ORAL PHARMACEUTICAL FORMULATIONS COMPRISING
FENOFIBRIC ACID AND/OR I'TS SALTS

Field of the Invention

The present invention relates to solid dosage forms comprising at least one of 2-{4-(4-

chlorobenzoyl)phenoxy]-2-methyl-propanoic acid, salts of 2-[4-(4-chlorobenzoyl)phenoxy]-
2-methyl-propanoic acid or buffered 2-{4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic
acid.

Background of the Invention S
‘ 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic acid,1-methylethyl ester, also

known as “fenofibrate”, from the family of fibrates, is a lipid-regulating agent, Fenofibrate is
described in, for example, U.S. Patent Nos. 3,907,792, 4,895,726, 6,074,670 and 6,277,405.
Fenofibrate is commercially available in a variety of different formulations and is used in the
treatment of adult endogenous hyperlipidemias, hypercholesterolemias and
hypertriglyceridemias. The active metabolite of fenofibrate is 2-[4-(4-

chlorobenzoylphenoxyl-2-methyl-propanoic acid, which is also known as fenofibric acid.

One of the challenges associated with fibrates, such as fenofibrate, is that these
compounds are hydrophobic and poorly soluble in water. Thus, the bioavailability of these
compounds (i.e., their absorption in the digestive tract) can be low. Due to the hydrophobic
nature and poor solubility of fenofibrate in water, absorption of fenofibrate in the digestive
tract of a subject is increased after ingestion of food by the subject (when compared to when
the subject ingests the fenofibrate under fasting conditions). This food effect is undesirable
when comparing the bioavailability of fenofibrate in fed versus fasting conditions.
Additionally, subject compliance is an issue with drogs having a food effect because the
patient must coordinate administration of the drug with the ingestion of food. Recently,
complex technologies have been used to overcome the food effect issues associated with

fenofibrate.



In contrast to fenofibrate, fenofibric acid has higher solubility in the small intestine
region. However, this enhanced solubility could cause problems in connection with
conirolling the delivery of fenofibric acid, salts of fenofibric acid or buffered fenofibric acid
(such as, the potential for the Cyex to exceed the accepted (approved) limits of a reference
pharmaceutical composition containing fenofibrate). For example, immediate release dosage
forms comprising amorphous fenofibric acid are described, for example, in U.S. Patent
Application No. 2005/0148594. As reported therein, the formulations comprising amorphous
fenofibric acid when administered to a subject, exhibit a bioavailability that is twice as high
as a fenofibrate-containing capsule formulation described in Example 6 of said published
application, Thereupon, in view of aforementioned described difference in solubility, the
active ingredient, namely, fenofibrate, simply cannot be replaced with fenofibric acid in such
dosage forms. Thus, there is a need in the art for solid dosage forms containing fenofibric
acid, salts of fenofibric acid and/or buffered fenofibric acid where the release of fenofibric
acid, salts of fenofibric acid and/or buffers of fenofibric acid is controlled in such a way that
when said solid dosage form is administered to a patient that the Cyyy of said solid dosage
form does not exceed 125% of the Cpux of a reference pharmaceutical composition containing
fenofibrate. When the Cp,, of said solid dogage forms does not exceed 125% of the Cp of 2
reference pharmaceutical composition, then it would be expected that said solid dosage forms
would provide a comparable safety profile to the reference pharmaceutical composition. For
efficacy reasons, there is also a need in the art for solid dosage forms of fenofibric acid, salts
of fenofibric acid and/or buffers of fenofibric acid that exhibit an AUC similar to the AUC of

such reference pharmaceutical compositions.

Moreover, there is 2 need in the art for solid dosage forms of fenofibric acid, salts of
fenofibric acid and/or buffered fenofibric acid that exhibit a lack of a significant food effect
when administered to 2 patient under fed or fasted conditions. Such solid dosage forms
would improve patient compliance by giving the patient the flexibility to take said solid
dosage form under either fed or fasted conditions. Nonetheless, the time and resources
needed to develop these solid dosage forms are significant. Solid dosage forms require
testing in an appropriate animal model and/or in human subjects. In the event a solid dosage
form fails to achieve an appropriate Cpax and/or AUC, a subsequent round of in vitro testing

and in vivo testing may be required. Therefore, it would be useful to those skilled in the art if



one or more models could be developed to describe the relationship and provide a correlation
between an in vitro property of a solid dosage form and an in vive response (such as, for
example, food effect, bioequivalency and Cryy). Such models would reduce the amount of
time and resources required to develop such solid dosage forms. Moreover, such models may

provide & formulator with 2 guide in developing and screening solid dosage forms.

Summary of the Disclosure

In one aspect, the present disclosure relates to a solid dosage form that comprises an
active agent, wherein the active agent is at least one of 2-[4-(4-chlorobenzoyl)phenoxy]-2-
methyl-propanoic acid, a sait of 2-{4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic acid or
a buffered 2-[4~(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic acid, wherein a2 percentage of
the dosage form dissolved in an in vitro dissolution at a single pH is: (a) less than or equal to
70% at thirty (30) minutes; (b) at least (.9% at thirty (30) minutes and less than or equal to
70% at thirty (30) minutes; (c) less than or equal to 80% at sixty (60) minutes; {d) at least
7.0% at sixty (60) minutes and less than or equal to 80% at sixty (60) minutes; {(€) at least
0.9% and less than or equal to 70% at thirty (30) minutes and is at least 7.0% and less than or
equal to 80% at sixty (60) minutes; (f) less than or equal to 90% at ninety (90) minutes; or {(g)
at least 0.9% and less thau or equal to 70% at thirty (30) minutes, at least 7.0% and less than
or equal to 80% at sixty (60) minutes and less than or equal to 90% at ninety (90) minutes.

The above-described dosage form (namely, (2) — (g)), after administration to a human
subject under fasting conditions, exhibits a Cruy that does not exceed 125% of a2 Cppy 0f 2
reference pharmaceutical composition. Specifically, the Cpay of the above-described dosage
form (namely (&) — (0)) after administration to a human subject under fasting conditions is (1)
less than the Cay of 2 reference pharmaceutical composition; (2) at least 125% of the Cpyy of
the reference pharmaceutical composition; (3) at least 120% of the Cpyy of the reference
pharmaceutical composition; (4) at least 115% of the Cuy 0f the reference pharmaceutical
composition; (5) at least 110% of the Cpey of the reference pharmaceutical composition; (6) at
least 105% of the Cayx of the reference pharmaceutical composition; (7) at least 100% of the
Cunax 0F the reference pharmacentical composition; (8) at least 95% of the Cry 0f the

reference pharmaceutical composition; (9) at least 90% of the Cpey of the reference



pharmaceutical composition; (10) at least 85% of the reference pharmaceutical composition;

or (11) at least 80% of the Cpax of the reference pharmaceutical composition.

Moreover, the AUC above-described dosage form (namely, (a) - (g)) after
administration o a human subject under fasting conditions is (1) at least 65% of an AUC of 2
reference pharmaceutical composition; (2) at least 70% of an AUC of a reference
pharmaceutical composition; (3) at least 75% of an AUC of a reference pharmaceutical
composition; (4) at least 80% of the AUC of the reference pharmaceutical composition; (5) at
least 85% of the AUC of the reference pharmaceutical composition; (6) at least 90% of the
AUC of the reference pharmaceutical composition; (7) at least 95% of the AUC of the
reference pharmaceutical composition; (8) at least 100% of the AUC of the reference
pharmaceutical composition; (9) at least 105% of the AUC of the reference pharmaceutical
composition; (10) at least 110% of the AUC of the reference pharmacentical composition;
(11) at least 115% of the AUC of the reference pharmaceutical composition; (12) at least
120% of the AUC of the reference pharmacentical composition; or (13) at least 125% of the

AUC of the reference pharmaceutical composition.

In another aspect, there is provided an oral pharmaceutical formulation comprising at least one active
agent, wherein the active agent is a salt of 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic acid with
choline, and wherein the formulation further comprises at least one enteric coating.

In another aspect, there is provided a combination therapy formulation comprising the oral
pharmaceutical formulation as defined above, which is a combination therapy formulation comprising, within
the same oral pharmaceutical formulation as the said oral pharmaceutical formulation as defined above, or
located in a separate and distinet oral pbarmaceutical formulation for co-administration along with the said oral

pharmaceutical formulation as defined above, an anti-hypertensive agent.

In another aspect, the present disclosure relates to a solid dosage form that comprises

an active agent, wherein the active agent 1s at least one of 2-[4-(4~chiorobenzoyl)phenoxy]-2-
methyl-propanoic acid, a salt of 2-{4-(4-chlorobenzoyljphenoxy]-2-methyl-propanoic acid or
a buffered 2-{4-(4-chlorobenzoyl)phenoxyl-2-methyl-propanoic acid, wherein 2 percentage
of the dosage form dissolved in an in vitro dissolution at single pH (a) at 0.5 hours is at least
15.0% and is less than or equal to 57.0%; (b) at one (1) hour is at least 40.0% and less than or
equal to 70.0%; or (c) at 0.5 hours is at least 15.0% and is less than or equal to 57.0% and at
one (1) hour is at least 40.0% and less than or equal to 70.0% and further wherein the

dissolution: profile of said solid dosage form follows a square root of time,

The above-described dosage form, after administration to a human subject under
fasting conditions, is (1) at least 65% of an AUC of a referencs pharmaceutical composition;
(2) at least 70% of an AUC of a reference pharmaceutical composition; (3) at least 75% of an
AUC of a reference pharmaceutical composition; (4) at least 80% of the AUC of the

reference pharmaceutical composition; {5) at least 85% of the AUC of the reference



pharmacentical composition; (6) at least 90% of the AUC of the reference pharnmaceutical
composition; (7) at least 95% of the AUC of the reference pharmaceutical composition; (8) at
least 100% of the AUC of the reference pharmaceutical composition; (9) at least 105% of the
AUC of the reference pharmaceutical composition; (10) at least 110% of the AUC of the
reference pharmaceutical composition; (11) at least 115% of the AUC of the reference
pharmaceutical composition; (12) at least 120% of the AUC of the reference pharmacentical
composition; or (13) at least 125% of the AUC of the reference pharmaceutical composition.

Moreover, the AUC above-described dosage form afier administration to 2 human
subject under fasting conditions is (1) at least 65% of an AUC of a reference pharmaceutical
composition; (2) at least 70% of an AUC of a reference pharmaceutical composition; (3) at
least 75% of an AUC of a reference pharmaceutical composition; (4) at least 80% of the AUC
of the reference pharmaceutical cornposition; (5) 2t least 85% of the AUC of the reference
pharmaceutical composition; (6) at least 90% of the AUC of the reference pharmacentical
composition; (7) at least 95% of the AUC of the reference pharmaceutical composition; (8) at
least 100% of the AUC of the reference pharmaceutical composition; (9) at least 105% of the
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AUC of the reference pharmaceutical composition; (10)
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reference pharmacentical composition; (11) at least 115% of the AUC of the reference
pharmaceuiical composition; (12) at least 120% of the AUC of the reference pharmaceutical

composition; or (13} at least 125% of the AUC of the reference pharmaceutical compesition.

In another aspect, the present disclosure relates to a solid dosage form that comprises
an aciive ageni, wherein the active agent is ai least one of 2-{4~{4-chiorobenzoylyphenoxy}-2-
methyl-propanoic acid, a salt of 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic acid or
a buffered 2-[4-(4-chlorobenzoylphenoxy]-2-methyl-propanoic acid, wherein a percentage of
the dosage form dissolved in an in vifro dissolution at 2 single pH is: (a) at least 0.9% and
less than or equal to 62% at 0.5 hours (thirty (30) minutes); (b) at least 7.0% and less than or
equal to 71.0% at one (1) hour; or {c) at least 0.9% and less than or equal to 62% at 0.5 hours
(thirty (30) minutes) and at least 7.0% and less than or equal to 71.0% at one (1) hour.

The above-described dosage form (namely, (a) — (c)), afier administration to 2 human
subject under fasting conditions, exhibits 2 Cr.x that does not exceed 125% of a Cax 0f 2



reference pharmaceutical composition. Specifically, the Cuy of the above-described dosage
form (namely (2) — (0)) after administration o 2 human subject under fasting conditions is (1)
less than the Cqmy Of & reference pharmaceutical composition; (2) at least 125% of the Ceux 0of
the reference pharmaceutical composition; (3) at least 120% of the Cpy of the reference
pharmacentical composition; (4) at least 115% of the Cpay of the reference pharmaceutical
composition; (5) at least 110% of the Cpy of the reference pharmaceutical composition; (6) at
least 105% of thé Cmax of the reference pharmaceutical composition; (7) at least 100% of the
Cuux Of the reference pharmaceutical composition; (8) at least 95% of the Cig, 0f the
reference pharmaceutical composition; (9) at least 90% of the Cipey of the reference
pharmaceutical composition; (10) at least 85% of the reference pharnmaceutical composition;
or (11) at least 80% of the Crux of the reference pharmaceutical composition.

Moreover, the AUC above-described dosage form (namely, (a) — (¢)) after
administration to 2 human subject under fasting conditions is (1) at least 65% of an AUC of 2
reference pharmaceutical composition; (2) at least 70% of an AUC of a reference
pharmaceutical composition; (3) at least 75% of an AUC of a reference pharmaceutical
coniposition; (4) at least 80% of the AUC of the reference pharmaceutical composition; (5) at
least 85% of the AUC of the reference pharmaceutical composition; (6) at least 90% of the
AUC of the reference pharmaceutical composition; (7) at least 95% of the AUC of the
reference pharmaceutical composition; (8) at least 100% of the AUC of the -reference
pharmaceutical composition; (9) at least 105% of the AUC of the reference pharmaceutical
composition; (10) at least 110% of the AUC of the reference pharmaceutical composition;
(11) at least 115% of the AUC of the reference pharmaceutical composition; (12) at least
120% of the AUC of the reference pharmaceutical composition; or (13) at least 125% of the
AUC of the reference pharmaceutical composition.

In another aspect, the present disclosure relates to a solid dosage form that comprises
an active agent, wherein the active agent is at least one of 2-[4-(4-chlorobenzoyl)phenoxy]-2-
methyl-propanoic acid, a salt of 2-[4-(4~chlorobenzoyl)phenoxy]-2-methyl-propanoic acid or
a buffered 2-[4~(4-chlorobenzoyl)phenoxy]-2-methyl-propanocic acid, wherein a percentage of
the dosage form dissolved in an in vitro dissolution at a single pH at: () one (1) hour is at
least 7.0%; (b) two (2) hours is at least 16,0%; (c) three (3) hours is at least 24.0%; (d) three



and one-half (3.5) hours is at least 28.0%; (e) four (4) hours is at least 29.0%; (f) one (1) bour
is at least 7.0% and at two (2) hours is at least 16.0%; (g) one (1) hour is at least 7.0%, at two
(2) hours is at least 16.0% and at three (3) hours is at least 24.0%; (h) one (1) hour is at least
7.0%, at two (2) hours is at least 16.0%, at three (3) hours is at least 24.0% and at three and
one-half (3.5) hours is at least 28.0%; (i) one (1) hour is at least 7.0%, at two (2) hours is at
least 16.0%, at three (3) hours is at least 24.0%, at three and one-half (3.5) hours is at least
28.0% and at four (4) hours is at least 29.0%; (j) one (1) hour is less than or equal to 41.0%;
(k) at two (2) hours is less than or equal to 79.0%; (1) one (1) hour is less than or equal to
41.0% and at two (2) hours is less than or equal to 79.0%; (m) one (1) hour is from 7.0% to
41.0%; (n) two (2) hours is from 16.0% to 79.0%; or (o) one (1) hour is from 7.0 % to 41.0%
and at two (2) hours is from 16.0% to 79.0%.

The above-described dosage form (namely, (2) — (0)), after administration to 2 human
subject under fasting conditions, exhibits & Cpuy that does not exceed 125% of a Cpax 0f 2
reference pharmaceutical composition. Specifically, the Cpyy of the above-described dosage
form (namely (a) — (0)) after administration to a buman subject under fasting conditions is (1)
less than the Cryy of a reference pharmaceutical composition; (2) at least 125% of the Cppy of
the reference pharmaceutical composition; (3) at least 120% of the Cpay of the reference
pharmaceutical composition; (4) at least 115% of the Croex of the reference pharmaceutical
composition; (5) at least 110% of the Cpx of the reference pharmaceutical composition; (6) at
least 105% of the Cyx 0f the reference pharmaceutical composition; (7) at least 100% of the
Croax 0f the reference pharmaceutical composition; (8) at least 95% of the Chux of the
reference pharmaceutical composition; (9) at least 90% of the Cpy of the reference
pharmaceutical composition; (10} at least 85% of the reference pharmaceutical composition;

or (11) at least 80% of the Cpux of the reference pharmaceutical composition.

Moreover, the AUC above-described dosage form (namely, (2) — (o)) after
administration to a human subject under fasting conditions is (1) at least 65% of an AUC of a
reference pharmaceutical composition; (2) at least 70% of an AUC of a reference
pharmaceutical composition; (3) at least 75% of an AUC of a reference pharmaceutical
composition; (4) at least 80% of the AUC of the reference pharmaceutical composition; (5) at
least 85% of the AUC of the reference pharmaceutical composition; (6) at least 90% of the



AUC of the reference pharmaceutical composition; (7) at least 95% of the AUC of the

eference pharmaceutical composition; (8) at least 100% of the AUC of the reference
pharmaceutical composition; (9) at least 105% of the AUC of the reference pharmaceutical
composition; (10) at least 110% of the AUC of the reference pharmaceutical composition;
(11) at least 115% of the AUC of the reference pharmaceutical composition; (12) at least
120% of the AUC of the reference pharmaceutical composition; or (13) at least 125% of the
AUC of the reference pharmaceutical composition.

In still another aspect, the present disclosure relates to a solid dosage form that
comprises an active agent, wherein the active agent is af least one of 2-{4-(4-
chiorobenzoylphenoxyl}-2-methyl-propanocic acid, a sait of 2-{4~(4-chlorobenzoyl)phenoxy]-
2-methyl-propanoic acid or a buffered 2-[4-(4-chlorobenzoyl)phenoxy|-2-methyl-propanoic
acid, wherein a percentage of the dosage form dissolved in an iz vitro dissolution at a single
pH at: (a) one (1) hour is at least 9.0%; (b) two (2) hours is at least 21.0%; (c) three (3) hours
1s at least 34.0%; (d) three and one-half (3.5) hours is at least 39.0%; (&) four'(4) hours is at
least 44.0%; (f) one (1) hour is at least 7.0% and at two (2) hours is at least 21.0%; (g) one (1)
hour 1s at least 5.0%, af two (2) hours is at least 21.0% and at three (3) hours is at least
34.0%; (b) one (1) hour is at least 9.0%, at two (2) hours is at least 21.0%, at three (3) hours
is at least 34.0% and at thres and one-half (3.5) hours is at least 39.0%; (i) one (1) hour is at
least 9.0%, at two (2) hours is at least 21.0%, at three (3) hours is at least 34.0%, at three and
one-half (3.5) hours is at least 39.0% and at four (4) hours is at least 44.0%; (j) one (1) hour
is from 9.0% to 41.0%; (k) two (2) hours is from 21.0% to 79.0%; or (1) one (1) hour is from
9.0 % to 41.0% and at two (2) hours is from 21.0% to 79.0%.

The above-described dosage form (namely, (a) - (1)), after administration to a human
subject under fasting conditions, exhibits a Cyngy that does not exceed 125% of a Cuay of 2
reference pharmaceutical composition. Specifically, the Crax of the above-described dosage
form (namely (2) — (o)) after administration to 2 human subject under fasting conditions is (1)
less than the Crey of a reference pharmaceutical composition; (2) at least 125% of the Cray of
the reference pharmaceutical composition; (3) at least 120% of the Cray 0f the reference
pharmaceutical composition; (4) at least 115% of the Cyay of the reference pharmaceutical

composition; (5) at least 110% of the Cpey of the reference pharmaceutical composition; (6) at



least 105% of the Cpux of the reference pharmaceutical composition; (7) at least 100% of the
Crex of the reference pharmaceutical composition; (8) at least 95% of the Cppay of the
reference pharmaceutical composition; (9) at least 90% of the Cppey of the reference
pharmaceutical composition; (10) at least 85% of the reference pharmaceutical composition;

or (11) at least 80% of the Cpax of the reference pharmaceutical composition.

Moreover, the AUC above-described dosage form (namely, (a) — (1)) after
administration to a human subject under fasting conditions is (1} at least 65% of an AUC of &
reference pharmaceutical composition; (2) at least 70% of an ATUC of a reference
pharmaceutical composition; (3) at least 75% of an AUC of a reference pharmaceutical
composition; {4) at least 80% of the AUC of the reference pharmaceutical composition; (5) at
least 85% of the AUC of the reference pharmaceutical composition; (6) at least 90% of the
AUC of the reference pharmaceutical corposition; (7} at least 95% of the AUC of the
reference pharmaceutical composition; (8) at least 100% of the AUC of the reference
pharmaceutical composition; (9) at least 105% of the AUC of the reference pharmaceutical
composition; (10) at least 110% of the AUC of the reference pharmaceutical compositiorn;
(11) at least 115% of the AUC of the reference pharmaceutical composition; (12) at least
120% of the AUC of the reference pharmaceutical composition; or (13) at least 125% of the

AUC of the reference pharmaceutical composition.

In still yet another aspect, the present disclosure relates to a solid dosage form that
comprises an active agent, wherein the active agent is at least one of 2-{4-(4-
chlorobenzoyl)phenoxy]-2-methyl-propanoic acid, a salt of 2-[4-(4-chlorobenzoyl)phenoxyl-
2-methyl-propanocic acid or a buffered 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic
acid, wherein said solid dosage exhibits a difference beiween an in vitro dissolution at a dual
pH and an in vifro dissolution at a single pH of (a) ~10.0 to 17.0; (b) ~10.0 to 9.0; or (c)-10.0
to 2.0; and further wherein said dissolution at the dual pH and at the single pH are each
determined at two {2) hours. The AUC of the above-described solid dosage form, upon oral
administration to a human subject in a fed state, does not differ substantially, when compared
to an AUC of said dosage form upon oral administration to a human subject i a fasting state.
Moreover, the AUC of said dosage form under fed conditions divided by the AUC of sad
dosage form under fasting conditions is between (a) 0.7 and 1.43; or (b} 0.80 and 1.25,



Additionally, the above-described dosage form, afier admimstration to 2 human subject under
fasting conditions, exhibits 8 Cyax that does not exceed 125% of & Cpy 0f 2 reference
pharmacentical composition. Specifically, the Crpy of the above-described dosage form after
administration fo 2 human subject under fasting conditions is (1) less than the Cyux of a |
reference pharmaceutical composiiion; (2) at least 125% of the Cey of the reference
pharmacentical composition; (3} at Jeast 120% of the Cp,, of the reference pharmaceutical
composition; (4) &t least 115% of the Cyyy of the reference pharmaceutical compasition; (5) at
least 110% of the Cpy of the reference pharmaceutical composition; (6) at least 105% of the
Crrax 0f the reference pharmaceutical composition; (7) at least 100% of the Cyy of the
reference pharmaceutical composition; (B) at least 25% of the Cpay of the reference
pharmacentical composition; (9) at least 90% of the Cay of the reference pharmaceutical
composition; (10) af least 85% of the reference pharmaceutical composition; or (11) at least
80% of the Cquax of the reference pharmaceutical composition.

In still yet another aspect, the present disclosure relates to a solid dosage form that
comprises an active agent, wherein the active agent is at least one of 2-[4-(4~
chlorobenzoylyphenoxy}-2-methyl-propanoic acid, a sait of 2-[4-(4-chiorobenzoyl)phenoxy]-
2-methyl-propanoic acid or & buffered 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic
acid, wherein when said solid dosage has a Predicted ARelative Cyex of from (a) -0.2 to +0.8;
or (b) ~0.2 to +0.2. The AUC of the above-described solid dosage form, upon oral
administration o a human subject in a fed state, does not differ substantially, when compared
to an AUC of said dosage form upon oral administration to a human subject in a fasting state.
Moreover, the AUC of said dosage form under fed conditions divided by the AUC of said
dosage form undey fasting conditions is between (a) 0.7 and 1.43; or (b) €.80 and 1.25.
Additionally, the sbove-described dosage form, after administration to a human subject under
fasting conditions, exhibits a Cyux that does not exceed 125% of a Coy 0f & refarence
pharmaceutical composition. Specifically, the Chux of the above-described dosage form afier
administration to 2 human subject under fasting conditions is (1) less than the Cpa 0f 2
reference pharmaceutical composition; (2) at least 125% of the Cppy of the reference
pharmaceutical composition; (3) at least 120% of the Cy,, of the reference pharmaceutical
composition; (4) at least 115% of the Cpnuy of the reference pharmaceutical composition; (5) at

least 110% of the Cuax of the reference pharmacentical composition; (6) at least 105% of the
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Cruax of the reference pharmaceutical composition; (7) at least 100% of the Cpac 0f the
reference pharmaceutical composition; (8) at least 95% of the Cpx of the reference
pharmaceutical composition; (9) at least 90% of the Cyuy of the reference pha:ii:aceutical
composition; (10) at least 85% of the reference pharmaceutical composition; or (11) at least

80% of the Cpyex of the reference pharmaceutical composition.

In yet still another aspect, the present disclosure relates to novel oral pharmaceutical
formulations that comprise at least one active agent, wherein the active agent is at least one of
2-{4-(4-chlorobenzoyljphenoxy]-2-methyl-propanoic acid, a salt of 2-[4-(4-
chlorobenzoyl)phenoxy]-2-methyl-propanoic acid, a buffered 2-{4-(4-
chlorobenzoyl)phenoxy]-2-methyl-propanocic acid or a mixture at least one of 2-{4-(4-
chiorobenzoyphenoxy]-2-methyl-propanoic acid, a salt of 2-[4~(4-chlorobenzoyl)phenoxy]-
2-methyl-propanoic acid or a buffered 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic

acid.

In yet still another aspect, the present disclosure relates to novel modified release oral
pharmaceutical formulations that comprise at least one active agent, wherein the active agent
is at least one of 2-[4-(4-chlorobenzoyhphenoxyl-2-methyl-propanoic acid, a salt of 2-[4-(4-
chlorobenzoylphenoxyl-2-methyl-propanoic acid, a buffered 2-[4-(4-
chlorobenzoyl)phenoxy}-2-methyl-propanoic acid or a mixture at least one of 2-[4-(4-
chlorobenzoyl)phenoxy]-2-methyl-propanoic acid, a salt of 2-[4~(4-chlorobenzoyhphenoxy]-
2-methyl-propancic acid or a buffered 2-{4-(4-chiorobenzoyDphenoxyl-2-methyl-propanoic
acid. Optionally, said forraulations can comprise at least one rate-controlling mechanism, at
least one enteric coating, or any combination of at least one rate-controlling mechanism and

at least one enteric coating.

In a further aspect, the modified relsase orl pharmaceutical compositions of the

present disclosure can comprise at least one core. The core of the formulation of the present

disclosure can contain at least one active agent. For example, the core can comprise at least
one of 2-[4-(4-chlorobenzoyl)phenoxyl-2-methyl-propanoic acid, salts of 2-[4-(4-
chiorobenzoyl)phenoxy]-2-methyl-propanoic acid or a buffered 2-[4-(4-

chlorobenzoyl)phenoxyl-2-methyl-propancic acid. Alternatively, the core can comprise a

11



mixture at least one of 2-[4~(4-chlorobenzoyl)phenoxy]-2-methyl-propanocic acid, a salt of 2-
[4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic acid or a buffered 2-[4-(4-
chlorobenzoyl)phenoxy]-2-methyl-propanoic acid. Optionally, the core can also comprise at

least one rate-controlling mechanism.

The above-described core can be surrounded by or coated with at least one non-rate
controlling layer, at least one rate-controlling mechanism, at least one enteric coating or any
combinations thereof. For example, the core can be surrounded by an enteric coating.
Alternatively, the core can be surrounded or coated with a non-rate-controlling layer,
Optionally, this non-rate controlling layer can be surrounded or coated with a rate-controlling
mechanism, an enteric coating or a combination of a rate-controlling mechanism and an
enteric coating. Alternatively, the core can be surrounded or coated with a rate-controlling
mechanism. This rate-controlling mechanism can be surrounded or coated with a non-rate-
controlling layer, an enteric coating or a combination of a non-rate-controlling mechanism
and an enteric coating.

In another aspect, the core can comprise an inert substrate. This inert substrate can be
coated with at least one of 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic acid, salts of
2-[4-(4-chiorobenzoyl)phenoxy}-2-methyl-propanoic acid, a buffered 2-[4-(4-
chlorobenzoyl)phenoxyl-2-methyl-propanoic acid or a mixture at least one of 2-{4-(4-
chlorobenzoyphenoxy}-2-methyl-propanoic acid, a salt of 2-{4-(4-chlorobenzoyl)phenoxy]-
2-methyl-propanoic acid or a buffered 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanocic
acid. This coated substrate can be surrounded or coated with at least one non-rate controlling
layer, at least one rate-controlling mechanism, at least one enteric coating or any
combinations thereof. For example, the core can be surrounded by an enteric coating.
Aliematively, the substrate can be surrounded or coated with a non-rate-controlling layer.
Optionally, this non-rate controlling layer can be surrounded or coated with a rate-controlling
mechanism, an enteric coating or a combination of a rate-controlling mechanism and an
enteric coating. Alternatively, the substrate can be surrounded or coated with a rate-
controlling mechanism. This rate-controlling mechanism can be surrounded or coated with a
non-rate-controlling layer, an enteric coating or a combination of & non-rate~conirolling

mechanism and an enteric coating,
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The modified release formulations described herein can contain at least one
pharmaceutically acceptable excipient. Any pharmaceutically acceptable excipient that is
appropriate for use in the formulation of the present disclosure can be used or included, such
as, but not Himited o, fillers, binders, lubricants, glidants, solubility enhancing agents,
suspending agents, sweetness and/or flavoring agents, preservatives, buffers, wetting agents,

distintegrating agents, effervescent agents, surfactants, humectants, solution retarders and

combinations thereof.

The at least one rate-controlling mechanism described herein can be used in a mixture
containing active agents or a coating (membrane) surrounding the active agents. When used
as a mixture containing the active agents, the rate-controlling mechanism used in the

formulation of the present disclosure can be hydrophilic agents, hydrophobic agents or combinations thereof.

Additionally, the rate-controlling mechanism of the present disclosure
mey optionally include any pharmaceutically acceptable excipient that can help modulate the
hydrophilicity and/or hydrophobicity of the hydrophilic and/or hydrophobic agents.
Eramples of hydrophilic agents that can be used inciude, but are not limited to, celiuloses
(such as hydroxypropyl methyleeliuloses, hydroxypropyl cellulose and hydroxyethyl
celluloses), polyethylene oxides, polyethylene glycols, xanthan goms, alginates, polyvinyl
pyrrofidones, starches, cross-linked homopolymers and copolymers of acrylic acid and
combinations thereof. Hydrophobic agents that can be used include, but are not Himited 1o,
waxes or water-insoluble agents. Examples of waxes that can be used include, but are not
limited to, natural and synthetic waxes, such as, carnauba wax, bees wayx, candelilla wax,
paraffin waxes and combinations thereof. Water insoluble agents that can be used include,
but are not limited to, ammoniomethacrylate copolymers (such as Eudragit® R1.100 and
RS100), cellulose, ethylesliulose, cellulose acetates, celiulose acetate butyrate, cellulose
acetate propionate, methacrylic ester copolymers (such as Eudragit® NE30D),
microcrystalline cellulose and dibasic calelum phosphate and combinations thereof. When
used as a coating {membrane) surrounding the active agent(s), the rats-confrolling mechanism
includes, but is not limited to, ethylcellulose (such as Surelease® and Aquacoat® ECD),
ammoniomethacrylate copolymers (such as Eudragit® RL30D and RS30D) and methacrylic
ester copolymers (such as Endragit® NE30D),
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As described previously herein, the formulation of the present disclosure can contain
one or more non-rate-controliing layers, membranes or coatings. The location of the non-
rate-controlling layer in the formulation is not critical. For example, the non-rate-controlling
layer may be present between the at least one core and an enteric coating or a rate-controlling
mechanism. Aliernatively, the non-rate-controlling layer may surround or coat an enteric
coating or a rate-controliing mechanism. The non-rate-controlling layer can be made of one
or more polymers, as well as, other ingredients known in the art, such as, but not limited o,
plasticizers, pigments/opacifiers, etc. Examples of polymers that can be used include, but are
not limited to, hydroxypropyl methylcellulose, hydroxypropyl celiulose, methyicellulose,
ethylcellulose, polyvinyl alcohol, and polyethylene giyeol. Examples of plasticizers that can
be used include, but Hmited to, polyethylene glycol(s), glycerin, triacetin, triethyl citrate,
diethy! phthalate and mineral oils. Exampies of pigments/opacifiers that can be used include,
but are not limited to, water soluble dyes, pigments, and natural products.

As also discussed previously herein, the formulations of the present disclosure can also

include at least one enteric coating. Any enteric coating can be used in the present disclosure,
inctuding, but not himited to, sotutions or dispersions of methacrylic acid and methacrylic
ester copolymers, cellulose acetate phthalate, hydroxypropyl methylcellulose phthalate,
hydroxypropyl methylcelinlose acetate succinate, polyvinyl acetate phthalate, ethyl
acrylate/methacrylic acid copolymers, cellulose acetate trimellitate, shellac and combinations

thereof. Additionally, the enteric coating used in the formulations of the present disclosure
can be formed as a single or multiple layers, The thickness of the coating can be readily
determined by those skilled in the art, but must be sufficient to protect the forrmuation in the

acidic eovironment of the stomach.,

The formulations of the present disclosure can further contain active agents other than
2-{4-{4-chlorobenzoyl)phenoxyl-2-methyl-propanoic acid, salts of 2-[4-(4-
chlorobenzoyphenoxyl-2-methyl-propanoic acid or buffered 2-[4-(4-
chlorobenzoyl)phenoxy}-2-methyl-propanocic acid. The location of these other agents within

the formulation is not critical. Altematively, the formulations of the present disclosure can be

co-administered with one or more separate dosage forms that contain one or more agents
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other than 2-[4-(4-chlorobenzoyl)phenoxyl-2-methyl-propanocic acid, salts of 2-[4-(4-
chlorobenzoyl)pbenoxy]-2-methyl-propanoic acid and/or buffered 2-[4-(4-
chlorobenzoyl)phenoxy]-2-methyl-propanoic acid. Examples of other agents other than 2-{4-
(4-chlorobenzoyl)phenoxy}-2-methyl-propanoic acid, salts of 2-[4-(4-
chlorobenzoyl)phenoxy]-2-methyl-propanoic acid or buffered 2-[4-(4-
chlorobenzoyl)phenoxy]-2-methyl-propanoic acid that can be used, include, but are not
limited to, Hpid regulating agents (such as, but not limited to, atorvastatin, simvastatin,
fluvastatin, pravastatin, lovastatin, cerivastatin, rosuvastatin, pitavastatin, clofibric acid,

\ niacin/nicotinic acid, torcetrapib, colestipol, omega-3 acid ethyl esters, colesevelam,
cholestyramine, ezetimibe, MD-0727, gemfibrozil or probucol); anti-hypertensive agents
(such as, but not limited to, amlodipine, benazepril, benidipine, candesartan, captopril,
carvedilol, darodipine, dilitazem, diazoxide, doxazosin, enalapril, epleronone, eprosartan,
felodipine, fenoldopam, fosinopril, guanabenz, iloprost, irbesartan, isradipine, lercardinipine,
lisinopril, losartan, minoxidil, nebivolol, nicardipine, nifedipine, nimodipine, nisoldipine,
omapatrilat, phenoxybenzamine, prazosin, quinapril, reserpine, semotiadil, sitaxsentan,
terazosin, telmisartan, labetolol, valsartan, triamierene, metoprolol, methyldopa, ramipril,
olmesartan, timolol, verapamil, clonidine, nadolol, bendromethiazide, torsemide,
hydrochlorothiazide, spinronolactone, perindopril, hydralazine, betaxolol, furosimide,
penbutolol, acebutolol, atenolol, bisoprolol, nadolol, penbutolol, pindolol, propranoclol,
timolol, indapamide, trandolopril, amiloride, moexipril, metolozone, or valsartan); anti-
diabetic agents (such as, but not limited to, acarbose, oral insulin, acetohexamide,
chlorpropamide, ciglitazone, farglitazar, glibenclamide, gliclazide, glipizide, glucagon,
glyburide, glymepiride, miglitol, pioglitazone, nateglinide, pimagedine, repaglinide,
rosiglitazone, tolazamide, tolbutamide, triampierine or troglitazone); weight-loss agents (such
as, but not limited to, phentermine, phendimetrazine, benzphetamine, diethylpropion,
sibutramine, orlistat or rimonabant); antiretroviral agents (such as but not limited to,
amprenavir, tiprinavir, lamivudine, indinavir, emtricitabine, abacavir, enfuvirtide, saguinavir,
lopinavir, ritonavir, fosamprenavir, delaviradine mesylate, zidovudine, atazanavir, efavirenz,
tenofivir, emtricitabine, didanosine, nelfinavir, nevirapine, or stavudine); anti-platelet agents
(such as, but not limited to, aspirin, cilostazol, or pentoxifylline); or vitamins, minerals or
combinations of vitarnins and minerals (such as, but not limited to folic acid, calcium, or

iron).
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Brief Description of the Ficures

Figure 1 shows the prediction of in vivo Cumgy food effect from in vitro dissolution
differences at 0.5, 1.0 and 2.0 hour time points.

Figure 2 shows the prediction of in vive Cuey food effect from in vitro dissolution
differences 2.0 hours,

Figure 3 shows the dissolution profiles of Formulations 1-13 using a single pH
method.

Figure 4 shows the dissolution profiles of Formulations 1-13 using a dual pH method.

Detailed Description of the Invention
L Definitions
As used in this specification and the appended claims, the singular forms "a," "an"

"y R P [ SN U o NUNIUNIGIUIUIIS SUPEUUR 1 SNy R S [ RN LRy, P ey ySupoy
and "the" include plural references unless the context cleaily dictates otherwise. Thus, for

T

example, reference to "an active agent" includes a single active agent as well two or more
different active agents in combination, reference to "an excipient” includes mixtures of two or

more excipients as well as a single excipient, and the like.

In describing and claiming the present invention, the following terminology will be

used in accordance with the definitions set out below,

As used herein, the term “about™ is used synonymously with the term
"approximately.” Ylustratively, the use of the term “about” indicates that values slightly
outside the cited values, namely, plus or minus 10%. Such dosages are thus encompassed by

the scope of the claims reciting the terms “about" and “approximately.”
As used herein, the term “AUC” refers to the area under the plasma concentration
time curve of the active agent and which is calculated using the trapezoidal rule. The ferm

“AUC,” means the area under the plasma concentration time curve from time 0 to 120 hours
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after adminisiration in units of ngeh/mL as determined using the trapezoidal rule, The term
“AUC,” means the area under the plasma concentration time curve from time 0 to infinite
time. AUC is calculated as AUC,+ LMT/(-8), where “LMT” is the last measurable plasma
concentration and P is the terminal phase elimination rate constant. Unless otherwise noted
herein, the reported value for the AUC is the central value of the AUC.

As used herein, the terms "active agent," "pharmacologically active agent," and
"drug" are used interchangeably herein to refer to 2-{4-(4-chlorobenzoyl)phenoxy}-2-methyl-
propanoic acid. The terms also encompass salts and buffered 2-[4-(4-
chlorobenzoyl)phenoxy]-2-methyl-propanocic acid. When the terms "active agent,"
"pharmacologically active agent" and "drug" are used, it is to be understood that Applicants
intend to include 2-{4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic acid per se as well as
salts and buffered 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic acid. Salts of 2-[4-
(4~chlorobenzoyl)phenoxy]-2-methyl-propanoic acid include, but are not limited to, choline,
ethanolamine, diethanolamine, dicyclohexylamine, tromethamine, lysine, piperazine, calcium
and tromethamine. Examples of counter-ions that can be used to provide buffered 2-[4-(4-
chlorobenzoyDphenoxyl-2-methyl-propancic acid, include, but are not limited to, caleium
hydroxide, choline hydroxide, diethylethanolamine, diethanolamine, ethylenediamine,
guanidine, magnesium hydroxide, meglumine, ethanolamine, piperazine, peperidine, sodicm
hydroxide, triethylamine, fromethamine, benzathine , benzene-ethanamine, adenine,
aluminum hydroxide, ammonium hydroxide, cytosine, diethylamine, glucosamine, gnanine,
picotinamide, potassium hydroxide, zinc hydroxide, hydrabamine, tributylamine, deanol,
epolamine, lithium hydroxide, procaine, pyridoxine, tricthanolamine, ornithine, glycine,
lysine, arginine, valine, serine, proline, aspartic acid, alanine, isoleucine, leucine, methionine
or threnine. The solid state form of the active agent used in preparing the solid dosage forms
of the present invention is not critical. For example, active agent used in preparing the solid
dosage form can be amorphous or crystalline. The final dosage form contains at least a
detectable amount of crystalline active agent. The crystalline nature of the active agent can
be detected using powder X-ray diffraction analysis, by differential scanning calorimetry or
any other techniques known in the art.
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As described herein, two products, solid dosage forms or methods are considered to
be “bioequivalent” if the 90% Confidence Interval (“CI”) for comparing the AUCs between
two formulations is between 0.70 and 1.43, more preferably, the Cl is between 0.80 and 1.25.

As ysed herein, the term “CL/F” refers to apparent oral clearance and is calculated by
dividing the dose, by the AUC.

As used herein, the term “Cry,” refers to the maximum observed plasma
concentration of 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic acid. Unless otherwise
noted herein, the reported value for the Cray is the central value of the Crax.

As used herein, the term “delayed release” refer to a type of modified release wherein
a drug dosage form exhibits a time delay between oral administration of the drug dosage form
and the release of the drug from said dosage form. Pulsed release systems {also known as
pulsatile drug release”™) and the use of enteric coatings, which are well known to those skilled

in the art, are examples of delayed release mechanisms.

As ysed herein, the phrase “delta dissolution time” or “Adiss,” refers to the following
formula:

Adissi=dissolution at time t (using the dual pH method) — dissolution at time { (using
the single pH method).

For example, time (“t”) can be 0.5 hours (30 minutes), 1.0 hour, 2.0 hours, etc.

As used herein, “Adissy sy, refers to the value or number obtained from the difference
in release as measured using an in vitro dissolution test at a dual pH at 0.5 hours (30 minutes)
for a dosage form and an in vitro dissolution at a single pH at 0.5 hours (30 minutes) for said

same dosage form.

As used herein, “Adiss oy refers to the value or number obtained from the difference

in release ag measured using an in vitro dissolution test at a dual pH at one (1) hour fora
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dosage form and an i vitro dissolution at a single pH at one (1) hour for said same dosage
form.

As used herein, “Adiss; on” refers to the value or number obtained from the difference
in release 2s measured using an in vitro dissolution test at a dual pH at two (2) hours for a
dosage form and an in vifro dissolution at a single pH at two (2) hours for said same dosage

form.

As used herein, the phrase “dissolution at a dual pH”, “a dual pH” or a “dual pH

system” as used interchangeably herein, refers to the method described in Table 1 below:
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Table 1

r— Parameteyr Condition
Apparatus USP Apparatus 2 (USP 29 NF 24)
Agitation 50 RPM=4%

Medium Two Stages:
Acid Stage:

® 500 mI of 0.05 M sodium phosphate
buffer + 0.2 M NaCl, 500 mL, pH 3.5+ 0.05
maintained at 37 & 0.5°C for 2 hours

Buffer Stage
© Followed by 400 mL of 0.05 M sodium

phosphate (pH approximately 11.5) added to
the Acid Stage media for a total volume of
900 mL and a final pH 6.8 maintained at 37 =
0.5°C

Sampling Time Points 2.25 - 12 hours (Sampling times start from
dropping of the dosage forms n 0.05 M
sodium phosphate buffer + 0.2 M NaCl (pH

3.5)

UV Spectrophotometry Analysis At 300 nm

For an avoidance of a doubt, in a dual pH system, the measurement of the percentage
(%) of an active agent dissolved in said sysiem begins after a dosage form or composition has
been exposed for two (2) hours in the acid stage medium, pH 3.5. For example, the amount
of active agent X dissolved at 30 minutes in a dual pH system is measured two (2) hours and
thirty (30) minutes after the acid stage medium was added. The dosage form or composition
containing active agent X spends an initial two (2) hours in the acid stage. After the dosage
form has been exposed to two (2) hours in the acid stage, pH 3.5, 400 mL of 0.05 M sodium
phosphate (pH approximately 11.5) is added to the 500 mL of 0.05 M sodium phosphate
buffer +0.2 M NaCl (pH 3.5) yielding 0.05 M sodium phosphate buffer, pH 6.8 £0.05. The
amount of active agent dissolved (namely the percentage (%) dissolution) is measured thirty
(30) minutes after the buffer stage medium was added. The percentage (%) dissolution
measured under this dual pH method was normalized to the strength of the dosage form,

As used herein, the phrase “dissolution at a single pH”, “a single pH” or a “single pH
system”, as used interchangeably herein, refers to the method described in Table 2 below:
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Table 2

Parameter Condition
Apparatus USP Apparatus 2 (USP 29 NF 24)
Agitation 50 RPM£4%
Medium 0.05 M sodium phosphate buffer 900 mL, pH
6.8 & 0.05 maintained at 37 £ 0.5°C
Sampling Time Points 30 minutes to 10 hours

UV Spectrophotometry Analysis

At 300 nm

The percentage (%) dissolution measured under this dual pH method was normalized

to the strength of the dosage form.

By an "effective amount” or a "therapeutically effective amount" of an active agent is

meant a nontoxic but sufficient amount of the active agent fo provide the desired effect. The

amount of active agent that is "effective™ will vary from subject to subject, depending on the
age and general condition of the individual, the particular active agent or agents, and the like,

Thus, it is not aiways possible 1o specify an exact "effective amount.” However, an

appropriate "effective amount” in any individual case may be determined by one of ordinaty

skill in the art using routine experimentation.

As used herein, the term “extended release” or “sustained release” refers to a drug

formulation that provides for gradual release of a drug over an extended period of time.

As used berein, a “fasted” patient, “fasting conditions” or “fasting” refers to a patient

who has not eaten any food, i.e., who has fasted for at least 10 hours before the

administration of the oral formulation of the present invention comprising at least one active

agent and who does not eat any food and continues to fast for at least 4 hours afier the
administration of the formulation. The formulation is preferably administered with 240 ml of

water during the fasting period, and water can be allowed ad Jibitum up to 1 hour before and

1 hour after ingestion.,
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As used herein, a “fed patient”, “fed conditions™ or “fed” refers to a patient who has
fasted for at least 10 hours overnight and then has consumed an entire test meal beginning 30
minutes before the first ingestion of the test formulations, The formulation of the present
invention is administered with 240 ml of water within 5 minutes after completion of the meal.
No food is then allowed for at least 4 hours post-dose. Water can be allowed ad libitum up to
1 hour before and 1 hour after ingestion. A high fat test meal provides approximately 1000
calories to the patient of which approximately 50% of the caloric content is derived from fat
content of the meal. A representative high fat high calorie test meal comprises 2 eggs fried in
butter, 2 strips of bacon, 2 slices of toast with butter, 4 ounces of hash brown potatoes and 8§
ounces of whole milk to provide 150 protein calories, 250 carbohydrate calories and 500 to
600 fat calories. High fat meals can be used in clinical effect of food studies of 2-[4-(4-
chlorobenzoyl)phenoxy]-2-methyl-propanoic acid. A patient who receives such & hi gh fat
test meal is referred 1o herein as being under “high fat fed conditions”. A low fat test meal
provides approximately 500 calories to the patient of which approximately 30% of the caloric
content is derived from fat content of the meal. A patient who receives such a low fat test

meal is referred to herein as being under “low fat fed conditions”.

As used herein, the terms "formulation", “form” or “dosage form” as used
interchangeably herein, denotes any form of a pharmac;autical composition that contains an
amount of active agent sufficient to achieve the desired therapeutic effect. The frequency of
administration that will provide the most effective results in an efficient manner without
overdosing will vary with the characteristics of the particular active agent, including both its

pharmacological characteristics and its physical characteristics.

As used herein, the term “inert substrate” refers to (a) water insoluble substrates or
seeds comprising different oxides, celluloses, organic polymers and other materials, alone or
in mixtures; or (b) water soluble substrates or seeds comprising different inorganic salts,

sugars, non-pareils and other materials, alone or in mixtures.

As used herein, the term “membrane” refers to a film or layer that is permeable to

aqueous solutions or bodily flnids and may also be permeable to the active agent.
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As used herein, the term "modified" refers to a drug containing formulation in which
release of the drug is not immediate (See, for example, Guidance for Industry SUPAC-MR:
Modified Release Solid Oral Dosage Forms, Scale-Up and Postapproval Changes:
Chemistry, Manufacturing, and Controls; In Vitro Dissolution, Testing and In Vivo
Bioeguivalence Documentation, U.S. Department of Health and Human services, Food and
Drug Administration, Center for Drug Evaluation and Research (“CDER?™), September 1997
CMC 8, page 34, herein incorporated by reference.). In a modified formulation,
administration of said formulation does not result in immediate release of the drug or active
agent into an absorption pool. The term is used interchangeably with "nonimmediate release”
as defined in Remington: The Science and Practice of Pharmacy, Nineteenth Ed. (Baston,
Pa.: Mack Publishing Company, 1995). As used herein, the term "modified release” includes

extended release, sustained release, delayed release, and controlled release formulations.
As used herein, the phrase “Observed Arelative Cmax” refers to the following formula:

Observed Ageative Croax = Relative Crpx Under Fed Conditions ~ Relative Cruay

Under Fasting Conditions

As used herein, the phrase "pharmaceutically acceptable,” such as in the recitation of
a "pharmaceutically acceptable excipient,” or a "pharmaceutically acceptable additive," is

meant 3 material that is non-toxic or otherwise physiologically acceptable.

As used herein, the term “reference pharmaceutical composition” or “Reference”
refers to a capsule containing 200 mg of 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic
acid,l-methylethyl ester. The reference pharmaceutical composition is orally administered to
a human subject under low fat fed conditions. The reference pharmaceutical composition is
TRICOR®, Abbott Laboratories, Abbott Park, Illinois.

As used herein, the term “Relative Cpy” refers to the following formula;

Observed Cmax
Cmax Observed in a Reference Pharmaceutical Composition

Relative Cmax =
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The “Observed Cnq” in the above formula is the Cuux of the test dosage form (such
as, but not limited fo, a dosage form of the present invention after oral administration under

fed or fasting conditions).
As used herein, the term “similarity factor” or “f;” refers to the following formula:
£, =50 LOG {[1+1/n LR - TP x 100}

where LOG=logarithm to base 10, n=the number of sampling time points, X =
summation over time points, R;= mean dissolution at fime point t of the reference
pharmaceutical formulation and T=mean dissolution at time point t of the test dosage form

(such as, but not limited to, a solid dosage form of the present invention).

An f; value between 50 and 100 suggests that two dissolution profiles are similar. A
detailed discussion of the similarity factor or f, can be found in the Guidance for Industry
SUPAC-MR: Modified Release Solid Oral Dosage Forms, Scale-Up and Postapproval
Changes: Chemistry, Manufacturing, and Controls; In Vitro Dissolution, Testing and In
Vivo Bioeguivalence Documentation, U.S. Department of Health and Human services, Food
and Drug Administration, Center for Drug Evaluation and Research (“CDER”), September
1997 CMC 8, pages 32-33, herein incorporated by reference.

As used herein, the term "subject” refers to an animal, preferably a mammal,
including a human or non-human. The terms patient and subject may be used interchangeably

herein.

As used herein, the term “Trgy” refers to the time to the maximum observed plasma

concentration.
As ysed herein, the terms "treating” and "treatment" refer to reduction in severity
and/or frequency of symptoms, elimination of symptoms and/or underlying cause, prevention

of the occurrence of symptoms and/or their underlying cause, and improvement or
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remediation of damage. Thus, for example, "treating” a patient involves prevention of a
particular disorder or adverse physiological event in a susceptible individual as well as
treatment of a clinically symptomatic individual by inhibiting or causing regression of a
disorder or disease.

The present invention relates to solid dosage forms comprising at least one active
agent. The solid dosage forms of the present invention achieve a number of objects. First,
the solid dosage forms of the present invention, when administered to a human subject under
fasting conditions, achieve a Cyax that does not exceed the Cpy 0f a reference pharmaceutical
composition. Such solid dosage forms provide a comparable safety profile o the reference
pharmaceutical composition. Second, some of the solid dosage forms of the present
invention when administered fo a human subject exhibit an AUC that does not differ
substantially from the AUC of the reference pharmaceutical composition. Thus, such solid
dosage forms exhibit an efficacy that is similar to that of the reference pharmaceutical
composition. Third, some of the solid dosage forms of the present invention do not exhibit a
significant food effect when administered to a subject under fed and fasting conditions. Such
solid dosage forms lead to increased subiect convenience which leads to increasing subject
compliance since the subject does not need to ensure that they are taking the dosage form
either with or without food. This is significant, because when there is poor subject
compliance, the medical condition for which the drug is being prescribed may not be properly

managed.

The present invention also provides a model for determining whether a newly
developed solid dosage form is likely to be bioequivalent to a reference pharmaceutical
composition based on a correlation between in vitro dissolution and bioequivalency.
Additionally, the present invention further provides a maodel for determining whether a newly
developed solid dosage form is likely to exhibit a significant food effect when administered
to a human subject. Moreover, the present invention also provides a model for predicting the
Cumax of 2 newly developed solid dosage form based on a correlation between in vitro
dissolution and Cuax. The models described herein reduce the time and resources needed to
develop such solid forms,
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1L The Dosage Forms of the Present Invention
A. Dissolution

The dissolution values shown herein were determined with a conventional dosage

form containing either 130 mg or 135 mg of active agent, unless otherwise noted.

In one aspect, the present invention relates to dosage forms comprising at least one
active agent, where the percentage (%) of the active agent of the dosage form dissolved in an
in vitro dissolution at a single pH is as shown below in Tables 3 and 4. The dissolution
values shown in Table 3 were determined using the single pH method with a conventional
capsule containing 135 mg of 2-[4-(4-chlorobenzoyl)phenoxyl-2-methyl-propanoic acid
(bereinafter “Neat Drug™). Based on the Cyy values in Tables 25-30 in the Examples, the
Crax 0of the Neat Drug is expected to exceed the Cpyay 0f the Reference Pharmaceutical
Composition. The upper limit of the dissolution values shown in Table 4 is from Table 3.
The lower limits of the dissolution values shown in Table 4 were determined based on the
similarity factor calculations using Formulations 1-2 and 5-13 (described in the Examples).
The dissolution values represent the lowest value of all the calculated similarity factors for

the ahnus.dacnihaerd unmulo 'nﬂs
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Tabie 3

Percentage (%) dissolved Time

Less than or equal to about 70% At about thirty (30) minutes

Less than or equal to about 80% At about sixty (60) minutes

Less than or equal to about 90% At about ninety (90) minutes
Table 4

At least about 0.9% at about thirty (30) minutes and less than or equal to about 70% at about
thirty (30) minutes

At least about 7.0% at about sixty (60) minutes and less than or equal to about 80% at about sixty
(60) minutes

At least about 0.9% at about thirty (30) minutes, less than or equal fo about 70% at about thirty
(30) minutes, at least about 7.0% at about sixty (60) minutes and less than or equal to about 80%
at about sixty (60) minutes

At least about 0.9% at about thirty (30) minutes, less than or equal to about 70% at about thirty
(30) minutes, at least about 7.0% at about sixty (60) minutes, less than or equal to about 80% at
about sixty (60) minutes and less than or equal to about 90% at about ninety (90) minutes

The dosage forms described above, after administration to a2 human subject under
fasting conditions, all have a Cpx that does not exceed 125% of the Chax of the reference
pharmaceutical composition. Preferably, the dosage forms described above, after
administration to a human subject under fasting conditions, all have a Cpy that is less than
the Crax of the reference pharmaceutical composition. Additionally, the dosage forms
described above can have a Cugy that is about 125% of the Cpay of the reference
pharmaceutical composition, a Cyy that is about 120% of the Cpax of the reference
pharmaceutical composition, a Cray that is about 115% of the Cpyy of the reference
pharmaceutical composition, a Cpx that is about 110% of the Cpe of the reference
pharmaceutical composition, a Cyy that is about 105% of the Cpey of the reference
pharmacentical composition or a Cp,, that is about 100% of the Cray of the reference
pharmaceutical composition. Moreover, the dosage forms described above have a Cigy that is
about 95% of the Cpey of the reference pharmaceutical composition, a Cray that is about 50%
of the Cipax of the reference pharmacentical composition, a Chay that is about 85% of the Crge
of the reference pharmaceutical composition, or a Cpyy, that is about 80% of the Cry of the

reference pharmaceutical composition. Thereupon, the dosage forms described herein would
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be expected to provide a safety profile that is comparable to or better than the reference

pharmaceutical composition.

Furthermore, the dosage forms described above, after administration to a human
subject under fasting conditions, exhibit an AUC that is at least 65% of the AUC of the
reference pharmaceutical composition. More specifically, the dosage forms described above,
after administration to & human subject under fasting conditions, exhibit an AUC that is at
least 70%, of the AUC of the reference pharmaceutical composition, exhibit an AUC that is
at least 75% of the AUC of the reference pharmaceutical composition, at least 80% of the
AUC of the reference pharmaceutical composition, at least 85% of the AUC of the reference
pharmaceutical composition, at least 90% of the AUC of the reference pharmaceutical
composition, at least 95% of the AUC of the reference pharmaceutical composition, at least
100% of the AUC of the reference pharmaceutical composition, at least 105% of the AUC of
the reference pharmaceutical composition, at least 110% of the AUC of the reference
pharmaceutical composition, at least 115% of the AUC of the reference pharmaceutical
composition, at least 120% of the AUC of the reference pharmaceutical composition; or at

least 125% of the AUC of the reference pharmaceutical composition,

In a second aspect, the present invention relates to solid dosage forms where the
release characteristics of at least one active agent from said solid dosage forms follows a
Square root of time (t) profile in an in vitro dissolution at a single pH. Dissolution profiles
that follow the square root of time are known in the art and are described, for example in T.
Higuchi, J. Pharm. Sci,, 52:1145 (1963), Peppas et al., Pharm. Aata. Helv., 60:110-111
(1985); and J.L. Foxd et al., Int. J. Pharm., 71:95-104 (1991)). The square root of time
profile used herein has the formula:

% Dissolved = A + B(t")
where A is the estimated Y-intercept in units of % dissolution. B is a constant related

to the rate of dissolution, A and B are characteristics of a specific solid dosage form

containing at least one active agent. tis time (in hours). nis a diffusional exponent. For the
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solid dosage forms of the present invention, n is from about 0.4 to about 0.8, preferably from
about 0.4 to about 0.7.

The percentage (%) of the active agent of the dosage form dissolved in an in vifro
dissolution at a single pH is as shown below in Table S,

Table 5

Percentage (%) dissolved Time

At least about 15.0% but less than or equal | At about 0.5 hours (30 minutes)
to about 71.0%

At least about 40,05 but less than or equal | At about 1.0 hour
to about 81.0%

The dissolution of the active agent at a single pH in said in vitro dissolution is
measured at 2 minimum of three (3) time points that are selected before the percentage
dissolved is about 80%. Preferably, these measurements are made in replicates of at least 3
(although a higher number of replicates can be used) and the mean (also known as the
average) from these measurements used in the square root of time formula. The dosage
forms described above, after administration to a human subject under fasting conditions, all
have a Cyuy that does not exceed 125% of the Cuax of the reference pharmaceutical
composition. Preferably, the dosage forms described above, after administration to a human
subject under fasting conditions, all have a Cyay that is less than the Cigx of the reference
pharmaceﬁtical composition. Additionally, the dosage forms described above can have a
Crnax that is about 125% of the Cpy of the reference pha;maceutical composition, a Crnax that
is about 120% of the Cyey of the reference pharmaceutical composition, a Crux that is about
115% of the Cpay of the reference pharmaceutical composition, a Crax that is about 110% of
the Cpux of the reference pharmaceutical composition, a Cyeyx that is about 105% of the Cppax of
the reference pharmaceutical composition or a Cpyx that is about 100% of the Cpuax of the
reference pharmaceutical composition. Moreover, the dosage forms described above have a
Crx that is about 95% of the C y,y of the reference pharmaceutical composition, 8 Cuax that is
about 90% of the Crax of the reference pharmaceutical composition, a Cpey that is about 85%
of the Cyx 0f the reference pharmaceutical composition, or a Cpey that is about 80% of the

Crax 0f the reference pharmaceutical composition, Thereupon, the dosage forms described
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herein would be expected to provide a safety profile that is comparable to or better than the

reference pharmaceutical composition.

Furthermore, the dosage forms described above, after administration to a human
subject under fasting conditions, exhibit an AUC that is at least 65% of the AUC of the
reference pharmaceutical composition. More specifically, the dosage forms described above,
after administration 0 a human subject under fasting conditions, exhibit an AUC that is at
least 70% of the AUC of the reference pharmaceutical composition, exhibit an AUC that is at
least 75% of the AUC of the reference pharmaceutical composition, exhibit an AUC that is at
least 80% of the AUC of the reference pharmaceutical composition, at least 85% of the AUC
of the reference pharmaceutical composition, at least 90% of the AUC of the reference
pharmaceutical composition, at least 95% of the AUC of the reference pharmaceutical
composition, at least 100% of the AUC of the reference pharmaceutical composition, at least
105% of the AUC of the reference pharmaceutical composition, at least 110% of the AUC of
the reference pharmacentical composition, at least 115% of the AUC of the reference
pharmaceutical composition, at least 120% of the AUC of the reference pharmaceutical

composition; or at least 125% of the AUC of the reference pharmaceutical composition.

In a third aspect, the present relates to dosage forms comprising at least one active
agent, where the percentage (%) of the active agent of the dosage form dissolved in an in
vitro dissolution at a single pH is as shown below in Table 6. The dissolution values shown
below in Table 6 were determined using a similarity factor. The Iower limits of the
dissolution values shown in Table 6 were determiined based on the similarity factor
calculations using Formulations 1-2 and 5-13. The dissolution values represent the lowest
value of all the calculated similarity factors for the above-described Formulations. The upper
limits of the dissolution values shown in Table 6 were determined based on the similarity
factor calculations using Neat Drug. The dissolution values represent the lower value of the
calculated similarity factors for the Neat Drug.

Table 6

Percentage (%) dissolved Time

Less than or equal to 56.0% About 0.25 hours (15 minutes)
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At least about 0.9% but less than or equal | About 0.5 hours (30 minutes)
to about 62.0%
| Less than or equal to 66.0% About 0.75 hours (45 minutes)

- At least about 7.0% but less than or equal | About one (1) hour (60 minutes)
to about 71.0%
. Less than or equal to 79% About 1,5 hours (90 minutes)

The dosage forms described above, after administration to a human subject under
fasting conditions, all have a Cp,y that does not exceed 125% of the Cpax of the reference
pharmaceutical composition. Preferably, the dosage forms described above, after
administration to a human subject under fasting conditions, all have a Cyx that is less than
the Cgy of the reference pharmaceutical composition. Additionally, the dosage forms
described above can have a Cpuy that is about 125% of the Cumey of the reference
pharmaceutical composition, a Cpay that is about 120% of the Cay of the reference
pharmaceutical composition, a Crax that is about 115% of the Cpy of the reference
pharmaceutical composition, a Cpy that 1s about 110% of the Ciyux of the reference
pharmaceutical composition, a Cnyy that is about 105% of the Cpy of the reference
pharmaceutical composition or a Cpey that is about 100% of the Cy of the reference
pharmaceutical composition. Moreover, the dosage forms described above have a Cppy that is
about 95% of the Cyy,y of the reference pharmaceutical composition, a Crax that is about 950%
of the Cpyx of the reference pharmaceutical composition, 2 Cpyuy that is about 85% of the Cpax
of the reference pharmaceutical composition, or a Cpe that is about 80% of the C,u of the
reference pharmaceutical composition. Thereupon, the dosage forms described herein would
be expected to provide a safety profile that is comparable to or better than the reference

pharmaceutical composition.

Furthermore, the dosage forms described above, after administration to a human
subject under fasting conditions, exhibit an AUC that is at least 65% of the AUC of the
reference pharmaceutical composition. More specifically, the dosage forms described above,
after administration to a human subject under fasting conditions, exhibit an AUC that is at
least 70%, of the AUC of the reference pharmaceutical composition, exhibit an AUC that is
at least 75% of the AUC of the reference pharmaceutical composition, at least 80% of the
AUC of the reference pharmacentical composition, at least 85% of the AUC of the reference
pharmaceutical composition, at least 90% of the AUC of the reference pharmaceutical
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composition, at least 95% of the AUC of the reference pharmaceutical composition, at least
100% of the AUC of the reference pharmaceutical composition, at least 105% of the AUC of
the reference pharmaceutical composition, at least 110% of the AUC of the reference
pharmaceutical composition, at least 115% of the AUC of the reference pharmaceutical
composition, at least 120% of the AUC of the reference pharmaceutical composition; or at
least 125% of the AUC of the reference pharmaceutical composition.

In a fourth aspect, the present relates to dosage forms comprising at least one active
agent, where the percentage (%) of the active agent of the dosage form dissolved in an in
vitro dissolution at a single pH is as shown below in Tables 7, 8, 9, 10, 11 and 12, The
dissolution values shown below in Tables 7, 8, 9, 10, 11 and 12 were determined using a
similarity factor. The lower limits of the dissolution values shown in Tables 7, 8, 11 agd 12
were determined based on the similarity factor calculations using Formulations 1-2 and 5-13.
The dissolution values represent the lowest value of all the calculated similarity factors for
the above-described Formulations. The upper limits of the dissolution values shown in
Tables 9, 10, 11 and 12 were determined based on the similarity factor calculations using
Formmuiations 1-2 and 5-13. The dissolution values represent the highest value of all the

calculated similarity factors for the above-described Formulations.
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Table 7

Percentage (%) dissolved Time
At least about 7.0% About one (1) hour
At least about 16,0%° About two (2) hours
At least about 24.0% About three (3) hours
At least about 28.0% About three and one half (3.5) hours
At least about 29.0% About four (4) hours
At least about 31.0% At about five (5) hours
At Jeast about 32.0% At about six (6) hours
At least about 35.0% At about eight (8) hours
At least about 37.0% At about ten (10) hours

Table 8

At least about 7.0% at about 1 hour and at least about 16.0% at about 2 hours

At least about 7.0% at about 1 hour, at least about 16.0% at about 2 hours and at least about
24,0% at about 3 hours

At least about 7.0% at about 1 hour, at least about 16.0% at about 2 hours, at least about
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24.0% at about 3 hours, and at least about 28.0% at abount 3.5 hours

At least about 7.0% at about 1 hour, at least about 16.0% at about 2 hours, at least about
24,0% at about 3 hours, at least about 28.0% at about 3.5 hours and at least about 29.0% at
about 4 hours

At least about 7.0% at about 1 hour, at least about 16.0% at about 2 hours, at least about
24.0% at about 3 hours, at least about 28.0% at about 3.5 hours, at least about 29.0% at about
4 hours and at least about 31.0% at about 5 hours

At least about 7.0% at about 1 hour, at least about 16.0% at about 2 hours, at least about
24.0% at about 3 hours, at least about 28.0% at about 3.5 hours, at least about 29.0% at about
4 hours, at least about 31.0% at about 5 hours, and at least about 32.0% at about 6 hours

Af least about 7.0% at about 1 hour, at least about 16.0% at about 2 hours, af Jeast about
24.0% at about 3 hours, at least about 28.0% at about 3.5 hours, at least about 29.0% at about
4 hours, at least about 31.0% at about 5 hours, at least about 32.0% at about 6 hours, and at
least about 35.0% at about 8 hours

At least about 7.0% at about 1 hour, at least about 16.0% at about 2 hours, at least about
24.0% at about 3 hours, at least about 28.0% at about 3.5 hours, at least about 29.0% at about
4 hours, at least about 31,0% at about 5 hours, at least about 32.0% at about 6 hours, af least
about 35.0% at about 8 hours and at least about 37.0% at about 10 hours

Table 9

Percentage (%) disselved Time

33




Less than or equal to about 41.0% At about one (1) hour
Less than or equal o about 79.0% At about two (2) hours
Table 10

Less than or equal to about 41.0% at about 1 hour and less than or equal to about 79.0% at

about 2 hours

Table 11
Percentage (%) dissolved Time
At least about 7.0% but less than or equal to | About one (1) hour
about 41.0%
At least about 16.0% but less than or equal to | About two (2) hours
about 79.0%
At least about 24.0% but less than or equal to | About three (3) hours

about 100.0%

At least about 28.0% but less than or equal to
about 100.0%

About three and one half (3.5) hours

abqut 100.0%

At least about 29.0% but less than or equal to | About four (4) hours
about 100.0%
At least about 31.0% but less than or equal to | At about five (5) hours
about 100.0%

. At least about 32,0 but less than or equal to At about six (6) hours

| about 100.0%
At least about 35.0% but less than or equal to | At about eight (8) hours
about 100.0%
At least about 37.0% but less than or equal to | At about ten (10) hours
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Table 12

At least about 7.0% but less than or equal to about 41.0% at about 1 hour and at least about
16.0% but less than ot equal to about 79.0% at about 2 hours

At least about 7.0% but less than or equal to about 41.0% at about 1 hour, at least about
16.0% but less than or equal to about 79.0% at about 2 hours and at least about 24.0% but
less than or equal to about 100.0% at 3 hours

At least about 7.0% but less than or equal to about 41.0% at about 1 hour, at least about
16.0% but less than or equal to about 79,0% at about 2 hours, at least about 24.0% buf less
than or equal to about 100.0% at about 3 hours, and at least about 28.0% but less than or
equal to about 100.0% at about 3.5 hours

At least about 7.0% but less than or equal to about 41.0% at about 1 hour, at least about
16.0% but less than ot equal to about 79.0% at about 2 hours, at least about 24.0% but less
than or equal to about 100.0% at about 3 hours, at least about 28.0% but less than or equal to
about 100.0% at about 3.5 hours and at least 29.0% but less than or equal to about 100.0% at
about 4 hours

At least about 7.0% but less than or equal to about 41.0% at about 1 hour, at least about
16,0% but less than or equal to about 79.0% at about 2 hours, at least about 24.0% but less
than or equal to about 100.0% at about 3 hours, at least about 28.0% but less than or equal to
about 100.0% at about 3.5 hours, af least 29.0% but less than or equal to about 100.0% at
about 4 hours and at least about 31.0% but less than or equal to about 100.0% at about 5
hours

Af least about 7.0% but less than or equal to about 41.0% at about 1 hour, at least about
16.0% but less than or equal to about 79.0% at about 2 hours, at least about 24.0% but less
than or equal to about 100.0% at about 3 hours, at least about 28.0% but less than or equal to
about 100.0% at about 3.5 hours, at least 29.0% but less than or equal to about 100.0% at
about 4 hours, at least about 31.0% but less than or equal to about 100.0% at about 5 hours,
and at least about 32.0% but less than or egual 1o about 100,0% at about 6 hours

At least about 7.0% but less than or equal to about 41.0% at about 1 hour, at least about
16.0% but less than or equal to about 79.0% at about 2 hours, at least about 24.0% but less
than or equal to about 100.0% at about 3 hours, at least about 28.0% but less than or equal to
about 100.0% at about 3.5 hours, at least 29.0% but less than or equal to about 100.0% at
about 4 hours, at least about 31.0% but less than or equal to about 100.0% at about 5 hours, at
feast about 32.0% but less than or equal to about 100.0% at about 6 hours, and at least about
35.0% but less than or equal to about 100.0% at about 8 hours

At least about 7.0% but less than or equal to about 41.0% at about 1 hour, at least about
16.0% but less than or equal to about 79.0% at about 2 hours, at least about 24.0% but less
than or equal to about 100.0% at about 3 hours, at least about 28.0% but less than or equal to
about 100.0% at about 3.5 hours, at least 29.0% but less than or equal to about 100.0% at
about 4 hours, at least about 31.0% but less than or equal to about 100.0% at about 5 hours, at
least about 32.0% but less than or equal to about 100.0% at about 6 hours, at least about
35.0% but less than or equal to about 100.0% at about 8 hours and at least about 37,0% but
less than or equal to gbout 100.0% at about 10 hours
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The dosage forms described above, after administration to a human subject under
fasting condifions, all have a Cpuy that does not exceed 125% of the Cppax of the reference
pharmaceutical composition. Preferably, the dosage forms described above, after
administration to a human subject under fasting conditions, all have a C,y that is less than
the Crax of the reference pharmaceutical composition. Additionally, the dosage forms
described above can have a Cp,y that is about 125% of the Ciey of the reference
pharmaceutical composition, a Cg that is about 120% of the Cpay of the reference
pharmaceutical composition, a Cmay that is about 115% of the Cay of the reference
pharmaceutical composition, a Cpay that is about 110% of the Cruyx of the reference
pharmaceutical composition, a Cruy that is about 105% of the Cpay of the reference
pharmaceutical composition or a Cuux that is about 100% of the Cex of the reference
pharmaceutical composition. Moreover, the dosage forms described above have a Cygy that is
about 95% of the Cray of the reference pharmaceutical composition, a Coay that is about 90%
of the Cyyy of the reference pharmaceutical composition, a Ciax that is about 85% of the Cp
of the reference pharmaceutical composition, or a Cyyy that is about 80% of the Cryy of the
reference pharmaceutical composition. Thereupon, the dosage forms described herein would
be expected to provide a safety profile thai is comparable io or betier than the reference

pharmaceutical composition.

Furthermore, the dosage forms described above, after administration to a human
subject under fasting conditions, exhibit an AUC that is at least 65% of the AUC of the
reference pharmaceutical composition. More specifically, the dosage forms described above,
after administration to a human subject under fasting conditions, exhibit an AUC that is at
least 70%, of the AUC of the reference pharmaceutical composition, exhibit an AUC that is
at least 75% of the AUC of the reference pharmaceutical composition, at least 80% of the
AUC of the reference pharmaceutical composition, at least 85% of the AUC of the reference
pharmaceutical composition, at least 90% of the AUC of the reference pharmaceutical
composition, at least 95% of the AUC of the reference pharmaceutical composition, at least
100% of the AUC of the reference pharmaceutical composition, at least 105% of the AUC of
the reference pharmaceutical composition, at least 110% of the AUC of the reference

pharmacentical composition, at least 115% of the AUC of the reference pharmaceutical
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composition, at least 120% of the AUC of the reference pharmaceutical composition; or at
least 125% of the AUC of the reference pharmaceutical composition.

In a fifth aspect, the present relates to dosage forms comprising at least one active
agent, where the percentage (%) of the active agent of the dosage form dissolved in an in
vitro dissolution at & single pH is as shown below in Tebles 13, 14, 15 and 16. The
dissolution values shown below in Tables 13, 14, 15 and 16 were determined using a
similarity factor. The lower limits of the dissolution values shown in Tables 13 and 14 were
determined based on the similarity factor calculations using Formulations 1, 5, 8 and 9-13.
The dissolution values represent the lowest value of all the calculated similarity factors for
the above-described Formulations. The upper limits of the dissolution values shown in
Tables 15 and 16 were determined based on the similarity factor calculations using
Formulations 1, 5, 8 and 9-13. The dissolution values represent the highest value of all the

calculated similarity factors for the above-described Formulations.

Table 13

Percentage (%) dissolved Time
At least about 9.0% About one (1) hour
At least about 21.0% About two (2) hours
At least about 34.0% About three (3) hours
At least about 39.0% ' About three and one half (3.5) hours
At least about 44.0% About four (4) hours
At least about 49.0% At about five (5) hours
At least about 54.0% At about six (6) hours
At least about 60.0%- At about eight (8) hours
At least about 67.0% At about ten (10) hours
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Table 14

At least about 9.0% at about 1 hour and at least about 21.0% at about 2 hours

| At least about 9.0% at about 1 hour, at least about 21.0% at about 2 hours and at least about
34.0% at about 3 hours

At least about 9.0% at about 1 hour, at least about 21.0% at about 2 hours, at least about
34.0% at about 3 hours, and at least about 67.0% at about 3.5 hours

At least about 9.0% at about 1 hour, at least about 21.0% at about 2 hours, at least about
34.0% at about 3 hours, at least about 67.0% at about 3.5 hours and at least about 44.0% at
about 4 hours

At least about 9.0% at about 1 hour, at least about 21.0% at about 2 hours, at least about
34.0% at about 3 hours, at least about 67.0% at about 3.5 hours, at least about 44.0% at about
4 hours and at least about 49.0% at about 5 hours

At least about 9.0% at about 1 hour, at least about 21.0% at about 2 hours, at least about
34,0% at about 3 hours, at least about 67.0% at about 3.5 hours, at least about 44.0% at about
4 hours, at least about 49.0% at about 5 hours, and at least about 54.0% at about 6 hours

At least about 9.0% at about 1 hour, at least about 21.0% at about 2 hours, at least about
34.0% at about 3 hours, at least about 67.0% at about 3.5 hours, at least about 44.0% at about
4 hours, at least about 49.0% at about 5 hours, at least about 54.0% at about 6 hours, and at
1east about 60.0% st about 8 hours

At least about 9.0% at about 1 hour, at least about 21.0% at about 2 hours, at least about
34.0% at about 3 hours, at least about 67.0% at about 3.5 hours, at least about 44.0% at about
4 hours, at least about 49,0% at about § hours, at least about 54.0% at about 6 hours, at least
about 60.0% at about 8 hours and at least about 67.0% at about 10 hours
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Table 15

Percentage (%) dissolved Time
At least about 9.0% but less than or equal to | About one (1) hour
about 41.0%
At least about 21.0% but less than or equal to | About two (2) hours
about 79.0%
At least about 34.0% but less than or equal to | About three (3) hours

about 100.0%

At least about 39.0% but less than or equal to
' about 100.0%

About three and one half (3.5) hours

At least about 44.0% but less than or equal to | About four (4) hours
about 100.0%

At least about 49.0% but less than or equal to | At about five (5) hours
about 100.0%

At least about 54.0 but less than or equal to At about six (6) hours
about 100.0%

At least about 60.0% but less than or equal to | At about eight (8) hours
about 100.0%

At least about 67.0% but less than or equal to | At about ten (10) hours

about 100.0%
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Table 16

At least about 9.0% but less than or equal to about 41.0% at about 1 hour and at least about
21.0% but less than or equal to about 79.0% at about 2 hours

At least about 9.0% but less than or equal to about 41.0% at about 1 hour, at least about
21.0% but less than or equal to about 79.0% at about 2 hours and at least about 34.0% but
less than or equal to about 100.0% at about 3 hours

At least about 9.0% but less than or equal to about 41.0% at about 1 hour, at least about
21.0% but less than or equal to about 79.0% at about 2 hours, at least about 34.0% but less
than or equal to about 100.0% at about 3 hours, and at least about 39.0% but less than or
equal to about 100.0% at about 3.5 hours

At least about 9.0% but less than or equal to about 41.0% at about 1 hour, at least about
21.0% but less than or equal to about 79.0% at about 2 hours, at least about 34.0% but less
than or equal to about 100.0% at about 3 hours, at least about 39.0% but less than or equal to
about 100.0% at about 3.5 hours and at least about 44.0% but less than or equal to about
100.0% at about 4 hours

At least about 9.0% but less than or equal to about 41.0% at about 1 hour, at least about
21.0% but less than or equal to about 79,0% at about 2 hours, at least about 34.0% but less
than or equal to about 100.0% at about 3 hours, at least about 39.0% but less than or equal to
about 100.0% at about 3.5 hours, at least about 44.0% but less than or equal to about 100.0%
at 4 hours and al least about 49.0% but less than or equal to about 100.0% at about 5 hours

At least about 9.0% but less than or equal to about 41.0% at about 1 hour, at least about
21.0% but less than or equal to about 79.0% at 2 hours, at least about 34.0% but less than or
equal to about 100.0% at about 3 hours, at least about 39.0% but less than or equal to about
100.0% at about 3.5 hours, at least aboui 44.0% but less than or equal to about 100.0% at
about 4 hours, at least about 49.0% but less than or equal to about 100.0% at about 5 hours,
and at least about 54.0% but less than or equal to about 100.0% at about 6 hours

At least about 9.0% but less than or equal to about 41.0% at about 1 hour, at least about
21.0% but less than or equal to about 79.0% at about 2 hours, at least about 34.0% but less
than or equal to about 100.0% at about 3 hours, at least about 39.0% but less than or equal to
about 100.0% af about 3.5 hours, at least about 44.0% but less than or equal to about 100.0%
at about 4 hours, at least about 49.0% but less than or equal to about 100.0% at about 5 hours,
at least about 54.0% but less than or equal to about 100.0% at about 6 hours, and at least
about 60.0% but less than or equal to about 100.0% at about 8 hours

At least about 9.0% but less than or equal to about 41.0% at about 1 hour, at least about
21.0% but less than or equal to about 79.0% at about 2 hours, at least about 34.0% but less
than or equal to about 100.0% at about 3 hours, at least about 39.0% but less than or equal to
about 100.0% at about 3.5 hours, at least about 44.0% but less than or equal to about 100.0%
at about 4 hours, at least about 49.0% but less than or equal to about 100.0% at about 5 hours,
at least about 54.0% but less than or equal to about 100.0% at about 6 hours, at least about
60.0% but less than or equal to about 100.0% at about 8 hours and at least about 67.0% but
iess than or equal to about 100.0% at about 10 hours

The dosage forms having the dissclution values shown above, afier administration to

a hurnan subject under fasting conditions exhibit a similar AUC (namely, they are
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bioequivalent) to the AUC of the reference pharmaceutical composition. Thereupon, the
dosage forms described herein would be expected to provide comparable efficacy to the
reference pharmaceutical composition.

Furthermore, the dosage forms described above, after administration fo a human
subject under fasting conditions, exhibit an AUC that is at least 65% of the AUC of the
reference pharmaceutical composition. More specifically, the dosage forms described above,
after administration to a human subject under fasting conditions, exhibit an AUC that is at
least 70%, of the AUC of the reference pharmaceutical composition, exhibif an AUC that is
at least 75% of the AUC of the reference pharmaceutical compogition, at least 80% of the
AUC of the reference pharmaceutical composition, at least 85% of the AUC of the reference
pharmaceutical composition, at least 90% of the AUC of the reference pharmaceutical
composition, at least 95% of the AUC of the reference pharmaceutical composition, at least
100% of the AUC of the reference pharmaceutical composition, at least 105% of the AUC of
the reference pharmaceutical composition, at least 110% of the AUC of the reference
pharmaceutical composition, at least 115% of the AUC of the reference pharmaceutical
composition, at least 120% of the AUC of the reference pharmaceutical composition; or at

least 125% of the AUC of the reference pharmaceutical composition.

The dosage forms described above, after administration to a human subject under
fasting conditions, all have a Cp,y, that does not exceed 125% of the Cpuy 0f the reference
pharmaceutical composition. Preferably, the dosage forms described above, after
administration to a human subject under fasting conditions, all have a Cyy that is less than
the Cpax of the reference pharmaceutical composition. Additionally, the dosage forms
described above can have a Cpy that is about 125% of the Chuy 0F the veference
pharmaceutical composition, a Crex that is about 120% of the Cyx of the reference
pharmaceutical composition, a Cpay that is about 115% of the Crax 0f the reference
pharmaceutical composition, & Cpay that is about 110% of the Cyex of the reference
pharmaceutical composition, a C.x that is about 105% of the Cyuy of the reference
pharmaceutical composition or a Ciy that is about 100% of the Cpux 0f the reference
pharmaceutical composition. Moreover, the dosage forms described above have a Cpyx that is

about 95% of the Cyay of the reference pharmaceutical composition, a Crex that is about 90%
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of the Cpx of the reference pharmaceutical composition, a Cgy that is about 85% of the Cryax
of the reference pharmaceutical composition, or a Coay that is about 80% of the Cyy of the
reference pharmaceutical composition. Thereupon, the dosage forms deseribed herein wounld
be expected to provide a safety profile that is comparable to or better than the reference

pharmaceutical composition.

B. Lack of Significant Food Bffect on Oral Administration
The present invention aiso relates to solid dosage forms containing at least one active

agent that lack a significant food effect upon oral administration of said dosage form to one

or more subjects in need of treatment thereof. As used herein, the term “lacks a significant
food effect” means (a) that when a solid dosage form of the present invention containing an
active agent is orally administered to a hurnan subject under fed conditions that said dosage
form exhibits an AUC that is similar to (or doeg not differ substantially from) the AUC of
said dosage form after oral administration to a human subject under fasting conditions
{meaning, that the AUC of the dosage form of the present invention after oral administration
to a human subject under fed conditions is not affected by food); or (b) that when the Cpax of
the solid dosage form of the present invention (hereinafter “Ciy P.L”) after oral
administration to a human subject under fed or fasting conditions is divided by the Cpx of the
reference pharmaceutical composition (hereinafter “Cpx R.P.C.”), that the resulting ratio is
less than 1.25 (namely, [Cuax P.L (fed or fasted) / Cax R.P.C. (low fat fed conditions)] <
1.25). Preferably, the solid dosage forms of the present invention, upon oral administration to
a human subject in a fed and fasted state, has an AUC(fed)/AUC(fasted) that is between 0.70
and 1.43 or more preferably, between 0.80 and 1.25.

In one aspect, the present invention relates to dosage forms comprising an active
agent, where said dosage form exhibits a Adiss; gn0f between -10.0 to 17.0, preferably
between ~10.0 to 9.0, more preferably between ~10.0 to 2.0. Dosage forms exhibiting a
Adissy o of between  -10.0 to 17.0, preferably —10 to 9.0, more preferably, -10.0 to 2.0
(hereinafter referred to as the “A dissolution ranges”) have been found to lack a significant
food effect upon oral administration to a hurnan subject under fed conditions, Not only do
dosage forms exhibiting the A dissolution range exhibit a lack of a significant food effect

upon oral administration, but the hereinbefore described correlation, namely, the difference in

42



release as measured using Adiss; provides a predictive model that can be used to describe the
relationship between an in vitro property (namely, dissolution) of the solid dosage form and
an in vivo property, namely, food effect. This model can be used to aid in the development of
new solid dosages comprising the active ingredient. Specifically, this model allows a
formulator to perform a relatively quick in vitro dissolution test to determine whether or not a
newly developed dosage form containing the active ingredient is likely to exhibit a significant
food effect upon oral administration to a subject under fed conditions without the need to
conduct more expensive in vivo (namely human) tests. Using this model, dosage forms
identified as likely not fo exhibit a significant food effect upon oral administration can be
targeted for further product development while those dosage forms identified as likely to
exhibit a significant food effect can be discontinued from any further development.

The above-described model was developed by first determining Adiss o for each of
seven dosage forms containing at least one active agent (namely, dosage forms 1,2,5,6,7, 8
and 10 which are described in more detail in the Examples). The Adiss on: obtained for each

dosage form was considered to be a predictor of an in vivo food effect with respect 10 Crax.

In addition to the Adiss, gy, the Observed ARelative Cray was determined for each of
the seven dosage forms described above. The Observed ARelative Cpy values obtained for
each dosage form were then regressed on Adisss o using simple linear regression to obtain
the least squares regression prediction equation involving only a slope and intercept. This
regression prediction equation was used to obtain the predicted ARelative Cyuy (hereinafier
“Predicted ARelative Cpp””). The minimum and maximum Predicted ARelative Cpy values
were talgen as the acceptable range for Predicted ARelative Cax. The associated acceptable
ranges for the Adissy.on, (namely, the A dissolution range described above) were obtained by
solving the regression prediction equation for Adiss; gy at the minimum and maximum range
for the Predicted ARelative Cpax (See Figure 2).

In another aspect, the present invention relates to dosage forms comprising an active
agent, where said dosage form has a Predicted ARelative Cppy 0f-0.2 to +0.8, preferably from

-0.2 to +0.2 (hereinafter referred to as the “Predicted ARelative Cpaxrange™). In order to
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determine whether a solid dosage form has a Predicted ARelative Cray 0f -0.2 to +0.8, the
following formula is used:

Predicted ARelative Cuay = 0.096 — 0.035Adissg 53 + 0.082Adiss g5 + 0.037AdisS.0n

Dosage forms having a Predicted ARelative Cyay that fall within the above-described
Predicted ARelative Cyyy range (namely, -0.2 to +0.8, preferably —0.2 to +0.2), lack a
significant food effect upon oral administration to a subject under fed or fasted conditions.
Not only do dosage forms having a value within the above Predicted ARelative C.y range
exhibit a lack of a significant food effect upon oral administration, but the hereinbefore
described correlation provides a predictive model that can be used to describe the relationship
between the in vitro proberty (namely, dissolution) of the solid dosage form and an in vivo
property, namely, food effect. This model can be used to aid in the development of new solid
dosages comprising the active ingredient.. Specifically, this model allows a formulator to
perform a relatively quick in vitro dissolution test to determine whether or not a newly
developed dosage form containing the active ingredient is likely to exhibit a significant food
effect upon oral administration to a subject under fed conditions without the need to conduct
more expensive in vivo (namely human) tests, Usmg this model, dosage forms identified as
likely not to exhibit a significant food effect upon oral administration can be targeted for
further product development while those dosage forms identified as likely to exhibita
significant food effect can be discontinued from any further development.

The above-described model was developed by first determining the Adissg shr,
Adiss; gn and Adiss; gy for seven formulations (namely, dosage forms 1,2, 5, 6,7, 8 and 10
which are described in more detail in the Examples)., The Adisso sk, Adissy o and Adisss.onr
obtained for each dosage form at each of these time points were considered to be predictors

of an in vivo food effect with respect to Cypx.

In addition to Adissg snr, Adiss) g and Adiss; o described above, the Observed
ARelative Cyy,x was determined for each of the seven dosage forms above. The Observed
ARelative Ciax for each dosage form was then regressed on Adissg,skr, Adiss; on and Adissy o

using multiple linear regression to obtain the least squares regression prediction equation.
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The regression prediction equation (“hereinafter “RPE”) obtained was the same equation
used for the Predicted ARelative Cpy described herein (namely, Predicted ARelative Crax =
0.096 — 0.035Adissg sy + 0.082Adissy g + 0.037Adiss, on). Thus, this equation was used to
obtain the Predicted ARelative Cpax. The minimum and maximum Predicted ARelative Crax
values were taken as the acceptable range for Predicted ARelative Cpax. A correlation plot of
the Observed ARelative Cyux was {on the Y axis) versus the minimum and maximum
Predicted ARelative Ciay {on the X axis) is shown in Figure 1. The correlation coefficient
was determined to be 0.986.

oI, Composition and Methods for Meking the Desage Forms of the Present Invention

The benefits of the dosage forms of the present invention can be obtained with any
dosage form that provides for a2 modified release of the active agent. Examples of such
dosage forms that can be used include, but are not limited to, matrix systems, membrane
controlled systems (which are also referred to as “reservoir systems™), pulse release systems
or osmotic pumps, Each of these systems is described in greater detail herein. A detailed
discussion of such dosage forms may also be found in: (i) Handbook of Pharmaceutical
Comirolied Reiease Technoiogy, ed. D, L. Wise, et al., Marcel Deldker, Inc., New Yoik, New
York (2000), and (ii) and Treatise on Controlled Drug Delivery, Fundamenials,
Optimization, and Applications, ed. A. Kydonieus, Marcel Dekker, Inc., New York, New
York (1992).

Matrix systems are well known to those skilled in the art. For the dosage forms of the
present invention, at least one active agent is homogenously dispersed in at least one rate-
controlling mechanism and optionally, with at least one pharmaceutically acceptable
excipient. This admixture can be made into a dosage form such as, but not limited to, a
powder, a granule, bead, pellet, particulate, a tablet, a mini tablet or an agglomerate. The
present invention also contemplates that the dosage form, such as, but not limited to a
powder, a granule, bead, peliet, particulate, a tablet, a mini tablet or an agglomerate, can be
sprinkled on to food or dissolved in an appropriate drink for subject consumption. The
present invention also contemplates that after said dosage form is made that it can be
optionally surrounded or coated with one or more rate~-controlling layers and/or one or more

enteric coatings, which will be described in more detail herein.
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As used herein, the term “at least one rate-controlling mechanism” refers to an agent
that confrols or modulates the rate of release of the active agent from the dosage form. The at
least one rate-conirolling mechanism generally comprises an inert, non-toxic material that is
at least partially, and generally substantially completely erodible in an environment of use.
Selection of materials suitable for the rate-controlling mechanism of the present invention
will depend upon the desired period for the release of the active agent from the dosage form
which is well known to those skilled in the art.

The rate-controlling mechanism used in a matrix dosage form can be a hydrophilic
agent, hydrophobic agents or combinations thereof. Additionally, the rate-controiling
mechanism may optionally include any pharmaceutically acceptable excipient that can help
modulate the hydrophilicity and/or hydrophobicity of the hydrophilic and/or hydrophobic
agents. Hydrophilic agents that can be used include, but are not limited to, hydroxypropyl
methylcellulose, hydfoxypropyl cellulose, hydroxyethyl cellulose, polyethylene oxide,
polyethylene glycols (“PEG”), xanthum gum, alginates, polyvinyl pyrrolidone, starches,
cross-linked homopolymers and copolymers of acrylic acid and other pharmaceutically
acceptable substances with swelling and/or gel-forming properties and combinations thereof.
Hydrophobic agents that can be used include, but are not limited to, waxes and water-
insoluble agents. Examples of waxes that can be used include, but are not limited to, natural
and synthetic waxes, such as, carnauba wax, bees wax, candelilla wax, paraffin waxes and
combinations thereof. Water insoluble agents include, but are not limited to,
ammoniomethacrylate copolymers (such as Eudragit® RI1.100, RS100), celiulose,
eihylce]lulose, cellulose acetates, cellulose acetate butyrate, cellulose acetate propionate,
methacrylic ester copolymers (Eudragit® NE30D), microcrystalline cellulose and dibasic
calcium phosphate and combinations thereof. Examples of a rate-controlling mechanism
used in the form of a coating or membrane include, but are not limited to, ethyleellulose (such
as Surelease® and Aquacoat® ECD), ammoniomethacrylate copolymers (such as Eudragit®
RI.30D and RS30D) and methacrylic ester copolymers (such as Eudragit® NE30D).

One skilled in the art would be able to determine the types and amounts of

pharmaceutically acceptable excipients that would be suitable and appropriate for such matrix
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dosage forms, Examples of pharmaceutically acceptable excipients that can be used in the
dosage forms of the present invention include, but are not limited to, one or more fillers,
binders, lubricanis/glidants, solubility enhancing agents, suspending agents, sweetness and/or
flavoring agents, preservatives, buffers, wetting agents, disintegrating agents, effervescent
agents, surfactants, humectants, solution retarders, absorbents, solvents, other

pharmaceutically acceptable additives and combinations thereof.

Fillers that can be used in the present invention include, but are not limited to,
starches, lactose, microcrystalline cellulose, sucrose, glucose, sorbitol, mannitol and
combinations thereof, Examples of fillers that can be used are microcrystalline cellulose,
such as Avicel® PH101 and Avicel® PH102; lactose, such as lactose monohydrate, lactose

- anhiydrous and Pharmatosee DCL21; dibasic calcium phosphate such as Emcompress®.

Binders that can be used in the present invention include, but are not limited to,
celluloses such as hydroxypropyl methylcsliniose, hydroxypropyl celiulose, microcrystalline
cellulose, polyvinyl pyrrolidone, starches and other pharmaceutically acceptable substances

wiih cobesive properiies.

Lubricants and glidants that can be used in the present invention include, but are not
limited to, colioidal silicon dioxide, such as Aerosil® 200, tale, stearic acid, magnesium
stearate, calcium stearate, solid polyethylene glycols, sodinm stearyl fumarate, silica gel and
mixtures thereof and other substances with lubricating or gliding properties.

Solubility enhancing agents that can be used include, but are not limited to, co-
solvents such as ethanol or propylene glycol, surfactants and polymeric substances such as
polysorbates, polyalkylene glycols, poloxamers or polyvinylpyrrolidone, and oily fatty acids

and their mono- or diglyceryl esters such as linoleic acid or glyceryl monolaurate.
Suspending agents that can be used include, but are not limited to,

carboxymethylcelluose, veegum, tragacanth, bentonite, methylcellulose and polyethylene
glycols.
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Sweeteners that can be used in the present invention are any natural or artificial
sweetner such as, but not limited to, sucrose, xylitol, sodium saccharin, cyclamate, aspartame
and acesulfame. Examples of flavoring agents are Magnasweet®, bubble gum flavor, fruit
flavors and the like.

Preservatives that can be used in the present invention include, but are not limited to,
potassium sorbate, methylparaben, propylparaben, benzoic acid and its salts, other esters of
parahydroxybenzoic acid such as butylparaben, alcohols such as ethyl or benzy! alcohol,
phenolic compounds such as phenol or quaternary compounds such as benzalkonium
chiloride.

Suitable buffers that can be used in the present invention include, but are not limited

to, phosphate, acetate, citrate, succinate and histidine buffers,

Wetting agents that can be used in the present invention include, but are not limited

to, ammonium laury! sulfate and sodium lauryl sulfate,

Suitable disintegrating agents that can be used in the present invention include, but are
not limited to, cross-linked polyvinyl pyrrolidone, corn starch, potato starch, maize starch and
modified starches, agar-agar, calcium carbonate, sodium carbonate, alginic acids, cross-

carmellose sodium, sodium starch glycolate, microcrystalline cellulose and mixtures thereof.

Suitable effervescent agents that can be used in the present invention are effervescent
couples such as, but not limited to, an organic acid and a carbonate or bicarbonate. Suitable
organic acids include, but are not limited to, citric, tartaric, malic, fumaric, adipic, succinic,
and alginic acids and anhydrides and acid salts, Suitable carbonates and bicarbonates
include, but are not Limited o, sodium carbonate, sodium bicarbonate, potassium carbonate,
potassium bicarbonate, magnesinm carbonate, sodium glycine carbonate, L-lysine carbonate

and arginine carbonate.

The term “surfactant” is used in its conventional sense in the present invention. Any

surfactant is suitable, whether it is amphoteric, non-ionic, cationic or anionic. Examples of
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suitable surfactants include, but are not limited to, sodium lauryl sulfate, polysorbates such as
polyoxyethylene sorbitan monooleate, monolaurate, monopalmitate, monstearate or another
ester of polyoxyethylene sorbitan (e.g., the commercially available Tweens®, such as,
Tween® 20 and Tween® 80 (ICI Speciality Chemicals)), sodium dioctylsulfosuccinate
(DOSS), lecithin, stearylic alcohol, cetostearylic alcohol, cholesterol, polyoxyethylene ricin
oil, polyoxyethylene fatty acid glycerides, poloxamers (e.g., Pluronics F68® and F108®,
which are block copolymers of ethylene oxide and propylene oxide); polyoxyethylene castor
oil derivatives or mixtures thereof,

Examples of humectants that can be used, include, but are not limited to, glycerol,

sorbitol, pentatol, polyethylene glycol or propylene glycol.

BExamples of absorbents that can be used include, but are not limited to, kaolin and
bentonite.

The dosage form can optionally be surrounded or coated with at least one non-rate-
coniroiling layer. The functions of the non-rate-controlling layer include, but are not limited
to, providing stability for the active agent, functioning as a process aid and/or as a cosmetic
enhancement for the formulation. The non-rate-controlling layer can be formed as a single

layer, coating or membrane or a plurality of single layers, coatings or membranes.

When the dosage form contains a non-rate-conirolling layer, said non-rate-controlling
layer can be made of one or more polymers, as well as, other ingredients known in the art,
such as, but not limited to, plasticizers, pigments/opacifiers, waxes, etc. Examples of
polymers that can be used include, but are not limited to, hydroxypropyl methylceliulose,
hydroxypropyl cellulose, methylcellulose, polyvinyl alcohol and polyethylene glycol.
Examples of plasticizers that can be used include, buot limited to, polyethylene giycol(s),
glycerin, triacetin, triethy! citrate, diethyl phthalate, and mineral oils. Examples of
pigments/opacifiers that can be used include, but are not limited to, water soluble dyes (for
example, sunset yellow, quinoline yellow, erythrosine, and tartrazine), pigments (for
example, aluminum lakes, titanium oxides, iron oxides and talc), and natural products (for
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example, riboflavin, carotenocids, chlorophyll, anthocyanins, and carmine). Examples of a

wax that can be used is a paraffin wax.

Matrix dosage forms can be prepared using standard techniques well known to those
skilled in the art, direct blending, dry granulation (roller compaction), wet granulation (high
shear granulation), milling or sieving, drying (if wet granulation is used),
extrusion/spheronization, balling or compression, and, optionally, coating. For example, such
dosage forms can be prepared by mixing at least one active agent, at least one rate-controlling
mechanism, and optionally, at least one pharmaceutically acceptable excipient to obtain a
powder blend. The powder blend can then be filled into a capsule or compressed into tablets.
Additionally, the powder blend can be further subjected to granulation or extrusion and the
granulate or extrudate can be formed into a tablet or filled into a capsule, using routine
techniques known in the art. Such matrix dosage forms can contain the active agent in the
amount of from about 10 fo about 85% on a weight-to-weight basis based on the final weight
of the dosage form. The remainder of the dosage can contain the above-described ingredients
in amounts that can be adjusted to achieve the desired active agent release profile, techniques

of which are known in the art.

The present invention also contemplates that the maitrix dosage forms described
herein, can, such as after being filled into capsules or compressed into tablets, be
subsequently coated with one or more enteric coatings. The enteric coatings that can be used
for such coatings are described in more detail herein. For example, such dosage forms can be
prepared by mixing at least one active agent and at least one pharmaceutically acceptable
excipient to obtain a powder blend. The powder blend can then be enteric coated, can be
compressed into a tablet that can be enteric coated or can be filled into a capsule which can
be enteric coated. Also, the powder blend can be subjected to further granulation using
routine techniques known in the art and the resulting granules enteric coated. The resulting
granules can then be filled into a capsule and the capsule coated with at least one enteric

coating, using routine techniques known in the art.

Another system that can be used to make the dosage forms of the present invention is

areservoir system. In this system, at least one core containing or comprising at least one
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active agent is coated or layered with at least one pharmaceutically acceptable coating, layer
or membrane, The coating, layer or membrane, and its relative quantity, offers a
predetermined resistance to active agent diffusion from the reservoir to the gastrointestinal
tract. Thus, the active agent is gradually released from the core into the gastrointestinal tract,

thereby providing a desired sustained release of the at least one active agent.

As mentioned briefly above, reservoir systems and methods for making such dosage

forms are well known in the art. For example, U.S. Patent Nos. 5,286,497 and 5,737,320,
both of which are hereby incorporated by reference, describe such dosage forms and their
methods of production., In the dosage forms of the present invention, the core(s) can be a
granule, bead, pellet, particulate, microsphere, mini tablet, tablet or agglomerate, The core
can be made in a variety of different ways. For example, the core can comprise a mixture of
at least one active agent and at least one of the rate-controlling mechanisms described
previously herein and, optionally, at least one of the pharmaceutically acceptable e':xcipients

- described previously herein. Alternatively, the core can comprise at least one active agent
and, optionally, at least one pharmaceutically acceptable excipient and can be further
surrounded or coated with at least one rate-conirolling mechanism. Altenatively, the core
can comprise an inert substrate onto which is apglieci at least one active agent and, optionally,
at least one pharmaceutically acceptable excipient. In addition, the substrate can be further
surrounded or coated with at least one rate-controlling mechanisim, at least one non-rate-

controiling layer, at least one enteric coating or any combinations thereof.

Optionally, the core may also contain one or more non-rate-controlling layers as
described previously herein. The location of the non-rate-controlling layer in the formulation
is not critical, For example, the non-rate-controlling layer may be present between the core
and an enteric coating or other polymeric coating, Alternatively, the non-rate-controlling

layer may surround or coat an enteric coating or other polymeric coating.

The core can contain the active agent in the amount of from about 10 to about 99% on
a weight-to-weight basis based on the final weight of the core. The reminder of the core can
contain the above-described ingredients in amounts that can be adjusted to achieve the

desired active agent release profile, techniques of which are known in the art.
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The core can be produced by using routine techniques known in the art such as, but
not limited to, direct blending, dry granulation (roller compaction), wet granulation Chigh
shear granulation}, milling or sieving, drying (if wet granulation is used),
extrusion/spheronization, bailing or compression, and, optionally, coating.

The second major component of a reservoir system is at least one coating, layer or
membrane for use in controlling the release of the active agent from the dosage form. An
example of a coating, layer or membrane that can be used is a polymeric coating. Examples
of suitable polymers that can be used include, but are not limited to, ethylcellulosé, cellulose
acetate, cellulose propionate (lower, medium or higher molecular weight), cellulose acetate
propionate, cellulose acetate butyrate, cellulose acetate phihalate, cellulose triacetate,
poly(methyl methacrylate), poly(ethyl methacrylate), poly(butyl methacrylate), poly(isoi)utyl
methacrylate), poly(hexyl methacrylate), poly(isodecyl methacrylate), poly(lanryl
methacrylate), poly(phenyl methacrylate), poly(methyl acrylate), poly(isopropyl acrylate),
poly(isobutyl acrylate), poly(octadecyl acrylate), poly(ethylene), poly(ethylene) low density,
poly(ethylene) high density, poly(propylene), poly(ethylene oxide), poly(ethylene
terephthalate), poly(vinyl isobutyl ether), poly(vinyl acetate), poly(vinyl chloride) or
polyurethane or mixtures thereof.

The polymeric coating may be applied to the core using methods and techniques
known in the art. Examples of suitable coating devices include fluid bed coaters and pan
coaters. The application techniques are described in more detail in: 1) Aqueous polymeric
coatings for pharmaceutical compositions, ed. J. W. McGinity, Marcel Dekker, Inc, New
York, New York (1997); and ii} Pharmaceutical compositions: Tablets Vol. 3. ed. H. A.
Lieberman, L. Lachman and J. B. Schwartz, Marcel Dekker, Inc. New York, New York pp.
77-287, (1990).

Another coating, layer or membrane that can be applied to the core is at least one
enteric coating, One or more enteric coatings can be applied on to the core (the core may or
may not contain one or more rate-controlling layers, non-rate-controlling layers or

combinations of rate-controlling layers and non-rate controlling layers). For example, an
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enteric coating may be dispersed or dissolved in either water or in a suitable organic solvent
and then sprayed on to the core or applied as a dry coating on to the core. Any enteric
coating can be used in the present invention, including, but not limited to, solutions or
dispersions of methacrylic acid and methacrylic ester copolymers, cellulose acetate phthalate,
hydroxypropyl methyicellulose phthalate, hydroxypropyl methylcellulose acetate succinate,
polyvinyl acetate phthalate, ethyl acrylate/methacrylic acid copolymers, cellulose acetate
trimellitate, shellac and combinations thereof. For environmental reasons, aqueous baseci
coatings can be used in the present invention as well. Examples of aqueous based coatings
that can be used include, but are not limited to, methacrylic acid and methacrylic ester
copolymers, hydroxypropyl methylceliulose acetate succinate, ethyl acrylate/methacrylic acid

copolymers, cellulose acetate phthalate and combinations thereof.

The enteric coating can be formed as a single or multiple layers. The thickness of the
coating can be readily determined by those skilled in the art, but must be sufficient to protect

the dosage form in the acidic environment of the stomach.

The enteric coating(s) may contain one or more pharmaceutically acceptable
plasticizers (in order to obtain desirable mechanical properties, such as, but not limited to,
improved flexibility and strength of the enteric coating), such as, but not limited to, triacetin,
citric acid esters, phthalic acid esters, dibutyl sebacate, cetyl alcohol, polyethylene glycols,
polysorbates. The type and amount of plasticizer used will depend upon the intended
composition of the enteric coating and can be readily determined by one skilled in the art. In
addition to one or more plasticizers, the enteric coating can also contain anti-caking agents
such as talc, as well as disperants, colorants, pigments, anti-foaming agents as well as other
pharmaceutically acceptable agents to increase the thickness of the enteric coating and/or to

regulate or modulate the diffusion of acidic gastric juices into the core.

If one or more enteric coatings are used, a coating between the core and the enteric
coating can also be used (such a coating is frequently referred to as a “subcoating™). Any
film forming polymer can be used as a subcoating. For example, polymers such as polyvinyl

aleohol, hydroxypropyl celtulose, hydroxypropyl methyl cellulose can be used.
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Tn an osmotic pump system, a core is encased by a semipermeable membrane having
at least one orifice. The semipermeable membrane is permeable to water, but impermeable to
the active agent. When the system is exposed to body fluids, water will penetrate through the
semipermeable membrane into the tablet core containing osmotic excipients and at least one
active agent. Osmotic pressure increases within the dosage form and the active agent is

released through the orifice in an attempt to equalize pressure.

In more complex pumps, the core can contain multiple internal compartments, For
example, the first compartment may contain at least one active agent and the second
compartment may contain at least one polymer that swells on contact with fluid. After
ingestion, the polymer swells into the active agent containing compartment af a

predetermined rate and forces the active agent from the dosage form at that rate.

Pulsed release systems are also well known to those skilled in the art. Pulsed release
systems release at least one active agent in pulses (namely, at different time points). Pulsed
release systems also may include a combination of immediate release and extended release.

Multiple configurations are suitable for pulsed release dosage forms of the active agent.

Osmotic pumps are well known in the art and have been described in the literature.
For example, U. S. Patent Nos. 4,088,864, 4,200,098, and 5,573,776; all qf which are hereby

incorporated by reference, describe osmotic pumps and methods for their manufacture.

Generally, osmotic pumps are typically formed by compressing a tablet of an
osmotically aciive drug (or an osmotically inactive drug in combination with an osmotically
active agent or osmagent) and then coating the tablet with a semipermeable membrane that is
permeable to an exterior aqueous-based fluid but impermeable to the passage of drug and/or
osmagent. One or more delivery orifices may be drilled through the semipermeable
membrane wall. Alternatively, orifice(s) through the wall may be formed in situ by
incorporating leachable pore forming materials in the wall. In operation, the exterior aqueous
baged fluid is imbibed through the semipermeable membrane wall and contacts the at least

one active agent to form a solution or suspension of the active agent. The active agent
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solution or suspension is then “pumped” out through the orifice as fresh fluid is imbibed

through the semipermeable membrane.

As mentioned previously herein, osmotic pumps may contain multiple distinct
compartments. The first compartment may contain the active agent as described above, and
the second compartment may contain an expandable driving member consisting of a layer of
a swellable hydrophilic polymer, which operates to diminish the volhume occupied by the
active agent, thereby delivering the active agent from the device at a controlled rate over an
extended period of time. Alternatively, the compartments may contain separate doses of at

least one active agent.

Semipermeable membranes that can be used include, but are not limited to,
semipermeable polymers known in the art as osmosis and reverse osmosis membranes, such
as celinlose acylate, cellulose diacylate, cellulose triacylate, cellulose acetate, cellulose
diacetate, cellulose triacetate, agar acetate, amylose triacetate, beta glucan acetate,
acetaldehyde dimethyl acetate, cellulose acetate ethyl carbamate, polyamides, polyurethanes,
sulfonated polystyrenes, cellulose acetate phthalate, cellulose acetate methyl carbamate,
cellulose acetate succinate, cellulose acetate dimethyl aminoacetate, cellulose acetate ethyl
carbamate, celiulose acetate chloracetate, cellulose dipalmitate, cetlulose dioctanoate,
cellulose dicaprylate, cellulose dipentanlate, cellulose acetate valerate, cellulose acetate
succinate, cellulose propionate succinate, methyl cellulose, cellulose acetate p-toluene
sulfonate, cellulose acetate butyrate, cross-linked selectively semipermeable polymers formed
by the coprecipitation of a polyanion and a polycation as disclosed in U. S. Patent Nos.
3,173,876, 3,276,586, 3,541,005, 3,541,006, and 3,546,142, semipermeable polymers as
disclosed by Loeb and Sourirajan in U. S. Patent No. 3,133,132, lightly cross-linked
polystyrene derivatives, cross-linked poly(sodium styrene sulfonate),
poly(vinylbenzyltrimethyl ammonium. chloride), cellulose acetate having a degree of
substitution up to 1 and an acetyl content up to 50%, cellulose diacetate having a degree of
substitution of 1 to 2 and an acetyl content of 21 to 35%, cellulose triacetate having a degree
of substitution of 2 to 3 and an acetyl content of 35 to 44.8%, as disclosed in U, S. Patent No.
4,160,020.
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The osmotic agent present in the pump, which may be used when the at least one
active agent itself is not sufficiently osmotically active, are osmotically effective compounds
soluble in the fluid that enters the pump, and exhibits an osmotic pressure gradient across the
semipermeable wall against the exterior fluid. Osmotically effective osmagents useful for the
present purpose include magnesium sulfate, calcium sulfate, magnesium chloride, sodium
chloride, lithium chloride, potassium sulfate, sodium carbonate, sodium sulfite, lithium
sulfate, potassium chloride, sodium suifate, d-mannitol, urea, sorbitol, inositol, raffinose,
sucrose, glucose, hydrophilic polymers such as cellulose polymers, mixtures thereof, and the
like, The osmagent can be present in an excess amount, and it can be in any physical form,
such as particle, powder, granule, and the like. The osmotic pressure in atmospheres of
osmagents suitable for the invention will be greater than zero and generally up to about 500
atm, or higher.

The expandable driving member can be a swellable, hydrophilic polymer which
interacts with water and agqueous biological fluids and swells or expands to an equilibrium
state. The polymers exhibit the ability to swell in water and retain a significant portion of the
imbibed water within the polymer structure. The polymers swell or expand to a very high »
degree, usually exhibiting a 2 to 50 fold volume increase. The polymers can be cross-linked
or may not be cross-linked. The swellable, hydrophilic polymers can be lightly cross-linked,
such cross-links being formed by covalent ionic bonds or hydrogen bonds. The polymers can
be of plant, animal or synthetic origin. Hydrophilic polymers that can be used in the present
invention include poly(hydroxy alkyl methacrylate) having a molecular weight from 30,000
to 5,000,000, kappa carrageenan, polyvinylpyrrolidone having molecular weight of from
10,000 to 360,000; anionic and cationic hydrogels; polyelectrolyte complexes; poly(vinyl
alcohol) having a low acetate residual, cross-linked with glyoxal, formaldehyde, or
glutaraldehyde and having a degree of polymerization from 200 to 30,000; a mixture of
methyl cellulose; cross-linked agar and carboxymethyl cellulose; a water insoluble, water
swellable copolymer produced by forming a dispersion of finely divided copolymer of maleic
anhydride with styrene, ethylene, propylene, butylene or isobutylene cross-linked with from
0.001 to about 0.5 moles of saturated cross-linking agent per mole of maleic anhydride in
copolymer; water swellable polymers of N-vinyl lactams, and the like.
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The term “orifice” as used herein refers to means and methods suitable for releasing
the at least one active agent from an osmotic system. The expression includes one or more
apertures or orifices which have been bored through the semipermeable membrane by
mechanical procedures. Alternatively, the orifice can be formed by incorporating an erodible
element, such as a gelatin plug, in the semipermeable membrane. In cases where the
semipermeable membrane is sufficiently permeable to the passage of active agent, the pores
in the membrane may be sufficient to release the at least one active agent in amounts
sufficient to meet the plasma threshold. In such cases, the term "passageway" refers to the
pores within the membrane wall even though no bore or other orifice has been drilled there
through, A detailed description of osmotic passageways and the maximum and minimwm
dimensions for a passageway are disclosed in United States Patent Nos, 3,845,770 and

3,916,899, the disclosures of which are incorporated herein by reference.

Osmotic puraps can be made using routine techniques known to those skilled in the
art. For example, in one embodiment, the at least one active agent, at least one rate-
controlling mechanism and optionally at least one pharmaceutically acceptable excipient may
be housed in one area of the compartment adjacent to the passagev\}ay, are pressed into a solid
having a dimension that corresponds to the internal dimensions of the area of the
compartment the at least one active agent will occupy, or the active agent, rate-controlling
mechanism and excipients and a solvent are mixed into a solid or semisolid form by
conventional methods such as, but not limited to, ball milling, calendaring, stirring or roil
milling, and then pressed into a preselected shape. Next, a layer of a hydrophilic polymer is
placed in contact with the layer of drug in a like manner, and the two layers surrounded with
a semipermeable wall. The layering of drug formulation and hydrophilic polymer can be
fabricated by conventional two-layer press techniques. The wall can be applied by molding,
spraying or dipping the pressed shapes into a wall forming material. Another technique that
can be used for applying the wall is the air suspension procedure. This procedure consists of
suspending and tumbling the pressed agent and dry hydrophilic polymer in a current of air
and a wall forming composition until the wall is applied to the agent-hydrophilic polymer
composite. The air suspension procedure is described in U. S. Patent No. 2,799,241; J. 4m.
Pharm. Assoc., 48:451-459 (1979). Other manufacturing procedures are described in Modern
Plastics Encyclopedia, Vol. 46, pp. 62-70 (1969); and in Pharmaceutical Sciences, by

57



Remington, Fourteenth Edition, pp. 1626-1678 (1970), published by Mack Publishing
Company, Easton, PA.

As mentioned previously herein, the present invention encompasses any dosage forms
suitable for oral administration including, but are not limited to, capsules, tablets, pills,
powders, etc. Liquid dosage forms for oral administration are also contemplated herein and
include, but are not limited to, pharmaceutically acceptable emulsions, solutions, suspensions
Or Syrups.

One of ordinary skill in the art will appreciate that effective amount of at least one
active agent contained in any dosage form can be determined empirically using routine
experimentation. Actual dosage levels of active agent in the formulations of the present
invention may be varied to obtain an amount of active agent that is effective to obtain a
desired therapeutic response. The selected dosage level depends upon the desired therapeutic
effect, the route of administration, the potency of the active agent administered, the desired

duration of freatment and other factors.

IV. Other Pharmaceutically Acceptable Active Agents and Combination Therapy

The solid dosage forms of the present invention can also comprise pharmaceutically
acceptable active agents other than 2-[4-(4-chlorobenzoyl)phenoxy}-2-methyl-propanoic
acid, salts of 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic acid and/or buffered 2-{4-
(4-chlorobenzoyl)phenoxy]-2-methyl-propancic acid (said active agents other than 2-[4-(4-
chlorobenzoyl)phenoxy]-2-methyl-propanocic acid, salts of 2-[4-(4-chlorobenzoyl)phenoxyl-
2-methyl-propanoic acid and/or buffered 2-[4-(4-chlorobenzoyl)phenoxy}-2-methyt-
propanoic acid are collectively referred to herein as “other agents™). Additionally, these other
agents can be co-packaged with the dosage forms of the present invention or co-administered
as one or more separate and distinct dosage forms along with the solid dosage forms of the
present invention. These other agents can be from the same therapeutic class as the active

agent (e.g., lipid-regulating pharmaceutical agents) or can be from different therapeutic
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classes (e.g., anti-hypertensive pharmaceutical agents), Examples of other agents that can be
included in or as part of the dosage forms of the present invention or co-administered with the
formulations of the present invention include, but are not limited to, lipid-regulating agents,
anti-hypertensive agents, anti-diabetic agents, weight-loss agents, antiretroviral agents, anti-

platelet agents or vitamins and minerals.
Examples of such other active agents, include, but are not limited to:

o lipid regulating agents (such as, but not limited to, atorvastatin, simvastatin,
fluvastatin, pravastatin, lovastatin, cerivastatin, rosuvastatin, pitavastatin, clofibric
acid, niacin/nicotinic acid, torcetrapib, colestipol, omega-3 acid ethyl esters,
colesevelam, cholestyramine, ezetimibe, MD-0727, gemfibrozil or probucol);

e anti-hypertensive agents (such as, but not limited to, amlodipine, benazepril,
benidipine, candesartan, captopril, carvedilol, darodipine, dilitazem, diazoxide,
doxazosin, enalapril, epleronone, eprosartan, felodipine, fenoldopam, fosinopril,
guanabenz, iloprost, irbesartan, isradipine, lercardinipine, lisinopril, losartan,
minoxidil, nebivolol, nicardipine, nifedipine, nimodipine, nisoldipine, omapatrilat,
phenoxybenzamine, prazosin, quinapril, reserpine, semotiadil, sitaxsentan, terazosin,
telmisartan, labetolol, valsartan, triamiterens, metoprolol, methyldopa, ramipril,
olmesartan, timolol, verapamil, clonidine, nadolol, bendromethiazide, torsemide,

' hydrochlorothiazide, spinronolactone, perindopril, hydralazine, betaxolol, furosimide,
penbutolol, acebutolol, atenolol, bisoprolol, nadolol, penbutolol, pindolol,
propranolol, timolol, indapamide, trandolopril, amiloride, moexipril, metolozone, or
valsartarn);

e anti-diabetic agents (such as, but not limited to, acarbose, oral insulin,
acetohexamide, chlorpropamide, ciglitazone, farglitazar, glibenclamide, gliclazide,
glipizide, glucagon, glyburide, glymepiride, miglitol, pioglitazone, nateglinide,
pimagedine, repaglinide, rosiglitazone, tolazamide, tolbutamide, triampterine or
troglitazone);

o weight-loss agents (such as, but not limited fo, phentermine, phendimetrazine,

benzphetamine, diethylpropion, sibutramine, orlisiat or rimonabant);
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¢ antiretroviral agents (such as but not limited to, amprenavir, tiprinavir, lamivudine,
indinavir, emtricitabine, abacavir, enfuvirtide, saquinavir, lopinavir, ritonavir,
fosamprenavir, delaviradine mesylate, zidovudine, atazanavir, efavirenz, tenofivir,
emfricitabine, didanosine, nelfinavir, nevirapine, or stavudine);

e anti-platelet agents (such as, but not limited to, aspirin, cilostazol, or pentoxifylline);
or

e vitamins, minerals or combinations of vitamins and minerals (such as, but not

limited to folic acid, calcium, or iron).

As alluded to briefly herein, the other agent(s) can be included in the dosage forms of
the present invention. The precise location and amount of the other agent(s) to be included in
the dosage forms of the present invention can be readily determined by one skilled in the art
and will depend wpon the other agent(s) to be delivered as well as the treatment to be
provided. When the other agent(s) is included in the dosage forms of the present invention,
then the active agent (at least one of 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic
acid, salts of 2-[4»(4~clﬂqrobenzoyl)phenoxy}-z-methyl-pmpanoic acid and/or buffered 2-[4-
{4-chiorobenzoyl)phenoxy]-2-methyl-propanoic acid) and other agent(s) are adminisiered in a
single formulation. Alternatively, the other agent(s) and the active agent can each be

contained in separate dosage forms and then administered simultaneously or successively.

V. Methods of Using the Dosage Forms of the Present Invention

The oral formulations of the present invention can be used in treating a variety of
conditions. When the oral formulations of the present invention contain at least one active
agent and combinations thereof, such formulations can be used in treating conditions such as
hypercholesterolemia, hypertriglyceridemia, cardiovascular disorders, coronary heart disease,
peripheral vascular disease (including symptomatic carotid artery discase) and metabolic
disorders (such as, but not limited to, obesity, diabetes, hyperphagia, endocrine abnormalities,
triglyceride storage disease, Bardet-Biedl syndrome, Lawrence-Moon syndrome, Prader-
Labhart-Willi syndrome, hypophagia, anorexia and cachexia). Moreover, these formulations
can be used as adjunctive therapy for the reduction of low density lipoprotein cholesterol
(bereinafter “LDL-C”), total cholesterol (hereinafter “total-C”), friglycerides, and

apolipoprotein B (hereinafter “Apo B”) in adult subjects with primary hypercholesterolemia
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or mixed dyslipidemia (Fredrickson Types Ila and 1Ib). These compositions can alsn be used
as adjunctive therapy for treatment of adult subjects with hypertriglyceridemia (Fredrickson
Types IV and V hyperlipidemia). Markedly elevated levels of serum tryglycerides (for
example, >2000 mg/dL) may increase the risk of developing pancreatitis. Additionally, these
formulations can further be used for other indications where lipid-regulating agents are
typically used.

By way of example, and not of limitation, examples of the present invention will now
be given.

EXAMPLE 1: Pharmaceutical Formulations

The following formulations were prepared and tested in vitro and as well as in healthy
human subjects: (a) three mini-tablet formulations (each having no enteric coating)
containing 2-{4-(4-chlorobenzoyl)phenoxy)-2-methyl-propanoic acid (Formulations 1, 2, and
8); (b) six (6) enteric coated mini-tablet formulations containing choline salt of 2-[4-(4-
chlorobenzoyl)phenoxy]-2-methyl-propanoic acid (Formulation 5 and 9-13); (c) single-unit
enteric coated tablet containing choline salt of 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-
propanoic acid (Formulation 6); and {(d) coated granules containing 2-[4-(4-
chiorobenzoyl)phenoxy]-2-methyl-propanoic acid in capsules (Formulation 7). Formulations
3 and 4 (containing a choline salt of 2-[4-(4-chlorobenzoyl)phenoxy]}-2-methyl-propanoic
acid) were prepared, tested in vitro, but not tested in human subjects. In addition, a prototype
osmotic pump containing choline salt of 2-[4-(4-chiorobenzoyl)phenoxyl-2-meihyl-propanoic

acid was tested in vitro, but was not tested in humans,

The compositions of the above formulations are listed below in Tables 15 to 24 (these
formulations are referred to in subsequent examples as “Formulation 1” or “Form 1%,
“Formulation “5” or “Form 57, or “Formulation 10” or “Form 107, etc. respectively). All
formulations are manufactured using a similar manufacturing process, except for the coating
process. Specifically, a high shear granulation process is used to incorporate the active
ingredient and pharmaceutically acceptable excipients into the granules. The granules are
sieved, dried, sieved (or milled) and mixed with the remaining ingredients to form the final

powder blend. From there, various processes take place. For all the formulations with the
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exception of Formulation 7, the final powder blend was further compressed using a rotary
compression machine fo produce tablets. For Formulations 5-6 and 9-13, the tablets are
coated with an enteric coating. Formulations 1, 2, 3 and § were not coated. Powder blends
from Formulation 7 and the mini-tablets of Formulation 4 were coated with a rate-controlling

mechanism (namely, a rate-controlling polymer).

A detailed description of all of the manufacturing processes is provided below.

Table 15
Composition of Formulation 1 (mini-tablets without enteric coating in capsules). The size of
each tablet is approximately 2 mm in diameter. The dose strength of each capsule is 130 mg
free acid equivalent.

| Ingredient % W/W
(based on core tablet weight)
Core
Intra-granular
2-[4-(4~chiorobenzoyl)phenoxy]-2- 35%
methyl-propanoic acid
HPMC K15M 10%
Avicel PH101 12%
PVP 30 2.25%
Extra-granular
Colloidal silicon dioxide 0.5%
HPMC K15M 40%
Magnesium stearate ' 0.25%
Coating Not applied
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Manufacturing Process for Formulation 1

Step

1 Weight the-appropriate amount for each ingredient. Charge intra-
granular ingredients into a high shear granulator and dry mix for
approximately 1 minute,

2 Add appropriate amount of water into the above high shear
granulator and start granulation.

3 Stop water addition and continue granulation for an appropriate
amount of time until a pre-determined end-point (for example,
power or time).

4 Discharge the above granulation through a mesh screen and place in
a fluid bed dryer for drying.

5 Sieve the dry granulation.

6 Screen extra-granular HPMC K 15M and colloidal silicon dioxide
through a mesh screen, charge into a biender and blend for 2
minutes.

7 Charge dry and sieved granulation from step 5 into the blender and
blend for 5 minutes.

8 Screen magnesium stearate through a mesh screen, charge into' the
above blender and blend for | minute.

9 Discharge the above powder blend from step 8 into a rotary press
machine, Compress tablets into the target tablet weight.

10 Encapsulate coated tablets into capsules. Conduct metal detection

of capsules and discard rejected capsules. Package acceptable
capsules into bottles for clinical supplies.
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Table 16
Composition of Formulation 2 (mini-tablets without enteric coating in capsules). The size of
each tablet is approximately 3.2 mm in diameter. The dose strength of each capsule is 130

mg free acid equivalent.

Ingredient % WIW
: {based on core tablet weight)
" Core
| 2-[4-(4-chlorobenzoyl)phenoxy]- 40%
2-methyl-propanoic acid
Dibasic calcium phosphate 15%
Avicel PH101 24%
PVP 30 5%
Lactose monohydrate 15%
Magnesium stearate 1% '
Coating Not applied

Manufacturing Process for Formulation 2

Step
1 Weight the appropriate amount for each ingredient. Charge all
ingredients (except magnesium stearate) into a high shear
granulator and dry mix for approximately I minute.
2 Add appropriate amount of water into the above high shear
f granulator and start granulation.
03 Stop water addition and continue granulation for an appropriate
; amount of time a pre-determined end-point (for example, power or
time),
4 Discharge the above granulation through a mesh screen and place in
an over for drying.
5 Mill the dry granulation and discharge into blender.
6 Screen magnesium stearate through a mesh screen, charge into the
above blender and blend for an appropriate amount of time.
7 Discharge the above powder blend into a rotary press machine,
Compress tablets into the target tablet weight.
8 Manually encapsulate coated tablets into capsules. Conduct metal
detection of capsules and discard rejected capsules. Package
acceptable capsules into bottles for clinical supplies.
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Table 17
Composition of Formulation 3 (single unit HPMC-based tablets without coating). The dose
strength of each tablet is 130 mg free acid equivalent.

Ingredient % WIW
(based on core tablet weight)
Core
Intra-granular
2-[4-(4-chlorobenzoyl)phenoxy]-2- 61.0%
methyl-propanoic acid Choline salt ’
HPMC K15M 30.25%
Avicel PH101 '5.0%
PVP 30 3.0%
Extra-granular
Colloidal silicon dioxide 0.25%
| _Magnesium stearate 0.5%
Coating
None

Manufacturing Process for Formulation 3

Step

1 Weigh the appropriate amount for each ingredient. Charge intra-
granular ingredients into a high shear granulator and dry mix until
uniform,

2 Add appropriate amount of water into the above high shear
granulator and start granulation,

3 Stop water addition and continue granulation for an appropriate
amount of time until a pre-determined end-point (for example,
power or time),

4 Discharge the above granulation through a mesh screen and place in
an over for drying.

5 Pass the dry graoulation through a mesh screen. Mill granulation
retained on the screen.

6 Charge screened and milled granulations into a V-blender. Screen
colloidal silicon dioxide through a mesh screen and charge into the
same V-blender. Blend until uniform.

7 Screen magnesium stearate through a mesh screen and charge into
the above V-blender. Blend until uniform,

8 Discharge the above powder blend into a rotary press machine.
Compress tablets into the target tablet weight.

9 Package tablets into bottles for clinical supplies.
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Table 18
Composition of Formulation 4 (coated mini-tablets in capsule). The dose strength of each

capsule is 130 mg free acid equivalent.

Tngredient % W/W
(based on core tablet weight)
Core
Intra-granular
2-[4-(4-chlorobenzoyl)phenoxy]-2- 40.0%
methyl-propanoic acid Choline salt
" Avicel PH101 24.0%
|__Dicalcium phosphate 15.0%
Lactose monohydrate 15.0%
PVP 30 5.0%
Extra-granular
Magnesium stearate 1.0%
Coating
Surelease E~7-19010 (solid content) 6.0%
Opadry Clear ' 1.5%
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Manufacturing Process for Formulation 4

Step

1 Weigh the appropriate amount for each ingredient. Charge intra-
granular ingredients into a high shear granulator and dry mix until
uniform.

2. Add appropriate amount of water into the above high shear
granulator and start granulation.

3 Stop water addition and continue granulation for an appropriate
amount of time until a pre-determined end-point (for example,
power or time).

4 Discharge the above granulation through a mesh screen and place in
an over for drying.

5 Pass the dry granulation through 2 mesh screen. Mill granulation
retained on the screen.

6 Charge screened and milled granulations into a V-blender,

7 Screen magnesinm stearate through a mesh screen and charge into
the above V-blender. Blend until uniform.

8 Discharge the above powder blend into a rotary press machine.
Compress tablets into the target {ablet weight.

9 Charge water, talc, and triethyl citrate into a container and mix, and

| then mix well with the Surelease and Opadry.

10 Charge above compressed tablets into a Wuster coater and start
coating using the pre-mixed coating solution. Stop coating when
the target coating level is achieved.

11 Manually encapsulate coated tablets into capsules. Conduct metal

detection of capsules and discard rejected capsules. Package
acceptable capsules into bottles for clinical supplies.
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Table 19

Composition of Formulation 5 (enteric-coated mini-tablets in capsule). The size of each

tablet is approximately 3.2 mm in diameter. The dose strength of each capsule is 130 mg free

acid equivalent,
Ingredient % WIW
{(based on core tablet weight)
Core
Intra-granular
2-{4-(4-chlorobenzoyl)phenoxy]-2- 49.9%
methyl-propanoic acid Choline salt
HPMC K15M 35.0%
Avicel PH101 11.1%
PVP 30 3%
Extra-granular
Colloidal silicon dioxide 0.5%
Magnesinm stearate 0.5%
Coating
Eudragit® L30 D55 10.4%
Talc 5.2%
Triethy! Citrate 1.6%
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Manufacturing Process for Formulation 5

Step

1 Weight the appropriate amount for each ingredient. Charge intra-
granular ingredients into a high shear granulator and dry mix for 1
minute.

2 Add appropriate amount of water into the above high shear
granulator and start granulation.

3 Stop water addition and continue granulation for an appropriate
amount of time pre-determined end-point (for example, power or

| time),

4 | Discharge the above granulation through a mesh screen and place in
an over for drying.

5 Pass the dry granulation through a mesh screen. Mill granulation
retained on the screen.

6 Charge screened and milled granulations into a V-blender. Screen
colloidal silicon dioxide through a mesh screen and charge into the
same V-blender, Blend for 5 minutes.

7 Screen magnesium stearate through a mesh screen and charge into

| the above V-blender. Blend for 2 minutes.

8 Discharge the above powder blend into a rotary press machine.
Compress tablets into the target tablet weight.

9 Charge water, talc, and iriethy] citrate into a container and mix, and
then mix well with the Endragit® 1.30 D55 suspension.

10 Charge above compressed tablets into a Wurster coater and start —
coating using the pre-mixed coating solution. Stop coating when
the target coating level is achieved.

11 Manually encapsulate coated tablets into capsules, Conduct metal

detection of capsules and discard rejected capsules. Package
acceptable capsules into bottles for clinical supplies,

69



Table 20

Composition of Formulation 6 (single unit enteric-coated tablet). The dose strength of each

tablet is 130 mg free acid equivalent.

Ingredient % WIW
(based on core tablet weight)
Core
Intra-granular
2-[4-(4-chlorobenzoyl)phenoxy]-2~ 65%
methyl-propanoic acid Choline salt
HPMCK15M 15%
Avicel PH101 10.75%
PVP 30 3%
Extra~granular
Avicel PH102 5.0%
Colloidal silicon dioxide 0.75%
Magnesium stearate 0.5%
Cosating
Eudragit® L30 D55 9.5%
Talc 4.8%
Triethyl Citrate 1.4%
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Manufacturing Process for Formulation 6

Step

1 Weigh the appropriate amount for each ingredient. Charge intra-
granular ingredients into a high shear granulator and dry mix until

; uniform.

2 Add appropriate amount of water into the above high shear
granulator and start granulation.

3 Stop water addition and continue granulation for an appropriate
amount of time until a pre-determined end-point (for example,
power or time).

4 Discharge the above granulation through a mesh screen and place in
an over for drying. '

L5 Pass the dry granulation through a mesh screen. Mill granulation
retained on the screen.

6 Charge screened and milled granulations into a V-blender. Screen
colloidal silicon dioxide and Avicel® through a mesh screen and
charge into the same V-blender. Blend until uniform.

7 Screen magnesium stearate through a mesh screen and charge into

; the above V-blender. Blend until uniform.

8 Discharge the above powder blend into a rotary press machine.
Compress tablets info the target tablet weight.

9 Charge water, talc, and triethyl citrate into a container and mix, and
then mix well with the Eudragit® L.30 D55 suspension.,

10 Charge above compressed tablets into a coater and start coating
using the pre-mixed coating solution. Stop coating when the target
coating level is achieved.

11 Package acceptable tablets into bottles for clinical supplies.
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Table 21
Composition of Formulation 7 (coated granules in capsules). The dose strength of each

capsule is 130 mg free acid equivalent.

Ingredient % W/IW
(based on fill weight)

Intragranular

2-{4-(4-chlorobenzoyl)phenoxyl-2- 91.4%

methyl-propanoic acid '

Eudragit® NE 30D 4.9%

PVP K30 2. 7%
Extra-granular

Magnesinm stearate | 1.0%

Coating
Budragit® NE 30D 7.0
Talc 7.0
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Manufacturing Process for Formulation 7

| Step

1 Weigh the appropriate amount for each ingredient. Charge intra-
granular ingredients into a high shear granulator and dry mix uniil
uniform.

2 Add appropriate amount of Eudragit® NE30D suspension into the
above high shear granulator and start granulation.

3 Stop Eudragit® NE30D addition and continue granulation for an
appropriate amount of until a pre-determined end-point (for
example, power or time).

4 Discharge the above granulation through a mesh screen and place in
a fluid bed dryer for drying.

5 Sieve the dry granulation.

7 Charge dry and sieved granulation from step 5 into the blender and
blend until uniform.

8 Screen magnesium stearate through a mesh screen, charge into the

, above blender and blend unti} uniform,
L9 Charge water, talc into a container and mix, and then mix well with
the Eudragit® NE30D suspension.

10 Charge above granules from step 8 into 2 coater and start coating

| ' using the pre-mixed coating solution. Stop coating when the target
i coating level is achieved.
11 Encapsulate coated granules into capsules. Conduct metal

detection of capsules and discard rejected capsules. Package
acceptable capsules into bottles for clinical supplies.
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Table 22
Composition of Formulation 8 (mini-tablets without coating in capsule). The size of each

tablet is approximately 2.0 mm in diameter. The dose strength of each capsule is 130 mg free

acid equivalent.
Ingredient % WIW
(based on core tablet weight)

Intra-granular

2-[4-(4-chlorobenzoyl)phenoxyl- 91.8%

2-methyl-propanoic acid

Eudragit® NE 30D 5.0%

PVP K30 2.8%
Extra-granular

Magnesium stearate | 0.5%

Manufacturing Process for Formulations 8

Step

1 Weigh the appropriate amount for each ingredient. Charge intra-
granular ingredients into a high shear granulator and dry mix until
uniform.

Add appropriate Eudragit® NE30D into the above high shear
granulator and start granulation.

3 Stop Eudragit® NE30D addition and continue granulation for an
appropriate amount of time until a pre-determined end-point (for
example, power or time).

4 Discharge the above granulation through a mesh screen and place in
a fluid bed dryer for drying.

5 Sieve the dry granulation.

6 Charge dry and sieved granulation from step 5 into the blender.

' 7 Screen magnesium stearate through a ' mesh screen, charge into the
above blender and biend uniil uniform.

8 Discharge the above powder blend into a rotary press machine.
Compress tablets into the target tablet weight.

9 Manually encapsulate tablets into capsules. Conduct metal
detection of capsules and discard rejected capsules Package
acceptable capsules into bottles.

]
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Table 23
Composition of Formulations 9, 10, and 11 (enteric-coated mini-tablets in capsules). The
size of each tablet is approximately 3 mm in diameter. The dose strength of each capsule is
135 mg free acid equivalent,

Composition of Formulations 9, 10 and 11

Ingredients Formulation 9 Formulation Formulation 11
(% wiw) 10 (Y%ow/w) (% wiw)
Intra-granular
Fenofibric acid, choline salt 51.5 65.5 71.5
HPMC K15M 37 27 21
PVP K30 3 3 3
Extra-granular
HPC EXF 3 3 3
Colloidal Silicon Dioxide 0.5 0.5 0.5
Sodium stearyl fumarate 1 1 1
Coating
Fudraght® L30.D55 9.9 9.9 9.9
Talc 4.55 4,55 4.55
Triethyl citrate 1.36 1.36 1.36
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Manufacturing Process for Formulations 9, 10, and 11

Step

1 Weigh the appropriate amount for each ingredient. Charge infra-
granular ingredients into a high shear granulator and dry mix until
uniform.

2 Add appropriate amount of water into the above high shear
granulator and start granulation.

3 Stop water addition and continue granulation for an appropriate
amount of time until a pre-determined end-point (for example,
power or time).

4 Discharge the above granulation through a mesh screen and place in
an oven for drying.

5 Pass the dry granulation through a mesh screen. Mill granulation
retained on the screen.

6 Charge screened and milled granulations into a V-blender. Screen
colloidal silicon dioxide and HPC EXF through a mesh screen and
charge into the same V-blender. Blend until yniform.

7 Screen magnesium stearate through a mesh screen and charge into
the above V-blender. Blend until uniform.

8 Discharge the above powder blend into a rotary press machine.
Compress tablets into the target tablet weight.

9 Charge water, talc, and triethyl citrate into a container and mix, and
then mix well with the Eudragit® 1.30 D55 suspension.

10 Charge above compressed tablets into a Wurster coater and start
coating using the pre-mixed coating solution. Stop coating when
the target coating level is achieved.

11 Manually encapsulate coated tablets into capsules. Conduct metal

detection of capsules and discard rejected capsules. Package
acceptable capsules into bottles for clinical supplies.
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Table 24
Composition of Formulations 12 and 13 (enteric-coated mini-tablets in capsules). The size of

each tablet is approximately 3 and 4 mm, respectively. The dose strength of each capsule is
135 mg free acid equivalent.

Composition of Formulations 12 and 13

Ingredients Formulation 12 | Formulation
{% wiw) 13 (%wiw)
Inira-granular
Fenofibric acid, choline salt 65.5 65.5
HPMC K15M 5 27
HPMC K100LV 22 0
PVP K30 3
Extra-granular
HPC BXF 3 3
Colloidal Silicon Dioxide 0.5 0.5
Sodium steary! fiunarate 1 1
Coating
Budragit® L30-D35 9.9 9.9
Tale 4,55 455
Triethyl citrate 1.36 1.36

77




Manufacturing Process for Formulations 12 and 13

| Step

1

Weigh the appropriate amount for each ingredient. Charge intra-
granular ingredients into a high shear granulator and dry mix until
uniform.

Add appropriate amount of water info the above high shear
gramulator and start granulation.

Stop water addition and continue granulation for an appropriate
amount of time unti! a pre-determined end-point (for example,
power or time).

Discharge the above granulation through a mesh screen and place in
an oven for drying,

Pass the dry granulation through a mesh screen, Mill granulation
retained on the screen.

| Charge screened and milied granulations into a V-blender. Screen
. colloidal silicon dioxide and HPC EXF through a mesh screen and
_charge into the same V-blender, Blend until uniform.

Screen magnesium stearate through a mesh screen and charge into
the above V-blender. Blend until uniform.

Discharge the above powder blend into a rotary press machine.
Compress tablets into the target tablet weight.

Charge water, talc, and triethyl citrate into a container and mix, and
then mix well with the Eudragit® 130 D35 suspension.

10

Charge above compressed tablets into a Wurster coater and start
coating using the pre-mixed coating solution. Stop coating when
the targef coating level is achieved,

11

Manually encapsulate coated tablets into capsules. Conduct metal
detection of capsules and discard rejected capsules. Package
acceptable capsules into bottles for clinical supplies.

EXAMPLE 2: Dissolution Methods

The dissolution data from Formulations 1-2 and 5-13 as described in Example 1 was

collected and is depicted in Figure 3 using the single pH method.

The dissolution data from Formulations 1-2 and 5-13 as described in Example 1 was

collected and is depicted in Figure 4 using the dual pH method.

Example 3: Human Biostudies

The purpose of the studies described in Examples 4, 5, 6 and 7 was 1o determine the

bioavaiiabiiity of the Formulations 1-2 and 5-13. These utilized a Phase 1, single-dose, open-
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label study conducted according to a crossover design. The number of subjects varied from
study to study. The number of subjects that entered the studies and completed at least 2
portion of the studies is noted in each of the examples described herein. Subjects entered the
study and were assigned to receive one of the following regimens in each study period: (1)
the Reference; (2) a test Formulation under high fat fed conditions; or (3) a test Formulation
under fasting conditions. The sequences of regimens were such that a pre-determined
number of subjects received all of the regimens upon completion of the study, while others
received part of the regimes. A washout interval of typically about 14 days separated the
dosing in two (2) consecutive periods. Adult male and female subjects in general good health
were selected to participate in the study.

For a typical study, subjects were confined to the study site and supervised for

| approximately 6 days in each study period. Confinement in each period began in the

afternoon on Study Day -1 (1 day prior to the dosing day) and ended after the collection of
the 120-hour blood samples and scheduled study procedures were completed on the morning

of Study Day 6. Strenuous activity during the confinement was not permitted.

With the exception of the breakfast on Study Day 1 in each period, subjects received a
standard diet, providing approximately 34% calories from fat per day, for all meals during
confinement. For those subjects receiving a test Formulation under fasting conditions, no
food or beverage, except for water to quench thirst, was allowed beginning 10 hours before
dosing and continuing until after the collection of the 4-hour blood sample on the following
day (Study Day 1). No fluids were allowed for 1 hour before dosing and 1 hour after dosing.
For breakfast on Study Day 1 in each period, subjects received & meal or 10 meal,
corresponding to their assigned regimen. Subjects assigned to receive the test formulation
under fed conditions received a high-fat breakfast that provided approximately1000 Kcal and

50% of calories from fat beginning 30 minutes prior to dosing.

On Study Day 1, all subjects were served lunch following collection of the 4-hour
blood sample, dinner following collection of the 10-hour blood sample, and a snack
approximately 4 hours after dinner. The meal content with the exception of breakfast was
identical on the intensive pharmacokinetic sampling days (Study Day 1) of all four periods.
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Typically, blood samples were collected from the subjects prior to dosing and at 0.5,
1,2,3,4,5,6,7,8,9,10, 11, 12, 18, 24, 48, 72, 96 and 120 hours after dosing in each period.
The blood samples were centrifuged to separate the plasma. The plasma samples were stored

frozen until analyzed.

Plasma concentrations of fenofibric acid were determined using a validated liquid

chromatographic method with mass spectrometric detection.

Values for the pharmacokinetic parameters of fenofibric acid were estimated using
noncompartmental methods. First, the maximum observed plasma concentration (Cpax) and
the time to Cax (peak time, Tiax) were determined directly from the plasma concentration-
time data. Second, the value of the terminal phase elimination rate constant (A;) was obtained
from the slope of the least squares linear regression of the logarithms of the plasma
conceniration versus time data from the terminal log-linear phase of the profile. A minimum
of three concentration-time data points was used to determine 2,. The terminal phase
elimination half-life (1) was calculated as In(2)/A,, Third, the area under the plasma
conceniration-time curve (AUC) from time 0 to time of the last measurable concentration
(AUC,) was calculated by the linear trapezoidal rule. The AUC was exirapolated to infinite
time by dividing the last measurable plasma concentration (Cy) by A, to give AUC from time
0 to infinite time (AUC).

An analysis of variance (ANOVA) was performed for Ty and the natural logarithms
of Crax and AUC. The model included effects for sequence, subject nested within sequence,
period and regimen. The effects of sequence, period and regimen were fixed, while the effect
of subject was random. For the test on sequence effects, the denominator sum of squares for
the F statistic was the sum of squares for subject nested within sequence. For the tests on
period and regimen effects, the denominator sum of squares was the residual sum of squares.

The statistical tests were performed at a significance level of 0.05.

The bioavailability of the high-fat meal regimen relative to that of the fasting

regimens was assessed by the two one-sided tests procedure via 90% confidence intervals.
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Mean <standard deviation (SD) and the minimum and maximum values observed for
the pharmacokinetic parameters of fenofibric acid after administration are listed in the Tables
shown in Bxaniples 4, 5, 6 or 7. In the Tables shown in Examples 4, 5, 6 and 7, the top value
shown in each cell is the mean + SD, unless otherwise noted. The middle value shown in

each cell is the minimum. The lower value shown in each cell is the maximum.

EXAMPLE 4: Food Effect -Formulations 1,2, 5,6, 7 and 8
Formulations 1 and 2, 5 and 6, 7 and 8 were tested in fasting and fed healthy subjects
as described in Example 3. Fenofibric acid content in plasma was measured for each sample.

The data from these studies are summarized below in Tables 25-27.
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Table 25 Pharmacokinetic Parameters of Fenofibric Acid frem Formulations 1 and 2

— &
Regimens
B: Formulation E: Formulation
A: Reference, 1, High-Fat  C: Formulatien D: Formulation 2,
Pharmacokinetic Low-Fat Meal Meal 1, Fasting 2, High-¥at Meal Fasting
Parameters (units) {N=48) MN=18) (N =30) {N=18) (N=30)
T 48420 59x15 45297 9639 6.1£3.8
i o 20 4.0 2.0 50 3.0
12.0 2.0 18.0 18.0 24.0
Coax  (pgfml) 589+ 167 76241328 392155 503k1741 296159
1.23 543 1.90 2,51 0.86
11.26 1127 8.72 8.72 7.59
AUCws (hgel/mL) 1122413 111.3%31.4%  99.6x374" 9774 403" 717433
51.3 60.6 31.2 40.6 23.7
31,5 175.3 194.0 187.7 204.8
tf @) 159 14.4 14.8° 14.4 15.1
9.4 8.4 296-53 8.8 8.4
294 22.5 : 319 26.1

£ Regimens B, C, D and E wete administered as a 130 mg feriofibric acid capsule. Regimen A was administered as

a2 200 mg fenofibrate capsule.

* Statistically significantly different from Regimen A (ANOVA, p <0.05).
§ Statistically significantly different from Regimen C (ANOVA, p <0.05).
1 Statistically significantly different from Regimen E (ANOVA, p <0.05).
¢ Harmonic mean, evaluations of twz were based on statistical tests for Az
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Table 26 Pharmacokinetic Parameters of Fenofibric Acid from Formulations 5§ and 6

Regimens£

B: Formulation

E: Formulation

A: Reference, §, High-Fat  C: Formulatien D: Formulation 6,
Pharmacekinetic  Low-Fat Meal Meal 5, Fasting 6, High-Fat Meal Fasting
Parameters (units) (N =41) O =21) WN=21) N =21) =21
Trnax ®) 4.6+1.3 12.844,5" 5.02.1 18.5 142" 79433
3.0 7.0 3.0 5.0 4.0
10.0 24.0 10.0 72.0 18.0
Crax  (ng/mL) 8.53£2.27 5.51%1,54" 6.40=0.93" 4.04£249 4,03 & 1.46"
3.19 312 4,60 0.89 1.96
12.48 9.78 8.01 10.68 8.43
AUC  (ugeh/ml) 15445432 136,14 34.2" 1435411 106.9 +52.3" 108.4 % 34.0"
775 70.2 77.9 38.8 64.6
243.8 205.6 224.7 231.1 170.6
AUC:O$ (pgeh/mL) 159.6 = 46.7 1403 £35.6" 1484 =445 11524569 110.4 +34.9"
79.5 70.8 78.8 514 654
2579 2120 2384 2329 174.2
o () 22.27£650 20472598 21.34£7.36 1927£527 1871 +5.14
11.79 12.81 11.98 11,60 9.7
47.07 35.58 34,83 (69.46 25.01
CLF L) NA 0.99 £ 0.29 0.95 0.29 1.36 0,54 1.29% 038
0.61 0.55 0.54 0.75
1.84 1.65 2.53 1.99
£  Regimens B and C were administered as a single capsule containing fenofibric acid choline salt mini-tablets equivalent
to 130 mg fenofibric acid. Regimens D and E were administered as a single-unit tablet containing fenofibric acid
choline salt equivaient to 130 mg fenofibric acid. Regimen A was administered as a 200 mg fenofibrate capsule.
¥ Statistically significantly different from Regimen A (ANOVA, p < 0.05).
§  Statistically significantly different from Regimen C (ANOVA, p < 0.05).
1 Statistically significantly different from Regimen E (ANOVA, p < 0.05).
¢ - Harmonie mean and pseudo-standard deviation. Harmonic mean evaluations of ty, were based on statistical tests for A
$  For Regimen D, N = 20 for AUC and ty.
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Table 27 Pharmacokinetic Parameters of Fenofibric Acid from Formulations 7 and 8

Regimens£
A: Reference, B: Formulation C: Formulatios D: Formulation ¥: Formulation
Fenofibrate, 7, High-Fat 7, Fasting 8, High-Fat Meal 8,
Pharmacokinetic Low-Fat Meal Meal WN=19) (N = 20) Fasting
Parameters (units) ®=39 @ =19) . {(N=18)
4.8%09 0.9:+1.4" 4.7%20 97426 9.8+3.6
3.0 7.0 3.0 5.0 4.0
Tmax () 7.0 12.0 10.0 18.0 18.0
7.53%£2.44 4,16 %1.28" 4.89%1,22° 577+ 2.12° 3.68 +1.13°
1.2 2.20 3.10 1.78 1.68
Coax  (pg/ml) 11.64 7.31 770 9,77 6.02
149.5 % 47.7 1223+ 47.3" 121.2 +38.1° 120.3 £38.7° 114.4+30.5
39.6 52.9 50.8 655 69.6
AUCt  (ngeb/mL) 2413 244.8 209.1 186.1 179.7
156.3 % 54.2 131.8 4 58.6" 128.9+50.8" 123.3%41.7 117.6%32.6°
41.6 53.6 517 664 70.5
AUC»  {(pgeh/mL) 2775 294.9 2126 1974 192.6
20.29 2 6.50 20.18 822 20.18 % 8.79 1873 2427 19.91 2433
10.70 9.80 9.96 13.33 14.18
vt o® 6247 51.07 64.19 39.11 31.00
NA 1.18:40.53 1.15% 0.46 1,184 0.40 1.19£0.33
0.44 0.48 0.66 0.68
CLF  (Lh) 2.43 252 1.96 1.84

£ Regimens B and C were administered as one capsule of 130 mg fenofibric acid as granules. Regimens D and B were
administered as one capsule of 130 mg fenofibric acid as mini-tablets. Regimen A was administered as a 200 mg
fenofibrate capsule,

Statistically significantly different from Regimen A (ANOVA, p < 0.05),

Statistically significantly different from Regimen C (ANOVA, p < 0.05).

Statistically significantly different from Regimen E (ANOVA, p < 0.05),

Harmonic mean and pseudo-standard deviation. Harmonic mean evaluations of ty, were based on statistical tests for
Az

W e 2 ¥

NA = Not applicable.

Example 5- Food Effect of Formulation 10

Formulation 10 was tested in healthy subjects under fasting and high fat fed
conditions. The formulation was utilized in a single dose, open-label, randomized, crossover
study as described in Example 3. Fenofibric acid content in plasma was measured for each
sample. The data from these studies are summarized below in Table 28.
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Table 28 Pharmacokinetic Parameters of Fenofibric Acid from Formulation 10

Fenofibric Acid Pharmacokinetic Parameters (Units)

. Ty Crrax AUC, AUC, ty'

Regimen N ®) (gml) | (ghml) | @eghml) | @)
Formulation 10 103+ 4.8 6.85+ 191 140.4+38.1 | 143.0+40.1 18.4
(Fed) 24 5.0 3.299 86.236 86.909 11.16
24.0 11.225 261.952 272.830 30.02

Formulation 10 43112 8.01 2,01 137.8+ 46,1 | 139.9+47.6 18.0
(fasting) 24 3.0 5.207 56.173 56.933 12.22
8.0 13.268 283.220 291.581 28.84

46%0.9 9.81+2.21 1592+ 475 | 162.3+49.6 19.0
Reference 24 3.0 6.439 74.933 76.492 11.98
7.0 13.511 285.132 296,475 30.58

! Harmonic mean.

Example 6 — Bioequivalence of Formulations 9, 10 and 11

Formulations 9, 10 and 11 were tested in fasting healthy subjects in a single dose,

open-label, randomized, three period, crossover study as described in Example 3. Fenofibric

acid content in plasma was measured for each sample. The data from these studies are

summarized below in Table 29.

Table 29 Pharmacokinetic Parameters of Fenofibric Acid from Formulations 9, 10 and

il
Fenofibric Acid Pharmacckinetic Parameters
(units)
- T, C AUC AUC, tir
Regimen N fax max t
g () (g/mL) (ng-h/mL) (ug*/mL) (i)
47412 9.86%244 163 +49 166 + 51 193
Reference 40 3.0 3.81 89.9 90.6 12.30
9.0 15.21 308.3 315.6 35.00
Formulation 46+1.5  7.56% 197 141 +44 143 45 17.5
9 40 3.0 4.06 71.5 71.9 12.58
12.0 12.10 242.8 246.8 34,48
Formulation 43+12  B8.08x237 142 % 45 144 +£ 47 17.9
10 40 3.0 2.82 73.5 73.9 11.07
9,0 14.72 2497 2549 35.54
Formulation 43+13 9144278 143 4 45 145 + 47 173
11 40 2.0 3.84 65.6 66.3 12.27
8.0 15.96 247.0 2545 34.73
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Example 7 —~ Bioeguivalence of Formulations 10, 12 and 13
Formulations 10, 12 and 13 were tested in healthy subjects under fasting conditions.
Each formulation was utilized in a single dose, open-label, randomized, crossover study as
described in Example 3. Fenofibric acid content in plasma was measured for each sample.
The data from these studies are summarized below in Table 30. Note that the “reference”
product referred to in Table 30 is a conventional capsule containing 135 mg of 2-[4-(4-

chl,probenzoyl)phenoxy]~2~methy1~pr0panoic acid (which has also been referred to herein as
“Neat Drug”).
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Table 30 — Pharmacokinetic Parameters of Fenofibric Acid from Formulations 10, 12
and 13

Fenofibric Acid Pharmacokinetic Parameters

(units)
. Tt Coe AUC, AUC,, ts
Regimen N ® (ugml)  (ugml)  Gebml) @
26509 11243224  1660+57.3  1689%597  20.4
Neat Drug 2% 15 8.16 95.64 95.98 13.27
40 16.86 32632 332.59 28.19
, 41+16  8.70£238  1562%47.6 15952502 205
F"m‘gm‘m %4 2.0 429 98.29 98.29 13.67
10.0 13.59 297.56 297.56 28.46
Formintion 30+£08 801159 1615501  1656:539 205
" 24 2.0 4.81 90.19 91.19 13.85
5.0 11.26 271.94 289.99 3178
Formulation 60+25 559131 14794455 15204482 215
i 24 3.0 2.84 78.54 79.14 14.12
12,0 7.99 238.46 249.80 35.65

EXAMPLE 8 — Summary of Pharmacokinetic Parameters
Table 31 below provides a summarized point estimate of Cpax and AUC for

Formulations 1, 2,5, 6,7, 8,9, 10, 11, 12 and 13 for the studies described in Examples 4-7.
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Table 31 Summary of Pharmacokinetic Parameters of Fenofibric Acid from
Formulations 1-2, 5-13, relative to the Reference

Point estimate | Point estimate | Point estimate | Point estimate
of Crnax Of test | of Croex 0f test | of AUC,, of AUC. (fed)
formulation formulation (fasting) relative to
(fasting) (fed) relative to | relative to reference
relative to reference reference
reference
Formulation 1 0.63 1.40 0.85 1.04
Formulation 2 0.44 0.86 0.58 0.91
Formulation 5 0.83 0.70 0.95 0.90
Formulation 6 0.43 0.44 0.67 0.68
Formulation 7 0.66 0.56 0.761 0.761
Formulation 8 0,52 0.79 (.868 0.86
Formulation 9 0.765 0.859
Formulation 10 0.808 0.862
(Example 6)
Formulation 10 0.814 0.69 0.857 0.89
(Example 7)
Formulation 11 0.911 0.868
Formulation 12 N/A N/A N/A N/A
Formulation 13 N/A N/A N/A N/A

N/A: Not tested against the 200 mg fenofibrate capsules.
+Antilogarithm of the difference (test minus reference) of the least squares means for logarithms,
* AUC values equivalent to the 200 mg fenofibrate reference.

Example 9 — Osmotic Pump Formulation

This example describes how to make an osmotic pump formulation comprising

fenofibric acid choline salt. The size of each tablet is approximately 2 mm in diameter, The

formmlation contains the ingredients listed in Table 32 below.
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Table 32

Ingredient % WIW
(based on core tablet weight)
Core
Intra-granular
2-[4-(4-chlorobenzoyl)phenoxy]-2- 12.0%
methyl-propanoic acid choline salt
Dicalcium Phosphate, anhydrous 15.0%
Avicel PH101 24.0%
PVP 30 5.0%
Lactose Monohydrate 43.0%
Extra-granujar
Magnesium stearate { 1.0%
Coating
Opadry Clear 2.0%
Eudragit® NE 30D and Talc ~26.6%

A hole was created using a push pin on the above coated tablets.

Manufacturing processes of the above-described osmotic pump formulation is as follows:

1 | Charge intra-granular ingredients into a high shear granulator and
drv mix until uniform
2 Add appropriate amount of water into the above high shear
f granulator and start granulation.
3 Stop water addition and continue granulation for an appropriate
. amount of time.

4 Discharge the above granulation through a mesh screen and place in
an over for drying.

5 Pass the dry granulation through a mesh screen. Mill granulation
retained on the screen.

6 Screen magnesium stearate through a mesh screen and charge into
the above blender. Blend for an appropriate amount of time.

7 Discharge the above powder blend into a rotary press machine.
Compress tablets into the target tablet weight.

8 Charge water, talc, and Eudragit® a container and mix.

9 Charge above compressed tablets into a Wurster coater and start
coating with Opadry Clear to the target weight, Continue coating
with Budragit® to the target weight.

10 Drill a hole using a push pin on each coated tablet.

Dissolution values (the dissolution values were determined by taking the mean of two
(2) replicates) of the above-described osmotic pump formulation obtained above from a
single pH dissolution medium at stirring speed of 100 RPM as shown below in Table 33. As
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can be seen in Table 33, the dissolution rate (% release) from the prototype osmotic pump
would not be expected to achieve the in vivo properties suitable for a therapeutically effective
solid dosage form. Nonetheless, one skilled in the art would recoguize that modifications
and/or optimizations could be utilized to improve the dissolution rate of the osmotic pump,
including, but not Limited to, increasing the area of holes (namely, one or both of increasing
the diameter encompassed by the holes or the number of holes) or modifying the thickness of

one or both of the enteric coating and rate-controlling mechanism.

Table 33
Time 0 1 2 4 6 8 12 16
(br)
Y L0 11.6 6.6 15 26.1 38.6 62.5 80.7
Release |

Example 10 — Dissolution Values for Formulations 3 and 4
Dissolution values for Formulations 3 and 4 were determined by taking the mean of
six (6) replicates from a single pH dissolution medium at stirring speed of 75 RPM (for

TR £ S0 AN 1

Formulation 3) or 100 RPM (for Formulation 4) as shown below in Table 34,

Table 34

Time 0 1 2 4 6 8 12 16 20
(hr)

Form 3 0 18.4 311 52.4 68.8 80.9 972 1053 | 107.2

Form 4 0 64.0 79.1 90.6 95.3 98.2 101.8 | 103.8 | 105.1
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One skilled in the art would readily appreciate that the present invention is well
adapted to carry ouf the objects and obtain the ends and advantages mentioned, as well as
those inherent therein. The compositions, formulations, methods, proce;dures, treatments,
molecules, specific compounds described herein are presently representative of preferred
embodiments, are exemplary, and are not intended as limitations on the scope of the
invention. It will be readily apparent to one skilled in the art that varying substitutions and
modifications may be made to the invention disclosed herein without departing from the

scope and spirit of the invention.

All ;Satents and publications mentioned in the specification are indicative of the levels
of those skilled in the art fo which the invention pertains. All patents and publications are
herein incorporated by reference to the same extent as if each individual publication was

specifically and individually indicated to be incorporated by reference.

The invention illustratively described herein suitably may be practiced in the absence
of any element or elements, limitation or limitations which is not specifically disclosed
herein, Thus, for example, in each instance herein any of the terms "comprising," "consisting
essentially of" and "consisting of" may be replaced with either of the other two terms. The
terms and expressions which have been employed are used as terms of description and not of
limitation, and there is no intention that in the use of such terms and expressions of excluding
any equivalents of the features shown and described or portions thereof, but it is recognized
that various modifications are possible within the scope of the invention claimed. Thus, it
should be understood that although the present invention has been specifically disclosed by
preferred embodiments and optional features, modification and variation of the concepts
herein disclosed may be resorted to by those skilled in the art, and that such modifications
and variations are considered to be within the scope of this invention as defined by the
appended claims.
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WHAT IS CLAIMED IS:

1. An oral pharmaceurical formulation comprising at least one active

agent. wherein the active agent 1s a salt of

2-14-(4-chlorchenzovliphenoxy]-Z-methyl-propanocic acid with choline. and
' wherein the formulation further comprises at least one enteric

ks

coating.

2. The formulation of claim 1. wherein the formulation is a modified

release oral pharmaceutical formulation.

3. The formulation of claim 2, further comprising at least one

rate-controlling mechanism.

4, The formulation of claim 1 or claim 2, wherein the at least one
enteric coating 1s selected from the group consisting of: one or more
methacrylic acid copolymers, ethyl acrylate/methacrylic acid copolymers,
cellulose acetate phthalate, cellnlose acetate butyrate, hydroxypropyl
methylceilulose phthalate. hydroxypropy! methylcellulose acetate succinate,
polyvinyl acetate phthalate, cellulose acetate trimellitate,

arboxymethylethvicellulose and sheilac.

5. The formulation of claim 3, wherein at least one rate-controliing
mechanism 1s a hyvdrophilic agent, hydrophobic agent or combinations

thereoi.

8, The formulation of claim 5. wherein the hyvdrophilic agent is a
cellulose, polvethylene nxide, polyethylene glycol. xanthum gum, alginates,
polvvinyl pyvrrolidone. starch, cross-linked homopolvimers or copolymers of
aeryhie aoid,

7. The formulation according to any of claims 1 e 6. furthor

comprising at least one pharmaceutically acceptable exciplont.

8. The formulatton of claim 7. wherein the pharmaceutically

acceptable exeipient 1s selected from the group consisting oft a filler, binder,
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lubricant. ghidant, solubility enhancing agent. suspending agent. sweetness
gnd/or favoring agent, presevvative, buller, wotting agent, distintegrating
agent. effervescont agent, swrfactant, hwmectant. plasticizer. pigment,
anti-caking agent. solvent and combinations theyeo!

Q. The formulation according to anv of claims 1 to 8 which
formulation  comprises one  or more of the following: polyvingl

pyrrolidone(s): hvdroxypropylmethyleellulose(s): hydroxypropyl cellulose(s).

14, The formulation according to any of claims 1 to 9, which
formulation comprises colloidal silicon dioxide and/or sodium  stearyl

fumarate.

11, The formulation according to any of claims 1 to 10, which

formulation comprises talc and/or triethyl citrate.

12. Combination  therapy  formulation  comprising the  oral
pharmaceutical formulation according to any of claims 1 to 11, which is a
comhnation therapy formulation comprising, within the same oral
pharmaceutical formulation as the said oral pharmaceutical formulation
according to any of claims 1 to 11, or located in a separate and distinct oral
pharmaceutical formulation for co-administration along with the said oral
pharmaceutical formulation according to any of claims 1 to 11. an

r}J_ﬁ_l ﬁy'&’_}(})"t 11 V(.z ﬂrre:ht

13, The combination therapy formulation of claim 12, wherein the
anti-hypertensive agent is selected from the group consisting of: amlodipine.
benazepril, benidipine. candesartan, captopril, carvedilol, darodipine.
diftiazem. diazoxide. doxazosin., enalapril,  epleronone,  eprosartan
felodipine.  fenoidopam, losinopril.  guanabenz. Hoprost.  irbesartan,
isradipine,  fercardmipine.  Bsinopril,  Josartan, minoxidil,  nebivolol,
nicardipine, nifedipine, nimodipine. misoldipine, omapatrilat,
phenoxsvhenzamine. prazosin, guinapril, reserpine, semotiadil, sitaxsentan
terazosin.  telmisartan.  labetolol. valsartan, tramterenc.  metoproiol,
methvidopa. ramipril, ohmesartan. timolol, verapamil. clonidine, nadolol.
hendromethiazide,  torsemiide.  hedrochlorothiazide.  spinronolactone.

pevindopril, hvdralazine, betaxolol. furcsimide. penbutolol, acebutolod,
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atenolol. bisaprolol. nadelol. penbutolol, pindolol. propranslol. timolol.

indapamide. trandolopril, amilovide, moexipril, metolozone and valsartan.

14, Combination  therapy  formulation  comprising  the  oral
pharmaceutical formulation according to any of claims 1 to 11, which s a
combination  therapy formulation comprising, within the same oral
pharmacentical formulation as the said oral pharmaceutical formulation
according to any of claims 1 to 11, or located in a separate and disfinet vral
pharmaceutical formulation for co-administration along with the said oral
pharmaceutical formulation according to any of clanms 1 to 11, a hipid

regulating agent.

15, The combination therapy formulation of claim 14, wherein the lipid
regulating agent 1s selected from the group consisting of: atorvastatin.
simvastatin, fluvastatin, pravastatin, lovastatin, cerivastatin, rosuvastatin,
pitavastatin, clofibric acid, niacinfmicotinie acid, torcetrapib. colestipol,
omega-3 acid ethyl esters, colesevelam, cholestyramine, czetimibe,

MD-0727, gemfibrozil and probucol.
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ORAL PHARMACEUTICAL FORMULATIONS COMPRISING
FENOFIBRIC ACID AND/ORITS SALTS

ABSTRACT
The present invention relates to oral formulations comprising an active agent comprising
at least one of 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic acid, salts of 2-[4-(4-

chlorobenzoy!)phenoxyl-2-methyl-propanoic acid or buffered 2-[4-(4-chlorobenzoyl)
phenoxyl-2-methyl-propanoic acid.

Figure 2
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