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ABSTRACT

Introduction: TV-46000 is a long-acting subcu-
taneous antipsychotic (LASCA) agent that com-
bines risperidone and an innovative, copolymer-
based drug delivery technology in a suspension
suitable for subcutaneous administration from
a prefilled syringe. The objective of the current
analysis was to characterize the pharmacokinet-
ics (PK) of TV-46000 based on pooled data from
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phase 1 and phase 3 studies, and to further sup-
port clinical use aspects of TV-46000.

Methods: A population PK (popPK) model was
developed using TV-46000 PK data obtained from
three phase 1 studies (n=267) and two phase 3
trials (n=425). A sequential parent-metabolite
model structure was used, and the total active
moiety (TAM) concentration—-time profiles were
simulated for TV-46000 once monthly (q1m) and
once every 2 months (q2m) across the range of
available doses and different administration sites.
Results: The popPK model adequately char-
acterized the PK of risperidone and its active
metabolite. TV-46000 reaches therapeutic
plasma TAM concentrations (=10 ng/mL) within
24 h following first dose administration. Three
months after initiation of TV-46000, 86% and
88% of steady-state TAM exposure were achieved
for q1m and q2m, respectively, and steady state
was fully attained by 6 months (i.e., >90%
of steady-state TAM exposure). In addition,
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simulated D2 receptor occupancy for TV-46000
was generally within the therapeutic window of
60-80% during both dosing intervals.
Conclusions: The developed popPK model,
together with corresponding simulations, sup-
ports TV-46000 as a LASCA that offers flexible
dosing intervals (Q1m or q2m) and administra-
tion sites (abdomen or upper arm) and does
not require oral supplementation or loading
dose(s).

PLAIN LANGUAGE SUMMARY

TV-46000 is a long-acting injectable that is pre-
scribed to patients with schizophrenia. The aim
of this analysis was to characterize the amount
of the drug in the blood over time (pharmacoki-
netics) and associated variability after subcutane-
ous injection, using modeling and simulations.
The model showed that TV-46000 had similar
exposure to that of other orally administered
risperidone medications taken for schizophre-
nia. The exposure was similar whether patients
were administered the injection of TV-46000
once monthly or once every 2 months. There
were no differences in exposure whether the
drug injection was administered in the arm or
abdomen. Administering TV-46000 1 week ear-
lier or later than the dosing instructions did not
significantly affect the concentration of the drug
in the blood over time. The simulations also sug-
gested that TV-46000 bound to the receptors in
the brain at levels needed to treat schizophrenia
when it was given either once monthly or once
every 2 months.

Keywords: TV-46000; Schizophrenia; Popula-
tion pharmacokinetic modeling; Risperidone;
Long-acting subcutaneous antipsychotic

Why carry out the study?

TV-46000 is a long-acting subcutaneous
antipsychotic (LASCA) agent that combines
risperidone and an innovative, copolymer-
based drug delivery technology in a suspen-
sion suitable for subcutaneous administra-
tion from a prefilled syringe.

The objective of the current analysis was

to characterize the pharmacokinetics of
TV-46000 based on pooled data from phase 1
and phase 3 studies, and to further support
clinical use aspects of TV-46000.

What was learned from the study?

The pharmacokinetic modeling performed
here demonstrated that TV-46000 reaches
therapeutic plasma total active moiety (TAM)
concentrations (210 ng/mL) within 24 h fol-
lowing first dose administration, with sus-
tained release of risperidone over time.

The model also demonstrated that TV-46000
provides similar TAM exposure for both sites
of administration (arm and abdomen), with
pharmacokinetic parameters comparable to
orally administered risperidone.

The developed model, together with corre-
sponding simulations, supports TV-46000 as
a LASCA that offers flexible dosing intervals
(once monthly or once every 2 months) and
administration sites (abdomen or upper arm)
and does not require oral supplementation or
loading dose(s).

INTRODUCTION

TV-46000 is a long-acting subcutaneous antip-
sychotic (LASCA) agent that combines risperi-
done and an innovative, copolymer-based drug
delivery technology in a suspension suitable for
subcutaneous (sc) administration from a pre-
filled syringe (PES) [1, 2]. Other risperidone for-
mulations include R064766 [3] and LY03004 [4],
which are intramuscular formulations adminis-
tered once every 2 weeks, and RBP-7000, an sc
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formulation administered once monthly (q1m)
[5]. Patient acceptance of intramuscular long-
acting injectable antipsychotics (LAIs) is lim-
ited by pain or discomfort [6], contributing to
the stigma and poor perceptions of LAls. The
subcutaneous administration of an LAI such as
TV-46000 can limit pain and discomfort owing
to the smaller needle size, in turn reducing fear
and anxiety in patients. In addition, it offers
two interchangeable sites of administration
(the back of the upper arm and the abdomen),
which may provide further convenience to the
patients when compared with the gluteal and
deltoid sites of intramuscular LAl administra-
tion. The convenience of a prefilled syringe is
also beneficial to healthcare professionals, as it
makes administration easier, eliminates the need
for reconstitution, and reduces risk of needle-
stick injury [7]. TV-46000 is the only risperidone
LAI with a flexible dosing regimen that can be
administered once every 2 months (q2m), offer-
ing more dosing options for clinicians.
Adhering to any long-term medication for a
chronic disorder is challenging; with schizophre-
nia there are additional barriers such as stigma,
lack of family support, and cognitive symptoms
that exacerbate the challenge [8]. Approxi-
mately two-thirds of patients with schizophrenia
exhibit poor adherence to oral antipsychotics,
which increases risk of relapse [9]. Previously it
has been shown that LAIs are associated with
greater adherence and, subsequently, lower
rates of relapse and lower risk of mortality and
suicidality compared with oral antipsychotics
in patients with schizophrenia. TV-46000 was
developed to address nonadherence issues often
associated with oral risperidone formulations
[10, 11]. Previous phase 1 trials (RISPE1ZG15EU,
SAD-10055, and BA-10148) demonstrated that
TV-46000 provides a combination of immedi-
ate and sustained releases of risperidone over
time, such that therapeutic concentrations are
achieved within the first 24 h in patients and
maintained with injections q1lm or q2m [12,
13], therefore not requiring reconstitution
steps, a loading dose, concomitant oral sup-
plementation at initiation, or a complicated re-
initiation regimen in the event of a missed dose
[1]. In addition, the total active moiety (TAM;
sum of concentrations of risperidone and its

active metabolite [9-OH risperidone] corrected
by molecular weight) exposure was compara-
ble between administrations into upper-arm or
abdominal injection sites, and rubbing the injec-
tion site after dose administration did not sig-
nificantly increase relative bioavailability [12].

TV-46000 was approved by the US Food and
Drug Administration (FDA) in April 2023 for
the treatment of schizophrenia in adults [1] on
the basis of the efficacy and safety results of two
phase 3 clinical trials. The first of these trials was
a randomized, double-blind, placebo-controlled,
phase 3 trial in patients with schizophrenia (RIs-
peridone Subcutaneous Extended-release study
[RISE]; NCT03503318). Among the 863 patients
who enrolled, the time to impending relapse
was significantly prolonged for those taking
TV-46000 q1m (5.0 times) and g2m (2.7 times)
compared with placebo. The most frequently
reported treatment-related adverse events (AEs)
were injection site nodules (3-7% of patients),
weight increase (2-6%), and extrapyramidal
disorder (0-5%) [2]. The second of these tri-
als (Safety in Humans of TV-46000 subcuta-
neous INjection Evaluation study [SHINE];
NCT03893825) was designed to evaluate the
long-term safety and tolerability of TV-46000.
Among the 336 patients who were randomized,
there were only six impending relapses (three
each for qlm and q2m). The most frequently
reported treatment-related AEs were injection
site pain (2-7% of patients) and injection site
nodules (3-4%) [14]. Overall, the safety profile
of TV-46000 was consistent with other approved
oral and injectable formulations of risperidone,
with no new safety signals detected [2, 14].

Previously, a population pharmacokinetics
(popPK) model was developed on the basis of
the data obtained from 97 patients with schizo-
phrenia or schizoaffective disorder enrolled in
the phase 1 SAD-10055 study [15]. The model
demonstrated that exposure of TAM and dopa-
mine-receptor occupancy (D2RO), an impoz-
tant indicator of antipsychotic efficacy and
safety, following TV-46000 q1m and q2m were
comparable to that of oral risperidone doses of
2-5mg/d [16-19].

The objective of the current analysis was
to characterize the PK of TV-46000, based
on pooled data from five clinical studies that
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included three phase 1 and two phase 3 stud-
ies, and to further support clinical use aspects
of TV-46000. Therefore, the time course of ris-
peridone and its active metabolite, 9-OH ris-
peridone, was modeled using a population
approach, and potential effects of covariates
on risperidone and 9-OH risperidone PK were
investigated. In addition, D2RO levels were
determined on the basis of a published D2RO
PK/pharmacodynamic (PD) model [16].

METHODS

Datasets

TV-46000 PK data were obtained from five clini-
cal studies (Table 1): three phase 1 (RISPE1Z-
G15EU, SAD-10055, and BA-10148) and two
phase 3 studies (RISE and SHINE). For the SAD-
10055 and BA-10148 phase 1 clinical studies,
patients enrolled in the study were already stable
on orally administered risperidone (henceforth
oral risperidone). Upon enrolment, patients
received oral risperidone according to the treat-
ment they were assigned for 7 days, followed
by a washout period of 7 days. Therefore, the
majority of patients had undetectable plasma
levels at the first injection of TV-46000. For
the phase 3 clinical studies, patients were sta-
bilized on oral risperidone for 12 weeks before
being administered TV-46000 (or were rollover
patients on TV-46000, in the case of the SHINE
clinical study). The use and impact of prior
antipsychotic treatments (i.e., oral risperidone)
on PK following administration of TV-46000
were explored. Oral risperidone has limited
effect on AUC or C,,,, following dosing of
TV-46000 as exposure after 24 h of oral risperi-
done dose is marginal compared with exposure
from TV-46000.

Phase 1 Studies

The RISPE1ZG15EU and other phase 1 studies
were used in the model to better characterize
the absorption/release following administration
of TV-46000. The phase 1 study included dense
sampling during absorption while the phase 3

studies included a sparse sampling scheme for
PK characterization. Intense sampling in initial
absorption/release phase from healthy subjects
was important to characterize the PK adequately.

RISPE1ZG15EU was a two-part, open-label,
non-randomized trial in healthy volunteers
using TV-46000 administered via a syringe
filled from a vial. Healthy subject data from
study RISPE1ZG15EU contributed only 7% of
the total number of subjects (n=50 of 692). The
study consisted of a single-ascending-dose part
to assess the safety, tolerability, and PK of vari-
ous doses administered in the upper arm, and a
comparative part to investigate the safety, toler-
ability, and PK of abdomen administration and
the effect of rubbing on the injection site.

SAD-10055 was an open-label study con-
ducted in patients with schizophrenia or schiz-
oaffective disorder that evaluated the safety,
tolerability, and PK of sequential single and mul-
tiple ascending doses of TV-46000 administered
in the upper arm or abdomen via a syringe filled
from a vial.

BA-10148 was an open-label, parallel-design,
single-dose study in patients with schizophre-
nia or schizoaffective disorder that examined
the relative bioavailability of TV-46000 adminis-
tered in the abdomen with a PFS versus a syringe
filled from a vial. A PES is a single-use syringe
already prefilled with the correct dosage amount
for administration, whereas filling from a vial
requires clinicians to manually fill to the coz-
rect dose with each administration. Glass vials
also require additional sterilization processes not
necessary with PFSs.

Phase 3 Studies

RISE study was a randomized, double-blind, mul-
ticenter, placebo-controlled, relapse-prevention
study comparing sc administration of TV-46000
qlm or g2m versus placebo q1lm in patients
with schizophrenia. Patients diagnosed with
schizophrenia were stabilized on oral risperi-
done for 12 weeks and then randomized 1:1:1
to receive TV-46000 q1lm, TV-46000 q2m, or
placebo administered via a syringe filled from
a vial [2].

SHINE study was a 56-week, open-label, mul-
ticenter study that evaluated the safety and
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tolerability of TV-46000. Patients diagnosed with
schizophrenia received TV-46000 q1lm or q2m
via PFS for up to 56 weeks [14]. SHINE included
patients who were newly enrolled (randomized
1:1 to TV-46000 q1lm or g2m), as well as those
who rolled over from RISE. Patients randomized
to TV-46000 in RISE continued to receive their
assigned treatment in SHINE.

An integrated dataset was constructed from
all clinical studies. The dataset included PK data
during pretreatment with oral risperidone and
following treatment with TV-46000. Patients
who received at least one TV-46000 injection
and had at least one measurable plasma con-
centration after TV-46000 administration were
included in the dataset. Dense PK sampling was
performed for phase 1 and sparse sampling for
phase 3 studies. Time relative to first dose and
time since the most recent dose were derived
using actual sampling/dosing time data where
available. When actual time data were missing,
times were imputed on the basis of nominal
time, and the corresponding record was flagged.
Study ID, subject ID, dosing history (including
actual date and time of administration), nomi-
nal and actual date and time of PK sample col-
lections, risperidone and its active metabolite
(9-OH risperidone) concentrations in plasma,
and relevant covariates were available in the
dataset.

Ethical Approval

This article is based on data from previously
conducted studies and does not contain any
new studies with human participants. All
involved study centers of the original clinical
trials received approval by local ethics commit-
tees, and informed consent was received for all
patients. Consent was obtained during the orig-
inal clinical trials, and no new consent forms
were required/collected for this analysis.

Population PK Model Development

Previous analyses had indicated that the PK of
TV-46000 were well described by a two-com-
partment structural model with a time-varying
absorption rate described by a double Weibull

function [15]. Although the previous model had
been suitable for the analysis of dense phase 1
PK data, an alternative absorption model was
considered for the analysis of combined phase 1
and phase 3 PK data. The starting point of the
current analysis was the model reported by Iva-
turi et al. [20], which described sc absorption by
one depot dose and a double first-order absorp-
tion route. A sequential parent-metabolite
model structure was developed with risperidone
(the parent) as a one-compartment model with
two parallel first-order release routes and first-
order elimination. The PK of metabolite 9-OH
risperidone was described by a one-compart-
ment model, with first-order conversion from
the parent and first-order elimination. The pre-
dicted risperidone concentrations were used as
input into the metabolite central compartment
using individual post hoc PK parameters from
the parent model. Interindividual variability
was evaluated for all parameters and described
via exponential error models. Random-effect
variance—covariance structures were evaluated,
including partial and full-block structures; struc-
tures were deemed suitable if they provided sta-
tistically significant (p<0.01 4 distribution, with
1 degree of freedom) improvement in objective
function, improved model stability, and were
identifiable as measured by the condition num-
ber. The “log-transformed, both-sides” approach
was applied, using an additive residual error
to describe the residual variability in the data.
Model development was performed using the
first-order conditional estimation with inter-
action method of the non-linear, mixed-effect
modeling software (Version 7.4.3) [21].

A stepwise covariate analysis was performed
to investigate the potential effects of intrinsic
and extrinsic factors on sequentially developed
parent and metabolite models. Intrinsic factors
examined were age, body weight, body mass
index (BMI), creatinine clearance, sex, and race.
Extrinsic factors examined were injection vol-
ume (dose), injection site, and product presenta-
tion (vial or PFS). All continuous and categorical
covariates were incorporated into the popula-
tion model as follows:
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Continuous:

COVi b
Pi=Ps (COV median)

Categorical:
P;i=Pe(1+6,)OVi

where P, is the individual PK parameter and P is
a population estimate of parameters, COV; is the
covariate of subject I for the parameter P;, COV
median is the median of covariate for the subject
population, and 6; is a coefficient that reflects
the covariate’s effect on the parameter.

The robustness of parameter estimates and
associated 95% CIs were evaluated via a non-
parametric bootstrap procedure, consisting
of repeatedly (1000 replicates) fitting datasets
obtained by random sampling with replacement
of the dataset used for model development.

The effect of a continuous covariate was con-
sidered to be clinically irrelevant if the median
of the PK parameter estimate of any individual
differed by less than 20% from an individual
with an extreme covariate value (10th and 90th
percentiles); for a categorical variable, the crite-
rion was if the PK parameter estimate between
categories of a covariate differed by less than
20%. Covariate effects were also considered clin-
ically irrelevant if the reduction in unexplained
variability between subjects was less than 5%.

Simulated TAM Exposure Following
TV-46000 Dosing Regimens

The following simulations were conducted using
the popPK model parameters:

- Simulations of TV-46000 TAM concentrations
for different dosing regimens.

— Simulations of oral risperidone TAM concen-
trations (1-16 mg/d).

— Prediction of individual exposure parameters
from TAM concentration-time profiles.

All simulations were performed using the R
package RxODE (R-based Simulation of Differen-
tial Equation Models for Mixed Effects), version
0.9.2-1.

Model-Based PK Simulations of TV-46000
TAM Concentrations for Different Dosing
Regimens

The sequential parent-metabolite model was
used to simulate TAM concentrations for differ-
ent TV-46000 dosing regimens (q1lm at doses of
50, 75, 100, and 125 mg and g2m at doses of
100, 150, 200, and 250 mg, with the assumption
that each month had 28 days). Demographic
covariates were bootstrapped from a random
sample of 500 participants from the TV-46000
phase 3 population. The simulated TAM expo-
sures to daily exposure following oral adminis-
tration of risperidone 2-5 mg/d were compared
with simulated exposure following TV-46000
administration over the 28-day and 56-day dos-
ing intervals.

Model-Based PK Simulations of Oral
Risperidone TAM Concentrations
(1-16 mg/d)

TAM concentrations at steady state were simu-
lated for oral risperidone (1-16 mg/d) on the
basis of a previously published model [22].
Similar to the model-based PK simulations of
TV-46000 TAM concentrations, demographic
covariates were also bootstrapped from a ran-
dom sample of 500 participants from the
TV-46000 phase 3 population. Metabolizer sta-
tus was set to extensive, and no concomitant
medication was assumed for simulated subjects.

Prediction of Individual Exposure
Parameters from TAM Concentration-Time
Profiles

The following exposure parameters were firstly
derived from TAM concentration-time profiles
at the individual participant level and then
summarized using descriptive statistics: (1) area
under the time—concentration curve at steady
state (AUC,) calculated for a dosing interval (28
or 56 days for TV-46000 and one 24-h period
for oral risperidone); (2) daily AUC calcu-
lated as AUC divided by the dosing interval
of TV-46000; (3) average plasma concentration
during the dosing interval at steady state (C,yq )
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calculated as AUC divided by the dosing
interval in hours (i.e., 24 hx28 or 56 days for
TV-46000 and 1x24 h for oral risperidone); (4)
maximal plasma concentration at steady state
(Cmax,ss); and (S) trough plasma concentration
at steady state (Cyoygn ss)- Simulated TAM expo-
sures over the 28-day and 56-day dosing inter-
vals served for comparison with daily exposure
following oral administration of risperidone. In
parallel, the D2RO profile was simulated from
the TAM profile with a simple maximum effect
(Eax) PK/PD model, where E_,,=100% and
apparent equilibrium dissociation constant (k)
was 10.1 ng/mL [22, 23].

RESULTS
Dataset

The model development and covariate analy-
sis were based on data from 692 participants
(2 participants were excluded as a result of
self-administration of risperidone, and 41 par-
ticipants as a result of PK samples below the
lower limit of quantification) who received at
least one TV-46000 injection in the phase 1 and
phase 3 trials (Table 2). The model used data
from the subset of participants with measurable
plasma concentrations, including 267 patients
and healthy volunteers from the phase 1 trials
(50 from RISPE1ZG15EU, 97 from SAD10055,
and 120 from BA-10148) and 425 patients
from the phase 3 trials (352 from RISE and 73
from SHINE) (Table S1). Overall, participants
were primarily male (70.4%), Black or African
American (64.7%), and middle-aged (mean age,
47.4 years). The mean weight of participants was
86.3 kg, mean BMI was 28.7 kg/m?, and mean
creatinine clearance was 121 mL/min. Most
participants received injections in the abdomen
(68.5%) versus the upper arm (31.5%), and from
vials (77.8%) versus PFS (22.2%).

Risperidone (Parent) PK Model and the
Effect of Covariates

Using data from the phase 1 and phase 3 stud-
ies, the preliminary model [15] structure was

reassessed and refined, and a stepwise covariate
analysis was performed. The final parent (risp-
eridone) PK model for TV-46000 was a one-com-
partment model, with double first-order release
routes (fast absorption rate constant 1 [KA1] and
slow absorption rate constant 2 [KA2], with tran-
sit rate constant and five transit compartments)
and first-order elimination (Fig. 1, Table 3).

Statistically significant covariates were BMI,
injection volume, administration site, sex, and
age. Age and sex did not have clinically relevant
effects on apparent clearance (CL/F) compared
with the base model, and both were removed.
After checking for successful minimization, a
successful covariance step, and unbiased good-
ness-of-fit plots (Fig. S1), a BMI effect on KA1
and KA2 was retained in the model, as well as
effects of administration site and injection vol-
ume on KA1l. All parameters were estimated
with good precision (relative standard error
[RSE] <35%).

In the final model (Fig. 1), KA1 decreased with
increased injection volume. The effect of injec-
tion volume was pronounced at subtherapeutic
dose levels of 12.5 mg and 25 mg (administra-
tion volume of 0.035 mL and 0.07 mL, respec-
tively), while at therapeutic doses of 50 mg or
higher (20.139 mL), the effect of administra-
tion volume was minimal. The balance between
KA1 and KA2 shifted with increased BMI (KA1
decreased with increased BMI; KA2 increased
with increased BMI). Upper-arm administra-
tion was associated with a 33% higher KA1 (i.e.,
faster release) than injection in the abdomen,
though the change in TAM exposure was still
relatively small.

9-OH Risperidone (Metabolite) PK Model and
the Effect of Covariates

The final metabolite (9-OH risperidone) PK
model for TV-46000 was a one-compartment
model, with first-order input from the risperi-
done compartment and first-order elimination
(Fig. 1, Table 3). The effect of sex on metabolite
clearance (CLMO) was the only covariate iden-
tified to have a statistically significant impact
based on the difference in objective function
value; however, the impact on CLMO was small
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Table 2 Intrinsic and extrinsic factors examined in stepwise covariate analysis
Phase 1 Phase 3* Total
RISPE1ZG15EU SAD-10055 BA-10148 RISE SHINE Overall
N=50 N=97 N=120 N=363 N=103 N=733
Age, years, mean (SD)  35.5 (10.1) 444 (8.84) 47.4(9.77) 49.3(10.8) 494 (10.6) 47.4(10.9)
[range] [19.0-54.0] [20.0-56.0] [21.0-60.0] [16.0-65.0] [16.0-64.0] [16.0-65.0]
Sex, n (%)
Male 41 78 93 222 82 516
(82.0) (80.4) (77.5) (61.2) (79.6) (70.4)
Fernale 9(18.0) 19 (19.6) 27 (22.5) 141 (38.8) 21 (20.4) 217 (29.6)
Race, 7 (%)
Black or Afri- 3(6.0) 93 (95.9) 101 (84.2) 218 (60.1) 59(57.3) 474 (64.7)
can American
White 38 (76.0) 4(4.1) 13 (10.8) 138 (38.0) 41(39.8) 234 (31.9)
Asian 5(10.0) 0 1(0.8) 3(0.8) 1(1.0) 10 (1.4)
Missing 4(8.0) 0 5 (42) 4(L1) 2(19) 15 (2.0)
Weight, kg, mean 77.1(11.3) 87.3 (14.9) 87.0 (16.1) 86.0 (16.5) 89.8(17.7) 86.3(16.3)
(SD), [range] [53.6-96.4] [57.8-113.0] [51.1-122.0] [42.0-132.0] [55.9-131.0] [42.0-132.0]
BMI kg/m?, mean  25.1(2.5) [19.5- 28.6 (4.4) [19.6-34.8] 28.3 (4.8) [18.5-35.4] 29.0 (49) [18.0-38.0] 29.9 (49) [19.3-38.0] 287 (4.8)
(SD) [range] 30.1] [18.0-38.0]
Creatinine clearance, NA 115 (24.4) 119 (29.6) 120 (35.6) 128 (41.1) 121 (34.3)
mL/min, mean
(SD)
Product presentation per patient, 7 (%)
Vial 50 (100) 97 (100) 60 (50.0) 363 (100) 0 570 (77.8)
Prefilled syringe 0 0 60 (50.0) 0 103 (100) 163 (22.2)
RISPE1ZG15EU SAD-10055 BA-10148 RISE SHINE Overall
N=50 N=139 N=120 N=2678 N=300 N=3287
Injections per site, 72 (%)
Arm 40 (80.0) 15 (10.8) 0 922 (34.4) 58(19.3) 1035 (31.5)
Abdomen 10 (20.0) 124(89.2) 120 (100) 1756 (65.6) 241 (80.3) 2251 (68.5)
Missing 0 0 0 0 1(0.3) 1(0.0)
Injection volume,  0.0563 (0.0170) 0.352(0.165) 0.278 (0) 0.303 (0.142) 0.333 (0.154) 0.303 (0.144)

mL, mean (SD)

BMIbody mass index, NA not available, RISE RIsperidone Subcutaneous Extended-release study, SHINE Safety in Humans
of TV-46000 subcutaneous INjection Evaluation study

*Demographic and clinical data for =466 participants from the phase 3 studies are described here; however, » =41 sam-

ples were below the lower limit of quantification. Therefore, only 7z =425 participants were included in development of the

popPK model

(-1.7%) compared with the base model, and it
was removed from the model. After checking
for successful minimization, successful covari-
ance step, and unbiased goodness-of-fit plots

(Fig. S2), the base model without a sex effect on
CLMO was accepted as the final model. There
were no clinically relevant covariate effects on
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Fig. 1 Illustration of the PK model of the release of risp-
eridone and active metabolite 9-OH risperidone following
TV-46000. Variables in blue text are covariates included in
the final PK model. ADMSITE administration site, BMI
body mass index, CL (apparent) clearance, CLMO (appar-

the PK of 9-OH risperidone, and all parameters
were estimated with good precision (RSE<5%).

TAM Time-Concentration Simulations

Using these models, TAM concentration-time
profiles were simulated for TV-46000 q1lm and
g2m across the range of available doses (Fig. 2).

Steady state was approached by approximately
3 months after initiation (86% and 88% of steady-
state TAM exposure for q1m and q2m, respectively)
and fully attained by approximately 6 months (i.e.,
>90% of steady-state TAM exposure) for both q1m
and gq2m. For example, median accumulation
ratios for AUC,, Cpax o5 and Cpyp, o Were 2.0, 1.9,
and 2.4, respectively, following q1m dosing with
75 mg, and 1.5, 1.4, and 1.5 following q2m dos-
ing with 150 mg. Predicted TAM exposure param-
eters at steady state increased proportionally with
increasing dose in the therapeutic dose range for
both TV-46000 g1m and g2m (Table 4). Simulated
TAM exposures over the 28-day and 56-day dosing
intervals were comparable with daily exposure fol-
lowing oral risperidone 2-5-mg/d administration
(Fig. 3, Table 4).

ent) metabolite clearance, FRMET fraction metabolized,
INJV injection volume, KA1 absorption rate constant 1,
KA2 absorption rate constant 2, K7'R transit rate constant,
PK pharmacokinetics, Z4M total active moiety

At corresponding doses of TV-46000, TAM
AUC following q2m dosing was twice that
of the TAM AUC,, following q1lm dosing, as
TV-46000 showed linearity in PK. Therefore,
the average daily exposures with q1m and q2m
were similar, supporting dosing interval inter-
changeability (Table 4). Furthermore, follow-
ing TV-46000 administration, the proportion
of trough values below the limit of quantifi-
cation (BLQ) was relatively lower than it was
following oral administration (e.g., 0.5% of
observations were BLQ for TV-46000 75 mg
qlm vs 13% for oral risperidone 3 mg once
daily; Fig. 3). Although the site of adminis-
tration was identified as a significant covari-
ate in the parent (risperidone) PK model for
TV-46000, no impact of the site of injection
on the overall steady-state TAM exposure was
observed (Fig. 4). In addition, the impact of
early or late administration (£ 1 week) on TAM
exposure was small (Fig. S3).
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Table 3 Final TV-46000 PK model parameter estimates for risperidone (parent) and 9-OH risperidone (metabolite)

Parameter Estimate (95% CI) %RSE Bootstrap median (95% CI)
Risperidone (parent)
CL/E L/h 14.3 (13.4-15.1) 29 143 (13.4-15.1)
V/EL 66.3 (60.6-71.9) 44 66.2 (61.1~72.0)
KA2,1/h 0.000408 (0.000329-0.000486) 9.9 0.000409
(0.000340-0.000486)
KTR, 1/h 0.0252 (0.0228-0.0275) 48 0.0252 (0.0227-0.0275)
KAl 1/h 0.000632 (0.000588-0.000676) 3.6 0.000631
(0.000591-0.000675)
KAIADMSITEL 0331 (0.109-0.553) 342 0.336 (0.147-0.546)
KAIBMII ~ 1.1 (= 1460 to 0.745) 166 ~1.092 (- 1.482 t0 0.716)
KAIINJV1 0384 (— 0.469 to — 0.298) 113 0384 (— 0.474 to — 0.297)
KA2BMI1 1.7 (0.992-2.410) 213 1.687 (0.798-2.552)

Random effects Estimate (95% CI) %RSE (%shrinkage) Bootstrap median (95% CI)
11V on KA2, % 2542 (198.8-320.1) 5.2(25.8) 252.8 (205.1-321.9)
Correlation IIV KA2 and 42.8 14.7 43.7 (28.8-55.7)

KA1, %
11V on KA1, % 51.0 (44.0-57.5) 6.0 (32.7) 51.0 (43.7-57.8)
IIV on CL, % 82.3(75.3-89.3) 3.3 (6.6) 82.2 (75.9-88.9)

Residual error Estimate %RSE (%shrinkage) Bootstrap median (95% CI)
EP, % 405 23(58) 404 (38.5-42.2)

Parameter Estimate (95% CI) %RSE Bootstrap median (95% CI)

9-OH risperidone (metabolite)

CLMO, L/h 5.78 (5.52-6.04) 2322 5.79 (5.54-6.06)
VMO, L 95.7 (88.5-103.0) 3.822 95.6 (89.0-103.1)

Random effects Estimate (95% CI) %RSE (%shrinkage) Bootstrap median (95% CI)
IIV on CLMO, % 65.1 (58.9-71.1) 40 (5.5) 65.1(59.4-71.4)

Residual error Estimate %RSE (%shrinkage) Bootstrap median (95% CI)
EP, % 383 2.0 (27) 38.2 (36.7-40.0)

CL/F (apparent) clearance of parent, CLMO (apparent) clearance of metabolite, EP proportional residual error, IIV inter-
individual variability, KA1 absorption rate constant 1, KAIADMSITE! administration site effect on KA1, KA1BMII body
mass index effect on KA1, KAIINJV1 injection volume effect on KA1, KA2 absorption rate constant 2, KA2BMII body
mass index effect on KA2, KTR transit rate constant, RSE relative standard error, V/F (apparent) volume of distribution of
parent, MO (apparent) volume of distribution of metabolite, which can also be interpreted as V/FRMET (fraction metab-

olized) fixed to 1
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Fig.2 Simulated TAM concentration—time profiles for (a) qlm and (b) g2m dosing. 417 once monthly, 42m once every
2 months, TAM total active moiety
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Table 4 Model-derived median TAM PK parameters for TV-46000 and daily oral risperidone

Regimen Dose AUC Daily AUC Civg,ss (ng/mL) Craxss Crroughyss
(ngxh/mL) (ngxh/mL) (ng/mL) (ng/mL)
Daily oral risperidone 2 mg/d — 374 15.6 247 9.0
3 mg/d - 561 23.4 37.0 13.5
4 mg/d — 749 31.2 49.3 17.9
5 mg/d — 936 39.0 61.6 224
TV-46000 q1m 50 mg 13,306 4752 19.8 25.1 12.1
75 mg 19,951 712.5 29.7 364 19.5
100 mg 26,521 947.2 39.5 47.5 26.8
125 mg 33,141 1183.6 49.3 58.7 34.1
100 mg 26,829 479.1 20.0 32.6 7.7
TV-46000 q2m 150 mg 40,152 717.0 29.9 47.2 12.8
200 mg 53,321 952.2 39.7 614 17.6
250 mg 66,634 1189.9 49.6 76.0 22.8

AUC area under the plasma concentration—time curve, AUC, AUC steady state, Cyg.s Average plasma drug concentration at
steady state, C,,,,,, . maximum plasma drug concentration at steady state, C,,,,,, . trough plasma drug concentration at steady

state, PK pharmacokinetics, 417 once monthly, 27 once every 2 months, ss steady state, M total active moiety

D2RO-Time Profile Simulations included single and multiple ascending doses,
long-acting sc injection and oral administration,
Using the simulated TAM concentration-time  and sparsely and densely sampled PK data from

profiles and published E,,, PK/PD model [16], a population of 692 participants from five stud-
simulated D2RO-time profiles for TV-46000 ies with oral dose levels ranging from 2 to 5 mg

were generally within the therapeutic window  and LAl levels from 12.5 to 250 mg. The parent
of 60-80% [16-19] during both dosing inter- (risperidone) model for TV-46000 described two
vals (Fig. 5). Although D2RO levels with some parallel-release processes: a fast initial-release
doses deviated from the 60-80% range for process that is potentially associated with the
short time periods (Fig. 5), the D2RO profile initial release from the sc depot, reaching thera-
was within this range for most of the dosing peutic concentrations within 24 h, and a second,
interval. slower process that is likely associated with the

in situ depot, releasing risperidone in a sustained

manner over 28 days (q1m) or 56 days (q2m).
DISCUSSION Dual-release models have been used previously
to describe the PK of other long-acting formula-
tions of risperidone and 9-OH risperidone [20,
23].

The stepwise covariate analysis identified
injection volume, BMI, and administration site
(upper arm vs abdomen) as variables that had
statistically significant effects on the release rate
of risperidone in the sequential parent-metabo-
lite model. The KA1 of the fast-release process

The sequential parent-metabolite popPK model
was developed with a different model (one-
compartment model appropriate for sparse
phase 3 PK data) than the previously published
model, which was based on a phase 1 study of
TV-46000 [15], including data from additional
phase 1 studies and phase 3 trials. The model
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Fig. 3 Total active moiety concentrations—oral risperi-
done and (a) q1m and (b) q2m TV-46000 dosing in Study
30072 and Study 30078. Blue dots represent observed
TAM concentrations following daily oral risperidone.
Patients were stabilized on oral risperidone for 12 weeks.
Thereafter, PK sampling was done at day 1 for oral risperi-
done. Gray dots represent observed TAM concentrations

following TV-46000. PK sampling was done at the end of
the dosing interval for TV-46000 q1m (28 days post dose)
and at the middle and end of dosing interval for TV-46000
q2m (28 and 56 days post dose). PS Sth percentile, P95
95th percentile, glm once monthly, ¢2m once every
2 months, TZAM total active moiety
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Fig.4 Impact of injection site on TAM exposure of (a)
qlm and (b) q2m TV-46000 dosing. Lines represent

the median of simulations. S

decreased (slower release

injection volume increased. The effect of injec-
tion volume was pronounced at subtherapeutic

doses (12.5 and 25 mg).
tic doses (i.e., 250 mg),

volume was minimal. Lower BMI was associated

Time Since First Dose (Day)

haded areas represent 90%

via the direct route) as

However, at therapeu-
the effect of injection

prediction interval. gIm once monthly, g2m once every
2 months, TAM total active moiety

with higher KA1 values (faster release via the
direct route) and decreased KA2 (slower release
via the indirect route). This suggests that the
slower release route is likely associated with dis-
tribution into subcutaneous fat, which is in line
with the lipophilic profile of risperidone [21].
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Fig.5 D2RO-time profiles since first dose of TV-46000 for (a) qlm and (b) q2m dosing. Dashed reference lines at 40%,
60%, and 80%. D2RO dopamine-receptor occupancy, g1z once monthly, g2 once every 2 months

Injection of TV-46000 in the upper arm was upper arm and the abdomen. Although these

associated with a higher KA1 compared with covariates were statistically significant in the
abdominal injection, which could be related to parent (risperidone) model, the reduction in
the difference in fat distribution between the unexplained variability between subjects was
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less than 5%, suggesting no clinically relevant
effect on the overall steady-state TAM expo-
sure. This was also observed in the phase 1 data
[15], indicating that the sites of injection can
be interchangeable. This provides patients and
clinicians with more options for injection site,
as most prefer administration to the back of
the upper arm, as well as the convenience of
alternating between sites with each subsequent
dose [7]. In addition, the impact of early or late
administration of the next dose (+x1 week) on
TAM exposure was minimal, indicating resump-
tion of treatment is straightforward (provided
deviations are short), with likely minimal impact
on clinical outcomes.

TAM-simulated exposure following TV-46000
administration demonstrated sustained release
characteristics over time comparable with oral
risperidone (for both q1lm and q2m). At corre-
sponding doses, TAM AUC after TV-46000 q2m
dosing was twice that of g1m dosing, while aver-
age daily exposures were similar, indicative of
dose proportionality over the dose range tested
(TV-46000 50-250 mg). TAM exposure was sim-
ilar to that of oral risperidone 2-5 mg/d, and
dose strengths for g1m (50, 75, 100, or 125 mg)
and g2m (100, 150, 200 or 250 mg) provided
comparable exposure over 28 days (qlm) and
56 days (q2m), depending on the dose. These
findings support the interchangeability of the
two dosing regimens (depending on patient and
clinician needs or preferences) from a clinical
and PK perspective. The choice between these
options can be influenced by factors like patient
preference, adherence, the severity of the illness,
and logistical considerations. For instance, qlm
administration allows healthcare providers to
monitor patients more frequently, which can
be beneficial in early detection of relapse signs,
adjusting dosages, or addressing side effects.
Alternatively, q2m injections offer greater con-
venience due to less disruption to daily life,
are suitable for patients who have been stable
on treatment for a significant period of time,
require less monitoring, and have proven effi-
cacy in maintaining stability. Q2m injections are
also more cost-effective for healthcare systems
owing to reduced clinic visits and resource uti-
lization, while maintaining treatment efficacy.
Both TV-46000 q1m and q2m are also within

comparable peak-to-trough ranges compared
with other LAI formulations [24, 25].

In addition to TAM exposure, a PK/PD model
was applied to simulate D2RO from the pre-
dicted TAM concentrations. For both q1m and
q2m regimens, the D2RO profile was mostly
within the preferred range of 60-80% [16-19]
during the intended dosing interval. These
D2RO and popPK simulations support the
appropriateness of the doses selected for clini-
cal development and approved by the US FDA
[1].The limitations mirror those of the previous
phase 1 popPK model [15] and the RISE and
SHINE studies [2, 14] from which the phase 3
data for the PK models were acquired, namely
that the race and sex of participants were skewed
towards African Americans and male patients,
respectively and that patients aged > 65 years
were excluded from the study. This may impact
the generalizability of the popPK simulations
performed here. However, the characteristics of
the population included in the RISE and SHINE
studies were consistent with some other phase 3
studies of risperidone LAIs, where the partici-
pants were also mostly male African Americans
[26, 27]. Additionally, although factors such as
age and sex affected the PK of TV-46000, these
were not considered clinically relevant.

CONCLUSION

The PK of TV-46000 is characterized by a com-
plex and multiphasic release profile, represent-
ing a rapid-release phase and a prolonged dis-
position/elimination process, representative
of “flip—flop” kinetics. There is also a second,
prolonged risperidone-release phase, which
overlaps with the elimination phase. Because of
this release-dependent elimination, therapeutic
levels are maintained after injection for 28 to
56 days (depending on dose). Therapeutic con-
centrations are reached within 24 h after admin-
istration and by 3 months after initiation, and
86-88% of steady-state exposures are achieved
and fully attained by 6 months for both q1m and
g2m regimens. The sequential parent-metabo-
lite popPK model demonstrated similar TAM
exposure following TV-46000 administration to
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both injection sites, supporting the interchange-
ability of administration sites (arm vs abdomen).
The model also confirmed that TV-46000 q1m
(50-125 mg) and q2m (100-250 mg) both pro-
vide dose-proportional TAM exposure adequate
for achieving D2RO within the effective range
[16-19] and comparable with correspond-
ing doses of daily oral risperidone (2-5 mg/d),
with lower maximum plasma concentrations.
Although intrinsic factors such as age and sex
did affect the PK of TV-46000, these effects were
not considered clinically relevant. Furthermore,
the product presentation (vial vs PFS) did not
affect exposure. Taken together, the observed
data, the developed model, and the performed
simulations support TV-46000 as a LASCA that
offers flexible dosing intervals (q1m or q2m) and
administration sites (abdomen or upper arm)
and does not require oral supplementation or
loading dose(s).
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