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IN THE UNITED STATES DISTRICT COURT
FOR THE SOUTHERN DISTRICT OF NEW YORK

ENDO PHARMACEUTICALS INC,,

Plaintiff, ' | C.A. No.

V.

ROXANE LABORATORIES, INC,,
Defendant.

COMPLAINT

Plajntiff Endo Pharmaceuticals Inc. (*“Endo”) for its Complaint against Defendant

Roxane Laboratories, Inc. (“Rokane”) alleges as follows:
PARTIES

1. Plaintiff Endo is a Delaware corporation, having its principal place of business at
1400 Atwater Drive, Malvern, PA 19355. Endo is a specialty pharmaceuticals company engaged
in the research, development, sale and marketing of prescription pharmaceuticals used, among
other things, to treat and manage pain. Endo markets and distributes OPANA® ER CRF, an
Innovative tamper-resistant opioid.

2, Upon information and belief, Roxane Laboratories, Inc. is a corporation organized
under the laws of Nevada, having its principal place of business at 1809 Wilson Road,
Columbus, OH 43228-8601.

3. Upon information and belief, Roxane is manufacturing generic drug products for

sale and use throughout the United States, including in this judicial district. Roxane is registered
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to do business in New York, and maintains a registered agent for service of process in New
York.

NATURE OF ACTION

4. This is an action for arising under the Patent Laws of the United States, 35 U.S.C.
§ 100, et seq. and the Declaratory Judgment Act, 28 U.S.C. § 2201, et seq.

JURISDICTION AND VENUE

5. This Court has jurisdiction over the subject matter of this action pursuant to 28
U.S.C. §§ 1331 and 1338(a) (patent infringement), and 28 U.S.C. §§ 2201 and 2202 (declaratory
judgment).

6. Venue is proper in this district pursuant to 28 U.S.C. §§ 1391(b) and 1400(b).

7. This Court has personal jurisdiction over the Defendant by virtue of the fact that,
inter alia, it has committed — or aided, abetted, planned, contributed to, or participated in the
commission of — tortious conduct in the State of New York that has led to foreseeable harm and
injury to Plaintiff.

8. Upon information and belief, Roxane intends to distribute and sell generic
OPANA® ER in a non-tamper resistant form in this judicial district should ANDA No. 20-0822
be approved by FDA.

9. Moreover, Roxane maintains continuous and systematic contacts with the State of
New York and this District.

10.  Upon information and belief, Roxane currently sells significant quantities of
generic drug products in the Southern District of New York. Those products include, for
example, generic versions of Flonase®, Seroquel®, and Cozaar®. A list of generic products

manufactured and sold by Roxane in the United States are at https://www.rli-
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touchpoint.com/tpPortal/appmanager/touchpoint/rli? nfpb=true& pagelabel=rli productcatalog
_book.

11.  Upon information and belief, Roxane plans to continue to maintain continuous
and systematic contacts with the State of New York, including but not limited to, its
aforementioned business of distributing and selling pharmaceuticals.

12.  Based on the facts and causes alleged herein, and for additional reasons to be
developed through discovery, this Court has personal jurisdiction over the Defendant.

FACTUAL BACKGROUND

Endo’s OPANA® ER CRF NDA

13. On June 22, 2006, the United States Food and Drug Administration (“FDA”)
approved Endo’s new drug application No. 21-610 for OPANA® ER tablets, which contain
oxymorphone hydrochloride, under § 505(b) of the Federal Food, Drug and Cosmetic Act, 21
U.S.C. § 355(b), for the relief of moderate-to-severe pain in patients requiring continuous,
around-the-clock opioid treatment for an extended period of time.

14.  On December 12, 2011, FDA approved Endo’s Supplemental New Drug
Application (“sNDA”) 201655, under § 505(b) of the Federal Food, Drug and Cosmetic Act, 21
U.S.C. § 355(b), for OPANA® ER CRF.

15.  OPANA®ER CRF is bioequivalent to the original OPANA® ER.

16.  OPANA® ER CRF is a crush-resistant tablet that is intended to make the active
ingredient, oxymorphone hydrochloride, more difficult to abuse. Endo discontinued sales of
non-crush-resistant OPANA® ER (the “Discontinued F ormulation”) after FDA approved its

SNDA for OPANA® ER CRF.
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17. OPANA® ER CREF is distributed and sold throughout the United States for relief
of moderate to severe pain in patients requiring continuous around-the-clock opioid treatment for
an extended period of time.

ENDO’S PATENTS

18.  On December 14, 2010, the PTO duly and legally issued U.S. Patent No.
7,851,482 (“the *482 Patent”), entitled “Method for Making Analgesics” to Johnson Matthey
Public Limited Company (“Johnson Matthey”™) as assignee. Jen-Sen Dung, Erno M. Keskeny,
and James J. Mencel are named as inventors. A true and correct copy of the *482 Patent is
attached as Exhibit A.

19.  Endo subsequently acquired full title to the 482 Patent, and accordingly, Endo is
now the sole owner and assignee of the *482 Patent.

20.  On November 13, 2012, the PTO duly and legally issued U.S. Patent No.
8,309,122 (“the *122 Patent”), entitled “Oxymorphone Controlled Release Formulations” to
Endo Pharmaceuticals, Inc. as assignee. Huai-Hung Kao, Anand R. Baichwal, Troy McCall, and
David Lee are named as inventors. A true and correct copy of the *122 Patent is attached as
Exhibit B.

21.  Endo is the sole owner and assignee of the *122 Patent.

22.  On December 11, 2012, the PTO duly and legally issued U.S. Patent No.
8,329,216 (“the °216 Patent”), entitled “Oxymorphone Controlled Release Formulations™ to
Endo Pharmaceuticals, Inc. as assignee. Huai-Hung Kao, Anand R. Baichwal, Troy McCall, and
David Lee are named as inventors. A true and correct copy of the *216 Patent is attached as
Exhibit C.

23.  Endo is the sole owner and assignee of the *216 Patent.
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24.  Both OPANA® ER CREF and the original, now discontinued formulation of
OPANA® ER are covered by one or more claims of each of the *482, 122, and °216 Patents.

25.  Each of the '482, °122, and ’216 Patents is listed in Approved Drug Products with
Therapeutic Equivalence Evaluations (“the Orange Book™) with reference to OPANA® ER
CRF. Endo has also listed three additional patents licensed from Griinenthal GMBH: U.S. Patent
Nos. 8,114,383, 8,192,722, and 8,309,060.

DEFENDANT’S INFRINGING PRODUCT

26.  Before December 28, 2009, Roxane filed Abbreviated New Drug Application
(“ANDA”) No. 20-0822, under § 505(j) of the Federal Food, Drug and Cosmetic Act, 21 U.S.C.
§ 355(j), seeking approval to engage in the commercial manufacturing, use, and sale of generic
oxymorphone hydrochloride extended release tablets (“Roxane’s Generic Oxymorphone ER
Tablets”) as a generic version of the discontinued, non-crush-resistant formulation of OPANA®
ER.

27.  Inresponse, Endo filed suit against Roxane in the District of New Jersey alleging
infringement of U.S. Patent No. 5,958,456 (“the *456 Patent”) by Roxane’s Generic
Oxymorphone ER Tablets. See Endo Pharmaceuticals Inc., et al. v. Roxane Laboratories, Inc.,
United States District Court, District of New Jersey, Nos. 10-cv-00534-KSH-PS and 10-cv-1964-
KSH-PS. Endo and Roxane settled their infringement dispute in March, 2011. The cases were
dismissed by Order dated May 11, 2011.

28.  Although the parties’ settlement agreement granted Roxane a license under the
456 Pétent to make and sell its Generic Oxymorphone ER Tablets, nothing in the agreement
grants Roxane any license or other right to practice the inventions claimed in the *122, °216, or

’482 Patents.
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29.  Upon information and belief, Defendant plans to market and sell Roxane’s
Generic Oxymorphone ER Tablets described in ANDA No. 20-0822 in competition with
OPANA® ER CRF.

30.  Defendant’s marketing and sale of Roxane’s Generic Oxymorphone ER Tablets
will cause wholesale drug distributors, prescribing physicians and pharmacies to purchase,
prescribe, and dispense it in competition with OPANA® ER CRF.

31.  Defendant’s manufacture and sale of Roxane’s Generic Oxymorphone ER Tablets
will cause Endo to suffer immediate and irreparable harm, including without limitation,
irreparable injury to its business reputation and goodwill, lost sales of OPANA® ER CREF, the
loss of the benefit of its investment in developing OPANA® ER and the reformulated crush-
resistant version of OPANA® ER, and price erosion for OPANA® ER CRF.

COUNT 1

(INFRINGEMENT OF THE °482 PATENT)

32.  Endo incorporates each of paragraphs 1-31 above as if set forth fully herein.

33. Roxane’s submission of ANDA No. 20-0822 and amendments thereto to FDA,
including the § 505()(2)(A)(vii)(IV) allegations of which it first notified plaintiffs on or about
December 28, 2009 and again on or about March 18, 2010, under which it seeks approval to
market its Generic Oxymorphone ER Tablets before expiration of the 482 Patent, constitutes
infringement under 35 U.S.C. § 271(e)(2)(A).

34, Defendant’s commercial manufacture, offer for sale, or sale of Roxane’s Generic
Oxymorphone ER Tablets in the strengths set forth in Roxane’s December 28, 2009 and March

18, 2010 notice letters will infringe the 482 Patent under 35 U.S.C. § 271(a)-(c).
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35.  Upon information and belief, Roxane is aware of the *482 Patent, and is aware
that the commercial manufacture, sale, or offer for sale of its Generic Oxymorphone ER Tablets
would constitute infringement of the Patent.

COUNT 11

(DECLARATORY JUDGMENT OF INFRINGEMENT OF THE 482 PATENT)

36.  Endo incorporates each of paragraphs 1-35 above as if set forth fully herein.

37.  This claim arises under the Declaratory Judgment Act, 28 U.S.C. §§ 2201 and
2202.

38.  There is an actual case or controversy such that the Court may entertain Plaintiff’s
request for declaratory relief consistent with Article I1I of the United States Constitution, and this
actual case or controversy requires a declaration of rights by this Court.

39.  Defendant has made and will continue to make substantial preparation in the
United States to manufacture, offer to sell, sell and/or import the Roxane Generic Oxymorphone
ER Tablets before the expiration of the *482 Patent.

40.  Defendant’s actions, including, but not limited to filing ANDA No. 20-0822 and
engaging in the 10-cv-00534-KSH-PS and 10-cv-1964-KSH-PS patent litigations, indicate its
intention to manufacture, offer to sell, sell and/or import the products that are the subject of that
ANDA before the expiration of the *482 Patent, and further indicate a refusal to change the

course of its action in the face of acts by Plaintiff.

41.  Any commercial manufacture, use, offer for sale, sale, and/or importation of the
Roxane Generic Oxymorphone ER Tablets before the expiration of the *482 Patent will
constitute direct infringement, contributory infringement, and/or active inducement of

infringement of the *482 Patent.
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42.  Plaintiff is entitled to a declaratory judgment that any commercial manufacture,
use, offer for sale, sale, and/or importation of the Roxane Generic Oxymorphone ER Tablets by
Defendant before the expiration of the *482 Patent will constitute direct infringement,
contributory infringement, and/or active inducement of infringement of the 482 Patent.

COUNT III

(INFRINGEMENT OF THE 122 PATENT)

43.  Endo incorporates each of paragraphs 1-42 above as if set forth fully herein.

44, Roxane’s submission of ANDA No. 20-0822 and amendments thereto to FDA,
including the § 505()(2)(A)(vii)(IV) allegations of which it first notified plaintiffs on or about
December 28, 2009 and again on or about March 18, 2010, under which it seeks approval to
market its Generic Oxymorphone ER Tablets before expiration of the 482 Patent, constitutes
infringement under 35 U.S.C. § 271(e)(2)(A).

45, Defendant’s commercial manufacture, offer for sale, or sale of Roxane’s Generic
Oxymorphone ER Tablets in the strengths set forth in Roxane’s December 28, 2009 and March
18, 2010 notice letters will infringe the *122 Patent under 35 U.S.C. § 271(a)-(c).

46.  Upon information and belief, Roxane is aware of the 122 Patent, and is aware
that the commercial manufacture, sale, or offer for sale of its Generic Oxymorphone ER Tablets
would constitute infringement of the Patent.

COUNT 1V

(DECLARATORY JUDGMENT OF INFRINGEMENT OF THE ’122 PATENT)

47.  Endo incorporates each of paragraphs 1-46 above as if set forth fully herein.
48.  This claim arises under the Declaratory Judgment Act, 28 U.S.C. §§ 2201 and

2202.
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49.  There is an actual case or controversy such that the Court may entertain Plaintiff’s
request for declaratory relief consistent with Article III of the United States Constitution, and this
actual case or controversy requires a declaration of rights by this Court.

50.  Defendant has made and will continue to make substantial preparation in the
United States to manufacture, offer to sell, sell and/or import the Roxane Generic Oxymorphone
ER Tablets before the expiration of the *122 Patent.

51.  Defendant’s actions, including, but not limited to filing ANDA No. 20-0822 and
engaging in the 10-cv-00534-KSH-PS and 10-cv-1964-KSH-PS patent litigations, indicate its
intention to manufacture, offer to sell, sell and/or import the products that are the subject of that
ANDA before the expiration of the 122 Patent, and further indicate a refusal to change the
course of its action in the face of acts by Plaintiff.

52. Any commercial manufacture, use, offer for sale, sale, and/or importation of the
Roxane Generic Oxymorphone ER Tablets before the expiration of the *122 Patent will
constitute direct infringement, contributory infringement, and/or active inducement of
infringement of the 122 Patent.

53.  Plaintiff is entitled to a declaratory judgment that any commercial manufacture,
use, offer for sale, sale, and/or importation of the Roxane Generic Oxymorphone ER Tablets by
Defendant before the expiration of the *122 Patent will constitute direct infringement,
contributory infringement, and/or active inducement of infringement of the *122 Patent.

COUNT YV

(INFRINGEMENT OF THE °216 PATENT)

54.  Endo incorporates each of paragraphs 1-53 above as if set forth fully herein.
55. Roxane’s submission of ANDA No. 20-0822 and amendments thereto to FDA,

including the § 505(G)(2)(A)(vii)(IV) allegations of which it first notified plaintiffs on or about

-9.
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December 28, 2009 and again on or about March 18, 2010, under which it seeks approval to
market its Generic Oxymorphone ER Tablets before expiration of the 482 Patent, constitutes
infringement under 35 U.S.C. § 271(e)(2)(A).

56. Defendant’s commercial manufacture, offer for sale, or sale of Roxane’s Generic
Oxymorphone ER Tablets in the strengths set forth in Roxane’s December 28, 2009 and March
18, 2010 notice letters would infringe the *216 Patent under 35 U.S.C. § 271(a)-(c).

57. Upon information and belief, Roxane is aware of the 216 Patent, and is aware
that the commercial manufacture, sale, or offer for sale of its Generic Oxymorphone ER Tablets
would constitute infringement of the Patent.

COUNT VI

(DECLARATORY JUDGMENT OF INFRINGEMENT OF THE 216 PATENT)

58.  Endo incorporates each of paragraphs 1-57 above as if set forth fully herein.

59.  This claim arises under the Declaratory Judgment Act, 28 U.S.C. §§ 2201 and
2202.

60.  There is an actual case or controversy such that the Court may entertain Plaintiff’s
request for declaratory relief consistent with Article III of the United States Constitution, and this
actual case or controversy requires a declaration of rights by this Court.

61.  Defendant has made and will continue to make substantial preparation in the
United States to manufacture, offer to sell, sell and/or import the Roxane Generic Oxymorphone
ER Tablets before the expiration of the 216 Patent.

62.  Defendant’s actions, including, but not limited to filing ANDA No. 20-0822 and
engaging in the 10-cv-00534-KSH-PS and 10-cv-1964-KSH-PS patent litigations, indicate its

intention to manufacture, offer to sell, sell and/or import the products that are the subject of that

-10 -
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ANDA before the expiration of the *216 Patent, and further indicate a refusal to change the

course of its action in the face of acts by Plaintiff.

63. Any commercial manufacture, use, offer for sale, sale, and/or importation of the

Roxane Generic Oxymorphone ER Tablets before the expiration of the 216 Patent will

constitute direct infringement, contributory infringement, and/or active inducement of

infringement of the *216 Patent.

64.  Plaintiff is entitled to a declaratory judgment that any commercial manufacture,

use, offer for sale, sale, and/or importation of the Roxane Generic Oxymorphone ER Tablets by

Defendant before the expiration of the *216 Patent will constitute direct infringement,

contributory infringement, and/or active inducement of infringement of the 216 Patent.

PRAYER FOR RELIEF

WHEREFORE, Plaintiff Endo respectfully requests the following relief:

A.

B.

A judgment that Defendant infringes the *482 Patent;

A declaration that Defendant’s commercial manufacture, distribution, use
and sale of the Roxane Generic Oxymorphone ER Tablets would infringe
the 482 Patent;

A judgment that Defendant infringes the *122 Patent;

A declaration that Defendant’s commercial manufacture, distribution, use
and sale of the Roxane Generic Oxymorphone ER Tablets would infringe
the ’122 Patent;

A judgment that Defendant infringes the *216 Patent;

A declaration that Roxane’s commercial manufacture, distribution, use
and sale of the Roxane Generic Oxymorphone ER Tablets would infringe

the *216 Patent;

-11 -
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G. Preliminary and permanent injunctive relief restraining and enjoining
Defendant, its officers, agents, servants and employees, and those persons
in active concert or participation with any of them, from infringement of
the *482, *122, and ’216 Patents, for the full terms thereof, including any
extensions;

H. A declaration that this an exceptional case and an award of reasonable
attorneys’ fees pursuant to 35 U.S.C. § 285;

L. Reasonable attorneys’ fees, filing fees, and reasonable costs of suit
incurred by Endo in this action; and

J. Such other and further relief as the Court may deem just and proper.

-12 -
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US 7,851,482 B2

1
METHOD FOR MAKING ANALGESICS

FIELD OF THE INVENTION

This invention concerns an improved method for making
analgesics, more especially for making the opiate oxymor-
phone as its hydrochloride.

BACKGROUND OF THE INVENTION

Oxymorphone, generally administered in the form of its
hydrochloride salt, is a potent semi-synthetic opiate analge-
sic, for the relief of moderate to severe pain, and has been
approved for use since 1959. It can be administered as an
injectable solution, suppository, tablet or extended release
tablet. It is desirable to develop high purity forms of oxymor-
phone and a method for its synthesis.

Several methods for synthesising oxymorphone from com-
pounds isolated from the opium poppy or compounds derived
therefrom are known, for example, starting from morphine,
thebaine, or from oxycodone. There remains the need for
methods which permit the formation of oxymorphone with
low contamination of alpha, beta unsaturated ketones. The
present invention provides an improved oxymorphone prod-
uct and a method for producing such oxymorphone.

U.S. Pat. No. 7,129,248 claims a process for producing
oxycodone hydrochloride with less than 25 ppm of 14-hy-
droxycodeinone, by hydrogenating oxycodone having
greater than 100 ppm 14-hydroxycodeinone. The synthetic
route to oxycodone taught in US’248 starts from thebaine and
produces 14-hydroxycodeinone as an intermediate product
and 8,14-dihydroxy-7,8-dihydrocodeinone as a by-product
resulting from over-oxidation of thebaine. During conversion
of oxycodone free base to the hydrogen chloride salt, the
by-product may undergo acid-catalysed dehydration and be
converted into 14-hydroxycodeinone. Thus the final oxyc-
odone hydrogen chloride salt contains unreacted 14-hydroxy-
codeinone as well as 14-hydroxycodeinone derived from the
by-product 8,14-dihydroxy-7,8-dihydrocodeinone. A hydro-
genation step is claimed to reduce contents of 14-hydroxyco-
deinone from at least 100 ppm to less than 25 ppm.

SUMMARY OF THE INVENTION

The present invention provides an oxymorphone hydro-
chloride product containing less than 10 ppm of alpha, beta
unsaturated ketones.

The invention also provides a method of purifying oxymor-
phone hydrochloride to yield an oxymorphone hydrochloride
product containing less than 10 ppm of alpha, beta unsatur-
ated ketones, which method comprises reducing a starting
material oxymorphone hydrochloride in a strongly acid water
and alcohol solvent, using gaseous hydrogen at a temperature
in the range from 60 to 70° C. Reduction is suitably carried
out for a period of at least 20 hours, but in another embodi-
ment, reduction is carried out for 1 to 20 hours.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described below with reference to the
drawing, in which:

FIG. 1 is the Powder X-Ray Diffraction pattern collected
for a hydrated oxymorphone hydrochloride product made
according to Example 3.2D.

DETAILED DESCRIPTION OF THE INVENTION

Preferably, the solvent is ethanol/water, although other
water miscible alcohols, such as isopropanol and n-propanol,
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may be used. The reaction medium is very acidic, preferably
by incorporating at least two equivalents of hydrochloric acid.
A pH of less than 1 is desirable.

The reaction temperature is most preferably maintained at
about 65° C. Hydrogen is conveniently supplied to the reac-
tion vessel at 2.41 bar pressure.

The method of the invention has been able to reduce start-
ing material oxymorphone hydrochloride having very high
(of'the order 0f 0.3 t0 0.5%, or 3,000 to 5,000 ppm) content of
alpha, beta unsaturated ketones to less than 10 ppm, and in
many cases to undetectable levels (by HPLC).

The starting material oxymorphone hydrochloride may be
an isolated or non-isolated material. Desirably, it has been
obtained by the formation of the hydrogen chloride salt by
heating oxymorphone free base in the presence of hydrochlo-
ric acid and an alcohol/water reaction medium. Suitable tem-
peratures are 60-70° C. It can be seen that the reaction
medium is ideal for the reduction of the method of the inven-
tion, so that it is generally not necessary to isolate the oxy-
morphone hydrochloride. However, the starting material oxy-
morphone hydrochloride may be isolated from the reaction
medium or may be from another source.

The oxymorphone free base is itself preferably prepared by
a reduction of 14-hydroxymorphinone. This may be carried
out in a single- or two-stage process. The reduction is prefer-
ably carried out in acetic acid using gaseous hydrogen and a
palladium on carbon catalyst. Preferred temperatures are of
the order of 30° C. The base is precipitated by adding aqueous
ammonia (NH,OH).

This reduction may be in the presence of the reaction
medium to which is added dichloromethane in methanol,
Florasil and n-propanol.

The 14-hydroxymorphinone itself is most suitably pre-
pared by hydroxylation of oripavine, using hydrogen perox-
ide in the presence of formic acid.

Oripavine is aknown compound, which is extractable from
poppy straw. The strain developed in Tasmania to be a high-
Thebaine-yielding strain also produces higher than normal
levels of oripavine.

The process of the invention is highly flexible, permitting
many reaction steps to be carried out without isolation of
intermediate products, whilst still retaining high (of'the order
0t'50%) overall yields from oripavine, as well as remarkably
high purity. Under favourable conditions, the presence of
alpha, beta unsaturated ketones is undetectable by conven-
tional means such as HPLC, but the skilled person can readily
achieve less than 10 ppm contamination. The process of the
invention has been successfully carried out at kilogram scale.

The oxymorphone hydrochloride having less than 10 ppm
of alpha, beta unsaturated ketones can be incorporated into
pharmaceutical dosage forms, e.g., by admixtures of the oxy-
morphone hydrochloride having less than 10 ppm of alpha,
beta unsaturated ketones with conventional excipients, i.e.,
pharmaceutically acceptable organic or inorganic carrier sub-
stances. For oral formulations, the dosage forms can provide
a sustained release of the active component. Suitable phar-
maceutically acceptable carriers include but are not limited
to, alcohols, gum arabic, vegetable oils, benzyl alcohols,
polyethylene glycols, gelate, carbohydrates such as lactose,
amylose or starch, magnesium stearate, talc, silicic acid, vis-
cous paraffin, perfume oil, fatty acid monoglycerides and
diglycerides, pentaerythritol fatty acid esters, hydroxy-meth-
ylcellulose, polyvinylpyrrolidone, etc. The pharmaceutical
preparations can be sterilized and if desired mixed with aux-
iliary agents, e.g., lubricants, disintegrants, preservatives, sta-
bilizers, wetting agents, emulsifiers, salts for influencing
osmotic pressure buffers, colouring, flavouring and/or aro-
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matic substances and the like. The compositions intended for
oral use may be prepared according to any method known in
the art and such compositions may contain one or more agents
selected from the group consisting of inert, non-toxic phar-
maceutically acceptable excipients that are suitable for the
manufacture of tablets. Such excipients include, for example
aninert diluent such as lactose; granulating and disintegrating
agents such as cornstarch; binding agents such as starch; and
lubricating agents such as magnesium stearate. The tablets
may be uncoated or they may be coated by known techniques
for elegance or to delay release of the active ingredients.
Formulations for oral use may also be presented as hard
gelatin capsules wherein the active ingredient is mixed with
an inert diluent. The oral dosage forms of the present inven-
tion may be in the form of tablets (sustained release and/or
immediate release), troches, lozenges, powders or granules,
hard or soft capsules, microparticles (e.g., microcapsules,
microspheres and the like), buccal tablets, solutions, suspen-
sions, etc.

In certain embodiments, the present invention provides for
amethod of treating pain by administering to a human patient
the dosage forms described herein.

When the dosage form is oral, the dosage form of the
present invention contains from about 1 mg to about 40 mg of
oxymorphone hydrochloride having less than 10 ppm of
alpha, beta unsaturated ketones. Particularly preferred dos-
ages are about 5 mg, about 10 mg, about 20 mg or about 40 mg
however other dosages may be used as well. The oxymor-
phone hydrochloride having less than 10 ppm of alpha, beta
unsaturated ketones can also be formulated with suitable
pharmaceutically acceptable excipients to provide a sus-
tained release of having less than 10 ppm of alpha, beta
unsaturated ketones. Such formulations can be prepared in
accordance with US 2003/129230 A1, US 2003/129234 Al
and US 2003/157167 Al.

The oxymorphone hydrochloride having less than 10 ppm
of alpha, beta unsaturated ketones can be formulated as a
sustained release oral formulation in any suitable tablet,
coated tablet or multiparticulate formulation known to those
skilled in the art. The sustained release dosage form may
include a sustained release material that is incorporated into a
matrix along with the oxymorphone salt thereof.

The sustained release dosage form may optionally com-
prise particles containing oxymorphone hydrochloride hav-
ing less than 10 ppm of alpha, beta unsaturated ketones. In
certain embodiments, the particles have a diameter from
about 0.1 mm to about 2.5 mm, preferably from about 0.5 mm
to about 2 mm. Preferably, the particles are film coated with a
material that permits release of the active at a sustained rate in
an aqueous medium. The film coat is chosen so as to achieve,
in combination with the other stated properties, desired
release properties. The sustained release coating formula-
tions of the present invention should preferably be capable of
producing a strong, continuous film that is smooth and
elegant, capable of supporting pigments and other coating
additives, non-toxic, inert, and tack-free.

Coated Beads

In certain embodiments of the present invention a hydro-
phobic material is used to coat inert pharmaceutical beads
such as nu pariel 18/20 beads, and a plurality of the resultant
solid sustained release beads may thereafter be placed in a
gelatin capsule in an amount sufficient to provide an effective
sustained release dose when ingested and contacted by an
environmental fluid, e.g., gastric fluid or dissolution media.

The sustained release bead formulations of the present
invention slowly release the active component of the present
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invention, e.g., when ingested and exposed to gastric fluids,
and then to intestinal fluids. The sustained release profile of
the formulations of the invention can be altered, for example,
by varying the amount of overcoating with the hydrophobic
material, altering the manner in which a plasticiseris added to
the hydrophobic material, by varying the amount of plasti-
ciser relative to hydrophobic material, by the inclusion of
additional ingredients or excipients, by altering the method of
manufacture, etc. The dissolution profile of the ultimate prod-
uct may also be modified, for example, by increasing or
decreasing the thickness of the retardant coating.

Spheroids or beads coated with the agent(s) of the present
are prepared, e.g., by dissolving the agent(s) in water and then
spraying the solution onto a substrate, for example, nu pariel
18/20 beads, using a Wuster insert. Optionally, additional
ingredients are also added prior to coating the beads in order
to assist the binding of the active to the beads, and/or to color
the solution, etc. For example, a product that includes hydrox-
ypropylmethylcellulose, etc with or without colorant (e.g.,
Opadry™, commercially available from Colorcon, Inc.) may
be added to the solution and the solution mixed (e.g., for about
1 hour) prior to application of the same onto the beads. The
resultant coated substrate, in these example beads, may then
be optionally overcoated with a barrier agent, to separate the
active component(s) from the hydrophobic sustained release
coating. An example of a suitable barrier agent is one which
comprises hydroxypropylmethylcellulose. However, any
film-former known in the art may be used. It is preferred that
the barrier agent does not affect the dissolution rate of the
final product.

The beads may then be overcoated with an aqueous disper-
sion of the hydrophobic material. The aqueous dispersion of
hydrophobic material preferably further includes an effective
amount of plasticiser, e.g. triethyl citrate. Pre-formulated
aqueous dispersions of ethylcellulose, such as Aquacoat™ or
Surelease™, may be used. If Surelease™ is used, it is not
necessary to separately add a plasticiser. Alternatively, pre-
formulated aqueous dispersions of acrylic polymers such as
Eudragit™ can be used.

The coating solutions of the present invention preferably
contain, in addition to the film-former, plasticiser, and solvent
system (i.e., water), a colorant to provide elegance and prod-
uct distinction. Colour may be added to the solution of the
therapeutically active agent instead, or in addition to the
aqueous dispersion of hydrophobic material. For example,
colour may be added to Aquacoat™ via the use of alcohol or
propylene glycol based colour dispersions, milled aluminium
lakes and opacifiers such as titanium dioxide by adding colour
with shear to water soluble polymer solution and then using
low shear to the plasticised Aquacoat™. Alternatively, any
suitable method of providing colour to the formulations of the
present invention may be used. Suitable ingredients for pro-
viding colour to the formulation when an aqueous dispersion
of an acrylic polymer is used include titanium dioxide and
colour pigments, such as iron oxide pigments. The incorpo-
ration of pigments, may, however, increase the retard effect of
the coating.

Plasticised hydrophobic material may be applied onto the
substrate comprising the agent(s) by spraying using any suit-
able spray equipment known in the art. In a preferred method,
a Wurster fluidised-bed system is used in which an air jet,
injected from underneath, fluidizes the core material and
effects drying while the acrylic polymer coating is sprayed
on. A sufficient amount of the hydrophobic material to obtain
a predetermined sustained release of the agent(s) when the
coated substrate is exposed to aqueous solutions, e.g. gastric
fluid, may be applied. After coating with the hydrophobic



Case 1:13-cv-03288-UA Document 1  Filed 05/15/13 Page 19 of 92

US 7,851,482 B2

5

material, a further overcoat of a film-former, such as
Opadry™, is optionally applied to the beads. This overcoat is
provided, if at all, in order to substantially reduce agglomera-
tion of the beads.

The release of the agent(s) from the sustained release for-
mulation of the present invention can be further influenced,
i.e., adjusted to a desired rate, by the addition of one or more
release-moditying agents, or by providing one or more pas-
sageways through the coating. The ratio of hydrophobic
material to water soluble material is determined by, among
other factors, the release rate required and the solubility char-
acteristics of the materials selected.

The release-modifying agents, which function as pore-
formers may be organic or inorganic, and include materials
that can be dissolved, extracted or leached from the coating in
an environment of use. The pore-formers may comprise one
or more hydrophilic materials such as hydroxypropylmethyl-
cellulose.

The sustained release coatings of the present invention can
also include erosion-promoting agents such as starch and
gums.

The sustained release coatings of the present invention can
also include materials useful for making microporous lamina
in the environment of use, such as polycarbonates comprised
of linear polyesters of carbonic acid in which carbonate
groups reoccur in the polymer chain.

The release-modifying agent may also comprise a semi-
permeable polymer.

In certain preferred embodiments, the release-modifying
agent is selected from hydroxypropylmethylcellulose, lac-
tose, metal stearates, and mixtures of any of the foregoing.

The sustained release coatings of the present invention may
also include an exit means comprising at least one passage-
way, orifice, or the like. The passageway may be formed by
such methods as those disclosed in U.S. Pat. No. 3,845,770,
U.S. Pat. No. 3,916,899, U.S. Pat. No. 4,063,064 and U.S.
Pat. No. 4,088,864.

Matrix Formulations

In other embodiments of the present invention, the sus-
tained release formulation is achieved via a matrix optionally
having a sustained release coating as set forth herein. The
materials suitable for inclusion in a sustained release matrix
may depend on the method used to form the matrix.

For example, a matrix in addition to the oxymorphone
hydrochloride having less than 10 ppm of alpha, beta unsat-
urated ketones may include: hydrophilic and/or hydrophobic
materials, such as gums, cellulose ethers, acrylic resins, pro-
tein derived materials. The list is not meant to be exclusive,
any pharmaceutically acceptable hydrophobic material or
hydrophilic material which is capable of imparting sustained
release of the agent(s) and which melts (or softens to the
extent necessary to be extruded) may be used in accordance
with the present invention.

Digestible, long chain (C4-Cs,, especially C,,-C,,), sub-
stituted or unsubstituted hydrocarbons, such as fatty acids,
fatty alcohols, glyceryl esters of fatty acids, mineral and
vegetable oils and waxes, and stearyl alcohol; and polyalky-
lene glycols. Of these polymers, acrylic polymers, especially
Eudragit™. RSPO—the cellulose ethers, especially hydroxy-
alkylcelluloses and carboxyalkylcelluloses, are preferred.
The oral dosage form may contain between 1% and 80% (by
weight) of at least one hydrophilic or hydrophobic material.

When the hydrophobic material is a hydrocarbon, the
hydrocarbon preferably has a melting point of between 25° C.
and 90° C. Of the long chain hydrocarbon materials, fatty
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(aliphatic) alcohols are preferred. The oral dosage form may
contain up to 60% (by weight) of at least one digestible, long
chain hydrocarbon.

Preferably, the oral dosage form contains up to 60% (by
weight) of at least one polyalkylene glycol.

The hydrophobic material is preferably selected from the
group consisting of alkylcelluloses, acrylic and methacrylic
acid polymers and copolymers, shellac, zein, hydrogenated
castor oil, hydrogenated vegetable oil, or mixtures thereof. In
certain preferred embodiments of the present invention, the
hydrophobic material is a pharmaceutically acceptable
acrylic polymer, including but not limited to acrylic acid and
methacrylic acid copolymers, methyl methacrylate, methyl
methacrylate copolymers, ethoxyethyl methacrylates, cyano-
ethyl methacrylate, aminoalkyl methacrylate copolymer,
poly(acrylic acid), poly(methacrylic acid), methacrylic acid
alkylamine copolymer, poly(methyl methacrylate), poly
(methacrylic acid) (anhydride), polymethacrylate, polyacry-
lamide, poly(methacrylic acid anhydride), and glycidyl meth-
acrylate copolymers. In other embodiments, the hydrophobic
material is selected from materials such as hydroxyalkylcel-
Iuloses such as hydroxypropylmethylcellulose and mixtures
of the foregoing.

Preferred hydrophobic materials are water-insoluble with
more or less pronounced hydrophilic and/or hydrophobic
trends. Preferably, the hydrophobic materials useful in the
invention have a melting point from about 25° C. to about
200° C., preferably from about 45° C. to about 90° C. Spe-
cifically, the hydrophobic material may comprise natural or
synthetic waxes, fatty alcohols (such as lauryl, myristyl,
stearyl, cetyl or preferably cetostearyl alcohol), fatty acids,
including but not limited to fatty acid esters, fatty acid glyc-
erides (mono-, di-, and tri-glycerides), hydrogenated fats,
hydrocarbons, normal waxes, stearic aid, stearyl alcohol and
hydrophobic and hydrophilic materials having hydrocarbon
backbones. Suitable waxes include, for example, beeswax,
glycowax, castor wax and carnauba wax. For the purposes of
the present invention, a wax-like substance is defined as any
material that is normally solid at room temperature and has a
melting point of from about 25° C. to about 100° C.

Suitable hydrophobic materials which may be used in
accordance with the present invention include digestible,
long chain (C4-Cs,, especially C,,-C,,), substituted or
unsubstituted hydrocarbons, such as fatty acids, fatty alco-
hols, glyceryl esters of fatty acids, mineral and vegetable oils
and natural and synthetic waxes. Hydrocarbons having a
melting point of between 25° C. and 90° C. are preferred. Of
the long chain hydrocarbon materials, fatty (aliphatic) alco-
hols are preferred in certain embodiments. The oral dosage
form may contain up to 60% (by weight) of at least one
digestible, long chain hydrocarbon. Preferably, a combina-
tion of two or more hydrophobic materials are included in the
matrix formulations. If an additional hydrophobic material is
included, it is preferably selected from natural and synthetic
waxes, fatty acids, fatty alcohols, and mixtures of the same.
Examples include beeswax, carnauba wax, stearic acid and
stearyl alcohol. This list is not meant to be exclusive.

One particular suitable matrix comprises at least one water
soluble hydroxyalkyl cellulose, at least one C, ,-C;4, prefer-
ably C, ,-C,,, aliphatic alcohol and, optionally, at least one
polyalkylene glycol. The at least one hydroxyalkyl cellulose
is preferably a hydroxy (C, to Cy) alkyl cellulose, such as
hydroxypropylcellulose,  hydroxypropyl-methylcellulose
and, especially, hydroxyethylcellulose. The amount of the at
least one hydroxyalkyl cellulose in the present oral dosage
form will be determined, inter alia, by the precise rate of
oxymorphone hydrochloride release required. The at least
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one aliphatic alcohol may be, for example, lauryl alcohol,
myristyl alcohol or stearyl alcohol. In particularly preferred
embodiments of the present oral dosage form, however, the at
least one aliphatic alcohol is cetyl alcohol or cetostearyl alco-
hol. The amount of the at least one aliphatic alcohol in the
present oral dosage form will be determined, as above, by the
precise rate of opioidoxycmorphone release required. It will
also depend on whether at least one polyalkylene glycol is
present in or absent from the oral dosage form. In the absence
of at least one polyalkylene glycol, the oral dosage form
preferably contains between 20% and 50% (by wt) of the at
least one aliphatic alcohol. When at least one polyalkylene
glycol is present in the oral dosage form, then the combined
weight of the at least one aliphatic alcohol and the at least one
polyalkylene glycol preferably constitutes between 20% and
50% (by wt) of the total dosage.

In one embodiment, the ratio of, e.g., the at least one
hydroxyalkyl cellulose or acrylic resin to the at least one
aliphatic alcohol/polyalkylene glycol determines, to a (w/w)
of the at least one hydroxyalkyl cellulose to the at least one
aliphatic alcohol/polyalkylene glycol of between 1:2 and 1:4
is preferred, with a ratio of between 1:3 and 1:4 being par-
ticularly preferred.

The at least one polyalkylene glycol may be, for example,
polypropylene glycol or, preferably, polyethylene glycol. The
number average molecular weight of the at least one poly-
alkylene glycol is preferably between 1,000 and 15,000 espe-
cially between 1,500 and 12,000.

Another suitable sustained release matrix would comprise
an alkylcellulose (especially ethyl cellulose), a C,, to Csq
aliphatic alcohol and, optionally, a polyalkylene glycol.

In another preferred embodiment, the matrix includes a
pharmaceutically acceptable combination of at least two
hydrophobic materials.

In addition to the above ingredients, a sustained release
matrix may also contain suitable quantities of other materials,
e.g. diluents, lubricants, binders, granulating aids, colorants,
flavorants and glidants that are conventional in the pharma-
ceutical art.

Matrix—Particulates

In order to facilitate the preparation of a solid, sustained
release, oral dosage form according to this invention, any
method of preparing a matrix formulation known to those
skilled in the art may be used. For example incorporation in
the matrix may be effected, for example, by (a) forming
granules comprising at least one water soluble hydroxyalkyl
cellulose, and the oxymorphone hydrochloride having less
than 10 ppm of alpha, beta unsaturated ketones; (b) mixing
the hydroxyalkyl cellulose containing granules with at least
one C, , to C,4 aliphatic alcohol; and (c) optionally, compress-
ing and shaping the granules. Preferably, the granules are
formed by wet granulating the hydroxalkyl cellulose granules
with water.

Inyet other alternative embodiments, a spheronizing agent,
together with the active component can be spheronized to
form spheroids. Microcrystalline cellulose is a preferred
spheronizing agent. A suitable microcrystalline cellulose is,
for example, the material sold as Avicel PH 101 (Trade Mark,
FMC Corporation). In such embodiments, in addition to the
active ingredient and spheronizing agent, the spheroids may
also contain a binder. Suitable binders, such as low viscosity,
water soluble polymers, will be well known to those skilled in
the pharmaceutical art. However, water soluble hydroxy
lower alkyl cellulose, such as hydroxypropyl-cellulose, are
preferred. Additionally (or alternatively) the spheroids may
contain a water insoluble polymer, especially an acrylic poly-
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mer, an acrylic copolymer, such as a methacrylic acid-ethyl
acrylate copolymer, or ethyl cellulose. In such embodiments,
the sustained release coating will generally include a hydro-
phobic material such as (a) a wax, either alone orin admixture
with a fatty alcohol; or (b) shellac or zein.

Melt Extrusion Matrix

Sustained release matrices can also be prepared via melt-
granulation or melt-extrusion techniques. Generally, melt-
granulation techniques involve melting a normally solid
hydrophobic material, e.g. a wax, and incorporating a pow-
dered drug therein. To obtain a sustained release dosage form,
it may be necessary to incorporate an additional hydrophobic
substance, e.g. ethylcellulose or a water-insoluble acrylic
polymer, into the molten wax hydrophobic material.
Examples of sustained release formulations prepared via
melt-granulation techniques are found in U.S. Pat. No. 4,861,
598.

The additional hydrophobic material may comprise one or
more water-insoluble wax-like thermoplastic substances pos-
sibly mixed with one or more wax-like thermoplastic sub-
stances being less hydrophobic than said one or more water-
insoluble wax-like substances. In order to achieve constant
release, the individual wax-like substances in the formulation
should be substantially non-degradable and insoluble in gas-
trointestinal fluids during the initial release phases. Useful
water-insoluble wax-like substances may be those with a
water-solubility that is lower than about 1:5,000 (w/w).

In addition to the above ingredients, a sustained release
matrix may also contain suitable quantities of other materials,
e.g., diluents, lubricants, binders, granulating aids, colou-
rants, flavourants and glidants that are conventional in the
pharmaceutical art. The quantities of these additional mate-
rials will be sufficient to provide the desired effect to the
desired formulation.

In addition to the above ingredients, a sustained release
matrix incorporating melt-extruded multiparticulates may
also contain suitable quantities of other materials, e.g. dilu-
ents, lubricants, binders, granulating aids, colourants, flavou-
rants and glidants that are conventional in the pharmaceutical
art in amounts up to about 50% by weight of the particulate if
desired.

Specific examples of pharmaceutically acceptable carriers
and excipients that may be used to formulate oral dosage
forms are described in the Handbook of Pharmaceutical
Excipients, American Pharmaceutical Association (1986).

Melt Extrusion Multiparticulates

The preparation of a suitable melt-extruded matrix accord-
ing to the present invention may, for example, include the
steps of blending the oxymorphone hydrochloride having less
than 10 ppm of alpha, beta unsaturated ketones together with
at least one hydrophobic material and preferably the addi-
tional hydrophobic material to obtain a homogeneous mix-
ture. The homogeneous mixture is then heated to a tempera-
ture sufficient to at least soften the mixture sufficiently to
extrude the same. The resulting homogeneous mixture is then
extruded to form strands. The extrudate is preferably cooled
and cut into multiparticulates by any means known in the art.
The strands are cooled and cut into multiparticulates. The
multiparticulates are then divided into unit doses. The extru-
date preferably has a diameter of from about 0.1 mm to about
5 mm and provides sustained release of the therapeutically
active agent for a time period of from about 8 hours to about
24 hours.

An optional process for preparing the melt extrusions of the
present invention includes directly metering into an extruder
a hydrophobic material, the oxymorphone hydrochloride
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having less than 10 ppm of alpha, beta unsaturated ketones,
and an optional binder; heating the homogenous mixture;
extruding the homogenous mixture to thereby form strands;
cooling the strands containing the homogeneous mixture;
cutting the strands into particles having a size from about 0.1
mm to about 12 mm; and dividing said particles into unit
doses. In this aspect of the invention, a relatively continuous
manufacturing procedure is realized.

The diameter of the extruder aperture or exit port can also
be adjusted to vary the thickness of the extruded strands.
Furthermore, the exit part of the extruder need not be round;
it can be oblong, rectangular, etc. The exiting strands can be
reduced to particles using a hot wire cutter, guillotine, etc.

The melt extruded multiparticulate system can be, for
example, in the form of granules, spheroids or pellets depend-
ing upon the extruder exit orifice. For the purposes of the
present invention, the terms “melt-extruded multi-
particulate(s)” and  “melt-extruded  multiparticulate
system(s)” and “melt-extruded particles” shall refer to a plu-
rality of units, preferably within a range of similar size and/or
shape and containing one or more active agents and one or
more excipients, preferably including a hydrophobic material
as described herein. In this regard, the melt-extruded multi-
particulates will be of a range of from about 0.1 mm to about
12 mm in length and have a diameter of from about 0.1 mm to
about 5 mm. In addition, it is to be understood that the melt-
extruded multiparticulates can be any geometrical shape
within this size range. Alternatively, the extrudate may simply
be cut into desired lengths and divided into unit doses of the
therapeutically active agent without the need of a spheroni-
zation step.

In one preferred embodiment, oral dosage forms are pre-
pared to include an effective amount of melt-extruded multi-
particulates within a capsule. For example, a plurality of the
melt-extruded multiparticulates may be placed in a gelatin
capsule in an amount sufficient to provide an effective sus-
tained release dose when ingested and contacted by gastric
fluid.

In another preferred embodiment, a suitable amount of the
multiparticulate extrudate is compressed into an oral tablet
using conventional tabletting equipment using standard tech-
niques. Techniques and compositions for making tablets
(compressed and moulded), capsules (hard and soft gelatin)
and pills are also described in Remington’s Pharmaceutical
Sciences, (Arthur Osol, editor), 1553-1593 (1980).

In yet another preferred embodiment, the extrudate can be
shaped into tablets as set forth in U.S. Pat. No. 4,957,681,
described in additional detail above.

Optionally, the sustained release melt-extruded multipar-
ticulate systems or tablets can be coated, or the gelatin cap-
sule containing the multiparticulates can be further coated,
with a sustained release coating such as the sustained release
coatings described above. Such coatings preferably include a
sufficient amount of hydrophobic material to obtain a weight
gain level from about 2% to about 30%, although the overcoat
may be greater depending upon the desired release rate,
among other things.

The melt-extruded unit dosage forms of the present inven-
tion may further include combinations of melt-extruded par-
ticles before being encapsulated. Furthermore, the unit dos-
age forms can also include an amount of an immediate release
agent for prompt release. The immediate release agent may be
incorporated, e.g., as separate pellets within a gelatin capsule,
or may be coated on the surface of the multiparticulates after
preparation of the dosage forms (e.g., sustained release coat-
ing or matrix-based). The unit dosage forms of the present
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invention may also contain a combination of sustained release
beads and matrix multiparticulates to achieve a desired effect.

The sustained release formulations of the present invention
preferably slowly release the agent(s), e.g. when ingested and
exposed to gastric fluids, and then to intestinal fluids. The
sustained release profile of the melt-extruded formulations of
the invention can be altered, for example, by varying the
amount of retardant, i.e., hydrophobic material, by varying
the amount of plasticiser relative to hydrophobic material, by
the inclusion of additional ingredients or excipients, by alter-
ing the method of manufacture, etc.

In other embodiments of the invention, the melt extruded
material is prepared without the inclusion of the oxymor-
phone hydrochloride having less than 10 ppm of alpha, beta
unsaturated ketones, which can be added thereafter to the
extrudate. Such formulations typically will have the agents
blended together with the extruded matrix material, and then
the mixture would be tableted in order to provide a slow
release formulation.

Coatings

The dosage forms of the present invention may optionally
be coated with one or more materials suitable for the regula-
tion of release or for the protection of the formulation. In one
embodiment, coatings are provided to permit either pH-de-
pendent or pH-independent release. A pH-dependent coating
serves to release the active in desired areas of the gastro-
intestinal (G]) tract, e.g. the stomach or small intestine, such
that an absorption profile is provided which is capable of
providing at least about eight hours and preferably about
twelve hours to up to about twenty-four hours of analgesia to
a patient. When a pH-independent coating is desired, the
coating is designed to achieve optimal release regardless of
pH-changes in the environmental fluid, e.g., the GI tract. It is
also possible to formulate compositions that release a portion
of the dose in one desired area of the GI tract, e.g., the
stomach, and release the remainder of the dose in another area
of'the GI tract, e.g., the small intestine.

Formulations according to the invention that utilize pH-
dependent coatings to obtain formulations may also impart a
repeat-action effect whereby unprotected drug is coated over
the enteric coat and is released in the stomach, while the
remainder, being protected by the enteric coating, is released
further down the gastrointestinal tract. Coatings which are
pH-dependent may be used in accordance with the present
invention include shellac, cellulose acetate phthalate (CAP),
polyvinyl acetate phthalate (PVAP), hydroxypropylmethyl-
cellulose phthalate, and methacrylic acid ester copolymers,
zein, and the like.

In certain preferred embodiments, the substrate (e.g., tablet
core bead, matrix particle) containing the oxymorphone
hydrochloride having less than 10 ppm of alpha, beta unsat-
urated ketones thereof is coated with a hydrophobic material
selected from (i) an alkylcellulose; (ii) an acrylic polymer; or
(iii) mixtures thereof. The coating may be applied in the form
of'an organic or aqueous solution or dispersion. The coating
may be applied to obtain a weight gain from about 2% to
about 25% of the substrate in order to obtain a desired sus-
tained release profile. Coatings derived from aqueous disper-
sions are described in detail U.S. Pat. No. 5,273,760, U.S. Pat.
No. 5,286,493, U.S. Pat. No. 5,324,351, U.S. Pat. No. 5,356,
467, and U.S. Pat. No. 5,472,712.

Alkylcellulose Polymers

Cellulosic materials and polymers, including alkylcellulo-
ses, provide hydrophobic materials well suited for coating the
beads according to the invention. Simply by way of example,
one preferred alkylcellulosic polymer is ethylcellulose,
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although the artisan will appreciate that other cellulose and/or
alkylcellulose polymers may be readily employed, singly or
in any combination, as all or part of a hydrophobic coating
according to the invention.

Acrylic Polymers

In other preferred embodiments of the present invention,
the hydrophobic material comprising the sustained release
coating is a pharmaceutically acceptable acrylic polymer,
including but not limited to acrylic acid and methacrylic acid
copolymers, methyl methacrylate copolymers, ethoxyethyl
methacrylates, cyanoethyl methacrylate, poly(acrylic acid),
poly(methacrylic acid), methacrylic acid alkylamide copoly-
mer, poly(methyl methacrylate), polymethacrylate, poly(m-
ethyl methacrylate) copolymer, polyacrylamide, aminoalkyl
methacrylate copolymer, poly(methacrylic acid anhydride),
and glycidyl methacrylate copolymers.

In certain preferred embodiments, the acrylic polymer is
comprised of one or more ammonio methacrylate copoly-
mers. Ammonio methacrylate copolymers are well known in
the art, and are described as fully polymerised copolymers of
acrylic and methacrylic acid esters with a low content of
quaternary ammonium groups.

In order to obtain a desirable dissolution profile, it may be
necessary to incorporate two or more ammonio methacrylate
copolymers having differing physical properties, such as dif-
ferent molar ratios of the quaternary ammonium groups to the
neutral (meth)acrylic esters.

Certain methacrylic acid ester-type polymers are useful for
preparing pH-dependent coatings, which may be used in
accordance with the present invention. For example, there are
a family of copolymers synthesized from diethylaminoethyl
methacrylate and other neutral methacrylic esters, also
known as methacrylic acid copolymer or polymeric meth-
acrylates, commercially available as Eudragit™ from Rohm
Tech, Inc. There are several different types of Eudragit™, for
example Eudragit™ E is an example of a methacrylic acid
copolymer that swells and dissolves in acidic media.
Eudragit™ L is a methacrylic acid copolymer which does not
swell at about pH<5.7 and is soluble at about pH>6.
Eudragit™ S does not swell at about pH<6.5 and is soluble at
about pH>7. Eudragit™ RL and Eudragit™ RS are water
swellable, and the amount of water absorbed by these poly-
mers is pH-dependent, however, dosage forms coated with
Eudragit™ RL and RS are pH-independent.

In certain preferred embodiments, the acrylic coating com-
prises a mixture of two acrylic resin lacquers commercially
available from Rohm Pharma under the Tradenames
Eudragit™ RI30D and Eudragit™ RS30D, respectively.
Eudragit™ RI.30D and Eudragit™ RS30D are copolymers
of acrylic and methacrylic esters with a low content of qua-
ternary ammonium groups, the molar ratio of ammonium
groups to the remaining neutral (meth)acrylic esters being
1:20 in Eudragit™ RL30D and 1:40 in Eudragit™ RS30D.
The mean molecular weight is about 150,000. The code des-
ignations RL (high permeability) and RS (low permeability)
refer to the permeability properties of these agents.
Eudragit™ RI/RS mixtures are insoluble in water and in
digestive fluids. However, coatings formed from the same are
swellable and permeable in aqueous solutions and digestive
fluids.

The Eudragit™ RI/RS dispersions of the present invention
may be mixed together in any desired ratio in order to ulti-
mately obtain a sustained release formulation having a desir-
able dissolution profile. Desirable sustained release formula-
tions may be obtained, for instance, from a retardant coating
derived from 100% Eudragit™ RL.,, 50% Eudragit™ RI and
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50% Eudragit™ RS, or 10% FEudragit™ RI and 90%
Eudragit™ RS. Of course, one skilled in the art will recognize
that other acrylic polymers may also be used, such as, for
example, Eudragit™ L.

Plasticizers

In embodiments of the present invention where the coating
comprises an aqueous dispersion of a hydrophobic material,
the inclusion of an effective amount of a plasticiser in the
aqueous dispersion of hydrophobic material will further
improve the physical properties of the sustained release coat-
ing. For example, because ethyl-cellulose has a relatively
high glass transition temperature and does not form flexible
films under normal coating conditions, it is preferable to
incorporate a plasticiser into an ethylcellulose coating con-
taining sustained release coating before using the same as a
coating material. Generally, the amount of plasticiser
included in a coating solution is based on the concentration of
the film-former, e.g., most often from about 1 wt % to about
50 wt % of the film-former. Concentration of the plasticiser,
however, can only be properly determined after careful
experimentation with the particular coating solution and
method of application.

Examples of suitable plasticizers for ethylcellulose include
water insoluble plasticizers such as dibutyl sebacate, diethyl
phthalate, triethyl citrate, tributyl citrate, and triacetin,
although it is possible that other water-insoluble plasticizers
(such as acetylated monoglycerides, phthalate esters, castor
oil, etc.) may be used. Triethyl citrate is an especially pre-
ferred plasticiser for the aqueous dispersions of ethyl cellu-
lose of the present invention.

Examples of suitable plasticizers for the acrylic polymers
of the present invention include, but are not limited to citric
acid esters such as triethyl citrate, tributyl citrate, dibutyl
phthalate, and possibly 1,2-propylene glycol. Other plasticiz-
ers that have proved to be suitable for enhancing the elasticity
of the films formed from acrylic films such as Eudragit™
RL/RS lacquer solutions include polyethylene glycols, pro-
pylene glycol, diethyl phthalate, castor oil, and triacetin. Tri-
ethyl citrate is an especially preferred plasticiser for the aque-
ous dispersions of ethyl cellulose of the present invention.

The addition of a small amount of talc may also help reduce
the tendency of the aqueous dispersion to stick during pro-
cessing, and may act as a polishing agent.

Sustained Release Osmotic Dosage Form

Sustained release dosage forms according to the present
invention may also be prepared as osmotic dosage formula-
tions. The osmotic dosage forms preferably include a bilayer
core comprising a drug layer (containing the oxymorphone
hydrochloride having less than 10 ppm of alpha, beta unsat-
urated ketones) and a delivery or push layer, wherein the
bilayer core is surrounded by a semipermeable wall and
optionally having at least one passageway disposed therein.

The expression “passageway” as used for the purpose of
this invention, includes aperture, orifice, bore, pore, porous
element through which oxymorphone hydrochloride having
less than 10 ppm of alpha, beta unsaturated ketones can be
pumped, diffuse or migrate through a fibre, capillary tube,
porous overlay, porous insert, microporous member, or
porous composition. The passageway can also include a com-
pound that erodes or is leached from the wall in the fluid
environment of use to produce at least one passageway. Rep-
resentative compounds for forming a passageway include
erodible poly(glycolic) acid, or poly(lactic) acid in the wall; a
gelatinous filament; a water-removable poly(vinyl alcohol);
leachable compounds such as fluid-removable pore-forming
polysaccharides, acids, salts or oxides. A passageway can be
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formed by leaching a compound from the wall, such as sor-
bitol, sucrose, lactose, maltose, or fructose, to form a sus-
tained-release dimensional pore-passageway. The dosage
form can be manufactured with one or more passageways in
spaced-apart relation on one or more surfaces of the dosage
form. A passageway and equipment for forming a passage-
way are disclosed in U.S. Pat. No. 3,845,770, U.S. Pat. No.
3,916,899, U.S. Pat. No. 4,063,064 and U.S. Pat. No. 4,088,
864. Passageways comprising sustained-release dimensions
sized, shaped and adapted as a releasing-pore formed by
aqueous leaching to provide a releasing-pore of a sustained-
release rate are disclosed in U.S. Pat. No. 4,200,098 and U.S.
Pat. No. 4,285,987.

In certain embodiments the drug layer may also comprise
at least one polymer hydrogel. The polymer hydrogel may
have an average molecular weight of between about 500 and
about 6,000,000. Examples of polymer hydrogels include but
are not limited to a maltodextrin polymer comprising the
formula (C;H,,05),H,0, wherein n is 3 to 7,500, and the
maltodextrin polymer comprises a 500 to 1,250,000 number-
average molecular weight; a poly(alkylene oxide) repre-
sented by, e.g., a poly(ethylene oxide) and a poly(propylene
oxide) having a 50,000 to 750,000 weight-average molecular
weight, and more specifically represented by a poly(ethylene
oxide) of at least one of 100,000, 200,000, 300,000 or 400,
000 weight-average molecular weights; an alkali carboxy-
alkylcellulose, wherein the alkali is sodium or potassium, the
alkyl is methyl, ethyl, propyl, or butyl of 10,000 to 175,000
weight-average molecular weight; and a copolymer of ethyl-
ene-acrylic acid, including methacrylic and ethacrylic acid of
10,000 to 500,000 number-average molecular weight.

In certain embodiments of the present invention, the deliv-
ery or push layer comprises an osmopolymer. Examples of an
osmopolymer include but are not limited to a member
selected from the group consisting of a polyalkylene oxide
and a carboxyalkylcellulose. The polyalkylene oxide pos-
sesses a 1,000,000 to 10,000,000 weight-average molecular
weight. The polyalkylene oxide may be a member selected
from the group consisting of polymethylene oxide, polyeth-
ylene oxide, polypropylene oxide, polyethylene oxide having
a 1,000,000 average molecular weight, polyethylene oxide
comprising a 5,000,000 average molecular weight, polyeth-
ylene oxide comprising a 7,000,000 average molecular
weight, cross-linked polymethylene oxide possessing a
1,000,000 average molecular weight, and polypropylene
oxide of 1,200,000 average molecular weight. Typical
osmopolymer carboxyalkylcellulose comprises a member
selected from the group consisting of alkali carboxyalkyl-
cellulose, sodium carboxymethylcellulose, potassium car-
boxymethylcellulose, sodium carboxyethylcellulose, lithium
carboxymethylcellulose, sodium carboxyethyl-cellulose,
carboxyalkylhydroxyalkylcellulose, carboxymethylhy-
droxyethyl cellulose, carboxyethylhydroxyethylcellulose
and carboxymethylhydroxypropylcellulose. The osmopoly-
mers used for the displacement layer exhibit an osmotic pres-
sure gradient across the semipermeable wall. The osmopoly-
mers imbibe fluid into dosage form, thereby swelling and
expanding as an osmotic hydrogel (also known as an osmo-
gel), whereby they push the oxymorphone hydrochloride
having less than 10 ppm of alpha, beta unsaturated ketones
thereof from the osmotic dosage form.

The push layer may also include one or more osmotically
effective compounds also known as osmagents and as osmoti-
cally effective solutes. They imbibe an environmental fluid,
for example, from the gastrointestinal tract, into dosage form
and contribute to the delivery kinetics of the displacement
layer. Examples of osmotically active compounds comprise a
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member selected from the group consisting of osmotic salts
and osmotic carbohydrates. Examples of specific osmagents
include but are not limited to sodium chloride, potassium
chloride, magnesium sulphate, lithium phosphate, lithium
chloride, sodium phosphate, potassium sulphate, sodium sul-
phate, potassium phosphate, glucose, fructose and maltose.

The push layer may optionally include a hydroxypropyla-
Ikylcellulose possessing a 9,000 to 450,000 number-average
molecular weight. The hydroxypropylalkyl-cellulose is rep-
resented by a member selected from the group consisting of
hydroxypropylmethylcellulose, hydroxypropylethylcellu-
lose, hydroxypropylisopropyl cellulose, hydroxypropylbu-
tylcellulose, and hydroxypropylpentylcellulose.

The push layer optionally may comprise a non-toxic colo-
rant or dye. Examples of colourants or dyes include but are
not limited to Food and Drug Administration Colourants
(FD&C), such as FD&C No. 1 blue dye, FD&C No. 4 red dye,
red ferric oxide, yellow ferric oxide, titanium dioxide, carbon
black, and indigo.

The push layer may also optionally comprise an antioxi-
dant to inhibit the oxidation of ingredients. Some examples of
antioxidants include but are not limited to a member selected
from the group consisting of ascorbic acid, ascorbyl palmi-
tate, butylated hydroxyanisole, a mixture of 2 and 3 tertiary-
butyl-4-hydroxyanisole, butylated hydroxytoluene, sodium
isoascorbate, dihydroguaretic acid, potassium sorbate,
sodium bisulfate, sodium metabisulfate, sorbic acid, potas-
sium ascorbate, vitamin E, 4-chloro-2,6-ditertiary butylphe-
nol, alphatocopherol, and propylgallate.

In certain alternative embodiments, the dosage form com-
prises a homogenous core comprising oxymorphone hydro-
chloride having less than 10 ppm of alpha, beta unsaturated
ketones, a pharmaceutically acceptable polymer (e.g., poly-
ethylene oxide), optionally a disintegrant (e.g., polyvinylpyr-
rolidone), optionally an absorption enhancer (e.g., a fatty
acid, a surfactant, a chelating agent, a bile salt, etc). The
homogenous core is surrounded by a semipermeable wall
having a passageway (as defined above) for the release of the
oxymorphone hydrochloride having less than 10 ppm of
alpha, beta unsaturated ketones.

In certain embodiments, the semipermeable wall com-
prises a member selected from the group consisting of a
cellulose ester polymer, a cellulose ether polymer and a cel-
Iulose ester-ether polymer. Representative wall polymers
comprise a member selected from the group consisting of
cellulose acylate, cellulose diacylate, cellulose triacylate, cel-
lulose acetate, cellulose diacetate, cellulose triacetate, mono-,
di- and tricellulose alkenylates, and mono-, di- and tricellu-
lose alkinylates. The poly(cellulose) used for the present
invention comprises a number-average molecular weight of
20,000 to 7,500,000.

Additional semipermeable polymers for the purpose of this
invention comprise acetaldehyde dimethycellulose acetate,
cellulose acetate ethylcarbamate, cellulose acetate methyl-
carbamate, cellulose diacetate, propylcarbamate, cellulose
acetate diethylaminoacetate; semipermeable polyamide;
semipermeable polyurethane; semipermeable sulfonated
polystyrene; semipermeable cross-linked polymer formed by
the coprecipitation of a polyanion and a polycation, semiper-
meable crosslinked polystyrenes, semipermeable cross-
linked poly(sodium styrene sulfonate), semipermeable
crosslinked poly(vinylbenzyltrimethyl ammonium chloride)
and semipermeable polymers possessing a fluid permeability
of 2.5x107® to 2.5x1072 (cm?/hr atm) expressed per atmo-
sphere of hydrostatic or osmotic pressure difference across
the semipermeable wall. Other polymers useful in the present
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invention are known in the art including those in Handbook of
Common Polymers, Scott, J. R. and W. J. Roff, 1971, CRC
Press, Cleveland, Ohio.

In certain embodiments, preferably the semipermeable
wall is nontoxic, inert, and it maintains its physical and
chemical integrity during the dispensing life of the drug. In
certain embodiments, the dosage form comprises a binder. An
example of a binder includes, but is not limited to a therapeu-
tically acceptable vinyl polymer having a 5,000 to 350,000
viscosity-average molecular weight, represented by a mem-
ber selected from the group consisting of poly-n-vinylamide,
poly-n-vinylacetamide, poly(vinyl pyrrolidone), also known
as poly-n-vinylpyrrolidone, poly-n-vinylcaprolactone, poly-
n-vinyl-5-methyl-2-pyrrolidone, and poly-n-vinyl-pyrroli-
done copolymers with a member selected from the group
consisting of vinyl acetate, vinyl alcohol, vinyl chloride, vinyl
fluoride, vinyl butyrate, vinyl laureate, and vinyl stearate.
Other binders include for example, acacia, starch, gelatin, and
hydroxypropylalkylcellulose of 9,200 to 250,000 average
molecular weight.

In certain embodiments, the dosage form comprises a
lubricant, which may be used during the manufacture of the
dosage form to prevent sticking to die wall or punch faces.
Examples of lubricants include but are not limited to magne-
sium stearate, sodium stearate, stearic acid, calcium stearate,
magnesium oleate, oleic acid, potassium oleate, caprylic acid,
sodium stearyl fumarate, and magnesium palmitate.

In certain preferred embodiments, the present invention
includes a therapeutic composition comprising an amount of
oxymorphone hydrochloride having less than 10 ppm of
alpha, beta unsaturated ketones equivalent to 10 to 40 mg
oxymorphone hydrochloride, 25 mg to 500 mg of poly(alky-
lene oxide) having a 150,000 to 500,000 average molecular
weight, 1 mg to 50 mg of polyvinylpyrrolidone having a
40,000 average molecular weight, and 0 mg to about 7.5 mg
of a lubricant.

Suppositories

The sustained release formulations of the present invention
may be formulated as a pharmaceutical suppository for rectal
administration comprising a suitable suppository base, and
oxymorphone hydrochloride having less than 10 ppm of
alpha, beta unsaturated ketones. Preparation of sustained
release suppository formulations is described in, e.g., U.S.
Pat. No. 5,215,758.

Prior to absorption, the drug must be in solution. In the case
of suppositories, solution must be preceded by dissolution of
the suppository base, or the melting of the base and subse-
quent partition of the drug from the suppository base into the
rectal fluid. The absorption of the drug into the body may be
altered by the suppository base. Thus, the particular supposi-
tory base to be used in conjunction with a particular drug must
be chosen giving consideration to the physical properties of
the drug. For example, lipid-soluble drugs will not partition
readily into the rectal fluid, but drugs that are only slightly
soluble in the lipid base will partition readily into the rectal
fluid.

Among the different factors affecting the dissolution time
(or release rate) of the drugs are the surface area of the drug
substance presented to the dissolution solvent medium, the
pH of the solution, the solubility of the substance in the
specific solvent medium, and the driving forces of the satu-
ration concentration of dissolved materials in the solvent
medium. Generally, factors affecting the absorption of drugs
from suppositories administered rectally include suppository
vehicle, absorption site pH, drug pKa, degree of ionisation,
and lipid solubility.
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The suppository base chosen should be compatible with
the active of the present invention. Further, the suppository
base is preferably non-toxic and non-irritating to mucous
membranes, melts or dissolves in rectal fluids, and is stable
during storage.

In certain preferred embodiments of the present invention
for both water-soluble and water-insoluble drugs, the sup-
pository base comprises a fatty acid wax selected from the
group consisting of mono-, di- and triglycerides of saturated,
natural fatty acids of the chain length C,, to C,4.

In preparing the suppositories of the present invention
other excipients may be used. For example, a wax may be
used to form the proper shape for administration via the rectal
route. This system can also be used without wax, but with the
addition of diluent filled in a gelatin capsule for both rectal
and oral administration.

Examples of suitable commercially available mono-, di-
and triglycerides include saturated natural fatty acids of the
12-18 carbon atom chain sold under the trade name Novata™
(types AB, AB, B, BC, BD, BBC, E, BCF, C, D and 299),
manufactured by Henkel, and Witepsol™ (types HS, H12,
H15, H175, H185, H19, H32, H35, H39, H42, W25, W31,
W35, W45, S55, 858, E75, E76 and E85), manufactured by
Dynamit Nobel.

Other pharmaceutically acceptable suppository bases may
be substituted in whole or in part for the above-mentioned
mono-, di- and triglycerides. The amount of base in the sup-
pository is determined by the size (i.e. actual weight) of the
dosage form, the amount of base (e.g., alginate) and drug
used. Generally, the amount of suppository base is from about
20% to about 90% by weight of the total weight of the sup-
pository. Preferably, the amount of suppository base in the
suppository is from about 65% to about 80%, by weight of the
total weight of the suppository.

Additional Embodiments

The oxymorphone hydrochloride having less than 10 ppm
of alpha, beta unsaturated ketones may be used as a substitute
for the oxymorphone hydrochloride in any existing commer-
cial product such as, e.g., Opana™, Opana ER™ and Numor-
phan™. Such formulations are listed in the FDA Orange
Book.

EXAMPLES

The invention will now be illustrated by the following
examples, showing the synthesis of the high purity oxymor-
phone, starting from oripavine.

FIG. 1 is the Powder X-Ray Diffraction pattern collected
for a hydrated oxymorphone hydrochloride product made
according to Example 3.2D.

Example 1.1A

Hydroxylation of Oripavine to
14-hydroxymorphinone

1 kg oripavine is added with stirring to a reaction vessel
containing 2.76 kg of formic acid and 0.53 kg water, and
stirring is continued until the oripavine is completely dis-
solved, and the temperature remains in the range 20-30° C.
Subsequently, 0.36 kg ot 35 wt % hydrogen peroxide solution
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is added, and the reaction mixture is stirred for three hours or
more, whilst maintaining the temperature in the range 20-35°
C. The reaction vessel is cooled to 10° C. and 7.12 litres of
dilute ammonium hydroxide is added slowly, whilst main-
taining the reaction mixture below 40° C. If necessary, the pH
of the reaction mixture is adjusted to the range 8 to 10, with
more dilute ammonium hydroxide solution or hydrochloric
acid as appropriate, and stirring is continued for 3-5 hours.

A precipitate of product 14-hydroxymorphinone is formed
and filtered off. The precipitate is washed with water until
colourless and then dried to a damp cake and collected for the
next stage.

Example 1.1B

Formation of Oxymorphone Base

A hydrogenation vessel is charged with kg litre water and
0.73 kg acetic acid before adding 1 kg of 14-hydroxymorphi-
none prepared as in Example 1.1A and the mixture stirred
until clear. 40 g of wet 10% Pd on carbon catalyst is added
under a stream of nitrogen, and hydrogen supplied at 35-40
psi (2.41-2.76 bar). The temperature is maintained at 30+5°
C. until hydrogen uptake stops, then the vessel is maintained
at 35-40 psi (2.41-2.76 bar) and 30+5° C. for 3-4 hours. The
reaction vessel is cooled to less than 25° C. and a sample
subjected to HPLC to check for 14-hydroxymorphinone. If
the 14-hydroxymorphinone area detected by HPL.C is >0.1%,
the hydrogenation is repeated.

Once it is assessed that the reaction is complete, the cata-
lyst is filtered off, the pH of the filtrate is adjusted to pH 9
using ammonium hydroxide solution, the product precipi-
tates and is isolated by filtration and dried under vacuum. The
product is dissolved in dichloromethane/methanol (9:1 v/v)
and slurried in florisil, filtered, and the filtrate is distilled to
exchange to n-propanol. The n-propanol mixture is cooled
and the product precipitates and is collected by filtration in
66% yield. A sample of product is tested by HPLC for alpha,
beta unsaturated ketones, and is found to contain 0.51% by
area measurement.

Example 1.1C

Formation of Highly Pure Oxymorphone
Hydrochloride

A reaction vessel is charged with 1 kg of oxymorphone
base, prepared as in Example 1.1B, together with 2.05 kg of
absolute alcohol and 0.66 kg of water. The mixture is heated
to 60+2° C. and stirred to form a slurry. A hydrochloric acid
solution prepared from 0.66 kg concentrated hydrochloric
acid, 0.24 kg of water and 0.31 kg of absolute alcohol is added
to the oxymorphone base slurry and the pH checked to ensure
that it is <1.0. 40 g of 10% Pd on carbon catalyst water-wet
paste is added under a stream of nitrogen to the reaction
mixture and the mixture is hydrogenated at 35+5 psi (2.41
bar) for 20 hours whilst maintaining a temperature of 65£3°
C. The reaction mixture is filtered whilst hot through Celite
and a 0.2 um polish filter. The filtrate is cooled to 0-5° C. over
2-3 hours, and stirred for a further 2 hours to form oxymor-
phone hydrochloride as a precipitate. The precipitate is
washed with absolute alcohol then dried. Yield is 80%.
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A sample of the product is tested by HPLC for the presence
of alpha, beta unsaturated ketones, and is found to contain 6.2

Example 1.2A

Hydroxylation of Oripavine to
14-hydroxymorphinone

40 g of Oripavine is added with stirring to a reaction vessel
containing 30 g of water and 85 g of formic acid, and stirring
continued until oripavine is completely dissolved. The tem-
perature remains in the range 20-30° C. Subsequently, 17.72
g of 30 wt % hydrogen peroxide solution is added, and the
reaction mixture is stirred for three hours or more, whilst
maintaining the temperature in the range 20-35° C. The reac-
tion mixture is cooled to <20° C. and 335 mL of dilute
ammonium hydroxide is added slowly, whilst maintaining the
reaction mixture below 32° C. If necessary, the pH of the
reaction mixture is adjusted to 9.0, with more dilute ammo-
nium hydroxide solution or hydrochloric acid as appropriate,
and stirring is continued for 2 hours at 20 C and 2 hours at 4-5°
C.

A precipitate of 14-hydroxymorphinone is formed and fil-
tered off. The precipitate is washed with water and then dried
to a damp cake and collected for the next stage.

Example 1.2B

Formation of Oxymorphone Base

A hydrogenation vessel is charged with 148 g of water,
90.6 g of acetic acid, and 250 g of damp 14-hydroxymorphi-
none (48% water content), prepared as in Example 1.2A. The
mixture is stirred until clear then 1.34 g of 10% Pd on carbon
catalyst (dry weight) in the form of a paste is added under a
stream of nitrogen. The hydrogenation vessel is flushed with
nitrogen and hydrogen respectively, and then the reaction
mixture is hydrogenated at 30° C. and 35 psi (2.41 bar) for 5
hours. An in process test by HPLC indicates an 14-hydroxy-
morphinone area of 0.07%.

Once it is assessed that the reaction is complete, the cata-
lyst is filtered oft through a pad of celite, and the celite cake is
washed with 25 mL water. The filtrate is cooled to 0-5° C. and
the pH is adjusted to 9.5+0.5 with 1:1 mixture (V/V) of
concentrated ammonium hydroxide and water. The precipi-
tate is stirred at 0-5° C. for one hour and isolated by filtration.
The crude product is dried in vacuum oven at 50° C. to afford
113 g (86.9% yield) of light beige solid. A sample of product
is tested by HPLC for alpha, beta unsaturated ketone, and is
found to contain 0.27% by area measurement.

113 g of crude oxymorphone base is taken up in 1.13 L of
dichloromethane/methanol (9:1, v/v). 113 g of florisil is
added to the solution and the mixture is stirred for 12 hours.
The mixture is filtered through a pad of 113 g of florisil, and
the florisil cake is rinsed with 120 mL of dichloromethane/
methanol. The solvent is removed by distillation and then
switched to n-propanol. The batch is cooled to 0-5° C. and
stirred for 1 hour to precipitate the oxymorphone base, which
is filtered off, washed with cold n-propanol, and dried in a
vacuum oven to afford 67.2 g (59.47%) of white solids.
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A sample of product is tested by HPLC for alpha, beta
unsaturated ketones, and is found to contain 0.027% by area
measurement.

Example 1.2C

Formation of Highly Pure Oxymorphone
Hydrochloride

A reaction vessel is charged with 50.1 g of oxymorphone
base, prepared as in Example 1.2B, together with 120 g of
absolute alcohol. The mixture is heated to 60+2° C. and
stirred to form a slurry. A hydrochloric acid solution prepared
from 32.7 g concentrated hydrochloric acid and 33.6 g of
water is added to the oxymorphone base slurry and the pH is
checked to ensure that it is <1.0. 2.0 g of 10% Pd on carbon
catalyst water-wet paste is added under a stream of nitrogen to
the reaction mixture and the mixture is hydrogenated at 35 psi
(2.41 bar) for 20 hours whilst maintaining a temperature of
65° C. The reaction mixture is filtered whilst hot through
Celite. The filtrate is cooled to 0-5° C. over 2-3 hours, and
stirred for a further 2 hours to form oxymorphone hydrochlo-
ride as a precipitate. The precipitate is filtered off, washed
with absolute alcohol and then dried to afford white crystals
in 77% yield.

A sample of the product is tested by HPL.C for the presence
of alpha, beta unsaturated ketones, and is found to contain 1.1
ppm.

The above method may be varied by the skilled person
whilst still maintaining excellent purity of the product oxy-
morphone hydrochloride, and examples of such variations
follow.

Example 2.1B

Reduction of 14-hydroxymorphinone to
Oxymorphone Base

A hydrogenation vessel is charged with 2.5 kg of water and
0.73 kg of acetic acid and 1 kg of 14-hydroxymorphinone is
added to the vessel. The reaction mixture is stirred until a
clear solution is obtained before 40 g of wet 10% Pd on
carbon catalyst is added under a stream of nitrogen. Hydrogen
is supplied at 35-40 psi (2.41-2.76 bar). The temperature is
maintained at 30+5° C. until hydrogen uptake stops, then the
vessel is maintained at 35-40 psi (2.41-2.76 bar) and 30+5° C.
for 3-4 hours. The reaction vessel is cooled to less than 25° C.
and a sample subjected to HPLC to check for 14-hydroxy-
morphinone. If the 14-hydroxymorphinone area detected by
HPLC is >0.1%, the hydrogenation is repeated.

Once it is assessed that the reaction is complete, the cata-
lyst is filtered off, dichloromethane/methanol (9:1 v/v) is
added to the filtrate and the mixture is adjusted to pH 9-10 by
adding ammonium hydroxide solution. The dichlo-
romethane/methanol phase is separate, slurried in florisil,
filtered, and the filtrate is distilled to exchange to n-propanol.
The n-propanol mixture is cooled and the product precipitates
and is collected by filtration in 73% yield. A sample of prod-
uct is tested by HPLC for alpha, beta unsaturated ketones, and
is found to contain 0.32% by area.

Example 2.2B

Reduction of 14-hydroxymorphinone to
Oxymorphone Base

A hydrogenation vessel is charged with 35 g of water, 17 g
of acetic acid and 38.08 g of 14-hydroxymorphinone, pre-

20

25

30

35

40

45

50

55

60

65

20

pared in Example 1.2A. The reaction mixture is stirred until a
clear solution is obtained before 1.8 g of wet 5% Pd on carbon
catalyst is added under a stream of nitrogen. Hydrogen is
supplied at 35-40 psi (2.41-2.76 bar). The temperature is
maintained at 30+5° C. until hydrogen uptake stops, then the
vessel is maintained at 35-40 psi (2.41-2.76 bar) and 30+5° C.
for 4 hours. The reaction vessel is cooled to less than 25° C.,
and a sample is analyzed by HPLC to check for 14-hydroxy-
morphinone. The 14-hydroxymorphinone area detected by
HPLC is 0.26%.

Once it is assessed that the reaction is complete, the cata-
lyst is filtered off and the cake is washed with 15 mL of water.
180 mlL. of dichloromethane/methanol (9:1, v/v) are added to
the filtrate and the pH of the mixture is adjusted to pH 9-10 by
adding concentrated ammonium hydroxide. The dichlo-
romethane/methanol layer is separated and purified by slur-
rying with ca. 20 g florisil. The slurry is filtered and the filtrate
is distilled to exchange into n-propanol, and the mixture is
cooled to 0-5° C. and stirred for 1-2 hours to precipitate
oxymorphone base, which is isolated by filtration. The oxy-
morphone base is then slurried from n-propanol providing
product in 74% yield. A sample of product is tested by HPL.C
for alpha, beta unsaturated ketones, and is found to contain
0.32% by area.

Example 2.2C

Formation of Highly Pure Oxymorphone
Hydrochloride

A reaction vessel is charged with 2.5 g of oxymorphone
base, prepared as in Example 2.2B, together with 7.5 mL of
absolute alcohol, 2.5 g of water and 1.66 g of concentrated
hydrochloric acid. The mixture is heated to 50-60° C. and a
solution results. The pH is checked to ensure that it is <1.0.
0.111 gof 10% Pd on carbon catalyst water-wet paste is added
under a stream of nitrogen to the reaction mixture and the
mixture is hydrogenated at 35+5 psi (2.41 bar) for 21 hours
whilst maintaining a temperature of 65+£3° C. The reaction
mixture is filtered whilst hot through a 0.45 um filter. The
filtrate is cooled to 0-5° C. over 2-3 hours, and stirred for a
further 2 hours to form oxymorphone hydrochloride as a
precipitate. The precipitate is filtered off, washed with cold
absolute alcohol and dried under vacuum to afford white
crystals in 77% yield.

A sample of the product is tested by HPLC for the presence
of alpha, beta unsaturated ketones, and is found to contain 2.8

ppm.
Example 3.1B

Reduction of 14-hydroxymorphinone to
Oxymorphone Hydrochloride

The procedure for forming the oxymorphinone free base is
followed as shown above, but instead ofisolating the free base
from a dichloromethane/methanol solution, 0.35 volume
equivalents of 3N hydrochloric acid are added (vs the volume
of'the dichloromethane/methanol solution), the reaction mix-
ture is stirred, allowed to stand, and the aqueous layer (con-
tains the product) is separated from the organic layer. The
aqueous layer is distilled under vacuum to remove ca. 50% of
the volume, and then the remaining solution is cooled over 2
hour to 20-25° C., stirred for 1-2 hours, cooled to 0-5° C. and
stirred 2-3 hours. The white solids that form during stirring
are filtered off and washed with cold isopropanol. The yield is
64% and the product contains 0.34% of alpha, beta unsatur-
ated ketones.
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Example 3.1C

Purification of Oxymorphone Hydrochloride

Using an analogous process to Example 1.1C, but starting
from the product of Example 3.1B, purified oxymorphone
hydrochloride is obtained in a yield of 92% and having an
undetectable content of alpha, beta unsaturated ketones.

Example 3.2C

Preparation of Highly Pure Oxymorphone
Hydrochloride

A reaction vessel is charged with 5.05 g of oxymorphone
hydrochloride, prepared in Example 3.1B, together with 13.5
mL of absolute alcohol, 4.5 mL of water and 1.51 g of con-
centrated hydrochloric acid. The mixture is heated to 50-60°
C. and a solution results. The pH is checked to ensure that it
i <1.0.0.21 gof 10% Pd on charcoal catalyst water-wet paste
is added under a stream of nitrogen to the reaction mixture
and the mixture is hydrogenated at 35+5 psi (2.41 bar) for 20
hours whilst maintaining a temperature of 65+3° C. The reac-
tion mixture is filtered whilst hot through a 0.45 um filter. The
filtrate is cooled to 0-5° C. over 2-3 hours, and stirred for a
further 2 hours to form a precipitate. The precipitate is col-
lected by filtration, washed with cold absolute alcohol then
dried. Yield is 92%.

A sample of the product is tested by HPLC and found to
have an undetectable content of alpha, beta unsaturated
ketones.

Without changing the basic process steps, but with small
variations in the process steps for starting materials, such as
isolation or not of such starting materials, and utilising the
essential reduction requirements of the invention for the final
step to the purified oxymorphone hydrochloride, other prod-
ucts have been obtained with levels of alpha, beta unsaturated
ketones of 3.8 ppm, 1.7 ppm, 6.2 ppm, 6.9 ppm, 2.8 ppm, 3.1
ppm, 0.9 ppm, 6.0 ppm and another undetectable, or zero.

Example 3.2D
Hydration of Oxymorphone Hydrochloride

A drying dish is charged with oxymorphone hydrochlo-
ride, prepared as in Example 1.1C, 1.2C,2.2C,3.1C or 3.2C,
which contains about 5-13 wt % of ethanol. The sample is
placed in a vacuum oven along with a dish containing 100 mL
of water. A vacuum is applied at 24-29 in Hg and the oven
maintained at 20-40° C. for 24 hours. An ethanol-free or low
ethanol (approx. 0.04 wt %) product is afforded containing
about 10-13 wt % of'water. The water absorbed by the sample
may be removed in a vacuum oven at 50-55° C. The drying
process is stopped when the product’s KF is 6-8 wt %. The
final hydrated oxymorphone hydrochloride affords a uniform
polymorph with a consistent X-ray diffraction pattern.

What is claimed:

1. Oxymorphone hydrochloride having less than 10 ppm,
as measured by HPLC, of 14-hydroxymorphinone.

2. Oxymorphone hydrochloride according to claim 1,
wherein the content of 14-hydroxymorphinone is less than 5
ppm.

3. A pharmaceutical formulation comprising at least one
pharmaceutically acceptable excipient and the oxymorphone
hydrochloride according to claim 1.
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4. A method of treating pain comprising administering a
pharmaceutical formulation according to claim 3 to a patient
in need thereof.

5. A method of purifying a starting material of either oxy-
morphone or oxymorphone hydrochloride to yield the oxy-
morphone hydrochloride according to claim 1, comprising
exposing the starting material oxymorphone or oxymorphone
hydrochloride to hydrogen under reducing conditions in a
strongly acid water and alcohol solvent reaction medium at a
temperature in the range from 60to 70° C. for a time sufficient
to provide the less than 10 ppm of 14-hydroxymorphinone.

6. The method according to claim 5, wherein the exposing
is carried out for a period of at least 20 hours.

7. The method according to claim 5, wherein the reaction
medium has a pH of less than 1.

8. The method according to claim 5, wherein the acid is
hydrochloric acid.

9. The method according to claim 5, wherein the tempera-
ture is approximately 65° C.

10. The method according to claim 5, wherein the starting
material oxymorphone or oxymorphone hydrochloride has
not been isolated from a reaction mixture in which it is
formed.

11. The method according to claim 5, wherein the starting
material oxymorphone or oxymorphone hydrochloride has
been prepared by a process comprising reduction of 14-hy-
droxymorphinone.

12. The method according to claim 11, wherein the 14-hy-
droxymorphinone that is reduced is prepared by a process of
hydroxylating oripavine.

13. The method according to claim 12, wherein the oripa-
vine is derived from concentrated poppy straw.

14. The method according to claim 13, wherein the con-
centrated poppy straw is derived from a high-Thebaine-yield-
ing strain of poppy.

15. The method according to claim 5, comprising the addi-
tional steps of subsequently forming crystalline oxymor-
phone hydrochloride and removing residual alcohol mol-
ecules from within the crystal structure of the crystalline
oxymorphone hydrochloride by exposing the crystalline oxy-
morphone hydrochloride to water vapour, such that the
residual alcohol molecules are displaced with water mol-
ecules.

16. The method according to claim 15, comprising the
additional step of removing some of the water molecules from
within the crystal structure of the oxymorphone hydrochlo-
ride by exposure to reduced pressure.

17. The method according to claim 15, comprising the
additional step of removing some of the water molecules from
within the crystal structure of the oxymorphone hydrochlo-
ride by heating the oxymorphone hydrochloride to a tempera-
ture in the range of from 50 to 55° C. under reduced pressure.

18. A method of making hydrated oxymorphone hydro-
chloride having less than 10 ppm, as measured by HPLC, of
14-hydroxymorphinone and a KF of 6-8 wt %, comprising
exposing a starting material of oxymorphone or oxymor-
phone hydrochloride to gaseous hydrogen under reducing
conditions in a strongly acid water and alcohol solvent reac-
tion medium at a temperature in the range from 60 to 70° C.,
subsequently forming crystalline oxymorphone hydrochlo-
ride, and removing residual alcohol molecules from within
the crystal structure of the crystalline oxymorphone hydro-
chloride by exposing the oxymorphone hydrochloride to
water vapour, such that the residual alcohol molecules are
displaced with water molecules.
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19. Hydrated oxymorphone hydrochloride having less than
10 ppm, as measured by HPLC, of 14-hydroxymorphinone
and having peaks within the following 20 ranges when ana-
lyzed by Powder X-Ray Diffraction: 8.5-9.5,11.0-12.0, 11.5-
12.5,12.4-13.4, 15.2-16.2, 17.6-18.6, 19.3-20.3, 19.9-20.9,
24.6-25.6,24.9-25.9,29.0-30.0 and 31.0-32.0.

5

24
20. Oxymorphone hydrochloride prepared by the method

of claim 5.
21. Hydrated oxymorphone hydrochloride prepared by the

method of claim 18.
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OXYMORPHONE CONTROLLED RELEASE
FORMULATIONS

RELATED APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 10/190,192 filed Jul. 3, 2002 and claims priority
to U.S. Provisional Patent Application Ser. Nos. 60/329,445
filed Oct. 15, 2001, 60/329,432 filed Oct. 15, 2001, 60/303,
357 filed Jul. 6, 2001, and 60/329,444 filed Oct. 15, 2001,
which are incorporated herein by reference to the extent per-
mitted by law.

BACKGROUND OF THE INVENTION

Pain is the most frequently reported symptom and it is a
common clinical problem which confronts the clinician.
Many millions of people in the USA suffer from severe pain
that, according to numerous recent reports, is chronically
undertreated or inappropriately managed. The clinical use-
fulness of the analgesic properties of opioids has been recog-
nized for centuries, and morphine and its derivatives have
been widely employed for analgesia for decades in a variety
of clinical pain states.

Oxymorphone HCl  (14-hydroxydihydromorphinone
hydrochloride) is a semi-synthetic phenanthrene-derivative
opioid agonist, widely used in the treatment of acute and
chronic pain, with analgesic efficacy comparable to other
opioid analgesics. Oxymorphone is currently marketed as an
injection (1 mg/ml in 1 ml ampules; 1.5 mg/ml in 1 ml
ampules; 1.5 mg/ml in 10 ml multiple dose vials) for intra-
muscular, subcutaneous, and intravenous administration, and
as 5 mg rectal suppositories. At one time, 2 mg, 5 mg and 10
mg oral immediate release (IR) tablet formulations of oxy-
morphone HCl were marketed. Oxymorphone HCI is
metabolized principally in the liver and undergoes conjuga-
tion with glucuronic acid and reduction to 6-alpha- and beta-
hydroxy epimers.

An important goal of analgesic therapy is to achieve con-
tinuous relief of chronic pain. Regular administration of an
analgesic is generally required to ensure that the next dose is
given before the effects of the previous dose have worn off.
Compliance with opioids increases as the required dosing
frequency decreases. Non-compliance results in suboptimal
pain control and poor quality of life outcomes. (Ferrell B etal.
Effects of controlled-release morphine on quality of life for
cancer pain. Oncol. Nur. Forum 1989; 4:521-26). Scheduled,
rather than “as needed” administration of opioids is currently
recommended in guidelines for their use in chronic non-
malignant pain. Unfortunately, evidence from prior clinical
trials and clinical experience suggests that the short duration
of action of immediate release oxymorphone would necessi-
tate administration every 4-6 hours in order to maintain opti-
mal levels of analgesia in chronic pain. A controlled release
formulation which would allow less frequent dosing of oxy-
morphone would be useful in pain management.

For instance, a controlled release formulation of morphine
has been demonstrated to provide patients fewer interruptions
in sleep, reduced dependence on caregivers, improved com-
pliance, enhanced quality of life outcomes, and increased
control over the management of pain. In addition, the con-
trolled release formulation of morphine was reported to pro-
vide more constant plasma concentration and clinical effects,
less frequent peak to trough fluctuations, reduced dosing
frequency, and possibly fewer side effects. (Thirlwell M P et
al., Pharmacokinetics and clinical efficacy of oral morphine
solution and controlled-release morphine tablets in cancer
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patients. Cancer 1989; 63:2275-83; Goughnour B R et al.,
Analgesic response to single and multiple doses of con-
trolled-release morphine tablets and morphine oral solution
in cancer patients. Cancer 1989; 63:2294-97; Ferrell B. et al.,
Effects of controlled-release morphine on quality of life for
cancer pain. Oncol. Nur. Forum 1989; 4:521-26.

There are two factors associated with the metabolism of
some drugs that may present problems for their use in con-
trolled release systems. One is the ability ofthe drug to induce
or inhibit enzyme synthesis, which may result in a fluctuating
drug blood plasma level with chronic dosing. The other is a
fluctuating drug blood level due to intestinal (or other tissue)
metabolism or through a hepatic first-pass effect.

Oxymorphone is metabolized principally in the liver,
resulting in an oral bioavailability of about 10%. Evidence
from clinical experience suggests that the short duration of
action of immediate release oxymorphone necessitates a four
hour dosing schedule to maintain optimal levels of analgesia.
It would be useful to clinicians and patients alike to have
controlled release dosage forms of oxymorphone to use to
treat pain and a method of treating pain using the dosage
forms.

SUMMARY OF THE INVENTION

The present invention provides methods for relieving pain
by administering a controlled release pharmaceutical tablet
containing oxymorphone which produces at least a predeter-
mined minimum blood plasma level for at least 12 hours after
dosing, as well as tablets that produce the sustained pain relief
over this time period.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a pharmacokinetic profile for 6-hydroxy oxymor-
phone with PID scores.

FIG. 2 is a pharmacokinetic profile for oxymorphone with
PID scores.

FIG. 3 is a pharmacokinetic profile for 6-hydroxy oxymor-
phone with categorical pain scores.

FIG. 4 is a pharmacokinetic profile for oxymorphone with
categorical pain scores.

FIG. 5 is a graph of the mean blood plasma concentration
of oxymorphone versus time for clinical study 1.

FIG. 6 is a graph of the mean blood plasma concentration
of oxymorphone versus time for clinical study 2.

FIG. 7 is a graph of the mean blood plasma concentration
of oxymorphone versus time for clinical study 3.

FIG. 8 is a graph of the mean blood plasma concentration
of 6-hydroxy oxymorphone versus time for clinical study 3.

FIG. 9 is a graph of the mean blood plasma concentration
of oxymorphone for immediate and controlled release tablets
from a single dose study.

FIG. 10 is a graph of the mean blood plasma concentration
of oxymorphone for immediate and controlled release tablets
from a steady state study.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides methods for alleviating
pain for 12 to 24 hours using a single dose of a pharmaceutical
composition by producing a blood plasma level of oxymor-
phone and/or 6-OH oxymorphone of at least a minimum
value for at least 12 hours or more. As used herein, the terms
“6-OH oxymorphone” and “6-hydroxy oxymorphone” are
interchangeable and refer to the analog of oxymorphone hav-
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ing an alcohol (hydroxy) moiety that replaces the carboxy
moiety found on oxymorphone at the 6-position.

To overcome the difficulties associated with a 4-6 hourly
dosing frequency of oxymorphone, this invention provides an
oxymorphone controlled release oral solid dosage form, com-
prising a therapeutically effective amount of oxymorphone or
a pharmaceutically acceptable salt of oxymorphone. It has
been found that the decreased rate of release of oxymorphone
from the oral controlled release formulation of this invention
does not substantially decrease the bioavailability of the drug
as compared to the same dose of a solution of oxymorphone
administered orally. The bioavailability is sufficiently high
and the release rate is such that a sufficient plasma level of
oxymorphone and/or 6-OH oxymorphone is maintained to
allow the controlled release dosage to be used to treat patients
suffering moderate to severe pain with once or twice daily
dosing. The dosing form of the present invention can also be
used with thrice daily dosing.

It is critical when considering the present invention that the
difference between a controlled release tablet and an imme-
diate release formulation be fully understood. In classical
terms, an immediate release formulation releases at least 80%
of its active pharmaceutical ingredient within 30 minutes.
With reference to the present invention, the definition of an
immediate release formulation will be broadened further to
include a formulation which releases more than about 80% of
its active pharmaceutical ingredient within 60 minutes in a
standard USP Paddle Method dissolution test at 50 rpm in 500
ml media having a pH of between 1.2 and 6.8 at 37° C.
“Controlled release” formulations, as referred to herein, will
then encompass any formulations which release no more than
about 80% of their active pharmaceutical ingredients within
60 minutes under the same conditions.

The controlled release dosage form of this invention exhib-
its a dissolution rate in vitro, when measured by USP Paddle
Method at 50 rpm in 500 ml media having a pH between 1.2
and 6.8 at 37° C., of about 15% to about 50% by weight
oxymorphone released after 1 hour, about 45% to about 80%
by weight oxymorphone released after 4 hours, and at least
about 80% by weight oxymorphone released after 10 hours.

When administered orally to humans, an effective con-
trolled release dosage form of oxymorphone should exhibit
the following in vivo characteristics: (a) peak plasma level of
oxymorphone occurs within about 1 to about 8 hours after
administration; (b) peak plasma level of 6-OH oxymorphone
occurs within about 1 to about 8 hours after administration;
(c) duration of analgesic effect is through about 8 to about 24
hours after administration; (d) relative oxymorphone bio-
availability is in the range of about 0.5 to about 1.5 compared
to an orally-administered aqueous solution of oxymorphone;
and (e) the ratio of the area under the curve of blood plasma
level vs. time for 6-OH oxymorphone compared to oxymor-
phone is in the range of about 0.5 to about 1.5. Of course, there
is variation of these parameters among subjects, depending
on the size and weight of the individual subject, the subject’s
age, individual metabolism differences, and other factors.
Indeed, the parameters may vary in an individual from day to
day. Accordingly, the parameters set forth above are intended
to be mean values from a sufficiently large study so as to
minimize the effect of individual variation in arriving at the
values. A convenient method for arriving at such values is by
conducting a study in accordance with standard FDA proce-
dures such as those employed in producing results for use in
anew drug application (or abbreviated new drug application)
before the FDA. Any reference to mean values herein, in
conjunction with desired results, refer to results from such a
study, or some comparable study. Reference to mean values
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reported herein for studies actually conducted are arrived at
using standard statistical methods as would be employed by
one skilled in the art of pharmaceutical formulation and test-
ing for regulatory approval.

In one specific embodiment of the controlled release
matrix form of the invention, the oxymorphone or salt of
oxymorphone is dispersed in a controlled release delivery
system that comprises a hydrophilic material which, upon
exposure to gastrointestinal fluid, forms a gel matrix that
releases oxymorphone at a controlled rate. The rate of release
of oxymorphone from the matrix depends on the drug’s par-
tition coefficient between components of the matrix and the
aqueous phase within the gastrointestinal tract. In a preferred
form of this embodiment, the hydrophilic material of the
controlled release delivery system comprises a mixture of a
heteropolysaccharide gum and an agent capable of cross-
linking the heteropolysaccharide in presence of gastrointes-
tinal fluid. The controlled release delivery system may also
comprise a water-soluble pharmaceutical diluent mixed with
the hydrophilic material. Preferably, the cross-linking agent
is a homopolysaccharide gum and the inert pharmaceutical
diluent is a monosaccharide, a disaccharide, or a polyhydric
alcohol, or a mixture thereof.

In a specific preferred embodiment, the appropriate blood
plasma levels of oxymorphone and 6-hydroxy oxymorphone
are achieved using oxymorphone in the form of oxymorphone
hydrochloride, wherein the weight ratio of heteropolysaccha-
ride to homopolysaccharide is in the range of about 1:3 to
about 3:1, the weight ratio of heteropolysaccharide to diluent
is in the range of about 1:8 to about 8:1, and the weight ratio
of'heteropolysaccharide to oxymorphone hydrochloride is in
the range of about 10:1 to about 1:10. A preferred het-
eropolysaccharide is xanthan gum and a preferred
homopolysaccharide is locust bean gum. The dosage form
also comprises a cationic cross-linking agent and a hydropho-
bic polymer. In the preferred embodiment, the dosage form is
a tablet containing about 5 mg to about 80 mg of oxymor-
phone hydrochloride. In a most preferred embodiment, the
tablet contains about 20 mg oxymorphone hydrochloride.

The invention includes a method which comprises achiev-
ing appropriate blood plasma levels of drug while providing
extended pain relief by administering one to three times per
day to a patient suffering moderate to severe, acute or chronic
pain, an oxymorphone controlled release oral solid dosage
form of the invention in an amount sufficient to alleviate the
pain for a period of about 8 hours to about 24 hours. This type
and intensity of pain is often associated with cancer, autoim-
mune diseases, infections, surgical and accidental traumas
and osteoarthritis.

The invention also includes a method of making an oxy-
morphone controlled release oral solid dosage form of the
invention which comprises mixing particles of oxymorphone
or a pharmaceutically acceptable salt of oxymorphone with
granules comprising the controlled release delivery system,
preferably followed by directly compressing the mixture to
form tablets.

Pharmaceutically acceptable salts of oxymorphone which
can be used in this invention include salts with the inorganic
and organic acids which are commonly used to produce non-
toxic salts of medicinal agents. Illustrative examples would
be those salts formed by mixing oxymorphone with hydro-
chloric, sulfuric, nitric, phosphoric, phosphorous, hydrobro-
mic, maleric, malic, ascorbic, citric or tartaric, pamoic, lauric,
stearic, palmitic, oleic, myristic, lauryl sulfuric, naphthylene-
sulfonic, linoleic or linolenic acid, and the like. The hydro-
chloride salt is preferred.
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It has now been found that 6-OH oxymorphone, which is
one of the metabolites of oxymorphone, may play a role in
alleviating pain. When oxymorphone is ingested, part of the
dosage gets into the bloodstream to provide pain relief, while
another part is metabolized to 6-OH oxymorphone. This
metabolite then enters the bloodstream to provide further pain
relief. Thus it is believed that both the oxymorphone and
6-hydroxyoxymorphone levels are important to pain relief.

The effectiveness of oxymorphone and 6-hydroxyoxymor-
phone at relieving pain and the pharmacokinetics of a single
dose of oxymorphone were studied. The blood plasma levels
of both oxymorphone and 6-hydroxyoxymorphone were
measured in patients after a single dose of oxymorphone was
administered. Similarly, the pain levels in patients were mea-
sured after a single administration of oxymorphone to deter-
mine the effective duration of pain relief from a single dose.
FIGS. 1-2 show the results of these tests, comparing pain
levels to oxymorphone and 6-hydroxy oxymorphone levels.

For these tests, pain was measured using a Visual Analog
Scale (VAS) or a Categorical Scale. The VAS scales consisted
of a horizontal line, 100 mm in length. The left-hand end of
the scale (0 mm) was marked with the descriptor “No Pain”
and the right-hand end of the scale (100 mm) was marked
with the descriptor “Extreme Pain”. Patients indicated their
level of pain by making a vertical mark on the line. The VAS
score was equal to the distance (in mm) from the left-hand end
of the scale to the patient’s mark. For the categorical scale,
patients completed the following statement, “My pain at this
time is” using the scale None=0, Mild=1, Moderate=2, or
Severe=3.

As can be seen from these figures, there is a correlation
between pain relief and both oxymorphone and 6-hydroxy-
oxymorphone levels. As the blood plasma levels of oxymor-
phone and 6-hydroxyoxymorphone increase, pain decreases
(and pain intensity difference and pain relief increases). Thus,
to the patient, it is the level of oxymorphone and 6-hydroxy-
oxymorphone in the blood plasma which is most important.
Further it is these levels which dictate the efficacy of the
dosage form. A dosage form which maintains a sufficiently
high level of oxymorphone or 6-hydroxyoxymorphone for a
longer period need not be administered frequently. Such a
result is accomplished by embodiments of the present inven-
tion.

The oxymorphone controlled release oral solid dosage
form of this invention can be made using any of several
different techniques for producing controlled release oral
solid dosage forms of opioid analgesics.

In one embodiment, a core comprising oxymorphone or
oxymorphone salt is coated with a controlled release film
which comprises a water insoluble material and which upon
exposure to gastrointestinal fluid releases oxymorphone from
the core at a controlled rate. In a second embodiment, the
oxymorphone or oxymorphone salt is dispersed in a con-
trolled release delivery system that comprises a hydrophilic
material which upon exposure to gastrointestinal fluid forms
a gel matrix that releases oxymorphone at a controlled rate. A
third embodiment is a combination of the first two: a con-
trolled release matrix coated with a controlled release film. In
a fourth embodiment the oxymorphone is incorporated into
an osmotic pump. In any of these embodiments, the dosage
form can be a tablet, a plurality of granules in a capsule, or
other suitable form, and can contain lubricants, colorants,
diluents, and other conventional ingredients.

Osmotic Pump

An osmotic pump comprises a shell defining an interior
compartment and having an outlet passing through the shell.
The interior compartment contains the active pharmaceutical
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ingredient. Generally the active pharmaceutical ingredient is
mixed with excipients or other compositions such as a poly-
alkylene. The shell is generally made, at least in part, from a
material (such as cellulose acetate) permeable to the liquid of
the environment where the pump will be used, usually stom-
ach acid. Once ingested, the pump operates when liquid dif-
fuses through the shell of the pump. The liquid dissolves the
composition to produce a saturated situation. As more liquid
diffuses into the pump, the saturated solution containing the
pharmaceutical is expelled from the pump through the outlet.
This produces a nearly constant release of active ingredient,
in the present case, oxymorphone.

Controlled Release Coating

In this embodiment, a core comprising oxymorphone or
oxymorphone salt is coated with a controlled release film
which comprises a water insoluble material. The film can be
applied by spraying an aqueous dispersion of the water
insoluble material onto the core. Suitable water insoluble
materials include alkyl celluloses, acrylic polymers, waxes
(alone or in admixture with fatty alcohols), shellac and zein.
The aqueous dispersions of alkyl celluloses and acrylic poly-
mers preferably contain a plasticizer such as triethyl citrate,
dibutyl phthalate, propylene glycol, and polyethylene glycol.
The film coat can contain a water-soluble material such as
polyvinylpyrrolidone (PVP) or hydroxypropylmethylcellu-
lose (HPMC).

The core can be a granule made, for example, by wet
granulation of mixed powders of oxymorphone or oxymor-
phone salt and a binding agent such as HPMC, or by coating
an inert bead with oxymorphone or oxymorphone salt and a
binding agent such as HPMC, or by spheronising mixed pow-
ders of oxymorphone or oxymorphone salt and a spheronis-
ing agent such as microcrystalline cellulose. The core can be
a tablet made by compressing such granules or by compress-
ing a powder comprising oxymorphone or oxymorphone salt.

The in vitro and in vivo release characteristics of this con-
trolled release dosage form can be modified by using mix-
tures of different water insoluble and water soluble materials,
using different plasticizers, varying the thickness of the con-
trolled release film, including release-modifying agents in the
coating, or by providing passageways through the coating.

Controlled Release Matrix

It is important in the present invention that appropriate
blood plasma levels of oxymorphone and 6-hydroxy oxymor-
phone be achieved and maintained for sufficient time to pro-
vide pain relief to a patient for a period of 12 to 24 hours. The
preferred composition for achieving and maintaining the
proper blood plasma levels is a controlled-release matrix. In
this embodiment, the oxymorphone or oxymorphone salt is
dispersed in a controlled release delivery system that com-
prises a hydrophilic material (gelling agent) which upon
exposure to gastrointestinal fluid forms a gel matrix that
releases oxymorphone at a controlled rate. Such hydrophilic
materials include gums, cellulose ethers, acrylic resins, and
protein-derived materials. Suitable cellulose ethers include
hydroxyalkyl celluloses and carboxyalkyl celluloses, espe-
cially hydroxyethyl cellulose (HEC), hydroxypropyl cellu-
lose (HPC), HPMC, and carboxy methylcellulose (CMC).
Suitable acrylic resins include polymers and copolymers of
acrylic acid, methacrylic acid, methyl acrylate and methyl
methacrylate. Suitable gums include heteropolysaccharide
and homopolysaccharide gums, e.g., xanthan, tragacanth,
acacia, karaya, alginates, agar, guar, hydroxypropyl guar, car-
rageenan, and locust bean gums.

Preferably, the controlled release tablet of the present
invention is formed from (I) a hydrophilic material compris-
ing (a) a heteropolysaccharide; or (b) a heteropolysaccharide
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and a cross-linking agent capable of cross-linking said het-
eropolysaccharide; or (¢) a mixture of (a), (b) and a polysac-
charide gum; and (II) an inert pharmaceutical filler compris-
ing up to about 80% by weight of the tablet; and (III)
oxymorphone.

The term “heteropolysaccharide” as used herein is defined
as a water-soluble polysaccharide containing two or more
kinds of sugar units, the heteropolysaccharide having a
branched or helical configuration, and having excellent
water-wicking properties and immense thickening proper-
ties.

A preferred heteropolysaccharide is xanthan gum, which is
a high molecular weight (>10°) heteropolysaccharide. Other
preferred heteropolysaccharides include derivatives of xan-
than gum, such as deacylated xanthan gum, the carboxym-
ethyl ether, and the propylene glycol ester.

The cross linking agents used in the controlled release
embodiment of the present invention which are capable of
cross-linking with the heteropolysaccharide include
homopolysaccharide gums such as the galactomannans, i.e.,
polysaccharides which are composed solely of mannose and
galactose. Galactomannans which have higher proportions of
unsubstituted mannose regions have been found to achieve
more interaction with the heteropolysaccharide. Locust bean
gum, which has a higher ratio of mannose to the galactose, is
especially preferred as compared to other galactomannans
such as guar and hydroxypropyl guar.

Preferably, the ratio of heteropolysaccharide to
homopolysaccharide is in the range of about 1:9 to about 9:1,
preferably about 1:3 to about 3:1. Most preferably, the ratio of
xanthan gum to polysaccharide material (i.e., locust bean
gum, etc.) is preferably about 1:1.

In addition to the hydrophilic material, the controlled
release delivery system can also contain an inert pharmaceu-
tical diluent such as a monosaccharide, a disaccharide, a
polyhydric alcohol and mixtures thereof. The ratio of diluent
to hydrophilic matrix-forming material is generally in the
range of about 1:3 to about 3:1.

The controlled release properties of the controlled release
embodiment of the present invention may be optimized when
the ratio of heteropolysaccharide gum to homopolysaccha-
ride material is about 1:1, although heteropolysaccharide
gum in an amount of from about 20 to about 80% or more by
weight of the heterodisperse polysaccharide material pro-
vides an acceptable slow release product. The combination of
any homopolysaccharide gums known to produce a synergis-
tic effect when exposed to aqueous solutions may be used in
accordance with the present invention. It is also possible that
the type of synergism which is present with regard to the gum
combination of the present invention could also occur
between two homogeneous or two heteropolysaccharides.
Other acceptable gelling agents which may be used in the
present invention include those gelling agents well-known in
the art. Examples include vegetable gums such as alginates,
carrageenan, pectin, guar gum, xanthan gum, modified
starch, hydroxypropylmethylcellulose, methylcellulose, and
other cellulosic materials such as sodium carboxymethylcel-
Iulose and hydroxypropy! cellulose. This list is not meant to
be exclusive.

The combination of xanthan gum with locust bean gum
with or without the other homopolysaccharide gums is an
especially preferred gelling agent. The chemistry of certain of
the ingredients comprising the excipients of the present
invention such as xanthan gum is such that the excipients are
considered to be self-buffering agents which are substantially
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insensitive to the solubility of the medicament and likewise
insensitive to the pH changes along the length of the gas-
trointestinal tract.

The inert filler of the sustained release excipient preferably
comprises a pharmaceutically acceptable saccharide, includ-
ing a monosaccharide, a disaccharide, or a polyhydric alco-
hol, and/or mixtures of any of the foregoing. Examples of
suitable inert pharmaceutical fillers include sucrose, dex-
trose, lactose, microcrystalline cellulose, fructose, xylitol,
sorbitol, mixtures thereof and the like. However, it is pre-
ferred that a soluble pharmaceutical filler such as lactose,
dextrose, sucrose, or mixtures thereof be used.

The cationic cross-linking agent which is optionally used
in conjunction with the controlled release embodiment of the
present invention may be monovalent or multivalent metal
cations. The preferred salts are the inorganic salts, including
various alkali metal and/or alkaline earth metal sulfates, chlo-
rides, borates, bromides, citrates, acetates, lactates, etc. Spe-
cific examples of suitable cationic cross-linking agents
include calcium sulfate, sodium chloride, potassium sulfate,
sodium carbonate, lithium chloride, tripotassium phosphate,
sodium borate, potassium bromide, potassium fluoride,
sodium bicarbonate, calcium chloride, magnesium chloride,
sodium citrate, sodium acetate, calcium lactate, magnesium
sulfate and sodium fluoride. Multivalent metal cations may
also be utilized. However, the preferred cationic cross-linking
agents are bivalent. Particularly preferred salts are calcium
sulfate and sodium chloride. The cationic cross-linking
agents of the present invention are added in an amount effec-
tive to obtain a desirable increased gel strength due to the
cross-linking of the gelling agent (e.g., the heteropolysaccha-
ride and homopolysaccharide gums). In preferred embodi-
ments, the cationic cross-linking agent is included in the
sustained release excipient of the present invention in an
amount from about 1 to about 20% by weight of the sustained
release excipient, and in an amount about 0.5% to about 16%
by weight of the final dosage form.

Inthe controlled release embodiments of the present inven-
tion, the sustained release excipient comprises from about 10
to about 99% by weight of a gelling agent comprising a
heteropolysaccharide gum and a homopolysaccharide gum,
from about 1 to about 20% by weight of a cationic crosslink-
ing agent, and from about 0 to about 89% by weight of an inert
pharmaceutical diluent. In other embodiments, the sustained
release excipient comprises from about 10 to about 75%
gelling agent, from about 2 to about 15% cationic crosslink-
ing agent, and from about 30 to about 75% inert diluent. In yet
other embodiments, the sustained release excipient com-
prises from about 30 to about 75% gelling agent, from about
5 to about 10% cationic cross-linking agent, and from about
15 to about 65% inert diluent.

The sustained release excipient used in this embodiment of
the present invention (with or without the optional cationic
cross-linking agent) may be further modified by incorpora-
tion of a hydrophobic material which slows the hydration of
the gums without disrupting the hydrophilic matrix. This is
accomplished in preferred embodiments of the present inven-
tion by granulating the sustained release excipient with the
solution or dispersion of a hydrophobic material prior to the
incorporation of the medicament. The hydrophobic polymer
may be selected from an alkylcellulose such as ethylcellulose,
other hydrophobic cellulosic materials, polymers or copoly-
mers derived from acrylic or methacrylic acid esters, copoly-
mers of acrylic and methacrylic acid esters, zein, waxes,
shellac, hydrogenated vegetable oils, and any other pharma-
ceutically acceptable hydrophobic material known to those
skilled in the art. The amount of hydrophobic material incor-
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porated into the sustained release excipient is that which is
effective to slow the hydration of the gums without disrupting
the hydrophilic matrix formed upon exposure to an environ-
mental fluid. In certain preferred embodiments of the present
invention, the hydrophobic material is included in the sus-
tained release excipient in an amount from about 1 to about
20% by weight. The solvent for the hydrophobic material may
be an aqueous or organic solvent, or mixtures thereof.

Examples of commercially available alkylcelluloses are
Aquacoat coating (aqueous dispersion of ethylcellulose
available from FMC of Philadelphia, Pa.) and Surelease coat-
ing (aqueous dispersion of ethylcellulose available from Col-
orcon of West Point, Pa.). Examples of commercially avail-
able acrylic polymers suitable for use as the hydrophobic
material include Eudragit RS and RL polymers (copolymers
of acrylic and methacrylic acid esters having a low content
(e.g., 1:20 or 1:40) of quaternary ammonium compounds
available from Rohm America of Piscataway, N.J.).

The controlled release matrix useful in the present inven-
tion may also contain a cationic cross-linking agent such as
calcium sulfate in an amount sufficient to cross-link the gel-
ling agent and increase the gel strength, and an inert hydro-
phobic material such as ethyl cellulose in an amount sufficient
to slow the hydration of the hydrophilic material without
disrupting it. Preferably, the controlled release delivery sys-
tem is prepared as a pre-manufactured granulation.

EXAMPLES

Example 1

Two controlled release delivery systems are prepared by
dry blending xanthan gum, locust bean gum, calcium sulfate
dehydrate, and dextrose in a high speed mixed/granulator for
3 minutes. A slurry is prepared by mixing ethyl cellulose with
alcohol. While running choppers/impellers, the slurry is
added to the dry blended mixture, and granulated for another
3 minutes. The granulation is then dried to a LOD (loss on
drying) of less than about 10% by weight. The granulation is
then milled using 20 mesh screen. The relative quantities of

the ingredients are listed in the table below.
TABLE 1
Controlled Release Delivery System
Formulation 1 Formulation 2

Excipient (%) (%)
Locust Bean Gum, FCC 25.0 30.0
Kanthan Gum, NF 25.0 30.0
Dextrose, USP 35.0 40.0
Calcium Sulfate Dihydrate, NF 10.0 0.0
Ethylcellulose, NF 5.0 0.0
Alcohol, SD3A (Anhydrous) (10)* (20.0)*
Total 100.0 100.0

A series of tablets containing different amounts of oxymor-
phone hydrochloride were prepared using the controlled
release delivery Formulation 1 shown in Table 1. The quan-
tities of ingredients per tablet are as listed in the following
table.
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TABLE 2

Sample Tablets of Differing Strengths

Component Amounts in Tablet (mg)

Oxymorphone HCI, 5 10 20 40 80

USP (mg)

Controlled release 160 160 160 160 160

delivery system

Silicified 20 20 20 20 20

microcrystalline

cellulose, N.F.

Sodium stearyl 2 2 2 2 2

fumarate, NF

Total weight 187 192 202 222 262

Opadry (colored) 7.48 7.68 8.08 8.88 10.48

Opadry (clear) 0.94 0.96 1.01 1.11 1.31
Examples 2 and 3

Two batches of 20 mg tablets were prepared as described
above, using the controlled release delivery system of For-
mulation 1. One batch was formulated to provide relatively
fast controlled release, the other batch was formulated to
provide relatively slow controlled release. Compositions of
the tablets are shown in the following table.

TABLE 3

Slow and Fast Release Compositions

Example 2 Example 3 Example 4

Ingredients Slow (mg) Fast (mg) Fast (mg)
Oxymorphone HCI, USP 20 20 20
Controlled Release Delivery System 360 160 160
Silicified Microcrystalline Cellulose, 20 20 20
NF

Sodium stearyl fumarate, NF 4 2 2
Total weight 404 202 202
Coating (color or clear) 12 12 9

The tablets of Examples 2, 3, and 4 were tested for in vitro
release rate according, to USP Procedure Drug Release U.S.
Pat. No. 23. Release rate is a critical variable in attempting to
control the blood plasma levels of oxymorphone and 6-hy-
droxyoxymorphone in a patient. Results are shown in the
following Table 4.

TABLE 4

Release Rates of Slow and Fast Release Tablets

Example 2 Example 3 Example 4
Time (hr) (Slow Release) (Fast Release) (Fast Release)
0.5 18.8 21.3 20.1
1 27.8 32.3 31.7
2 40.5 474 46.9
3 50.2 58.5 57.9
4 58.1 66.9 66.3
5 64.7 73.5 74.0
6 70.2 78.6 83.1
8 79.0 86.0 92.0
10 85.3 90.6 95.8
12 89.8 93.4 97.3
Clinical Studies

Three clinical studies were conducted to assess the bio-
availability (rate and extent of absorption) of oxymorphone.
Study 1 addressed the relative rates of absorption of con-
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trolled release (CR) oxymorphone tablets (of Examples 2 and
3) and oral oxymorphone solution in fasted patients. Study 2
addressed the relative rates of absorption of CR oxymorphone
tablets (of Examples 2 and 3) and oral oxymorphone solution
in fed patients. Study 3 addressed the relative rates of absorp-
tion of CR oxymorphone tablets (of Example 4) and oral
oxymorphone solution in fed and fasted patients.

The blood plasma levels set forth herein as appropriate to
achieve the objects of the present invention are mean blood
plasma levels. As an example, if the blood plasma level of
oxymorphone in a patient 12 hours after administration of a
tablet is said to be at least 0.5 ng/ml, any particular individual
may have lower blood plasma levels after 12 hours. However,
the mean minimum concentration should meet the limitation
set forth. To determine mean parameters, a study should be
performed with a minimum of 8 adult subjects, in a manner
acceptable for filing an application for drug approval with the
US Food and Drug Administration. In cases where large
fluctuations are found among patients, further testing may be
necessary to accurately determine mean values.

For all studies, the following procedures were followed,
unless otherwise specified for a particular study.

The subjects were not to consume any alcohol-, caffeine-,
or xanthine-containing foods or beverages for 24 hours prior
to receiving study medication for each study period. Subjects
were to be nicotine and tobacco free for at least 6 months prior
to enrolling in the study. In addition, over-the-counter medi-
cations were prohibited 7 days prior to dosing and during the
study. Prescription medications were not allowed 14 days
prior to dosing and during the study.

Pharmacokinetic and Statistical Methods

The following pharmacokinetic parameters were com-
puted from the plasma oxymorphone concentration-time
data:

AUCq,  Areaunder the drug concentration-time curve from time zero
to the time of the last quantifiable concentration (Ct), calculated
using linear trapezoidal summation.

AUC (g 4, Areaunder the drug concentration-time curve from time zero
to infinity. AUC ¢._;,p = AUC o5 + CUK,;, where K, is the
terminal elimination rate constant.

AUCq 24y Partial area under the drug concentration-time curve from time
zero to 24 hours.

Crar Maximum observed drug concentration.

T Time of the observed maximum drug concentration.

K. Elimination rate constant based on the linear regression of the

terminal linear portion of the LN(concentration) time curve.

Terminal elimination rate constants for use in the above
calculations were in turn computed using linear regression of
a minimum of three time points, at least two of which were
consecutive. K_; values for which correlation coefficients
were less than or equal to 0.8 were not reported in the phar-
macokinetic parameter tables or included in the statistical
analysis. Thus AUC,, ,,, , was also not reported in these cases.

A parametric (normal-theory) general linear model was
applied to each of the above parameters (excluding T,,,,.), and
the LN-transformed parameters C,,,,,, AUC g 54y, AUC g,
and AUC g ;5. Initially, the analysis of variance (ANOVA)
model included the following factors: treatment, sequence,
subject within sequence, period, and carryover effect. If car-
ryover effect was not significant, it was dropped from the
model. The sequence effect was tested using the subject
within sequence mean square, and all other main effects were
tested using the residual error (error mean square).

Plasma oxymorphone concentrations were listed by sub-
jectat each collection time and summarized using descriptive
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statistics. Pharmacokinetic parameters were also listed by
subject and summarized using descriptive statistics.

Study 1—Two Controlled Release Formulations; Fasted
Patients

Healthy volunteers received a single oral dose 0of 20 mg CR
oxymorphone taken with 240 ml water after a 10-hour fast.
Subjects received the tablets of Example 2 (Treatment 1A) or
Example 3 (Treatment 1B). Further subjects were given a
single oral dose of 10 mg/10 ml oxymorphone solution in 180
ml apple juice followed with 60 ml water (Treatment 1C). The
orally dosed solution was used to simulate an immediate
release (IR) dose.

This study had a single-center, open-label, randomized,
three-way crossover design using fifteen subjects. Subjects
were in a fasted state following a 10-hour overnight fast.
There was a 14-day washout interval between the three dose
administrations. The subjects were confined to the clinic dur-
ing each study period. Subjects receiving Treatment 1C were
confined for 18 hours and subjects receiving Treatments 1A
or 1B were confined for 48 hours after dosing. Ten-milliliter
blood samples were collected during each study period at the
0 hour (predose), and at 0.5, 1, 1.5, 2, 3,4, 5, 6,7, 8, 10, 12,
14, 16, 18, 20, 24, 28, 32, 36, and 48 hours postdose for
subjects receiving Treatment 1A or 1B and 0, 0.25, 0.5, 0.75,
1,1.25,1.5,1.75,2,2.5,3,4,5,6,7,8,10,12, 14, 16, and 18
hours post-dose. The mean plasma concentration of oxymor-
phone versus time for each treatment across all subjects is
shown in table 5.

TABLE 5

Mean Plasma Concentration vs. Time (ng/ml)

Time (hr) Treatment 1A Treatment 1B Treatment 1C
0 0.000 0.000 0.0000
0.25 0.9489
0.5 0.2941 0.4104 1.3016
0.75 1.3264
1 0.5016 0.7334 1.3046
1.25 1.2041
1.5 0.5951 0.8192 1.0813
1.75 0.9502
2 0.6328 0.7689 0.9055
2.5 0.7161
3 0.5743 0.7341 0.6689
4 0.5709 0.6647 0.4879
5 0.7656 0.9089 0.4184
6 0.7149 0.7782 0.3658
7 0.6334 0.6748 0.3464
8 0.5716 0.5890 0.2610

10 0.4834 0.5144 0.2028
12 0.7333 0.6801 0.2936
14 0.6271 0.6089 0.2083
16 0.4986 0.4567 0.1661
18 0.4008 0.3674 0.1368
20 0.3405 0.2970
24 0.2736 0.2270
28 0.3209 0.2805
32 0.2846 0.2272
36 0.2583 0.1903
48 0.0975 0.0792

The results are shown graphically in FIG. 5. In both Table
5 and FIG. 5, the results are normalized to a 20 mg dosage.
The immediate release liquid of Treatment 1C shows a clas-
sical curve, with a high and relatively narrow peak, followed
by an exponential drop in plasma concentration. However, the
controlled release oxymorphone tablets exhibit triple peaks in
blood plasma concentration. The first peak occurs (on aver-
age) at around 3 hours. The second peak of the mean blood
plasma concentration is higher than the first, occurring
around 6-7 hours, on average).
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Occasionally, in an individual, the first peak is higher than
the second, although generally this is not the case. This makes
it difficult to determine the time to maximum blood plasma
concentration (T,,,,) because if the first peak is higher than

14
lowed by a standardized FDA high-fat breakfast. There was a
14-day washout interval between the three dose administra-
tions. The subjects were confined to the clinic during each
study period. Subjects receiving Treatment 2C were confined

the second, maximum blood plasma concentration (C,,,.) 3 for 18hoursand subjects receiving Treatments 2A or 2B were
occurs much earlier (at around 3 hours) than in the usual case confined for 48 hours after dosing. Ten-milliliter blood
where the second peak is highest. Therefore, when we refer to samples were collected during each study period at the 0 hour
the time to peak plasma concentration (T,,,.) unless other- (predose), and at 0.5, 1,1.5,2,3,4,5,6,7,8, 10, 12, 14, 16,
wise specified, we refer to the time to the second peak. Fur- 18, 20, 24, 28, 32, 36, and 48 hours postdose for subjects
ther, when reference is made to the second peak, we refer to 10 receiving Treatment 2A or 2B and 0, 0.25, 0.5, 0.75, 1, 1.25,
the time or blood plasma concentration at the point where the 1.5,1.75,2,2.5,3,4,5,6,7,8,10,12, 14, 16, and 18 hours
blood plasma concentration begins to drop the second time. postdose. The mean plasma concentration of oxymorphone
Generally, where the first peak is higher than the second, the versus time for each treatment across all subjects is shown in
difference in the maximum blood plasma concentration at the |5 table 9.
two peaks is small. Therefore, this difference (if any) was
ignored and the reported C,,,,. was the true maximum blood TABLE 9
plasma concentration and not the concentration at the second
peak. Mean Plasma Concentration vs. Time (ng/ml)
20 Time (hr) Treatment 2A Treatment 2B Treatment 2C
TABLE 6
0 0.000 0.000 0.0000
Pharmacokinetic Parameters of Plasma Oxymorphone for Study 1 0.25 1.263
0.5 0.396 0553 1.556
Treatment 1A Treatment 1B Treatment 1C 0.75 1.972
Mean SD Mean SD Mean SD 2 i 55 0-800 1.063 i;gg
Coree 0.8956  0.2983 10362 0.3080 29622  1.0999 15 1.038 1.319 1.637
e 7.03 4.10 489 344 0928  0.398 175 1.467
AUC(g 5 17.87 6.140 1716 6395  14.24 5.003 2 1.269 1414 1.454
AUCqq, 1987 6382 1896 6908 1699 5.830 2.5 1331
Ti2er 10.9 268 114 2.88 6.96 4.61 30 3 1328 1.540 1320
4 1132 1.378 1.011
Units: 5 1.291 1.609 0.731
Cpuer it ng/ml 6 1.033 1.242 0.518
T in hours, 7 0.941 0.955 0.442
AUC inng * hr/ml, 8 0.936 0.817 0.372
Ti/zesin Bours. 35 10 0.669 0.555 0.323
. . o . . 12 0.766 0.592 0.398
Relative bioavailability detenmnatlons are set forth in 14 0.641 0.510 0084
Tables 7 and 8. For these calculations, AUC was normalized 16 0.547 0.407 0.223
for all treatments to a 20 mg dose. 18 0.453 0.320 0.173
20 0.382 0.280
TABLE 7 40 0.315 0.254
28 0.352 0319
Relative Bioavailability (F, ;) Determination Based on AUC ¢ ;.0 32 0.304 0.237
36 0.252 0.207
F,.; (1A vs. 1C) F,;(1Bvs. 1C) F,; (1A vs. 1B) 48 0.104 0.077
1.193 £0.203 1121 £0.211 1.108 £0.152 =
The results are shown graphically in FIG. 6. Again, the
results have been normalized to a 20 mg dosage. As with
TABLE 8 Study 1, the immediate release liquid of Treatment 2C shows
5o a classical curve, with a high and relatively narrow peak,
—Relative Bioavailability Determination Based on AUCo15,  followed by an exponential drop in plasma concentration,
F (1A vs. 10) F, (1B vs. 1C) F. (1A vs. 1B) While the cpntrolled release oxymorphone tablets . exhibit
triple peaks in blood plasma concentration. Thus, again when
0.733 = 0.098 0.783 = 0.117 0.944 = 0.110 we refer to the time to peak plasma concentration (T,,,,)
55 unless otherwise specified, we refer to the time to the second
Study 2—Two CR Formulations; Fed Patients peak.
Healthy volunteers received a single oral dose of 20 mg CR
oxymorphone taken with 240 m1 water in a fed state. Subjects TABLE 10
received the tablets of Example 2 (Treatment 2A) or Example —
3 (Treatment 2B). Further subjects were given a single oral 60 Pharmacokinetic Parameters of Plasma Oxymorphone for Study 2
fio.se of 10 mg/ lQ ml oxymorphone solution in 180 ml apple Treatment 2A Treatment 2B Treatment 2C
juice followed with 60 ml water (Treatment 2C). The orally
dosed solution was used to simulate an immediate release Mean SD Mean SD  Mean  SD
(IR) dose. . . Coren 1.644 0365 1944 0465 4134 0897
This study had a single-center, open-label, randomized, 65 T 3.07 1.58 503 1.64 0947 0313
three-way crossover design using fifteen subjects. The sub- AUC o 22.89 5486 2134 5528 2193 5.044

jects were in a fed state, after a 10-hour overnight fast fol-
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TABLE 10-continued

Pharmacokinetic Parameters of Plasma Oxymorphone for Study 2

Treatment 2A Treatment 2B Treatment 2C
Mean SD Mean SD Mean SD
AUC 0.5 25.28 5.736 23.62 5.202 24.73 6.616
T 21 12.8 3.87 11.0 3.51 5.01 2.02
Units:

Cax in ng/ml,
T e 10 hours,
AUC inng * hr/ml,
T/ezin hours.

In Table 10, the T, has a large standard deviation due to
the two comparable peaks in blood plasma concentration.
Relative bioavailability determinations are set forth in Tables
11 and 12.

TABLE 11

Relative Bioavailability Determination Based on AUC o ;.0

F,.; QA vs. 2C) F,.;(2Bvs.2C) F,.; (2QA vs. 2B)

1.052 £ 0.187 0.949 = 0.154 1.148 £ 0.250

TABLE 12

Relative bioavailability Determination Based on AUC ¢ 1z,

F,.; (2A vs. 2C) F,.; (2B vs. 2C) F,.; (2A vs.2B)

0.690 = 0.105 0.694 =0.124 1.012 £ 0.175

As may be seen from tables 5 and 10 and FIGS. 1 and 2, the
C,,. for the CR tablets (treatments 1A, 1B, 2A and 2B) is
considerably lower, and the T max much higher than for the
immediate release oxymorphone. The blood plasma level of
oxymorphone remains high well past the 8 (or even the 12)
hour dosing interval desired for an effective controlled release
tablet.

Study 3—One Controlled Release Formulation; Fed and
Fasted Patients

This study had a single-center, open-label, analytically
blinded, randomized, four-way crossover design. Subjects
randomized to Treatment 3A and Treatment 3C, as described
below, were in a fasted state following a 10-hour overnight
fast. Subjects randomized to Treatment 3B and Treatment 3D,
as described below, were in the fed state, having had a high fat
meal, completed ten minutes prior to dosing. There was a
14-day washout interval between the four dose administra-
tions. The subjects were confined to the clinic during each
study period. Subjects assigned to receive Treatment 3A and
Treatment 3B were discharged from the clinic on Day 3
following the 48-hour procedures, and subjects assigned to
receive Treatment 3C and Treatment 3D were discharged
from the clinic on Day 2 following the 36-hour procedures.
On Day 1 of each study period the subjects received one of
four treatments:

Treatments 3A and 3B: Oxymorphone controlled release
20 mg tablets from Example 3. Subjects randomized to Treat-
ment 3A received a single oral dose of one 20 mg oxymor-
phone controlled release tablet taken with 240 ml of water
after a 10-hour fasting period. Subjects randomized to Treat-
ment 3B received a single oral dose of one 20 mg oxymor-
phone controlled release tablet taken with 240 ml of water 10
minutes after a standardized high fat meal.
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Treatments 3C and 3D: oxymorphone HCI solution, USP,
1.5 mg/ml 10 ml vials. Subjects randomized to Treatment 3C
received a single oral dose of 10 mg (6.7 ml) oxymorphone
solution taken with 240 ml of water after a 10-hour fasting
period. Subjects randomized to Treatment 3D received a
single oral dose of 10 mg (6.7 ml) oxymorphone solution
taken with 240 ml of water 10 minutes after a standardized
high-fat meal.

A total of 28 male subjects were enrolled in the study, and
24 subjects completed the study. The mean age of the subjects
was 27 years (range of 19 through 38 years), the mean height
of the subjects was 69.6 inches (range of 64.0 through 75.0
inches), and the mean weight of the subjects was 169.0
pounds (range 117.0 through 202.0 pounds).

A total of 28 subjects received at least one treatment. Only
subjects who completed all 4 treatments were included in the
summary statistics and statistical analysis.

Blood samples (7 ml) were collected during each study
period at the 0 hour (predose), and at 0.5, 1, 1.5, 2,3, 4, 5, 6,
8,10, 12, 14, 16, 20, 24, 30, 36, and 48 hours post-dose (19
samples) for subjects randomized to Treatment 3 A and Treat-
ment 3B. Blood samples (7 ml) were collected during each
study period at the 0 hour (predose), and at 0.25, 0.5, 0.75, 1,
1.25,1.5,1.75,2,3,4,5,6,8,10, 12, 14, 16, 20, and 36 hours
post-dose (21 samples) for subjects randomized to Treatment
3C and Treatment 3D.

The mean oxymorphone plasma concentration versus time
curves for Treatments 3A, 3B, 3C, and 3D are presented in
FIG. 7. The results have been normalized to a 20 mg dosage.
The data is contained in Table 13. The arithmetic means ofthe
plasma oxymorphone pharmacokinetic parameters and the
statistics for all Treatments are summarized in Table 14.

TABLE 13

Mean Plasma Concentration vs. Time (ng/ml)

Treatment Treatment Treatment Treatment
Time (hr) 3A 3B 3C 3D
0 0.0084 0.0309 0.0558 0.0000
0.25 0.5074 0.9905
0.5 0.3853 0.3380 0.9634 1.0392
0.75 0.9753 1.3089
1 0.7710 0.7428 0.8777 1.3150
1.25 0.8171 1.2274
1.5 0.7931 1.0558 0.7109 1.1638
1.75 0.6357 1.0428
2 0.7370 1.0591 0.5851 0.9424
3 0.6879 0.9858 0.4991 0.7924
4 0.6491 0.9171 0.3830 0.7277
5 0.9312 1.4633 03111 0.6512
6 0.7613 1.0441 0.2650 0.4625
8 0.5259 0.7228 0.2038 0.2895
10 0.4161 0.5934 0.1768 0.2470
12 0.5212 0.5320 0.2275 0.2660
14 0.4527 0.4562 0.2081 0.2093
16 0.3924 0.3712 0.1747 0.1623
20 0.2736 0.3021 0.1246 0.1144
24 0.2966 0.2636 0.1022 0.1065
30 0.3460 0.3231
36 0.2728 0.2456 0.0841 0.0743
48 0.1263 0.1241
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TABLE 14

18

Pharmacokinetic Parameters of Plasma Oxymorphone for Study 3

Treatment 3B Treatment 3A Treatment 3C Treatment 3D
Mean SD Mean SD Mean SD Mean SD
Crar 1.7895 0.6531  1.1410 0.4537 2.2635 1.0008 3.2733 1.3169

T 5.56 9.39 5.57 7.14 0.978 1.14 1.11 0.768
AUC 04y 1427 4976 11.64 3.869 12.39 4116 17.30 5.259
Ceo-n 19.89 6.408 17.71 8.471 14.53 4.909 19.20 6.030

AUCo 4  21.29 6.559  19.29 5.028 18.70 6.618 2586 10.03

12.0 3.64 12.3 3.99 16.2 114 20.6 19.3

1/2el

The relative bioavailability calculations are summarized in
tables 15 and 16.

TABLE 15

Relative Bioavailability Determination Based on AUC g ;4

F,.;(3Avs.3C) F,,;(3Bvs.3D) F,,;(3Dvs.3C) F,,;(3Bvs.3A)

1.040 £ 0.1874  0.8863 £ 0.2569 1.368 + 0.4328 1.169 = 0.2041

TABLE 16

Relative Bioavailability Determination Based on AUC g 5y,

F,.;(3Avs.3C) F,,;(3Bvs.3D) F,,(3Dvs.3C) F,,(3Bvs.3A)

0.9598 +0.2151 0.8344 £0.100  1.470 £0.3922 1.299 + 0.4638

The objectives of this study were to assess the relative
bioavailability of oxymorphone from oxymorphone con-
trolled release (20 mg) compared to oxymorphone oral solu-
tion (10 mg) under both fasted and fed conditions, and to
determine the effect of food on the bioavailability of oxymor-
phone from the controlled release formulation, oxymorphone
CR, and from the oral solution.

The presence of a high fat meal had a substantial effect on
the oxymorphone C,, ., but less of an effect on oxymorphone
AUC from oxymorphone controlled release tablets. Least
Squares (LS) mean C,, . was 58% higher and LS mean
AUC,_,,and AUC g ;,,, were 18% higher for the fed condition
(Treatment B) compared to the fasted condition (Treatment
A) based on LN-transformed data. This was consistent with
the relative bioavailability determination from AUC,,, 5
since mean F, ;, was 1.17. Mean T,,,. values were similar
(approximately 5.6 hours), and no significant difference in
T,,. Was shown using nonparametric analysis. Half value
durations were significantly different between the two treat-
ments.

The effect of food on oxymorphone bioavailability from
the oral solution was more pronounced, particularly in terms
of AUC. LS mean C,,, was 50% higher and LS mean
AUC,_,, and AUC g ,,,, were 32-34% higher for the fed con-
dition (Treatment D) compared to the fasted condition (Treat-
ment C) based on LN-transformed data. This was consistent
with the relative bioavailability determination from
AUC ¢ ;5 since mean F,, was 1.37. Mean T, (approxi-
mately 1 hour) was similar for the two treatments and no
significant difference was shown.

Under fasted conditions, oxymorphone controlled release
20 mg tablets exhibited similar extent of oxymorphone avail-
ability compared to 10 mg oxymorphone oral solution nor-
malized to a 20 mg dose (Treatment A versus Treatment C).
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From LN-transformed data, LS mean AUC, , was 17%
higher for oxymorphone CR, whereas LS mean AUC, 4
values were nearly equal (mean ratio=99%). Mean F, , values
calculated from AUC,,,, and AUC, ,,), (1.0 and 0.96,
respectively) also showed similar extent of oxymorphone
availability between the two treatments.

As expected, there were differences in parameters reflect-
ing rate of absorption. L.S mean C,,,, was 49% lower for
oxymorphone controlled release tablets compared to the
dose-normalized oral solution, based on LN-transformed
data. Half-value duration was significantly longer for the
controlled release formulation (means, 12 hours versus 2.5
hours).

Under fed conditions, oxymorphone availability from oxy-
morphone controlled release 20 mg was similar compared to
10 mg oxymorphone oral solution normalized to a 20 mg dose
(Treatment B versus Treatment D). From LN-transformed
data, LS mean AUC ;4 was 12% lower for oxymorphone
CR. Mean F,, values calculated from AUC,, and
AUC 54y, (0.89 and 0.83 respectively) also showed similar
extent of oxymorphone availability from the tablet. As
expected, there were differences in parameters reflecting rate
of absorption. LS mean C,,,, was 46% lower for oxymor-
phone controlled release tablets compared to the dose-nor-
malized oral solution, based on LN-transformed data. Mean
T,,.c Was 5.7 hours for the tablet compared to 1.1 hours for the
oral solution. Half-value duration was significantly longer for
the controlled release formulation (means, 7.8 hours versus
3.1 hours).

The presence of a high fat meal did not appear to substan-
tially affect the availability of 6-hydroxyoxymorphone fol-
lowing administration of oxymorphone controlled release
tablets. LS mean ratios were 97% for AUC,_,, and 91% for
C,,. (Treatment B versus A), based on LN-transformed data.
This was consistent with the relative bioavailability determi-
nation from AUC g ,,), since mean F,; was 0.97. Mean T,
was later for the fed treatment compared to the fasted treat-
ment (5.2 and 3.6 hours, respectively), and difference was
significant.

Under the fasted conditions, oxymorphone controlled
release 20 mg tablets exhibited similar availability of 6-hy-
droxyoxymorphone compared to 10 mg oxymorphone oral
solution normalized to a 20 mg dose (Treatment A versus
Treatment C). From LN-transformed data, .S mean ration for
AUC, ,, was 104.5%. Mean F,,; (0.83) calculated from
AUC 4y also showed similar extent of oxymorphone avail-
ability between the two treatments. Mean T, was 3.6 hours
for the tablet compared to 0.88 for the oral solution. Half-
values duration was significantly longer for the controlled
release formulation (means, 11 hours versus 2.2 hours).

Under fed conditions, availability of 6-hydroxyoxymor-
phone from oxymorphone controlled release 20 mg was simi-
lar compared to 10 mg oxymorphone oral solution normal-
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ized to a 20 mg dose (Treatment B versus Treatment D). From
LN-transformed data, LS mean AUC, ,, was 14% higher for
oxymorphone CR. Mean F,, (0.87) calculated from
AUC 54y also indicted similar extent of availability between
the treatments. Mean T, was 5.2 hours for the tablet com-
pared to 1.3 hour for the oral solution. Half-value duration
was significantly longer for the controlled release formula-
tion (means, 14 hours versus 3.9 hours).

The extent of oxymorphone availability from oxymor-
phone controlled release 20 mg tablets was similar under fed
and fasted conditions since there was less than a 20% differ-
ence in LS mean AUC, , and AUC,,,, values for each
treatment, based on LN-transformed data. T, was unaf-
fected by food; however, LS mean C,,,, was increased 58% in
the presence of the high fat meal. Both rate and extent of
oxymorphone absorption from the oxymorphone oral solu-
tion were affected by food since LS mean C,,,, and AUC
values were increased approximately 50 and 30%, respec-
tively. T, ., was unaffected by food. Under both fed and fasted
conditions, oxymorphone controlled release tablets exhibited
similar extent of oxymorphone availability compared to oxy-
morphone oral solution since there was less than a 20% dif-
ference in LS mean AUC,, ,, and AUC, 4 values for each
treatment.

Bioavailability of 6-hydroxyoxymorphone following oxy-
morphone controlled release 20 mg tablets was also
similar under fed and fasted conditions since there was
less than a 20% difference in LS mean C,,,, and AUC
values for each treatment. T, was later for the fed

max

condition. The presence of food did not affect the extent
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TABLE 17-continued

Mean Plasma Concentration vs. Time (ng/ml)

6-Hydroxyoxymorphone

Treatment Treatment Treatment Treatment
Time (hr) 3A 3B 3C 3D
1 1.0233 0.4830 1.1072 0.8080
1.25 1.0069 0.7266
1.5 1.1062 0.7456 0.8494 0.7001
1.75 0.7511 0.6472
2 1.0351 0.7898 0.6554 0.5758
3 0.9143 0.7619 0.6196 0.5319
4 0.8522 0.7607 0.4822 0.5013
5 0.8848 0.8548 0.3875 0.4448
6 0.7101 0.7006 0.3160 0.3451
8 0.5421 0.5681 0.2525 0.2616
10 0.4770 0.5262 0.2361 0.2600
12 0.4509 0.4454 0.2329 0.2431
14 0.4190 0.4399 0.2411 0.2113
16 0.4321 0.4230 0.2385 0.2086
20 0.3956 0.4240 0.2234 0.1984
24 0.4526 0.4482 0.2210 0.2135
30 0.4499 0.4708
36 0.3587 0.3697 0.1834 0.1672
48 0.3023 0.3279
TABLE 18

Pharmacokinetic Parameters of Plasma 6-Hydroxymorphone for Study 3

Treatment 3A Treatment 3B Treatment 3C Treatment 3D
Mean SD Mean SD Mean SD Mean SD
Crax 1.2687 05792 1.1559 0.4848 1.5139 0.7616 09748 0.5160
max 3.61 717 5.20 9.52 0.880 0.738 1.30 1.04
AUC,, 2247 10.16 22.01 10.77 10.52 4.117 9.550 4.281
AUC, ;s  38.39 23.02 42.37 31.57 20.50 7.988 23.84 11.37
T i2er 39.1 36.9 39.8 32.6 29.3 12.0 44.0 35.00

of availability from oxymorphone oral solution since LS
mean AUC values were less than 20% different. How-
ever, C,,,. was decreased 35% in the presence of food.
T, Was unaffected by food. Under both fed and fasted
conditions, oxymorphone controlled release tablets
exhibited similar extent availability compared to oxy-
morphone oral solution since there was less than a 20%
difference in LS mean AUC values for each treatment.
The mean 6-OH oxymorphone plasma concentration ver-
sus time curves for Treatments 3A, 3B, 3C, and 3D are pre-

sented in FIG. 8. The data is contained in Table 17.
TABLE 17
Mean Plasma Concentration vs. Time (ng/ml)
6-Hydroxyoxymorphone
Treatment Treatment Treatment Treatment
Time (hr) 3A 3B 3C 3D
0 0.0069 0.0125 0.0741 0.0000
0.25 0.7258 0.4918
0.5 0.5080 0.1879 1.2933 0.5972
0.75 1.3217 0.7877
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Study 4—Controlled Release 20 mg vs. Immediate
Release 10 mg

A study was conducted to compare the bioavailability and
pharmacokinetics of controlled release and immediate
release oxymorphone tablets under single-dose and multiple-
dose (steady state) conditions. For the controlled release
study, healthy volunteers received a single dose of a 20 mg
controlled release oxymorphone table on the morning of Day
1. Beginning on the morning of Day 3, the volunteers were
administered a 20 mg controlled release oxymorphone tablet
every 12 hours through the morning dose of Day 9. For the
immediate release study, healthy volunteers received a single
10 mg dose of an immediate release oxymorphone tablet on
the morning of Day 1. On the morning of Day 3, additional 10
mg immediate release tablets were administered every six
hours through the first two doses on Day 9.

FIG. 9 shows the average plasma concentrations of oxy-
morphone and 6-hydroxyoxymorphone for all subjects aftera
single dose either controlled release (CR) 20 mg or immedi-
ate release (IR) 10 mg oxymorphone. The data in the figure
(as with the other relative experimental data herein) is nor-
malized to a 20 mg dose. The immediate release tablet shows
aclassical curve, with a high, relatively narrow peak followed
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by an exponential drop in plasma concentration. The con-
trolled release oxymorphone tablets show a lower peak with
extended moderate levels of oxymorphone and 6-hydroxy
oxymorphone. Table 19 shows the levels of oxymorphone

and 6-hydroxy oxymorphone from FIG. 9 in tabular form.
TABLE 19
Mean Plasma Concentration (ng/ml)
Oxymorphone 6-Hydroxyoxymorphone
Controlled Immediate Controlled Immediate
Release Release Release Release
Hour 20 mg 10 mg 20 mg 10 mg
0.00 0.00 0.00 0.00 0.00
0.25 0.22 1.08 0.14 0.73
0.50 0.59 1.69 0.45 1.22
1.00 0.77 1.19 0.53 0.79
1.50 0.84 091 0.53 0.57
2.00 0.87 0.75 0.60 0.47
3.00 0.83 0.52 0.55 0.34
4.00 0.73 0.37 0.53 0.27
5.00 0.94 0.36 0.46 0.23
6.00 0.81 0.28 0.41 0.18
8.00 0.73 0.20 0.37 0.14
10.0 0.60 0.19 0.35 0.15
12.0 0.67 0.25 0.32 0.13
16.0 0.39 0.16 0.29 0.13
24.0 0.23 0.07 0.29 0.13
30.0 0.12 0.01 0.17 0.04
36.0 0.05 0.00 0.11 0.00
48.0 0.00 0.00 0.07 0.01

FIG. 10 shows the average plasma concentrations of oxy-
morphone and 6-hydroxyoxymorphone for all subjects in the
steady state test, for doses of controlled release 20 mg tablets
and immediate release 10 mg tablets of oxymorphone. The
figure shows the plasma concentrations after the final con-
trolled release tablet is given on Day 9, and the final imme-
diate release tablet is given 12 hours thereafter. The steady
state administration of the controlled release tablets clearly
shows a steady moderate level of oxymorphone ranging from
just over 1 ng/ml to almost 1.75 ng/ml over the course of a
twelve hour period, where the immediate release tablet shows
wide variations in blood plasma concentration. Table 20
shows the levels of oxymorphone and 6-hydroxyoxymor-
phone from FIG. 10 in tabular form.

TABLE 20

Summary of Mean Plasma Concentration (ng/ml)

Oxymorphone 6-Hydroxyoxymorphone
Controlled Immediate Controlled Immediate
Release Release Release Release
Day Hour 20 mg 10 mg 20 mg 10 mg
4 0.00 1.10 0.75 0.89 0.72
5 0.00 1.12 0.84 1.15 0.88
6 0.00 1.20 0.92 1.15 0.87
7 0.00 1.19 0.91 1.27 1.00
8 0.00 1.19 0.86 1.29 0.98
9 0.00 1.03 1.07 1.09 1.05
0.25 2.64 1.70
0.50 3.12 1.50 2.09
1.00 247 1.70 1.68
1.50 2.05 1.63 1.55
2.00 1.78 1.64 1.30
3.00 1.27 1.47 1.11
4.00 0.98 1.39 0.98
5.00 1.01 1.21 0.89
6.00 0.90 1.06 0.84
6.25 1.17 0.88
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TABLE 20-continued

Summary of Mean Plasma Concentration (ng/ml)

Oxymorphone 6-Hydroxyoxymorphone
Controlled Immediate Controlled Immediate
Release Release Release Release
Day Hour 20 mg 10 mg 20 mg 10 mg
6.50 1.88 1.06
7.00 2.12 1.20
7.50 2.24 1.15
8.00 1.32 2.01 0.97 1.03
9.00 1.52 0.90
10.0 1.32 1.24 0.85 0.84
11.0 1.11 0.74
12.0 1.18 0.96 0.79 0.70
TABLE 21
Mean Single-Dose Pharmacokinetic Results
Controlled Immediate
Release 20 mg Release 10 mg
OXy- 6-OH- OXYImOor- 6-OH-
morphone  oxymorphone phone oxymorphone
AUC, 14.74 11.54 7.10 5.66
AUC (i) 15.33 16.40 7.73 8.45
C, L (ng/ml) 1.12 0.68 1.98 1.40
T (hr) 5.00 2.00 0.50 0.50
TV (hr) 9.25 26.09 10.29 29.48

Parent 6-OH oxymorphone AUC,, , values were lower
than the parent compound after administration of either dos-
age form, but the AUC,,,,  values are slightly higher due to
the longer half-life for the metabolite. This relationship was
similar for both the immediate-release (IR) and controlled
release (CR) dosage forms. As represented by the average
plasma, concentration graph, the CR dosage form has a sig-
nificantly longer time to peak oxymorphone concentration
and a lower peak oxymorphone concentration. The 6-OH
oxymorphone peak occurred sooner than the parent peak
following the CR dosage form, and simultaneously with the
parent peak following the IR dosage form.

It is important to note that while the present invention is
described and exemplified, using 20 mg tablets, the invention
may also be used with other strengths of tablets. In each
strength, itis important to note how a 20 mg tablet of the same
composition (except for the change in strength) would act.
The blood plasma levels and pain intensity information are
provided for 20 mg tablets, however the present invention is
also intended to encompass 5 to 80 mg controlled release
tablets. For this reason, the blood plasma level of oxymor-
phone or 6-hydroxyoxymorphone in nanograms per milliliter
of blood, per mg oxymorphone (ng/mg-ml) administered is
measured. Thus at 0.02 ng/mg-ml, a 5 mg tablet should pro-
duce a minimum blood plasma concentration of 0.1 ng/ml. A
stronger tablet will produce a higher blood plasma concen-
tration of active molecule, generally proportionally. Upon
administration of a higher dose tablet, for example 80 mg, the
blood plasma level of oxymorphone and 6-OH oxymorphone
may more than quadruple compared to a 20 mg dose,
although conventional treatment of low bioavailability sub-
stances would lead away from this conclusion. If this is the
case, it may be because the body can only process a limited
amount oxymorphone at one time. Once the bolus is pro-
cessed, the blood level of oxymorphone returns to a propor-
tional level.
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It is the knowledge that controlled release oxymorphone
tablets are possible to produce and effective to use, which is
most important, made possible with the high bioavailability
of oxymorphone in a controlled release tablet. This also holds
true for continuous periodic administration of controlled
release formulations. The intent of a controlled release opioid
formulation is the long-term management of pain. Therefore,
the performance of a composition when administered peri-
odically (one to three times per day) over several days is
important. In such a regime, the patient reaches a “steady
state” where continued administration will produce the same
results, when measured by duration of pain relief and blood
plasma levels of pharmaceutical. Such a test is referred to as
a “steady state” test and may require periodic administration
over an extended time period ranging from several days to a
week or more. Of course, since a patient reaches steady state
in such a test, continuing the test for a longer time period
should not affect the results. Further, when testing blood
plasma levels in such a test, if the time period for testing
exceeds the interval between doses, it is important the regi-
men be stopped after the test is begun so that observations of
change in blood level and pain relief may be made without a
further dose affecting these parameters.

Study 5—Controlled Release 40 mg vs. Immediate
Release 4.times.10 mg under Fed and Fasting Conditions

The objectives of this study were to assess the relative
bioavailability of oxymorphone from oxymorphone con-
trolled release (40 mg) compared to oxymorphone immediate
release (4.times. 10 mg) under both fasted and fed conditions,
and to determine the effect of food on the bioavailability of
oxymorphone from the controlled release formulation, oxy-
morphone CR, and from the immediate release formulation,
oxymorphone IR.

This study had a single-center, open-label, analytically
blinded, randomized, four-way crossover design. Subjects
randomized to Treatment SA and Treatment 5C, as described
below, were in a fasted state following a 10-hour overnight
fast. Subjects randomized to Treatment 5B and Treatment 5D,
as described below, were in the fed state, having had a high fat
meal, completed ten minutes prior to dosing. There was a
14-day washout interval between the four dose administra-
tions. The subjects were confined to the clinic during each
study period. Subject assigned to receive Treatment SA and
Treatment 5B were discharged from the clinic on Day 3
following the 48-hour procedures, and subjects assigned to
receive Treatment 5C and Treatment 5D were discharged
from the clinic on Day 2 following the 36-hour procedures.
On Day 1 of each study period the subjects received one of
four treatments:

Treatments SA and 5B: Oxymorphone controlled release
40 mg tablets from Table 2. Subjects randomized to Treat-
ment SA received a single oral dose of one 40 mg oxymor-
phone controlled release tablet taken with 240 ml of water
after a 10-hour fasting period. Subjects randomized to Treat-
ment 5B received a single oral dose of one 40 mg oxymor-
phone controlled release tablet taken with 240 ml of water 10
minutes after a standardized high fat meal.

Treatments 5C and 5D: Immediate release tablet (IR)
4 times. 10 mg Oxymorphone. Subjects randomized to Treat-
ment 5C received a single oral dose of 4.times.10 mg oxy-
morphone IR tablet taken with 240 ml of water after a 10-hour
fasting period. Subjects randomized to Treatment 5D
received a single oral dose of 4.times. 10 mg oxymorphone IR
tablet taken with 240 ml of water 10 minutes after a standard-
ized high-fat meal.

A total of 28 male subjects were enrolled in the study, and
25 subjects completed the study. A total of 28 subjects
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received at least one treatment. Only subjects who completed
all 4 treatments were included in the summary statistics and
statistical analysis.

Blood samples (7 ml) were collected during each study
period at the 0 hour (predose), and at 0.25, 0.5, 0.75, 1.0, 1.5,
2,3,4,5,6,8,10, 12, 24,36, 48, 60, and 72 hours post-dose
(19 samples) for subjects randomized to all Treatments.

The mean oxymorphone plasma concentration versus time
is presented in Table 22. The arithmetic means of the plasma
oxymorphone pharmacokinetic parameters and the statistics
for all Treatments are summarized in Table 23.

TABLE 22

Mean Plasma Concentration vs. Time (ng/ml)

Treatment Treatment Treatment Treatment
Time (hr) SA 5B 5C 5D
0 0.00 0.00 0.00 0.00
0.25 0.47 0.22 334 1.79
0.50 1.68 0.97 7.28 6.59
0.75 1.92 1.90 6.60 9.49
1 2.09 2.61 6.03 9.91
1.5 2.18 3.48 4.67 8.76
2 2.18 3.65 3.68 7.29
3 2.00 2.86 2.34 4.93
4 1.78 245 1.65 3.11
5 1.86 2.37 1.48 2.19
6 1.67 2.02 1.28 1.71
8 1.25 1.46 0.92 1.28
10 1.11 1.17 0.78 1.09
12 1.34 1.21 1.04 1.24
24 0.55 0.47 0.40 0.44
36 0.21 0.20 0.16 0.18
48 0.06 0.05 0.04 0.05
60 0.03 0.01 0.01 0.01
72 0.00 0.00 0.00 0.00
TABLE 23

Pharmacokinetic Parameters of Plasma Oxymorphone for Study 5

Treatment Treatment Treatment Treatment
SA 5B 5C 5D
Mean SD Mean SD Mean SD Mean SD
Crar 279 084 425 1.21  9.07 409 12.09 542
max 226 252 1.96 1.06 0.69 043 1.19 0.62
AUC, 3570 10.58 38.20 11.04 36.00 12.52 5135 20.20
AUC;np 40.62 1138 41.17 1046 39.04 1244 5410 20.26
T i2er 1217  7.57 1046 545 11.65 6.18 9.58 3.63

The relative bioavailability calculations are summarized in
Tables 24 and 25.

TABLE 24

Relative Bioavailability Determination Based on AUC,, ;4

F,.; (5D vs. 5C) F,.; (5B vs. 5A)

1.3775 1.0220

TABLE 25

Relative bioavailability Determination Based on AUC,, o4,

F,.; (5D vs. 5C) F,.; (5B vs. 5A)

1.4681 1.0989
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The mean 6-OH oxymorphone plasma concentration ver-
sus time is presented in Table 26.

TABLE 26

Mean Plasma Concentration vs. Time (ng/ml)
6-Hydroxyoxymorphone

Treatment Treatment Treatment Treatment
Time (hr) SA 5B 5C 5D
0 0.00 0.00 0.00 0.00
0.25 0.27 0.05 2.36 0.50
0.50 1.32 0.31 5.35 1.98
0.75 1.37 0.59 4.53 2.97
1 1.44 0.82 3.81 2.87
1.5 1.46 1.09 2.93 2.58
2 1.46 1.28 2.37 2.29
3 1.39 1.14 1.69 1.72
4 1.25 1.14 1.33 1.26
5 1.02 1.00 1.14 1.01
6 0.93 0.86 0.94 0.86
8 0.69 0.72 0.73 0.77
10 0.68 0.67 0.66 0.75
12 0.74 0.66 0.70 0.77
24 0.55 0.52 0.54 0.61
36 0.23 0.30 0.28 0.27
48 0.18 0.20 0.20 0.19
60 0.09 0.10 0.09 0.09
72 0.06 0.06 0.04 0.05
TABLE 27
Pharmacokinetic Parameters of Plasma
6-Hydroxvoxymorphone for Study 5
Treatment Treatment Treatment Treatment
SA 5B 5C 5D
Mean SD Mean SD Mean SD Mean SD
Crar 1.88  0.69 1.59 0.63 641 3.61 3.79 1.49
T 148 1.18 2.73 1.27 073 047 1.18 0.74
AUC, , 28.22 10.81 2695 11.39 33.75 10.29 32.63 13.32
AUC, ;s 33.15 1125 3298 10.68 37.63 17.01 3654 13.79
T i2er 17.08 745 21.92 8.41 16.01 6.68 16.21 742

The above description incorporates preferred embodi-
ments and examples as a means of describing and enabling
the invention to be practiced by one of skill in the art. It is
imagined that changes can be made without departing from
the spirit and scope of the invention described herein and
defined in the appended claims.

We claim:

1. An analgesically effective controlled release pharma-
ceutical composition with a twelve hour dosing interval in the
form of a tablet, comprising oxymorphone or a pharmaceu-
tically acceptable salt thereof as the sole active ingredient in
the tablet, and a controlled release delivery system compris-
ing at least one pharmaceutical excipient, wherein upon
placement of the composition in an in vitro dissolution test
comprising USP Paddle Method at 50 rpm in 500 ml media
having a pH of 1.2 t0 6.8 at 37° C., about 15% to about 50%,
by weight, of the oxymorphone or salt thereof is released
from the tablet at about 1 hour in the test.

2. The pharmaceutical composition of claim 1 wherein
about 45% to about 80%, by weight, of the oxymorphone or
salt thereof is released from the tablet at about 4 hours in the
test.

3. The pharmaceutical composition of claim 1 wherein at
least about 80%, by weight, of the oxymorphone or salt
thereof’is released from the tablet at about 10 hours in the test.
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4. The pharmaceutical composition of claim 1 wherein the
controlled release delivery system comprises a hydrophilic
material that forms a gel upon exposure to gastrointestinal
fluid.

5. The pharmaceutical composition of claim 1 wherein the
controlled release delivery system comprises a het-
eropolysaccharide and an agent capable of cross-linking the
heteropolysaccharide in presence of gastrointestinal fluid.

6. The pharmaceutical composition of claim 5 wherein the
heteropolysaccharide and the agent capable of cross-linking
the heteropolysaccharide are present in a weight ratio of
about 1:3 to about 3:1.

7. The pharmaceutical composition of claim 5 wherein the
heteropolysaccharide comprises xanthan gum or deacylated
xanthan gum.

8. The pharmaceutical composition of claim 5 wherein the
agent capable of cross-linking the heteropolysaccharide com-
prises a homopolysaccharide gum.

9. The pharmaceutical composition of claim 8 wherein the
homopolysaccharide gum comprises locust bean gum.

10. The pharmaceutical composition of claim 1 wherein
the controlled release delivery system further comprises a
hydrophobic polymer.

11. The pharmaceutical composition of claim 10 wherein
the hydrophobic polymer comprises an alkylcellulose.

12. The pharmaceutical composition of claim 8 further
comprising a cationic cross-linking agent.

13. The pharmaceutical composition of claim 12 wherein
the cationic cross-linking agent is selected from calcium sul-
fate, sodium chloride, potassium sulfate, sodium carbonate,
lithium chloride, tripotassium phosphate, sodium borate,
potassium bromide, potassium fluoride, sodium bicarbonate,
calcium chloride, magnesium chloride, sodium citrate,
sodium acetate, calcium lactate, magnesium sulfate, sodium
fluoride, and combinations thereof.

14. The pharmaceutical composition of claim 13 wherein
the cationic cross-linking agent is present in an amount of
about 0.5% to about 16%, by weight of the composition.

15. The pharmaceutical composition of claim 5 wherein
the weight ratio of heteropolysaccharide to oxymorphone or
pharmaceutically acceptable salt thereof is about 10:1 to
about 1:10.

16. The pharmaceutical composition of claim 1 wherein
oxymorphone or pharmaceutically acceptable salt thereof is
present in an amount of about 5 mg to about 80 mg.

17. The pharmaceutical composition of claim 5 wherein
the controlled release delivery system comprises about 10%
to about 99% of a gelling agent comprising a heteropolysac-
charide gum and a homopolysaccharide gum, about 1% to
about 20% of a cationic crosslinking agent, and about 0% to
about 89% of other ingredients which qualify as an inert
pharmaceutical diluent, by total weight of the controlled
release delivery system.

18. A method of treating pain in a subject in need thereof,
the method comprising administering to the subject the phar-
maceutical composition of claim 1 comprising about 5 mg to
about 80 mg of oxymorphone or pharmaceutically acceptable
salt thereof.

19. An analgesically effective controlled release pharma-
ceutical composition with a twelve hour dosing interval in the
form of a tablet, comprising oxymorphone or pharmaceuti-
cally acceptable salt thereof as the sole active ingredient in the
tablet and a controlled release delivery system comprising a
hydrophilic material that forms a gel upon exposure to gas-
trointestinal fluid, wherein upon placement of the composi-
tion in an in vitro dissolution test comprising USP Paddle
Method at 50 rpm in 500 ml media having a pH of 1.2 t0 6.8
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at 37° C., about 15% to about 50%, by weight, of the oxy-
morphone or salt thereof is released from the composition at
about 1 hour in the test, about 45% to about 80%, by weight,
of'the oxymorphone or salt thereof is released from the com-
position at about 4 hours in the test, and at least about 80%, by
weight, of the oxymorphone or salt thereof is released from
the composition at about 10 hours in the test.

5

28

20. The method of claim 18 wherein upon oral administra-
tion of the composition the oxymorphone AUC,,, .+ is no
more than 20% higher when the composition is administered
to the subject under fed as compared to fasted conditions.
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OXYMORPHONE CONTROLLED RELEASE
FORMULATIONS

RELATED APPLICATIONS

This application is a continnation of U.S. patent-applica-
tionSer. No. 10/190,192 fited Jul. 3, 2002 and claims priority
to T8, Provisional Patent Application Ser. Nos. 6(/329,445
filed Oct. 15, 2001, 60/329,432 filed Oct. 15, 2001, 60/303,
357 filed Tul. 6, 2001, and 60/329,444 filed Qi 15, 2001,
which are incorporated herein by reference to the extent per-
mitted by law,

BACKGROUND OF THE INVENTION

Pain is the most frequently reported symptom and it is a
common clinical problem which confronts the clinician.
-Many millions of people.in the TISA suffer from severe pain
that, according: o numerous recerit reports, is chronically
undertreated or inapproprigtely managed. The clinical use-
fulness of the-analgesic properties of epioids has been recog-
nized for centuries, and morphine and its derivatives have
been widely employed for analgesia for decades in a variety-
of clinical pain states. _

Oxymorphone  HCL - (14<hydroxydikydromarphinone
hydrochloride} 5. 2 semi-synthetic phenanthrene-derivative
opioid agonist, widely used in the treatment of acute and
chronic pain, with analgesic efficacy -comparable to other
opioid analgesics. Oxymorphone is currently. marketed as an

injection (I mg/ml. in 1 ml ampules; 1.5 mgfml in 1 mi :

ampules; 1.5 mg/ral in 10 ml mubiple dose vials) for intra-
muscular, subcutaneous; and intravenpous adminisiration, and
as 3 mg rectal suppositories. At one time, 2'mg, 5 mg and 10
mg oral. immediate release (IR) tablet forniilations of oxy-
morphone HCl were marketed, Oxymorphone HCI is
metabolizid principally in the liver and undérgoes conjuga-

tion with ghacuronic acid and reduction ta 6-alpha- and beta-

hydroxy epimers,

An important goal of analgesic therapy is to achieve con-
tinvous relief of chronic pain. Regular administration of an
analgesic is generally required to ensure that the next dose s
given before the effects of the previous dose have worn off.
Compliance with opicids increases as the required dosing
frequency decreases. Non-compliance results in suboptimal
paincontrol and poor quality of life outcomes: (Ferrell B etal.
Effects of ¢ontrolled-release morphine on quality of life for
cancer pain. Oneol. Nur, Forum $989; 4:521-26). Scheduled,
rather than “as nceded” administration of opioids is currently
recommended in guidelines for theit use:in ¢hronic non-
malignant pain. Unfortunately, evidence from prior clinical
trials und ¢linicul experience suggests (hat the short duration
of action of immediate release oxymorphene would necessi-
tate administration every 4-6 hours in orderto maintain opti-
mal levels of analgesia in chronic pain. A controlled release
formulation which would allow less frequent desing of oxy-
morphone would be useful in pain management.

For instancd, a controlled reletise formulation of morphing
has beendemonstrated 1o provide patients fewer iiitetruptions
in:sleep, reduced dependence on caregivers, improved com-
pliance, cnhanced quality ef lifc outcomes, and. increased
conirol aver the managemem of pain. In addition, the con-
trolled release formulation of morphine was repotted to pro-
vide more constant plasma concentration dnd clinical effetts,
Tess frequeént peak to tromgh fluctuations, reduced doging,
frequency, and possibly fewer side effects, (Thirlwell M.P et
al., Pharmacokinetics and clinical efficacy of oral morphine
solution and controlled-releass morphine tablets i cancer
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patients, Cuncer 1989; 63:2275-83; Goughnour B R et al.,
Analgesic response to single and mulfiple doses of con-
trolled-release. morphine 1ablets and morphine oral solutitn
in cancer pafients, Career 1989; 63:2294-97; Femrell B, etal., .
Rffects of controlled-release morphine on quality of life for
canccr pain, Onecol. Nur Forum 1989; 4:521-26.

There are two factors associated with the metabolism of
some drugs that may present problenis for their use in con-
trolled release systems. One is the ability of the' drug to induce
or inhibit enzyme synthesis, which may resultin a fluctuating
drug blood plasma level with chronic dosing. The other is a
fluctuating drug blood level due to intestinal (or other tissue)
metabolism or through a hepatic first-pass effect.

Oxymorphone is metabolized principally in the liver,
resulting in an -oral bioavailability of about 10%. Evidence
from clinical experience suggests that the short duration of
actien of imm ediate release:0xymorphone necessitates  four
hour dosing schednle to maintain optimal levels of analgesia.
It would be usefill to clinicians and patients alike to have
controlled release dosage forms of oxymorphone to. use to
treat pain and & method of treating pain using the dosage

forms.
SUMMARY-OF THE INVENTION

The presemt invention provides methods for relieving pain
by administering a.controlled release pharmaceutical tablet
containing oxymorpbone which produces at least & predeter-
mined minimum blood plasma level for atleast 12 hovirs after
dosing, us well as'tablels that produce the susluined puin reliel
over this time period.

BRTRF NDESCRIPTION OF THE FIGURES

F1G. 1 is a pharmacokinetic profile for 6-hydroxy oxymor-
phone with PID:scores.

FIG. 2 is-a pharmacokinetic profile for oxymorphone with
PIL scores.

FIG. 3 is a pharmacokinetic profile for 6-hydroxy oxymor-
phone with eategorical pain scores.

FIG. 4 is a pharmacokinetic profile for oxymorphane with
categotical pain scores.

FIG. 5is a graph of the méan blood plasma conicentration
of oxymorphonge versus time for clindcal study 1.

FIG. 65 a graph of the mean blood plasma concentration
of oxymorphone versus time for elinical study 2.

FIG. 7 s a graph of the mean blood plasma concentration
of oxymosphone versug time for clinical study 3.

TIG. 815 a graph of the mean bleod plasma concentration
of 6-hydroxy-oxymorphone-versus time for clinical study 3.

F1G.9 is a graph of the mean blood plasma concentration
ofoxymorphane for immediateand controlled release tablets
from a single dose study.

F1G.10 is a graph of the medn blood plasma concentratien
of oxymorphone for immediate and controlled release tablets
from a steady state study,

DETAILED DESCRIPTION OF THE INVENTION

The present. invention provides methods for alleviating
paintor 12 to 24 hours vsitig asingle dose of a phamaceutical
compositien by producing a bload plasma level of oxymor-
phone and/or 6-0H exymorphone of :at least a minimum
value for at least 12 hours or more. As nsed herein, the terms
“6-0H oxymorphene” and “6-hydroxy oxymorphone™ are
interchangeable-and refer to the analog of oxymorphone hawv-
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ing an‘alechol (hydroxy) moiety that replaces the carboxy
moiety’ found onoxymorphone at the 6-position.

To overcome the difficulties associated with a 4-6 heurly
dosing frequency of oxymorphone, this invention provides an
oxymorphone controlled release orel selid dosage form, com-
prising atherapeutically effective amount of oxymorphone or
a pharmaceutically acceptable salt of oxymorphone. It has
been found that the decreased rate of release of oxymerphone
from the oral controlled release formulation of this invention
does not substantially decrease the bioavailability of the drug
as compared to the same dose of a solution.of axymorphone
administered orally: The bioavailability is sufficiently high
and the release rate is such that a sufficient plasma level of
oxymorphone and/or 6-OH oxymorphone is maintained to
allow: the controlled release dosage to beused to treat patients
stffering moderatg to severe paitt with once or twice daily
dosing, The.desing form. of the present invention can also be
used with thrice daily dosing,

" Riscritical when.considering the present invention that the
difference between a controlled release tablet and an imme-
diate release formulation be fully understood. In classical
terms, an immediate release formulation releases at least 80%
of its active pharmacewiical ingredient ‘within 30 mintites.
With reference to the present invention, the definition of an:
immediate release formlation will be broadened further to
include aformulation which releases more than about 80% of
its active pharmacentical ingredient within 60 mmutes in a
standard USP Paddle Method dissohation test at 50 rpm in 500
ml media having a pH of between 1.2 and 6.8 at 37° C.
“Controlled release’
then encompass any formulations whidhreleﬂseno morethan
aboul §0% ol their active pharmaceutical ingredients within
60 minutes under the same conditions.

The controlled release dosage form of this invention extitb-
its a dissolution rate in‘vitro, wheri measured by USE Paddle
Method at 50 rpm in 500 nil media having a pH betwioon 1.2
and 6.8 at 37° C_, of about 15% 10 ahont 50% by weight
oxymorphone released after 1 hour, abont 45% to.about )%
by weight oxymorphone released after 4 hours, and at least
about 30% by weight oxymorphone reteased after 10 hours.

When administered orally to humans, an effective con-
trolled release dosage form of oxymorphone should exhibit
the following in vivo characteristics: (a) peak plasma level of
oxymorphone oceurs within about 1 to about § hours after
administration; (b) peak plasma level of 6-OH oxymorphone
occurs within about | to dbout 8 hours after administration;
(¢) duration of analgesic effect is through about 8 to about 24
hours aficr administration; (d) rclative oxymorphone bio-
availability is in the range af ahout 0.5t ahont. 1.5 compared
to an orally-administered aquecus solution of oxymarphone;
and (e) the rafio o the ares under the curve of Hlood plasma
level vs. time for 6-OH oxymorphone compared to: oxymor-
phone is in the range of about 0.5t0 about 1.5. Of course, there
is variation of these parameters among subjects, depending
on the size and weight of the individual subject, the subject’s
age, individual metabolism differences, and other factars.
Indeed, the parameters may-vary in an individual from day to
day. Accordingly; the parameters set. forth above are intended
to be mean values from a sufficiently large study so as to
minimizo the effect of individual variation in amiving at the.
values. A convenieni method for arriving at such values is hy
conducting a study in accordance with standard FDA proce-
dures such-as those employed in prodecing results for use in

_anew drug applicatien (or dbbievidted héw driig application)
before the FDA. Any reference. {0 mean values herein, in
conjunction with desired results, refer to resulis from such a
study, or some comparsble study. Referenceto mean values

* formulations, as referred o herein, will :

4

reported hergin forstudies actually conducted are arrived at
using standard statistical methods as would be employed by
one skilled in the-art of pharmaceutical formulation and test-
ing for regulatory opproval.

In. pne specific embodiment of the controlled release
matiix formi of the invention, the oxymetplione or salt of
oxymorphone is dispersed in a controlled release delivery
systemi that coraprises a hydrophilic material which, upon
exposure t0 gastrointestinal fuid, forms a gel matrix that
releases oxymorphone at a contrelled rate. The rate of rélease
of oxymarphone from the matrix depends on the drug’s par-
tition coeficient between cemponents of the matrix and the
aqueous phase within the gastrointestinal wact. Ina preferred
form of this embodiment, the hiydrophilic material of the

" controlled release delivery system comprises a mixture of a

20

25

40

45

0
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heteropolysaceharide gum and an agent capable of cross-
linking the heteropolysaccharide in presence of pastrointes-
tinal flnid. The cantrolled release delivery sysiem may also
comprise 4 water-soluble pliarmaceuitical dilient mixed with
the hydrophilic material. Preferably, the ctoss-linking agent
is a homopolysaccharide gum and the fnert pharmaceutical
dilvent is a monosaceharide, a disaccharide, ora palyhydric
alcohol, or a mixture thereof:

In a specific preferred embodiment; the appropriate bleed
plasma levels of oxymorphone and 6-hydroxy oxymorphone
arcachieved nsing oxymorplione in the formof oxymorphone
hydrochlotide, wherein the weight ratio of heteropolysaccha-

ride-to homopolysaccharide is in the range of -about 1:3 to

ahout 311, the weight ratio of heteropolysaccharide to diluent
is in the range of about 1:8 to about §:1, and the weight ratio
ol heteropolysaccharide to uxymorphone hydrochloride is in
the range of about 10:1 to .about 1:10. A preferred het-
eropalysacchatide is xanthan gom and a preferfed
homopolysaccharide is locust bean gum. The dosage form
alsocoripriscs & cationic oross-linking agent and-a hydropho-
hic polymer. In the preferred.emhbodiment, the dosage form is
a tablet containing about 5 mg to about 80 mg of oxymor-
phone hydrochloride. Tina most preferred embodiment, the
tablet contains about 20 mg oxymorphone hydrechloride.

The invention includes a method which comprises achiev-
ing appropriate blood plasma levels of drug while providing
extended pain relief by administering one to three times per
day to a patient suffering moderate 1o severe, acute or chronic
pain, ani- oxymorphonz controlied release oral solid dosage
form of the invention in an amount sufficient to alleviate the
pain for a period of abeut 8 hours to about 24 hours. This type
and intensity of pain is often associated with cancer, autoim-
mune diseases, infections, surgical and accidental tranmas
and osteoarthritis,

The invention also. includes a method of making an uxy-
morphiche contrelled release oral solid dosage form of the
invention which comprises mixing particles of oxymorphone
ora pharmaceuﬁcally acceptable salt of oxymorphone with
granulos comprising the controlled release delivery system,

preferably followed by direcily compressing the mixture to

form tablets.

Pharmaceutically acceptable salts of oxymorphone which
can be used in this invention include salts with the inorganic
and organic acids which are commonly wsed to produce non-
toxic salts of medicinal agents. Tlustrative examples would
be those salts formed by mixing oxymorphone with hydro-
chloric, sulfuric, nitric, piosphoric, phosphorous, hydrobio-
mi¢, maleric, malic, ascorbic, citric or tartaric; pamoie, lauric,
stearic, palmitic; oleic, myristic, lauryl sulfuric, naphthylene-
sulfonic, lincleic-or linolenic acid, and the like. The hydro-
chloride salf is preferred.
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It has now been found that 6<OH oxymarphione, which is
one of the metabolites of oxymorphone, may play a role in
alleviating pain.'When oxymarphone is ingested, part of the
dosage gets into the bloodstream to provide pain relief, while
another part is mefabolized to 6-OH cxymorphone. This
metaholite then eriters the bloodstream o provide frther pain,
relief. ‘Thus it is believed that both the oxymorphone znd
6-hydroxyoxymorphone levels are important to: pain relief.

The effectivensss of exymorphone and §-hydroxyoxymor-
phone at relieving pain and the pharmacokinetics of'a single
dose of oxymorphone were studied. The blood plasma levels
of both vxymorphione and é-hydroxyoxymorphone were
measuredd in patiénfs afler 4 smgle dose ol oxymorphohe was
administered. Similarly, the-pain levels in patients were mea--
sured after a single administration of oxymorphone to deter-
mine the effective duration of pain relief from a single dose.
FIGS, 1-2 show the results of these tests, comparing pain
levels to oxymarphone and §-hydroxy dxymorphoné levels.

For these tests, pain was measured using a Visual Analog
Scale (VAS) ora Cutegorical Scale, The VAS scales.consisted
of a horizonta] line, 100 mm in length. The left-hand end of
the scale (0 mm) was marked with the desceiptor “No Pain™
and the right-hand end of fhe scale (100 mm) was marked
with the descriptor “Extreme Pain”, Patients indicated their
level of pain by making a vertical mark on the line. The VAS.
score was equal to thedistance (inmm) from the left-hand end
of the scale to the patient’s mark. For the categorical scale,
patlents completed the following statement, “My pain ‘at this
time is" using the seale. Nons=0, Mild=1, Moderate=2, or
Severe=3. .

As can be seen from these figures, there is a correlation
between pain reliel and both oxymorphone and 6-hydroxy-
oxymorphone levels. As the hlood plasma levels of oxymor-
phone and 6-hydioxyoxymorphone increase, pain decresses
(and pain intensity iffererice and pain relief increases). Thus,
to the paticat, it is the lovol of oxymorphons and 6-hydroxy-
oxymorphone in the blood plasma which is most important.
Further it is these levels which dictate. the efficacy of the
dosage form. A dosage form which maintains a sufficiently
higli level of oxymorphone or 6-hydroxyoxymorphore for-a
longer period need not be administeréd frequently. Such a
result is accomplished by embodiments of the present inven-
tion.

The oxymorphone controlled refease cral solid dosage
form of this invention can be made using any of several
differerit technigues for producing controlled release. oral
solid dosage forms of opioid analgesies.

In onc cmbodiment, a core comprising oxymotphonc or
oxymorphone sali is coated with a controlled release film
which comprises a water insoluble material and which upon
exposure kr gastrointestinal (luid releases oxymorphone from
the core at a contivlled ratg. In-a second embodiment, the
oxymorphone or oxymorphone sali is dispersed in a con-
trolled release delivery system that comprises.a hydeophilic
material which upon cxposurc to gastrointestinal fluid forms
a gel matrix that releases oxymorphone at a controlled rate. A
third embodiment is-a combination of the first two: .a con-
trolled release matrix coated with a controlied release filin. In
a fourth embodiment the oxymorphone is incorporated into
an-osmotic pump. In any of these emboediments, the dosage
forrm can be-a tablet, a plurality of gramiles. in a capsule, or
other sujtable form; and can contain lubricants, colorants,
dilents, and other conventional ingredients.

Osmotic Pump

An osmotic pumyp comprises a shell defining an interior
compartment and having an outlet passing through-the shell.
Theinterior compartment contains the active pharmaceutical
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ingredient, Generally the active pharmaceutical ingredient is
mixed with excipients or other comipositions such as a poly-
alkylene. The shell is generally made, atleast in part; froma
material (such as celluloseracetate) permeahle to the Hguid of
the envirpnment where the pump. will be used, nsuaily siom-
ach acid. Cince.ingesied, the purhp operates when liquid dif-
foses through the shiell of the pump. 'The liquid dissolves the
composition to produce a saturated situation. As more liquid
diffuses imto the purap, the saturated solution containing the
pharmacentical is-expelled fromthe pump throngh the outlet,
This produces a nearly constant release of active ingredient,
in the presernit case, oxymorphone.

Conltrolled Rélease. Codling

In this embodiment, a core comprising oxymorphone or
oxymorphone salt is coated with a controlled release film
which comprises a water insoluble material. The film can be
applied by spraying an aqueous dispersion of the water
insoluble material onto the eore. Suitable water insoluble
materials include alkyl celluloses, acrylic polymers, waxes
(alone or in admixtare with fatty alcohols), shellac and zein.
The aqueous dispersions of alkyl celluloses and acrylicpoly-
mers preferably contain a plasticizer such as triethy! citrate,
dibutyl phihalate, propylene glycol, and polyethylene glycal.
The film coat can contain a water-solible material such as
polyvinylpyrrolidone (PVP) or hydroxypropylmethylcelln-
lose (FIPM(2).

The core can be.a granule made, for example, by wet
granulation of mixed powders: of oxymarphone or oxymor-
phone salt and a binding agent such as HPMC, or by coating
an:inert head with oxymorphone or oxymorphone salt and a
binding agent such as HPMC, or by spheronising mixed pow-
ders ol vxymorphone or oxymorphone sall and a spheronis-
ing agent such as micrecrystalline cellulose. The core can be
a tablet made by cothpressing such graniles or by conipress-
ing a powder comprising oxyinorphone oroxymerphone saft.

The in vitro-and in vivo refeasc characteristics of this con-
trolled release dosage form. can be modified hy using mix-
tures of different water insolizhle and water soluble malerials,

-vsing different plasticizers, varying the thickiiess of the con-

trolled release film, including release-modifying agents in the
coating, or by providing passageways through the coating.
Cotitrolled Release Matrix
It is important in the present invention that appropriate
blood plasma levels of oxymerphone and §-hydroxy oxymor-

phone be achieved ant maintained for sufficient time 1o pro-

vide pain relief to a patient for a period af 12 to.24 hours. The:
preferred composition for achieving and maintaining the
proper blood plasma levels is a controlled-release matrix. In.
this emboddiment; the oxymorphene or oxymorphone salt is
dispetsed in a controlled release delivery system that com-
prises @ Hydrophilic material (gelling agent) which upon
exposure to gastrointestinal fluid forms a' gel matrix that
releases oxymorphone at a controlled rate. Such hydrophilic
materials include gnms, cellulose ethers, acrylic resins, and
protein-derived materials. Svitable cellulose: ethers include.
hydroxyalkyl celluloses and carboxyalkyl celtuloses, espe-
cially hydroxyethyl cellulose (HEC), hydroxypropyl cellu-
Tose: (HPC), HPMC, and carboxy -methylcellulose (CMC).
Suitable acrylic resins include polymers and copolymers of
acrylic acid, methacrylic acid, methyl acrylate and methy]
methacrylate. Suitable gums include heteropolysaccharide
and homopolysaccharide gums, e.g:, xanthan, tragacanth,
acacia, karaya, alginates, agar, guar, hydroxypropyl guar, car-
rageehan, and locust béait gums.

Preferably, the confrolled release tablét of the present
invention is formed from (T) » hydrophilic material compris-
ing (a) o heteropolysacchiaride; or (b) a heteropolysaccharidg
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and a cross-Hoking agent capable of cross-linking said het-
eropolysaccharide; or (¢} a mixture of (4}, (b) and a polysac-
charide.gum; and (II) an inert'pharmaceitical filler compris-
ing up to about 80% by weight of the toblet; and (III)
oxymorphone.

The term “heteropolysaccharide™ as.used herein is defined
as a water-schible polysaccharide containing two or more
kinds of sogar units, the heteropolysaccharide having ‘a
branched or helical configuration, and having excellent
water-wicking, properties aiid immease thickeripg proper-
ties.

A preferred bisteropolysaccharide is xanthan gum, whichis
a high melecylar weight (>10°) heteropolysaccharide. Other
preferred hieteropolysaccharides include derivatives of xan-
than guum, such as deacylated xanthan gum, the carboxym-
ethyl ether, and theprapylene glyeol ester.

The cross linking agents used in the controlled rélease
embodiment of the present invention which are capable of
crogs-linkisg with the heteropolysaccharide include
homopolysaccharide gums such as the galactomannans, i.e.;
polysaccharides which are composed solely of manmose and
galactose, Galactomanmans which have kigher proportions of
unsubstituted mannose regions have been. found to achieve
more-inferaction with the heteropolysaccharide. Locust bean
gum, which has a higher ratio of mannose to the galactose; is
especially preferred as compared to other galactomannans
such as:guar and hydroxypropyl guar.

Preferdbly, the ralio ol heleropolyssccharide o
homapalysaccharides in the range of about 1:9 to ahout 9:1,
preferably about 1:3 to about 3:1. Most preferably, the ratio of
xanthan gum to polysaccharide material (i.e., locust bean
gum, ete.) is preferably about 1:1.

In addition to the hydrophilic material, the controlled
release delivery system can also contain an inert pharmaceu-
tical dilvent such as a monosaccharide, a disaccharide, a
polyhydric alcohol and mixtures thereof. The ratio-of diluenit
to bydrophilic matrix-formitig: material is generally in the
range ol dbaul 1:3 loabout 3:1.

The controlled release properties of the:controlled release
embudiment ol the present invention may be optimized when
the ratio of heteropolysaccharide gum to homopolysaccha-
ride material is about 1:1, although heteropolysaccharide
gum in an amount of from about-20 to about 80% or more by
weight of the heterodisperse polysaccharidé imaterial -pro-
vides an acceptable slow reléase product. The combination of
any homopolysaccharide gums known te produce a:synergis<
tic effect when exposed to aqueous selutians may be-used in
accordance with the present invention. It is also possible that
the type ol synergisny which s presemt with regard w the gum
combination of the presént ‘invention could also eccur
between two homogensous or two heteropolysaccharides.
Other acceptable gelling agents which may be used in the
present invention include those getling agents well-known in
the art, Examples include-vegetable gums such as alginates,
carrageenan, pectin, guar gum, xanthan -gui, modified
starch, hydroxypropylmethylcellulose, methylcellulose; and
other cellulosic materiats such as sodium carboxymethylcel-
lulose and hydroxypropyl ccliulose. This list is not meant to
be exclusive.

The combination of xanthan gum with locust bean gum.
with or without the other homopolysaccharide gums is an
especiallypreferred gellmg agent, The chemxstry of certain of
the ingredients comprising the excipients -of the present
invention such as xanthan gum is such that the excipients are
considered to be self-buffering agents whichare substantially
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insensitive io the selubility of the medicament and likewise
insensitive to the pH changes. along the length of the gas-
frointestinal tract.

The inert filler of the sustained release excipient preferably
comprises a pharmaceutically aceeptable saccharide, includ- -
ing a monasaccharide, a-disaccharide, or a polyhydric alco-
hol, and/or mixtures of any of the foregoing. Examples of
stitable. inert pharmacentical fillers include sucrose, dex-
trose, lactose, microcrystalline cellulose, fructose; xyhto]
sorbitol, mixtures thereof and the like. [lowever, it is pre-
ferred that & soluble pharmaceutical filler such as lactose,
dextrose, sucrose, or mixtures thereof be uged.

Thii: catiotiv cross-linking agenl which is optionally used
in cenjunction with the controlied release embadiment of the
present invention may be monovalent or multivalent metal
cations. The preferred salts are the inorganic salts, including
variousalkali metal andfor alkaline carth metal sulfates, chlo-
fides, horates, bramides, citrates, acetates, lactates, ete. Spe-
cific examples of suitdble cationic cross-linking agents
include calcium sulfate, sodium chloride, potassium sulfate,
sodinm carbonate, lithium chleride, tripotassium phosphate,
sodivin borate, potassium bromide, potassium fluoride,
sadium bicarhonate, caleium chioride, magnesium chloride,
sodium citrate, sodiim acetate, calcium lactate, magnesium
sulfate and sodium flueride. Multivatent metal cations may
also bentilized. However, the preferred cationic cross-linking
agents are bivalent, Particularly preferred salts are calcium
sulfite atid sodium chlotide. The cationic cross-linking
agents of the present invention are added in an amoun: effec-
tive to-obtain a desirable increased gel strerigth due to the
oross-linking of the-gelling agent (e.g., the heteropolysaccha-
ride and homopolysaccharide gums). In prefexred embodi-
ments, the cationic cross-linking agent is included in the
sustained release excipient of thie present invention in an
amount from, about 1 to abotit 20% by weight of the sustained
releasc cxcipient, and in an-amount about (.5% to about-16%
by weight of the final dosage form.

Inthecontrolled release embodiments of the present inven-

tion, the sustained release extipient comprises from abont 10

to about 99% by weight of a gelling agent comprising a
heteropolysaccharide gnm and a homopolysaccharide gum,
from about 1 to about 20% by weight of a-cationic crosslink-
ing agent, and from sbout 0 to about 89% by weight ofan inert
pharmaceutical diluent. In other emibodiments; the sustained
release excipient comprises from about 16 to. about 75%
gel]mg agent, from about 2 to about 15% cationic crosslink-
ing agent, and from about 30 to about 75% inert diluent, Inyet
other cmbodiments, the sustained rclease cxcipient com-
prises from about 30 10 about 75% gelling agent, from about
5 to about 10% cationic cross-linking agent, and from about
15 1o ubowt 65% inert.diluent. :
Thesustained release excipient nsed in this embodiment of
the present invention (with or without the optional cationic
cross-linking agent) may be further modified by incorpora-
tion of a hydrophobic material which slows the hydretion of
the gums without disrupting the hydrophilic mateix, This is
accomplished in preferred embediments of the present iiiven-
tion by granulating the sustained rélease excipient with the
solutian or dispersion of a hydrophobic matetial prior to the
incorporation of the medicament. The hydrophobic polymer
may heselected froman alkyleellulose such as ethylcellulose,
other hydrophobic cellulosic materials, polymers or copoly- .
mers derived from acrylic or methacrylic acid estets, copoly-
mers of acrylic and methacrylic acid esters, zein, Wwaxes,
shellac, hydrogenated vegetable oils, and:any other pharma-
ceutically accepiable hydrophobic materidl known to those
skilled in the art. The amount of hydrophobic material incor-



Case 1:13-cv-03288-UA Document 1  Filed 05/15/13 Page 80 of 92

US 8,329,216 B2

9

porated into the sustained release excipient-is that which is
effective to slow the hydration of the gums without disrupting
the hydrephilie miatix formed upen exposure to-an efiviron-
mental fhiid. In certain preferred embodiments.of the present
invention, the hydrophohic materiai is included in the sus-
taincd relcase cxcipient in an arount fiom about 1 o abouf
20% by weight. The solvent for the hydrophobic materialmay
be an aqueons or organic solvent, or mixtures thereof.

Fxartiples of cominetcidlly availatile alkylcellnloses are
Aquaceat coating. (aqueous digpersion of ethylcellulese
available from FMC of Philadelphia, Pa.) and Surelease coat-
ing (aqueous dispersion of ethylcellulose available from Col-
orcon of West Poinf, Pa.). Examples of commercially avail-

able acrylic polymers suitable for use as the hydrophohic

matetial include Budragit RS and RL polymers {copolymers
of acrylic and methaciylic 4¢id estérs' having a low cortent
{e.g., 1:20 or 1:40) of quaternary ammonium compounds
available from Robin America of Piscataway, N.J.).

The coxtrolled release nrteix useful in the present itven-
tion may- also contain a cafionic cress-liniking agent such as:
calcium sulfate in an amount sufficient 1o erogs-link the gel-
ling agent and increase the gel strength, and an itert hydro-
phobic material suchias ethyl celluloseinan amount sufficient
to slow the hydration of the hydrophilic material without
disrupting it, Preferably; the controlled release delivery sys-
tém is prepared as a pre-manufactured granulation.

BXAMPIES

Exainple 1

Two controlled release defivery systems are prepared by
dry blending xanthian yom, locust bean gum, caleium sulfile
dehydrate, and dextrose in a high speed mixed/granulator for
3 minutes. Aslurry isprepared hy mixing ethy] cellulosewith
glcohol. While running choppersfimpellers, the slury is
added to the dry blended mixture, and granulated for another
3 minutes. The granvlation is then dricd to a LOD (loss en
drying) of less thanabout 10% by weight. The granulation is
theni milled using 20 mesh screen. The relative quantities of

the ingredients are listed in the table below.
TABLE1
Controlled Reledse Delivery System
Fommulation 1 Formulation 2

Excipient (%) (%)
Lotust Bean Gumn, FCC 250 30.0
Xanthan Gum, NF paki] 30.0
Dertrose, USP 350 0.0
Calcium Sutfate Dibydeate, NF 100 0.0
Ethyloellulose, WF 50 0.0
Alcohdl, SD3A (Anhydrons) foy' £20.0)"
Total 100.¢ 1000

A series of tablets containing different amounts of oxymor-
phone hydrochloride were prepared using the confrolled
release delivery Formulation 1 shown in Table 1, The quan-
tities of ingredients per tablet are as listed in the following
table.
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TABLE 2
Sample Tablets of Differing Strénpths .

Cémponent

Amounts-in "Lsblet (mgy

Oxymorphone HCI, 5 10 20 40 80

USP (ing)

Conttrolled refease 160 160 160 160 160

dolivery system

Silivified 20 20 20 20 20

microcrystalline

cellulose, N'F.

Sodium stearyl 2 2 2 2 2

fumasate, NF

‘lotal weight 187 192 202 222 262

Opadry (colored) 743 7.68 8.08 8.88 10.48

Opadry {clear) 0.94 096 1.04 L1 131
Bxamples 2 and 3

Two batches of 20 mg tablets were prepared as described
above, using the controlled release delivery system of Tor-
mulation 1. One Batch Was formulated to provide relatively
fast controlled release, the other batch was formulated fo
provide relatively slow controlled release. Compositions of
the tablets are shown in the:following table.

TABIE 3

Slow and Fast Rilease Col it

Exmnple 2 Exemple 3 Example 4

Ingredients Slow(mg) Fastfmg) Fast img)
Oxymorphone HCI, USP 20 20 20
Controlled Release Delivery System 360 160 166
Silicified Microcrystalline Cellulose, 20 2 20
NE

Sodium stearyl fumarate, NF 4 2. 2
Totgl weight 404 202 202
Costing (ealor or clear) 12 12 g

The tablets of Examples 2,3, and 4 were tested for in vitro
release rate according to. USP Procedure Drug, Release 1.5,
Pat. No. 23. Release rate is a critical variable in attempting {o

control the blood plasma levels of oxymorphone and 8-hy-
droxyoxymorphone. in a patient. Results are shown in the.
following Table 4.
TABLE ¢
Relezss Rates of Slow and Fust Relesse Tihlets
Examplé 2 Example 3 Example 4
Timethr)  ¢Slow Release) (Fast Kelease) (Fast Release)
0.5 188 213 201
1 27.8 323 L7
2 40.5 47.4 469
3 50.2 5835 579
4 58.1 469 563
5 64.7 73,35 740
6 70.2 78.6 21
B 79.0 86.0 9.0
10 85.3 90.6 95.8.
12 89.8 934 973
Clinical Shudics
Three clinical studies were conducted to assess-the bio-

availability (rate and extent of absorption) of oxymorphone.
Study 1 addressed the relative rates of abisorption of con-



Case 1:13-cv-03288-UA Document 1  Filed 05/15/13 Page 81 of 92

US 8,329,216 B2

11

trolled release (CR) oxymorphone tablets (df Exdtples 2 and
3) and oral oxymorphone selution in fasted patients, Study 2
addressed the rélativerates of absorptionof CR-oxymorphone
tablets {of Examples 2.and 3) and oral oxymorphone solution.
infed patients. Study 3 addressed theelative rates of absorp-
tion of CR oxyinoiphone tablets {6f Example 4) and oral
oxymorphone solution in fed and fasted patients.

The blood plasma levels set foith hersin as.appropriate to.
achisve the objects of the present invention are mean blood
plasma levels. As an sxample, if the blood plasma level of
oxymorphone in a patient 12 hours after administration of a
tablet is said to'be at Jeast 0:5 ng/ml, any particular individual
may have lower blood plasma levels after 12 hours. However,
the mean minintum concentration should meet the limitation
set forth, To determine mean:parameters, a study should be
performed with a minimum of 8 adult subjects, in a manner
scceptable for filing an applieation for drug approval with the
US FPood and Drug Administration. In cases where large
fluctuations are found among patienits, further testing may be
necessary 1o accyrately determine mean values.

Tor all studies, the following procedures were followed,
unless-otherwise specified for a particular study.

The subjects were not to consuine any alcohol-, caffeite-,
or xanthine-containing foods or beverages for 24 hours prior
1o receiving:study medication foreach study period. Subjects.
were to be nicotiie and tobaceo free forat least 6 months prior
to enpolling in the study. In addition, over-the-counter medi-
«cations wens prohibited 7 days prior to dosing and during the

study. Prescription medications. wete not allowed 14 days :

prior to-dosing and during the study..

Pharmacokinetic and Siatistical Methods

The following pharmacokinetic parameters were com-
puted. from the pldsma oxymorphoné concentration-time
data:

AUC,., Arca under the drug concentration-time: curve
from time zero to the time.of the last quantifiakile concentra-
tien (Ct), calculated using linear trapezoidal summation.

AUCq 1y Area under the drug concentration-time curve
Trom timezero toinfinity. AUC,.,,,=AUC,, +CVK, ,, where
K,;is the terminal éliminatiori rate constant.

AUC . .4 Partial arca under the dmg concentration-time
curve from-time zero to 24 hours,

C e Maximum observed drug concentration,

T, Time of the observed maximum drug concentration,

K., Elimination rate constant based ot the lincar regression
of the terminal linear portion of the LN (concentration) time
curve.

Terminal elimination rate constants for use in the ahove
calculations were in turn computed using linear regression of
& minimum 6 three [imé points, al léast two of which were
consecutive. K,; values for which correlation coefficients
were less than or equal to 0.8 were not reported in the phar.
macokinetic parameter tables -or included in the stafistical
analysis. Thus AUC(p,,,,j, was also not repotted in these cases.

A parametric (normal-theory) general linear. model was
applied to each of theabove parameters (excluding T, ), and
the LN-transformed parameters C,, .0 AUCc 245, AUC(q.
and AUC ;5. Initially, the analysis of variance (ANOVA)
model included the following factors; treatment, sequence,
subject within sequence; period, and carryqver effect. If car-
ryover effect was not significant, it was dropped from the
model. The sequence effect was tested. vsing the: subject
within sequence-mean square, and a1 6ther main effects were
tested using the residual error (error mean square).

Plasma oxymorphone:concentrations were listed by sub-
jectat each collection time and summarized using descriptive
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statisties. Pharmacokinetic: parameters ‘were alse listed by
subject and summarized using déscriptive statistios,

Study 1-Two Controlled Release Formulations; Fasted
Patients

Healthy volunteers received a single-oral dose of 20 mg CR
oxymorphone taken with 240 ml water after a 10-hour fast.
Subjects received the tablets of Exdmple 2 (lreatment 1A} or
Example 3 (Treatment 1B). Further subjects were given a
single oral dose of 10rmyg/10 ml oxymorphone solution in 180
mlapple juice followed with 60 mlwater (Treatment 1C). The
orally dosed solution was used to simulate an immediate
reloase (TR) dase.

This study had a singlé-cenler, open-label, randomized,
three-way crossover design using fifteen subjects. Subjects
were in a fasted state following a 10-hour avernight fast.
There was a 14-day washout interval between the three dose
administrations. The subjects were confined 1o the clinic dur-
ing each study perind. Suhjects receiving Treatment 1C were
corifined for 18 hours and subjects receiving Freatments 1A
or 1B were confined for 48 hours afier dosing. Ten-mulliliter
blood samples were-collected during each study period at the
0 hour {predose), and at 0.5, 1,1.5, 2,3, 4, 5,6,7, 8, 10, 12,
14, 16, 18, 20, 24, 28, 32, 36 and 48 hours postdose for
sul:q_ects recelving Treutment lA or 1B and 0, 0.25,.0.5,0.75,
1,1.25,1.5,1.75,2,2.5.3,4,5, 6,7,8,10,12, 14,16, and 18

“hours post-dose. The mean plasma concentration of oxymor-

phone versus time for each treatment across all subjects is
shown in table 5.

TABLE 5
Mean Plasms Concentration vs. Time {ng/mi}

‘Lime {ar} ‘Lreatment 1A 1B ‘Ireatment 1C
[} 0.000 0.000 0.0000
0.25 0.9489
0.5 0.2541 0.4104 1.3016
075 1.3264
1 0.5016 07334 13046
125 1.2041
1.5 05951 0.8192 1.0813
175 0.0502
2 0.6328 0.7689 0.9055
25 n7161
i 0.5743 0.7341 0.6689.
4 0.5709. 0.6647 0.4879
5 0.7656. 0.9089 04184
6 0.7149 0.7782 0.36358
7 0.6334 0.6748 0.3464
8 0.5716 0.5890 0.2610

10 0.4834 0.5144 0.2028
12 0.7333 0.6801 02936
14 0.6271 0.6089 0.2083
16 0.4986 0.4567 0.1661
18 0.4008 0.3674 0.1368
20 0.3405 6.2970
24 0.2736 0.2270
28 0.3209 0.2805
32 0.2846 0.2272
16 0.25%3 0.1903
48 0.0975 0.0792

"The results are shevwmn graphically it FIG. 5. In both Table
5 and FIG. 5, the resuits are normalized to a 20 mg dosage.
The immediate rcleasc Hquid of Treatment 1C shows a clas-
sical curve, with a high and relatively narrow peak, followed
byan exponential drop in plasma concentration. However, the
controlled release oxymorphone tablets exhibit triple peaks in
blood plasma coricéntration. The first pedk oceurs {on aver-
age) at around 3 hours. The second peak of the mean blood
plasma concentration is higher than the first, occurring
around 6-7 hours, on average).
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Qccasionally, o an individual, the first peak is higher than
thesecond, althongh generally this is not the case. 'L his makes
it difficult to deterniine the- time to maximum blood plasma
concentration (T,,,,) because if the first peak is higherthan
the second, maximum hlood plasma concentration (C,,.,,)
océurs muchi.carlicr (at aroind 3 hours) than fi the usval case
where the second pealcis highest. Therefore, when we refer to
the time to. peak plasma concenfration (T, ..) urless other-
wise specified, we refer to the time to the second peak, Fur-
ther, when refecence is made to the second peak, we refer to
thetime or blood plasma concentration at the point where the
blood plasma concentration begins to drop the. second time.
Generally, where the first peak is higher than the second, the
difference in the maximum blood plasing concentration at the
two peaks is small. Therefore, this dilference (if any) was
ignored and the reported C . was the trie maximum blood
plasma concentration and not the concentration at the second
peak.

10
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This study had a single-center, open-label, randomized,
three-way crossover design using fifteen subjects. The sub-
Jjects were in a fed state, after a 10-hour overnight fast fol-
lowed by a standardized FDA high-fat breakfast. There was a
14-day washout interval between the three dose administra-
tions. The sulijects wete confined to the clinic during each
study perivd. Subjects veceiving 'L reatment:2C were confined
for 18 hours and subjects receiving Treatments 2A or 2B were
confined for 48 hours after dosing. Ten-milliliter blood
samples were.collected during each study period at the 0 hour
(predose), and at 0.5, 1,15,2,3,4, 5, 6,7, 8, 10, 12, 14, 16,
18, 20, 24, 28, 32, 36, and 48 liours postdose for -subjects
receiving Trediment 24 or 2B -and 0, 0.25, 0.5, 0.75, 1, 1.25,
1.5,1.75,2,2.5,3,4,5,6,7,8, 10,12, 14, 16, and 18 hours
posidose. The mean plasma concentration of oxymorphone
versiis tie for each treatment sicross atl subjects is shownin
tablc 9.

TABLE ¢

20
TABLE 6 Mean Plasma Concenttation vs. Time (zg/ml)
Pharmacekinetic. Parameters of Plasma Oxymorphone for Study 1 Time (i) Treatment 24 Trestment 2B Treatment 2C
) 0 0.000 0.000 00000
Treatment: 1A Treatment 1B Tredtment 1T 025 1263
_ T s 0.396 0553 1556
Mean 5D Méan 8D Mean 8D 0715 1.972.
. 1 0.800 1063 1:796
Conae 0.R056 0.2083 10362 03080 29622 10899 125 1795
Tynas 703 41 480 344 0,928 0,308 15 1.038 1.319 1.637
AU, 17.87 6140 1706 63905 1424 £.003 1.75 1467
AUCq.p 1987 6382 1896 6908 1699 ‘$830 2 1.269. 1414 1454
Tz 10.9 268 114 288 6.96 4.6] 23 1331
3 1328 t.540 1320
Uni: s 1291 L5 o7l
g"*"' g, ¢ 1.033 1242 0518
i bours, s 7 D.941 0955 0,442
AUC inng * britnl, 8 0.436 0.817 0372
Tijpei i botss. iti] 0.669 9.555 0.323
12 0.766 0.592- 0.398
Relative bioavailability determinations are set. forth in 12 g-?ﬁ g-i;?l g-ig‘;
Tables 7 and 8. Por these calculations, AUC was normalized o 8 0.453 0,320 0173
for all treatments to 4 20 mg dose; 0 0.382 0.280.
‘ 24 0.315 0.254.
28 0,352 0.319
TABLE 7 2 0.304 0237
Relative Bioavailabili i) Determination Dased on AUC, ., ig gfst)i ggg;
o 19, , 0
F,. (LAvs. 1C) F {1Bvs. IC) F, {lAvs LB}
1.193 £ DA 1420 2 0211 1108 .z 0152 The results are shown graphically in FIG. 6. Again, the
results have been nermalized to a 20 mg dosage, As with
Study 1, the immadiate release liquid of Treatment 2C shows
] 50 a classical curve, with a high and refatively narrow peak,
TABLE 8 followed by un exponential drop in plasma concenlralion,
Relative Bioavailability Determination Based on ALIC w.l1l1]e the clontr_olled“ release oxymer?hone tablets_exhxbit
—Relstive Broovalleility Determinafion Bosed ot ACusy triple peaks in bleod plasma conceniration. Thus, again when
F,. (1A ve. IC} F (1B 1C) F (LAY IB) we refer to the time 1o peak plasma concentration (T,,,.)
y — vy - — 55 unless otherwise specified, we refer to the time to the sccend
0,733 £, 0.098 0,783+, 0417 0,944 £,0.110 : P d; we ce

Study 2-Twe.CR Formulations; Fed Patients

Tealthy volunteers received a single oral dose 0f 20 mg CR
oxymorphone taken with 240 m] waiter i a fed state. Subjects
regeived the tablets of Example 2 (Treatrment 2A) or Example
3 (Treatment 2B). Further subjects were giver a singls oral
dose ol 10 mg/10-ml.oxymerphone solylion in 180 ml apple
Juice followed with 60 ml water {Treatment 2C). The- orally
dosed solution was used 1o simulate an immedizte release
(IR) dose.

65 T

‘peak.

TABLE l&
Pharm; inetic Py of Plasma hone for Study 2
— Treatment2A  __ Trestment 3B __ Treaiment2C
Mean 5D Mean 5D Méan SD
Coneee 1644 0365 1944 0465 4.134  0.897
et 3.07 1.58 293 1.64 0.947 0313
.AIJE(M) 289 5486 21.34 5528 21493 5044



Case 1:13-cv-03288-UA Document 1  Filed 05/15/13 Page 83 of 92

US. 8,329,216 B2

15
TABLE 10-¢confinued

8N £13]

Mean

Mean 8D

AUC guarp
T 240

2528
128

5736
387

23.62
11.0

5.202
351

24,73
501

6.516
2.02

Units:

C, oy i wgfinl,
Ty i horars,
AUC inng * h/ml,
‘I pain hours.

In Table 10, the T, . hasa large standard deviation due to
the two comparable peaks in blood plasma. concentration.
Relative bioavailability detorminations arc sct forth in Tables
11and 12,

TABLE 11
Relative Bioavaitability Determination Hased op AUC o "
B (2AV5.2C) F,.;{(2Bve.2C) F,. (A vs.:28)
1082 £ 0,187 0949 .+, 0,154 1.148..£,0,250
TABLE 12
Fou (ZAv8, 2C) F,{2Bws. 2C] F, (2A s 2B)
0.690 . 0,105 0.694 ., 0.124 1012 £ 0.175

Asmay beseen from tables 5'and 10 and FIGS. 1 and 2, the
Conar Tor the CR tablets (trcatments 1A, 1B, 2A and 2B) is
considergbly lower, and the T, ... much higher than for the
immediate release oxymorphone. The blood plasma level of
oxymorphone remains high well past the 8 (or even the 12}
hour dosing interval desired for an effective controlled release
tablet.

Study 3-One Controlled Release Formulatien; Fed and
Fasted Patients

This study had a single-center, open-label, analytically
blinded, randomized, four-way crossover design. Subjects
randomized to'Tréatinent 3A and Treatment 3C, as described
below, were in a fasted state following a 10-hour overnight
fast, Subjocts randomized 1o Treatment 3B and Treatment 3D,
as described below, were in the fed state; havinghad a high fat
mesal, completed ten mimites prior to dosing, There was a
14-day washoul interval between (he Tour dose alministra-
tions. The subjects were confined ta the clinic: during each
study period. Subjects assigned to.recerve Treatment 3A and
Treatment 3B were discharged from the clinic on Day 3
following the 48-hour procedures, and subjeets -assigned to
receive Treatment 3C and Treatment 3D were discharged
from the clinic on Day 2 following the 36-hour procedures.
On Pay 1 of each study period the subjects received oné of
four treatments:

Treatments 3A and 3B: Oxymorphone controlled relcase
20:mg tablets from Bxample 3. Subjects randomized to Treat-
ment 3A received a single oral dose of one 20 mg oxymor-
phone controlled release 1ablet taken with 240 ml of water
after a 10-hour fasting period. Subjects randomized to Treat-
ment 3B received a single oral dose of one 20 mg oxymor-
phene controlled release tablet taken with 240 ml of water 10
minutes after a standardized high fat meal.

10

13

25
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35

15

50
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Treatments 3C and 3D: oxymorphone HCI solution, USE,
1.5 mg/m] 10 ml vials. Subjects randomized to Treatment 3C
received @ single oral dose of 10 mg (6.7 nil) oxymorphone
sohution taken with 240 ml of water after 8 10-hour fasting
period. Subjects randomized to Treatment 3D received a
single oral dosé 6f 10 mg (6.7 ml) oxyinorphone solution
taken ‘with 240 m! of water 10 minutes after a standardized
high-fat meal.

A total of 28 male subjects were enrolled iri the study, and
24 subjects completed the study. The mean age of the subjects
was 27 years (range 0f 19 through 38 years), the mean height
of the subjects was 9.6 inches (range of 64.0 through 75.0
inches), and the mean weight of the subjects was 169.0
pounds (range 117.0 through 202.0 pounds).

Atotal of 28 subjects received al least one trestment. Only
subjects who completed all 4 reatments were included in the
sumimary statistcs:atid skitistical analysis.

Blood samiples (7 ml) were collected during each study
period at the 0 hour {predose), and at 0.5, 1, 1.5, 2,3, 4, 5, 6,
8,10, 12, 14, 16, 20, 24, 30, 36, and 48 hours post-dose (19
samples) for subjects randomized o Treatment 3A and Treat-
ment 3B, Blood samplés (7 mly were collected during each
study period at the 0 hour (predose), and at 0.25, 0.5, 0.75, 1,
1.25,15,1.75,2, 3,4, 5,6, 8,10, 12, 14, 16, 20, and 36 hours
post-dose (21 samples) for subjects randomized te Treatment
3C and Treatment 3D.

The mean cxymorphene plasma concentration versns time
curves for Treatments 34, 3B, 3C, and 3D are’presented in
FIG. 7. The results have been normalized to a 20 my dosage.
The data is eontained in Table 13, Thearithmetic means.oftha
plasma oxymorphone pharmacokinetic parameters and the
statistics for all Treatments arc summarized in Table 14,

TABLE 13
Mean Plasima Concentration vs: Tire (ng/ml)
Treatment  Treatmem Treatment  Tiesthent
Time (hr) A 3B 3 30
0 0.0084 Q.0309 Q.0558 0.0000
025 0.5074 09905
05 0.3853 03380 G9634 10392
0.75 89753 13089
1 0.7710 G.7428 68777 1.3150
125 08171 1.2274
1.5 0.7931 1.0558 0.7108 1.1638
1.75 0.6357 1.0428
2 0.7370 1.0591 0.5851 0.9424
3 0.687% 09858 0.4991 0.7924
4 0.6491 09171 06,3830 07277
5 0.9312 1.4633 03111 0.6512
£ . 0613 10441 0.2650 N.4625
1 0.525% 0.7228 0.2038 02893
10 0.4161 05934 01768 0.2470
12 0.5212 0.5320 0.2275 0.2660
14 0.4527 04562 0.2081 02003
16 0.3924 0.3712 01747 0.1623
20 0.2736 0.3021. 0.1246 01144
2 0.2066 0.2636 0.1022 0.1065
30 0.3460 0.3231
36 0.2728 0.2456 0.0841 00743
48 0.1263 0,1241:
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TABLE 14

18

Pharmacokinetic Parameters 6?lena0:mammd for Stidy 3

‘Lreatment 33 “I'reatment 3A Trentment 3¢ Lreamment 31

Mean Lip] Mean L1 Mesn sn Mean 5D
C e 17895 0.6531 11410 04537  2.2635 10008 32733 1369
Tomax 5.65 9.39 557 14 0.978 114 111 0.768
AlUCpayy M27 4976 1164  3.869 1239 4,116 1730 5.25¢
ACp,y 1989 6.408 1171 8471 1453 4009 1930 6.030
AUCq . 2129 6.558 1920 5028 1870 6.618 25%6 10.03
Tyza 12.0 364 123 390 162 114 206 19.3

The relative bicavailability calculations are'snmmarized in
tables 15:and 16.

TABLE 15

15

Fra(3AvE30) F,(Bvs D) F,(3Dvs 3€) F.y(3A¥s.38)

1040 K 0.8863 .£. 02560 1.368.+. 04328 1.169 .+.0.2041
0.1874
 TABLEIS
Relstive hivavailability Determination Based o AT, o0
F o (3Ave.2C) F,, (3Bvs.3D) F,;(3Dv.3C) Fr(3Ave.3B)
09598 .2, 08344 .+ 0100 1.470 .+ 03922  1.299.+ 04638

0.2151

‘the objectives of this study were to assess the relative
bivaviilability of exymorphone from oxymorphiohe con-
trolled release (20 my) compared (o oxymorphone oral solu-
tion (10 mg) under hoth fasted and fed conditions, and to
determine the effect of fond on the hioavailahility ofoxymor-
phone from the controlled release formulation, oxymorphorie
CR, and from the oral solution.

The presenie of a high fat meal had a substantial effect on
the oxymorphene C,, ., but less of an effect on oxymorphone
AUC from oxymorphione controlled release tablets. Least
Squares (LS) mean Ciiax Was 58% higher and LS mean
ATIC oy and AUC, ;. Were 18% higher for the fed condition
(Treatment B) compured (0 the fasied condition (Treatment
A) based on LN-transformed datz. This was consistent with
the relative bioavailability determination from AUCq ..,
since mean F,;, was 1.17. Mean T,,;; values were similar
(approximately 5.6 hours), and no significant difference in
120 Was shown nsing nonparamefric analysis. Half value
dutations were sigrificantly different between the two ireat-
ments.

The effect of food on oxymorphone Bioavailability from
the oral solution was more pronounced, particularly in terms
ol AUC. LS mean C,,. was 50% higher and 1.8 mean
AUCq and AUC,, ., were 32-34% highier forthé fed con-
dition (Treatment [)) compared to the fasted condition (Treat-
ment C) based on LN-transformed data. This was consistent
with the relative biocavailability determination from

25

AUC iy, 5ince mean F, was 137, Mean T, (approxi-
mately 1 hourj was similar for the two freatments and no
significant difference was shown.

Under fasted conditions, oxymorphone controlled release
20 mg tablets exhibited similar extent of oxymorphone avail-
ability compared to 14 mg oxymorphone ofdl solution nor-
malized to a 20 mg dose.('reatment A versus Treatment C).
From LN-trapsformed data, LS mean AUC(D'_t) was 17%
higher for oxymorphone CR, whereas LS. mean AUC, .4
values were nearly equal (mean ratio=09%). Mean F,,, values
caloulated from AUC,, 5 and AUC ,,, (1.0'and 0.96,
respectively) also showed similar extent of oxymorphone

3p availability between the two treatments,

35

40

45

50

63

As cxpeceted, there were differences in parameters reflect-
ing rate of absorption. LS mean C,,,, was 4% lower for
oxymorphone controlled release tablets compared to the
dose-ncrmalized oral solution, based on LMN-transforrmed
data. Ilalf-value duration was. significantly longer for the
controlled release formulation (means, 12 hours veisus. 2.5
hours).

Under fed conditions, oxymiarphone availability from oxy-
morphone controlled release 20 mg was similar compared to
10mg oxymorphone oral solution normalized toa 20 mg dose
(Treatment B versus Treatment D). From LN-transformed
data, LS mean AUC, .5, was 12% lower for oxymorphone
CR. Mem F,,; values culenlated from AUCg,,, and
AUC 24, (0.89 and 0.83 respectively) also showed similar
exlenl of oxymorphone avilabilily from the tablel. As
expected, there were differences in parameters reflecting rate
of absorption. L8 meati C,,,, was 46% lower for oxymer-

‘phone controlled release tablets compared to the dose-nor-

malized orai sdlution, based on T.N-transformed data, Mean
T oz WS 5.7 hours for the tables cormpared to 1.1 hours for the
oral solotion. Half-value doration was significantly longer for
the controlled release formulation (means, 7.8 hours versus
3.1 hours).

The presence.ofa high fat meal did net appear to substan-
tially affect the availzhility of 6-hydroxymarphone following
administration ol oxymorphone conirolled release tablets. LS
mean ratios were 97% for AUC,, , and 91% for C,,,, (Freat-
ment B versus A), based on LN-transformed data. This was
consistent with the relative bioavailability determination
fromt AUC; 4y, since rpean F,,, was 0.97. Mean T,,,,,., was
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later for the fed treatment.compared to the fasted treatrent
(5.2 and 3.6 hours, respectively), and difference was signifi-
Ganl, ‘

Under fasted conditions, oxymorphone controlled release
20'mg tablets exhibited similaravailability of 6-hydroxymor-
phone compared to 10 mg oxymorphone oral solution nor-
malized to a 20 mg dose (Treatment:A versus Treatment.C).
Erom EN-transformed.data,: LS mean ratiofor AUC;., was
104.5%. Mean F,,; (0.83) calevlaied from AUC, .4 also
showed similar extent of oxymorphene availability hetween
the two (reatrients. Mean T, was 3.6 hours for (he Gblet
compared to 0.88 for the oral selution. Half-value: duration
was significantly longer for the controlled release formula-
tion (means, 11 hours versus 2.2 hours).

Under fed conditions, availability of §-liydroxymorphone
from oxymorphone controlled release 20 mg was similar
compared to 10 mg oxymorphone oral solution normalized to
a 20 mg dose (Treatment B versus Treatment D). From LN
transformed data, LS mean AUCy, , was 14% higher for
oxymorphone CR. Mean F,, (0.87) calculated from
AlICq 54y also indicated similar extent of availability
between the treatments. Mean T,,,. was 5.2 hours for the
tablet compared to.1.3 hour for the oral solution. Half~value
duration was sigrificantly longer forthe controlled release
formulation {mieans, 14 hours versus 3.9 hiours).

The -extent of oxymorphene ava-ilabi_]ity from, oxymor-
phione controlled release 20 mg tablets was similar under fed
and fasted conditions since there was less than a 20% differ-
ence in LS mean AUC,,, and AUC,, .o values for each
treatiieht, based on LN-transformed datd. T, was unaf-
fected by food; however, LS mean G, __ was increased 58% in
the presence of ‘the high fat meal. Both rate and exteat of
oxymerphone absorption fiom the oxymorphone oral solu-

25

0

tion were affected by food since LS mean C,,,. and AUC 40

valucs were. increased approximately 50 and 309, respec-
tively. T,, . wasunaffected by food. Under both fed and fasted
conditions, oxymorphone controlled release tablets exhibited
similar extent of oxymotphone availability comparedto bxy-

20

ment. T, . was later for the fed condition. The presence of
lod did not affect, the extent of availubilily from oxymor-

phoneoral solution sinee LS miean AUC values were kess tian

20% different. However, C,,. was decreased 35% in the

presence of food. T,,,, was tinaffected by food, Under both,

fed and. fasted conditinns, oxymoarphene controlted release

tablets exhibited similar extent. of ‘availability compared to

oxymorphone oral solution since there was less than a 20%
difference in LS mean AUC values. for each treatment.

The mean 6-OH-oxymorplione plasma concentration ver-
sus time curves for Treatments 3A, 3B, 3C, and 3D are pre-
sented in FIG. 8. The data is contained in Table 17.

TABLE 17

Mean Plasma Concentration vy, Time (ng/ml)
6-Hydroxyoxymorphene

Treatment Treament Treamment Treatment
Time () 3A 3B 3C D
0 0.0069 €.0125 0.0741 0.0000
0.25 0.7258 04918
05 0.5080 0.1879 1.2933 05972
0.75 13217 0.7817
1 1.0233 04830 L1072 0.8080
125 1.006%: 0.7266
1.5 1.1062 0.7456 0.3494 0.7001
L75 07511 0.6472
2 1.0351 0.7898 0.5554 0.575%
3 0.9143 07619 0.6196 05319
4 0.8522 0.7607 0.482% 05013
5 0.8848 0,8548 03875 044438
6 0.7101 0.7006 0.31:60 0:3451
8 0.3421 05681 0.2525 0.2616
10 04770 05262 0.2361 0.2600
12 0.4509 0.4454 0.2320 02431
14 0.4190 0.4399 02411, 02113
16 0.4321 0.4230 02385 0.2086
20 0.3956 0.4240 02234 .1984
24 0.4526 0.4482 0.2210 0.2135
30 0.4400 0.4708
36 0.3587 0.3697 0.1334 D162
43 0.3023 0.3279
TABLE 18

Pharmacokinefic Parameters of Plasma Oxymormphone for Smdy-3

Treatment 34 Treatment I8 Treatment 3C Tréatment 3D

Mean m Mean sy Mesan Si» Mesn 51
Coax 12687 05792 11,1559 04848 15139 0.7616 '_3.'9748 0.5160
Toax 3.61 T.17 5.20 9,52 0.680 0738 130 104
AUCy.,, 2247 1016 2201 1077 1052 4117 9550  4.281
AUCiy 3839 2302 4237 3157 2050 7988 2384 1137
Tyaer 9.1 ELEY 398 326 202 120 440 3500

morphone oral sofution since there was less than a 20% dif-
ference in LS mean AUC(0-1) and AUC{0-inf) values for each
treatmenl.

Bicavailability of 6-hydroxymorphone following oxymor-

60

Study 4-Controlled Release 20 mg, vé Immediate Release
10mg

A study was conducted w compare the bloavailability and
phamiacokinetics of controlled release and immediate

phone controlled release 20 mg tablets was also-similar under p release oxymorphone tablets under single-dose and multiple-

fed and fasted condifions since there was less than a 20%
differenge in LS mean C,, ,, and AUC values for each: treat-

dose (steady state) conditions. For the controlled release
study, healthy volunteers received a sitigle dose of a 20 mg
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coutrolled release oxymorphore table an the morning of Day
1. Beginning on the morning of Day 3, the volunteers were
administered a 20 mg controlled release oxymorphone tablet
every 12 hours through the moming dose of Day 9. For the
immediate release study, healthy volunteers received a single
10 mg dose of an immediate release oxymorphone tablét on
the morning of Day 1.On the morning of Day 3, additional 10
mg immediate release tablets were administered every six
howrs throvgh the first two doses on Day 9.

FICR. 9 shows the average plasma cancentrations of oxy-
morphone.and 6-hydroxyoskymorphone forall subjecis aftera
single dose ejther controlled release (CR) 20 mg-or immedi-
ate release (IR} 10:mg oxymorphone. The data:in the:figure
(es withi the other relative cxperimentsl deita herein} is nor-
malized to a 20 mg dose. Theimniediate relzage tiblet shows
aclassical curve, witha high, relatively nartow peak followsd
by an exponential drop in plasma concentmtion. The con-
trolled release oxymarphone tablets show a lower peak with
extended moderate levels of oxymorphone and §-hydroxy
oxymotphone. Table 19 shows the levels of oxymorphione

10

20

22

FIG. 10 sliows the average plasma concentrations of oxy-
morphone and 6-hydroxyoxymorphone for all subjectsin the
steady state test, Tordoses of controlled release 20 my iblets.
and immediale release 10 my tublets of oxymorphone. The
figure shows the plasma coneentrations after the final con-
trolled release tablet is given on Day 9, and the final imme-
diate release tablet is given 12 hours thereafter. The steady
state administration of the contralled release tablets clearly
shows a steady moderate level of oxymorphone ranging from:
just aver 1 ng/ml to almost 1.75 ng/mil over the course of a
twelvehour petiod, where the immediate release tablet shows
wide variations in bleod plasma concemration. Table 20
shows. the levels of oxyimorphone and 6-hydroxyoxymor-
phone. from FIC, 10 -in tabular form.

TABLE 20

of Mean Plasma Concenitration

Oxymotphone S-Hydroxyoxymorphone

. ; s Controlled  Immediate  Controlled  Immediate
and 6-hydroxy oxymorphone from FIG. 9-in tabular form, 25 Ratom Relose Belease Reloase
Day Hour 20mg 10mg 20 mg 10 mg
TABLE 19
4 0.00 110 075 0.89 0.72
Menn Plasmi Copeenttation (rig/ml) 5 6.00 112 0.84 115 0.38
] ) 30 6 0.00 120 0.92 115 0.87
o Oxymorphane _6-Hydrozvorymorphone 7 0.00 119 091 127 1.00
Cotolit Tnmotite Gl e & 000 MO0 1 om
Release Release: Relesse: Relessa ) - * *
Hour 2mg 10 mig 0mg mg 0.25 2.64 1.70
0.50 312 1.50 2.00
.00 0.00 0.0 0.00 0.00 35 1.00 247 170 1.68
0.25 0.22 L.08 014 0.73 1.50 2,05 1.63 1.55
0.50 0.59 1.69 045 1.22 2.00 178 1.64 1,30
1.g0. 0.7 L1 053 0.7 300 1.27 147 111
.50 0.84 0.91 0.53 0.57 200 0.08 L9 008
200 0.87 0.75 0.50 0.47 : - :
3.00 0.83 0.52 0.55 0.34 40 5.00 L.01 1.21 0.8
4,00 0.73 0.37 0.53 0.27 6.00 0.90 1.06 0.84
5.0 0.5 0.36 0.46 0.23 6.25 117 0.88
6.0 0.8k 0.2% D41 0.k 650 188 1.06
3,00 0.73 0.20 037 0.14 7,00 212 1.20
10.0: 0.60 019 0.35 0.15 7.50 224 1.15
120 0.67 0.25 0.32 0.13 45 8.00 132 2,01 0.97 1.03
16.0 0.39 0.16 0:29 0.13 0.00 152 050
240 0.23 0.07 0.29 0.13 ’ -
300 0.12 0:01 06.17 0.04 1.0 132 124 085 0.84
360 0.05 0.00 0.11 0.00 1m0 L1 .74
48.0 0.00 o0 06,07 0,01 120 118 0.95 078 670
TABLE 21
Mean Single-Nose Pharmacokinetic Results
Controlled Immediate
Reledse 20.mg Release 10 mp
G-OH- 6-OH-
oxymotphone oxymiorpholie oxymomphone oxymorphone
AUC,, 14,14 11.54 7.10 566
AUy s 15.33 16.40 7.73 245
Cpump/ml) 112 0.68 198 1.40
T pedhT) 5.00 2,00 0.50 .50
TY:{he) 9.25 26.09 10.29 29.48
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Parent 6-OH oxymorphone AUC, ,, values were: lower
than the parent compound after administration of either dos-
age form, but the AUC ..., values are slighitly higher due to
the longer half-life for the metabolite. This relationship was
similar for both the immediate-release (TR} and eontrolled
releasc (CR) dosage forms. As representod by the average
plasma concentration graph, the CR dosage form has a sig-
nificantly longer time to peak oxymbtphotie concentration
and a- Iower peak oxymorphotie: cencentration: The 6-OH
oxymorplione peak ovenered svoner than the parent peak
following the CR dosage form, and simultaneously with the
parent peak following the IR dosage form.

It is important to: note that while-the present invention is
described and exemplified using 20 mg tablets, the invention
may also be used with other strengths ¢f tablets.. In each
strength; it is impartant to note how a 20mg tahlet of thesame
comiposition {except for the chiinge it strénigth) would act.
The blood plasma levels and pain intensity information are
provided for 20 mg tablets, however the present invention is:
also intended to encompass 5 to 80 mg controlled release
tablets. For this reason, the blood plasma level of oxymor-
phone or 6-hydroxyoxymorphone in nandgrams per milliliter
of bloed, per mg oxymorphone (ng/mg-ml) administersd is
measured. Thus at 0.02 ng/mg-mi, a 5 mg tablet should pro-
duce aminimum blood plasma cencentration of 0.1 ng/ml. A
stronger tablet will produce a higher blood plasma: concen-
tration -of ‘active molecule, generally proporticriatly. Upon
administration ofa higher dose tablet, for examiple B0 mg, the

hlond plasma level of axymarphene.and 6-OF oxymaorphone

may more than quadruple compared to a 20 mg dose,
although conveniional treaunent of low bivavailability sub-
stances would lead away from this conclugion, If this is: the
«case, it may be because the body can only process alimited
amount oxymorphone: at ane time. Onice the bolns is pro-
cessed, the blood level of oxymorplione retuins te a prapor-
tional level.

It is the knowledge that controlled release oxymorphone
tablets dre possible to produce dnd effective to use, which is
most irportant, made possible withi the high bioavaildbility
of oxymorphone in acontrolled releasé tablet. This also holds
true for continnous perodic administration of controlled
release formulations. The intentofa controlled release opioid
formulation is the'long-term management of pain. Therefore,.
the performance of a composition when sdministered peri-
odically {onc to three times: per day) ever several days is
important. In such a regime, the patient reaches a “steady
statc” where continued administration will produce the same
results, when measured by duration of pain relief and blood
plasma levels of pharmaceutical. Such a test is referred to as
a “sleady state™ test and may require perindic adminisiration
over an extended time period ranging from several daysto a
week or more. Of course, since a patient reaches steady state
in such a test, continuing the test for a longer time petiod
should not affect the results. Further, when testing blood
plasma levels in:sueh a test; if the: time. period for testing
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exceeds the interval between doses, it is impertant the regs- -

men be stopped after the test is begun so that observations of
change in blood leve] and pain relief may be made without a
further dose affecting these paramcters.

Study 5-Controlled Release 40 mg vs Tmmediate Release
4.Times.10rmg under Fed and Fasting Conditions

The objectives of this study were to assess the relative
bioavailability of oxymorphone from oxymorphone con-
trolled release (40mg)compared fo oxymorphone immediate.
release (4.1imes. 10 mg) under both fasted and fed conditions,
and to determine theeffect of food on the bioavailability of
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oxymorphose from the controlled release formulation, oxy-
morphone CR, and from the immediate release formulation,
oxymorphone IR. ,

This study had a single-center, open-label, analytically
blinded, randomized, four-way crossover design. Subjects
randomized to Treatment 5A and Treatment 5C, as deseribed
below, were in a fasted state following a 10hour overnight
fast. Subjects randomized to Treatment 5B and Treatment 51,
asdescribed below; werein the fed state, having had a high fat
meal, completed ten minutes prior to dosing. There was a
14-clay washout inrerval between the four dose administra-
tiotis, The subjects. were confined to the clinic during each
slidy period. Sidbject assipgred (o feteive Treatment SA and
Treatment 5B. were discharged from the clinic on Day 3
following the 48-hour procedures, and, subjects assigned to
receive Treatment 5C and Treatment 5D ‘were discharged
from the clinic on Day 2 following the 36-hour procedures.
On Day 1 of each study period the subjects received one of
four treatments:

Treatments 5A and 5B: Oxymorphone controlled release
40 mg tablets from Table 2. Subjects randomized to Treat-
ment.5A received a single oral dose of one 40 mg oxymor-
phione cantrolled release tablet taken with 240 ml of water
aftera 10-hout fasting period. Subjects randomized to Treat-
ment.5B received a single aral dose of one 40 mg oxymor-
phone controlled release tablet taken with 240 ml of water 10

ninutes after a standardized high fat meal.

Treatments 5C and 5D: Immediate release tablet (IR)
4 times. 10 mg Oxymorphone. Siibjects randomized to Treat-
ment 5C received a single oral dose of 4.times.10 mg oxy-
morphene IR tablet taken with 240mt of water after a 10-hour
[asting period. Subjects rendomised o Treatment 5D.
received a single oral dose of 4.fimes, 10 mg oxymorphaone IR
tablet taken with 240 m] of water 10 miinutes aftera standard-
ized high-far meal.

A total of 28 malc subjects were earolled in the study, and
25 subjects completed the study. A total of 28 subjects
received at least one treatment. Only subjects who completed
all 4 weatrnents were included in the summary statistics and
statistical anslysis.

Blood saniples (7 ml) were collected during each study
petied at the 0 hovr (predose), and at 0.25,0.5,0.75, 1.0, 1.5,
2,3,4,5,6,8,10, 12, 24, 36, 48, 60, and 72 hours post-dose
(19 samples) for subjects randomized to all Treatments.

‘The'mean oxymorphone plasma concentration versus fime
is presented in'Table 22, The arithmeétic means of the plasma
oxymorphone pharmacokinetic parameters and the statistics.
for all Treatments are summarized in Table 23.

TABLE 22
‘Mean Plasina Concentration vs. Time {ng/mil)
Treatment Treatment Troatment Treatment
Time (hr) SA 5B 5C 5D
0. 0.00 0,00 Q.00 0.00
0.25 047 0:22 334 1.7
0.5¢ 168 0,97 7.28 6.5%
0.75 19 1.90 6.60 9.4%
I 2.09 2.61 6.03 9.51
L5 2.18 3,48 4,67 8.7¢
2 2.18 3.65 3.68 7.2%
3 200 2.86 234 4.93
4 178 245 165 311
s 1,86 237 148 2,19
5 1.67 2,02 1.28 L7
H 1.25 146 092 1.28
10 111 117 0,78 1.09
12 134 121 1.04 1.24
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TABLE. 22-continued

20
TABLE 26-cotitinuet

Mean Plasmg-Cornigentiation vi. Timio.

Ireatment  ‘lreatment  Lreatment

‘Lreatrent

Mean Plasrns Concentiation vs. Time (ng/inl)
6-Hydraxyoxymionghone

Tiené (hr) SA 5B 5 5N 3 Teatingit  Tredtmiant  Treafment  Trestment
- Time (hr) SA 5B 5C 10
24 0,55 047 040 0:44 -
36 021 0.20 0.16 018 48 0.18 020 020 0.19
48 0.06 Qo5 0.04 0.05 60 0.09 0,10 089 0.09
60 0.03 .01 001 0.01 T2 0.06 0.06 004 0.05
72 0.0 0.00 0.00 0.00 10
. TABLE 27
TABLE 23
- - Pharmacokinetic. Parameters of Plasma.
Pharmacokineric Parameters of Plasma Oxymorphone for Study 5 15 §-Hvdoxvoxymornshone for Study 5
Treatrnent Tredtment Treatinent ‘Treatmert Treatment Trestment Treatment Treatiment
5A 5B 3C 5D SA 5B 5C sD
Mean §I» Mean SD Mean 5D Mean sh Meanr SD Mear SD Mean 5D Memn 8D
LS 279 084 425 121 907 409 12.0% 542 2 Cren AR 0.6% 159 063 641 161 379 1.49
T e 226 252 196 106 069 N43 1.19 0.62 - 148 LI% 273 127 073 04v 1.1R 074
AUCe, 3570 10:58 3820 1L.04 3600 1252 5135 2020 AUCro, 2822 1GR1 2695 L1139 3375 1029 3263 1332
AUCio 5y 40,62 1138 4117 10_.46 39.04 1244 54.100 20.26 AUC 0 s 33,15 1135 3298 10.68 37.63 1701 3654 13.79
Tz 1217 7.57 1046 545 1165 618 9.58. 3.63 Ti2a 17.08 745 2192 841 1601 648 1621 T.42
25

The relative bicavailability calculations are-summarized in
Tables 24 and 25.

TABLE 24
30
Relative Bioavajlability Determination Based on AUC, .0
Ty 43D vs. 5C) Fut (5B vs. 5A)
13775 1.02200
m—— 35
TABLE 25
Relative bioavailubility Determination Based on AUC, 2.
. 40
F, . (5Drvs, 5C) F, 4 (5B-vi, 3A)
14681 1.098¢
The mean 6-OH oxymorphone plasina concentration ver- 45
sus tinie is presented in Table 26.
TABLE 26
Mean Plasma Concentration vs. Timne {ug/ml)
§-Hydwryoxyimorpheae 50
Treatmsnt  Tréatment  Trewtmient Treatment
Time (i) 54 5N sC D
4 0.00 Q.00 [VE] .00 .
035 n.27 0s 236 .50 55
0.30 1.32 031 535 1.98 '
0.75 137 0.59 4353 .97
1 144 0.82 3.81 .87
1.5 146 1.09 2'.93_ 258
2 146 1.28 237 2.29
3 1.9 114 1.69 1,72 &0
4 1.25 114 133 1,26
5 1.02 1,00 1.14 1.01
6 0.93 0.86 0.94 .86
8 0.6 072 0.73 0.7
10 0.68 Q.67 0.66 0.75
12 0,74 0.66 0.70 .77
24 0,55 0.52 0.54 6.61 63
36 0.3 .30 0.28 0.27

The above description incorporates prefeired embodi-
ments and examples as @ means of describing and enabling
the invention to be practiced by one of skill in the art. 1t is
imagined that changes can be-made without-departing from
the spirt and scope of the invention described herein and
defined in the appended claims.

We claim:
1. An oral controlled relesse oxymorphone formulation,
comprising:
a. about 5 mg to about 80 mg of oxymorphone or a phar-
macevtically acceptable salt of oxymorphone; and
b. a hydrophilic material,

‘wherein upon oral administration of the formulation to a

subject in need of an-analgesic effect:

(iythe formulatien provides detectable blood plasma levels
of 6-OH oxymorphone and exymorphone;

(ii) the blood plasma levels of 6-OH oxymorphone and
oxymorphone peak within about 1 hour to about § hours
after administration;

(iii) the blood plasma levels of 6-OH oxymorphone and
oxymorphanc exhibit a ratio of arca under the corve
(AUICy 4 1p) o Blood plasma level versus time for
6-OH oxymorphorie compared 1o oxymorphone in a
range of about 0.5 10 about 1.3,

(iv) the duration of the analgesic effect is through at least
about 12 hours after admimistration; and

{(v) the blood plasma levels of axymorphone exhibit two or
threo-peaks within about 12 hours after administeation.

2. The formulation of claim 1 wherein the hydrophilic
material is selected from the group consisting of a-gum, a
cellulose ether, an acrylic resin, a protein-derived material,
and mixtures thereof.

3. The formulation of claim 1 wherein the hydrophilic
material is & gum selected from the group: consisting of a
heteropolysaccharide gum, a homiopolysaccharide gum, and
mixtures thereof.

4. The forimiilition of claim 3 wherein the gim is selected
from the group consisting of xanthan, tragacanth, acacia,
karaya, alginates, agar, guar, hydroxypropyl guar, carrag-
eenar, locust bean, and mixtures thereof,
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5. The formulation of claim 1 wherein the hydroplolic
material is a cellulose ether selected from the group consist-
ing of'a hydroxyalkyi celluluse, a carboxyalkyl cellulose, and
mixtures thereof,

6. The formulation of .claim 1 wherein the hydrophilic
thaterial 15 sclected from the group consisting of hydroxy-
ethyl cellulose, hydroxypropyl. cellulose, hydroxypropyl
methyleellulose, carboxymethylcellolose, and mixtarss
thereof,

7. The formulaticn of claim 1 wherein the hydrophilic
material comprises at Jeast one of:

1. a heteropolysaccharide; or

. a heteropolysaccharide and a cross-linking agent

capable of cross-linking the heteropolysaccharide; or

ii. & miwtare of (), (i) and a polysascharide gum.

&. The formulatien-of claim 7 wherein the heterapolysac-
charide is a water soluble polysaccharide containing twe or
more kinds of sugar units and having a branched or helical
configuration,

9. The formulation of claim 7 wherein the heteropolysac-
charide s selected from the group consisting of xanthan gum,
deacylated kanthan:gum, carboxymethyl ether xanthan gum,
propylene glycol ester xanthan gum:and mixtures thereof.

10. The formulation of claim 7 wherein the cross-linking
agent is a homopolysaccharide gum.

11. The formulation of claim 1 further comprising a hydro-
phobic polymer.

12. A melbiod of {realing pain in # subject in need (hereo,

the method comprising the step of administering to the sub- -

jeet the formulation of claim 1.
13. A pharmacentical tablet prepaced by:
a.'mixing oxymorphone or a pharmaceutically acceptable
salt of oxymorphone and controlled release gramules
comprising a hydrophilic matenal and one or more
optional excipients; and

b. directly compressing the mixture of (a) te form the

tabilet,

whierein upon placement of the {ablél in an-in vitro disso-

Intion test comprising TSP Paddle Methad at 50 rpm in
500 ml media having a pH ol 1.2 to 6.8:aL 37*C., aboul
15% to abont 50%, by weight; of the oxymorphone or
salt thereof is released from the tablet:at-about 1 hour in
the test.

14. The tablet preparation of claim 13 wherein the hydro-
philic material is selected from the group consisting of a gum,
a cellulose cther, an acrylic resin, a protein-derived material,
and mixtures thereof.

15. The tablet preparation of claim 13 wherein the hydro-
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philic material isa gum selected [rom the group consisting of -

a heteropelysaccharide -guam, a homopolysaccharide gum,
and mixtures thereof,

16. The tablet preparation of claim 13 wherein the hydro-
philic matetial is a cclldosc cther sclepted from the group
consisting of a hydroxyalkyl cellulose, a-carboxyalky] cellu-
lose, and mixtures thereof.

17. The tablet preparation of claim 13 wherein the liydro-
philie material is hydroxyethyl cellulese, hydroxypropyl cel-
lulose, hydroxypropy! methylecllulese, carboxymethyleclu-
lose, and mixtures thereof.

18, The tablet preparation-of claim 13 wherein the hydro-
philic material comprises at least one of:

i. a heteropolysaccharide; or

il. a heteropolysaccharide and a cross-linking agent

capable of cross-linking the heteropolysaecharide; or
iit, a mixture of (i), {ii) and a polysaccharide gum.

55
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19. The tablet preparation of claim 18 wherein the het-
eropelysaccharide is a water soluble polysaccharide contain-
ing twoormore kinds of sugarunits and having a branched or
belical configuration.

20. The tablet preparation of claim 19 wherein the het-
eropolysaccharide is selected from the group consisting of
xanthan gum, deacylated xanthan gum, carboxymethyl ether
xanthan gum, propylene glycol ester xanthan gum and mix-
tures thereof.

21. A pharmaceutical tablet prepared by:

& mixing ‘oxymorphone or a pharmaceutically acceptable
salt of oxymorplions and one ar miore controlled release
excipients; and

b. forming the tablet,

wherein upon placement of the tablet in an in vitro disso-
lution test comprising USP Paddle Method at 50 rpnt in
500 ml media having a pH of 1.2 to 6.8 at 37° C., about
15% tn about 50%, by weight, of the axymorphane or
salt thereof is released from the tablet at about ! hour in
the test; and wherein upon oral admimistration to a
human subject the tablet alleviates pain for 12 to 24
hours.

22. ‘Ihe tablet of claim 21 wherein gbout 45% to about
80%, by weight, of the oxymorphione or salt thereof is
released from the tahlet atabout 4 hours in the test, and at feast
about 80%, by weight, of the oxymarphone or salt thereof is
released from thetablet at about 10 hours in the test.

23, The tablet of claim 21 wherein at least 27%, by weight,.
of the oxymorphone or salil thereof is released from the tablet
at about 1 hiur in the test, at least 40%, by weight, of the
oxymorphone or salt thereot is released from the tablet at
aboul 2 hours in (he lest, at least 50%, by weight, of the
oxymorphone or salt thereof is released from the tablet at
about 3 hours in the test, at least 64%, by weiglit, of the
oxymotphone or salt thereof is released from the tablet at
about 5 hours in the test, at least 70%, by weight, of the
oxymerphone or salt thereof is released from the tahlet at
about 6 hours in the test, at least 79%., by weight, of the
exymorphone or salt thereof is released from the tablet at
about § hours in the test, at least 85%, by ‘weight, of the
oxymorphone or salt thereof is released from the tablet at
about 10 hours in the test, and at least 89%, by weight, of'the
oxymorphone or salt thereof is released from the tablet at
about 12 hours in the test,

24, The tablet of claim 21, wherein at least 27%, by weight,
of the oxymorphare or salt thereof is released from the tablet
at:about 1 hour in the test.

25, The tablet of claim 21, whercin at least 40%, by weight,
of the oxymarphene or salt thereaf s released from the tablet
at about 2 hiours in the test.

26. The Lablet ol ¢liim 21, wherein at least 50%, by weighl,
of the axymorphone or salt thereof iy released from the tabslet
atabout 3 hours in the test.

27. The tablet of claim 21, wherein at least 64%, by weight,
of the oxymorphone or salt thereof is released from the tablet
at:about 5 hours in the test.

28, Thetablet of claim 21, wherein at least 70%, by weigit,
of thie oxymorphone or salt theredf §s released from the tablet
at about 6 hours inthe test.

29. The tablet of claim 21, whercin at least 79%, by weight,
of the oxymorphone or salt thereof'is released from the iablet
at about 8 hours in the test.

340. Thetabletof elaim 21, wherein at least 85%, by weight,
of the oxymorphone or salt thereof is released from the tablet
at Zbout 10 hours in the test,

31, A method for treating pain in a human subject in need.
of acute or chronic pain relief, comprising the steps of:



AUC,,,

Case 1:13-cv-03288-UA Document 1  Filed 05/15/13 Page 90 of 92

US 8,329,216 B2

29

(a) Providing a selid oral dosage form of a cotrolled
release pxymorphone formulation with a release rate
profile designed to provide adequate blood plasta levels
over at least 12 hours to provide sustained pain relief
over this same period comprising about Smg o about 80 3
mg oxymorphonc or a phirmaceutically accoptable salt
thereof wherein oxymorphone is the sole active mgred:-
ent, and wherein upon placement of the-coniposition in
an in vitro dissolution test comprising USP Paddle
Meéthiod at 50.rpm i 500 nil nedia having a pHof 1.2 to
6:8 at 37° C,, about 15% to about 50%, by weight, of the
oxymogphone or salt thereof is released from the tablet
at about 1 hourin the test; and

(b) administering a single dose of the dosage form to the
subject,

wherein the oxymorphone G, I8 at Teast 50% higher
when the dosage form is administered to the subject
under fed as compared fo fasted conditions.

32. The methed of claim 31 wherein the dosage form

comprises about 40 mg exymerphone pra pharmaceutically

acceptable salt thereof, and wherein the oxymeorphone C,, ., is

about 58% higher when the dosage form is administered to

the subject under fed ds compared to fasted conditions. -

33. The method of claim 31 wherein the dosage form

comprises-about 20 mg oxymerphone or'a pharmaceuticslly

acceptable salt thereof.

34. The method of claim 31 wherein the dosage form

20

.comprises about 20 mg to about 40 mg oxymerphone hydro-
chloride.

30
35. The method of claim 31 wherein the difference in the
‘oxymorphone area under (he curve (AUC .4 between fod

and fagted conditions is less than 20%.

36. The method of claim 35 wheréin the difference in
between fed and fasted conditions is about 18%.

7. Thc method of elaim 31 whereinupon oral administra-
fion of the dosage form to the subject under fed or fasiing

35

conditions:

(i) the dosage form provides detectable blood plasma levels
of 6-OH oxymorphone and oxymorphone;

(ii} the blood plasma levels of 6-OI1 oxyimorphone and
oxymerphone peak within about 1 hovrto about 8 hours
after administration; and

(iii) the blood plasma levels of 6-OH oxymicrphone and
oxymorphone exhibit a ratio of AUC, ., of blood 45
plasma.level versus tinle for 6-OH oxymorphore com-
pared to.oxymorphene in-a range of about 0.5 1o gbout
15.

-38. A meihod for treating pain in'a’ human subject inneed

of acute or chronic pain relief, comprising the steps of:

(a)-Providing a solid oral dusage [omm comprising about 5
mg to about 0 mp oxymorphicne or a pharmaceutically
acceptable salt thereof in a.controlled release delivery
system with a release rate profile designed to provide
adequate blood plasma lovels over at least 12 hours to
provide sustained pain relief over this same period,
whierein oxymorphione is the sole active ingredient, and
wherein upon placement of the composition in an in
vitro dissolution test comprising USP Paddle Method at
50 rpm in 500 ml media havinga pH of 1.2 1o 6.8 at 37°
C.,-ahout 15% to about 50%, by weight, ofthe oxymor-
phane or salt thereot is released from the tablet atabout
1 hour in the test, about43% to about 80%, by weight,.of
e oxymcrphone or salt thereef is released from the
tablet at-about 4 honrs in the test, and at least about 80%,
by weight; of theoxymorphone or salt thereof is released
from the tablet at shout 10 hours in the test; and
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(b) administering a sihgle dose of the dosage form to the
subject,

wherein the oxymorphone = 15 at least 50% higher
when the dosage form is admmlstered 1o the subject
under fed versus fasted conditions,

39. The method of elaim 38 wherein the axymorphone
C,. 16 8t leagt about 58% higher when the dosage form is
administered to the subject under fed as compared to fasted
conditions.

40. The method of claim 38 wherein the difference in the
oxymorphone area under the curve AUCq .. between fed
and fasted conditions is. less than 20%.

41. The miethod of cluim 40 wherein the difference in
AUC, ,,r, between fed and fasted conditions is-about 18%.

42, Themethod of claim 38 wherein upon oral administra-
tion of the dosage formh to the subject under fed or fasting
conditions:

(i) the dosage form provides detectabile Bland plasma levels

of 6-OL oxymorphohe and oxymorphone;

(i) the blood plasma levels of 6-0H oxymorphone and
oxymerphone peak within:about 1 hour to about 8 hours
after administration; and

‘(iii) the blood plasma Jevels of 6-OH oxymorphone and
oxymiorphonie extibit a ratio of AUC ., of blood
plasta level versus time for 6-0YH oxymorphane com-
pared to oxymorphone:in a range of about 0.5 1o about
1.5.

43. The methiod of claim 38 wherein the system further

comiprises a hydrophilic material.

44. The method of claim 43 whereiri the hydrophilic mate-
rial is selected from the group consisting of a gum, a cellulose
ether, an acrylic resin, a prolein-denved material, and mix-
tures thereof.

45. The method of claim 44 whierein thehydmplnllc tiate-
rial is a gum selected from the group consisting of xanthan,
tragacanth, acacia, karaya, alginatcs, agar, guar, hydroxypro-
py| guar, carrageenan, locust-hean, and mixtures therenf.

46. Themethod of claim 43 wherein the hydrophilic mate-
rial is a cellulose ether selected from the group censisting of
a hydroxyalkyl cellulose, a carboxyalkyl cellulose, and mix-
tures thereof;

47. The method of claim 43 wherein the hydrophilic mate-
rial is selected from the group consisting of hydroxyethyl
cellulose, hydroxyprepyl cellulose, Eydroxypropyl methyl-
cellulose, carboxymethylcellulose, and mixtures thereof,

48. The methad of claim 43 wherein the hiydrophilic mate-
rial comprises at least one of:

2. a heteropolysaccharide; or

h. a hetemp(ﬂyqaochande and a cross-linking agent
capable of eross-lirking the heteropolysaccharide; or

¢ 4 mixture of (a), (b) and a polysaecharide gum,

49, An analgesically effective conteolled release pharma-

ceutical compesition fororal delivery; comprising:

a. a controlled release delivery system with  release rate
profile designed to provide adeguate blood plasma levels
over at Jeast 12 hours to provide sustained pain relief
over this same period; and

b, about. 5 myg to about 80 mg of oxymorphone or a phar-
macentically aceeptable salt of oxymorphone, wherein
oxymorphone is the sele active ingredient,

‘wherein upon oral administration of a single dose of the
composition to-ahuman subject, the oxymorphone C, .
is at least 50% higher when the dose is: administered to
thé subject under fed as compared to fasted conditions,
and wherein upon placement of the composition in an in
vitro dissolution test comprising USP Paddle Method at
50 Tpm ir 500 m) media having a pH of 1.2 to 6.8 at37°
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C., about 15% to about 50%, by weight, of the oxymor-
phone or salt thereaf is released from the tablet at about
1 hour in the test.

§0. The composition of cleim 49-whereit upon.oral admin-
istration theteof the oxymorphone AL C(O wyly 18 N0 morethan
208 higher when the dosage fori fs administeréd 1o the
subject under fed as compared to fasted conditions.

51. The composition of clain 49 wherein the dosage form

compriges about 40 mg oxymorphone, and wherein the oxy-

morphoneC,, ., is about 58% higher when the dosage form is
administered to the snbject-under fed as compared to fasted
conditions.

52. 'The composition of claim 4% wherein the controlled
release delivery system comprises a heteropolysaccharide
and an-agent capable of cross-linking, the: heteropolysaccha-
ride inpresence of gastrointestinal flaid,

53. The compositiori of clain 52 ‘wherein the het-
empolysaccharide and the agent capable.of cross-linking the
heteropolysaccharide are present in a weight ratio of about
1:3 10 about 3:1.

54. The composition of claim 49 wherein about 45% to
abolt 80%, by weight, of the oxymorphorie or salt thereof is
released from the tablet at about 4 hours inthe test, and at least
about 80%, by weight, of the oxymorphone or salt thereof is
released from the tablet at about 10 howrs in the test,

55. An analgesically effective controlled release pharmi-
ceutical compasition for oral delivery, comprising:

4. a controlled release delivery syslem with a release rate

profile designed ta provideadequate blood plasmalevels

of oxymorphone and §-hydroxy-exymorphone over at
least 12 hours to pravide sustained pain zelief over this
same period; and

b. abatit 3 mg to about 80.mg of oxymorphone or-a phar-

maceutically acceptable salt of oxymoarphone, wherein
oxymorphone is the sole active ingredient,

wherein upon placement of the composition in .an in vitro

- dissolution test comprising USP Paddle Method at 50
rpin in 500 ml media buving a pHlof' 1.2 10 6.8 a137° C,,
about 15% to about 50%, by weight, of the oxymor-
phone or-sall thereol'is released from Lhe lablel al aboul
1 hour in the test.

-86. The composition of claith 55, whietein npoi oraladmin-
istration of a single dosc of the composition 1 a human
subject, the oxymorphone C,, .. is at Teast 50% higher when
the dose 1s administered to the subject under fed as compared
to fasted conditions.

57, The cotinpiosition of claim 55, wherein the composition
is in the form of 2 tablet and wherein at least 27%, by weight,
of the-oxymorphone or salt thereof is reledsed from the tablet
at about 1 hovr in the test; at least 40%, by weight, of the
oxymorphone or salt thereol is released fom (e tublel ul
about 2 hotirs' in the test, at least 509, by weight, of the
oxXymorphione or salt thereof is released from the tablel st
ahout 3 howrs in the test, at least 64%, by weight, of the
oxymorphone or salt thereof is released from the tablet at
about 5 hours iii the teit, at least 70%, by weighi, of the
oxymorphone or sah thereof is released from the tablet at
about 6 hours in the test, at least 79%, by weight, of the
oxymorphone or salt thereof is released from the tablet. at
about 8 hours in the test, at least 85%, by weight, of the
oxymorphone or salt thereof is released from the tablet at
about 10 hours in the test, and at least 89%, by weight, of the
oxymorphone or salt thereof is released ﬁom the 1gblet at
dabout 12 hours in the test.
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58. The compasition of claim 55, wherein the compesition
i in the form of a talilet and wherein at least 27%, by weight,
of the oxyniorphotie or salt thereof is released from the tablet
at.about 1 hour in the test,

59, The:composition of claim 58, wherein the.compositian
is itvhe form of a tablet and whercin at Icast 40%%, by weight,
of the oxymorphone-or salt thereof is released from the tablet
at about 2 hiours in the test.

60. The composition of clgim 55, wherein the.composition
is in'the forim of a tablet and wherein at 1east 50%, by weight,
of the oxymorphone or saltthereof is released from the tablet
at about 3 hours in the test.

61, The composition of claim 58, wherein the composition.
is injthie form of a tabletand wherein at least §4%, by weight,
of the akymorphone or salt thereof'is released from the tablet
at ahout 5 hours. in'the test.

62. The composition of claim 55, wherein the compisitidn
is in the form of'a tablet and wherein at least 70%, by weight,,
of the axymorphone or salt thereof is released from the tablet
at about 6 hours in the test,

63. The composition of claim 55, wherein the composition
is in'the form of a tablet and wherein at least 79%, by weight,
of thie oxymotphone of salt thereof s released from the tablet
at about 8 hours in the test.

64. The :_:ompasmon of claim 55, wherein the composition
is in the form of atablet and wherein at least 85%, by weight,
of the'oxymorphone or salt thereof is released from the tablet
atabout 10.hotirs in the test.

65, The-compesition of claim 55, wherein the composition
is in the form of a tablet and wherein atJeast 85%, by weight,
of the-oxymorphone orsall thereol is released from (he. lablet
at about 12 hours in the test.

66. An ana]gesmal]y effective controlled release pharma-
ceutical composition foraral delivery, comprising:

4. a controlled relcase delivery system with a releasc rate
profile designed to provide adequate blood plasma levels
over at least 12 hours to provide sustained pain relief
over this same period; and

b. about 5 mg to about 80 mg of oxymorphone ora phat-
maceutically acceptable salt of oxymorphone, wherein
oxyforphone is the sole active ingredient,

wherein upon placement of the compesition in an in vitro
dissolution test comprising USP Paddle Method at 50
rpm in 500 ml media having a pH of 1 210 6.8 a1 37°C,,
about 15% to about. 50%, by weight, of the axymor-
phoneor salt thereof'is released from the tablet at about
1 hour in the test, and whercin upon oral administration.
of the composition to a human subject, the blood plasma
levels of oxymorphone comprise one or mote peaks.

67. The composition of claim 66 wherein the blood plusma
levels comprise two peaks.

68. The composition of ¢laim 66 wherein upon oral admin-
istration of the composition to a subject in need of an anal-
gesic cffeet:

(i) the composition provides detectable blood plasma lev-
¢ls of 6-OH oxymorphione and oxymorphone;

(ii) the blood plasma levels of 6-OH oxymorphone and
oxymorphone peak withinabout 1 hour to about 8 hours
after administration; and

(iii) the blood plasima levels of 6-OH oxymorphone and
oxymorphone exhibit a ratio of area under the aurve
(AUC(q ,s ) of blood plasma level versus time for
6-0OH oxymorphone compared to oxymorphone in a
range of about 0.5 to abeut 1.5.

‘69, The composition of ¢laim 66 wherein upon oral admin-

istration of the.composition to a subject in need of an anal-
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gesic effect the blood plasina levels of oxymarphone exhibit
two or three peaks within about 12 hours after administration.

70. The composition of claim 66 wherein upon oriladmin-
istration of the composition to a subject in need of an anal-
gesic effect the blood plasma levels of oxymorphone com-
prisc afitst peak at aboit 3 hours after administration and a
second peak at about 6-7 hours after:adminjstration.

71. The composition of claim 66 wherein the composition
is in the- form of a tablet and about 45% to dbout: 80%, by

weight, of the oxymoiphone or salt thereof {s released fiom -
the tablet at about-4 hours in the test, and at least-about 80%,
by weight, of the oxymorphene or salt thereof is released

from the tablet af about 10 hours in the test,
72. A controlled release pharaceutical composition com-

prising oxymoiphone or a pharmaceutically acceptable salt
thereof as the sole acrive ingredient and a controlled release.

matrix, Gofiprising about.10% to'about 75% (by total weight
of the controlled release matrix) of a gelling agent which
forms a gel upon exposure to gastrointestinal fluid;

‘wherein upon placement of the composition in an in vitro
dissolution test comprising USP paddle method at 30
fpm in 500 ml media having 4 pH of 1.2 10 6,82t 37°C,,
about 15% to about 50%, by weight, -of the oxymor-
phone or salt thereo is released froin the composition
after about 1 hour in the test.

73. The pharmacentical composition of claim 72 whetein
ahout 45% to about 0%, by weight, of the axymorphone or
sall thereo! is released from the compogition afler about 4
hours in the test.

74. The pharmaceutical composition of ¢laim 72. wherein
atleast:80%, by weight, of the pxymorphoneof salt therecf is
released from the composition after sbout 10 hours in the test.

75. The pharmacentical compasition of claim 72 wherein
upon oral adminigtration ‘of the dosage form to a human
subject in tieed of an analgesic effect, the bloed plasma con-
centration of oxymorphone coniprises one o peaks,

76. The pharmaceiitical. composition of clairn 72 wherein
upon oral administration of the dosage form o . human
subject in need of an analgesic effect; the blood plasma con-
centration of oxymorphone comprises a first peak at about 3
hours after administration and a second peak at about 6-7
Hours after administeation; and wherein.

(i) the dosage form provides detectable biood plasma levels

of 6-OH exymeorphone and oxymorphone;

(ii}) the blood plasma Jevels of 6-OH oxymorphone and
oxymorphone peak within about 1 hour to about § hours
after administration;

(iii) the blood plasma levels of 6-0H oxymerphoric arid
oxymorphone exhibit a ratio of area under the curve
(AUC o o 1) of blood plasma level versus time for
6-OH - oxymorphone compared to oxymorphons in a
range of about 0.5 1 about 1.5; and

(iv) the duration of the analgésic effect is-through at least
about 12 hours after administration.

77. A controlled release pharmaceutical composition com-

prising oxymorphone or pharmaccutically acceptable salt

therenf as the sole active ingradient, and a.controlled release
Toatrix comptising about 10% to about 75% (by total welght
of the controlled release matrix) of a gelling agent which
forms a gel upon exposure to gastrointestinal flirid;
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wherein upon placement of the composition in an in vito
dissolution test comprising USP paddle method at 50
pnt in 300-ml media having a pH of 1.2 tc 6.8-at 37°C.,
about 15% to about 50%, by weight, -of the oxymior-
phane ar salt thereof is released from the composition
afterabout 1 hourin the test, about45% to about 80%, by
weight, of the oxymeorphone or salt thereof is released
{from the contposition aller about 4 bours in the ies(, and
at least 80%, by weight, of the oxymorphone or salt
thercof'is released from the composition after about 10
hours in the test,

whierein upon cral adntinistration of a single dose of the '
composition to a human subject, the composition pro-
vides anoxymorphoiie C,, ., of at Teast 50% higher when
the dose is administered fo the subject; under fed as

- compared o fasted conditions and provides a difference
in oxymorphone AUC oinsy ©f less than 20% higher
when the dosg is udminisierod 1o-the subject ynder fed as
compared to fasted conditions.

78. The pharmeceutical composition of claim 77 wherein
upon oral administration of the dosage form 1o 2 human
subjectin need of ananalgesic effect the blood plasma level of
oxymorphone displays two or three pesks-overabout the first
12 hours after administration; and

(i) the dosage form provides detectable blood plasma levels
of 6-OH oxymerphene and oxymorphone;

(i1) the blood plasma levels of 6-OH oxymorphone and
oxymorphone peak within about 1 hour to about § hours
after administration;

(iii) the blood plasma levels of 6-OH oxXymorphone and
oxymorphone exhibit a ratio of area under the curve
(AUCq 15 ) of blood plasma level versus time for
6-OH oxymorphane compared 1o oxymorphone in 4
range'of about 0.5 to about 1.5; and.

(iv) the difration of the anialgesic effect is through at least
about 12 hours afier. adiministration.

79. The pharmaceutical composition of ¢laiim 77 whercin
about 58% o about 66%, hy weight, of the oxymorphone or
salt thereof is released from the composition after about 4
hours:in the test.

80. The pharmaceutical composition of claim 77 wherein
about 85% to about 96%, by weight, of fhe oxymorphone or
salt thereof is teleased fram the composition after about 10

‘hours in the test:

81. A method of \reating pain in a subject in need thereof,
the method comprising administering to the subject the phar-
thacentical ¢oniposition of claim 72 in an amount sufficient to
provide the subject with about 5 mg 10 about 80 mg of oxy-
motphone or salt thereof, wherein upon oral administration of
a single dose. of the composition to a uman subject, the
composition provides an oxymorphone C,, ., of at least 50%
higher whex the-dose is ddininistéred 1o the subjeel under fed
as compared to fasted conditions and provides-a differenceiin
oxymarphone AUC q ,,,,, of Tess: than 20% higher when the
dese is.administered to thesubject under fad as compared to
fasted conditions.

82. A'method of treating pain in a subject in need thereof,
the niethiod coriprising admiristering to thie subject the phir-
macéutical composition of claim 77 in an amount sufficient to
provide the subject with about 5 mg to about 80 mg of oxy-
60 morphone or salt thereof.
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