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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Tolterodine and 5-hydroxymethyl

tolterodine (5-HMT) are equipotent active
moieties of tolterodine; 5-HMT is the
singular active moiety of fesoterodine. The
formation of 5-HMT from tolterodine occurs
via CYP2D6, and some subjects are poor
metabolizers CYP2D6. On the other hand,
the formation of 5-HMT from fesoterodine
occurs via ubiquitous esterases. Cross-study
comparisons of data from phase 1 studies
suggest that active moiety exposures are
considerably more variable following
tolterodine extended release vs.
fesoterodine.

WHAT THIS STUDY ADDS
• This head-to-head study confirmed the

findings of reduced pharmacokinetic
variability of fesoterodine and further
delineates that tolterodine, and not 5-HMT,
was the principal source of variability after
administration of tolterodine extended
release. The data suggest that fesoterodine
delivers 5-HMT consistently, regardless of
CYP2D6 status, with up to 40% higher
bioavailability compared with tolterodine.

AIMS
Tolterodine and 5-hydroxymethyl tolterodine (5-HMT) are equipotent active
moieties of tolterodine; 5-HMT is the singular active moiety of fesoterodine.
Formation of 5-HMT from fesoterodine and tolterodine occurs via esterases and
CYP2D6 respectively. This randomized, crossover, open-label, multiple-dose
study in CYP2D6 extensive metabolizers (EMs) and poor metabolizers (PMs)
compared the pharmacokinetics of fesoterodine vs. tolterodine extended
release (ER).

METHODS
Subjects received fesoterodine and tolterodine ER with a �3-day washout
period. Treatment comprised 4-mg once daily doses for 5 days escalated to
8-mg once daily for 5 days. Pharmacokinetics of active moieties were compared
by drug, dose and genotype.

RESULTS
Active moiety exposures following fesoterodine and tolterodine ER increased
proportional to dose in EMs and PMs. In EMs only, coefficients of variation for
AUC and Cmax following fesoterodine (up to 46% and 48% respectively) were
lower than those following tolterodine ER (up to 87% and 87% respectively).
Following fesoterodine and tolterodine ER administration, active moiety
exposures ranged up to sevenfold and 40-fold respectively. Mean urinary
excretion of 5-HMT following fesoterodine 4 and 8 mg, respectively, was 0.44
and 0.89 mg in EMs and 0.60 and 1.32 mg in PMs. Following tolterodine ER 4
and 8 mg, it was 0.38 and 0.71 mg respectively (EMs only). Renal clearance was
similar regardless of administered drug, dose or genotype.

CONCLUSIONS
Tolterodine, not 5-HMT, was the principal source of variability after tolterodine
ER administration. Fesoterodine delivers 5-HMT with less variability than
tolterodine, regardless of CYP2D6 status, with up to 40% higher bioavailability.
The pharmacokinetics of fesoterodine were considerably less variable than TER.
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Introduction

Antimuscarinic agents are the mainstay of pharmacologic
therapy for the treatment of overactive bladder (OAB) [1].
Tolterodine and fesoterodine are effective and well-
tolerated antimuscarinics for the treatment of OAB symp-
toms [2]. Tolterodine is available as an immediate-release
tablet for administration twice daily and as an extended-
release (ER) capsule for once daily administration.Fesotero-
dine is available as an ER tablet for once daily use. The
standard recommended daily dose of tolterodine is 4 mg
daily, whereas fesoterodine is approved for initiation at
4 mg once daily and can be titrated to 8 mg once daily
based on individual patient response.

Following oral administration, tolterodine is converted
in the liver by the cytochrome P450 (CYP) 2D6 pathway
to an active metabolite, 5-hydroxymethyl tolterodine
(5-HMT). Both tolterodine and 5-HMT exert antimuscarinic
activity in vitro [3]. Fesoterodine is a prodrug that is also
converted to 5-HMT, and the antimuscarinic activity of fes-
oterodine is entirely attributable to 5-HMT [4]. Conversion
of fesoterodine occurs rapidly via esterases and not the
CYP2D6 pathway [5].The elimination of the active metabo-
lite, 5-HMT, is mediated by multiple pathways [3, 6], includ-
ing two equally prominent hepatic metabolism pathways
involving CYP2D6 and CYP3A4 enzymes. In addition,
5-HMT is excreted unchanged in the urine, accounting for
about 16% of the fesoterodine dose [7].

The CYP2D6 enzyme shows a very high degree of inter-
individual variability that is primarily because of extensive
genetic polymorphism [6] that results in poor metabolizers
(PMs), intermediate metabolizers (IMs), extensive metabo-
lizers (EMs) and ultrarapid metabolizers (UMs) of its sub-
strates. Up to 10% of Caucasians and less than 1% of Asians
are PMs, devoid of CYP2D6 activity, and thereby cannot
utilize CYP2D6-dependent metabolic pathways for drug
elimination. It is estimated that about 10% to 15% of the
European population are CYP2D6 IMs [8]. The proportion
of UMs in the Western European population is estimated to
be about 5.5% [9].

Following tolterodine administration, patients can be
exposed to two equipotent active moieties, tolterodine
and 5-HMT, in widely varying ratios depending on CYP2D6
genetic polymorphism [10, 11] and/or variability arising
from drug interactions with CYP2D6 [12]. On the contrary,
patients receiving fesoterodine are exposed to 5-HMT as a
singular active moiety, regardless of CYP2D6 genotype.
This contrast was also observed in two separate phase 1
studies comparing tolterodine ER and fesoterodine in EMs
and PMs [11, 13]. The Cmax of tolterodine varied between 1
and 60 nM whereas the Cmax of 5-HMT varied only between
3 and 13 nM. As expected CYP2D6 PMs had the highest
tolterodine concentrations [14]. Although these compari-
sons are of sufficient scientific interest and value, they are
limited by the cross-study comparison and dissimilar study
designs. The present study was designed to provide a

within-study comparison of the pharmacokinetic variabil-
ity in EMs and PMs following administration of fesoterod-
ine or tolterodine ER at 4 and 8 mg once daily. A secondary
objective of the study was to estimate the urinary excre-
tion of 5-HMT following administration of fesoterodine
and tolterodine ER.

Methods

Study design
This was a randomized, open-label, two-way crossover,
multiple-dose, within-subject dose escalation study in 30
healthy subjects identified as CYP2D6 EMs (n = 20) and
PMs (n = 10) by genotyping. This study was conducted in
compliance with the ethical principles of the Declaration
of Helsinki and all International Conference Harmonization
Good Clinical Practice guidelines. The protocol was
approved by the institutional review board at the investi-
gational centre participating in the study, and all subjects
provided written informed consent before entering the
study.

Subjects
Subjects were included if they were healthy adults
between the ages of 18 and 55 years, inclusive, with a body
mass index (BMI) of 18 to 30 kg m-2 and a total body-
weight >50 kg. Key exclusion criteria were evidence or
history of clinically significant diseases or clinical findings
at screening, any condition possibly affecting drug
absorption or 12-lead ECG demonstrating QTc >450 ms at
screening.

Subjects were genotyped for CYP2D6 status before
enrolment. The alleles genotyped were *3, *4, *5, *6, *7, *8,
*10, *14, *18, *21, *36, *41 and duplication. Subjects who
were homozygous or with a combination of *3,*4,*5,*6,*7,
*8, *14, *18 and *21 were classified as PMs. Other geno-
types were classified as EMs.

Study procedures
Screening evaluation occurred within 28 days before the
first dose of period 1. Day 0 was defined as the day before
the first day of dosing (day 1) in each period. Subjects were
admitted to the Clinical Research Unit (CRU) on day 0 (in
the morning) and days 4 and 9 (in the evening) and
remained there until after the ECG measurement at 4 h
post dose on day 1 and day 6 or the last scheduled assess-
ment on day 11 respectively. Subjects were required to
return to the CRU on the mornings of days 2, 3, 4, 7, 8 and 9
for dose administration,after which they were able to leave
the CRU.

Subjects received tolterodine ER 4 mg daily for 5 days
followed by tolterodine ER 8 mg daily for 5 days (treatment
A) and fesoterodine 4 mg daily for 5 days followed by fes-
oterodine 8 mg daily for 5 days (treatment B). Treatment
order was randomized and there was at least a 3-day
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washout period between treatments. Subjects received
study medication once daily in the morning on days 1 to 5
(4-mg dose) and on days 6 to 10 (8-mg dose) of each study
period. Doses were administered after breakfast on days 1
to 4 and days 6 to 9,or after at least a 10-h overnight fast on
days 5 and 10.

Subjects were required to fast (4-h period) before all
clinical laboratory measurements. Subjects also fasted
overnight on two occasions in each period for a minimum
of 10 h from the evening before until the time of dosing on
days 5 and 10. On each study day, lunch and dinner were
served at approximately 4 and 10 h, respectively, after
breakfast.The same meal schedule and menu was followed
between the two treatment periods.

Blood and urine sample collection and analysis
In each period, pharmacokinetic (PK) blood samples (6 ml)
were collected pre-dose on days 1, 4, 5, 6, 9 and 10, on day
5 at 1, 2, 3, 4, 5, 6, 8, 10, 12 and 15 h post dose and on day 10
at 1, 2, 3, 4, 5, 6, 8, 10, 12, 15, 24, 30 and 36 h post dose.
Following tolterodine ER, blood samples were collected in
tubes that contained no serum separator or other addi-
tives and were kept at room temperature until clotted.
Following fesoterodine, blood samples were collected in
tubes containing sodium heparin. Samples were centri-
fuged at approximately 1700 g for 10 min at 4°C. Samples
were stored in screw-capped polypropylene tubes at
approximately -20°C within 1 h of collection. Serum
samples were analysed for tolterodine and 5-HMT at Euro-
fins AvTech Laboratories, Inc. (Portage, MI, USA) and plasma
samples were analysed for 5-HMT at Advion BioSciences,
Inc. (Ithaca, NY, USA).

Urine was collected over 24 h post dose on days 5 and
10. Voided volume was collected in 1-l polyethylene con-
tainers and stored at approximately 4°C. At the end of the
collection period, the urine output from each subject was
pooled, the total volume was recorded and a 10-ml sample
was stored in polypropylene tubes at -70°C. Urine samples
were analysed for 5-HMT at Advion BioSciences, Inc.
(Ithaca, NY, USA). All plasma, serum and urine samples were
analysed using validated analytical methods described
previously [11, 13] and conducted in compliance with
Pfizer standard operating procedures. All concentration
calculations were based on the peak area ratios of toltero-
dine or 5-HMT to the internal standard. The calibration
curves (0.10–60 ng ml-1, 0.10–10 ng ml-1, 0.02–20 ng ml-1

and 1.00–1000 ng ml-1 for tolterodine in serum, 5-HMT in
serum, 5-HMT in plasma and 5-HMT in urine respectively),
were characterized by regression coefficient, slope and
intercept using a 1/x2-weighted (except for 5-HMT in
plasma, 1/x-weighted was used) linear regression. Concen-
trations of tolterodine or 5-HMT in the quality control and
study samples were determined by inverse prediction
from the calibration curve. The mean precision estimates
(expressed as the coefficient of variation) of the back-
calculated calibration curve concentrations were �10.6%

(serum tolterodine),�7.1% (serum 5-HMT),�5.6% (plasma
5-HMT) and �3.3% (urine 5-HMT). The corresponding
accuracy (expressed as the % difference from the theoreti-
cal concentration) ranged from -1.3 to 2.0% (serum
tolterodine), -0.8 to 1.0% (serum 5-HMT), -0.5 to 0.5%
(plasma 5-HMT) and -4.3 to 5.0% (urine 5-HMT). The pre-
cision estimates of the quality control samples were
�8.1% (serum tolterodine), �7.2% (serum 5-HMT), �3.3%
(plasma 5-HMT) and �6.3% (urine 5-HMT). The corre-
sponding accuracy ranged from 0.3 to 4.0% (serum toltero-
dine), -3.0 to 0.8% (serum 5-HMT), -7.1 to -4.5% (plasma
5-HMT) and -1.5 to 0.4% (urine 5-HMT).

Pharmacokinetic analysis
The pharmacokinetic parameters calculated for the com-
parison of active moieties of fesoterodine and tolterodine
ER were area under the plasma concentration vs. time
curve from pre-dose to 24 h post dose [AUC(0,24 h)],
maximum observed plasma concentration (Cmax), time of
maximum plasma concentration (tmax) and terminal phase
half-life (t1/2). Additionally, for 5-HMT, the amount excreted
in urine (Ae) and renal clearance (CLr) were determined
after tolterodine ER and fesoterodine administration. Con-
centrations were converted to nM units (using molecular
weights of 325.5 and 341.5, for tolterodine and 5-HMT
respectively) for PK calculations and comparisons of the
active moieties of the two treatments, 5-HMT for fesotero-
dine doses and 5-HMT plus tolterodine for tolterodine
doses.

Statistical analysis
Assuming a dropout rate of approximately 20%, 30 sub-
jects were enrolled into the study to ensure that 24 sub-
jects completed the study. The sample size of 24
completed subjects was empirically selected to provide a
sufficient number of subjects to enable meaningful phar-
macokinetic variability characterization for the two treat-
ments. Based on previous between-study comparisons,
active moiety variability was associated specifically
because of high tolterodine exposures in CYP2D6 PMs.
Therefore, for a precise characterization of the range of
active moiety exposures, PM and EM subjects were
enrolled in a 1:2 ratio.

The PK parameters were summarized descriptively by
moiety, treatment, dose and genotype (EMs and PMs).Plots
of median predose concentrations for each treatment and
dose level were visually examined to assess the attainment
of steady state.

Clinical and laboratory safety assessment
Safety evaluations included clinical monitoring, subject-
reported AEs including serious AEs, vital signs (heart rate
and blood pressure), 12-lead ECGs and clinical laboratory
tests.
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Results

Study population
Thirty subjects were enrolled in this study: 20 EMs and 10
PMs of CYP2D6. The age range was 19 to 53 years and the
mean age was 31.9 years. Of the subjects enrolled, the
majority were men (n = 19/30) and White (n = 27/30). The
mean weight was 77.4 kg; the mean height was 173.8 cm
and the mean BMI was 25.5 kg m-2.

Active moiety pharmacokinetics
The median concentration vs. time profiles of tolterodine
and 5-HMT following repeated doses of tolterodine ER and
of 5-HMT following repeated doses of fesoterodine are
shown in Figure 1A–C and the pharmacokinetic values are
summarized in Table 1 by EMs and PMs. Following toltero-
dine ER administration, 5-HMT is not formed in PMs of
CYP2D6, with the exception of quantifiable but very low
(<0.5 ng ml-1) concentrations in some PMs at the 8-mg
dose. Furthermore, there was a marked effect of the

CYP2D6 genotype on tolterodine exposures (approxi-
mately 10-fold higher AUC and sixfold higher Cmax in PMs).
In contrast, 5-HMT was formed in both EMs and PMs when
fesoterodine was administered, and the exposure was
affected only to a modest extent (1.5- to twofold higher
Cmax and AUC in PMs). The plasma concentration vs. time
data over 24 h post dose on day 5 (4-mg dose) and 36 h
post dose on day 10 (8-mg dose) were not adequate for
accurate characterization of the half-life of tolterodine, par-
ticularly in PMs. The apparent terminal half-life of 5-HMT
following 4-mg and 8-mg doses of fesoterodine was well
characterized, and the mean � SD values were 10.4 � 4.3
and 7.6 � 2.4 h, respectively, in EMs and 10.4 � 1.9 and 9.6
� 2.0 h, respectively, in PMs. There was no apparent differ-
ence in 5-HMT half-life between doses or between the EMs
and PMs.

Based on comparison of mean AUC values in CYP2D6
EMs who form 5-HMT after administration of both drugs,
the bioavailability of 5-HMT was about 39% and 27%
higher from fesoterodine compared with tolterodine ER at
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the 4- and 8-mg doses respectively. The pharmacokinetics
of both 5-HMT and tolterodine appear to be dose-
proportional, with the following exception of apparent
lack of proportionality. Because of the zero and near-zero
exposures of 5-HMT in PMs given tolterodine ER, the geo-
metric mean Cmax and AUC values did not appear to be
dose-proportional when the data were pooled across
genotypes, but were dose-proportional in EMs.

In order to highlight the intersubject variability,
individual-subject active moiety concentrations, stratified
by genotype and dose level following administration of
tolterodine ER and fesoterodine, are shown in Figures 2
and 3.The systemic variability of 5-HMT was well controlled
after administration of fesoterodine as well as tolterodine
ER (metabolized to 5-HMT in EMs only). Figure 2A (panel A)
shows that across the 4-mg and 8-mg tolterodine ER doses
given to this group of EM and PM subjects, the active
moiety concentrations varied over a >40-fold range. When
the individual contributions from tolterodine (Figure 2B)
and 5-HMT (Figure 2C) to the total active moiety concen-
trations following tolterodine ER doses were analysed
separately, it was apparent that the concentrations varied
much less for 5-HMT (<10-fold) than they did for tolterod-
ine (>100-fold). This indicated that the principal source of
variability in active moiety concentrations after tolterodine
ER administration was from tolterodine and not 5-HMT.The
lower variability of 5-HMT concentrations (ranging over
<10-fold) was also maintained when it was formed via
esterases and delivered by administration of fesoterodine
4- and 8-mg doses (Figure 3). Consistent with the mean
data in Table 1, the individual profiles in Figure 3 demon-
strate that fesoterodine administration resulted in bio-

availability of 5-HMT in EMs and PMs at levels that were
generally higher compared with those seen in EMs only
following the same doses of tolterodine ER (Figure 2C).

As shown in Table 2, the coefficients of variation for
AUC and Cmax of 5-HMT following administration of fes-
oterodine 4 and 8 mg (up to 46% and 48% respectively)
were all lower than those of tolterodine + 5-HMT following
administration of tolterodine ER 4 and 8 mg (up to 87%
and 87% respectively).At the same dose,mean exposure to
active moieties (tolterodine and 5-HMT) after tolterodine
ER was somewhat higher than the mean exposure to
active moiety (5-HMT) after fesoterodine, whereas the
exposure ranges were much narrower for fesoterodine.
This is largely because of the contribution from excessively
high tolterodine exposures in PMs (Figure 4, Table 2).

Following fesoterodine 4-mg and 8-mg doses, the
mean urinary excretion of 5-HMT was about 0.44 and
0.89 mg, respectively, in EMs and 0.60 and 1.32 mg, respec-
tively, in PMs. The urinary excretion of 5-HMT following
fesoterodine was about 1.5-fold higher in PMs, similar to
the higher systemic exposures (Table 1). When subjects
were analysed separately by CYP2D6 genotype, the mean
renal clearance of 5-HMT following 4- and 8-mg fesotero-
dine doses was 214 and 225 ml min-1 in EMs and 207 and
199 ml min-1 in PMs. The urinary excretion of 5-HMT (in
PMs only) was about 0.38 and 0.71 mg and the renal clear-
ance was 259 and 235 ml min-1 following 4- and 8-mg
doses of tolterodine ER respectively.

Safety
There were no unusual safety signals observed during the
study. In this study in healthy volunteers, both fesoterodine

Table 1
Active moiety pharmacokinetics at steady state following 4- and 8-mg once daily doses of fesoterodine vs. tolterodine extended release (ER)

Parameter (units)*

Tolterodine ER 4 mg Tolterodine ER 8 mg Fesoterodine 4 mg Fesoterodine 8 mg

Tolterodine 5-HMT
Tolterodine
+ 5-HMT Tolterodine 5-HMT

Tolterodine
+ 5-HMT 5-HMT 5-HMT

EMs (n = 18) EMs (n = 18) EMs (n = 18) EMs (n = 18)

AUC(0,24 h) (nM h) (%CV) 61.1 (116) 66.1 (42) 138.1 (83) 139.1 (120) 141.2 (42) 299.8 (87) 91.7 (46) 179.6 (42)
Cmax (nM) (%CV) 5.6 (120) 5.2 (41) 11.6 (87) 13.5 (106) 10.7 (43) 25.8 (81) 8.8 (48) 16.4 (40)

tmax (h) (range) 5 (2, 12) 5 (2, 6) 5 (2, 6) 5 (1, 12) 4.5 (3, 12) 4 (1, 6) 5 (2, 6) 5 (4, 6)
Ae (mg) (%CV) NA† 0.38 (39) NA† NA† 0.71 (30) NA† 0.44 (40) 0.89 (36)

CLr (ml min-1) (%CV) NA† 259 (25) NA† NA† 235 (29) NA† 214 (27) 225 (24)

PMs (n = 10) PMs (n = 10) PMs (n = 9) PMs (n = 8)

AUC(0,24 h) (nM h) (%CV) 601.7 (47) NA‡ 601.7 (47) 1417.9 (44) NA‡ 1421.8 (44) 136.0 (32) 314.3 (29)
Cmax (nM) (%CV) 35.7 (46) NA‡ 35.7 (46) 80.9 (40) NA‡ 81.2 (40) 11.9 (33) 26.5 (27)

tmax (h) (range) 5.5 (5, 8) NA‡ 5.5 (5, 8) 6 (4, 12) NA‡ 6 (4, 12) 5 (4, 6) 5 (4, 6)
Ae (mg) (%CV) NA† NA‡ NA† NA† NA‡ NA† 0.60 (30) 1.32 (25)

CLr (ml min-1) (%CV) NA† NA‡ NA† NA† NA‡ NA† 207 (38) 199 (24)

*Geometric mean (%CV) for AUC(0,24 h), Cmax, and CLr; arithmetic mean (%CV) for Ae, and median (range) for tmax. Tolterodine and 5-HMT concentrations were expressed in nM

units, using their molecular weights (325.5 and 341.5 respectively). †Urine samples were not assayed for tolterodine. ‡5-HMT not formed in PMs following tolterodine ER
administration; quantifiable but very low (<0.5 ng ml-1) concentrations in some PMs at the 8-mg dose. EM, extensive metabolizer; 5-HMT, 5-hydroxymethyl tolterodine; PM, poor
metabolizer; NA, Not applicable.
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and tolterodine ER were well tolerated. The tolerability of
fesoterodine 4 and 8 mg and tolterodine ER 4 and 8 mg
was typical of that seen with antimuscarinic agents [2]. Dry
mouth was reported in 7% and 14% of the tolterodine ER
4- and 8-mg groups, respectively, and 11% and 26% of the
fesoterodine 4- and 8-mg groups. Constipation was
reported in 3% and 4% of the tolterodine ER 4- and 8-mg

groups and 4% and 4% of the fesoterodine 4- and 8-mg
groups respectively. Headache was reported in 14% and
25% in the tolterodine ER 4- and 8-mg groups and 7% and
0% of the fesoterodine 4- and 8-mg groups respectively.All
cases of dry mouth, constipation and headache were mild
or moderate. Three serious AEs were reported, each
leading to discontinuation from the study: one case of
abdominal pain related to appendicitis (subject was EM,
and the event occurred about 2 days after the last dose of
tolterodine ER 8 mg in period 1), one case of myocardial
infarction (subject was PM, and the event occurred about 7
days after the last dose of tolterodine ER 8 mg in period 1)
and one case of chest pain (subject was EM, and the event
occurred about 2 h after the third dose of tolterodine ER
4 mg in period 2). Only the SAE of chest pain of moderate
severity was considered related to the study drug. The
subject was treated with glyceryl trinitrate and acetylsali-
cylic acid, and the event resolved after about 4 h.

Discussion

The results of this head-to-head PK study show that active
moiety concentrations were considerably more variable
following administration of tolterodine ER compared with
those following fesoterodine. There was considerably less
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Figure 3
Individual subject steady-state plasma concentrations of
5-hydroxymethyl tolterodine (5-HMT) following administration of fes-
oterodine (solid and dashed lines for CYP2D6 poor metabolizers and
extensive metabolizers respectively; green and blue lines for 4- and 8-mg
doses respectively). ER, extended release
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variability in the PK of 5-HMT after fesoterodine adminis-
tration compared with the PK of tolterodine + 5-HMT, the
active moieties of tolterodine ER. This contrast is best illus-
trated through the ratios maximum : minimum exposure
values observed across the EMs and PMs of CYP2D6 (up to
seven- and 40-fold, following treatment with fesoterodine
and tolterodine ER respectively).

Tolterodine, and not 5-HMT, was identified as the princi-
pal source of variability after tolterodine ER administration.
The differential variability was attributable to formation of
5-HMT via CYP2D6 from tolterodine ER vs. via esterases

from fesoterodine.The active moiety exposure in tolterod-
ine ER-treated subjects involves two moieties and a geneti-
cally variant enzyme, whereas in fesoterodine-treated
subjects it involves a singular active moiety that is formed
by ubiquitous and genetically invariant esterases. It is
known that genetic polymorphisms of the CYP2D6 enzyme
can alter the metabolism of drugs requiring hepatic
metabolism [12]. In this study, consistent with the promi-
nent role of the CYP2D6 enzyme in the metabolism
of tolterodine [15], the administration of the agent in
PMs resulted in substantially higher concentrations of

Table 2
Span of active moiety exposures, stratified by CYP2D6 genotype at steady state following 4- and 8-mg once daily doses of fesoterodine vs. tolterodine
extended release (ER)

Active moiety AUC(0,24 h) (nM h)* Active moiety Cmax (nM)*
Fesoterodine† Tolterodine ER‡ Fesoterodine† Tolterodine ER‡
4 mg 8 mg 4 mg 8 mg 4 mg 8 mg 4 mg 8 mg

EMs
Geometric mean 91.7 179.7 138.1 299.8 8.8 16.4 11.6 25.8
Minimum 34.8 70.3 30.4 80.6 3.7 6.7 3.7 8.2
Maximum 220.8 357.2 586.0 1290.0 23.9 29.9 46.7 111.0
Maximum : minimum ratio§ 6.3 5.1 19.3 16.0 6.5 4.4 12.6 13.5

PMs
Geometric mean 136.0 314.3 601.7 1421.8 11.9 26.5 35.7 81.2
Minimum 77.3 159.9 186.0 432.0 6.4 12.6 10.5 24.2
Maximum 216.7 489.0 1210.0 2490.0 19.7 37.5 69.7 132.0
Maximum : minimum ratio§ 2.8 3.1 6.5 5.8 3.1 3.0 6.6 5.5

*Tolterodine and 5-hydroxymethyl tolterodine (5-HMT) concentrations were expressed in nM units, using their molecular weights (325.5 and 341.5 respectively). †Active moiety:
5-HMT. ‡Active moiety: Tolterodine+5-HMT. §Index of the span of exposures. ER, extended release; EM, extensive metabolizer; PM, poor metabolizer.
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Figure 4
Box–Whisker plots of active moiety exposures, by dose and genotype, following administration of tolterodine extended release (ER) (A) and fesoterodine (B).
EM, extensive metabolizer; PM, poor metabolizer
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tolterodine and 5-HMT compared with EMs, resulting in
higher drug exposure in PMs vs. EMs.Because CYP2D6 is not
required for the formation of 5-HMT from fesoterodine [14,
16], there was reduced variability of active moiety expo-
sures in EMs and PMs after administration of fesoterodine
vs. tolterodine ER.This is particularly desirable for the phar-
macologic management of the OAB patient population
who may have additional contributors of exposure and/
or response variability (i.e. concomitant illnesses and
medications).

Once formed, the active moiety 5-HMT had substantial
excretion in the urine and it appeared to be similar for both
drugs. Mean urinary excretion of 5-HMT following fes-
oterodine 4 and 8 mg,respectively,was 0.44 and 0.89 mg in
EMs and 0.60 and 1.32 mg in PMs. Following tolterodine ER
4 and 8 mg, it was 0.38 and 0.71 mg respectively (EMs
only). Renal clearance was similar regardless of adminis-
tered drug, dose or genotype. Geometric mean renal clear-
ance of 5-HMT was 199 to 259 ml min-1 and was similar
regardless of administered drug, dose or genotype.

In tolterodine ER treated subjects, the high pharmaco-
kinetic variability and the attainment of excessively high
exposures are specifically related to the tolterodine active
moiety and CYP2D6 PM genotype (Figure 2B). Exposures
may be even higher in patients with genetic polymor-
phisms taking concomitant medications considering that
patients with high and unpredictable exposures to medi-
cations because of genetic polymorphisms can experience
greater adverse effects.The relationship between pharma-
cogenomics and adverse drug reactions has been evalu-
ated by Phillips et al. [17]. Through a systematic review, 27
drugs that are often cited in ADR studies were identified;
59% of these drugs were metabolized by at least one
enzyme causing poor metabolism. Alternatively, only 7%
to 22% of randomly selected drugs are known to be
metabolized by enzymes with this genetic variability.
Although the tolerability following tolterodine ER and fes-
oterodine treatments was not markedly different in this
study in healthy volunteers, there is a potential for a genet-
ics and high exposure related differential between the
clinical effects of these two drugs. Clinical studies with
tolterodine have been conducted with doses up to
12.8 mg in healthy volunteers in phase 1. During phase 2
development, tolterodine doses up to 8 mg daily (4 mg
twice daily) were evaluated in subjects with OAB. Increased
incidence of residual urinary volume and urinary retention
at the highest dose limited the development of tolterodine
in phase 3 to doses of 4 mg daily [18]. Fesoterodine has
been evaluated at single and multiple once daily doses up
to 28 mg in healthy volunteers in phase 1 studies and up to
12 mg once daily in subjects with OAB in phase 2 studies,
leading to the selection of 4- and 8-mg once daily doses for
phase 3 development [5]. Selection of the phase 3 doses of
fesoterodine was based on benefit–risk evaluation of the
added efficacy relative to the increased incidence of dry
mouth at the 12-mg dose. Unlike tolterodine, urinary

retention and residual volume were not dose-limiting [5].
As a result, it was possible to gain marketing authorization
of 4-mg and the higher 8-mg daily doses of fesoterodine,
whereas tolterodine could only be developed up to 4 mg
daily.

The development of fesoterodine at two doses allows
for individualization of therapy in OAB patients based on
response. Higher active moiety exposures with fesoterod-
ine 8 mg, combined with lower PK variability, will likely
improve treatment response and its consistency and pre-
dictability when compared with tolterodine ER 4 mg. In a
phase 3 study, treatment with fesoterodine 8 mg was
shown to provide greater symptom improvement com-
pared with tolterodine ER 4 mg. Although the incidence of
dry mouth and constipation was somewhat higher with
fesoterodine 8 mg, the related discontinuation rate was
low and similar compared with tolterodine ER 4 mg [19]. As
further evidence of the superior efficacy of fesoterodine
8 mg, results of two recent head-to-head clinical trials in
OAB patients demonstrated that treatment with fesotero-
dine 8 mg provided greater symptom improvement vs.
tolterodine ER 4 mg [20, 21].

In conclusion, the coefficient of variability and the span
of the active moiety exposures were considerably lower
following administration of fesoterodine (up to 48% and
sevenfold respectively) compared with tolterodine ER (up
to 87% and 40-fold).Tolterodine, and not 5-HMT, was iden-
tified as the principal source of variability after tolterodine
ER administration. Fesoterodine delivers 5-HMT with less
variability than tolterodine, regardless of CYP2D6 status,
with up to 40% higher bioavailability compared with
tolterodine ER. Unchanged 5-HMT was excreted in urine
after administration of fesoterodine (about 12–13% of
administered dose across EMs and PMs) and tolterodine ER
(about 9–10% of administered dose in EMs only).The renal
clearance of 5-HMT was similar, regardless of the adminis-
tered drug, dose level or genotype. Both 4- and 8-mg doses
of tolterodine ER and fesoterodine were well tolerated.
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