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2. Executive Summary

On 17 October 2003, Yamanouchi Pharma America, Inc (YPA) received an Approvable

Letter for New Drug Application (NDA) 21-518 (submitted 19 December 2002). In responsc to
the issues raised in this Approvable letter, the sponsor submitted an NDA amendment addressing
these issues, and updating the safety profile of solifenacin succinate since the submission of the
4-month Safety Update.

In its Approvable Letter to YPA, the Agency made the following request regarding performing
an additional QT study: Conduct an additional QT study (095-CL-043) using both placebo and
positive controls to confirm that solifenacin succinate is not associated with clinically relevant
QT interval prolongation. FDA noted that the labeling for solifenacin succinate would remain
unresolved until data from a positive-controlled QT study were provided.

Due to the relatively long half life and dose limiting side effect profile of this compound, the
submitted study design was more complex than most QT study designs. While reviewing this
submission, a significant period effect was detected which precluded the per protocol analysis.
This led to alternate analyses, as laid out in the review, which attempted to determine the true QT
prolongation of the drug by accurately correcting for the observed period effect. Ultimately, the
mean baseline- and placebo-corrected (treatment arm B) QTcF at Tauy 18 reported in the label.

A. Recommendations
While the study design makes it difficult to precisely determine the needed QT prolongation
values, it is felt that an adequate determination can be derived. The QT response to the
therapeutic dose of solifenacin (10mg) appears to be small (approximately 2 msec) while the
response to solifenacin 30mg appears similar to, though less than, that seen with moxifloxacin
(approximately 8 msec). The QT response to several moxifloxacin 460mg doses was between
10-15 msec. These responses are the mean bascline-corrected QTcF at PK Ty corrected for the
parallel groups time-matched baseline-corrected placebo QTcF.

It should be noted that there is no 30 mg dose of solifenacin. This dose was studied as the
exposure resulting from 30 mg exceeds the “worst case” exposure, when 10 mg solifenacin is
administered concomitantly with a potent CYP 3A4 inhibitor or in those patients with hepatic or
renal impairment. In those cases where a patient is concomitantly administered a potent CYP
3A4 inhibitor or has renal or hepatic impairment, prescribers are recommended (see DOSING in
label) to administer 5mg of solifenacin to account for the increased exposure.

This submission is acceptable from a Clinical Pharmacology and Biopharmaceutics perspective.
The labeling comments have been finalized.

B. Phase IV Commitments (if necessary)
None.

3. Question Based Review

C. General Clinical Pharmacology



The sponsor has submitted a study who’s primary objective is to estimate the effect of steady
state oral dosing of solifenacin (10 mg qd and 30 mg qd) and single dose moxifloxacin (400 mg)
on QTc interval as measured by the time-matched QTc effect at the time of maximum
concentration (Tmax) on each active regimen relative to placebo with adjustment for baseline.
Additionally, secondary objectives, as listed by the sponsor are:

1. To estimate the effect of steady state solifenacin (10 mg qd and 30 mg qd) and single dose
moxifloxacin (400 mg) on other summary measures of the QTc interval on each active regimen
relative to placebo.

2. To estimate the effect of steady state solifenacin (10 mg qd and 30 mg qd) and single dose
moxifloxacin (400 mg) on QT interval and HR relative to placebo.

3. To characterize the pharmacokinetics of solifenacin and moxifloxacin.

Briefly, this study was a five-session, sequential, crossover study. Subjects were randomized to
one of two treatment groups (Treatment Group A or Treatment Group B) according to a
randomization schedule prepared prior to the start of the study. Dosing was single-blind in
Sessions 1 and 2. All subjects received a single oral dose of 400 mg moxifloxacin in Session 1
and a single oral dose of placebo in Session 2. There was at least a three day washout between
sessions | and 2. There was no washout between Session 2 and the start of dosing in Session 3.
Subjects were blindfolded during the administration of study medication in both sessions in order
to maintain the blind.

Dosing was double-blind in Sessions 3 to 5. Subjects randomized to Treatment Group A
recetved increasing doses of oral solifenacin. Subjects randomized to Treatment Group B
recetved matching placebo on each corresponding study day, except for Session 3, Day 14 and
Session 5 Day 14 when they received a 400 mg dose of moxifloxacin. There was no washout
between any of the treatment sessions. Study medication was provided in blinded subject kits
containing the same number of tablets in all kits for a given dosing day (moxifloxacin was added
to kits for treatment group B by an unblinded pharmacist), and subjects were blindfolded during
the administration of study medication on Session 3, Day 14 and Session 5, Day 14 in order to
maintain the study blind. In Sessions 1, 2 and 3, there was a one day baseline (no drug) prior to
the start of dosing. Treatment descriptions are summarized in the following table.

Table 1. Treatment Description



Treatment Group A | Treatment Group B
Session 1 1-day baseline (no drug)

moxifloxacin (400 mg) on Day 1

Session 2 1-day baseline {no drug)

placebo on Day 1

Session 3 | 1-day baseline (no drug) 1-day baseline (no drug)

sofifenacin 10 mg UID x 14 days placebo UID x 13 days; moxifloxacin
(400 mg) on Day 14

Session4 | solifenacin 20 mg UID x 5 days placebo UID x 5 days

Session 5 | sofifenacin 30 mg UID x 14 days placebo UID x 13 days; moxifloxacin
(400 mg) on Day 14

Demographics

Subjects in this study were adult women with a mean age of 51 years (Table 2). In accordance
with the protocol, 35 women (41%) were under 55 with a mean BMI of 24.68 and 51 women
(59%) were 55 years of age or older with a mean BMI of 26.96. This age distribution was
maintained at each site as well as for the study overall. Half thc women were white and one-
third were Hispanic.

Table 2. Demographic Characteristics of Study Population

Group Parameter Age Height Weight
{years) (m) (kg)
All Subjects Mean 51 1.60 67.0
n =86 SD 13.3 0.07 9.9
Range 19-79 1.47-1.77 404 -97.7

Source Data: Section 12, Table 12.2
100% Female; 48% While, 34% American Hispanic, 6% Black. 6% Cnental, 7% Other

A total of 91 subjects were enrolled into the study, and 86 received at least one dose of
study medication. Of these 86 subjects, 58 were randomized to Group A and 28 to Group
B. A total of 76 subjects completed the study, 51 in Group A and 25 in Group B.

Table 3. Study Population

Disposition Number of subjects
Total screened 129
Total screened but not used 38
—Alternate not needed 11
—Abnormal labs 10
—did not meet criteria 4
—Abnormal ECG 3
—Decided not to participate 2
-Schedule conflict 2
—Unable to obtain IV access 2
—Positive urine drug screen 1
—Other 3
Total randomized to treatment 91




—withdrawn prior to dosing 5
Group A: Solifenacin | Group B: Placebo/Moxi Total

Total Dosed 58 28 86
Total withdrawn after dosing 7 3 10
—Adverse event 4 3 7
—Schedule conflict 2 V] 2
-Withdrew consent 1 ¢ 1
Total Completed 51 25 76

1. Phamacokinetics/Bioavailability
Blood samples for pharmacokinetic analysis of moxifloxacin were obtained at pre-dose and 0.5,
1,1.5,2,3,4,6,8, 12, 16 and 24 hours postdose on Session |, Day {. To maintain the single-
blind across sessions 1 and 2, blood samples were also obtained at pre-dose and 0.5, 1, 1.5, 2, 3,
4, 6, 8, 12, 16 and 24 hours postdose on Session 2, Day 1. These samples were collected in the
same manner as the samples collected for moxifloxacin analysis on Session 1, Day I.

Blood samples for pharmacokinetic analysis of both moxifloxacin and solifenacin were obtained
at pre-dose and 0.5, 1, 1.5, 2, 3,4, 6, 8, 12, 16 and 24 hours post-dose on Session 3, Day 14 and
Session 5, Day 14. Since Sessions 3 and 5 of this study were double blind, blood samples for
pharmacokinetic analysis of both moxifloxacin and solifenacin were obtained for all subjects
(Treatment Group A and Treatment Group B} at these time points.

For Session 5, Day 14, additional samples were collected at 36, 48, 72, and 96 hours post-dose in
order to characterize the terminal phase of solifenacin. Blood samples for trough solifenacin PK
levels were also collected on Session 3, Days 5, 10 and 12 and on Session 5, Days 2, 9 and 13.
Since Sessions 3 and 5 of this study were doubie blind, blood samples for pharmacokinetic
analysis of solifenacin were obtained for all subjects (Treatment Group A and Treatment Group
B) at these time points. The maximum number of samples to be collected per subject for
pharmacokinetics throughout the entire study did not exceed 48 samples for moxifloxacin
(including the 'dummy’ samples collected in Session 2) and 34 samples for solifenacin.

Moxifloxacin PK

Overall, peak and total exposure of moxifloxacin were consistent throughout the study. The data
between Groups A and B (Session 1) are very consistent, as are the data in Group B between
Session 1, 3 and 5. Mean AUC and Cy,, values do not vary by more than 6% from each other in
comparisons between Groups A and B in Session | or comparisons between Group B in Sessions
1,3, and 5. The Cyax and AUC reported by the sponsor are approximatcly 40% less than the
values reported in the moxifloxacin label.

Table 4. Summary of Mean Moxifloxacin Pharmacokinetic Parameters following a Single
400 mg Dose to Healthy Volunteers



: Group Session 1 Session 3 Session 5

AUC@24 (ng hr/mL): | A 28548 (17.8%) na na

Mean (CV%) . _

(range) B 28404 (17.2%) 29678 {15.2%) 30128 (17.3%)

Conax (N@/mL): A 2698 (20.2%) na na

Mean (CV%)

(range) B 2707 (19.5%) 2974 (17.4%) 2778 (14.1%)

Touse (N0): A 1.60 na na

Median (0.48-4.10)

(range) B 2.06 1.59 1.98

ty (hr): A 9.05 (14.4%) na na

Mean (CV%)

(range} B 8.03 (11.5%) 8.95 (17.3%) 9.33 (16.7%)
Solifenacin PK

The steady-state pharmacokinetics of solifenacin are linear in the range studied, with both the

AUC(0-24) and Cp.y of solifenacin in Session 5 about 3-fold higher than that observed in
Session 3. The sponsor only reported half-life estimates for Scssion 3, since this was the last
dose of solifenacin given in the study.

Table 5. Summary of Mean Solifenacin Pharmacokinetics following 10 mg and 30
mg QD x 14 days in Healthy Volunteers

Solifenacin 10 mg QD Solifenacin 30 mg QD
Parameter Day 14 Day 14

AUCo.2¢) (ng hr/mL):

Mean (CV%) 918.2 (44 .9%) 3192 (49.8%})

{range) T —

Comax (Ng/mML):

Mean (CV%) 48.15 (41.5%) 161.3 (46.1%)
{ {range) - LT

T o {1F):

Median 511 5G8

(range) — —

ty (hr):

Mean {CV%) na 56.5 (36 9%)

(range) .

Reviewer’s comments:




* The steady state solifenacin Cy,x achieved in this study in session 5 (30 mg qd X 14 days)
well exceeds what would be achieved if a patient took the clinical dose of solifenacin (10 mg
qd) along with a potent CYP3A4 inhibitor.

2. Exposure-Response

Note that the sponsor uses the following abbreviations throughout the pharmacodynamic
statistical analysis and results sections:
SI0 Salifenacin 10mg (Scssion 3

530 Solifenacin 30mg (Sceaion 3)
M Mixi floxacin (Seasion 1)
M3 Mo floxacin (Scasion 3)
M3 Moxiflomacin (Session 3
P Placcho (Session 2)
3] Placcho (Bession 3)
PS Placche { Session 3)

QT Correction
Population Approaches:

1. Fridericia’s correction QTcF = QT/RR'?
2. Bazett's Correction QTcB=QT/RR'?

Individual Approaches:

3. Individual (linear) correction QTci
4. Individual (non-linear) correction QTcil

The steps involved in the estimation of the individual correction factor for each subject were as
follows:

1. All baseline time point values of QT and RR for each subject before the start of each session
(1, 2 and 3) were utilized for estimating the correction factor (3 baseline session days, 1 time
points, and 3 replicates, for a total of 99 pre-dosc ECG's). A linear (QT= a +3*RR) regression
model and a non-lincar regression model QT = o x RRP were fit (the latter of which is equivalent
to the linear regression model, Ln QT = Lna + f x Ln RR), and the slopes (B) for the above
linear regression models were estimated.

2. Individual QT values were corrected to obtain QTci and QTciL. values as follows:

QTcil = QT/RR? and
QTci =QT + B(1-RR)

where B is the estimate of the correction factor obtained in step 1 from the respective models.
These QTci and QTcil. values were averaged at each time point. QTci and QTciL values
(baseline data) were plotted against RR along with Pearson correlation coefficient, r, between



QTcI and RR and to check whether the pattern attested to a fairly independent relationship
between the two parameters.

The following are plots of QTc vs. RR with a linecar regression fit for each. The closer to zero
the slopes of these regression lines, the more appropriate a correction method for this population.
According to these graphs, the best correction for this data is the individual (lincar) correction,
QTci.
Figure 1. Corrected QT vs. RR
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Outlier Measurements
The following table lists the frequency of QTcF measures greater than 450 msec. No QTeF
measure was greater than 500 msec.

Table 6. Outlier QTcF > 450 msec; N (%)
Regimen | N(A) N(B) N Outhers | N Outliers
TRT A TRT B

M 3537 [1751 | 19(0.54) |31(1.77)
M3 - 782 - 24 (3.07)
M5 750 21 (2.80)

P 3423 1667 5(0.15) 1 (0.06)




P3 - 1563 |- 10 (0.64)
P5 - 751 - 3 (0.40)
S10 4957 |- 68 (1.37) |-
S30 3060 | - 181 (5.92) | -
APPEARS THIS WAY
GN QRIGINAL
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Table 7. QTcF Change from Baseline Qutliers >30 msec and > 60 msec

. ‘ >30 and < 60 msec >60 msec

Regimen | N(A) N(B) TRTA |TRTB |TRTA |TRTB
M 638 289 2336 18G9 [00.0) | 00.0)
M3 - 232 - 53 (18.5) |- 1(0.3)
M5 _ 232 . 43(15.6) |- 0(0.0)
P 625 304 2(03) | 0(0.0) 0 (0.0) 0 (0.0)
P3 - 262 : 24 (84) |- 0 (0.0)
P5 - 267 } 43 (15.6) |- 0 (0.0)
S10 1060 ; 128 (10.8) | - 0 (0.0) ;

S30 380 - 239 (213) | - 3(0.3) .

Mean Baseline-corrected QTcF and Baseline- and Placebo-corrected QTcF
Initial analysis will focus on data from Treatment Group A alone as Treatment Group B was
proposed for “exploratory purposes only” when the protocol was initially reviewed.

Table 8. Mean Change in Baseline-corrected QTcF and Baseline- and Placebo- (Treatment
A only) corrected QT F

. Mean Change in
Mean Change in -
Tréatment Baseline-corrected QT Baseline- and
roup (msec)* Placebo-corrected
QT (msec)”
Placebo®
(Treatment A) -0.025 -
(-0.91 —- 0.86)
Moxifloxacin
400mg® 9.27 9.30
(Treatment A, (8.37-10.17) (8.40 - 10.22)
Session 1)
0 = C
S"';ff‘:;‘c'" 13.30 13.33
& (11.65 — 14.95) (11.69 - 15.00)
£l * ¢
S“';g":“'“ 17.51 17.53
g (16.85 — 18.16) (16.90 — 18.22)

*Baseline-corrected with session | baseline
®Baseline-comrected with session 2 baseline
“Baseline-corrected with session 3 baseline

10



Both Solifenacin 10 and 30 mg responses are greater than the moxifloxacin response. However,
as has been seen from other datasets, placebo response appears to change with time (possible
period effect) and is not captured when placebo correcting with TRT A placebo response. This
possible period effect is also seen with the moxifloxacin responses.

The following figure shows the different baseline-corrected means across alt sessions for
placebo, moxifloxacin and solifenacin.

Figure 2. Mean Change from Baseline QTcF by Group, Session and Regimen
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Placebo response in TRT B is measured in a more similar time frame to the Solifenacin
measurements in TRT A. Using baseline measures from session 3, those placebo responses,
along with session-corrected Moxifloxacin and Solifenacin responses, are presented in the
following two tables.

APPEARS TH!S WAY
ON ORIGINAL
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Table 9. Mean Change in Baseline-corrected QTcF and Baseline- and Placebo-

(Treatment B) corrected QTcF

. Mean Change in
Mean Change in -
Treatment Baseline-correcfe d QTc Baseline- and
Group (msec) Placebo-corrected
QT¢ (msec)
Placebo
{Treatment B, 13.47
Session 3) (12.02 - 14.92) B
Placebo
{Treatment B, 9.74
Session 5) (8.38 - 11.10) )
Moxifloxacin
400mg 18.41 4.94
(Treatment B, (16.71 —20.12) (3.44 — 6.45)
Session 3)
Moxifloxacin
400mg 16.83 7.09
(Treatment B, (15.25--18.41) (5.75 - 8.43)
Session 5)
Solifenacin
10 mg 13.79 0.32
(13.08 - 14.51)
Solifenacin
30 mg 19.57 9.83
(18.78 - 20.38) ’

APPEARS THIS way
ON ORIGINAL
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It’s important to note the difference in mean baseline readings across session and treatments. As
seen in the following two tables, the mean baseline QTc intervals appear to decrease with time
with consistently lower baselines in TRT B compared to the same session in TRT A.

Table 10. Mean Baseline QTcF by Treatment Group — (msec (95% CI))

Baseline Mean QTcE :

All Subjects TRT A TRT B
Session 1 405.00 405.36 404.30

(404.04 - 405.97) | (404.28 — 406.45) (402.38 - 406.22)
Session 2 404.68 405.84 402.32

(403.68 — 405.68) | (404.70 — 406.99) | (400.40 - 404.23)
Session 3 399.87 401.11 397.93

(398.71 — 401.03) | (400.10 -- 402.13) (396.12 — 399.74)

As seen above, the mean baseline reading between groups is significantly different, particularly
in Session 3. The Session 3 difference between TRT A and TRT B in QTcF is 3.18 msec. This
difference is problematic in that it leads to questions regarding the placebo responses (TRT B)
for Sessions 3 and 5. If the mean baseline QTc for each treatment group was identical, the mean
change in baseline- and placebo-corrected QTcF for solifenacin 10 and 30mg would be 3.5 and
13.01, respectively.

To better illustrate why such a significant difference cxists between subject-corrected and
treatment-corrected placebo responses, the following table lists the mean QTc’s for
moxifloxacin, placebo and solifenacin by treatment group. As seen in the shaded areas, the TRT
B subjects showed considerably different placebo responses across sessions.

APPEARS THIS WAY
CH ORIGINAL
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Table 12. Mean QTc¢ for Moxifloxacin, Placebo and Solifenacin by Treatment Group
{msec (95% CI)) :

Mean QTcF Mean QTcl
TRT A TRT B TRT A TRT B
Moxifloxacin,| 414.30 413.26 415.00 412.44
Session 1 (413.13-41547) | (411.32-415.21) | (413.65-416.35) | (410.28-414.61)
Mozxifloxacin, 416.34 415.67
Session 3 ) (414.42-418.26) | ~ (413.51-417.83)
Moxifloxacin, 414.30 1413.82
Session 5 ) 412.37-416.22) |~ 411.70-415.94
Placebo, 405.82 PN 406.93 [i¥
Session 2 (404.75-406.89) {405.73-408.13) |
Placebo,
Session 3 ] j
Placebo,
Session 5 B i O13:|
Solifenacin 415.08 415.75
10mg (414.21-415.96) |~ (414.79-416.71) | ~
Solifenacin 421.34 421.74
30mg (420.41-422.26) |~ (420.72-422.75) | ~

Additionally, it should be noted that placebo-correction with TRT B data may not be statistically
valid, due to the relatively small sample size (N=26).

In an attempt to make sense of the confounding results, and address questions raised regarding
the plausibility of these data, further analysis was performed using the baseline-corrected QTcF
and plasma concentration data. The following plots of baselinc-corrected QTcF (dQTcF) vs.
moxifloxacin concentration in the plasma (Cp} include a linear regression of the points for
comparison of slopes and intercepts.

APPEARS THIS WAY
ON ORIGINAL
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Figure 3. Plasma Concentration vs. Baseline-corrected QTcF for Moxifloxacin
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Comparison of these graphs highlights several points. The non-zero intercept seen in the
moxifloxacin sessions 3 & 5 regression suggests a potential period effect or temporal distance
from baseline effect already seen through alternate analysis of moxifloxacin, solifenacin and
placebo data. The similar slopes, however, suggest that even in light of these potential effects,
the drug is behaving similarly among the different periods.

The next figure displays the same analysis, but for the sessions 3 and 5 baseline-corrected
solifenacin data.

Figure 4. Plasma Concentration vs. Baseline-corrected QTcF for Solifenacin
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Using the linear regression equations above along with the mean Cpyyy and Cavg for moxitloxacin
and solifenacin (tables 4 and 5), the following table provides estimates for mean bascline-
corrected QTcF are derived.



Table 13. Expected Baseline-Corrected
QTcF (msec)

TcF from Linear Regression Analyses

QTcF (msec)

Session
[Data

ooled
ata*

Session

|Data

e

9.95

15.17

18.37

8.60 14.85

*Linear regression of both session 3 and 3

These estimates assume that all non-zero intercepts are artifacts of study design, not drug effect,
and are not included in determining the estimated dQTcF.

The last two methods of analysis involve use of the current draft ICH guidance. The first
analysis proposed by the guidance suggests determining the maximum mean (by timepoint)
change from baseline QTcF and subtracting off the time-matched baseline-corrected placebo
response. The second analysis suggests determining the mean baseline-corrected QTcF at PK
Trmax and subtracting the subsequent time-matched baseline-corrected placebo response. In the
case of Solifenacin, the mean Tpay was 5.4 hours so the placebo correction vscd the closest
placebo response (6 hours). The results of these analyses are provided in the following table.

Table 14. Alternate Baseline- and Placebo-Corrected QTcF for Moxifloxacin and Solifenacin

Alternate Correction Method Results — msec (95%CI)
A B

Drug

Moxifloxacin 400mg

10.78 (8.00 — 13.56)

1034 (7.79 - 13.21)

Solifenacin 10mg

537 (2.54—8.19)

1.30 (-1.47 —4.07)

Solifenacin 30mg

9.40 (6.29 — 12.51)

8.58(5.47 — 11.69)

A — Max Mean DQTcF (E ) minus time-matched baseline-corrected placebo
B — Mean DQTCcF at PK Ty, minus time-matched baseline-corrected placebo

For method B, the statistical review led to very similar results of .8 and 8.3 msec for Solifenacin
10 and 30 mg, respectively. These estimates wete rounded to the nearest whole msec and will be
included in the package insert.

Conclusion

Due to the nature of this drug (long half-life, need for dose-ramping), protocol design was
complex. The original design was initially intended for TRT B to be used solely for exploratory
purposes. However, analysis using just TRT A (Study 905-CL-022) leads to skewed results due

16



to changing placebo responses with time and different temporal distances from baseline
measures as was suggested in the previous solifenacin trial results.

Using TRT B placebo to correct for placebo response yields a mean baseline- and placebo-
corrected QTcF for solifenacin 10 and 30 mg of 0.32 and 9.83 msec, respectively. And baseline-
and placebo-corrected QTcl means of -0.77 and 8.35 msec, respectively. Using either QTcF or
QTcl, the mean QT response for the supratherapeutic solifenacin dose is about 2-4 msec greater
than the moxifloxacin response (see tables 10, 11). However, analysis of the mean response over
all times fails to capture the response seen at either the drug or effect Ty, thus leading to further
analysis (see table 14).

While the study design makes it difficult to precisely determine the needed QT prolongation
values, it is felt that an adequate determination can be derived. The maximum QT response to the
therapeutic dose of solifenacin (10mg) appears to be small (approximately 2 msec) while the
maximum response to solifenacin 30mg is approximatety 8 msec. The maximum response to
several moxifloxacin 400mg doses is approximately 10-15 msec. These responses are the mean
baseline-corrected QTcF at PK Tiax cotrected for the parallel groups time-matched baseline-
corrected placebo QTcF.

It should be noted that there is no 30 mg dosc of solifenacin and that the C,,, achieved with a
30mg dose exceeds the clinically expected “worst-case” Co,y.  Additionally, analysis of the
concentration vs. baseline-corrected QTcF allowed for validation of period effects seen in this
study and has provided a potentially novel means by which to correct for this effect.

SPPEARS THIS WAy
@N ORIGINAL
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_ Synopsis

The subject of this submission, Vesicare® (solifenacin succinate , 1s an oral therapy indicated for
d ubm py

—  Solifenacin is a competitive muscarinic-receptor antagonist. The
sponsor is currently seeking approval of 5 and 10-mg immediate-release oral tablets (taken once
daily).

RECOMMENDATION

From an OCPB perspective, the application is acceptable. Final decision regarding QT
prolongation should be made in the context of the limitations involving the definitive QT study (#
R905-CL-022) that was conducted without the use of a positive control for QT determinations
(please see details in Appendix 1).

APPEARS THIS WAY
ON ORIGINAL




Overall Summary of Clinical Pharmacology and Biopharmaceutics

Pharmacokinetic Highlights: Following administration of solifenacin, Cy,, is achieved in 3 - 6
hrs. The drug eliminates from the body relatively slowly with a half-life (t,2) of around 48 - 60
hours (> 2 days). Solifenacin has 1 major metabolite (M2) with negligible activity and 3 minor
metabolites (M3, M4 and MS5). M3 has the most muscarinic receptor activity among the
metabolites (3 fold lower than the parent), but 1s significantly lower in plasma levels than
solifencin. Solifenacin is excreted mostly in the urine (= 70% of dose, > 80% as metabolites)
and feces (= 23% of dose, mostly as parent). The drug shows linear pharmacokinetics between 5
~ 100 mg oral doses (proposed doses — 5 and 10 mg). Solifenacin is > 95% bound to plasma
proteins. Absolute bioavailability of solifenacin is high (= 90%).

« Comparative Exposure-Response of 5, 10 and 20 mg: Based on two phase 2 intensive ‘dose-
finding’ studies, the 5 mg was clearly established as the lowest effective dose in one study,
while 10 mg was in the other study. In one of the studies, ¢fficacy was maximized at the 10 mg
dose, while in the other, even the 20 mg dose was not at the maximal efficacy. However, based
on efficacy and tolerability, 5 and 10 mg doses are acceptable as final doses for the market from
an OCPB perspective.

 Intrinsic Factors: (i) There was 20 - 25 % increases in Ciax, AUC and ty; in the elderly as
compared to the young. (ii} There was a 2-fold increase in t;; and 35% increase in AUC of
solifenacin in the moderately hepatic-impaired patients. It is recommended not to exceed a 5
mg daily dose of solifenacin in this group. Severe hepatic impairment was not studied. (iii)
Severe renal impairment resulted in a 2-fold increase in AUC. It is recommended not to exceed
a 5 mg daily solifenacin dose in patients with severe renal impairment.

+« Extrinsic Factors:

Metabolic/Pharmacekinetic Drug-Drug Interactions: Solifenacin is metabolized primarily
by the CYP 3A4 enzyme system in the liver with minor contributions also from CYP 2C19.
Sponsor conducted drug interaction studies to determine PK drug interactions with ketoconazole
(both 200 mg and 400 mg dose QD), digoxin, combination oral contraceptive and a PK/PD
interaction study with warfarin. The only results of consequence were that there may be 3 and
1.5 fold increases in solifenacin AUC and Cya. respectively when in combination with 400 mg
QD ketoconazole. Hence, a 10 mg solifenacin dose would appear to be a 30 mg dose. Based on
the tolerability profile, it is recomumended not to exceed a 5 mg dose of solifenacin when in
combination with ketoconazole.

« QT Prolongation:

Sponsor conducted a study that was prospectively and adequately (based on PK parameters and
increased exposure scenarios) designed to determine the effect of solifenacin on cardiac
repolarization (“QT prolongation™). Amidst highly variable results from the study and a number
of outliers of potential concern, the mean changes in QT. corrected for baseline and placebo was
less than 3 msec for all the treatment arms (10 mg — 50 mg doses). The highest mean change
was m the 20 mg group. There are some limitations associated with the study and data (eg.
absence of a positive control arm with a known QT prolonging drug etc). Please see Appendix

I for a detailed report on the study. However, clinical significance of the results from this study
is beyond the scope of this review, and should be decided by the Clinical Team.




Background

Questions addressed in this section;

What are the highlights of chemistry and formulation of the drug and drug product?
What is the mechanism of action, proposed indication and main goal of therapy?
What are the other drugs available in this class?

What are some highlights of claims for this product in the proposed label?

The subject of this submission, Vesicare® (solifenacin succinate), is an oral therapy indicated for

pe—

Solifenacin is a competitive muscarinic-receptor antagonist. According
to the spensor, solifenacin is specific to the My muscarinic receptor and is selective for urinary
bladder in vivo. The sponsor is currently seeking approval of 5 and 10-mg immediate-release oral
tablets (taken once daily).

Solifenacin succinate is a white to pale-yellowish-white crystal or crystalline powder (see F igure 1.
For chemical structure). It is freely soluble at room temperature in water, glacial acetic acid,
dimethyl sulfoxide, and methanol. The drug products will be provided as round film-coated tablets
in dosage strengths of 5 mg and 10 mg. The two tablet strengths are distinguished by color and a
strength-specific product code. The following is the composition of the tablets.

Table 1. Composition of Solifenacin succinate (Phase 3 and Commercial formulation)

¢ N LInit Formula {mg / tablet)
O ponENts Function
3 me 10 ma
Tablet Core
Solifenacin Succinate Acnve ingredient A0 060
Lactose Monobydrate, NE
Corn Starch, NF
Hypromellase 2910, 151"
| _magnenom Swarste, NF
! / | |
Py
| i /
1 4
[Totat 1 1540 | 1540 |

¥ The teovaous monoaraph tetke 18 Hrednseyprapnd Meshs leellilose 2910

WE Nutworal Formolars BESP United States Phaninacopesa

The formulation used in the Phase 3 studies is identical to the formulation proposed for marketing.
A change in manufacturing site (Level 3 change as per SUPAC) post phase 3 has been supported
with dissolution documentation and the sponsor is sceking a biowaiver.

Urinary incontinence, the involuntary loss of urine, is a clinical problem. Urinary incontinence
affects all age groups and is particularly common in the elderly. Overactive bladder is one cause of
urinary incontinence. Overactive bladder is a condition characterized by involuntary detrusor
contractions during the bladder filling phase, which may be spontaneous or provoked, and which
the patient cannot suppress.

The cause of bladder overactivity is not clearly known, but increased afferent activity, decreased
inhibitory control, and increased sensitivity of the detrusor to efferent stimulation are some of the



postulated etiologies. It is known that parasympathetic cholinergic nerves innervate the detrusor
muscles of the urinary bladder wall. The postganglionic neurotransmitter in the parasympathetic
neurons is acetylcholine. As the bladder fills with urine, the stimulated parasympathetic nerves
transmit acetylcholine, which causes the detrusor smooth muscle to contract and expel the urine
from the bladder. At the molecular level, activation of the muscarinic M3 receptors that mediate the
activity of the urinary bladder, ciliary muscles and salivary glands occurs through binding of
acetylcholine to the receptor. Therapeutic treatment for the overactive bladder is based on using
anticholinergic agents to inhibit the binding of acetylcholine to the cholinergic receptors and thus
suppress involuntary bladder contractions. Solifenacin succinate is a novel muscarinic antagonist
possibly with selectivity for M; receptors (over M, and M,). Thus, in theory, solifenacin succinate
should be effective in the treatment of overactive urinary bladder.

Several drug therapies including antimuscarinics, antispasmodics, tricyclic antidepressants and
estrogen are available to treat the disease. Oxybutynin (Ditropan), tolterodine (Detrol) are currently
antimuscarinics available in the marketplace for similar indications. More recently extended release
formulations for oxybutynin (Ditropan XL) and tolterodine (Detroi LA} have also been approved by
the FDA in December, 1998. Common side effects of this class of drugs are dry mouth and
constipation.

Information from 45 clinical pharmacology studies (in vitro and in vivo) have been submitted in
support of this NDA. This CPB review follows a ‘Question-Based’ GRP format, addressing
questions only relevant to this application.

APPEARS THIS WAY
ON ORIGINAL



Clinical Pharmacology

Q. Were appropriate clinical endpoints, surrogate endpoints or pharmacodynamic (PD)
biomarkers selected, adequately measured and used to assess efficacy and safety in clinical
pharmacology studies?

The efficacy of this drug has been determined in several phase 2 and 3 clinical trials using
efficacy endpoints such as mean change from baseline in mean number of micturitions per 24
hours (primary for Phase 3), mean change from baseline in number of incontinence, urgency,
and nocturia episodes per 24 hours and in volume of urine voided per micturition. Safety end
points evaluated in Phase 1, 2 and 3 studies included dry mouth and constipation among others
(eg. liver function, cardiovascular events such as QT prolongation etc.). No surrogate end
points or biomarkers were formally investigated in clinical pharmacology or clinical studies.
Considering the indication, the above assessments were acceptable.

Q. Are the active moieties in the plasma (or other biological fluid) appropriately identified and
measured to assess pharmacokinetic parameters and exposure response relationships?

Yes. The parent (solifenacin or YM905), 1 major metabolite (M2) and three minor metabolites
(M3, M4 and M5) were monitored in most of the pharmacokinetic studies either in plasma or
urine or both.

Q. What are the exposure (pharmacokinetic) characteristics of solifenacin?
What was the mass balance of the parent drug & metabolites following parent administration?
In Study 905-CL-008, the sponsor conducted a mass balance, metabolism and cxcretion

profiling of YM905 and its metabolites following administration 10 mg of an oral solution of
radiolabelled ['*C] solifenacin in 4 healthy young male subjects. The following are the results:
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Figure 1: Average radiocarbon plasrma concentrations versus lime curve.
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Table 2: Pharmacokinetic parameters for radiocarbon in plasma (as ng-eq YM9(G$ base)

Subject no. Descriptive siatistics
Parameter 1 2 3 4 Mexn  SD Min Max
Coun (0g-£g/mL) T iy 19.8 2.92 i
fuu (b) / 525 096 /
AUCq..y (ng-eq.h/imL) 1543 446
AUCy . (ng-eq.b/mL) / 1794 460 /
tyz (h) 70.1 i3.2

Table 3: Pharmacokinetic parameters for rediccarbon in whole blood (as ng-cq YMP05 basc)

Subject no. Descriptive statistics
Parameter 1 2 3 4 Mean 8D Min Max
Copas (BE-2q/mL) TR TTTTEEETTE ST T Y 219
tonar (B1) 525 [.50 /
AUCuiun (ng-eq./ml;, __ . 362 60.2 .
AUCq, (ng-eq.h/mL) 770 185 /
_tia(h) 4 a9 12.3 .

Table 4: Cumulative excretion of radiocarbon ity urine

Subject no. Descriptive statistics
Parameter I 2 3 Mean  SD Min Max
Ac (Ve dose) / 69.2 7.78 /
Ae (mg) 522 0.587
Durstion* 303h 480h 624h_ 336h B

*: post-dose time for collection of the last sample.

Table 5 Cumulative excretion of radiocarbon i facces

Subject no, Descriptive statistics
Farameter 1 2 3 4 Mean 3D Min Max
Ae (Ys dose) 22.5 3133
Ae (mg) / 170 0.251 {
Duration* 303h 337k 504h  32h

1. post-dose time for collection of the last sumpie.

Table 7. Excretion balance for radiocarbon

Subject no. Descriptive statistics

1 2 3 Mean 5D Min Max
Urine 69.2 1.18
Faeces 17 225 133 /
Expired CO, / 038 0.75 [
Total 92.1 7.66
Darstion* 503h  4R0h 624 316 -

*: post-dose time for collection of the last sample.

Table 8: _Pharmacokinetic parameters for YM905 in plasma (as ng-cq YM903 base)

Subject no. Descriptive statistles
Parameter ! 2 . Mcan SD Min  Max
Coss (ng/mL} 15.7 3.03
touas (1) / 525 096 /
AUChjuu (Bg./ml ) k 114G 362
AUCyw (ng./mL)} 1210 474 (
ta () 628 202
YMS%05/radiacarben ratis (%)
Coa
AUCﬂ—tasl /
ALUCHa
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Tahle 9:  Total excretion of YM90S in urine

Subjeet no. - Descriptive statistics .
Farameter 1 2 3 4 Mean SD Min Max
Ae (% dose) / 4.7 4 81
As (mg-eq YM905 base) L1 6.363 /7
Trration* 503h  480h 624k 336h o
YM905/radlocarhan ratio (%)
Ae s

*: posi-dose time for collection of the last sample.

Reviewer’s Comments

Based on Table 7 above, in 3 of the 4 subjects, about 95% of the radioactivity could be
recovered (after 21 days of sample collection). In subject 3, even after day 26, only — of the
radioactivity was recoverable. No obvious reasons may be attributed to this.

Based on Table 8 above, about 75% of the plasma radioactivity (based on AUC) could be
attributed to the parent YM905 in 3 subjects (indicating the presence of metabolites). Subject 4
(with about — for this value and a shorter half-life) is most likely a faster metabolizer of the
drug. This is also indicated by a lower % of dose of YM9035 in plasma whereas a higher % of
radiocarbon (due to metabolites) in the urine (see Tables 7 and 9).

Based on Table 7, about 70% of the administered dose was found in urine and 23% in feces.
Ounly about 15% of admunistered dose was excreted unchanged as YM905 in urine (Table 9)
accounting for about 12 — 30% of total radicactivity.

Further metabolite profiling showed radioactivity peaks corresponding to YM905 {10.8%),
three major metabolites and 4 minor metabolites in the urine: YM-80264 (8.3%), YM-64250
(17.8%), RT 51 (8.9%), RT 54 (1.8%), RT 55 (2.5%), RT 56 (1.4%), and RT 57 (4.9%).

For feces, the major radioactivity corresponded to parent YM905. Metabolite YM-80264 was
also observed as were traces of RT 64 and RT 55.

Thus, it may be concluded that solifenacin is extensively metabolized and majority of the

metabolites are excreted through the urine.

What is the metabolic fate of solifenacin?

The following is the chemical structure of solifenacin succinate:

RGOS
) Of
N HOJK/Y

0O

In vitro studies 905-ME-011 and -060 indicated that of the CYP P430 1soenzymes, CYP3A4 had the
- greatest potential for metabolizing solifenacin. However, other CYP P450 isoenzymes, in particular
2C19, but also 3A5, 2C8, 2D6 and 1A 1 showed the ability to metabolize solifenacin (to a lesser
extent). Apart from these phase | reactions, solifenacin is also subject to direct glucuronidation.
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Although under normal conditions, CYP3A4 is likely to be the main metabolizing enzyme, these
routes may act as salvage pathways in case CYP3A4 is inhibited.

Overall four metabolite peaks corresponding to M2 (solifenacin N-oxide), M3 (4R-hydroxy
solifenacin), M4 (4R-hydroxy solifenacin N-oxide) and M3 (solifenacin N-glucuronide) were found
in numerous in vitro studies. Three of them were formed by phase 1 metabolism (M2, M3 and M4),
while M5 was formed by direct glucuronidation of solifenacin (phase 2 metabolism). In vitro
experiments showed that M2 was primarily the product of metabolism mediated by CYP3A4,
although the isoenzymes 1A 1, 2C8, 2C19, 2D6 and 3A5 were also able to convert solifenacin into
M2. M3 was extensively formed by 3A4 and to a much lesser extent by 1A 1 and 2D6, M4 was

“formed by 3A4 exclusively. The most important metabolite found in rats was M1 (4S-hydroxy
solifenacin). This metabolite was also formed in much smaller quantities in mice and dogs, but not
in man. Study 905-ME-054 also revealed the formation of a fifth unidentified metabolite. These in
vitro results were confimmed by the single dose studies 905-CL-008 (mass balance study), 905-CL-
0069, 905-CL-021 and 905-CL-026 (preliminary data) and the multiple dose studies 905-CL-022 and
905-CL-029 (see table below).

Table 10: Overview of the metabolites found in plasma, urine and feces in clinical
pharmacology studies

Metabolite Single dose studies _ Multiple dese studies
905-CL-063 905.CL009 915-C1-021 905-CL-026 905.CL-022 905-CL-029
M2 plasma, urine | not investigated [ plasma, urine | plasma, vrne plasma plasma, urine
M3 yrine, feces unime plasma, urine | plasma, unne plasma plasma, urine
M4 uring not investigated | plasma, urine | plasma, urine plasma plasma. urine
M3 plasma, urine, | not investigated | plasma, urine | plasma, usine plasma plasma. urme
feces

In plasma samples of the mass balance study 905-CL-008, only M2 and M5 were detected (but not
quantified), although all 4 known metabolites were recovered from urine. Plasma samples were
collected and analyzed for metabolites up to 48 h post-dose (probably insufficient time for M3 and
M4 to reach detectable concentrations). In almost all single and multiple dose studies, all 4
metabolites were found in plasma and urine. According to pharmacology section of this NDA, M3
was the most active among the above metabolites, with a 3-fold lower affinity for the M3 receptor.
M3 showed affinity also for muscarinic M1 & M2 receptors and for Na channel site 2. It inhibited
the **Rb efflux from the HERG channe! with 11-fold less potency than solifenacin and prolonged
PR, QRS and QTc intervals in anesthetized dogs. M4 prolonged action potential duration (APDeo)
in the dog Purkinje fibers.

How much of the drug is bound to plasma proteins’®

In the in vitro study 905-ME-007, the extent of binding of solifenacin to plasma proteins was
investigated. Additionally, in study 905-ME-038, the proteins involved in binding solifenacin were
determined. In plasma obtained from Japanese volunteers, in vitro protein binding amounted to
96.1% at a solifenacin concentration of 75.4 ng/ml, which is close to the Cmax values found in
steady state after once daily dosing of 10 mg solifenacin succinate (a binding of 96.1% corresponds
to an fu of 0.039).

12



The primary protein involved in binding appeared to be « 1-acid glycoprotein (AGP). In study 905-
CL-029, in vivo binding of solifenacin in young and elderly Caucasian men and women was
determined. With 5 mg dosing, mean (SD) fu over all subjects was 0.01920 (0.00450). Although
there were some numerical differences between the young and the elderly and between men and
women, values in all groups were generally similar. Mean fu found in vive in Caucasian subjects
was about 50% lower compared to the in vitro results obtained with plasma from Japanese subjects.
For compounds that are highly bound to AGP, ethnic differences in fu have been observed and
consistently lower values have been reported in the Caucasian populationi. {However, differences
in methodologies used in establishing fu in Japanese and Caucasian subjects cannot be excluded or
overlooked as a contributing factor to the observed differences in fu.]

Based on PK parameters, what is the degree of linearity or non-linearity in the dose-exposure
relationship?

Sponsor conducted placebo controlled Phase I PK and PD dose-escalation Study 905-CL-001 in 62
healthy male subjects to determine the PK following single doses of solifenacin from 5 - 100 mg

daily.
Results:
Mean piasma concentration versus time curves of YM90S :
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Figure 2. “Mean plasma coucentrations of parcat YMI05 after oral adndnistration of single 5 mg to
100 mg doses in bealthy male lnbjecu:

Table 11.  Summary of selected pharmacokinetic parameters ef YMISUS5; in
each cell arithmetic mean and standard deviations (between brackets) are shown.,

Dose toran Coras AUCy .pp | AUC, Lpw ALClay iz a
(mg) (b} {ng/ml) tng.h/ml) | cxtrapolated] {(ng.h/ml) (h)
(Vi)
5 48{(14)] 635(L.7} 246 (23) 42.2 (7.9 43 (26} 40,2 (12.5)
10 40061 11.8(1.6) | 600 (203) 49.4 (8.4) 290 (S0) | 49.4(8.7)
20 133153 227¢4.8) | 1277¢6123 | 52.2(R.34) | 576 (196) § 55.1 (14.2)
40 137001465 (10.4)f2249 (1319)] at6(20.9) F1116 (2793 490 (35.4)
60 {35 {sra(12.92658 1812y 37.5(23.0) {1379 (487){ 49.6 (55.8)
80 452y {81.4014.00]7952 (5917 61.9(20.1) [2200 (5963 102.6 (73.9}
100 13.5(1.8){108.5 (17.0) 5433 (1526)[ 48.6(15.1) 12613 (375) 55.4(30.5)
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As is clearly noticeable in the above table and figure, the sampling schedule for the drug was not
sufficient (till 48 hours post dose) in comparison to its half life (about 50 hours) Hence, AUCq. 1z 18
a more dependable parameter than AUC.. The following figures show the dependency of key PK
parameters on dose:

Figure 3A
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Reviewer’s comments:

+ The exposure (based on AUCys: and Cpay) are generally proportional and linear between the 5 to

100 mg doses
o The half life of solifenacin drug is > 45 hours. The ty; of the drug is appears to be generally

independent of the dose. However, there are some outliers, probably arising from the estimation
of the terminal part of the profile when the sampling schedule was incomplete.
« Sponsor has also elegantly presented the dependence of these parameters to dose across several

single dose studies (see below):

Figure 4A: Effect of dose on Cmax / Dose (single dose studies).
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Figure 4B: Effect of dose on AUC / Dose (single dose studies).
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» From the above graphical presentations, it may be concluded that the PK of solifenacin is
linear/proportional and that the half-life is independent of dose, certainly in the range of 5 — 10 mg
(proposed for market).

+ PK information on metabolites was not reported for the single dose study.

» There was a dose dependent increase in antimuscarinic activity (based on adverse events).

o Adverse events (mamly dry mouth) significantly increased beyond 20 mg of daily dosing.

How do PK parameters change with time following chronic dosing?

Study 905-CL.-002 was a double blinded, placebo controlled, randomized rising multiple dose study in
4 sequential groups of 10 healthy volunteers each. The dose of solifenacin was 5 — 30 mg daily. The
first 4 days was PK characterization following a single dose, while days 5-21 were scheduled for
multiple dosing.

Results:
PK after Single Dose PK after Multiple Doses
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Table 12.

Pharmacokimetic parsmeters of YM905 after the {lrat and after the last dose.
Each cell contains the arithmetic mesn, the coefficient of variation and the range. For the
first dose AUCq,y Is tabulated, for the last dose AUCq;4.

Smg 10 mg 20 mg 30 mg
First Last Flrst Last First Last First Last
dose dose dose dose dose dose dose dose
(a=8) | (n=%) | (n=7) | (=N | (n=%) ; (@=8) | (a=%) . (n=§)
AUC1ue 294 602 1075 1376
fgb/mn1 (31% (39.%) (38%) (23%)
AUCowm | 411 463 786 749 1520 § 2270 1839 1765
AUCoy | (M%) | (37%) (43%) {22%) (57%) {43%) (25%) (34%)
T . - — — _ —_ _ -
s 19 58 4.7 4.2 2.9 38 53 48
) (54%) | (56%) {54%) (43%) (50%) (57%) {399%) (51%)
' '1:2_9 24.01 15.82 40.61 31.44 113.86 37.83 95.22
sgpiml) | 1% | (30%) (38%) (21%) (27%) (42%) (18%) £27%)
- s1s | ssd 474 45.0 50.8 68 T 495 516
(B) B1%) | (29%) (26%) (27%) (37%) (31%) {20%) (26%)

Reviewer’s comments:

Assuming that the drug has an effective half-life of 50 h (= 2 days), it would take about 14 days
for the drug to achieve steady state. According to Figure 6 above, it is about 14 days when
steady state is attained from most of the regimens.

Based on C,, and Cirough values in Table 12 and Figure 6 respectively, it appears that there is a
potential of a 3-5 fold accumulation of the drug following multiple dosing. However, for some
unexplainable reason, the Ciougn values following the 20 mg dose are very high (even higher
than that from the 30 mg dose). For that reason, accumulation from the 20 mg dose based on
Crough appears higher.

No mention of solifenacin metabolites are made in the presentation of data or discussion of the
study results.

Sponsor conducted another multiple dose {(similar design) study with 10 and 20 mg doses in 31
healthy elderly male and female volunteers [Study 905-CL-004]. Results follow:

Figure 7A. Individual PK profile following single dose of 10 mg solifenacin in males and females
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Figure 7B. Individual PK profile foHowing single dose of 20 mg selifenacin in males and females

Time (h)
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Reviewer’s comments:

= Based on the Cpx values, a potential of 3-5 fold accumulation of the drug following multiple
dosing was also confirmed in this study.

» Based on AUC and Ciyy values, there was a higher exposure in the female subjects. Using the
data from the 10 mg dose, there was 30 - 40% higher mean AUC and 40 - 60% higher mean
Crmax in the elderly females as compared to the elderly males based on single & multiple dose
data. The t;;s appeared to be similar in the two groups.

» From the % CV reported in the above studies, it is evident that the PK parameters may be
moderately variable for this drug (20 - 40 % CV with most PK parameters).

» There was a clear trend in dose dependence on anti-muscarinic activity (sec figures below).

» There were significant adverse events that correlated to dose. There were 40%, 70% and 100%
of patients showing digestive system side effects (eg. dry mouth) at 10, 20 and 30 mg doses



respectively. Additionally, there were 14%, 50% and 70% of the patients showing side effects
related to the nervous system following the 10, 20 and 30 mg doses respectively. Most of the
subjects on the 30 mg dose dropped out of the study due to adverse effects. Side effects from the
5 mg dose were generally lesser.
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Q. What are the PK parameters of the metabolites of solifenecin?

An overview of the summary statistics of PK parameters found in the single dose studies 905-CL-
021 and -026 and the multiple dose 905-CL-022 is given in Table 14. In the multiple dose study
905-CL-029 only trough samples were collected.

Table 14: Summary of PK parameters of the metabolites of solifenacin after dosing of 10 mg

solifenacin succinate to healthy subjects.

Parameter Design Study M2 M3 A4 S
5-CL-021 242 (14 134413 I8.7 (6.4) 6.00 (2 00}
.. s {(N=m {N — 6} (N~ {N = 3}
fonax single dose G e | 2tk T oo | wowd 1 i (126
() {N=8) iN =3 (N =8) (N = 3)
Multiple S45-C1-022 750004 131 18.65) G.36 (4.05) 0.13(2.16)
dosc {N =06 N =60) (N =60 (N = 60))
Single dose | 905-CL-021 ERY (0.37)y | 0.872 (0).285} E4G (0533 07870113
(N=6) (N=0 (N =0) (N=11
C o 905-CL-(126 281067y | DA38{0.030 FOT{058) [ O87200.19%
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. Single dose | 905-C1L-021 628130y 183 (114 06,3258 11.3 (4.0}
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(i} 905-C1.-026 60.2(22.10h YOA 23 (82102510 N
{N - §) (N -8} N ¥
AUC o0 Multiple ON5-C1.-022 239 (8 GR350 121 oy 29111400
[ (ng.h/mi) dose (N =60 (N = 60) (N =00 (N =0l
Al168h Single dose [905-CL-026" | 137037y (041200 017 [ 0503 (0 127 [ 0048 (0.040)
{mg} (N - &) (N -Ri (N 8) ™~ = 8§)

- . .
Diat are expressed as mean (S0, Preliminary data



Sponsor’s Comments on Metabolite PK:

In each of the studies 905-CL-021, -022, -026 and .029 plasma concentrations of the metabolites
were considerably lower than of solifenacin. Of the 4 metabolites the highest concentrations were
observed for M2. M5 was lowest in 905-CL-021, -022 and -029, while in -026, M3 was lowest.
After a single dose, M3 concentrations were lower than M4 concentrations and close to
concentrations observed for MS. Plasma concentrations of M3 and M5 after a single dose were
close to the LOQ and in severai subjects not quantifiable. This may have biased the estimates of the
Cmax statistics. Results obtained with 5 and 10 mg in study 905-CL-029 and with 10 and 40 mg in
study .

905-CL-022 indicated that plasma concentrations of the four metabolites increase in proportion to
the dose. Although similar after a single dose, plasma concentrations of M3 showed a more
pronounced increase than M5 during multiple dosing and became comparable to the concentration
of M4. Estimates of the t12 indicated that the ti/2 of M3 might be longer than the t12 of M4, which
may have contributed to its accumulation.

After 2 single dose, peak concentrations of M2, M3 and M4 occurred later than the Cmax of
solifenacin. However, after muitiple dosing resulted in a decease in tmax of M2, M3 and M4, but not
M5. In studies 905-CL-021 and -026, ti/2 values of the metabolites were determined. However, in a
considerable number of subjects an insufficient number of plasma samples were collected to allow
an accurate determination of ti2. Instead, in study 905-CL-026 urinary excretion data were used to
get estimates for M3 and M4. A value for M5 could not be estimated. In both studies a similar mean
tir2 for M2 was obtained. The values were close to the ti2 of solifenacin itself, suggesting that the
apparent ti2 of M2 may actually represent the rate of metabolism of solifenacin. In both studies a
higher 112 for M3 was found. In study 905-CL-021 ti2 was based on plasma data and in several
subjects t12 was based on a small number of data, which may have affected the accuracy of the
estimate. In study 905-CL-026, a tiz of 68.2 h for M4 was found based on urinary excretion data. A
higher value of 96.5 h, based on plasma data, was found in study 905-CL-021, but in several
subjects samples were only quantifiable over a short period of time. This may have affected the
accuracy of its estimate. Oniy in study 905-CL-021 an estimate of the ti2 of M5 was made, but
again plasma samples were only quantifiable over a short period of time.

In the unine samples of Study 905-CL-008, the metabolites M2, M3, M4 and M5 were found
together with the unidentified peak found in the in vitro study 905-ME-054. The highest amounts
excreted were found for M2 (17.8%), followed by M4 (8.9%). M3 (8.3%), the unidentified peak
(4.9%) and M5 (2.5%); the metabolites M3 and M5 were also found in feces together with
solifenacin. Not all metabolites found in 905-CL-008 were detected in the in vifro studies. In 3 out
of 4 subjects an additional metabolite was found in feces, but not in plasma or urine. This
metabolite was not detected in the in vitro studies.

Reviewer’s Comments

» Solifenacin is extensively metabolized with multiple metabolites having long t;,25 (> 60 hr).

» M2 is the most abundant metabolite. However, its pharmacologic activity is negligible.

» Maximum pharmacologic activity among the metabolites resides with M3 (with 3 fold less
affinity for the M3 muscarinic receptor). This metabolite also showed in virro activity in the
HERG channel study (however 11 fold lower than solifenacin). The concentrations of M3
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producing these effects, according to the sponsor, were mostly lower than those obtained in the
in vivo studies (eg. the QT prolongation study R905-C1.-022).

There were no obvious reasons (other than inadequate sampling schedule) for metabolite M5 to
show low half-lives (much lower than the parent).
Q. What are the exposure-response (PK-PD) characteristics of solifenacin?

Is the dose and dosing regimen consistent with the known relationship between dose-concentration-
response?

In this application, the sponsor is seeking approval for 5, and 10 mg doses. Preliminary PD results
from the single and multiple dose PK studies (described above), showed 20 mg and higher doses
showed significant adverse events. Based on this, the sponsor conducted two phase 2 dose-response
studies (905-CL-005 and 905-CL-006) in which OAB patients were treated with 2.5, 5, 10 or 20 mg
solifenacin succinate qd for 4 weeks.

Study 905-CL-005

This was a parallel group, multi-centre, multinational study with a single-blind placebo run-in
period of 2 weeks followed by a randomized, double-blind, active and placebo-controlled treatment
period of 4 weeks. Three hundred patients satisfying all selection criteria at the end of the placebo
run-in period (visit 2) were to be randomized to receive one of four doses of YM905 (2.5 mg, 5 mg,
10 mg or 20 mg), placebo or tolterodine 2 mg BID (50 patients per treatment group, 192
completed). Males were 40% and females were 60% of the randomized patients.

The primary efficacy variable was the change from baseline to endpoint in mean number of
micturitions per 24 hours (same as the Phase 3 studies) as derived from the urinary diary. There
were numerous secondary efficacy variable involving number of micturitions in a day, the volume
voided and urgency (also similar to Phase 3 studies). Safety was determined using descriptive
statistics of the adverse events reported. Serum PK assessments were performed in this study.

Results:

Figure 9: Mean change from baseline to endpoint in mean number of micturitions/24 h (Primary Efficacy)
Waek 2 Week 4 Endpoint
[ ]
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-3 - T p<0.05 vi. ptaceba
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Table 15A: Efficacy Parameters
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Table 15B: Safety: Treatment emergent AEs reported by > 3.0% of patients in any treatment group
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This was a Phase 2 multi-center, randomized, double-blind, placebo-controlled, paraliel-group,
fixed-dose, dose-ranging study of YM905 in 265 male and female patients with overactive bladder.
The study was conducted on an outpatient basis and consisted of a 2-week placebo run-in screening
period, a 1-day baseline period including randomization, a 4-week treatment period, and a 2-week
post-treatment follow-up period. The objective of this Phase 2 study was to determine, over a 4-
week period, which of 4 fixed -dose levels of YM905 (2.5, 5, 10, or 20 mg once daily) versus
placebo provided the optimum profile of efficacy and safety in reducing symptoms associated with

overactive bladder. The primary/secondary efficacy and safety assessments were identical to the
Study 905-CL-005 (described above).

Results
Table I6A: Efficacy Parameters. .
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Table 16B: Safety: # of AEs reported during or post treatment (occurring > 3 patients in each treatment group)
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Figure 10: Mean change from baseline in the number of micturitions per 24 hours for patients who completed
Day 28 of the study (completers subgroup, N=239)
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Sponsor also collected limited serum solifenacin PK samples (on Day -1, Day 14, Day 28, and Day

42} submitted an ‘Exploratory’ PK-PD report from

.using S-Plus software.
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Figure 14. YMY90S Cas vs Scverity of Dry Mouth — Conditioned on Dose (ng)
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Reviewer’s Comments:

Efficacy
From the first study (see Table 15A), the sponsor clearly established 5 mg as the lowest

effective dose (since 2.5 mg was not different statistically from placebo). Efficacy (at least
based on the primary end point of # of micturitions/24 hours) did not seem to have maximized
even at the 20 mg dose (however, some of the secondary end points such as incontinence and
urgency showed maximum cffect at the 10 mg level).

Results from the second study were interestingly different. While 10 mg was the lowest
effective dose, efficacy had also peaked at that dose (as evident from Table 16A and Figure 13).
Hence, just from an efficacy standpoint, choice of 5, 10 and probably 20 would be justified
(combining results from the 2 dose-finding studies).

Safety
In first study, as dose increased from 5 — 20 mg, the most commonly expected AEs (dry mouth,

constipation etc.) incidences increased (see Table 15B). Expected AEs were similar between
the 5 and 10 mg group, but about 2 fold higher for the 20 mg group as compared to the 10 mg.
The number of treatment related drop-outs was 2-fold higher for 20 mg as compared to the 10
mg.

The second study showed a dose dependent increase of % of patients with expected AEs (Table
16B). Similar to the first study, the number of treatment related drop-outs was two-fold for the
20 mg group as compared to 10 mg.

The dose dependent increase of frequency and severity of dry mouth (the most anticipated
common AE of this class of drugs) is elegantly presented in Figure 14 (Study 905-CL-006).

Overall Dose Selection
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Based on combination of the results of the two adequate “proof of concept” or dose-finding studies,
5 mg is identified as the lowest effective dose. In the second study, almost 50% patients had dry
mouth following the 20 mg dose. Additionally, from the first study, dry mouth from the 10 mg dose
was less than a currently approved regimen (Tolterodine 2mg BID) in the same study, but not the 20
mg. Considering these facts, this reviewer supports the sponsor’s decision and believes that it was
justified to pursue further development of the 5 and 10 mg doses only in the Phase 3 trials.

Q. What is the variability of PK parameters in volunteers and patients, and what are the major
causes of variability?

Key PK parameters (C,ux, AUC and t;2) obtained in the single and multiple dose studies showed
% CV values of 10 — 40% in healthy subjects. Not much detailed information on these
parameters is available in the OAB patient population (since intensive PK assessments were not
performed in the Phase 2 dose finding studies). One might get an idea of the variability in Cs,
values in patients from different doses from Figure 12 above. The causes of variability may be
related to differences in drug metabolism and clearance.

Intrinsic Factors

Q. How does the PK of the drug and its major active metabolites in healthy volunteers compare to
that in patients?

Patients with OAB are considered healthy otherwise, unless age and other disease conditions are
prevalent. Hence, a significant difference in the PK parameters of the drug and metabolites are

not expected between the patients and normal volunteers.

Since intensive PK sampling were not performed in the patient population in the dose finding
studies, a direct comparison of the parameters in patients and volunteers is not possible.

Q. What intrinsic factors influence exposure and/or response and what is the impact of any
differences in exposure on the pharmacodynamics?

Gender:

Sponsor compiled information from several CPB studies to compare PK parameters in the two
sexes:

Table 17A: Summary of Q values found in men and women.
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Study

5 mg, single dose

10 my, single dose

20 myg. singlc dose

Aen Women Men Waomen Men VWomen
OS5-CL-0H4 SR3 .17 517 S84
(2.04) (2.50) (2.23) (2.0
N=f N=2=56 N=o6 M=
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(-keto) (1.1 (.74
N =0 N =X
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QOS5-CL-004 ®.AH e 6. 20 734
(2.533) (L.11}) (2.49) (1.03
™N =6 N =6 N = & N =5
Q05 CL-029 5.32 4 .64 4.30 3 R6
{4.40) {1.87) (2.11) {1.36)
N =22 N =22 N 23 Mo 22
Data are expressed as mean (S Egg, values are in hours: -Keto 111 the absenee ol Ketocunazole
Table 17B: Summary of m values found in men and women.
Stady 5 mg, single dose 10 mg, singlc dose 280 mg, single dose
M Men Women Men Women Men Worncen
905-CL.-004 9,72 15.6 24.8 201
(2.06) (5.3) (3.7) (4.1
N =6 N =6 N=6 N=4#f
905-CL-010 125 6.7
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N=4u N =§
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905-CL-004 41 .4 56.0 HE2 72.1
(109 (15.1) (34.6) (24.7)
N=6 N=6 N==6 N—6
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Table 17C: Summary of @ values found in men and women.

5 mg, single dose

20 mg, single dose

10 mg, single dose

Study Men Women Men Women Men ‘Women
905-CL-004 673 986 1878 1169
(180) (429) {424) (457)
N=6 N = & N=6 N=6
905 CL-GIO 679 863
(-keto) (219) (306}
N=1 N=8
5 mg, ins Itiple dose 10 myr. multiple dosc 20 my. multipic dosc
905-CL-004 879 1157 1801t 1428
(232) (351) (748) (530)
N=6 N =& N==6 N=+6
905-CL-029 646 628 1248 1223
273) (205) (525) (391)
™ =22 N =722 N=23 N=22

Data are expressed as mean (SD), AUC values are in ng.hvml, after a single dose AUC = AUCg jor alter multiple dosing
AUC — AUCh 2 -Keto - in the absence of ketoconazole

Tabte 17D: Summary of m:ilues found in men and women.
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Study S mg, single dose 16 g, sinpgle dosc 20 g, single dose
~ Mcen Women Men Womcn Moen Women
FO5-CL-004 51.2 534 653 48.1
(1.7 (13.8%) (205 (IS 1)
N =6 N =6 N =6 MN=H
905 CL-DIO 46.6 522
{-keto) (8.6) (13.8)
™N =9 N=*5
5 my, multipie dose 16 mypz. multiple dose 20 myr, multiple dose
905.CL-004 H3.3 [0 St kI3 sS6V
(13.6) (29.23 (35.43 (17.1)
N==6 MN==6 MN—6 N—6
SO5-CL-029 6R.0 60.8 639 7.7
{18.0) (I89) (7.7 (16.2)
N =22 N =22 N—=23 N=22
Data are expressaed as mean (SD); t .2 values are in hours; -Kei1o - i the absence of kelovonasvle

Reviewer's comments:

e Comparisons of PK parameters with all but one studies show that there are not much differences
between males and females. In Study 905-CL-004, both for the single and multiple dose
comparisons, the exposure values were 30 — 60% higher in women with the 10 mg dose.

e Values of ;55 were similar in the two genders in all studies indicating that clearance is probably
similar in males and females.

« It is not clear why in Study 905-CL-004 with the 20 mg dose, exposure and t,» values were
longer in men as compared to females.

Age:

Sponsor compared studies 905-CL-004 (elderly subjects) and 905-CL-002 (young subjects), as well
as presented data from Study 905-CL-029 (single study involving young and old maies and
females) to compare the PK parameters in the old (65-80 yrs) vs. the young (18-55 yrs).

Table 18A: Summary of Q values observed in young and clderly subjects.

Young Eiderky
205 CL-0002 SOSL£1.-029 QOS-L 1AM QNS-CI.-DH29
10 mg. first Josc ENr ] [XiT})
12.56) (2.22)
™ =T N o= 2
20 mg. first dosc 2.94 5.5%
(3.47y (2.07)
™ =X N =12
5 mg. last dose 4.43 5.a%
CE.59) 14.36)
™ =21 N =23
10 mg lust dose 421 405 K.5¢ 517
(1.82) i.21) €1.94) (2.006)
N =7 ™= 272 N E2 MN =23
20 mg. last dose 3.81 6.82
217 (2.4
N=3H N =11

Draa are expressed as mean (S G, values are in bhours,

Table 18B: Summary of @ values observed in young and elderly subjects.

Young Eidorly
S05-C 102 SS-C1.-029 GOS-CT1 1 WOS-C1L-029
10 g, first dosc 15.8 2.7
(5.9 [
™N =7 N 12
20 mg, first dosc 3.4 224
(R.5) €513
™ =R T~ == 12
5 my, last dose 298 336
91> CF2.9)
™ =25 i =23
1O mg. lust dosc 40.6 57.4 48.7 68.2
{8.5) {17.5) ti4.73 {26.8)
™N =7 N=22 N=12 N =23
20 mygr, fast dose IRE] T 4
{48) 2% 2)
N =g N =11

Nata ore oxpressed as mean (S0 Cinax vatues are by ngrimndt

Table 18C: Summary of values observed in young and elderly subjects.
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b)) Flderly
205-CL.-002 SOS L0229 QOS5 CE.-003 QOS5 -029
1O e, 1Trst Jdose -1 B30
{339) (331
N =7 MNo= 12
20 me. tirst dose 1529 15235
(K72} (S560)
N=8 ™ - 12
5 mg. last dose 571
{204)
T o= 21
10 gz, lasi dose TN 1 I 1 7 Ik
t16t) 13 (3 E)
™ = 7 I = 2_’ N =12
20 e, lust dose 2270 t597
(RT7O) (x50}
N = N N = 11
Dota arc cxpressod as mene (S AUC voalucs arc in g Bdml o singede dose aesalts AUC o s aoportsd T ease ot

muktiple dose resubis AUC g g @5 usedd

Table 18D: Summary

of E values observed in young and elderly subjects.

P TTYY Elderks
SGUS-C -2 DSOS 1.-0029 BOS-C 1 .13 QAP LRI
0 mg. first dosc 47.4 52.0
1z, l) 0118
I ™~ = 12
20 my. tirst dose 5 8 56.7
{19.0) (20.5)
N =23 N~ 12
5 mg, laxt dose 56.2 FI]
£11.40) (2O Ky
N=2I N =23
1€) mg, last dosc 45.0 52.5 67.4 G O
(L2.3 (E. %) (Z1.4) (19.3)
™N =7 s N = 22 ™N o= 12 N~ =23
20 mgz. Inst dose G4 .8 OGR4
(iv.9) (28 7
N =8 e I |

Lato are expressedt ns mean (5D 45 valuces are i haurs,

Reviewer’s comments:

s In Study 905-CL-029, there was a 20 — 25% increase in Coax, AUC and ty; values in the elderly
as compared to the young.
s Protein binding was negligibly different in the two groups (results not shown).

Ethnicity:

Sponsor performed PK studies in Caucasian and Japanese populations and obtained the following
Comparative results:

Table 19: Comparison of the pharmacokinetic parameters obtained in European and Japanese studies after
single and multiple doses of 10 mg solifenacin

Study Location Dose no. | - C max AUC 117
{(h) (ag/ml) {ng.h/mi) th)
905-CL-001 Europe Single dose 4.00{1.35) ELE (1.6) & -
MN=06 N=2¢6
905-CL-002 Europe Single dose | 4.71 (2.56) 15.8 (5.9) 786 (339) A7Ta 21
N =17 N=7 N =7 N=7
905-CL-002 Europe Stcady state 4.21 (1.82) 0.6 (8.3) 749 (161} 43.0(12.3)
N =7 N=7 N=7 N=7
905-CL-607 Japan Single dose 5.67 (0.78) 14.9 (3.4) 752 {256) 40.3 (9.2}
N = 12 N=12 N=12 ™N=12
905-CL-012 Japan Single dose 6.33 (1.38) 4.2 (3.0) 699 (227) 37.8 (7.9}
N=9 N=9 =0 N=9
905-C1L-012 Japan Steady siate 5.89(2.52) 42.2(15.4) 825 (33%) 46.53(11.4)
N=49 N=9 N=9 N=9

* Samples were collected over a too short period of time to allew an accurate estinate of AUCgmrund 4,0

Reviewer’s Comments
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+ From the above data, it does not appear that there was an appreciable difference in the PK
parameters of solifenacin between Caucasian and Japanese subjects.

« In the Population PK report involving 2 phase 3 studies, it was mentioned that the proportional
variety of ethnicity among Caucasian/African American/Hispanic/Asian/Other was
559/45/25/5/7

« Numerically, sponsor has not adequately compared all representative ethnic groups.

Disease Conditions:
a} Renal Impairment

Solifenacin succinate is primarily cleared from the body by way of metabolism through the P450
isoenzyme 3A4. Urinary excretion plays a minor role in solifenacin succinate clearance from the body.
While the sponsor believes that decreased renal function will not clinically affect the overall clearance or
effects of solifenacin succinate, this question must be evaluated, particularly in light of studies that suggest
that both acute renal failure (ARF) and chronic renal failure (CRF) may decrease the non-renal clearance
of compounds.
The sponsor conducted study R905-CL-021 to determine the effects of mild, moderate and severe renal
impairment on the pharmacokinetics of solifenacin succinate following a single 10mg dose. This was a
multi-site, open-label study in which 24 patients (6 mild, 6 moderate, and 6 severe renal disease, and 6
weight and age matched healthy volunteers) received a single 10-mg oral dose of YM905 followed by
blood draws and urine collections over a 336 hour period. 4 groups were studied (6 subjects/group):

Group 1: normal renal function (CrCl > 80 ml/min)

Group 2: mild renal function (CrCl from 50 to 80 ml/min)

Group 3: moderate renal function (CrCl from 30 to 49 ml/min)

Group 4: severe renal function (CrCl from 10 to 29 m{/min)

Blood samples for PK analysis of YM905 and metabolites were collected during the clinic confinement
period as follows: 0 hour (prior to the YM905 dose on Day 1); and on Day 1 at 1,2, 3,4,5,6, 8, 12, 16 and
24 hours post dose and on Days 3,4, 5, 7,9, 11, 13, and 15 post dose. The protein binding samples were
assayed from samples taken at Screening/Check-in, 6 hours, and 24 hours post dose. Urine samples for PK
analysis of YM905 and metabolites were collected during the clinic confinement period as follows: predose
(samples taken from first urine void in the morning), 0 to 12, 12 to 24, 48, 72, 96, 144, 192, 240, 288, and
336 hours postdose. No computations for total fraction excreted can be performed because only spot
samples were collected after 24 hours.

Results:

Table 20A. Summary table of PK parameters for Total Solifenacin

Renal Cmax trmax® AUCo4 AUCo-- f12 CUF
Status {ng/mL) (hr) (nghrimL) (ng-hrimL)  (hr) (L)
Healthy MEAN 15.7 6.00 1118 1190 68.2 6.92
SD 3.38 ~ 3781 402.8 2722 2.108
N 6 6 6 8 6 6
Mild MEAN 17.5 5.50 1611 1784 89.1 5.06
SD 3.29 - 664.5 791.9 3453 2623
N 6 6 6 ‘B 6 6
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Moderate MEAN 15.2 5.00 1401 1559 90.6 5.62
sD 4.41 —_ 485.7 554.7 2726 2670
N 6 6 6 6 6 6
Severe MEAN 20.6 3.50 2173 2530 111 3.19
SD 10.51 _— 638.3 £699.8 383 0.954
N 6 6 6 6 6 6

*Median {min, max) shown for tmex

Figure 15. Mean plasma concentration-time profile for total Selifenacin from healthy, mild, moderate and
severe renal disease in the normal scale.
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Table 20B. Solifenacin ratios (X 100%) of geometric LS mean of pharmacokinetic parameters
between subject groups and corresponding 90 % confidence limits

Mild/Healthy Moderate/Health Severe/Health
y y

c 113 96.8 123

MAX (83.5, 152) (71.7, 131) (91.3, 166)
140 123 196

AUCo, {96.2, 203) (84.9, 179) (135, 285)
144 128 215

AUCo.int (98.3,211) (87.4, 188) (147, 316)

Table 20C. Summary of Cpay and AUCy iy for M2, M3, M4 and M5 in Healthy and Impaired

Patients”

:nc'“’,u’l‘ b Healthy Mild Moderate Severe
M2 1.81 (0.57) 2.11 (0.93) 2.08 (0.81) 2.48 (1.11)
M3 0.87 (0.28) 0.873 (0.24) 1.13 (0.25) 1.48 (0.50)
M4 1.40 (0.33) 1.78 (1.07) 1.52 (0.85) 1.42 (0.80)
M5 0.79 (0.12) 0.83 (0.10) 1.09 (0.49) 1.22 (0.69)

( :‘g‘fﬁ,‘;:"n‘l) Healthy Mild Moderate Severe
M2 224 (92.4) 304 (78.7) 362 (148.1) 539 (197.2)
M3 247 (118.9) 331 (68.9) 404 (105.7) 658 (212.0)
M4 235(78.2) 360 (100.3) 484 (65.8) 714 (187.0)
M5 14.0 (1.61) 88.1 (112.4) 88.8 (74.9) 278 (116.8)
*Results reported as mean (SD)
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The urinary excretion data indicates that only a small portion of orally administered solifenacin is

excreted unchanged in urine for all renally impaired and healthy subject groups. No computations
for total fraction excreted in urine were performed due to collection of spot samples only after 24
hours postdose. Mean urinary excretion for metabolites M2, M3, M4, and M5 appeared to decrease
in the renally impaired groups relative to corresponding data in the healthy group. This may be a
direct result of the renal impairment or as a result of decreased hepatic metabolism as an indirect
result of renal impairment, as seen with other compounds.

Reviewer’s comments:

» There was a 2.1 fold increase in AUCq.ior of solifenacin in the severely impaired group as
compared to the normal group, and marginal increases in drug exposure in the mild and
moderate impaired groups
+ There was about a 1.6-fold increase in half-life of solifenacin in the severely impaired group as
compared to the healthy and a 1.3-fold increase in the mild and moderately impaired groups as
compared to the healthy
» Greater Cpax and AUC’s are seen in all metabolites with greater levels of renal impairment as
seen in Table 3
* Analmost 20-fold increase is seen in M5 in severely impaired patients as compared to healthy
The results of this study demonstrated that renal impairment influenced the pharmacokinetics of solifenacin
succinate (10 mg) and its metabolites, with the greatest increases in exposure occurring in the severely

renally impaired group. Based on these results, this reviewer agrees with the sponsor’s proposed labeling
to ) o

b) Hepatic Impairment

In vitro studies performed by the sponsor have shown that solifenacin is primarily metabolized by
cytochrome P450 (CYP450) isoénzyme 3A4 in the liver. Drugs that are primarily metabolized in the liver
may have altered pharmacokinetics in patients with hepatic disease. An increase in drug exposure is
expected with hepatic impairment.

The sponsor conducted study R905-CL-026 to determine the effects of hepatic impairment on the
pharmacokinetics of solifenacin succinate following a single 10mg dose. This was a single center, open-
label, parallel study in which 8 patients with moderate hepatic impairment and 8 healthy volunteers
received a single 10 mg oral dose of solifenacin succinate. A secondary objective of the study is to
evaluate the safety and tolerability of solifenacin succinate in patients with hepatic impairment. 2 subject
groups were studied, with 8 subjects per group:
Group 1: normal hepatic function {(Child-Pugh’s score of 5)
Group 2: moderate hepatic impairment (Child-Pugh’s score
between 7-9)
Results:

Table 21A. Arithmetic Mean and SD for AUCy.;,; and C,,, for Solifenacin

Paramcter Number of Heatiky subjects Hepatic impaired
subjects paticnts

AUCo iur (ng*hr/mi) 8 740 ¢32%) 1042 {32%)

Cour (ngfml) $ 11.6 (6.6) 103 (33)
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Table 21B. Point estimates and 90% confidence intervals for ratio impaired/healthy

PK paramicter Pomt eatimiaic of ratie % confideact CV (%)
impairediheaithy inlesval

AUCyur 1.596 15-243 S0

C.. 0999 670140 m

“the variability for AUCgu and C,,, in healthy subjects is much larger than expected and larger than in hepatic impaired patients

Table 21C. Summary statistics of the plasma pharmacokinetic parameters of solifenacin

[T Cru AUC, AUCy [ CL/F VJ/F
(h) (g/nal) | (ng himk) (h} {Ih) (1]
596 11.0 621 749 199 137 £34
(0.77, 13%)] (6.0, 54%) | (403, 65%) | (328, 71°0) [ (199, 309 | (6.2, 45241 | (244, 29%)
6.30 945 425 460 441 16.4 877
477 103 290 1042 106 T84 1095
€253, 53% (3.3, 32%) [ 237 27 | 228 309 | aar 45 12 26 29%0] (126, 3080
640 | 930 | &1 | 953 | do6 ]| 7192 | s |

Each cell contains the arithmetic mean,-betzwee-n !;r—acket; the SD and CV, the ran_ge and the median.

Table 21D. Summary statistics of the plasma pharmacokinetic parameters of the solifenacin metabolites M2,
M3, Md and M5.

Metabolite Tmax Cmax Auciasl AUCO—inf TIIZ
(h) (og/ml) (ng.hr/ml} {ng.hr/ml) (h)

M2 [ o[22 2.81 218 282 60.5
(ﬂis) Y} (3.0.38%) (0.67, 24%) (42, 19%) (35, 12%) | (21.9,36%)
Patients 1 390 1.81 777 91.1
(o=8) (8.2,209%) | (0.91,50%) (56.6, 73%) ND (37.1, 41%)

M3 [ e 490 0.538 9.94 87.4

Y 1 ¢22.66%) | (0.03,6%) (13.5,136%) | ND (25.4, 29%)
~ . n=5 = . n=5 =5 ., 128
paticats | 62 0.573 7.60 117
(1.22,19%) | (0.04,8%) (118,156%) | ND (34, 29%)
~ n=4 - n=4 =4 ., =8

Me [ooa 1180 1.67 103 56.0
pes Y | (6.4, 36%) (0.58, 35%) (33,32%) ND (12.3,22%)
patients | 124 1.15 63.1 96.5 '
(0=8) (8.1, 65%) (0.75, 65%) (70.7,112%) | ND (32.5, 34%)

MS | oy 471 0.872 4.43 -

@5) Y 1a27,27%) | (0.193, 22%) (2.02, 46%) ND ND

patients | 5-%° 1.29 264

(=) (1.73,35%) | (0.78,61%) (53.9,205%) | ND ND
—_—

Each cell contains the arithmetic mean, between brackets the SD and CV, and the range,

Figure 16. Mean plasma concentration vs. time profiles of solifenacin
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Reviewer’s comments:

¢ There was a 2-fold increase in the ), of solifenacin in the moderately hepatic impaired group (patients)
as compared to the healthy group, with about a 35% increase in AUCq.i¢ (Table 3).

¢ Cax was similar for both groups (Table 3).

® T for metabolites M2, M3 and M4 in healthy subjects was considerably longer than in the hepatic
impaired group (Table 5). Little difference among the groups for the T,y value for metabolite MS5.

®  AUCq. ), for metabolites M2, M3 and M4 was 2.8-, 1.3- and 1.6-fold, respectively, greater in healthy
subjects when compared to the moderately hepatic impaired group. However, the AUCq.1a5 for
metabolite M5 in the moderately hepatic impaired group was 6-fold higher than in healthy subjects

e Patients with severe hepatic impairment were not studied.

The results of this study demonstrated that moderate hepatic impairment influenced the pharmacokinetics
of solifenacin succinate (10 mg) and its metabolites. Based on these results, this reviewer agrees with the

sponsor that patients with moderate hepatic impairment receive no more than 5 mg solifenacin
succinate once daily.

Extrinsic Factors

Q. What extrinsic factors (drugs, herbals, diet, smoking, alcohol use etc.} influence exposure
and/or response and what is the impact of any differences in exposure on pharmacodynamics?

Metabolic Drug-Drug Interactions:

Is there an in vitro basis to suspect in vivo drug-drug interactions?

Sponsor conducted in vitro studied incubating solifenacin with cDNA expressed human CYP
isoenzymes, used correlation analyses with liver microsomes and performed chemical inhibition
studies to determine the in vitro capability of other drugs to effect the PK of solifenacin and vice
versd.

In vitro effect of other drugs on solifenacin:
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Based on the results with CYP isoenzymes, only CYP3 A4 and CYP2C19 showed potential for
metabolism of solifenacin to the major metabolite M2. Enzyme kinetics for this metabolism was
similar between the 2 enzymes (Km ~ 100 pM (36 pg/ml free base) and Vmax ~ 0.0135
nmol/min/pmol CYP). However, correlation analyses results (eg. testosterone 6®-hydroxylation)
and chemical inhibition results (with CYP3A4 and CYP2C19 inhibitors) indicated that CYP3A4 is
mostly (if not exclusively) responsible in the metabolism of solifenacin. In another similarly
designed in vitro experiment with human liver microsomes, based on metabolite formations, it was
concluded that CPY3A4 is responsible for the formation of metabolites M2, M3 and M4 under
physiologic conditions.

An in vitro study was also conducted to evaluate the cffects of ketoconazole, simvastatin,
terfenadine, cyclosporin, erythromycin, cimetidine, acenocoumarole and nifedipine (known
inhibitors and/or substrates of CYP3A4) on the metabolism of solifenacin by human liver

- microsomes. For simvastatin, terfenadine and acenocoumarole the ICso values were > 100 fold
higher than the plasma concentrations, and therefore, no Ki values were determined. The ratio of Ki
of ketoconazole everthe plasma concentration was very low (0.0045-0.018). The ratios of the Ki of
cyclosporin, erythromycin and cimetidine over the plasma concentrations were between 2.4 and
59.8. For nifedipine the ratio was higher (27-106). Based on these results it may be concluded that
cyclosporin, erythromycin and cimetidine have an intermediate potential to interact with the
metabolism of solifenacin succinate in vivo. Ketoconazole is anticipated to highly affect solifenacin
metabolism in vivo.

In vitro effect of solifenacin on other drugs:

Sponsor conducted in vitro investigations to determine if solifenacin (YM905) inhibits the major
human cytochrome P450 (CYP) isoenzymes. Solifenacin up to 1040 nM did not significantly inhibit
human CYP1A1/2, CYP2C9, CYP2D6 and CYP3A4. CYP2C19 was inhibited up to 10% with
1040nM but this was not considered to be of clinical relevance: the clinically observed Cmax values
in steady state after q.d. dosing of 10 mg solifenacin succinate are lower . ™~ ng/ml~ —

— nM). Similar tests were also performed with all the detectable metabolites (M2, M3, M4 and
MS5) and results show that other than very weak inhibition potential of 2C19 and 3A4, other
enzymes were unaffected by solifenacin and its metabolites. Thus, the sponsor concluded that
solifenacin and its metabolites will not clinically affect the CYP-dependent metabolism of
concomitant medication.

Is there a potential for in vivo metabolic/pharmacokinetic drug-drug interactions?

With the above in vitro information, the sponsor conducted several in vivo metabolic PK drug-drug
interaction studies with solifenacin, as fotlows:

Effect of Other Drugs on Solifenacin

DDI: Ketoconazole

Sponsor conducted Study 905-CL-010 to determine the effect of 200 mg once daily dose of
ketoconazole on the PK of solifenacin.
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This was a single-site, open-label, single-sequence crossover PK DDI study. 17 healthy male and
female subjects received a single 10-mg oral dose of YM905 alone on Day 1 (Treatment A)
followed 14 days later by 21 consecutive days of 200 mg QD ketoconazole. On the 21% day
following starting the ketoconazole treatment, a single dose of 10 mg solifenacin was concomitantly
administered with the ketoconazole (Treatment B).

Results:

_ T O Y RIS abone
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Figure 17
i Menrn pl R CO itration -tinne profiles for Y MM9OS.

fraom Treatnments A axd B

Mote: For soke of clarity data anre showin onlly up to 100 huowrs pest o,

" Table22  Summary table of statistical results for comparison of primary and
secondary PK parameters of YM905

Test Mean® Reference Mean®  Point estimate  90% Confidence®
Parameter  Units Tt B Trt A Test/Reference® Interval

Crax ng/mL 204 14,5 141 (130, 152)
10(C o) 20.0 14.1 143 (129,157)
AUCq, ng-hr/mL 1407 714 197 ( 180.214)
In{AUCq. 1360 662 205 {184 ,229)
AUC, .. ng-ht/mL 1499 765 196 {179,213)
I AUC,..) 1447 716 202 (183,223)
Lz hr 776 49.3 158 ( 145, 170)
Intt,) 75.1 48.0 156 (146, 168 )
- hr 6.00 6.00 NA NA

Note: Tremment A: | x i0 mg YMYOS )
Treament B: 200 neg qd ketoconazole from Days 15 through 34 phus ¢ x 10 mg single dose YMY05 on Day 21

Since 200 mg QD is not the maximal dose of ketoconazole, OCPB had expressed that a study with
400 mg QD would have been preferable. More recently (6/16/2003), sponsor sent in a compieted
study report of an exactly similar study (Study 905-CL-036) as the one described above using 400
mg QD ketoconazole.

Results:

e There was a mean increase of 2.7 and 2.8 folds in AUCy,, and AUC;,q, respectively.

e There was a mean increase of 1.5 fold in Cypay.

e There was a mean increase of 2.1 fold in t,,.

e As found in other studies, exposures in females were higher than males. However, the ratios of

increases in PK parameters of solifenacin in presence of 400 mg QD ketoconazole were similar.
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Reviewer’s comments:

» Solifenacin is primarily metabolized in the liver by CYP3A4, and to a much lesser extent by
CYP2C19. Additionally, solifenacin has an oral bioavailability of > 80% (see later in the
BIOPHARMACEUTICS section). Therefore, it is not expected that inhibition of CYP3A4 will
lead to dramatic increases in exposure, and that was confirmed in these two studies.

o Observation of individual data did not indicate extreme outliers (3-4 fold increases in AUC was
observed in some subjects concomitantly on 400 mg QD ketoconazole).

« In the limited scope of these studies, there was a trend in increase in GI related side effects (eg.
dry mouth, constipation) in the combination arm as compared to only solifenacin with the 200
mg ketoconazole study. That trend was, however, not as clear in the 400mg ketoconazole study.

+ The metabolites of solefenacin were not analyzed (or reported) in this study.

» There were sporadic incidences of QT prolongation in both the studies based on individual
ECGs in all treatment arms. However, a trend towards increases in QT prolongation in the
solifenacin + ketoconazole arm was not evident in either study.

+ Based on the above information, it not to exceed a 5 mg dose of solifenacin when in
combination with ketoconazole.

Effect of Solifenacin on Other Drugs

DD1: Digoxin

This single center study (905-CL-025) was of an open, one-sequence crossover, multiple dose
design. 24 subjects were admitted for 21 days. All subjects were to start treatment with digoxin for
8 days (loading dose of 0.250 mg digoxin on Day 1, followed by 0.125 mg digoxin QD on Days 2
to 8). Consecutively, they were to receive 10 mg solifenacin succinate in combination with 0.125
mg digoxin QD. (from Day 9 to 18). The subjects were to be admitted the day before the first study
drug administration (Day 0). The subjects were to be discharged on Day 20. Approximately one
week after discharge, the subjects were to return to the unit for a post study visit.

Results:

Table 23. Summary statistics of the plasma PK parameters of digoxin.

A Arithmetic mean 098
(h) {SD,CV} (0.39, 49%) 1041 429
Min-Max -— —
Median 0.52 {BLt]
Canz Arithmetic mean 093 .03
{ng/mi) (8D,CV) (0.18.20%) (0 26, 25%,)
Min-Max ~ _
Median ] 091 1.03
AUCs2 Arithmetic mean 843 874
(ng.A/ml) (8D, CV) {166, 20%} (211, 24%)
Min-Max - —_
Median $.05 8.19
CL/F Arithmetic mean 153 151
() {86,CV) (2.6, 17%}) {3.5. 230,
Min-Max —_ —
Median 15.5 151 |
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Figure 18. Mean plasma concentrations vs. time profiles of digoxin in the absence and presence
of solifenacin succinate.
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Reviewer’s comments:

» Study design issue: since it takes about 14 days for achievement of solifenacin steady state,
sponsor could have continued concomitant administration of the two drugs from day 9 to at least
till day 22 (instead of day 18) to ensure steady state levels of solifenacin.

« There was not much of an effect of solifenacin on digoxin PK. AUC and Ciy,x values, when
compared with or without solifenacin are within the BE criterion (results not shown).

o Effect of digoxin on solifenacin PK was minimal.

« There is no need to adjust solifenacin dose when in combination with digoxin.

DDI: Warfarin

Sponsor conducted Study 905-CL-028 to evaluate the effect of solifenacin succinate on the
pharmacodynamics and pharmacokinetics of warfarin in healthy male subjects.

During two study periods separated by 10 days, subjects received a single oral dose of warfarin (25
mg) on the 10th day of dosing with either solifenacin succinate, 10 mg, or matching placebo once
daily for 16 days. The study was double-blind, randomised, placebo-controlled, and crossover
with regard to solifenacin succinate administration, and open label with regard to warfarin
administration. Blood samples were drawn for measurement of prothrombin time (PT) and plasma
concentrations of R-and S-warfarin before and at the following time points after the warfarin dose:
1h,2h,3h,4h,6h,8h,12h,24h,36h,48h,60h, 72 h, 96 h, 120 h, 144 h and 168 h.
Additional samples were collected for measurement of solifenacin concentrations before and at the
following time points after dosing on Study Day 10: 1 h,2h,3 h,4 h, 6 h, 8 h, and 12 h. Trough
concentration of solifenacin was measured on Study Days 8, 9, 11, 12, 14 and 16. A total of 12
subjects completed the study.

Results:

Pharmacodynamics
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Table 24A. AUCyjur and AUCpy, g.16an: ratio of value during warfarin + solifenacin to value during

warfarin + placebo.

¥ ariable (unit)

Poiat estimate of the ratio

94 % confideace interval

AUCer g 1gamts.h)

1.005

(984 - 1.025

AUCpm R-warfarin (ng.hvmi}

0.967

0.872 . 1.073

AUCou; S-warfarin (ng.h/ml)

0.982

0.879 -1.0497

Table 24B. PT n,.: ratio of value during warfarin + solifenacin to value during warfarin + placebo.

Variable (unit)

Point estimate of the ratio

M % confidence interval

PTrax {S)

0.997

0.935 - 1.041

Table 24C. tpry.: value during

warfarin + solifenacin minus warfarin + placebo.

Variable {unit)

Point estimate of the
difference

40 % confidence interval

tl"fh-x (h)

0.025

0.0k} -- 5975

Table 24D. Summary statistics of the pharmacodynamic parameters

Parameter Statistic Warfarin and placebo .“ ”f‘:‘rm an.d
_ | solifenacia succinate

AUCer.o.168n Arith. mean 2427 2,437

{s.h) (3D, CV) {231, 10 %) {216, 9 %)
Range —_ o
Median 2.348 2.364

PToex (8) Arith. mean 215 213

(8D, CV) (3.0, 14 %) (3.2. 15 %)

Range i -
Median 21.8 20.4

1.7 o Arith. mean 38.0 39.0

(h) (SD. CV) (4.7. 12 %) (5.4. 14 %)
Range T -
Mcdian 36.0 36.0

Pharmacokinetics

Table 25. Summary statistics of the plasma PK parameters of R- and S-warfarin
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R-warfarin S-warfarin
Para- Statistic Wiarlfarin and Warlario and
meter Warfarin and . X Wartaria and . .
placebo sohl'e.nacln placebo su]lfe‘nacm
suecisnate suecinate
- Arith_ mean 2.36 234 236 209
(b} (8D, CV) (1.48, 63 %) {2.06. 88 %) (F48.63 %) (E.57. 75 %)
Ranpe s—r
Median 2.00 1.351 2.00 1.51
Conx Arith. mean 1.412 [.456 P.402 1,470
{ng/mt} (5D, vy {305, 22 %) (383 26 %) (328,23 %) 420. 29 %)
Range —
Median 1,347 1.320 t.352 1.366
AUCuq Arith. mean 62 418 61.176 42015 42.581
{ng hanl) (5D.CVy (13,172, 21 %) (16.768. 27 %) (12,999 31 % | (17.852. 42 %
Range -
Median 62,568 61495 42,168 41.313
AUCq 0 Arith, mean 67417 65948 45114 45484
{ng-vmi) (SD, CV) (15611,23 %) (18,922, 29 %) (13921 31 %) | ¢(18.800. 41 %)
Range _—
Median 66361 65,580 44.891 424673
CL/F Anith, mean 0.196 0.205 (+.300 0.312
{am (5D, CV} {0.052, 27 %) (0.060, 30 %) {0086, 29 %) 10.109. 35 %)
Range —_—
Median 0.188 0.191 0.279 {}.293
Ly (h} Asith. mean 414 40,9 289 283
(3D, C¥) {9.0,21 %) {(7.9. 19 %; (8.8, 30 %:; (8.4.29 %)
Range -—
Median 418 | 434 | 30.0 | 26.4

Reviewer’s comments:

» There was no detectable PK or PD interaction effect of solifenacin on warfarin.
» No effects of warfarin on solifenacin PK were detectabie (results not shown).
» There is no need to adjust the dose of either drug when used concomitantly.

DDI: Combined Oral Contraceptive (COC)

Sponsor conducted a study to determine the effect of solifenacin, if any, on a combined oral
contraceptive containing 30 pg ethinyl estradiol (EE) + 150 ug levonorgestrel (LNG). This study
may not have been warranted from the in vitro metabolic information. However, considering the
population of use for solifenacin, this study was conducted for safety reasons.



This was a double blind, placebo-controlled, two-period cross-over study in a group of 24
subjects. Before admission into the study, each subject should have been taking a COC
(containing 30 ug EE plus either 125 ug or 150 ug LNG) for at least three cycles. During the
study, all subjects were to receive Microgynon®, Schering AG, which contains 30 ug EE pius
150 pg LNG. The 24 subjects were to be studied in three cohorts of eight subjects each. All
subjects in each cohort of cight should have reccived their pre-study COC in such a way that
they could start their study COC on the same day. In order to achieve this, some subjects in
the cohort might have received their Bre—study COC longer than other subjects. Any mention

- of COC below refers to Microgynon™.

Subjects were to receive 2 cycles of 21 days of COC treatment. In addition to COC, subjects

randomly received the following treatments:

A. 1 tablet of 10 mg of YM90S5 per day for 10 days, starting on the 12" day of COC
treatment.

B. 1 tablct of YM905-placebo per day for 10 days, starting on the 12™ day of COC treatment.

Subjects in each cohort were to start their study COC on the same day (Day 1) and to continue
for 21 days in period 1. After a 7-day period (without a COC) to allow for a break-through
bleeding, they were to re-start the COC for 21 days in period II. In each period, starting from
the 12™ day of receipt of the COC, subjects were to receive additionally either YM905 (10 mg
0.d.} or matching placebo, for 10 days. Thus, the washout for YM905 or placebo between the
two cross-over periods was to be at least 17 days. An intermediate cycle with enly the COC
for 21 days was permitied.

Results:

Table 26A . Sunutary statistics of the plasma pharmacokinetic Table 26B .8 itics of the plasma pt inetic

paramesses of ethiny] estradiol (EE). parmucicrs of levonorgestrel (LNG).
COC:placebe* COC+HYMIS COCHplaceho* COCHYMSES
(#=23) {u=23) (13 {r=23)
Cou HO 112 Cos 698 690
(pg/ml} 130. 27%) {34, 3%} (ug'ml) (1.6, 15%} {167, 24%)
i1 104 ;I 6.89
AUCy 10 111 1144 AlC 0 854 848
{pe el 305, T7%) (M2, 17%) (ng.b'mi) (26 6, 31%) {21.5.32%)
1105 118 40.7 791

Data presented as mean (SD, CV%), the range and median.
Reviewer’s comments:

» Based on the above results and statistical analysis (not shown here), there was no detectable
effects of solifenacin on the PK of EE or LNG (or SHBG) and vice versa.

* LH and FSH values largely remained below the LOQ (as expected with use of COC).

+ No dosage adjustments may be necessary with this combined usage.

Cardiac Repolarization (QT Prolongation)

The sponsor attempted to address the issue whether solifenacin is responsible for clinically relevant
prolongation of the QT segment of electrocardiograms, a phenomenon that may lead to serious
arrhythmia and has been the reason for the market-withdrawal of several drugs in recent times. A
phase | clinical pharmacology study 905-CL-022 study was conducted to evaluate the effect on
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QTc of escalating multipie-doses of solifenacin administered oralty QD in healthy male and pre- &
post-menopausal female volunteers.

This study was reviewed by OCPB reviewers Drs. Stephan Ortiz and He Sun. Their review is
attached in Appendix 1. Below are the major conclusions/comments.

Reviewer’s Comments

Sponsor conducted a study that was prospectively and adequately (based on PK parameters and
increased exposure scenarios) designed to determine the effect of solifenacin on cardiac
repolarization (“QT prolongation™). Amidst highly variable results from the study and a number
of outliers of potential concern, the mean changes in QT corrected for baseline and placebo was
less than 3 msec for all the treatment arms (10 mg — 50 mg doses). The highest mean change
was in the 20 mg group. There are some limitations associated with the study and data (eg.
absence of a positive control arm with a known QT prolonging drug etc). Please see Appendix

1 for a detailed report on the study. However, clinical significance of the results from this study
is beyond the scope of this review, and should be decided by the Clinical Team.

APPEARS THIS WAY
ON ORIGINAL

Biopharmaceutics

Is the proposed to-be-marketed formulation identical to the pivotal clinical trial formulation?

The formulation for the commercial tablets is the same formulation used to produce tablets for the
Phase 3 clinical studies. The batch size that was used to produce the Phase 3 clinical tablets was
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greater than ™ . of the batch size to be used in commercial production, and the equipment for
producing the Phase 3 tablets and the commercial tablets is of the same design and operating
principles, and are categorized in the same subclass according to procedures outlined in the
SUPAC-IR guidance. Solifenacin succinate tablets for Phase 3 studies were manufactured at YPT,
Palo Alto, CA. The site-specific commercial scale batches were manufactured at YPT, Norman
Manufacturing Center, Norman, OK. In support of the equivalence of the Phase 3 and the
commercial tablets, the dissolution profiles of Phase 3 tablets and commercial tablets were
compared. The results of dissolution tests of Phase 3 tablets and the commercial tablets were
analyzed statistically by a muitivariate region procedure, and the similarity of those tablets was
confirmed. Based on the Phase 3 and commercial formulations being identical, a request for a
waiver from the requirement to conduct an in vivo bioequivalence study between the solifenacin
succinate Phase 3 clinical trial and the commercial formulations of the drug product was submitted
to the Agency on 27 July 2001. A letter was sent from FDA accepting the requested waiver,
contingent on the results of the dissolution testing as specified in the waiver request. The following
table lists all formulation changed during drug development.

Table 27. Description of solifenacin formulation changes and associated level based on SUPAC

Pu cof Change Level in Drug Products Studies Requirad
BtutHes Form Site of Bicequivalence
Composiion Manufacture Batch Size Dissclution Study
| Capaules { Dose rising = - = Not
Phase 1 - performed in | Not performed in
Tablets | Food Effect - "‘“J‘:‘g‘-""’ _ this early thes early stage
Level 3 tlapan) siage
Phase 2 Tablats Nore Tof - :
nases. Level 3 -
— Case B Not necessary
Absotute®™ — (Japan —USA)
Phasa 3 Tablats BA Laves Z
Level 3 -
C ind  Tabi » Not changed (Califarmia— —_— Case B Nct necessary
Orklahoma)

“Case H dissalisfion idst oondiions: Multipoint proffie in’ — as tha appiicatlon medium

'Thhmisdlm“ﬁms 1 shxly. However, sbeoluia BA study was conducted with Phase 3 tabl whose corr
as that of the commnarciel tabiets

was the sams

Comparative Dissolution Between Phase 3 and Commercial Batches:

Table 28. Multivariate confidence region values calculated from the dissolution”” profiles of
solifenacin 5 mg and 10 mg tablets (Phase 3 and commercial tablets)

6 mg Tablet 10 mg Tabiet
Lot No Results Lot No Resalts
Referenca Test Upper 0% Reference Test Uones D0%
Product Products MSD* Confidence | Simllarity | Product Products MSD Cg:ﬂd ence Simiarity
Phase 3 | Commercial|{ ~ Limit of Limit Phase 3 | Commercial Limit of MSD Limit
Tablet Tablet Tabfet Tablet
BO200009 14 29 82 B0OZ00081 14 29 69
PAOODA BOZ00100 1.8 2.4 &4 PAQDO2E Ba200082 17 a2 58
BO200101 18 21 51 80200083 13 28 84
* Multivariate statistical distance
* The dissolution method uses the USP-paddie method, — as the medium, and an HPLC assay

Figure 19. Dissolution profiles of 5 mg and 10 mg selifenacin succinate Phase 3 tablets and the
commercial tablets
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Reviewer’s Comments

» The Phase 3 and commercial tablets (manufactured at a different site) are identical to each other
based on dissolution profiles and similarity analysis.

A waiver of proof of bioequivalence may be granted and the commercial formulation is deemed
bioequivalent to the Phase 3 formulation.

What is the absolute bioavailability of solifenacin?
Sponsor conducted Study 905-CL-009 (randomized, non-blinded, 2-way-crossover) to determine
the absolute bioavailability after administration of a single 10 mg oral tablet and a 5 mg i.v. (as 50

ml infusion) of solifenacin in 12 healthy male subjects. Results are below:

Table 29: Key Plasma PK parameters of solifenacin following IV and oral administrations:

ANOVA resulted in a point estimmate of 88.0% for the absolute
bicavailsbility, with a 5% CT of 75.8 - 102.1%.

Reviewer’s Comments

Based on the above study and data analysis, it can me assumed that solifenacin is a highly
bioavailable drug (mean F = 0.88).

Is there an effect on food and time of dosing on solifenacin PK?




Study 905-CL-003 was an open study with single doses of YM905 in a two-period cross over
design with a washout period of 14 days between treatments. In both study periods, subjects were
admitted approximately 24 hours prior to study drug administration. On the morning of study drug
administration (Day 1) 12 subjects received solifenacin 10 mg within 5 minutes after completion of
a standardized breakfast and 12 subjects received YM905 10 mg in the fasted state. Subjects were
discharged 48 hours after solifenacin administration and visited the research unit on Day 5 and Day
7 for the 96h and 144h post dose blood sampling. After a two week washout period subjects were
admitted for the second study period. In the second period, subjects who were fasted in the first
period received solifenacin immediately after breakfast and subjects who had breakfast before
administration in the first period received YM905 in the fasted state. All other procedures were
identical to the first period. Results follow:

Fig. 20. Mean p]asma concentrations of YM905 after oral administration of a single 10 mg dose in
healthy male subjects under fasted or fed condition. The values represent mean + SD from 23

subjects.
18
16 4+ T8
—O— Fed
—&— Fasted

YM805 mean concentration [n plasma
{ng/mi})

P T T Y
KN A& O B O N
PN W T

—

t + t } t ¥ + 4= t ¥ 1 1
o 12 24 % 48 60 T2 B4 96 108 120 132 144
Time after administration {hour)

Table 30. Summary statistics of selected PK parameters of solifenacin obtained after oral
administration at 10 mg under fasted or fed conditions

Food | toe | Com | AUCkq | AUCour | AUCour | tin
state (hy | (ng/ml) | (ng.h/ml) | (ng./ml) jextrapolated] (h)
(%)
Fasted | 0.46 6.0 14.1 691 820 15.1 50.8
03| (. | @43 (313} (423} (8.0) {13.5)
Fed | 0.63 58 14.7 136 842 123 46.8
048) | @2.h (4.9) (290 {373} (6.3) (10.7)
fhe value represents arithmetic seastailSBgbetwecn brackets) from 23 subjects
* Mean and SD from 22 subjects because subjects No. 16 could not be withdrawn the biood
sample at final time point.

Reviewer’s comments:
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The study and choice of standardized (high fat) breakfast, according to the sponsor, was based
on the Agency’s Guidance Document on food effect studies.

There were no detectable effects of food on the absorption or other PK parameters of
solifenacin.

The formulation used for this study was different from that in the Phase 3 and commercial lots.
This formulation contained =~ as compared to HPMC in the final formulation (a Level 3
component change). Sponsor assumed that this change should not have an impact on the lack of
a food effect for solifenacin.

What are the specifications and methods for dissolution?

The sponsor proposes the acceptance criterion as Q= — , at 30 minutes.
The dissolution method proposed involves USP Apparatus 2 (paddie method).
of dissolution mediumr —

Sponsor finalized the method based on the fact that the solubility of solifenacin succinate is high,
i.e., not less than ~— .in — and various L 7 —_—
T — were investigated as dissolution media, and the

dissolution profiles were similar.
Reviewer’s Comments:

» Itappears that solifenacin succinate has high solubility and high permeability. However,
adequate studies to classify this as BCS Class 1 were not conducted.
» Invitro dissolution probably will have minimal effects on the in vivo absorption since:
» The tmax of the drug is 5-6 hours
>ty of the drug is approximately 2 days
> The drug is about 90% bioavailable
» Invitro dissolution specification is, in this case, more reflective of product quality than in vive
performance
» It is not clear, however, how successful this dissolution medium will be in discriminating subtle
changes in the formulation, if there be a need to.

Based on the above, the dissolution release specification is acceptable from an OCPB point of view.
CMC Team has finalized the specificationas Q= ~.@: —

Analytical

Q. Which moieties have been selected for analysis and why?

Based on information available from the parent and its metabolic fate, solifenacin and its
metabolites M1 — M5 were assayed in many of the studies focused on PK of the drug.
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Q. What bioanalytical methods are used to assess concentrations, and how reliable are the
methods?

The sponsor developed a HPLC assay method with Mass Spectrometry as detection for
determining the concentration of solifenacin and its 5 metabolites in plasma and urine. The

method was validated for specificity, linearity, precision and accuracy. The following validation

results were obtained with plasma samples.

METHOD VALIDATION CHARACTERISTICS

Correction factor
By multiplication

Method of detection
Sample volume
Extraction method

Regression method

Weighing

Linearity range

LOQ /
Matrices tested for selectivity

Stability at /
Stability at

Stability processed samples at 4°C

Stability at room temperature

Stability in autosampier

Validated freeze-thaw cycle

Validated ditution factor

Accuracy and Precision YM905 base

/

Accuracy and Precision BY-348C

/
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Aceuracv and Precision YM-64250

/

Accuracy and Precision YM-80264

/

. - . .
T

/

o  Accuracy and Precision YM-270293

;

/

" Accuracy and Precision YM-277743

All recovery values (for solifenacin and the 5 metabolites during the sample preparation) were >
80%.

Reviewer’s comments:

¢ The method of assay and validation are acceptable from an OCPB perspective.

Labeling Comments

Based on the Clinical Team’s advise, labeling comments on this product is deferred until later.
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Appendix 1
QT Analysis — NDA 21518

Sponsor: Yamanouchi
Drug: YMI05 (solifenacin citrate) — selective Ms-receptor antagonist
Indication: Urge urinary incontinence
Reviewer: Stephan R. Ortiz, Ph.D.

The objective of Study R905-CL-022 was to determine the
pharmacokinetic/pharmacodynamic (PK/PD) effect interaction of escalating multiple doses of
YM905 on QTc parameters in men, pre- and postmenopausal women (n=20/group). This study was
an open-label, one-sequence crossover, escalating multiple-dose,
pharmacokinetic/pharmacodynamic (PK/PD) study of the effect of YM905 on QTc and other
electrocardiographic (ECG) parameters. Subjects sequentially received placebo once daily for 2
days and then escalating doses (10 mg to 50 mg) of YM905 for 14 days each, administered orally
once daily (QD) with 240 ml water as described below:

Days 1-2:  Placebo x 2 days (1 placebo tablet/day)
Days 3-16: 10mg YM905 x 14 days (1 x 10mg tablet/day)
Days 17-30: 20mg YMS905 x 14 days (2 x 10mg tablet/day)
Days 31-44: 30mg YM905 x 14 days (3 x 10mg tablet/day)
Days 45-568: 40mg YM905 x 14 days (4 x 10mg tablet/day)
Days 59-72: 50mg YMS905 x 14 days (5 x 10mg tablet/day)

Pharmacokinetics (PK) and Pharmacodynamics (PD)

Blood samples for PK analysis of YM905 were collected as follows: 0 hour (prior to dose) and 1, 2, 4, 6, 8, 12,
16, and 24 hours after the YM905 dose administered on Day 16, 30, 44, 58 and 64 or 68. In addition, blood samples
for PK trough analysis of YM905 were collected at { hour (prior to dose) on Days 2 (baseline) 14, 15, 28, 29, 42, 43,
56 and 57. A 12-lead ECG and vital signs (including oral temperature, respiratory rate, and automated seated blood
pressure and pulse) were obtained at 0 hour (predose) and approximately 1, 2, 4, 6, 8, 12, 16, and 24 hours after the
YM905 dose administered on Day 16, 30, 44, 58 and 64 or 68. In addition, a 12-lead ECG and vital signs were
obtzined at 0 hour (predose; steady-state) on Days 14, 15, 28, 29, 42, 43, 56, and 57. Table 1 shows the demographics
of the QT study.

Certain issues regarding this study include:

1) The sponsor chose to define baseline as the median of 9 measurements on Day 2
of the placebo run-in. Analysis using these baseline measurements were
performed along with the average of the 2 “true” (not placebo) baseline QT intervals
(performed at screening and check-in).

2) Only one QT replicate was measured per point. Doesn’'t account for intra-individual
variability in QT interval.

3) RR interval was not measured. Instead, RR was determined from HR. Doesn’t
account for intra-individual variability in RR length. QT correction (Bazzett's
correction) was made with HR, not RR.

4) No positive control arm was studied. Rationale for not including a positive control

' was not provided nor were any alternative methods to establish assay sensitivity.

49



5) All QT readings were rounded to the nearest 10 msec. Considering the sponsor’s
goal is to rule out a QT effect greater than 10 msec, this is considered a limitation of
the study.

Table 1. QT Study Demographics
Geader Group
Piemenopausal Pastmenopausal
Demographic Male female female Overall

Age (years)

N 20 20 20 60

Mean (Std) £2.1(108) 370(64) 606(51)  46.6(12.8)

Median 41.0 380 610 43.0

(Min, Max) (22, 72) (23, 46) (52, 68) {22, 72)
Race

African American 4 (20.0) 2(10.0) 2 (10.0) 8(13.3)

Asian 2{10.0) 0 0 2(3.3)

Caucasian 7(35.0) 5(25.0) 2(10.0) 14 (23.3)

Hispanic 7(35.0) 13 (65.0) 16 (80.0) 36 (60.0)
Enrollment Group

01 through 14 7(35.0) 3(15.0) 4(20.0) 14 (23.3)

15 through 34 8 (40.0) 5(25.0) 7(35.0) 20(33.3)

35 through 48 3(15.0) 6 (30.0) 5(25.0) 14 (23.3}

49 through 60 2(10.0) 6 (30.0) 4{20.0) 12 (20.0)

QT-RR Correction

The two most common QT correction methods are Bazett's and Fridericia’s
correction methods. Both corrections were performed with the submitted data. A plot of
QTc vs. RR for both methods is presented in figures 1 and 2. Using either the piacebo
data, which was used by sponsor to define their baseline, or the true baseline data, the
graphs suggest that the Fridericia correction is the more appropriate of the two correction

methods.

Figure 1. QT¢ vs. RR for Fridericia- and Bazett-corrected QT Intervals using Placebo
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T T T
06 0.8 1.0 12

: T T T T
14 0.6 0.8 1.0 12



Figure 2. QT¢ vs. RR for Fridericia- and Bazett-corrected QT Intervals using Baseline
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Mean gaseline-corrected QTc and Baseline- and Placebo-corrected QTc

In atternpting to analyze mean changes, a problem arises when sorting by a sub-class as it then averages over the remaining
sub-class. For example, to know that the average mean baseline- and placebo-corrected QT for all 20 mg readings is not helpful as

those readings come from alf races, sexes and times post-dose administration. However, it is difficult to analyze for these demographics
if studies don't provide adequate power for such analysis.

Table 2 summarizes the mean changes in baseline- and placebo-corrected QT sorled by treatment group. It should be noted
that relying solely on this comparison fails to capture the true risk in QT prolongation associated with this drug due to the very high
variability in this data. Figures 3 and 4 however show corrected QT values sorled by dose and averaged over time post-dose

APPEARS THIS WAY
ON ORIGINAL
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Table 2. Mean Change in Baseline-corrected QT and Baseline- and Placebo-corrected QT¢ by Treatment

Group
Treatment Group | MeanChange | Mean Change n Baseline- | Met0 Cr0n o cered Qe
(msec)”

Placebo 034 0.89

N =540 ' (-0.95, 2.73)
oma oo 0.26 -1.44

N =660 (-1.36, 1.87) (-3.12, 0.25)
20 mg 0.33 3.48 2.09

N =641 (1.76, 5.15) (0.35, 3.82)
30 mg 1.70 0.77 0.31
N=616 (-1.03, 2.57) (-1.52, 2.14)
40 mg 242 -3.82 -5.39

N =462 (-5.90, -1.74) (-7.65, -3.12)
50 mg 152 -8.46 -12.41
N=125 (-12.71,-4.21) (-16.88, -7.94)

*resuits reported as mean (95% confidence interval)

Figure 3, Mean Baseline- and Placebo-corrected QT sorted by dose and time administered

Baseiine- and Placebo-correted
QTC (msec)

Time {(hr)

—4—10mg =20 mg —&=30mg —=—40 mg —~®—50 mg
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Figure 4. Mean Baseline-camrected QT. sorted by dose and time administered

Time (hrs)

—e—Placebo —=— %Oimg_“'
30mg —%—40 mg —

From Table 2, little effect on HR is seen with solifenacin administration. Mean
baseline-corrected QT¢ did not increase with increasing dose. The drug-related changes
ranged from -8.46 to 3.46 msec with the maximum change occurring in the 20 mg
treatment group. Note however that a positive control was not included in this analysis.

. It's interesting 1o note that Figure 3 shows a drug-related effect that mirors the parent PK profile at early times. At later
times however, we see a secondary peak that in some cases, is larger than the first peak. This secondary peak suggest a lag-effect
from the parent compound and/or the presence of a metabalite with pro-amythmic potential and/or a diumal effect. The mean baseline-
and placebo-corrected QTc value at 16 hours for the 20 mg treatment group is 9.82 msec. A diumnal effect can be assumed to contribule
to this second peak as it is also present in the placebo, as seen in Figure 4. This patiern also could be an artifact of the means and may
not be evident in individual profiles.

Investigation of the individual data, in figure 5, shows no apparent diumal effect suggesting that evaluating the mean data
alone is insufficient ’

Figure 5. Individual Baseline-corrected Placebo and Dose-related {20mg) Changes in QT over time
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Placebo Minus. True.Baseline
Dose.Minus.True.Baseline

Outlier Analysis

in order to examine those QTc meaures that were greater than 450msec, QTc¢
measures were plotted by subject for each administered dose. The results for Fridericia-
corrected QT measures are presented in figure 6 and table 3.

Figure 6. Fridericia-Corrected QT For Each Subject per Dose Administered

Dose = Placebo
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Dose = 50mg

Table 3. Outlier QT Measurements > 450msec

QTcs” QTee”

N > 450msec 10 (0.33%) 1 (0.033%)
Max QT 468 462
Placebo 1 0

10mg 0 0

20mg 1 1

30mg 7 0

40mg 1 0

50mg 0 0

*Bazett-corrected QT interval
®Fridericia-corrected QT interval

In examining figure 5 and table 3, a number of points lie above the 450msec cutoff.
As determined earlier, QT¢r is the more appropriate correction method in this investigation.
Out of over 3000 (N = 3044) QT measurements, only 1 QT interval was over 450msec
(0.033%). Regardless of the correction method, no corrected QT intervals were greater
than 500msec.

Mean Baseline- and Placebo-corrected Placebo QTc

56




Table 4 and 5 show the resuits of analyzing the baseline- and placebo-carrected changes in QT
outiers. These results are further sorted by race, sex, dose administered and time post-dose.
Figure 7 sorts these results by dose for each subject. Overall, 213 changes greater than
30msec and less than 60msec were measured and 2 greater than 60msec changes were
recorded.

When sorted by time post-dose, we see a higher incidence of outliers at the 4 and 6
hour readings, as would be expected from'the PK of the parent compound (Tmax = 4
hours). Again, as seen earlier, an unusually high incidence of outliers occur at the 16 hour
post-dose reading. This warrants further examination of all metabolite info, particularly
those that may have shown any preclinical proarrythmic potential. According to the
Pharmacology Written Summary, metabolite M3 prolonged PR, QRS and QTc intervals in
anesthetized dogs. Additionally, metabolite M4 prolonged action potential duration in the
dog Purkinje fibers.

Figure 7. Outlier Values for Bascline- and Placebocorrected QTc Changes for Each Subject per Dose
Administered
Dose = 10mg

Dose = 20mg
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Table 4. Baseline- and Placebo-corrected QT Outliers

(sorted by race and sex)?

Baseline- and Placebo-corrected

Category Qrc’ N

> 30msec > 60msec

< 60msec
African American | 27 (8.54) 1(0.32) 316
Caucasian 37 (5.87) 0 (0) 630
Hispanic 145 (9.86) 1{0.07) 1470
Asian 4 (4.54) 0 (0} 88
Men 13 (1.64) 0 (0) 794
Postmenopausal | 103 (11.99) 1(0.12) 859
Women
Premenopausal ] 97 (11.40) 1(0.12) 851
Women

®results presented as number of QT intervals (% of total)

®haseline-corrected dose QT minus baseline-corrected, time-matched placebo QT¢

Table 5. Baseline- and Placebo-corrected QT QOutliers (sorted by dose and

~ time post-dose)

Baseline- and Placebo-corrected

QT
Category N
> 30msec <
> 60msec
60msec
10mg 48 (7.27) 0(0) 660
20mg 70 (10.92) 0{0) 641
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30mg 59 (9.58) 2 (0.32) 616

40mg 32 (6.93) 0 (0) 462
50mg 4 (3.20) 0 (0} 125
0 hour 40 (6.02) 0 (0) 665
1 hour 16 (6.96) 0 (0) 230
2 hour 17 (7.39) 1 (0.43) 230
4 hour 30 (13.04) 0 (0) 230
6 hour 27 (11.74) 0 (0) 230
8 hour 9 (3.91) 0 (0) | 230
12 hour 25 (10.87) 1(0.43) 230
16 hour 39 (16.96) 0 (0) 230
24 hour 10 (4.37) 0 (0) 229

®results presented as number of QT interval outliers (% of total)
®baseline-corrected dose QT minus baseline-corrected, time-matched placebo QT

Again, it is important to note that these studies were not powered o analyze differences among these different demaographics.
These analyses were performed in order to discern any overt trends but overall, should not be relied on too heavily.

Baseline- and Placebo-corrected QT¢ by Individual

In an attempt to discern an effect pattern based on increasing dose, individual data
was plotted in Figure 8. No overall pattern is evident. Figure 8 further confirms the great
deal of variability in this dataset.
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Analysis of Variance

One weakness in this study is that only 1 replicate QT measure was made at each
time point. Due to the high intra-subject variability in this measure, it's preferred that the
average of multiple QT measures be performed. Additionally, an increase in the number of
replicates leads to increased study power. Table 6 shows the mean variability change per
dose studied. Alongside is presented the mean maximum drug (parent) concentration
achieved at each dose studied.

Tablle 6. Mean Maximum Concentrations alongside Mean Change in QT Range
from Placebo

Mean Change in | Mean Maximum
Dose (mg) QTc Range | Concentration N

{msec) (ng/mt)
10 0.214 ' 63.88 60
20 1.422 124.14 60
30 9.077 204.10 56
40 7.98 253.74 42
50 2.34 266.70 14

Mean Maximum Baselineosrected Q7. and Placebo- and Baseline-corrected QT Analysis

Due to highly variable nature of this data, analysis of maximum change in baseline-
and placebo-corrected QT¢ may give a clearer picture of drug-related effect. When the
maximum baseline- and placebo-corrected QTc value for each subject at any dose was
determined, the mean of these maximums is 31.39 msec with-a mean range of 64.74
msec. However, this fails to discriminate between the different treatment groups. Table 7
shows the average maximum change in baseline- and placebo-corrected QT sorted by
treatment group.
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Table 7. Mean Maximum Baseline-corrected QT and Placebo- and Baseline-corrected QT ¢ per Subject
per Treatment Group

Mean Maximum Mean Maximum
2::::‘ ent N Baseline-corrected QT | Baseline- and Placebo-
{msec)® corrected QT¢ (msec)®

Placebo 60 16.72 )

(11.07, 22.36)
10mg 60 14.43 19.61

(9.17, 19.69) {15.00, 24.23)
20mg 60 18.03 23.31

(12.17, 23.88) (17.66, 28.95)
30mg 60 2023 25.60

(13.87, 26.59) (20.36, 30.85)
40mg 42 1423 18.22

(7.23,21.23) (12.01, 24.49)
50mg 14 7.94 10.40

{-4.65, 20.52) (-1.57, 23.23)

"results reported as mean (95% confidence interval)

This analysis provides insight into the average maximum effect seen for each
subject at each dose.

In addition to the previous analysis, QT¢ intervals were also corrected for baseline
alone. Though analysis baseline- and placebo-corrected QT outliers are of the most
interest, the following analysis is included for purposes of comparison among the different
analyses.

Baseline-corrected QT

Before proceeding to display the baseline-corrected data, it should be noted that the
sponsor defined baseline QT as the median of 9 QT measures while on placebo, even
though true baseline measurements were performed. Several analyses have shown
placebo-related changes in QT interval when compared to baseline. Figure 9 and Table 8
present the outlier values for baseline-corrected QT intervals using the true (average of 1
QT each at screening and check-in) baseline. Table 8 includes analysis with sponsor-
defined baseline values for purposes of comparison.
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Dose = 40mg

Dose = 50mg

y

Table 8. Qutlier Values for Baseline-Corrected QT Interval Measurements Changes®

Baseline-corrected QTc'rb Baseline-corrected QTcsc
Category Overall N
>30msec >60msec >30msec >60msec
<60msec <60msec
Placebo 54 (10.00) |1 (0.19) 2 (0.37) 0 (0) 540
10mg 54 (8.18) 0 (0) 4 (0.61) 0{0) 660
20mg 81 (12.64) | 1(0.16) 14 (2.18) 0 (0) 641
30mg 57 (9.25) 4 (0.65) 28 (4.55) 0 (0) 616
40mg 32 (6.93) 0 {0) 8(1.73) 0 (0) 462
50mg 3 (2.40) 0 (0) 0 (0) 0 (0) 125
Caucasian | 37 (4.89) 0 (0) 9 (1.19) 0 (0) 756
Hispanic 219 (12.21) | 6 (0.34) 43 (2.40) 0 (0) 1794
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African 25(6.44) |0 (0) 4 (1.03) 0 (0)

American

Asian 0 (0} 0 (0) 0(0) 0(0)

Male 7 (0.72) 0(0) 6 (0.62) 0 (0)

Post-Meno | 135 (13.00) | 4 (0.38) 30 (2.89) 0 (0)

Female

Pre-Meno | 139 (13.48) | 2 (0.19) 20 {1.94) 0 (0)

Female

0 hour 52 (7.17) 0 (0) 5 (0.69) 0 (0)

1 hour 23 (7.93) 0(0) 3(1.03) 0(0)

2 hour 25 (8.62) 1 (0.34) 6 (2.07) 0 (0} 290
4 hour 36 (12.41) |1 (0.34) 9(3.10) 0 (0) 290
6 hour 25 (8.62) 1(0.34) 9 (3.10) 0 (0) 290
8hour - |18 (6.21) 0 (0) 3(1.03) ¢ (0) 290
12hour | 29(10.00) |1{0.34) 5(1.72) 0 (0) 290
16 hour 52 (17.93) | 2(0.69) 14 (4.83) 0 (0) 290
24 hour 21 (7.27) 0 (0) 12 (0.69) . 0(0) 289

*results presented as number of QT intervals (% of total)
PFridericia-corrected QT interval minus Fridericia-corrected true baseline
°Fridericia-corrected QT interval minus Fridericia-corrected sponsor-defined baseline

Table 8 shows the importance of distinguishing between placebo and baseline
measurements. The sponsor-defined baseline correction fails to account for the
pronounced placebo effect in this study. Additionally, as noted earlier, these studies were
not powered to discern differences among assorted demographics.

Time-matched Placebo-corrected QT

On days 14, 28, 42, 56 and 66, drug-related ECG's were performed at 0, 1, 2, 4, 6,
8, 12, 16 and 24 hours post-dose for a total of 9 ECG's/subject/dose. Time-matched
placebo-related ECG's were also performed for each subject. Time-matched, placebo-
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corrected QT were calculated and sorted. Table 9 shows all outlier values sorted by dose
administered and time post-dose.

In considering only the >60msec outliers, no group contained greater than 1% of QT
measurements above this cut-off. When considering the time-point analysis, one sees a
response profile that roughly follows the PK of the parent compound. However, as seen
with the earlier analysis, another peak in QT outliers occurs at the 16-hour time point. This
peak was also seen in both baseline-corrected QT data. Again, a diurnal effect is ruled
out, as the placebo readings are time-matched. Possible explanations include formation of
a pro-arrhythmic metabolite or a lag-effect associated with the parent compound. Further
examination of parent and metabolite PK is further warranted. Table 10 shows the same
data, this time sorted by race and sex.

Table 9. Time-matched, Placebo-corrected QT Intervals (sorted by dose
administered and time post-dose)®

Time-matched, Placebo-corrected

(0] Pod
Category N

> 30msec <

> 60msec

60msec
10mg 9 {1.36) 0(0) 660
20mg 25 (3.90) 0(0) 641
30mg 38 (6.17) 1 (0.16) 616
40mg 23 (4.98) 0 (0) 462
50mg 0 (0) 0(0) 125
0 hour 16 (2.40) 0 (0) 665
1 hour 10 {4.35) 0 (0) 230
2 hour 7 (3.04) 0 (0) 230
4 hour 13 (5.65) 0 (0) 230
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6 hour 14 (6.09) 1(0.43) 230
8 hour 8 (3.48) 0(0) 230
12 hour 6 (2.61) 0 (0) 230
16 hour 15 (6.52) 0(0) 230
24 hour 5 (2.18) 0(0) 229

results presented as number of QT intervals (% of total)

PFridericia-corrected QT interval minus Fridericica-corrected, time-matched placebo QT interval

APPEARS THIS way
ON ORIGINAL
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Table 10. Time-matched, Placebo-corrected QT¢ Intervals (sorted by race and sex)®

Time-matched, Placebo-corrected
Category are’ N

>

30msec > 60msec

< 60msec
African American } 9 (2.85) 1(0.32) 316
Caucasian 18 (2.85) 0(0) 630
Hispanic 67 (4.56) 0(0) 1470
Asian 0 (0) 0(0) 88
Men 8 (1.01) 0(0) 794
Postmenopausal {39 (4.54) 1(0.12) 859
Women
Premenopausal |47 (5.52) 0(0) 851
Women

“results presented as number of QT intervals (% of total)
®Fridericia-corrected QT interval minus Fridericica-corrected, time-matched placebo QT interval

In addition to this prospectively designed QT study, QT intervals were measured in
2 Phase [l studies (R905-CL-013 and R905-CL-014). Both are randomized, double-blind,
parallel-group, fixed-dose, mutticenter studies in adult men and women with overactive
‘bladder. They consisted of a 2-week washout/screening period, a 12-week double-blind
treatment period and a 2-week post-treatment follow-up period.

Before proceeding with analysis, the following deficiencies are noted:

1) As in the previous study, the sponsor recorded uncormrected QT intervals to the
nearest ten msec. Considering that these studies are meant to rule out QT interval
changes greater than 10 msec, rounding these measures is considered a limitation
of the data.

2} Unlike the previous study, the sponsor made QT corrections and proceeded to
round these to the nearest ten msec. This “double-rounding” error is surprising and
leads this reviewer to question the validity of the sponsors analysis. This analysis
will use unrounded, corrected QT interval measurements.
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3} Only 1 QT measurement per sample as made. Problematic due to high intra-
subject variability.

4) RR interval was not measured directly. Also, problematic due to high intra-subject
variability in this measurement.

Study R905-CL-013
QT-Correction

The sponsor used Bazzet's cormrection in this analysis. Figure 10 shows that the
more appropriate correction choice is Fridericia’s correction.

Figure 9. QTc vs. RR for Fridericia- and Bazett-corrected QT Intervals
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Outlier Analysis

Figure 11 shows a scatter plot of all drug and placebo-related QT measures
sorted by gender, race and treatment group. As seen in the earlier analysis, women are at
higher risk of experiencing a QT¢r interval greater than 450 msec, with elderly women at
an even higher risk than younger women. However, a very high placebo effect is seen,
with the greatest number of outliers greater than 450 msec also in elderly women.

Figure 12 shows a scatter piot of all change from baseline QTcr measures sorted by

gender, race and treatment group. Again, the group at the highest apparent risk is elderly
women.
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Figure 11. Drug and placebo-related QTcr measures sorted by gender, race
treatment group
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Figure 12.

Change from baseline QTcr measures sorted by gender, race and

treatment group

10000 30000 10000 30000 10000 30000 10000 30000
subid
Table 11. Outlier Basetinecorrected QT and ar for Study 013"
Baseline-corrected QT ¢ QT:
Treatment
G Gender | Age | >3pand | >e0 | 74503nd | 54
roup <500
<60 msec | msec msec
msec
Placebo Female | 18-59 | 10 (1.51) 0(0) 13 (1.97) 0 (0)
Placebo Female | 59-89 | 10 (1.55) 0(0) 31 (4.81) 0(0)
Placebo Male 18 -59 9 (6.16) 0 (0) 0 (0) 0(0)
Placebo Male 59 -89 2(1.73) 0 (0) 0 (0) 0{0)
Drug Female | 18 -59 15 (2.38 0 (0) 19 (3.01) 0 (0)
Drug Female | 59-89 | 18 (2.86) 0(0) 36 (5.72) 0 (0)
Drug Male 18 - 59 2(1.33) 0(0) 1(0.67) 0 (0}
Drug Male 59 -89 4 (2.53) 0 (0) 8 (5.06) 0 (0)

*Data presented as number of outliers (percentage of total)

Study R905-CL-014
QT-Correction

The sponsor used Bazzet's correction in this analysis. Figure 13 shows again that
the more appropriate correction choice is Fridericia’s correction.
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Figure 13. QT vs. RR for Fridericia- and Bazett-corrected QT Intervals
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Outlier Analysis

Figure 14 shows a scatter plot of all drug and placebo-related QTcr measures
sorted by gender, race and treatment group. As seen in the earlier analysis, women are at
higher risk of experiencing a QT¢r interval greater than 450 msec, with elderly women at
an even higher risk than younger women. However, a very high placebo effect is seen,
with the greatest number of outliers greater than 450 msec also in elderly women. 2
outliers greater than 500 msec were measured in this study, both coming from the elderly
women treated with Solifenacin.

Figure 15 shows a scatter plot of all change from baseline QT¢r measures sorted by
gender, race and treatment group. Again, as seen in the previous Phase Il study, the
group at the highest apparent risk is elderly women. 3 outlier values greater than 60 msec
were experienced, all by women. Two of the three outliers are in the elderly women
treated with Solifenacin group and are both greater than a 75 msec change from
baseline.
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Figure 14. Drug and placebo-related QTcr measures sorted by gender, race and
treatment group
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Figure 15. Change from baseline QTcr measures sorted by gender, race and
treatment group
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Table 12. Outlier Basetinecorrectsd QTc and ar. for Study 014°

Baseline-corrected Q1 T¢ QT:
Treatment >450
Gender Age
Group 9 >30 <60 > 60 <500 >500
msec msec msec
msec

Placebo Female | 22-60 | 10 (1.56) 0(0) 16 (2.49) 0(0)
Placebo Female | 60-89 | 12(2.02) 0(0) 23 (3.87) 0 (0)
Placebo Male 22 -60 2 (2.00) 0(0) 4 (4.00) 0 (0)
Placebo Male 60 -89 5 (2.87) 0(0) 4 (2.30) 0 (0)
Drug Female | 22 -60 6 (0.98) 1(0.16) | 17 (2.76) 0(0)
Drug Female | 60-89 | 20(3.14) | 2(0.31) | 44(6.92) | 2 (0.31)
Drug Male 22 -60 9 (6.92) 0 (0) 2 (1.53) 0(0)
Drug Male 59 -89 2(1.44) 0 (0) 9 (6.47) 0 (0)
“Data presented as number of outliers {percentage of total)

Conclusions

Several design deficiencies, as described earlier, have made it difficult to fully
assess the effect of Solifenacin on QT interval prolongation. The results however suggest
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that elderly women are at a greater risk of experiencing clinically significant QT
prolongation as a result of solifenacin administration. This may result from the age- and
sex-related increases in solifenacin exposure as seen in the PK analyses.

Final decision regarding the QT safety should be made in the context of the
following limitations: the absence of a positive control arm, only 1 replicate measure per
point and all QT intervals were rounded to the nearest 10 msec. Among these limitations,
the absence of a positive control is considered most relevant as its absence has lead to
questions surrounding the confidence of the results of this study.

KAPPEARS THIS WAY
ON ORIGINAL
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Appendix 2 (Pharmacometrics Review)

Introduction
YM905 is a compound being developed by Yamanouchi for the — ~—

———

Study objectives

2.1 POPULATION PHARMACOKINETIC ANALYSIS: The objectives of this analysis were
to: (a) Determine the significance of possible covariates on the population pharmacokinetic
parameters. (b) Estimate the intersubject variabitity of the pharmacokinetic parameters and the
random residual error.

2.2. QT ¢ ANALYSIS: The objective of modeling YM905 plasma concentration vs. change in
heart rate corrected QT interval (QTc) from baseline data collected during the Phase 11 clinical
trials were: (a) To assess the potential relationship between observed plasma YM905
concentrations and corresponding observed changes in the QTc interval from baseline, and to define
a suitable concentration-effect model that characterizes the relationship. (b) To estimate the
concentration-effect model parameters, random effect parameters (inter- and intra-individual
residual variabilities) and relative standard errors (precision) of the parameter estimates. (c) To
assess the influence of covariates (e.g., age, gender, race, smoking history, alcohol history) on the
model parameters to identify sub-populations with altered pharmacodynamics.

2.3 EXPLORATORY YM905 PLASMA CONCENTRATION-EFFICACY ANALYSIS The
objective of this exploratory YM905 plasma concentration-efficacy analysis were to determine if
any relationship exists between YM905 plasma concentration and the measures of efficacy found to
be significantly different from placebo in Study 905-CL-013 and 905-CL-014, which include: {a)
Change from baseline in the number of micturitions/24 hours (b} Change from baseline in the
number of tncontinence episodes/24 hours. (c¢) Change from baseline in the number of urgency
episodes/24 hours, and (d) Change from baseline in the volume voided per micturition.

Methodology:

Two identical clinical trials, 905-CL-013 and 905-CL-014, each consisted of approximately 630
patients with symptoms of overactive bladder (frequency, urgency, and/or urge incontinence) at 68
sites in the United States and Europe. The study consisted of a 2-week screening/washout period, a
12-week double-blind treatment period (10 mg YM905 or placebo administered orally once daily)
and a 2- week post-treatment follow-up period. Patients who completed the study had the option to
enter an open-label extension study. Patients visited the clinic at screening (Visit 1); baseline (Visit
2); after 4 weeks (Visit 3); 8 weeks (Visit 4); and 12 weeks (Visit 5) of double-blind treatment; and
at the end of the follow-up period (for those patients who did not enter the extension study) (Visit
6). Pharmacokinetic sampling occurred during 3 of 5 visits.

Pharmacokinetics: Pharmacokinetic sample collection: During Visit 1, a blood sample was
collected for the measurement of YM905 plasma concentration. The plasma sample was
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collected 1 - 4 hours after the initial dose of YM905 was given. At Visits 2 or 3, 2 blood
samples were collected for measurement of YM905 plasma concentration. The clinic visit was

scheduled such that patients had a sample drawn immediately upon arriving at the clinic and an
additional sample drawn immediately prior to leaving the clinic. Where appropriate, patients
were Instructed to hold their dose for that day until after the first blood sample was taken. The
second sample was drawn at least two hours after the dose, if the dose was given in clinic. The
time that the last dose of study drug was taken was documented in the subject diary and CRF.
The time that the blood samples were coilected for PK analysis were also documented and
recorded on the CRF.

PK-PD evaluations: In the Phase 3 studies, the primary efficacy endpoint was mean change
from baseline to endpoint in number of micturitions/24 h. Secondary efficacy endpoints were:
mean change from baseline to endpoint in number of incontinence episodes/24 h; number of
urgency episodes/24 h, mean volume voided/micturition, number of nocturnal void episodes/24
h, and number of nocturia episodes/24 h. These data were obtained from the patient diaries.
The safety of YM905 was evaluated on the basis of adverse events, clinical laboratory values
(hematology, clinical chemistry, and urinalysis), vital signs, physical examinations, 12-lead
electrocardiography (ECG), and post-void residual volume.

Statistical methods:

PK Data Analysis Exploratory Data Analysis. Graphical and statistical techniques were
used to isolate and reveal patterns and features in the population data set throughout the
population PK analysis. Structural PK Model NONMEM program version V level 1.1, NM-
TRAN version II1 level 1.0, and PREDPP version IV level 1.0 were used in this analysis
(NONMEM Project Group). A one-compartment model was initially fit to the PK data as
the base structural model. Models that were more complex were fit to the data if warranted
by diagnostic plots including predicted versus observed concentrations and weighted
residuals versus predicted concentrations and time. Once a suitable structural model was
developed, population covariate analysis of the effect of concomitant medications, clinical
laboratory values, and demographics on the pharmacokinetic parameters was performed.
Effect of Covariates on PK Parameters Potential population model covariates were selected
by using exploratory techniques. The effects of concomitant medications, clinical
laboratory values, and demographics on the PK parameters were modeled. Combinations of
generai linear and non-linear models of the covariates were tried in a stepwise fashion using
NONMEM. Model discrimination was made using the Likelihood Ratio Test (LRT). If the
LRT was not appropriate for model discrimination, ¢.g., non-hierarchical models, the
Akaike Information Criteria (AIC) was used. In each step, for each covariate, the models up
and down in the hierarchy were tried and the covariate models that decreased the value
obtained from the LRT the most were retained in the next step. The search was terminated
when none of the models tested could further significantly decrease the value obtained from
the LRT.

QTc Data analysis. Structural Concentration-QTc Model Appropriate concentration-QTc
models, without covariates, relating the change in QTc interval from baseline to
corresponding YM905 plasma concentrations were determined. Several models including
linear, Emax, and Emax with baseline were investigated. Mixed-effects population models
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were built using NONMEM. Effect of Covariates on Concentration-QTc Model Parameters
Methods similar to those described above for the effect of covariates on PK parameters were
used to assess the effect of covariates in the concentration-QTc model.

Efficacy analysis. The general approach to the analysis was to graphically investigate the
relationship between YM905 plasma concentration and the change in efficacy measures
from baseline at Weeks 4, 8, and 12 using scatter plots, box plots, and trellis plots. The
variables to be used for the analysis were the YM905 plasma concentrations and the change
in efficacy measures from baseline.

Results

PK Analysis: One compartment model with first order elimination and first order absorption
was determined to provide the best fit to the data. There was a significant linear relationship
between height, weight, and age and estimated apparent CL of YM905. Based on the final
model, the apparent clearance for the median individual (weight = 77.1 kg, height = 165 cm,
and age = 60 years) was estimated to be 8.05 L/h. YM905 was rapidly absorbed with an

absorption half-life of 1.8 h. The median apparent volume of distribution was estimated to be
1220 L, indicative of extensive tissue distribution.

Interindividual variability in V was large (82.2%), however none of the tested covariates were
identified as sources of variability in V. Interindividual variability in CL was estimated to be
48%. Although age, weight and height were identified as sources of variability in CL, together
they accounted for only 2.6% and therefore may be deemed to be of no clinical relevance.

Comments: The model building processes employed are acceptable. It is a good practice to not %
only look at the statistical significance of covariates but also its clinical relevance. ox
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QTc Data Analysis: Linear, E,;, and Epa, with baseline modeis were fitted to the YM905 =

plasma concentration-effect data. Results from those analyses suggested that a linear model
best described the concentration-effect data. The linear model provided an adequate fit to the
concentration-effect data for both Bazett and Fridericia corrected data. Parameter estimates from
the linear model were more consistent across the models tested and generally had lower
variability than the Ep.x models. The final model for both Bazett and Fridericia-corrected

retained the effect of baseline QTc on intercept and on slope, and the effect of former alcohol
use on slope.

Comments: the QT data were rounded by 10 msc. Also, naive linear regression of QTc data is

not recommended. Mean change from placebo arm and outlier analysis are important
parameters in OT data analysis.
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Detailed QTc data analyses are included in conjunction with health volunteer data (See
Appendix 1). ‘

Efficacy analysis A large degree of variability in the distributions of change in efficacy
parameters from baseline was observed. A linear regression model applied to the efficacy
endpoints vs. concentration data indicated small trends toward a greater decrease from baseline
in the number of micturitions in a 24 h period, a greater decrease in the change from baseline in
number of incontinence episodes in a 24 h period, and an increased urinary volume voided in a
24 h period with increasing steady-state YM905 plasma concentrations. However, no trends
were evident when the data were evaluated by visit. There did not appear to be a relationship
between YM905 plasma concentrations and the change from baseline in the number of urgency
episodes in a 24 h period.

Direct pharmacodynamic mixed effects models were employed to quantitatively evaluate
possible relationships between YM905 plasma concentrations and each of the effect parameters.
No significant concentration vs. effect relationships were identified for the primary endpoint,
change from baseline in the number of micturitions in a 24 h period, or change from baseline in
the number of urgency episodes in a 24 h period. Based on the change in the NONMEM
objective function value, a marginally significant (p = 0.05) linear relationship between YM905
plasma concentration and change from baseline in the number of incontinence episodes in a 24
h period was identified. A significant (p < 0.05) saturable (Enax) relationship was observed for
YM905 plasma concentration vs. change from baseline in the urinary volume voided. Based on
the results of the analysis, the median maximum change from baseline (Emax) was estimated to
be 49.8 mL and the median YM905 plasma concentration associated with half the maximum
effect (EC50) was estimated to be 1.32 ng/mL. Estimates of interindividual variability for both
Emax and ECsp were large (100% and 700%, respectively) and the residual error was estimated to
be 37.3 ng/mL. Exclusion of two outlying plasma YM905 concentrations (> 250 ng/ml) for one
subject (subject ID 20022) did not affect the results of these analyses.

Comments: due to the large variability in PD data, no conclusive results can be found.

APPEARS THIS WAY
ON ORIGINAL
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Appendixes

Table 5.1.2  Summary of Covariates Used in the Population Pharmacokinctic

Analysis

Covariate

Median (range)
-0OF =
Count (%)

Continuous Variables

Body weight {kg)

Height {¢m)

Age (y)

Alanine Aminotransferase (U/L)
Alkaline Phosphatase (U/L)}
Total Bilirubin (mg/dL)

Blood Urea Nitrogen (mg/dL)
Creatinine Clearance (mL/min)

Categorical Variables

Race (Caucasian/African
American/Hispanic/Asian/Other)

Sex {(Males/Females)

Alcohol Use (Never/Former/Current/Missing)
Smoking (Never/Former/Current)
Inhibitors 2D6 (No/Yes)®

Inhibitors 3A4 {(No/Yes)

Inhibitors p-glycoprotein (No/Yes)

ACE Inhibitors {No/Yes)

SSRI therapy (No/Yes)

Hormone Replacement Therapy {No/Yes}
NSAID therapy (No/Yes)

COX2 Inhibitors (MofYes)
2 = Creatinine Clearance dwa i of 150 ml./min

77.1 (42.6 - 181 4)
165 (124 — 201)
60 (20 - 88)
19(5 - 104)

70 (20 — 240)
04(0.2-23)
15(4-39)
98.1 (17.8 - 150)"

339/45/25/5¢7

1204521
197/91/352/1
318/228/93
602/39
371770
604/37
555/86
582/59
3877254
400/241
56774

b =No = patients nol faking as a concomitant medication and Yes = patients taking s s conenmitant medicat ion

APPEARS TH!S WAY
ON ORIGINAL
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Table 5.1.4 YM905 Base Population Pharmacekinetic Parameter Estimates
{(Model 204)

Salifenacin Succinate Base Model Parameter Estimates - FOCEI Method
Structural Model and Inter-individual Variance Parameters

Parameter Typical Value (YRSE*Y) Inter-individual %CV (% RSE*)
KA (e 0.392 (15.0% ) NE
CL {L'hr) 10.5(2.3%) 50.6% {8.05%)
V(L) 1630 {11.4%) 82.2% {6.53%)
Intra-individual, Residual Error
Parameter Estimate (% RSE*)
g %CV=23.3%{7.88%)
6 2 SD=0.18 (44.6%)
* %RSE: pereent welative standard error of the estimate = SE/parameter cstimate © TK)
Abbreviations: FOUEL = first order conditional estimation with interaction, ka = absorion cie conatant, CLF oral cleasance. VoI = vl

valume of distribution. G Lpy  proportional compancnt of the sesidual ermor madel, G2 - addstave conponcat of the ressdal eriar sodel,
NE = Noi Estimated.

APPEARS THIS WAy
ON ORIGINAL

Table 5.1.9  YM905 Final Population Pharmacokinetic Model Purameter
Estimates {(Model 512)

YMO905 Final Medel Pavameter Estiates - FOCEI Method
Structural Model and Inter-individual Varisace Parnmeters

Parameter Typical Value (%RSEY) Inter-individual % CV {%RSE*)
KA 0,384 (15.0%) NE
CL (L/he) CL = 61 + B4%{HT-165) 8% (3 39%)
+ 05 *(AGE-60p+ 88*(WT-T1.1)
Typical CL {61) 8.05 (2.20%)
Oy 0.009% (17.1%) .
LT .0516 (26%) .
g -0.0324 (22 3%) -
V(L) 1220(11,5%) 82,78 {6 81%)
Tntra-individus, Residwal Error
Pararseter Estimate (%RSE*)
Tpp RCV=23.3% (7.94¢%)
o SD= 0181 meg/L {44.5%)
-m Pemcent elative sllaxd e of e st =ﬁ_ o 100
Abb KA iz , CL = aead cl ¥ = ot volusne of disteatn o‘ ] of the:

Mdmrmﬂ,cﬂ=dﬂlwwdlhm“mmu,m=mﬁﬂmnﬂ=haﬁ W'I=umght :
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Table 5.2.6 YMO903 Plasma Cencentration-QTc (Bazett’s) Base Population
Parameter Estimates (Model 008)

Base Model Psrameter Estimates - FOCE] Method
Structural Medel and Inter-individual Variance Parameters

Paramoter Typical Value (%RSE®)  Intcr-individual SD (%RSE®)
INT (msec) -0 154 (208 %4) 853 (081 %)
SLP (msecing/mi) 0.0678 (24.9%) 0299 (359 %)
Iatrs-individual, Residual Error
Poarammeter Estimate (Y2REE*)
T SD-11.4(302%)
NGRSE percec relakive SRAA] Tox of fha €WITAN = SIS Sk © 10

Ablwevistians: FOCET = first order conditional estimation sith itessction, INT = nreroept, SLIP = slope, o, = additn e
1esidusl error modil

Table 5.2.7 YM90S5 Plasma Concentration-QTc (Fridericia®s) Base Population
Parameter Estimates (Model 030)

Hase Model Psrameter Estimates - FOCE] Method
Structural Model snd Inter-individual Variznce Parameters

Patamicter Typical Value (RSE®) Inter-individual SD (% RSE*)
INT (msec) 0.445 (69.2 %) 815 (6 43 %2)
SLP {msec/ng/mL) 0.0981{16.7 %) ©9.292 (14 & %)
Intra-individaal, Residual Error
Patamcicr Estimate (YRSE™)
O SD = 10.9 (4.02 %)
¥ WMREE: poscent ralstive siandand error of Sha estimale = S5 nate © 100

Abbreviations: FOXCEI = firet onder conditional esfimstion ﬁ;hmm=uﬂmqtﬁu‘=skwc’m=uiﬁm‘e
revidunl arvor model

APPEARS THIS WAY
ON ORIGINAL
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Table 5.2.14 YM9S Plasma Concentration-Q7c (Bazcett’s) Final Population
Parameter Estimates (Model 915)

Final Model Parameter Estimates - FOCEL Method

Structursl Madel and Inter-individual Variance Parameters

Parsmxter Typica} Value (%RSE") Titer-individual SD (%RSE)
INT = By x (BASE - 424)
INT T 46 (7 34%5)
o, 0207 (3.17%)

SLP=# + 8 s (BASE - 424) + & x (ALC = 1)

SLe 0242 {16.7%)
o, 0.0800 (19 I%4)
g -0.00559 (14.7%)
8y 0 114 (33.8%)
Residual Ervor
Paramwier Estimate (%RSE*®)
ot SD =114 (4.02%)
* SRSE: percent relative efror of i astiman: = SEAX image * 100
Abbresiations: FOCR] = first onder canditional estimation with i ion, INT = oL SLP = shope. 0Fany = schittive
pesidazal ervor mudel

Table 5.2.15 YM205 Plasma Concentration-Q7¥ c (Fridericia’s) Final Population
Parameter Estinuates {Model 916)

Final Model Parameter Estimates - FOCE Meihod
Structural Model and Tnterdndividual Variance Parameters
Parameter Typical Vaiue (%RSE") Inter-individual SD (%RSE )
INT = 0, x (BASE - 413)
INT 7 01 {6 9%%%)
u, 0221 (133%)

SLP=0:+ 8 s (BASE -d13) + Bsx (ALC = 1)

SLP 0236{16.5%)

8, 0.131 (11.5%)

8, -0.00559 (13.7%)

& 0114 (32,6%)

Residual Ervor
Parsmeter Estimate (% RSE*)

[ SD =109 {4.02%)
* SMRSE: percont talati v Stiadind rror of he el = SEAY inste * 100
Abbrevistians: FOCEY = firm arder conditionn) emination with inbersction, INT = i P, SLP = slope, 67a = adiditive
sesidusl error model
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Table 5.3.1 Summary Statistics for Change in Efficacy Parameters from Baseline

AMIC AINC ARG AVOD
Visits 34 and 5
n i11e 1119 1119 1114
Mean -2.5% -1.48 -2 47 47.34
SD 254 132 334 61.78
%V G99 30 156.64 101 .98 130.37
Mcdian -23 -1.0 30 4328
Minimum
Maximum
Visit 3
n 38t 381 381 380
Mean =240 -1.34 -i 4733
i3 244 246 65 5843
%V 101.66 183.55 113 34 12344
Median 2.0 0.7 -2 4345
Minimum
Maximum /
Yisit 4
n 2240 220 230 18
Mean -2.43 -1.50 =326 4509
SD 235 210 302 6381
2V 96.60 139.90 0358 141.52
Median 2.7 -i.0 -3 378
Mitimum
Maximum
Visit 5
n 518 518 518 516
Mean -2 72 -1.58 =374 48 39
sD 267 230 3 6337
ACV 98.32 14611 9742 13095
Median 21 -10 =37 47325
Minimum
Maximum {

Change from baseline in number of micturitions m a 24 h peried (AMIC), number of

incontinence episodes in a 24 h period (AINC), number of urgency cpisodes ma 24 h
period {AURG) and volume voided in 2 24 h period (AVOD). n is the number of
observations; SD) is the standard deviation; %CV is the cocf¥icient of variation.
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Obaorvad mdd Predicted Change from Baseline QT¢ Interval (msec)
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The heavy line is the population mean predicted change from baseline QTc interval as a linear function of
YM905 plasma concentration.

APPEARS THIS ‘WAY
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