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Abstract

analysis.

only limited clinical significance.

Objective: The main objective of this study was to assess the impact of inter-occasion variability (IOV) on
Trospium plasma concentration level from typical crossover pharmacokinetic study using non-compartment model

Methods: An open, randomized, fasting, single-dose, two way crossover reference replicate study was
performed with 36 healthy, non-smoking, male subjects. Plasma concentration of Trospium was estimated. The
influence of inter-occasion on Trospium pharmacokinetics was evaluated using non-compartment model analysis.

Results: Results from the non-compartment analyses showed that inter-occasion variability as measured
by coefficient of variation was found more than 30% for pharmacokinetic parameters C__, AUClast and Vd/F. In
addition, 10V for C__ was higher when compared with any other pharmacokinetic parameters.

Conclusion: Overall, considerable variability associated with Trospium chloride pharmacokinetics between
occasions was established. Trospium was well tolerated in the treated subjects and there was no serious adverse
event noted in the entire study. Thus, major differences in obtained variability seen in this study are likely to be of
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Introduction

Trospium Chloride is an established anti-cholinergic compound
used for the long-term treatment of overactive bladder. Trospium
plasma levels are characterized by a great inter-individual and intra-
individual variability [1,2]. The reported Trospium intra-subject
variability is 72% and of 60%, for AUC and C_, respectively [3].
Trospium chloride exhibits diurnal variability in exposure with a
decrease of both C___and AUC for evening dosing relative to morning
dose [4-6]. Of interest, there appears to be circadian variability in
trospium chloride pharmacokinetics, with a decrease in C___of up to
59% and AUC of up to 33% for evening dosing relative to morning
dosing [7]. Also, the inter-individual variability in pharmacokinetics
was more pronounced during the morning dose administration
interval compared with the evening dose administration interval.
Reported mean coeflicient of variation of 42% and 33% for AUC-ss
and 46% and 35% for C__ -ssat steady state is reported for the morning
dose and the evening dose, respectively [8].

Variability is an inherent property and it can be decreased or
theoretically eliminated by implementing “ideal” experiments and data-
processing techniques [9]. All drugs exhibit between-subject variability
in exposure and response and many studies performed during drug
development are aimed at identifying and quantifying this variability
to improve the safety and efficacy of a drug agent. Variability is usually
characterized in terms of fixed and random effects. The fixed effects
are the population average values of pharmacokinetic parameters. The
random effects quantify the amount of pharmacokinetic variability that
is not explained by the fixed effects. These random effects subsets are
inter-subject variability, inter-occasion variability and intra-individual
and residual variability. Lack of separation of inter-occasion variability
from residual intra-subject variability may produce bias in estimation
of population pharmacokinetic parameters [10]. Describing between-
occasion variability can be an important tool for identifying underlying

reasons for altered response over time [11]. Since, individual
pharmacokinetic parameters may change randomly between study
occasions and analysis of simulated data shows that ignoring such
inter-occasion variability (IOV) may result in biased population
parameter estimates. Neglecting IOV also results in a high incidence of
statistically significant spurious period effects [12]. The identification
and quantification of covariates, particularly using population
pharmacokinetics is now seen as an integral part of drug development.
Many pharmaceutical companies go through unnecessary cycles of
clinical studies involving formulation optimization without attention
to the feasibility of reducing inter-individual variability and the source
of such variation [13].

Recent vyears, different types of pharmacokinetic modeling
approaches were evaluated to quantify the variability of Trospium
pharmacokinetics, however to the best of our knowledge
pharmacokinetic approaches related to treatment occasion were still
not yet evaluated for Trospium. Thus, present study was aimed to
assess the impact of inter-occasion variability on Trospium plasma
concentration level from typical crossover pharmacokinetic study
using a method which did not involve any assumption related to the
evaluation of pharmacokinetics, i.e., non-compartment model analysis.
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Materials and Methods

All materials used in this study were complied with current United
States Pharmacopeia (USP) compendial specifications.

Formulation

SANCTURA XR™ (Trospium Chloride Extended Release
Capsules) 60 mg manufactured by Catalent Pharma solutions, Inc.,
Somerset, NJ 08873 USA and manufactured for Allergan, Inc., Irvine,
CA 92612 USA.

Treatment occasion

Subjects were exposed with single oral dose of Sanctura XR™
(Trospium Chloride extended release capsules) 60 mg in two treatment
occasions and both occasions were separated by interval of 14 days
from the completion of dosing in one occasion to the start of the dosing
in the next occasion.

Pharmacokinetic study

Selection of study population: All subjects underwent a
screening procedure. Medical history and detailed demographic data
were recorded. Each subject underwent a complete general physical
examination and laboratory tests of hematology, biochemistry, urine
analysis and serology. Only medically healthy subjects with clinically
acceptable laboratory profiles, ECG and chest X-ray were enrolled into
the study. Further, the subjects were selected on the basis of inclusion
and exclusion criteria. Crossover design has been selected in order to
minimize the variability due to subject specific parameters.

Study design: An open, randomized, fasting, single-dose, two way
crossover reference replicate study was performed with 36 healthy,
non-smoking, male subjects. The study protocols for Trospium were
approved by the Institutional Ethics Committee at the clinical site
(approval no. TROS/395/09).The study was conducted in accordance
with the ethical principles that have their origin in the Declaration of
Helsinki and in compliance with ICH-GCP. Written informed consent
was obtained from all subjects prior to enrolment in the study.

In each study period, after an overnight fast of at least 10 hrs,
as per the randomization schedule single oral dose of Trospium
Chloride extended release capsules 60 mg (Sanctura XR™) was orally
administered with 240mL of drinking water in sitting posture atambient
temperature in the morning. A total of23blood samples were collected
in each period. The pre-dose blood sample (1x5 mL) was collected
within 1 hour prior to dosing. The post-dose blood samples (1x5-mL
each) were collected at 1.00, 2.00, 2.50, 3.00, 3.50, 4.00, 4.50, 5.00, 5.50,
6.00, 6.50, 7.00, 7.50, 8.00, 9.00, 10.00, 12.00, 16.00, 24.00, 48.00, 72.00
and 96.00 hours after dosing. Subjects were seated upright position for
the first two hours following drug administration and prohibited from
any strenuous or athletic activity during housing period of the study.
Plasma samples were stored at -50°C before analysis. Plasma samples
were separated and analyzed for Trospium plasma concentrations.

Analytical methods

A highly sensitive, specific and evaporation free SPE extraction,
LC-MS/MS method has been developed for the estimation of
Trospium in human K,EDTA plasma. The analyte was separated using
isocratic mobile phase {Methanol: Ammonium formate (60:40 v/v)} on
reverse phase column and analyzed by MS/MS in the multiple reaction
monitoring mode using the respective [M(+)] cations, m/z 392.3-182.1
for Trospium. The total chromatographic run time was 3.50 min. The
developed method was validated in human plasma with a lower limit

of quantification of 0.0560 ng/mL. A linear response function was
established for the range of concentrations 0.0560-13.2960 ng/mL for
Trospium in human plasma. The intra- and inter-day precision values
for Trospium met the acceptance as per USFDA guidelines. Trospium
was stable in the series of stability studies viz., bench-top, auto-sampler,
dry extracts and freeze/thaw cycles.

Data analysis method

The influence of inter-occasion, inter-individual and residual
variability on Trospium pharmacokinetics was evaluated using non-
compartment model analysis as detailed below. Non-compartment
model analysis (NCA) was used to reveal the pharmacokinetics of
Trospium, because NCA model did not involve any assumption
related to the evaluation of pharmacokinetics. Trospium plasma
concentration versus time data were evaluated using the Phoenix Win
Nonlin software version 6.3. The pharmacokinetic parameters C___
AUClast, AUCinf, Kel, Vd/F and CL/F for Trospium were calculated
by non-compartmental method using Phoenix WinNonlin Software
(version 6.3). All calculations of non-compartmental analysis were
based on actual sampling times. The pharmacokinetic parameters
C,.o the maximum observed concentration, AUC, the area under
the concentration time curve, Kel, elimination rate constant, Vz/F,
Volume of distribution and Cl/F, Clearance were determined for
each occasion. For extravascular models the fraction of dose absorbed
cannot be estimated, therefore Volume and Clearance for these models
are actually Vz/F or CI/F where F is the fraction of dose absorbed. To
calculate the elimination rate constant (Kel), regression analyses were
performed on the natural log (Ln) of plasma concentration values
(Y-axis) versus time (X-axis). Calculations were made between a time
point where log-linear elimination phase begins and the time at which
the last concentration above the limit of quantitation occurred. Area
under the concentration - time curves (AUC) was calculated using the
linear trapezoidal rule. Volume of distribution is estimated based on
the terminal phase. Total clearance was calculated using the formula
CL=Dose/AUC. Also, intra-individual, inter-individual and residual
variability were calculated. Obtained results for intra-individual was
considered as inter-occasion variability since, subjects and formulations
remain same in both period-I and period-II. Linear mixed effect models
used to model the log transformed C__, AUClast, AUCinf, Kel, Vd/F
and CL/F for Trospium as functions of sequence, treatment and period,
as fixed effects, and subjects nested within sequence as a random effect.
The default model Var( Subj(Seq)) was the inter-individual (between
subjects) variance, and residual variance is the intra-individual (within
subject) variance.

>

Results

A total of 36 healthy adult human male subjects were enrolled the
study and 25 subjects completed the study. One subject withdrawn
his consent for further participation, one subject withdrawn due
to adverse event and nine subjects were not reported after period-I
dosing. Plasma samples from 25 subjects were analyzed to determine
the plasma concentrations of Trospium. Non-compartmental analyses
were performed on data obtained from 25 subjects, who completed
the study as per the protocol. Baseline characteristics of subjects who
completed the study and included for pharmacokinetic analysis are
presented in Table 1.

The individual concentration time course of Trospium was derived
from observed plasma concentrations. No significant time dependent
changes in pharmacokinetics of Trospium between two different
occasions (Figure 1) were visible in the graphical assessment of time
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Mean * SD (Range)

Parameters

(N=25)
Age (years) 26.64 + 6.62(18-43)
BMI (kg/m?) 21.86 + 2.11(19.25-24.62)
Height (cm) 164.40 + 7.42 (150-178)
Weight (kg) 59.16 + 7.75(50-77)

Table 1: Subjects’ baseline characteristics.
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Figure 1:

versus plasma concentration profile. In present study it was evidencing
that maximum absorption for Trospium was observed from 4.5 hrs
- 6.50 hrs. After 6.50 hrs there was a constant decline in the plasma
concentration in absorption of Trospium was observed.

The Mean and Coefficient of Variation (CV) were calculated
for plasma concentrations of Trospium for each sampling time and
occasion. Results are presented in Table 2.

Recognition of IOV essentially dissects the first type of variation
(parameter variation) into two parts: between individual and between
occasion. It is important to remember that total variation is preserved,
so that if IOV is unrecognized, it inflates either IIV or residual
variability [12]. Results of mean pharmacokinetic parameters are
presented in Table 3.

Results from the NCA analyses showed that inter-occasion
variability as measured by coefficient of variation was found more
than 30% for pharmacokinetic parameters C__, AUC last and Vd/F.
However, when consider the amount of obtained residual variability,
except C__overall IOV may be less for other reported PK parameters.
Since, the IOV of C, . was found to be 26.27% even after excluding the
residual variability from IOV.

Further, estimation of inter-individual variability data
demonstrated that consistent variability between occasion 1 and 2
(i.e., 77.22% vs. 73.22%) was observed for C_ . While, inter-individual
variability for pharmacokinetic parameters, AUC (i.e., 53.83% vs
60.40%), AUCinf (i.e., 45.47% vs. 52.42%), Kel (i.e., 27.56% vs. 41.03%),
Vd/F(i.e., 53.70% vs. 76.69%) and CL/F(i.e., 59.85% vs. 71.06%) was not
consistent between two treatment occasions. These results evidencing
that those pharmacokinetic parameters estimation involved over the
time period was observed with incoherent inter-individual variability
and C__ showed consistent inter-individual variability may due to
single point estimation.

In addition, IOV for C__ was higher when compared with any
other pharmacokinetic parameters, hence we suspect the residual error
associated with C__ (17.60%) may result increase in IOV.

Discussion

In general trospium chloride is reported as slow absorption and low
absolute bioavailable drug. Absorption of trospium chloride has been
measured in a number of separate pharmacokinetic studies undertaken
with healthy male volunteers [14-16].

The present approach reduces the complex inter-occasion
variability modeling processes using non-linear mixed effect model.
Using non-compartment model the possible inter-occasion variability
which results from the residual variability was explained. Replicating
the dose administration will have an advantage to rule out the subject
specific parameter influence on obtained pharmacokinetic parameters.

Doroshyenko et al., described that regarding the level of absorption
of Trospium an influence of the reduced pH in the stomach would
not be expected, given that trospium chloride is a highly soluble
drug according to the BCS concept and almost exclusively (though
incompletely) absorbed in the small intestine. They suspected about
the existence of an enterohepatic circulation of trospium chloride [8].
In present study the maximum absorption for Trospium was observed
from 4.50hrs - 6.50 hrs, and after that there was a constant decline
in the plasma concentration curve demonstrated that pH related
influence was not expected during the absorption phase of Trospium.

Time Clock | Collection

(hrs) time day Occasion-1| %CV | Occasion-2 %CV
0.00 | 8:00 AM 1 0.0000 0.0000 0.0000 0.0000
1.00 | 9:00 AM 1 0.3091 204.80 0.1788 142.00
2.00 10:00 AM 1 1.1097 123.20 0.9926 84.00
2.50 10:50 AM 1 1.4920 111.70 1.5576 70.10
3.00 11:00 AM 1 1.7780 93.80 2.1709 73.30
3.50 11:30 AM 1 2.1203 81.70 2.6864 76.30
4.00 | 12 Noon 1 2.3952 74.50 3.1227 82.20
450 [12.30 PM 1 4.5560 87.10 4.4845 73.30
5.00 | 1:.00 PM 1 3.5573 69.00 3.9609 71.30
550 | 1:30 PM 1 3.5252 66.10 3.9403 70.60
6.00 | 2:00 PM 1 3.2250 66.20 3.6200 67.80
6.50 | 2:30 PM 1 3.0602 64.30 3.3032 64.80
7.00 | 3:00 PM 1 2.9542 67.10 3.0475 64.00
750 | 3:30PM 1 2.7650 69.30 2.8326 62.30
8.00 | 4:00 PM 1 2.7129 72.20 2.6067 64.20
9.00 | 5:00 PM 1 2.3614 87.60 2.2809 65.70
10.00 | 6:00 PM 1 1.9462 87.10 1.8579 69.30
12.00 8:00 PM 1 1.4573 68.60 1.4346 59.20
16.00 12:00 AM 1 1.0114 54.10 0.9452 53.50
24.00 | 8:00 AM 2 0.7350 38.30 0.6929 47.30
48.00 | 8:00 AM 3 0.3033 46.10 0.2673 59.90
72.00 | 8:00 AM 4 0.1328 46.80 0.1149 63.30
96.00 | 8:00 AM 5 0.0465 116.30 0.0339 138.30
N 23 23 23 23

Mean 1.8937 | 78.0826 2.0058 70.5522

SD 1.2963 | 38.3438 1.4176 27.2873
Min 0.0000 0.0000 0.0000 0.0000

Median 1.9462 | 69.3000 2.1709 67.8000

Max 45560 204.8000  4.4845 | 142.0000

Geometric Mean 1.3309 | 76.1399 1.3120 71.2128

Table 2: Time-wise mean plasma concentration data of Trospium for Ocassion-1
and 2.
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IOV - Inter-occasion variability — intra-subject variability was considered as inter-occasion variability
1 N=24, since subject no. 13 did not exhibit log-linear elimination in time vs concentration profile

Table 3: Mean obtained pharmacokinetic parameters and inter-occasion, inter-individual and residual variability for Trospium.

Moreover, we did not observe any evidence of enterohepatic circulation
or multiple peak in time versus plasma concentration of trospium as
verified from profile of individual subject.

According to our data, two way crossover studies following
repeated dose administration would be appropriate to define IOV.
Results from this article evidencing that when inter-occasion variability
not taken into account, may result in the biased parameter estimate.
As a concluding remark these problems can be overcome by apparent
modeling of IOV.

Conclusion

Till date for Trospium several population pharmacokinetic models
and covariate models have been described. In most cases, first-order
absorption and sometimes an absorption lag time was selected to
describe the data. In this study non-compartmental model was adopted
to evaluate the variability related to Trospium treatment occasion in
healthy male subjects. Trospium was well tolerated in the treated
subjects and there was no serious adverse event noted in the entire
study. Thus, major differences in obtained variability seen in this study
are likely to be of only limited clinical significance.
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