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ABSTRACT

Background: Schizophrenia (5Z) and Schizoaffective (SA) disorders are severe psychiatric conditions
affecting millions globally. Paliperidone, administered intramuscularly once a monthis along-acting
injectable antipsychotic, effective in symptom control and relapse prevention. This study assessed
bioequivalence and safety of paliperidone palmitate Extended-Release (ER) Injectable suspension
(Paliris LA") [Test(T)] manufactured by Sun Pharmaceuticals Industries Limited compared to
paliperidone palmitate ER Injectable suspension (Invega Sustenna’) [Reference(R)] manufactured
by Janssen Pharmaceuticals in patients with SZ and or SA disorder.

Methods: This open-label, multi-center, randomized, two-treatment, two-period, two-sequence,
steady-state, cross-over, multiple-dose bioequivalence study enrolled 108 patients. Patients
received 156 mg/ml of T or R on Day-1, Day-29, Day-57, Day-85 and Day-113 (Period-01), followed
by other treatment on Day-141, Day-169, Day-197, Day-225 and Day-253 (Period-02), per
randomization schedule. Pharmacokinetic parameters, maximum plasma concentration at steady
state (Cmaxss),
profiles at steady-state were assessed. Safety was monitored through Treatment-Emergent Adverse
Events (TEAEs).

area under concentration-time curve (AUCO_T) and mean plasma concentration-time

Results: Both formulations demonstrated comparable pharmacokinetic profiles meeting the
criteria for bioequivalence within acceptable limits (80.00-125.00%). Ratio of Least-Squares (LS)
geometric mean was 95.64 [90% Confidence Interval (Cl): 90.28-101.32] for AUC_, 91.47 (90% Cl:
84.61-98.89) for C and 91.27 (90% Cl: 82.25-101.29) for %Fluctuation. Plasma concentration-

maxSS
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time profiles were similar and no serious Adverse Events (AE) was reported. Commonly reported
TEAEs for T included leukopenia, neutropenia and dyspepsia while R commonly caused vomiting,
injection site pain, urinary tract infection, hypertriglyceridemia, dizziness, orthostatic hypotension
and headache.

Conclusions: Paliris LA® and Invega Sustenna® are bioequivalent in terms of pharmacokinetic
profile and well-tolerated, supporting their interchangeability in treating SZ and/or SA disorders.

Keywords: Bioequivalence, long-acting injectables, paliperidone palmitate, schizoaffective
disorder, schizophrenia

Introduction

Schizophrenia (SZ), one of the leading causes
of disability, significantly contributes to the
prevalence of mental disorders constituting
a persistent and severe psychiatric condition
characterized by a spectrum of symptoms
[1]. The symptoms include hallucinations
and delusions, collectively referred to as
“positive symptoms” as well as diminished
motivation, flattened emotions (termed
“negative symptoms”), cognitive deficits
including impaired memory and reduced
cognitive flexibility, alongside motor and
mood disturbances [2,3]. Globally, SZ has
affected approximately 23 million individuals,
with 3.5 million cases specifically in India
[4,5]. Schizoaffective Disorder (SA), another
psychotic condition is characterized by the
manifestation of psychotic symptoms typical
of schizophrenia, along with mood symptoms
such as manic or depressive episodes [6].
Studies indicate that SA is about one-third as
common as SZ, with an estimated lifetime
prevalence of around 0.3% [7]. It affects
approximately 30% of individuals aged
between 25 and 35, with a higher prevalence
among women and accounting for 10% to 30%
of hospital admissions for psychosis [7].

The existing pharmacological treatments
available for the treatment of SZ comprise first-
generation or typical antipsychotics (dopamine
receptor antagonists) and second-generation
or atypical antipsychotic (serotonin-dopamine
antagonists) [8]. Treatment strategy for SA also
involves the use of antipsychotic medication,
either standalone or in conjunction with mood
stabilizers or antidepressants [9]. In recent
years, growing research has recommended
utilizing second-generation antipsychotics as
they have shown decreased extrapyramidal
side effects in comparison to first-generation
antipsychotics [10,11]. While maintaining
continuous long-term  pharmacological
treatment is an objective in SZ or SA

management, real-world studies have revealed
that adherence to oral antipsychotics often
falls below 50% with a high rate of treatment
discontinuation exceeding 50% leading
to re-hospitalization and relapse [12,13].
The primary reason for relapse in treated
schizophrenia often arises from inadequate
adherence to oral medication [14]. The
adherence issues are addressed effectively by
Long-Acting Injectable (LAI) antipsychotics,
which are concentrated formulations that
release the drug slowly after Intra-Muscular
(IM) injection, enabling effective maintenance
doses with intervals from 2 weeks to several
months [15].

Findings suggest that LAIs eliminate the
need for daily dosing and reduce the risk of
accidental or intentional overdose. Their use
not only maintains consistent plasma levels
but also minimizes dose-related side effects,
improves positive symptoms, alleviates
depressive symptoms and promotes social
functioning [16,17].

In comparison to oral antipsychotics,
LAIs have been shown to significantly
improve treatment adherence, restore social
functionality and decrease the likelihood of
relapse, hospitalization, emergency department
visits and overall cost savings, particularly for
high-risk hospitalized SZ patients [14, 16].
Paliperidone, a member of the benzisoxazole
derivatives chemical class, is the principal
active metabolite of the second-generation
antipsychotic, risperidone [18].

Acting as a centrally-active antagonist of the
Dopamine D2 and Serotonin 2A (SHT2A)
receptors, paliperidone is one of the long-
acting, antipsychotic therapeutic, to treat adult
patients with SZ or SA disorder [19-22].

Oral Paliperidone Extended Release (ER) was
approved by the United States Food and Drug
Administration (USFDA) for SZ in 2006 and
for SA disorder in 2009 [23,24]. It has also
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received approval in India for both acute and
maintenance treatment of SZ [25]. Paliperidone
palmitate is available in oral as well as Long-
acting Injectable (LAI) formulations [26-29].

Notably, studies have highlighted its efficacy
in improving symptom control, functional
outcomes and relapse prevention making it
rank among the most frequently prescribed
antipsychotic medications [21, 30, 31].

This study aimed to evaluate the bioequivalence
and safety of paliperidone palmitate Extended
Release (ER) injectable suspension (Paliris LA®)
[Test (T)] manufactured by Sun Pharmaceuticals
Industries Limited, in comparison to paliperidone
palmitate ER injectable suspension product
(Invega Sustenna®) [Reference (R)] manufactured
by Janssen Pharmaceuticals in patients diagnosed
with SZ and/or SA disorder.

= Study Design

An open label, multi-center, randomized, two-
treatment, two-period, two-sequence, multiple
dose, steady state cross-over, bioequivalence
study was conducted to compare Paliris
LA® (Paliperidone palmitate ER injectable
suspension 156 mg/ml) of Sun Pharmaceutical
Industries Limited (Test product or T) with
Invega Sustenna® (Paliperidone palmitate ER
injectable suspension 156 mg/ml) of Janssen
Pharmaceuticals, Inc., (Reference product or
R), administered intramuscularly in patients
with SZ and/or SA disorder. The study complies
with the Declaration of Helsinki, relevant
USFDA guidelines, and are consistent with
the International Council for Harmonization-
Good Clinical Practice (ICH-GCP) E6(R2)
guidelines, local regulatory requirements of
GCP for Clinical Research In India [2004,
Central Drugs Standard Control Organization
(CDSCO)], New Drugs and Clinical Trials
Rules, 2019, Indian Council of Medical
Research’s National Ethical guidelines for
Biomedical and Health Research involving
Human Participants (2017). The study obtained
written approval from site Institutional Ethics
Committee (IEC) and informed consent from
all the participants.

= Study objectives

The primary objective of the study was to
evaluate the steady-state bioequivalence of
paliperidone palmitate ER injectable suspension
156mg/ml from Sun Pharmaceutical Industries
Limited compared to Invega Sustenna® ER

injectable suspension 156 mg/ml from Janssen
Pharmaceuticals, Inc., in patients diagnosed
with SZ and/or SA disorder. The secondary
objective of the study was to monitor the
Adverse Events (AEs) and to ensure the safety
of patients after Investigational Product (IP)
administration.

= Study participants

Subjects were selected based on predefined
inclusion and exclusion criteria, the details of
which are provided in the supplementary file.
Clinically stable patients aged between 18
years and 65 years with a Body Mass Index
(BMI > 18.00 kg/m?), weight of at least 50 kg
for males or 48 kg for females, diagnosed with
SZ and or SA disorder [as per Diagnostic and
Statistical Manual of Mental Disorders Fifth
Edition (DSM-V criteria)] and maintained on
a stable dose (at least two prior maintenance
doses) of paliperidone palmitate ER injectable
suspension 156 mg were eligible.

= Study treatments

Screening: Patients underwent demographic
assessments, physical examinations such as
vital signs and assessment for COVID-19
symptoms,  evaluation  of  orthostatic
hypotension thorough medical and medication
histories, 12-Lead Electrocardiogram (ECG),
serum pregnancy tests (for females with
childbearing potential), Columbia Suicide
Severity Rating Scale (C-SSRS) assessments,
urine screens for drugs ofabuse, urine pregnancy
tests, alcohol breath tests and safety laboratory
tests (covering hematology, biochemistry,
serology and urine analysis). The study design
flowchart is provided in (Figure 1). Patients
were screened for eligibility to enter either the
lead-in period or treatment period. Patients on
a stable dose of paliperidone palmitate ER 156
mg/ml injectable suspension entered directly
into the treatment period (without the lead-in
period). However, non-naive transition patients
(who were treated with oral paliperidone, oral
risperidone or any other oral antipsychotic
medication) were included in the lead-in
period based on the clinical judgement of the
investigator.

The lead-in period allowed the patients to
reach a stable dose of paliperidone palmitate
ER injectable suspension 156 mg via the
Intra-Muscular (IM) route before entering the
treatment period.
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Patients were given paliperidone palmitate
ER 234 mg/ml on day 1 in the deltoid muscle,
followed by a 156 mg/ml dose in the deltoid
muscle one week later (= 1 day) and another
156 mg/ml dose after 28 days (1 day)
administered either in the deltoid or gluteal
muscle. Patients who completed lead-in period
entered into final screening period (Part-II)
within 14 days of 1** IP dosing.

= Drug administration during the
treatment period

Randomization schedule was generated using
Statistical Analysis System (SAS®) (SAS
Institute Inc., United States of America)
software version 9.4 according to which the

patients were administered the designated
IP (either T or R) via IM injection in deltoid
or gluteal muscle. The dose of paliperidone
palmitate ER injectable suspension 156mg/
ml was selected as per USFDA Office of
Generic Drugs (OGD) recommendations.
The treatment assignment was done using
Interactive Web Responsive System (IWRS).
Patients received either T or R for consecutive
five dosing periods on day 1, day 29, day 57,
day 85 and day 113 (Period 01). Subsequently,
patients were switched over to the other
treatment based on the randomization schedule
for the next consecutive five doses on day 141,
day 169, day 197, day 225 and day 253 (Period
02) (Figure 1).

Screening
(Part 1)
Up to 28 days

Patients on
stable-dose of
Paliperidone
Palmitate ER
Injectable
Suspension

‘(1 .56mg/1 mL) (Part Il) -Within 14 days
via intramuscular prior to first dosing

Lead-In-period Up to
[ZXEVR

Screening Sequence

assignment (TR)

Patients treated with oral
Paliperidone/Risperidone/any
i other antipsychotic medication

Treatment T

| 234mgonday 1;
i 156 mg after 1 week (+1 day)
! 156 mg after 28 days (+1 day)

Treatment T

route >

Randomization
PEVA

Sequence
assignment (RT)

Period 01
Dosing Days:
1,29, 57,85,

TreatmentR

N
>

d End of study
assessment

Period 02
Dosing Days:
141,169,197,

and 113 225, and 253

Day 281 or
early
discontinuation

Treatment R

o

N N
= Crossover 4

Figure 1. Study design flowchart starting with a screening phase (Part I) of up to 28 days,
a lead-in period of up to 64 days, and a second screening (Part Il) within 14 days before
randomization. Note: ER: Extended Release; Treatment T: Paliris LA® (Paliperidone palmitate
ER injectable suspension 156 mg/ml of Sun Pharmaceuticals Industries Limited); Treatment
R: Invega Sustenna’ (Paliperidone palmitate ER injectable suspension 156 mg/ml) of Janssen

Pharmaceuticals, Inc.

= Blood sample processing and
storage

During the study a total of 40 blood samples (6
pre-dose samples and 34 post-dose samples),
each measuring 4.0 ml, were collected at
different time-points for 281 days from each
patient for pharmacokinetic analysis. Details
of blood collection time-points are provided
in the supplementary file. Blood samples
were collected at different study centers in
Dipotassium Ethylenediaminetetraacetic Acid
(K2EDTA) vacutainers and centrifuged at
3300 rpm for 15 minutes at 4°C + 2°C within
one hour of collection and stored at -20°C

+ 5°C at the clinical facility. Upon receipt
at the pharmacokinetics department (Sun
Pharmaceutical Industries Limited, Tandalja,
Vadodara, Gujarat), samples were stored at
-65°C + 10°C. Quantification of paliperidone
in human plasma was performed using a
validated  Liquid  Chromatography-Mass
Spectrometry (LC-MS) method.

= Pharmacokinetic analysis

Primary pharmacokinetic parameters
included Maximum Concentration at
Steady State (C ) and Area Under
the Concentration-Time Curve (AUC,).
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Secondary =~ pharmacokinetic =~ parameters
included Minimum Concentration at Steady

State (C ), Time to Reach Maximum
Concentration at Steady State (T ),
%Fluctuation, Average Concentration at

Steady State (C_,), Trough Concentration at
Steady State (Clmughss) and swing (difference
between peak and trough concentrations).
Trough concentration data on day 57, 85 and
113 of period 01 and on day 197, 225 and
253 of period 02 were analyzed statistically
to verify the attainment of steady state prior
to pharmacokinetic sampling after day 113
and 253 respectively in each individual. The
analysis was done using the non-compartmental
model with Phoenix® WinNonlin® software
(Version 6.4).

= Safety analysis criteria

The criteria for evaluating safety in the
study included vigilant monitoring and
documentation of Adverse Events (AEs),
Serious Adverse Events (SAEs) and Treatment-
Emergent Adverse Events (TEAEs). To ensure
a thorough safety evaluation, vital signs were
recorded and physical examination and routine
clinical and laboratory investigations were
performed. Urine samples were screened for
the presence of drugs of abuse and alcohol
breath test was performed.

= Statistical analysis

Arithmetic means, minimum and maximum
values, standard deviations and coefficients of
variation were calculated for the demographic
data. The statistical methods were employed
to assess the efficacy of pharmacokinetics,
specifically focusing on parameters such as
C .. AUC,  and %Fluctuation. Parametric
Analysis of Variance (ANOVA) was utilized
to compare these parameters between different
groups and treatments with 90% Confidence
Intervals (CI) calculated for each parameter to
provide a measure of precision. Additionally,
to meet the assumptions of normality and
homogeneity of variance, the parameters
were subjected to Natural Logarithm (Ln)
transformation before analysis. The results

were evaluated using the SAS® mixed
procedure (Version 9.4).
90% confidence intervals and ratio

analysis: The 90% CI of the Geometric Least
Square Mean Ratio (GMR) of C and AUC

maxSS

of T and R product of paliperidone was required
to be between 80% and 125% (inclusive)
for log-transformed data. Additionally, the
fluctuation for the T product was evaluated
for comparability with the fluctuation of the R
product.

Sample size justification: For expected
mean difference between T and R formulation
about + 10% and anticipated intra-subject
Coeflicient of Variation (CV) of around 30%
for C_ ., a sample size of 80 patients was
found to be sufficient to ensure 80% power for
demonstrating bioequivalence for this cross
over study design.

Results

= Subjects

The study was conducted from 10 July, 2021
to 12 September, 2022. Out of 129 patients
screened, 21 did not match the screening
criteria. Eventually, 108 patients were
randomized forming the safety population.
Among them, 13 discontinued the study
prematurely and the remaining 95 patients
completed the study, with 94 included in
subsequent pharmacokinetic and statistical
analyses (Figure 2).

= Demographic or baseline charac-
teristics

The study consisted of 54 participants each
in the sequence TR and sequence RT groups.
Overall, males accounted for 70.4% and
females accounted for 29.6%. Mean age
ranged from 34.8 years to 35.4 years and
height, weight and Body Mass Index (BMI)
varied within relatively narrow ranges across
both groups. All the participants were Asian
and identified as Not Hispanic or Latino.
Demographic characteristics are given in
(Table 1). No abnormalities were found in
the hematology and biochemistry assessment,
physical examination and other tests performed
during screening and end of the study period.

= Pharmacokinetic and statistical
results

The pharmacokinetic analysis of T and R
products revealed comparable profiles in key
parameters such as AUC_, C C C

0-r> ~maxSS? T minSS? avSS
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Enroliment

IRandomized(n=108) |

Allocation

Allocated to T product

Period 1 (n=54)

Allocated to R product
(n=54)

Period 2

Allocated to R product
(n=54)

Allocated to T product
(n=54)

Analysis

i

v

Analyzed (n=95)

Statistical analysis (n=94)

Included in PK and

| > Discontinued (n=11) E
! » Dropped before dose 3 (day 57) I
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> Data not
considered (n=1)

Figure 2. Patient’s disposition flow diagram shows the pharmacokinetic and statistical
analyses. Note: PK: Pharmacokinetic; Treatment T: Paliris LA® (Paliperidone palmitate ER

injectable suspension 156 mg/ml of Sun Pharmaceuticals Industries Limited);

Treatment R:

Invega Sustenna’ (Paliperidone palmitate ER injectable suspension 156 mg/ml) of Janssen

Pharmaceuticals, Inc.

Table 1: Demographic details of the study participants.

Characteristic Statistics Sequence TR Sequence RT
(N=54) (N=54)
Age (years) Mean (SD) 35.4 (9.28) 34.8 (8.67)
Range 18-55 18-56
Height (cm) Mean (SD) 161.63 (9.407) 162.78 (8.329)
Range 143.0-185.6 144.0-183.0
Weight (kg) Mean (SD) 63.487 (10.3584) 63.186 (9.0011)
Range 49.40-92.90 49.10-81.20
BMI (kg/m?) Mean (SD) 24.277 (3.2056) 23.897 (2.9551)
Range 18.74-33.30 19.10-31.30
Ethnicity
Not Hispanic or Latino | n (%) 54 (100.0) 54 (100.0)
Race
Asian n (%) 54 (100.0) 54 (100.0)
Gender
Male n (%) 35(64.8) 41 (75.9)
Female n (%) 19 (35.2) 13 (24.1)

Neuropsychiatry (London) (2024)(14)(4)
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Table 2: Summary of results for pharmacokinetic parameters of T and R products in patients with SZ or

SA disorder (N=94), mean values + SD and CV% are reported for each parameter.

Parameters Test Reference

Mean = SD CV% Mean + SD CV%
*AUC, (ng.h/ml) 29998.15 £ 12014.58 |40.05 30626.24 + 10819.64 |35.33
C,.... (ng/ml) 59.25+27.01 45.59 65.98 +39.64 60.08
#C, e, (ng/ml) 32.43 +12.76 39.36 33.24+12.61 37.93
C,,,, (ng/ml) 44.64 £17.88 40.05 45.58 £16.10 35.33
"C pougn (ng/ml) 39.39 + 15.64 39.7 38.91+16.20 41.62
T, .0 207.32 £155.21 74.87 177.46 + 145.80 82.16
T s () 168.00 (0.00-672.00) |- 144.00 (0.00-672.00) |-
#%Fluctuation 58.35+27.02 46.3 70.17 + 69.20 98.61
“*Swing 0.87 £0.58 66.93 1.11+£1.80 162.47
Note: *Median values (range) are presented; “N=93 for reference treatment as 672 hours’ sample (after
dose-5 in period-2) of one patient was not collected. Standard Deviation (SD); Coefficient of Variation
(CV); Area under the concentration-time curve during a dosing interval (AUC, ); Maximum plasma
concentration at steady state (C__ .); Minimum plasma concentration at steady state (C_; .); Average
plasma concentration at steady state (C_ .); Concentration at the end of the dosing interval (Ctrough);
Time to reach maximum plasma concentration at steady state (T, ); Time to reach maximum plasma
concentration at steady state (median and range) (*T,_); Percent fluctuation between peak and trough
concentrations (%Fluctuation); Swing: Peak-to-trough fluctuation ratio.

and Ctrough as demonstrated in Table 2.

The mean AUC _ values were 29998.15 ng.h/
ml for T and 30626.24 ng.h/ml for R, while
mean C_ . values were 59.25 ng/ml and
65.98 ng/ml and mean T _ .. values were
207.32 hours and 177.46 hours respectively.
However, slight differences were observed
inC_ ., C, . and C_ . Notably, R product
exhibited higher %Fluctuation (70.17% versus
58.35%) and swing (1.11 versus 0.87) than
T product, indicating greater variability in
plasma concentrations over the dosing interval

compared to T product (Table 2).

The statistical analysis revealed comparable
results across key  pharmacokinetic
parameters. For AUC , the least squares
means were 10.26 for T and 10.30 for R,
with corresponding geometric means of
28440.08 and 29736.04 respectively. The
ratios of the least-squares geometric means
(and 90% geometric Cls) of T to R product
for paliperidone were 95.64% (90.28 to
101.32) for AUC_, 91.47% (84.61 to 98.89)
for C__and 91.27% (82.25 to 101.29) for
%Fluctuation. The 90% geometric CIs for all

the pharmacokinetic variables were between
the acceptable range of 80% and 125%
(Table 3). The intra-patient CV of AUC,
C, ... and %Fluctuation was 23.99%, 33.00%
and 44.79% respectively, demonstrating

consistency in pharmacokinetic profiles.

= Mean plasma concentration-time
profile at steady state

The mean plasma concentration-time profiles
at steady state were analyzed. Paliperidone
administration was followed by a rapid
increase in plasma concentrations over 24
to 48 hours from administration of the first
dose administration of both T and R products.
Initially (0 hours), the plasma concentrations
were 37.7185 ng/ml and 39.7797 ng/ml that
increased to 46.2285 ng/ml and 49.8729 ng/
ml at 48 hours in T and R groups, respectively.
Moreover, sustained plasma concentration-time
profile for 312 hours (i.e., 13 days) was observed
in both the groups. By the end of 672 hours (i.e.,
28 days), the mean concentrations were 39.4
ng/ml and 38.8 ng/ml for T and R respectively.
Both products exhibited similar pharmacokinetic
profiles, as shown in mean concentration versus

Neuropsychiatry (London) (2024)(14)(4)
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Table 3: Summary of statistical analysis of paliperidone (N=94) - Ln-transformed data.

PK variables |Least Squares Least Squares Ratio of 90% Intra-
Means Geometric Least-Squares Geometric patient
Geometric cr CV%
Means'
Means? %
Test | Reference | Test Reference
AUC,, 10.26 |10.3 28440.08 129736.04 [95.64 90.28-101.32 [23.99
s 401 |4.1 55.13 60.27 91.47 84.61-98.89 |33
“%Fluctuation [3.94 [4.03 51.17 56.07 91.27 82.25-101.29 |44.79

Note: PK: Pharmacokinetic; AUC_ : Area under the concentration-time curve during a dosing interval;
CmaxSS: Maximum plasma concentration at steady state; CI: Confidence interval; CV: Coefficient of
variation

*N=93 for reference treatment as 672.00 hour sample (after dose-5 in period-2) of one patient was not
collected.

Least Squares Geometric Means Ratio Calculated according to the formula: ¢ (LSM Test (T) - LSM Reference (R)) 3%
100

290% Geometric Confidence Interval using Ln-transformed data

3Least-square geometric means calculated from least-squares mean as e (eust-sauare mean)

-0— TreatmentR ~o— Treatment T

N N A A R R L A A R R L
S2 B4 126 168 200 252 2% 3% 37 420 62 M4 S S 60 M

Time (hr)

(B)

-0— TreatmentR ~o— Treatment T

Mean (ng/mL)

| L A R R L A T L A L L
208 126 8 20 282 234 336 I8 A 482 SN S SN 60 6

Time (hr)
Figure 3. Mean plasma concentration versus time curve in steady state after intramuscular
administration of paliperidone palmitate ER injectable suspension A) Linear plot and B) Semi-
logarithmic Plot. Note: Treatment T: Paliris LA® (Paliperidone palmitate ER injectable suspension
156 mg/ml of Sun Pharmaceuticals Industries Limited); Treatment R: Invega Sustenna’
(paliperidone palmitate ER injectable suspension 156 mg/ml) of Janssen Pharmaceuticals, Inc.
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time plots (linear and semi logarithmic) for
paliperidone in Figure 3 (A) and (B).

= Safety results

A total of 108 patients randomized were
included in the safety population. Overall, 64
Treatment-Emergent Adverse Events (TEAEs)
were reported among 38 patients (35.2%)
throughout the study duration and the majority
of the reported TEAEs were mild to moderate
in nature. Out of 64 TEAEs, 37 AEs reported by
29 patients were mild, 25 AEs reported by 14
patients were moderate and 2 AEs reported by
2 patients were severe or medically significant

but not immediately life threatening.

Out of 64 TEAEs, 2 AEs reported by 1 patient
were certainly related, 15 AEs reported by 11
patients were possibly related, 10 AEs reported
by 8 patients were likely related and 37 AEs
reported by 21 patients were unlikely related
to study drug.

The commonly reported TEAEs for the T
product included leukopenia, neutropenia and
dyspepsia, while the R product commonly
caused vomiting, injection site pain, urinary
tract infection, hypertriglyceridemia, dizziness,
orthostatic hypotension and headache. No SAE

Table 4: Total number of TEAES, their severity, relationship to the study drug and their distribution

across treatment groups T and R.

Test Reference n(count of

n(%) count of AEs [ n(%) count of AEs TEAEs)

(N=106) (N=103)
Total TEAEs 20 (18.9) 25 29 (28.2) 39 38 (64)

Commonly (> 1%) reported TEAEs and their occurrence rates in patients (%)
Leukopenia 2(1.9)2 - 2(2)
Neutropenia 2(1.9)2 - 2(2)
Dyspepsia 2(1.9)2 - 2(2)
Schizophrenia (Exacerbation of 2(1.9)2 2(1.9)3 4(5)
Schizophrenia)
Vomiting - 2(1.9)2 2(2)
Injection site pain 1(0.9)1 2(1.9)2 3(3)
Urinary tract infection 1(0.9)1 2(1.9)2 3(3)
Hypertriglyceridaemia - 2(1.9)2 2(2)
Dizziness - 2(1.9)2 2(2)
Orthostatic hypotension 1(0.9)1 3(2.9)4 4(5)
Headache 1(0.9)1 3(2.9)3 4(4)
Others (< 1%) 8(7.5)13 11(10.7)19 19(32)
Severity
Mild 12(11.3)14 20(19.4)23 29(37)
Moderate 9(8.5)10 11(10.7)15 14(25)
Severe or medically significant 1(0.9)1 1(1.0)1 2(2)
Relation to study drug

Certainly related 1(0.9)1 1(1.0)1 1(2)
Possibly related 6(5.7)6 8(7.8)9 11(15)
Probably or likely related 1(0.9)1 8(7.8)9 8(10)
Unlikely related 13(12.3)17 13(12.6)20 21(37)
Note: N: Total number of patients; n: Number of patients; TEAEs: Treatment-Emergent Adverse Events
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or death was reported during the study period.
No TEAE led to discontinuation of the study
drug. The safety results are demonstrated in
Table 4.

Discussion

Thepresentstudyassessed the bioequivalence of
paliperidone palmitate ER injectable suspension
156 mg/ml from Sun Pharmaceutical Industries
Limited (T) and Janssen Pharmaceuticals Inc.,
(R) in patients with SZ and/or SA disorder.
Antipsychotic medications are available in
both oral and Long-Acting Injectable (LAI)
forms. The most frequent reason for relapse
in SZ is poor adherence to oral antipsychotics.
Discontinuation rates for these medications
range from 26% to 44% and up to two-
thirds of patients exhibit at least partial non-
adherence, consequently elevating the risk of
hospitalization [32]. The need for inpatient care
among SZ or SA patients significantly impacts
the overall cost associated with managing
this condition [32]. The research findings
indicate that LAls, including paliperidone
palmitate offer potential advantages over oral
antipsychotics in terms of decreasing relapse
and hospitalization rates among SZ or SA
patients, suggesting considerable potential
for expense reduction [14,33-36]. Patients
diagnosed with SZ (N=5638) who started
taking LAIs, such as paliperidone palmitate
indicated improved medication adherence, with
a 5% higher mean adherence and 20% lower
likelihood of LAIs discontinuation [37]. It has
also been demonstrated that compared to oral
medications, paliperidone palmitate injection
significantly extends the relapse-free period
for patients, with individuals experiencing an
extension of over 200 days without relapse
[38]. LAIs require less frequent drug dosing
as compared to oral antipsychotics because of
their ER formulation [39].

Oral antipsychotics require daily administration
which can lead to adherence issues. The LAI
antipsychotics address this by eliminating the
necessity for daily dosing, ensuring consistent
therapeutic drug levels over extended periods
thus, diminishing the likelihood of relapse
and re-hospitalization [40]. LAIs enhance
adherence by ensuring stable pharmacokinetics,
resulting in reliable medication delivery
and reduced dosing frequency [41]. While
first-generation LAIs present opportunities
for improved adherence and reduced rates

of discontinuation and readmission, their
clinical advantages are tempered by elevated
occurrences of extrapyramidal adverse
effects and tardive dyskinesia, often leading
to treatment discontinuation [11,42]. The
emergence of second-generation antipsychotic
drugs, such as paliperidone, in LAI form holds
potential due to their potential to exhibit fewer
movement-related side effects compared to
first-generation antipsychotic drugs [43].
Paliperidone is preferred over other LAIs (such
as risperidone) based on several advantages,
including enhanced compliance due to longer
dosing intervals, decreased nurse time required
and simpler storage and preparation needs [44].

Paliperidone palmitate has been compared
to placebo and oral antipsychotics and has
demonstrated  superiority in  improving
outcomes in SZ or SA patients [33,45,46].
A study reported that patients receiving
paliperidone palmitate LAI experienced a
reduction in the number of inpatient days
compared to those receiving oral atypical
antipsychotics (incidence rate ratio of 0.78;
p=0.004) [47]. Furthermore, Kim et al,
demonstrated a notable 29% reduction in re-
admission rates of paliperidone palmitate as
compared to oral medication and a substantial
58% decrease in re-admission rates among
patients with recurrent admissions [48].
Moreover, paliperidone palmitate exhibits
positive impacts on functionality, improving
negative symptoms and efficacy in preventing
relapses in SZ as well as SA disorder [49-52].
The Personal and Social Performance (PSP) test
has demonstrated that paliperidone palmitate
LAI improves functional outcomes [29]. It has
been observed that 29.4% of patients initially
exhibiting an unfavorable level of functioning
reached a favorable level after paliperidone
palmitate administration (PSP score greater
than 70) [53]. Patients treated with paliperidone
palmitate also showed consistent improvement
in Brief Negative Symptom Scale (BNSS)
and Positive and Negative Syndrome Scale
(PANSS) scores.

The mean [Standard Deviation (SD)] values
were observed to drop from 17.2(4.31) to
15.9(4.93) for negative subscale scores
indicating improvement in negative symptoms
(mild to severe) of SZ [54]. An Indian
study involving 109 SZ patients receiving
paliperidone ER, resulted in a significant
reduction in the total Positive and Negative
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Syndrome Scale (PANSS) score from 96.1
+ 12.5 at baseline to 54.7 £ 15.9 at the end
of 6 weeks [55]. By the end of the trial, the
percentage of patients classified as markedly
ill in the paliperidone ER group significantly
reduced from 47.2% to 2.8% [55]. Additionally,
in terms of preventing relapses, among 367
SZ patients who took paliperidone palmitate,
84.6% remained free from relapse during the
13-week treatment period [56]. Paliperidone
serves as the main active metabolite found in
risperidone. This ER medication is formulated
as a palmitate ester of paliperidone within an
aqueous suspension of nanocrystals, providing
a gradual and continuous release pattern
[57,58]. Nanocrystals are typically around
one-tenth the size smaller than the particles in
conventional drug powders, having an average
diameter of 20 pm. This innovation enhances
drug solubility, absorption and bioavailability
[59]. Paliperidone palmitate is nearly insoluble
in water and after its IM administration it
dissolves slowly at the injection site but is
then hydrolyzed rapidly to paliperidone before
being systemically absorbed [59].

This medication is formulated to rapidly
achieve stable paliperidone concentrations
at the onset of treatment, eliminating the
need for oral supplementation. Peak plasma
concentrations of paliperidone palmitate once
monthly are typically reached around 13
days after a single injection and its observed
half-life of 25-49 days allows for monthly
administration (Figure 4). Since paliperidone
is mainly cleared renally and minimally
metabolized in the liver, it poses low potential
for drug interactions and serum concentrations
are unlikely to be affected by the Cytochrome

ar Absorption

Due to its extremely low water solubility,

Elimination

t .13 days

The release of the drug starts as
early as day 1and lasts for as long
as 126 days

AUC
Overall drug exposure

Amount of drug in blood

P450 2D6 (CYP2D6) genotype [60,61]. In this
study, the pharmacokinetic analysis of T and
R products revealed comparable profiles in
AUC , C_ . and C . and overall findings
aligned with those of previous report [62,63].
The R product exhibited higher %Fluctuation
and swing compared to T, indicating greater
variability in plasma concentrations over the
dosing interval. The median Tmax was recorded at
amedian of 7 days for T and 6 days for R, aligning
with previous studies on the pharmacokinetics of
paliperidone palmitate [64,65]. It is important
to note that the consistency in pharmacokinetic
profiles of the current study, as indicated by the
intra-patient coefficients of variation, suggests
therapeutic similarities between T and R
throughout the dosing period.

The statistical analysis confirmed the
bioequivalence of T and R as evidenced
by the narrow 90% geometric confidence
intervals and the ratios of the least-squares
geometric means falling within the standard
bioequivalence range (80%-125%) [66].
Examination of plasma concentration-time
profiles at steady state revealed that both
T and R products exhibited similar trends.
Administration of paliperidone resulted in a
rapid rise in plasma concentrations within 24
hours to 48 hours following the initial doses
of both the T and R formulations. For both the
products, plasma concentrations were sustained
throughout the study duration. The common
TEAE:s reported in this study were consistent
with known side effects of paliperidone such
as leukopenia, neutropenia and vomiting
[22,67]. Most of the TEAEs observed in this
study were mild to moderate in nature similar
to previously reported TEAEs [68]. While

Steady state levels achieved in 8-9 months

t,,, (For dose 25-150 mg): 25-49 days

Administration of
Paliperidone

Time

Y

Figure 4. Pharmacokinetics of paliperidone palmitate showing its absorption and elimination
phases. Note: AUC: Area under the curve; tmax: Time to peak drug concentration; t1/2: Half-
life; Cmin: Minimum concentration of a drug in the blood.
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this study suggests bioequivalence of the
T and R products, factors such as patient-
specific characteristics, treatment adherence,
and individual response variations were not
extensively explored.

Conclusions

Long-term management of SZ and SA disorders
is significantly challenged by high rates of
relapse and hospitalization, often due to poor
adherence to oral antipsychotics. Paliperidone
palmitate once amonth formulation offers stable
pharmacokinetics and reliable drug delivery
due to its ER formulation which addresses
significant adherence issues often encountered
with oral medications. By maintaining
consistent drug levels over time, it effectively
prevents relapses of SZ or SA potentially
leading to reduced hospitalizations and fewer
re-admissions. This study demonstrates
comparable pharmacokinetic and safety profiles
between Paliris LA® [paliperidone palmitate
ER injectable suspension (administered once
a month)] from Sun Pharmaceutical Industries
Limited, (India). To that of Invega Sustenna®
[paliperidone  palmitate ER  injectable
suspension 156 mg (administered once a
month)] of Janssen Pharmaceuticals, Inc.
These findings support the interchangeability

of these products providing additional option
for individualized treatment approaches in
patients with SZ and/or SA disorders.
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