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ABSTRACT 
Background: Solifenacin succinate (YM905; 

Vesicare ®, Astellas Pharma Inc., Tokyo, Japan) is a 
new once-daily, orally administered muscarinic recep- 
tor antagonist under investigation for the treatment of 
overactive bladder. 

Objective: The aim of this study was to evaluate the 
effect of solifenacin on the pharmacokinetic (PK) pa- 
rameters of an oral contraceptive (OC) containing 
ethinyl estradiol (EE) and levonorgestrel (LNG). 

Methods: In a double-blind, placebo-controlled, 
2-period, crossover study, 24 healthy, young, white wom- 
en received a combined OC (EE 30 lag + LNG 150 lag) 
daily for two 21-day cycles, separated by a 7-day wash- 
out. On day 12 of each cycle, subjects began a 10-day 
regimen of solifenacin 10 mg QD, which is 2 times the 
suggested starting dose, or placebo. Subjects crossed 
over to the other treatment arm for the second cycle. 
Primary PK end points were Cm~ x and AUC from time 0 
to 24 hours (AUC0_24h) for EE and LNG. Women 
ranged in age from 20 to 37 years and had a mean body 
weight of 64 kg, mean height of 167.4 cm, and mean 
body mass index of 23 kg/m 2. Seven women had never 
smoked, while 5 were former smokers and 12 were regu- 
lar smokers. Safety assessments included the nature, fre- 
quency, and severity of spontaneously reported or ob- 
served adverse events, vital signs, electrocardiogram, 
laboratory values, and physical examination. 

Results: Statistical analysis of AUC0_24ffproduct of 
baseline concentration and total blood sampling time, 
and Cmax/baseline concentration ratios of solifenacin 
versus placebo for EE and LNG found the 90% CI to 
be within the predefined range of 0.8 to 1.25 (EE: 

0.854-1.164 and 0.822-1.167; LNG: 0.920-1.125 
and 0.910-1.139). The number of samples with non- 
quantifiable luteinizing hormone (LH) and follicle- 
stimulating hormone (FSH) levels were comparable 
after administration of the OC with either solifenacin 
or placebo. The adverse event most frequently reported 
was dry mouth (solifenacin, n = 25 [9 mild, 13 moder- 
ate, and 3 severe] vs placebo, n = 1 [moderate]). There 
were no clinically relevant effects on vital signs, elec- 
trocardiogram, or laboratory parameters. 

Conclusions: A PK interaction between solifenacin 
and the OC containing EE and LNG was not found in 
this study. Solifenacin was not found to have altered 
suppression of LH or FSH. The drug was well tolerat- 
ed in these healthy, young, white, adult female volun- 
teers. (Clin Ther, 2005;27:1403-1410) Copyright © 
2005 Excerpta Medica, Inc. 
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I NTRODUCl"ION 
Overactive bladder (OAB) is a chronic, potentially de- 
bilitating condition that affects >12 million people 
in the United States. 1 A study of 16,000 adults from 
6 European countries (France, Germany, United King- 
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dom, Sweden, Italy, and Spain) concluded that >22 
million adults in these countries may have this disor- 
der. 2 The International Continence Society defines 
OAB as "urgency, with or without incontinence, usu- 
ally with frequency and nocturia. "3 This disorder is 
further characterized by reduction in volume voided/ 
micturition, which suggests a decreased bladder ca- 
pacity. This symptom-based definition facilitates diag- 
nosis and treatment of the disorder by nonspecialists 
who may not have access to urodynamic testing. The 
definition also acknowledges the fact that inconti- 
nence is not a prerequisite for a diagnosis of OAB. 

A study in German women indicates that -40% of 
women in developed countries currently use oral con- 
traceptives (OCs), and -80% will use these agents at 
some time during their reproductive lives. 4 These ob- 
servations suggest that a considerable percentage of 
women with OAB are likely to be taking OCs. 

Antimuscarinic therapy constitutes the major form 
of pharmacologic treatment for OAK s Studies of 
solifenacin succinate (YM905; Vesicare ®, Astellas 
Pharma Inc., Tokyo, Japan), a new once-daily, orally 
administered muscarinic receptor antagonist, have 
demonstrated a favorable safety and tolerability pro- 
file. 6,7 Studies in women and men have indicated 
that 5- and 10-mg doses of solifenacin are superior 
to placebo and effective for relieving symptoms of 
OAB. 8 

In vitro experiments performed to identify the human 
cytochrome P (CYP) 450 isoforms that may be involved 
in the in vivo hepatic metabolism of solifenacin at 
clinically relevant concentrations have identified the 
primary system as CYP3A4. Incubation of solifenacin 
with pooled human liver microsomes and CYP-specific 
inhibitors found that only the CYP3A4 inhibitor (ie, 
troleandomycin) reduced the hepatic metabolism of 
solifenacin. CYP3A4 also was shown to be responsi- 
ble for the formation of the 4R-hydroxy, N-oxide, and 
4R-hydroxy N-oxide metabolites of solifenacin. In ad- 
dition, solifenacin was found to have a weak inhibi- 
tory effect (50% inhibitory concentration [ICs0]) on 
CYP2C19 (ICs0 [SD] = 31 [1.2] laM), and even lesser 
effects on CYPIA2, CYP2C9, CYP2D6, and CYP3A4 
(ICs0 [SD], >250 laM, 214 [33] laM, 74 [1.3] laM, and 
110 [13] laM, respectively), all of which are major 
drug-metabolizing enzymes in humans (Evaluation of 
the potential of YM905 to inhibit the major human 
liver cytochrome P450 isoenzymes, Yamanouchi 
Internal Report Number 905-ME-024, March 26, 

1999). Therefore, it is hypothesized that unchanged 
solifenacin and its metabolites will not significantly 
inhibit the activities of CYP enzymes and are unlikely 
to produce pharmacokinetic (PK) drug interactions 
based on inhibition of CYP-dependent coadministered 
drugs. 

Since solifenacin and the major components of 
OCs--ethinyl estradiol (EE) and levonorgestrel 
(LNG)--are all metabolized through CYP3A4, the 
present study was conducted to test whether solifen- 
acin in steady-state concentrations affects the PK pa- 
rameters of EE and LNG in healthy, young, white 
women taking OCs. 

METHODS 
This study was performed at Dinox GmbH, Berlin, 
Germany, in accordance with the Helsinki Declaration 
(1996 version) and in compliance with the Interna- 
tional Conference on Harmonisation Guidelines for 
Good Clinical Practice and applicable regulatory re- 
quirements. 9 The protocol, subject background infor- 
mation, and written informed consent forms were 
approved by the Independent Ethics Committee 
(Ethikkommission der Arztekammer Berlin). All sub- 
jects gave written informed consent. 

Study Design 
This trial was designed as a double-blind, placebo- 

controlled, 2-period, crossover study. The study en- 
rolled 24 healthy, young, white women who had taken 
a combination OC containing EE 30 pg plus LNG 125 
or 150 lag for >3 cycles before admission to the trial. 
Three cycles were defined as 2 complete cycles, includ- 
ing pill intake and bleeding, and 1 incomplete cycle, 
including pill intake only. The women ranged in age 
from 20 to 37 years and had a mean body weight of 
64 kg, mean height of 167.4 cm, and mean body mass 
index of 23 kg/m 2. 

The 24 subjects were studied in 3 cohorts of 8 wom- 
en each. Each cohort was to complete all of the steps 
in the study. During the study, all subjects received 
the same OC (Microgynon ®, Schering AG, Berlin, 
Germany) containing EE 30 lag plus LNG 150 lag daily 
for 2 cycles of 21 days each, separated by a 7-day 
washout to allow for breakthrough bleeding. In addi- 
tion, subjects were randomized to receive solifenacin 
10 mg QD (2 times the suggested starting dose) or 
placebo for 10 days starting on day 12 of each of the 
2 cycles. Each subject crossed over to the alternative 



treatment arm for the second cycle (Figure 1). The 
washout period for solifenacin or placebo between 
cycles was to be _>17 days. An intermediate 21-day 
cycle with only the OC was permitted. 

P h a r m a c o k i n e t i c  Evaluat ion  
For analysis of hormone plasma concentrations, 

blood samples for determination of trough levels were 
taken before the morning dose on day 12 of OC 
treatment during each treatment period. On day 21 of 
each treatment period, venous blood samples (10 mL) 
were obtained before dosing and at 0.5, 1, 2, 4, 8, 12, 
and 24 hours after the last dose. For analysis of soli- 
fenacin plasma concentrations, blood samples for de- 
termination of trough levels were taken before each 
morning dose throughout active treatment during 
each study period. On day 21 of each study period, 
venous blood samples (10 mL) were obtained before 
dosing and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, and 24 
hours after the last dose. Samples were collected in 
lithium heparin-containing polypropylene tubes, kept 
chilled on ice, and then centrifuged within 30 minutes 
at -4°C for 10 minutes at 1500g. Each subject's sam- 
ples were stored as a package at -20°C and, when ap- 
plicable, were transferred to -70°C before analysis. 

Analyses of EE and LNG were performed by Aster- 
Cephac, Paris, France, using validated methods (gas 
chromatography/mass spectrometry [TSQ45] standard 

operating procedure for the quantitative determination 
of EE in human plasma, Cephac PON No. 862, version b, 
March 15, 1999; and PON technique de dosage: LNG, 
Cephac PON No. 833, version a, May 11, 1998). Anal- 
yses of luteinizing hormone (LH), follicle-stimulating 
hormone (FSH), and sex hormone-binding globulin 
(SHBG) were performed by W&T GmbH, Berlin, Ger- 
many, using validated methods (Microparticle enzyme 
immunoassay Abbott for FSH; Microparticle enzyme 
immunoassay Abbott for LH; and Immulite DPC for 
SHBG). Bioanalysis of solifenacin was performed by 
Yamanouchi Europe BV, Leiderdorp, The Netherlands, 
using validated high-performance tandem liquid 
chromatography-mass spectrometry methods (Valida- 
tion of a high-performance liquid chromatography tan- 
dem mass spectrometry analysis for the determination of 
YM905 and By-348C, its active metabolite, in human 
plasma, Yamanouchi Internal Report Number 97021, 
2002; and High performance liquid chromatograph- 
ic determination of YM905 in human plasma: imple- 
mentation and revalidation on the Finnigan TSQ7000 
AP12, Yamanouchi Internal Report Number 99155, 
1999). The limits of quantification were as follows: soli- 
fenacin, 0.5 ng/mL; EE and LNG, 10 pg/mL; FSH, 0.37 
IU/L; LH, 0.5 lUlL; and SHBG, 0.2 nmol/L. 

The PK analysis of plasma hormone and solifena- 
cin concentration data was performed by Win-Nonlin 
version 1.5 (Scientific Consulting Inc., Apex, North 
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Carolina). Noncompartmental analysis was used 
exclusively. Cma x and AUC from time 0 to 24 hours 
(AUC0_24h) were calculated for EE, LNG, LH, 
FSH, and SHBG. In addition, Cmax, AUC0_24h, and 
Tma x were calculated for solifenacin. The linear 
logarithmic/trapezoidal rule was used for calculating 
AUC0_24 h. Solifenacin has a relatively long half-life 
(-50 hours); therefore, half-life was not calculated, 
since plasma samples were collected over an insuffi- 
ciently long period (24 hours) to allow a reliable esti- 
mate. Differences between smokers and nonsmokers 
were not evaluated. 

Safety Evaluation 
Safety assessments included the nature, frequency, 

and severity of spontaneously reported or observed 
adverse events; vital signs; 12-lead electrocardiogram 
(ECG); hematologic, biochemical, and urinalyses; and 
physical examination. Adverse events were reported 
on an ongoing basis. 

Statistical Analyses 
The logarithmically transformed values of AUC0_24h/ 

AUC 0 (AUC at baseline) and Cmax/C 0 (concentration 
at baseline) for EE and LNG were subjected to analy- 
sis of variance (ANOVA), including the model factors 
subject, period, and treatment, followed by calcula- 
tion of 90% CI limits of the ratio of solifenacin to 
placebo. Therewith, AUC 0 is defined as the product 
of C o and the total blood sampling time interval. 
Descriptive statistics of hormone levels and the de- 
rived variables Cma x and AUC0_24 h were obtained for 
all 4 hormones and SHBG. Descriptive statistics of 
plasma levels and derived variables were obtained for 
solifenacin. All safety and tolerability data were listed 
and summarized without statistical testing. This was 
primarily a PK study; therefore, adverse events were 
not statistically analyzed, and a power analysis was 
not done. 

RESULTS 
Subjects 

All 24 women who entered the study were includ- 
ed in the safety analysis. One subject discontinued the 
study prematurely (on day 21 of the first study peri- 
od) because she received the incorrect study medica- 
tion. Accordingly, PK analyses were based on data 
from 23 subjects. Demographic characteristics are list- 
ed in Table I. 

Pharmacokinetics 
During dosing, trough concentrations of solifena- 

cin increased steadily until dose 7; at that time, steady 
state was achieved and the trough concentration re- 
mained generally constant. The mean (SD) PK param- 
eters of solifenacin were as follows: Cmax, 36.7 (7.4) 
ng/mL; AUC0_24h, 726 (158) ng• h/mL; and Tmax, 4.7 
(1.9) hours. The mean plasma concentration- 
time profile is shown in Figure 2. Mean (SD) apparent 
total body plasma clearance at steady state for solifen- 
acin was 10.9 (2.4) L/h. 

Table II presents the summary statistics of the plas- 
ma PK parameters of EE, LNG, and SHBG. PK analy- 
sis did not find solifenacin 10 mg QD for 10 days to 
have a significant effect on the PK parameters of EE 
and LNG (Figures 3 and 4). Additionally, 90% CI for 
AUC0_24ffAUC0 and CmaffC 0 were all within the pre- 
defined range of 0.8 to 1.25 (Table III). 

The 90% CI for the absolute parameters (ie, not ad- 
justed for baseline levels) of AUC0_24 h and Cm~ x were 
smaller than those adjusted for baseline, indicating even 
less variability. These results do not suggest that baseline 
levels were strongly correlated with levels after dosing. 

Mean Cma x and AUC0_24 h values for SHBG were 
virtually identical with and without coadministration 
of solifenacin (Table II). 

LH and FSH concentrations were below the limit 
of quantification (0.5 and 0.37 IU/L, respectively) in 
the following numbers of subjects, precluding assess- 

Table I. Demographic characteristics of patients 
at baseline (N = 24). 

Characteristic Value 

Mean (range) age, y 26.3 (20-37) 

Mean (range) body weight, kg 64.0 (57-76) 

Mean (range) height, cm 167.4 (157-185) 

Mean (range) body mass 
index, kg/m 2 23.0 (18.2-27.7) 

Mean (range) alcohol 
consumption, U/wk 3.5 (1-10) 

Smoking, no. (%) 
Never 7 (29.2) 
Former 5 (20.8) 
Regular (_<10/d) 12 (50.0) 
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Figure 2. Mean plasma concentration-time profile after administration of oral solifenacin 10 mg QD for 10 days 
in healthy, young, white women. 

Table II. Summary statistics of the plasma pharmacokinetic parameters of  ethinyl estradiol (EE), levonorgestrel 
(LNG), and sex hormone-binding globulin (SHBG) (N = 23). 

EE LNG SHBG 

With With With With With With 
Parameter Placebo Solifenacin Placebo Solifenacin Placebo Solifenacin 

C m a x ~  
mean (SD) 110 (30)* 112 (34)* 6.98 (1.76)t 6.90 (1.67)t 97.4 (28.9)t 100.7 (27.1)t 

AUCo_24 h, 
mean (SD) 1111 (305)¢ 1144 (312)t 85.4 (26.6)§ 84.8 (27.5)§ 2102 (609)§ 2083 (497)§ 

AUG0_24 h = AUC from time 0 to 24 hours. 
*pg/mL. tng/mL. ~pg-h/mL. §ng.h/mL. 

ment of PK parameters: for LH, 9 subjects taking 
placebo and 14 subjects taking solifenacin; for FSH, 
10 subjects taking placebo and 9 subjects taking soli- 
fenacin. The numbers of samples with nonquanti- 
fiable LH and FSH were comparable after administra- 
tion of the OC with either solifenacin or placebo. 
Because of the low number of samples with quantifi- 
able levels, summary statistics could not be calculated 
reliably. 

Safety Profile 
There were no serious adverse events during the 

study. A serious adverse event was defined as any un- 
toward medical occurrence that at any dose resulted 
in persistent or significant disability/incapacity or 
death, was life-threatening, required inpatient hospi- 
talization or prolongation of existing hospitalization, 
or was a congenital anomaly/birth defect. A total 
of 77 treatment-emergent adverse events (35 mild, 
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Table III. Statistical analysis of  the pharmacokinetic parameters of ethinyl estradiol (EE) and 
levonorgestrel (LNG). 

Point Estimate of Ratio 
Hormone Parameter ofSolifenacin vs Placebo 90% CI 

EE AUCo_g4h/AU C o 0.997 0.854-1.164 
Cm~/C o 0.980 0.822-1.167 

LNG AUCo_24h/AUC o 1.017 0.920-1.125 
Cma×/C o 1.018 0.910-1.139 

AUC0_24 h = AUC from time 0 to 24 hours; AUC 0 = AUC at baseline (product of baseline concentration [Co] 
and the total blood sampling time interval). 

35 moderate, and 7 severe) were recorded. The most 
frequently reported adverse events were dry mouth 
(n -- 25 [9 mild, 13 moderate, and 3 severe] reported by 
15 [65%] of 23 subjects on OC plus solifenacin and 
1 [moderate] reported by 1 [4%] of 23 subjects on OC 
plus placebo); headache (n -- 20 [7 mild, 9 moderate, 
and 4 severe] reported by 6 [26%] of 23 subjects on 
OC plus solifenacin, 7 [30%] of 23 subjects on OC plus 
placebo, and 4 [17%] of 24 subjects on OC alone); 
nasopharyngitis (n = 7 [3 mild, 4 moderate] reported 
by 1 [4%] of 23 subjects on OC plus solifenacin, 
2 [8%] of 23 subjects on OC plus placebo, and 
4 [17%] of 24 subjects on OC alone); and fatigue 
(n = 3 [all mild] reported by 1 [4%] of 23 subjects on 
OC plus solifenacin and 2 [8%] of 24 subjects on OC 
plus placebo). According to analysis by treatment, 
adverse events occurred in 19 (83%) of 23 subjects 
taking OC plus solifenacin and in 12 (52%) of 23 
subjects taking the OC plus placebo compared with 
10 (42%) of 24 subjects taking the OC alone. 

Twenty-seven adverse events were considered prob- 
ably related to treatment, 24 were possibly related, 
and 26 were not likely to be related; the majority of 
these events were mild to moderate. Of the events 
deemed by the investigators to be probably or possi- 
bly related to treatment, only dry mouth was reported 
by more subjects during treatment with OC plus soli- 
fenacin (n = 15; 65%) than with OC plus placebo 
(n = 1; 4%). There were no discontinuations due to 
adverse events in this study. Analyses of vital signs, ECG 
data, laboratory parameters, and physical examination 
did not reveal any clinically relevant abnormalities. 

DISCUSSION 
There is evidence from previous PK and drug-interaction 
studies that OCs containing estradiol and a progestin 

are metabolized by CYP3A4, as well as other 
isozymes. 1°-12 The PK parameters of OCs are known 
to be affected by several drugs, including CYP3A4 in- 
hibitors such as ketoconazole. 13 Since CYP3A4 has 
been identified as the main human liver isozyme re- 
sponsible for the metabolism of solifenacin, the results 
of this study may be relevant to the relation between 
solifenacin and other CYP3A4 substrates. 

The mean PK parameters of solifenacin in this study 
were similar to those observed at the same dosage 
(10 mg) in previous Phase I studies of this agent adminis- 
tered without OCs. Krauwinkel et al 6 conducted an es- 
calating dose study of solifenacin in elderly men and 
women and found the PK parameters in elderly men to 
be: Cmax, 41.4 ng/mL; AUC0_24h, 879 ng • h/mL; and 
Tmax, 8.0 hours. In an investigation of solifenacin in 
young men, 7 the PK parameters were: Cmax, 40.6 ng/mL; 
AUC0_24h, 749 ng. h/mL; and Tmax, 4.2 hours. These re- 
sults indicate that Tma x was longer in healthy elderly 
males than in healthy young males (8.0 vs 4.2 hours). 

The ICs0 of solifenacin for CYP3A4 in vitro is 
52.9 ng/mL (molecular weight x 110 I~M). In the pres- 
ent study, the Cma x of solifenacin in plasma was 
37 ng/mL, which was below the ICs0 level, indicating 
that interaction based on inhibition is not expected to 
be clinically relevant. 

No statistically significant effects of solifenacin on 
the PK parameters of an OC containing EE and LNG 
were evident in this study, suggesting that the poten- 
tial of solifenacin to cause clinically relevant drug in- 
teractions with agents sharing EE and LNG metab- 
olism pathways is low. Solifenacin did not appear to 
affect the suppressing activity of EE/LNG on plasma 
levels of LH and FSH, suggesting that this muscarinic 
receptor antagonist does not interfere with the contra- 
ceptive activity of OCs containing these hormones. 



Women taking OCs have suppressed levels of LH and 
FSH during their menstrual cycle, which prevents the mid- 
cycle peak that accompanies ovulation. A study of OC 
users versus control subjects not taking OCs showed 
that the LH and FSH levels in the OC users were sim- 
ilar to those of the control subjects (-3 and 4 IU/L, re- 
spectively) at the start of their cycle. 13 Although these 
levels dropped to well below 1 IU/L for the women 
taking OCs, the levels did not drop in the control 
group. 13 In the current study, both LH and FSH plas- 
ma levels remained below the limits of quantification 
(for LH, in 9 subjects taking placebo and in 14 sub- 
jects taking solifenacin; for FSH, in 10 subjects taking 
placebo and in 9 subjects taking solifenacin), making 
the summary data unreliable, but also indicating that 
solifenacin did not significantly diminish OC activity. 

Treatment with solifenacin administered concomi- 
tantly with an OC containing EE and LNG appeared 
to be well tolerated in the population studied. Al- 
though dry mouth was more common during treat- 
ment with OC plus solifenacin than with OC plus 
placebo or OC alone, the concomitant use of OC and 
solifenacin was generally well tolerated. Analyses of 
vital signs, ECG data, and laboratory parameters did 
not reveal any safety issues. 

Based on the results of the present study, solifena- 
cin 10 mg QD did not appear to have had a clinically 
relevant effect on the PK parameters of an OC con- 
taining EE and LNG in these healthy, young, white, 
female volunteers. 

CONCLUSIONS 
In this double-blind, placebo-controlled, 2-period, 
crossover study, solifenacin did not have an effect on the 
PK parameters of EE and LNG in healthy, young, white 
women taking a combined OC. Solifenacin did not ap- 
pear to affect the suppressing activity of EE and LNG on 
LH and FSH plasma levels, suggesting that this mus- 
carinic receptor antagonist does not interfere with the 
contraceptive activity of OCs containing EE and LNG. 
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