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CLINICAL PHARMACOLOGY & BIOPHARMACEUTICS REVIEW

. NDA 21-202 / N-000 SUBMISSION DATE: 12-NOV-99, 18-FEB-00(B2),
11-AUG-00(BC)
BRAND NAME: Glucophage ® XR
GENERIC NAME: Metformin HCL 500mg extended release oral tablets
REVIEWER: Robert M. Shore, Pharm.D.
SPONSOR: Bristol-Myers Squibb Co.,
Princeton, NJ
TYPE OF SUBMISSION: Original Application
: Code: 38

TERMS AND ABBREVIATIONS:

AUCa-b............ Area under the plasma-concentration-time curve from time a to time b
Cmax... cocceeeeense Maximal observed piasma concentration

DMEDP............ Division of Metabolic and Endocrine Drug Products

OCPB.. ..cccereun Office of Clinical Pharmacology and Biopharmaceutics

SYNOPSIS:

What is the formulation of Glucophage XR?
In addition to the active ingredient, Glucophiage XR 500mg iablets contain sodium carboxymethyicellulcse
;and hydroxyprooyl methylcellulose . -~ miciocrystalline cellulose ——

and magnesium stearate J

Are the assays used to quantify metformin in the NDA acceptable?

Three assays were used; one was ==  method for urine and the two others ——  methods
for plasma. The two plasma assays used similar imethods and had only minor differences. All three
assays were found to be acceptable.

What is the dissolution method and specification for Glucophage XR?
The sponsor has proposed the following:

Medium: - -

Apparatus 2: -

Time: w——————

Tolerances - : ' A . —
ST

After reviewing dissolution data, it is recommended that only the 10 hour tolerance be changed to =

How do the pharmacokinetics of Glucophage XR and Glucophage immediate release oral tablets

compare?
Generally, the Cmax is decreased by about 20%, Tmax is increased to about 7 hours, and AUC is
comparable with Glucophage.

NDA 21-202/N-000 ~ Glucophage XR/metformin extiended reiease - BMS ~ 12-NOV-99 Page 1 of 85
D:NDAWN21202\n000\111299N.doc



Does food have an effect on the bioavailability of Glucophage XR?
Food increased the AUC of Glucophage XR by 50% but had no effect on Cmax or Tmax

RECOMMENDATION:

The Office of Clinical Pharmacology and Biopharmaceutics/Division of Pharmaceutical Evaluation 2
(OCPB/DPE-2) has reviewed NDA 21-202/N-000 submitted 12-NOV-99, 18-FEB-00, and 11-AUG-00.

The overall Human Pharmacokinetic Section is acceptable to OCPB. This recommendation, comments
(p. 14), and labeling comments (p. 14) should be sent to the sponsor as appropriate.
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BACKGROUND;

Glucophage (metformin) 500mg and 850mg immediate release oral tablets were approved under NDA 20-
357 on 03-MAR-95; the 1gm tablei was approved on 05-NOV-98. Glucophage, as monotherapy, is
ingicated as an adjunct to diet to lower biood glucose in patients with type 2 diabetes whose
hyperglycemia cannot be satisfactorily managed on diet alone. Glucophage may be used concomitantly
with a sulfonylurea or insulin to improve glycemic control. These tablets are indicated to be taken in
divided doses with meals up to a. maximum daily dose of 2550mg/day. With NDA -21-202/N-000 the
sponsor seeks approval of a 500mg extended release oral tablet. Extended release metformin tablets are
available in many countries woridwide. The absolute bioavailability of a 500mg immediate reiease tablet is
approximately 50-60% and the bioavailability decreases as the dose increases.

APPEARS THIS WAY
ON ORIGINAL
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STUDY SUMMARY INDEX

Protocol Title Page
Number
CVv138-021 Pharmacokinetics and bioavailability of p. 47
— metformin tablets relative to Glucophage®
Cv138-028 Steady state pharmacokinetics of metformin < tablet p. 53
CVv138-031 Evaluation of the effect of food on the pharmacokinetics of metformin p. 59

- tablet

Cv138-035 The pharmacokinetics and pharmacodynamics of the “— controlied | p. 63
release versus immediate release metformin tablet in type 2 diabetics

DRUG FORMULATION:
What is the formulation of Glucophage XR?

Study CV138-021 examined the pharmacokinetics of four ditferent experimental formulations of extended=
release metformin after a single dose in healthy volunteers.. The table below summarizes the -
pharmacokinetic parameters from each of these experimental formulations (Tgo is the time required fop - -
90% dissolution in vitro). _ £

Mean (SD) Phanriacokistic Parsmesers of Metformia

Trosmment® A B C D E
CMAX 1124 905 s 1288 1226
(agfeml) (280) . a0 Qa3 129 191)

AUCO-T) 10316 . 9198 10361 10000 918

(ng.hefmi) (2658) (2590) (2282) (1443) (129%)
TMAXS 6.00 100 5.00 400 3.50

L—___ " L ]
SUR »an 86 Qn 4331 4328
am __ese _ am__am ___ am

¢ AnZz medormin HCIS00mg —— A Wbles (=7 hours)
Ba2x medformin HOI 30 mg. B tablets (Typew10 howss)

SISmERS — =X~  BEST POSSIBLE COPY

The sponsor indicated that the w———==  tablet had a plasma profile similar to Glucophage and was
not suitable for a ®fce daily formulation. The = A product had a delayed Tmax but did not lower
Cmax and was not pursued. Both the === B and————tablet showed lower Cmax with no
decrease in AUC relative to Glucophage. Since the — tablet had less variability in its
pharmacokinetic parameters it was chosen for further development as a once daily formulation.

The Glucophage XR tablet will be manufactured by Bristol-Myers Squibb Company in Evansville, Indiana.
— different formulations have been used throughout the development of Glucophage XR. The only
ingredient difference between the prototype product and clinical/commercial products was that the
prototype product contained The proposed commercial batch size will be  mew==

———  Oepending on market requirements.
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————

Compesition of Metformin Hydrochloride MR Tabiet
Prototype Clinical Product (Product Identification Number i
207150.V500-014), Clinical Product (Product Identification

Number 207150-V500-038) and Stablility/Commercial Product

- Identification Number 207150-V
| ‘Prototype Clinical | Qisicad Preduct Commercial Product |
(Product No. 207190-V500-438) 207150.V500-046)
207150-V500-014)
A 4
Metformin hydeochionide/ ~
Magnesium stearate ,
Sodi - -
| carboxymethyicellolose |
A e B
Hydroxypropyl - methyicelluioss J!
Hydroxypropy! methylonliuoss — -
e :
| Microcrysulline cellulose b T
] emm——— - <l
[ Magnesium searue : - E
TOTAL WEIGHT L. .. T73K; <
TABLET APPEARANCE Bicoavex_cacsule | Bicoawex, clpsule | Bicorven. capeuls shape,
m m—— shage, —— . “‘. . debossed
dlbcuee with w0 debossing with “BMS 6063 ca ons
“SQW:& o one - side and “S00" oa the oher.
side

Sourcs: Section 4, Part Il DP 107
g5 quantity sufficient

In addition to the active ingredient, Giucophage XR 500mg tablets contain sodium carboxymethyicellulose
and hydroxypropyl methylceliulose microcrystalline cellulose ~

\ and magnesium stearate J
C ,
[ , - The tablet is not film coated. Glucophage XR is a
white to off-white, capsule shaped, biconvex tabiet, debossed with “BMS 6063" on one side and "500" on
the other side.

DISSOLUTION; —= - ©
What is the dissolution method and specification for Glucophage XR?

The sponsor claims that metformin is a class 3 drug under the Biopharmaceutical Classification System.
The solubility is about between 0.1M HCI and pH 7.5 SIF and the bioavailability of a 500mg

immediate release tablet is about 50-60%.

The sponsor has proposed the following:
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Proposed Product Dissolution Method and Specification

{————Dosge Form ___Toblets
———Motis/Tenpemars -

Dimotuion AssiybcalMetod | | R ]
Recommended Dissolution Specificatioas®

¢ As defined ia USP <724> Drug Release (Exsended Release Articles.
*¢ Dissolution asialytical method for drug products described in Attachanent E employed

The justifications for this method include the following:

8
Preliminary resuits of dissolution testing are presented in the table below. The batches are from
biostudies submitted in Section 6 of the NDA. Batches 8MBN119 and 8MDN203 were at least — of the
nroposed commercial size and were manufactured at the commercial site. The other two batchies were
less than — tablets in size and were not manufactured at the commercial site. However, it is noted that

F2 values for each small batch as compared to each of the larger batches are between 85 and 96; an F2
between 50 and 100 indicates that the dissolution profiles are similar.

Drug Product Dissolution Testing
Steengly/ Bexd | Dissohmtion | Uniss Dissoletios (% Diasoived)
Dese Testod —r—
: Domgs Form | Number Method® | Tested 1 2 3 P 7 o
Rag »W—_ﬁu . 3 Maa | 32 | 4 L
w — 4 w L2 [ h 4 ::;_' n— ;._—
. - . - _ *._ - - e - - . - _— :
Lol TR TR e e o =
reloass mblet :
B N0mg | SMDMN03 . 3 Em'_
srelcass tablet -
= Dicliion mehod can be e s A ¥, fee

At a pre-NDA meeting on 24-MAY-99 additional dissolution data was requested; this data was submitted
under IND =~ on 01-OCT-99 but was not reviewed. This same data were requested to be
submitted under the current NDA and are presented here. Batches 8MFN230, 8MBS105, and 8BMEN204
are of commercial siza and were produced at the commercial manufacturing site.
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The plot below shows the mean dissolution profiles of Gllucophage XR tablets that adhered to the vessel
wall at —rpm (9 out of 12 tablets) and all Glucophage XR tablets at — rpm (no tablets adhhered; n=12).

Maa (3=12) dissclution pre(lies for Matformin Hvdrechieride
Modified Relonse Tablets. 500 ma (Match SMFNY)
Dddimat -fomer — D

Ervor bars reprosent mean (s=12) +/- standard deviation

e

It can be seen that those tablets that did adhere had an overall lower % drug release than the tablets thalg
did not adhere. Below is a plot of the remaining 3 tablets at — rpm that did not adhere to the vessel. Along* -_
with the — rpm data again. '

Mean dissolution proflles of non-sdhered Metformin Hydrochloride
—Modified Relesse Tablets_500 mg Ratch EMFNZY)

SRS

Paddes st — pmer — rpm, —

120

4«0 - —
’ I ~—4=— Mesa of non sdbered tablets 8t — rpm (om3)
-7 <= ©0-- Mesnof mnadhered tablets at — rpm (n=12]

0 2 4 6 8 10 12
Tioe (heurs)
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The 3 tabiets tpa( qid not adhere at = rpm show a similar dissolution profile as compared with all tablets at
= rpm. The individual data for these plots is presented below.

Mgguroag v
' o

Batch Number SMFN230 o aeddie seed
Ve ;aeg_u_u: “Tebiet adoaion -
2 1 3 s L 1 1 - 10 | deriegdssciution test
- — Jou
(]
Yu
4 No_
3 Yes _
[- Y
-' 9
No
) Yoo
10 L
11 Y
12__ J 5 No
Meas (8 = 12) . 40 0 ] - ‘
Staadard devistioa (a=12) | 22 32 33 44 [ 37 - -
_
Vemsl % Dissslved at Tablet adhesion
g 1 2 1 -3 213 1 1o | duringdimeiuiicn
. =
4 No
3 No
6 No
7 No__
) No
) No
10 No_
— No
1 J No
Y] — : ] No
Mesa (0 = 12 32 46 5 2 -
Standerd devistios (8 = 12) 12 10 1.0 13 i % B

Two other commercial size batches were tested also and showed similar results - adhered tablets had
lower % drug release than non-adhered tablets. The individual dissolution data for these fwo batches
using the — rpm method are presented below. There is often a concem as to whether the =~ rpm speed
is degrading the tablet too fast and just ripping it apart by force. Since metformin is being released over
many hours from the Glucophage XR tablet and the % drug release is comparable between tablets that
did not adhere at —rpm and —rpm, this concem is allayed .

Batch Number SMBS10S | - i pedddic svond
Voud g_uv_-r_m . Tablet sdbesion
1 i 2 1 3 s 1 2 1 1 during disselution tust §
— |- - !
[ Mo
: ~No
s No
] No
No
) 2 No
10 _No_
11 _No
0 -—I No
Moan (a = 12) % “ n 82 2 -
Staadard devistios (8w 12) |1 21 1.8 19 22 21 -
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Vesssl % Dissolved st Tablet adhesion
1 32 1 3 s | 9 | 10 daving dissslution test
] (-—- = K
.32 No
3 Mo
4 No
3 No_
] ﬁ;
L _No
] No
) No
10 No
—J w
2 No
| Mean (n = 12) - | 43 3 - 20 9 :
Standard devistion (8 = 12) 22 28 27 28 23 29 .

Therefore, it is reasonable to accept the — rpm rotation speed since there would be wider variability at
the — rpm speed.

The average % drug released for the 3 batches combined is 30%, 55%, and 92% at 1, 3, and 10 hours,
respectively. The proposed specification is acceptable at the 1 and 3 hour times, but the proposed 1Q.
hour time point tolerance is too loose. It is recommended that it be changed to

dissolved at 10 hours' since the average for the three batches was 92% at three hours and the mummum
for an individual tablet was ~——

*n' y

.I\Aw

ANALYTICAL METHODOLOGY:

-

All assays were found to be acceptable.

HUMAN PHARMACOKI AND BIOAVAILABILITY STUDIES:

il. Pharmacokinetics

How do the pharmacokinetics of Glucophage XR and Glucophage immediate release oral tablets
compare?

Study CV138-028 explored the steady-state pharmacokinetics of 4 doses of Giucophage XR. Sixteen

NDA 21-202/N-000 - Glucophage XR/metformin extended reiease ~ BMS ~ 12-NOV-99
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heaithy volunteers were dosed with 500mg Glucophage XR as a single dose following dinner and
pharmacokinetic samples were taken. Subjects then received nightly doses of 500mg Glucophage XR for
a week and pharmacokinetic samples were again obtained after the week of dosing. After the first week
subjects raceived 2x500mg Glucophage XR tablets and had pharmacokinetic samples taken after a week
at this dose. The 500mg dose increments continued each week up to 2000mg QD. All subjects also
received 2x500mg BID Glucophage immediate release tablets for one week so as to provide comparative
pharmacokinetic parameters.

The table below summarizes the pharmacokinetic parameters.

T N GaxGgE) el )

~AUC
e s 3 | e

16

» AUC(INF) for 500 mig single ddose; all others AUC(0-24).

For doses of Glucophage XR in the ratio 1:2:3:4 the means for Cmax were in the ratio of 1:1.8:2.4:3.0; -
and the means for AUC increased in the ratio 1:2.0:2.7:3.2. There is less than proportional increases iri> -
the pharmacokinetic parameters as the dose of Glucophage increases. This is consistent with the current. _

labeling of Glucophage which states ‘there is a lack of dose proportionality with increasing doses, which is

due to decreased absorption rather than an alteration in elimination.’

There appears to be no accumulation after a week of dosing. At the 500mg dose the AUC after a week of
dosing is slightly less than, but comparabile to, the AUC after a single dose (see plot below)

Mean plasme concentration time orofiles of metformin after a single 500
mg dose and at steady state ssthe — . tablet .

1001
-o—mmm —
stale .

—-a-500mg — single
dose :

iy 8 12 1" 2‘0 24

The bioavailability of metformin administered as immediate release Glucophage 1000mg BID and

NDA 21-202/N-000 ~ Glucophage XR/metformin extended release ~ BMS - 12-NOV-99 Page 9 of 85
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extended reiease Glucophage XR 2000mg QD was compared and is presented in the table below.

Parameter — 1000 mg Point estimate WK

®. Glacophage® BID
CMAX” 176, 1267 136 (129, 1.44)

I A A K [
(gg; 0 | ;m: | 20083 1.00 ©53,1.07)

The AUCs are comparable between the two dosage forms. A difference in Cmax may be expected since
twice the dose is being administered at once.

The intra-subject variability was estimated by comparing day 6 and day 7 Cmax and AUC values and the
resuits are shown in the table below.

"Estimiates of Within-Subject Staxndard Devistions

Ppogenp v

— . AUCITA )
1000mg — tablet QD 0.12(11.9) 0.12(9.1
1500mg — tablet QD  0.16(155) 011((190.3))
2000mg —— 1sblet QD 0.13 (133) 0.14(119)
1000 mg Glucophage® AM 0.17(192) 0.14 (13.9)
1000 mg Gi: PM 0.09 d 00 .

n 8

Source: Appendix 63.2

Study CV138-035 investigated the pharmacokinetics and pharmacodynamics of Glucophage XR. This
was a pilot, 5 arm, parallel group study in which diabetic patients were administered Glucophage 500mg
BID ior 2 weeks then randomized to one of 5 dosing groups for another 2 weeks. Pharmacokinetic and
pharmacodynamic evaluations were done after each of the two week periods. Glucophage was
administered with an ADA dinner. The pharmacokinetic results are listed in the table below.

Mesn (SD) Pharmacokinetic Parameters for Metformin in

Stady CV138-038

Treatment  CMAX TMAX® AUCITAL) THALF |
4N (spiml) ) ;

S00 g BID 1048 3.0 17396 ry]

Gl il W (190 _— —3998)

50) me OD 79 L0 8128 0.6
— 7 o) —_— Q60 (63)

1000 mg QD 1261 &0 14438 132
| — 7 (158) —_— (1916) (83) ‘
2000 mg QD 281 20 26667 156 .

— s Q%) —_— (5140) (5.2) ‘

500 mg BID 0 - 80 13758 )
CVI3s-ms

Source: wm S22
Madisn (range)
mmurwmnummnmumm
Tmax is consistent at about 7 hours. For the QD doses in a ratio of 1:2:4 the Cmax increased in a ratio of

1:1.6:2.9 and the AUC ratio was 1:1.6:3.0. This is consistent with other studies that showed a Iess than
proportional increase in the pharmacokinetic parameters as doses of metformin increase.

The table below shows a comparison of the same daily dose administered with various dosage forms. The
AUC of 1000mg Glucophage XR QD is, on average, about 13% less than 500mg Glucophage BID.

NDA 21-202N-000 ~ Glucophage XR/metformin extended release - BMS ~ 12-NOV-89 . Page 10 0f 85
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However, it is already known that as dose increases bioavailability decreases.

Statistical Comparison of CMAX and AUC(TAU) in Study
€CV138-0. ‘

35
- Ratio of Geometric Moans Reistive 10
. Means Point Estimate %0% A
CMAX (ag/ml)
500 mg BID Glucophage® 1020
1000mgQd —— 1280 1.25 (111, 1.41)
S00mg BID — 783 0.77 (0.68. 0.86)
AUC(TAU) (ng b/xl)
500 mg BID Giucophage® ‘ 17032
1000mgQD —— 14787 0.87. (0.77. 0.98)
L 500mgBD —— 14237 0.8¢ (0.74, 0.94)

*

Cv138035

The table below summarizes the pharmacodynamic biomarker changes between the lead-in (Glucophage

500mg BID) and each dose group.

it is noted that the groups are small (N<7) and therefore the results

S LS
) + vt
.

D:\NDAW21202\n000\111299N.doc

are exploratory.
Mnn ( % CI) changes from Ghicophage® Lead-in Baseline
Weeks of Randomized Treatment
e Mean Chan i Trestment
Pharmacodynamic r‘_gmun! m" l'__._somn 1000mg QD | 2000mgQD | $00mg BD
Parametor MR MR MR MR
[ Glucose AUC(0-24) 2t 788 03 119 463
(e a1, 47) 499.1011) | (47.7%9) 184, 622) 207, 719)
Mesn Gluctse (Y] 307 218 <05 140
(mg/iL)
“197.213) | (190.423) | 0993 | 73110 | @31.296
Pre-Breakha Glucose | 346 130 S04 q0 XA
( enaien | (322909 | (oaen | M5108 | (436200
Pre-dianer Glucose (¥ 386 139 11.0 6.50
¢ (193128 | (46626 | C10L3H | 1714ABH | (194324
Fructosaming 338 116 S.14 960 414
(umole/L) :
(6129 | QB9 | (ASA319) | (UKL | (615149
Nooesterified fres fafy 01 o0 Q.19 0.0¢ .05
aan =~ | «@16019 | 028,003 | (035000 | (01502D) | (020,019
Giycaied albumia (%) ~0dS 0.10 430 .16 Y]
e |Loman | (003,023 | (033,008 | (031,000 | (001,024
Upopromin @ -~ | . 08 in 0 Y] 356
( CL662TD | (452026 | (448020 | (216340 | (291100
Trigiycerides 263 450 236 428 17.6
( 1360 | 99,369 | 166467 | (903475 | (265D
f"u::j:u mean change from Glusophage® Lead-in Basciise = End of Peciod B valus - End of Period A vaius
C1 = Coafidence kntecval o
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Basically, there is a dose response relationship between the QD Glucophage XR doses. The biomarker
changes move toward improvement as the doses go from Glucophage XR 500mg QD to 2000mg QD. It
" is noted that the sponsors analysis indicated no significant differences between any of the

pharmacodynamic parameters except for glycated albumin wi.en comparing Glucophage 500mg BID with
Glucophage XR 1000mg QD.

Does food have an effect on the bioavailability of Glucophage XR?

The current labeling of Glucophage indicates ‘food decreases the extent and slightly delays the absorption
of metformin, as shown by approximately a 40% lower peak concentration and 25% lower AUC in plasma
and a 35 minute prolongation of time to peak plasma concentration foliowing administration of a single
850 mg tablet of metformin with food, compared to the same tablet strength administered fasting.

Study CV138-031 was undertaken to investigate the effect of food on the pharmacokinetics of
Glucophage XR. Eighteen healthy volunteers were administered a single dose of 4x500mg Glucophage
XR tablets in each of three conditions: ‘

e after a 6.5 hour fast;
¢ 5 minutes after a high fat dinner;
e 5 minutes after a low fat dinner.

The table below summarizes the mean pharmacokinetic parameters.

. “‘r""r‘?‘-n’- v

Mean. (SD) Pharmacokinetic Parameters for Metformin in Study
CY13s.031 )
Parameter Fasiod “Fizh Fai Dinoer | Low Fal Dinoer
CMAX (ng/mL) 1648 (357). 1580 (400) 1864 (383)

TMAX ()* 40 — 4.0 40, ———

AUC (INF) (ogvmL) | 14793 (5719) 21148 (5913) 21077 (4327)
T-HALF (h) - 95(.9) 8.3 (4.0) 9.3(3.2)

* (angs)

Source: Appandix 6.3.2

Tmax was not affected when Glucophage XR was dosed under fasted or fed conditions. A formal
comparison was made between the fasted condition and each of the fed conditions. This comparison is
presented below.

Results of Statistical Comparisons on Pharmacokinetic Parameters of

Metformin in Study CV138-031
= | : . Ratio of Geometric Means
Adjusted Geometric relative to Fasted
.. . Mesn Point Estimate 90% CI
Fasted 1609
High fat dmns 1529 0.95 (0.39, 1.02)
Low fit dinner 1824 1.13 (1.06, 1.22)
AUC(NF) (ugb/mL) |.. .. - -
Fasted : . 13835
High fat dinner | 20234 1.46 (1.30, 1.65)
Low fat d;n‘ner 20744 1.50 (1.33, 1.69)
f Source: Appendix 6.3.2
NDA 21-202/N-000 ~ Glucophage XA/metformin extended releass ~ BMS - 12-NOV-99 Page 12 of 85

D:\INDAWNZ21202n000\111299N.doc



Cmax is not affected by food. Both the high and low fat dinners increased the AUC of metformin by
approximately 50%.

>~

Mean plasms metformin concentrations under fasted condition and after a
high fut and low fat dinner
2000 1
1800 -
1600 -

Plasma Concentration (ng/ml.)
888

_qv'r‘:‘:v-lr [y ."J

Food increased the AUC of Glucophage by 50% but had no effect on Cmax or Tmax The clinical trials:
submitted in the NDA were conducted with Giucophage administered with meals. The proposed labeling
indicates that Glucophage and Glucophage XR be taken with meals.

COMMENTS FROM THE MEDICAL OFFICER:
The MO has provided the following table from a clinical trial submitted in support of this NDA.

Change From Baseline in HbA ;. to Week 12 and to Week 24 -

All Randomized Snb&
HbA, (%) - L
mM& ) Mat-MR ;
| mg 1000 mgQD 1500

Week 12 ‘Ns6éb - N=7% N=6S
Baseline Mean (SD) - 10381 6.98 A7) 702 (0.11]
Week [2Mesa - _ 7.18 721 706 -
Mean Change (SE) 0.15 (0.08) 0.23 o) 0.04 (0.06) .

Los%scn’ ) (:0.02 0.31) {0.10.0.37) (-0.08.0.15)
| Week 24 L. N=63 N =67 N=6bd
Buehue Meu(sm - 702(0.90) CSTOTH 702(0.71)..
Week 24 Mean  __ -~ 7 7.08. 1.3 .16,
Mesa Change (SE) wgm 0.25 0.08) 0.14(0.08)
o5& CN* {-0.08! 0.09.040) (-0.02, GQT - |
Applicmion Surmnery

Source:  Final Stady Raport CV138-012

Note: N.mdwmmmmmwua
Week 12 or Woek 24

a  Ninety-five parcont (95%) CI for moam change from baseline within weatment group

Although slightly less effective, the 1000mg QD Glucophage XR (MR) dose is clinically comparable with
the 500mg BID Glucophage dose. Also, it is noted that patients are titrated to the proper dose based on

NDA 21-202/N-000 - Giucophage XR/metformin extended release ~ BMS ~ 12-NOV-99 Page 13 of 85
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clinical endpoints.

COMMENTS TO BE SENT TO MEDICAL OFFICER:
1) There is less than proportional increase in systemic exposure of metformin as the dose of

Glucophage XR increases from 500mg to 2000. This is consistent with Glucophage immediate
release tablets (as per current labeling).

COMMENTS TO BE SENT TO SPONSOR:

1) For the proposed dissolution specification, it is recommended that the 10 hour tolerance be
changedto ——

LABELING COMMENTS:

(Strikeouttext should be removed from labeling; Double ynderlined text should be added to labeling; =
indicates an explanation only and is not intended to be included in the labeling)

1) Pharmacokinetics: Although the extent of metformin absorption from the GLUCOPHAGE XR
tablet — ncreased by approximately — 50% when given

there was no effect of food on Cmax and Tmax of metformin W
gifect on the oharmacokingtics of GLUGQPHAGE XB.
F

|= Consistent with current labeling.

Robert M. Shore, Pharm.D. / S / z5-AVb @

Division of Pharmaceutical Evaluation i
Office of Clinical Pharmacology and Biopharmaceutics

RD initialed by Hae-Young Ahn, Ph.D., Team Leader_13-AUG-00

CPB Briefing__25-AUG-00 -
attendees: Hae-Young Ahn, Frank Pelsor, Robert Misbin, John Hunt. /) ‘
FT initialed by Hae-Young Ahn. Ph.D., Team Leader__ . / S / J\/ 3"/ o°

CC: NDA 21-2021N-000 (orlg.,1 copy), HFD-510(Weber), HFD-870(Ahn, HuangS), HFD-850(Lesko)
CDR.

DFS Code: AE  — -

APPEARS THIS WAY
ON ORIGINAL
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Appendix 1. Draft labeling

_ APPEARS THIS way
= ON ORIGINAL
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Appendix 2. Study summaries(ill "Appendix 2. Study summaries}

M)

_ e APPEARS THIS WAY
ON ORIGINAL

1 2

oy

Aﬂ-"-'v-‘ '
v !
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Indication: Non-Insulin Dependent Disbetes Mellitus (NIDDM)
Protocol No.: CV138:021

Report No: 910068379

Phase:1 - _

Study Initiation Date: 15-Sept-97

Study Compietion Date: 08-Oct-57

Report Date: 20-May-98

PHARMA COKINETICS AND BIOAVAILABILITY OF

— "METFORMIN TABLETS RELATIVE
TO GLUCOPHAGE®

This document is s confidential commumication of Brisol-Myers Squibb Company. Accepwace of this
document coastitutes sn agresmpat by the recipient that no wapublished information contained hersin
will be published or disciossd without Bristol-Myers Squibb Company’ prior writiea approval, except
that this docuament mey be disclossd o appropriass Instinutional Review Commitises 30 loag as they
are requostad to keep it confideutial. This study was conducted in accordance with Good Climical
Practics. '

5

s

.h‘?*:—"’.

Name and Affiliation of Principal Investigator:
|

N ' APPEARS THIS WAY
Rashmi H. Barbhaiya, PA.D.
" Bristol Myers Squibb ON QRIGINAL

Princeton, NJ 08543-4000 -

- - . Tel 609-252-5092
- - Fax:609-252-6313
Deparsment of Metabolism and Pharmacokinetics
——= i * Pharmaceutical Development
Bristol-Mysrs Squibb Pharmaceutical Research Institute
1

BEST POSSIBLE COPY
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 Final Smdymhmtvlsa-ozx : o

Report No. 910068379 . MavZ 1958

Pmlceton NJ 08543-4000

WObMYERS SQUIBB
PHARMACBWCAL RESEARCH INSTITUTE

PHARMACOW AND BIOAVAILABILITY OF e

Ay,
1) N ‘\

METFORMIN TABLETS RELATIVE

' 70 GLUCOPHAGE®

CONTRIBUTORS
MEDICAL MONITOR: . ——— " MD.
CLINICALMONITOR: —— BS.
PHARMACOKINETICIST: | . ——— PAD.
BIOSTATISTICIAN: BS.
REPORT PREPARATIGN;* ~——— BS.

BEST POSSIBLE COPY
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Final Stady Repoct: ProssdbiCV138-021

No. 910068379, - - 20, 1998
B . B PHARMACBUTICAL RESEARCH INSTITUTE

‘ CAL REPORT SYNOPSIS

TITLE OF STUDY: Pharmacokinetics sad Bioavailability of ~ ™
-  rusrformin tablets relative 00 Glucophage®. :

INVESTIGATOR: =~ ——————— - ——,

sorcoaes | ]
PUBLICATIONS: Nowe- '

STUDY PERIOD:  September 15, 1997 1o October 8, 1997.
CLINICALPHASE: I

OBJECTIVES: .
mmdﬁmmmuwumd —
e, maatformin tablets relative to Glucophege® .

METHODOLOGY: .

A singls 3it, five treatment, fourpeciod, cpea-label, siage oral dose study was conductad (0 evaluats the
10 Glucophags® ia bealthry voluntesss. Sixieen subjects who fulfilied the inclusion and exciusion criteris
were admitied 10 the clinic and rendormized to oms of 16 ssqueaces. Esch subject was randomly assigned
10 Trestment E during oas of the-periods and 10 thres of four trestments (A, B, C, or D) in the thres
remaining stady periods. A brisfdescription of all the trestments is provided below. Serial plasms sed
urine samples were obtained for 36 dours followiag dosing. Pz~ a2 wrige samples were saalyzed for
meformin using validated methods respectively. . '

s

.h.',,'.—“‘.

4

Treatment S Formulation

2.x Motformin HC1 500 mg ———— A tablets (Typa.=7 hrs)

2 x Metformin HC1 500 mg ———— B tablets (Tyye=10 hrs)
2 x Metformin HCl 500 mg ————tablets (Typ>7 bes) -

2 x Migtformin HC1 500 mg. tablets (Typg=5-6 hrs)

- E L 2 x Glucophage 500 mg tablets

* Toon: Timme required for 90% dissolution in vitro.

ola|w]>»

NUMBER OF SUBJECTS: :
Awuldlém-m-ﬂfﬂglsmmhdy.-ﬁubjmw
Healthy young mes ai omes btwess 13 and 40 years of age, withia £15% of their ideal body weight.
If the {emale subjects ware aot they wers required 1 not be sussing, pregasat, capsble
dbmﬂ;mc.ldmwmm-mwdm

3

BEST POSSIBLE COPY
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Final Study. Report: Protogol CV (38-021

Report No. 910068379 . May 20, 1958
. BRISTOL-MYERS. B FPHARMACEUTICAL RESEARCH INSTITUTE

" CLINICAL REPORT SYNOPSIS

Good heaith wes detsrmined by/medical history, physical examination snd clinical faboraiory tests. The
subjects agreed W prohibitions aad restrictions of the study protocol and gave writien informad consent.

TEST PRODUCT, DOSE AND MODE OF ADMINISTRATION, BATCH NUMBERS: '
— A Bach$ NYT103), ——.. 'B (Buch#NY7104), ——(Baich # M97041), and ——
—— (Batch # 970704) tsbiats of metformin HCI were supplied by Bristol-Myers Squibb. Subjects were

dosed 2 x 500 mg metformia HC! (sotal of 1000 mg) tablets of the sppropriste product..

DURATION OF TREATMENT: Four singie doses were administered, with at least ons week washowt
between dosss.

REFERENCE THERAPY, DOSE AND Monsonmuou.nrcnmus:
The reference Glucophage? tablets were provided by the imvestigasor (Lot # HIJO33A). All subjects
received 2 x 500 mg (total of 1000:g) metformin HCl Glucophage® tsblets.

.

CRITERIA FOR EVALUATION: : :

Serial plasma and urine samples for pharmacokinetic analysis wers collected for 36 hours after sach dose.
CMAX, TMAX, AUC (0-T); T8IALF and % UR of metformin from Treatments A, B, C, and D were
compared to that from Trestment B. Safety was sssessed by mouitoriag vital signs, EOGs and clinical
laborstory tests.

STATISTICAL METHODS:

Sample Size: ’ '
mm«dumpnmuwuma e et
e matformin tabies relative 10 Glucophage®. Based on the sampie size of 16 subjocts sad

e results from a previous sudy|(CV138-013) it was calculated that thers would be 30% power to detect

_ 223% differonce in mesn AUC(O-T) valuas and 2 24% differonce in meas CMAX values st the two-gided
0.05 significance level. . ’

cfdmmumnuymdm.nmmdh.m
Mmm-umumdmwh-wm
controlled balanced residusl effocm design was performed. A éarryover effect varisble wes included i the

statistical comparisoas of TMAX. Prior 10 szalysis, CMAX and AUC(O-T) were log transformed and

All svailable deta from ail subjeces who completed the suxdy wers incloded in the statistical asalysis of
pharmacokinetic paramoters. All éveilable data from all subjects who recsived study medication wers
included in the snalysis of e dats.

PHARMACOKINETIC RESULYS:
mpwwm.mmamwmw
Metformia pharmacokinatic parameters are summarized in the following table: .

4

[

'y

Mg

BEST POSSIBLE CCP™

NDA 21-202/N-000 - Glucophage XR/metformin extended release ~ BMS ~ 12-NOV-99
D:ANDAW21202\n000\1 11299N.doc

Page 50 of 85



ga
)

Fina! “tady Report: Protosol/CV138-021
No. 910068379 .. *
: CLINICAL REPORT SYNOPSIS

Mosn (3D) Pharmacokinetic Parameters of Metformia

Troatment® A ' B c D E
CMAX uxs ' s 978 1285 1226

(ng/ml) (280)% - = i(220) (13 (129) (191)

AUCOT 10316 - - 9198 10361 10000 9813
(nghefml)  (2658) . (2580) (2252) (1449) (1299)
TMAXS 600  7.00 5.00 4.00 350
SUR s = N& an 4331 Qo

QN D36 (182 (8.71) _(8.13)

*  A=2x medormia HQ 500 mg = Atablets (Type ~hours)
Be2x metformin HO 300 mg  — B tbdiots (Tye* ~ bours)
(Toont —howrs)

1

- vy

£
é
|
;

# Median (range)

All modified releass dosage form: treatments (A, B, C, and D) showed & longer TMAX relative to

{usatment E). No statistically significant differences were obssrved in CMAX, AUC(O-T),
aod %UR for reatment A ¢ ~~—— A tablet, Ty 57 howrs) in comparisoa 10 treatment B (Glacophags®
tblet). CMAX and SUR were significantly lower (p<0.001 and p=0.03 respectively) for wreatmest B
\ === B tabiet, Tes @!" bours) in comparisos 1 teatment B (Glucophage® tablat). Although
AUC(0-T) was 11% smaller for weatmeent B with reference o treatment E, the differsuce was not
statistically significast (p=0.06). For the comparison of treatment C  ~— : tablet, Tegy =7 hours) to
treatment E (Glucophage® wbiot), 3 ctatistically guificant decroass is CMAX (p<0.001) was observed.
There wers no stalistically significast differeaces in AUC(0-T) and %UR for treatmest C ia comparison
to treatnest E. Finally, & compusison of treatments D ——~eo—=""" tablot, Tops #5-6 hours) sad E
(Glucophage® tablet) indicied ag significant diffsrences for the variabies CMAX, AUCO-T). aad SUR..

There were 80 Serious Adverss Bvasits (SAE's). A total of 28 Advarse Bvoats (AE's) wers reported in this
study. Noe of thess AE's ware cansidered certain 1 be relsted to administration of the vasious drug
m‘lhnml.Z&ll,ﬂ’A!‘lupuﬂhmA,.l.C.D.udBWy.m
. most frequently reported AB’s were gastrointestinal disorders. No clinically relevast sbaormalities were
found in the visl sigag sad BOGs duging of post treatmeat. There wars thres marked abaormalities in the
m*ﬁg_cmmmmuwmy‘mdm*ﬂ

CONCLUSIONS:

—_ L 2d

——

l. The ———— tabiatiad g plasms profile similer 10 Glucophage® and was thorefore not suitable
for development as a oncs dally formulstion. ,

BEST POSSIBLE COPY
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Final Study Report: Protditol CV138-021
No. 910068379 - . ' 20,19%8
BRISTOL-MYERS SQUIBB PHARMACEUTICAL RESEARCH INSTITUTE
CLINICAL REPORT SYNOPSIS

2. ——— A formulation showed s delayed TMAX but did not Jower CMAX relative t0 Glucophage®.
Basdmd\ism&wueonclwdm:hiﬁm“dmmwwhm
development. '

3. Both Baaddn — tablet formulation showed a jower CMAX, with no decrease in
AUC, relative 10 Glucophege®. Since the — tablet demonstrated less varisbility in its
pharmacokinetics, it was chosea for further evalustion as 8 once daily formulation.

. DATEOF RRPORT: May 20:199.

5

Lh

L
Co

BEST POSS\B\.E coPY
o EREARSTHIS WAY
= 7 & ORIGINAL
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METFORMIN

MWWMWMDW
PmtooolNo..CVl3l~028

Phase: [

m?hxummnehm 1, 1998
MC@MMMD 1998
Repoan:Omheﬂs 1998 '

STEADY summmcommcs OF METFORMIN ———
TABLET

5
5
1
%
|

|
it
i
E
i
!

Company Sigeatory:

Rashmi H. Barbhaiya, Ph.D.
Bristol-Myers Squibb
Princeton, NJ 08543-4000
Tel: 609-252-5092

- Fax: 609-252-6313
Dq-mofMenhohmndthohmu
Pharmaceutical Development i
i BWW%MMW
" Bristol-Myers Squibb Compeay
Princeton, NJ 08543-4000
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Final Study Report: CV]38-028

PHARMACOKINETICS O ber 23, 1998#
. KT FMETFORMIN ———
o CONTRIBUTORS
MEDICAL MONITORS. D,
CLINICAL MONITOR: S
mmoommm ——— D
BIOSTATISTICIAN: ™ . | -
APPEARS THIS WAY
ON ORIGHIAL
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Final Study Report: CV138 "28

Report No. 910072014 _ October 23, 1998
BRISTOL-MYERS SQUIBB PHARMACEUTICAL RESEARCH INSTITUTE .
CLINICAL REPORT SYNOPSIS
TITLE OF STUDY: Steady stats pharmacokinetics of metformin ——. tablet
INVESTIGATOR: )
STUDY CENTER: r
PUBLICATIONS: Noae A
STUDY PERIOD: . Febwruary 1, 1998 1o March 9, 1998
CLINICAL PHASL: I
OBJECTIVES:
The objectives of this ssedy were: _ -
e To assess the swady stase pharmacokinetics of metformin whan administored ss the ——  (modified
relonss) tablet upon mulkiple dosing.

e To sssess doss proportiemality in the pharmacokinetics of metformin as the —  tablet &t doses 0 -
be stdied in clinicl sxfety sad efficacy smdies.

¢ To compare the plamma concestuticns of metformia obtained afker mukiple dosing of the ——
tablet (2000 mg QD) melative to Glucopbage® (1000 mg BID). !

o To assess the intre-eubject yarisbility in the pharmacokinetics of metformiin esthe — —  tablet.

o To sssess sccumnuistion of metformin of swady stats st the ——  tablet relative 10 & singls dose 22 -
the lowest dose. .

.“""- \‘l [

METHODOLOGY:

This was an open-isbel, miipie-dose, five-treatmmens, five-period stady in sixseen beakihy male/fecnale
subjects.  The study scheamatic is shown below:

ST VeI Wk Wkt

, - Week 3
Y -1 521 29-39) -
f:m 1)) %m L) %_bgn ) %«m % 3)
m Do 13,18 Dep 0,3l Dy, 8 Deys 34,35

m&ncunmmummnrmmsmamnmm
dinner. Mammmﬂsommmuuamomn.m
mwkngﬂdmmmgsdqm. During week 4, 3
nﬁm“&‘nbﬂ&xmﬁhlmml During week S, each subject
received the alternsts trestoaent. Serial blood samples were collectsd cn two consecutive days at sieady

. BEST POSSIBLE COF i
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F*-11 Study Report: CV138-028

m&ﬂm!ﬂ } : October 23, 1998
NUMBER OF SUBJECTS: -
Auuldl‘nbjaﬁm-ﬂhdnduwmpaiotd&ﬂy Mmtwdou
dos 10 personal reasons.

MAIN CRITERIA FOR INCLUION:

' mmm.mmmnzormmmnmm
Metformin bydrochloride ——  tablets S00 mg (Batch No. M97057, Formulation cods 207150-V500-
ommqpludbyw

mc:mmﬁammoummumm
The refarmnce Gincophage® tablets 500 mg (Batch No. ARID97A) wers provided by the investigator.

DURATION OF TREATMENT: Five trestments ware adinistarod with each trestaent adminiseered for
ons week. There was 20 waghout between trestments. Tonlhduotmywuz‘lm

cnrrnumwmmu-

Serial plasma sampies for pharmacokinetic anslysis were coflected for 24 hours after drag administration
ondays 1, 6,7, 13, 14,20, 21, 27, 28, 34 snd 35. In addition predoss ssmples were collecwed on days 4, 5,

11, 12, 18, 19, 25, 26, 32 and 33. wx.machurwuma—— tables .
mmtﬂydﬁl«nnm tablets given BID were calculated. Safaty was assessed by
moaitoring vital signs, BOGs and clinical lsboratory tests.

STATISTICAL METHODS: )

Sempie Size:

Swmmm-nmmcndhundy the ssmpis size was not besed on statistical
power. The sample size of 16 gubjects (3 per sequsncs) was %0 provide 90% confidence inwervals for the
differnce between the 2000 mg -~ formulation QD sad 1000 mg Glecophage® tablets BID of
20.087 for log (CMAX) aad #0102 for log(AUC(TAU)).

.“«,-'. o
' O

mwmmmmﬂvmmmmm
of adverse events was tabulsted by body systsm and primary sem. The distributions of the :
Mmm»muwxmw:wum
mmhgu.mmndrﬁu?mummu"m“m

CMAX, AUCCTAU) and T-HALF by day sfter dosing were To estimess within subject
mmumxumug.-mduuaummumdm-.

vmummma*mmmm“mhuuﬁdm
and pharmacokiastic daw.

. BEST POSSIBLE Copy
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* AUCINF) i 500 mg single dose; ll others AUC(D-24).

CMAX and TMAX fir e Gilacophage® trestment ars foen the P dose.

For doses of the — bl in the raio of 129, the memms for CMAX wars fn o i of
A0, and the mems Sar AUC(TAU) incroased s e 180 of 12.027:3.2, hnplying s sy
mxuammmm.unumm The resalts of the ANOVA N
compering 2000 mg — ..ﬂ;hQDulme‘ﬂinamthhh& :

Yog — _E&ND Point estimese wonct

LTSRN

m“hlﬁgb&uhmmtﬂnmwubmwdlwkm
even smaller. o ' '

The median TMAX for the 2000 mg ~— tabiets QD was 7 hours and was significantly greater than the
median for 1000 mg Glucophege® tabless BID (3 hours). Estiastes of within-subject varisbility for
mu:«mmmh&upm of P Mm@ “ofmvmh &:22 dl?.‘h‘)ﬁrﬁi
— - sablet & duves suaging mg mg ~———
(cocfTicients of variation; .5% i 19.2%) for Gincophage® BID,

. an&c“dnnm(&). All AEs were mild or moderass. A total of 137 AEs

were reporeed in this imzz.so.z?.nunmwusoouqo-—— 1000
mg QD ———uﬁ%"—— 2000 g QD d.nmowm?m

. 5

BEST POSSIBLE COP™
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Final Study Report:. cviss-ozs ' :

Report No. 910072014 < Oc*sher 23, 1998 .
mmmwwmﬁuhuwmummmcm
MAs in bemnstology sad fhose included low hemasocrit, Jow hamoglobin, low erythrocytes and high
lymphocyms. The other five. MAs were in serum chemistry and were associsted with elevated total
bilirubin and blood wea nitrogen. None of the MAs were comsidered © be clinically significant by the
investigator and were not repaited as AEs. :

CONCLUSIONS: '

o The —— tablet waswell tolerated at doses up % 2000 mg QD for 7days. ?
. mmMththcMmMMcu

. mam‘mu—-—-— ﬂhuhmﬂnhﬁnw"
with psak concentpations from the —  tablet occurring 3 br leser.

o The — ﬂnaﬂumum-mmdtum«mh :
as the immediate releass Giucophage® tablet administered BID at the same total daily dose. o

o Administering the daily dose 28 & singie dose of the ——— tablet versus the BID administration of
Gincophage® incressed this pesk plasma concentrations aly by 36%.

e  Within-subject variability io CMAX and AUC of metformin from the ——.  tablet was compsrable - -
to that with convextionsl Giucophage®.

o  The significantly altered MMMM&:MWM&-'
CMAX sud AUCmaksthe ——  tablet suitable for evahustion as & ance-a-dey dosing regimen.

DATE OF-REPORT: October 23, 1998.

‘
g v
,

APPEARS THIS WAY
ON ORIGINAL
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"METFORMIN | 918874244

Indication: Type 2 Diabétes

Protocol No.: CV138-031

Phase: I :

Study Initiation Date: November 2, 1998
Study Completion Date: November 18, 1998
Report Date: June 10, 1999 _

EVALUATION OF THEEFFECT OF FOOD ON THE PHARMA COKINETICS
OF METFORMIN ~~ GABLET

This document is a confidential communication of Bristol-Myers Squibb Company.}
Acceptance of this document constitutes an agreement by the recipient that no
unpublished information contained herein will be published or disclosed without
Bristol-Myers Squibb Company's prior written approval, except that this document
may be disclosed to appropriate Ingtitutional Review Committees so long as they are

Name and Affiliation of Princinal Investigator:

| Company Signatory:

Rashmi H. Barbhaiya, PhD.
Bristol-Myers Squibb
Princeton, NJ 085434000
Tel: 609-252-5092
Fax: 609-252-3052

Department of Metabolism and Pharmacokinetics
Pharmaceutical Development
Bristol-Myers Squibb Pharmaceutical Research Institute
Bristol-Myers Squibb Company :

Princeton, NJ 08543-4000
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Fina! Study Report: CV133L031
Report No, 910074244 June 10, 1999
BRISTOL-MYERS squmn PHARMACEUTICAL RESEARCH INSTITUTE

‘QILINICAL REPORT SYNOPSIS
TITLE OF STUDY: . Evaluation of the effect of food on the pharmacokinetics of
" metformia —— tablet
INVESTIGATOR:
STUDY CENTER: |
PUBLICATIONS: Nowe
STUDY PERIOD: November 2, 1998 to Novesmber 18, 1998
ORJZCTIVES:

demmwnmhe&adauﬁhmhhmﬂm
pharmacokinetics of the ——  tablet form of metformin relative 0 the fasted condition

METHODOLOGY:
anmmmmmwhuum
men/women. Subjects who fuifilled the inclusion snd exclusion criteria were admitted ® the clinic and
randomized 10 cae of 6 sequences. The throe trestments wers:

Mg

Treatment 1 4x 500 mg metiyrmia —— tablet 5 min aftera 6.5 h fast
Treament2  4x 500 mgmetiormin — tablet S min after & high fat dinner
Treatment 3 4x 300 mg metformin ——  tablet 5 min after 2 low fit dinner

All treatments wers sdmisistersd st sroand 6:30 PM. £ 2} pletil Gaplis wwais ehiiesd S 36 howrs
following dosing nd were explymed for metformin peing method,

NUMBER OF SUBIECTS:

A'total of 18 sobjects wers enrolled and 17 completed the stady. One subject withdrew due to personal '
reasons.

MAIN CRITERIA FOR INCLUSION:

Healthy young men and women between 18 and 40 years of age, within 15% of their ideal body weight If
the female subjocts wers act pest-mencpsutal, they wers required 10 0ot be mursing, pregaant, capable of
becoming pregasnt ar, f of childhesring potential, wers wers practicing an effective method of contraception.
Good bealth wes desermined by msedical history, phiysical examination and clinical sboratory tests. The
MWmeMdthdmmmm

usrnowcr.mno MODE OF ADMINISTRATION, BATCH NUMBERS:
Metformin BC1 — tabiets conteining 500 mg metformin HCl (L8 # SMDN203) wees supplied by

nmmmmwumzoooum«mmmmmam
Ahres tresmaents :

mmnm.mmmonornmmmurmmm
Nat applicable.

DUIATIONO!TIIAMMMMMMMIM&“M
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Final Smdy Report: CV138-031 :
nmmmmm« '_ Jupe 10, 1999
LRITERIA FOR EVALUATION: '

Serial plasma sampies for pharmmcokinetic analysis were collected for 36 hours after esch dose. CMAX,
TMAX mad AUC of metformin, were compared between the thres trestments. Safety was assessed by

STATISTICAL METHODS:

Qins:
The samphs dze of I8 sohlery O ¥ provide & Beort 3998 powver ol sapeR B 5ol CRIAT wd
AUCTNF) © oweclr?s o3 £23R 64 a3 ot 53 meihnelm st 0 65 b Sr, o 315 &1 &ty aod &
low 23 Ser vl hese b £ €75 Thaos elepk o U 500 & the semagieln Bk THINK omd
AUCENF) o3 dog posen ity ifesind ood i witho-Gaby st 50 s0Teknis 6F woileicn; 010 e 85 K%
for CRAK ragl B396 o AXKOT ),

Statisticsl Medods:

An saalysic of veriseg s Gapiopaiae for o dumadbyhied Guave dedign iy woad Sx CMAX cod
AUCONF). The ez b minlyrls ware sogoents, e es(Esqreres), poned, (Rctnsa en? COmYover.
A pecopd malyeis of vesioam @58e W Sone e exEyTnr Sl Nis g sl A g, CMAX
2d AUCINF) wass bog safigesd and the revaiveg pulnl £9d iaravel etimgees of menc 10d @eaw
differects’ wars Expouertieweisias =0 fs fesalis #0 $otiaaists mE) ord s of peumekic weend 62
the original scale of measwement. Aa sbeence of food effect was comcluded when the 90% confidence
tnterval for e molo g oo S e &y AUOEGT) e2d withly ———  foF
CMAX. Ths pEossaes of & Sed @i wae consiedsd wiss 9 S0 eowdidane el B Bis vads of
weess £ ovaplaely eatids ———  for AUCCRE) a2 - o CRIAK, Whee vifher
abacass o 5: Sl et e E4 Emsasy i i 08 offaet i spmsiudad, @5 fead G2 Gy induiatrieis,
No smalyels cdhor thes dasmdadinan s d U v don s 63 THIALS (f ARRAK .

Sobjoct demogiapdies, pliyectammiaitgg, ehomteay o0 B, and el fip v (Eesmet, Weiise
of sdweres evarss s whelend by body sysiem god gulauey 56

e

A availele des fiom 8 san whe seseived Bndy medeRiss wae mclnded ba & ronlyels of seeRy
dsta. Subjecis 14 disconthancd ths sudy after pesied 1 59 dea Som O rebjoct were 8¢ inclpded ia the
pharmacokinetic soalyses. :

mwmmmmamwmm Meu
m)mwmmmmmdmmnmm

= | reae) Adjased Tatio of Goometric Mesos® g

_ Geometric Mean | Point Estimate | 90% Confidence Interval
CMAX (ag/ml) | '
Fasted 1648Q357) 1609

" HighPtDines- | 1580( 1529 0.9 ©.39, 1.02)
Low Fat Dioner _| 1864083 1824 113 (105.127) _
AUC(INF) (ng b/mL) ’

Fasted M793(STLS) 1388

High Fast Dinner | 21148(5913) 20234 1.46 (1.30, 1.65)
Low Fat Dinner 2107TN(4327) 20744 1 X
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Final Study Report: CV138-031
Report No, 910074244

mwmrommrmuus.
Mmmmamﬂmm(ﬁ) All AEs were mild or moderate. Atoqlof:“

AES reported was similsr between the high fat meal low fat meal and fasted treatments. No clinically
relevant sboormalities were found ia the vital signs and ECG recordings during or post trestment. There
were $ marked aboormalities in the faboratory tests observed at discharge. These included one subject with
elevated ALT, AST, crestine kinage and blood ures nitrogen and another with elevated crestinine, The
elevated ALT, AST and cresting kizase valnes were considered clinically significant and were reported a5
AEs by the investigator. The mubject was followed until the AST, ALT, crestine kinsse and blood urea
nitrogen retrned 10 vaiues within sormal range.

Rl B
1] N .

DATE OF REPORT: Juns 10, 1999.
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Study Initiation Date:  04-April-1998
Study Completion Date:  01-Junc-1998
Report Date: 21-June-1999

This document is a confidenzial communication of Bristol-Myers Squibb Company. Acceptance of this document .
constitutes an agreement by 'the recipient that 0o unpublished information contzined herein will be published or |
disclosed without Bristol-Myees Squibb Company's prior writwn appeoval, except that this document may be disciosed |-
to appropriate Institutional Rewiew Committees 30 long as they ace requested to keep it confidental. ‘mumdym
conducted in accordance with Good Clinical Practice.

Mo
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s L
Thorir Bjornsson, M.D., Ph.D.
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Princeton, New Jersey 08543-4000
Tel: 609-252-5373
Fax: 609-252-6313

nt of Clinical Pharmacology !
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Bristol-Myers Squibb Company
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Metformin CV138-035 Fialifiudy Repon 21 June-1999

BRISTOL-MY=RS SQUIBB PHARMACEUTICAL RESEARCH INSTITUTE *
FINAL REPORT SYNOPSIS

TITLEOF STUDY:  The Pharmacokinetics and . Pharmacodynamics of the —— Controlled
Release Versus immediate Release Metformin Tablets in Type 2 Diabetics

INVESTIGATORS:

!

STUDY CENTERS: -\

STUDY PERIOD: Sept 1997 1o May 1998

M
A

CLINICAL PHASE: 1 _

OBJECTIVES: Primsry: To assess differences between aeatments in the mean change from baseline of

the giucose AUC(0-—24). Glucose AUC(D—24) is the 24 hour ares under the serum giucose -

concentration-time curve messured during the 24 hour period beginning at 1.0 hr post-dinner dose on
Day 14 of each period. .

Secondary: Pharmacodynamics:

s To azsess differances between treatinents (five separate groups of type 2 diabetics treated with
cither metformin as immediate release or various regimens of —— . tablets) in the change
from basoline of mean serum giucose. Mean serum glucose is the average of the
pre-breakfast, .2 hour post-breakfast, pre-lunch, 2 bour post-lunch, pre-dinmer, 2 hour
post-dinner, 10:30 PM, and 2:30 AM serum glucose measurements begioning o 1.0 br
post-dinner dose on Day 14 of each period. )

o To assess difSerences between treatments in the change in pre-dinner (e.g. 1730 hour) servmn
glocose from Period B-Day | to Period B-Dey 15.

o To obtain pilot deta assessing the effect of different regimens of the ——— = metformin tablet
mmmgmmwmmummm&
Bpopmeim.-duulyemds

Pharmacokinetics:

e m“mwmwmﬁmm-— tablet
- i disbétics.
METHODOLOGY: Mm—hbd.mdmnd.puﬂdmnnlﬁphaﬂdoadunwudmthb
smdy. A total of 50 type 2 diabetics, aged 30-70 years, whose diabetes was inadequately coatrolled by
either diet or dict plos an antibypergiycemic agent (excluding thiszolidinediones), with a HbAlc in the
mzeofGﬁ-lO%.ndaw‘Wﬂum(FBG)<mwa.mwhquh¢hﬁsmdy
;@ ,.W\av’udauh; Ud* ¥
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\

Subjects reported to the Investigator's clinic ‘within 14 days prior to enroliment for a medical history,
12-lead ECG, physical exam, ‘and initial screening clinical labs. Subjects who met the screening criteria and
were notc:nent!y_receiﬁng drug therapy for diabetes were carolled in Period A of the study. Subjects .
who met the screening criteria,and were currently receiving antihyperglycemic ageats were first required o

go through a 3-7 day washout period.
snﬁ?mﬁ
BERIOD A
Glucophage® lead-in
All subjectsmSOOlIgBlD Glucophage®
Mmpwamwnumg?.gbm»my 14 through Period B-
| . y

{

S e |

Rmdomizﬁontomionm

500 mg BID 500 mg QD
Gl . —

1000 mg QD

——

2000 mg QD"

o ————.

S0mgBD 1.

Pharmacokinetics. and
Period A: e e - )
On Day 1 subjects reccived in the

Disbetes Association (ADA) breakfast, and were

1}

amics (Period B-Day 14 through Period B-Day 16)

M| .
.*"".;
.

clinic 500 mg Glucopbage® along with a standardized American
discharged. They received 500 mg BID Giucophage® .'..

um;mmmamqmmmm for ummmm-ls).r &

Subjects visited the clinic on Pariod A-Dsys 10 and 12 for fasted clinical laboratory tests.

Subjects returned to the clinic an Period A-Day 13, snd they received their Period A-Day 13 evening and
Period A-Day 14 doses of 500 mxg BID Glucophage® while i the clinic. Subjects were msintained on an
individually standardized ADA diet, with breakfast, lunch, snd dinner meals served & 0700, 1200, and
1800 b. Fasted labs were drawn pricr to the breakfiast dose on Day 14 for baseline (post-Glucophage®
lead-in) fructosamine, glycated serum sibumin, FFA, Hpoprotein {Lp(e)], and trigiycerides. Subjects
received 500 mg Glucophage® along with their Period A-Day

Baseline serum

14 dinner, and serial blood samples were
collected at Qh (pre-dose) and for the next 24 h for determination of metformin pharmacokinetics.
giucose pharmacodynamic messurements were collected prior to the dinner meal, sad for
thenext 25 h. The first day of Period B began immediately following Period A-Day 14.

PeriodB: .. - - . ' .
At the time of the Period B-Day 1 dinner dose and the 25 h glucase ssmple, subjects were randamized to

receive cither 500 mg RID :Glucophage®, S00mg QD —— |, 1000 mg QD

—— 2000mg QD

——— 500 mgBID ——= in open-iabel fishion, along with standardized ADA mesls. Following
the Period B-Day 1 dinner dose, patients were counseled regarding pill compliance and were discharged .

from the clinic. :
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Subjmﬁﬁtedmedinkm&yssm9foffasteddinicalhbammts.

Subjects were readmitted &0 the clinic on Period B-Day 13. Fasted labs were drawn on Day 14 for
fractosamine, glycated seryim albumin, free fatty acids (FFA);- tipoprotein (a) [Lp(a)),. and trigiycerides.
Subjewwmwmuumdmgmmmdrw&my 4 dinner, and serial biood

samples were collected at 0 (predose) and for the mext 48 h for determivation of metformin :

pharmacokinetics. Serum (SG) was collected prior to the dinner mesl, and for the aext 48 h for

ghtmmdynmdetcmﬁm. On the evening of Period B-Day 16, subjects were discharged from the

clinic ifnouddmoml follow up was required.

Throughout Periods A and B af this study subjects wers maintained on an individually standardized ADA .

diet. While in the clinic, breskfast, lunch, and dinner meals were served at 0700, 1200, and 1800 h.
mwymm&ﬂmmmmdsssmmmmmbuw
mn«mﬂmdbywbpauywdatmmmwmyﬁ-mm

NUMBER OF SUBJECTS: A total of 53 subjects were eurolled into this stody and 34 subjocts compieted

the eatire study. Ninetoen:(19) subjects (inciuding both randomized and mom-randomized subjects)
discontinued; 3 discontinued due 10 adverse events; 4 duc to patient request; and 4 dua t0 other personal
reasons.  Seven subjects - discontinued due (0 inadequate giycemic control; their serum glucose
wwe>wwammdybaysmo.mz.ns or BY.

DIAGNOGBANDMAINWFORINCLUSION. Subjmmuhﬂlmumbr'

inclusion in the study: signed study specific informed consent prior t0 study earoliment; established
diagnosis of Type 2 disbetes mellitus; treatment with diet or diet plus oral diabetes medication (excluding
W}.Mehumeofsﬁ-lo* fasting serum glucose < 240 mg/dL; 30 to 70 years of
age; body mass index less tan 40 kg/m’; and otherwise no clinicaily significant devistion from & “normal”

 classification in medical history, physical exam, ECG, and clinical laboratory tests performed at screening.

Ounlbjeuwwmdhdmmaumyotmnmw-m and this subject's
phnmm NMMmﬂMMMm !hmhdwdhmemy
ysis.

TEST PRODUCT, non AND MODE OF ADMINISTRATION, BATCH NUMBERS: leophage' :

(500 mg) marketed prodhect was provided by the Investigator. ———  ztforiein

tableis (500 ;g) were

\\."T \
' A

provided by BMS. Glucophiega® I number for Site 001 was B8i216A. Glucophage® 1ot sumbars for site
002 were B81228A en 4 BETIO2A. The lot umber forthe ~——  mstiormin tablets for both sitez 001 and

. 002 was CMBN115.
. DURATION OF TREATMENT: DnmngodAmaMmdvdsmmgBmGW along

with a stsndard ADA dist for 14 days. Those subjects permitied wers rndomized w0 recsive one of five
treatments for 14 days during Period B: SNm:Glmhp’nMBm 500 mg —— metformin

tablets QD, 2x500 mg —  metformin tablets QD, 4x500 mg. ——— metformin tablets QD, and

S00 mg —— metformin tablets BID. There was no washout period in between treatments. The total
dmﬁond&eudymwm

CRH’ERIAFOBEVALUA‘HON:
Efficacy: Not spplicable.
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Safety: Monitoring for the occurrence of AEs, physical examinations, vital signs, *CGs and clinical
laboratory tests. -

W'Memweuaw«mmmmwccmm.mm

Pharmacodynamics: Serum glucose measurements were made st predetermined times after the Duy 14
PM dose for both Periods A and B. Based on these, a serum glucose AUC was caiculated The mean of
the following eight serum glucose measurements was calculated; (0:30 PM, 2:30 AM, pre-breakfast
(fasting), 2-hours post-breakfast, pre-lunch, 2-hours post-lunch, pre-dinner, and 2-hours post-dinner. In
addition, fructosamine, glycated serum albumin, nonesterified fatty acids, lipoprotein (a) {Lp(a)l and -
triglycerides were obtained. ' .

STATISTICAL METHODS:

" Sasaple 8oz Sincs ro foren] sidsties] tests wge goptset for Gis sy, de semphe #ae wis e besed
20 statistics} gower. Tho pegxafad saraple s, Eftey allowanss for deapauts, of 8 subjests pu gravp would
gesuit tn esnfidcace Mastals  fir s dilscoes o gwonp dhvuge n glusess AUKGA) mweees &7
+3.25 mgMloh, Asewiinf 02780 4ropt ra, 2 Wi cepele e of SO wes proposed i ghie sivdy.

Stadsifzal Motads gl Ay Subjest desisgraphles, plhiysdesl clamipsiicus, bha.aery darie, 206
vital signs were sununarized. MiciGeuce of iverss events was tabulated by body system and primary term.
Toe disteihutians of the phsmrnsaldnetic variehles wems sumumwized by Weament.

LI

-Daatn, Netings oo preseniad ead svvrmny Cetisdes ofo tsled 7 de phemasooldectic veribies Sy
sreaimeat, Peiod A e B aed Tims of Day (AM 67 PM). To olv=in single »olues fir 500 mg luonphoge”
sablets BID end 509 mw |~ mctormin mbles BID, e AM 38 PM AUCITAU) wore zided,
For CMAX, TMAX and T-RALF, € ¢'M dosz was used, Summacy statisiics weee tshulied by teaiment
snd Period A or B. No further smplysis ozs doge g T-HALF. '

A oze-way annlysis of covesiEnen mal wes veed fior Pesied B CRAATY ed AUCITAY) wsing 8 Perled &
‘values 9% the covesiete. A peiedl, e vatisbles (ORAXK md AUC(TAU) wee log wansiormed tud fs
resulting poiat and inteval etimencs of mesns were espaicaiiated to express tho rerults 23 edjested
gecmetric means on the aiigia scle of messurement. To aserss padrwiss differences omeny Hesaasat
groups, 9% confidence istecvals of the ratios of CMAX and AUC(XAU) adjusted geometris mesns wige
ghuained. Por TMAX, & caesmy mnelysis of visirnes wes doas 63 13 Peried B mak dnnsfosmiad dats,
o aiusimat wes made for wdriplicity. )

W‘mmw@mpmmamummmunmm
4 ono-way analysis of vasisacs wos msed for the change from Period A to Period B. To ssecss geirwise
ieatment differences, 90% confidencs intervals were obmised. No adjestricat wes meds for multiplicity.

PHARMACOKINETIC RESULTS: , . :
Asithmetric Mean (standerd deviation) pharmacokinetic perameters afe summarized by treatment in the
following table: . ‘

REST POSSIBLE COPY

NDA 21-202/N-000 ~ Glucophage XR/metformin extended release ~ BMS ~ 12-NOV-99 Page 68 of 85
D:\NDAWN21202\n000\111299N.doc



Metformin CV138-035 Final Stdy Report 21-June-1999

CMAX TMAA* ~ AUC(TAU) T-HALF
Treament | N (og/ml) ] (b) _(ng (h)
500 mg BID , 1048 3.0 17396 44
_G'ME&E. (19D ~ (3998) 0.9)
500 mg QD 7 | 789 8.0 8828 10.6
— (22 —_— (2630) (6.3)
1000 mg QD 7 1261 6.0 14488 132
— (158)  —— (1916) (8.8)
2000 mg QD s 251 8.0 26667 . 15.6
| —— - (358) — (5140) (5.2)
500 mg BID 9 790 8.0 i 13755 6.8
~ (215) ~— (3608) (3.4
* Median (range). -

CMAX.TMAXMT—WW&WBDW&:MMPMM

For QD dases (500, lm'Mm:)ofthe_ —— :tablet in aratio of | : 2 : 4, the geometric means for
CMAX increased in the ratio of 1: 1.7 : 2.9 and geometric means for AUC(TAU) increased in a ratio of
1:18:3.0.

The geometric mean CMAX for the 1000 mg QD ~——  was 25% greater then the 500 mg BID
Glucophage®. The geometric niosn AUC(TAU) for the 1000mg QD — * was 87% of that for 500 mg
BID Glucophage®.

PHARMACODYNAMIC RESULTS:
MnnvﬂuufaduemeAmhcasedwimmugminPemdB. Based on the confidence intervals
of the differences:

The adjusted chsage in. mesn ghicose AUC(0-24) for S00 mg ——— metformin tablets QD was -
nmnmnymm-uusoomw'mnm and 2000 mg ~-. metformin
tablets QD. :

Pre-breakfast glucose incressed for the SO0 mg ~—— mnbleuQDmrdauvehm .
1000 mg and 2000 mg —— .metformin tablets QD groups. .

No statistically significant diffiereaces in pre-dinner glucose means among the five treatments were found
(p=0.52).

Fructosamine increased for the 500 mg —— metformin tablets QD group relative to the 1000 mg and

mmmmhmunmhmmgmm'wmm 500 mg ~—
metformin tablets QD and 500 mg —— metformin tabiets BID were all significantly greater than that
for 1000mg —— metformintablets QD and 2000mg — metformin tablets QD.

s B
¢

The sdjusted méan change in triglycerides for S00 mg Glucophage® tablets BID and 1000 mg
metformin tablets QD were significautly greater than that for 2000 mg —— metformin tablets QD.
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No statistically significant gi.serences in mean change of nonesterified fatty acids was found among the' |

five treatments (p=0.48).

21-June-1999

No statistically significant differences in mean change of {Lp(a)} was found among the five treatments

(p=0.46).

Pharmacodynamic results eve summarized by Period B trestment in the following table. The mean (and
90% confidence interval) changes from Glucophage® Lead-in baseline values are presented below:

' ~ |_*Adjusted Mean Change from Glucophage® Baseline, By Treamment (90% CD) ]
Pharmacodynamic | 500mgB'D | S00mg QD | 1000mgQD | 2000mgQD | 500mgBID |
Parameter i G[mhge’ — —— —— PN
Glucose AUC(0-24) - 218 L1 a3 19 463
(mgeh/dL)
. (-41, 471) (499, I011) (247, 759) {-184,422) (207.719) 1 .
Mean Glucose 9.68 30.7 218 4.05 14.0
(mg/dL) - ' 3
(-1.97,213) { (19.0,423) | (9.89,33.2) | (9.73,17.8) | (231,25.6)
Pre-Breakfast Glucose: 3.86 13.0 -5.14 ~1.00 1.7
(mg/dL) ' -
. (-11.0,18.7) | (-3.02,29.0) | (-200,9.7) | (-245,106) | (4.36.27.D) | !
Pre-dinner Glucose 6.67 as.6 13.9 110 6.50
(mg/dL, .
(-19.3,32.6) | (14.6,62.6) | (-10.1,379) | (-17.4,394) | (-19.4,324)
Fructosamine 3.2 11.6 -5.14 5.60 414
(aole/L) '
(-6.38,129) | (1.28,21.9) | (-154,5.15) | (-21.8,2.58) | (-6.15, 14.4)
Nonesterified fres fatty -0.01 -0.13 0.19 0.04 -0.05
acids (mmol/L)
(-0.16,0.14) | (-0.28,0.03) | (-0.35 -0.04) | (-0.15,022) | (-0.20,0.11)
Glycated albumin (%) 0.15 0.10 020 -0.16 o1
- (0.03,0.27) (-0.63. 0.23) | (-0.33,-0.08) | (-0.31,-0.01) | (-0.01, 0.24)
Lipoprotein (a) 0.53 228 213 0.6z 0.56
(mg/dL) _ ~
(-1.68,2.73) | (4.82,0.26) | (-4.48,0.22) | (-2.16,3.40) | (-2.91, 1.80)
Triglycerides . 263 -£.50 2.6 428 17.6
(mg/dL)

(-11.3,63.8) | (-49.9,369) | (-16.6, 63.7) -90.3, 4. -22.6,57.7) §
‘WMMMGM‘MW-NJWB valye - End of Period A
value _ : .

ClI = Confidence Interval
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_EFFICACY RESULTS: Not applicable.

smmm:m:mmMsi.ndﬁsmdy. There was one serious adverse event (SAE)

which was of severe grade but uarelated to the study drugs. This subject had a cerebrovascular accident
and receivad thrombolytic therapy. Three other Adverse Events lead to the discomtinuation of three -
mbjew.mehmﬁmwwdth&ﬂusmuofuﬁldhwu'mOflheﬁvegasu'ointsdud
AEs reported afier randomization, two occurred in the Glucophage® treatment group in | out of 7 subjects
(14%), while three occurred in the metformin — . groups in 3 out of 29 subjects (10%). The only
subject to develop diarrhea after randomization was in the Glucophage® treatment group.

CONCLUSIONS:

e Increases in metformin exposures from the — tablet were slightly less than proportional o
inumiadocammbzooan;QD. :

¢ The TMAX from the — metformin tablet was delayed by 3-5 hours relative to TMAX from
Glucophage®.

e Compared to Glucophage® 500mg BID, the metformin ———  tablet at 1000mg QD resulted in;
a) nonsignificant increases in Glucose AUC, predinner giucose, and mean glucose.
b) ooasignificant decreases in fasting glucose, fructosamine, trigiycerides and free farty acids.
. €) significant decreases in glycated albumin.

o Dose related changes in mean glucose AUC, fasting glucose, and fructosamine were seen with the
metformin ——  tablet administered at 500 - 2000mg QD.

Ny

e The metformin — table was well tolerated.
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