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Aims A controlled-release gastrointestinal therapeutic system (GITS) formulation of
doxazosin mesylate, a long-acting selective a;-adrenoceptor antagonist, was developed
to enhance the pharmacokinetic profile and simplify the titration schedule by
precisely controlling drug delivery rate, permitting an initial dose of 4 mg once
daily, compared with standard doxazosin, which is initiated at 1 mg day*1 and
titrated to a higher therapeutically eftective dose. The aim of the present work was
to evaluate the pharmacokinetics and bioavailability of doxazosin GITS with respect
to the effect of food, age and gender, and multiple dosing. In addition, in wvitro
performance was assessed in conditions simulating the gastrointestinal environment.

Methods A three-way crossover study in 24 subjects assessed the comparative
bioavailability of doxazosin GITS under fed and fasting conditions and doxazosin
standard under fasting condition. A multiple-dose, two-way crossover study in 35
subjects assessed the comparative pharmacokinetics and bioavailability of doxazosin
GITS and doxazosin standard 4 and 8 mg upon multiple dosing. A multiple-dose,
four-parallel-group study was conducted to determine the steady-state pharmaco-
kinetics and bioavailability of doxazosin GITS 4 mg in 41 young and elderly male
and female subjects. The release-rate profiles of doxazosin GITS were determined
in artificial gastric fluid (pH =1.2), intestinal fluid (pH=7.5), and water. The effect
of agitation on the dissolution characteristics of doxazosin GITS in artificial gastric
fluid was studied at stirring rates of 50, 75, and 100 rev min~ .

Results In vitro studies demonstrated that release rates for the GITS tablet are
independent of pH in the range of 1.2 (gastric) to 7.5 (intestinal), and of stirring
rates simulating gastrointestinal motility. Clinical pharmacology studies showed that
doxazosin GITS had a lower maximum plasma concentration, prolonged time to
reach maximum plasma concentration, and a higher minimum plasma concentration
compared with doxazosin standard. Thus, the GITS formulation results in a more
gradual absorption of doxazosin, and a reduced plasma doxazosin concentration
peak-to-trough fluctuation ratio. The relative bioavailability of doxazosin GITS is
approximately 60%. With a high-fat meal, the maximum plasma concentration and
area under the concentration-time curve were 31% and 18% higher, respectively
(P<0.05). Bioequivalence was established between the dose strengths of two 4 mg
doxazosin GITS tablets and one 8 mg doxazosin GITS tablet. For both young adult
and elderly subjects, and males and females, the pharmacokinetics of doxazosin GITS
once daily for 7 days were comparable. Doxazosin GITS was well tolerated in the
subjects studied, including young and elderly males and females.

Conclusions The GITS formulation of doxazosin enhances the pharmacokinetic
profile compared with doxazosin standard, allowing more gradual absorption of
doxazosin, and a reduced plasma doxazosin peak-to-trough concentration ratio.
Thus, doxazosin GITS therapy can be initiated at a therapeutic dose of 4 mg with
reduced haemodynamic side-effects.
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Introduction

Doxazosin mesylate, a quinazoline derivative, is estab-
lished, effective, and well-tolerated for the treatment of
hypertension and benign prostatic hyperplasia (BPH)
[1-4]. In hypertensive patients, doxazosin lowers blood
pressure (BP) by selectively blocking postjunctional oy-
adrenergic receptors and antagonizing stimulant activity
of noradrenaline, thereby decreasing systemic vascular
resistance. In a 5 year study of once-daily treatment with
doxazosin or atenolol in patients with mild to moderate
hypertension, doxazosin produced a significantly greater
beneficial effect on coronary heart disease risk and serum
lipid parameters while demonstrating similar antihyperten-
sive efficacy and safety compared with atenolol [2].
Among patients with BPH, doxazosin effectively blocks
aq-adrenoceptors present in high density in the prostate
and bladder neck, inhibiting sympathetic stimulation of
prostatic smooth muscle, thereby reducing prostatic tone
and relieving obstruction; this results in improved urinary
outflow and symptom relief. In men with BPH, a
significant increase in maximal urinary flow rate and
improvement in symptoms are observed after both short-
and long-term treatment with doxazosin [3]. Both
doxazosin plasma concentration and maximal urinary
flow rate have been demonstrated to increase linearly
with increasing doses, in the range of 2 mg to 8 mg daily,
where the clinical response to doxazosin appears to
plateau [4].

The pharmacokinetics of doxazosin are linear within a
dose range of 1-16 mg [5-7]. After oral administration
of the standard immediate-release tablet formulation,
doxazosin is rapidly and well absorbed. With this
formulation, maximum plasma drug concentrations
(Chax) are attained approximately 2-3 h after dosing.
Plasma elimination of doxazosin is biphasic, with a
terminal elimination half-life (¢,,,) of about 22 h. Oral
bioavailability of doxazosin is approximately 65%,
reflecting first-pass metabolism. The #;,, and oral clearance
are similar in young and elderly adults [8]; and no
significant alterations in pharmacokinetics have been
observed in individuals with renal impairment vs normal
renal function [9]. For patients with hepatic impairment,
the C,.. and t,5 are not significantly different, but the
oral clearance has been shown to be 30% lower compared
with healthy subjects [10]. Administration with a high-
fat meal does not significantly alter the pharmacokinetics
of doxazosin [11]; and pharmacokinetics, efficacy, and
safety are similar with morning or evening dosing [12, 13].
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With the standard formulation, doxazosin therapy is
initiated at 1 mg dayil, and the dose is doubled every
7-14 days to a maximum recommended dose of
16 mg day*1 for hypertension or 8 mg day*1 for BPH
until BP or urinary flow rate or BPH symptoms are
controlled [1]. This regimen can require up to four
titration steps to achieve therapeutically effective doses,
in a manner likely to avoid first-dose side-effects. The
controlled-release  gastrointestinal therapeutic = system
(GITS) [14] formulation of doxazosin has been developed
to more precisely control plasma drug levels, thereby
enhancing the pharmacokinetic profile and affording a
simplified dosing schedule. Doxazosin GITS is designed
to permit a higher initial daily dose (4 mg dayil) than
doxazosin standard, while avoiding significant first-dose
side-effects. Thus, therapeutically effective levels can be
reached more rapidly without excessive plasma levels,
and more uniform plasma concentrations can also be
provided with minimal peak-to-trough fluctuation.

Presented here are the results of in vitro studies assessing
performance of the GITS tablet with varying levels of
pH and stirring rates, and results of four in vivo single-
dose and/or multiple-dose studies designed to characterize
the pharmacokinetic profile of doxazosin GITS in healthy
young adult and elderly males and females. The single-
dose study was designed to assess the basic pharmaco-
kinetic profile of doxazosin GITS and also determine the
degree of food effects after a high-fat meal. The objective
of the multiple-dose study was to assess the pharmaco-
kinetic characteristics at steady-state. The dose strength
bioequivalence study was designed to assess comparative
bioavailability and pharmacokinetics of the 4 mg and
8 mg dose strengths. Finally, the objective of the age and
gender study was to determine relative bioavailability and
pharmacokinetics of the GITS formulation at steady-state
for young and elderly individuals and for males and
females.

Methods
In vitro studies

Two sets of experiments were conducted to assess the
performance of the GITS tablet in conditions simulating
the gastrointestinal (GI)
extended-release formulations encounter varying pH
levels along the GI tract, the release-rate profiles for
doxazosin GITS were determined in artificial gastric fluid
(pH =1.2), artificial intestinal fluid (pH =7.5), and water.

environment. Because oral
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The release from doxazosin GITS systems was measured
using the USP Apparatus 2 at 37° C, and with a paddle
speed of 75 rev min .

Dissolution characteristics of many oral extended-
release formulations are frequently susceptible to and
altered by agitation and motility along the GI tract. The
doxazosin GITS tablets are coated with a semipermeable
membrane that does not dissolve; this results in a stable
shape that does not erode or disintegrate. Thus, the drug-
release mechanism of the system is expected to be
independent of external agitation. The effect of agitation
on the dissolution characteristics of doxazosin GITS 4 mg
and 8 mg tablets in artificial gastric fluid was studied at

paddle (stirring) speeds of 50, 75, and 100 rev min~ .

Clinical pharmacology studies

Participants  All participants were healthy, as determined
from a detailed medical history and complete physical
examination including vital signs, complete blood count,
blood chemistries, urinalysis, urine drug screen, and
electrocardiogram.  Written informed
obtained from each participant prior to enrolment, and
the studies were conducted with appropriate ethical
guidelines.

consent was

Study designs Two single-dose studies and two multiple-
dose studies were conducted to characterize the pharma-
cokinetic profile of doxazosin GITS in healthy volunteers.
Two studies included comparisons with doxazosin stan-
dard. All studies were conducted in compliance with the
Declaration of Helsinki (1964) and the Hong Kong
(1989) Revision.

Single-dose/ food-effect study This open-label, randomized,
three-way crossover study in 24 young, healthy male
volunteers (aged 18—40 years) assessed the comparative
bioavailability of single 8 mg doses of doxazosin GITS
under fasting and fed conditions and a single doxazosin
standard 2 mg dose under fasting condition. Each subject
was randomly assigned to one of three treatment
sequences, with a 7 day washout period between
treatments. Under fasting condition, each dose was given
after an overnight 10 h fast; subjects continued to fast for
4 more hours postdose. Under fed condition, each dose
was given within 15 min of finishing a high-fat breakfast
consisting of two slices of buttered toast, two eggs fried
in butter, two slices of bacon, 4 oz hash-brown potatoes,
and 8 oz whole milk. Blood samples were drawn
immediately before dosing; hourly up to 4 h postdose;
every 2 h thereafter up to 16 h postdose; and at 24 h
postdose, then once daily up to 96 h postdose. Plasma
was immediately separated from the blood samples and
frozen until assayed.
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Multiple-dose  crossover study — This open, randomized,
multiple-dose, two-way crossover study assessed the
pharmacokinetic characteristics of multiple doses of
doxazosin GITS 4 mg and 8 mg and doxazosin standard
4 mg and 8 mg in 35 healthy male subjects (aged 18—60
years). Each subject was randomized to one of the
following initial treatment arms: placebo for 7 days,
doxazosin GITS 4 mg for 7 days, then 8 mg for 7 days;
or doxazosin standard 1 mg for 2 days, 2 mg for 5 days,
4 mg for 7 days, and 8 mg for 7 days. After a 7 day
washout period, subjects crossed over to the alternate
regimen. Blood samples were drawn for each treatment
arm predose on days 1, 13, 14, 20, and 21; as well as 1,
2,3, 4, 6,8, 10, 12, 18, and 24 h postdose on days 14
and 21, and 48, 72, and 96 h after the last dose on day
21. Plasma was immediately separated from the blood
samples and frozen until assayed.

Dose strength bioequivalence study An open, randomized,
single-dose, two-way crossover study was performed in
24 healthy male subjects (aged 18—40 years) to determine
the relative bioavailability and pharmacokinetics of two
4 mg doxazosin GITS tablets vs one 8 mg doxazosin
GITS tablet. There was a 7 day washout period between
treatments. Blood samples were obtained predose, and 1,
2, 3, 4, 6, 8, 10, 12, 14, 16, 24, 48, 72, and 96 h
postdose.

Age and gender study An open, multiple-dose parallel-
group study was conducted to determine the steady-state
relative bioavailability and pharmacokinetics of doxazosin
GITS 4 mg in 41 healthy young (18—40 years of age)
and elderly (=65 years of age) males and females. Each
subject received one 4-mg doxazosin GITS tablet for 7
consecutive days. Blood samples were collected predose
and 1, 2, 3, 4, 6, 8, 10, 12, 14, 16, and 24 h postdose on
days 1 and 7; predose on days 5 and 6; and 48, 72, and
96 h after the last dose on day 7.

Dosage forms

Two strengths of doxazosin GITS tablets, 4 mg and 8 mg
(Cardura XLTM, Pfizer Inc, New York, NY), were used
in the bioavailability and pharmacokinetic studies. Four
commercially available doxazosin standard tablet strengths,
1 mg, 2mg, 4 mg, and 8 mg (CarduraTM), Pfizer Inc,
New York, NY, were included in the studies.

The GITS tablet (Figure 1) employs a membrane-
controlled, osmotically powered push-pull process to
release doxazosin in the GI lumen at an approximately
steady (apparent zero-order) rate for 12—16 h, such that
relatively constant plasma concentrations of drug are
maintained throughout the 24 h dosing interval. The
tablet includes a pull layer containing the drug and
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Figure 1 Doxazosin in the gastrointestinal therapeutic system (GITS), a push-pull osmotically activated, controlled-release formulation.
After ingestion, as the tablet passes through the gastrointestinal tract, water is absorbed into both compartments at a constant rate.
Doxazosin is drawn into suspension in the top compartment. Osmotically active excipients in the nondrug layer begin to expand at a
precisely controlled rate, pushing against the drug layer such that the doxazosin suspension is expelled through the laser-drilled orifice at

a controlled rate.

osmotic excipients and a push layer containing only
osmotic excipients, bonded together by tablet compression
to form a single tablet-shaped core. This core is coated
by a hard cellulosic membrane that is permeable to water
but impermeable to ions, the drug, and osmotic excipients.
A precisely dimensioned orifice is drilled through the
membrane by a high-speed laser on the drug-layer side
of the tablet core to conform to predefined limits.
When the system is placed in an aqueous environment,
water enters it because an osmotic pressure gradient is
established across the membrane by the attraction of the
osmotic excipients in the two tablet layers. Water is
drawn into the tablet at a constant rate dictated by the
properties of the outer membrane. A suspension of the
micronized drug is formed in situ in the drug layer, and
the polymeric osmotic excipients in the other layer begin
to expand. As the push layer expands, the doxazosin
suspension is released through the delivery orifice, a laser-
drilled hole on the drug-layer side large enough to
prevent osmotic pressure buildup within the system, but
small enough to prevent uncontrolled leaching of the
drug. The volume of the system remains essentially
constant throughout this process; thus, the drug delivery
rate equals the rate at which water permeates the
membrane. Doxazosin is delivered continuously in this
manner as the GITS tablet moves along the GI tract.

© 1999 Blackwell Science Ltd Br | Clin Pharmacol, 48, 678-687

Analytical methods

Plasma samples were analysed using a validated high-
performance liquid chromatography (h.p.l.c.) assay with
fluorescence detection [15]. Doxazosin was extracted
from plasma sample after addition of internal standard
prazosin and 50% ammonium hydroxide into ethyl
acetate. Separation, subsequent detection, and quantifi-
cation of doxazosin were achieved on a C8 column of
an isocratic, reverse-phase h.p.l.c. assay system coupled to
a fluorescence detector set at an excitation wavelength of
248 nm and an emission filter at 370 nm. Peak height
ratios of doxazosin to the internal standard were computed
for all study samples, calibration standards, and quality-
control samples. Quality-control samples of 0.8, 4, and
16 ng ml~ " were prepared, stored, and analysed along
with the study samples to verify analyte stability, assay
accuracy, and precision.

The assay was linear over the calibration standard
concentration range for doxazosin of 0.2-20 ng ml .
The limit of quantification was determined to be
0.2 ng ml~'. The slopes of the standard curves were
consistent among all runs with correlation coefficients
>0.994. The variability of the calibration standards from
0.2 to 20 ng ml™" ranged from 1.9% to 7.5%. The
interday and within-day precision for the quality-control
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samples was >93%. The mean quality-control samples
deviated <4% from the nominal concentrations. Thus,
the assay was linear, reproducible, precise, and specific;
and demonstrated that doxazosin was stable in human
plasma during 2 months of storage at —20° C.

Pharmacokinetic methods

The area under the plasma concentration-time curve
(AUC) for doxazosin from time zero to the last
measurable sampling time point (f) or end of dosing
interval of 24 h (r), was calculated using the trapezoidal
rule. Total AUC was determined as the sum of AUC (r)
plus the area extrapolated to infinity by division of the
last measurable plasma concentration by the apparent
elimination rate constant %, for the treatment. The C, .
and the time of maximum concentration (f,.) were
determined directly from concentration-time data for
each subject. The f;,, was calculated as 0.693/2,, where
A, was determined from the slope of the terminal log-
linear phase of the plasma concentration-time curve by
linear regression. The peak-trough fluctuation index (FI)
was calculated at steady state from (Cpa—Ciuin)/ Caves
where C,;, =minimum concentration at the end of the
dosing interval and C,,. =AUC (r)/24. The accumulation
index (Al) was determined by dividing AUC (z) of day
7 to AUC (x) of day 1.

Statistical methods

The pharmacokinetic parameters of AUC, C,.c» fmaxs
and ty,, for all treatments within each study were
compared using an analysis of variance (ANOvA) method
as appropriate for the study design. The model used in
the ANOVA tested for the effects of treatment, treatment
sequence, subject-within-treatment sequence, and inter-
action between treatment and sequence for all crossover
studies. Steady-state was assessed in the multiple-dose
crossover study by comparing 24 h values following 5, 6,
and 7 daily doses, respectively, at each dose level for each
formulation using ANOVA with terms for subject and day.
The analysis was performed using the PROC GLM
procedure in SAS version 6.06 (SAS Institute, Cary,
NC). Statistical tests were done at a nominal significance
level of 0.05. Least-square means of each parameter for
each treatment were used in the statistical analysis.
Demographic parameters and pharmacokinetic parameters
are expressed as mean+s.d. and mean plasma concen-
tration curves with standard error. For the bioequivalence
analysis, the geometric mean and confidence limits for
Chax and AUC were taken to estimate the geometric
mean ratio between treatment effects and the 90%
confidence interval (CI) of the ratio.
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Safety assessments

Standard haematologic and plasma biochemistry laboratory
tests and urinalysis were performed and an electrocardio-
gram obtained at screening and at the end of each study.
All reported or observed adverse experiences were
recorded regardless of their severity or relationship to
treatment. Sitting BP and pulse rates were measured at
screening, at baseline and at prespecified time intervals
appropriate for the individual studies. Where these times
coincided with pharmacokinetic blood sampling, haemo-
dynamic measurements were performed before blood
sample collection. In the single-dose studies, sitting BP
and pulse rates were measured predose and 1, 2, 4, 6, 12,
and 24 h postdose. In the multiple-dose crossover study,
these measures were obtained predose and 4 h postdose
on the first day of each treatment phase; predose and 1,
2,4, 6,12, and 24 h postdose on days 14 and 21 of each
treatment phase; and prior to discharge. In the age/
gender study, sitting BP and pulse rates were measured
predose each day of treatment; at 1, 2, 4, 6, 8, and 12 h
postdose on days 1 and 7; and 24 h postdose on day 7.

Results
In vitro studies

The doxazosin GITS tablet performed consistently well
in vitro in environments designed to simulate varying
conditions of pH and motility encountered in the GI
tract. The GITS tablet was fully operational and afforded
similar release rates at pHs of 1.2 (artificial gastric fluid),
7.5 (artificial intestinal fluid), and in water. Likewise,
the release profile of doxazosin GITS was not affected
by external agitation at paddle speeds of 50, 75, and
100 rev min .

Clinical pharmacology studies

Single-dose/ food-effect study ~ All 24 subjects (mean age,
2746 years) enrolled in the study completed each
treatment arm. The mean observed doxazosin plasma
concentration-time profiles after administration of single
doses of doxazosin GITS 8 mg under fed and fasting
conditions and doxazosin standard 2 mg under fasting
conditions are shown in Figure 2. Plasma levels of
doxazosin increased more rapidly with the standard
formulation than with GITS, achieving maximum levels
2-3 h after dosing with doxazosin standard compared
with 14-16 h after dosing with doxazosin GITS. The
GITS formulation also produced a 2h absorption lag
time and a more gradual decline in plasma levels over the
course of 24 h postdose, but a terminal half-life compar-
able with that of doxazosin standard.

Mean pharmacokinetic data for each regimen are
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Figure 2 Mean (+s.e.mean) plasma doxazosin concentrations
following single oral doses of doxazosin standard 2 mg, fasted
(M); doxazosin GITS 8 mg, fasted (O); and doxazosin GITS
8 mg, fed (@); in 24 healthy volunteers.

presented in Table 1. The C,,. achieved following a
single 8 mg dose of doxazosin GITS was similar to that
achieved with the 2 mg doxazosin standard dose (both
under fasting conditions). The extent of bioavailability of
a single doxazosin GITS tablet was approximately 75%
of that of doxazosin standard.

Analysis of pharmacokinetic parameters after treatment
in the fed vs fasted state demonstrated that doxazosin
GITS can be given with or without food, and without
dose adjustment. C,,, and AUC were approximately
31% and 18% higher, respectively, after GITS adminis-
tration under fed vs fasting conditions (P < 0.05); however,
these differences are not clinically significant. The £,
occurred earlier in the fed condition (11h) compared
with the fasted state (14 h), although this difference was
not statistically significant. The C,,,, following a single
2 mg doxazosin standard tablet under fasted state was
similar to that after an 8 mg GITS tablet under fasted
condition. The ¢;,, was similar for each regimen.

Table 1 Mean (+s.d.) pharmacokinetic parameters of doxazosin
GITS 8 mg vs doxazosin standard 2 mg in the single-dose/food-
effect study in 24 healthy males.

GITS GITS Standard

8 mg 8 mg 2 mg
Parameter Fasted Fed Fasted
Cinax (ng ml_l) 18.3 (5.9) 24.0% (7.1) 13.7 (2.9)
frmax (h) 14 (4) 11* (2) 2 (0.8)
AUC (ng ml™’ h) 569 (187) 670% (234) 195 (45)
t15 (h) 15.0 (2.5) 16.1 (2.7) 14.0 (3.6)

*P < (.05 based on analysis of variance.

AUC =area under the plasma concentration-time curve, Cp, =
maximum plasma concentration, GITS = gastrointestinal therapeutic
system, s.d. =standard deviation, t;,, =half-life, t,,,,=time of

maximum concentration.
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Multiple-dose crossover study Of the 35 subjects enrolled
(mean age, 32+ 9 years), 31 subjects completed the two
treatment phases; four subjects discontinued during the
study for reasons unrelated to the study drug. Steady-
state was shown to have been attained by day 7 of dosing
for each formulation at both the 4 mg and 8 mg doses.
The mean plasma doxazosin concentration-time curves
at steady state for both formulations are presented in
Figure 3a and 3b for the 4 mg and 8 mg doses, respect-
ively. The GITS formulation produced a gradual increase
in doxazosin plasma concentrations, to a mean C,,,, of
11.3ngml~ ' with the 4 mg dose attained at 8 h and
28.0ngml ' with the 8 mg dose attained at 9 h. Plasma
concentrations increased more rapidly and to higher levels
with the doxazosin standard formulation, as evidenced by
a mean C,,,, of 29.3 ng ml ™" attained at 4 h with 4 mg
and 66.8 ng ml ™" attained at 4 h with the 8 mg dose.
Plasma drug concentrations declined gradually with both
formulations. A terminal t;,, of 18.6 h was observed with
doxazosin GITS and 20.5 h with the standard tablet.
Mean pharmacokinetic parameters of doxazosin after
multiple doses of 4 mg and 8 mg of the GITS and
standard formulations are in Table 2. At each respective
dose, the GITS formulation produced a lower doxazosin

Plasma doxazosin concentration (ngml™)

0 1 1 1 1 1 1 1 J
0 3 6 9 12 15 18 21 24

Time (h)

Figure 3 Mean (#s.e.mean) plasma concentration of doxazosin
over 24 h at steady state with 4 mg (a) and 8 mg (b) doses of the
GITS (@) and standard formulations (H) in 31 healthy

volunteers.
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Table 2 Comparative mean (+s.d.)

GITS Standard GITS Standard pharmacokinetic parameters of 4 mg and

Parameter 4 mg 4 mg 8 mg 8 mg 8 mg doxazosin GITS and 4 mg and
8 mg doxazosin standard at steady state

Conax (ng ml ™) 11.3 (5.6) 29.3% (8.4) 28.0 (12.1) 66.8% (17.6) in a multiple-dose study in 31 healthy
frnae (D) 8.2 (3.7) 3.7% (1.5) 9.1 (4.7) 3.9% (1.2) males.
AUC = 201 (86) 379% (131) 504 (171) 878% (273)
(ng ml~ " h)
Coin (ng m1 ™1 6.4 (3.2) 7.4 (3.7) 17.8 (9.3) 19.0 (8.2)
t15 (h) NA NA 18.6 (3.7) 205 (6.1)
Relative 54.1 (16.3) 100 58.6 (12.0) 100
bioavailability (%)
Peak-trough FI 0.60 (0.43) 1.47% (0.40) 0.52 (0.47) 1.37% (0.37)
*P<0.05 based on analysis of variance.
AUC r=area under the plasma concentration-time curve, C,,,, =maximum plasma
concentration, C,,;, =minimum plasma concentration, FI=fluctuation index, GITS =
gastrointestinal therapeutic system, NA =not analysable, s.d. =standard deviation, t;,, = half-life,
frmax = time of maximum concentration.
Ciax @ longer t,,, and a lower AUC compared with
doxazosin standard; while affording a comparable C,. B
Statistically significant differences between formulations E 30;
were observed for mean Ci ., fn. AUC (1), and peak- \E/
trough FI, but there were no significant differences in -% 25r
Chnin and t1 5. The C,, values were lower for doxazosin = o0t
GITS, being 39% and 42% of those for the standard §
formulation at the 4 mg and 8 mg GITS doses, respect- g 157
ively. Likewise, the peak-trough FI was significantly '% 10 b
lower after GITS (41% and 38% of the standard §
formulation for the 4 mg and 8 mg doses, respectively s 57
[P<0.05]), indicating that steady-state concentrations g 9 s s s s s : .
remain more uniform with the GITS formulation, § 0 12 24 36 48 60 72 84 96

independent of dose level. Within each formulation, the
peak-trough FI values were independent of dose level.
The relative bioavailability of doxazosin from the GITS
tormulation compared with the standard formulation was
54% at the 4mg dose and 59% at the 8-mg dose.
Comparison of data for the 8 mg dose and 4 mg dose
indicated that both formulations approached dose pro-
portionality.

Dose strength bioequivalence study — Of the 24 subjects
enrolled (mean age 24 +4 years), 23 completed the study;
1 subject withdrew his consent 3 days after dosing in the
first study phase. Two 4 mg doxazosin GITS tablets were
found to produce a mean plasma concentration-time
curve (Figure 4) and pharmacokinetic profile (Table 3)
similar to that of one 8 mg doxazosin GITS tablet. There
were no statistically significant differences between
treatments for any of the pharmacokinetic parameters
analysed. Following oral administration of either two
4 mg doxazosin GITS or one 8 mg GITS tablet, drug
absorption appeared to begin 2 h after dosing; plasma
doxazosin concentrations gradually increased until mean
maximum concentrations were achieved 15 h postdose.

684

Time (h)

Figure 4 Mean (+s.e.mean) plasma concentrations of doxazosin
following ingestion of two 4 mg GITS tablets (@) vs one 8 mg
GITS tablet (O) in 23 healthy volunteers.

Table 3 Mean (+s.d.) pharmacokinetic parameters of two 4 mg
doxazosin GITS tablets compared with one 8 mg doxazosin GITS
tablet in 21 healthy males.

Two One Geometric 90%

4 mg 8 mg Mean ratio  Confidence
Parameter GITS GITS (%) Interval
Conax (ngml ™' )* 225 25.4 89 81, 97
fax () 15 (4) 15 (4) NA NA
AUC (ng ml~ ' hy* 735 780 95 87, 103
t1/2 (h) 16.5 2.8) 15.9 (2.2) NA NA

*Geometric means.

AUC =area under the plasma concentration-time curve, C,, =
maximum plasma concentration, GITS = gastrointestinal therapeutic
system, NA =not analysable, s.d. =standard deviation, f;,, =half-life,

fmax =time of maximum plasma concentration.

© 1999 Blackwell Science Ltd Br J Clin Pharmacol, 48, 678-687



The geometric mean ratios and 90% CI of the ratios
for comparisons between the two 4 mg (test) and one
8 mg (reference) dose strengths were 88% (78%, 99%)) for
Ciax and 92% (80%, 107%) for AUC. There were two
subjects who were considered to be pharmacokinetic
outliers: one subject who received the two 4 mg tablets
and the other who received one 8 mg tablet had AUC
ratios of 2.4 and 0.21, respectively. The geometric mean
ratios and 90% CI of the ratios excluding the two outliers
were 89% (81%, 97%) for C,.. and 95% (87%, 103%)
for AUC. These data indicate that the one 8 mg and two
4 mg dose strengths of doxazosin GITS tablets are
bioequivalent.

Age and gender study The 41 healthy subjects enrolling in
the study included 11 young males (mean age 28+5
years), 10 young females (mean age 28+6 years), 10
elderly males (mean age 7146 years), and 10 elderly
females (mean age 68+ 3 years); 40 subjects completed
the study and 1 young male withdrew due to an adverse
event following the first dose. The steady-state plasma
doxazosin concentration-time profiles from 0 to 24 h on
day 7 (Figure 5) and up to 96 h after the last dose on day
7 were similar for both age and gender groups. Mean
pharmacokinetic parameters on day 7 are presented in
Table 4. At steady state, the fluctuation index of the
GITS formulation was small, ranging from 0.18 for the
elderly females to 0.35 for the young males. The degree
of accumulation of doxazosin was similar for both age
and gender groups and ranged from 2.25 for the young
females to 2.99 for young males. The differences observed
between the age and gender group comparisons in
and t;,, values were within the intersubject variations;
statistical analysis of the C,., AUC, C,;,, FI, and Al
data showed that none of the age or gender differences
was statistically significant.

8 10 12 14 16 18 20 22 24
Time postdose (h)

Plasma doxazosin concentration
(ngml™) after 4 mg GITS

Figure 5 Mean (4 s.e.mean) plasma concentrations of doxazosin

from O to 24 h postdose at steady state (day 7) of doxazosin GITS
4 mg in 40 elderly and young male and female volunteers.

(@ elderly males, O elderly females, A young males, Bl young

females).
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Safety

A total of 123 subjects received doxazosin GITS and 56
subjects received doxazosin standard. The extent of
exposure to treatment ranged from a minimum of a
single day (one dose) to a maximum of 7 consecutive
days per dose, with a maximum treatment period of 21
days. No serious adverse events occurred with doxazosin
GITS or doxazosin standard during any of the clinical
pharmacology studies. Those treatment-emergent adverse
events observed were mild, resolved without intervention,
and occurred at similar incidence with doxazosin GITS
(56.9%) and doxazosin standard (57.1%), with a similar
number of adverse events reported per subject. Only two
subjects withdrew from treatment: one subject developed
a viral illness after 2 weeks of treatment with doxazosin
GITS 4 mg and one subject experienced an episode of
dizziness and syncope approximately 17 min prior to the
second dose of doxazosin GITS 4 mg. No subjects in
any study had serious adverse experiences or clinically
significant changes in BP, heart rate, or body weight. No
clinically = significant
observed for standard clinical laboratory measures, vital
signs, or electrocardiogram.

There was no obvious difference in the type and

treatment-related changes were

incidence of specific adverse events between the two
treatments. There did not appear to be any difference in
the type or overall incidence of adverse events reported
between young and elderly age groups, or between males
and females. Overall, doxazosin GITS was well tolerated
in young or elderly male or female volunteers.

Discussion

The GITS tablet was designed to provide drug delivery
rates not dependent on erosion, disintegration, pH, or
motility of the GI tract; but, rather, on osmotic processes
of the semipermeable membrane, which is permeable to
water but not to ions. Thus, changes in these variables
are unlikely to affect the release rate and pharmacokinetics
of the GITS formulation. This has been demonstrated to
be the case with doxazosin GITS, as evidenced by in vitro
dosage form release/dissolution-rate data obtained under
bioanalogous conditions and by pharmacokinetic studies
in human volunteers.

The study in fed and fasted conditions with doxazosin
GITS tablet shows minimal effects of food on the
pharmacokinetics of doxazosin. Although the effect of
food on a dosage form is expected to be formulation
dependent, our findings are consistent with an earlier
food-effect study with the doxazosin standard tablet [11].

As expected from the design of the GITS dosage form,
the drug absorption profile of doxazosin GITS is more
gradual and more extended than that of the doxazosin
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Table 4 Mean (+s.d.) pharmacokinetic parameters of doxazosin GITS according to age and gender at steady state (study day 7) during
a multiple-dose regimen in 40 elderly or young healthy males and females.

Cax max AUC ~ Chuin ti1/o
Group (ng-ml_l) (h) (ng ml™" h) (ng-ml_l) (h) FI Al
Young male 15.9 (5.2) 7.8 (3.6) 308 (102) 11.5 (4.7) 20.3 (3.5) 0.35 (0.22) 2.99 (1.00)
Young female 19.3 (11.5) 10.4 (3.0) 368 (230) 15.4 (10.7) 20.1 (3.2) 0.30 (0.21) 2.25 (0.71)
Elderly male 20.4 (4.4) 13.0 (6.5) 409 (109) 15.6 (6.1) 23.4 (4.9) 0.30 (0.29) 2.82 (0.72)
Elderly female 20.7 (3.9) 13.8 (4.7) 429 (91) 17.6 (3.6) 24.7 (4.9) 0.18 (0.10) 2.81 (0.86)
Group comparison P values
Young vs elderly
Male 0.09 0.02 0.08 0.13 0.12 0.61 0.65
Female 0.23 0.12 0.10 0.13 0.02 0.22 0.15
Male vs female
Young 0.53 0.22 0.65 0.42 0.89 0.62 0.06
Elderly 0.90 0.72 0.73 0.42 0.48 0.22 0.99
P values are based on analysis of variance with effects for age, sex, and sex—age interaction.
Al'=accumulation index, AUC =area under the plasma concentration-time curve, C,,,, =maximum plasma concentration, C,,;, =minimum

plasma concentration, FI=peak-trough fluctuation index, GITS = gastrointestinal therapeutic system, s.d. =standard deviation, t;,, = half life,

frnax = time to maximum plasma concentration.

standard tablet, as illustrated by a significantly longer f,,..
with the GITS formulation, as well as a much lower
Cpax (about a third of that observed with the standard
formulation) at the same dosage. However, C,;, is not
significantly affected by the new formulation, thus
assuring the maintenance of adequate plasma levels over
the dosing interval. This absorption profile allows the
initial dose of doxazosin GITS to be higher (4 mg),
eliminating at least two titration steps required with the
doxazosin standard formulation. At the same time, the
GITS formulation provides a relatively constant plasma
doxazosin concentration-time profile at steady state, and
considerably reduced peak-to-trough blood level fluctu-
ations compared with doxazosin standard (by about 60%).
Avoidance of excessive fluctuations in plasma drug
concentrations with the GITS formulation of doxazosin
is expected to reduce the incidence of side-effects
associated with the relatively high peak plasma concen-
trations produced by the standard formulation. The
relative bioavailability with the GITS formulation com-
pared with the standard formulation is 54% at the 4 mg
dose, and 59% at the 8 mg dose.

As is the case with doxazosin standard tablets, the dose
strengths of two 4 mg doxazosin GITS tablets are
bioequivalent to one 8 mg doxazosin GITS tablet.

Plasma concentration-time curves are similar for all age
and gender groups, with drug absorption appearing to
begin after approximately 2 h, increasing to reach near-
maximum levels 8 h after the first dose. No statistically
or clinically significant age-or gender-related differences
in pharmacokinetics have been observed at steady state
with doxazosin GITS; therefore, no dosage adjustments
are warranted based on age or gender. Similar conclusions
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have been reported with doxazosin standard. A pooled
analysis of well-controlled studies has demonstrated that
doxazosin standard is equally well tolerated in young and
elderly, hypertensive and normotensive patients with
BPH [16].

It should be noted that in the clinical pharmacology
studies, doxazosin GITS was sometimes initially adminis-
tered to subjects at the higher single dose of 8 mg. This
dose would not be recommended as the initial dose in
clinical practice; the recommended initial dose of doxazo-
sin GITS in clinical practice is 4 mg. All regimens of
doxazosin standard began with the lower doses of 1 mg
or 2 mg recommended in clinical practice.

In conclusion, the improved absorption profile of
doxazosin GITS will likely minimize the risk for
unintended adverse hypotensive effects; and the relatively
constant plasma doxazosin concentration-time profile at
steady state and considerably reduced peak-to-trough
blood level fluctuations compared with doxazosin standard
will likely result in more uniform control of BP and
symptoms of BPH, and enhanced tolerability.
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