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I Executive Summary

Takeda has developed a fixed-dose combination tablet containing pioglitazone and
metformin.

The efficacy and safety of the concomitant use of pioglitazone and metformin has
previously been evaluated in 2 controlled clinical trials (NDA 21-073). Concomitant
administration of the separate commercial pioglitazone and metformin tablets in adult
patients with type 2 diabetes was approved by the FDA in 1999 as a part of the original
marketing approval of pioglitazone.

Pioglitazone is approved for once-daily administration at doses of 15, 30 and 45 mg.
Metformin is available in 500, 850, and 1000 mg tablets and is approved for
individualized treatment up to a maximum daily dose of 2550 mg in adults. Typically
metformin is administered twice per day with meals. -

To aid in the approval of this application the sponsor has submitted the following
pharmacokinetic studies: 2 Bioequivalence studies (OPTIMET004 and OPTIMETO005)
and 1 food effect study (OPTIMETO006). There was also inclusion of in vitro dissolution
method and results. There were no clinical studies done with the to-be marketed
combination product and the pharmacokinetic studies were designed to bridge the
proposed combination tablets to the clinical safety and efficacy database supporting the
use of pioglitazone in combination with metformin existing under the approved NDA.

A Recommendation

The Office of Clinical Pharmacology and Biopharmaceutics/Division of Pharmaceutical
Evaluation II (OCPB/DPE-2) has reviewed the information provided in the NDA 21-842
for —_ tablets and finds it acceptable. Recommendations and labeling

comments should be sent to the sponsor as appropriate.

CPB briefing was held on 8/11/05 and the attendees were Hank Malinowski, John Hunt,
Hae-Young Ahn and Jayabharathi Vaidyanathan

B Phase 4 Commitments

None.



C Summary of CPB Findings

The summary of results from the 3 studies is provided below.

Bioequivalence:

The 2 bioequivalence studies examined the relative rate and extent of exposure of the
combination tablet formulatlon —_ (15 mg/ 500 mg and 15 mg/ 850 mg) to
concormtant dosing of Actos® (pioglitazone 15 mg) + Glucophage® (metformin 500 mg)
and Actos® (pioglitazone 15 mg) + Glucophage® (metformin 850 mg) tablets respectively
in healthy subjects under fasting conditions. Results of both studies indicated that the
bioequivalence was demonstrated for the pioglitazone and metformin components in
terms of AUC and Cpay.

Food effect:

The food effect study demonstrated that after administration of the combination tablet (15
mg/ 850 mg), the rate and extent of pioglitazone was not changed in the fed state as
compared to the fasted state. On the other hand, administration of combination tablet with
food caused a 13% decrease in AUC and about 30% decrease in Cpay of metformin from
the - —~  formulation. The observed effects from the combination tablet were
similar to those observed for the individual drugs.

Dissolution:

Multipoint dissolution data from three batches of the to-be-marketed strengths was
included for evaluation. Results indicate that the method was appropriate for
- The method and specifications are:

Medium: Buffer, pH 2.5, 37°C, 900 ml

Apparatus: Type 2 (paddles)

Speed: 50 rpm

Specifications: NLT — (Q) of the label claim of pioglitazone dissolved in 30 min. -
- NLT — Q) ofthe label claim of metformin dissolved in 30 min.

I  QBR

A General Attributes

What are the highlights of the chemistry and physico-chemical properties of

—_——

— cablets contain 2 oral antihyperglycemic drugs used in type 2 diabetes:
pioglitazaone hydrochloride and metformin hydrochloride. Pioglitazone ([(%)-5-[[4-[2-(5-
ethyl-2-pyridinyl)ethoxy]phenyljmethyl]-2,4-] thiazolidinedione monohydrochloride) _
(Figure 1) belongs to a different chemical class and has a different pharmacological



action than the sulfonylureas, biguanide, or the a-glucosidase inhibitors. The molecule
contains one asymmetric center, and the synthetic compound is a racemate. The two
enantiomers of pioglitazone interconvert in vivo. Pioglitazone hydrochloride is an
odorless white crystalline powder that has a molecular formula of C19H30N,03S+*HCI and
a molecular weight of 392.90.

Metformin hydrochloride (NN -dimethylimidodicarbonimidic diamide hydrochloride)
(Figure 1) is not chemically or pharmacologically related to any other classes of oral
antihyperglycemic agents. Metformin hydrochloride is a white crystalline powder with a
molecular formula of C4H;Ns*HCland a molecular weight of 165.62.

Figure 1: Chemical structure of pioglitazone (top) and metformin (bottom).
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What is the proposed mechanism (s) of action and therapeutic indication?

ACTOPLUS MET combines two antihyperglycemic agents with different mechanisms of
action to improve glycemic control in patients with type 2 diabetes: pioglitazone
hydrochloride, a member of thiazolidinedione class, and metformin hydrochloride, a
member of the biguanide class.

Pioglitazone is a potent and highly selective agonist for peroxisome proliferator-activated
receptor-gamma (PPARY). PPAR receptors are found in tissues important for insulin
action such as adipose tissue, skeletal muscle, and liver. Activation of PPARY nuclear
receptors modulates the transcription of a number of insulin responsive genes mvolved in
the control of glucose and lipid metabolism.

Metformin hydrochloride is a biguanide antihyperglycemic agent, which improves
glucose tolerance in patients with type 2 diabetes, lowering both basal and postprandial
plasma glucose. Metformin decreases hepatic glucose production, decreases intestinal
absorption of glucose and improves insulin sensitivity by increasing peripheral glucose
uptake and utilization.

ACTOPLUS MET is indicated as an adjunct to diet and exercise to improve glycemic
control in patients with type 2 diabetes who are already treated with a combination of
pioglitazone and metformin or whose diabetes is not adequately controlled with
metformin alone. :



What is the proposed dose and dosage form?

Proposed starting dose of ACTOPLUS MET will be based on the patient's current
regimen of pioglitazone and/or metformin. ACTOPLUS MET is proposed to be given in
divided daily doses with meals to reduce the gastrointestinal side effects associated with
metformin,

Starting dose for patients inadequately controlled on metformin monotherapy:

Based on the usual starting dose of pioglitazone (15-30 mg daily), ACTOPLUS MET is
proposed to be initiated at either the 15 mg/500 mg or 15 mg/850 mg tablet strength once
or twice daily, and gradually titrated after assessing adequacy of therapeutic response.

Starting dose for patients inadequately controlled on pioglitazone monotherapy:

Based on the usual starting doses of metformin (500 mg twice daily or 850 mg daily),
ACTOPLUS MET is proposed to be initiated at either the 15 mg/500 mg twice daily or
15 mg/850 mg tablet strength once daily, and gradually titrated after assessing adequacy
of therapeutic response.

Starting dose for patients switching from combination therapy of pioglitazone plus
metformin as separate tablets:

ACTOPLUS MET is proposed to be initiated with either the 15 mg/500 mg or 15 mg
/850 mg tablet strengths based on the dose of pioglitazone and metformin already being
taken.

B General Clinical Pharmacology

What are the design features of the clinical pharmacology and clinical studies used
to support dosing or claims?

No clinical studies with the drug product were performed in support of this submission.
Consistent with the requirements for a 505 (b) (2) application, the clinical pharmacology
studies were performed to demonstrate the bioequivalence of the combined drug product
to the commercially available reference products.

Two doses of the pioglitazone/metformin fixed dose tablet (15 mg/500 mg and 15
mg/850 mg) were evaluated in 2 bioequivalence studies, the highest dose was evaluated
in a food-effect study. All clinical pharmacology studies evaluated 2 formulations of the
fixed-dose combination product, a — ormulation and a formulation that contained

—_— pioglitazaone. The latter formulation was identified as suitable for
commercial development. Therefore this review will focus on the bioequivalence and the
effect of food on the — __ formulation.

C Intrinsic Factors

The effects of various intrinsic factors (e.g., hepatic, renal, gender, elderly) were provided
in the original NDA for each drug.



D Extrinsic Factors

Is there any drug-drug interaction between pioglitazone and metformin?

No drug interaction study was submitted in the current submission. Drug-drug interaction
between pioglitazone and metformin was conducted under the original NDA submission
for Actos. The current package insert for Actos has the following statement under Drug
Interactions section:

Metformin: Co-administration of a single dose of metformin (1000 mg) and Actos after 7
days of Actos did not alter the pharmacokinetics of the single dose of metformin.

E General Biopharmaceutics
What is the formulation of —  cablets?
Two drug strengths were selected for the development, containing 15 mg of pioglitazone

hydrochloride and either 500 mg or 850 mg of metformin hydrochloride in an immediate-
release oral tablet. The compositions for the two dosage forms are shown in Table 1.

Table 1: Composition of — tablets
Component Reference 10 Fonetion Formuily (my/ablet
\ﬁ‘:ﬁ:‘h‘;‘l ' 15wy ; 500 15 me x; 850

Pioalitazone Hydeochtoride  In-house Drog Substance | . —_— -

(as Pioglitnzone) Standard ) (i5.09 (15.0)

Microerystaliine Cellulose NF h

Metformin Hydrachioride Tr-bouse Dy Substance CA00.0 8500

Stanciarc .

Microerystaliine Celluloge  NF /

Povidone sy /

Crosearmetlose Sodium NF

Magnesiam Searate NF

(§:N4
/ "

Hypromellose 2910 usy

Polyethylene Glveol 8000 NF /

Tale usP /

Titanium Dioxide usp /

' Lisp :

Toval ablat Weight " 6570 11000 i




Is the dissolution method appropriate for — .ablets?
The sponsor has proposed the following dissolution method and specification.

Medium: — . buffer, pH 2.5, 37°C, 900 ml

Apparatus: Type 2 (paddles)

Speed: 50 rpm

Specifications: NLT Q) of the label claim of pioglitazone dissolved in 30 min.
NLT = Q) ofthe label claim of metformin dissolved in 30 min.

Justification was provided for the choice of media and speed used.

Selection of dissolution medium:
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Conclusions:

» These results support the use of pH 2.5 as the dissolution medium for
—_— tablets (15mg/500 mg and 15 mg/850 mg).

* pH 2.5 will be more helpful to discriminate between batches since it had slower

dissolution rates of pioglitazone.

Metformin is freely soluble in all pH.

(Q)= — at 30 min is appropriate for pioglitazone and metformin.

The use of paddle speed of 50 rpm is justified and is appropnate

There was no difference in dissolution rates using — =———

media was used.

¢ We concur with the sponsor’s proposed dissolution conditions of:

Medium: pH 2.5 buffer; 900 ml- —

Apparatus: Type 2 (paddles)

Speed: 50 rpm

Specifications: NLT ~ (Q) of the label claim of pioglitazone dissolved in 30
min.

NLT - {Q) ofthe label claim of metformin dissolved in 30 min.

Bioeqguivalence Study:

1) Is the combination tablet formulation of pioglitazone and metformin (15 mg/500
mg) bioequivalent to concomitant dosing of pioglitazone 15 mg and metformin 500
mg (15 mg + 500 mg) commercial tablets in healthy subjects?

In order to determine the whether the combination tablet was bioequivalent to the

commercial formulations, a single-center, open-label, randomized, 3-period crossover

study was conducted in healthy adults (N=66 enrolled, 62 completed; age 18-55 yrs).

Two different formulations of the combination tablets ¢
— were evaluated. A 7-day washout period separated the 3 treatments. The 3

treatments were administered after an overnight fast. The treatments were:

A: Combination tablet — 15 mg pioglitazone/500 mg metformin.

B: Combination tablet — 15 mg pioglitazone/500 mg metformin.

C: Commercial Actos 15 mg and 500 mg Glucophage tablets.

Since for commercial production the. - — formulation was chosen the
review will focus only on the bioequivalence of the — formulation (Treatment A).

Pioglitazone: Concentrations of pioglitazone were similar after administration of both
treatment regimens. The mean Cpax occurred at 1.5 to 2 hr post dose. The mean serum
concentration of pioglitazone from the combination tablet formulation and reference
product is shown in Figure 4.
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Figure 4: Mean pioglitazone serum concentration following administration of the
combination and commercial tablets.
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The summary of serum pioglitazone pharmacokinetic parameters is shown in Table 6.
Based on AUC and Cp values, the bioavailability of pioglitazone following
administration of the fixed-dose — tablet is equivalent to that observed following
administration of separate commercial (Actos) tablets. The 90% CI of the geometric
means for AUC(0-t), AUCin, and Crax were (86.46-106.97%), (87.56-105.5%), and
(83.5-106.59% ) respectively.

Table 6: Summary statistics of pioglitazone PK parameters after administration of
combination and commercial tablet.

Formulation PK Arithmetic | Geometric | Ratio | 90%
Parameter | Mean Mean CI
Combination | AUC.« 5069.7 4653.96 96.17 | 86.46-
tablet  — | (ng.hr/ml) 106.97
formulation) | AUCiys 5983.9 5224.00 96.11 | 87.56-
[Test] (ng.hr/ml) 105.50
Crnax 584.7 538.99 94.34 | 83.50-
(ng/ml) 106.59
Commercial | AUCpg 5087.7 4839.22
tablet (ng.hr/ml)
[Reference] | AUCiy¢ 5809.6 5435.3
(ng.hr/ml)
Cnax 608.3 571.33
(ng/ml

Metformin: Concentrations of metformin were similar after administration of both
treatment regimens. The mean Cyax occurred at 2 to 3 hr post dose. The mean serum
concentration of metformin from the combination tablet formulation and reference
product (Glucophage) is shown in Figure 5.
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Figure 5: Mean metformin serum concentration following administration of the
combination and commercial tablets.
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The summary of serum metformin pharmacokinetic parameters is shown in Table 7.
Based on AUC and Cpux values, the bioavailability of metformin following
administration of the fixed-dose — tablet is equivalent to that observed following
administration of separate commercial tablets. The 90% CI of the geometric means for
"AUC(0-t), AUCiy, and Crax were (92.89-112.38%), (93.94-113.35%), and (90.6-
107.72%) respectively.

Table 7: Summary statistics of metformin PK parameters after administration of
combination and commercial tablet.

Formulation PK Arithmetic | Geometric | Ratio | 90%
Parameter | Mean Mean CI
Combination | AUC)s 7610.0 7215.88 102.17 | 92.89-
tablet ~ — | (ng.hr/ml) 112.38
formulation) | AUC;;¢ 7783.2 7419.16 103.19 | 93.94-
[Test] (ng.hr/ml) 113.35
Crnax 1202.9 1154.51 98.79 | 90.60-
(ng/ml) 107.72
Commercial | AUC) 7433.0 7062.58
tablet (ng.hr/ml) '
[Reference] | AUCiys 7599.0 - | 7189.74
(ng.hr/ml)
Crnax 1214.5 1168.69
(ng/ml

2) Is the combination tablet formulation of pioglitazone and metformin (15 mg/850
mg) bioequivalent to concomitant dosing of pioglitazone 15 mg and metformin 850
mg (15 mg + 850 mg) commercial tablets in healthy subjects?

In order to determine the whether the combination tablet was bioequivalent to the
commercial formulations, a single-center, open-label, randomized, 3-period crossover

13



study was ‘conducted in healthy adults (N=66 enrolled, 62 completed; age 18- -55 yrs)
Two different formulations of the combination tablets _—

— ) were evaluated. A 7-day washout period separated the 3 treatments. Blood was
collected prior to dose administration and at definite time periods through 24 hours
following dosing.

The 3 treatments were administered after an overnight fast. The treatments were:
A: Combination tablet — 15 mg pioglitazone/850 mg metformin.

B: Combination tablet — .5 mg pioglitazone/850 mg metformin.

C: Commercial Actos 15 mg and 850 mg Glucophage tablets.

The results indicate that bioequivalence of the combination tablet formulation relative to
concomitant dosing of pioglitazone and metformin commercial tablets was demonstrated
for the pioglitazone and metformin components in terms of AUC (g, AUC (4 and Cuax.
The results are summarized in the following figures and tables (Figures 6 and 7; Table 8
and 9).

Figure 6: Mean pioglitazone serum concentration following administration of the
combination and commercial tablets,
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Figure 7: Mean metformin serum concentration following administration of the
combination and commercial tablets.
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Table 8: Summary statistics of pioglitazone PK parameters after administration of
combination and commercial tablet.

Formulation PK Arithmetic | Geometric | Ratio | 90%
Parameter | Mean Mean CI
Combination | AUC . 4889.2 4584.98 94.54 | 84.56-
tablet  — | (ng.hr/ml) 105.59
formulation) | AUCiys 5671.2 5098.10 94.56 | 85.42-
[Test] (ng.hr/ml) 104.67
Cinax 569.3 529.15 97.23 | 85.29-
(ng/ml) 110.84
Commercial | AUCq 5186.7 4849.73
tablet (ng.hr/ml)
[Reference] | AUCiyr 5957.3 5391.63
(ng.hr/ml)
Crax 602.7 544.24
(ng/ml

Table 9: Summary statistics of metformin PK parameters after administration of
combination and commercial tablet.

Formulation PK Arithmetic | Geometric | Ratio | 90%
Parameter | Mean Mean CI
Combination | AUCjuq 11421.0 11012.8 102.45 | 94.27-
tablet ~—  (ng.hr/ml) 111.34
formulation) | AUCiy¢ 11926.6 11343.73 102.56 | 94.44-
[Test] (ng.hr/ml) 111.38
Cinax 1827.3 1751.06 101.69 | 93.05-
(ng/ml) 111.12
Commercial | AUC 11192.9 10749.8
tablet (ng.hr/ml)
[Reference] | AUCiys 11568.8 11060.66
(ng.hr/ml)
Crnax 1797 1722.02
(ng/ml ' :

Conclusions: Both rate and extent of pioglitazone and metformin absorption observed
after single-dose administration of the — combination tablet (pioglitazone 15
mg/metformin 500 mg or pioglitazone 15 mg/metformin 850 mg ) were bioequivalent to
those observed after administration of the separate commercial tablets (pioglitazone 15
mg + metformin 500 mg or pioglitazone 15 mg + metformin 850 mg) respectively. The
conclusions are based on the findings that the 90% CI for the ratio of geometric means
(test/reference) for AUC and Cpax were within the 80-125% interval.
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What is the effect of food on the bioavailability of —

A open-label, randomized, 2-sequence crossover study involving 28 healthy adults (age
18-55 yrs) was conducted to compare peak and total exposures of pioglitazone and
metformin after administration of a single dose of the pioglitazone/metformin fixed-dose
combination tablet when given under fasting conditions to when given with a high fat
meal. This was a 4 way crossover study with both - formulations administered
with and without food. A washout interval of 7 days separated the doses of the 4 study
periods.

Pioglitazone levels rose quickly when administered under fasting conditions than with
food. The T under fasting for pioglitazone was 1.5 to 2 h post dose under fasting
while it was at 4 h post dose under fed conditions. Table 10 shows the PK analysis of the
effect of food on the serum pioglitazone with the - formulation. The LS mean
ratios (fed/fasted) for pioglitazone AUCasty, AUCins, and Crax were 112.8%, 111%, and
104.5% respectively. The 90% CI were between 80-125% for all the three parameters
indicating a lack of food effect.

Table 10: Statistical analysis of pioglitazone PK parameters.

1.8 Mean
Parvasictes Testf Ratlo (%4) 9% CI of
{uniis) N Treaturent LS Mean  Referenee {n) Ratio ()
™ = Formulation ) h
AUCHge) 28 A 47600 A 1123 {102.1, 124.7}
ihrniginl.) (b B $370.7 '
AUCH-inD) 27 A 32894 BrA RN} {100.6, 132.4)
(henziml) (b B S568.8
Croax R A 3318 BBiA 4.5 {928,117
{ngfml) (b) B 33640
o 28 A 1.63
(hiry (e} B 348
%2 23 A 0099
(1 ) B 0109
Where,

Treatment A: Pioglitazone 15 mg/metformin 850 mg —ablet (fasting).
Treatment B: Pioglitazone 15 mg/metformin 850 mg — tablet (fed).

(a) Ratio of LS mean of Treatment B/Treatment A.

(b) Natural logarithms of AUC and Cy.x were used in ANOVA.

(c) P-values for treatment effect were <0.001 for Tpmax and P =0.060 for Az.

Similarly metformin plasma concentrations also increased rapidly during fasting
conditions than when given with food. The Tiax occurred at 2 hr and 4 hr under fasting
and fed conditions respectively. Table 11 shows the PK analysis of the effect of food on
the serum metformin with the = —  formulation. The LS mean ratios (fed/fasted)
for pioglitazone AUC(ast), AUCins, and Crax Were 86.9%, 87.1%, and 71.9% respectively.
The 90% CI were between 80-125% for AUC, however Cpax fell below this interval thus
indicating that the Cnax Was affected by food.

16



Table 11: Statistical analysis of metformin PK parameters.

LS Mean
Parameter Test! Ratio (%) 90% Cl of
(‘v_clurniiz) N Treatment LS Menn  Reference (n) Ratio (%)
™ e Foremiation
AUCDAge) 28 A 113807 B/A R (81.2,93.1
{hengiml) (b) 3 10063.8 ,
AUCE-inf) 24 A 120179 B/A 87.1 i80.9,93.%)
(htaiad.) () i) 14726
Crsax 28 A 17813 BA bR {654, 70.1)
(il (b) It 1281.3
Tinax 28 A 138
iy (&) B 3.20
12 24 A [EXVEN
{1y () B 0.061
Conclusions:

e Highest dose proposed for the combination tablet was studied in the food effect
study. :

e Due to the short half life of both metformin and pioglitazone and appropriate
washout period between treatments the possible carry over effect is diminished.

e Administration of combination tablet with food caused a 13% decrease in AUC
and about 30% decrease in Cmax of metformin in the  — formulation. This
extent of food effect is similar to that stated in the current Glucophage package
insert that administration of Glucophage 850 mg with food caused a decrease in
peak and total exposure of metformin by 40% and 25% respectively.

e However, since metformin is indicated to be given with meals, this combination
tablet formulation is also proposed to be given with food.

F Analytical
Have the analytical methods been sufficiently validated?

Metformin

A validated LC/MS/MS method for determination of metformin in human serum was
used. The standard curve was in the range of 10 -3500 ng/ml. The quality control samples
were 3000, 800, and 30 ng/ml. Intra-assay and inter-assay accuracy and precision were
determined for the quality control samples. Data indicate that the quality control sample
data met the criteria. Diluted quality control data also met the precision and accuracy
criteria (Table 12).

17



Table 12: Inter and intra assay quality control statistics.

QC 10.0 QC30.0 | QC800.0 | QC 3000.0
10 ng/ml | 30 ng/ml | 800 ng/ml | 3000 ng/ml
Inter-assay
Mean 9.15 29.5 792 3000
SD 0.627 1.96 21.1 227
%CV 6.9 6.6 2.7 7.6
N 24 26 26 26
Intra-assay
Mean 9.66 32.7 808 3060
SD 0.223 0.579 10.4 34.3
%CV 2.3 1.8 1.3 1.1
N 6 6 6 6

Pioglitazone

A validated LC/MS/MS method for determination of pioglitazone, and its metabolites M1
and M1V in human serum was used. The standard curve was in the range of 25 -2500
ng/ml and the quality control samples were 2000, 1000, and 74.9 ng/ml for the drug and
its metabolites. Results are summarized in Table 13.

Table 13: Inter and intra assay quality control statistics.

QC25.0 QC74.9.0 | QC1000.0 | QC2000.0
25 ng/ml | 74.9ng/ml | 1000 ng/ml | 2000 ng/ml

Inter-assay .

Mean 25.4 71.7 991 2000

SD 2.82 4.19 34.4 73.6

%CV 11.1 5.8 13.5 3.7

N 18 20 19 20

Intra-assay ‘

Mean 22.8 74.4 1020 2000

SD 1.19 1.63 22.8 63.4 .

%CV 5.2 2.2 2.2 3.2

N 18 20 19 20

18
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B

Individual Study Svynopsis

1) Bioequivalence study 01-03-TL-OPTIMET-004

2.0 SYNOPSIS

Title of Sowuby:
An Open-Label, Randomived, 3-Pesind Crossover Study 1o Detgrmine the Bioequivatency of Pipplitazone
15 g and Metfonmin 360 mg When Administered as Conamircial Tablets sod as n Combination Product

Narive 0F Spoasor:
Tukeita Globod Research & Development Center, Tne., (TGRD)

Naime of Fintshed Produets
Pioglitaeone/meiformin fixed-dose combination tablel

Tovestigator: Study Cenders

o )

Puldication (ﬂrow:nce}z

None

Study Peviod: Fhiage of Develogment:
13 March 2004 1o 31 March 2004 Phage 1

OBIECTIVES

Primary:

To deteraiie the bioequivalency of pioghitzzone sml medormin when administered as commsereial tablets
and as o Tfined-dose combination ables

Secondary:

To evaluate the salely of pioglitoone and metlormin when adminisiered s commercial 4ables and as a
fixed-dose combination whlet.

METHODOLOGY
This vwas a single-center, open-abel, sandomized, J-period crossover stndy. Subjecis were sandomized 1©
| of 6 ireatinent sequences in which they received a ingle oral dose of eath neatment: 137560 mg

pioghitvane/metformin lixed-ilose combinalion — iablet, 137300 my
pioghitazone/metiormin lived-dose combination _ iablet, and 2 13 mg pivglitazone commercial

rablet coadminisiered with o 300 mg melforniin commircial tabler. The 3 treatment periods were
separated by a washout peviod of 7 davs. During each pericd, blood samples were collected at specitied
tivaes up 10 72 hours posiireatment for the measwement of pioglitazose and metformin concentrgtions,
Adverse events (AEs) amnd concomitunt aedications were monilored and recorded throughodt e stody.
Other safiety evaluations included clinical laboratory tests, vital signs, electrocardivgrams (ECGs), and
physical exniminations. :

Number ¢f Subjects (Planned and Analyzed):

Planned: 66 subjects

Analyzed: Pharmncokinetics — 62 subjects; Satety — 66 subjects.

Dingnoesis aod Maia Criteria for Tnelusion:

To quatify for study paticipation, subjects mast have besn healily ninle subjeets of nonpregnant,
neitlactating female subjects 18 10 3% venrs of age, inclusive; bean able 1o comprehend and willing w sign
the informed coasent formy; had clinical kaboratory resulis within the reference ranges or thal were
aceeptable 10 the jovestigator; weighed at Jeast 110 pounds and had a body mass index (BM1) < 30 ky/m®,

and had & negative hepatitis panel and human immonodeficiency virus ¢HIV) antibody test af Sereening,
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Title of Surdy:
An Open-Label, Randomized. 2-Penad Crossover Study s Determine the Bioatuivalency of Piogliiazons
13 mg and Matformin 500 my When Admisistersd o5 Commescial Tablets and as 2 Combinntion Produc

Test Product, Dose and Maode of Administeation:
Lot Numiber

Pivgluaroneimetfonnin fixed-dose combination, 15 mg /300 ;g = wbler, mal 2554041
Pieglitazonehsetformin fixed-dose combination, 13 w300 my = tablet, aral L3S603 1

Duivation of Trestment:
The study duralion was 19 days (theee 1-day dosing periods sepacatsd by a T-tay washont period with a
3-day follewearp afder the fhird period).

Refereate Therapy, Dose and Mode of Administeation:
Lt Nunber
ACTOS® (piogtitazone HOY, 15 iy, 1abled. orat Al013s3
SLUCOPHAGE® {metorznin HCH, 500 mig, 1ablet, Gral MENS

Criteria for Evaloation:

Phavmacokinetics:

For each subject, the following pharmacokinetic parunetens were ealculated for each siudy period ffom
serum concenlrations ol unchange metfarmin and phoglitarone according to the mwodet-independent
appeoache maxiunm ebservetl sero cobeentention (Cmax), the tine of which Cmax veevrred (Tmax),
teriginal-phase elimination rate consiant {72), wres under the seram concentralion-lime curve from tine O
Lo tigme of Tast quantifiable concitration (AUCIO-(qe]), area under the serom concentration-time caive
from time 0 1o infinity (AUCH-00), terminal elimination half-ite {T1/2), and apparent ol cleaitnce
(CLF).

Bafeiy:
Bafery variables included Als, Qlinieal lahoratery test rasulss, vilal signs, ECGs, and physical
examinations.

Statstical Methods: )
Pharmacokinetic Measures: An analysis of varianee {ANOVA) with fixed eifecls for sequence, perid,
and freatment and random effect for subject nested within sequence was fhe priseary analvsis peiformed
on Tenax, Az, and the oatursl logarighing of AUCIBge), AUC©D-ind), and Coax of pioglitazeie and
nretformin. “The possibility of wnequal carryover effect was also examined by eluding canyover sffect
in $he slorementioned el The $0% confidence intervals {C18) for the mafio of tha least-squares (LE)
inean &f the ploglitazonefmetformin fixed-tose combimation ablets . —— _ salalive {0 he LS mean
of coadministerad pioglitazone and ieliprin tablefs (reference weatiment) were caleutated. [ ihe 9%
Cls for AUC(0-ge), AUCEH-T), and Cinax of pioglithzone snd metformin were within fhe (30%, 125%)
intgrial, bicequivalence belwanns test and reference trealmtents was claimed.

SUMMARY OF RESULTS

Subjeet Digposition:

A total of 64 subjects (nwan age of 1.3 years), including 29 nsate subjects and 37 fznwle subjects, were
enrolled in the study; 62 (93.9 %) sabjects, including 28 males and 34 femalp subjects, completed the
study. Four suljects discontinued the stody early: T subject withdrew volunsarily; 1 subject withdrew
because of an AE {mild allgigic reaction); 1 subject withdrew becanse the subject beeame pregngot; gnd
1 subject was withdrawn because of 4 protocol violation,
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Title of Study:
An Open-Label, Randomized. 3-Period Crossover Study to Determine the Thoeguivalency of Pioglitazone
I g and Metformin 500 mg When Administersd as Conumercial Tabiels snd 2 a Combination Praduct

Pharmacokinetic Resulis:

Based on the primary analysis of AUC and Cmov exposure to pioglitazane and metfongin lotlawing
adainistrasion of fhe fixed-dose combinaton — tablet was similar to that observed Tollowing
comlministration of the sepacate commercial pioglitzone and wnetlarmin mhlew. For baih poglilagone
and nietformin, the %09 Cls of the LS mesn mtios of AUC{H-lge), AUCTD-al), and Cmax weee within
thee RO 1o 125% range for ivequivalence

With reged w the — sables, exposure W proglitacone and wetlonnin was also similar 10 that observed
following condeminisualion of the separate commercial ploglitazone and melformin mblets, As with the
== tabley, the 90%, Cls ol the LS mean ratios for AUCItlqe), AUCHD-ing), end Cinax for both
proglitazone and metfprmin were within the 80% 1o 125% bioequivalence range.

In addition, there were no statistically significant differences obiserved in reatment comparisons of Tmax
and 22 for pioglitarone or metfosmin, snd ikere were no netable differeisces helween the irentierits with
regpect 10 T2 or CLF.

»

Pharmiacokinetic Analysis for Serum Ploglituzose aud Metfoemin

Pasiameter (4) ) Tesif ES MU o oo it s
funits) N Ureatment LS Mo Reference  Ratio (%) () S0% CU for Ratin (%%)
Pioslitnrone

AUCi41ge) 42 A 47154 AT 9t7 H1.0, 149

(hengfmly 62 8 B304 B 100.1 032, LA
G2 [ 4RI

AUCTHint) 5l A 37564 & 1025 {976, 107.0)

¢thrngfmly 48 B 3%29.6 B 120 9720, 12
54 ¢ ELIEA

Cmax 63 A 3405 AL 951 {862, 1039

{ngfml) 62 B 55004 B 931 {844, 102.6)

B 63 ¢ 3693
Mettormin

ALC{0-Haqe) 62 A 7237% A 120 {97.9, 1073y

{hrngiul) 62 a T80 B [{E R {974, 107,49y
62 ¢ T34

AUC(U-inf) 59 A 7436.1 AT 2.8 {981, 107.63

(heng 2ml)y 5% i T478.2 BG 1055 {48.6, 108.3)
) 39 C F236.3

Cwax 63 A 1360.1 AC 995 {94.8, 13D

(ngimL) 42 8 (O] B i1 4.8, 105.9)
63 s 11715

Scurce: End-of-Text Tobles 14,2, and 1437, ‘

Treamment A: Pioglitazone 15 mgfmetfonnin $00 mg fixed-dose combination  — ablet.

Trearment B: Ploglitazone 15 mgimetfommin 500 mg Dised-dose combination ~ tablet,

Treatment C: Qe 15 my pioglitazone tablet cordministered with one 31K my meomin tablet.,

) Nators! logarithneg of AUC and Cmnxwere wied in the ANOVA with ireatment, period, snd sequence as fised
effects and subject within sequenee a3 8 sindom cffect.

(i) Ratio is LS méan of Freatment A or BILS messt of Treatment ¢
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Title of Btudy:
An Open-l.abel. Randomized, 3-Period Crossover Siudy to Deternune the Bioequi valency of Pioglitazone
15 ing and Metlormin 500 my When Administersd as Commercinl Tablets aml as 2 Coidsination Produc

Safety Resulis:

A toial 0f 22 of 66 subjects experienced | or more ABs duding the sy, 20d 15 of these 22 subjects
experiznced | or mare AEs that were considured possibly or probubly related 1o study deuy. One subject
expesienced a reptment-cmergent AE (facial edema) considercd definiely retated 10 study drug. All AEs
witee finld or mioderate i severity, '
The grestest mmnber of’ Alis ocentred after adminigteation of the combination — ablel (11 subjects,
12.2%). Three of these events (2 oihl headaches, | nild allergic reaction) ware trefted with inedication
12 acetaminophen, 1 antihistamine). No SAEs were seported and no deaths occorred during the stady.
One subijsct discontinued the study becouse of an AE (mild allergic reaction). No clinically Significant
abnotmal laboratory values, changes b vital signg, BCG or pliysical exsivdnation lindings were geportiad
in the sy '

AEs in 2 or More Subjects in Any Trentment Group

Treatment
System Orgon Clisg A B - C
AE Preforred Torm . N=64 N=64 N=t3 _
3 ). n o n o
Any ¢vent R (12.%) i {172 ¥ 127
Gastrodntestinal disorders
Abdamina pain 2 .7y 2 (3.1 E] {00
. Diarrhen » 3 4,7y H L6} LI 0.6
Nervous system disorders
Dizziness 2 3.1y i 1.6} I {1.6
Hinduoles i ({1 3 4.7y 2 (3.3}
Ruspiratory, Thoracie, and '
Mediastinal Disorders
Phatynsclaryoenl pain 0 (.11} 1] (0.0% 2 {3.2%
Skin and Subentarepus Tissue Disorders
Pruritis 0 [ORY 2 3.13 { (ko

s iesbcinian s
Source: Table 14.3.1.2. -
Treatment A: Plaglitnaone 13 mpluctfonmin 500 mg combination = ablet.
Treatment B: Pioglitazone 15 nygnsetlorasin S60 mg combinatianr == ablet.
Treatment C: One 13 my pioglitazens tablet condminisiered with one 30Umg metformin tablet,

Title of Study:

An Open-Label, Randomized, 3-Pesiod Crossover Study 10 Determine the Biosquivalency of Pioglitazone
IS mg and Metformin 500 my When Administerad as Comutercial Tublels and as 4 Combination Proiuct
CONCLUSKINS:

Peuk and total exposares (Croax and AUCs) of pioghitizene and metformin observed after single-dose
administration of the = fised-dose combination fablets (pioglitazone 1S myimeiformin SO mg)
ware bioequivalent 1o those observed after administeation of the separate commercial Tabless (proglitazons
15 mg rablet and metformin SO0 mg tablet). In addition, the 2 fixed-dose combinution tabler formulations
were safe and well 1olented as administered in (his study.

These conclusicns are baged on these findings:

*  The 90% Cls of the LS mean ratios (estrelerence) for AUC(0-tige), AUCHO-inf), and Crmas
wete within the 30% to 125% interval requited to establish bioequivalency betwoen the fixed.
dose combination” — tablets and the separate commercial 1ablets.

»  The safety profile Tor all treatments was similar based on the oeeurrence of AEs and clinicaf
Iabaratory, vital sign, ECGs, and physical exqmination (indings.

Date of Report:
03 Aupust 2004




2) Bioequivalence study 01-03-TL-OPTIMET-005

Titke of Study:

An Qpen-Label, Rendomized, 3-Penod Crossover Study  Detenine the Bivequivalency of
Proglitazone 13 sag and Metformin 830 mg When Admirastersd as Commercial Tablets and 4s a
Combination Produet

Name o Sponsor:
Takeds Global Research & Development Center, lne, {TGRD)

Name of Finished Prodoct:
Piggliiarone/nafoomin fixed-dose combination tablet

Tnvestigalor: Study Center:
—. -/
/
Publication (vefercnee):
Nonge
“ﬁmﬂy Periods Phase af Developmend:
27 March 2(H 1o 14 April 2004 Phase 1
OBIECTIVES
Primssry:

To dmermine die bivequivalency ol piaglitzone and medosnin whea administerai o5 commercial
tablers and as 2 fixed-dose combination fablet

Secondary:

To evatuate the safety o pioghitazone mnd metloemin whes adivinistered as commersial 1ableis and as 2
fisgd-dose combination tables.

METHODOLOGY
Thig was a single-tenter, opsnddabel, randomizad, 3-period crassover study. Subjects wers tandomized
1of 6 tesatment sequences in which ey received a singde oral dose of cech trestment: 157850 mg
pioglitazone/metiormin fived-dose combination ~ fablet, 15/830 mg
pioglitazone/metformin ficed-dose combination” —_ ablet, and 2 15 mig piogfitazone
commmercial iablel condministered wilh an 830 myg metformin commerciat 1ablel. The 3 treatiment jeriods
wereseparated by & washout period of 7 duys. During each period, Bload samjiles were collactad af
specilied times up 1o 72 boars postreatmend foe the ineasnrenent of metformin and pioplifazons
coneentialions, Adverse events (AES) and consumblant medications wers monifored and recorgdad
theoughout the stady, Other safety svaluations included chinieal Wboratory tests, vital signs,
electrocardiograrns (BCGs), and phiveical sxamingions. .

45



Title of Stndy: :

An Open-Label, Rundomeized, 3-Peniod Crossoves Study w Deternine the Bivequivaleney of
Pioglitazone 15 img and Metormin 830 my When Adntinisiersd as Commercial Tablets and a8 o
Cambination Praduct

Number of Subjeets (Plnned and Analyzed):

Planued: 66 subjects

Angly zed: Pharmacokinetics — 61 subjects; Salety — 6 subjects.

Diagnosis and Main Criterin Tor Inclusion:

To qualify for study pariicipation, subjects must have been healihy male subjects or nonpregnant,
nonlactaiing lemale subjects aged 18 10 55 venrs, inclusive: been able to comprehend and willing o sign
the inlormed consenl form: had clinteal laboratry resnits within the reference ranges or that were
geceptable 1o the invesigator; weighed al teast 110 pounds and had 2 body mass index (BMI} £°30 k™,
and hail 3 negative hepatitis panel and humae ininunedsliciency viros (HIV) antibedy 1est at Sereening

Test Produce, Dose and Mode of Adutinistrations

Lot Nianiber
Pinglitazonefmetformin Bxed-dose combination, 15 mg /850 mg, — tablay, oral 23365021
Pipgliveong/metformin liced-dose combinafion, 13 mg/&S0 mg . ablei, oral 235307034

Dueation of Treatmin:
The stuily duration veas 19 days (lree 1-day dosing pedods separated by g 73y woashowt peritd with a
Seday follow-up after the third pericd). ‘

Befevence Therspy, Dose and Mode of Adwinisteation:

4]

ALTOS® {pinglitazore 1MC1), 13 mg, ablet, wral AlO133
GLUCOPHAGE” (merformin HCE, 830 my, whblet, oral MMMIES

Criteria for Evaluatiou:

Pharmacokineties:

For gatch subject, ihe following pharmaecokinelic paranmeters were caleulated for cach study peaniod from
Serogm coneentrations of unchanged metformin and proglituane acearding to the modél-independent
approach: masimun shserved gerum concentration (Coax), the time a1 which Cawx occurred (Tiaz),
terininal phase elimination vale constan (i), area ubder the serom concentralion-fine curve liom tinie

¥ 1o Gme of 1ast quantifiable concentration (AUCDlge]), area under the serum concentration-fime carvs
froms finie 1 10 infinity CAUCID-ind ), ferming atimisation hadflife (T172), and apparent gral ¢learance
{CLAFY.

Sufety:
Salety vasiables included Al eliniest Ishoratory test vesults, vital sigiis, ECGs, and physical
extminations.
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Title of Study:

An Open-Label, Randonuzed, 3-Periad Crossover $tuds 1o Determing the Bioegmyalency of
Pioglivazone 13 myg and Medomin 850 my When Adminisicred gs Commercial Tablets and as 1
Cophination Produe

Bratistical Methods:

Pharimaeokinesic Mpusuros: An mivalysis of vadance (ANOVA) with Jixed effects for sequance, period,
and treatment and sendoe effect o suliject nested within sequence was the primaey anihvsiy perlorimedl
on Temix, 3.z, and the natoral Jogarithas of AUCOIge), AUC{Cin0), and Crax of pioglitarone aid
mgtformin. The possibility of unequal carrvover elfect was also examined by including carr I
in the aforementioned model. The 90% canlfidence intervals (Cls) for ihe ratio of the least-squares (L.S)
nsean o' the pioglitaroneimetivrivin fised-dose combination =  tablers (st wesatment) relative ©
the L8 mean of cordminigisred pioglitazone and metforin tablels {refiarence reatment} were coleulited.
I the 20% Cls for AUC{-te), AUCIU-al), and Cmax of pigglitazone and mstfornin were witlin the
{807%, 125%) Interval, bivequivalence betwean (est and reference Geatments was claimed.

SUMMARY OF RESTGLTS

Bubject Disposition:

Aol of £4 subjects fmean age of 32.0 years), inchuting 33 male subjeels and 29 female sulsieets, were
randomly assigned fo treatinent in the stady at | study site, and 60 (93,8 %) subjects, including 33 male
#nd 27 female subjects. completed the study. Four subjects discontinued the study early: 2 subjects
withdlrew vohuntarily; 1 subject was withdrawn beoase the subject becarne pregnant; and | subjeet was
lost 1o Tellose up.

Pharimacokinetic Resultss

Based on the primary anodysis of AUU and Crax, exposare 10 pioglitazone and metfvemin following
admvnistration of e fixed-dose combination == ablei wag similar 10 that observed following
condiminigtration of the separale cominecial pioglitazone and metformin tatdets. For both proglitazons
sl inetlomin, ke 90% Cls of the LS mean ratios of AUC(O-tlge), AUCID-infy, and Cinax were afll
within the 80%: 1w 125% raage (or bisequivalence. Similar resulls were obizined even when caryover
sffect was included in the ANOVA model.

With regard 10 the — Jqablal, exposure §o pivplitazons and metformin was also similar 1o that observed
followlng coadministration of s separate pioglitazone and metfonmia commercial tddets. As wiih the
- tablet, the $08% Cls of the LE mean ratios for AUC{DAIGE), ALCE@nl, and Cinax Yor both
pitglivazone and metformin were within the 50% to £25% biccquivalence sange, even whei casryover
effeet was included in the ANOVA model.

In addition, there were no statistically significant differences observed in Iresiment eomparisons of Tige
and 5.z For pioglitazone ar melformin, and there were no signilicant differences between the feentrmsnls
with respact 10 TH2 or CLIF.
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J Title of Study:

§ An Open-Label, Randomized, 3-Period Crossover Stuly 10 Datennine the Biveguivalency off
Proglitazone 15 mg and Metformin 8530 mg When Adminisiersd as Commereial Tablots ard 45 a
Combination Produci

Pharisacokinetic Anulysis foe Serum Pioglitazome and Metformio
T 3 Testi £ Mea % O
1 :I:::::?;:;) N Treatment Ml:m Rc:e‘n:;wc R.:u‘:; ?gt;)";b) g}ﬁj (!%‘:)f
Proglitazane '
AUCTaige) &0 A IGEE TR Gi (O 160,17
(hengtml. it B 47829 BiC 98.2 1931, 103.5)
] 61 C 4870.9
| AGCEIN §3 A 3339 AE 546 (0.6, 99.3}
Thragiml.) 33 B 36311 B 98.3 1941, 112.9)
53 - C . 831419
Cinax Bl A 5263 AC 974 ($9.9 104.7)
{ngiml.) &1 B 34000 B/C 8.5 (92.3, 17 4}
] ¢ 3420
Metformn
AUCO-thge) Y A J9990.F AC 142.5 (98.3, $6:6.8)
{hragmb) 6l B bATH.2 B 494 (954, $03.4)
61 C 1073583
AUCH-ind) 47 A AR e A 2. (48.2, 107.5}
heag fmly gy B 10357 BC 9.6 (93.3, 104.2)
t 52 ¢ LIG74.8
1 Cinax Gly A 1751.3 AC LR (96,9, 106.9)
(ngfml.) 6l B P09 B:C 9R.9 (941, 103.8)

1 &1 ¢ 1720.7

Pouree: End-ofText Tables 14.2.5 and 14.2.7,
reniment A: Pioglitazone 15 mghnetormin $50 mg lixed-dose combination = tablet,

Tremiment B: Pioglitnzane 15 mgmeiformin $50 mg fixed-dose combination  — ahlet.
Treatment C; Ong 15 my pioglitazone ablel coadminisiered with one 850 mg metformin ablet,
(1) Nuaral logarithins of AUC and Cranx were used i he ANOV A with oauvient, period, and sequence

s ficed ¢ifecis and subjeet within sequesce 45 a tandom effect.
Fb) Rafio is LS Mean ol Treatiient A or BILS medn of Traatinent .
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Title of Study:

An Open-label, Randomized, 3-Period Crossover Study to Dateimine the Bineguivalency of
Pioglitazone 13 mg and Metforain §58 myg When Adininisterad as Commercial Toblets and as o
Conmbination Preduct

Safcty Results:

A tetal of 25 of 64 subjects exparienced T or more AEs duving the study, and he Trequencies of ARS werg
sitnilar Tor all swady weatments. Most of the AEx were gastenistestinagl system disorders, ad all AEs were
wildd or moderalie in severity, Of the 25 subjects that experienced | or more AEs, 21 experiencad AFs
congidered possibly ar probrably velated 1o stody drup. No whjucx axpurisnced an AE thi was considered
defintely velated 1o study drug.

No subjeet witldeew from (he stody beesuse of an AL No serious ndverse events {$ATs) were n eporfed
and i dedihs occursed during the smd; No elinically significan abnormal laboratory valoes, Lha('g_ex in
vitad siging, or ECG or physical examiation ladings were seponied in ¥is sludy.

AEs in 2 ar More Subjects in Asy Trentntent Gronp

Trentnent
A C

System Ovgan Class - Ne62 Na6i

AE Prefecred Ferm W o n Y W W
Any event 10 {141 16 {139 11 (18.0%
Gastrointestinal disordirs

Abdominal pain 3 {4.81 4 6.3y 3 %.2)

Diarthen 1 (L6 1 (163 3 (4.9}

Lobse sioals 3 4.8 2 (3.2) i {1.6}

Nauseéa 2 3% 3 4.$) i (1.5)
Iminuae systen disorders

Seasonal allergy { {16} 1] (.03 3 3.3y
Musculvsketeral und connective tissue disorders

Pain in extrémity 0 oy 0 0.4 2 (3.33
Nervius sysen disordevs '

Hepdache 2 (3.2) 4 (6.3) ¥ (1.63

A
oueee: End-of-Test Table 14.3.1,2
Treatinem A: Pioghitazone |5 medmetiammin S50 ny fixede-dose combination  ~wblel,
Treatimeni B: Pioglitazone 15 mghnetformin §30 mg fixed-dose combittion ” — ablet,
Treatment C: One 135 g pioglitazone rablet coatminisiered with one 30 my metiormin tabler,

Title of Stady:

An Open-tabel. Rendoaized, 3-Period Crossover Study (o I)‘-lemsme the H:oz.qms.slmm ol
Pioglitazong 15 mg and Metivnmin §50 wg When Administered as € jaf Tablets and as. o
Combintion Produse

CONCLUSIONS:

Peak and total exposuras iCiay sad AUCs) of pioglitazone and metfornin observed dier single-doge
adrafistration of the T fxed-dose combination tablets (ploglitazone 13 mg/metfonnin 850 myg)
were boeguivalent 1 (hose vhsereed alter adumintsteation of five separate commercial taklets
{pioglitteone 13 my tablel sl melforiin 30 myp fablet). In addition, e 2 fised-dose combination tablet]
Eortratathong wire safi and well wlerated as adimnistorsd in \bis stody.
Thess conclisiens are based on Hrese findings:
s Fox both pioglitazone and mstforinin, the 30K Cls of the LS mewn ratios (testireference) for
AUC{DHge), AUC(D-nf), and Tnsax svere within the $0% 10 125% inlerval required 1 establish
bicequivadency bitwoen the Jixeldose combinatior  — lablets and the separate

commercial Jablets,
v The safety profife for all lrealmems wag slmﬂm based ou me ceeureence o Als mwd chinival
Taboratery, vidat siga, ECG, and p 1l Jing,
Date of Repori:

1 Augus! 2004
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3) Food Effect study 01-03-TL-OPTIMET-006

Tide of Study:
An Open-Label, Randanuzed, Crossover Study 1o Determine the Eflect of Faod ¢n the Phansacokinetic
Profile oI Ploghitazone snd Metformin whea Administerad as a Combination Peoduet

Nage of Sponsor:
Takeda Globat Research & Development Cenler, ne. {TGRD)

Nagnee of Finished Peoduet:
Pioglitazoneimetiormin fixed-dose combination tublel

Tovestipator: Study Cendest

/ /

Publication (referenced;

Naore

Stody Pertod (yearsh: Fhase of Developments

3 Apnil 2004 ta 27 April 2004 Phase |
TOBJECTIVES

Peimary:

To eompore the peak and o1l exposares of pioglitazone and metionmin slter adasimistralion ol a gingle
dose of the mehtamues‘metmmml fixtrid-dose combinalion (ahle when given under fasting conditions 10
whien givern with a high-fat meas

Secondary: :

To evalome the salery of the ploglitazens/metionmin fxed-dose combination i qu U wiien given under
Fasting conditions and when giver with a high-ikt meal,

Sk i———
METHODOLOGY
This was 2 single-center, open-label, rntomized, 2-stquence crossover siody invaleing 4 freaimenms;
v Trsatsent A Ploghizone |5 mghmetfonsn 350 mg Hxed-dose combination <=
—  kablet (during a fust).

¢ Treatment B Pioghinzene 13 mgmetformin 830 mg lixeddose combination — ablet (with

food),

¢ Trgatment C: Pioglitazone 13 mgfmatformdny 850 my Gxed-dose combiantion  — abdet
{during a fast).

e Tresatment [ Pioglitazone 15 mp/metfonnin §50 myg fixed-dose combination — mblsl (with
food).

Subjects were andowmly assigned 10 | of 2 ireatmeni sequences as follows:
e SBegoonce I Trewmenl A, B, C. D.
e Seqgoence (L Treatmeni B, A, D, C,
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Title of Study:
An Open-Label, Randomized, Crossoyer Shly 10 Determine the ENVect of Food on the Pharmacakinetic
Prafile of Ploghitarane mul Medormin when Adwinigtersi as o Combination Prodect

METHODOLOGY (continued)

Fhe 4 treatmend perivds wese separaied by washout periods o0 7 days. During each period, blood samples
were cotlacted o1 gpecified times op to 72 bows postireatment for the measurement of ploglitazone and
metformin uonwmr.mom Adverse events {ALS) and concomitant medications were moniiored and
recordad throughow the study. Other safery evabuations included clindcal lnboratory st results, vital
signs, elecivecardiograms (ECGs), mad physical examination,

Nusuber of Subjects (Planved and Analyzed):

Planned: 28 subjects {14 per sequence)

Analyred: Pharmacokinelics — 28 subjects Tor = ablel: 27 subjects for ~  ablet; Safely —

24 subjects for both tablets.

Biagnosis and Mait Critovia Tor Tnclusion:

Fo quatify for stinly p‘ulxup‘xtwn, subjects st have been healthy men or nonprognant, nonlactuing
womei; aged 18 10 38 years, inclusive; at Jeast 110 1ls in weight with # body mags index (BM)

<37 ke, been able fo comprefend and willing to sign the informu) consent foisn, bad clinital
lalmmxmv regulls within the reference ranges oF that were acceptable to the inves estigator aidd spousor; had
fiegalive uene tests for selecied substances of sbuse ot Scresning and 1 eheck-in on Day -1 had &

negative hepaitis paned al Sereening; mad had segative himan nmmmodcfu,zww virus (HIV) antibody af
Screening,

Test Product, Dose, and Made of Administeations
Lot Nuinber

Pivalitazonemeforinin ised-dose combination, 15 /850 mg, Z3S05021
~— tabilet, oral, with food
Piosliiazonedmeifonnin fixed-dose combination, 15 me/$30 my, ZS307031

— alled, sral, with food

Buration of Treatment:
Fhe study duration was 25 days Uoar |-day dosing pericds separated by oes -~dav veashout petiods
with a 3-day follosv-up alter the 1ast period).

Relerence Therapy, Dose. and Mode of Adiinistration:

Lot Number
Pioelilagoneimeiuomin fixed-dose combination, 15 mpA50 mg, FA LI
— ublet, oral, doring a lag
Pioglitazone/metformin fived-dose conthination, 15 850 g, 23507031

— tablet, oral, during o last

‘Criterin Tor Evaluttion:

Pharmacokinetics

For gach subject, the following pharmacokineiic parameters wese caloutaed for ench study perisd,
whanever possible, from seram eoncendrations of unchanged pioglitazone and metformin, according 1o
the modelindependent approach: inaximom obseeved Serum concentration (Conax), time av swhicls Criay
oecuredd (Tonax), ellmination sate canstanl (Az), acen vader the serans concentration-time carve Trom
fime 0 fo Time of last quantitiable concentration (ALC)04lqe]), ares under the seruns concenteation-time
curve from tiawe 10 infinity (AUCIO4aID), rermingl elfndingtion halltife (F1/2), and apparent oral
tlearance {CLF),
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Titke of $tady:
An Open-Label, Randomized, Crossaver Study 16 Determine the ENeet of Tood on the Pharmscokinslie
Profile of Plaglitazone and Matformin when Adminigtered as 2 Conbination Product

Safety:
Satesy variables included AEs. clinical laharatory 1est rosells, vital signs, BECGs. and jhysical
examination,

Seatistical Metlnds:

Pharntacokinetic Measures: An aoadysis of vivignoe {ANOV A with lixed efTeats for sequence, portad,
and wemment and raadom effeet Ky subject nested within sequence was parformed on Tmax, kz, and the
natural logasithams of AUCD-tlge), AUCO-inf), and Crax (v pioglitazone aml meiforin, The $0%
cortlidence intervals (Clsy e the eatio of the leastgquares (1.5) mem of pioglitazomemwtformin lixed-
dose eombinalion tahla — yunder Ted conditions relative 1o the LS mean of the
pioghtmansimetionmin lixed dose combination tablet” =, under fusling condifions were
taledtaied. The absence of o lood effect on the metaboliss of pioglitzene st metformin om either
formtation was showa if The 90% Cls for AUCIOAlge), AUCG-nf, and Croas of pioglilazons and
metfoimin weee within the (80%, 123%6) interval,

SUMMARY OF RESULTS

Subject Disposition:

A tolal of 28 subjects Dmenr age of 32.7 years), including 15 niafe and 173 Fernale subjects, were enrolied
in the study, and 27 subjects, including 15 male and 12 female subjects, complerst the study. Ong subdedt
wilhidrew bacause of 2 protecol deviation,

Phavmnacokinetic Resnllg:

With regpedct lo the —  formuletion, the resulis of this stady indicate a fack of Tood elTect on 101l and
pesk exposere of ploglitazone and on the ol geposure of suetfarmin, For ploghitzons, the 09% Cls of
the L8 memn ratiog of AUCD-lye), AVC{G-inf), aml Croans were within the (30%, 125%5) range, For
metformin, the S0 Cls of the LS mean rwios for AUCTOATC) aad AUBCTWnT) wire within the ($0%,
125%) range. There wats & food effect on the peak exposute of metformsing the 90% €1 of 1he LS mean
vt for Cmsax was {65.4%., 79.146). Percent decreases in the exposures 1o metformin based on Jint
estimate values were 13%, 13%, and 28% for ARC{0lge), AUC(O-inf), and Cmax, respectively. Direg
dosing with fooul vesulted in prodongation of Tivax from approximutely 1.6 1o 3.5 hows Tor pioglitazone
and feorn approximately 2.4 o 3.2 hours loe mettormin,

Forihe — dormmlation, there was 4 lack of faod elfoct on toid exposure of pioglitnzone and a lack ol a
significant food effeet on peak exposure of proglitazone. The 90% Cls of the LS arean ratios Tor
AUCH-tqge) snd AUCIG-nD were within the (80%, 125%) range, and the 90% C1 of the LS mean ratic
for Crmx was [92.4%, 126 0%). There was a food elfect an the 1wl and peak exposures of metformsn;
the 90% Cls o the LY mean ratios of the pharmacokinetic parnmsiens were not within (he (§0%, 125%)
range. Pereent deceenses in the exposures (o metformin based oo poit estimale values weie 13%, 21%,
and 30% for AUCIO-dgey, ARCERND, and Cranx, respectively. Drog dosing with fond resulted in
protongation-of Twmax fom approximaizly 2.7 10 3.7 houes for pioglitazone and From approximately 2.3
to 3.6 howrs for metformin.
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Title of Study:
An Open-Labet, Randomized, Crossover Study o Determine the Effect of Food v the Phanmacokinetic
Profile ol Pioghitazone amd Metformin when Administered s a Combination Produci

Effect of Food on the Pharmacokinetic Pavameters of Serwm Pioplitazane and Metformin

L5 Meun
Testf Ritio (%) 90% C1if Ratin
Paramcter {units) N Treatment LS Mean Referenee () )
Pinghitwane - —  Sprmulation
ALC{f-tqe) 2% & 47600 BAA 1128 {1021, 1247
{lienginly (b) B 83707
AUC(G-inly 27 A 5284 4 BA 1o (68,6, 122.4)
(hraginly) () 1 9684
Craax {’ngfﬂﬂ.) b} 28 A 3R BfA 4.5 V2B 1127
B 5560
Ploglitazmne~ — Fyrmuistion
AUCI0-tige) C 26 { 48157 DA 102.0 ©32, 10D
thragiml () oy 414§
AUC{3-00) 2 ¢ 37350 DX Y19 (869, 1U3.6)
{krngimly (b) . 5440.7 ‘
Cmax {ng/ml) () 26 ¢ 4768 D 10729 (024, 126.0)
» D 5148
Metforinin  — formulation
AUC - tiye) a8 A L1580, BrA RGeS (812, 93.0)
thragfmly ih) B 100638
AUC-ini) 24 A C1ITY A 571 {$5:9, 93.%)
thrnginl) () - 8 14726
Cinax {nginly (b} it A 1781.8 BiA L (654, 79.1)
B 12813
Metformin - — Fornmlasion
MJC{(I-[’!q«:‘) 27 < 114845 v %6.7 (74,7, 95.4)
theagmLs (b) [ 192999
AUCG-inl) 19 . o 13283 4 DA 788 (731, 3.0
(hraghinl) {b) D 104473
Cax (g L) {h) 17 ¢ 1904.9 DI 00 {63.2, 774)
b} 1263.4

Source: End-of~Text Tables 14.2.3 ind 14.2.6,

Treaiment A: Plogtitazone 135 mg/metfbnnin 830 my lived-dose combinatior ™ tablet {(during fast).
Treanment B: Ploglitamoue 13 mg/nyerformin 830 mg fixed-dose combination = mblet {wvith food).
“Treatment C: Ploghitarone. 15 myfmetformin 850 mg fced-dose combination = ablet (durbnng a fast).
Treatment £ Pioghizonce 1S mgimetionmin 850 my fixcd-dose combination” = tablel (with food),
() Ratio is LS Mean of Treatment 87 reatiment A or Treatment 1 Trentment ¢,

(b) Natural togarithins of ALIC and Cmax weee used in the ANOVA modcling.
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Fitle of Stusy:

An Dpen-Label, Randomized, Crossover $iudy o Determine ihe Effect of Foed an the Phanuacokinetic
Profile of ngm.umu. and Metformin when Administered os o Combmation Product

Safety Results:

Tweive ol of 28 subjects experienced | of mote AEs during 1 or more treatment pedods; 10 of these

12 subijects experienced | or more AEs hat were considered possibly or probably retwed o study

medication. The most frequent ABs were nsusen (4 ropoits), abdominal pain, ad looge srools 3 OIS

each}). None of the Al were considered delinitely refated 1o study drug and sl Als w ere mild in
FEvEY.

Overall, the incidence of ABS was sisllar during administration of both pioglisazone/metformin fised-

ilose combination fablets under fsting o fed conditions {Treatment A: 328, 10.7%: Treatmsnt B: 4128,

14.3%; Trestment € 427, 14.8%: Treatnsent I 5028, 17.99%). No SALs were reported and mo deaths

veenrred dwing the study.

No clinically signiffcant absormal faboratory values, changss in vital signs, ECGs, o physical

exansnation findings wers reportied in the study.

Alsin 2 or More Subjects in Ady Freatment Group

Freatmen
A B ¢ 1]

Systerns QOrpan Chiss N=28 N=I8§ N=27 N=28

Pealerred Term {x) n %, n % n L n Yo
Any afverse event k 141095} 4 {14.3} 4 (1487 3 7y
GCrtroimestinal Disnrders

Abdontinnl pain o {00y 2 eAY 0 (6.0) i 3.6)

Lioose slonls i {3.4) hed [£83] (¢] [(F0) [} [{t113)

Nanses 1} f1i20)] 2 N 1 3.7 1 §3.6)

i et
Source: End-olaes Tubles 14.3.1.2. :
Treatmeni A; Pioglitazanc 13 ma/metformin $50 nyg lixed-dose conthinatior ablet {during a fast).
Treavment B: Plogliozone 15 mgimetformin 830 my fived-dose combinmtior = ablet {wilh food).
Tremment C: Pioglitavone 15 mg'metformin 850 mg (ixed~dosc combination = -ablet {during n fas)
Treatment B: Ploglitazone 13 mg/metformin 230 myp Tixed-dose combination ™. mbiet fwith food),
() A subject whe reporied 2 or more Alis within the same preferred term veas counted only once for that term,

—
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Title of Stuly:
An Open-Labil, Randomiized, Crossover Sty to Deternine the Effect of Food on the Phanmacokingtic
Probile of Pioghtazane wd Metformin when Administered o8 o Combination Produet

CONCLUSIONS:

The magnitude and he direction of the fopdweitect respenges observed in she present study for the fixed-

dose combenation fablets were simibar v those reported 1or marketed ACTOS (pl(}g,hh/mu) and

GLUCOPHAGE {metforsmin} 1ablets. As has been demonshated in studiss involving coathninisizotion of

thie separate coaunercial pibglitazone and melormin tablets, buth — . fiseshdose combination]

fablets were well oleraed.

These conclusions ars based on the Moflewing findings:

v Forthie — wablet, e 908 Cls of the LS mean mtios (fed/fasted) Tor AUCTge), AUCH-nh), ad
Ciax for ploghiazane seere all withhr the (80%, 123%) range. The W% Cls of ihe LS mean cotios
for ARC{Oalge) and ALCHEND for metformin were within the (80%, 125%) range, and the %06% CT
of the LS nsean ratio for Caax was (65.4%, 70.19%), Percent dacreases in the exposures o metfomzin
based en point eslimate valeess were 13%, 133, and 28% for AUCH-lge), AUCHRnD), and Cmax,
respectivily

v For e = iblel, the 90% Cls of the LS mean ratios (Ted/Tasied) for AUCG-ige) aitd AUCH-ind)
for proglitarons wire within the (80%, 125%) ranze, and the 50% CI for Crax wirs (92.

126.6%). Fhe B0 Cls for AUCB-tIge), AU(‘(&Mnﬁ, and Civax For metformin were not Mtlun the
RO%, 125% u} varsge, Porcent dicreass in the axposuces 1o metformin based o point extionate vatues
wore 13%, 21%, and 30% for AUCHE-Uge), AUCE-af), and Coax, respectively,

LI m‘x‘.ld&i’al’.’u of Als wag Fow i alf weativent groups and there were 1o clinically significan
changes in clinical laboratore vesults, vitl signs, or physical examination regulis during the dady.

Date of Beport:
24 Angast 2004
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C OCPB Filing Memo

5.1.1 Office of Clinical Pharmacology and Biopharmaceutics

6 New Drug Application Filing and Review Form

6.1.1.1.1 General Information About the Submission
Information Information
NDA Number 21-842 Brand Name Actoplusmet™
OCPB Division {1, I, i) Il Generic Name Pioglitazone/metformin
Medical Division DMEDP Drug Class Thiazolidinedione/sulphonylurea
OCPB Reviewer Jayabharathi Vaidyanathan, | Indication(s) Type 2 diabetes
Ph.D.

OCPB Team Leader

Hae-Young Ahn, Ph.D.

Dosage Form

15 mg/ 500mg; 15 mg/ 850 mg
tablets

Dosing Regimen QD
Date of Submission 10/29//04 Route of | Oral
Administration
Estimated Due Date of OCPB | 6/29/05 Sponsor Takeda
Review
PDUFA Due Date 8/29/05 Priority Classification Standard
8/1/105
6.1.1.2 Division Due Date
6.1.1.2.1.1.1.1 Clin. Pharm. and Biopharm. Information
“X” if included | Number of | Number of | Critical Comments If any
at filing studies studies
submitted reviewed
STUDY TYPE
Table of Contents present and X
sufficient to locate reports, tables, data, -
etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X

Methods

I. Clinical Pharmacology

Mass balance:

Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics (e.g., Phase ) -

6.2 Healthy
Volunteers-
single dose:
multiple dose:
6.2.1 Patients-
single dose:
multiple dose:

Dose proportionality -

fasting / non-fasting single dose:

fasting / non-fasting multiple dose:

Drug-drug interaction studies -

In-vivo effects on primary drug:

In-vivo effects of primary drug:

In-vitro:

Subpopulation studies -
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ethnicity:

gender:

pediatrics:

geriatrics;

renal impairment:

hepatic impairment:

PD:

Phase 2:

Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

Il. Biopharmaceutics

Absolute bioavail ability:

_Relative bioavailability -

solution as reference:

alternate formulation as reference:

Bioequivalence studies -

traditional design; single / muiti dose:

Actoplusmet Vs, individual
components

replicate design; single / multi dose:

Food-drug interaction studies:
Dissolution:

Dissolution profile provided at only
one media and speed.

(IVIVC):

Bio-wavier request based on BCS

BCS class

lll. Other CPB Studies

Genotype/phenotype studies:

_Chronopharmacokinetics

Pediatric development plan

Literature References

Total Number of Studies

6.2.1.1.1.1

6.2.1.1.1.2 Filability and QBR comments

6.2.1.2

“X” if yes

6.2.1.2.1.1.1.11

Comments

6.2.1.3 Application filable ?

Reasons if the application is not filable (or an attachment if applicable)

62.14 Comments sent to firm ?

16215

Please provide dissolution profiles in three different pH
for three batches (12 talets/batch) for each combination
tablet strength.

QBR questions (key issues to be
considered)

1)
2)

3)

Does food alter the bioavailability of actoplusmet?

Is the combination formulation of pioglitazone and metformin (15 mg/500 mg and
15 mg/850 mg) bioequivalent to individual commerciaily available tablets?

Have the analytical methods been sufficiently validated?
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Other comments or information not
included above

Since no clinical trial was conducted with the combination tablet strength proposed
in this NDA submission, it is desirable to conduct DSI inspection on the pivotal BE
studies.

Protocol: 01-03-TL-OPIMET-004

Title of study: An open-label, randomized, 3- -period crossover study to determine the
bioequivalency of pioglitazone 15 mg and metformin 500 mg when administered as
commercial tablets and as a combination product

Protocol: 01-03-TL-OPIMET-005

Title of study: An open-label, randomized, 3-period crossover study to determine the
bioequivalency of pioglitazone 15 mg and metformin 850 mg when administered as

commercial tablets and as a combination product

Clinical site; ——
Analytical site’ —
Primary reviewer Signature and Date Jaya bharathi Vaidyanathan, Ph.D.

Secondary reviewer Signature and Date | Hae-Young Ahn, Ph.D.

Background:

On October 29, 2004, Takeda submitted NDA 21-842 for pioglitazone/metformin tablets
mg for the treatment of type 2 diabetes. Two doses of the pioglitazone/metformin fixed-
dose tablet (15 mg/500 mg and 15 mg/850 mg) are proposed. Tablets used in clinical
studies were identical in composition to those intended for commercial use. The batch
size of pilot scale production used in clinical studies was = tablets and —
tablets for the 15 mg/metformin 500 mg and 15 mg/metformin 850 mg respectively
which was 10% of the commercial batch size. Three studies have been submitted under
the clinical pharmacology section as follows.

* An open-label, randomized, crossover, food-effect study was conducted to
determine the effect of food on the exposure to pioglitazone and metformin afier
administration of the pioglitazone 15 mg/metformm 850 mg fixed-dose
combination tablet.

* Open-label, randomized, crossover, bioequivalence study to assess the
bioequivalence of the pioglitazone 15 mg/metformin 500 mg fixed-dose
combination tablets to that of separate pioglitazone 15 mg and metformin 500 mg
tablets. i

e Open-label, randomized, crossover, bioequivalence study to assess the
bioequivalence of the pioglitazone 15 mg/metformin 850 mg fixed-dose
combination tablets to that of separate pioglitazone 15 mg and metformin 850 mg
tablets.

Findings:

Food-Effect study: Based on AUC and Cmax values, there was an absence of food-effect
on total and peak exposure to pioglitazone and on the total exposure of metformin. There
was a decrease in Cmax of metformin in presence of food by 28%. Administration with
food resulted in prolongation of Tmax from approximately 1.6 h to 3.5 h for pioglitazone
and from approximately 2.4 to 3.2 h for metformin.
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Bioequivalence studies: Based on AUC and Cmax values, the rate and extent of
absorption of pioglitazone and metformin following administration of the pioglitazone 15
mg/metformin 500 mg and pioglitazone 15 mg/metformin 850 mg dose of combination
tablets were bioequivalent to that observed following co-administration of the separate
commercial pioglitazone 15 mg + metformin 500 mg and pioglitazone 15 mg +
metformin 850 mg tablets respectively.

Proposed dissolution method:
Medium: —— buffer, pH 2.5, 37C, 900 ml
Apparatus: Apparatus 2 (paddles)

Speed: 50 rpm
Tolerance specifications: NLT —. (Q) of the label claim of pioglitazone dissolved in 30
min.

NLT — (Q) ofthe label claim of metformin dissolved in 30 min

Conclusions: The Clinical Pharmacology section of this application is filable.
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