Modeling and Simulation Supports
Dosing Guidelines for a Novel Treatment
for Schizophrenia
A medium-sized biopharmaceutical company leveraged Certara’s
trial simulation software and PBPK modeling and simulation
consulting services to facilitate regulatory approval for a longacting injectable antipsychotic drug
Background
Despite the availability of effective treatments, schizophrenia patients frequently relapse due to
poor medication adherence. To help patients achieve medication adherence, Alkermes developed
aripiprazole lauroxil (AL), a novel long-acting injectable (LAI) atypical antipsychotic drug.1
Following injection, aripiprazole lauroxil is converted to N-hydroxymethyl aripiprazole, which is
then hydrolyzed to aripiprazole, the active drug. Aripiprozole is primarily eliminated by the drug
metabolizing enzymes CYP2D6 and CYP3A4.

Challenge
AL was designed to be injected either every four (at three possible dose levels) or six weeks at the
highest dose level. The drug development team at Alkermes needed to understand the impact
of different dosing scenarios, including missing doses, on aripiprazole concentrations since
schizophrenia patients often have difficulty with medication adherence.
They also sought to evaluate the impact of concomitant administration of strong CYP3A4 inhibitors
and inducers and strong CYP2D6 inhibitors on AL pharmacokinetics (PK). Since patients that are
CYP2D6 poor metabolizers have a reduced ability to eliminate CYP2D6 substrates, they also wanted
to know if these patients would require dose adjustments.

Solution
Using a previously developed population PK model, they leveraged Certara’s Trial Simulator to
perform Monte-Carlo simulations to evaluate different dosing scenarios including the impact of
missing doses. For each simulation, 500 individual aripiprazole concentration-time profiles
were generated.2
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Challenge
The drug development
team at Alkermes needed
to understand the impact
of variable dosing on its
long-acting, injectable
atypical antipsychotic,
aripiprazole lauroxil
(AL). They also sought to
evaluate the drug-drug
interaction potential
for AL and the effect of
CYP2D6 metabolizer
status on aripiprazole
pharmacokinetics.

Solution
They leveraged Certara’s
Trial Simulator to predict
AL concentrations
following a variety
of dosing scenarios,
including missed doses.
Certara scientists used the
Simcyp Simulator software
to predict the impact
of co-administration of
CYP3A4 and CYP2D6
inhibitors/inducers in
patients with varying
CYP2D6 metabolizer status
on aripiprazole exposure.
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Benefit
The sponsor was able to
develop guidelines for AL
regarding missing doses
and dose adjustments for
CYP450 modulator use
based solely on modeling
and simulation. These
recommendations were
accepted by the US FDA for
treatment of patients with
schizophrenia.

Physiologically-based pharmacokinetic (PBPK) models describe the behavior of drugs in the
different body tissues. Depending on the route of administration, the course of the drug can be
tracked through the blood and tissues. Each tissue is considered to be a physiological compartment.
The concentration of the drug in each compartment is determined by combining systems data,
drug data, and trial design information. The systems data includes demographic, physiological,
and biochemical data for the individuals in the study population. The drug data consists of its
physicochemical properties, its binding characteristics, and information on its metabolism and
solubility. The trial design information comprises the dose, administration route, dosing schedule,
and co-administered drugs.
Certara scientists used the Simcyp Simulator PBPK platform to predict the impact of
co-administration of CYP3A4 and CYP2D6 inhibitors/inducers on aripiprazole exposure in
patients with varying CYP2D6 metabolizer status.2

Benefit
Simulations of aripiprazole time-concentration profiles showed that both monthly dosing of the
high, medium, and low dose levels as well as dosing every six weeks at the high dose level resulted
in concentrations within the established therapeutic window. These simulations also showed that
aripiprazole concentrations are sustained following a missed dose and decline minimally when the
time since the last injection is six to eight weeks or less. Recommendations for concomitant oral
aripiprazole supplementation following missed doses were devised based on information from
trial simulations.
Results from the PBPK model suggested that reduction of the high and medium dose to the
next lower dose in the presence of strong CYP3A4 and CYP2D6 inhibitors is needed to keep
aripiprazole exposure in the target range. Likewise, in the presence of a strong CYP3A4 inducer,
the low dose needs to be increased to the next dose level to keep aripiprazole exposure
within the therapeutic window. The PBPK model also supported recommendations for dosage
adjustments for patients known to be poor metabolizers of CYP2D6 substrates who were also
taking strong CYP3A4 inhibitors.

Impact
Aristada (injectable, extended-release aripiprazole lauroxil) received FDA approval in late 2015.4
Dose adjustments were recommended on the drug label based on simulations that examined the
effects of missing doses and co-medications on aripiprazole pharmacokinetics. The prolonged
exposure profile of aripiprazole following AL administration provides sustained therapeutic coverage
and eliminates the need for oral aripiprazole supplementation in the event of late or missed doses
for up to four weeks.
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The effect of patients’ CYP2D6 genotype was also incorporated into PBPK models and informed
label claims. The insights from modeling and simulation approaches as well as the product
characteristics of AL provide clinicians with flexibility in devising safe and effective treatment plans
for schizophrenia patients who have difficulty with medication adherence.
Dose Adjustments With Concomitant CYP450 Modulator Use for > 2 Weeks3
Concomitant Medicine

Dose Change for AL*

Strong CYP3A4 Inhibitor

Reduce the dose of AL to the next lower strength. No dosage adjustment is necessary in
patients taking 441 mg AL, if tolerated.
For patients known to be poor metabolizers of CYP2D6: Reduce dose to 441 mg from 662 mg
or 882 mg. No dosage adjustment is necessary in patients taking 441 mg AL, if tolerated.

Strong CYP2D6 Inhibitor

Reduce the dose of AL to the next lower strength. No dosage adjustment is necessary in
patients taking 441 mg AL, if tolerated.
For patients known to be poor metabolizers of CYP2D6: No dose adjustment required.

Both Strong CYP3A4 Inhibitor and
Strong CYP2D6 Inhibitor

Avoid use for patients at 662 mg or 882 mg dose. No dosage adjustment is necessary in
patients taking 441 mg AL, if tolerated.

CYP3A4 Inducers

No dose adjustment for 662 mg and 882 mg dose, increase the 441 mg dose to 662 mg.
* For 882 mg q6wk, the next lower strength is 441 mg q4wk.
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About Certara
Certara is a leading provider of decision support technology and consulting services for optimizing drug
development and improving health outcomes. Certara’s solutions, which span the drug development and
patient care lifecycle, help increase the probability of regulatory and commercial success by using the most
scientifically advanced modeling and simulation technologies and regulatory strategies. Its clients include
hundreds of global biopharmaceutical companies, leading academic institutions and key regulatory agencies.
For more information visit www.certara.com or email sales@certara.com.
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