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Synopsis

In 1998, Detrol™ (tolterodine tartarate tablets) at doses of 1 and 2 mg BID was approved in the US

for the treatment of patients with overactive bladder with symptoms of urinary frequency, urgency,
- or urge incontinence. In this current application, the sponsor seeks approval for 2 and 4 mg
prolonged release capsules of tolterodine tartarate (tolterodine ™) to be administered once daily.
‘Data from clinical trials assessing safety and efficacy of tolterodine ™ along with separate studies
_ focussed on the clinical pharmacology and biopharmaceutics aspects have been provided.

" Recommendation

Based on the review, NDA 21-228 is acceptable from a Clinical Pharmacology and .

~ Biopharmaceutics perspective. The suggested labeling changes are included in the section

. “Labeling Comments” and have been finalized, some of which are the same changes made while
reviewing NDA 20-771 S002, S004, and S 007. There are no OCPB issues that remain unresolved

ull'l‘ci‘itly Wlth NDA 21-;28 S 7 ' -

- Comment to the sponsor: The proposed =~ === _ / '
this will be taken at a future time. - - =~ S T . L

Dated

~ Office of Clinical F Phalmacology and Blophannaceuhcs (OCPB)
- Division of Pharmaceutical Evaluation II

~ FT signed by Ameeta i’arekh,_ Pﬁ.D. | ‘%‘ EL Datéd; /I-/ /é / b0
’ -~ —

CC’ NDA 21228, HFD 870 (H. Malinowski, A. Parekh, DJ. Chatterjee), HFD-580 (B Gierhart, E. Farinas), CDR(B
Murphy). [A Briefing for NDA 21-228, held on 11/14 /2000, was attended by H. Malmowskl J Hunt A. Parekh and
_. DJ. Chatterjee} o )
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'BACKGROUND

Questions addressed in this section:

What is urinary incontinence? -~ . -

 NDA21-228 - "7 TOLTERODINE' ===

e o o o e

- What is the pharmacologic rationale for use of this drug?
What is the regulatory history of this product? '
What are other available alternatives? .

What CPB studies have been submltted n support of thls NDA?

Urinary mgontmence, 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. Overactive bladder causes troublesome symptoms, which result in a

- significant impairment of normal social functioning. These symptoms include frequency,

nocturia, urgency, and urge incontinence. Uncontrolled bladder contractions give the feeling of
urgency, and exaggerated sense of needing to urinate. In turn, urgency causes frequency and
nocturia; voiding at abnormally reduced intervals. Urgency may lead to urge incontinence if the

sphincter mechanism is unable to resist the uncontrolled bladder contraction. Patients may have

any combination of these symptoms. Frequency may be a primary symptom of the underlying

disease or may be secondarily self-induced to avoid incontinence. Frequency and urgency meamr—

~ that patients must make frequent visits to the toilet, so that daily activities are conditioned by the

need to be near a toilet. Sleeping patterns are d1srupted when these symptoms occur at mght

- Urinary incontinence is not solely due to overactive bladder. Stress urinary mcontm‘ence,

particularly common in women, is"a type of urinary incontinence in which the urethral closure

" mechanism is compromised and urine escapes when intra-abdominal pressure increases

sufficiently. Leakage may also occur as a result of a combination of overactive bladder and the
compromised urethral closure mechanism. Patients sometimes present with symptoms of both

- urge and stress incontinence, called mixed incontinence. Mixed incontinence is common in

women, espec1aliy older women. lnvoluntary loss of urme associated with overdistension of the

" underactive or acontractile detrusor, or m_ay be due to bladder outlet or urethral obstruction

leading to overdistension and overflow. Urine loss may be caused by factors outside the lower
urinary tract, such as, chronic impairment of physical or cognitive functioning, or both, a
condition termed as functional incentinence. Urine loss may also occur without any warning or
Sensory awareness, such as, in parapleglcs and in some pauents without overt neurologic
dysfunction. -

" Normal bladder contractions are mediated primarily through cholinergic muscarinic receptor

. stimulation. These receptors are believed to control normal bladder contractions, and possibly

play a major role in overactive bladders. Hence, antimuscarinic drugs have almost become a.

“standard of therapy for overactive bladder. However, a most common side effect of these class

of drugs is dry mouth (due to its effect on the salivary glands). LT
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' anumuscanmc activity at the bladder (in animal models). The FDA approved Tolterodine
tartarate immediate release (IR) formulation at 1 and 2 mg BID doses in March 1998 for the
man""Pment of overactlve bladder. The current apphcauon seeks approval for once a day dosmg

reduced ﬂuctuatxons in its serum levels (as compared to IR)

Several drug theraples including antimuscarinics, antxspasmodlcs tncychc antidepressants and
estrogen are available to treat the disease. Prior to the availability of tolterodine, another
antimuscarinic, oxybutynin (Dm'opan) has been approved for the same indication. More recently
.an extended release formulation for oxybutynin (Ditropan XL) once—dally dosing has been :
approved by the FDA in December, 1998. : _ . o
A~total of 6-studies relatmg to chmcal pharmacology and biopharmaceutics have been submitted
in support of this application. These studies describe the formulation selection rationale,
pharmacokinetics of the PR formulatlon from smgle dose and multiple doses, food effects andin -

" vitro dlssolutlon ' :

This review follows a Questlon-Based’ approach.

' PHARMACOKINETICS

[Q- What is the PK profile of tolferodine from the IR formulation? ]

The general pharmacokinetics of tolterodine is described in sufficient detail in the Detrol™—
physician’s package insert. Since tolterodine is extensively metabolized in the liver leading to
the formation of an active metabolite (5-hydroxymethyl tolterodine, DD 01), the PK of |
tolterodine and the active metabolite was studied in extensive (EM) and poor (PM) metabohzers
The following table summarizes the PK parameters of the two species in 8 EMs and 8 PMs

-—fol]ovwng ad_mxmstratlon of Detrol ~ (smgle and multlple doses, 4 mg BID).

, Tolterodine 5-Hydroxymethyl Metabolite
Phenotype - tmax - Cmu* ' Cayg*A ) ty, CL/F tmaxm Cmax’ Cavg* ty,
(CYP2D6) | (h)- | (ug/L) | (ngll) (h) oy | @ | Ggl)| () (h)

| Single-dose S _ . E ' S - "
EM t_l_Gil 5711.6£1.2 ] 0.50£0.35 | 2.0+0.7 | 5344697 | 1.8+1.4 | 1.840.7 | 0.6240.26 } 3.1+0.7
PM 114205 ] 10+4.9 | 83443 | 65:1.6 | 1747.3 -f - - -
Multiple-dose B I ) : .
T EM 1.240.5 | 2.622.8 | 0.5840.54 | 2.240.4 | 4154377 | 1.220.5 | 2.4+1.3 | 0.9240.46 | 2.9404
— PM 1.9£1.0 | 19%7.5 | 1245.1 | 9.6£1.5 | 1144.2 - - - -

* Parameter was dose-normalized from 4 mg to 2 mg. .

Crnax = Maximum plasma concentration; typax = Time of occurrence of Ciax; -

Cavg = Average plasma concentration; ti;, = Terminal elimination half-life; CL/F = Apparent oral clearance.
- = not applicable.
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Followmg a S-mg oral IR dose, Tolterodme was tapldly and almost completely (z80%) .
absorbed. Food increased the bioavailability of IR tolterodine. The drug is Inghlybound to

_ plasma proteins (pnmanly a,-glycoprotem) but the active metabohte is not.

Tolterodme is extensxvely metabolized in thé liver (cytochrome P450, CYP 2D6) toan

TOLTERODINE  ~—

equipotent antimuscarinic 5-hyroxymethyl metabolite. Due to differences in the protein-binding
characteristics of tolterodine and the 5-hydroxymethyl metabolite, the sum of unbound.serum
concentrations of tolterodine and the 5-hydroxymethyl metabolite is similar in EMs and PMs at |
steady state. Hence, the net pharmacologic activity of tolterodine is expected to be similar in

extensive and poor metabolizers, and a dose ad]ustment is not recommended in the Detrol™ label -

for PMs. - ) -

Following administration of 2 5-mg IR oral dose of “C-tolterodine to héalthy volunteers, 77% of
.radioactivity was recovered in urine and 17% was recovered in feces. Less than 1% (<2.5% in
poor metabolizers) of the dose was recovered as intact tolterodine, and 5% to 14% (<1% in poor

' metabohzers) was recovered as the active 5-hydroxymethyimetabohte

- For amore detailed review of the pharmacokinetics of tolterodine and its activc metabolite, the

“Table 1. Pharmacokinetic parameters (median with range in first row and mean -~

reader may refer to the Dr. Gary Bamette’s Clinical Pharmacology and Biopharmaceutics review
- of NDA 20-771 (dated March 12, 1998) '

Q. What are the PK characteristics of toiterodme from single and multlple doses of the PR

formulation? How does this compare to the IR formulation?

(i i) Single Dose —
The sponsor conducted clinical Study 98-TOCR-010 (detalls Attachment D, Wthh prov1des the
following information; a) comparison of PK profiles of tolterodine following single doses of the

IR and PR formulations and b) effect of food (a standardized high-fat breakfast) on the PK of
tolterodine from the PR doses.

" Results: . , o o

with SD in_second !'gw) for the active moietv () n=17) —

AVE Sasw dswwa ARAvALEY (28T &7 )

Parameter " PR capaule fed PR capsule fasted Ricblet fastod |
~ omg— 8ma Amg
E “lauc. (nvh) 38 {14 - 76) . 42(18-72) . 22(14-45)
28078 | ae0sn 25.1(8.8)
- ‘AUCm(th) - —38(14-74) 41 (18 -71) 22(14-43)
M.7(175) 42.8 (14.8) . 2a5(s4)
Cons (1M 25(0.68-4.8) 3.0(056-47) 50(1.9-81)
, ' 26(1.0) _29(1.1) 52019
b (1) , 1(05-2) 0{0-05) |- 0(0-0)
tme (1) . 8(4-12) 4(3-6) 0.75 (0.5 - 1)
e (1) 8.5(4.2-26) - 87(36-290 | 37(24-99
_ 8.9{4n : 8.0 (5.8 i 41(1.8)

Ad0D TEISSOA 1528
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Tab]e 2. Pharmacokineﬁc paramete}s (median thh r:ingé in ﬁrstrow' and mean with

SD in second row) for tolterodine in the extensive metabolizers (n=16).

N Treatment .
Parsmeter - PR capsule fed PR capsule fastod. ~ IR tablet tastod -
i amg - 8Smg- . - 4mg
pr— — ———— e ——
B AUC. (ugith) 23 (13- 107) 27 (10-111) 12(34-68) .
o 57.3 (20.0) 37.0(27.6) 19.6(17.2) ] -
- AUCram (1194-h) 23(12 - 106) 26 (9.5 - 110) 1(29-67)
35.4 (28.9) 35.3 (27.6) 192(17.2)
Conaz {19/ 1.8(0.91-5.9) 23(0.82-62) 43(12-15.1) -
_ 25(1.5) 2.7(1.6) 5.4 (3.9
o tag () 1(05-2) 0(0-0.5) 0{0-0)
‘ o () 4(3-12) 4(2-6) 0.76 (05-1.5)
Nty 81(33-27) 79(3.0-13) 2.4(1.6-4.6)
10.6 (8.7) .84(32) 28(1.1)

Table 3. Phafmacokihetic péramete[sv(me'd'ian with range in first row and mean with

. SD in second row) for DD 01 in theextensive metabolizers (z=16).

R Treatment
Parameter PR capsule fed PR capsule fasted IR tablet fasted
8mg T 8mg 4mg
AUC. (ugrt) |- 42(19-88) 50(32-67) 27 (18- 50) o
- 462007.0) 49.1(15.2) 7287
AUChat (1) - 41 (18-87) 49 (31 - 86) 26 (17-48) B
451 (17.9) 47.6 (152) " 263(83)
Chrex (1gH) 2.8(1.6-4.9) _ 31(1.7-52) 55(3.4-7.6)
28(08) 132010 55(1.2)
g (h) 1(05-2) 0(0-05) 0(0-0) -
| ta () 6(a-12) 4(3-6) 0.75 (0.5 - 1)
the {B) 8.5(4.3-11) 72{42-20 38(25-60)
8.1 (22) 8.8 (5.9) 3.7 (0.93)

— confidence intervals.

“Table 4. Relative bioavailability (Fm),»biised on AUC., Geometric mean with 90%

i Capsule fed vs. Capsule fasted vs.
Capsule fasted IR tablet
Active moiety | Geom. mean 095 ‘0.87
90% Cl . 0.88-1.03 0.80-0.94 B

oD 01 Geom. mean 0.94 0.90

90% Cl 0.688 - 1.01 0.87-0.94
- Tolterodine Geom. mean . 100 - " o0s8

' 90% C1 0.89-1.11 0.87-1.10

'1: Corrected for differences in dose
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:'I’able 5. Relative. bmavax]abi!ity (an), based on AUChus, Geometnc mean with 90% .

confidence intervals.
B Capsule fod vs. Capsulo fasted vs.
Capsule fasted -~ IRtablet’

Active moiéty | Geom. mean - 085 . 088 i

B} 20%Cl T 087-1.04 0.80-093
‘|pDot Geom. mean 094 -090
g v 90% CI 0.86-1.03 0.87- 094
Tonerocﬁne. Geom. mean 0.99 0.96

: 90% Cl 0.88-1.12. - 0.85-1.08

1 Conected for differences in dose

Tabie 6. me ratios

- Geometric mean with 90% confidence intervals.”
Capsule fod 8 mg vs. Capsule fasted 8 mg vs.
. Capsule fasted 8 mg IR tablet 4 mg

—.. | Activemoiely .| Geom. mean 0.91 . . 0.53

- 90% Cl " 0.78-1.08 0.45- 063

DD 01 _Geom. mean 0.88. 0.57 ‘ R
~ 90%Cl 0.75-1.03 0.49 - 0.68 :

Tolterodine Geom. mean 0.98 0.48

' " 90% Ci 0.84-1.14 0.41-0.57

- Hgml.wknmmmntaﬁon&dbbo;inmmmaaboﬂmaﬂs)] Figure 2. Median serum concentrations of tolierodine in extensive metzbolzers (n=16).

' DD 01 :(pgll)., i

~Capsuled fod - Capsule fasted -=IR tablet

Tolteradine (ug/l) -

Time-{h)

0 6 12182430 % 42 48 54 &

0 6 1218 24 30 26 42 48 54 60

~ Time ()

~Capeule fed  Capstle fasted = IR tablet
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This study used twice the récommended dose for both PR and IRF formulations for ease of

. drug assay and PK analysts However, thls may not affect the comparatlve nature of PK

*_ Equivalence was seen for AUC (both AUC» and AUChs) for the active moiety, DD 01 and
_tolterodine, when comparing the PR capsule with the IR tablet.

From the data above, 1t appears that for the aqu_nggg, DD 01 and tolterodme there was
equivalence jr AUC (both AUC=and AUChst) when the two capsule administrations were

‘compared to each. Hence, no food effect was seen. L

‘Based on Cmax, the confidence intervals for the ratios for the fed vs. fasted capsule

administration was within 0.75 — 1.14 (for all species analyses). This might indicate that the o "
fed state may have a minor effect towards a reduction in rate of absorption, but this may not =
be clinically significant. o

‘No sign of ‘dose dumping’ was evident from the PK profiles of the PR formulatlon or due to

the effect of food. S

Sponsor reports that ‘the bioavailability of the PR capsule, relative to the IR tablet, in the
poor metabolizer was approximately 50%’. Since this was only from one subject, no

- conclusion can be drawn from this result about the clinical relevance of this finding.
‘Cmax for the capsule, compared to the IR tablet, was significantly reduced even though twice

. as high a dose was used for the capsule. This was expected and, in fact one desired

- characteristics for the PR formulation. The other desired characteristic is being fulfilled by a -

significant increase 1n the apparent t,,, of the active moiety from the PR formulation as
compared to the IR.

Examination of the mean serum drug concentration profile (and a majornty of the 17
individual profiles) indicates that in comparison with the IR, the PR formulation is effective ~
in increase of the T, decrease of the C,_, while maintaining bioequivalence. Hence, it
fulfills the main cﬁteria for an extended release formulation.

- (i) Multiple Dose

" Thes sponsor conducted clinical Study 97-TOCR-006 (detm]s Attachmient IT), which ch provides the
-following information:

' Raults:

Comparison of PK proﬁles of to]terodme at steady state fol]owmg multlple doses of the lR
and PR formulations
Comparison of the change of salivation (sxde effect) profile from baseline between IR and PR
dosing™ - . . :

The following figures and tables illustrate the comparative PK of tolterodine, DD 01 and the
~ active moiety following IR and PR dosing. Results following the salivation data analysis will be
- ‘described in the next section (pharmacodynamics). :

g
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ﬂgnre 3. Median serum éoncenmﬁons (mg/1) of tolterodine in
the extensive metabolizen (n=13), from the moming of Day 7.

. 41

Figured. Median serum concentrations (mg/l) of DD 01 (n=13;
extensive metabolizers only), from the morning of Day 7.

F

.
)

Tolterodine (ugh
iine.

DD 01(ng)

"<IR tablet -~ PR capsule

Time (h)ﬂ - ,. | | Time (h)

IR tablet= PR capsule

_._mweq(m)_o-pnmmmnwmabmm o-PHcapsule(PM) h

Figure 5. Median serum concentrations (nM) of the active molety in the
extenslve (n=13) and poor metabolizers (n=4), from the moming of Day 7.

. Time (h)

Figure 6. Median serum concentrations (ng/l) of tolterodine in
.. the poor metabolizers (n=4), from the morning of Day 7, ~

Tolterodine (ugh) |

0 -6 12 18 24 30 36 .42 48
Time (h) : L=
~IRtablet ~PRcapsule -
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Table 7. Pharmacokineﬂc parameters for A) tolterodine and (B) DD 01 and (C) active moiety (medlans with
range in first r row and means with SD in second row #)

(A) Tolterodine (B) DD 01
— R Treatsend - - mewergy - - ) 3 -
o Piogme Rt | PRemsie CT '
Purameter B (il Pl ot} Elis (w1} Pils (n=4) Paametsr EMs i1y s (n=f) - ENs{m1y) " Pois (ol
ACutot) | 170(55- 259 C1e(%-T) | BORR-2 | 23(175-69) ACos gty 2(3-69 nd % (14-68) nd.
' B YY1 @) 13 28043 md(ran _nd 87y nd
G P9 2008-192 | nspi-en | oisEe-1ns | wspar-464 | lewpor 25(10-43 ad 38(18-86) ot
o | wug | mepsy | sses Ay | | apsm—}  ne T nd
Jomimn enEa-eh | 504075 | omEmRian | 490-2) | [Ceelod 05 09+ 15 ad 037 (006 1.4) Ad.
' Sl wmpn | wes 050013 a2 050 041 nd 050 (4B nd
A 2009-4%) | a78pR-09 | 3sh4-58 | 12pw-1y | P 13(n-29 nd.  28QN-40) nd.
22050 080 (0.2 812 12020 15079 nd. 24(0.90) nd.
e g | e o nd " -9 nd nd . nd -
P 8232-10 | n@Ee-4y | 2808-80 | ergs-m | [wm® 0QEI-19 ad 50(2-13 nd
_ 8935 180155 35@1) ns(s 29(49 nd 53R - nd
l&lymdnutmmmm- # Orly medians with rangs &re presenied 1oF tue.

-mmkmmmmmmumbmﬁeuun
mwmvmmammmmwwwmm
for moming and ovening Cae and tuw a1 found in Soction 13.2.3.

mmuummmmqmum@bmmnmmm
mmuumhmmmuummmh
D0s7n 358 Svering Cem 300 fear 810 fund in Section 1223

© Aéﬂve mofety

— _ B AUC Con - Cam
— Tolterodine (n=17) | 0.91(0.78-1.07) | 0.61(0.49-0.76) | 1.83(1.06-3.15)
DD 01(n = 13) 0.88 (0.78-0.99) | 0.67(0.57-0.79) | 1.32(0.90-1.92)
/:gsve moiety (n =| 0.7(090-1.04) | 0.74(065-0.84) | 1.43(0.55-3.76)

wmmnmhmmmmumww

'hrmmnmc_-nu.nmnsmm

Tabie 8. Auc,., c.,... and Cpn mﬁos for the PR capsule relative to the IR tablet.
~ Geometric mean with 90% confidence intervals.

statistics.

} Treatment
: PR capsule o IR tablet .
Pusmeter | EMa(ma13) | PNs(not) | AN(T) | EMs(ne13) | Pte(nef) | AB(m17)
- A AUCss {rikh) | 3103-52) | 14443-52) | 28(13-52) | 2234-60) {155(16-45)| 28(14-60)
Q —| 25t | 23092 | wapan | sarpan | 25059 | 319139
Cous (M) 27 ] oses 27 as 12 2 V.
~ ° - . (10-3n |'p77-a) | @7-3an | 08-55 | (10-30 | (0-55
Q 26080 |, 14y | 2300 | 20 | wpso | sas
Com {PM) 0.81 0.40 . 0% .11 50 032 -
w ©03-12) | p0-1n | 0017 | por-sn | wo-23 |pon-nz
' N 060(040) | 0701070y | oeotoam | 07001 | 03ty 27(s7)
. m : . A 18 078 14 27 12 T 22 .
. Lo : ©82-20) | (082-096) | 062-30) | (©94-4.9) | (0.88-15 | (0.88-4.1)
a ‘ 1707 | asop2n | 150079 | 2508n | 120209 | 220000
. e o ) @2-6 | 43-9 | 429 | na nd nd
e W hey - |B8[@0-18) [ 11(89-66) | 2020 66) [ 48(R2-12) {BI(TS-17) [ 5382-17)
. G . 95040 | 22079 | 130009) | 51239 | weuny | sapn
Q ' '(uymﬁlmwmwb . ’
: : i -mmc.au,n;ﬁ&m found {moming.or evening) Is presemed hers for the IR

10
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Reviewer’s comments:

_ e The PR-capsule showed acceptable release properties with Cras levels of api;roxxmately 50 -
7 S% (tolterodme, DD Ol and acttve m01ety) for the PR capsule compargd *o the IR tablet

consequently lower for the PR capsule than the IR tablet. o ’

- AUC24 for the active moiety was shown to be equivalent for the PR R capsules and IR tablets.

However, the AUC24 ratios for tolterodine and-DD 01 did not quite meet the generally

accepted equivalence criteria (missed narrowly — 90% CI between 0.78 — 1.07). There may

~ be a variety of reasons for this, which may not necessarily be a major issue clinically.

- All other metabolites of tolterodine (other than DD 01) showed s1m11ar levels between the PR
~ —and the IR dosage forms.

« Comparing C_ across studies between the smgle dose data (and correcting for half the
administered dose) with the multiple dose data, an approximate aceumulatlon factorof 2 - 3
is obtained at steady state (for the active moiety).

o The data here (figure 5 above) does not show that ‘the sum of unbound serum concentrations of
~ " tolterodine and the 5-hydroxymethyl metabolite (“active m01ety”) is similar in extenswe and poor
metabolizers’ as claimed in the label. The label was modified accordingly.

e Medical officer notes that in the pivotal clinical trial, the-extended release dosage form was
administered in the moming. A menhon of that is recommended in relevant sec'aons of the label.

PHARMACODYNAMICS

| Q. What is: the‘ general pharmacodynamic response profile for tolterodine? : ]

Tolterodine is a potent muscarinic antagonist used to treat urinary incontinence. Its use in
patients lead to a reduction in number or incontinence episodes per week, a reduction in the
number of micturations per day, an increase in the volume voided per micturation, and an
increase in the residual urine volume. Dry mouth (most frequent), constipation, abnorma] vision
(accommodatlon abnormahtles) urinary retentlon and dry eyes are expected side effects of

§ ,.1olterodme

o I Q. Was the correct-dose selected for the tolterodine PR capsules? _ - I

Sponsor conducted a dose-finding trial (Study # 97-TOCR-002) and a PK-PD analysis to decide
. which among the 2, 4; 6 or 8 mg PR capsule doses is equivalent to the 2 mg BID IR tabletin
" terms of efficacy and safety. Details of the-study method etc. are provided in Attachment IIL
Note that the PR formulations used for this study were ‘non-final’ formulations, and were
roughly 70% bioequivalent to the IR formulation. This was used to make dose corrections when
- comparing the1R and these ‘non-final’ formulations .
The sponsor used a model] to estabhsh the dose-effect relationship and the equlvalent PR dose to
' match the eﬂicacy/safety of the 2 mg BID IR (marketed) fonnulatlon
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a) Eﬁicacy. F igure 7 and 8 show the dose-effect relationship for the 5 treatments.

annre 7 The dose-effect relationslnp of tol' PR (str")ght line) and least square means «

Mean residual volumé per micturition (ml)

Dosé of tol PR (mg)

® from mode] without restriction to a linear dose-effect relationship.

" Figure 8. The dose-effect relatlonslnp of tol PR (straight line) and least square meansa for
tol IR tablet, p]acebo and tol PR 2 4,6and 8 mg ®).
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"~ Figure9. The dose-effect rélaition’sliip' of tol PR (straight line) and least square means o
- for tol IR tablet, placebo ax. © tol PR 2, 4, 6 and 8 mg (®). : '
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Doseof tol PR (mg) =

“ from model without restriction 10 a linear dose-effect relationship.

With the final formulations, the sponsor conducted a comparison of salivation between {l_le PR
and IR formulations (Study 97-TOCR-006, Attachment II), and presents the following Figure 10.

Figure 10. The median change in salivation from baseline (-DS) during treatmént with tolterodine tartrate PR
capsules 4 mg once daily and IR tablets 2 mg twice daily (n=17). :
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.+ Basedon resuiual volume, the sponsor calculated that 3.7 mg was theveﬁ’ecnk'e dose of the
" Pii formulation eqmva]ent to the 2 mg BID IR dose (also consndenng the lowered

, bicequivalence of the ‘non-final” formulation used).
e Mean number of micturation from 4 mg PR dose was comparable to that from that from the 2
mg BID IR dose. Other secondary efficacy parameters (for which data was not modeled) -
-~ such as number of incontinence episodes per 24 hours was comparable between the 4 mg PR
e . ~ and the 2 mg BID IR doses, while mean voided volume/micturation is higher at the higher (6
and 8 mg) PR doses.
‘»  Reviewing the reported data on adverse events, it appeared that both the 2 and 4 mg PR doses -
reduced both general side effects as well as dry mouth. Adverse events from the 6 and 8 mg
- PR doses were appreciably higher, and there is a chance of higher incidences of urinary
retention. Hence, the choice of 4 mg as the highest PR dose is deemed appropriate.
o Figure 10 above shows that with the final PR formulation, there is (to say the least) no
obvious advantage from the perspective of salivation as compared to the IR dosage. What
- may be concluded is that, dry mouth may persist till approximately half the dosing interval (6
hours for BID IR and 12 hours for QD PR).

BIOPHARMACEUTICS

u). Is the tmbe-inarket'e'd formulation same as the ene used for the Phase III clinical trials? I

Yes. Please see attachment IV (Amendment 9 to this NDA sent at OCPB’s request ot 10/30/00)
which also contains the final formulation (4 mg extended release)

Q. Is the dissolution profi ile for the final formulatlon acceptable in terms of in vitro -
dissolution rate speclficatlon and IVIVC?

Although currently the sponsor does not requil_'e showing evidence that IVIVC exists for the PR
. formulation, development of such a model may be advantageous in the future (for formulation
changes etc.). The sponsor has conducted two studies to the develop aLlevel AIVIVCand getan
_ idea about setting dissolution specxﬁcatxons - . o

.« One study (# 97-TOCR—OO3) determines the in vitro dissolution profiles and relative . _
: bioavailabilities of 4 different PR capsules as compared to a solution formulation (results not -
reported in this review). They concluded that with decreasing in vitro (and in vivo)
dissolution rate there was a decrease in relative bioavailability compared to the solution. This —
indicates that the absorption from the slowest releasing capsules is incomplete. The two faster -
releasing capsules showed acceptable bioavailability in this single dose trial. Based on DD 01
there was a good rank order correlation between in vitro dissolution rate and PK parameters..

- 14
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i ‘In another study (Study # 97-TOCR—005) using 14 subjects, the sponsor developed an IVIVC
model with 4 different PR capsule prototypes (at different in vitro dissolution rates). The
prototypes were a (fast rate), B (intermediate rate), y (slow rate) and & (portion of B stored at

1
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_based on (2) DD 01 data and (b) tolterodine data.

-40 degrees C and 75% R.H fora month showmg differential dissolution rates in 2 different

-~ Figure 13. Mean in vivo dissolution rates (n-l4) for the 4 t_:apsules
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Howeirer, it is to be noted that the 4 capsule formulations were bioequivalent (compared to

IR for AUC) only for DD 01, and generally exceeded the accepted BE range (0.8 — 1.25) with -

respect to tolterodine. The sponsor found that tolterodine levels are generally very variable
and the effect of food on tolterodine absorption becemes a difficult and confounding factor,
so they arrived to their ¢onclusions based on DD 01 data. The appropriateness of developing
an IVIVC based on just the metabolite data may be questionable. Also, only EMs were-been '
used in these studies (for simplicity). '

“The sponsor does present in detail a Level C and Level A IVIVC model (with internal and

external prediction errors). A detailed review of the IVIVC analysis currently ongoing and a

" "decision of accepiability of the analjisis will be made at a later time. IVIVC analysis is not .
critical for decisions related to this NDA since the formulation in the pivotal clinical trial will

be same as the marketed formulation. : -

The relationship of dissolutio;i:»t'(‘)vtbé—ﬁH of dissolution medium is sown in the figure below:

—- . - Figure 11.3. Drug-release Profiles ve. Mediurm phH.

- " Drog Rulcase Profiles va Modia pt

Parand Fliesad

‘ 'lr;’” 1
-

« - Using a convolution technique the sponsor shows an IVIVC correlation. They conclude that
(a) in vitro dissolution rates at least as gamma PR capsule should be bioequivalent to the IR -
tablet (since all these PR capsules were bioequivalent to the IR tablet) and (b) the in vivo -
dissolution rate best correlates to the in vitro dissolution in the regular USP buffer, without
addition of KCl. ' ' :

b
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Dzssolutwn Spectﬁcatum L

' ) Method: The‘drug-release method proposed for registration of tolterodme - capsu]es utilizes
./ . the USP-basket apparatus (Apparatus 1) at 100 rpm w**h 900 ML wmea 0.05 M phosphate

: blﬂf?{' at pH 6 8 a]]d 37 ( : l hé ! 7-3—- emp|0y§ ﬁ manane ] amEDT
‘mm) and a mobile phase consisting of 0. 02 M phosphoric acid: acetonitrile (55: 45) uv-
detection is employed at === __ and samples are quantitated versus external standards. -

Time Sponsor’s: ;’_leposal B | Reviewer’s Comments
- Lhouwr |° — ~Acceptable
T | 3 hours | : - Acceptable
K - Acceptable
7hours |- . ‘ Acceptable

Rationale: For all final formulations that were found to be bioequivalent for tolterodine, DD 01 -
(following single and multiple dose administration), the C,,,, ratios of extended release to IR was
= approximately in the range of 0.4 — 0.8. The following figure presented by the sponsor attempts -
to use the relationship of the C,,, ratio (of the extended release formulation to. the IR) against
different dissolution scenarios (using formulations of different release rates) at the 3 hour time
. point. Based on this figure, above range-of C_, ratio (0.4 - 0.8) and dissolution profiles
provided in Attachment V, it may be concluded that theoretically, this dissolution specification
will support the in vivo release of drug at levels that have been proven safe and effective. -

Figure 11.9. Lawsl cwmauﬁmfmcm..m“ih.lﬂTMam’
‘Percent Dbsohvod.l@"oum

, ‘ R
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7 ANALYTIGAL METHODOLOGY i

. In order to analyze the serum levels of tolterodine and all its metabohtes two. methods were used
in general ). Both the methods are acceptable with based on’ sensmvny,
precision and accuracy values. Please refer to Attachment VI for details of the methods and a

- summary of analytical results. - - :
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Title of study: The effect of food on the bioavailability of tolterodine prolonged-release
capsules. An open, randomized, cross-over trial in healthy volunteers. .

_ CIN: 93-TOCR-010 Dotament mamber: 0003212 S

- Diagnosis and main criteria for inclusion: Healthy volunteers.

Investigator
Study center Pharmacla & Up;ohn Chmcal Research Umt, Kalamazoo, M1, USA
‘Studied period: FSI: August 17, 1998 LSO September 3,1998 -

~ Phase of development: I | : :

ObjectlveS° Primary: To show absence of a food effect on AUC, and to assess the effect of food' o

""0n Cuma, for tolterodinee= capsules. Secondary: To estimate the relative bioavailability (AUC,  ~

Cm=) of the PR capsules (fasted) compared to the IR tablet (fasted). To estimate other T
pharmacokinetic parameters (AUChs, tus, tzs, tv:) after single dose admnnstratxon of tolterodine

= capsules, fed and fasted, and the immediate release tablet, fasted: ,
' Methodology An open, randomized, single-dose, 3-way cross-over, phalmacok:metlc trial. 'I'he | CoC

primary endpoints were the AUC.and Cex ratios for the active moiety* of the PR capsule fed
relative to the PR capsule fasted. Other endpoints were: - Bioavailability (i.e., the AUC»and Cam
ratiosfor the active moiety’) of the PR capsule (fasted) relative to the IR tablet (fasted); - AUChs o

- ratios based on the active moiety, for the PR capsule fed vs. fasted, and the PR capsule (fasted)
“vs. the IR tablet (fasted); - AUC., AUCrsand Cuaratios based on concentrations of DD 01 and
~ tolterodine, respectively, for the PR capsule fed vs. fasted, and the PR capsule (fasted) vs. the IR

tablet (fasted); - Pharmacokinetic parameters (tis, tma, ts:) for the active moiety, DD 01 and
tolterodine, respectively, for all treatments. Safety was evaluated by chmcal chemlstry,
hematology and spontaneous AE reporting.

Number of subjects (planned and analyzed): 18 planned, 17 analyzed,

Test product, dose and mode of administration, batch number: Tolterodme L-tartrate
prolonged release 4 mg capsules, dosage 8 mg, orally, with and without food, batch no. 28, 326 - =
Duration of treatment: Single doses.

" Reference therapy, dose and mode of administration, batch number: Tolterodine L-tartrateZ
'mg immediate release tablets, dosage 4 mg, orally, without food, batch no. OL ,9608.

* Active moiety = sum of unbound concentrations of tolterodme and DD 01

- Criteria for evaluation: :

Pharmacokinetics: At least complete serum concentration data for the two capsule-treatments, or -

“complete data for the capsule vs. IR tablet comparison..

Safety: Administration of at least one dose of trial medication—
Statistical methods: Point estimates and 90% CIs for the AUC and’ Cmn ratios. Other endpoints -

- were presented descriptively.

“Serum concentrations for the active moiety were calculated using serum concentratlon data
for tolterodine and DD 01, and” mdmdual AGP data. The fraction unbound (fu) was calculated -
as follows:
fu for tolterodine =1 / ( l+(2 100 x AGP conc. (g/l)/42)) 2)
fufor DD 01 =1/ (1+(130 x AGP conc. (g/1)/42)) (3) ’

The concentration of the active moiety = (ftolerodine X Crolterodine) + (fopD 01 X CDD 01)- Senm)

_ concentrations of tolterodine and DD 01 are reported as pg/l. For the active moiety this is

converted to molar concentrations (nM) The molecular weight for tolterodine is 325.5 and for

- DD 013415, , , -
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Title of study: Multrple dose pharmacokinetics and pharmacodynamrcs of tolterodine prolonged
. release capsules in comparison with tolterodine unmedlate release tablets. An open, randomrzed
- cross-over trial in healthy volunteers. :

_—'—CTN"W“TOCR‘OO@DWCWWI” c00061. 72
Investigator:
Study center: Pharmacia & UpJohn Clinical Research Unit, Kalamazoo, Mi, USA
- - Studied period: 1 February 1999 (FSI) to 30 April 1999 (LSO) S e
' . Phase of development: I -z
- . Objectives: The primary obJect:ve was to compare the steady-state phannacokmetlcs (AUCu,
Cuaxand Cuin) of tolterodine = capsules given once daily with those of tolterodine- tablets
_ given twice daily. The secondary objectives were to :
= assess other pharmacokinetic parameters for tolterodine and DD 01 :
_s_. ° - -assess unbound serum concentrations, and pharmacokinetic parameters for the actlve morety .
after multiple dosing of tolterodine == capsules and IR tablets :
- assess pharmacokinetic parameters for the serum metabolites of tolterodine, other than DD 01,
- in the-4-poor and 4 of the extensive metabolizers, after multiple dosmg of tolterodine —~
capsules and IR tablets :
- assess basal salivation (change from baseline) after mulhplﬁlosmg of tolterodmea—s capsules
, and IR tablets
- - assess the safety ancholerablhty after multlple dosing of tolterodine == capsules and IR tablets
.. Methodology: Open, randomized, 2-way, multiple-dose, crossover, PK and PD. —
The primary endpoints were the ratios for AUC2s, Coxand Cua, respectively, between the PR
capsules and the IR tablets for both tolterodine and DD 01. The secondary endpomts were:
- fluctuation index, tma, ty. for tolterodine and DD 01;
- AUC24, Cnax, Canin, fluctuation index, tms, apparent tu. for the active molety,
_ - AUCzs, Crax, Crnin, fluctuation index, tm ty: for the serum metabolites of tolterodine;
-"= . - areaunder the salivation curve (change from baseline; AAUC:) during 12 hours post-dose;- -and
maximum change in salivation from baseline (ASm) during the 12-hour interval; '
- ratios for the AUCz4 Cuax, Cunin, AAUC; and ASus parameters described above;

Safety was evaluated by clinical chemistry, hematology and spontaneous AE reperting.
Number of subjects (planned and analyzed): 18 planned, 19 included, 17 analyzed. -

Test product, dose and mode of administration, lot number: Tolterodine ——— | release
capsules 4mg tolterodine L-tartrate, 1 capsule orally once daily, lot no. 28 446.
_ Duration of treatment: 6 days. -

_ Reference product, dose and mode of administration, lot number: Tolterodine 1mmed1ate
release tablets # ——~ ‘/I_)_etrol) 2'mg tolterodine L-tartrate 1 tablet orally twice daily, lot no.
28,447. o ' )
Criteria for evaluation: -

'Pharmacokinetics: Comp]ete serum concentmtlon data after 6 days of treatment with each
formulation.
Statistical methods: The primary endpomt (the broavaxlabrhty of the PR capsules relatlve to the
IR tablets) was expressed as point estimates and 90% ClIs. Ratios 0f Cuax and Cua for the capsules -

~ relative to the tablet were analyzed in the same way, as were the pharmacodynamlc parameters -
'AAUC: and ASma. Other endpoints were pmented descnptlvely
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Title of stndy Dose-effect trial of tolterodine . release capsules. A double-bhnd,
double-dummy, cross-over trial in patients with overactive bladder. -
CTN: 97-TOCR-002 Docun:viit number: c0003471

' 28 March 1998 - 13 July 1998 v e
. Phase of development° 1 '
~ Objectives:

Investigators:

f o vm—— - ——— A —Dvn.w —

Study centres: Seven actrve centres in Finland (1), Norway (4), and Sweden ?).
Publication (reference): Not. apphcable :
Studied period:

Primary objective: The primary obJectnve was to estimate the dose of tolterodme - that gives
a pharmacodynamic effect equivalent to tolterodine IR tablets 2 mg b.i.d., using the dose-effect

- relationship at steady state (after 7 days of treatment) for mean residual urine volume measured
~over 12 hours. :

Secondary objectives:

To study the dose-effect re]atlonshrp of tol PR capsules compared with the effects of tol IR
tablets 2 mg b.i.d for mean maximum urinary flow and mean salivation over 12 hours and mean
volume voided per micturition, number of micturitions/24 hours, and number ofi mcontmence
episodes/24 hours, when measured over 72 hours.

_ To determine whether the steady state pharmacokinetics of tol PR (AUC‘ and Cou for tolterodme
-and DD01) are linear over the dose range of 2 to 8 mg.

To estimate the bioavailability of tol PR compared with that of tol lR tab]ets

To study the safety and tolerability of various doses of tol PR as compared with tol IR tablets 2
mg b.i.d: and placebo, especially with respect to urinary retention and dry mouth. —
Methodology: This was an international, multicenter, randomised, double-blind trial witha -
double-dummy, incomplete block, cross-over design consisting of three 1-week treatment
periods and six treatments (2, 4, 6 and 8 mg tol PR, tol IR 2 mg b.i.d. and placebo). The trial was
conducted in Finland, Norway, and Sweden. -

- Number of patients (planned and analysed): 60 patiénts were planned and 58 were included.
“In total, 7 patient treatment periods were excluded from the per protocol analysis: Two due to

patient’s withdrawal (two. patlents) and 5 due to major protocol vrolatlons (three patlents)
Diagnosis and main criteria for inclusion:

'Male or female patient aged >18 yéars. -
" Body mass index (BMI) between 18 and 29 kg/m2 (protocol amendment 3)
_ Urinary urgency present

Symptoms of overactive bladder present for > 6 months.

- Mean volume voided per micturition of < 200 ml, as confirmed by the rmctuntlon chart durmg
‘the nin-in penod _
»Symptoms of urinary frequency (= 8 micturitions, on average per 24 hours) and/or symptoms of '
~ urge incontinence (21 mcontmenceeplsode on average, per 24 hours), as confirmed by the

micturition chart during the run-in period.

. Test product, dose and mode of admlmstratron, batch number: Two different strengths (2

and 4 mg) of tol PR capsules were given in combinations to provide daily doses of 2, 4, 6 and 8

'~ mg. Batch numbers: A049712 (2 mg), A059712 (4 mg), A029803 (2 mg) and A039803 (4 mg).
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Duration of treatment: 7 days on each treatment.
Reference therapy, dose and mode of administration, batch number: Tolterodme IR tablets 2

.- ~mgb.i.d. batch number: 6401 Placebo tablets and capsules batch numbers: A019404 (placebo

tablet.;; A079712 (2 mg p]acebo capsules) and A089712 (4 mg placebo capsules).

Criteria for evaluation: -
- Efficacy: All patients who adhered reasonably well to the protocol for a given treatment were

~ included in the per protocol population for that treatment. Thus, it was possible for a patient to be
included in the per protocol population for one treatment but not for another. '
Safety: All patients who received at least one dose were included in the safety populatlon
Statistical methods: The primary objective was to estimate the dose of tolterodine — that gives
a pharmacodynamic effect equivalent to tol IR tablets 2 mg b.i.d., using the dose-effect

— relationship at steady state (after 7 days of treatment) for mean residual urine volume measured
over 12 hours. The idea was to model the mean effect as a linear function of the log-transformed
doses (the covariate). An analysis-of-covariance model with patient, period and formulation (tol-
PR capsule, tol IR tablet, or p]acebo) as fixed factors and In(dose) as a covariate was used.
More precisely, let Yixbe the mean residual volume of the In patient in the ji period and the
m(k) formulation. Then
Yix= overall mean + patxent + penod, + formulationmay+ B * ln(dose) ik + €ITOTik
Where -
_ B=the slope of the straight line assoc1at1ng1n(dose) and mean effect
i=1, 2, ..., 60 (the'patients) —_
j=1,2, 3 (the period) B
m(k) =1 when k =1 (placebo), :
m(k) =2 whenk =2,3,4,5(2,4, 6and8mgtolPR)
m(k) =3 whenk =6 (tol IR 2 mg b.i.d.) o
The In(dose) = 0 was used for placebo and tol IR 2 mg bid. However, this choice dxd not
effect the results of the analysis since the estimate of beta was only influenced by formulations
with more than one dose.
With Fn; Fo and B denoting the estimated effects for the new formulatlon (tol PR), the old .
formulation (tol IR tablet) and the covariate, the equivalent dose could be estimated as D =
- exp((Fo-Fn)/b). The 95% confidence limits for D were calculated by using Fieller's method on _
. In(D) and then exponentiating the limits.
The followmg variables were analysed in the same way as the primary efﬁcacy vanable
Mean volume voided (ml) per micturition, measured over 72 lours
Mean maximum urinary flow (inl/s) per micturition, measured over 12 hours
Number of micturitions per 24 hours, measured over 72 hours . e
Number of ineontinence episodes per 24 hours, measured over 72 hours
" Mean salivation (g/min), measured over 12 hours :
The same model was also used to assess the linearity of the pharmacokinetic parameters for tol
PR over the dose interval. In order to study the relative bioavailability of tol PR 4 mg compared
- with tol IR 2-mgb.i.d., estimates of the mean ratio (test/reference) together with the
corresponding 90% confidence limits are presented. The rationale for the 90% confidence
_interval is that the estimated interval can be compared to the standard BE interval (i.e. 0.8 - 1.25).
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[Amendment 9o NDA 21-228, sent by sponsor on 10/30/2000]

The ——

" Tolterodine ~—= -Release Capsules: -~ B
Queshon from FDA Biopharmaceutics Reviewer
(12000-132)

Provxde written confirmation that the formulation of extended release tolterodine used in o
the clinical trials is exactly the same as the to be marketed formulanon

,  formulation used in the primary safety/efﬁcacy study. .
(protocol 98-TOCR-007) is identical to the formulation intended for the market. The
finished capsules differ only in color: yellow capsules were used in ibe clinical study,
while blue (4 mg) and blue-gmen 2 mg) capsules will be used for the marketed product.

Other formulanons were explored dunng the chmcal program. All formulations are fully T
described in section 8, "Investigational Formulations”, of the CM€ Summary and are '
cross—referenccd to the clinical smdy in which they were used.

Tabie 11.97. Formulstion P02255A01":
Tolterodine tartrate ! =72 Romcw”.hng
’ {contains be e

Amountpord mg- | - )
" Capsule ing) v o Componont

r

e

TOTAL

Ad09 319ISS0d 1538
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Drug—Réiease Dala for.Tolterodine tartrate ~ Capwb,, A mg.
wtmmom(ﬂfg.
- : A Percent Released '
[~ Hous) | Hign | Low | Average | RsD Individual Capsule Data
R , 14 |103 |- '
2 - 38 47 e
3 61 42
5 85 3.0
N 7 93 34
9 95 28 ;
15 ‘ 9% | 26 I Sk
N - Registration Test Method, Lrate: i dJuig8, 21.ulS8
.. Drug-Release Data for Tolterodine tarirate - Capsules; 4 mg.
. Lot No. 9807865-Z17 (N=12).
o Time  Percent Released | - S o
) {Hours) ‘| Average | RSD | . Individual Capsule Data
1 15 ‘63 :
2 3 |sa!l T )
3 66 | 53 - — - '
5 87 43
7 a5 53 |- .
9 96 25
< 15 98 33
Hsg!sttaﬂmTestMohou.-.:Ie:'zzSepsa
.  Time |- Percent Released : S | LT
- (Hows) | “High | Low | Average | RSD Individual Capsule Data
— 5 15 95
~ 2 38 | 93 ,
- 3 63 66 S !
5 .88 _ | 35 |+
7 93 36 |- .
9 95 a5 *
16 IR 98 25 J
WTNMMZM - -
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- Toble 181, Analyticsl Method Summary for Quenitation of Tolterodine and DD 81 (S-Hydroscymethd mretaboite). ‘
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