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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Tamsulosin metabolism involves both

CYP2D6 and 3A4. However, data on
potential drug–drug interactions between
tamsulosin and inhibitors of CYP2D6 and
3A4 are limited and information on
potential pharmacodynamic consequences
of such pharmacokinetic interactions is
missing.

WHAT THIS STUDY ADDS
• This study provides information on the

drug–drug interactions of tamsulosin with
strong CYP2D6 and strong CYP3A4
inhibitors after single dose administration in
healthy subjects.

AIM
To determine the effect of the strong CYP2D6 inhibitor paroxetine and strong
CYP3A4 inhibitor ketoconazole on the pharmacokinetics and safety (orthostatic
challenge) of tamsulosin.

METHODS
Two open-label, randomized, two-way crossover studies were conducted in
healthy male volunteers (extensive CYP2D6 metabolizers).

RESULTS
Co-administration of multiple oral doses of 20 mg paroxetine once daily with a
single oral dose of the 0.4 mg tamsulosin HCl capsule increased the adjusted
geometric mean (gMean) values of Cmax and AUC(0,•) of tamsulosin by factors
of 1.34 (90% CI 1.21, 1.49) and 1.64 (90% CI 1.44, 1.85), respectively, and
increased the terminal half-life (t1/2) of tamsulosin HCl from 11.4 h to 15.3 h.
Co-administration of multiple oral doses of 400 mg ketoconazole once dailywith
a single oral dose of the 0.4 mg tamsulosin increased the gMean values of Cmax

and AUC(0,•) of tamsulosin by a factor of 2.20 (90% CI 1.96, 2.45) and 2.80 (90%
CI 2.56, 3.07), respectively. The terminal half-life was slightly increased from
10.5 h to 11.8 h. These pharmacokinetic changes were not accompanied by
clinically significant alterations of haemodynamic responses during orthostatic
stress testing.

CONCLUSION
The exposure to tamsulosin is increased upon co-administration of strong
CYP2D6 inhibitors and even more so of strong 3A4 inhibitors, but neither PK
alteration was accompanied by clinically significant haemodynamic changes
during orthostatic stress testing.
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Introduction

Lower urinary tract symptoms (LUTS) suggestive of benign
prostatic hyperplasia (BPH) are common among elderly
males [1–3]. The medical treatment of LUTS/BPH mainly
involves inhibition of the enzyme 5a-reductase to reduce
prostate size [4] and a1-adrenoceptor antagonists. The
latter are more frequently used as they reduce LUTS more
effectively than the 5a-reductase inhibitors in most
patients [5]. Globally, tamsulosin is the most frequently
prescribed a1-adrenoceptor antagonist for the treatment
of LUTS/BPH. It is generally well tolerated, and cardiovas-
cular side effects occur only rarely in the standard thera-
peutic dose of 0.4 mg day-1 [6, 7].

The average man receiving an a1-adrenoceptor antago-
nist prescription for the treatment of LUTS/BPH is in his mid-
sixties and frequently has comorbidities and associated
comedications [8, 9]. Such comedications may give rise to
pharmacodynamic and/or pharmacokinetic drug–drug
interactions which reduce the otherwise good tolerability.For
example, among potential pharmacodynamic interactions it
has been observed that the incidence of adverse events with
tamsulosin quadruples when other a1-adrenoceptor antago-
nists or verapamil (which has a1-adrenoceptor antagonist
effects in therapeutic doses) are used concomitantly [9]. In
contrast, pharmacodynamic interactions with other blood
pressure lowering drugs are rare [8, 10].

The pharmacokinetic profile of tamsulosin has been
reviewed comprehensively recently [11] and it has also
been studied in a paediatric population [12].Its metabolism
involves both CYP2D6 and 3A4 [13, 14] and yields at least
some compounds with a1-adrenoceptor antagonist prop-
erties [15] but these metabolites have only low abundance
in man. Nevertheless, only limited data are available on
potential drug–drug interactions between tamsulosin and
inhibitors of CYP2D6 and 3A4. Only one study with 400 mg
of the weak CYP3A4 inhibitor cimetidine has been reported
[16].While that study indicated a limited potential for inter-
action with CYP 3A4 inhibitors, it lacked information on
potential pharmacodynamic consequences of such phar-
macokinetic interactions. Dedicated studies with strong
inhibitors of CYP 2D6 or 3A4 are missing.Therefore,we have
performed drug–drug interaction studies with paroxetine,
a mechanism based inhibitor [17] and ketoconazole, which
included not only pharmacokinetic but also pharmacody-
namic safety assessments including forced orthostatic
stress testing.

Preliminary results of these studies have been reported
to the British Pharmacological Society [18, 19].

Methods

Study design
The study protocols were approved by the German
authorities (BfArM) and the regional ethics committee of

Rhineland-Palatinate. Healthy male volunteers (23–47
years, body mass index 19.2–29.9 kg m-2) were included
after having given informed written consent. The trials
were conducted in accordance with the guidelines on
Good Clinical Practice and the Declaration of Helsinki
at the Human Pharmacology Centre Ingelheim of Boe-
hringer Ingelheim in Germany. Subjects were in good
general health according to routine medical history,
physical examination, vital signs, 12-lead ECG and labora-
tory data.

Two open-label randomized, two-way crossover
studies of similar design were performed in 24 healthy
male volunteers each, one assessing interactions with par-
oxetine and one with ketoconazole. Treatment A of both
studies consisted of a single oral dose of 0.4 mg tamsulosin
HCl as modified release capsule (Alna®; Source: BI Austria
GmbH, Austria). Treatment B in the paroxetine study con-
sisted of 10 mg paroxetine once daily (Seroxat®; Source:
GlaxoSmithKline, Germany) for 3 days, then 20 mg parox-
etine once daily for 9 days to achieve steady-state and full
CYP2D6 inhibition and finally 10 mg paroxetine once daily
for 3 days as taper out regimen. On day 8 of the 20 mg
paroxetine treatment, subjects additionally received a
single dose of 0.4 mg tamsulosin HCl. To maintain the full
CYP2D6 inhibition over the pharmacokinetic (PK) sam-
pling period of tamsulosin, paroxetine 20 mg was admin-
istered on day 9. Treatment B of the ketoconazole study
consisted of 400 mg ketoconazole once daily (Source:
Pliva, East Hanover, NJ, USA) for 5 days in order to achieve
steady-state and full CYP3A4 inhibition and on day 4 addi-
tionally a single dose of 0.4 mg tamsulosin HCl.To maintain
the full CYP3A4 inhibition over the PK sampling period of
tamsulosin, ketoconazole 400 mg was administered up to
day 5.

In both studies blood samples for PK were withdrawn
before and at 1, 2, 3, 4, 5, 6, 7, 8, 10, 12, 14, 24, 30, 36 and 48 h
after tamsulosin HCl administration. Paroxetine sparse
sampling was performed before and at 3, 5 and 8 h after
tamsulosin HCl administration. Ketoconazole sparse sam-
pling was performed before and at 1, 2, 4, 7, and 24 h after
tamsulosin HCl administration.

Safety and tolerability
Safety and tolerability were assessed by measurement of
vital signs blood pressure and pulse rate including forced
orthostatic stress testing as well as 12-lead ECGs. Orthos-
tasis was assessed by measuring blood pressure 10 min
after rest in the supine position and 2 min after rest in the
standing position. Safety assessments were carried out
before and at 2, 4, 6, 8 and 24 h after tamsulosin HCl admin-
istration, orthostasis was assessed before and at 6 and 24 h
after tamsulosin HCl administration. Safety laboratory
(haematology,serum chemistry and urinalysis) testing,per-
formed at screening and end-of-trial visit, was assessed
and adverse events were recorded.
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Genotyping
Extensive metabolizers with regard to CYP2D6 were iden-
tified based on genotyping of subjects as carried out by an
external provider (Epidauros Biotechnology AG, Am
Neuland 1, 82347 Bernried, Germany) utilizing assays
based on TaqMan® or sequencing methodology. For the
participants of the paroxetine and ketoconazole studies
the genotypes were *1/*1 in 11 and 10, *1/*2 in nine and
11, *1/*10 in two and two and *1/*41 in two and one sub-
jects, respectively.

Bioanalytical methods
Tamsulosin The bioanalytical method for the quantifica-
tion of tamsulosin HCl in human plasma was based on high
performance liquid chromatography with tandem mass
spectrometry (HPLC-MS/MS). After addition of AB-289
(internal standard provided by Yamanouchi Europe B.V.,
Leiderdorp, the Netherlands) to the plasma, tamsulosin
and the internal standard were extracted from plasma
using liquid-liquid extraction [ethylacetate : cyclo-hexane
(3:1, v : v)] under alkaline conditions. The organic phase
was evaporated and the residue was reconstituted in
ammonium acetate (20 mM) : acetonitrile (3:1, v : v). A
sample was injected into a HPLC-MS/MS system to sepa-
rate tamsulosin and the internal standard from matrix con-
stituents using Symmetry C18 material (Waters, Saint-
Quentin-en-Yvelines, France) with a mean size of 3.5 mm in
a stainless steel column of 100 mm ¥ 2.1 mm and acetoni-
trile : ammonium acetate (20 mM) (3:1, v : v) as mobile
phase. A constant flow rate of 300 ml min-1 was employed.

Detection was performed using a triple stage quadru-
pole mass spectrometer (API 365, Applied Biosystems,
Courtaboeuf Cedex, France) with a APCI (atmospheric
pressure chemical ionization) interface in positive ion
mode. Tamsulosin parent/daughter ions were detected
with m/z = 409.2/228.0 and the internal standard AB-289
parent/daughter ions at m/z = 423.2/285.1. This method is
suitable for the quantification of tamsulosin (as tamsulosin
HCl) in human plasma at concentrations ranging between
0.100 and 50.0 ng ml-1. In-study inaccuracy and impreci-
sion values for tamsulosin were within � 7.5% and <8.1%,
respectively [20].

Ketoconazole The bioanalytical method for the quantifica-
tion of ketoconazole in human plasma was based on HPLC-
MS/MS and was validated at SGS Cephac Europe, France.
After addition of itraconazole (internal standard, LGC-
PROMOCHEM, Molsheim, France) to the plasma, ketocona-
zole and the internal standard were extracted from plasma
using liquid-liquid extraction [heptane : 3-methylbutanol
(95:5 v : v)] under alkaline conditions. The organic phase
was evaporated and the residue was reconstituted in
methanol : aqueous ammonium acetate (10 mM) (80:20%,
v : v).The sample was injected into an HPLC-MS/MS system
to separate ketoconazole and the internal standard from
matrix constituents using BDS Hypersil C18 material with a

mean size of 3 mm, in a column of 100 mm ¥ 4 mm (sup-
plied by Thermo Electron Corporation, Courtaboeuf,
France) and methanol : aqueous ammonium acetate
(10 mM) (80:20, v : v) as mobile phase. A constant flow rate
of 1000 ml min-1 was employed.

Detection was performed using a triple stage quadru-
pole mass spectrometer (API 365, Applied Biosystems,
Courtaboeuf Cedex, France) with a APCI interface in posi-
tive ion mode. Ketoconazole parent/daughter ions were
detected with m/z = 531.1 >489.1 and the internal stan-
dard itraconazole parent/daughter ions at m/z = 705.3
>392.2. This method is suitable for the quantification of
ketoconazole in human plasma at concentrations ranging
between 10.0 and 10000 ng ml-1. In-study inaccuracy and
imprecision values for ketoconazole were within � 3.3%
and <5.5%, respectively.

Paroxetine The bioanalytical method for the quantifica-
tion of paroxetine in human plasma was based on HPLC-
MS/MS and was validated at SGS Cephac Europe, France.
After addition of d4-paroxetine (internal standard, Toronto
Research Chemicals Inc., North York, Ontario, Canada) to
the plasma, paroxetine and the internal standard were
extracted from plasma using Solid Phase Extraction on
Oasis HLB 1 cc, 30 mg cartridges (Waters, Saint-Quentin-
en-Yvelines, France). The cartridges were eluted with
methanol containing 0.1% formic acid. The sample extract
was evaporated to dryness and the residue was reconsti-
tuted in H2O containing 0.1% formic acid. The sample was
injected into an HPLC-MS/MS system to separate paroxet-
ine and the internal standard from matrix constituents
using Zorbax SB-C18 material with a mean size of 3.5 mm,
in a column of 2.1 ¥ 50 mm (supplied by Agilent, Massy,
France) and water : acetonitrile (65:35, v : v) containing
0.1% formic acid as mobile phase. A constant flow rate of
300 ml min-1 was employed.

Detection was performed using a triple stage quadru-
pole mass spectrometer (API 3000, Applied Biosystems,
Courtaboeuf Cedex, France) with a TurboIonSpray inter-
face in positive ion mode. Paroxetine parent/daughter ions
were detected with m/z = 330.1 >192.2 and the internal
standard itraconazole parent/daughter ions at m/z = 334.2
>196.1. This method is suitable for the quantification of
paroxetine in human plasma at concentrations ranging
between 0.050 and 50.0 ng ml-1. In-study inaccuracy and
imprecision values for paroxetine were within � 14.7%
and <4.4%, respectively.

The lower limit of quantification was 0.1 ng ml-1 for
tamsulosin, 0.05 ng ml-1 for paroxetine and 10 ng ml-1 for
ketoconazole.

Pharmacokinetic data analysis
Pharmacokinetic parameters were calculated with non-
compartmental analyses using WinNonlin professional
version 5.2 (Pharsight Corporation, Mountain View, CA).
Only concentrations within the validated concentration
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range and actual sampling times were used for the calcu-
lation of pharmacokinetic parameters. Individual Cmax and
tmax values were directly determined from the plasma con-
centration time profiles of each subject. The apparent ter-
minal rate constant (lz) was estimated from a regression of
ln(C) vs. time over the terminal log-linear disposition
portion of the concentration–time profiles. Terminal half-
life (t1/2) was calculated as ln(2)/lz. Area under the
concentration–time curve of tamsulosin HCl in plasma
over the time interval from 0 to the last quantifiable data
point (AUC(0,tlast)) was calculated using the linear up/log
down algorithm. Area under the concentration–time curve
over the time interval from 0 extrapolated to infinity
(AUC(0,•)) was calculated as AUC last zlast0, t Ct( ) + ′ λ , where

′Ctlast is the predicted concentration at the time tlast (last time
point with a plasma concentration above the quantifica-
tion limit). Apparent clearance (CL/F) and apparent volume
of distribution were calculated as Dose/AUC(0,•) and as
(CL/F)/lz, respectively.

Statistical methods
AUC(0,•), Cmax and AUC(0,tlast) were statistically analyzed by
analysis of variance (ANOVA) models on the logarithmic scale
including effects accounting for the following sources of
variation in the model: ‘sequence’, ‘subjects nested within
sequences’, ‘period’ and ‘treatment’. The effect ‘subjects
within sequences’ was considered as random, whereas the
other effects were considered as fixed.

The pharmacokinetic parameters were log transformed
(natural logarithm), prior to fitting the ANOVA model. The
difference between the expected means for log(test) -
log(reference) was estimated by the difference in the cor-
responding Least Square Means (point estimate) and two-
sided 90% confidence intervals based on the t-distribution
were computed. These quantities were then back-
transformed to the original scale to give the point estima-
tor (geometric mean) and interval estimates for the
median intra-subject ratio between response under test
(tamsulosin + ketoconazole or tamsulosin + paroxetine)
and response under reference (tamsulosin).

All subjects who provided at least one observation for
at least one primary pharmacokinetic (PK) endpoint
without important protocol violations relevant to the
evaluation of pharmacokinetics were included in the
analysis of primary PK endpoints.

All pharmacokinetic parameters (geometric mean, with
geometric coefficient of variation, or median with range),
adverse events (frequencies of subjects with adverse
events),vital signs (mean and SD) and laboratory data were
evaluated descriptively.

Results

Plasma concentrations of study drugs
The geometric mean (gMean) plasma concentration–time
profile of paroxetine and ketoconazole reached the peak

(at 5 and 4 h post dose at steady-state, respectively). The
paroxetine and ketoconazole steady-state trough concen-
trations on the day of tamsulosin HCl administration
ranged from 0.1 to 17.7 ng ml-1 and from 236 to
248 ng ml-1, respectively.

The gMean plasma concentration–time profiles of tam-
sulosin HCl after single oral administration of 0.4 mg tam-
sulosin HCl with and without co-administration of 20 mg
paroxetine once daily or 400 mg ketoconazole once daily
are illustrated in Figure 1. The gMean plasma concentra-
tions of tamsulosin HCl reached its peak at around 7–8 h
post dose and then declined gradually.The gMean plasma
concentrations of tamsulosin HCl after co-administration
with paroxetine or ketoconazole were generally higher
than those without co-administration. There was no carry-
over effect from the first period because all the pre-dose
concentrations of tamsulosin HCl were below the limit of
quantification before drug administration in the second
period.

Pharmacokinetic parameters
During co-administration of paroxetine the gMean values
of Cmax and AUC(0,•) of tamsulosin HCl with paroxetine
(8.83 ng ml-1 and 193 ng ml-1 h, respectively) were higher
than those without paroxetine (6.57 ng ml-1 and
117 ng ml-1 h, respectively; Table 1). Paroxetine co-
administration decreased the CL/F of tamsulosin HCl by
approximately 39%. The gMean t1/2 of tamsulosin HCl with
paroxetine (15.3 h) was longer than without paroxetine
co-administration (11.4 h). The median values of tmax were
similar for the two treatments (7 and 8 h). In two subjects,
low paroxetine plasma concentrations (at trough) were
measured. However, analysis of changes in Cmax and
AUC(0,•) of tamsulosin HCl did not indicate deviation from
the overall increase shown in this study. Overall, paroxetine
co-administration increased the Cmax and AUC(0,•) of tam-
sulosin HCl in most of the subjects (21 out of 23 subjects
for Cmax, 22 out of 23 subjects for AUC(0,•)).

During co-administration of ketoconazole the gMean
values of Cmax (17.0 ng ml-1) and AUC(0,•) (326 ng ml-1 h,
Table 2) with ketoconazole were higher than those without
ketoconazole (7.70 ng ml-1 and 115 ng ml-1 h,respectively).
Co-administration of ketoconazole decreased the CL/F of
tamsulosin HCl to approximately 35%. The gMean value of
t1/2 (11.8 h) of tamsulosin HCl with ketoconazole was slightly
longer than without ketoconazole co-administration
(10.5 h).The median value of tmax was comparable between
the two treatments (around 7 h).

Statistical assessment of drug–drug interaction
Relative exposure was assessed by means of ANOVA using
the log-transformed pharmacokinetic parameters avail-
able from all periods. Relative exposure of test treatments
(tamsulosin HCl co-administered with paroxetine or keto-
conazole) vs. the reference treatment (tamsulosin HCl)
based on the primary endpoints (Cmax and AUC(0,•)) was
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Figure 1
Plasma concentration–time profiles of tamsulosin HCl after single oral administration of 0.4 mg tamsulosin HCl (upper panel) with and without 20 mg day-1

paroxetine or 400 mg day-1 ketoconazole administration (lower panel). Data are gMean of 23 subjects for each combination treatment and 24 subjects for
tamsulosin.

Table 1
Comparison of pharmacokinetic parameters of tamsulosin HCl after single oral administration of 0.4 mg tamsulosin HCl with and without 20 mg paroxetine
once daily co-administration

Parameter

Pharmacokinetic parameters of tamsulosin HCl
Tamsulosin alone Tamsulosin + paroxetine
n gMean gCV (%) n gMean gCV (%)

Cmax (ng ml-1) 24 6.57 37.2 23 8.83 31.6
tmax* (h) 24 7.00 (3.00–23.7) 23 8.00 (3.98–23.9)

AUC(0,tlast) (ng ml-1 h) 24 107 40.5 23 165 41.8
AUC(0,•) (ng ml-1 h) 24 117 42.8 23 193 45.8

t1/2 (h) 24 11.4 26.4 23 15.3 24.8
MRTpo (h) 24 20.5 24.5 23 25.6 21.9

CL/F (l h-1) 24 3.41 42.8 23 2.07 45.8
Vz/F (l) 24 56.4 35.0 23 45.7 37.4

*Median (minimum–maximum). Cmax, maximum plasma concentration; tmax, time to maximum plasma concentration; AUC(0,tlast), area under the concentration–time curve from 0
to the last quantifiable data point; AUC(0,•), area under the concentration–time curve from 0 to •; t1/2, half-life; MRT, mean residence time; CL/F, apparent clearance; Vz/F, apparent
volume of distribution.
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evaluated. The adjusted gMean ratio (90% CI) of test treat-
ment (tamsulosin HCl with paroxetine) to reference treat-
ment was 134.1% (120.7, 149.0%) for Cmax and 163.5%
(144.2, 185.3%) for AUC(0,•).The degree of intra-individual
variability of Cmax and AUC(0,•) revealed a geometric coef-
ficient of variation (gCV) of 21.0% and 25.2%, respectively.
The adjusted gMean ratio (90% CI) of test treatment (tam-
sulosin HCl with ketoconazole) vs. reference treatment was
219.5% (196.4, 245.4%) for Cmax and 280.3% (256.2, 306.6%)
for AUC(0,•). The degree of intra-individual variability of
Cmax and AUC(0,•) revealed a gCV of 22.3% and 17.9%,
respectively.

Vital signs and adverse events
The pharmacodynamic impact of concomitant treatment
with CYP2D6 and 3A4 inhibitors was primarily assessed by
forced orthostasis stress testing and investigated by
descriptive statistics of the changes from supine (10 min at
rest) to standing position before and at 6 and 24 h after
tamsulosin administration (Figure 2).These data show that
the increased tamsulosin exposure upon co-administration
of paroxetine or ketoconazole did not result in greater hae-
modynamic changes upon standing at the group level.One
case of postural dizziness was experienced which was mild
in intensity after treatment with paroxetine and tamsulosin.
However, when vital signs (blood pressure and pulse rate)
were assessed immediately upon complaints,no findings of
clinical significance were found. No orthostasis related AEs
were reported for the tamsulosin/ketoconazole combina-
tion treatment. There was no clinically meaningful differ-
ence in systolic and diastolic blood pressure,as well as pulse
rate,when tamsulosin was co-administered with ketocona-
zole or paroxetine.

There were no serious or severe adverse events
reported. With regard to other significant adverse events,
one subject discontinued treatment B on the second day
of paroxetine administration due to nausea, i.e. prior to

tamsulosin treatment. One further subject received treat-
ment A completely but did not complete treatment B
(ketoconazole) because of bad compliance.

Discussion

Tamsulosin is globally the most widely prescribed
a1-adrenoceptor antagonist for the treatment of LUTS/
BPH. It is metabolized primarily by CYP2D6 and 3A4 [13]
but except for one drug–drug interaction study with cime-
tidine [16], no information was available on the effects of
CYP2D6 or 3A4 inhibition on the PK and pharmacodynam-
ics of tamsulosin. Therefore, we have performed two inter-
action studies with the CYP2D6 inhibitor paroxetine and
the CYP3A4 inhibitor ketoconazole.

Critique of methods
Similar to previous studies, our trials were performed in
male subjects because tamsulosin is used for an indication,
LUTS/BPH, which only exists in men. PK parameters for
tamsulosin in the absence of concomitant medications as
determined in our two studies were in line with many pre-
vious PK studies of tamsulosin in healthy male populations
[11]. Clinical studies have only rarely reported orthostasis
as an adverse event [21–24]. Therefore, our study used
forced orthostatic stress testing and alterations of systolic
and diastolic blood pressure as well as pulse rate to explore
pharmacodynamic consequences of increased tamsulosin
exposure in the presence of co-medication. A time point of
6 h post dose was chosen for orthostatic stress testing,
because the tmax was expected to be 6 h post-dose based
on previous studies [11]. The actual observed tmax was 7 h
post dose. Because gMean plasma concentrations of
tamsulosin were 13.8 ng ml-1 at 6 h compared with
15.0 ng ml-1 at 7 h, this slight difference in the tamsulosin
plasma concentration was not expected to cause a clini-

Table 2
Comparison of pharmacokinetic parameters of tamsulosin HCl after single oral administration of 0.4 mg tamsulosin HCl with and without 400 mg keto-
conazole once daily co-administration

Parameter

Pharmacokinetic parameters of tamsulosin HCl
Tamsulosin alone Tamsulosin + ketoconazole
n gMean gCV (%) n gMean gCV (%)

Cmax (ng·ml-1) 24 7.70 43.3 23 17.0 34.6
tmax* (h) 24 6.98 (5.00–23.9) 23 7.00 (4.98–10.0)

AUC(0,tlast) (ng ml-1 h) 24 108 58.4 23 297 42.0
AUC(0,•) (ng ml-1 h) 24 115 60.8 23 326 46.2

t1/2 (h) 24 10.5 25.4 23 11.8 29.3
MRTpo (h) 24 18.2 21.8 23 21.0 25.5

CL/F (l·h-1) 24 3.47 60.8 23 1.23 46.2
Vz/F (l) 24 52.4 42.2 23 20.8 28.9

*Median (minimum–maximum). Cmax, maximum plasma concentration; tmax, time to maximum plasma concentration; AUC(0,tlast), area under the concentration–time curve from 0
to the last quantifiable data point; AUC(0,•), area under the concentration–time curve from 0 to •; t1/2, half-life; MRT, mean residence time; CL/F, apparent clearance; Vz/F, apparent
volume of distribution.
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cally significant different result for orthostatic stress
testing. Furthermore, orthostasis tests for tamsulosin
0.4 mg vs. placebo (in elderly subjects) have been pub-
lished for the 6 and 8 h time point, both yielding very
similar results [25]. While age-related PK alterations seem
not to exist to a relevant extent in the elderly [11], it is
recognized that the elderly are inherently more sensitive

to drug-induced orthostatic reactions [26] and extrapola-
tion of safety data from healthy young subjects to diseased
old patients is limited.

Overall, this approach has been shown to be sensitive
even to detect small differences in previous studies, e.g.
with regard to food intake or in comparison with other
a1-adrenoceptor antagonists [21, 27–30]. On the other
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Figure 2
Effect of tamsulosin alone and tamsulosin plus paroxetine (left panels) or plus ketoconazole (right panels) on systolic blood pressure (upper panels),diastolic
blood pressure (middle panels) and pulse rate (lower panels). Shown are mean differences and SD from supine to standing position in mmHg (blood
pressure) and beats min-1 (pulse rate) as measured prior to tamsulosin administration (‘pre’) and 6 and 24 h thereafter.
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hand, those previous studies including a placebo arm had
not reported major differences between tamsulosin and
placebo. Therefore, our present study did not include a
placebo arm for the hemodynamic measurements.

Both paroxetine [27] and ketoconazole [28, 29] were
administered with regimens which are known to achieve
effective inhibition of CYP2D6 and 3A4, respectively, and
the measured plasma levels of both drugs confirm effec-
tive dosing. This study only included subjects with exten-
sive CYP2D6 metabolizer status and therefore caution
should be taken when tamsulosin is additionally com-
bined with CYP3A4 inhibitors in these patients. As the
CYP2D6 status is unknown in most patients, this may be
more a theoretical concern. Tamsulosin has a broad thera-
peutic margin, as confirmed by the lack of increase in
orthostatic reactions in our study despite an increased
drug exposure.

It is suggested that accumulation should be accounted
for in the study design by multiple dosing of a substrate,
when drugs are known to have an elimination half-life of
about 11 h and longer [30]. After multiple dosing, due to
accumulation, higher tamsulosin plasma concentrations
could produce a greater orthostatic response than
observed after single dose. Because tamsulosin has dose
linear PK ([11] and data on file), it can be expected that a
very similar extent of interaction would have been
observed after multiple dosing.

Drug–drug interaction data
In line with the role of CYP2D6 in the metabolism of tam-
sulosin [13, 14], co-administration of the strong CYP2D6
inhibitor paroxetine increased tamsulosin exposure. The
increase was moderate and consisted of an elevated Cmax

and AUC(0,•) (134.1% and 163.5% of values of reference
treatment, respectively). As expected for a co-medication
interfering with drug metabolism, this was associated with
a reduced CL/F and an increased t1/2 for tamsulosin (from
11.4 to 15.3 h). Co-administration of the strong CYP3A4
inhibitor ketoconazole increased tamsulosin exposure to a
greater extent (219.5% and 280.3% of values of reference
treatment for Cmax and AUC(0,•), respectively). With
co-administration of ketoconazole, CL/F of tamsulosin HCl
was decreased to approximately 35% with a slight increase
of t1/2 (from 10.5 to 11.8 h). Based on mechanistic consid-
erations, inhibition of CYP3A4 by ketoconazole may result
in an increased bioavailability and/or a decreased clear-
ance of CYP3A4 substrates. Because the bioavailability of
tamsulosin HCl is high (mean � SD 100 � 19%) for the oral
dose of 0.4 mg [31], an increased bioavailability can only
account for a small part of the observed increase in expo-
sure. Furthermore, a decreased elimination would also
result in an increased t1/2. However, the t1/2 of tamsulosin
was not elevated to any extent (from 10.5 to 11.8 h) which
would explain the increase in exposure by a decrease in
clearance (from 3.47 to 1.23 l h-1) only. Therefore, the
results of our study suggest that other unknown effects

contributed to the increase in exposure in addition to the
inhibitory effect of ketoconazole for which sufficient expo-
sure to achieve CYP3A4 inhibition is proven. The observed
effect on the AUC is compatible with the inhibition of
CYP3A4 but additional effects, e.g. due to P-gp inhibition
cannot be excluded at the present, because it is unknown
whether tamsulosin is a P-gp substrate.

Of interest, while in most countries a maximum tamsu-
losin dose of 0.4 mg once daily is used [5], a dose of 0.8 mg
once daily is also available in the US [32, 33].The increase in
tamsulosin exposure with co-administration of paroxetine
is much smaller than would be expected from a doubling
of dose. Dose-linearity of exposure has formally been
established between 0.05 and 1 mg of tamsulosin HCl ([11]
and data on file). On the other hand, the increase in expo-
sure upon co-administration of ketoconazole is expected
to be the approximate equivalent of a dose increase to
0.8 mg once daily. In line with the documented safety and
tolerability of 0.8 mg once daily of tamsulosin [32, 33], our
forced orthostasis stress tests did not reveal a notable
increase in haemodynamic effects upon co-administration
of paroxetine or ketoconazole despite the proven sensitiv-
ity of our approach [25, 34–37]. Moreover, the combination
treatment was safe and well tolerated in both trials.

In conclusion, the co-administration of strong inhibi-
tors of CYP2D6 has only limited effect on the exposure to
tamsulosin, whereas that of strong inhibitors of CYP3A4
about doubles the tamsulosin exposure. However, neither
PK alteration was accompanied by clinically significant
haemodynamic changes during orthostatic stress testing.
These findings should be taken into account when using
tamsulosin in combination with strong inhibitors of
CYP2D6 (e.g. paroxetine) or strong inhibitors of CYP3A4
(e.g. ketoconazole).
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