dose range for aripiprazole is well defined, and it reli-
ably predicts plasma or serum aripiprazole level, dopamine
receptor occupancy, and clinical response. Some variability
in plasma/serum concentrations of parent and metabolite
is evident between patients treated with the same doses of
aripiprazole. This variation appears to have minimal im-
pact on clinical response, but it may predict EPS and other

J'Clin-Psychiatry 71:11, November 2010



Aripiprazole Profile and Therapeutic Drug Monitoring

significant adverse effects. Doses between 10 and 20 mg/d 13. Kirschbaum KM, Miiller MJ, Malevani J, et al. Serum levels of aripipra-
. . s zole and dehydroaripiprazole, clinical response and side effects. World |
have Fons1stently‘ been shown to be optimally clinically Biol Psychiatry. 2008,9(3):212-218.
effective. A putative target plasma level range of between 14. Guy W. The Clinical Global Impressions Scale. In: Guy W, ed. ECDEU
150 and 210 ng/ mL is suggested. Assessment Manual for Psychopharmacology. Rev Ed. Rockville, MD:
. National Institute of Mental Health; 1976:218-222.

Th_e use of TDM t(_) monltgr tr.eatment adherence and the 15. Lingjaerde O, Ahlfors UG, Bech P, et al. The UKU side effect rating
magnitude of a drug interaction is well established for many scale: a new comprehensive rating scale for psychotropic drugs and
drugs and is sensible and justified in the case of aripiprazole. a cross-sectional study of side effects in neuroleptic-treated patients.

. o i Acta Psychiatr Scand Suppl. 1987;76(s334):1-100.

Therap ?u_tlc drug monltorln.g may a'dso be help ful t? opti 16. Molden E, Lunde H, Lunder N, et al. Pharmacokinetic variability of
mize aripiprazole treatment in individuals showing little or aripiprazole and the active metabolite dehydroaripiprazole in psychiatric
no clinical response or intolerable EPS. For the most part, patients. Ther Drug Monit. 2006;28(6):744-749. ' o
however, TDM should not be considered routine practice - Kirschbaum KM, Mller MJ, Zernig G, et al. Therapeutic monitoring of

e aripiprazole by HPLC with column-switching and spectrophotometric
for aripiprazole. detection. Clin Chem. 2005;51(9):1718-1721.
Drug names: aripiprazole (Abilify), carbamazepine (Carbatrol, Equetro, 18. Baghn?gnn < le:ger—Gms A, Hemzel—G'ut'e mbrunner M, et al. Large .

. . variability of aripiprazole and dehydroaripiprazole serum concentrations
and others), fluoxetine (Prozac, Sarafem, and others), fluvoxamine (Luvox ) . . X X ;
. . in adolescent patients with schizophrenia. Ther Drug Monit. 2008;30(4):

and others), metoprolol (Toprol, Lopressor, and others), paroxetine (Paxil, 462466
Pexeva, and others). JURAS, . .
Author affiliations: Pharmacy Department, South London and Maudsley 19. Yokoi K Grl.mder G, Biziere K, et al. DoPam1ne Dz. and D3.receptor .

. . . } occupancy in normal humans treated with the antipsychotic drug aripip-
National Health Service Foundation Trust (Ms Sparshatt and Dr Taylor); . . .

. . . N razole (OPC 14597): a study using positron emission tomography and
School of Biomedical & Health Sciences, King’s College (Dr Taylor); 11 .
L . L . . . [''C]raclopride. Neuropsychopharmacology. 2002;27(2):248-259.
Division of Psychological Medicine and Psychiatry, Institute of Psychiatry, o
L . . ., 20. Kegeles LS, Slifstein M, Frankle WG, et al. Dose-occupancy study of
King’s College (Dr Patel); and Institute of Psychiatry, King’s College (Dr : . . - ;
. . striatal and extrastriatal dopamine D2 receptors by aripiprazole in
Kapur), London, United Kingdom. . o 18 .
. . . . . schizophrenia with PET and ['*F]fallypride. Neuropsychopharmacology.
Potential conflicts of interest: Dr Taylor has received consultancies fees, 2008:33(13):3111-3125
lecturing honoraria, and/or research funding from AstraZeneca, Janssen- ’ ) o . . .
. . X . . . 21. Mamo D, Graff A, Mizrahi R, et al. Differential effects of aripiprazole
Cilag, Servier, sanofi-aventis, Lundbeck, Bristol-Myers Squibb, Novartis, . - .
. © . . . on D(2), 5-HT(2), and 5-HT(1A) receptor occupancy in patients with
Eli Lilly, and Wyeth. Dr Patel has received consultancies fees, lecturing . . : ;
. . . s schizophrenia: a triple tracer PET study. Am ] Psychiatry. 2007;164(9):
honoraria, and/or research funding from Janssen-Cilag, Eli Lilly, and 1411-1417
Wyeth, .Dr Ke}pur has recelvefi grant support or has been a consultfi nt/ 22. Griinder G, Fellows C, Janouschek H, et al. Brain and plasma phar-
scientific advisor or on speaking engagements for AstraZeneca, Bristol S . . . . . . 18
M . R . . macokinetics of aripiprazole in patients with schizophrenia: an ['°F]
eyers Squibb, Eli Lilly, EMD Darmstadt, GlaxoSmithKline, Janssen . ) ) )
fallypride PET study. Am J Psychiatry. 2008;165(8):988-995.
(Johnson and Johnson), Neuromolecular Inc, Otsuka, Organon, Pfizer, R . . .
. . 23. Kapur S, Zipursky R, Jones C, et al. Relationship between dopamine
Sanofi-Synthelabo, Servier, Solvay, and Wyeth. Ms Sparshatt has no per- D . . .
S ; ; . . L (2) occupancy, clinical response, and side effects: a double-blind PET
sonal affiliations or financial relationships with any commercial interest ; . . .

. . . study of first-episode schizophrenia. Am J Psychiatry. 2000;157(4):
to disclose relative to the article. 514-520
Funding/support: None reported. 24. Cutler AJ, Marcus RN, Hardy SA, et al. The efficacy and safety of lower

doses of aripiprazole for the treatment of patients with acute exacerba-
REFERENCES tion of schizophrenia. CNS Spectr. 2006;11(9):691-702, quiz 719.
25. Daniel DG, Saha AR, Ingenito G. Aripiprazole, a novel antipsychotic:

1. Hiemke C. Clinical utility of drug measurement and pharmacokinetics: overview of a phase II study result. Int ] Neuropsychopharmacol. 2000;
therapeutic drug monitoring in psychiatry. Eur J Clin Pharmacol. 2008; 3(suppl 1):5157.
64(2):159-166. 26. Citrome L, Jaffe A, Levine J. Datapoints: the ups and downs of dosing

2. Otsuka and Bristol-Myers Squibb. Summary of Product Characteristics. second-generation antipsychotics. Psychiatr Serv. 2007;58(1):11.
Abilify Tablets, Orodispersible Tablets, Oral Solution. 27. Marder SR, McQuade RD, Stock E, et al. Aripiprazole in the treatment of
http://emc.medicines.org.uk/. 2008. Accessed April 2009 schizophrenia: safety and tolerability in short-term, placebo-controlled

3. Taylor DM. Aripiprazole: a review of its pharmacology and clinical use. trials. Schizophr Res. 2003;61(2-3):123-136.

Int J Clin Pract. 2003;57(1):49-54. 28. Riesgo Y, Talbott S, Eudicone J, et al. Assessment of akathisia in acute

4. Mace S, Taylor D. Aripiprazole: dose-response relationship in schizophre- schizophrenia and schizoaffective disorder patients: a pooled analysis
nia and schizoaffective disorder. CNS Drugs. 2009;23(9):773-780. of 5 placebo-controlled, double-blind studies with aripiprazole.

5. Davis JM, Chen N. Dose response and dose equivalence of Eur Psychiatry. 2007;22(suppl 1):5134-S135.
antipsychotics. J Clin Psychopharmacol. 2004;24(2):192-208. 29. Loze ], Talbott S, Eudicone J, et al. Akathisia in schizophrenia patients

6. Mallikaarjun S, Salazar DE, Bramer SL. Pharmacokinetics, tolerability, treated with aripiprazole, haloperidol, or olanzapine—analysis of three
and safety of aripiprazole following multiple oral dosing in normal double-blind, long-term trials. Eur Psychiatry. 2007;22(suppl1):5122.
healthy volunteers. ] Clin Pharmacol. 2004;44(2):179-187. 30. Gao K, Kemp DE, Ganocy SJ, et al. Antipsychotic-induced extrapy-

7. Swainston Harrison T, Perry CM. Aripiprazole: a review of its use ramidal side effects in bipolar disorder and schizophrenia: a systematic
in schizophrenia and schizoaffective disorder. Drugs. 2004;64(15): review. ] Clin Psychopharmacol. 2008;28(2):203-209.

1715-1736. 31. Hendset M, Hermann M, Lunde H, et al. Impact of the CYP2D6

8. Wood MD, Scott C, Clarke K, et al. Aripiprazole and its human genotype on steady-state serum concentrations of aripiprazole and
metabolite are partial agonists at the human dopamine D2 receptor, dehydroaripiprazole. Eur J Clin Pharmacol. 2007;63(12):1147-1151.
but the rodent metabolite displays antagonist properties. Eur ] Pharmacol. 32. Joint Formulary Committee, ed. British National Formulary. 55th ed.
2006;546(1-3):88-94. London, England: BMJ Group and RPS Publishing; 2008.

9. Citrome L, Josiassen R, Bark N, et al. Pharmacokinetics of aripiprazole 33. Kubo M, Mizooku Y, Hirao Y, et al. Development and validation of an
and concomitant lithium and valproate. J Clin Pharmacol. 2005;45(1): LC-MS/MS method for the quantitative determination of aripiprazole
89-93. and its main metabolite, OPC-14857, in human plasma. ] Chromatogr

10. Boulton DW, Kollia G, Mallikaarjun S, et al. Pharmacokinetics and tol- B Analyt Technol Biomed Life Sci. 2005;822(1-2):294-299.

erability of intramuscular, oral and intravenous aripiprazole in healthy 34. Kubo M, Koue T, Inaba A, et al. Influence of itraconazole

subjects and in patients with schizophrenia. Clin Pharmacokinet. 2008; co-administration and CYP2D6 genotype on the pharmacokinetics

47(7):475-485. of the new antipsychotic ARIPIPRAZOLE. Drug Metab Pharmacokinet.
11. Overall JE, Gorham DR. The Brief Psychiatric Rating Scale. Psychol Rep. 2005;20(1):55-64.

1962;10:799-812. 35. Zuo XC, Liu SK, Yi ZY, et al. Steady-state pharmacokinetic
12. Kay SR, Fiszbein A, Opler LA. The positive and negative syndrome scale properties of aripiprazole 10 mg PO g12h in Han Chinese adults

(PANSS) for schizophrenia. Schizophr Bull. 1987;13(2):261-276. with schizophrenia: a prospective, open-label, pilot study.

J.Clin Psychiatry 71:11, November 2010 PSYCHIATRIST.COM 1455



Sparshatt et al

36.

37.

38.

1456

Curr Ther Res. 2006;67(4):258-269.

Mallikaarjun S, Bramer SL, Kornhauser D, et al. Tolerability, safety and
pharmacokinetics of aripiprazole at high doses in adults with a
diagnosis of schizophrenia or schizoaffective disorder—a pilot study.
Clin Pharmacol Ther. 2006;79(2):P17.

Citrome L, Macher JP, Salazar DE, et al. Pharmacokinetics of aripiprazole
and concomitant carbamazepine. J Clin Psychopharmacol. 2007;27(3):
279-283.

Castberg I, Spigset O. Effects of comedication on the serum levels of ari-
piprazole: evidence from a routine therapeutic drug monitoring service.
Pharmacopsychiatry. 2007;40(3):107-110.

PSYCHIATRIST:COM

39. Kubo M, Koue T, Maune H, et al. Pharmacokinetics of aripiprazole,

a new antipsychotic, following oral dosing in healthy adult Japanese
volunteers: influence of CYP2D6 polymorphism. Drug Metab
Pharmacokinet. 2007;22(5):358-366.

40. Musenga A, Saracino MA, Spinelli D, et al. Analysis of the recent
antipsychotic aripiprazole in human plasma by capillary electrophoresis
and high-performance liquid chromatography with diode array detec-
tion. Anal Chim Acta. 2008;612(2):204-211.

41. Waade RB, Christensen H, Rudberg I, et al. Influence of comedication
on serum concentrations of aripiprazole and dehydroaripiprazole.
Ther Drug Monit. 2009;31(2):233-238.

J'Clin-Psychiatry 71:11, November 2010



	Table of Contents


