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PLASMA GLUCOSE CONC. {mg/dL)

MEAN PLASMA GLUCOSE CONCENTRATION-TIME PROFILES AFTER 4 WEEKS OF TREATMENT WITH
METFORMIN XT (2 x 1000 q.d. WITH DINNER) OR GLUCOPHAGE (1 x 1000 mg b..d.)
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METFORMIN HCI DISSOLUTION PROFILES

PADDLE AT 75rpm, IN pH7.5
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METFORMIN HCI DISSOLUTION PROFILES
PADDLE AT 75rpm, IN pH7.5
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CONTROLLED RELEASE METFORMIN
COMPOSITIONS

BACKGROUND OF THE INVENTION

The present invention relates to controlled release unit
dose formulations containing an antihyperglycemic drug.
More specifically, the present invention relates to an oral
dosage form comprising a biguanide such as metformin or
buformin or a pharmaceutically acceptable salt thereof such
as metformin hydrochloride or the metformin salts described
in U.S. Pat. Nos. 3,957,853 and 4,080,472 which are incor-
porated herein by reference.

In the prior art, many techniques have been used to
provide controlled and extended-release pharmaceutical
dosage forms in order to maintain therapeutic serum levels
of medicaments and to minimize the effects of missed doses
of drugs caused by a lack of patient compliance.

In the prior art are extended release tablets which have an
osmotically active drug core surrounded by a semipermeable
membrane. These tablets function by allowing a fluid such
as gastric or intestinal fluid to permeate the coating mem-
brane and dissolve the active ingredient so it can be released
through a passageway in the coating membrane or if the
active ingredient is insoluble in the permeating fluid, pushed

- through the passageway by an expanding agent such as a

hydrogel. Some represcntative examples of these osmotic
tablet systems can be found in U.S. Pat. Nos. 3,845,770,
3,916,899, 4,034,758, 4,077,407 and 4,783,337. U.S. Pat.
No. 3,952,741 teaches an osmotic device wherein the active
agent is released from a core surrounded by a semiperme-
able membrane only after sufficient pressure has developed
within the membrane to burst or rupture the membrane at a
weak portion of the membrane.

The basic osmotic device described in the above cited
patents have been refined over time in an effort to provide
greater control of the release of the active ingredient. For
example U.S. Pat. Nos. 4,777,049 and 4,851,229 describe an
osmotic dosage form comprising a semipermeable wall
surrounding a core. The core contains an active ingredient
and a2 modulating agent wherein the modulating agent causes
the active ingredient to be released through a passageway in
the semipermeable membrane in a pulsed manner. Further
refinements have included modifications to the semiperme-
able membrane surrounding the active core such as varying
the proportions of the components that form the membrane;
ie., US. Pat. Nos. 5,178,867, 4,587,117 and 4,522,625 or
increasing the number of coatings surrounding the active
core; i.e., U.S. Pat. Nos. 5,650,170 and 4,892,739,

Although vast amounts of research has been performed on
controlled or sustained release compositions and in particu-
lar on osmotic dosage forms, very little research has been
performed in the area of controlled or sustained release
compositions that employ antihyperglycemic drugs.

Metformin is an oral antihyperglycemic drug used in the
management of non-insulin-dependent diabetes mellitus
(NIDDM). It is not chemically or pharmacologically related
to oral sulfonylureas. Metformin improves glucose tolerance
in NIDDM patients by lowering both basal and postprandial
plasma glucose. Metformin hydrochloride is currently mar-
keted as GLUCOPHAGE® tablets by Bristol-Myers Squibb
Co. Each GLUCOPHAGE® tablet contains 500, 850 or
1000 mg of metformin hydrochloride. There is no fixed
dosage regimen for the management of hyperglycemia in
diabetes mellitus with GLUCOPHAGE®. Dosage of GLU-
COPHAGE® is individualized on the basis of both effec-
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2

tiveness and tolerance, while not exceeding the maximum
recommended dose of 2550 mg per day.

Metformin has been widely prescribed for lowering blood
glucose in patients with NIDDM. However, being a short
acting drug, metformin requires twice-daily (b.1.d.) or three-
times-a-day (t.i.d.) dosing. Adverse cvents associated with
metformin use are often gastrointestinal in nature (e.g.,
anorexia, nausea, vomiting and occasionally diarrhea, ¢tc.).
These adverse events may be partially avoided by either
reducing the initial and/or maintenance dose or using an
extended-relcase dosage form. Another clear advantage of
an extended release dosage form is a reduction in the
frequency of administration. All of these findings suggest
that an extended-release dosage form of metformin may
improve the quality of therapy in patients with NIDDM and
the safety profile relative to a conventional dosage form.

The limited work on controlled or sustained release
formulations that employ antihyperglycemic drugs such as
metformin hydrochloride includes the combination of the
antihyperglycemic drug and an expanding or gelling agent to
control the release of the drug from the dosage form. This
research is exemplified by the teachings of WO 96/08243
and by the GLUCOPHAGE® metformin HCI product.

It is reported in the 50" Edition of the Physicians’ Desk
Reference, copyright 1996, p. 753, that food decreases the
extent and slightly delays the absorption of metformin
delivered by the GLUCOPHAGE® dosage ftorm. This
decrease is shown by approximately a 40% lower peak
concentration, a 25% lower bioavailability and a 35-minute
prolongation of time to peak plasma concentration following
administration of a single GLUCOPHAGE® tablet contain-
ing 850 mg of metformin HCI with food compared to the
similar tablet administered under fasting conditions.

A controlled release metformin dosage form is also
described in WO 99/47128. This a reference describes a
controlled release delivery system for metformin which
includes an inner solid particulate phase formed of substan-
tially uniform granules containing metformin and one or

‘more hydrophilic polymers, one or more hydrophobic poly-

mers and one or more hydrophobic materials, and an outer
continuous phase in which the above granules are embedded
and dispersed throughout. The outer continuous phase
includes one or more hydrophilic polymers, one or more
hydrophobic polymers and one or more hydrophobic mate-
rials.

Our own WO 99/47125 discloses controlled release met-
formin formulations providing a Tmax from 8 to 12 hours.

OBJECTS AND SUMMARY OF THE
INVENTION

It is an object of the present invention to provide a
controlled or sustained release of an antihyperglycemic drug
which provides effective control of blood glucose levels in
humans.

It is a further object of the present invention to provide a
method of treating human patients with non-insulin-
dependent diabetes mellitus (NIDDM) on a once-a-day basis
with an antihyperglycemic drug which provides effective
control of blood glucose levels in humans.

It is a further object of the present invention to provide
formulations for treating human patients with non-insulin-
dependent diabetes mellitus (NIDDM) which provides
advantages over the state-of-the-art, and which may be
administered on a once-a-day basis by itself or together with
other antidiabetic agents, and methods thereof.

It is a further object of the present invention to provide a
controlled or sustained release formulation of an antihyper-

AUROBINDO EX. 1007, 13
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glycernic drug wherein the bioavailability of the drug is not
decreased by the presence of food.

It is a further object of the present invention to provide a
controlled or sustained release formulation of an antihyper-
glycemic drug that does not employ an expanding polymer.

It is also a further object of the present invention to
provide a controlled or sustained release formulation of an
antihyperglycemic drug that can provide continuous and
non-pulsating therapeutic levels of the drug to an animal or
human in need of such treatment over a twelve hour to
twenty-four hour period.

It is an additional object of other embodiments of the
present invention to provide 2 controlled or sustained release
formulation for an antihyperglycemic drug that obtains peak
plasma levels from 5.5 to 7.5 hours after administration
under various conditions. Altematively, the time to peak
plasma levels are from 6.0 to 7.0, from 5.5 to 7.0 or from 6.0
to 7.5.

It is also an object of this invention to provide a controlled
or sustained release pharmaceutical formulation having a
homogeneous core wherein the core component may be
made using ordinary tablet compression techniques.

In accordance with the above-mentioned objects and
others, the present invention provides a controlled release
oral dosage form comprising an antihyperglycemic drug,
preferably a biguanide (e.g., metformin or a pharmaceuti-
cally acceptable salt thereof) that is suitable for providing
once-a-day administration of the drug, wherein the dosage
form provides a mean time to maximum plasma concentra-
tion (T,,,,) of the drug from 5.5 to 7.5 hours after admin-
istration. The dosage form comprises the drug and a mem-
brane. In certain preferred embodiments, the dosage form
comprises a tablet.

In preferred embodiments, the controlled release oral
dosage form of the present invention is a tablet comprising:

(a) a core comprising:

(i) the antihyperglycemic drug;
(ii) optionally a binding agent; and
(iii) optionally an absorption enhancer;

{b) a membrane coating surrounding the core; and

(c) at least one passageway in the membrane.

When the drug is metformin or a pharmaceutically accept-
able salt thereof and is administered on a once-a-day basis,
the daily dose may vary, e.g., from about 500 mg to about
2500 mg. Such daily dose may be contained in one
controlled-release dosage form of the invention, or may be
contained in more than one such dosage form. For example,
a controlled-release metformin dosage form may be formu-
lated to contain about 1000 mg of the drug, and two of said
dosage form may be administered together to provide once-
a-day metformin therapy. The daily dose of the drug (i.c.
metformin or pharmaceutically acceptable salt thereof) may
range from about 500 mg to about 2500 mg, from about
1000 mg to about 2500 mg, or from about 2000 mg to about
2500 mg, depending on the clinical needs of the patient.

In certain preferred embodiments, the controlled release
solid oral dosage form of the present invention provides a
width at 50% of the height of 2 mean plasma concentration/
time curve of the drug (e.g., of metformin) from about 4.5
to about 13 hours, more preferably from about 5.5 to about
10 hours, more preferably from about 6 to about 8 hours.

In certain embodiments, the controlled release oral dosage
form of the present invention provides a mean maximum
plasma concentration (C,,..) of the antihyperglycemic drug
which is more than about seven times the mean plasma level
of said drug at about 24 hours after administration. In
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preferred embodiments, the controlled release oral dosage
form of the present invention provides a mean maximum
plasma concentration (C,,,,,) of the drug which is from about
7 times to about 14 times the plasma level of the drug at
about 24 hours after the administration, more preferably
from about 8 times to about 12 times the plasma level of the
drug at about 24 hours after administration.

In certain embodiments of the present invention, when the
drug is metformin or a pharmaceutically acceptable salt
thereof, the controlled release oral dosage form provides a
mean maximum plasma concentration (C,,,.) of the drug
that is about 1500 ng/ml to about 3000 ng/ml, based on
administration of a 2000 mg once-a-day dose of metformin,
more preferably about 1700 ng/ml to about 2000 ng/ml,
based on administration of a 2000 mg once-a-day dose of
metformin.

In certain embodiments of the present invention, when the
drug is metformin or a pharmaceutically acceplable salt
thereof, the controlled release dosage form provides a mean
AUC, ., that is about 17200 ng.hr/ml to about 33900
ng.hr/ml, based on administration of a 200€} mg once-a-day
dose of metformin; preferably about 17200 ng.hr/ml to
about 26500 ng.hr/ml, based on administration of a 2000 mg
once-a-day dose of metformin; more preferably about 19806
ng.hr/ml to about 33900 ng.hr/ml, based on administration
of a 2000 mg once-a-day dose of metformin.

In certain embodiments of the invention, the administra-
tion of the antihyperglycemic drug, e.g., at least one met-
formin dosage form provides a mean AUC,,_,, from at least
80%, preferably at least 90% of the mean AUC,, ,, provided
by administration of the reference standard
(GLUCOPHAGE) twice a day, wherein the daily dose of the
reference standard is equal to the once-a day dose of
metformin administered in the controlled release oral dosage
form of the present invention.

In certain embodiments of the present invention, the
controlled release dosage form exhibits the following dis-
solution profiles of the antihyperglycemic drug (e.g.,
metformin) when tested in a USP type 2 apparatus at 75 rpm
in 900 ml of simulated intestinal gastric fluid (pH 7.5
phosphate buffer) at 37° C.: 0-30% of the drug released after
2 hours; 10-45% of the drug released after 4 hours; 30-90%
of the drug released after 8 hours; not less than 50% of the
drug released after 12 hours; not less than 60% of the drug
released after 16 hours; and not less than 70% of the drug
released after 20 hours. .

In certain preferred embodiments, the controlled release
solid oral dosage form exhibits the following dissolution
profiles when tested in USP type 2 apparatus at 75 rpm in
900 m! of simulated intestinal gastric fluid (pH 7.5 phos-
phate buffer) at 37° C.: 0-25% of the drug (e.g., metformin
or a pharmaceutically acceptable salt thereof) released after
2 hours; 20-40% of the drug released after 4 hours; 45-90%
of the drug released after 8 hours; not less than 60% of the
drug released after 12 hours; not less than 70% of the drug
released after 16 hours; and not less than 80% of the drug
released after 20 hours.

With respect to embodiments of the present invention
where the antihyperglycemic drug is metformin, it has been
found that drugs such as metformin provide substantially
linear pharmacokinetics up to 2 level of about 2 grams per
day. Therefore, it is contemplated for purposes of the present
invention that a given plasma level (e.g., C,,,.) of metformin
per specified dose will be directly proportional to other
doses of metformin. Such proportional doses and plasma
levels are contemplated to be within the scope of the
invention and to be within the scope of the appended claims.
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The dosage form of the present invention can provide
therapeutic levels of the antihyperglycemic drug for twelve
1o twenty-four hour periods and does not exhibit a decrease
in bioavailability if taken with food. In fact, a slight increase
in the bioavailability of the antihyperglycemic drug is
observed when the controlled release dosage form of the
present invention is administered with food. In a preferred
embodiment, the dosage form can be administered once-a-
day, ideally with or after a meal, preferably with or after the
evening meal, and provides therapeutic levels of the drug
throughout the day with peak plasma levels being obtained
between 5.5 to 7.5 hours after administration.

The present invention is also directed to a method of
lowering blood glucose levels in human patients needing
treatment for non-insulin-dependent diabetes mellitus
(NIDDM), comprising orally administering to human
patients on a once-a-day basis a dose of a drug comprising
a biguanide (e.g., metformin or a pharmaceutically accept-
able salt thereof), said drug being contained in at least one
solid oral controlled release dosage form of the present
invention. When the drug is metformin, the daily dose of the
drug may be from about 500 mg to about 2500 mg, from
about 1000 mg to about 2500 mg, or from about 2000 mg to
about 2500 mg, depending on the clinical needs of the
patient,

The controlled release dosage form of the present inven-
tion provides a delayed T,,,., as compared to the T, .
provided by GLUCOPHAGE. The delayed T, occurs
from 5.5 to 7.5 hours after administration. If the drug (e.g.,
metformin) is administered at dinner time, the T, . would
occur during the time when gluconeogenesis is usually at its
highest (e.g., around 2 a.m.).

The present invention also includes a method of treating
patients with NIDDM comprising orally administering to
human patients on a once-a-day basis a dose of a drug
comprising a biguanide (e.g., metformin or a pharmaceuti-
cally acceptable salt thereof), contained in at least one oral
controlled release dosage form of the present invention.
When the drug is metformin, the daily dose of the drug
maybe from about 500 mg to about 2500 mg, from about
1000 mg to about 2500 mg, or from about 2000 mg to about
2500 mg, depending on the clinical needs of the patient. In
certain embodiments, the method of treatment according to
the present invention involves once-per-day metformin
monotherapy as an adjunct to diet to lower blood glucose in
patients with NIDDM whose hyperglycemia may not be
satisfactorily managed on diet alone. In certain other
embodiments, the once-a-day metformin therapy of the
present invention may be used concomitantly with a
sulfonylurea, €.g., when diet and monotherapy with a sul-
fonylurea alone do not result in adequate glycemic control.
In certain other embodiments, the once-a-day metformin
therapy of the present invention may be used concomitantly
with a glitazone, €.g., when diet and monotherapy with a
glitazone alone do not result in adequate glycemic control.

The present invention is further directed to a method of
controlling the serum glucose concentration in human
patients with NIDDM, comprising administering to patients
having NIDDM on a once-a-day basis, preferably at dinner
time, an effective dose of a biguanide (e.g., metformin)
contained in at least one oral controlled release dosage form
of the present invention.

The present invention further includes a controlled-
release dosage form of a drug comprising a biguanide (e.g.,
metformin) suitable for once-a-day administration to human
patients with NIDDM, the dosage form comprising an
effective amount of the drug to control blood glucose levels
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for up to about 24 hours and an effective amount of a
controlled-release carrier lo provide controlled release of the
drug with a mean time to maximum plasma concentration
(T,,...) of the drug from 5.5 to 7.5 hours after administration
and a width at 50% of the height of a mean plasma
concentration/time curve-of the drug from about 6 to about
13 hours. In preferred embodiments, the administration of
the controlled-release dosage form occurs at fed state, more
preferably at dinner time.

In certain preferred embodiments, the controlled-release
dose of the drug (e.g., metformin or a pharmaceutically
acceplable salt thereof) according to the present invention is
provided by one or more of a controlled-release tablet
comprising

(a) a core comprising:

(i) the antihyperglycemic drug (e.g., metformin or a
pharmaceutically acceptable salt thereof);

(ii) optionally a binding agent; and

(iii) optionally an absorption enhancer;

(b) a membrane coating surrounding the core; and

(c) at least one passageway in the membrane.

In certain preferred embodiments, the mean time to maxi-
mum plasma concentration of the drug is reached from 6.5
to 7.5 hours after administration at dinner time.

In certain embodiments of the invention when the drug is
a biguanide (e.g. metformin or a pharmaceutically accept-
able salt thereof), the controlled release dosage form pro-
vides upon single administration, a higher mean fluctuation
index in the plasma than an equivalent dose of an immediate
release composition administered as two equal divided
doses, one divided dose at the start of the dosing interval and
the other divided dose administered 12 hours later, prefer-
ably maintaining bioavailability from at least 80% prefer-
ably from at least 90% of the immediate release composi-
tion.

In certain embodiments of the present invention, the mean
fluctuation index of the dosage form is from about 1 to about
4, preferably about 2 to about 3, more preferably about 2.5.

In certain embodiments of the invention which exhibit a
higher mean fluctuation index in the plasma than an equiva-
lent dose of an immediate release composition administered
as two equal divided doses, the ratio of the mean fluctuation
index between the dosage form and the immediate release
composition is about 3:1, preferably about 2:1, more pref-
erably 1.5:1.

When the drug is metformin or a pharmaceutically accept-
able salt thereof, the doses of drug which exhibit the above
disclosed mean fluctuation indexes can be any effective dose
administered to a patient with NIDDM for the reduction of
serum glucose levels. For example, the dose can from about
500 mg to about 2500 mg, from about 1000 mg to about
2000 mg or from about 850 mg to about 1700 mg metformin
or pharmaceutically acceptable salt thereof.

The drugs which may used in conjunction with the present
invention include those drugs which are useful for the
treatment of non-insulin-dependent diabetes mellitus
(NIDDM), including but not limited to biguinides such as
metformin or buformin or pharmaceutically acceptable salts
thereof. When the drug used in the present invention is
metformin, it is preferred that the metformin be present in a
salt form, preferably as metformin hydrochloride.

The term “metformin” as it is used herein means met-
formin base or any pharmaceutically acceptable salt c.g.,
metformin hydrochloride.

The term “dosage form™ as it is used herein means at least
one unit dosage form of the present invention (e.g. the daily
dose of the antihyperglycemic agent can be contained in 2
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unit dosage forms of the present invention for single once-
a-day administration).

The term “morning” as it is used herein with respect to the
dosing of the controlled release formulations of the inven-
tion means that the controlled release formulation is orally
administered early in the day after the patient has awakened
from overnight sleep, generally between about 6 a.m. and 11
a.m. (regardless of whether breakfast is eaten at that time,
unless so specified herein).

The term “dinnertime” or “at dinner” as it is used herein
with respect to the dosing of the controlled release formu-
lations of the invention means that the controlled release
formulation is orally administered at a time when dinner is
normally eaten (regardless of whether a meal is actually
eaten at that time, unless so specified herein), generally
between about 4 p.m. and 8 pm.

The term “bedtime” as it is used herein with respect to the
dosing of the controlled release formulations of the inven-
tion means that the controlled release formulation is orally
administered before the patient goes to bed in the evening,
generally between about 8 p.m. and 12 p.m.

The term “therapeutically effective reduction” when used
herein is meant to signify that blood glucose levels are
reduced by approximately the same amount as an immediate
release reference standard (e.g., GLUCOPHAGE®) or
more, when the controlled release dosage form is orally
administered to a human patient on a once-a-day basis.

The term “sustained release™ and “controlled release” are
used interchangeably in this application and are defined for
purposes of the present invention as the release of the drug
from the dosage form at such a rate that when a once-a-day
dose of the drug is administered in the sustained release or
controlled-release form, blood (e.g., plasma) concentrations
(levels) of the drug are maintained within the therapeutic
range but below toxic levels over a period of time from
about 12 to about 24 hours. When the drug used in the
present invention is metformin (preferably metformin
hydrochloride) the controlled release solid oral dosage form
containing such drug is also referred to as “Metformin XT.”

The term “C,, " is the highest plasma concentration of
the drug attained within the dosing interval, i.e., about 24
hours.

The term “C,,,,,” is the minimum plasma concentration of
the drug attained within the dosing interval, i.e. about 24
hours.

The term “C,," as used herein, means the plasma con-
centration of the drug within the dosing interval, i.e. about
24-hours, and is calculated as AUC/dosing interval.

The term “T,,..” is the time period which elapses after
administration of the dosage form at which the plasma
concentration of the drug attains the highest plasma con-
centration of drug attained within the dosing interval (i.e.,
about 24 hours).

The term “AUC” as used herein, means area under the
plasma concentration-time curve, as calculated by the trap-
ezoidal rule over the complete 24-hour interval.

The term “steady state” means that the blood plasma
concentration curve for a given drug does not substantiafly
fluctuate after repeated doses to dose of the formulation.

The term “single dose” means that the human patient has
received a single dose of the drug formulation and the drug
plasma concentration has not achieved steady state.

The term “multiple dose™ means that the human patient
has received at least two doses of the drug formulation in
accordance with the dosing interval for that formulation
(e.g., on 2 once-a-day basis). Patients who have received
multiple doses of the controlled release formulations of the
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invention may or may not have attained steady stale drug
plasma levels, as the term multiple dose is defined herein.

The term “a patient” means that the discussion (or ¢laim)
is directed to the pharmacokinetic parameters of an indi-
vidual patient andfor the mean pharmacokinetic values
obtained from a population of patients, unless further speci-
fied. -
The term “mean”, when preceding a pharmacokinetic
value (e.g. mean T, ) represents the arithmetic mean value
of the pharmacokinetic value taken from a population of
patients unless otherwise specified (e.g. geometric mean).

The term “Degree of Fluctuation™ is expressed as
(Cmax_cmin)/ca vg*

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing the relative bioavailability of
the metformin XT formulation of Example 2 to GLUCOPH-
AGE® for Clinical Study 2.

FIG. 2 is a graph showing the relative bioavailability of
the metformin XT formulation of Example 1 (500 mg) lo
GLUCOPHAGE® for Clinical Study 3.

FIG. 3 is a graph showing the difference in plasma
concentration-time profiles of metformin in eight healthy
volunteers between Day 1 and Day 14 dosing following oral
administration of the metformin XT formulation of Example
1, 4x500 mg q.d. for 14 days for Clinical Study 4.

FIG. 4 is a graph showing the mean plasma profiles and
values of pharmacokinetic parameters of the metformin XT
formulation of Example 3 for Clinical Study 5.

FIG. § is a graph showing the mean plasma glucose
concentration-time profiles after 4 weeks of treatment with
the metformin XT formulation of Example 3 and GI.U-
COPHAGE® for Clinical Study 5.

FIG. 6 is a graph showing the dissolution profile of a 500
mg controlled release metformin formulation of Example 1
of the present invention.

FIG. 7 is a graph showing the dissolution profile of a 850
mg controlled release metformin formulation of Example 2
of the present invention.

FIG. 8 is a graph showing the dissolution profile ol a 1000
mg controlled release metformin formulation of Example 3
of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The term antihyperglycemic drugs as used in this speci-
fication refers to drugs that are useful in controlling or
managing noninsulin-dependent diabetes mellitus
(NIDDM). Preferably, the antihyperglycemic drug is a bigu-
anide such as metformin or buformin or a pharmaceutically
acceptable salt thereof such as metformin hydrochloride.

It has surprisingly been found that when biguanides such
as metformin are administered orally in a controlled release
dosage form suitable for once-a-day dosing in the “fed”
state, preferably at dinner, the bioavailability is improved as
compared to the administration of the controlled release
dosage form in the “fasted” state. This is in contrast to
GLUCOPHAGE®, which exhibits opposite characteristics.
In accordance with the methods and dosage forms of the
present invention, it has been determined that the patients
suffering from NIDDM achieve improved results (c.g., low-
ered blood glucose levels) than GLUCOPHAGE® admin-
istered according to accepted protocols, e.g., on a (wice-a-
day basis.

The methods and dosage forms of the invention provide
the further advantage in that when dosed at dinnertime, the

AUROBINDO EX. 1007, 16



US 6,866,866 Bl

9

controlled release formulations of the invention provide a
T, ,ax (from 5.5 to 7.5 hours) after oral administration (which
T,... is delayed relative to the reference standard,
GLUCOPHAGE®), such that the level of drug is greatest at
the time when human patients are manufacturing glucose at
highest levels. Gluconeogenesis is well known to those
skilled in the art to be greatest at night. Thus, in accordance
with the invention, the T, . of the drug occurs for example
between 11:30 p.m. and 1:30 a.m., based on a dose admin-
istered at 6:00 p.m. Likewise, such administration of the
dosage form provides lower drug levels during the day (e.g.
the afternoon) when gluconeogenesis is lower than at night.
Also, the invention preferably provides the added benefit of
lowering insulin levels. Insulin is considered a risk factor in
NIDDM, in and of itself, for cardiovascular disease.

In comparison to a twice-daily dose of the reference
standard (GLUCOPHAGE®), the plasma levels of met-
formin are preferably lower in the afternoon. This is an
advantage particularly in patients who are under concomi-
tant therapy with one or more additional antidiabetic agents,
such as for example, a sulfonylurea. It is known in the art
that to date approximately 60% of patients being treated
with metformin are also being treated with at least one
additional antidiabetic agent (such as a sulfonylurea). Sul-
fonylureas can possibly cause hypoglycemia, whereas met-
formin cannot, so there is a benefit to having lower met-
formin levels in the blood during the afternoon due to the
potential for the patient to have hypoglycemia.

Accordingly, the present invention also includes a method
of treating human patients with NIDDM comprising admin-
istering on a once-a-day basis a therapeutically effective
dose of metformin in a controlled-release oral dosage form
(“Metformin XT”), in combination with administering an
effective amount of a sulfonylurea. In preferred
embodiments, metformin is provided by a controlled release
dosage form comprising metformin or a pharmaceutically
acceptable salt thereof, the dosage form being useful for
providing a once-a-day oral administration of the drug,
wherein the dosage form provides a mean time to maximum
plasma concentration (T,,,,,) of metformin from 5.5 to 7.5
hours after administration.

In certain embodiments, the combination therapy may be
provided as follows. If patients do not respond to four weeks
of the maximum dose of Metformin XT (2500 mg/day)
monotherapy, a sulfonylurea may be gradually added while
maintaining the maximum dose of Metformin XT, even if
prior primary or secondary failure to a sulfonylurea has
occurred. Examples of the sulfonylurea include glyburide
(glibenclamid), chloropropamide, tolbutamide, glipizide,
acetohexamide and tolazamide. Although Metformin XT is
preferably administered on once-a-day basis, the sulfony-
lurea may be administered in a different dosage form and at
a different frequency.

With concomitant Metformin XT and sulfonylurea
therapy, the desired control of bleod glucose may be
obtained by adjusting the dose of each drug.

In certain embodiments, the foregoing objectives are met
by a controlled release dosage form comprising:

(a) a core comprising:

(i) an antihyperglycemic drug;
(ii) optionally a binding agent; and
(iii) optionally an absorption enhancer;

(b) a membrane coating surrounding the core; and

{c) at least one passageway in the membrane.,

The binding agent may be any conventionally known
pharmaceutically acceptable binder such as polyvinyl
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pyrrolidone, hydroxypropyl cellulose, hydroxyethyl
cellulose, ethylcellulose, polymethacrylate, waxes and the
like. Mixtures of the aforementioned binding agents may
also be used. The preferred binding agents are water soluble
such as polyvinyl pyrrolidone having a weight average
molecular weight of 25,000 to 3,000,000. The binding agent
comprises approximately about 0 to about 40% of the total
weight of the core and preferably about 3% to about 15% of
the total weight of the core.

The core may optionally comprise an absorption
enhancer. The absorption enhancer can be any type of
absorption enhancer commonly known in the art such as a
fatty acid, a surfactant, a chelating agent, a bile salt or
mixtures thereof. Examples of some preferred absorption
enhancers are fatty acids such as capric acid, oleic acid and
their monoglycerides, surfactants such as sodium lauryl
sulfale, sodium taurocholate and polysorbate 80, chelating
agents such as citric acid, phytic acid, ethylenediamine
tetraacetic acid (EDTA) and ethylene glycol-big
(B-aminoethyl ether —N,N,N,N-tetraacetic acid (EGTA).
The core comprises approximately 0 to about 20% of the
absorption enhancer based on the total weight of the core
and most preferably about 2% to about 10% of the total
weight of the core.

In this embodiment, the core which comprises the anti-
hyperglycemic drug, the binder which preferably is a phar-
maceutically acceptable water soluble polymer and the
absorption enhancer is preferably formed by wet granulating
the core ingredients and compressing the granules with the
addition of a lubricant into a tablet on a rotary press. The
core may also be formed by dry granulating the core
ingredients and compressing the granules with the addition
of a lubricant into tablets or by direct compression.

Other commonly known excipients may also be included
into the core such as lubricants, pigments or dyes.

The homogeneous core is coated with a membrane, pref-
erably a polymeric membrane to form the controlled release
tablet of the invention. The membrane can be a semiperme-
able membrane by being permeable to the passage of
external fluid such as water and biological fluids and being
impermeable to the passage of the antihyperglycemic drug
in the core. Materials that are useful in forming the mem-
brane are cellulose esters, cellulose diesters, cellulose
triesters, cellulose ethers, cellulose ester-cther, cellulose
acylate, cellulose diacylate, cellulose triacylate, cellulose
acetate, cellulose diacetate, cellulose triacetate, cellulose
acetate propionate, and cellulose acetate butyrate. Other
suitable polymers are described in U.S. Pal. Nos. 3,845,770,
3,916,899, 4,008,719, 4,036,228 and 4,11210 which are
incorporated herein by reference. The most preferred mem-
brane material is cellulose acetate comprising an acetyl
content of 39.3 to 40.3%, commercially available from
Eastman Fine Chemicals.

In an alternative embodiment, the membrane can be
formed from the above-described polymers and a flux
enhancing agent. The flux enhancing agent increases the
volume of fluid imbibed into the core to enable the dosage
form to dispense substantially all of the antihyperglycemic
drug through the passageway and/or the porous membrane.
The flux enhancing agent can be a water soluble material or
an enteric material. Some examples of the preferred mate-
rials that are useful as flux enhancers are sodium chloride,
potassium chloride, sucrose, sorbitol, mannitol, polyethyl-
ene glycol (PEG), propylene glycol, hydroxypropyl
cellulose, hydroxypropyl methycellulose, hydroxyprophy
methycellulose phthalate, cellulose acetate phthalate, poly-
vinyl alcohols, methacrylic acid copolymers and mixtures
thereof. The preferred flux enhancer is PEG 400.
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The flux enhancer may also be a drug that is water soluble
such as metformin or its pharmaceutically acceptable salts or
a drug that is soluble under intestinal conditions. If the flux
enhancer is a drug, the present dosage form has the added
advantage of providing an immediate release of the drug
which is selected as the flux enhancer.

The flux enhancing agent comprises approximately 0 to
about 40% of the total weight of the coating, most preferably
about 2% to about 20% of the total weight of the coating.
The flux enhancing agent dissolves or leaches from the
membrane to form paths in the membrane for the fiuid to
enter the core and dissolve the active ingredient.

In alternate embodiments, the membrane may also be
formed with commonly known excipients such as a plasti-
cizer. Some commonly known plasticizers include adipate,
azelate, enzoate, citrate, stearate, isoebucate, sebacate, tri-
ethyl citrate, tri-n-butyl citrate, acetyl tri-n-butyl citrate,
citric acid esters, and those described in the Encyclopedia of
Polymer Science and Technology, Vol. 10 (1969), published
by John Wiley & Sons. The preferred plasticizers are
triacetin, acetylated monoglyceride, grape seed oil, olive oil,
sesame oil, acetyltributylcitrate, acetyltriethylcitrate, glyc-
erin sorbitol, diethyloxalate, diethylmalate, diethylfumarate,
dibutylsuccinate, diethylmalonate, dioctylphthalate,
dibutylsebacate, triethylcitrate, tributylcitrate,
glyceroltributyrate, and the like. Depending on the particular
plasticizer, amounts of from 0 to about 25%, and preferably
about 2% to about 15% of the plasticizer can be used based
upon the total weight of the coating,.

As used herein the term passageway includes an aperture,
orifice, bore, hole, weakened area or an erodible element
such as a gelatin plug that erodes to form an osmotic
passageway for the release of the antihyperglycemic drug
from the dosage form. A detailed description of the passage-
way can be found in U.S. Pat. Nos. such as 3,845,770,
3,916,899, 4,034,758, 4,063,064, 4,077,407, 4,088,864,
4,783,337 and 5,071,607 (the disclosures of which are
hereby incorporated by reference).

In certain embodiments, the passageway is formed by
laser drilling. In other embodiments, the passageway is
formed by making an indentation onto the core prior to the
membrane coating to form a weakened area of the mem-
brane at the point of the indentation. In preferred embodi-
ments of the invention, the dosage form contains two
passageways in order provide the desired pharmacokinetic
parameters of the formulation.

Generally, the membrane coating around the core will
comprise from about 1% to about 7%, preferably about 1.5%
to about 3%, based on the total weight of the core and
coating.

The term “membrane” means a membrane that is perme-
able to both aqueous solutions or bodily fluids and to the
active drug or pharmaceutical ingredient (e.g. the formula-
tions of Examples 1-3). Thus, the membrane is porous to
drug and, in a preferred embodiment, drug is released
through the hole or passageway and through the porous
membrane in solution or in vivo. The term “membrane” also
generically encompasses the term “semipermeable mem-
brane” as heretofore defined.

In an alternative embodiment, the dosage form of the
present invention may also comprise an effective amount of
the antihyperglycemic drug that is available for immediate
release. The effective amount of antihyperglycemic drug for
immediate release may be coated onto the membrane of the
dosage form or it may be incorporated into the membrane.

15

20

25

30

35

45

50

55

60

12
In certain preferred embodiments of the invention where
the dosage form is prepared in accordance with the above,
the dosage form will have the following composition:

INGREDIENT Preferred Most Preferred
CORE:

Drug : 50-98% 75-95%
Binder 0-40% 3-15%
Absorption Enhancer 0-20% 2-10%
COATING:

Membrane Polymer 50-99% 75-95%
Flux Enhancer 0-40% 2-20%
Plasticizer 0-25% or 0-30% 2-15%

The dosage forms prepared according to certain embodi-
ments of the present invention preferably exhibit the fol-
lowing dissolution profile when tested in a USP type 2 k
apparatus at 75 rpms in 900 ml of simulated intestinal fluid
(pH 7.5 phosphate buffer) and at 37° C.:

Time (Hours) Preferred Most Preferred
2 0-30% 0-15% or 0-25%
4 10-45% 20-40%
-3 30-90% 45-90%
12 NTL 50% NTL 60%
16 NTL 60% NTL 70%
20 NTL 70% NTL 80%

NTL = Not less than

In the preparation of the tablets of the invention, various
conventional well known solvents may be used to prepare
the granules and apply the external coating to the tablets of
the invention. In addition, various diluents, excipients,
lubricants, dyes, pigments, dispersants, etc. which are dis-
closed in Remington’s Pharmaceutical Sciences, 1995 Edi-
tion may be used to optimize the formulations of the
invention.

Other controlled release technologies known to those
skilled in the art can be used in order to achieve the
controlled release formulations of the present invention, i.c.,
formulations which provide a mean T,,,,, of the drug and/or
other pharmacokinetic parameters described herein when
orally administered to human patients. Such formulations
can be manufactured as a controlled oral formulation in a
suitable tablet or multiparticulate formulation known to
those skilled in the art. In either case, the controlled release
dosage form may optionally include a controlled release
carrier which is incorporated into a matrix along with the
drug, or which is applied as a controlled release coaling.

An oral dosage form according to the invention may be
provided as, for example, granules, spheroids, beads, pellets
(hereinafter collectively referred to as “multiparticulates™)
and/or particles. An amount of the multiparticulates which is
effective to provide the desired dose of drug over time may
be placed in a capsule or may be incorporated in any other
suitable oral form.

In certain preferred embodiments, the tablet core or
multiparticulates containing the drug are coated with a
hydrophobic material selected from (i) an alkylcellulose and
(ii) a polymeric glycol. The coating may be applied in the
form of an organic or aqueous solution or dispersion. The
coating may be applied to obtain a weight gain from about
2 to about 25% of the substrate in order to obtain a desired
sustained release profile. The sustained release coatings of
the present invention may also include an exit means com-
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prising at least one passageway, orifice, or the like as
previously disclosed.

Description of Certain Preferred Embodiments

The following examples illustrate various aspects of the
present invention. They are not to be construed to limit the
claims in any manner whatsoever.

EXAMPLE 1

A controlled release tablet containing 500 mg of met-
formin HCI and having the following formula is prepared as
follows:

L Core
Ingredients Amount (mg/tab)
Metformin HCI 500.0
Povidone®, USP 36.0
Sodium Lauryl Sulfate 258
Magnesium Stearate 2.8

3approximate molecular weight = 1,000,000; dynamic viscosity (10% wiv
solution at 20° C.) = 300-700 m Pa s.

(a) Granulation

The metformin HCl and sodium lauryl sulfate are
delumped by passing them through a 40 mesh screen and
collecting them in a clean, polyethylene-lined container. The
povidone, K-90-F is dissolved in purified water. The
delumped metformin HCI and sodium lauryl sulfate are then
added to a top-spray fluidized bed granulator and granulated
by spraying with the binding solution of povidone under the
following conditions: inlet air temperature of 50-70° C,;
atomization air pressure of 1-3 bars; and spray rate of
10-100 m)/min.

Once the binding solution is depleted, the granules are
dried in the granulator until the loss on drying is less than
2%. The dried granules are passed through a Comil equipped
with the equivalent of an 18 mesh screen.

(b) Tableting

The magnesium stearate is passed through a 40 mesh
stainless steel screen and blended with the metformin HCI
granules for approximately five (5) minutes. After blending,
the granules are compressed on a rotary press fitted with
15/32" round standard concave punches.

(c) Seal Coating (Optional) .

The core tablet is seal coated with an Opadry material or
other suitable water-soluble material by first dissolving the
Opadry material, preferably Opadry Clear (YS-1-7006), in
purified water. The Opadry solution is then sprayed onto the
core tablet using a pan coater under the following condi-
tions: exhaust air temperature of 38—42° C.; atomization
pressure of 28—40 psi; and spray rate of 10-15 ml/min. The
Opadry Clear of the coating constitutes about 11.5 mg/tablet.

IL. Sustained Release Coating

Ingredients Amount (mg/tablet)
Cellulose Acetate {398-10)° 215
Triacetin 1.3
PEG 400 2.5

Zacetyl content 39.3-40.3%

The cellulose acetate is dissolved in acetone while stirring
with a homogenizer. The polyethylene glycol 400 and tri-
acetin are added to the cellulose acetate solution and stirred
until a clear solution is obtained. The tablet is coated by
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spraying the clear coating solution onto the seal coated
tablets in a fluidized bed coater employing the following
conditions: product temperature of 16-22° C.; atomization
pressure of approximately three bars; and spray rate of
120-150 mi/min.
(d) Laser Drilling

The coated tablets were laser drilled two holes (one hole
on each side of the tablet).

EXAMPLE 2

A controlled release tablet containing 850 mg of met-
formin HCI and having the following formula is prepared as
follows:

L Core
Ingredients Amount (mg/tab)
Metformin HCI 850.0
Povidone®, USP 61.1
Sodium Laury! Sulfate 439
Magnesium Stearate 4.8

3approximate molecular weight = 1,000,000: dynamic viscosity (10% w/v
solution at 20° C.) = 300700 m Pa s, :

(a) Granulation

The metformin HCl and sodium lauryl sulfate are
delumped by passing them through a 40 mesh screen and
collecting them in a clean, polyethylene-lined container. The
povidone, K-90-F is dissolved in purified water. The
delumped metformin HCI and sodium laury! sulfate are then
added to a top-spray fluidized bed granulator and granulated
by spraying with the binding solution of povidone under the
following conditions: inlet air temperature of 50-70° C;
atomization air pressure of 1-3 bars; and spray rate of
10-100 ml/min.

Once the binding solution is depleted, the granules are
dried in the granulator until the loss on drying is less than
2%. The dried granules are passed through a Comil equipped
with the equivalent of an 18 mesh screen.

(b) Tableting

The magnesium stearate is passed through a 40 mesh
stainless steel screen and blended with the metformin HCl
granules for approximately five (5) minutes. After blending,
the granules are compressed on a rotary press fitted with
15/32" round standard concave punches.

{c) Seal Coating (Optional)

The core tablet is seal coated with an Opadry material or
other suitable water-soluble material by first dissolving the
Opadry material, preferably Opadry Clear (YS-1-7000), in
purified water. The Opadry solution is then sprayed onto the
core tablet using a pan coater under the following condi-
tions: exhaust air temperature of 38—42° C.; atomization
pressure of 28—40 psi; and spray rate of 10~15 ml/min. The
Opadry Clear of the coating constitules about 11.5 mg/tablet.

{I. Sustained Release Coating

Ingredients Amount (mg/tablet)
Cellulose Acetate (_"198-10.)2 24.0
Triacetin 1.4
PEG 400 28

Zacetyl content 39.3-40.3%

The cellulose acetate is dissolved in acetone while stirring
with a homogenizer. The polyethylene glycol 400 and tri-
acetin are added to the cellulose acetate solution and stirred
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until a clear solution is obtained. The tablet is coated by
spraying the clear coating solution onto the seal coated
tablets in a fluidized bed coater employing the following
conditions: product temperature of 16~22° C.; atomization
pressure of approximately three bars; and spray rate of
120~150 mY/min. '
(d) Laser Dirilling

The coated tablets were laser drilled two holes (one hole
on each side of the tablet).

EXAMPLE 3

A controlled release tablet containing 1000 mg of met-
formin HCl and having the following formula is prepared as
follows:

L Core
Ingredients Amount (mg/tablet)
Metformin HCI 1000.0
Povidone®, USP 719
Sodium Lauryl Sulfate 517 -
Magnesium Stearate 5.6

*approximate molecular weight = 1,000,000; dynamic viscosity (10% w/v
solution at 20° C.) = 300700 m Pa s.

(a) Granulation

The metformin HCl and sodium lauryl sulfate are
delumped by passing them through a 40 mesh screen and
collecting them in a clean, polyethylene-lined container. The
povidone, K-90-F is dissolved in purified water. The
delumped metformin HCI and sodium lauryl sulfate are then
added to a fluidized bed granulator and granulated by
spraying with the binding solution of povidone under the
following conditions: inlet air temperature of 50-70° C.;
atomization air pressure of 1-3 bars; and spray rate of
10-100 mV/min.

Once the binding solution is depleted, the granules are
dried in the granulator until the loss on drying is less than
2%. The dried granules are passed through a Comil equipped
with a screen equivalent to 18 mesh.

(b) Tableting

The magnesium stearate is passed through a 40 mesh
stainless steel screen and blended with the metformin HCl
granules for approximately five (5) minutes. After blending,
the granules are compressed on a rotary press fitted with %"
round standard concave punches.

(c) Seal Coating (Optional)

The core tablet is seal coated with an Opadry material or
other suitable water-soluble material by first dissolving the
Opadry material, preferably Opadry Clear (YS-1-7003), in
purified water. The Opadry solution is then sprayed onto the
core tablet using a pan coater under the following condi-
tions: exhaust air temperature of 38~42° C.; atomization
pressure of 28—40 psi; and spray rate of 1015 ml/min. The
core tablet is coated with the sealing solution until the tablet
is coated with 23.0 mg/tablet of the Opadry material.

II. Sustained Release Coating

Ingredients Amount (mg/tablet)
Cellulose Acetate (398-10)2 19.0
Triacetin 1.1
PEG 400 22

Zacety! content 39.3—40.3%
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The cellulose acetate is dissolved in acetone while stirring
with a homogenizer. The polyethylene glycol 400 and tri-
acetin are added to the cellulose acetate solution and stirred
until a clear solution is obtained. The tablet is coated by
spraying the clear coating solution onto the seal coated
tablets in a fluidized bed coater employing the following
conditions: product temperature of 16-22° C.; atomizalion
pressure of approximately three bars; and spray rate of
120~150 ml/min.

(d) Laser Drilling

The coated tablets were laser drilled two holes (one hole
on each side of the tablet).

(e) Color Coating (Optional)

Subsequent to the sustained release coating, the laser
drilled tablet is coated with a color coating using Opadry
White (24 mg/tablet) and waxed with Candelilla wax pow-
der (0.4 mg/tablet).

Clinical Studies

Study 1

In study 1, a total of twelve (12) healthy subjects (six
males, six females) were randomized to receive cither a
single oral dose of metformin XT, 850 mg, prepared in
accordance with Example 2 or b.i.d. doses of GLUCOPH-
AGE in assigned study periods which consisted of one of the
following groups: Group A—metformin XT (2x850 mg
tablets) taken at approximately 8:00 a.m., immediately fol-
lowing breakfast, Group B—metformin XT (2x850 mg
tablets) taken at approximately 6:00 p.m., immediately
following dinner; and Group C—GLUCOPHAGE (1x850
mg tablet) taken at approximately 8:00 a.m., immediately
following breakfast, and at approximately 6:00 p.m., immec-
diately following dinner. Each drug administration was
separated by a washout period of seven days. In this study,
one male subject was removed from the study prior to Period
I due to non-treatment-related mononucleosis. Thus, 11
(five males and six females) subjects completed the study.

For metformin XT, plasma samples were obtained from
subjects at 0 (predose), 1,2, 3,4, 5, 6, 8,10, 12, 14, 16, and
24 hour(s) after dosing. For GLUCOPHAGE, plasma
samples were obtained from subjects at 0 (predose), 1, 2, 3,
4,5,6,8,10,11, 12,13, 14, 15, 16, 18, 20, 22, and 24 hour(s)
after the first dose in the morning. Plasma concentrations of
metformin were determined using a validated HPLC
method. The lower quantitation limit of this method is 10
ng/ml. Mean plasma concentration-time profiles are shown
in FIG. 1 and mean values of pharmacokinetic parameters of
metformin obtained from this study are presented in Table 1.
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TABLE 1
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Mean (+SD, n = 11) values of pharmacokinetic parameters of metformin (Example 2) in 11
healthy subjects (metformin XT, 2 x 850 mg q.d. or GLUCOPHAGE, 1 % 850 mg b.id.)

Geometric
AUCy Cuax Tiax Thag b Mean Ratio*

Treatment (ng-hr/ml) (ng/mi) (hr.) (hr) (hr) AUC, . Crax
Metformin XT 18156 2045 6 0.18 4.4 1.00 1.36
after breakfast (4183) (567 2 (0.40) 0.7
Metformin XT 18277 1929 7 0.09 3.6 1.02 1.32
after dinner (2961) (333) ) (0.30) (0.8)
GLUCOPHAGE 18050 1457 5 0 EX] — —

(3502) (217) 3 ©) 0.9)

*Ratio = Metformin XT/GLUCOPHAGE

As shown in FIG. 1 and Table 1, when metformin XT was
administered immediately after either breakfast or dinner,
the relative bioavailability of metformin XT formulation to
GLUCOPHAGE is approximately 100%.

The results of study 1 were used to calculate the approxi-
mate degree of fluctuation (C,,,~C,,./C,.,) of the formu-
lations.

The C,,,. was directly obtained from the study (see Table
1). The C,,,, was obtained by dividing the AUC value by the
dosing interval, i.e. 24 hours. The value for C,, was
extrapolated from FIG. 1.

The results are set forth in Table 2 below:

TABLE 2

Mean (£SD, n = 12) values of pharmacokinetic parameters of metformin
XT in 12 healthy subjects (metformin XT, 2 x 850 mg q.d. and
GLUCOPHAGE, 850 mg b.id.)

AUCD—@ Cmax Cmm Cnvg Degree of
Treatment (ng-hr/ml) (ng/ml) (ng/ml) (ng/ml} Fluctuation
Metformin XT 18156 2045 143 756 2.51
after breakfast (4183) (567)
Metformin XT 18277 1929 107 761 2.39
after dinner (2961) (333)
GLUCOPHAGE 18050 1457 214 752 1.65
(3502) (217 (at 24
hours)
393 752 1.41
(be-
tween
doses)

As shown in FIG. 1 and Table 2, a single administration
of the metformin XT formulation provides a higher mean
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fluctuation index in the plasma than a substantially equal
dose of Glucophage administered as two equal divided
doses, one divided dose at the start of the dosing interval and
the other divided dose administered 12 hours later.

Study 2

The study design of Study 2 is the same as Study 1 except
for the formulation and the dose (4x500 mg q.d., total dose
2000 mg, for metformin XT prepared according 1o Example
1 and 2x500 mg b.i.d., total dose 2000 mg, for GLUCOPH-
AGE in the second study). In this study, 12 healthy volun-
teers (five males and seven females) were randomized 1o
receive treatments and completed the study. Mean plasma
concentration-time profiles and mean values of pharmaco-
kinetic parameters of metformin obtained from this study are
presented in FIG. 2 and Table 3.

As shown in FIG. 2 and Table 3, when the metformin XT
formulation (500 mg) was administered immediately after
dinner, the relative bioavailability of this formulation to
GLUCOPHAGE is approximalely 100%, while the mean
C, .. value is about the same. The relative bioavailability of
metformin XT, however, is approximately 80% when
administered immediately after breaktast. A prolonged
profile, together with later T, . and similar C,,, ol met-
formin following administration of metformin XT immedi-
ately after dinner compared 10 GLUCOPHAGE indicated
that metformin was released in vivo in a sustaincd fashion
(FIG. 2).

max

TABLE 3

Mean (£SD, n = 12) values of pharmacokinetic parameters of metformin of Example 1 in 12

healthy subjects (metformin XT, 4 x 500 mg g.d. or GLUCOPHAGE. 2 x 500 mg b.i.d.)

Geometric

AUC, Cuaax Tuax Thug [ Mean Ratio™
Treatment (ng-br/ml)  (ng/ml) (hr) (hr) V (hr) AUC,_, Caax
Metformin XT 17322 2127 5 0 6.1 0.80 1.15
after breakfast (4984) (545) 63} ©) (1.8)
Metformin XT 20335 2053 7 0.08 3.9 0.96 1.12
after dinner (4360) (447) (2) ©.29) (0.6)
GLUCOPHAGE 21181 1815 4 0 36 — —
(4486) (302) 3 ()] (0.8)

*Ratio = Metformin XT/GLUCOPHAGE

AUROBINDO EX. 1007, 21




US 6,866,866 B1

19

The results of study 2 were used to calculate the approxi-
mate degree of fluctuation of the formulations in accordance
with the calculations used in study 1 (using FIG. 2 to obtain
the extrapolated value for C,,,).

The results are set forth in Table 4 below:

TABLE 4

Mean (£SD, n = 12) values of pharmacokinetic parameters of metformin
XT in 12 healthy subjects (metformin XT, 4 x 500 mg q.d. and

GLUCOPHAGE, 2 x 500 mg b.i.d.)
AUC) o  Chax Cain Cavg Degree of
Treatment (ng-hr/ml) (ng/ml) (ng/ml) (og/ml) Fluctuation
Metformin XT 17322 2127 143 721 2.9
after breakfast (4984) (545)
Metformin XT 20335 2053 143 847 2.25
after dinner (4360) #47
GLUCOPHAGE 21181 1815 214 882 1.8
(4486)  (302) (at24
hours)
357 882 1.65
(be-
tween
doses)

As shown in FIG. 2 and Table 4, a single administration
of the metformin XT formulation provides a higher mean
fluctuation index in the plasma than an equivalent dose of
Glucophage administered as two equal divided doses, one
divided dose at the start of the dosing interval and the other
divided dose administered 12 hours later.

Study 3

In Study 3, a multiple-dose, open-label, one-period study
was conducted to evaluate the short-term tolerability and
steady-state pharmacokinetics of the 500 mg metformin XT
formulation used in Study 2. In this study, eight healthy
volunteers (four males and four females) were randomized
to receive 2000 mg of metformin XT (4x500 mg tablets) at
approximately 6:00 p.m., immediately following dinner, for
14 days.

Blood samples were obtained from each subject at 0
(predose), 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16 and 24 hour(s)
following the first dose on Day 1 and at O (predose), 1, 2, 3,
4,5,6,8,10, 12, 14, 16, 24, 38 and 48 hour(s) following the
last dose on Day 14. Blood samples were also drawn from
each subject immediately prior to dosing on Days 10-13.
Urine samples were collected from each subject at the
following time intervals: six hours prior to the first dose;
0-6, 6-12 and 12-24 hours after the first dose; and 0-6,
6-12, 12-24 and 24-48 hours after the last dose.

Mean plasma profiles and values of pharmacokinetic
parameters of metformin are presented in Table 5 below:

TABLE 5
Mean Pharmacokinetic Parameters (Example 1)
Cmax Tmax AUCD—ld hr (ng - hiymi)
Day 1
Mean 2435 6.9 22590
SD 630 1.9 3626
Day 14
Mean 2288 6.9 24136
SD 736 2.5 7996

Following oral administration of metformin XT, 4x500
mg q.d., for 14 days, there was little or no difference in
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plasma concentration-time profiles of metformin in eight
healthy volunteers between Day 1 and Day 14 dosing (FIG.
3). On average, trough plasma concentrations of metformin
were nearly constant, ranging from 188.8 to 205.1 ng/ml on
Days 10-14, indicating that the steady state of metformin
was attained rapidly. The mean accumulation ratio was 1.01,
indicating that the once-daily dose regimen of metformin
XT results in no accumulation.

Following oral administration of a single dose (4x500
mg) of metformin XT, approximately 31% of the dose was
excreted in the urine within the first 24 hours. On average,
the renal clearance of metformin was 366 ml/min. A slightly
higher renal clearance (454 ml/min) was found after
multiple-dose administration of 4x500 mg q.d. of metformin
XT.

Gastrointestinal symptoms (diarrhea, nausea, vomiting,
abdominal bloating, flatulence and anorexia) are the most
common adverse reactions to GLUCOPHAGE. In con-
trolled trials, GLUCOPHAGE was started at low, nonthera-
peutic doses and gradually titrated to higher doses. In spite
of this gradual titration, GLUCOPHAGE was discontinued
due to gastrointestinal reactions in approximately 4% of
patients. In contrast, in the multiple-dose study, metformin
XT begun at a therapeutic initial dose of 2000 mg once daily
with dinner was well tolerated by all healthy volunteers.
Diarrhea and nausea were the most common gastrointestinal
reactions probably or possibly related to metformin XT.
These reactions, however, were either mild or moderate.
This suggests that it may be possible to initiate metformin
XT treatment with effective doses rather than using the slow
titration from non-therapeutic doses required for GLU-
COPHAGE.

Study 4

Study 4 was a study designed to evaluate the safety,
tolerability, pharmacokinetics and pharmacodynarnics of
metformin XT compared to GLUCOPHAGE after multiple-
dose treatment in patients with NIDDM. Metformin XT
tablets prepared according to Example 3 were used in this
study. This study had a single-center, randomized, two-way
crossover design. A total of 24 NIDDM patients who were
on a stable dose of GLUCOPHAGE, between 1000 and
2550 mg/day, for at least 12 weeks were selected for the
study. A Pretreatment Period of at least 3 weeks preceded
randomization to study treatment. At the start of the Pre-
treatment Period, all patients stopped taking any other
hypoglycemic agents besides GLUCOPHAGE, and the
GLUCOPHAGE dose was adjusted to 1000 mg b.i.d. (with
breakfast and with dinner). Following the pretreatment
period, patients began Treatment Period I, which lasted 4
weeks. During Period I, a total of 12 patients were random-
ized to receive two 1000-mg metformin XT tablets q.d.
(immediately after dinner), at approximately 6:00 p.m., and
12 were randomized to receive one 1000-mg GLUCOPH-
AGE tablet b.i.d. (immediately after breakfast and immedi-
ately after dinner). Imediately following Period 1, each
patient was switched to the alternate medication for 4 weeks
in Period II. There was no washout between treatment
periods.

Plasma metformin concentrations were determined over a
24-hour period at the end of Treatment Periods I and IT as
follows: immediately prior to dosing and at 1, 2, 3, 4, 5, 6,
8,10, 12, 14, 15, 16, 17, 18, 19, 20, 22, and 24 hours afler
the evening dose. One subject withdrew from the study for
personal reasons after two weeks of treatment in Treatment
Period I, thus pharmacokinetic data were obtained from 23
patients.
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Mean plasma profiles and values of pharmacokinetic
parameters of metformin are presented in FIG. 4 and Table
6. As shown in FIG. 4 and Table 6, when metformin XT was
administered immediately after dinner, the bioavailability of
metformin XT relative to GLUCOPHAGE at steady state is
close to 100%. Although the dose of metformin XT was
twice as large as the dose of GLUCOPHAGE at dinner, the
mean C,,,. value was only 32% higher.

TABLE 6

5

22

4. The controlled release oral dosage form of claim 1,
which exhibits the following dissolution profiles when
tested in a USP type 2 apparatus at 75 rpm in 900 ml of
simulated intestinal fluid (pH 7.5 phosphate buffer) and at 37
C:

0-30% of the metformin or salt thereof is released after 2
hours;

Mean (+SD) values of pharmacokinetic parameters of metformin of Example 3 in 23
NIDDM patients (metformin XT, 2 x 1000 mg q.d. with dinner or GLUCOPHAGE,

1 x 1000 mg b.id.)

Geometric
AUCy o4 Coax Tomax Trag tw Mean Ratio*

Treatment (ng*hr/ml) (ng/mt) (hr) (hr) (hr) AUCo 5ur Cinax
Metformin XT 26818 - 2849 6 0 5.4 0.96 1.32
afier dinner (7052) (797) (2) (Y]
GLUCOPHAGE 27367 2131 14 0 " 44 — —

(5759) (489) (6) 0)
*Ratio = Metformin XT/GLUCOPHAGE

25

When the metformin XT was administered immediately
after dinner, the bioavailability of metformin XT relative to
GLUCOPHAGE at steady state was close to 100%.
However, when metformin XT was administered immedi-
ately after breakfast, the corresponding relative bioavailabil-
ity of metformin XT was approximately 80%. The safety
profile of metformin XT, 2000 mg given once daily either
after dinner or after breakfast was comparable to that of an
equal dose of GLUCOPHAGE given b.i.d. The efficacy
profile of metformin XT, 2000 mg given once daily after
dinner was similar to that of an equal dose of GLUCOPH-
AGE given b.i.d. The efficacy of metformin XT, 2000 mg
given once daily after breakfast, however, appeared to be
comparable to or slightly less than that of GLUCOPHAGE
given b.i.d.

While certain preferred and alternative embodiments of
the invention have been set forth for purposes of disclosing
the invention, modifications to the disclosed embodiments
may occur to those who are skilled in the art. Accordingly,
the appended claims are intended to cover all embodiments
of the invention and modifications thereof which do not
depart from the spirit and scope of the invention.

What is claimed is:

1. A controlled release oral dosage form for the reduction
of serum glucose levels in human patients with NIDDM,
comprising an effective dose of metformin or a pharmaceu-
tically acceptable salt ther¢of and a controlled-release carrier
to control the release of said metformin or pharmaceutically
acceptable salt thereof from said dosage form, said dosage
form being suitable for providing once-a-day oral adminis-
tration of the metformin or pharmaceutically acceptable salt
thereof, wherein following oral administration of a single
dose, the dosage form provides a mean time to maximum
plasma concentration (T,,,,) of the metformin from 5.5 to
7.5 hours after administration following dinner.

2. The controlled release oral dosage form of claim 1,
which provides a mean time to maximum plasma concen-
tration (T,,,.,) of metformin at from 6.0 to 7.0 hours after the
administration of the dose.

3. The controlled release oral dosage form of claim 1,
which provides a mean time to maximum plasma concen-
tration (T,,,,,) of metformin at from 5.5 to 7.0 hours after the
administration of the dose.
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10-45% of the metformin or salt thereof is released after
4 hours;

30-90% of metformin or salt thereof is released after 8

hours;

not less than 50% of the metformin or salt thereof is

released after 12 hours;

not less than 60% of the metformin or salt thereof is

released after 16 hours; and

not less than 70% of the metformin or salt thereof is

released after 20 hours.

5. The controlled release oral dosage form of claim 1,
which exhibits the following dissolution profiles when
tested in a USP type 2 apparatus at 75 rpm in 900 ml of
simulated intestinal fluid (pH 7.5 phosphate buffer) and at 37
C:

0-25% of the metformin or salt thereof is released after 2
hours; .

20-40% of the metformin or salt thercof is released after
4 hours;

45-90% of the metformin or salt thereof is released after
8 hours;

not less than 60% of the metformin or salt thercof is

released after 12 hours;

not less than 70% of the metformin or salt thereof is

released after 16 hours; and

not less than 80% of the metformin or salt thereof is

released after 20 hours.

6. The controlled release oral dosage form of claim 1,
which provides a width at 50% of the height of a mean
plasma concentration/time curve of the metformin from
about 4.5 to about 13 hours.

7. The controlled release oral dosage form of claim 1,
which provides a width at 50% of the height of a mean
plasma concentration/time curve of the metformin from
about 5.5 to about 10 hours.

8. The controlled release oral dosage form of claim 1,
which provides a mean maximum plasma concentration
(C,.sx) of metformin which-is more than about 7 times the
mean plasma level of said metformin at about 24 hours after
the administration.

9. The controlled release oral dosage form of claim 1,
which provides a mean maximum plasma concentration
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(C,.ax) of metformin which is from about 7 times to about 14
times the plasma level of said metformin at about 24 hours
after administration.

10. The controlled release oral dosage form of claim 1
which provides a2 mean maximum plasma concentration
(C,,.x) of metformin which is from about 8 times to about 12
times the plasma level of said metformin at about 24 hours
after administration.

11. The controlled release oral dosage form of claim 1
which provides a mean maximum plasma concentration
(C,..2) of metformin from about 1500 ng/ml to about 3000
ng/ml, based on administration of a 2000 mg once-a-day
dose of metformin.

12. The controlled release oral dosage form of claim 1,
which provides a mean maximum plasma concentration
(C,pax) of metformin from about 1700 ng/ml to about 2000
ng/ml, based ou administration of a 2000 mg once-a-day
dose of metformin.

13. The controlled release oral dosage form of claim 1
which provides a mean AUC,_,,,, of at least 80% of the
mean AUC,_,, provided by administration of an immediate
release reference standard twice a day, wherein the daily
dose of the reference standard is substantially equal to the
once-a-day dose of metformin administered in the controlled
release oral dosage form.

14. The controlled release oral dosage form of claim 1
which provides a mean AUC,_,,;, of at least 90% of the
mean AUC,_,, provided by administration of an immediate
release reference standard twice a day, wherein the daily
dose of the reference standard is substantially equal to the
once-a-day dose of metformin administered in the controlled
release oral dosage form.

15. The controlled release oral dosage form of claim 1
which provides a mean AUC,_,,,,, from about 17200 ng.hr/
m} to about 33900 ng.hr/ml, based on administration of a
2000 mg once-a-day dose of metformin.

16. The controlled release oral dosage form of claim 1
which provides a mean AUC, ,,,, from about 17200 ng.hr/
ml to about 26500 ng.hr/ml, based on administration of a
2000 mg once-a-day dose of metformin.

17. The controlled release oral dosage form of claim 1
which provides a mean AUC, ,,,,, from about 19800 ng.hr/
ml to about 33900 ng.hr/ml, based on administration of a
2000 mg once-a-day dose of metformin.
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18. The controlled release oral dosage form of claim 1
which provides a mean AUC,_, of 18277x2961 ng.hr/ml
and a mean C,, . of 1929£333 ng/ml, for administration of
a 1700 mg once-a-day dose of metformin after an evening
meal.
19. The controlled release oral dosage form of claim |
which provides a mean AUC,_,, of 2033524360 ng.he/ml
and a mean C,,, of from 2053+447 ng/ml, for adminisira-
tion of a 2000 mg once-a-day dose of metformin after an
evening meal.
20. The controlled release oral dosage form of claim 1
which provides a mean AUC,_,, of 26818+7052 ng.hr/ml
and a mean C,, . of 28492797 ng/m], for, administration of
a 2000 mg once-a-day dose of metformin after an evening
meal.
21. The controlled release oral dosage form of claim 1
which provides a mean AUC ,, of 22590x3626 ng.hr/ml
and a mean C, . of 24351630 ng/ml on the first day of
administration and a mean AUC, ., of 241367996 ng.hr/
ml and a mean C,, of 22882736 ng/ml on the 14 day ol
administration, for administration of a 2000 mg once-a-day
dose of metformin after an evening meal.
22. The controlled release oral dosage form of claim 12
which provides a mean t,,, from 2.8 to 4.4.
23. The controlled release oral dosage form of claim 6,
which provides a mean time to maximum plasma concen-
tration (T, ..) of metformin from 6.0 to 7.0 hours after the
administration.
24. The controlled release oral dosage form of claim 6,
which provides a mean time to maximum plasma concen-
tration (T,,,.) of metformin from 5.5 to 7.0 hours after
administration.
25. The controlled release dosage form of claim I,
wherein the metformin or pharmaceutically acceptable salt
thereof is provided by at least ane controlled-release tablet,
said tablet comprising:
(a) a core comprising:
(i) the metformin or a pharmaceutically acceptable salt;
(ii) optionally a binding agent; and
(iii) optionally an absorption enhancer;

(b) @ membrane coating surrounding the core; and

(c) at least one passageway in the membrane.

* ok ok Kk *x
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CONTROLLED RELEASE METFORMIN COMPOSITIONS

Backeroond of the Invention

The present invention relates to controlled release unit dose formulations containing an
antihyperglycemic drug. More specifically, the present invention relates to an oral dosage form
comprising a biguanide such as metformin or buformin or a pharmaceutically acceptable salt
thereof such as metformin hydrochloride or the metformin salts described in United States Patent

10 Nos. 3,957,853 and 4,080,472 which are incorporated herein by reference.
In the prior art, many techaiques have been used to provide controlled and extended-

i+ release pharmaceutical desage forms in order to maintain therapeutic serum levels of

medicaments and to minimize the effects of missed doses of drugs caused by a lack of patient
compliance.

In the prior art are extended release tablets which have an osrriotically active drug core
:» surrounded by a semipermeable membrane. These tablets function by allowing a fluid such as
.. gastric or intestinal fluid to permealte the coating membrane and dissolve the active ingredient so
“* it can be released (hrough a passageway in the coating membrane or if the active ingredient is

insoluble in the permeating fluid, pushed through the passageway by an expanding agent such as

.« a hydrogel. Some representativs examples of these osmotic tablet systems can be found in
United States Patent Nes. 3,845,770, 3,916,899, 4,034,758, 4,077,407 and 4,783,337. United
States Patent No. 3,952,741 teaches an osmotic device wherein the active agent is released from
a core surrounded by a semipermeable membrane only after sufficient pressure has developed
within the membrane to burst cr rupture the membrane at a weak portion of the membrane.

23 The basic osmctic device described in the above cited patents have been refined over time

in an effort to provide greater control of the release of the active ingredient. For example United

States Patent Nos. 4,777,049 and 4,851,229 describe an osmotic dosage form comprising a

semipermeable wall surrounding a core. The core contains an active ingredient and a modulating

agent wherein the modulating agent causes the active ingredient to be released through a

30 passageway in the semipermeable membrane in a pulsed manner. Further refinements have

AUROBINDO EX. 1007, 29



300.1005

included modifications to the semipermeable membrane surrounding the active core such as
varying the proportions of the components that form the membrane; i.e., United States Patent
Nos. 5,178,867, 4,587,117 and 4,522,625 or increasing the number of coatings surrounding the
active core; i.e., U.S. Patent Nos. 5,650,170 and 4,892,739.

Although vast amounts of research has been performed on controlled or sustained release
compositions and in particular on osmotié dosage forms, very little research has been performed
in the area of controlled or sustained release compositions that employ antihyperglycemic drugs.

Metformin is an oral antihyperglycemic drug used in the management of non-insulin-
dependent diabetes ﬁwllitus: (NIDD M). Itis not chemically or pharmacologically related to oral

10 sulfonylureas. Metformin improves glucose tolerance in NIDDM patiénts by lowering both basal

and postprandial plasma glucose. Metformin hydrochloride is currently marketed as
GLUCOPHAGE® tablets by Bristol-Myers Squibb Co. Each GLUCOPBAGE® tablet contains
500, 850 or 1000 mg of metformin hydrochloride. There is no fixed dosage regimen for the

management of hyperglycemia in diabetes mellitus with GLUCOPHAGE®. Dosage of

1% GLUCOPHAGER® is individualized on the basis of both effectiveness and tolerance, while not

. exceeding the maximum recommended dose of 2550 mg per day.

b Metformin has been widely prescribed for lowering blood glucose in patients with

NIDDM. However, being a short acting drug, metformin requires twice-daily (b.i.d.) or three-
imes-a-day (t.i.d.) dosing. Adverse events associated with metformin use are often
0 7 gastrointestinal in nature (e.g., anorexia, nausea, vomiting and occasionally diarrhea, etc.). These
adverse events may be partially avoided by either reducing the initial and/or maintenance dose or
using an extended-release dosage form. Another clear advantage of an extended release dosage
form is a reduction in the firequency of administration. All of these findings suggest that an
extended-release dosage form of mettormin may improve the quality of therapy in patients with
23 NIDDM ard the safety profile relarive to a conventional dosage form.
The limited work on controlled or sustained release formulations that employ
antihyperglycemic drugs such as metformin hydrochloride includes the combination of the

antthvperglycemic drug and an expanding or gelling agent to control the release of the drug from
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the dosage form. This research is exemplified by the teachings of WO 96/08243 and by the
GLUCOPHAGE® metforrain HCI product.
[t is reported in the 50" Edition of the Physicians’ Desk Reference, copyright 1996, p.
753, that food decreases thz extent and slightly delays the absorption of metformin delivered by
3 the GLUUCOPHAGE® dosage form. This decrease is shown by approximately a 40% lower peak

concentration, a 25% lower bioavailability and a 35-minute prolongation of time to peak plasma
concentration following administration of a single GLUCOPHAGE® tablet containing 850 mg
of metformin HC! with food compared to the similar tablet administered under fasting
conditions. |

19 A controlled release metformin dosage form is also described in WO 99/47128. This

.= reference describes a controlled release delivery system for metformin which includes an inner

solid particulate phase formed of substantially uniform granules containing metformin and one or
more hydrophilic polymers, one or more hydrophobic polymers and one or more hydrophobic

# materials, and an outer continuous phase in which the above granules are embedded and

= dispersed throughout. The outer continuous phase includes one or more hydrophilic polymers,
one or more hydrophobic polymers and one or more hydrophobic materials.

Our own WO 99/47125 discloses vcontrolled release metformin formulations providing a

20 Objects and Summary of the Invention

It is an object of the present invention to provide a controlled or sustained release of an

» antihyperglycemic drug which provides effective control of blood glucose levels in humans.
[t is a further object of the present invention to provide a method of treating human
patients with non-insulin-dependent diabetes mellitus (NIDDM) on a once-a-day basis with an
25 antihyperglycemic drug which provides effective control of blood glucose levels in humans.
It is a further objecr of the present invention to provide formulations for treating human

patients with non-insulin-dependent diabetes mellitus (NIDDM) which provides advantages over
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the state-of-the-art, and which may be administered on a once-a-day basis by itself or together
with otaer antidiabetic agents, and methods thereof.

It is a further object of the present invention to provide a controlied or sustained release
formulation of an antihyperglycemic drug wherein the bioavailability of the drug is not decreased
by the presence of food.

It is a further object of the present invention to provide a controlled or sustained release
formulation of an antihyperglycemic drug that does not employ an expanding polymer.

It is also a further object of the present invention to provide a controlled or suétained
refease formulation of an antihyperglycemic drug that can provide continuous and non-pulsating

therapeutic levels of the drug to an animal or human in need of such treatment over a twelve hour

.= to twenty-four hour period.

It is an additional object of other embodiments of the present invention to provide a

= controlled or sustained release forraulation for an antihyperglycemic drug that obtains peak

lasma levels from 5.5.to 7.5 hours after administration under various conditions. Altematively,
he time to peak plasma levels are from 6.0 to 7.0, from 5.5 to 7.0 or from 6.0 to 7.5.

It is also an object of this invention to provide a controlled or sustained release

harmaceutical formulation having a homogeneous core wherein the core component may be

made using ordinary tablet compression techniques.

In accordance with the above-mentioned objects and others, the present invention

mprovides a controlled release oral dosage form comprising an antihyperglycemic drug, preferably

a biguanide (e.g., metformin or a pharmaceutically acceptable salt thereof) that is suitable for
providing once-a-day administration of the drug, wherein the dosage form provides a mean time
to maximum plasma concentration (T,,,,) of the drug from 5.5 to 7.5 hours after administration.
The dosage form comprises the drmg and a membrane. In certain preferred embodiments, the
dosage form comprises a tablet.

In preferred embodiments, the controlled release oral dosage form of the present
invention is a tablet comprising: |

(a) a core comprising:
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(1) the antihyperglycemic drug;
(i)  optionally a binding agent; and
(iil)  optionally an absorption enhancer;
(b) a membrane coating surrounding the core; and
5 (c) at least one passageway in the membrane.
When the drug is metformia or a pharmaceutically acceptable salt thereof and is
administered on a once-a-day basis, the daily dose may vary, e.g., from about 500 mg to about
2500 mg. Such daily dose may be contained in one controlled-release dosage form of the
invention, or may be contained in more than one such dosage form. For example, a controlled-
1) release metformin dosage form may be formulated to contain about 1000 mg of the drug, and two
.. of said dosage form may b= administered together to provide once-a-day metformin therapy. The
4 daily dose of the drug (i.e. metformin or pharmaceutically acceptable salt thereof) may range
from about 500 mg to ébout 2500 mg, from about 1000 mg to about 2500 mg, or from about
2000 mg to about 2500 mg, depending on the clinical needs of the patient.

In certain preferred embodiments, the controlled release solid oral dosage form of the
s.s—. present invention provides a width at 50% of the height of a mean plasma concentration/time

curve of the drug (e.g., of metformin) from about 4.5 to about 13 hours, more preferably from

about 5.5 to about 1) hours, more preferably from about 6 to about 8 hours.

In certain embodimients, the controlled release oral dosage form of the present invention

20 prdvidcs a mean maximum plasma concentration (C,,,) of the antihyperglycemic drug which is
more than about seven times the mean plasma level of said drug at about 24 hours after
administration. In preferred embodiments, the controlled release oral dosage form of the present
invention provides a mean maximum plasma concentration (C_,,) of the drug which is from
about 7 times to about 14 1imes ths plasma level of the drug at about 24 hours after the

%5 administration, more preferably from about 8 times to about 12 times the plasma level of the drug

at about 24 hours after administration,

In certain embodiments of the present invention, when the drug is metformin or a

pharmaceutically acceptable salt thercof, the controlled release oral dosage form provides a mean -
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maximum plasma concentration (C,,,,) of the drug that is about 1500 ng/m] to about 3000 ng/ml,

based on administration of a 2000 mg once-a-day dose of metformin, more preferably about 1700
ng/m! to about 2000 ng/mi, based on administration of 2 2000 mg once-a-day dose of
metformin, _

In certain embodiments of (he present invention, when the drug is metformin or a
pharmaceutically acceptable salt thercof, the controlled release dosage form provides a mean
AUC, ,., that is about 17200 ng.hr/ml to about 33900 ng.hr/ml, based on administratioq of a
2000 mg once-a-day dose of metformin; preferably about 17200 ng.hr/ml to about 26500

ng.hr/ml, based on administration of a 2000 mg once-a-day dose of metformin; more preferably

about19800 ng.hr/ml to about 33900 ng.hr/ml, based on administration of a 2000 mg once-a-day

« dose of metformin.

In certain embodiments of ~he invention, the administration of the antihyperglycemic

drug, e g., at least one metformin cosage form provides a mean AUC, 4, from at least 80%,

-+ preferably at least 90% of the mean AUC,,, provided by administration of the reference standard
i, (GLUCOPHAGE) twice a day , wherein the daily dose of the reference standard is equal to the
+ once-a day dose of metforrnin administered in the controlled release oral dosage form of the

L.« present invention.

In certain embodiments of the present invention, the controlled release dosage form

-+ exhibits the following dissolution rofiles of the antihyperglycemic drug (e.g., metformin) when

“tested in a USP type 2 apparatus at 75 rpm in 900 ml of simulated intestinal gastric fluid (pH 7.5

phosphate buffer) at 37° C: 0-30% of the drug released after 2 hours; 10-45% of the drug
released after 4 hours; 30-90% of the drug released after 8 hours; not less than 50% of the drug
released after 12 hours; not less than 60% of the drug released after 16 hours; and not less than
7% of the drug released after 20 hours.

In certain preferred embodiments, the controlled release solid oral dosage form exhibits
the following dissolution profiles when tested in USP type 2 apparatus at 75 rpm in 900 ml of
simulated intestinal gasfric fluid (pH 7.5 phosphate buffer) at 37° C: 0-25% of the drug (e.g.,

metformin or a pharmaceutically acceptable salt thereof) released after 2 hours; 20-40% of the
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drug released after 4 hours; 45-90% of the drug released after 8 hours; not less than 60% of the
drug released after 12 hours; not less than 70% of the drug released after 16 hours; and not less
than 80% of the drug released after 20) hours.

With respect to embodiments of the present invention where the antihyperglycemic drug
is metformin, it has been found that drugs such as metformin provide substantially linear
pharmacokinetics up t6 a level of about 2 grams per day. Therefore, it is contemplated for
purposes of the present invention that a given plasma level (e.g., C,,) of metformin per
specified dose will be directly proportional to other doses of metformin. Such proporﬁonal doses
and plasma levels are contt:mp]atéd to be within the scope of the invention and to be within the
scope of the appended claims.

The dosage form of the present invention can provide therapeutic levels of the

! antihyperglycemic drug for twelve to twenty-four hour periods and does not exhibit a decrease in

bioavailability if taken with food. In fact, a slight increase in the bioavailability of the

CH

w antihyperglycemic drug is observed when the controlled release dosage form of the present

o= invention is administered with food. In a preferred embodiment, the dosage form can be

* administered once-a-day, ideally with or after a meal, preferably with or after the evening meal,

fauy

‘ and provides therapeutic levels of the drug throughout the day with peak plasma levels being

btained between 5.5 to 7.5 hours after administration.

The present invention is also directed to a method of lowering blood glucose levels in

human patients needing treatment for non-insulin-dependent diabetes mellitus (NIDDM),
comprising orally administering to human patients on a once-a-day basis a dose of a drug
comprising a biguanide (e.g., metformin or a pharmaceutically acceptable salt thereof), said drug
being contained in at least one solid oral controlled release dosage form of the present invention.
When the drug is metformin, the daily dose of the drug may be from about 500 mg to about 2500
mg, from about 1000 mg to about 2500 mg, or from about 2000 mg to about 2500 mg, depending
on the clinical needs of the patient. _ '

The controllzd release dosage form of the present invention provides a delayed T,,,. as

compared to the T, provided by GLUCOPHAGE. The delayed T, occurs from 5.5 to 7.5
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hours after administration. Ifthe drug (e.g., metformin) is admim’stcred at dinner time, the T,
would occur during the time when ghiconeogenesis is usually at its highest (e.g., around 2 a.m.).
The present invention also includes a method of treating patieﬁts with NIDDM
comprising orally administering to human patients on a once-a-day basis a dose of a drug
3 comprising a biguanide (e.;3., metformin or a pharmaceutically acceptable salt thereof), contained
in at least one oral controllzd release dosage form of the present invention. When the drug is
metformin, the daily dose of the drug may be from about 500 mg to about 2500 mg, from about
1000 mg to about 2500 mg, or from about 2000 mg to about 2500 mg, depending on the clinical
needs of the patient. In certain embodiments, the method of treatment according to the present
1) invention involves once-per-day metformin monotherapy as an adjunct to diet to lower blood
glucose in patients with NIDDM whose hyperglycemia may not be satisfactorily managed on diet
alone. In certain other embodiments, the once-a-day metformin therapy of the present invention
may be used concomitantly with a sulfonylurea, e.g., when diet and monotherapy with a

sulfonylurea alone do not result in adequate glycemic control. In certain other embodiments, the

orce-a-day metformin therapy of the present invention may be used concomitantly with a

glitazone, e.g., when diet and monotherapy with a glitazone alone do not result in adequate

glycemic control.
The present invention is further directed to a method of controlling the serum glucose
concentration in human patients with N’IDDM, comprising administering to patients having
20 NIDDM on a once-a-day basis, preferably at dinner time, an effective dose of a bigianide (e.g.,
metformin) contained in at least oae oral controlled release dosage form of the present
invention.
The present.invention furtker includes a controlled-release dosage form of a drug
comprising a biguanide (e.g., metformin) suitable for once-a-day administration to human
25 patients with NIDDM, the dosage form comprising an effective amount of the drug to control
blood glucose levels for up to about 24 hours and an effective amount of a controlled-release
carrier to provide controlled release of the drug with a mean time to maximum plasma

. concertration (T,,,) of the drug from 5.5 to 7.5 hours after administration and a width at 50% of

8
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the height of a mean plasma concentration/time curve of the drug from about 6 to about 13 hours,
In preferred embodiments, the administration of the controlled-release dosage form occurs at fed
state, more preferably at dinner time. »
[n certain preferred embodiments, the controlled-release dose of the drug (e.g., metformin
3 or a pharmaceutically acceptable selt thereof) according to the present invention is provided by
one or more of a controlled-release tablet comprising
(a) a core comprising:
(1) the antihyperglycemic drug (e.g., metformin or a pharmaceutically
acceptable salt thereof);
10 (i1) optionally a binding agent; and
(iii) optionally an absorption enhancer,
b (b) a membrane coating surrounding the corc;' and

(c) at least one passageway in the membrane.

In certain preferred embodiments, the mean time to maximum plasma concentration of
15 ¥ the drug is reached from 6.5 to 7.5 hours after administration at dinner time.
: In certain embodiments of the invention when the drug is a biguanide (e.g. metformin or a

pharmaceutically acceptable salt thereof), the controlled release dosage form provides upon

2 single administration, a higher mezn fluctuation index in the plasma than an equivalent dose of
.an immediate release composition administered as two equal divided doses, one divided dose at
20 the start of the dosing interval and the other divided dose administered 12 hours later, preferably
maintaining bioavailability from at least 80% preferably from at least 90% of the immediate
release composition.
In certain embodiments of the present invention, the mean fluctuation index of the dosage
form 1s from about ‘1 to about 4, preferably about 2 to about 3, more preferably about 2.5.
25 In certain embodiments of the invention which exhibit a higher mean fluctuation index in
the plasma than an equivalent dose of an immediate release composition administered as two
equal divided doses, the ratio of thz mean fluctuation index between the dosage form and the

immediate release composition is about 3:1, preferably about 2:1, more preferably 1.5:1.
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‘When the drug is metformin or a pharmaceutically acceptable salt thereof, the doses of
drug which exhibit the above disclosed mean fluctuation indexes can bé any effective dose
administered to a patient with NIDIDM for the reduction of serum glucose levels. For example,
the dose: can from about 500mg to about 2500mg, from about 1000mg to about 2000 mg or from
about 850mg to about 1700mg metformin or pharmaceutically acceptable salt thereof.

The drugs which may used in conjunction with the present invention include those drugs
which are useful for the treatment of non-insulin-dependent diabetes mellitus (NIDDM),
including but not limited to bigninides subch as metformin or buformin or pharmaceutically
acceptable salts thereof. When the drug used in the present invention is metformin,‘it'is, preferred
that the metformin be present in a salt form, preferably as metformin hydrochloride.

The term “metformin” és it is used herein means metformin base or any pharmaceutically
acceptable salt e.g., metfonmin hydrochloride.

The term *“‘dosage form” as it is used herein means at least one unit dosage form of the

present invention (e.g. the daily dose of the antihyperglycemic agent can be contained in 2 unit

dosage forms of the present invention for single once-a-day administration).

The term “moming” as it is used herein with respect to the dosing of the controlled release

. formulations of the invention means that the controlled release formulation is orally administered
e early in the day after the patient has awakened from overnight sleep, generally between about 6
 ain. and 11 am. (regardiess of whather breakfast is eaten at that time, unless so specified

herein).

The term “dinnertirae” or “at dinner” as it is used herein with respect to the dosing of the
controlled release formulations of the invention means that the controlled release formulation is
orally administered at a time when dinner is normally eaten (regardiess of whether a meal is
actually eaten at that tirne, unless so specified herein), generally between about 4 p.m. and 8 p.m.

The term “bedtime” as it is used herein with respect to the dosing of the controlled release

fermulations of the invention means that the controlled release formulation is orally administered

before the patient goes to bed in the evening, generally between about 8 p.m. and 12 p.m.

10
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The term “therapeutically effective reduction” when used herein is meant to signify that
blood glucose levels are reduced by approximately the same amount as an immediate release
reference standard (e.g., GLUCOPHAGE® ) or more, when the controlled release dosage form is
orally administered to a human patient on a once-a-day basis.

The term "sustained release” and “controlled release” are used interchangeably in this
application and are defined for pursoses of the present invention as the release of the drug from
the dosage form at such a rate that when a once-a-day dose of the drug is administered in the
sustained release or controlled-release form, blood (e.g., plasma) concentrations (levels) of the
drug arz maintained within the therapeutic range but below toxic levels over a period of time

from about 12 to about 24 hours. When the drug used in the present invention is metformin

. (preferably metformin hydrochloride} the controlled release solid oral dosage form containing

- such drug is also referred to as “Metformin XT.”

The term “C,,,," is the highast plasma concentration of the drug attained within the dosing

. interval, i.e., about 24 hours.

The term "C,;, " is the minimurn plasma concentration of the drug attained within the

+ dosing interval, i.e. about 24 hours.

The term “C,

avg

* as used herein, means the plasma concentration of the drug within the

: osing interval, i.e. about 24-hours, and is calculated as AUC/dosing interval.

The term “T,,,,” is the time period which elapées after administration of the dosage form

" at which the plasma concentration of the drug attains the highest plasma concentration of drug

attained within the dosing interval ( i.e., about 24 hours).

The term "ALC" as used hzarein, means area under the plasma concentration-time curve,
as calculated by the trapezoidal rule over the complete 24-hour interval.

The term "steady state" means that the blood plasma concentration curve for a given drug
does not substantially fluctuate aftzr repeated doses to dose of the formulation.

The term “single dose” means that the human patient has received a single dose of the

drug formulation and the drug plasma concentration has not achieved steady state.

11
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The term “multiple dose” means that the human patient has received at least two doses of
the drug formulation in accordance with the dosing interval for that formulation (e.g., on a once-
a-day basis). Patients who have received multiple doses of the controlled release formulations of
the invention may or may not have attained steady state drug plasma levels, as the term multiple

5 dose is defined herein.

The term “a patient” means that the discussion (or claim) is directed to the
pharmacokinetic parameters of an individual patient and/or the mean pharmacokinetic values
obtained from a population of patients, unless further specified.

The term “mean”, when preceding a pharmacokinetic value (e.g. mean T, .} represents

10 the arithmetic mean value of the pharmacokinetic value taken from a population of patients
=+ unless otherwise specified (¢.g. geometric mean)..

The term "Degree of Fluctuation" is expressed as (Cpay ~Crnin)/Cogr

Brief Description of the Drawings

15 1 FIG. 1 is a graph showing tte relative bioavailability of the metformin XT formulation of
¢ Example 2 to GLUCOPHAGE® for Clinical Study 2.
j FIG. 2 is a graph showing the relative bioavailability of the metformin XT formulation

1.: of Example 1 (500 mg) to GLUCOPHAGE® for Clinical Study 3.

e FIG. 3 is a graph showing the (ifference in plasma concentration-time profiles of

20 ) metformin in eight healthy voluntesrs between Day 1 and Day 14 dosing following oral
administration of the metfermin XT formulation of Example 1, 4 x 500 mg q.d. for 14 days for
Clinical Study 4.

FIG. 4 is a graph showing the mean plasma profiles and values of pharmacokinetic
parameters of the metformin XT formulation of Example 3 for Clinical Study 5.

25 FIG. 5 is a graph showing the mean plasma glucose concentration-time profiles after 4
weeks of treatment with the metformin XT formulation of Example 3 and GLUCOPHAGE® for
Clinical Study 5. | |
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FIG. 6 is a graph showing the dissolution profile of a 500 mg controlled release
metformin formulation of Example: 1 of the present invention.
FIG. 7 is a graph showing the dissolution profile of a 850 mg cdntrolled release
metformin formulation of Example 2 of the present invention.
5 F1G. 8 is a graph showing the dissolution profile of a 1000 mg controlled release

metformin formulation of Example 3 of the present invention.

Detailed Description of the Invention

The term antihyperglycemic drugs as used in this specification refers to drugs that are
10 useful in controlling or managing noninsulin-dependent diabetes mellitus (NIDDM). Preferably,
= the antihyperglycemic drug is a biguanide such as metformin or buformin or a phannaceutically
= acceptable salt thereof such as metformin hydrochloride.
- It has surprisingly been found that when biguanides such as metformin are administered

orally in a controlled release dosage form suitable for once-a-day dosing in the “fed” state,

., preferably at dinner, the bioavailability is improved as compared to the administration of the
controlled release dosage form in the “fasted” state. This is in contrast to GLUCOPHAGE®,
which exhibits opposite characteristics. In accordance with the methods and dosage forms of the
presenl invention, it has been determined that the patients suffering from NIDDM achieve

improved results (e.g., lowered blood glucose levels) than GLUCOPHAGE® administered

20 according to accepted protocols, e.g., on a twice-a-day basis.
The methods and dosage forms of the invention provide the further advantage in that
when dosed at dinnertime, the controlled release formulations of the invention provide a T,
(from 5.5 to 7.5 hours) after oral administration (which T, 15 delayed relative to the reference
standard, GLUCOPHAGE®), such that the level of drug is greatest at the time when human

25 patients are manufacturing glucose at highest levels. Gluconeogenesis is well known to those

skilled in the art to bie greatest at night. Thus, in accordance with the invention, the T,,, of the .
drug occurs for example between 11:30 p.m. and 1:30a.m., based on a dose administered at 6:00

pm. Likewise, such administraticn of the dosage form provides lower drug levels during the day

13
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(e.g. the afternoon) when gluconeogenesis is lower than at night. Also, the invention preferably
provides the added benefit of lowering insulin levels. Insulin is considered a risk factor in
NIDDM, in and of itself, for cardicvascular disease.

In comparison to a twice-daily dose of the reference standard (GLUCOPHAGE®), the

plasma levels of metformin are preferably lower in the afternoon. This is an advantage

e

particularly in patients who are under concomitant therapy with one or more additional
antidiabetic agents, such as for example, a sulfonylurea. It is known in the art that to date
approximately 60% of patients being treated with metformin are also being treated with at least
one additional antidiabetic agent (such as a sulfonylurea). Sulfonyfureas can possibly cause
10 hypoglycernia, whereas metformin cannot, so there is a benefit to having lower metfoﬁnin levels
. in the blood during the afternoon due to the potential for the patient to have hypoglycemia.
Accordingly, the present invention also includes a method of treating human patients with
NIDDM comprising administering on a once-a-day basis a therapeutically effective dose of
metformin in a controlled-release oral dosage form (“Metformin XT”), in combination with

administering an effective amount of a sulfonylurea. In preferred embodiments, metformin is

provided by a controlled release dosage form comprising metformin or a pharmaceutically
i+ acceptable salt thereof, the dosage form being useful for providing a once-a-day oral

.7, administration of the drug, wherein the dosage form provides a mean time to maximun plasma

! concentration (T, of metformin from 5.5 to 7.5 hours after administration.
20 In certain embodiments, the combination therapy may be provided as follows. If patients
" do not respond to four weeks of th: maximum dose of Metformin XT (2500 mg/ day)

monotherapy, a sulfonylurea may be gradually added while maintaining the maximum dose of
Metformin XT, even if prior primery or secondary failure to a sulfonylurea has occurred.
Examples of the sulfonylurea include glyburide (glibenclamid), chloropropamide, tolbutamide,

25 glipizide, acetohexarnide and tolazamide. Although Metformin XT is preferably administered

on once-a-day basis, the sulfonylurea may be administered in a different dosage form and at a

different frequency.

14
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With concomitant Metformin XT and sulfonylurea therapy, the desired control of blood
glucose may be obtained by adjusting the dose of each drug.
In certain embodiments, the foregoing objectives are met by a controlled release dosage
form cemprising: |
B (a) a core comprising:
@) an antihyperglycemic drug;
(ii)  optionally a binding agent; and
(iii)  optionally an absorption enhancer;
(b) a membrane coating surrounding the core; and
10 (c) at least one passageway in the membrane. ‘
The binding agent ray be any conventionally known pharmaceutically acceptable binder
such as polyvinyl pyrrolidone, hydroxypropyl cellulose, hydroxyethyl cellulose, ethylcellulose,

polymethacrylate, waxes and the like. Mixtures of the aforementioned binding agents may also

be used. The preferred binding agents are water soluble such as polyvinyl pyrrolidone having a

= weight average molecular weight of 25,000 to 3,000,000. The binding agent comprises
.. approximately about 0 to asout 40% of the total weight of the core and preferably about 3% to
about 15% of the total Weight of the core.

The core may optionally comprise an absorption enhancer. The absorption enhancer can

i, be any type of absorption enhancer commonly known in the art such as a fatty acid, a surfactant,
24) .- a chelating agent, a bile salt or mixtures tﬁereof. Examples of some preferred absorption
enhancers are fatty acids such as capric acid, oleic acid and their monoglycerides, surfactants
such as sodium laury! sulfate, sodinm taurocholate and polysorbate 80, chelating agents such as
citric acid, phytic acid, ethylenediamine tetraacetic acid (EDTA) and ethylene glycol-big (B-
aminoethyl ether -N,N,N,N-tetraacetic acid (EGTA). The core comprises approximately 0 to
25 about 20% of the absorption enhancer based on the total weight of the core and most preferably
about 2% to about 10% of the total weight of the core.
In this embodiment, the core which comprises the antihyperglycemic drug, the binder

which preferably is a pharraaceutically acceptable water soluble polymer and the absorption

15
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enhancer is preferably formed by wet granulating the core ingredients and compressing the
granules with the addition of a lubricant into a tablet on a rotary press. The core may also be
formed by dry granulating the core ingredients and compressing the granules with the addition of
a lubricant into tablets or by direct compression.

Other commonly kriown excipients may also be included into the core such as lubricants,

~ pigments or dyes.

The homogeneous core is coated with a membrane, preferably a polymeric membrane to
form the controlled release tablet of the invention. The membrane can be a semipermeable
membrane by being permeable to the passage of external fluid such as water and biological fluids
and being impermeable to the passage of the antihyperglycemic drug in the core. Materials that

.. are useful in forming thE membranz are cellulose esters, cellulose diesters, cellulose triesters,
cellulose ethers, cellulose ester-ethzr, cellulose acylate, cellulose diacylate, cellulose friacylate,
cellulose acetate, cellulose diacetate, cellulose triacetate, cellulose acetate propionate, and

- cellulose acetate butyrate. Other suitable palymers are described in United States Patent Nos.
14} 3,845,770, 3,916,899, 4,008,719, 4,036,228 and 4,11210 which are incorporated herein by

reference. The most preferred membrane material is cellulose acetate comprising an acetyl

content of 39.3 to 40.3%, commercially available from Eastman Fine Chemicals.

In an alternative embodiment, the. membrane can be formed from the above-described
polymers and a flux enhancing agent. The flux enhancing agent increases the volume of fluid
" imbibed into the core to enable the dosage form to dispense substantially all of the
antihyperglycemic drug through the passageway and/or the porous membrane. The flux
enhancing agent can be a water soluble material or an enteric material. Some exémples of the
przferred materials that are useful as flux enhancers are sodium chloride, potassium chloride,
sucrose, sorbitol, mannitol, polyethylene glycol (PEG), propylene glycol, hydroxypropyl
cellulose, hydroxypropyl methyceliulose, hydroxyprophy methycellulose phthalate, celtulose
acetate phthalate, polyvinyl alcohols, methacrylic acid copolymers and mixtures thereof. The
preferred flux enhancer is PEG 400.

16
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The flux enhancer may also be a drug that is water soluble such as metformin or its
| pharmaceutically acceptable salts or a drug that is soluble under intestinal conditions. If the flux
enhancer is a drug, the present dosage form has the added advantage of providing an immediate
release of the drug which is selected as the flux enhancer.

5 The flux enhancing agent comprises approximately 0 to about 40% of the total weight of -
the coating, most preferably about 2% to about 20% of the total weight of the coating. The flux
enhancing agent dissolves or leaches from the membrane to form paths in the membrane for the
fluid to enter the core and dissolve the active ingredient.

- In alternate embodiments, the membrane may also be formed with commonly known
10 excipients such as a plasticizer. Scme commonly known plasticizers include adipate, azelate,
»i enzoate, citrate, stearate, isoebh.catc, sebacate, triethyl citrate, tri-n-butyl citrate, acetyl tri-n-butyl
cilrate, citric acid esters, and those described in the Encyclopedia of Polymer Science and
Technology, Vol. 10 (1969), published by John Wiley & Sons. The preferred plasticizers are

triacetin, acetylated monoglyceride, grape seed oil, olive oil, sesame oil, acetyltributylcitrate,

t acetyltriethylcitrate, glycerin sorbitol, diethyloxalate, diethylmalate, diethylfumarate,
dibutylsuccinate, diethylmalonate, dioctylphthalate, dibutylsebacate, triethylcitrate,

tributylcitrate, glyceroltributyrate, and the like. Depending on the particular plasticizer, amounts

of from 0 to about 25%, and preferably about 2% to about 15% of the plasticizer can be used

= based upon the total weight of the coating.

21 As used herein the term passageway includes an aperture, orifice, bore, hole, weakened

arza or an erodible element such as a gelatin plug that erodes to form an osmotic passageway for
the release of the antihyperglycemic drug from the dosage form. A detailed description of the
passageway can be found i1 Unitedl States Patent Nos. such as 3,845,770, 3,916,899, 4,034,758,
4,063,064, 4,077,407, 4,088,864, 4,783,337 and 5,071,607 (the disclosures of which are hereby

25 incorporated by reference).

In certain embodiments, the passageway is formed by laser drilling. In other
embodiments, the passageway is formed by making an indentation onto the core prior to the

membrane co:iting to form a weakened area of the membrane at the point of the indentation. In

17
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preferred embodiments of the invention, the dosage form contains two passageways in order

provide the desired pharmacokinetic parameters of the formulation.

Gererally, the membrane coating around the core will comprise from about 1% to about

7%, preferably about 1.5% to about 3%, based on the total weight of the core and coating.

The term “membrane” means a membrane that is permeable to both aqueous solutions or

bodily 7luids and to the active drug or pharmaceutical ingredient (e.g. the formulations of

Examples 1-3). Thus, the membraae is porous to drug and, in a preferred embodiment, drug is

released through the hole or passageway-and through the porous membrane in solution or in vivo.

The term “membrane” alsc generically encompasses the term *‘semipermeable membrane” as

heretofore defined.

¢ et som e il e

20
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INGREDIENT
© CORE: |

- Drug

Binder

Absorption Enhancer

COATING:
Membrane Polymer
Flux Enhancer

Plasticizer

Preferred

50-98%
0-40%
0-20%

50-99%
0-40%
0-25% or 0-30%

: In an alternative embodiment, the dosage form of the present invention may also
.’L?i comprise an effective amount of the antihyperglycemic drug that is available for immediate
release. The effective amount of antihyperglycemic drug for immediate release may be coated
onto the membrane of the dosage form or it may be incorporated into the membrane.

In certain preferred embodiments of the invention where the dosage form is prepared in

: accordance with the above, the dosage form will have the following composition:

Most Preferred

75-95%
3-15%
2-10%

75-95%
2-20%
2-15%
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The dosage forms prepared according to certain embodiments of the present invention
preferably exhibit the following dissolution profile when tested in a USP type 2 apparatus at 75
rpms in 900 ml of simulated intestinal fluid (pH 7.5 phosphate buffer) and at 37°C:

Y S A

Time (Hours) Preferred Most Preferred

| 2 0-30% 0-15% or 0-25%

- 4 10-45% 20-40%
= 10 8 30-90% 45-90%

!‘\ 12 NTL 50% NTL 60%
AN 16 NTL 60% NTL 70%
20 NTL 70% NTL 80%

WTL = Not less than

iv_“
fin
H

In the preparation of the taslets of the invention, various conventional well known

solvents may be used to prepare the granules and apply the external coating to the tablets of the

invention. In addition, various diluents, excipients, lubricants, dyes, pigments, dispersants, etc.
which are disclosed in Remnington’s Pharmaceutical Sciences, 1995 Edition may be used to
20 optimize the formulatiéns of the invention.

Other controlled release technologies known to those skilled in the art can be used in
order to achieve the controlled release formulations of the present invention, i.e., formulations
which provide a mean T, of the drug and/or other pharmacokinetic parameters described herein
when orally administered to human patients. Such formulations can be manufactured as a

x5 controlled oral formulation in a suitable tablet or multiparticulate formulation known to those

skiiled in the art. In either case, the controlled release dosage form may optionally include a
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AUROBINDO EX. 1007, 47



300.100%

controlled release carrier which is incorporated into a matrix along with the drug, or which is

applied as a controlled release coating. |
An oral dosage form according to the invention may be provided as, for example,

granules, spheroids, beads, pellets (hereinafier collectively rcferréd to as "multiparticulates”)

5 and/or particles. An amount of the multiparticulates which is effective to provide the desired
dose of drug over time may be placed in a capsule or may be incorporated in any other suitable
oral form.

In certain preferred embodiments, the tablet core or multiparticulates containing the drug
are coated with a hydrophobic material selected from (i) an alkylcellulose and (ii} a palymeric
10 glycol. The coating may be applied in thé form of an organic or aqueous solution or dispersion.

The coating may be applied to obtain a weight gain from about 2 to about 25% of the substrate in

order to obtain a desired sustained release profile. The sustained release coatings of the present
invention may also include an exit means comprising at least one passageway, orifice, or the like

as previously disclosed.

Description of Certain Preferred Embodiments

The following ¢xamplcs itlustrate various aspects of the present invention. They are not

to be construed to limit the claims in any manner whatsoever.

20
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Example 1
A controlled release tablet containing 500 mg of metformin HCI and having the following

formula is prepared as follows:

[PYSTRERI o A

3 I. Core
Ingredients . Amount {mg/tab)
" Metformin HCI _ 500.0
R Povidone’, USP 360
. Sodiura Lauryl Sulfate - 258
11 Magnesium Stea.rate - 2.8

ol *approxiniate molecular weight = 1,000,000; ¢ ynumic viscosity (10%w/v solution at 20°C) = 300-700 m Pa s.

(a)  Granulation

The metformin HCl and sodium lauryl sulfate are delumped by passing them through a 40

15 » mesh screen and collecting them in a clean, polyethylene-lined container. The povidone, K-90-F
, is dissolved in purified water. The delumped metformin HCl and sodium lauryl sulfate are then

.= added to a top-spray fluidized bed granulator and granulated by spraying with the binding

“solution of povidone under the following conditions: inlet air temperature of 50-70°C;

it

iifﬁsatom_izzxtion air pressure of 1-3 bars; and spray rate of 10-100 mV/min.

20 Once the binding solution is depleted, the granules are dried in the granulator until the
loss on drying is less than 2%. The dried granules are passed through a Comil equipped with the

equivalent of an 18 mesh screen.

(b) Tableting
25 The magnesium stearate is passed through a 40 mesh stainless steel screen and blended
with the metformin HCl granules for approximately five (5) minutes. Afier blending, the

granulies are compressed oua a rotary press fitted with 15/32" round standard concave punches.

21
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{¢)  Seal Coating (optional)

The core tablet is seal coated with an Opadry material or other suitable water-soluble
muaterial by first dissclving the Opadry material, preferably Opadry Clear (YS-1-7006), in
purified water. The Opadry solution is then sprayed onto the core tablet using a pan coater under

4 the: following conditions: exhaust air temperature of 38-42°C; atomization pressure of 28-40 psi;
and spray rate of 10-15 mL/min. The Opadry Clear of the coating constitutes about 11.5

mygy/tablet.

I. Sustained Release Coating

Ingredients Amount {mg/tablet)

Cellulose Acetare (398-10) 21.5
Triacetin 1.3
PEG 400 2.5

Zacetyl content 39.3 - 403% -

The cellulose acetate is dissolved in acetone while stirring with a homogenizer. The
polyethylene glycol 400 and triacetin are added to the cellulose acetate solution and stirred until a

clear solution is obtained. The tablet is coated by spraying the clear coating solution onto the

~ seal coated tablets in a fluidized bed coater employing the following conditions: product
' ternperature of 16-22°C; atomization pressure of approximately three bars; and spray rate of 120-

150 mb/mir.

(d) Laser Drilling

23 The coated tablets were laser drilled two holes (one hole on each side of the tablet).

22
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Example 2
A controlled release tablet containing 850 mg of metformin HC and having the following

formula is prepared as follows:

Y B e vt

I. Core
3 Ingredients Amount (mg/tab)
e Metformin HC1 '850.0
Povidone®, USP 61.1
; Sodiura Lauryl Sulfate 439
N Magnesium Stearate - 48
ln‘? ’ggproximate rolecular weight = 1 ,000,000;_c.ynumic viscosity (10%w/v solution at 20°C) = _300—700 mPas.

(a) Granulation

The metformin HCI and sodium lauryl sulfate are delumped by passing them through a 40
mesh screen and collecting them in a clean, polyethylene-lined container. The povidone, K-90-F
= is dissolved in purified waler. The delumped metformin HCI and sodium lauryl sulfate are then
15 . added to atop-spray fluidized bed granulator and granulated by spraying with the binding
solution of povidone under the following conditions: inlet air temperature of 50-70°C;

'+ atomization air pressure of 1-3 bars; and spray rate of 10-100 m}/min.

Once the binding solution is depleted, the granules are dried in the granulator until the
loss on drying is less than 2%. The dried granulés are passed through a Comil equipped with the

23 equivalent of an 18 mesh screen.
(b} Tableting
The magnesium stearate is-passed through a 40 mesh stainless steel screen and blended

with the metformin HC] granules for approximately five (5) minutes. After blending, the

25 granules are compressed on a rotary press fitted with 15/32" round standard concave punches.

23
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(c)  Seal Coating (optinnal)
The core tablet is seal coated with an Opadry material or other suitable water-soluble
materizl by first dissolving the Opadry material, preferably Opadry Clear (YS-1-7006), in
purified water. The Opadry solution is then sprayed onto the core tablet using a pan coater under
5 the following conditions: exhaust air temperature of 38-42°C; atomization pressure of 28-40 psi; |
and spray rate of 10-15 m1/min. The COpadry Clear of the coating constitutes about 11.5

mg/tablet.

II. Sustained Release Coating

.

" Ingredients A | Amount (mg/tablet)
Cellulose Acetate (393-10)* 24.0
Triacetin 1.4
PEG 400 2.8

acetyl content 39.3 - 40.3%

* ~ The cellulose acetate is dissolved in acetone while stirring with a homogenizer. The

JEEEY

 seal coated tablets in a fluidized bed coater employing the following conditions: product

20
temperature of 16-22°C; atomization pressure of approximately three bars; and spray rate of 120-
150 ml/min.
(d) Laser Drilling
27 The coated tablets were laser drilled two holes (one hole on each side of the tablet).

24

AUROBINDO EX. 1007, 52



300.1005

Example 3
A controlled release tablet containing 1000 mg of metformin HCI and having the

following formula is prepared as follows:

e T Camn4h v e e ¢

L Core
Ingredients Amount {mg/tablet)
Metformin HCI 1000.0
Povidone®, USP 71.9
Sodium Lauryl Sulfate 51.7
5.6

Magnesium Stearate

2= approximate molecular weight = 1,600,000; dynamic viscosity (10%w/v solution at 20°C) = 300-700 m Pa s.

(a)  Granulation
The metformin HC] and sodium lauryl sulfate are delumped by passing them through a 40

mesh screen and collecting them in a clean, polyethylene-lined container. The povidone, K-90-F

is dissolved in purified water. The delumped metformin HCI and sodium lauryl sulfate are then

added to a fluidized bed granulator and granulated by spraying with the binding solution of

povidone under the following condizions: inlet air temperature of 50-70°C; atomization air

“ pressure of 1-3 bars; and spray rate of 10-100 ml/min.

Once the binding solution is depleted, the granules are dried in the granulator until the
loss on drying is less than 2%. The dried granules are passed through a Comil equipped with a

screen equivalent to 18 mesh.

(b) Tableting
The magnesium stearate is passed through a 40 mesh stainless steel screen and blended

with the metformin HC granules for approximately five (5) minutes. After blending, the

granules are compressed on a rotary press fitted with %" round standard concave punches.

25
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{c¢)  Seal Coating (optional)

The core tablet is seal coated with an Opadry material or other suitable water-soluble
material by first dissolving the Opadry material, preferably Opadry Clear (YS-1-7003), in
purified water. The Opadry solution is then sprayed onto the core tablet using a pan coater under

3 the following conditions: exhaust zir temperature of 38-42°C; atomization pressure of 28-40 psi;
and spray rate of 10-15 m1/min. The core tablet is coated with the sealing solution until the

tablet is coated with 23.0 mg/tabler of the Opadry material.

o B Lt e ———e

19 I1. Sustained Release C.’oatine
Ingredients Amount (mg/tablet)
o Cellulose Acetate (398-10)° 19.0
Triacetin 1.1
PEG 400 22

%acetyl content 39.3 - 40.3%

The cellulose acetate is dissolved in acetone while stirring with a homogenizer. The
polyethylene glycol 400 and triacetin are added to the cellulose acetate solution and stirred until a
clear solution is obtained. The tablet is coated by spraying the clear coating solution onto the

20 "+seal coated tablets in a fluidized bed coater employing the following conditions: product

temperature of 16-221°C; atomization pressure of approximately three bars; and spray rate of 120-

L50 ml/mm.

(d) Laser Drilling

25 The coated tablets were laser drilled two holes (one hole on each side of the tablet).

26
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{e) Color Coating (optional)
~Subsequent tc the sustained release coating, the laser drilled tablet is coated with a color
coating using Opadry Whitz (24 my/tablet) and waxed with Candelilla wax powder (0.4
mg/tablet).
3 Clinical Studies

Study 1
In study 1, a total of twelve (12) healthy subjects (six males, six females) were

randomized to receive either a single oral dose of metformin XT, 850mg, prepared in accordance
10 with Example 2 or b.i.d. doses of GLUCOPHAGE in assigned study periods which consisted of
... one of the following groups: Group A - metformin XT (2 x 850 mg tablets) taken at
; approximately 8:00 a.m., irnmediately following breakfast, Group B - metformin XT (2 x 850 mg

tablets) taken at approximately 6:00 p.m., immediately following dinner; and Group C -

GLUCOPHAGE (1 x 850 mg tablet) taken at approximately 8:00 a.m., immediately following
breakfast, and at approximately 6:C0 p.m., immediately following dinner. Each drug

administration was separated by a washout period of seven days. In this study, one male subject

.« was removed from the study prior to Period II due to non-treatment-related mononucleosis.

= Thus, 11 (five males and six femalzs) subjects completed the study.

For metformin XT, plasma samples were obtained from subjects at 0 (predose), 1, 2, 3, 4,

23 5,6, 8, 10, 12, 14, 16, and 24 hour(s) after dosing. For GLUCOPHAGE, plasma samples were
obtained from subjects at O (predose), 1,2, 3,4, 5,6, 8,10, 11, 12, 13, 14, 15, 16, 18, 20, 22, and
24 hour(s) after the first dose in the morning. Plasma concentrations of metformin were
determined using a validated HPLC.method. The lower quantitation limit of this method is 10
ng/ml. Mean plasma concentration-time profiles are shown in Fig. 1 and mean values of

2s pharmacokinetic parameters of metformin obtained from this study are presented in Table 1.

27
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Tablel ‘
Mean (=:SD, n = 11) values of pharmacokinetic parameters of metformin (Example 2) in 11
healthy subjects (metformin XT, 2 x 850 mg q.d. or GLUCOPHAGE, 1 x 850 mg b.i.d.)

5 Geometric
Mean Ratio*
Vo A-UCD-— Cmn Tmu Tlan tin AUCo.

e Treatment (ng-hr/mi) gml) | @r) | @ | @n Cooar

o Metformin XT 18156 © 2045 6 | o018 | 44 | 100 | 136
/ g after breakfast (4183) (567) @ | ©40) | (07

ST Metformin XT 18277 1929 7 009 | 36 | 102 | 132
after dinner (2961) (333) (2) . | (0.30) | (0.8)

GLUCOPHAGE 18050 1457 5 o |35 | - | -
(3502) @17) 3) © | ©9

*Ratio = Metformin XT/GLLUCOPHAGE

As shown in Figure 1 and Table 1, when metformin XT was administered immediately
afier either breakfast or dinner, the relative bioavailability of metformin XT formulation to
+ GLUCOPHAGE is approximately 100%.

The results of study | were used to calculate the approximate degree of fluctuation (C,, -
C.in/C,.y) of the formulations. '
The C,,, was directly obtained trom the study (see Table 1). The C,,, was obtained by

20
dividing the AUC value by the dosing interval, i.e. 24 hours. The value for C,;, was extrapolated
from Figure 1.
The results are set forth in Table 2 below:
25
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1)

20

Table 2

Mean (xSD, n = 12) values of pharmacokinetic parameters of metformin XT in 12 healthy
subjects (metformin XT, 2 x 850 mg ¢.d. and GLUCOPHAGE, 850 mg b.i.d.)

AUC,, Crax Coin C.g Degree of
Treatment (ng-hr/ml) (ng/mfl) (ng/ml) {ng/ml) | Fluctuation
Metformin XT 18156 2045 143 756 2.51
after breakfast (4183) (567)
Metformin XT 18277 | 1929 107 761 2.39
after dinner (2961) (333)
GLUCOPHAGE 18050 1457 214 752 1.65
(3502) 217 (at 24 hours)
393 752 1.41
(between
doses)

As shown in Figure 1 and Table 2, a single administration of the metformin XT
formulation provides a higher mean fluctuation index in the plasma than a substantially equal
dose of Glucophage admiristered as two ei]ual divided doses, one divided dose at the start of the

dosing interval and the other divided dose administered 12 hours later.

Study 2
The study design of Study 2 is the same as Study 1 except for the formulation and the

dose (4 x 500 mg q.d., total dose 2000mg, for metformin XT prepared according to Example 1
and 2 x 500 mg b.i.d., total dose 2000mg, for GLUCOPHAGE in the second study). In this
study, 12 healthy volunteers (five males and seven females) were randomized to receive

treatments and completed the study. Mean plasma concentration-time profiles and mean values
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of pharmacokinetic parameters of raetformin obtained from this study are presented in Figure 2
and Table 3.
As shown in Figure 2 and Table 3, when the metformin XT formulation (500 mg) was

administered immediately after dinner, the relative bioavailability of this formulation to

3 GLUCOPHAGE is approximately 100%, while the mean C_,, value is about the same. The
relative bioavailability of metformin XT, however, is approximately 80% when administered
immediately after breakfast. A prolonged profile, together with later T, and similar C_, of
metformin following administration of metformin XT immediately after dinner compared to
GLUCOPHAGE indicated that metformin was released in vivo in a sustained fashion (Figure 2).

SR ) N
Table 3

; Mean (+SD, n = 12) values of pharmacokinetic parameters of metformin of Example 1 in 12
.3 healthy subjects (metformin XT, 4 x S00 mg q.d. or GLUCOPHAGE, 2 x §00 mg b.i.d.)

1S = Geometric Mean Ratio*
% , AUCO—‘- Cmax Tmax Tlng tm
o, Treatment (ng-hr/ml) (ng/ml) (hr) (hr) | (h) AUC,.., Cox
\ t Metfcrmin XT 17322 2127 5 0 6.1 0.80 1.15
| after breakfast (4984) (545) $)) 0) (1.8)
Metformin XT 20335 2053 7 0.08 3.9 0.96 1.12
« | after dinner - (4360) (447) 2) (0.29) | (0.6) ,
GLUCOPHAGE 21181 1815 4 0 3.6 -- -
(4486) (302) 3 (0 (0.8)

*Ratio = Metformin XT/GLUCOFHAGE

'3 The results of study 2 were used to calculate the approximate degree of fluctuation of the
formulations in accordance with the calculations used in study 1 (using Figure 2 to obtain the

extrapolated value for C;,).

The results are set forth in Table 4 below:

30

AUROBINDO EX. 1007, 58




300.1005

Table 4

Mean (+SD, n = 12) values of pharmacokinetic parameters of metformin XT in 12 healthy
subjects (metformin XT, 4 x 500 mg ¢.d. and GLUCOPHAGE, 2 x 500 mg b.i.d.)

AUC,, Cruax Cuio Cavg Degree of
Treatment (ng-hr/ml) (ng/ml) (ng/ml) (ng/ml) | Fluctuation
Metformin XT 17322 2127 143 721 29
after breakfast (4984) (545)
10 Metformin XT 20335 1 2053 143 847 2.25
after dinner (4360) (447)
GLUCOPHAGE 21181 1815 214 882 1.8
\ (4486) (302) | (at 24 hours)
WnE :
ny oo 357 882 1.65
' : (between
; \‘ doses)

As shown in Figure 2 and Table 4, a single administration of the metformin XT
formulation provides a higher mean fluctuation index in the plasma than an equivalent dose of
Glucophage administered as two equal divided doses, one divided dose at the start of the dosing

interval and the other divided dose administered 12 hours later.

21 Study 3

In Study 3, a multiple-dose, open-label, one-period study was conducted to evaluate the
short-term tolerability and steady-state pharmacokinetics of the 500 mg metformin XT
formulation used in Study 2. In th:s study, eight healthy volunteers (four males and four females)
23 were randomized to receivi 2000 g of metformin XT (4 x 500 mg tablets) at approximately

6:00 p.m., immediately following dinner, for 14 days.
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Blood samples wers obtainzd from each subject at 0 (predose), 1, 2, 3, 4, 5, 6, §, 10, 12,
14, 16 and 24 hour(s) following the first dose on Day 1 and at 0 (predose), 1, 2, 3, 4, 5, 6, 8, 10,
12, 14, 16, 24, 38 and 48 hour(s) following the last dose on Day 14. Blood samples were also
drawn [rom each subject irnmediately prior to dosing on Days 10-13. Urine samples were
collected from each subject at the following time intervals: six hours prior to the first dose; 0-6,
6-12 ard 12-24 hours after the first dose; and 0-6, 6-12, 12-24 and 24-48 hours after the last
dase.

Mean plasma profiles and values of pharmacokinetic parameters of metformin are

presented in Table S below:

Table 5

Mean Pharmacokinetic Parameters (Example 1)

Day 1
Cmn Tmax AUCD—‘Mhr (ng . hriml)
Mean 2435 6.9 22590
SI> 630 1.9 3626
Cmu Tmu AUC0-24hr (ng . hr/mi)
Mean 2288 6.9 24136
SD 736 25 7996

Following oral administration of metformin XT, 4 x 500 mg q.d., for 14 days, there was
little or no difference in plasma coicentration-time profiles of metformin in eight healthy
volunteers between Day 1 and Day 14 dosing (Figure 3). On average, trough plasma
concentrations of metformin were nearly constant, ranging from 188.8 to 205.1 ng/ml on Days

10-14, indicating that the steady stite of metformin was attained rapidly. The mean
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accumulation ratio was 1.01, indicating that the once-daily dose regimen of metformin XT results
in po accumulation,
Following oral administratio of a single dose (4 x 500 mg) of metformin XT,

approximately 31% of the dose was excreted in the urine within the first 24 hours. On average,

w

the renal clearance of metformin was 366 ml/min. A slightly higher renal clearance (454 ml/min)
was found after multiple-dose administration of 4 x 500 mg q.d. of metformin XT.
Ciastrointestinal symptoms (diarrhea, nausea, vomiting, abdominal bloating, flatulence
and anorexia) are the rost common adverse reactions to GLUCOPHAGE. In controlled trials,
GLUUCOPHAGE was started. at low, nontherapeutic doses and gradually titrated to higher doses.
10 In spite of this gradual titration, GLUCOPHAGE was discontinued due to gastrointestinal
reactions in approximately 4% of patients. In contrast, in the multiple-dose study, metformin XT
begun at a therapeutic initial dose of 2000 mg once daily with dinner was well tolerated by all
healthy volunteers. Diarrhea and nausea were the most common gastrointestinal reactions

probably or possibly related to metformin XT. These reactions, however, were either mild or

moderate. This suggests that it may be possible to initiate metformin XT treatment with
effective doses rather than using the slow titration from non-therapeutic doses required for

GLUCOPHAGE.

i Study 4
20 Study 4 was a study designed to evaluate the safety, tolerability, pharmacokinetics and

pharmacodynamics of metformin X' compared to GLUCOPHAGE after multiple-dose treatment
in patients with NIDDM. Metformin XT tablets prepared according to Example 3 were used in
this study. This study had a single-center, randomized, two-way crossover design. A total of 24
NIDDM patients who were on a stable dose of GLUCOPHAGE, between 1000 and 255 )
mg/day, for at least 12 weeks were selected for the study. A Pretreatment Period of at least 3

[ 5
(v}

weeks preceded randomization to study treatment, At the start of the Pretreatment Period, all
patients stopped taking any other hypoglycemic agents besides GLUCOPHAGE, and the
GLUCOPHAGE dose was adjusted to 1000 mg b.i.d. {(with breakfast and with dinner).
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Following the pretreatment period, patients began Treatment Period 1, which lasted 4 weeks.
During Period 1, a total of 12 patierts were randomized to receive two 1000-mg metformin XT
tablets .d. (immediaiely after dinnar), at approximately 6:00 p.m., and 12 were randomized to
receive one 1000-mg GLUCOPHAGE tablet b.i.d. (immediately after breakfast and immediately
afier dinner). Immediately following Period I, each patient was switched to the alternate
medication for 4 weeks in Period I. There was no washout between treatment periods.

Plasma metformnin concentrations were determined over a 24-hour period at the end of
Treatment Periods I and I as follows: immediately prior to dosing and at 1, 2, 3, 4, 5, 6, 8, 10,
12,14, 15, 16, 17, 18, 19, 20, 22, and 24 hours after the evening dose. One subject withdrew

from the study for personal reasons after two weeks of treatment in Treatment Period I, thus

.., pharmacokinetic data were obtained from 23 patients.

Mean plasma profiles and values of pharmacokinetic parameters of metformin are
presented in Figure 4 and Table 6. As shown in Figure 4 and Table 6, when metformin XT was
administered immediately after dinner, the bioavailability of metformin XT relative to

GLLUCOPHAGE at steady state is close to 100%. Although the dose of metformin XT was twice

. as large as the dose of GLUCOPHAGE at dinner, the mean C,,, value was only 32% higher.
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———ene msmme, S T

Table 6

Mean (+ SD) values of pharmacokinetic parameters of metformin of Exampie 3 in 23
NIDDM patients (metformin XT, 2 x 1000 mg q.d. with dinner or GLUCOPHAGE, 1 x

1000 mg b.i.d.)
3
i . : Geometric Mean Ratio*
a Treatrnent AUC Cou Toa Tieg ty, AUC 4y Craux
FARN (ngeht/ml)  (ng/ml)  (hr) (hr) (hr)
19 Metformin XT | 26818 2849 6 0
after dinner (7052) (797) (2) ©) 54 096 | 132
- 27367 2131 14 0
GLUCZOPHAGE (5759) - | (489) ©) ©) 4.4 - -

'+ ¥ Ratio = Metformin XT/CLUCOPHAGE

When the metformin XT was administered immediately after dinner, the bioavailability

of metformin XT relative to GLUCOPHAGE at steady state was close to 100%. However, when

< metformin XT was administered immediately after breakfast, the corresponding r¢1ative

bioavailability of metformin XT was approximately 80%. The safety profile of metformin XT,

i+ 2000 mg given once daily zither after dinner or after breakfast was comparable to that of an equal
dose of GLUCOPHAGE given b.i.d. The efficacy profile of metformin XT, 2000 mg given once
" -daily after dinner was similar to that of an equal dose of GLUCOPHAGE given b.i.d. The

efficacy of metformin XT, 2000 mg given once daily after breakfast, however, appeared to be
comparable to or slightly less than that of GLUCOPHAGE given b.i.d.

25 While certain preferred and alternative embodiments of the invention have been set forth
for purposes of disclosing the invention, modifications to the disclosed embodiments may occur

to those who are skilled in the art. Accordingly, the appended claims are intended to cover all

ernbodiments of the invention and modifications thereof which do not depart from the spirit and

scope of the invention.
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WHAT IS CLAIMED IS:
1. .R‘cen\trolled release oral dosage form for the reduction of serum glucose levels in human
e patient%»ND)DM, comprising an effective dose of at least one suitable

i S
('L) \-> antihyperglyc emlcdmg ora pharmaceutically acceptable salt thereof and a controlled-

-
-
-

release carrier, said dosag\e o being suitable for providing once-a-day oral

i administration of the agent or plkm ceutically acceptable salt thereof, wherein the
dosage form provides a mean time to maXimum plasma concentration (T,,,,) of the agent
from 5.5 to 7.5 hours after he administration.

. ' g

.:fhm;'\mltrolled release dosage form of claim 1 wherein said at least one

antihyp%lyfw:%dmg is & biguanide.

The controlled release j}é\e\ﬁ rm of claim 2 wherein said biguanide is metformin or a

pharmaceutically accepfable salt thetes:

e . : ;
Thireqntrolled release oral dosage form of claim 1, which provides a mean time to
maximurrfb]asm_a concentration (T,,,,) of the drug from 6.0 to 7.0 hours after the

administration of the dage.

~,

The controlled release oral dosage fé}m.o\t"claim 1, which provides a mean time to
maximum plasma concentration (T ,,) of th~é”‘d1=u,g. from 5.5 to 7.0 hours after the

administration of the dose, when the dose is adminiéterqd at dinner time.

~

\\ -
maximum plasma concentra r){ ») of the drug from about 6.0 to 7.5 hours after the
L

administration of the dose, when the dose¥s-administered at breakfast.

6. The controllcﬂ?elsasc\oral d@age form of claim 1, which provides a mean time to
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7. The controlled release oral dosage form of claim 1, which exhibits the following
\\dissolul‘ion profiles when tested in a USP type 2 apparatus at 75 rpm in 900 ml of

é\glulated intestinal fluid (pH 7.5 phosphate buffer) and at 37 C:
()-3?3% of the drug is releascd after 2 hours;
10-45% of the drug is released after 4 hours;
30-90% of drug is released afier 8 hours;
not less thay 50% of the drug is released after 12 hours;

‘‘‘‘‘ > not less than %¥0% of the drug is released after 16 hours; and

g not less than 7& % of the drug is released afler 20 hours.

8. The controlled releise oral dosage form of claim 1, which exhibits the following
dissolution profiles When tzsted in a USP type 2 apparatus at 75 rpm in 900 ml of
simulated intestinal fluld (pH 7.5 phosphate buffer) and at 37 C:

0-25% of the drug is mléif:d after 2 hours;
20-40% of the drug is rele t\cl after 4 hours;

45-90% of the drug is releasdd after 8 hours,
not less than 50% of the drug }Q released after 12 hours;
\ _
not less than 70% of the drug is Xeleased after 16 hours; and

not less than 30% of the drug is released after 20 hours.

9. The controlled release oral dosage forl of claim 1, which provides a width at 50% of the
height of a mean plasma concentration/time curve of the drug from about 4.5 to about 13

hours.

10.  The controlled release oral dosage form of Aﬂ 1, which provides a width at 50% of the

height of a mean plasma concentration/time curwe of the drug from about 5.5 to about 10

hours.
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\

11.  Xrhe controlled release oral cosage form of claim 3, which provides a mean maximum
pi\a\sma concentration (C,,,,) of metformin which is more than about 7 times the mean

Y
plasma level of said metforrnin at about 24 hours after the administration.

12, The contr}hé release oral dosage form of claim 3, which provides a mean maximum

N

“~. N - . vy . . .
plasma concermﬁin (C....) of metformin which is from about 7 times to about 14 times

QH‘* ‘{\) b the plasma level o

.

said metformin at about 24 hours after administration.

\

- 13, The controlled releas&al dosage form of claim 3 which provides a mean maximum
plasma concentration (C,,. of metformin which is from about 8 times to about 12 times

the plasma level of said mel;}m\nin at about 24 hours after administration.

The controlled release oral dosage Yprm of claim 3 which provides a mean maximum
in from about 1500 ng/m! to about 3000 ng/ml,

based on administration of a 2000 mg onge-a-day dose of metformin.

plasma concentraticn (C,,,,» of metfo

The controlled release oral dosage form of cl {m 3, which provides a mean maximum

\,
plasma concentration (C,,,) of metformin from ¥bout 1700 ng/m! to about 2000 ng/ml,

based on administration of a 2000 mg once—a-day\‘xse of metformin.

16.  The controlled release oral dosage form of claim 3 whish provides a mean AUC,,,, of af

least 80% of the mean AUC, ,, provided by administration of an immediate release
reference standard twice a day, wherein the daily dose of th
substantially equal to the once-a-day dose of metformin adminigtered in the controlled
release oral dosage form.
17.  The controlled release oral dosage form of claim 3 which provides a mean AUC, ,,, of at

least 90% of the mean AUC,,, provided by administration of an immedihte release
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\\reference standard twice a cay, wherein the daily dose of the reference standard is

s\bstantially equal (o the once-a-day dose of metformin administered in the controlled

releass.oral dosage form.

18.  The controlied Yslease oral Josage form of claim 3 which provides a mean AUC, ,,;, from

about 17200 ng.hr/i] to about 33900 ng.hr/ml, based on administration of a 2000 mg

once-a-day dose of metformin.

¢ / .
\‘, a4 19.  The controlled release orh osage form of claim 3 which provides a mean AUC, ,,, from
! about 17200 ng.hr/ml to about 26500 ng.hr/ml, based on administration of a 2000 mg

once-a-day dose of metformin.

The controlled release oral dosage foxm of claim 3 which provides a mean AUC,,,,, from

about19800 ng.hr/ml to about 33900 ng\hr/ml, based on administration of a 2000 mg

once-a-day dose of metformin.

AR ;f:‘ \

The coniréiiéﬁwglease oral dosage form of claily 3 which provides a mean plasma

concentration—t_irne'j;‘)rq_f‘iles of metformin substant) 1ly as set forth in FIG. 1, based on

administration of a 1700 ~ihg_._once-a-day dose of metformin.

24, The controlled release oral dosage form of claim 3 wﬁiéh provides a
N
concentration-time profiles of metformin substantially as setforth in FI. 4, based on

administraticn of a 2000 mg once-a-day dose of metformin at dinker.
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The controlled
soncentration-time profiles of ma&mh\substantially as set forth in FIG. 6, based on

The controlled release oral dosage form 0f4:lam1 3 which provides

, ~
- The controlled.release or:

\\} - maximum plasma coné

¢ administration at breakfa:

The
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“ _
lease orahiq\sgge form of claim 3 which provides a mean plasma

administration of a iZOOOTfii’g. p_nce-a-day'dosm tformin at breakfast.

S
.

.,

\

glucose concentration-time profiles substantlally as set forth in FIG. 5, b
administration of a 2000 mg once-a-day dose of metfon\nm at dinner. \
’ N
oo ~ N
The controlled relezse oral dosage form of c_laimf, which provides a mean time to

maximum plasma concentration (T,,,,) 6f metformin from 6.0 to 7.0 hours after the

' administration.

~
The conmﬁeicase@iosage form of claxm 9 which provides a mean time to

administration at dianer time.

.

Jdosage form of claim 9, which provides a mean time to

jtion (me) of metformin from 6.0 to 7.5 hours after

L ;\"\Z?-.,
~

antro]led release dosage form of claim 1, wherein'the metformi'? is provided by at

least one\mmrolled-release tablet, said tablet comprising:
(a) a core‘;Bmprising:

(1) the raet in or a pharmaceutically acceptable salt;
(ii) optionally a l;?ﬁ‘d g agent; and
(iii)

(b) amembrane coating surrounding the

(c) at least one passageway in the membrane.
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30.  The controlled release oral dosage form of claim 29, wherein said membrane is a

semipermeable membrane.

AN

31. \\ controlled release oral dosage form for the reduction of serum-glucose levels in human

ieyts with NIDDM, comyrising at least olni'e__ biguanide or pharmaceutically acceptable

of and a centrolled release carrier wherein a single administration of said dosage -
form provides a higher mean iluctuation index in the plasma than a substantially equal
iJose of an imwediate release composition administered as two equal divided doses, one

divided dose at the start of (he dosing interval and the other divided dose administered 12

hours later.

32, The controlled release oral &Qsage form of claim 31 wherein the mean fluctuation index

1 to about 4.

of the dosage form is from abo

33.  The controlled release oral dosage of claim 32 wherein the mean fluctuation index

of the dosage form is from about 2 to abol 3.

The controlled release oral dosage form of claim\33 wherein the mean fluctuation index

of the dosage form is about 2.5.

35.  The controlled release oral dosage form of claim 31 wherely the ratio of the mean
fluctuation index between the dosage form and the immediate ¥¢lease composition is

about 3:1.

36.  The controlled release oral dosage form of claim 35 wherein the ratio o

fluctuation index between the dosage form and the immediate release compysition is

about 2:1. N
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3\71. The controlled release oral dosage form of claim 36 wherein the ratio of the mean
\\ fluctuation index between the dosage form and the immediate release composition is

;box{tljzl.

38, The cont%oq release oral dosage form of claim 31 wherein said dosage form comprises
.. N, .

. ;1 metfonninrér a}x&mmaceutical]y acceptable salt thereof.

39.  The controlled release oral dosage form of claim 31 wherein said dosage form maintains

‘bioavailability from: at Isast about 80% of the immediate release composition..

40.  The controlled release oral 62@3 form of claim 31 wherein the substantially equal dose

of the dosage form and the- meXjate release composition comprises from about 500mg

to about 25 O()-Jhg nletfonnj:n'*pr pharmaceutically acceptable salt thereof.

471, The controlled release oral dosage form oRclaim 40 wherein the substantially equal dose

of the dosage form and the immediate releasé\composition comprises from about 1000mg

to about 2000 mg metformin or pharmaceutically acceptable salt thereof.

The controlled release oral dosage form of claim 40 wherein the substantially equal dose

of the dosage form and the immediate release compositioh comprises from about 850mg

to about 1700mg metform'i.n or pharmaceutically acceptable
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ABSTRACT

A composition for treating patients having non-insulin-dependent diabetes mellitus
(MIDDM) by administering a controlled release oral solid dosage form containing preferably a
biguanide drug such as metformin, on a once-a-day basis. The dosage form provides a mean
time to maximum plasma concentration (T,,,) of the drug which occurs at 5.5 to 7.5 hours after
oral administration cn a orice-a-day basis to human patients. Preferably, the dose of drug is

administered at dinnertime to a patient in the fed state.
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Applicant must submit $ 710 to complete the basic filing fee and/or file @ small entity statement claiming
such status (37 CFR 1.27).

» Total additional claim fee(s) for this application is $396.
n 3396 for 22 total claims over 20.
e Thz oath or declaration is missing.

A properly signea cath or declaratfon in compliance with 37 CFR 1.63, identifying the application by the
above Applicatior Number and Filing Date, is required

e To avoid abandonment, a late filing fee ar oath or declaration surcharge as set fortr in 37 CFR 1.16:2)
of $130 for a non-small entity, musl be submitted-with the missing items identified in this lefter.

¢ The balance due by applicant is $ 1236.

A copy of this notice MUST be returned with the reply.

/) fﬁdﬁ/z'ﬂ/_

e .I T Service Center
Initial I'a.ent BExamination Division (703) 308-1202
PART 3 - OFFICE COPY

e:ACAPPS\PreFxam\correspondence'2 Coxm] 2/1:01
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07/15/01 08:44 FAX 954 587 1054 Pharm Administration Boos

. egut ESp '~ NO. 1885 P, 5
/ %
2 ._300,1003
/ APR D5 2000 1 Docket No..__300.1005
\'\;; éf DECLARATION AND POWER OFf ATTORNEY
M{!@}‘ Bfaventor, Ihersby declars that

My residenos. post office nddresy and cilizenship aro 13 stuted below aesr o my name.

Ubelleve I um an original, firat and joint Inventos o fthe. rubject wmacer which is clelmed and tor which & patent {u sought on the faventiun catitled:

— CONTROLLED RELEASE METVORMIN COMBLBITIONS . tho wpecificarion of which

i2 atmched bersto

X: was flled an Noverber 3, 2000 8s Application Serisl No. 09/708,630 and was amended on _______ (i applicitie).

— 1 harsby muthorize and raqucst our atworsey, Davidson, Davideon & Rappel, LLC. of 485 Seventh Avesws, 14 Flucr, New Yaork,
New York 10018 o insért hore in parenhenes (Application number v filed
. Y the tiling duts aud application nunbar of sald applltation when kao'wn.

1 hereby s thar T inve revigwod 2nd undersmnd +he cowents of the above ideniflod specifisation, including the clalms, v4 amended by any
amendment raferred 1o gbove.

1 ieknowiedge the duty o disclose sl Liformaion which is known to me to be material 1o the pateniabibey of thiy spplisadon as defined in Tits 37.
Code of Fedeys) Reguladons, §1.56.

I nerehy claim foreign priofity bevefits under Tive 35, Unlied States Cude, §119 of any forsign and/or provizional application(s) for patent or
irvamor's cartficue tisted beiow and have also idnarificd balow any foreign endfor provisionsl application for parent or Invenuyr's cerficate hoving
a filing date before thae of the wpplicarion on which priatity {¢ clalmed,

PRIOR #PPLICATION(S) Priority claiimed
CNombery Comry) (Day/Month/Year Flad) Yo No
{(Number) (Cownry) (Day/Mont/ Year Filed) Yor No

1 hureby claim ts benefit under Tide 35, Unlisd Swunes Code, §120 of any United Stama applicadon(y) tsted bglow and, insofir a3 the subject marey
of each of e cluling of iy applicatitm 15 not diselesed in the prior Unlted Statss applization in the manncr providad by e fust poragraph of Title
35, Untted Suites Coda, §142, T acknowindge the duty to disskoss matrial Informadon as defined In Tie 37, Coda of Federal Regulations, §U.56(a)
wwhich oscurred beewesn the @iling dare of ths priur applicarion and the natdonal or PCT interauiions! flilng dar of whis dpplicarion:

“Appliction Serll Numbcr) (Filing Date) {Statug) {patented, pending, lbnnd()nt;r)

{Applicarion Serlal Nuraber (Flliag Daw) (Stawus) (patenied, pending. abanclond)

And 1 hereby appoint Clifford M. Duvidson, Reglsuaden No. 32,728, Laslys B. Davidsor, Reglstration No. 38,854, Cary &. Koppal, Registeatten
No, 36,361, William C. Gehrls, Registrauon Ne. 38,156, Morey B, Wiides. Reglutration 1o. 36,968, Raberg J. Paradiso, Rigistratiun No, ¢1.240.
Erik R, Swenson, Registrarion No. 0,833, o L. Appslbaum, Reglatraton No. 41,387, Cynthis R, Moore, Reglaursdon tu. 46,086, Dovid
Knasigk, Registration No. ¢5,091, Salvarore J. Malavisno, Reglewation No. 42,830, iy acuraeys, with full power of subutlwion and sevocptiun, 10
prasacuee this applicution and 1o transact adt business in ths Pateal and Trademark Offlce copnected therowidy; corresponxicnc: address: DAVIDSON,
DAVIDSON & KAPPEL, LLC, 485 Sevensli Avenise, 14" Floor, New York, New Yorl 1.0018; Telephone: (212) 736-1940; Fax: (212) 736-2427.

T hereby daclare tha all smewmeonts raads heréla of iy ovwn knowledge arc Fue and thet o)) natemencs ingde on fnformation and bellef are belleved 1o
be trug: ami forcior that these satsments were raads wih the knowledge that willful false statementy and tie 1ke 8o mada are punishable by fine ar

imprisuament, or bot, under Scoticn 1001 of Thle 18 of die United Starcs Code and that such willlul false swwements may jropardizs the valldity of
e applicallan or eny patent isgued theyeon,

Full aame of sole or firs: Full name of joig
lnvenwr Chiib Migp Chen Invemor, it any _ XtuXlu Cheng

4 O o ” ..
e e el f’L._,/ /dcz 5 . ~ — T
Inventor's signature / e ocand Inventos's signature : :_‘:% <

Daws ?//V/Q! Dawe f/)y/ﬁj_

Residence (cliv) . (RUs OT connury) Rasidence {ciy} . 2 (StIE oF country) .
citzensnip (UM (TZD  {TATES Chizenship __ UNITED — STATES
Foit Oftice Addresy: Post Office Aduress:
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Thicd Inventor’s s{gneture

DA }/LJ'X/O } !

Th054_ Pharm Administration

idoos

NO. 1885 P. 6

Full name of joint
Inventor, if A1y .

JogghChey . ——

Fourth laovenwr's gifinawre Vg

Dawe -3/1/0/

et it

Residence (cliy) ___._____‘.mwmm..___.
Chizomble AN TED _ GTATED

Post OHice Address:

Rcaidenco_(ﬂm_.______.(mw-ﬂﬂﬂm-,_.—
UNITED CTATES

Post Offica Address:

Cliizenship
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NP gey% 300.1005

2
K UNITED STATES PATENT & TRADEMARK OFFICE
APR D5 2001 B : 2
X %@/’/Rc; Application of: Chih-Ming Chen, et al. - ‘ﬁv‘-)
TRape™” ,
“““ Serial No.: 09/705,630

Ililed: November 3, 2000
Tor: Controlled Release Metformin Compositions

BOX: MISSING PARTS
Assistant Commissioner for Patents April 2, 2001
Washington, D.C. 20231

RESPONSE T:O NOTICE TO FILE MISSING PARTS

we
-

In response to the Notifical on of Missing Requirements dated February 2, 2001, a copy
of which is enclosed, pleass find an exccuted Declaration/Power of Attorney form signed by the
inventors, and a check in the amount o $1236.00 covering the basic filing fee, additional claims
fee, and surcharge.

1f any additional fezs are deemed (o be due at this time, the Assistant Commissioner i8

authorized to charge payment of the same to Deposit Account No. 50-0552.

Respectfully submitted,

DAVIDSON, DAVIDSON & KfAPPEL, LLLC

A

/ W/ /A
Rébert J. Pafadiso
Reg. No. 40

By

Cravidson, Davidson & Kappel, LLC
435 Seventh Avenue, 14" Floor
New York, New York 10018

(212) 736-1940

I aerehy certify that this correspondence andror documents
referred to 4d attached theeein and/or fee are beinyg
dzposned with the United States Postal Service us “first
crass meil” in an envelope addressd to "Ass:stant
Commissioner for Patents, Washirgton, [DC 20231" on
Apgil 2, 2001
[.‘u\V]i‘)’ﬁ})i‘{, DAVIDSON & KAPPEL, LLOC - -~
E ’/”—--'

By s

/A |
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y {

. Date: April 2, 2001

ASSISTANT COMMISSIONER FOR
V/ashington DC 2023ARR 05 2 .,
3 £

3 .
In re application of.’%%{ih-Ming (\“% et al. 4 :% I
Serial No.: 09/705,6304 rg,0e W’ e
Filed: November 3, ZOOU"‘/ e

For: Controlled Release Metformin Compostions

FORM PTO-1083 &SV P g + Docket No.; 300.1005
2,
(4]
)\’ATENTS

Sir:
T-ansmitted herewith is a Response to Notice to File Missing Parts in the above-identified application.
[ ] Small entity status under 37 C.F.R. 1.9 and 1.27 has been previously established.

) Applicants assert small entity status under 37 C.F.R. 1.9 and 1.27.
Ix] No fee for additional claims is required.

1 A filing fee for additional c'aims calculated as shown below, is required:
(Ced 1) (Cel. ) SMALL ENTITY LARGE_ENTITY
[ TOR: | REFAINING) HIGHES i 1 RATE | FEC | OR } RATE | _IFE

| I_AFTER L PREVIOQUSL Y] PRESENT]
| [ AMEADMENT] PAID FOR | EXTRA |

| TOIAL CLAIMS | *  Minus** = ] 0| 1x$ 9|8 | |x $ 18}%
JINDES  CEAIMS] % Minus*xx = ] 0 1 [x $ 40)$ | jx $ 80)§
[[ ] FIGST PRESENTATION QF MULTIPLE FF. CLATM| 1+ $135]8 | |+ $270)¢
10TAL: ¢ OR  TOTAL: ¢
[X] Also transmitted herewith are:
[ ] Petition for exterision under 37 C.F.R. 1,136 (in duplicate)

[X] Cther; Copy of MNotice to File Missing Parts of Nonprovisional Application
Declaration and Power of Attorney .
Application Data Sheet

(X) Check(s) in the amount of $1236.0 is/are attached to cover:
[X] Filing fee for additional claims under 37 C.F.R. 1.16
[ ] Patition fee for extensicn under 37 C.F.R. 1.136
[X] Cther: Basic Filing Fee
Late Filing Fee Surcharge

[X] The Assistant Comrnissior er is hereby authorized to charge payment of the following fees associated with this
comrmunication or credit any overpayment to Deposit Account No. 50-0552.

X] Any fiting fee under 37 C.F.R. 1.16 for the presentation of additional claims which are not paid by
check submitted herewith.

(X] Any patent application processing fees under 37 C.F.R. 1.17.

Q) Any petition fees for extension under 37 C.F.R. 1.136 which are not paid by check submitted herewith,

and it is hereby requested that this be a petition for an aut tic extension me under 37 CFR
/ / LT - D ’

Ra¥ert J. diso,'Reg. No. 47240
DAVIDS , DAVIDSON & KAPPEL, LLC
485 Seventh Avenue, 14™ Floor

New York, New York 10018

Tel: (212) 736-1940

Fax: (212) 736-2427

| ri3reby certify thal this cerrespondence and/or documents referied 1o as allached therein

an il lew arw being depesitec with the United States Postal Service as ‘first class mail” in an
e €020 addressed to "Assistant Convnissioner for Patants, Washington, (3.C. 20231" on
Al i S0ct.

DV EETREDAVIDSON 8 KAPPEL, LLE e

B ;r’:;;é,?z.:‘_f:i —
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¥y .
InV iﬁﬁﬁﬁiﬁ%rmation

Inventor One Given Name::
Family Name::

Postal Address Line One::
City::

State::

Country::

Postal or Zip Code::
Citizenship Country::

Inventor Two Given Name::
Family Name::

Postal Address Line Onie::
City::

State::

Country::

Postal or Zip Code::
Citizenship Country::

Inventor Three Given Name::
Family Name::

Postal Address Line One::
City: '

State::

Country::

Fostal or Zip Code::
Citizenship Country::

Inventor Four Given Name::
Family Name::

Postal Address Line One::
City::

State::

Country::

Postal or Zip Coce::
Citizenship Country::

Chih-Ming

Chen

10680 SW 40™ Manor
Davie

Florida

United States

33328

United States

Xiu-Xiu

Cheng

3150 W. Rolling Hills Circle #506
Davie

Florida

United States

33328

United States

Steve

Jan

512 NW 120 Drive
Coral Springs
Florida

United States
33071

United States

Joseph

Chou

6232 Treywood Lane
Manassas

Virginia

United States

20112

United States

AUROBINDO EX. 1007, 85



Correspondence Information

Correspondence Custorner Number::

Telephone::
Fax::
Electronic Mail::

Application Information

Title Line One::

Title Line Two::

Total Drawings Sheets::
Formal Drawings::
Application Type::
Docket Number::

Representative Information

Representative Customer Number::

Assignee Information

Name:: .
Postal Address Line One::
City::

State::

Country::

Postal or Zip Code::

23280

(212) 736-1940
(212} 736-2427
ddk@ddkpatent.com

Controlled Release Metformin
Compositions

8

No

Utility

300.1005

23280

Andrx Corporation
4001 SW 47" Avenue
Fort Lauderdale

Florida

United States

33314
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Page 1 ol

¢

g
; ;_Q\JITED STAES PATENT AMD TRADEMARK OFFICE

Py COMMISS DNER FOR PATENS
UNITED STATES PATENT anD TRADEMARK OFFIGE
Wase INGION, D.C. 2022

e WWWLUSPIO GV
{' ACPLIC A HON NUMBER l FILINGARECEIPT ATl ] FIRST NAMED APPLICANT ] ATTORNEY DOCEEY NUMUBEK ]
U0 8,630) 11/03,2000 Xiu Xiu (.fhcng 3001012
2!:%%80 N D & KAPPEL. LG FORMALITIES LETTER
e SEVENTH AVENUE. 1T FLOOR O A S
NEW YORK, NY 10018 *OC(00000005726415" |

Date Mailed: 02/02/2001

NOTICE TO FILE WISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

An application number and filing date have been accorded {o this application. The item(s) indicated below,
however, are missing. Applicant ‘s given TWO MONTHS from the date of this Notice within which to file ail
rexjuirad items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
tiling a petition accompanied by the exlension fee under the provisions of 37 CFR 1.136(a).

s The statutory basic filing f2e is missing.
Appiicant must submit $ 710 to complele the basic filing fee and/or file a small entity statement claiming
such status (37 CFR 1.27).
o Tola! additional claim fee(s) for this application is $396.
s $396 for 22 total claims over 20.
s The cath or declaration is missing
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the
above Application Number and Fif'ng Date, is required.

¢ Tc avoid abandonrnent, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(g)
of $130 for a non-small entity, must be submitted-with the missing items identified in this letter.

s The balance due by applicant is § 1236.

A copy of this notice MUST be returned with the reply.

6 63705830

X

: &
4 /: -/7 | dnex
Custother Scrvict Cenler
tyitial Patent Lixamination Divisiorn (703) 308-1202
PART 2 - COPY TO BE RETURNIED WITI RESPONSIE

GG

c

o
nFde b

tle:/CAAPPS\Pre ixam\correspondencet2 Boaxml ' ot 211001
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UNITED STAIES SATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT 0Ff COMMERCL
Unitod Staton Patout and Trudsmork Othices
Addern, COMMISSIONTI OF PATHNTS AND TRANFRAKS
Washington, DO 20031
W UL

{ APPLICATION NO. l FILING DATE I FIRST NAMED INVENTOR ] ATTORNEY DOCKE!‘NOT CONFIRMATION 19, J
OIS0 1140032000 Xin Xiu Cheng 300.1005 6707
21280 590 " 1273 12001 - '
DAVIDSON, DAVIDSON & KAPPEL, LLC o [ - EXAMINER — |
l:&".‘ﬁ Sf'E'VVIfNTH AVENUE, 14TH FLOOR . WARE. TODD
MNEW VORK, NY 100LE s _
r ARTUNIT l PAVER NUNEER J
1615 _ g
DATE MAILED: 12312001 - \

Please find below and/or attached an Office communication concerning this application or proceeding.

PTOSOC (Rev. 07701)
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‘.— T Application No. Applicant(s)
09/705,630 CHENG ET AL
Office Action Summary Examiner AT Ot
Todd D Ware : 1615

[
foeem

: - The MAILING DATE of this communication appears on the cover sheet with the correspondence address -
Period for Reply

A SHCRTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

. - Extensions of time rr.ay be available under the provisions of 37 CFR 1.136(a). In ho event, however, may a reply be timely filed
i after S X (6) MONTHS froin the mai ing date of this communication.
: . If the periad for reply specified abow: is less than thifty (313) days, a reply within the statulory minimum of thirty (30) days will be censidered timely.
- If NO periad to: reply is specified above, the raximuim s&itutory period witl apply and will expire SIX (6) MONTHS from the mailing date of this communication.
: - Faiwre 1o reply within tha set or extended per od for reply will, by statute, cause the application to become ABANDONED (35 U.S C. § 133).
i - Any reply received by the Office later than thrae months a'le) the mailing date of this communication, even if timely filed, may reduce any
) earned patent larm isdjusimant, Saee 37 CFR 1.704(1).

' Gtatus
(3] Responsive to communication(s) filed an 05 April 2001 .
2a:[[] This action is FINAL.. 2b)[X] This action is non-final.

3] Since this application is in condition for alfowance except for formal matters, prosecution as to the merits is
! closed in accordance with the praclice under Ex parte Quayle, 1935 C.D. 11, 453 O0.G. 213.

!
! Disposition of Claims

4[] Claimis) 1-42isfare pending in the application.

4a) Of the above claim{s) ______is/ae wilhdrawn from consideration.
5{] Claimis) _____isfare allowed.
81X Claim(s) 1-42 is/are rejected.
7V} Claimis) _____isfare (ibjected to.

8] Claimis)

Application Papers

_ are subject to restriction and/or election requirement.

9){] The specification is objected 1o by the Examiner.
10)[3 The drawing(s) filed on ______ isfare: a)[] accepted or b)[] objected to by the Examiner.
Applicant may not reguest thiat any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
is: a)[) approved b)[] disapproved by the Examiner.

11y{7] The proposed drawing correction filed on _

If approved, corrected drawir gs are required in reply to this Office action.
12)[] The cath or declaration is okjected {c by the Examiner.
1 Priority under 35 U.S.C, §§ 119 and 120
13)[] Ackncwledgment is made cf a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
ayL1Aal bl Some* )] None of:
1.1 Certified copies of the priority documents have been received.
2. certified copies of the priority documents have been received in Application No. ______

3.[]] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the atiached detailed Office action for a list of the certified copies not received.

18] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

a) [J The translation of the foreign language provisional application has been received.
15)_) Acknowledgment is made of a claim lor domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachrnent(s)

1) 1] Notice of Referenves Cited (PT0-892) 4[] Interview Summary (PTO-413) Pager No(s). ____ .
B [__| Motice of Drafisperson's Pateni Drawing Review (F TO-948) §) [j Notice of Informal Patent Application (PTO-152)
3) Fz’ Informatior Disclosure Statement(s) (PT0-1449) Paper Mo(s) 4 . 6) [:I Other:

U Bhter Tand Trademark Cffics

F10-326 (Rev. 04.01) Office Action Summary Part of Paper No. &
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Application/Control Number: 09/705,630 Page 2
Art Unit: 1615

DETAILED ACTION
Receipt of declaration and fee filed 4-5-01 and IDS filed 8-19-01 is

acknowledged. Claims 1-42 are pending.

Informatioh Disclosure Statement
The information disclosure statement filed 9-19-01 fails to comply with 37 CFR
1.98(a)(2), which requires a legible copy of each U.S. and foreign patent; each
publication or that portion which caused it to be listed; and all other information or that
portion which caused it to be listed. It has been placed in the application file, but the

information referred to therein has not been considered.

Claim Rejections - 35 USC § 112

1. The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or maore claims particularly pointing out and distinctly
clairning the subject matter which the applicant regards as his invention,

2. Claims 21-25 are rejected under 35 U.S.C. 112, second paragraph, as being
indefinite for failing to particularly point out and distinctly claim the subject matter which
applicant regards as the invention.

3. Claims 21-25 are rejected under 35 U.S.C. 112, second paragraph, as being
indefinite in that they fail to poirt out what is included or excluded by the claim

language. These claims are omnibus type claims.
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Application/Control Number: (09/705,330 Page 3
Art Unit: 1615

Claim Rejections - 35 USC § 102
4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejectiohs under this section made in this Office action:

A person shall be entitled to a patent unless -

{a) the invention was known or used by others in this country, or patented or described in a printed
publication in this o- a foreign country, before the invention thereof by the applicant for a patent.

{b* the invention was patenied or descriped in a printed publication in this or a foreign country or in public
use or on sale in this counlry, mare than one year prior ta the date of application for patent in the United
States

(e) the invention was described in a patent granted on an application for patent by another filed in the
United States before the: inventio thereof by the applicant for patent, or on an international application
by another who has fulfilied the raquirements of paragraphs (1), (2}, and {(4) of section 371(c) of this
fitle befare the invention thereaf by the applicant for patent.

The changes made to 35 U.S.C. 102(e) by the American Inventors Protection Act
of 1999 (AlPA) do nét apply to the examination of this application as the application
b2ing examined was no'. (1) filed on or after November 29, 2000, or (2) voluntarily
rublished under 35 U.8.C. 12Z(b). Therefore, this application is examined under 35

U.S.C. 102(e) prior to the amendment by the AIPA (pre-AlPA 35 U.S.C. 102(e)).

5. Claims 1-28, 31-42 are rejected under 35 U.S.C. 102(a) as being anticipated by
Lewis et al (WO 00/28989; hereafter '989).

‘989 discicses controlled release metformin compositions. ‘989 does not
explicitly disclose the functicnal iimitations of the instant claims, however since the
formulations of ‘989 are substantially the same, it appears that the instant claimed

functiona! limitations are inherent within ‘989. Therefore, the burden is shifted to
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Application/Control Numkber: 08/705,630 Page 4
Art Unit: 1615

applicants to demonstrate a difference between ‘989 and the instant claims (/n re

Swinehart, 169 USPQ 226 and In re Fitzgerald 205 USPQ 594).

6. Claims 1-42 are rejected under 35 U.S.C. 102(b) as being anticipated by. Cheng
et al (WO 99/47125; hereafter “125).

125 discloses cortrolled release metformin compositions and is relied upon for
the same reasons set forth in the previous 35 U.S.C. 102(a) rejections as being
anticipated by Lewis et al (WO 00/28989; hereafter '989). In addition, ‘125 discloses a

semi-permeable membrane coating surrounding the core.

7. Claims 1-28, 31-42 are rejected under 35 U.S.C. 102(b) as being anticipated by
Moeckel et al (5,955,.1 06; hereafter '108).

‘106 discloses controlied release metformin compositions and is relied upon for
the same reasons set forth in the previous 35 U.S.C. 102(a) rejections as being

articipated by Lewis et al (WO 00/28989; hereafter ‘989).

Claim Rejections - 35 USC § 103
8. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented ang
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made t¢ g person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not Je negatived by the manner in which the invention was made.
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Application/Control Number: 09/7035,630 : Page 5
Art Unit: 1615

9. This application currently nemes joint inventors. In considering patentability of
the ciaims under 35 U.5.C. 103(a). the examiner presumes that the subject matter of
the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obﬁgation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the tirﬁe a later invention was made in order for the examiner to
consider the applicability of 35 U.55.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g)

prior art under 35 U.5.C. 103(a).

10.  Claims 1-28, 31-42 are rejacted under 35 U.S.C. 103(a) as being unpatentable
over Lewis st al (WO 00/28989; herafter '989) or Moeckel et al (5,955,106; hereafter
“1086). |

‘989 and ‘106 both teach cortrolled release metformin compositions. They do
nat explicitly teach the functional limitations of the instant claims, however since the
formulations of these references are substantially the same, it appears that the instant
claimed functional limitations are inherent. Therefore, the burden is shifted to applicants
to demonstrate a difference between the prior art and the instant claims (/n re
Swinehart, 169 USPQ 226 and in re Fitzgerald 205 USPQ 594). Varying amounts of
ingredients, such as dos2, would have been obvious to one skilled in the art at the time

of the invention to provide a greater or lesser drug effect.

AUROBINDO EX. 1007, 93




Application/Control Number: 09/725,630 ‘ Page 6
Art Unit: 1615

11, Claims 1-42 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Cheng et al (WO 99/47125; hereafter ‘125) .

'125 teaches contralled release metformin compositions. They do not explicitly
teach the functional imitalions of the instant claims, however since the formulati_ons of
these references are: subsytan.tially the same, it appears that the instant claimed
functional limitations are inhereni. Therefore, the burden is shifted to applicants to
demonstrate a difference between the prior art and the instant claims (In re Swinehart,
169 USPQ 226 and /n re Fitzgerald 205 USPQ 594). ). In addition, '125 discloses a
serni-permeable 'membran.e coating surrounding the core. Varying amounts of
ingredients, such as dose, woulc have been obvious to one skilled in the art at the time

of the invention to provide a greater or lesser drug effect.

Double Patenting

12.  The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the "right to exclude" granted by a patent
and to prevent possible harassment by multiple assignees. See /n re Goodman, 11
.3d 1046, 28 USPQ2d 2010 (Fed. Cir. 1993); /In re Longi, 759 F.2d 887, 225

USPQ 545 (Fed. Cir. 1985); In r2 Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA
1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970),and, /In re Thorington,
418 F.2d 528, 163 IJSP() 644 (CCPA 1969).

A timely fileg terminal disclaimer in compliance with 37 CFR 1.321(c) may be
used to overcome an actual or provisional rejection based on a nonstatutory double
patenting ground provided the conflicting application or patent is shown to be commonly
owned with this application. Se= 37 CFR 1.130(b).

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b). '
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13.  Claims 1-42 are rejected under the judicially created doctrine of obviousness-
type double patenting as being unpatentable over claims 1-29 of U.S. Patent No.
| 6,099,859, Although the conflicting claims are not identical, they are not patentably
distinct from each other because: the claims are directed to limitations that are in a
genus-species relationship and the functional fimitations of the instant clairns would be

inherert in ‘859,

14,  Claims 1-42 are rejected under the judicially created doctrine of obviousness-
type double patenting as being unpatentable over claims 1-39 of U.S. Patent No.
6,284,275, Although the conflicting claims are not identical, they are not patentably
distinct from each other hecause the claims are directed to limitations that are in a
genus-species retationship and the fu-nctional limitations of the instant claims would be
inherent in ‘275. Also, buformin is an adjacent homolog of metformin and therefore

metformin is obvious over buformin.

15.  Claims 1-42 are rejected under the judicially created doctrine of obviousness-
type double patenting as being unpatentable over claims 1-4 of U.S. Patent No.
6,099,862, Although the conflicting ciaims are not identical, they are not patentably
distinct from each other because the claims are directed to limitations that are iﬁ a
genus-species relationship and the functional limitations of the instant claims wﬁuld be

inherent in ‘275.
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16.  Claims 1-42 are provisionally rejected under the judicially created doctrine of

obviousness-type double patenting as being unpatentable over claims 1-42 of
VRS g T 51303

“copending Application No.-09/7€5,630. Although the conflicting claims are not identical,

they are not patentably distinct from each other because the method claims disclose the

compositions.

This is a provisional obviousness-type double patenting rejection because the

conflicting claims have not in fact been patented.

17.  Claims 1-42 are provisionally rejected under the judicially created doctrine of
obviousness-type double patenting as being unpatentable over claims 1-29 of
copending Application No. 09/7226 193, Although the conflicting claims are not identical,
they are not patentably clistinct from each other because the method claims disclose the
compositions.

This is a provisional obviousness-type double patenting rejection because the

cenflicting claims have not in fact been patented.

18.  Claims 1-42 are provisionally rejected under the judicially created doctrine of

obvicusness-type double patenting as being unpatentable over claims 1-54 of
copending Application NQ. 09/534 637. Although the conflicting claims are not identical,
they are not patentably distinct rom each other because the method claims disciose the

compcesitions.
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This is a provisional obviousness-type double patenting rejection because the

conflicting claims have not in fact been patented.

Conclusion
19.  Any inquiry concerning this communication or earlier communications frdm the
examiner should be directed to Todd D Ware whose telephone number is (703) 305-
1700. The examiner can normezlly be reached on M-F, 8:30 AM - 5 PM.

If attempts to reach the exauniﬁer by telephone are unsuccessful, the examiner’s
supervisor, Thurman K Fage can be reached on (703)308-2927. The fax phone
numbers for the organization wherz this application or proceeding is assigned are (703)
308-4£56 for regular communications and (703) 308-4556 for After Final
cammunications.

Any inguiry of a general nature or relating to the status of this application or
proceeding should be directed to the receptionist whose telephone number is (703) 308-

1234,

tw
December 21, 200~
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UNITED STaTES PATENT AN TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMENCE
United States Putant and Vrudemurk Office
Addrusa: COMMISSIONER OF PATENTS AND THADEMANKS
Whashington, D.C. ¥012a0
www.uNplu.gav

[ APPLICATION HO. ] FLING DAY T FIRST NAMED INVENTOR W']‘OKNEY DOCKET NO. [ CONFIRMATION NO.
097705,630 117032000 Xiu Xiu Cheng 300.1005 67117
23250 7590 0312772002
DAVIDSON, DAVIISON & KAPPEL, LLC r EXAMINGR I
485 SEVENTH AVENUE, 14TH FLOOR .
NEW YORK, NY 10018 WARE, TODD
I_ ART UNIT RAPER NUMBER ]
1615
DATE MAILED:; 03/27/2002 (1&

Please find below and/or attached an Cffice communication concerning this application or proceeding.

PTC-90C (Rev. 07-01)

AUROBINDO EX. 1007, 103




f’ y\ﬁ UNITED STAY+. 8 DEPARTMENT OF COMMERCE
. : | Patent and Trademark Office

K’ L Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Ponres of Washington, D.C. 20231

| SERIALNUMBER | FILING DATE [ FIRST NAMED APPLICANT . | ATTORNEY DOCKETTNO. ]

27/ 765,630 1145 )oo CHENG E7 AL
l EXAMINER —l

[ ART UNIT | PAPERNUMBER |

DATE MAILED:
EXAMINER INTERVIEW SUMMARY RECORD

All participants (applicant, appllcﬁll's\reprosem:aﬂve, PTC personnsl): >
(.t O/éf;f‘;’i Q/ Lﬁ}'ﬁ{‘wé" v @) Ml renitas K ; Ko —
N ”':/ 64{/ /(. /5 / A < /4 @

Cale of interview l //70/ 5

Type: [ Teluphonic PﬂPersonal (copy isgivento [Clappiicant P/applicanlsreprasenlatwe)

Exhiblt showr or dernonstration conduz.ted. O Yes FNO. If yas, brief description:

Agiesment (T was reached with respect to some or all o/ the claims In question. * [] was not reached.

Claims discussed: 7% R Eprey

icantification of prior art discussed: /1} PAZAY Z}

P

Dascriptian of the general nature of whiit was agreed 1o Il an agreemsnt was reached, or any other comments: M_%/
preseslel end] 1. _L@cz’gzgﬁwﬂ_ﬁégf M
Sy 5’6’47‘ 7%1‘7‘4,@/4/ 7/0«'-4»\3 <) AW /%,‘ )

2L frv/f’/t/ ’7{3.17 va 7 ¢ CovsSy t/ens’/}gp sf/_ Ar/

,_g?‘?ﬁ?’ﬁﬂ'e’\f

(# taller dascription, 1) necassary, and a copy of the amencments, |l avallable, which the examiner agreed would render the claims allowable must be
altached. Also, where no copy of the amendments which would render the claims allowable Is available, a summary thereof must be attached.}

-1 is net necessary for applicant to provide a separate record of the substance of the Interview.

U floss -he paragrapt: below has baen checked o indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS NOT
WAVED AND MUST INCLUDE THE SUJBSTANCE OF THE INTERVIEW (e.g., ilems 1-7 on the raeverse side of this form). It a response to the last Office
actlon has already been filad, then applicant Is given one month from this interview dals to provide a statement of the substance uf the interview.

L1 2. Since the uxaminar's litarview summary above (including any attachments) reflects a completa yg onse 1o each of the objectlons, relactions and
tequirements that may be presant In tha last Qffice action, and since (he clairs are now allgwable, 1 Is complated f onsldered to fulfill the
epar

1esponse requlrernents of the last Office action. Appilicant Is not rslleved fragi providing g ate the sdbstarce of the interviev! unless
box 1 above Is also checked.
,LW‘)\(‘?'A)

PTOL-9413 (REV. 2-94) earniner's Signature
ORIGINAL FOR INSEHTHOM IN RIGHT HAMD FLAP OF FILE WRAPPER
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PF l l FION F()R l* XTFN.SION 0]* T’(Mf’ UNDER 37 CFR 1.136(a)

(Large Entity)

Docket ho. {

300.1005 d \ j'O(U,

M e

In e Applicaty

CHEN, et al.

L7

| \ 7 .
Serial N: 0‘3‘5 Filing Date Examiner Ggup Art Unit
09/705,630 03 5\ ovember 3, 2000 T. Ware ) Pe1s
1 s Ly
IR < T
invention: CONTROLLED RELEASE METFORMIN COMPOSITIONS C:;s;_,’ )
‘__;(,}- v g
tog 2 \'\.;,;
el < \- »)
ghH .
(43
2,
@

TO THE ASSISTANT COMMISSIONER FOR PATENTS;

This is a requast under the provisions of 37 CFR 1.136(a) to extend the period for filing a response to the Office Action

of .. Decembier 31, 2001 _above-identified apphcat;on
Dute

The requesied extension is as follows (check time period desired):

{0 oOne month U Two months Three months 3 Four months O Five months
from: ____ March31,2002 until; June 30,2002
- T - Dﬂf ' - Dﬂfﬂ

The fee for the extension o7 time is $920 and is to be paid as follows:

& A check in the amount of the fee is enclosed.

B The Commissioner is hereby authorized to charge any feaes which may be required, or credit any
overpayment, to Deposit Account No.

; A duplicate copy of this sheet is enc osed.

K if an additional extension of ime is required, piease consider this a petition therefor and charge
any additional fees which may be required to Depaosit Account No.
A duplicate copy of this sheet is enclosed.

W

) Dated: July 1, 2002
Robert J. P.lr.uhso, Reg
Davidson, Davidson & (appel, L1
485 Seventh Avenue, 14th floor
NB_ ';/\er;& y stl K 1001*; | rify that this document and fee is being deposited
j oW i ?r s NEW Y OT i on with the U.S. Poslal Service as
212-736-190 first class Thajl under 37 C.F.R. 1.8 and Is addressad to the
Assistant Combnigsioner for Patents, Washingion, D.C.
20231.
~
I . N
/1R/2002 HADHANNI 0BO00010 09705630 B Signature of Person tMailing Co spumluue
C1 FRell? 920.0¢ 0P : .
(o S - »
Typed or Printed Name of Pr.r.wm Maiting (‘wrw.p ann‘ence

P12LARGE/REVEB
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Re:  Application of: Chih-Ming Chen, et al. A -
Serial No.: 09/705,630 * (‘:
Filed: November 3, 2000 ‘,) |
For: Controlled Release Metformin Composntlons??1
Examiner: T. Ware Art Unit: 1615
Assistant Commissioner for Patents July 1, 2002

Washington, D.C. 20231

AMENDMENT UNDER 37 C.F.R. §1.111

[n response to the Office Action dated December 31, 2001, please enter the following

amendments and remarks:

INTHE CLA]MS

Please amend the claims as follows:

21 ic controllej relecmse oral iosage form ofclmm 3 which provides a mean AUC, . of
18277 £ 2961 ng-hr/ml and a mean C,,, of 1929 x 333 ng/m], based on administration of

a 1700 mg once-a-day dose of metformin after an evening meal.

o
JA]

The controlled release oral dJosage form of claim 3 which provides a mean AUC, , of

203335 £ 4360 ng-hr/ml and a mean C_,, of from 2053 + 447 ng/ml, based on

max

administration of a 2000 mg once-a-day dose of metformin after an evening meal.
23, The controlled release oral dosage form of claim 3 which provides a mean AUC,,, of

26818 :£ 7052 ng'he/ml and a mean C,,, of 2849 + 797 ng/m], based on administration of’

a 2000 mg once-a-cday dose of metformin after an evening meal.
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24.  The controlled release oral dosage form of claim 3 which provides a mean AUC,,, of
22590 2 3626 ng-hr/ml and a mean C,,, 0f 2435 + 630 ng/ml on the first day of
administration and a mean AUC,,, of 24136 + 7996 ng-hr/m} and a mean C,, of 2288 & |
736 ng/ml on the 14" day of administration,"_lhnas_cdﬂon administration of a 2000 mg once-

a-day dosc of metformin after an evening meal.

25.  The controlled release oral cosage form of claim 21 which provides a mean T, from 2.8

034,

REMARKS
The undersigned attorney gratefully acknowledges the courtesies extended by Examiner
Spear und Examiner Ware during the personal interview conducted at the United States Patent

and Trademark Office on March 21, 2002,

1. Status of the Claims

Claims 1-42 are pending. Claims 21-25 have been amended. Support for the amendment
to claim 21 is found mn the original specification as filed, e.g., at page 28, table 1; support for the
amendment to claim 22 is found in the original specification as filed, e.g., at page 30, table 3,
suppart for the amendment to claira 23 is found in the original specification as filed, .g., al page
34, tahle 6; support for the amendrent to claim 24 is found in the original specification as filed,
e.g., at page 32, table 5; support for the amendment to claim 25 is found in the original
specification as filed, e.g., at page 28, table 1. Itis respectfully submitted that no new matter has

been added by virtue of this amendment.

II. Information Disclosure Statement

In the Office Action, it was indicated that the Information Disclosure Statement filed on
September 19, 2001 did not comply with 37 C.F.R. 1..‘98‘(3)(2). As discussed during the
interview, it appears that the cited references became disassociated with the file and copies of 1he

references cited in the Information Disclosure Statement will be resubmitted by hand delivery.
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I11. Rejections Under 35 US.C, § 112

In the Office Action, claims 21-25 were rejected as being indefinite on the grounds of that
the claims are “omnibus type claims.”
In response, claims 21-25 have been amended as not to make reference to the Figures of

the application and it 1s respectfully recuested that these rejections be withdrawn.

1V. Rejections Under 35 U,S.C. § 102 and 35 U.S.C. § 103

In the Office Action, claims 1-Z8 and 31-42 were rejected as being anticipated and
obvious over WO 00/23989 (“Lewis et al.™), on the grounds that Lewis et al. “discloscs
controlted release metformin compositions [and] does not explicitly disclose the functional
limitations of the instant claims, however since the formulations of [Lewis et al.] are
substantially the same, it appears that the instant claimed functional limitations are inherent
within [Lewis et al.]”

Claims 1-28 and 31-42 were rejected as being anticipated and obvious over U.S. Patent
No. 5,955,106 (“Moeckel et al.”}, cn the grounds that Moeckel et al. “is relied upon for the same
reasons set forth in the [Lewis et al.) rejections”.

Claims 1-42 were rejected as being anticipated and obvious over WO 99/47125 (““Cheng
et al.”), on the grounds that Cheng et al. “is relied upon for the same reasons set forth in the
[Lewis et al.] rejections ... [and Cheng et al.] discloses a semi-permeable membrane coating
surrourding the core |

Wiih respect to rejections under the doctrine of inherency, it is noted that as set forth in
the MPEP, 8" editidn, section 2122, the fact that a certain result or characteristic may occur or be
present in the prior art is not suflicient to establish the inherency of that result or characteristic.
In re Rijckaert, 9 F.3d 1531, 1534, 28 USPQ2d 1955, 1957 (Fed. Cir. 1993) (reversed rejection
because inherency was based on what would result due to optimization of conditions, not what
was necessarily present in the prio: art); In re Oelrich, 666 F.2d 578, 581-82, 212 USPQ 323, 326
(CCPA. 1981). “To astablish inherency, the extrinsic evidence ‘must make clear that the missing
descriptive matter is necessarily present in the thing described in the reference, and that it would
be recognized by one of ordinary skill. Inherency, however, may not be established by
probalkilities or possibilities. The mere fact that a certain thing may result from a given set of
circwirstances is not sufficient.” ” [n ve Robertson, 169 F.3d 743, 745, 49 USPQ2d 1949, 1950-
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51 (Fed. Cir. 1999).

It is further set forth in the MPEP, 8™ edition, section 2122 that “[i]n relying upon the
theory of inherency, the examiner must provide a basis in fact and/or technical reasoning to
reasonahly support the determination that the alleged inherent characteristic necessarily flows
from the teachings of the applied pr.or art.” Ex parte Levy, 17 USPQ2d 1461, 1464 (Bd. Pat.
App. And Inter, 1990} (emphasis in original).

Further, as discussed during the interview, the Federal Circuit stated the following in
Continental Can Co. USA, inc. v. Monsanto Co., 948 F.2d 1264, 1268-69, 20 U.S.P.Q.2d 1746,
1749 (Fed. Cir. 1991):

lnherency, however, may nct be established by probabilities or possibilities. The
mere fuct that a certain thing muy result from o given set of circumstances is not
sufficient. If, however, the disclosure is sufficient to show that the natural result
Mowing from rhe operation as taught would result in the performance of the
questioned function, it seems to be well settled that the disclosure should be
regarded as sufficient.

In view of the above discussion on the doctrine of inherency, the references cited by the

Examiner are discussed below:

THE CHENG REFERENCE

The rejection of claims 1-42 on the grounds of anticipation and obviousness over WO
96/47125 (“Cheng et al.”) is respectfully traversed as the Cheng reference has not been fully
considered in its entirety.

As stated at page 3, lines 14-17 and at page 4, lines 6-9 of the Cheng reference, the
formulations disclosad therein provide a controlled or sustained release formulation for an
antihyperglycemic drug that obtair. peak plasma levels approximately 8-12 hours after

administration. Therefore, the T_, of the agent at from 5.5 to 7.5 hours after administration as

max
recited in the presen: claims cannot be inherent in the formulations disclosed in the Cheng
relererce. Further, the Chang reference does not provide motivation to one skilled in the art to

modifv the formulations therein to obtain a T, of the agent other than that which is specifically

max

taught in the reference, i.e, a T, of 8 to 12 hours.

In view of the arguments presented, the Examiner is respectfully requested to remove the
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anticipation and obviousness rejections over the Cheng reference.

THE L.EWIS REFERENCE

“The rejection of claims 1-2& and 31-42 on the grounds of anticipation and obviousness
over WO 00/28989 (“Lewis et al.”) is respectfully traversed.

As set forth i the MPEP, 87 edition, section 2112.01, in order to establish a prima facie
case of inherency based on either anticipation or obviousness, the prior art composition must be
produced by identical or substantia'ly :dentical processes. In re Best, 562 F.2d 1252, 1255, 195
USPQ 430, 433 (CCPA 1977).

The exemplificd formulations of the Lewis reference are Examples 1-7 on pages 10-12.
Example | describes a single or bilayer tablet comprising 4 or 8 mg of Compound 1 (an insulin
sensitizer) and 1000 1o 1500 mg of metiormin HCI coated with an enteric coating of Eudragit
[.30 D-35, triethyl citrate and tale Alphafil 500 in the described percentages; Example 2
describes the single or bilaver tablets of Example 1 coated with a semi-permeable membrane of
Ludragit RS30D, triethyl citrate and tale in the described percentages; Example 3 describes a
non-disintegrating matrix single layer tublet of Compound 1, metformin HCl and the described
excipients in the described amounts, and a bilayer tablet to provide sustained release of
Compound I and immediatz releasc of metformin HCI with the described excipients in the
described amounts; Example 4 describes a single and trilayer tablet of Compound I and
metfornin HC1 with the described excipients in the described amounts; Example 5 describes a
single layer tablet of Compound I and metformin HCl with the described excipients in the
described amounts; Example 6 describes a single and bilayer tablet of Compound I and
metformin HCI with the described excipients in the described amounts; and Example 7 describes
a capsule containing multiple pellet cores having Compound I, metformin HCI with the described
excipient in the described amounts.

The examples of the present specification teach formulations which comprise a core
cemprising metformin or a salt thereof, a membrane surrounding the core, and at least one

passageway in the membrane, the formulations providing a mean T, from 5.5 to 7.5 hours after

max
administration. Given the benefit cf the information provided by the present specification, one
skilled in the art would be able to modify other controlled release technologies in order to

achieve these pharmacokiretic parameters.
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As demonstrated above, the examples of the present application and the examples of the
Lewis reference are directed to different controlled release technologies by virtue of their
different ingredients, structure and methods of manufacture. Accordingly, a prima facie case of
anticipatian or obviousness based on inhérency has not been established as the Examiner has not
pravided a basis in fact and/or technical reasoning to reasonably support the determination that
the alleged inherent characteristic nzcessarily flows from the teachings of the applied prior art.
In fact, the Office Action has contradicted the position that the formulations described in the
Lewis reference and the examples cf the present.invention are substantially the same, as the
Office Action has indicated that claim 29' is not anticipated or obvious over Lewis.

Further, the Office Action has not taken into account that there is no teaching in the
Lewis raference to anvive at the claimed T,,, as recited in the present claims, nor does Lewis
provide any motivation to cne skillad in the art to achieve this parameter using the formulations
described therein. In fact, it is respectfully submitted that as Lewis is silent as to the T,,,, of their
formulations, one skilled in the art would be motivated to achieve a T,,,, from an
antihyperglycemic agent controlled release formulation which is known in the art, (e.g., a T, of
8-12 hours as taught in the Cheng reference). It is pointed out that the present claims do not
recite an all encompassing range ol T, ., but rather a particular subset which is not taught or
obvious over the prior art.

In view of the arguments piesented, the Examiner is respectfully requested to remove the

anticipation and obviousness rejections over the Lewis reference.

THE MOECKEL REFERENCE

The rejection of claims 1-28 and 31-42 on the grounds of anticipation and obviousness -
over 11.S. Patent No. 5,955,106 (“Moeckel et al.”) is respectfully traversed as the same arguments
set forth above with respect to the Lewis reference are applicable to the Moeckel reference.

The exemplified formulations of the Moeckel reference are Examples 1-7 on columns 5-9

'Claim 29 recities "‘[t]hn: controllzd rzlease dosage form of claim I, wherein the metformin is provided by at
least cne controlled-release tablet, said tablet comprising: -

(a) a core comprising:
() the metformin or a phanmaceutically acceptable salt;
(i) optionally a binding agent; and
(i) optionally an absorption enhancer;

(b)  a membrane coating surrounding the core; and
{c} atleast one passiageway in the membrane”.

6
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of the patent. Example 1 describes a process of preparing a formulation with a core of metformin
hydrochloride, methylhydroxypropyleellulose, polyvidone and magnesium stearate in the
specified amounts with a film envelope of methylhydroxypropylcellulose, ethylcellulose,
Macrogol and titanium dioxide in the specified amounts; Example 2 describes a process of
preparing a formulation with a core of metformin hydrochloride, hydroxyethylcellulose,
polyvidone and magnesium stearate in the specified amounts with a film envelope of
methylhydroxypropyl-cellulose, laciose, ethylcellulose, Macrogo! and titanium dioxide in the
specified amounts; Example 3 describes a process of preparing a formulation with a core of
metforuin hydroéhloride, sodium carboxy methy! cellulose, polyvidone and magnesium stearate
in the specified amounts with a film envelope of methylhydroxypropylcellulose, ethylcellulose,
Mzcrogol and titanium dioxide in the specified amounts; Example 4 describes a process of
preparing a formulation with a core of metformin hydrochloride, polyacrylic acid,
mf::thyll?.ydroxypropylbcllulose, and magnesium stearate in the specified amounts with a film
envelope of methylhydroxypropylcellulose, ethylcellulose, Macrogol and titanium dioxide in the
specified amounts; Example 5 describes a process of preparing a formulation with a core of
metformin hydrochloride, hydroxypropyl-cellulose, polyvidone and magnesium stlearate in the
spcified amounts with a film envelope of poly(ethylacrylate-inethylacrylate, talcum and anti-
foaming agent in the specified amounts; Example 6 describes a process of preparing a
formulation with a core of metformrin hydrochloride, methylhydroxypropylcellulose and
muagnesium stearate in the specified amounts with a filin envelope of
methylhydroxypropylcellulose, ethylccllulose, Macrogol and titanium dioxide in the specified
amounts; and Exarﬁple 7 describes a process of preparing a formulation with a core of metformin
hydrochloride, methylhydroxypropylcellulose, polyvidone and magnesium stearate in the
specified amounts with a fihm envelope of methylhydroxypropylcellulose, ethylcellulose,
Macrogo! and titanium dioxide in the specified amounts.

As set forth above, the Examnples of the present specification teach formulations which
camprise a core comprising metformin or a salt thereof, a membrane surrounding the core, and at
least one passageway in the membrane, the formulations providing the claimed pharmacokinetic

parameter of a mean T, from 5.5 to 7.5 hours after administration.

max

Accordingly, the examples of the present application and the examples of the Moeckel

reference are directed to different controlled release technologies by virtue of their different
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ingredients, structure and methods of manufacture. With respect to the Moeckel reference, as
well as the Lewis reference, the Office Action has contradicted the position that the formulations
described in the Moeckel reference and the examples of the present invention are substantially
the sarne, as the Office Action has indicated that claim 29 is nol anticipated or obvious over
Moeckel.

Therefore a prima fucie case of anticipation or obviousness based on inherency has not
been established as the Office Acticn has not provided a basis in fact and/or technical réasoning
to reasonably support the determination that the alleged inherent characteristic necessarily flows
from the teachings of the applied prior art.

Further, the Office Action has not taken into account the fact that that there is no teaching

in the Moeckel refereace to arrive at the claimed T as recited in the present claims, nor does

max
Moeckel provide any motivation to one skilled in the art to achieve this parameter using the
formulations described therein. In Jact, it is respectfully submitted that as Moeckel is silent as to

the T,,, of their formulations, one skilled in the art would be motivated to achieve a T, from a

max
biguanide controlled release formulation which is known in the art, (e.g., a T,,,, o/ 8-12 hours as
taught in the Cheng reference). As stated above with respect to the Lewis reference, it is pointed

out that the present claims do not recitz an all encompassing range of T,,,,, but rather a particular

max>
subset which is not taught or obvious over the prior art.
[n view of the arguraents presented, the Examiner is respectfully requested to remove the

anticipation and obviousness rejections over the Moeckel reference.

V. Douhle Patenting Rejections

Claims 1-42 were provisionally rejected under the judicially created doctrine of
obviousness type double patenting as being unpatentable over what is believed to be claims 1-34
of copending application serial number no. 09/705,625, as the Examiner inadvertantly rejected
the claims over claims 1-42 of 09/705,630 (the present application).

In response, in order to expedite the issuance of a patent, a terminal disclaimer is
submitted herewith over th's copending application. Applicants note that the obviation of an
obvious-type double patenting rejection by the filing of a terminal disclaimer is not an admission,

acquiescence, or estoppel on the merits of an issue of obviousness. See Quad Environmental

Thid

AUROBINDO EX. 1007, 113




300.1005

Technologies Corp. v. Union Sanitary District, 946 F.2d 870, 873-74, 20 U.S.P.Q.2d 1392,
1394-95 (Fed. Cir. 1991).

Claims 1-42 were rejected under the judicially created doctrine of obviousness type
double patenting as being unpatentable over claims 1-29 of U.S. Patent no. 6,099,859; claims 1-
39 of 1J.S. Patent No. 6,284,275; claims 1—4 of U.S. Patent No. 6,099,862. The Examiner states
with respect to each reference that “[a]lthough the conflicting claims are not identical, they are
not. patentably distinct from each other because the claims are directed to limitations that are in a
genus-species relationship and ‘the functional limitations of the instant claims would be inherent
in [the referénce].” Further, claims 1-42 were provisionally rejected under obviousness type
double patenting as being unpatentable over claims 1-54 of copending application no. 09/594,637
and over claims 1-29 of copending application no. 09/726,193 on the grounds that “the method
claims disclose the compositions”.

These rejections are respectfully traversed. 1t is submitted that the claimed

pharmacokinetic parameter of amean T, of 5.5 to 7.5 hours after administration as recited in

max

the present claims are not obvious in view of the claims of the cited references. As discussed
during the interview, although formulations encompassed by the claims of these references may
provide a T_,, of between £.5 to 7.5, the claimed pharmacokinetic parameters do not necessarily

max

flow from formulations encompassed by these claims. Therefore, the Examiner is requested to

remove these rejections,

V1. Conclusion

Attached hereto is a marked-up version of the changes made to the claims by the current
amendment. The attached pages are captioned “Version With Markings To Show Changes
Made.”

It is now beliaved that the above-referenced rejections and objections have been obviated

and it is respectfully requested that the rejections and objections be withdrawn. It is believed that

all claims are now in condition for allowance.
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According to currently recomniended Patent Office policy the Examiner is speci fically

authorized to contact the undersigned in the event that a telephonic interview will advance the

prosecution of this application.

An carly and favorable action is earnestly solicited.

Davidson, Davidson & Kappel, LLC

Patents, Trademarks and Copyrights
485 Seventh Avenue, 14th Floor
New York, New York 10018

(212) 736-1940

Respectfully submitted,

DAVIDSON, DAVIDSON & KAPPEL, LLC

/%4%,@)

RobertJ P#rddiso
Reg. No. 41,240

10
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Vers'f.mw\i_th Markings To Show Changes Made t,,:j"/“*-,j.
I- \P‘ E v, , N"C"“':" i
/O %) o e, I{";‘f,'.“,\‘
el d " Oy S ~ Y
INTHE CLAIMS {4 5 02 E (”’/CZC;,-,. S, L,
. ¢¥; e ‘::’? -
L o Koy
The following, clatfsraehecn amended as follows: ."['Fi_'ié%-)}
1

22.

23.

24,

(Amended) The controlled release oral dosage form of claim 3 which provides a mean

AUC, . of 18277 + 2961 ng-hr/ml and a mean C,,,, of 1929 + 333 ng/ml [a mean plasma

concentration-lime profiles of metformin substantially as set forth in FIG. 1}, based on

administration of a 1700 g once-a~-day dose of metformin afler an evening meal.

(Amended) The controllec release oral dosage form of claim 3 which provides a_mean

AUC, . of 20335 = 4360 ng-hr/ml and a mean C,, of from 2053 £ 447 ng/ml {a mean

plasma concentration-tims profiles of metformin substantially as set forth in FIG. 2],
based on adminisiration ¢ f a 2000 mg once-a-day dose of metformin after an ¢vening

meal.

(Amended) The controlled release oral dosage form of claim 3 which provides a mean

AUC,,,0f 26818 £ 7052 ng-hr/mi and a mean C, ., of 2849 + 797 ng/ml [a mean plasma

concentration-tirne profiles of metformin substantially as set forth in FIG. 4}, based on

administration of a 2000 mg once-a-day dose of metformin after an evening meal |at

dinner].

(Amended) The controlled release oral dosage form of claim 3 which provides a mean
AUC,,,0€22590 + 3626 ng-hr/ml and a mean C,,, 0£ 2435 + 630 ngrmt on the first day
of administration and a.mean AUC, ,, of 24136 £ 7996 ng-hr/ml and a mean C, |, of 2288

# 736 ng/ml or the 14" day of administration {a mean plasma concentration-time profiles

of metformin s\ubst‘a.nti.ally as set forth in FIG. 6], based on administration of a 2000 mg

once-a-day dose of metformin after an evening meal [at breakfast].

11
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(Amended) The controlled rzlease oral dosage form of claim 21 [3] which provides &

mean T, , from 2.8 1o 4.4 [aboul mean plasma glucose concentration-time profiles

substantially as set forth in FIG. 5, based on administration of a 2000 mg once-a-day dose

of metformin at dinner].

12
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FORM P7T\-1083 Docket No.: 3004005
Date: July 1 32 o
.ASSISTANT COMMISSIONER FOR PATENTS ’ ) 4 ‘:,A‘
" Washington. DC 20231 _ . N
<<.’\ﬂ' ; AN
I re applicationf: Chih-Ming Chen, et al. '5‘5 ’\ e ’ %\
Serial " £~09/705,630 "‘71'/ S .
Filiag (;0( PE dyember 3, 2000 fg, *»4,,‘;5,, O
Forf CONTROLLED RELEASE METFORMIN COMPOSTIONS ’ (,(/
L7y,
| wosany ¢ &
Si g ‘10(.:,
K 4

is an Amendment in the above-identified application.

Small entity status under 37 C.F.R. 1.9 and 1.27 has been previously established.
Applicants assert small entity status under 37 C.F.R. 1.¢ and 1.27.

No fee for additional claims is required.

A filng fee for additional claims caiculated as shown below, is required:

(Col. 1) (Col . 2) SMALL ENTITY _LARGE ENTITY
1 _fOR; - KEMAINING | FIGHEST [ RATE | FEE | OR | RATE | FEE
BFTEF. EREVIOUSLY| PRESENT
AMENLMENT| IAID FOR EXTRA .
TOTAL CLAIMS “*  Minug** = x08 9|6 x $ 181$
INJEP., CLAIMS +  Minug*xs* = %08 40]% X $ 80OlS
{ ! FIRST PRESENTATION OF MULTIPLE DEP,. |€LSIN%|S + $270185
TOTAL: § OR TOTAL: §

Also transmitted herewith are:

[X] Petition for extension under 37 C.F.R. 1,136 (in duplicate)

[X] Dther: Version With Markings to Show Changes Made and
Terminal Disclaimer to Obviate a Provisional Double Patenting Rejection over a Pending
Second Application

Check(s) in the amount of $1030.00 is/are attached to cover:
[ | Filing fee for additional claims ander 37 C.F.R. 1.16

[X] Petition fee for extension under 37 C.F.R. 1.136

[X) Dther: Terminal Disclaimer Fee

The Assistant Commissioner is hereby authorized to charge payment of the followidg fees associated witn this
communication or credit any overpayment to Deposit Account No. 50-0552.

[x] Any filing fee uncer 37 C.F.R. 1.16 for the presentation of additional claims which are not paid by
check submitted herewith.
X Any patent application processing fees under 37 C.F.R. 1.17.

x] Any petition fees for extension under 37 C.F.R. 1.136 which are not paid by check submitted herewith,
and it is hereby requested that this be a petition for an au atic extensjeq of time under 37 CFR '
1.136.

rtJ P |so 'Reg. No 41,240
DSON AVIDSON & KAPPEL, LLC
485 Seventh Avenue, 14" Floor
New York, New York 10018
Tel: (212) 736-1940
Fax: (212) 736-2427

1 hereby cerity that this corresponden =3 and/or documents 1efered 10 &s atlached
(heein andfor f62 are baing depositec with the Jniled States Pustal Service as “first
class mail In an envelope addressed 1o "Assistant Commis sionar for Patents,
Washinglon, 2.0 202317 on July 1, 2002

DAVIRE
L
Gk

ON, DAVIDSON § KAPPEL LLC

]r?[ofai
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fr. re'/f«ppllcatlon of: (,hlh-l\/l.’mg Chen, et al, nos %
Apgplication No. 09/705,530

Filizes Naovember 3, 2000
Far: CONTROLLED RELEASE METFORMIN C

Ky s

Tte cwner, Andrx Corporation of 100.00__‘";;{-}77 percent
iterest in the insiant appiicaticn hereby disclaims, except as provided below, the terminal part of the statutory term of
ary patent granted on the instant application, which would extend beyond the expiration date of the full statutory term
definad in 35 U.5.C. 154 to 156 and 173 as storteried by any terminal disclaimer filed prior to the granl of any palent ¢

yranted or: pencing second Apolication Number 09/705,623 , filed on November 3,2000

The owner hereby agrees that any patent so granted on the instant application shall be enforceable only for and during
such pericd thal it and any patent granted on the second application are commonly owned. This agreement runs with
any patent granied on the instant application znd is binding upon grantee, its successors or assigns.

Ir making the above disclaimer, the owner does not disclaim the terminal part of any patent granted on the instant
adplication that would extend to the expiration date of the full statulory term as defined in 35 U.S.C. 154 to 156 and 173
oi any patent granted on the second application, as shortened by any terminal disclaimer filed prior to the patenl grant,
irc thg event thal any such granted patent. expires for failure to pay a maintenance fee, is held unenforceable, is found
invalid by a court of competent jurisdiction, s statutorily disclaimed in whole or terminally disclaimed under 37 CFR
1.321, has all claims cancelled by a reexamination centificate, is reissued, or in any manner terminated prior to the
expiration of its full statutory term as shortened by any terminal disclalmer fited prior to its grant.

Check either box 1 or 2, if appropriate.

1. (3 For submissions on behalf of an organization (e.g., corporation, partnership, university, government
agency, etc.), the undersigned is empowered to act on behalf of the organization.

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on
information and belief are belisved to be true;, and further that these statements were made with the knowledge that
~illful false staterrents and the like so made uare punishable by fine or imprisonment, or both, under Section 1001 of
Thtta 18 of the United States Code and that such willful statements may jeapardize the validity of the application or any
patent issued lhereon.

2. %] The undersigned is an attorney of record.
3. Dwner/applicant is 3 Small entity X Large entity
The terminal disclaimer fee under 37 CFR 1.20(d) is $110.00 ___and is to be paid as foltows:

X} A check in the amount of the: fee is enclosed.

2] The Caommissioner is hereby authorized o charge any fees which may be required, or credit any overpayment,
to Deposit Account Number _ __50-0552 . A duplicate copy of this sheet is enclosed.

PTJ suggested wording for terminal disclaimer was

% unchange.

Signirn

TERMINAL DISCLAIMER TO OBVIATE A PRQVISIONAL DOUBLE i@No. I
| PATENTING REJECTION OVER A PENDINGSECDND APPLICATION [l seddfty ]

O, cha ea {if changed, an explanation should be supplied.)
Y, ~
L L. [ Datod: \_) 10, 1, Q60D

tify that doc i
Nurme ¥nd Address uj{ﬁrsuu Signing ify that Ihis documant and fee Is being deposited

?n \ \ arc \»&U}ﬂé& uas. P%stal Sen;.zice as
' ; irst class™ail under F.R. 1.3 and is addrassed ta the
Rohert J. Paradiso, Reg. No. 41,240 Assistant C issioner for Patents, Washington, D.C.
Davidson, Davidson & Kappel, LLC 20231,

485 Seventh Avenue, (dth Floor
‘w York, New York 10018

S —

RO - Sipnarnre of Person Maiing Cresperndence |
1OHAMM: 00000010 09705430 (\\

110.00 0P I-V-_T)-’ped or ;’r!nted Name of Person Maliling ('n;;’;'spor%

right - 595 Luegalsoft — P26/RE;{;1 !
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‘ SUBJECT: beCISION ON TERMINAL DISCLAIMERS lis: ORMAL FORM
DATE: __£-2-022 APPL. S.N: 071 205 ¢ 30
TO EXAMINER: ], lJo.ct ART UNIT: _ /645~

MOSE_MONTGOMERY  ROOM [LE /8 MAILROOM DATE _3A£~ 22

AFTER FINAL YES NO _t—~" NUMBER OF T.D(S). FILED __JL
you agree, please use the

INSTRUCTIONS: | have reviewed the submitied T.D. with the results as set forth below. If

upproplate form paragraphs Kentlfied by this informal memo in your next office ection to natify applicant about the T.D. If you
disagree with my analysis or have questions at all about the acceplabliity of the T.D., please se¢ me or our Speclal Program
Examiner, THIS MEMO 15 AN INFORMAL, INTERNAL MEMO ONLY. [T MUST NOT BE MAILED TO APPLICANT, NOR

S3HOULD A COPY BE IN LEFT IN FILE.
i1 Vﬁ ts PROPER and has been recorded. (See 14.23).
{4 The T.D. Is NOT PROPER and has not been accepled for the reason(s) checked below. (See 14.24).

[ ] The recording fee of §_ " has not been submitted nor ks there any pre authorization In the application file to charge
{o & dzposh account. (See 14,26,07) . )

[ 1 Application Examiner has not processed T.D. fee. (See fee authorization).

- b [ } The T.D. does not satisfy Rule 32 1{b)(3) in that the-person who has-signed the T.D. has.not stated his/her interest _. -
(and/cr the exdent of the Interest of the buslness entity represented by the elgnalure) in the application/patent. (See 14.26 and

44.26.01).

[ ] The T.D. lacks the enforceable only during the common owership clause needed to overcome a double patenting rejection,
Rule 321(c). (See 14.27, 14.27.01). L

[ ] Htis directed to a particuilar claims(s), which Is not acceptable since “ths disclaimer must be 61 a terminal portion of the
tarm of the entire patent to be granted™. MPEP 1490. (See 14.26, 14.26.02).

[ ] The person wha signed the terminal disclalmer: .
[ ] bas falled to stale histher capaclty (o sign for the business entily, (See 14.28).
[ ] fs not recognlzed as an officer of the assignee, (See 14.29 and possibly 14.29.01).

{ ] No documentary evidence of a chaln of {itle from the original Inventor(s) to assignee has been submifted, nor Is the reel
and frame specitied as to where such evidence is recorded in the office. 37 CFR 3.73(b). (See 1140 0.G, 72). NOYE: This
documentary evidence or the speclfying of the reel and frame may be found in the T.D. or in a seperate paper submitted by

applicant, (See 14.30). :

[ 1 No“statement” specifying that the evidentiary documents have been reviewed and that, fo the best of the assignee’s
knowledge and belief the litle Is in the assignee seeking to take action. 37 CFR 3.73(b). (See 1140 0.G. 72) (See 14.31).

[ ] The T.D. I nol slgned. (See 14.26, 14.26.3), or 14.26.03 If TD Is not signed by all the owners.
( ] Attgsriay not of record In cathvdec. or a seperate paper filed appolnting a new or assoclate attomey. (See 14.29.01).

[g’ﬁ\e serfal number of the application (or tha number of the patent) which forms the basls for the double patenting s
missing or incorrect. (See 14.32), .

[ 1 The serfal number of this application (ar the number of the patent in 1 orre case(s) belng disclaimed is missing
or incorrect. (See 14,26, 14.26.04 or 14.26.06).

{ 1 The period disclaimed s Incomrect or not specified. (See 14.27, 14.27.2 or 44.27.3)(For Samples 14.27.04 and 14.27.05)

{ 1 Other:

[ ] Suggestion {o request refund of § _ .(See 14.35, 14.36),

[ ] EXAMINER NCTE: |F APPLICATION IS [N CONDITION FOR ALLOWANCE ANY OF THE ABOVE INFORMALTIES
MAY BE FAXED Iy 1O THE; GROUP

FOR SAMPLE TERMINAL DISCLAIMERS AND CERTIFICATES:

1 1 Sumple of a TD over a panding application and assignea Cerlificate (See 14.37).
[ ) Semple of & TD over & prior patent and assignee Certificale (See 14.38).
[ | Semple Asslgnee Cerllfizate under 37 CFR 3.73 (b) (See 14.39)
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B - - (Applicatlon No. Applicant(s)
09/705,630 CHENG ET AL.
Office Action Suminary Exarminar Ar Unit
Todd D Ware 1615

-- The MAILING DATE of this commur.cation appears on the cover sheet with the correspondence address -
Perind for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY 1S SET TO EXPIRE 3 MONTH(S) FROM
IH[- MAILING DATE OF THIS COMMUNICATION.

Exdensions of time may ba availabls under the provisions. of 37 CFR 1.138(a). In no event, howsver, may a reply be timely filed
atter GIX (B) MONTHS from the medling date of this communicalion.
-l the period fur reply specified above is Yess than thirty (30) days, a reply within the stalutory minimum of thiry (30) days will be considared timely.
- W NQ period for reply is specifiad adove, the maximum statutory period will apply and will expire SIX (8) MONTHS from the maiting date of this communication.
- Failure to raply within the set of exterded period for reply will, by statute, cause the appication to become ABANDONED (35 U.S.C. § 133).
- Ary reply ruceived by the Office laler than three manths after the mailing date of this communication, even if timely filed, may reduce any
earned patent lerm adjusiment. See 37 CFFL 1.704(b).

Status
“)J = Responsive to communication(s) filed on 08 Juiy 2002 .
2a){] This action is FINAL. 2b)EJ  This action is non-final.

M Since this application is in condilion for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213,
Disposition of Claims

AP Claim(s) 1-42 is/are pending in the application.

4a) Of the above claim(s) _ is/fare withdrawn from consideration.
5)7] Claim(s) _ isfare allowed.
538 Claim{s) 1-42 is/are rejected.
[ Claim{s) _____isfare objected to.

8)[] Claim(s)
Appllcation Papers

are subject to restriction and/or election requirement.

[T The saecification is abjected to by the Examiner.
1M The drawing(s) fited on _____is/are: a)['] accepted or b){_] objected to by the Examiner.
Applicant may not request t1at any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
is: a)[] approved b)[] disapproved by the Examiner.

' 1 1] The proposed drawing corrzction filed on
If approved, corrected drawings are raquired in reply to this Office action.
12)["] The oath or declaration is objecled fo by the Examiner.
Priority under 35 U.S.C. §§119 and 120
13)[] Acknowledgment is made of a claimn for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)_JAll b)[_] Some * ¢){J None of:

1.[] Certified copies of the priority documents have been received.

2.[] Certified copies of the pricrity documents have been received in Application No. _

3{7} Copies of the certified copies of the priority documents have been received in this National Stage
applicaticn from the international Bureau (PCT Rule 17.2(a)).
* See the attached detailed Cffice action for a list of the certified copies not received.

19} Acknewledgment is rnade of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

a) [_] The translation of the foreign language provisional application has been received.
15)["] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121,

Attachment(s)

1] [] Motize of References Cited (PT(O-892) 4) D Interview Summary (PTO-413) Paper No{s). ______.
2) [:] Notize of Oraftsperson’s Patent Drawing Review (PT0-948) ) 5) E] Notice of informal Patent Application (PTO-152)
34 [] infoimation Disclosure Staternent(s) (PTO-1449) Paper No(s) . 6) D Other:

35 Paient and Trader iai ik Offic:a
PT0-325 (Rav. 04-11) Offica Action Summary Part of Paper No, 10
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Application/Control Number: 09/705,630 , Page 2
Art Unit 1615

DETAILED ACTION
Receipt of request for extension of time (granted), amendment and terminal
disclaimer all filed 7-8-02 is acknowledged. Claims 1-42 are pending. Based upon the

new grounds for rejection, the instant Office Action is “non-final.”

Claim Rejections - 35 USC § 112

1. The following is a quotation of the first paragraph of 35 U.S.C. 112:

The specification shall contain z written description of the invention, and of the manner and process of
making and using i, in such full, clear, concise, and exact terms as to enable any person skilled in the
art to which it partains, or with which it is most nearly connected, to make and use the same and shall
set forth the best mode: contemplated by the inventor of carrying out his invention.

2. Claims 1-30 are rejected under 35 U.S.C. 112, first paragraph, as containing
subject matter which was not described in the specification in such a way as to enable
one skilled in the art to which it pertains, or with which it is most nearly connected, to
make and/or use the invention.
3. The: instant specification fails to provide information that would allow the skilled
artisan to practice the instant invention without undue experimentation. Attention is
directed to In re Wands, 8 USPQ2d 1400 (CAFC 1988) at 1404 where the court set
forth the eight factors to consider when assessing if a disclosure would have required
undue experimentation. Citing Ex parte Forman, 230 USPQ 546 (BdApls 1986) at 547
the court recited eight factors:

1) the quantity of 2xperimentation necessary,

2) the amount of direction or guidance provided,
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3) the presence of absence of working examples,

4) the nature of the invention,

5) the state of the prior arl,

) the relative skill of those in the art

7) the predictability of the art, and

8) the breadth of the claims.

Applicant fails to set forth the criteria that deﬁneé the dosage form or steps in the
production of the composition that results in the dosage form having the instant claimed
ptasma profile. Additionally, Applicant fails to provide information allowing the skilled
artisan to ascertain the plasma profile without undue experimentation. In the instant
case, the provided examples set forth dosage forms made according to a process
where the dosage forms have the same composition as those of US 6,099,859 ('8589).
However, ‘859 discloses that the: peak plasma profile is approximately 8-12 hours after
administration, whereas the instant specification/claims state that the dosage forms,
which appear to have the: same compasition and process of making as ‘859, have a
peak plasma profile of 5.5-7.5 hours. Itis noted that these examples are neither
exhaustive, nor déﬂne the class of compounds required. The pharmaceutical art is

unpredictable, requiring each ernbodiment to be individually assessed for physiological

activity. The instant clairns read on all antihyperglycemic drug compositions where the
maximum plasma concentration occurs from 5.5-7.5 hours after administration,

necessitating an exhauslive search for the embodiments suitable to practice the claimed
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invention. Applicants fai' to provide information sufficient to practice the claimed

invention, absent undue experimentation.

4. The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and disﬁncﬂy
claiming the subject matter which the applicant regards as his invention.

5. Claims 21-3() are rejected under 35 U.S.C. 112, second paragraph, as being
indefinite for failing to particularly point out and distinctly claim the subject matter which
applicant regards as the invention.

6. Claims 26-30 recite the limitation where the drug is metformin. There is
insufficient antecedent basis for this limitation in the claim (the claims from which these
depend do not have metformin in the compositions).

7. Recitation of "based on” in claims 21-25 is indefinite since it is unclear whether
Applicant is claiming that the dose of administration for metformin is “X" mg after an
evening meal or whether another dose of metformin provides these limitations. In the
event the AUCo.nnity for a particular dose of metformin is claimed, amendment with “for

administration” is suggested to overcome the instant rejection.

Claim Rejections - 35 USC § 102
8. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

& person shall be: entitled to a patent untess
(b) the invention was patented or describied in a printed publication in this or a foreign country or in public

use Or on sale in this country, more than one year prior to the date of application for patent in the UUnited
Slates,
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9. Claims 31-42 are rejected under 35 U.S.C. 102(b) as beihg anticipated by Cheng
et al (WO 99/47125; hereafter ‘125).

10.  '125 discloses cortrolled release antihyperglycemic dosage form that has the
same composition taught by the specification as providing the instant mean fluctuation

indexes.

Response to Arguments
11.  Applicant's arguments filed 7-8-02 have been fully considered but they are not
persuasive. Applicant argues that the dosage forms of ‘125 do not disclose the same
plasma profiles as in instant claims 1-31, however, the instant claims are not limited to
plasma profiles. It is again submitted that the instant dosage forms are the same as

those of ‘125 and that thay would have the same mean fluctuation index.

Conclusion
12.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Todd D Ware whose telephone number is (703) 305-
1700. The examiher can normally be reached on M-F, 8:30 AM - 5 PM,

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Thurman K Page can be reached on (703)308-2927. The fax phone

numbers for the organization where this application or proceeding is assigned are (703)
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308-4556 for regular communications and (703) 308-4556 for After Final
communications.
Any inquiry of a general nature or relating to the status of this application or

proceeding should be directed to the receptionist whose telephone number is (703) 308-

1234.

tw
October 20, 2002

)
-;uvﬁfmw@ s

TECHNOLOGY CENTER 1600
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Re: Application of: Xiu Xiu Cheng, et al (%/\<‘ f’ ‘5\
: Applicat $ ) s . ,5)’ 2, (,.:3
. - @

Serial No.: 09/705,630 ‘%
Filed: November 3, 2000
For: . Controlled Release Metformin Compositions

Examiner: T. Ware Art Umt: 1615

PETITION FOR EXTENSION UNDER 37 CFR 1.136(a)

Assistant Cominissioner for Patents February 24, 2003

Washington, D.C. 20231
Sir:

Applicants petition the Assistant Commissioner for Patents to extend the time for
response to the Office Action datec October 22, 2002 for one (1) month from January 22, 2003
to February 24, 2003.

A check in the amount of $110.00 is enclosed to cover the one month extension fee. If it
is determined that additional fees are due at this time, the Assistant Commissioner is hereby

authorized to charge said fees to Dzposit Account No. 50-0552.

Respectfully submitted,
DAVIDSON, DAVIDSON & KAPPEL, LL.C

Davidson, Davidson & Kappel, LL.C
485 Seventh Avenue, 14th Floor
New York, New Yotk 10018

(212) 736-1940
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.ol PTO-1€83 Docket No.: 300.1005

Date: February 24, 2003
ASSISTANT COMMISSIONER FOR PATENTS il

Washinglon, DC 20231

(o]
X = 0
2 z M
fr re applicat-on: Xiu Xiu Cheng, et al. e = )
Serial No.: 09/705,630 m < fﬂ
Filed: November 3, 2000 3 --!. =
For CONTROLLED RELEASE METFORMIN COMPOSTIONS > 'c; g
S na
=
Transmitted herewith is an Amendment in the above-identified application.
[ ] Small entity status under 37 C.F.R. ~.9 and 1.27 has been previously established.
i Applicants assert small entity status under 37 C.F.R. 1.9 and 1.27.
iX| - Mo fee for additional zlaims is required.
i} A filing fee for additional claims calculated as shown below, is required:
{Zol. %) (Col. 2) SMALL ENTITY LARGE ENTITY
EOR: REMAINI NG| HIGHEST T RATE | FEE | OR | RATE_|_ FEE
AFTER PREVIQUSLY| PRESENT
| AMENDMENT | PA D FOR EXTRA
|TOTAL CLAIMS *  Minug® s = x08 [ x § 181§
CINDEP. CLAIMS © Minug*rx = |xD$ a0]s x_$ 801$
7] FIST PRESENTATION OF MUkl (PLE DEP. |€LAIH$[S + $27018
TOTAL: $ OR  TOTAL: §
X Also transmitted herewith are:
[X] Petition for extension urnder 37 C.F.R. 1.136
[ ] Cther:
X

Check(s) in the amount of $110.00 s/are attached to cover:
[ ] Filing fee for additional claims under 37 C.F.R. 1.16
[X] Petition fee for extension under 37 C.F.R. 1.136

[ ] Other: Fee for submission of Information Disclosure Statement
X] The Assistant Commissioner is hersby authorized to charge payment of the following fees associated with this
commiunication or credit any overpayment to Deposit Account No. 50-0552.

(X]

(X]
{x]

Any filing fee under 37 C.F.R. 1.16 for the presentation of additional claims which are not paid by
check submitted hzrewith.

Any patent application processing fees under 37 CF.R. 1.17.

Any petition fees for extension under 37 C.F.R. 1,136 which are not paid by check submitted herewith,

and it is hereby requested that this be a petition for an automatic extensi e under 37 CFR
1.136.

. Davidson, Reg. No. 32,728
DAVIDSON, DAVIDSON & KAPPEL, LLC
485 Seventh Avenue, 14" Floor
New York, New York 10018
Tel: (212) 736-1940
Fax: (212) 736-2427
| har sty certify tha: this comaspondence and/or dacuments referred ta as altached

fherein andior fer are baing deposited with the United Statas Poslal Service as “first
class il v an enveloge addressed to “Assistart Commissioner far Patents,
aaskinglon, 0.0, 20241 on February 24, 2003,

|;)AV|D;30‘\J. DAVLVP\I KAPPEL, LLEG

-~ Sy
v 4*{/2&4&&44& oy,
_ s

t2
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UNITED STATES PATENT & TRADEMARK OFFICE ﬁ
pot o

= I

Re:  Application of: Xiu Xiu Cheng, et al. Eﬁ Z g

; i R .

! Serial No.: 09/705,630 m o~ [T

Z B <

Filed: November 3, 2000 g = M

| 3 £
i} For: Controlled Release Metformin Composiﬁci?hs

Examiner: T. Ware Art Unit: 1615

Assistant Commissioner for Patents February 24, 2002
Washington, 13.C. 20231

AMENDMENT UNDER 37 C.F.R, § 1.111 -
Sir

—

[n response to the Cffice Action mailed on October 22, 2002, Applicants respectiully

e e

reconsideration of the application in view of the following amendments and remarks.

IN THE CLAIMS

Please cancel claims 2-3, 6, 28, and 31-42 without prejudice.
. Please amend the claims as follows:

1. (Amended) A controlled release oral dosage form for the reduction of serum giucose

levels in human patients with NIDDM, comprising an effective dose of metformin or a
pharmaceutically abcr:ptable salt taercof and a controlled-release carrier to control the release of
said metformin or pharmaceutically acceptable salt thereof from said dosage form, said dosage
form being suitable for providing once-a-day oral administration of the metformirn or
pharmaccutically acceptable salt thereof, wherein following oral administration of a single dose,
the cosage form provides a mean time to maximum plasma concentration (Tmax) of the '

metformin from 5.5 to 7.5 hours after administration following dinner.
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-p . ] s . PR . . .
- :v!Amendcd) The controlled release oral dosage form of claim 1, which provides a mean time to
‘muximem plasma concentration (T,n) of metformin at from 6.0 to 7.0 hours after the

-
“)J administration of the dose.

:é/( {Amended) The controlled release oral dosage form of claim i, which provides a mean time to
maximum plasma concentration (T, ) of metformin at from 5.5 to 7.0 hpurs after the -

administration of the dose.

‘_',;@‘f'f}/-’(/\lm:ndc‘:d:) The controlled release oral dosage form of claim 1, which exhibits the following
o dissolution profiles when tested in a3 USP type 2 apparatus at 75 rpm in 900 mi of simulated
intestinal fluid (pH 7 3 phosphate buffer) and at 37 C:
/.)' 0-30% of the metformin or salt thereof is released after 2 hours;
(l' ‘7../’ t0-45% of the metfarmin or salt thereof is released after 4 hours;
30-90% of metformin or salt thereof is released after 8 hours;
not less than 50% of the metformin or salt thereof is released after 12 hours;
nof less than 60% of the metformin or salt thereof is released after 16 hours; and

not less than 70% of the metformin or salt {hereof is reteased after 20 hours.

. _f;; %T Amended) The controlled release oral dosage form of claim 1, which exhibits the
) following dissolution profiles when tested in a USP type 2 apparatus at 75 rpm in 200 ml
of simulated intestinal fluid (pH 7.5 phosphate buffer) and at 37 C:
0-25% of the metformin or salt thereof is released after 2 hours;
20-40% of the met{ormin or salt thereof is released after 4 hours;
45-90% of the metiormin or salt thereof is released after 8 hours;
not less than 60% cof the metformin or salt thereof is released after 12 hours;
not less than 70% of the metformin or salt thereof is released after 16 hours; and

not less than 83% of the metformin or salt thereof is released after 20 hours.
l&&;/.‘)’. (Amended) The controlled release oral dosage form of claim 1, which provides a width at 50%

ol'the height of a mean plasma concentration/time curve of the metformin from about 4.5 (o

about 13 hours.
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,;:%J.(f (Amended) The controlled release oral dosage form of claim 1, which provides a width at
// .
© 50% of the height of @ mean plasma concentration/time curve of the metformin from about 5.5 to
T') about 10 hours.
W
\)' o ' -
T
(ﬁ, N

(Amended) The controlied release oral dosage form of claim 1, which provides a
mean maximum plasma corcentration (Cmay) of metformin which is more than about 7 times the

~mean plasma level of said metformrn at about 24 hours after the administration.

,7,12/ {Amended) The controlled release oral dosage form of claim 1, which provides a
7 ,
mean maximum plasina concentration (Ciy,y,) of metfonmin which is from about 7 times to about

14 times the plasma level of said metformin at about 24 hours after administration.

/7@1/13;/ (Amended) The controlled release oral dosage form of claim 1 which provides a mean
/ maximum plasma concentration (Cmy,) of metformin which is from about 8§ times to about 12

tlimes the plasma level of said metformin at about 24 hours after administration.

.?{/1 37 “ {Amended) The controlled release oral dosage form of claim | which provides a mean
maximum plasma conceniration (Cpmax) of metformin from about 1500 ng/ml to about 3000

ng/ml, based on administrazion of a 2000 mg once-a-day dose of metformin.

Aim §/ {Aruended) The controlled release oral dosage form of claim 1, which provides a
Z

mean maximum plasma concenlration (Cppey) of metformin from about 1700 ng/ml to about 2000

ng/ml, based on administration of a. 2000 mg once-a-day dose of metformin,

j\j’} $-" (Amended) The cortrolled release oral dosage form of claim 1 which provides a mean
/A’I,.]Co.z:u,‘- of at least 80% of the mean AUC.,4 provided by administration of an immediate
release reference standard twice a day, wherein the daily dose of the reference standard is

‘bstantially equal to the once-a-dey dose of metformin administered in the controlled release

ssage form.

*~ N—
————
/’;_/
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Jf'xy * (Amended) The con:rolled rzlcase oral dosage form of claim 1 which provides a mean
“A LUICq-24te Of at least 90% of the mean AUCy.24 provided by administration of an immediate
release reference standard twice a day, wherein the daily dose of the reference standard is

substantially equal to the once-a-day dose of metformin administered in the controlled release

(")_

uS‘li%)" : NP o
’ - is 218 (Amended) The controlled release oral dosage form of claim 1 which provides a mean
7 .
" AUCj.2¢, from about 17200 ng.hr/ml to about 33900 ng.hr/ml, based on administration-of a 2000

mg once-a-day dose of metformin.

' U’gy {Amended) The controlled release oral dosage form of claim 1 which provides a imean

AUCq 24, from about 17200 ng.hr/nl to about 26500 ng.hr/ml, based on administration of a 2000

myg ance-a-day dose of metformin.

/7/”[{ {Amended) The controlled release oral dosage form of claim 1 which provides a mean

© AUCp.2an: from about1 9800 ng.hr/ml 10 about 33900 ng.hr/ml, based on administration of a 2000

my once-a-day dose of metformin.

_ Lf’}i/ (Amended) The controlled release oral dosage form of claim | which provides a mean
" AUCy... of 18277 + 2961 ng'hr/ml and a mean Cpyy of 1929 + 333 ng/ml, for administration of a

1700 mg once-a-day dose of metformin after an evening meal.

192 4 {Amended) The controlled release oral dosage form of claim 1 which provides a mean

< AUUCq.. of 20335 £ 4360 ng-hr/ml and a mean Cpy,y of from 2053 + 447 ng/m], for

administration of a 2000 mg once-a-day dose of metformin after an evening meal.
'2921 ’ (Amended) The controlled release oral dosage form of claim 1 which provides a mean
et J

"‘AUCO.Z:; 0f' 26818 + 7052 ngrhr/ml and a mean C,,; of 2849 + 797 ng/ml, for

administration of a 2000 mg once-a-day dose of metformin after an evening meal.

AUROBINDO EX. 1007, 133




300.100s

;..t/’?,ﬁ’.’ {(Amended) The conrolled release oral dosage form of claim 1 which provides a mean

Qf'),; CAUCH 2 0f 22590 + 3626 ng-hr/ml and a mean C,p,; of 2435 + 630 ng/ml on the first day of

'_,/

adiministration and a mean AUCy.24 0f 24136 £ 7996 ng-hr/ml and a mean Cyryx of 2288 + 736
(1?\(\ ';\5 « ng/m! on the 14™ day of adrministration, for [based on] administration of a 2000 mg once-a-day

dose ol metformin after an evening meal.

: )
4‘?
ZM {Amended) The controlled release oral dosage form of clain /Zf/whlch provides a mean

/ lin from: 2.8 to 4.4.

.

K ﬁ}] {Amended) The controled release oral dosage form of claim 9 which provides a mean

7 time to maximum plasma concentration (Tmax) of metformin from 5.5 to 7.0 hours after

administration.

){ { Amended) The controlled release dosage form of claim 1, wherein the metformin or
_ /harm aceutically acceptable salt thereof is provided by at least one controlled-release tablet, said
ﬁ))\j tablet comprising:
e (a) 2 core comprising:
) the metformin or a pharmaceutically acceptable salt;
(i1) optionally a binding agent; and

(i11)  optiorally aa absorption enhancer;

(b) a membrane coating surrounding the core; and
(c) at least one passageway in the membrane,
REMARKS

Reconsideraton of the present application is respectfully requested An early and

favorable action on the merits is earnestly solicited.

1. Status of the Claiis

Claims 1, 4-£, 7-30 are pending; claims 2-3, 6, and 31-42 have been cancelled without

prejudice; and claims 1 and 4-5. 7-25, 27 and 29 have been amended without prejudice. It is

respectiully submitted that no new malter has been added by virtue of this amendment.
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I1. Rejections Under 35 U.S.C. § 112, First Paragraph

1n the Office Action, claims 1-30 were rejected under 35 U.S.C. § 112, first paragraph as
containing subject matter which was not described in the specification in such a way as to enable
one skilled in the art to which it pertains, or with which it is most nearly connected, to make
and/or use the invention. The Examiner states that “[t]he instant specification fails to provide
information that would allow the skilled artisan to practice the instant invention without undue
experimentation.” The Examiner directs the Applicants attention to In re Wands, 8 USPQ2d
1400, 1404 (Fed. Cir. 1988) and the eight factors discussed therein when assessing if a disclosure

~would have required undue experimentation.

The Examiner notes that “these examples are neither exhaustive, nor define the class of
compound required,” and that “[t]he pharmaceutical art is unpredictable, requiring each
embodiment to be individually assessed for physiological activity.” The Examiner further states
that “the instant claims read on all antihyperglycemic drug compositions where the maximum
plasma concentration occurs from 5.5-7.5 hours after administration, necessitating an exhaustive

search for the embodiments suilable to practice the claimed invention.”

In response and-in order to advance the prosecution of the present application, claim 1
has been armended without prejudice to recite “metformin™ in place of “antihyperglycemic drug.”
As merntioned above, the claims of the present application are clearly enabled for metformin or a
pharmaceutically acceptab’e salt thereof, and as amended, the present claims do not “read on all

antihyperglycemic cornpositions”.

[n any event, Applicants ars nol required to exemplify every formulation which would be
encompassed by the claim and it would be tremendously costly, inefficient and perhaps unethical
to require manufacturing and testing of alternative forrnulations as apparently deemed necessary
by the Examiner in the last Office Action. At the time the present application was filed, there
were numerous controlled release zechnologies in the art, and testing for drug-plasma levels is

routine in clinical studies.
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Therefore, it is respectfully submitted that once the Ty range which provides for a
useful desage form has been established, other controlled release technologies known in the art
can be manipulated and tested to achieve this Tyax range without undue experimentation as

discussed below.

A. The Test for Enablement

[: is well recognized that “[t'he test of enablement is whether one reasonably skilled in
the art could make or use the invention I'rdm the disclosures in the patent coupled with
information known in the art without undue experimentation.” United States v. Telecironics,
Inc., 8 USPQ2d 1217, 1223 (Fed. Cir. 1988), cert. denied, 490 U.S. 8 USPQ2d at 1046 (1989).
“The determination of what constitutes undue experimentation in a given case requires the
application of a standard of reasonableness, having due regard for the nature of the mvention and

the state of the art.” In re Wands, 8 USPQ2d at 1404 (citations omitted). The test is not merely

quintitative. since a considerable amount of experimentation is permissible, if it is merely

routine, or if the specification in quastion provides a reasonable amount of guidance with respect

to the direction in which the experimentation should proceed.” Id. (Emphasis added). The very

nature of pharmaceuticals requires Hoth formulation work and clinical (in-vivo) evaluation, and
therefore giving due regard for the aature of the invention, the amount of experimentation
necded to prepare a suitable contro.led release formulation using a technology other than that

exempl:fied in the specification does not amount to undue experimentation.

B. Dosage Forms and Plasma Profile of the Present Invention

in the Office Action the Examiner states that “Applicant fails to set forth the criteria that
defines the dosage form or steps in the production of the composition that results in the dosage

form having the instant claimed plasma profile,” and that “Applicant fails to provide information

allowmng the skilled artisan to ascertain the plasma profile without undue experimentation.”

The invention as claimed is directed to a controlled release oral dosage form for the

reduction of serum glucose levels in human patients with NIDDM wherein a maximum plasma

7
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concentration is obtained at 5.5 to 7.5 hours after administration, irrespecﬁve of the particular
technology employed in the controllec. release dosage form. Certain representative examples of
these formulations are provided in the present application, and it is explained in the specification
that a number of controlled release technologies are useful in order to obtain the claimed

sharmacokinetic parameters of the present invention.

Examples 1-3 of the present application which are directed to a tablet formulation
containing metformin HCI, a seal coating, and a sustained release coating. Example 3 of the
present application described clinical studies which were conducted to evaluate formulations
prepared in accordance with Examples 1-3, which together with the specification enable the
claimed the controlled releasz oral dosage forms of metformin or a pharmaceutically salt thereo(
which provide the Ty, values of the present invention. The Examiner’s attention is respectfully

directed to page 19, line 21 to page 20, line 14 which states the following:

Other controlied release technologies known to those skilled in the

art can be used in order to achieve the controlled release formulations of the present

invention, i.e., formulations which provide a mean Ty of the drug and/or other

pharmacokinetic parameters described herein when orally administered to human

patients. Such formulations can be manufactured as a controlled oral formulation in a

suitable tablet or multiparticulate formulation known to those skilled in the art . . ..

In addition, at the timme the application was filed, numerous controlled release
technologies were well within the knowledge of pharmaceutical formulators having ordinary
skill in the art. Such pharmaceutical formulators know that controlled release technologies can
be manipulated, e.g., by varying the amount of controlled release carrier (among other things), to
provide a formulation which upon in-vivo testing will provide the Tr.x range of the present
imvention. This fact is supported, ¢.g., by a simple review of patents discussed in the
specification concerning formulation technologies, which patents provide ranges of ingredients.
These ranges represent the acknowledgement of those skilled in the art that a certain amount of
experimentation is considered to be necessary to manipulate a controlled release technology to

obtain a desired relense paitern of *he drug. Such release patterns are demonstrated by the (well-

lknown) use of in-vitro dissolution testing, which is considered by pharmaceutical formulators of
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ordinarv skill in the art to provide guidance as to which particular formulations might provide the

Jesired n-vivo performance.

Next, it is well known to those of ordinary skill in the art that upon formulating
prospective products which might be useful in humans, in-vivo clinical studies must be

conducled to determine whather the prospective product actually provides the desired 1n-vivo

performance. Plasma profiles are routinely obtained during clinical trials and in particular during

phase 1-111 studies as indicated in J.T. Cartensen, Pharmaceutical Principles of Solid Dosage

Forms, 1993 (attached herewith).

1t is respectfully submitted that none of the above steps, either separately or collectively,
rise to the level of undue experimentation. Once the goal has been identified and has been
attained (as in the present exemplitied formulations set forth in the specification), it is
respectfully submitted that a pharmaceutical formulator of ordinary skill in the art can
manufacture prospective dosage forms for evaluation (to determine if they meet the required in-
vivo parameters), a clinician of orcinary skill in the art can administer the dosage forms and
draw blood at appropriate time intervals, and a pharmacokineticist of ordinary skiil in the art can

evaluate the in-vivo blood plasma results.

These steps rapresent a clear pattern followed by every pharmaceutical company in the
world. There is no alternalive short-cut known which is considered to be acceptable by
government regulatory agencies (such as FDA). Since human experiments with pharmaceuticals
are generally considered unethical if being done solely for patent purposes, the Examiner appears
o be requiring this Applicant to conduct studies that are unecthical, unnecessary and not legally
required to support the rightful sccpe of Applicant’s claims. Accordingly, it is earnestly

requested that the Examiner remove this basis for rejection.

The Examiner is reminded that Applicants are not required to exemplify every
formulation which would be encompassed by the claim. See, e.g., In re Fisher, 427 F .24 833,
839, 166 LUSPQ 18, 34 (CCPA 1970); MPEP 2164.01(b) (8" Edition) (“As long as the

specification discloses at least one method for making and using the claimed invention that beuars

9
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a reasonable correlation to the entirz scope of the claim, then the enablement requirement of 35

11.5.C. 112 is satisfied.™).

In Telectronics, for axample, the court found that “[s]ince one embodiment is admittedly
disclosed in the specification, along with the general manner in which its current range was
ascertained, we are convinced that other permutations of the inveniion could be practiced by
those skilled in the art without undue experimentation.” Telectronics, 8 USPQ2d at 1223 (citing
SRI Int’l v. Maisushita Elec. Corp. of America, 775 F.2d 1107, 1121, 227 USPQ 577,_586 (Fed.
Cir. 1985) (the law does not require an applicant to describe in his specification every

conceivable embodiment of the invention)).

Therefore, it is respectfully submitted that by virtue of the present application Applicants
have disclosed a Tax range which orovides for a useful dosage form of metformin or
pharmaceutically acceptable salt thercof, and other controlled release technologies known in the
art can be manipulated by one of ordinary skill in the art to achieve this Ty range without

undue experimentation.

C. U.S. Patent No. 6,099,859

In the rcjecticm,.the Examirer states that “[i]n the instant case, the provided examples sct
forth dosage forms made according to a process where the dosage forms have the same
composition as those of U.S. 6,099,859 (‘859),” However, the Examiner notes that *“ ‘859
discloses that the peak plasma profile is approximately 8-12 hours afier administration, whereas
the instant specification/claims state that the dosage forms, which appear to have the same

composition and process of making as ‘859, have a peak plasma profile of 5.5-7.5 hours.”

(1} The specification of ‘839 states in a preferred embodiment, that peak plasma levels

are obtiained between 8-12 howrs after administration (See column 2, lines 50-55).

(2) In actuabty however, the exemplified formulations did not provide a T, between 8-
122 hours except when the formulation prepared in accordance with Example 3 was administercd

at dinner. As set forth in an Information Disclosure Statement which will subsequently be hand
10
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detivered to the Examiner, the mean T, values for the Examples of the ‘859 were as {ollows:
Examiple 1 (fasting) 4.67 hours; Example 2 (fasting) 4.33 hours; Example 2 (fed am.) 6.80
hours; Example 3 (fed a.m.) 6.67 hours; Example 3 (Fed p.m.) 9.67 hours. Therefore, the only

instance was Example 3 fed in the P.M. (at dinner).

The claims have now heen amended to state the “ Ty of metformin at from 5.5 te 7.5
hours after single dose administration following dinner.” The claims as now written are directed

to methods and treatments which were never accomplished in the Examples of the ‘859 patent.

With respect to the Examiner’s position that the provided examples of the present
application set forth dosage forms made according to a process where the dosage forms have the
same commposition as those of U.S. 6,099,359 (‘859), the Examiner’s attention is respectfully
directed to the fact that the formulations exemplified and tested in the present application are
indeed different as the formulations of the Examples of the present application differ from those

fthe * &‘9 b y havmg two las er dulled holes, .md the melhod ac}ueved a dlfferent result than that.-

uported in the ‘859 or aduevcd by clinical testmg ofExarnples 1-3 However, it is respectfully
subinitted that one skilled in the art would be able to manipulate the processes and formulations
of the ‘859 by other methods to obtain the claimed pharmacokinetic parameters of the present

invention by routine experimentation.

Therefore, in view of the aforementioned, it is respectfully submitted that the

forrnulations of the present invention are different than those of the ‘859 patent.

D. Conclusion

I the specification, Applicants have provided formulations, methods of making the
formulations, and clinical studies of these formulations, that support the limitations (€.g., Trux
values) recited in the present claims. Furthér, the prior art is replete with controlled release
lechnology and, as stated in the present application, a number of conirolled release technologies
car: be used to manufacture formulations which provide the results recited in the present claims
without undue experimentation. Thercfore, the Examiner is respectfully requested to remove the

35 U.S.C. §112 rejection of the pending claims.
11
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I11. Rejections Under 35 U.S.C. § 112, Second Paragraph ‘

(Claims 21-30 were rejected under 35 U.S.C. §112, second paragraph, on the grounds of

indefiniteness.

Specifically, the Examiner states that *[c]laims 26-30 recite the limitation where the drug
is metformin,” and “[t|here is insufiicient antecedent basis for this limitation in the claim (the

claims from which these depend do not lave metformin in the compositions).”

‘n response, claim 1 has been amended without prejudice to recite metformin or a
pharmuceutically acceptable salt thereof. Therefore, there is now antecedent basis for this (ernn

in claims 26-30.

The Examiner further states that “{r]ecitation of ‘based on’ in claims 21-25 is indefinite
since it is unclear whaether Applicant is claiming that the dose of admtnistration for metformin is
‘X’ mg after an evening meal or whether another dose of metformin provides these limitations.
In the event the AUCq.infinity for a particular dose of metformin is claimed, amendment with ‘for
administration’ is suggested to overcome the instant rejection.”

In response, claims 21-24 have been amended without prejudice to recite the term “for”

administration rather than ‘based on” administration, as suggested by the Examiner.

In view of the actions taker, the Examiner is respectfully requested to remove the

reiection of claims 21-30 under 33 U.S.C. §112, second paragraph.

v, Rejections Under 35 U.S.C. § 102
Claims 31-42 were rejected under 35 U.S.C. 102(b) “as being anticipated by Cheng et al

(WO 99/47125; hereafter ©125)”. The Examiner states that ““125 discloses controlled release
antihyperglycemic dosage form that has the same composition taught by the specification as

providing the instant mean fluctuation indexes.”

12
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In view of the present amendment, claims 31-42 of the present application have been
canceled without prejudice randering the Examiner’s rejection moot. Therefore, the Examiner is
respectlully requested to withdraw the rejection of claims 31-42 under 35 U.S.C. §102(b) for the

ahove-reterenced application.

V., Conclusion
Altached hereio is a marked-up version of the changes made to the claims by the current

amendment. The attached pages arz captioned “Version With Markings To Show Changes

Made.”

It is now believed that the above-referenced rejections and objections have been obviated
and it s respectfully requested-that the rejections and objections be withdrawn. It is beheved

that all claims are now in condition for allowance.

According to currently recommended Patent Office policy the Examiner is requested to
contact the undersigned in the event that a telephonic interview will advance the prosecution of

this application.

An early and favorable acion is earnestly solicited.

Respectfully submitted,
DAVIDSON, DAVIDSON & KAPPEL, LLC

By: /f% M%’\

Acz)gford M. Davidson
cg. No. 32,728

Davidson, Davidson & Kappel, L1.C
485 Seventh Avenue, 14th Floor
New York, New York 10018

(212) 736-1940

LD
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Version With Markings To Show Changes Made

IN THE CLAIMS

Claims 2-3,6, 28, and 31-42 have been cancelled without prejudice.

The claims have been amended as follows:

4

-
~Fy

2. (Amended) A controlled release oral dosage form for the reduction of serum glucose
levels in human patients with NIDDIM, comprising an effective dose of [at least ane suitable
antihyperglycemic drug] metformin or a pharmaceutically acceptable salt thereof and a

controllzd-release carrier to control the release of said metformin or pharmaceutically

acceptable salt thereof from said dosage form, said dosage form being suitable for providing

once-a-day oral administration of the [agent] metformin or pharmaceutically acceptable salt

thereol, wherein following oral ad ministration of a single dose, the dosage form provides a

mean lime to maximum plasma concentration (Tpmay) of the |agent] metformin from 5.5 to 7.5

hours after [the] administration following dinner.

4. (Amended) The controlled release oral dosage form of claim 1, which provides a mean time to

maximum plasma concentration (Tp.y) of [the drug] metformin at from 6.0 to 7.0 hours after

the administration of the dose.

‘5. (Amended) The controllzd release oral dosage form of claim 1, which provides a mean time to
maxiraum plasma conecentration (Tpay) of [the drug] metformin at from 5.5 to 7.0 hours afler

the administration of the dose{, when the dose is administered at dinner time].
6. (Amended) The controlled release oral dosage form of claim 1, which provides a mean time to

maximum plasma concentration (Touy) of [the drug] metformin at from about 6.0 to 7.5 hours

after the administration of the dose, when the dose is administered at breakfast.
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. 7. (Amended) The controlled release oral dosage form of claim 1, which exhibits the following
dissolution profiles when tested in a USP type 2 apparatus at 75 rpm in 900 m] of simulated
intestinal fluid (pH 7.5 phosphate buffer) and at 37 C:

0-3(% of the [drug] metformin or salt thereof is released after 2 hours;

10-45% of the [drug] metformin or salt thereof is released afier 4 hours;

30-90% of [drug] metformin or salt thereof is released after 8 hours;

not less than 50% of the {drug| metformin or salt thereof is released after 12

Lours;

rot less than 60% of the [drug| metformin or salt thereof is released after 16

hours; and

not less than 70% of the [drug] metformin or salt thereof is released after 20

hours.

8. (Amended) The controlled release oral dosage form of claim 1, which exhibits the
following dissolution profiles when tested in a USP type 2 apparatus at 75 rpm in 900 ml
of simulated intestinal fluid (pH 7.2 phosphate buffer) and at 37 C:

0-25% of the {drug] metformin or salt thereof is released after 2 hours;

20-40% of the {drug| metformin or salt thereof is released afler 4 hours;

15-90% of the [drug| metformin or salt thereof is released after 8 hours;

not less than 60% of the |[drug] metformin or salt thereof is released after 12
ours;

not less than 70% of the [drug| metformin or salt thereof is released after 16

hours; and
not less than 80% of the [drug] metformin or salt thereof is released after 20

hours.
9. (Amended) The controlled release oral dosage form of claim 1, which provides a width at 509
of the height of a mean plasma concentration/time curve of the [drug] metformin from about

4.5 to about 13 hours.

10, (Amended) The controlled release oral dosage form of claim 1, which provides a width at
15
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.50% of the height of a mean plasma concentration/time curve of the [drug] metformin from

about 5.5 to about 10 hours.

(1. (Amended) The controlled release oral dosage form of claim [3] 1, which provides a mean
maximum plasma concentration (Cp,y) of metformin which is more than about 7 times the mean

plasma {zvel of said metformin at about 24 hours after the administration.

12. (Amended) The controlled release oral dosage form of claim [3] 1, which provides a mean
maximum plasma concentration (Ci ) of metformin which is from about 7 times to about 14

times the plasma leve) of said metfermin at about 24 hours after administration.

13. (Amended) The controlled reclease oral dosage form of claim [3] 1 which provides a mean
maximum plasma concentration (C,q