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IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF PENNSYLVANIA

CASE MANAGEMENT TRACK DESIGNATION FORM
Purdue Pharma L.P. ' et al. : CIVIL ACTION

v

Varam, Inc., et al.
NO.

In accordance with the Civil Justice Expense and Delay Reduction Plan of this court, counsel for
plaintiff shall complete a Case Management Track Designation Form in all civil cases at the time of
filing the complaint and serve a copy on all defendants. (See § 1:03 of the plan set forth on the reverse
side of this form.) In the event that a defendant does not agree with the plaintiff regarding said
designation, that defendant shall, with its first appearance, submit to the clerk of court and serve on
the plaintiff and all other parties, a Case Management Track Designation Form specifying the track
to which that defendant belicves the case should be assigned.

SELECT ONE OF THE FOLLOWING CASE MANAGEMENT TRACKS:
(a) Habeas Corpus -~ Cases brought under 28 U.S.C. § 2241 through § 2255. ()

(b) Social Security — Cases requesting review of a decision of the Secretary of Health
and Human Services denying plaintiff Social Security Benefits. ()

(¢) Arbitration — Cases required to be designated for arbitration under Local Civil Rule 53.2. ()

(d) Asbestos — Cases involving claims for personal injury or property damage from
exposure to asbestos, ()

(¢) Special Management — Cases that do not fall into tracks (a} through (d) that are
commonly referred to as complex and that need special or intense management by
the court. (See reverse side of this form for a detailed explanation of special

management cases.) (%)
() Standard Management — Cases that do not fall into any one of the other tracks. ()
August 11, 2010 Chad E. Kurtz
Date Attorney-at-law Attorney for Plaintiffs
215-665-7296 215-701-2016 ckurtz@cozen.com
Telephone FAX Number E-Mail Address

{Civ, 660) 10/02
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ma THE EASTERN DISTRICT OF PENNSYLVANIA DES[GNA’I‘ION FORM to be used by counsel to indicate thc category of the case for.the
purpose of assigninent to appropriate calendar. -

Address of Plaintiff: E’urdue Pharma L.P., One Stamford Forum, 201 Tresser Boulevard

(see—attached sheetfor additional PIaintitis)
Address of Defendant:_Varam, Inc., 110 Terry Drive. SUite 200, Newrown, PA. 18940

Place of Accident, Incident or Transaction:
: {Use Reverse Side For Additional Space)

Does this case involve multidistrict litigation possibilities? ' ' Cvesld T Nod

RELATED CASE IF ANY

Case Number: . . Judge __. . : : .- Date Terminated:
Civil cases are deemed related when yes is answered to any of the following questions:

1. Is this case related to property included in an earfier numbered suit pending or within

one year previously terminated action in this court? vesld  NoO

2. Does this case involve the same issue of fact or grow out of the same transaction
as a prior suit pending or within one year previously terminated action in this

count? Yesd NoO
3. Does this case involve the validity or infringement of a patent already in suit or

any earlier numbered case pending or within one year previously terminated action ) ]

in this coun? ’ vesd  nod
CIVIL: (Place [J in ONE CATEGORY ONLY)
A. Federal Question Cases: B. Diversity Jurisdiction Cases:

1. El Indemnity Contract, Marine Contract, and All

Other Contracts 1. [ Insurance Contract and Other Contracts
2. [J FELA 2. E1 Airplanc Personal Injury
3, [ Jones Act-Personal Injury 3. [ Assault, Defamation
4. O Antitrust 4. 1 Marine Personal Injury
s. B patent - 5. T Motor Vehicle Personal Injury
6. LI Labor-Management Relations 6. . [1 Other Personal Injury (Please spec:fy)
7. O3 Civit Rights ' 7. O Products Liability '
8. [I Habeas Compus 8. "0 Products Liability — Asbestos -
9. O Securities Act(s) Cases 9. [ All other Diversity Cases
0. 3 Sociat Security Review Cases (Please specify)

11. L] All other Federal Question Cases

{Please specify)
ARBITRATION CERTIFICATION

- Chad E. Kurtz (Check appropriate Category)
I, » counsel of record do hereby certify:

[ pursuant to Local Civil Rule 53.2, Section 3(c)(2), that to the best of my knowledge and belief, the damages recoverable in thxs civil action case
exceed the sum of $100,000.00 exclusive of interest and costs;

Bl Relief other than monetary damages is sought. W / ( e
208183

paTE: Bugust 11, 2010

Attorney-at-Law Chad E. Rutrtz Attorney LD.#

NOTE: A trial de novo will be a trial by jury only if there has been compliance with F.R.C.P. 38.

I ceriify that, to my knowledge, the within case Is not related to any sase pbw pending?or withipsone year-previously terminated action in this court
except as noted above.
208183

pate:  August 11, 2010

Afttorney-at-Law Chad E. Rurtz . Attomney LD.#
CIV. 609 (7/95) -
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| IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF PENNSYLVANIA

PURDUE PHARMA L.P.

One Stamford Forum

201 Tresser Boulevard

Stamford, CT 06901-3431,

C.A. No.
THE P.F. LABORATORIES, INC.

700 Union Boulevard

Totowa, NJ 07512,

PURDUE PHARMACEUTICALS L.P.,
4701 Purdue Drive
Wilson, NC 27893

)
)
)
)
)
)
)
)
)
)
)
)
)
and RHODES TECHNOLOGIES, ;
498 Washington Street )
Coventry, RI 02816, )
Plaintiffs, ;

)

)

)

)

)

}

)

)

)

)

)

)

)

)

V.

VARAM, INC.
110 Terry Drive, Suite 200
Newtown, PA 18940,

and KVK-TECH, INC.

110 Terry Drive, Suite 200
Newtown, PA 18940,

Defendants,

DISCLOSURE STATEMENT

Pursuant to Federal Rule of Civil Procedure 7.1, the undersigned counsel of

record hereby submits this Corporate Disclosure Statement providing the information requested
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in Rule 7.1 for the following plaintiffs: Purdue Pharma L.P., The P.F. Laboratories, Inc., Purdue
Pharmaceuticals L.P., and Rhodes Technologies.

1. Purdue Pharma L.P. is a Delaware limited partnership. Purdue Pharma
L.P. has one limited partner, Purdue Holdings L.P., a Delaware limited partnership. No publicly
held corporation owns 10% or more of the partnership interests of Purdue Pharma L.P, or Purdue
Holdings L.P.

2. Purdue Pharmaceuticals L.P. is a Delaware limited partnership. Purdue
Pharmaceuticals L.P. has one limited partner, Purdue Pharma L.P. No publicly held corporation
owns 10% or more of the partnership interests of Purdue Pharmaceuticals L.P. or Purdue Pharma
L.P.

3. The P.F. Laboratories, Inc. is a New Jersey corporation. The P.F,
Laboratories, Inc. has one parent corporation, Pharmaceutical Research Associates, Inc. No
publicly held company owns 10% or more of The P.F. Laboratories, Inc.’s stock or
Pharmaceutical Research Associates, Inc.’s stock.

4. Rhodes Technologies is a Delaware general partnership. Rhodes
Technologies states that its managing general partner is Rhodes Technologies Inc. No publicly
held corporation owns 10% or more of the partnership interests of Rhodes Technologies or
Rhodes Technologies Inc.’s stock.

Respectfully Submitted,
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August 11, 2010

OF COUNSEL:

ROPES & GRAY LLP

Robert J. Goldman

Sasha G, Rao

1900 University Avenue, 6th Floor
East Palo Alto, CA 94303

(650) 617-4000

robert. goldman@ropesgray.com

sasha.rao@ropesgray.com

Pablo D. Hendler

Sona De

1211 Avenue of the Americas
New York, NY 10036

(212) 596-9000
pablo.hendler@ropesgray.com
sona.de(@ropesgray.com

COZEN O’CONNOR

(A FAX

H. Robert Fiebach

PA Id. No. 02812
Chad E. Kurtz

PA Id. No. 208183
1900 Market Street
Philadelphia, PA 19103
(215) 665-2000
rfiebach@cozen.com
ckurtz@cozen.com

Attorney for Plaintiffs
Purdue Pharma L.P.,
The P.F. Laboratories, Inc.,
Purdue Pharmaceuticals L.P.,
and Rhodes Technologies
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IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF PENNSYLVANIA

PURDUE PHARMA L.P.
One Stamford Forum

201 Tresser Boulevard
Stamford, CT 06901-3431,
C.A. No.

THE P.F. LABORATORIES, INC.
700 Union Boulevard

Totowa, NJ 07512,

PURDUE PHARMACEUTICALS L.P.,
4701 Purdue Drive
Wilson, NC 27893

and RHODES TECHNOLOGIES,
498 Washington Street
Coventry, R1 02816,

Plaintiffs,

V.

VARAM, INC.
110 Terry Drive, Suite 200
Newtown, PA 18940,

and KVK-TECH, INC.

110 Terry Drive, Suite 200
Newtown, PA 18940,

Defendants.

e i i i i e T S S . g

COMPLAINT

Plaintiffs Purdue Pharma L.P., The P.F. Laboratories, Inc., Purdue
Pharmaceuticals L.P., and Rhodes Technologies (collectively referred to herein as “Plaintifts™)

for their Complaint herein, aver as follows:
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NATURE OF THE ACTION

1, This is an action for patent infringement arising under the patent laws of

the United States, Title 35, United States Code.

THE PARTIES: PLAINTIFFS

2. Plaintiff Purdue Pharma L.P. (“Purdue Pharma™) is a limited partnership
organized and existing under the laws of the State of Delaware, having a place of busincss at Onc
Stamford Forum, 201 Tresser Boulevard, Stamford, CT 06901-3431, Purdue Pharma is an
owner of the patents in suit identified in paragraphs 19-22 below, and is involved in the sale in
the United States of controlled-release oxycodone pain-relief medication under the brand name
OxyContin®,

3. Plaintiff The P.F. Laboratories, Inc. (“P.F. Labs™) is a corporation
organized and existing under the laws of the State of New Jersey, having a place of business at
700 Union Boulevard, Totowa, NJ 07512, P.F. Labs is an owner of the patents in suit identificd
in paragraphs 19-22 below, and is involved in the manufacture of controlled-release oxycodone
pain-relief medication under the brand name OxyContin®.

4, Plaintiff Purdue Pharmaceuticals L.P. (“Purdue Pharmaccuticals™) is a
limited partnership organized and existing under the laws of the State of Delawarc, having a
place of business at 4701 Purdue Drive, Wilson, NC 27893, Purdue Pharmaceuticals is an owner
of the patents in suit identified in paragraphs 19-22 below, and is involved in the manufacture of
controlled-release oxycodone pain-relief medication under the brand name OxyContin™.

5. Plaintiff Rhodes Technologies (“Rhodes™) is a general partnership
organized and existing under the laws of the State of Delaware, having a place of business at 498

Washington Street, Coventry, RI 02816. Rhodes is an owner of the patents in suit identified in
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paragraphs 20-22 below, and is involved in the manufacture of controlled-retease oxycodone
pain-relief medication under the brand name OxyContin®.

THE PARTIES: DEFENDANTS

6. Upon information and belief, Defendant Varam, Inc. (“Varam™) is a
corporation organized and existing under the laws of the Commonwealth of Pennsylvania,
having a registeréd address of 110 Terry Drive, Suite 200, Newtown, PA 18940.

7. On certain correspondence sent to Plaintiffs, Varam has also used as an
address 5775 Lower York Road, P.O. Box 700, Lahaska, PA, 18931.

8. Upon information and belief, Defendant KVK-Tech, Inc. (*"KVK™) is a
corporation organized and existing under the laws of the Commonwealth of Pennsylvania with
its principal place of business at 110 Terry Drive, Suite 200, Newtown, PA 18940, thc same
address used by Varam.

9. Upon information and belief, Varam was incorporated by Frank A.
Nekoranik oﬁ February 9, 2010. Upon information and belief, Mr. Nekoranik and the chief
executive officer of KVK, Frank Ripp Jr., are partners in at least one other business known as
Biz-Visors, Inc,

10. Upon information and belief, on February 19, 2010, ten days afler
incorporating Varam, Frank Nekoranik incorporated KVK Research Inc. and KV Bio Inc.. both
of which have registered offices in Bucks County, Pennsylvania that are the same as an address
used by Varam: 5775 Lower York Road, P.O. Box 700, Lahaska, PA, 18931.

11.  Upon information and belief, 110 Terry Drive, Newtown, PA is the sife of

KVK'’s pharmaceutical manufacturing facility.
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12, Upon information and belief, KVK manufactures generic immediate
release oxycodone hydrochioride tablets at 110 Terry Drive, Newtown, PA.

13. Upon information and belief, KVK is registered as a Pharmacy
Establishment in the State of New York by the New York State Department of Education. Office
of the Professions. (Registration No. 028111). The Registration has an active status and is valid
through August 31, 2012,

14. Upon information and belief, KVK has a License to Engage in Controlled
Substance Activity, issued by the New York State Department of Health, Bureau of Narcotic
Enforcement (License No. 01A0178). The License has an active status and expires April 20,
2012.

15. Upon information and belief, Varam and KVK arc in the same corporate
family, are sister companies, corporate affiliates, subsidiaries, child and/or parent companics.

and/or agents of each other.

JURISDICTION AND VENUE

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

17. Venue is proper in this Judicial District under 28 U.S.C. §§ 1391(h)
and (c) and § 1400(b) because all Defendants have registered addresses in this Judicial District.

18. Venue is also proper under 28 U.S.C. §§ 1391(b) and (c) and § 1400(b) in
the United States District Court for the Southern District of New York, where Plaintiffs arc
currently pursuing an action for patent infringement against three other would-be manufacturcrs
of generic copies of OxyContin®, Purdue Pharma L P. et al. v, Ranbaxy Inc. ef al., No. 10-civ-

3734 (SHS) (S.D.N.Y. May 5, 2010) (the “Ranbaxy” action), as part of a multidistrict litigation,
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In Re OxyContin Antitrust Litigation, No. 04-md-1603 (SHS) (S.D.N.Y. April 23, 2004). The
Ranbaxy action invol(xes three of the four patents listed below that are alleged to be infringed in
this complaint. Plantiffs filed a complaint against Varam and KVK in the Southern District of
New York substantially identical to the instant complaint on August 11, 2010,

FACTUAL ALLEGATIONS

The Patents In Suit

19. Purdue Pharma, P.F. Labs, and Purdue Pharmaceuticals are the lawful
owners of all right, title and interest in United States Patent No. 5,508,042 entitled
“CONTROLLED RELEASE OXYCODONE COMPOSITIONS™ (*“the *042 patent™), including
all right to sue and to recover for past infringement thereof, which patent is [listed in the U.S.
Food and Drug Administration’s (“FDA™) “Orange Book” (Approved Drug Products With
Therapeutic Equivalence Evaluation) as covering OxyContin®, which is the subject of approved
New Drug Application (“NDA”) No. 20-553. A copy of the *042 patent is attached hereto as
Exhibit A, which was duly and legally issued on April 16, 1996, naming Benjamin Oshlack,
Mark Chasin, John J. Minogue and Robert F. Kaiko as the inventors.

20. Purdue Pharma, P.F. Labs, Purdue Pharmaceuticals, and Rhodes are the
lawful owners of all right, title and interest in United States Patent No. 7,674,799 entitled
“OXYCODONE HYDROCHLORIDE HAVING LESS THAN 25 PPM  14-
HYDROXYCODEINONE” (“the *799 patent”), including all right to sue and to recover for past
infringement thereof, which patent is listed in FDA’s Orange Book as covering the drug
OxyContin®, which is the subject of approved New Drug Application (“NDA™) No. 20-553. A
copy of the *799 patent is attached hereto as Exhibit B, which was duly and legally issued on
March 9, 2010, naming Rdbert Chapman, Lonn S. Rider, Qi Hong, Donald Kyle, and Robert

Kupper as the inventors.
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21. Purdue Pharma, P.F. Labs, Purdue Pharmaceuticals, and Rhodes are the
lawful owners of all right, title and interest in United States Patent No. 7,674,800 cntitled
“OXYCODONE HYDROCHLORIDE HAVING LESS THAN 25 PPM  14-
HYDROXYCODEINONE” (“the '800 patent”™), including all right to sue and to recover for past
infringement thereof, which patent is listed in the FDA’s Orange Book as covering the drug
OxyContin®, which is the subject of approved NDA No. 20-553. A copy of the "800 patent is
attached hereto as Exhibit C, which was duly and legally issued on March 9, 2010, naming
Robert Chapman, Lonn S. Rider, Qi Hong, Donald Kyle, and Robert Kupper as the inventors.

22. Purdue Pharma, P.F. Labs, Purdue Pharmaccuticals, and Rhodes arc the
lawful owners of all right, title and interest in United States Patent No. 7,683,072 entitled
“OXYCODONE HYDROCHLORIDE HAVING LESS THAN 25 PPM  14-
HYDROXYCODEINONE” (“the 072 patent™), including all right to sue and to recover for past
infringement thereof, which patent is listed in the FDA’s Orange Book as covering the drug
OxyContin®, which is the subject of approved NDA No. 20-553. A copy of the 072 patent is
attached hereto as Exhibit D, which was duly and legally issued on March 23, 2010, naming

Robert Chapman, Lonn S. Rider, Qi Hong, Donald Kyle, and Robert Kupper as the inventors,

Defendants® ANDA

23.  Upon information and belief, Varam submitted Abbreviated New Drug
Application No. 20-1523 to the FDA, under § 505(j) of the Federal Food, Drug and Cosmectic
Act (21 U.S.C. § 355(3)), seeking approval to engage in the commercial manufacture, usc, sale,
offer for sale or importation of generic oxycodone hydrochloride extended release tablets based

on the Reference Listed Drug (“RLD”) OxyContin® which is the subject of approved NDA No.



Case 2:10-cv-04028-PBT Document 1 Filed 08/11/10 Page 13 of 62

20-553, (“proposed generic copies of OxyContin®”) before the expiration of the "042, 799,
’800, and *072 patents.

24.  Upon information and belief, Varam and KVK were actively involved in
the preparation and are actively involved in the prosecution before the U.S, Food and Drug
Administration of ANDA No. 20-1523.

25. Upon information and belief, Varam and KVK are actively involved in the
planning to manufacture, market, sell and/or distribute the proposed generic copics of

OxyContin® if ANDA No. 20-1523 is approved by the FDA.

26, Upon information and belief, ANDA No. 20-1523 contains a “Paragraph
IV certification under 21 U.S.C. § 3552} A)vii)(1V) alleging that the "042, *799, "800, and
072 patents, listed in the FDA’s Orange Book as covering the drug OxyContin®™, which is the
subject of approved NDA No. 20-553, are “invalid, unenforceable and/or will not be infringed by
the manufacture, use, sale, offer for sale or importation of [proposed generic copics of
OxyContin®].”

27.  In a letter dated June 28, 2010 addressed to Plaintiffs, Varam provided
“notice” with respect to its proposed generic copies of ()xy(?ontin@= and the "042, "799, "800, and
’072 patents under 21 U.S.C. § 355(G)(2)(B) (“Notice Letter”).

28, Varam did not include with its Notice Letter an Offer of Confidential
Access pursuant to 21 U.S.C. § 355()(SHCH(i)(111).

29, In a letter dated July 9, 2010, Plaintiffs requested that Varam provide
Plaintiffs with material on a confidential basis to assist Plaintiffs in evaluating whether fo bring a

patent infringement suit against Varam. Plaintiffs included a proposed Confidential Disclosure
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Agreement because Varam did not include an Offer of Confidential Access with its Notice
Letter.

30. On August 2, 2010, having had no response from Varam regarding
Plaintiffs’ July 9, 2010 letter, Plaintiffs telephoned Varam to inquire whether the letter had been
received. On August 3, 2010, Frank Nekoranik telephoned Plaintiffs stating that Varam had

received Plaintiffs’ lefter and would respond. To date, Varam has not responded to Plaintiffs’

letter.
COUNT 1
Patent Infringement
31.  Plaintiffs incorporate by reference paragraphs 1-30 as if fully sct forth
herein.
32. Varam’s submission of ANDA No. 20-1523, with active assistance and

involveﬁent by KVK, is an act of infringement of the *042, 799, 800, and 072 patents under
the United States Patent Law, 35 U.S.C. § 271(e)(2)(A).

33.  Upon information and belief, the proposed generic copies of OxyContin ¢
are covered by one or more claims of the *042, >799, "800, and *072 patents.

34. Upon information and belief, Varam and KVK’s commercial sale, offer

-

for sale, use, and/or manufacture of the proposed generic copies of OxyContin{k would infringe,
contribute to the infringement of, and/or induce the infringement of one or more claims of the
042, "799, '800, and "072 patents.

35. Upon information and belief, Varam and KVK have been aware of the
existence of the *042, *799, '800, and *072 patents, and have no reasonable basis for believing
that the commercial sale, offer for sale, use, and/or manufacture of the proposed generic copics

of OxyContin® will not infringe, contribute to the infringement of, and/or induce the
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infringement of the *042, *799, *800, and 072 patents, thus rendering the case “exceptional,” as
that term is used in 35 U.S.C. § 285.

36.  The acts of infringement by Varam and KVK set forth above will cause
Plaintiffs irreparable harm for which they have no adequate remedy at law, and will continue
unless enjoined by this Court.

WHEREFORE, Plaintiffs pray for judgment:

A. Adjudging that Varam and KVK have infringed the 042, *799, "800, and
072 patents, and that the commercial sale, offer for sale, use, and/or manufacturc of the

proposed generic copies of OxyConthl@ described in ANDA No. 20-1523 would infringe, induce

infringement of, and/or contribute to the infringement of the *042, 799, "800, and *072 patents;

B. Adjudging, pursuant to 35 U.S.C, § 271(e)}{4)(A), the effective date of any
approval of ANDA No. 20-1523, under § 505(j) of the Federal Food, Drug and Cosmetic Act (21
U.S.C. § 355()), to be a date not earlier than the date of expiration of the *042, *799, "800, and
072 patents plus any additional periods of exclusivity;

C. Preliminarily and permanently enjoining, pursuant to 35 U.S.C.
§§ 271(e)(4)(B) and 283 and Rule 65, Fed. R. Civ. P., Varam and KVK, their officers, partners.
agents, servants, employees, parents, subsidiaries, divisions, affiliate corporations, other related
business entities and all other persons acting in concert, participation, or in privity with them,
and their successors and assigns, from any commercial manufacture, use, offer to sell, or sale
within the United States, or importation into the United States, of any drug product that infringes
the "042, *799, "800, and *072 patents;

D. Declaring this an exceptional case and awarding Plaintiffs their attorneys’

fees, as provided by 35 U.8.C. §§ 271(e)(4) and 285; and
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E. Awarding Plaintiffs such other and further relief as this Court may deem

just and proper.

August 11, 2010

OF COUNSEL:

ROPES & GRAY LLP

Robert J. Goldman

Sasha G. Rao

1900 University Avenue, 6th Floor
East Palo Alto, CA 94303

(650) 617-4000
robert.goldman(@ropesgray.com
sasha.rao@ropesgray.com

Pablo D. Hendler

Sona De

1211 Avenue of the Americas
New York, NY 10036

{(212) 596-9000
pablo.hendler@ropesgray.com
sona.de(@ropesgray.com

COZEN O’CONNOR
(AL JX
H. Robert Fiebach
PA Id. No. 02812
Chad E. Kurtz
PA 1d. No. 208183
1900 Market Street
Philadelphia, PA 19103
(215) 665-2000
rfiehach{@cozen.com
ckurtz@cozen.com
Attorney for Plaintiffs
Purdue Pharma L.P.,
The P.F, Laboratories, Inc.,

Purdue Pharmaceuticals L.P.,
and Rhodes Technologies
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[57] ABSTRACT

A method for substantially reducing the range in daily
dosages required to control pain in approximately 90% of
patients is disclosed whereby an oral solid controlled release
dosage formulation having from about 10 to about 40 mg of
oxycodone or a salt thercof is administered to a patient. The
formulation provides a mean maximum plasms concentra-
tion of oxycodone from about 6 to about 60 ng/ml from 2
mean of about 2 to about 4.5 hours after administration, and
a mean minimum plasma concentration from about 3 to
about 30 ng/ml from about I0 to about 14 hours afier
repeated “q12h” (i.e. every 12 hour) administration through
steady-state conditions. Another embodiment is direeted to -
a method for substantially reducing the range in daily
dosages required to control pain in substantizlly all patients
by administering an oral solid controlled elease dosage
formulation comprising up to about 160 mg of oxycodone or
a salt thercof, such that a mean maximom plasma concen-
tration of oxycodone up to about 240 ng/fmi from a mean of
up to about 2 to about 4.5 hours after administration, and a
mean minimum plasma concentration up 1o abeut 120 ngfmi
from about 10 to about 14 hours after repeated “q12h” (..,
every 12 hour) administration through steady-state condi-
tions are achieved, Controlied release oxycodone formula-
tions for achieving the above dre also disclosed.

2 Claims, 5 Drawing Sheets
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CONTROLLED RELEASE OXYCODONE
COMPOSITIONS

This is a divisional of application Ser. No. 08/081,302,
filed Yun, 18, 1993, which is a continuation-in-part of U.S.
application Ser. No, 07/800,549, filed Nov. 27, 1991, now
U.S. Pat. No. 5,266,331,

BACKGROUND OF THE INVENTION

Surveys of daily dosages of opioid anzlgesics required to
control pain suggest that an approximately eight-fold range
in daily dosages is required to control pain in approximately
50% of patients. This extraordinary wide range in the
appropriate dosage makes the titration process particularly
time consuming and resource consuming, as well as leaving
the patient without acceptable pain conirol for an unaccept-
ably long duration,

In the management of pain with opioid analgesics, it has
been commonly observed and reported that there is consid-
erable inter-individuat vardation in the response to a given
dosc of a given drug, and, therefore, considerable variability
among patients in the dosage of opioid analgesic required to
control pain without unacceptable side effects. This neces-
sitates considerable effort on the past of clinicians in estab-
lishing the appropriate dose in an individual patient through
the time copsuming process of titration, which reguires
careful assessment of both therapeutic and side effects and
dosage adjustments over a period of days and sometimes
longer before the appropriate dosage is determined. The

American Pain Society’s 3rd Edition of Principles of Anal-
gesic Use in the Treatment of Acute Pain and Cancer Pain
explains that one should “be aware that the optimal analge-
sic dose varies widely among patients. Studies have shown
that in all age groups, there is enormous variability in doses
of opioids required to provide relief, even among opioid
naive patients with identical surgical lesions. . , . This great
variability underscores the need to write analgesic orders
that include provision for supplementary doses, and to use
intravenous boluses and infusions to provide rapid relief of
severe pain. . . . Give each analgesic an adequate trial by
dose titration . . . before swilching to another dmg.”

An opioid analgesic treatment which acceptably controls
pain over a substantially narrower daily dosage range would,
therefore, substantially improve the efficiency and quality of
pain management.

It has previously been known in the art that controlled
release compositions of opioid analgesics such as morphine,
hydromorphone or salts thereof couid be prepared in a
suitable matrix, For example, US. Pat. No. 4,990,341
(Goldie), also assigned to the assignee of the present inven-
tion, describes hydromorphone compositions wherein the
dissolution rate in vitro of the dosage form, when measored
by the USP Paddle Method at 100 rpm in 900 ml aqueous
buffer (pH between 1.6 and 7.2) at 37° C,, is between 12.5
and 42.5% (by wt) hydromorphone released after 1 hour,
between 25 and 559% (by wi) released after 2 hours, between
45 and 75% (by wt) rcleased after 4 hours and between 55
and 85% (by wt) released after 6 hours.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method
for substantially improving the efficiency and quality of pain
management,
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1t is another object of the present invention to provide an
opioid analgesic formulation which substantially improves
the efficiency and guality of pain management.

It is another object of the present Invention o provide a
method and formulation(s) which substantially reduce the
approximaltely eight-fold range in daily dosages required to
control pain in approximately 90% of paticnts.

It is another object of the present invention to provide 3
method and formulation(s) which substantiaily reduce the
variability in daily dosages and formuiation requirements
necessary to control pain in substantially all patients,

1t is yet another object of the present invention to provide
a method for substantially reducing the time and resources
nieed to titrate patients requiring pain relief on opioid anal-
gesics,

1t is yet another object of the present invention to provide
controlled release opioid formulations which have substan-
tially less inter-individnal variation with regard to the dose
of epioid analgesic required to controi pain without unac-
cepiable side effects.

The above objects and others are attained by virtue of the
present invention, which is rclated to a solid controlled
release oral dosage form, the dosage form comprising from
about 10 to about 40 mg of oxycodone or a salt thereof in a
matrix wherein the dissolution rate in vitro of the dosage
form, when measured by the USP Paddle Methed at 100 rpm
in 900 ml aqueous buffer (pH between 1.6 and 7.2) at 37° C.
is between 12.5 and 42.5% (by wt) oxycodone released after
1 hour, between 25 and 56% (by wi) oxycodone released
after 2 houors, between 45 and 75% (by wt) oxycodone
released after 4 hours and between 55 and 85% (by wt)
oxycodone released after 6 hours, the in vitro release rate
being substantially independent of pH, such that the peak
plasma level of oxycodone obtained in vivo occurs between
2 and 4.5 hours after administration of the dosage form.,

USP Paddle Method is the Paddle Method described, e.g.,
in U.S. Pharmacopocie XXII (1990).

In the present specification, “substantially independent of
pH” means that the difference, at any given time, between
the amount of oxycodene released at, c.g., pH 1.6, and the
amount released at any other pH, eg., pH 7.2 (when
measured in vitro using the USP Paddle Method at 100 rpm
in 900 ml aqueous buffer), is 10% {by weight) or less. The
amounts released being, in all cases, & mean of at least three
experiments.

The present invention is further related to a method for
substantially reducing the range in daily dosages required to
control pain in approximately 90% of patients, comprising
administering an oral solid controlled release dosage for-
mulation comprising from about 10 to about 40 mg of
oxycodone or a salt thereof, said formulation providing a
mean maximum plasma concentration of oxycodone from
about 6 to about 60 ng/m! from a mean of about 2 to about
4.5 hours after administration, and a mean minimum plasma
concentration from about 3 to about 30 ag/ml from a mean
of about 10 to about 14 hours after repeated “ql2h” (i.e,,
every 12 hour) administration through steady-state condi-
tions.

The present invention is further related to a method for
substantially reducing the range in daily dosages required to
contro} pain in substantially all patients, comprising admin-
istering an oral solid controlled release dosage formulation
comprising up to about 160 mg of oxycodene or a sakt
thereof, said formulation providing a mean maximum
plasma concentration of oxycodone up to about 240 ng/mi
from a mean of up to about 2 to about 4.5 hours after
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administration, and a mean minimum plasma concentration
up to about 120 ng/ml from a mean of about 10 to about 14
hours after repeated “ql2k” (i.e., every 12 hour) adminis-
tration; through steady-state conditions.

The present invention is further related to controlled
release oxycodone formulations comprising from sbout 10
to about 40 mg oxycodone or a salt thereof, said formula-
tions providing a mean maximum plasma concentration of
oxycodone from about 6 to about 60 ng/m! from a mean of
about 2 1o about 4.5 hours after administration, and 4 mean
minimym plasma concentration from about 3 to about 30
ng/mi from about 10 to about 14 hours afier repeated q12h
administratlon through steady-state conditions.

The present invention is further related to controlled
release oxycodone formulations comprising up to about 160
mg oxycodone or a salt thereof, said formulations providing
& mean maximum plasma concentration of oxycodone up to
about 240 ng/ml from a mean of about 2 to about 4.5 hours
afier administration, and & mean minimum plasma concen-
tration up to zbout 120 ng/ml from about 10 to about 14
hours after repeated ql2h administration through steady-
state conditions.

BRIBF DESCRIPTION OF THE DRAWINGS

The following drawings are itlustrative of embodiments
of the invention and are not meant to limit the scope of the
invention as encompassed by the claims,

FIGS. 14 are graphs showing the time-effect curves for
pain intensity differences and pain relief for Example 17;

FIG. 5 is 2 graph showing the mean plasma oxycodone
concentration for a 10 mg controlled release oxycodone
formulation prepared in accordance with the present inven-
tion and a study reference standard.

DETAILED DESCRIPTION

It has now been surprisingly discovered that the presently
claimed controlled release oxycodone formulations accept-
ably control pain over a substantiaily narrower, approxi-
mately four-fold (10 to 40 mg every 12 hours—around-the-
clock dosing) in approximately 90% of patients. This is in
sharp contrast to the approximately eight-fold range required
for approximately 90% of patients for opioid analgesics in
general.

The use of from about 10 mg to about 40 mg of 12-hourly
doses of controlled-release oxycodone to control pain in
approximately 90% of patients relative to a wider dosage
range of other mu-agonist anatgesics, indicated for moderate
to severe pain, is an example of the unique characteristics of
the present invention. It should also be appreciated that the
remaining 10% of patients would alsc be successfully man-
aged with 12-howrly controlled-release oxycodone over a
relatively narrower dosage range than with the use of other
similar anaigesics. Substantially all of those remaining 10%
of patients not managed with controlled release oxycodone,
10 mg to 40 mg every 12 hours, would be managed using
dosages of greater than 40 mg every 12 hours through 160
mg every I2 hours utilizing any ome of a number or
mulliples of formulation strengths such as 10, 20, 40, 80 and
160 mg unit dosages or combinations thereof. In contrast,
the use of other similar analgesics such as morphine would
require a wider range of desages to manage the remaining
10% of patients, For example, daily dosages of oral mor-
phine equivalents in the range of 1 gram to mote than 20
grams have been observed. Similarly, wide dosage ranges of
oral hydromorphone would also be required.
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Morphine, which is considered to be the prototypic opioid
analgesic, has been formulated into & 12 hour controlled-
release formulations {i.e., MS Contia® tablets, commer-
cially available from Purdue Pharma, L.P). Despite the fact
that both controfled-release oxycodone and controlled
release morphine administered every 12 hours around-the-
clock possess qualitatively comparable elinical pharmaco-
kinetic characteristics, the oxycodone formulations of the
presenty claimed invention can be used over approximately
% the dosage range as compared to commercially available
controlled release morphine formulations (such as MS Con-
tin®) to conirol 90% of paticnts with significant pain,

Repeated dose stucdies with the controlled release oxyc-
odone formulations administered every 12 hours in com-
parison with immediate release oral oxycodone adminis-
iered every 6 hours at the same total daily dose result in
comparable extent of absorption, as well as comparable
maximum &nd minimum concestrations. The time of maxi-
mum concentration occurs at approximately 2-4.5 hours
after oral administration with the controlled-release product
as compared to approximately 1 hour with the immediate
release product. Similar repeated dose studies with MS
Contin® tablets as compared to immediate release morphine
provide for eomparable relative results as with the controlled
release oxycodone formulations of the present invention.

There exists no substantial deyiation from parallelism of
the dose-response curves for oxycodone either in the forms
of the controlied release oxycodone formulations of the
present invention, immediate release oral oxycodone or
parenteral oxycadone in comparison with oral and parenteral
opioids with which oxycodone has been compared in terms
of dose-response studies and relative analgesic potency
assays. Beaver, et al., “Analgesic Studies of Codeine and
Oxycodone in Patients with Cancer. 11 Comparisons of
Intramuscular Oxycodone with Intramuscular Morphine and
Codeine”, J. Pharmacol, and Exp. Ther,, Vol. 207, No. 1, pp.
101-108, reporied comparable dose-response slopes for
parenteral oxycedone as compared o parenteral morphine
and comparable dose-response slopes for oral as compared
to parenteral oxycodone.

A review of dose-response studies and relative analgesic
assays of mu-agonist opioid analgesics, which include oxy-
codone, morphine, hydromorphone, levorphanol, metha-
done, meperidine, heroin, all indicate no significant devia-
tion from parallelism in their dose response relationships,
This is so well established that it has become &n underlining
principal providing for establishing relative analgesic
potency factors and dose ratios which are commonly utilized
when converting patients from one my-agonist analgesic to
another regardless of the dosage of the former. Unless the
dosc-respanse curves are paraliel, conversion factors would
not be valid across the wide range of dosages involved when
substituting one drug for another.

The clinical significance "provided by the controlled
release oxycodone formulations of the present invention at
a dosage range from about 10 to about 40 mg every 12 hours
for acceptable pain management in approximately 90% of
patients with moderate to severe pain, as compared 10 other
opioid analgesics requiring approximately twice the dosage
range provides for the most efficient and humane method of
managing pain requiring repeated dosing. The expertise and
time of physicians and nurses, as well as the duration of
uracceptable pain patients must endure during the opioid
amalgesic titration process is substantially reduced through
the efficiency of the controlled release oxycodone formula-
tions of the present invention,

It is further clinically significant that a dose of about 80
mg controlled release oxycodone administered every 12
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hours will provide acceptable pain relief management in,
€. approximately 95% of patients with moderate to severe
pain, and that about 160 mg controled release oxycodone
edministered every 12 hours will provide acceptable pain
relicf management in, e.g., approximately all patients with
moderate to severe pain.

In order to obtain & controlled release drug dosage form
having at least a 12 hour therapeutic effect, it is usual in the
pharmaceutical art to produce a formulation that gives a
peak plasma tevel of the drug between about 4-8 hours after
administration {in a single dose study), The present inven-
tors have surprisingly found that, in the case of oxycodone,
a peak plasma level at between 2-4.5 hours after adminis-
tration gives at least 12 kours pain relfef and, most surpris-
mgiy, that the pain relief obtained with such a formulation
is greater than that achieved with formulations giving peak
plasma levels (of oxycodone) in the normal period of up to
2 hours after administration,

A further advaniage of the present composition, which
releases oxycodone at a rate that is substantially independent
of pH, is that it avoids dose dumping upon oral adminisira-
tion. In other words, the oxycodone is released evenly
throughout the gastrointestinal tract.

The preseat oral dosage form may be presented as, for
example, gramiles, spheroids or pellets in a capstie or in any
other suitable solid form. Preferably, however, the oral
dosage form is a tablet.

The present oral dosage form preferably contains between
1 and 500 mg, most especially betweea 10 and 160 mg, of
oxycodene hydrochloride, Alternatively, the dosage form
may contain molar equivalent amounts of other oxycodone
salts or of the oxycodone base,

The present matrix may be any matrix that affords in vitro
dissolution rates of oxycodone within the narrow ranges
required and that releases the oxycodone in a pH indepen-
dent manner. Preferably the matrix is a controlied release
matrix, aithough normal release matrices having a coating
that controls the release of the drug may be used, Suitable
materials for inclusion in a controlled release matrix are

(a) Hydrophilic polymers, such as gums, cellulose ethers,
acrylic resing and protein derived materials, Of these poly-
mers, the cellulose ethers, especially hydroxyalkylcelluloses
and carboxyalkylcelluloses, are preferred. The oral dosage
form may contain between 1% and 80% (by weight) of at
least one hydrophilic or hydrophobic pelymer.

{(b) Digestible, long chain (Cg—Csq, cspecially C;5~Cag)s
substituted or unsubstituted hydrocarhons, such as fatty
acids, fatty alcohols, glycery! esters of fatly acids, mineral
and vegetable oils and waxes. Hydrocarbens having a melt-
ing point of between 25° and 90° C. are preferred, Of these
long chain hydrocarbon maierials, fatty (aliphatic) alcohols
are preferred. The oral dosage form may contain up to 60%
{(by weight) of at leasi one digestible, long chain hydrocar-
bon.

{c) Polyalkylene giycols. The oral desage form may
contain up to 60% (by weight) of at least one polyalkylene
glycol.

One particular suitable matrix comprises at least one
water soluble hydroxyalkyl celluiose, at least one C,,—C,g,
preferably C,,-C,,, aliphatic alcohol and, optionally, at
Ieast one polyalkylene glycol.

The at least one hydroxyalkyl cellulose is preferably a
hydroxy (C, to Cy) alkyl ceilulose, such as hydroxypropy-
leellulose, hydroxypropylmethylcellulose and, especially,
hydroxyethyl cellulose. The amount of the at least one
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hydroxyalkyl cetilose in the present oral dosage form will
be determined, inter alia, by the precise rate of oxycodone
release required, Preferably however, the oral dosage form
contains between 5% and 25%, especially between 6.25%
and 15% (by wt) of the at least one hydroxyalky! cellulose.

The at least one aliphatic alcohol may be, for example,
lauryl alcohol, myristyl alcohol or stearyl alcohel, In par-
ticularly preferred embodiments of the present oral dosage
form, however, the at least one aliphatic alcehol is cetyl
alcohol or cetostearyl alcokol. The amount of the at least one
aliphatic elcohol in the present oral dosage form will be
determined, as above, by the precise rate of oxycodone
release required. It will also depend on whether at least one
polyalkylene glycol is present in or absent from the orat
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 aicohol and the at least one polyalkylene glycol
preferably constitutes between 20% and 50% (by wt) of the
total dosage.

In one preferred embodiment, the controlied release com-
position comprises from about 5 to about 25% acrylic resin
and from about 8 1o gbour 40% by weight aliphatic alcohol
by weight of the total dosage form. A particularly preferred
acrylic resin comprises Budragit® RS PM, commcrctally
available from Rohm Pharma.

In the present preferred dosage form, the ratio of, e.g., the
at least one hydroxyalkyl celltiose or acrylic resin to the at
least one aliphatic alcohol/polyalkylene glycol determines,
to a considerable extent, the release rate of the oxycodone
from the formulation. A ratio of the at least one hydroxyalky!
cellulose to the at least one aliphatic alcohol/polyatkylene
glycol of between 1:2 and 1:4 is preferred, with a ratio of
between 1:3 and 1:4 being particuiarly preferred,

The at least one polyalkylene glycol may be, for example,
polypropylene glycol or, which is preferred, polyethylene
glycol. The number average molecular weight of the at least
one polyalkylene glycol is preferred beiween 1000 and
15000 especially between 1500 and 12000,

Aanother suitable controlled release matrix would com-
prise an alkyicellulose (especiatly ethyl cellulose), a C,5 to
Cy aliphatic alcohol and, optionally, a polyalkylene glycol.

In addition to the above ingredients, a controlled release
matrix may also contain suitable quantities of other mate-
tials, e.g. diluents, lnbricants, binders, granulating aids,
colorants, flavorants and glidants that are conventional in the
pharmaceutical azt,

As an alterngtive to a controlled release matrix, the
present matrix may be a normal release rhatrix having a coat
that controls the release of the drug, In particulatly preferred
embediments of this aspect of the invention, the present
dosage form comprises film coated spheroids containing
active ingredient and a non-water soluble spheronising
agent. The term spheroid is known in the pharmaceutical art
and means a spherical granule having a diameter of between
0.5 mm and 2.5 mm especially between 0.5 mm and 2 mm,

The spheronising agent may be any pharmaceutically
acceptable material that, together with the active ingredient,
can be spheronised to form spheroids. Microcrysialline
cellulose is preferred,

A suitable microcrystailine cellulose is, for example, the
material sold as Avicel PH 101 (Trade Mark, FMC Corpo-
ration). According to a preferred aspect of the present
invention, the film coated sphercids contain between 70%
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and 99% (by wt), especially between 80% and 95% (by wt),
of the spheronising agent, especially microcrystalline cellu-
lose.

In addition to the active ingredient and spheronising

agent, the spheroids may also confain a binder. Suitable 5

binders, such as low viscosity, water soluble polymers, will
be well known to these skilled in the pharmaceutical ast,
However, water soluble hydroxy lower alky! cellulose, such
as hydroxy propy! cellulose, are preferred. Additionally ¢or
alternatively) the spheroids may contain a water insoluble
polymer, especially an acrylic polymer, an acrylic copoly-
mer, such as a methacrylic acid-ethyl acrylate copolymer, or
ethyl cellulose,

The spheroids are preferably film coated with a material
that permits release of the oxycodone (or salt) at a controlied
rate in an agueous medivm. The film coat is chosen so as to
ackieve, in combination with the other ingredients, the
in-vitro' release rate ontlined above (between 12.5% and
42.5% (by wt) release after 1 hour, etc.).

The film coat will generally include a water insoluble

material such as

(z) a wax, cither alone or in admixture with a fatty

alcohol,

(b) shellac or zein,

(c) a water insoluble cellulose, especiatly ethyl cellulose,

(d) a polymethacrylate, especially Budragit®,

Preferably, the film coat comprises a mixture of the water
insoluble material and a water soluble material, The ratic of
water insoluble to water soluble material is determined by,
amongst other factors, the release rate required and the
solubility characteristics of the materials selected,

The water soluble material may be, for example, polyvi-
nylpyerolidone or, which is preferred, a water soluble cel-
Iulose, especially hydroxypropylmethyl cellulose,

Suitabie combinations of water insoluble and waler
soluble materials for the fiim coat include shellac and
polyvinylpyrrolidone or, which is prefetred, ethyl cellulose
and hydroxypropylmethy] cetlulose.

In order 1o facilitate the preparation of a solid, controlled
release, orel dosage form according to this invention there is
provided, in a further aspect of the present inveation, a
process for the preparation of a selid, controlied releasc, oral
dosage form according to the present invention comprising
incorpoerating hydromorphone or a salt thereof in a con-
trolled release matrix, Incorporation in the matrix may be
effected, for example, by

(a) forming granules comprising at least one water soluble
hydroxyalky] cellulose and oxycodone or a oxycodone
salt,

(b) mixing the hydroxyalky cellulose containing granules
with at least one C,,—C;, aliphatic alcohol, and

(c) optionally, compressing and shaping the granules,
Preferably, the granules are formed by wet granulating
the hydroxyalky! cellulose/oxycodone with water. In 2
particularly preferred embodiment of this process, the
amount of water added during the wet granulation step
is preferably between 1.5 and 5 times, especially
between 1.75 and 3.5 times, the dry weight of the
oxycodone,

The present solid, controlled release, oral dosage form
may also be prepared, in the form of film coated spheroids,
by

(a) blending a mixture comprising oxycedone or 4 oxy-
codone salt and a non-water soluble spheromising
agent,

—
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(b} extruding the blended mixture to give an extrudate,
(c) spheronising the extrudate until spheroids are formed,
and

(d) coating the sphercids with a film coat.

The present solid, controlled release, oral dosage form
and processes for its preparation will now be described by
way of example only,

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following examples iHustrate varicus aspects of the
present invention. They are not meant to be construed to
limit the claims in any mannoer whatsogver.

EXAMPLE 1

Controlled Release Oxycodone HCI 30 mg
Tablets—Aqueous Manufacture

The required quantities of oxycodone hydrochioride,
spray-dried lactose, and Budragit® RS PM are transferred
into an appropriate-size mixer, and mixed for approximately
5 minutes. While the powders are mixing, the mixture is
granulated with enough water to produce a moist granular
mass, The granules are then dried in a fluid bed dryer at 60°
C., and then passed through an 8-mesh screen. Thereafier,
the granules arc redried and pushed through a 12-mesh
screen. The required quantity of stearyl alcohol is melted at
approximately 60°-70° C., and while the granules are mix-
ing, the melted stearyl alcohel is added, The warm granules
are returned to the mixer

The coated granules are removed from the mixer and
allowed to cool. The granules are then passed through a
12-mesh screen. The granulate is then lubsicated by mixing
the required quantity of talc and magnesium stearate in 4
suitable blender. Tablets are compressed to 375 mg in weight
on a suitable tableting machine. The formula for the tablets
of Example 1 is set forth in Table I below: .

TABLE 1
Formula of Oxycodone HCl 30-mg Tablets

Component mp/Tablet % (by wt)
Oxycodone Hydrochloside 300 8§
Lactose (spray-dricd} - 213,75 57
Eudragit ® RS PM 450 12
Purificd Water 5% —
Stearyl Alcobol 750 20
Tale 1.5 2
Magnesium Stearate 375 i

Toml: 3750 £00

*Used in manufacture and remains ia final product as residusl quantity only.

The tablets of Example 1 are then tested for dissolution
via the USP Basket Method, 37° C., 100 RPM, first hour 700
mi gastric fluid at pH 1.2, then changed to 900 ml at 7.5, The
results are set forth in Table 2 below:

TABLE 2
Bissohulion of Oxycedone 30 mg Conirolled Release Tablets

Time % Oxycodone Disselved
1 331
2 43.5
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The results are set forth in Table 4 below:
TABLE 2-continued
Disgolution of Oxycodone 30 mg Controlled Release Tablets TABLE 4
. X Dissolution of Oxycodene 13 mg Controlled Release Tablets
Time % Oxycodone Dissolvad 5
Hour % Thssoived
4 58.2
8 1.2 1 350
12 818 2 417
18 858 4 58.5
o 89.2 10 8 677
12 74.5
18 769
74 81.2
EXAMPLE 2
15
Controlled Oxycedone HCl 10 mg Release EXAMPLES 3-4
Tablets-Organic Manufacture
The required quantities of oxycodone hydrochloride and 20 Contralled Release Oxycodone 10 and 20 mg
spray dried lactose are transferred into an appropriate sized Tablets (Aqueous Manufacture)
mixer and mix for approximately 6 minutes. Approximately
40 percent of the required Budragit® RS PM powder is Eudragit® RS 30D and Tracetin® are combined while
dispersed in Ethanol, While the powders are mixing, the passing though a 60 mesh screen, and mixed under low shear
powders are granulated with the dispersion and the mixing 25 for approximately 5 minutes or until a uniform dispersion is
continued until 2 meist granular mass is formed. Additional observed.
ethanol is added if needed to reach granulation end point. Next, suitable iti
el : - , quantities of Oxycodone HCI, lactose, and
The granulation is transferred to a fluid bed dryer and dried povidone are placed into a fluid bed grannlator/dryer (FBD)
at 30° C.; and then passed through a 12-mesh screen. The : . : :
remainiog Eudragit® RS PM is di i Ivent of 00 30 bowl, and the suspension sprayed onto the powder in the
g agl 1$ dispersed in a soivent o fluid bed. After spraying, the granulation is passed through
parts ethanol and 10 parts purified water; and sprayed onto a #12 screen if necessary o reduce lumps, The dry grany
the granules in the fluid bed granviator/dryer at 30° C. Next, fation i lc " di miry uee Jumps. grang-
the granulate is passed through a 12-mesh screen, The ‘200 1§ Placecin @ mixer. )
required quantity of stearyl alcohol is melted af approxi- In the meantime, the required amount of stearyl alcohol is
mately 60°-70° C. The warm granules are retumed to the 35 melted at a temperature of approximately 70° C. The melted
mixer. While mixing, the melted stearyl alcohol is added, stearyl alcohol is incorporated into the granulation while
The coated granules are removed . from the mixer and mixing. The waxed granulation is transferred to a finid bed
allowed to cool. Thereafter, they are passed through a granulator/dryer or trays and allowed to cool to room
12-mesh screen. temperature or below. The cooled granulation is then passed
Next, the granulate i¢ lubricated by mixing the required 40 through_ a #12_ screen. Thereafier, the waxec.l granulatiop is
quantities of tale and magnesium stearate in a suitable  Pleced in a mixerblender and lubricated with the required
blender, The granulate is then compressed to 125 mg tablets ~ amounts of talc and magnesium stearate for approximately
on a suitable tableting machine, 3 minutes, and then the granulate is compressed into 125 mg
The formula for the tablets of Example 2 (10 mg con-  @DIC1S on & suiteble tableting machine. ‘
trolled release oxycodone) is set forth in Table 3 below: The formula for the tablets of Exampte 3 is set forth in
Table 5 below:;
TABLE 3
, TABLE 5
Formnula of Oxycedone HCI 10 mg Controlted Release Tablets
50 Yormula of Conrolled Release Oxycodone 10 mg Tablets
Percent
Component Mpg/Tablet (by wi) Componeni Mgp/Tablet % (by wt)
Oxycodone hydrochloride 10.00 8 Oxycodone Hydrochloride 10.0 8.0
Lactose (spray-dried) 7125 57 Lactose (spray dried) 69.25 554
Eudragit ® RS PM 15.00 12 Povidone 50 40
Ethanol gs* - 55 Eudragit ® RS 30D {solids} 10.0¢ 80
Purified Water Q8% — Trincelin & 20 L6
Sicaryl Aleohol 2500 20 Stearyl Aleohol 25.0 200
Tale 2.50 2 Tale 25 20
Magnesivm stearate 1.25 1 Magnesium Stearate 1,25 10
Total; 12500 mg 100 60 Total: 1250 1000
*Used only ir the manufacture and remaing in fingl product as residunt . *Approximately 33,33 mg Fudragil ® RS 30D Aqueous dispersion i3 equiva-
quantity only, leal to 10 mg of Eudragit ® RS 30D dry substance.
_ The tablets of Example 2 are then tested for dissolution The tablets of BExample 3 are then tested for dissolution
via USP Basket Method at 37° C., 100 RPM, first hour 700 65 via the USP Basket Methed at 37° C., 100 RPM, first hour

700 ml simulated gastric fivid at pH 1.2, then changed to 900
ml at pH 7.5. The results are set forth in Table 6 below:
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The results are provided in Tables 9 and 10 below:
TABLE 6 ‘
Dissolution of Qxycodone 1 mg Controlled Release Tablets TABLE 9
. Example 5
Hour %o Oxycodone Dissclved H] Percentage Oxycodone HCI 30 mp Tablets Dissolved Over Time
1 380 o 1 2 4 8 12 18 2%
2 415
4 62.0 13 205 437 6.8 789 910 974 971
g 79.8 456 344 491 664 820 956 994 10i1
12 9Ll 10 688 338 471 644 Bl 928 1005 1050
18 949 75 210 386 535 700 818 897 066
24 98.7
The formula for the tablets of Exampie 4 is set forth in TABLE 10
Table 7 below: 15 Example 6
Percentape Ozycodone HCI - 10 mg Tablets Dissalved Over Time
, TABLE 7 pH 1 2 4 8 12 13 24
Formula of Conirolied Release Gxycodone 20 mg Tghlets
13 259 415 585 735 853 907 949
Component Mp/Tablet 0456 38 442 S04 s 88T 012 939
6.88 347 45.2 60.0 5.5 8id 90,3 93,9
Oxycadore Hydrochloride 20.0 15 332 40.1 51.5 66.3 752 817 86.8
Lactose (spray dried) 59,25 g
Povidone 50
3 i + 3
Disoein e (0 o 2 EXAMPLES 7-12
%fy 1 Aleohol ?';:g In Bxamnples 7-12, 4 mg and 10 mg oxycodone HCI
Magnesiam Stearate 125 tablets were prepared accerding to the formulations and
ot 25 methads set forth in the assignee’s U.8. Pat. No. 4,990,341,
b 1250 30  In Example 7, oxycodone hydrochloride (10.00 £m) was
wet granulated with lactose monchydrate (417.5 gm) and
The tablets of Example 4 are then tested for dissolution hydr(;xy;.thyl ;clltilgsc (1100-00 gm?ﬁ‘:md the %ranules “l’fm
: o sieved through a 12 mesh screen. The granules were then
ia tho USP Basket Method at 37° C., 100 RPM, fist hour  Si2ved (hroughia 1 dryer at 50° C. and sieved through a 16
700 ml simutated gastric fiuid at pH 1.2, then changed to 900 45 mesh screen,
ml at pH 7.5. The results are set forth in Table § below: Molten cetostearyl alcohol (300.0 gm) was added (o the
warmed oxycodone containing granules, and the whole was
TABLE 8 mixed thoroughly. The mixture was allowed to cool in the
Dissolution of Oxycodone 20 mg Controiled Reloase Toblets air, regranulated and sieved through a 16 mesh screen,
. 4 FPurified Talc (15.0 gm) and magnesium stearate (7.5 gm)
Hour % Oxycodons Dissolved were then added and mixed with the granules. The granules
i 31 were then compressed into tablets,
2 44 Example 8 is prepared in the same manner as Exampie 7;
g ,si? however, the formulation includes 10 mg oxycodone HCY/
45 tablet. The formulas for Rxamples 7 and 8 are set forth in
12 79 ,
R T] 86 Tables 11 and 12, respectively.
24 89 :
TABLE 11
30 Formulaton of Exemple 7
Ingredicm mg/lablet ntch
EXAMPLES 5-6 el d v
Oxycedone hydrochloride 40 10.0
Ing le 5,30 m 1 o - Lactose menohydrate 1670 415 -
n : xample 5, 30 mg controiled reh?ase xycodone hydro Hydrossetnylosiuiose oo 2000
chloride tablets are prepared according to the process set 53 Cetostearyl aleohol 1200 300.0
: Purified talc 6.0 150
forth in Example 1. Magnesium stearate 30 7.5
In Example 6, 10 mg controlled releasc oxycodone hydro-
chleride tablets are prepared according to the process set
. prep 8 P 6 TABLE 12
forth in Bxample 2.
. . Formulation of Exemple §
Thereafter, dissolution studies of the tablets of Examples SR O el
5 and 6 are conducted at different pH levels, namely, pH 1.3, Ingredient mgftablet g/batch
4.56, 6.88 and 7.5. 65 Oxyeodone hydrochloride 100 25.0
Lactose monohydrate 67,0 417.5
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TABLE 12-continued TABLE 15
Formulatien of Example § Formulation of Exaruple i1
Ingredient mg/tahist gfoatch 5 Tngredient my/tablet ghatch
Hydroxyeibylcetinlose 40.0 1000 Oxycodone hydrochloride 4.0 32.0
Celostearyl ateohol 120.0 3000 Lactose monohydrate 30.0 240.5
Tale 6.0 150 Hydroxyethyleellulose 10.0 80.0
Magnesium stearate 3.0 1.5 Methacrylic acid copolymer 30,0 2400
10 Cetostzary! atcohol 30.0 2400
In Example 9, 4 mg oxycodone HC! controlled release
tablets are prepared according to the excipient formula cited TABLE 16
in Exampie 2 of U.S. Pat. No. 4,990,341, The method of Formulasicn of Examgle 12
manufacture is the same as set forth in Examples 7 and § 15 tnsmadicnt ablot batch
) , ngredien mgfable atcl
above. Example 10 is prepared according to Example 9, i s 5
e i Oxycodone hydrochloride 100 80.0
¢xcept that 10 mg oxycodone HCI is included p(?r tablet. The Lactose monahydete 30.0 2405
formulas for Bxamples 9 and 10 are set forth in Tables 13 Hydroxyethylesllulose 10.6 20.0
: 20 Methacrylic acid copolymer 300 240.0
and 14, respectively. Cetosteery] ateohol 300 240.0
TABLE 13
R — Next, dissolution studies were conducted on the tablets of
onTarion o xumple Bxamples 7-12 using the USP basket method as described
Ingredieat mgfiabict gfbnich 25 in the U.S. Pharmacopoeia XXII (1990). The speed was 100
. rpm, the medium was simulated gastric fluid for the first
ﬁ:}{;ﬁ;‘;‘:j m&’ﬂm“ mg-g 4}9{-‘5’ hour followed by simutated intestinal fluid thereafter, at a
A . o A
Hydroxyethylcellolose 200 750 temperature of 37° C. Results are given in Table 17.
Cetostearyl alcehol %0.0 2250 :
Tale . 6.0 15.0 30 TABLE 17
Magnesium stearae 30 1.5
DISSOLUTION STUDIES.OF EXAMPLES 7-12
Time % Oxycodoene Dissolved
TABLE 14
35 (rs) Ex.7 Ex.8 IEx9 Ex30 EBxll Ex 12
Formulation of Example 14
1 233 3255 281 293 313 40.9
Ingredient mgftablet gfbaich 2 35.6 37.5 41.5 43.2 449 356
- 4 5% 564 6la 636 621 74.2
Oxycodone hydrochloride 10.0 5.0 8 753 192 837 88.0 82.0 939
Hydrous Jactose 157.0 417.5 4 12 97 945 952 100.0 914 100.0
Hydroxyethylccllulose 30,0 750
Cetostearyl alcokol 90.0 2250
Talc 6.0 150
Magnesium stearate 3.0 7.5 .
BXAMPLES 13-16
45

In Example 11, oxycodore 4 mg controlled release tablets
ar¢ prepared with the same excipient formula cited in
Bxample 3 of U.8. Pat. No. 4,990,341,

Oxycodone hydrochloride (32.0 gm) was wet granulated
with lactose monohydrate (240.0 gm) hydroxyethy] celtu-
lose (80.0 gm) and methacrylic acid copolymer (240.0 gm,
Budragit® L.-100-55), and the granules were sieved through
8 12 mesh screen. The granules were then dried in a Fluid
Bed Dryer at 56° C. and passed through a 16 mesh screen.

The warmed exycodone containing granules was added
molten cetostearyl alcohel (240.0 gm), and the whole was
mixed thoroughly. The mixture was allowed to cool in the
air, regranulated and sieved through a 16 mesh screen. The
granules were then compressed into tablets,

Example 12 is prepared in idemtical fashion to Example
11, except that 10 mg oxycodone HC is included per tablet.
The formulations for Examples 11 and 12 are set forth in
Tables 15 and 16, respectively.

50

60

65

Clinical Studies

In Examples 13-16, randomized crossover bioavailability
studies were conducted employiog the formulation of
Examples 2 (organic manufacture) and 3 (aqueous manu-
facture),

In Example 13, a single dose fast/fed study was conducted
on 24 subjects with oxycodone tabiets prepared according to
Example 3, .

In Example 14, a steady-state study was conducted on 23
subjects after 12 hours with oxycodone tablets prepared
according to Bxainple 2, and compared to a § mg oxycodone
immediate-release solution,

In Bxample 15, a single dose study was conducted on 22
subjecis using oxycodone tablets prepared according to
Example 3, and compared to.a 20 mg oxycodene immediate
release solution.

In Example 16, a 12 subject single-dose study was con-
ducted using 3x10 mg oxycodone tablets prepared according
to Example 3, and compared {0 a 30 mg oxycedone imme-
diate release solution,
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The results of Examples 13-16 are set forih in Table 18.
TABLE 19-continued
TABLE 18 PATIENT DISPOSITION
<
fixample Dosage anﬁu n;ﬁxd T:?x TREATMENT GROUP
13 10 mg CR Fast 63 6.1 18 R OXY CR OXY
10 mg CR ¥ed 68 7.1 36
14 5mgIR gbh 121 17 12 15 1020 30
10 mg CR gi2h 130 17 3.2 mg PLACEBG wmg mg mg 2PERCY  TOTAL
15 20 mg IR 188 40 14 10
2% 10 mg CR 197 12 26 ment Phase
6 30mgIR 306 53 ) Complered 3 30 30 30 30 30 181
3% 10 mg CR 350 3s 26 the Swdy
30 mg CR 352 36 2.5 Discontinued 0 1 0 0 0 0 1
from the
IR denotes immediate-release oxycodone solution. Study
CR denotes controlled-release talficts 15 E’;“ri“dcd 0 1 0 00 9 !
Efficacy
EXAMPLE 17 Annlysis
Vomited
Clinicat Studies 20§ post dose
In Example 17, a single dose, double blind, randomized l’;‘g‘;‘;’é"“ﬂ’ ! 0 ¢ 00 0 !
study determined the relative analgesic efficacy, the accept- rescue dsring
ability, and relative duration of action of an oral adminis- study
tration of controlled release oxycodone 10, 20 and 30 mg Analysis
prepared according to the presemt invention (CR OXY) 25 Populaiion:
compared 10 immediaie release oxycodone 15 mg (IR Evaluable for 30 30 30 30 30 30 180
OXY), immediate release oxycodone 10 mg in combination gf&'fety and
with acetaminophen 650 mg (IR OXY/APAP} and placebo icacy :
in 180 patients with moderate or severe pain following g:g:mb]e for 31 e % 30 30 30 182
abdominal or gynecological surgery. Patients rated their pain 20 __~
intensity and pain relief hourly for up to 12 hours postdos- *2 tablets of Percocete ®
ing, Treatments were compared using standard scales for The time-effect curves for pain intensit . :
A \ A . . - Y, pain intensit
f&zfmtensny and relief, and onset and duration of pain differences and pain relief are slljlown in FIGS. 1-4. CR OX‘);
’ 35 10 mg had sipnificantly {p<0.05) lower pain intensity scores
All active tresiments were significantly superior to pla- than the placebo-treated patients at hours 3-11 and lower
cebo for many of the hourly measures, and for sum pain  pain scores than IR OXY 15 mg and Percacet® at hour 10.
intensity differences (SPID) and total pain relief (TOTPAR). CR OXY 20 mg has significantly (p<0.05) lower pain
A dose response was seen among the 3 dose levels of CR intensity scores compared fo placebo at hours 2-11 and
OXY for pain relief and peak pain intensity difference (PID}, 20 significantly (p<0.05) lower pain scores than CR QXY 10
with CR OXY 20 myg and 30 mg being significantly better mg, IR OXY 15 mg and Percocet at hours 9~11. CR OXY
than the 10 mg dose. IR OXY was significantly superior to 30 mg had significantly (p<0.05) lower pain scores than
CR OXY 10 mg at hr 1 and 2. IR OXY/APAP was placebo at hours 2-11 and lower pain scores than CR OXY
significantly superior to the 3 doses of CR OXY athr 1,and 10 mg at hours 2, 3, and 5 and lower scores than Percocet®
to CR OXY 10 mg at hrs 2 through 5. Onset time was . & hour 10. '
significantly shorter for the IR OXY and IR OXY/APAP For bourly pair relief scores categorical and visual analog
treabment groups in comparison to the 3 CR OXY treat- scales (CAT and VAS), CR OXY 10 mg had significantly
ments. The distribution functions for duration of relief (p<0.05) higher pain relief scores than placebo at hours 3-11
revealed significantly longer duration of relief for the three and higher relief scores than IR OXY and Percocet® at hoor
CR OXY doses than for IR OXY and IR OXY/APAP. No 50 10 (and Percocet® at hour 11). CR OXY 20 mg had
serious adverse experiences were reported. The results are significantly (p<0.05) higher. relief scores than placebo at
more particularly reported in Table 12 below. hours 2-12 and higher relief scores than Percocet® at hours
9-12. Ia addition, CR OXY had significantly (p<0.05)
TABLE 19 higher pain refief than IR OXY at hours 10-12. CR OXY 3¢
mg had significantly (p<0.05) higher pain relief scores than
PATRENLDISFOBIION 5 Macebo at hours 2-12 and higher scores than Percocet® at
TREATMENT GROUP hours 9-12 and TR OXY 15 mg at hour 0.
IR OXY CR OXY Each teatment group was significantly (p<q.0§) bcqer
than placebo with respect (© the sum of the pain intensity
15 10 20 3 go differences (SPID) and total pain relief (TOTPAR).
mg FLACEBO mg mg mg 2PERC*  7OTAL Duration of pain relief as measured by the patient stop-
Eorolled and 31 31 30 30 30 10 182 watch method showed that CR OXY 10 mg, 20 mg and 30
Randomized myg had significantly (p<0.05) longer duration of action
}R Study compared to IR QXY 15 mg and 2 tablets Percocet®. In
Eote 3 A 30 30 0 30 g2 65 addition, the three controlled-release formulations had sig-
Study Trea- nificantly (p<0.05) longer times to remedication compared

to Percocet®.
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Before remedication, a total of 104 (57%) of patients
reported 120 adverse experiences. The most common were
somnolence, fever, dizziness and headache.

Based upon the results of this study it is concluded that the
controlled release oxycodone formulations of the present
invention relieve moderate {0 severe post-operative pain,
e.g., due to abdominal or gynecological surgery in women,
There is a dose response noted in which placebo <10 mg<20
. mg<30 mg CR OXY following a single dose. Onsct of action
occurred in one hour with peak effects noted from 2 to §
hours and a duration of effect from 10 to 12 hours, In the
chronic pain situation steady state dosing may protong this
effect. Side effects are expected and easily managed, Head-
ache may be related to dose. Dizziness and somnolence were
reported.

IR OXY 15 mg has an intermediate peak effect compared
to controlled release axycodone. Its duration of action is
shorter (6-8 hours). Percocet® is quite cffective in terms of
onset, peak effect and safety. The duration of action is 6-8
hours.

15

18

FIG. 5 shows the mean plasma oXycedone concentrations
for the two formulations over the 12 hour dosing interval,
The resulls are summarized in Table 18 in terms of mean
values, ratios of mean values and 0% confidence intervals,

As inspection of Table 18 reveals, with one exception, no
significant differences were detected between the two for-
mulations. The single exception is the mean t,,,, for CR
OXY of 3.18 hours which, as expeeied for a controlled
release forrulation, significantly exceeded the ROX mean
of 1.38 hours, Mean AUC-based bioavailabitity, (ROX=
100%) was 104.4% with 90% confidence limits of 90.9 to
117.9%. Thus, the FDA specification of $20% is met so that
the study results support an agserlion of equal oxycodone
availability,

TABLE 20

SUMMARY OF PHARMACOKINETIC PARAMETERS FOR OXYCODONE
FOLLOWING A SINGLE DOSE OF CR OXY (i¢ mg g12H)

AND ROXICODONE ® ORAL SOLUTION (5 mg q6h)

oxY/r

ROXICODONE RO
PARAMETER CR OXY SOLUTION (%) 90% CT*
Cn (0pfmL)
ARITH. MEAN (SD) 15.11(4.69) 15.57(4.41) 07.08  85.59-108.50
GEOMETRIC MEAN 14.43 1501 05.14
Cuus {ng/ml)
ARITH. MEAN (§8D) 6.24(2.64) 6.47(3.07 96.41 80.15-182.14
GEOMETRIC MEAN 562 5.83 96,48
Tona (B8) 3.18Q2.21) L3871 23017 160.71-298.7
ARITH, MEAN (5D)
AUC {0-12 hes)
ARITH. MEAN (SD) 13..30¢40.03} 99 10(35.04) 10444 50.92-117.94
GEOMETRIC MEAN 07.06 3.57 103.29
% Swing 176.36{139.0} 179 0(124,25) 98.5%  £62.06-134.92
ARITH. MEAN (SD)
% Fluctundon 108.69(38.77)  117.75(52.47%) 92,22 76.81-107.57
ARITH. MEAN ($D)
End Point —1.8602.78) =~1.86(2.1% 99.07  117.77-22.23
ARITH. MEAN (SD)
*90% Confidence Interval
Significant Difference p < (.05

In summary, CR OXY was clearly an effective oral 50 EXAMPLE 19

analgesic, with a slower onset but a longer duration of effect

than either IR OXY or IR OXY/APAP.
EXAMPLE 18

Clinical Studies

55

In Bxamplc 18, a steady state crossover trial was con-

ducted in 21 normal male subjects comparing

Clinical Studies

In Example 19, lwenty-four normal, healthy male subjects
were enrolied in a randomized single-dose two-way cross-
over study to compare the plasma oxycodone concentrations
obtained after dosing with two controlled-release oxycodone
10 mg tablets versus 20 mg (20 ml of 5 mg/5 ml) of

so immediate refease (IR) oxycodone hydrochloride solution.

a. CR OXY 10 mg administered every 12 hows (qi2h);

and

b. Roxicodone® oral solution 5 mg (ROX) administered

every 6 hours (g6h),

Treatment (b) was the study reference standard. The 65
average age was 34 years, beight 176 cm and weight 75 kg.
No umnnsual features were noted abeout the group.

Twenty-three subjects completed the study and were eligible
for analysis.

Plasma oxycodone concentrations were detenmined by a
high performance liquid chromatographic procedure. Arith-
thetic Mean C,,,, 10 AUC, and half-lives caleulated from
individual plasma oxycodone concentration-versus-time
data are set {orth in Table 21;
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TABLE 21
Reference Test '
Pharmaco- Product Prodact 90%
Knetic IR Oxycodone CR Gxycodone Confidence
Parameter 20 mg 2% 10 mg F (%) Interval
Coox 41.60 18.62 4475  325-57.0
mgfrol)
Lmax 1.30 262 20083  169.8-232.6
{hours)
AUC 194,35 19262 10271  89.5-115.0
0-36)
(g =
hr/ml)
AUC ((-e0) 194,38 20893 10749  92.9-121.9
(ng % he/mi)
14 (climy 3.21 798% 24815  219.0-2788
{hrs)
bis o 0,35 0.92¢ 26417  216.0-310.7
(hrs)

F. % = Oral bloavailability (CR oxycodone 2 x 10 mg/IR oxycodone 20 mg)}
*Siatistically significans (p = 0.0001)

For C, 00 bnaw b (elim)and ¢, (abs)there were statisti-
cally significant differences between the CR OXY and IR
OXY. There were no statistically significant differences
betweern the two treatments in the extent of absorption [AUC
(0,36), AUC (0,). The 90% confidence interval for CR
OXY relative to IR OXY relative was 89.5%--115.9% for
AUC (0,36) and 92.9%-121.9% for AUC (0,e<). Based on
the 90% confidence interval analysis, the controlied-release
oxycodone tablets were equivalent in extent of absorption
(AUC 0,36) to the immediate-release oxycodone solution.
The controlled-release oxycodone absorption was slower by
approximately 1.3 hours. No statistically significant differ-
ences were noted between the two freatments with reference
to adverse experiences, none of which were considered
clinjcally unusual for opiates for this type of study,

The above studies demonstrate a significant dose-re-
sponse relationship wtilizing the controlled release oxye-
odone formulations of the present invention at dosages of
10, 20 and 30 mg which does not deviate from parallelism
with dose-response slopes for MS Contin in similarly

10

13

20

Z5

3¢

35

40

20

designed well-controlled analgesic efficacy studies of MS
Contin reporied by Kaiko R, S., Van Wagoner D,, Brown I,
et al,, “Controlled-Release Oral Morphine (MS Conlin®
Tablets, MSC) in Postoperative Pain.”, Pain Suppl., 5: §149
1990, who compared 30, 60, 90, and 120 mg of MS Contin
as compared with 10 mg of intramuscular morphine and
placebo and Bloomfleld, et al., “Analgesic Efficacy and
Potency of Two Ormal Controlled-Release Morphine Prepa-
rations”, Clinical Pharmacology & Therapeotics, (in press),
who compared 30 and 90 mg of MS Contin as compared to
30 and 90 mg of another controlled-release oral morphine
preparation, Qramorph SR 30 mg tablets.

The examples provided above are not meant to be exchi-
sive, Many other variations of the present invention would
be obvious to those skilled in the art, and are contemplated
to be within the scope of the appended claims.

What s claimed is:

1. A method for reducing the range in daily dosages
required to control pain in human patients, comprising
administering an oral controlled releage dosage formulation
comprising from about 10 to about 40 mg oxycodone or a
salt thereof which provides a mean maximum plasma con-
cendration of oxycodone from about 6 to about 60 ng/ml
from a mean of abowt 2 to ahout 4.5 hours after adminis-
tration, and a mean minimum plasma concentration from
about 3 to about 30 ng/ml from a mean of about 10 to about
14 hours after repeated administration every 12 hours
through steady-state conditions.

2. A methed for reducing the range in daily dosages
required to control pain in substantially all human patients,
comprising administering an oral solid contrelled refease
dosage formulation comprising from about 10 mg to about
160 mg oxycodone or a salt thereof which provides a mean
maximum plasma concentration of pxycodone up to about
240 ng/ml from a mean of up to about 2 to about.4.5 hours
after administration, and 2 mean minirum plasma concen-
tration up to about 120 ng/ml from a mean of about 10 to
zbout [4 hours after repeated administration every 12 hours

.through steady-state conditions.

LN I B
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FIGURE 1

HCL IPAH 0

U2, Li-dihpdroxy-7 - ddocodeinane

Reaction scheme of the process used to produce oxycodone HCI from thebaine,
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FIGURE 2

T ayey o

HO

82,14-diliydroxy-7,8-dihydrocodeinoric ' 14-hydroxycodeinone

Dehydration of 8¢, 14-dihydroxy-7,8-dihydrocodeinone
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FIGURE 3

Typical HPLC Chromatogram of RTM Solution
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Figure 4

Typlcal HPLC Chromatogram of the Working 100 PPM 140HC Standard
Solution

Auto-Scaled Chrematogram
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FIGURE 5

Typleal HPLC Chromatogram of the Sample Solution containing Oxycadone AP
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OXYCODONE HYDROCHLORIDE HAVING 8,14-dihydroxy-7 8-dihydrocadeinone is carried though the
LESS THAN 25 PPM process. During conversion of the oxycodone free base to

14-HYDROXYCODEINONE

This application is a continuation of 1J.8, patent appiica-
tion Ser. No. 11/391,897, filed Mar. 29, 2006. which is a
continuation of U.S. patent application Ser. No. 11/093,626,
filed Mar. 30, 2005, now U.S. Pat. No. 7,129,248, which
claims prionty to U.S, Provistonal Application No., 60/651,
778, filed Feb. 10, 2005, U.S. Provisional Application No,
60/648,625, filed Jan. 31,2005, U.S. Provistonal Application
No. 60/620,072, fited Oct. 18, 2004, U.S, Provisional Appli-
cation No. 60/601,534, filed Aug. 13, 2004, and U8, Provi-
sional Application Na. 60/557,492, filed Mar. 30, 2004, all of
which are hereby incorporated by reference,

FIELD QF THE INVENTION

1]

The present invention relates to & process for reducing ‘the

amount of 14-hydroxycodeinene in an oxycodone hydrochio-
ride preparation.

BACKGROUND OF THE INVENTION

Oxycodone is a semi-synthetic opioid analgesic that exerts
an agonist effect at specific, saturable opioid receptors in the
CNS and other tissues. In man, oxycodone may produce any
of a variety of effects including analgesia.

Purdue Pharma L.P currently sells sustained-release oxy-
codone in dosage forms containing 10, 20, 40, and 80 mg
oxycodone hydrochloride under the frade pame OxyCon-
tin®.

U.S. Pat. Nos. 5,266,331; 5,508,042; 5,549,912; and 5,656,
295 disclose sustained release oxycodone formulations.

Thebaine, a compound derived from opium, although hav-
ing no medicinal usein itself, is useful a5 a starting material in
synibetic schemes for the production of oxycodone, In other
schemes, codeine can be utilized as the starting material for
the production of oxycodene. 14-hydroxycodeinone is the
immediate precursor to oxycodone in these schemes,

Methods of producing thebaine or 14-hydroxy substituled
opium derivatives have been reported, e.g. in U.5. Pat. Nos.
3,894,026 and 4,045,440,

The oxidation of codelne to codeinone, an initial step in the
synthesis of opium derivatives has been reported in EP
0889045, U.S, Pat. No. 6,008,355 and in the J. Am, Chein.
Soc., 1051, 73, 4001 (Findlay).

The reaction of codeinone to 14-hydroxycodeinone has
been reported in U.S. Pat, No, 6,008,355 and in Tetrahedron
35, 1999 (Coop and Rice).
~ The methylation of codeinone to thebaine has been

reported in Heterocycles, 1988, 49, 43-7 (Rice) and
EP08389045.

U.S. Pat. No. 6,177,567 describes the kydrogenation of
14-hydroxycodeinore to oxycodone by reduction with diphe-
nylsilane and PAPh3P)/ZnCI2 or with sodium hypophos-
phite in conjunction with a Pd/C catalyst in aqueous -acetic
acid.

Krabnig et al. in “Optimization of the Synthesis of Oxyc-
odone and S-Methyloxycodone™ Arch. Pharm. (1996), 329
(6, (325-326) describes hydrogenating a solution of 14-hy-
droxycodeinone in glacial acetic acid with a Pd—C-catalyst
at 30 psi at the described conditions.

During the oxidation of thebaine to give {4-hydroxyco-
deinone, several overoxidized products are formed including
. 8,14-dihydroxy-7,8-dihydrocodeinone. In the production of
oxycodone free base from the 14-hydroxycodeinone, the
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oxycodone hydrachloride, the impurity undergoes acid-cata-
lyzed dehydration and is converted into 14-hydroxyco-
deinone. Thus, 14-hydroxycodeinone is present in the final
oxycodone hydrochloride composition. Oxycodone hydro-
chioride AP (active pharmaceutical ingredient) is available
from a variety of manufacturers such as Johnson Matthey and
Mallinckrodt. Current commercially-available oxycodone
hydrochloride API, and oxycodone hydrochloride prepared
by known procedures, have a level of 14-hydroxycodeinone
of greater than 100 ppm. '

There is & continuing need in the art to provide an oxyc-
odone hydrochloride composition that contains reduced
armounts of 14-hydroxycodeinone as compared to composi-
tions known in the art.

All references cited herein are incorporated by reference in
their entireties for all purposes.

OBIJECTS AND SUMMARY OF THE
INVENTION

It is an object of certain embodiments of the present inven-
fion to provide a process for reducing the [4.hydroxyco-
deinone in an oxycodore hydrochioride composition 1o an
amount of less than 235 ppiu, less than about 15 ppm, less than
about 10 ppm, or less than about 5 ppm.

1tis an object of certain embodiments of the present liven-
tion to provide a process for reacting an oxycodone base
compaosition with hydrochloric acid under conditions te pro-
duce an oxycodone hydrochlonde composition having an
amonnt of 14-hydroxycodeinone of less than 25 ppm, less
than about 15 ppm, less than about 10 ppm, or less than about
5 ppm,

It is a further object of certain embodiments of the present
invention to provide an oxycodone hydmchloride composi-
tion having a 14-hydroxycodeinone level of fess than 25 ppm,
less than about 15 ppm, less than about 10 ppm, or less than
about 5 ppm.

It is a further object of certain embodiments of the present
invention to provide a process for preparing an oxycodone
hydrochloride composition having-a 14-hydroxycodeinone
level of less than 25 ppm by reacling an oxycodone base
composition with hydrochloric acid under conditions suitable
to promote dehydration of 8,14-dihydroxy-7,8-dthydroco-
deinone to 14-hydroxycodeinone during salt formation and
under reducing conditions so as to convert thei4-hydroxyco-
deinone fo oxycodone.

In certain embodiments, the invention is directed 10 a pro-
cess for preparing an oxycodone hydrochloride composition
having a 14-hydroxycodeinone level of Jess than 25 ppm
comprising reacting an oxycodone hydrochloride composi-
tion having a 14-hydroxycodeinone level of more than 100
ppm under conditions that reduce the amount of 14-hydroxy-
codeinone to a level of less than 25 ppm, less than about 15
ppin, less than about 10 ppai, or less than about 5 ppm.

In cerlain embodiments, the invention is directed to an
oxycodone hydrochloride composition baving a 14-hydroxy-
codeinone level of less than 25 ppm, less thao about 15 ppm,
less thar about 10 ppm, or less than about 5 ppm.

In certain embodiments, the invention is directed to a pro-
cess for preparing an exycodone hydrochloride composition
having a 14-hydroxycodeinone level of less than 25 ppm
comprising subjecting an oxycodone hydrochloride compo-
sition having a l4-hydroxycodeinone level of greater than
100 ppm to hydrogenation to an extent that the amount of
14-hydroxycodeinone in the composition is reduced to an
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amount of less than less 25 ppm, less than about 15 ppm, less
than about 10 ppm, or less than about 5 ppm.

In certain embodiments disclesed herein, the oxycodone
cemposition having a 14-hydroxycodeinone level of fess than
23 ppm can be subsequently hydrogenated to further decrease
the amount of 1 4-hydroxycodeinone, e.g., fromabont 15 ppm
to about 10 ppm or less.

In one embodiment, where the starting material is an oxy-
codene hydrochloride composition comprising 14-hydroxy-
codeinone i an amount of 100 ppm or higher, the final
oxycodone hydrochloride composition has a 14-hydroxyco-

‘deinone level of less than 25 ppm, less thanabout 15 pprm, fess

than about 10 ppm, or less than about 5 ppm. In another
embodiment, where the starting material is an oxycodone
hydrochloride composition comprising 14-hydroxyco-
deinone in an amount of between 15 ppm and 25 ppm, the
final oxycodene hydrochloride composition has a 14-hy-
droxycodeinone level of fess than about 10 ppm, or Jess than
about 5 ppm. In another embodiment, where the starting
material is an oxycodone hydrochloride composition com-
prising 14-hydroxycodeinone in an amount of between 10
ppm and 25 ppm, the final oxycodone hydrochloride compo-
sition has a 14-hydroxycodeinone level of less than about §
ppon.

In certain embodiments of the present invention, the pro-
cess for preparing the oxycodone hydrochioride composition
having a 14-hydroxycodeinone level of Jess than 25 ppm
comprises hydrogenating the starting material under refiux.
Ja centain embodiments, the process further comprises recovs
ering the resubtant oxycodone hydrochloride composition
having a {4-hydroxycodeinone level of less than 25 ppm.

In certain embodiments, the invention is directed to a pro-
cess for preparing an oxycodone hydrochloride composition
having a 14-hydroxycodeinone level of less than 25 ppim
comprising hydrogenating under reflux, a starting oxycodane
hydrochlotide composition having a 14-hydroxycodeinone
level of greater than 100 ppm in a suitable solvent for a thme
sufficient to produce an oxycedone composition having a
14-hydrexycodeinone level of less than 25 ppm, less than
about 15 ppm, less than about }0 ppm, or less than about §
ppm; and recovering the oxycodone hydrochloride composi-
tion having a 14-hydroxycodeinone level of less than 25 ppm
by crystallization and removal from the solvent (e.g., by
filtration).

In certain embodiments, the oxycodone hydrochloride
composition of the present invention has a lower limit of 0.25
ppm, 0.5 ppm, { ppm, 2 ppm or 5 ppm of 14-hydroxyco-
deinone.

In certain embodiments, the invention is directed to a pro-
cess for preparing an oxycodone hydrochloride composition
having a 14-hydroxycedeinone level in an amount of less than
25 ppr comprising reacting in a suitable solvent an oxyc-
odone basc composition with hydrochloric acid in an amount
greater than 1.0 molar equivalent as compared to the oxyc-
adone base composition, the reacting step being performed
under reducing conditions, to form an oxycodone hydrochlo-
ride composition having a 14-hydroxycodeinone level in an
amount of fess than 25 ppm.

I certain embodiments, the invention is directed to a pro-
cess for preparing an oxycodone hydrochloride composition
having less thas 25 ppm 14-hydroxycodeinone comprising
hydrogenating a 14-hydroxycodeinone composition to obtain
an oxycodone free base composition; converting the oxyc-
odone free base composition to oxycodone hydrochloride;
and hydrogenating the oxycodene hydrochloride to obtain an
oxycodone composition having less than 25 ppm 14-hy-
droxycodeinone,
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In certain embodiments, the invention is directed to a pro-
cess far preparing an oxycodene hydrochloride composition
having less then 25 ppm 14-hydroxycodeinone comprising
hydrogenating a 14-hydroxycodeinose composition to obtain
an oxycodone free base composition; converting the oxyc-
odone free base composition to oxycoedone hydrochloride;
isolating the oxycodone hydrochloride; and hydrogenating
the oxycodone hydrochloride to obtain an oxycodone com-
position baving less than 25 ppm 14-hydroxycodeinone.

In certain embodiments, the invention is directed 1o a pro-
cess for preparing an oxycodone hydrochloride composition
having less than 25 ppm 14-hydroxycodeinonc comprsing
oxidizing a thebaine composition to form 14-hydroxyco-
deinone composition, the oxidizing being performed at a
suitable pH to minimize or eliminate the production of §,14-
dibydroxy-7,8-dihydrocodeinone in the 14-hydroxyco-
deinone composition; hydrogenating the 14-hydroxyco-
deinone composition ft form an oxycodone base
composition; and converting the uxycodone base composi-
tion to an oxycodone hydrochloride composition having less
than 25 ppm F4-hydroxycodeinone.

In gertain embodiments, the invention is directed to a pro-
cess for preparing [4-hydroxycodeinone comprising oxidiz-
ing a thebaine composition to form 14-hydroxycodeinone
compasition, the oxidizing being performed at a suitable pi
to minimize or ¢liminate the production of 8,14-dihydroxy-
7,8-dihydrocodeinone in the 14-hydroxycodeinone composi-
tion;

In certain embodiments, the invention is directed to a pro-
cess for preparing an oxycodone hydrochloride compesition
comprising reacting an oxycodone base composition with an
acid having a higher pH than hydrochloric acid to form a
corresponding acid addition salt of oxycodone, and convert-
ing the acid addition salt of exyendone to oxycodone hydro-
chloride.

In certain embodiments, the invention is directed to a pra-
cess for preparing an oxycodone hydrochloride composition
having a 14-hydroxycodeinone level inan amount of less than
25 ppra comprising contacting an oxycodore base composi-
tion having an amount of 8,14-dihydroxy-7,8-dihydroco-
deinone with 2 substance that preferentially removes the
8,14-dihydroxy-7,8-dihydrecodeinone as compared to the
oxyeodone base; and converting the oxycodone base compo-
sition. to an oxycoedone hydrochloride composition having
fess than 25 ppm 14-hydroxycodeinone,

In certain embodiments, the invention is directed to a pro-
cess far preparing an oxycodone hydrochforide composition
having a }4-hydroxycodeinone level in an amount of less than
25 ppm comprising subjecting an oxycodone base composi-
tion having an amount of 8,14-dihydroxy-7,8~dihydroco-
deinone to chromatographic separation to preferentially
removes the 8,14-dihydroxy-7,8-dihydrocodeinone as com-
pared to the oxycodone base; and converting the oxycodone
base composition to an oxycodone hydrochloride compost--
tion having less than 25 ppm 14-hydroxycodeinone,

In certain embodiments, the invention is directed to a pro-
cess for preparing an oxycodone hydrochloride composition
having a 14-hydroxycodeinone level in an amount of less than
25 ppm comprising reacting in a suitable solvent an oxyc-
odone base composition having an amount of 8,14-dihy-
droxy-7,8-dihydrocodeinone, with boromated polystyrene
resin; and converting the oxycodone base composition to an
oxycodone hydrochioride composition. having less than 25
ppm 14-hydroxycodeinone. :

In certain embodiments, the invention is directed to a pro-
cess for preparing an oxycodone hydrochloride composition
comprising reacting in a suitable solvent an oxycodone base
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composition with boronated palystyrene resin; and convert-
ing the oxycodone base composition to an oxycedone hydro-
chloride compasition.

In certai embodiments, the invention is directed to a pro-
cess for preparing an oxycodone hydrochloride composition
having a 14-hydroxycodeinone level in an amount of less than
25 ppm comprising combining hydrochloric acid and an oxy-
codone base composition having an amount of 8,14-dihy-
droxy-7,8-dihydrocodeinone in a solvent to form a solution;
and spray diying the solution to generate oxyeodone hydro-
chloride composition having a 14-hydroxycodeinone level in
an amount of less than 25 ppm,

In certain embodiments, the invention is directed to a pro-
cess for preparing an oxycedone hydrochloride composition
having a 14-hydroxycodeinone level in an amount of fess than
25 ppm comprising combining hydrochloric acid and an oxy-
codone base composition having an amount of 8,14-dihy-
droxy-7,8-dihydrocodeinone in a solvent {o form a solution;
and lyophilizing the solution to generate oxycodone hydro-
chloride composition having a 14-hydroxycodeinone level in
an amount of less than 25 ppm.

[n certain embodiments, the invention is directed to a pro-
cess for preparing an oxycodone hydrochloride composition
comprising combining hydrochtoric acid and an oxycodone
base composition in a salvent to form a solution; and spray
drying the solution to generate oxycodone kydrochloride.

In certain embodiments, the invention is directed to a pro-
cess for preparing an oxycodone hydrechloride composition
comprising combining hydrochlotic acid and an oxycodone
base composition in a solvent to form & solution; and lyo-
philizing the solution to generate oxycodone hydrochloride,
The tesm “bulk” sueans an amount of material of at [east 1 kg.
In certain embodiments, the amount can be from about 10 kg
to about 1000 kg or from about 10 kg to about 500 kg. In
certain embodiments, the amount s in an amount of from
about 20 kg to about 100 kg; about 20 kg or about 50 kg, Bulk
oxycodone hydrochloride composition can be packaged, e.g.,
in 2 phanmaceutically acoeptable package such as corrugated
box containers (made of, e.g., plastic and/or paper); th drums
(made of, e.g., a metal or metal composite material); or in
bags of woven fabtic penerally referred to as flexible inter-
mediate bulk containers (FIBCs). Each of these approaches
use various configurations of liners, typically made of poly-
ethylene or polypropylene, that it within the corrugated box,
drurm, or within the FIBC for preventing contamination of the
product  being  shipped. ~ Prefersbly, these packaging
approaches use containers configured to be supported by and
carried on pallets,

The term “ppm” as used herein means “parts per million™.
Asused to refer to 14-hydroxycodeinone, “ppm” means parts
per million of 14-hydroxycodeinone in a particular sample,

The ierm 8,14-dihydroxy-7,8-dibydrocodeinone includes
either 8a,14-dihydroxy-7,8-ditydrocodeinone; or 8,14-di-
hydroxy-7,8-dihydrocodeinone or can include g mixture of
both compounds.

The oxycodone hydrochloride preparation can be, e.g,, an
oxycodane active pharmaceutical ingredient (APY), such as
oxycodone hydrochloride U.S.P, uncombined or combined
with onc or more other ingredients, For example, the oxyc-
odene preparation can be a finaf pharmaceutical dosage farm,
or an intermediate preparation for a final dosage form, that
can be tested for the presence of 14-hydroxycodeinone and/or
codeinone, e.g., for quality assurance purposes, Preferably,
the oxycodone hydrochloride preparation is oxycedone
bydrochloride AP] and contains at least 95% oxycadone
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hydmchioride, at least 98% oxycodane hydrochloride, at
least 99% oxycodone hydrochloride, or at feast 99.9% oXyc-
adone hydrochloride.

The method of detecting the presence of 14-hydroxyco-
deinone in an oxycodone preparation can be performed in
accordantee with commonly assigned U.S. Provisional Appli-
cation Ser. No. 60/557,502, entitled “Methads For Detecting
14-Hydroxycodeinone” filed Mar. 29, 2004 and in accor-
dance with U.S. Provisional Application entitled “Methods
For Detecting 14-Hydroxyeodeinone™ fited Jan. 31, 20085,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1isaschematic of a reaction of thebaine to oxycadone
hydrochioride, including the oxidation of thebaine to 14-hy-
droxycodeinone and the 8,14-diliydroxy-7,8-dihydroco-
deinone impurity.

FIG. 2 is aschematic ofthe dehydration of8, 1 4-dihydroxy-
7,8-dihydrocodeinone to 14-hydroxycodeinone,

F1G. 3 depicts 8 separation of the system suitability testing
solution of Example 4,

FIG. 4 depicts 2 HPLC chromatogram for the Working 100
PPM 140HC Standard Solution of Example 4.

FIG, § depicts typical HPLC chromatogram for the Oxyc-
odone APT Sampie Solution of Example 4.

DETAILED DESCRIPTION

In certain embodiments, the invention is directed to a pro-
cess for reducing the amount of {4-hydroxycodeinone in an
oxycodone hydrochloride composition (e.g., oxycodone
hydrochloride API), and fo the resultant oxycodone hydro-
chloride composition having a 14-hydroxycedeinone level of
less than 25 ppm recovered from that process. In certain
embodiments, the present invention is directed to & process
for reducing the amount of 14-hydroxycodeinone in an oxy-
codone hydrochloride composition comprising reacting the
oxycodone hydrochloride composition with a catalytically
effective amount of a transition metal compound and a gas
comprising hydrogen, at a temperature and for a period of
time sufficient to reduce the content of 14-hydroxycodeinone
to a level wherein the resultant oxycodone hydrochioride
composition comprises 14-hydroxycodeinone in an amount
less than 25 ppm, less than about 15 ppm; less than about 10
ppm, or less than about 5 ppi.

The process of the present invention also may result in the
reduction of other alpha, beta, unsaturated ketones in oxyc~
odone compositions, in addition to 14-hydroxycodeinone
such as, e.g., codeinone.

In accordance with certain embodiments of the present
invention, an oxycodone hydrochloride composition {e.g.,
oxycodone hydrochloride APY), and a solvent, are fed into a
reaction apparatus, The composition is then hydrogenated
under adequate conditions for a sufficient period; the catalyst
is removed from the solvent; and the oxycodone hydrochlo-
nide composition having a 14-hydroxycodeinone level of less
than 25 ppm Is isolated and removed, e.g., by crystallization
and filtration. '

Hydrogenation of the 14-bydroxycodeinone in the pro-
cesses of the present invention can be accomplished by usiog,
e.g., pressurized-catalytic hydrogenation or catalytic transfer
hydrogenation in an appropriate acid, e.g., acetic acid. A
particular hydrogenation reaction employs hydrogen gas or
NailPO, along with a palladium-carbon catalyst. In certain
embodiments, a hydrogen donor for use in the hydrogenation
of the 14-hydroxycodeinone can be selected from hydrogen,
primary and secondary aleohols, primary and secondary



Case 2:10-cv-04028-PBT Document 1 Filed 08/11/10 Page 48 of 62

US 7,674,799 B2

7

amines, carhoxylic acids and their esters and amine salts,
readily dehydrogenatable hydrocarbous (e.g., lower alkyl-
substituted aromatic hydrocarbans such as ethylbenzene,
diethylbenzene, isopropylbenzene, diisopropylbenzene,
o-ethyltoluene, m-ethyltoluene, p-ethyltcluene, o-isopropyl-
toluene, m-isopropyltoluene, p-isopropyltoluene, ethylnaph-
thalene, propylnapththalene, isopropyluaphthalene, and
diethynaphthalene; parafiins such as ethane, propage, n-bu-
tane, isobutane, n-pemiane, isopentane, n-hexane, n-heptane,
n-octane, n-nonane, n-decane, and branched chain isomers
thereof; cycloparaffins such as cyclobutane, cyclopentanc,
cyclohexane, methylcyclopentane, methyleyclohexane, and
ethyleyclopentane; olefins such as ethylene, propylene,
1-butene, 2-bufene, 1-pentene, 2-pentene, 1-hexene, 2-hex-
ene, 3-hexene, and branched chain derivatives thereof), clean
reducing agents {e.g., polymer-supported crganofin hydrides,
ang any suitable combination thereof, In certain embaodi-
ments, the hydrogenation can be performed as disclosed in
U.S. Provisional Application No. 60/477,968, filed Jun. 12,
2003, entitled “Hydrogenation of Opioids Without Hydrogen
Gas Feed."

In certain embodiments, the hydrogenation is carried out at
a pressure from about 5 PSIG to about 200 PSIG, or from
about 40 PSIG to about 60 PSIG. In certain embodiments, the
hydrogenation is carried out at a temperature of from about
20° C. to about 100° C,, or from about 40° C. {0 about 85° C.

In certain embodiments, the hydrogenalicn is carried out at
a pH of less than 5, Jess than 3, or less than 1, e.g., about 0.5,

In certain embodiments of the present invention, the 14-hy-
droxycodeinone is converted to oxycodone by hydrogenation
utilizing diphenylsilane and Pd(Ph,PYZnCl, and scdium
Lypophosphite in conjunction witi: a Pd/C catalyst in aqueous
organic acid; or Pd/C catalytic transfer hydrogenatior.

The total reaction time of the hydrogenation reaction is for
g duration sufficient to reduce the content of the 14-hydroxy-
codeinone 1o a level that is less than 25 ppm, less than about
15 ppin, less than about 10 ppm, or ess than about 5 ppm. The
actual reaction time ¢an vary depending upon. the temperature
and efficiency of the hydrogenation system. Depending on
the hydrogenation conditions (e.g., temperature and pres-
sure), the total reaction time to achieve the desired reduction
in 14-hydroxycodeinone can be, e.g., from about 10 minutes
to about 36 hours. The hydrogenation of the 14-hydroxyco-
deinone can be carried out in the presence of a noble metal
catalyst. In certain embodiments, suitable catalysts can be
selected from Raney cobalt, Raney nickel, palladium on car-
bon, platinum on carbon, palladium on alumina, platinum
oxide, ruthenivm on aluminag, rhodium on slumina, or
rhodium on carbon, ameng others. Ohe particular catalyst for
this reduction is 5% palladium on carbon. The quantity of
palladivin on carbon catalyst can be from about 0.05% wiw 1o
about 50% wiw, or from about 0.5% wfw to about 5%, in
relation to the treated composition.

The reaction may be carried out in a solvent such as water;
an aleohol (such as, e.g., isopropanol, metharol or ethapol);
teteahydrofuran; an aromatic hydrocarbon (such as benzene);
an ether (such as dioxanc); an ester of a lower alkanoic acid
(such as methy| acetate or ethyl acetate}; an amide (such as,
¢.g., dimethylformamide, diethylformamide, dimethylaceto-
mide, or other N-alkyl substituted lower fatty acid amides);
N-methylpyrrolidone; formylmorpholine; f-methoxypropi-
onitrile; a carboxylic acid (such as formic, acetic, propionic
acid or other loweralkanoic acid) or an apprapriate mixture of
any two or more of the aforementioned solvents. One particu-
lar co-solvent combination is isopropanol/water.
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Incertain embodiments, the solvent is typically mixed with
the 14-hydroxycodeinone-containing composition (e.g., an
oxycodone composition) prior to hydrogenation,

1n certain embodiments, the invention is directed 1o the
conversion of an oxycodone free base composition (with an
8,14-dihydroxy-7,8-dihydrocodeinone component) to oxye-
odone hydrochloride. During salt formation reactions known
in the art, the 8,14-dihydroxy-7,8-dihydrocodeinone compo-
nent is converted to 14-hydroxycodeinone by acid-catafyzed
dehydration. Thus, 14-hydroxycodeinone is increased in the
final product. By virtue of the present invention, this can be
reduced by overloading the amount of hydrochloric acid in
the salt formation to promote the reaction of §,14-dihydroxy-
7,8-dikydrocodeinone to 14-hydroxycodeinone and provid-
ing reducing conditions sufficient for the 14-hydroxyco-
deinone to be readily converted to oxycodone. In such an
embodiment, the amount of hydrochlaric 2cid is an amount of
greater than 1 molar equivalent as compared to the oxycodone
free base. In certain embodiments, the molar equivalent
amount of hydrochloric acid can be greater than about 1.2
molar equivalents or greater than about 1.4 molar equivalents.
In certain cmbodiments, the amount of hydrochtoric acid can
be about 1,5 molar equivalents. The reducing conditions suf-
ficient to drive the 14-hydroxycodeinone to oxycodone can be
provided, ¢.g., by a catalyst with a hydrogen donor.

Further, during salt formation, the rate of dehydration of
8,14-dihydroxy-7,8-dihydrocodeinone to  14-hydroxyco-
deinoneis reduced as the pH of the solution increases. There-
fore, in certain embodiments, the pH of the solution can he
adjusted to a pH of from about 1.5 to about 2.5, preferably to
about 1.8, {e.g., from a pH of less than 1) with a suitable basic
agent, e.g., sodium hydroxide. This further minimizes the
formation of 14-hydroxycodeinone from 8,14-dihydroxy-7,
8-dihydrocodeinone during crystallization. Preferably, the
pH adjustment is performed after the hydrogenation step and
prior to removal of catalyst and isolation of the oxycodone
having a 14-hydroxycodeinone level of less than 25 ppm.

In certain embodiments it may be necessary to performthe |
process of the present invention, or one or more refevant steps
in the process of the present invention, more than once in
order 1o reduce the amount of 14-hydroxycodeipone to a
desired level, e.g., less than about 10 ppm, or less than about
5 ppra. :

In cerfain embodiments of the present invention, oxyc-
odone hydrochloride compositions can be prepared by certain
alternative processes. Such slternative processes preferably
result in an oxycodone hydrochloride composition having a
14-hydroxycodeinone leve! in an amount of less than 25 ppm.
One such alternative process is directed to a process for pre-
paring &n oxycodone hydrochloride composition having less
than 25 ppm 14-hydroxycodeinone comprising oxidizing a
thebaine composition to form 14-hydroxycodeinone compo-
sition, the oxidizing being performed at 8 suitable pH to
minimize or eliminate the production of §,14-dihydroxy-7,8-
dihydrocedeinone in the 14-hydroxycodeinone composition;
hydrogenating the 14-hydroxycodeinone composition te
form an oxysodone base composition; and convering the
oxycodone base composition to an exycodone hydrochloride
composition having less than 25 ppm 14-hydroxycodeinone.

Another aliernative process is directed to a process for
preparing 14-hydroxycodeinone comprising oxidizing a the-
baine composition to form a 14-hydroxycodeinone composi-
tion, the oxidizing being performed at a suitable pH to mini-
mize or eliminate the production. of 8,14-dibydroxy-7,8-
dihydrocodeinone in the 14-hydroxycodeinone composition.

Another alternative process is directed to a process for
preparing an oxycodone hydruchlorde composition com-
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prising reacting an mxycodone base composition with an acid
having a higher pH than hydrochloric acid to form a corre-
sponding acid addition salt of oxycodone, and converting the
acid addition salt of oxycodone to oxycodone hydrochloride.
in such an embodiment, the acid may be selected from the
group consisting of tartaric acid, oxalic acid, fumaric acid,
phosphoric acid, sulfuric acid and mixtures thereof.

Another allernative process is directed to a process for
preparing an oxycodone bydrochforide composition having a
14-hydroxycodeinone level in an amount of less than 25 ppm
comprising contacting an oxycodone base composition hav-
ing anamount of 8,14 -dihydroxy-7,8-dihydrocodeinone with
a substance that preferentiaily removes the 8,14-dihydroxy-
7,8-dihydrocodeinone as compared to the oxycodone base;
and converting the oxycodone base composition to an oxyc-
adone hydrochloride composition having less than 25 ppm
{4-hydroxycodeinone. In preferred embodiments the con-
tacting substance can be a gel. In further embodiments, the
contacting can comprise passing a solution comprising the
oxycodone base composition through the substance or can
comprise forming a slurry with the oxycodone base compo-
sition and the gel,

Another alternative process is directed to a process for
preparing an oxycodone hydrochloride compasition having a
14.-hydroxycodeinone level in an amount of less than 25 ppm
comprising subjecting an oxycodone base composition hav-
ing an amount of 8,14-dibydroxy.7,8-dihydrocodeinone to
chromatographic separation to preferentially remove the
8,14-dihydroxy-7,8-dihydrocodeinone as compared (o the
oxycodone base; and converting the oxycodone base compo-
sition to an oxycodone hydrochloride composition having
lessthan 25 ppm 14-hydroxycodeinone. In preferred embaodi-
ments, the chromatographic separation is a simulaled moving
bed,

Another aliernative process is directed to a process for
preparing an oxycodonc hydrochloride composition having a
14-hydroxycodeinone Jevel in an amount of less than 25 ppmt
comprising contacting an oxycodone hydrochloride compo-
sition having an amount of 14-hydroxycodeinone with a sub-
stance that preferentially removes the 14-hydroxycodeinone
as compared to the oxycodone hydrochloride; and recovering
anoxycodone hydrochloride composition having less than 25
ppm 14-bydroxycodeinone. In preferred embodiments the
contacting substance cen be a gel, In further embodiments,
the contacting can comprise passing a solution comprising
the oxycodone hydrochloride composition through the sub-
stance or can comprise forming a slarry with the oxycodone
hydrochioride composition and the gel.

Another alternative process is directed to a process for
prepating an oxycodone hydrochlorde composition having 2
14-hydroxyccedeinone level in an amount of less than 25 ppm
comprising subjecting an oxycodone hydrochloride compo-
sition having an amount of 14-hydroxycodeinose to chro-
matographic separation to preferentially remove the $4-hy-
droxycodeinone as compared to the oxycodone
hydrochloride; and recovering an oxycodone hydrochloride
composition having less than 25 ppm 14-hydroxycodeinone.
Inpreferred embodiments, the chromatographic separation is
a simulated moving bed.

Another altemative process is directed to a process for
preparing an oxycodone hydrochloride coiaposition having a
14-hydroxycodeinane level in an amount of less than 25 ppm
comprising reacting in = suitable solvent an oxycodone base
composition having an amount of 8,14-dihydroxy-7,8-dihy-
drocadeinone, with boronated polystyrene resin; and convert-
ing the oxycodone base composition to an oxycodone hydro-
chloride composition having less than 25 ppm
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14-hydroxycodeinone. Preferably the reacting is performed
at a temperature below about 20 degrees C.

Another alternative process is directed to a process for
preparing an oxycodone hydroclloride composition com-
prising reacting in a suitable solvent an oxycodone base com-
position with boronated polystyrene resin; and converting the
oxycodone base composition to an oxycodone bydrochloride
composition, Preferably the reacting is performed at a tem-
perature betow about 20 degrees C.

Another alternative process is directed to a process for
prepariag an oxycodone hydrochlotide compasition having a
14-hydroxycodeinone level in an amount of less than 25 ppm
comprising combining hydrochloric acid and an oxycodone
base compesition baving an amount of 8,14-dihydroxy-7,8-
diltydrocodeinone in a solvent to form a solution; and. spray
drying the solution to generate oxycodone hydrochloride
composition having a 14-hydroxycodeinone level in an
amount of less than 25 ppm.

Another alterpative process is directed fo a process for
preparing an oxycodene hydrochioride composition having a
14-hydroxycodeinone jevel in an amount of fess than 25 ppm
comprising combining hydrochloric acid and an oxycedone
base composition having an amount of 8,14-dihydroxy-7,8-
dihydrocodeinone in a solvent to form a solution; and lyo-
philizing the solution to gencrate oxycodone hydrochlotide
composition having a I4-hydroxycedeinone level in an
amount of less than 25 ppm.

Another alterpative process is directed to & process for
preparing an oxycodone hydrochioride composition com-
prising combining hydrochloric acid and an oxycodone base
coraposition in a solvent to form a solution; and spray drying
the solution to generate oxycodone hydrochloride.

Angther alternative process is directed fo a process for
preparing an oxycodone hydrochloride composition com-
prising combining hydrochloric acid and an oxycodone base
composition in a solvent to form a solution; and lyophilizing
the solution to generate oxycodone hydrochloride.

Further Embodiments

The oxycodone hydrochloride having a 14-hydroxyco-
deinone jevel of less than 25 ppm can be incorporated nto
pharmaceutical dosage forms, e.g., by admixtures of the oxy-
codone hydrochloride having a 14-bydroxycodeinone level
of less than 25 ppm with conventional excipients, i.e., phar-
maceutically acceptable organic or inorganic carrier sub-
stances. For oral formulations, the dosage forms can provide
a sustained release of the active. Suitable pharmaceutically
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, viscous paraffin,
perfume oil, fatty acid monoglycerides and diglycerides, pen-
taerythritol fatty acid esters, hydroxymethyleeliulose, poly-
vinylpyrrolidene, etc. The pharmaceutical preparations can
be sterlized and if desired mixed with auxiliary agents, ¢.g.,
lubricants, disintegrants, preservatives, stabilizers, wetting
agents, emulsifiers, salts for influencing osmotic pressure
buffers, coloring, flavoring and/or aromatic substances and
the like, The compositions intended for oral use may be
prepared according to aiy method knows in the art and such
compositions may contain one or more ageats selected from
the group conmsisting of inert, non-toxic pharmaceutically
acceptable excipients which are suitable for the manufacture
oftablets, Such excipients include, for example an inert difu-
ent such as lactose; granulating and disintegrating agents

'such as comstarch; binding agents such as starch; and lubri-
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cating agents such as magnsium stcarate. The tablets may be
uncoated or they may be coated by known techniques for
elegance or to delay release of the active ingredients. Formu-
lations 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 invention may
be in the form of tablets (sustained release andfor immediate
release), troches, lozenges, pewders or granules, hard or soft
capsules, microparticles (e.g., microcapsules, microspheres
and the like), buccal tablets, suppositories, sclutions, suspen-
sions, etc.

In certain embodiments, the present invention provides for

amethod of treating pain by administering 1o a human patient

the dosage fonns described herein,

When the dosage form is oral, the dosage form of the
present invention conteins from about 10 mg to about 320 mg
of oxycadone hydrochloride having a 14-hydroxycodeinone
level of less than 25 ppm. Particulariy preferred dosages for
twice daily dosing are about 5 mg, about 10 mg, about 15 mg,
about 20 mg, about 30 mg, about 40 mg, about 50 mg, about
60 mg, about 80 mg, about 100 mg, or about 160 mg, Par-
ticularly preferred dosages for once daity dosing are about 10
mg, about 20 mg, about 30 mg, about 40 myg, about 60 mg,
about 80 mg, about 100 mg, about 120 mg, about 160 mg, or
about 320 mg, The oxycodone hydrochloride having a 14-hy-
droxycodeinone level of less than 25 ppm can also be formu-
lated with suitable pharmaceutically acceptable excipients to
provide a sustained refease of the oxycodone hydrochloride
having a 14-hydroxycodeinone leve! of less than 25 ppm.
Such formulations can be prepared in accordance with U.S.
Pat. Nos. 5,266,331, 5,508,042; 5,549,912; and 5,656,295,

The oxycodone hydrochloride having a 14-hydroxyco-
deinone level of less than 25 ppm can be formulated as a
sustained release ora! 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 whick is incorporated
irito 2 matrix zlong with the oxycodone or salt thereof.

The sustained release dosage form may optionally com-
prise particles containing oxycodone baving a 14-hydroxy-
codeinone level of less than 25 ppm. 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. Prefer-
ably, the particles are film coated with a material that permits
release of the active st a sustained rete 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 formulations of the present inven-
tion should preferably be capable of producing a strong,
continwous film that is smooth and efegant, capable of sup-
porting 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 relesse beads may thereafler be placed in a
gelatin capsule in anamount sufficient {o 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 of the present invention,
¢.g., when ingested and exposed to gastric fluids, and then to
intestinal Auids, The sustained release profile of the formula-~
tions of the invention can be altered, for exarple, by varying
the amount of overcoating with the hydrophobic material,
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altering the manner in which a plasticizer is added to the
hydrophobic material, by varying the amount of plasticizer
relative to hydrophobic material, by the inclusion of addi-
tional ingredients or exciplents, 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 {be retardant coating,

Spheroids or beads coated with the ageni(s) of the present
are prepared, .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 which includes
hydroxypropylmethylcellulose, ete, 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 | hour) prior to application of the same onta the beads.
The resultant coated substrate, in this example beads, may
then be optionally overcoated with a barrier agent, to separate
the active(s) from the hydrophobic sustained release coating,
Anexample of a suitable barrieragent is onewhich comprises
hydroxypropylmethylecellulose. However, any film-former
known in the art may be vsed. It'is preferred that the basier
agent does not affect the dissolution rate of the firal 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 plasticizer, e.g. triethyl citrate. Pre-formulated
aqueous dispersions of ethylcellulose, such as Aquacoal® or
Surelease®, may be used. I Surelease® is used, it is not
necessary to separately add a plasticizer, Alternatively, pre-
formulated aqueous dispersions of acrylic palymers such as
Eudragit® can be used.

The coaling solutions of the present invention preferably
contain, in addition to the film-former, plasticizer, and solvent
system (i.e., water), a colorant 1o provide clegance and prod-
uct distinction. Color may be added to the solution of the
therapeutically active agent instead, or in addition to the
aqueous dispersion of hydrophobic material. For example,
color may be added to Aquacoat® via the use of alcoho! or
propylene glycol based color dispersions, milled aluminum
lakes and opacifiers such as titanium dioxide by adding color
with shear to water soluble polymer selution and then using
low shear to the plasticized Aquacoat®. Altematively, any
stiitable method of providing color to the formulations of the
present invention may be used, Suitable ingredients for pro-
viding color fo the formulation when an aqueous dispersion
of an acrylic polymer is used include titanium dioxide and
color pigments, such as iron oxide pigments, The incorpora-
tion of pigments, may, bowever, increase the retard effect of
the coating.

Plasticized 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,
1 Wurster fluidized-bed system is used in which an air jet,
injected from undemeath, 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. Afier coating with the hydrophobic
material, a further overcoat of a film-former, such as
Opadey®, is optionaly applied to the beads. This avercoat is
provided, if at al}, in order to substantially reduce agglomera-
tion of the beads. '
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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-modifying agents, or by providing ene 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 inorganie, 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-
cellulosce,

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 nvention can
also include materials useful for making microporous Jamina
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. Nos. 3,845,770,
3,916,8989; 4,063,064; and 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 methed used to form the matrix.

For example, a matrix in addition to the oxycodone hydro-
chloride having a 14-hydroxycodeinone level of less than 25
ppm may include: )

Hydrophilic and/or hydrophobic materials, such as gums,
cellulose ethers, acrylic resins, protein derived materials; the
list is not meant to be exclusive, and any pharmaceuticaily
acceptable hydrophobic material or hydrophilic material
which is capable of imparting sustained release of the
ageni(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 {Cg-Cs,, especially C,,-Cyo), sub-
stituted or unsubstituted hydrocarhons, such as fatty acids,
fatty alcohols, glyceryl esters of fatty acids, mineral and
vegetable oils and waxes, and steary] alcohol; and polyalky-
lene glycols.

Ofthese polymers, acrylic polymers, especially Eudragit®
RSPO—the cellulose ethers, especially hydroxyalkyleellulo-
ses and carboxyalkylcelluloses, are preferred. The oral dos-
age 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°
and 90° C. Of the long chain hydrocarhon materials, fatty
(aliphatic) alcohols are preferred. The oral dosage form may
contain up to 60% (by weight) of at least one digestible, long
chain hydrocarbon,
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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
nethacrylic acid copolymers, methy! methacrylate, methyl
methacrylate copolymers, ethoxyethyl methacrylates, cyano-
ethyl methacrylate, aminoalky! methacrylate copolymer,
poly(acrylic acid), poly(methacrylic acid), methacrylic acid
alkylamine copolymer, poly(methyl methacrylate), poly
{methacrylic acid)(anhydride), polymetbacrylate, polyacry-
lamide, poly{methacrylic acid anhydride), and glycidyl meth-
acrylate copolymers. In other embodiments, the hydrophobic
material is selected from materials such as hydroxyalkylcel-
luloses such as hydroxypropylmethylcellulose snd mixtures
of the foregoing,

Preferred hydrophobic materials are water-inseluble with
more or less pronounced hydrophilic andfor hydrophobic
trends. Preferably, the hydrophobic materials wseful in the
invention have a melting point from about 2530° 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 aicohol and
hydrophobic and hydrophilic materials having hydrocarbon
backbones, Suitable waxes include, for example, beeswax,
glycowax, castor wax and camauba wax, For purposes of the
present invention, a wax-like substance is defined as any
material which is normally solid at room temperature and has
a melting point of from about 25° to about 100° C,

Suitable hydrophobic materials which may be used in
accordarce with the present invention include digestible,
long chain {Cy-C,,, especially C,,-C,o), substituted or
unsubstituted hydrocarbans, such as fatty acids, fatty alco-
hols, plyceryl esters of fatty acids, mineral and vegetable oils
and natural and synthetic waxes. Hydrocarbons having a
melting point of between 25° and 30° C. are preferred, Of the
long chain hydrocarbon materials, fatty (aliphatic) alcohols
are preferred in certain embodiments. The oral dosage form
may contain up to 60% (by weight) of at least one digestible,
long ¢hain hydrocarbon.

Preferably, a combination of two or more hiydrophobic
materals are included in the matrix formulations. If an addi-
tional hydrophobic material is included, it is preferably
selected from natural and syntheti¢ waxes, fatty acids, fatty
aleohols, and mixtures of the same. Examples include bees-
wax, camauba wax, stearic acid and stearyl alcohol. This list
is not meant to be exciusive,

Que particular suitable matrix comprises at least one water
soluble hydroxyalkyl cellulose, at Icast one C, ,-Csy,, prefer-
ably C, ,-C,,, aliphatic alcohol and, optionally, at least one
polyalkylene glycol. The at least one hydroxyalky! cellulose
is preferably a hydroxy (C, 1o Cg) alky! cellulose, such as
hydroxypropylcellulose, hydroxypropylmethyleellulose and,
especially, hydroxyethylcellulose. The amount of the at least
one hydroxyalkyl cellufose in the present oral dosage form
will be determined, inter alia, by the precise mate of oxyc-
odone hydrochloride release required. The at least one ali-
phatic alcohol may be, for exampte, laury! alcohol, myristy!
alcohol or stearyl alcohol. In particularly preferred embodi-
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ments of the present oral dosage form, however, the at least
one aliphatic alcohof is cetyl alcohol or cetostearyl alcohol,
Theamount of the at least one aliphatic alcohol in the prasent
oral dosage form will be determined, as above, by the precise
rate of apicidoxycodone 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 polyalkylenc glycol, the oral dosage form preferably
contains between 20% and 50% (by wt} of the at least ane
aliphatic alcohol. When at least one polyalkylene glycol is
present in the oral dosage form, then the combined weight of
the at Jeast one aliphatic alcohol and the at least one polyalky-
lene glycol preferably constitutes between 20% and 50% (by
wt) of the total dosage,

In one embodiment, the ratio of] c.g., the at least one
hydroxyatkyl cellulose or acrylic resin to the at least one
aliphatic aleohol/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, which is preferred, polyethylene
glycol. The number average molecular weight of the at least
one polyalkylene glyco! is preferred between 1,000 and
15,000 especially between 1,500 and 12,000,

Another suitable sustained release matrix would comprise
an alkylcellulose (especially ethyl cellulose), a C,, to Cyy
aliphatic alcolo! 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,
¢.g. diluents, lubricants, binders, granulating aids, colorants,
flavorants and glidants that are conventional in the phatma-
ceutical art.

Matrix—Particulates

In order to facilitate the preparation of a solid, sustained
release, orxl dosage form according to this invention, any
method of preparing a matrix formulation known to those
skilled in the art may be used. Por example incorporation in
the matrix may be effected, for example, by (a) forming
granules comprising at least one water soluble hydroxyaiky]
celinfose, and the oxycodone hydrochloride having a 14-hy-
droxycoedeinone level of less than 25 ppm; (b) mixieg the
hydroxysalky] ceilulose containing granules with at feast one
C,,-C;, aliphatic alcohol; and (c) optionally, compressing
and shaping the granules, Preferably, the granules are formed
by wet granulating the hydroxalky] celiviose granules with
water.

Ia yetother alternative embodiments, a spheronizing agent,
together with the active can be spheronized to form spherolds.
Microcrystalline cellulose is a preferred spheronizing agent,
A suitable microcrystalline cellulose is, for example, the
material sold as Avicet P 101 (Trade Mark, FMC Corpora-
tion), In such embodiments, in addition to the active ingredi-
ent and spheronizing agent, the spheroids may alse contain 2
binder. Suitable binders, such as low viscosity, water soluble
polymers, will be well known to those skilled in the pharma-
ceutical art. However, water soluble hydroxy lower alkyl
cellulose, such as hydroxypropyleellulose, are preferred.
Additionally (or altematively) the spheroids may contain a
water insoluble polymer, especially an acrylic polymer, an
acrylic copolymer, such as a methacrylic acid-ethy! acrylate
copolymer, or ethyl cellulose, In such embodiments, the sus-

16
tained release coating will generally include a hydrophobic
material such as (2) a wax, either alone or in admixture with
a fatty aleahol; or {b) shellac or zein.

Melt Extrusion Matrix
Sustained release matrices can also be prepared via melt-
granulation or melt-extrusion fechniques. Generally, melt-

* granulation techniques involve melting a normally solid
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hydrophobic material, e.g. & wax, and incorporating a pow-
dered drug therein. To obtain a sustained relcase dosage form,
it may be necessary to incorporate an additional hydrophobic
substance, e.g. ethylccliulose or a water-insoluble acrylic
polymer, into the molten wax hydrophobic material.
Examples of sustained release formulations prepared via
melt-grazulation techniques are found in U8, Pat. No. 4,861,
598.

The additional hydrophobic material may comprise one or
more water-insotuble 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 spbstantially non-degradable and insoluble in gas-
trointestinal Buids during the initial release phases. Usefu]
water-insoluble wax-like substances may be those with a
waler-solubility that is lower than about 1:5,000 (w/w).

In addition 1o the above ingredients, a sustained release
tmatrix may also contain suitable quantities ol other materials,
e.g., dituents, lubricants, binders, granulating aids, colorants,
flavoranis and glidants that arc conventional i the pharma-
ceutical art. The quantities of these additional materials will
be sufficient to provide the desired effect to the desired for-
mulation,

In addition to the above ingredients, a sustained rejcase
matrix incorporating melt-extruded multiparticulates may
also contain suitable quantities of other materials, e.g. dilu-
ents, lubricants, binders, graoulating aids, colorants, fla-
vorants and glidants that are conventional in the pharmaceu-
tical art in amounts up o 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 arc 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 oxycodone hydrochloride having a
14-hydroxycodeinone level of less than 25 ppm together with
at least one hydrophobic matetial 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 js then
extruded to form strarxls. The extrudate is preferably cooled
and cut inte multiparticulates by any means known in the ard.
The strands are cooled and cut into mullipartictilates, The
multiparticulates are then divided into unit doses. The extru-
date preferably has a diameter of from sbout 0.1 to about 5
mm and provides sustained release of the therapeutically
active agent for a time period of from about 8 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 oxycodone hydrochloride having
a l4-hydroxycodeinene level of less than 25 ppm, and an
optional binder; heating the homogenous mixture; extruding
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the homogenous mixture 1o thereby form strands; cooting the
strands containing the homogeneaus mixture; cutting the
Alrands into particles having a size from about 0.1 mnt to
about 12 mm; and dividing said particles into unit doses, In
this aspect of the invention, a relatively continuous manufac-
turing procedure is realized.

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

The melt extruded multiparticulate system can be, for
example, in the form of granules, spheroids or pellets depend-
ing wpon the extruder exit orifice. For purposes of the present
invention, the terms “melt-extryded multiparticulate(s)” and
“melt-extruded multipariiculate system(s)” and “[melt-ex-
truded particles™ shall refer to a plurality 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 multiparticulates will be of a range
of from about 0.1 to abont 12 mm in length and have a
diameter of from about (.1 to about 5 mm. In addition, it {s to
beunderstood that the melt-exfruded multiparticulates can be
any geotnetrical shape within this size range. Altermnatively,
the extrudate may simply be cut into desired lengths and
divided into unit doses of the therapeutically active agent
without the need of 1 spheronization step.

In one preferred embodiment, oral dosage forms are pre-
pared to include an effective amount of melt-extruded multi-
particulates withia a capsule. For example, a piurality 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 tablst
using conventional tableting equipment using standard tech-
niques. Techniques and compositions for making tablets

- (compressed and molded), capsules (hard and soft gelatin)
and pills are also described in Remington's Pharmaceutical
Sciences, (Arthur Osol, editor), 1553-1593 (1989).

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

Optionally, the sustained release melt-extruded multipar-,

ticulate systems or mblets can be coated, or the gelatin cap-
sule containing the multiparticulates can be further coated,
with a sustained release coafing such as the sustained release
coatings described above. Such coatings preferably include a
sufficient amonnt of hydrophobic material to obtain a weight
gain level from about 2 to about 30 percent, 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
invention may also contain a combination of sustained release
beads and matrix multiparticulates to achicve a desired effect,

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

In other embodiments of the invention, the melt extruded
material is prepared without the inclusion of the oxycodone
tydrochloride having a 14-hydroxycodeinone Jevel of less
than 25 ppm, which can be added thereafter o the extrudate.
Such formulations typically will have the agents blended
together with the extruded matrix material, and then the mix-
ture would be tableted in order to provide a slow release
formuiation.

Coatings

The dosage forms of the present invention may optionally
be coated with one or more materfals 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-
peadent or pH-independent release. A pH-dependent coating
serves to release the active in desired areas of the gastro-
intestinal (G} fract, e.g., the stomach or smal] 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 1o about twenty-four hours of analgesia to
a patient, When a pH-independent coating is desired, the
coating is designed to achieve aptinal release regardless of
pH-changes in the environmental fiuid, e.g., the G tract. It is
also possible to formulate compositions which refease a por-
tlion of the dose in one desired area of the G tract, e.g., the
stomach, and release the remainder of the dose in another area
of the Gl 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, celiufose acetate phthalate (CAP),
polyvinyl acetate phthalate (PVAP), hydroxypropylmethyl-
cellulose phthalate, and methacrylic acid ester copolymers,
zein, and the like,

In certainpreferred embodiments, the substrate (e.g., tablet
core bead, matrix particle) containing the oxycodone hydro-
chloride baving a 14-kydroxycodeinone fevel of less than 25
ppm thereof is coated with a hydrophabic matetial selected
from (i) an alkylceltulose; (ii) an acrylic polymer; or (i)
mixtures thereof. The coating may be applied in the form of
anorganicoraqueous solution ordispersion. The coaling may
beapplied to obtain a weight gain from about 2 to about 25%
of the substrate in order to obtain a desired sustained release
profile, Coatings derived from aqueous dispersions are
described, e.g., in detail in U.8. Pat. Nos. 5,273,760 and
5,286,453,

Otherexamples of sustained release formulations and coat-
ings which may be used in accordance with the present inven-
tion include those described in 1.8, Pat. Nos. 5,324,351,
5,356,467, and 5,472,712, .

Alkylceflose Polymers

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

Acrylic Polymers

In other preferred embodiments of the present invention,
the hydrophobic matertal comprising the sustained relcase
coating is a pharmaceutically acceptable acrylic polymer,
including but not limited to scrylic acid and methacrylic acid
copolymers, methyl methacrylate copolymers, ethoxyethyl
methacrylates, cyanocthyl methacrylate, poly(acrylic acid),
pely(methacrylic acid), methacrylic acid alkylamide copoly-
mer, poly(methyl methacrylate), polymethacrylate, poly(r-
ethyl methacrylate} copolymer, polyacrylamide, aminoalkyl
methacrylate copelymer, 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 methactylate copolymers are well known in
the art, and are described in NF XV as fully polymerized
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
hecessary to incorporate two or more ammonio methacrylate
copolymers having differing physical properties, such as dif-
ferent molar ratios of the quaternary ammonium grotps 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 Réhm

Tech, Inc. There are several different types of Budragit®. For

example, Budragit® E is an example of a methaerylic acid
copolymer which swells and dissolves n acidic media.
Eudragit® L is a methacrytic acid copelymer which does not
swell at about pH <5.7 and is soluble at about pi >6.
Eudragit® 8 does nof swell at about pH <6.5 and is soluble at
about pH >7. Eudragit® RL and Budragit® RS are water
swellable, and the amount of water absorbed by these poly-
mers is pH-dependent, however, dosage forms coated with
Eudragi® RL and RS are pH-independant,

i certain preferred embodiments, the acrylic coating com-
prises a mixture of two acrylic resin facquers commercially
available from Rohm Pharma under the Tradenames
Budragit® RL30D and Budragit® RS30D, respectively.
Budragit® RIL30D and Budragit® RS301) are copolymers of
acrylic and methacrylic esters with a low content of quater-
nary ammonium groups, the molar ratio of ammonium grovps
to the remaining neutral (meth)actylic esters being 1:20 in
Budragit® RL30D and 1:40 in Budragit® RS30D). The mean
molecular weight is about 150,000. The code designations
RL (high permeability) and RS (low permeability) refer to the
permeability properties of these agents. Eudragit® RL/RS
mixtures are insoluble in water and in digestive Auids. How-
ever, coatings formed from the same are swellable and per-
meahle in aqueons solutions and digestive fluids.

The Eudragit® RL/RS dispersions of the present invention
may be mixed together in any desired ratio in order to uiti-
tately 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% Budragit® RL and
50% Eudragit® RS, and 10% Budragit® RL:Eudragit® %0%
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RS. Of course, one skilled in the art will recognize that other
acrylic polymers may also be used, such as, for example,
Budragit® L.,

Plasticizers

In embodiments of the present invention where the coating
comprises un aqueous dispersion of a hydrophobic material,
the inclusion of an effective amount of & plasticizer in the
aqueous dispersion of hydrophobic material will further
improve the physical properties of the sustained release coats
ing. For example, because ethyl-cellulose has a relatively
high glass transition temperature and does not form flexible
films under normal coafing conditions, it is preferable {0
incorporate & plasticizer into an ethylceltulose coating con-
taining sustained release coating before using the same as 2
coating material. Generally, the amount of plasticizer
included in a coating solution is based on the concentration of
the film-former, e.g., most often from about 1 to about 50
percent by weight of the film-former. Concentration of the
plasticizer, however, can only be properly determined after
careful experimentation with the particular coating solution
and method of application.

Examples of suitable plasticizers forethylcellulose include
water insoluble plasticizers such as dibutyl sebacate, diethyl
phthalate, triethyl citrate, tribuiyl citrate, and triacetin,
although it is possible that other water-insoluble plasticizers
(such as acetylated monoglycerides, phthalate esters, castor
oil, etc.) may be used. Triethy] cifrate is an especially pre-
ferred plasticizer for the aqueous dispersions of ethyl cellu-
lose of the present jnvention, '

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 NF XVT, .tributyl citrate,
dibutyl phthalate, and possibly 1,2-propylese giycol. Other
plasticizers which have proved to be suitable for enhancing
the elasticity of the films formed from acrylic films such as
Eudragit® RI/RS lacquer solutions include polyethylene
glycols, propylere glycol, diethyl phthalate, castor oil, and
triacetin. Triethyl citrate is an especially preferred plasticizer
for the aqueous dispersions of ethyl cellulose of the present
invention,

It has further been found that the addition of'a small amount
oftale reduces the tendency of the aqueous dispersion to stick
during processing, and acts 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 oxycodone
hydrachloride having a 14-hydroxycodeinone level of less
than 25 ppm} 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 exycodone hydrochioride haviog a
14-hydroxycodeinone level of less than 25 ppm can be
pumped, diffuse or migrate through a fiber, 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 inthe wall;a
gelatinous filament; a water-removable poly(vinyl alcohol);
leachable compounds such as fuid-removable peore-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 fruciose, to form a sus-
taincd-release dimersional 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. Nos, 3,845,770; 3,916,899,
4,063,064 and 4,088,864, Passageways comprising sus-
tained-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, Nos, 4,200,098 and 4,285,987, *

in certain embodiments the drug layer may also comprise
at least one polymer hydrogel. The polymer bydrogel 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 (C4H,,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-
seated by, e.g., & 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-
alkylceliulose, wherein the aikali is sodium or potassium, the
alkyl is methyl, ethyl, propy!, or butyl of 10,000 o 175,000
weight-average molecular weight; and 2 copolymer of ethyl-
ene-acrylic acid, including methacrylic and ethacrylic acid of
10,000 to 500,000 number-average molecular weight.

1n 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 carbaxyalkyleellulose. 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
Trom the group consisting of palymethylene 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 weipht, and polypropylenc
oxide of 1,200,000 average molecular weight. Typical
osmopolymer carboxyalkyicellulose comprises a member
selected from the group coasisting of alkali carboxyalkylcel-
lulose, sodium carboxymethylceliuiose, potassium car-
boxymethylcellulose, sodium carboxyethylcellulose, tithium
carboxymethylcellulose, sodium carhoxyethyicellulose, car-
boxyalkylitydroxyalkylcellulose, —carboxymethylhydroxy-
ethyl cellulose, carboxyethylhydroxyethyleellulose and car-
boxymethylhydroxypropyicellutose. The osmopolymers
used for the displacement layer exhibit an osmotic pressure
gradient across the semipermeable wall. The osmopolymers
imbibe fiuid into dosage form, thereby swelling and expand-
ing as an oswotic hydrogel (also known es osmogel),
whereby they push the oxycodone hydrochioride having a
14-hydroxysodeinone Jevel of less than 25 ppm thercof 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 exanple, from the pastrointestinal tract, info dosage form
and contribute to the delivery kinetics of the displacentent
layer. Examples of osmotically active compounds comprise a
member selected from the group consisting of osmotic salts
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and esmotic carbohydrates. Examples of specific osmagents
include but are not limited to sodium chloride, potassium
chloride, magnesium suifate, lithium phosphate, lithium
chloride, sodium phosphate, potassium sulfate, sodium sul-
fate, potassium phosphate, glucose, fructose and maltose.

The push layer may optionally include s hydroxypropyla-
lkyleellulose possessing a 9,000 to 450,000 number-average
molecular weight. The hydroxypropylalkyleellulose is repre-
sented by a member selected from the group consisting of
hydroxypropylmethylcellulose,  hydroxypropylethylcellu-
lose, bydroxypropyl isopropyl cellulose, iydroxyprapylbu-
tyleeltujose, and hydroxypropylpentylcellulose.

The push layer aptionally may comprisc a nontoxic colo-
rant or dye. Examples of colornts or dyes include but are not
limited to Food and Drug Administration Colotant (FD&C),
such as FD&C No. 1 bluedye, FD&C No. 4 red dye, red ferric
oxide, yellow ferric oxide, titaninm 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 paimi-
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, alphatocophero), and propylgallate.

In certain alternative embodiments, the dosage form com-
prises a homogenous core comprising exycodone hydrochlo-
ride having a 14-hydroxycodeinone level of less than 25 ppm,
a pharmaceutically acceptable polymer (e.g., polyethylene
oxide), optionally a disintegrant (e.gz., polyvinylpytrolidone),
optionally an absorption enhancer (e.g., a fatty acid, a surfac-
tant, 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 oxycodone hydro-
chloride having a 14-hydroxycodeinone Jevel of Jess than 25
ppm.

In certain embodiments, the semipermeable wall com-
prises a member selected from the group consisting of a
cetlulose ester polymer, a cellulose ether polymer and a cel-
lulose ester-ether polymer. Representative wall polymers
comprise 2 member selected from the group consisting of
cellulose acylate, celiujose diacylate, cellulose triacylate, cel-
lulose acetate, cellulose diacetate, ceflulose tracetate, mono-,
di- and triceflulose alkenylates, aud mono-, di- and tricelfu-
lose alkinylates. The poly(cellulose) used for the present
invention comprises a munber-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, cetlulose acetate methyl-
carbamate, cellulose diacetate, propylcarbamate, ceflulose
acetate diethylaminoacetate; semipermeable polyamide;
semipermeable polyurethane; semipermeable sulfonated
polystyrenc; seinipermeable cross-linked polymer formed by
the coprecipitation of a polyanion and a polycation as dis-
closed in U.S, Pat. Nos. 3,173,876; 3,276,586; 3,541,005;
3,541,006 and 3,546,876; semipermeable polymers as dig-
closed by Loeb and Sowrirajan in U.S. Pat, No. 3,133,132;
semipermeable crosslinked polystyrenes; semipermeable
cross-linked poly{sodium styrene sulfonate); semipermesble
crosslinked poly(vinylbenzyitrimethy! ammonium chloride);
and semipermeable polymers possessing a fluid permeability
of 2.5x107" to 2.5%10"? (cm*/hr-atm) expressed per atmo-
sphere of hydrostatic or osmotic pressure difference across
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the semipermeable wall. Other polymers useful in the present
invention are known in the art in U8, Pat. Nos. 3,845,770,
3,916,899 and 4,160,020, and 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
exantple of 4 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 sclected from the group consisting of poly-n-vinylamide,
poly-n-vinylacetamide, poly(vinyl pyrrolidone), also known
as poly-p-vinyIpyrrolidone, poly-n-vinylcaprolactone, poly-
n-vinyl-S-methyl-2-pyrrolidone, and poly-n-vinyl-pyrroli-
done copolymers with a member selected from the group
consisting of vinyl acetate, vinyl alcohol, viny chloride, vinyl
fluoride, vinyl butyrate, vinyl laureate, and vinyl stearate,
Other binders include for cxample, acacia, starch, gelatin, and
hydroxypropylatkylcellulose 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
dasage form to prevent sticking to die wal) or punch faces.
Examples of lubricants include but are not limited to magne-
sium stearate, sodiuvm stearate, stearic acid, calcium stearate,
magnesium oleate, oleicacid, 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
oxycodone hydrochioride baving a 14-hydroxycodeinone
level of less than 25 ppin equivalent to 10 1o 40 mg oxycxdone
hydrochloride, 25 1o 500 mg of poly(atkylens oxide) having a
150,000 to 500,000 average molecular weight, 1 to 50 mg of
polyvinylpyrrolidene having a 40,000 average molecular
weight, and 0 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
administeation comprising @ suitable suppasitory base, and
oxycodone hydrochloride having a 14-hydroxycodeinone
level of less than 25 ppm. Preparation of sustained release
suppository formulations is described in, e.g., U.S. Pat. No.
5,215,758.

Priorto absorption, the drug must be in solution. In the case
of suppositories, solution tmust be preceded by disseiution 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 patticular supposi-
tory base to be used in conjunction witha particular drug must
be chosen giving consideration to the physical properties of
the drog, 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 rute) of the drugs are the surface area of the drug
substance presented fo 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
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from suppositories administered rectally include suppositary
vehicle, absorption site pH, drug pKa, degree of ionization,
and lipid solubility.

The suppository base chosen should be compatible with
the active of the present invention. Further, the suppository
base is preferably non-toxic and. nonirritating to mucous
membrznes, 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-insofuble 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 fength C,, to C,,.

In preparing the suppositories of the present invention
other excipients may be used. For example, & 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 sofd under the trade name Novata™
{types AB, AB, B,BC, 8D, BBC, E, BCF, C, D and 299},
manufactured by Henkel, and Witepsol™ (types HS, H12,
H15, HIT5, H185, H19, [132, H35, H39, H42, W25, W31,
W35, W45, 855, 858, E75, E76 and E83), manufacturcd by
Dynamit Nobel,

Other pharmaceutically acceptable suppository bases may
be substituted in whole or in part for the above-mentioned
miono-, 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 percent to about 90 percent by weight of the total weight of
the suppository. Preferably, the amountof suppository base in
the suppository is from about 65 percent to about 80 percent,
by weight of the total weight of the supposttory.

Additional Embodiments

The oxycodone hydrochloride having a 14-hydroxyco-
deinone level of less than 25 ppm may be used as a substitute
for the oxycodone hydrochlotide in any existing cornmercial
product such as, e.g., Tylox®, Roxilox®, Roxicet®, Perco-
cet®, Oxycet®, Percodan®, Roxycodone®, OxyContin®
and OxyIR®. Such formulations are listed in the PDR 58th
Edition (2004) and the FDA Omange Book.

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

Example 1

In Bxample 1, 37.7 g of oxycodone HCI (35.4 g dry basis,
ca, 500 ppm 14-hydroxycodeinone) was placed in a 500 mL,
Parr reaction bottle and combined with 0.55 g 5% Pd/C cata-
lyst, 50% water wet (Johnson Matthey type 870), and 1822 ¢
of 61.9% Isopropanol/water (w/w), The mixture was placed
under aninert atmosphere and heated with shaking to 45-50°
C. Upendissolution of all starting material, the pressure in the
bottle was vented (o the atmosphere and hydrogen pressure
was applied (45 PSIG) for 4 hours. At the end of the hydro-
genation, the hydrogen was vented off and the solution was
allowed to cool to room temperature,

The next day, the mixture was heated to 75° C. to dissolve
the crystallized solids and then suction filiered over 2 0.2 pm
PTFE membrane info a 1 L jacketed cylindrical flask
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(equipped with a condenser, a nitrogen atmosphere, a
mechanical stirrer, a type K thermocouple, and a program-
mable reftigerated recirculator), The Parr hottle was rinsed
with deionized water (1.7 g), which was added to the 1 L.
flask through the filter. isopropanal (334.7 g) was added to the
flask and the mixture was re-heated with stirring to 75° C. and
held to dissolve any crystallized solids. The solution was
cooled with stirring to 0-10° C. over 8 hours (linear ramp) and
held at 0-10° C. for 20 hours. The crystallized solid was then
cotlected by suction filtration and washed with 107 g of cold
95:5 isopropanol/water (wiw).

To remove isopropanol from product, the solvent-wet
material was transferred 1o a drying dish and placed in a
vacuum desiccator with an open container of dejonized water.
The solid was held in this manuer, under vacuum, overnight.
The material was then dried under vacuum at 60° C.

Analysis of the dried material using the low 4-hydroxy-
codeinone method of Example 4 below gavea result of 6 ppm
of 14-hydroxycodeinone.

Anslysis of the dried material vsing the method of
Example 6 below gave a result of <5 ppm of codeinone and 8
ppm of 14-hydroxycodeinone,

Example 2

In Bxample 2, 35.0 g of oxycodone HCI (33.3 g dry hasis,
ca, 4000 ppm 14-hydroxycodeinone) was placed ina 500 mlL
Parr reaction bottle and combined with 0.49 ¢ 5% P&/C cata-
lyst, 50% water wet (Johnson Matthey type 87L), and 1599 g
of 62.3% isopropanol/water. The mixture was placed under
aninert atmosphere and then heated with shaking to 45-50°C.
Upon dissolution of the starting material, the pressure in the
botile was vented to the atmosphere and hydrogen pressure
was applied (45 PSIG), After 5.25 hours of shaking, the
hydrogen was vented off, and the solufion was allowed ta cool
1o room temperature. The mixture was re-heated the next day
and hydrogenation was continued for 4.75 hours.

The mixture was heated 10 75° C. and then suction filtered
overa 0.2 pm PTFE membrane into a 1 L jacketed eylindrical
flask (equipped with a distillation head, a mitrogen atmo-
sphere, a mechanical stirrer, a type K thermocouple, and a
programmable refrigerated recirculator). The Parr bottle was
rinsed with deionized water (11.7 g), which was added to the
1 L flask through the filter.

Isopropanol (295.6 g) was added 10 the flask and the mix-
ture was heated to boiling (ca. 81° C.). To remove water and
increase the yield, isopropanol/water azeotrope was distitled
from the flask until 305.7 g had been collected. Fresh isopro-
panol (305.6 g) was added and the distillation head was
removed and replaced with a condenser,

The mixture was cooled with stirring from boiling to 0-10°
C. over 8 houts (linear ramp) and held at 6-10° C. for 20
hours, The crystatlized solid was then collected by suction
filtration and washed with 107 g of cold 95:5 isopropanol/
water. The material was dried as described in Example 1.

Analysis of the dried material using the low 14-hydroxy-
codeinone method of Example 4 below gave a result of <5
ppm of 14-hydroxycodeinone.

Analysis of the dred material using the method of
Example 6 below gave a result of <5 ppm of codeinone and <5
ppm of 14-hydroxycedeinone.

Bxample 3
in Bxample 3, 27.83 g of oxycodone free-base, water wet

(24.57 g dry basis, 0.0779 mol, ca. 3000 ppm {4-hydroxyco-
deinone), 39.8 g of deionized water, 81.9 g of isopropanol,
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049 g 5% Pd/C catalyst, 50% water wet (Johnson Matthey
type 87L), and conc. HCI(11.3 £,0.117 moi, 1.50 equivalents
based on 37.7% HCl assay) were combined in a 500 ml Parr
shaker bottle,

The mixture was placed under an inert atmosphere and
heated to 75° C. with shaking, The pressure in the bottle was
relieved, and the system was pressurized with hydrogen {45
PSIG). The solution was held under these conditions for 21.7
haurs. Analysis by HPLC showed that the ratio of the area of
the 8,14-dihydroxy-7,8-dihydrocodeinone peak to that of
oxycodone was reduced from 0.29% to 0.04% during this
time.

The hydrogen pressure was vented and the sysiem was
placed under an inert atmosphere. In order to prevent further
dehydration of any residual 8,14-dihydroxy-7,8-dihydroco-
deinone, the pH of the solution was adjusted from 0.510 1.8
with 20.7 g NaOH saturated isopropano! (some solid sedjum
hydroxide was also present).

The solution was re-heated to 75° C. and then pressure
filtered through a 0.2 pm PTFE membrane filter housed in
heat-traced 47 mm S filter holder into a 500 ml jacketed
cylindrical reactor (condenser, N,, mechanical stirrer, pro-
grammable refrigerated recirculater). The Parr bottle was
rinsed with 8.6 g of defonized water, which was added to the
flask through the filter.

Isopropanol (222.5 g) was added to the solution in the flask
and the resulting slurry was heated to approximately 75°C. to
re~dissolve the solids, After reaching the desired temperature,
the solution was held for two hours (to simulate typical pro-
cessing times), No }14-hydroxycodeinone was detected in a
sample of the crystallization mixture after this hold.

The circulator was set to cool from 80° C. to 0° C. over 8
hours. Approximately 24 hours afler starting the cooling pro-
gram, the solids woere coliceted by suction Hltration and
washed three times with 95:5 isopropancl/water (232.3 g
total). The material was dried as described in Bxample 1.

Amalysis of the dried material using the low 14-hydroxy-
codeinone method of Example 4 below gave a result of 5 ppm
of 14-hydroxycodeinone. ]

Analysis of the dried material using (ke method of
Example 6 below gave aresult of <5 ppm of codeinone and 10
ppm of 14-hydroxycodeinone.

Example 4

Analysis of sample 1o delermine 14-hydroxycodeinone
level,

The products of Examples. 1-3 wére analyzed to determine
the level of 14-hydroxycodeinone under 100 parts per million
(PPM) level by & HPLC method using a Waters Atlantis 5 jun
dC18, 3x250 mm column maintained at 50° C, and isocratic
elution using pH 9.35, 17 mM ammoninm carbonate buffer
and methanol (60:40). Quantitation was achieved by measur-
ing the peak area response with UV detection at 220 nm using
external standard. This method utilized mobile phase with
volatile components that are compatible with LC/MS analy-
sis.

The reagents used were as follows:

1. Ammonium carbonate, analytical reagent grade (Ald-
rich);

2. Water, HPLC grade;

3, Methanol, HPLC grade;

4. Acetic acid, reagent grade (J. T Baker Glacial Acetlc
Acid); .

5. Ammonium hydroxide, reagent grade;

6. Phosphoric acid, about 85%, A.C.S. reagent;
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7. 14-Hydroxycodeinone reference
Molecular Research, Inc.

The equipment used was as follows:

A. HPLC System

L HPLC system capable of delivering 0.4 mL/minute of
mobile phase (Waters Alliance);

2. UV/Visible defector set to monitor the eluant at 220 nm
{Waters 2487 UVivis),

3. Autosampler capabile of injecting & pL;

4. Integrator or suitable data recording system (Waters
Millennium 32 chromatograph system.);

3. Waters, Atlantis dC18 column, 33250 mm, 5 pm;

6. Column heater capable of maintaining a constant tem-
perature of 50° C,;

7. On-line vaconm degasser.

B. Equipment for Mobile Phase Preparation

1. pH meter, preferably with automatic temperature com-
pensation (ATC);

2. Ultrasonic bath, Model 5200, Branson;

3. 0.45-um membrane filters for aqueous solvent, Wisat.
man or Millipore, Cellulose acetate or Nylon.

material from Albany

Solutions

17 mM Ammanium Carbonate, pH 9.35

1.6£0.1 g of ammonium carbonate was weighed and
placed into 2 1.L beaker. 1000 mL, of water was added to the
beaker and stired with a magnetic stirrer until the ammonium
carbonate was dissolved. The pH was adjusted to 9.35-9.40
with ammonium hydroxide,

B. Mobile Phase

400 mL of HPLC-grade methanol was mixed with 600 ml,
of 17 mM ammonium carbonate, pH 9.35-9.40 prepared
above, The mixtore was fillered through solvent membrane
filters and then degassed vsing an on-line vacuum degasserin
the HPLC system.

C. 0.85% Phosphoric Acid Solution

10.0 mLL of 85% H,PO, was pipetted into a 1 Ster volu-
mefric flask and dilated to volume with water and mixed
theroughly.

D. 14-Hydroxycodeinone Working Reference Standard
Solutions

A stock 14-hydroxycodeinone standard solution was pre-
pared by weighing 2522 mg of | 4-hydroxycodetnone refer-
ence material and transferring it into a 250-mL volumetric
flask. Approximately 100 mL of 0.85% H;PO, solution was
added to the flask and sonicated for approximately 2 minutes
or untit dissolved. The solution was diluted to volume with
0.85% H,PO, solution and mixed thoroughly. This was the
stock 14-hydroxycodeinone standard solution.

A working sclution of 160 ppm 14-hydroxycodeinone
standard solution for system suitability was prepared by
pipetting 5.0 mL of the stock 14-hydroxycodeinone standard
solution into a 100-mL volumetric fask, diluting the solution
to volume with water and mixing thoroughly,

A working solution o7 10 ppm 14-hydroxycodeinone stan-
dard solution for sensitivity was prepared by pipetting 5.0 m[,
of working 100 ppm 14-hydroxycodeinone standard solution
into a 50-mL volumetric flask, dilwting the solution to volume
with water and mixing thoroughly.

A stock hydrocodone standard solution was prepared by
weighing 252 mg of hydrocodone reference material and
transferring contents into a 250-ml. volumetric fask,
Approximately 100 ml, of 0.85% H,PO, solution was added
to the flask and sonicated for approximately 2 minutes or until
dissolved. The solution was diluted to volume with 0.85%
H;PQ, solution and mixed thoroughty.
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E. Hydrocodone Working Reference Standard Solution

Stock Hydrocodone Standard Solution was prepared by
weighing 2522 g of Hydrocodone reference material and
transferring contents into a 250-mL volumetric fask,
Approximately 100 ml. 0f0.85% H3PQ4 solution was added
to the flask and sonijcated for approximately 2 minute or until
dissolved. The solution was diluted to volume with ©.55%
H3PO4 Solution and mixed thoroughly.

E. Sample Solutions

A sample solution was prepared by weighing about 250 mg
oxycodone API sample into a scintillation vial. 5.0 mL of
water was pipetted into the via to dissolve the sampie. The
vial was tightly capped and sonicated for approximately 5
minutes or until the sampie was dissolved. The contents were
then shaken and mixed thoroughly.

G. Resolution Test Mixture (RTM) Solution

A solution containing two components, 14-hydroxyco-
deinone and hydrocodone, was prepared from the respective
stock standard solutions, '

The Resolution Test Mixture (RTM) was prepared by
pipetting separately 10.0 mi of each stock standard solution
of hydrocodone above and 14-hydroxycodeinone ebove into
the same 100 mL volumetric flask and diluted to volume with
a sufficient amount of water and mixed thoroughly.

H. HPLC Conditions

The HPLC conditions were as follows:

Column: Waters, Atlantis dC18, 3250 mm, 5 .

Coluron temperature: 50° C.

Detector wavelength: 220 nm

Injection volume: 6 pi

Quantitation: Peak area of 14-hydroxycodeinone

Mobile Phase: (60:40) 17 mM ammonium carbonate, pH

9.35-9.40: Methanol

Flow rate: 0.4 mL/minute

Run time: 70 minutes for the samples and 40 minutes for

the standard and RTM solutions

1. Resolution Test Mixture (RTM) Test

Before performing the system suitability test, & new cal-
v was equilibrated over night (at Jeast 12 hours) by pump-
ing mobile phase through it at 0.4 mL/min. After the new
column was equilibrated, 6 ul. of RTM solution was injected
into the equilibrated system to ensure that the two eluted
component peaks did not interfere with one enother, A typical
separation of the system suitability testing solution is shown
in FIG. 3.

1. Systern Suitability Test

A system suitability test was performed by injecting the
Working 100 ppm 14-hydroxyeodeinone standard sofution
into the system and by performing the system suitability test
as described in the U'SP <621> by making six different runs of
6 ul injections, The system suitability test results mef the
following criteria listed in Table 1 below,

TABLE 1
Test Mo. Systern Suitabifity Test Specification
1 RSD of peek areas for 14- RSD £3.0%
hydroxyeodeinone (1)
2 RSD of retention time for RSD =2.0%
I4-hydroxycodeinone (1)
3 Columan Efficiency N2 2000

(Theoretical Plates of 14-
hydroxycadeinone) (1)
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TABLE |-continued

Test No, System Suitability Test Specification

4 Resolution between 14+ RE LS
hydroxycodeinone and
Hydrocodone (2)

5 Signzl to noige ratio (3} SN =10

HNote:

(1} the working 10G ppm L14-hydroxycodeinone standard solution for Test
Noas. | ta 3 was used,

(2) the RTM for Test No. 4 was used.

(3) the working 10 ppm l4-hydroxycodeinone standard sohution for Test No.
5 was used,

Before starting the experiment, § L of water was injected
{o ensure that there were no interfering peaks co-eluting with
the peak for 14-hydroxycodeinone. The following procedure
was then conducted.

The working 100 ppm t4-hydroxycodeinone standard
solution was injected six times in different runs, and the
system was checked to verify that it met the system suitability
test specifications as [isted for Test Nos, 1,2apd 3 in Table 1
above.

The RTM solution was injected and run once jo the HPLC
system to confirm that the system met the system suitability
test specification as listed for Test No. 4 in Table 1 above.

The working 10 ppm 14-hydroxycodeinone standard solu-
tion was injected and run once in the HPLC system (o confirm
that the system had signal-to-noise ratio S/N greater than or
equalto 10, as listed in the specification for Test No. § in Table
1 above,

After the system passed all of the above tests, the following
HPLC procedure was performed,

The working 100 ppm 14-hydroxycodeinone standard
solution and the working 10 ppm 14-hydroxycodeinane stan-
dard solution were each injected separately, Both working
standard solutions were used to quantitate the samples, The
selting and integration parameters are listed in Table 2 below,

TABLE 2
Iutegrstion Sclting Parameters
Mirimum area ’ 0
Minimum keight 0
Threatold 2
Peak width 90.00

Tnhibit integration: 0.01 to 20 minwtes Eliminates sofvent front

Typical HPLC chromatograms for the working 100 ppm
14-hydroxycodeirone standand solution and the oxycodone
AP! sample solution are shown in FIG. 4 and FIG. § respec-
tively, Retention times of the }4-hydroxycodeinone and other
related substances are presented in Table 3 below.

TABLE3
Relative Retention Time vs.

Peak ID Oxycodone (RRT)
Oxyoardone-N-Oxide (ONO} 016
Morxycodone 0.31
Oxymorphone 045
7,8-Di.hyd.m-8,M-Dihydmxycodcix:ane 0.58
(BDCYy
14-Hydroxycodeine 0.73
14-Hydroxycodeinone 0.79
G-a-Oxycodot 0.96
Hydrocodone 0.95
Oxycodons 1.0
Thebaine 1.89
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The following calculations were performed using the results
cbiained above, Using Miltennium®, software, the param-
eters were entered as follows:

In the sample set, the standard concentrations for both
working standards (10 and 100 ppm) were calculated as fol-
lows: :

W, ted £ i
100 PPM std.conc, = ﬂ‘iﬁaw %005

for oo
10 PPM sid.cone, « N Somected for pusity "c‘;SQWXO.OOS

where W_, is the weight of standard,

The following were also entered:

Sample weight=weight of sample in mg

Dilution=5 ml (sample dilution)

[Label claim=0.0001 (to convert the results in PPM.

The amount of 14-hydroxycodeinone {abbreviated as
OHC) in oxycodone sample in ppm can be determined autos
matically from a linear calibraticn curve using the two stan-
dards (100 PPM and 10 PPM) and the equation used in the
calcutation below.

-~ ¥
PEM of 14 010 = fton = Yiweree \ D oo
Slope L. .

where:
A, -=peak area of 140HC

Yirsereee™Y intercept fram 2 linear regression line using the
two standards

Slope=slope from a linear regression line using the two stan-
dards

D=5.0 (sample dilution factor)

W, om=5ample weight in mg

1006000=Convention factor to convert the result to PPM

Example 5

3.0 g of oxycodone hydrochloric salt containing 154 ppm
14-hydroxycodeinone was dissolved in 20 ;L water to afford
a clear solution in a 250 ml Parr reaction bottle. To the
solution, (.05 g 5% PA/C catalyst, 50% water wet {Johnson
Matthey type 871.) and 1 mL. formic acid 88% were added.
The mixture was placed under inert atmosphere without
hydrogen feed and then heated to 45° C.-50° C. Afier 2 hours
of shaking, a sample was taken to check the disappearance of
14-hydroxycodeinone. The sample showed no [4-hydroxy-
codeinone by the HPLC method described in Example 4
above,

The solution was then suction filtered over a 0.2 micron
PTFE membrane to remove the catalyst, An aliquot of 2 mL.
was taken out of about 18 mL. filtrate sotution. To this solu-
tion, 2.0 mL. isopropy] aleohol was added to obtain a clear
solution, followed by 4.0 1l of ethyl acetate. The solution
was stirred, cooled and kept at 0-5° €. for 20 hours to afford
oxycodone hydrochloride crystals. The crystalline solid was
isolated by suction filtration. The wet solid was dried in an
oven at 50° C. and 10 mmHg pressure. The dried solid
weighed 0.12 g.
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Analysis using the HPLC method in Example 4 abave
indicated that about 11 ppm 14-hydroxycodeinone were
present in the oxycodone hydrochloride salt composition. In
another aliquot of 2 ml, of the filtrate sofution, 16-18 mL of
isopropyl alcohol was added to the concentrated oxycodone
hydrochloride solution followed by crystallization and dry-
ing. The procedure afforded oxycodone hydrochioride salt
containing about 6.8 ppm 14-hydroxycedeinone.

Example 6

Analysis of Sample to Determine
14-Hydroxycodeinene and Codeinone

The products of Examples 1-3 were analyzed by the fol-
lowing altemative method to determine the amount of
codeinone and 14-hydroxycodeinone present. This method
uses a Waters Symmetry C,,; column maintained at 40° C.
with isocratic elution using a mobile pkase of sodinm phos-
phate buffer, sodium dodecyl sulfate (SDS), acetonitrile
{ACNY), and methanol (MeQH).

The reagents used were as follows:

1. Water, HPLC grade or equivalent;

2, lPhos:pimric acid, 85%, HPLC reagent grade or equiva-

eat;

3. Sodium phosphate monobasic, monohydrate, Enzyme

grade or equivalent;

4. Sodium dodecyl sulfate ($9%+), Ultrapure, Fluka or

equivalent;

5. Acetonitrile, HPLC grade or equivalent;

6. Methanol, HPLC grade or equivalent;

7. Sodium hydroxide, ACS reagent grade or equivalent;

8, Oxycodone HCI with fow ABUK 1o be used as part of the

matrix in standard preparation;

9. Codeinone reference material from Rhodes Technolo-

gies or equivalent;

10. 14-Hydroxycodeinone reference material from Albany

Molecular Research or equivalent

The equipment used was as follows:

A.HPLC System

For this analysis, an HPLC system with a dual wavelength
detector was used that was able to operate under isocratic
conditions at a flow rate of 0.7 mL per minute with UV
detection @ 220 nm, and a column temperature of 40° C,

B, Mobile Phase Filtration System
" For this analysis, an HPLC vacunm fltration apparatus
with a nylon membrane filter (0.45 im) was used,

Solutions

i. 50% Sodium Hydroxide Solution (w/v)

50 g of sodium hydroxide pellets were weighed and traps-
ferred into a 100-ml volumetric flask. 60-mL. of water was
then added and sonicated until the pellets were completely
dissolved. The pellets were diluted to volume with water and
mixed well. (Commercially available 50% w/v NaOH soh-
tion may also be used.)

ii. Phosphoric Acid Sofution I (~8.5% H,PQ,)

10 mi of concentrated phosphoric acid (85%) was trans-
ferred into a 100 ml volumetric flask containing approxi-
mately 50 mi of water. The volume was diluted with waterand
then mixed.
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iii. Phosphoric Acid Solution Il (~0.85% H3PO4)

10-mL of 85% phosphotic acid was pipetted into a 1000-
mL. votumetric fask, diluiad to volume with water and mixed
well. This was the diluent for the sumple and standard prepa-
ration. .

iv. Mobile Phase

3.45 g20.1 g of sodium phosphate monobasic monohy-
drate was weighed into a I-L {task. 1000 mL of water was
added and then stirred with a magnetic stirrer until dissolved.
34T g+0.1 g of sodium dodecyl sulfate was added and mixed
well until dissalved. This solution was filtered using vacuum
filtration with a 0.45-um nylon membrane filter. The pH of
this solution was adjusted with 50% NaOH solution o a final
pH of 7.50£0.05,

722.5 ml of the above solution was then mixed with 157.5
mL of acetonitrile, then 120 ml, of methanol was added to the
solutions and mixed well. The final pH was adjusted to
7.80£0.01 with ~8.5% phosphoric acid solution. The mobile
phase was sonicated for about 5 minutes to remove dissolved
air.

i. Standard Solution Preparation Cajeulated Refative to Dried
Samples

A, Codeinone/14-Hydroxycodeinone Stock Sotution |

2521 mg of both codeinone and 14-hydroxycodeinone ref-
erence materials were weighed and transferred into g 100-mlL,
volumetric flask, diluted to volume and dissolved with
~0.85% phosphoric acid sofution 11,

ii. 100 ppm Stock Standard I

1-m! of stock solution I was pipetied into a 50-m! volumet-
ric flask, diluted to volume with ~0.85% phosphoric acid
solution II and then mixed.

i1, 10 ppm Working Standard 11

5005 mg of Oxycodone low ABUK material was weighed
o a 10-ml volumetric flask. 1-m! of stock standard 11 was
pipetted and diluted to volume with ~0.85% phosphoric acid
solution 11 and mixed.

iv. Unspiked Oxycodone Solution

500+5 mg of Oxycodone low ABUK matetial was weighed
into a 10-ml volumetric flask, diluted to volume with ~0.85%
phosphoric acid solution II and mixed. (This solution was
used to calculate the residual content of both Codeinone and
14-Hydroxycodeinone in the working standard).

E. Resolution Test Mixture (RTM)

1.0-ml of the Codeinone/14-Hydroxycodeinone stock
solution ] was pipetied into a 50-m1 volumetric flask. Using a
micropipette, 100 11 of the unspiked Oxycodone solution was
transferred and diluted to volume with ~0.85% phosphoric
acid solution 11. The concentration of Codeinone, 14-Hy-
droxycodeinone, and Oxycodone was approximately 100

F. Sample Preparations

i. 50 mg/mL Oxycodone HCJ Sample Solution

50045 mg of Oxycodone HCI was weighed, in duplicate,
into separate 10-mL volumetric flasks for each of Exempies
1, 2 and 3. The Oxycodone HCI was then diluted to volume
with the ~0.85% phesphoric acid solution 1l and swirled to
dissolve the sample. A sufficient amount of this sample was
transferred to an HPLC vial for injection.
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G, HPLC Conditions
The HPLC conditions were set as follows: TABLE 6-continued
Sample | Prop# 2 2 injections
TABLE 4 Sample 2 Prep# | 2 injections
" 5 Sample 2 Prepk 2 2 injections
wHPLE Conditions Working Standard 111 2 injections
- Sample 3, Preptf 1 2 injections
Parameter Condition Semple 3, Propt 2 2 injections
Works anject]
HPLC Colurmn Symmetry Cyg, 3.6 % 150 mm, 3.5 pm orking Standord [1f # injections
. particle size 10
Mobile Phase 18 mM phosphate/1 3 mM SDS pH The Codeinone and 14-Hydroxycodeinone peaks were
T.50:ACN:MeOH (72.25:15.75:12,0) e . . Al .
pH = 7.80 £ 0.0] identified using the relative retention times as discussed
Flow Rate? 0.7 mL/min above. ‘
Column Temperaturs 40°C. .
Detection 2201m Calculations
Injection Volume S L 5 The responses of Codeinone and 14-Hydroxycodeinone
¢ Run Teme 30 minutes peaks were measured and recorded. The content of

*Parameter may be adjusted to schicve retention times.

H. System Suitability
One injection (5-uL) ofa blank sofution (~0.85% phospho-

ric acid solution 1) was made, followed by one injection of

the RTM to determine if there was any interfering peaks in the
blank solution. € injections of the working standard 11T were
made. The system suitability injections were (hen tested to
verify that they met the system suitability criteria as shown in
Table 2.

TABLE 5
System Suitability Criteria

Acceptunce
Criteria

NLT 8
NLT 2
0.7-2.0
Approx. 0.44
Approx. 0.85

Farameter

Resolution between Codeinone and 14-Hydroxyeodeirone
Resolution between 14-Hydroxycodeinone and Oxycodone
Tailing factor for Oxycodone

Relative retention times for Codeinone based on Oxycodone
Relative retention times for 14-Hydroxycodeinone based on
Oxycodone

% RSD of 6 systen suitability injections for Codeinone and
14-Hydroxycodeinone

NMT 20%

The expected retention times were as follows:

Expected Retention
Componcots Times
Codeinone
14-Hydroxycodeinone
Oxycodons

42 min
X7 =4 min
32 £ 6 min

1. Injection Procedure

Once the colummn was equilibrated, the sample and standard
solutions were injected according to the following sequence
of Table 3:

TABLE 6

Blaok (diluent) [ itjcction

Resolution solution 1 infection

Working Stansdasd H] 6 injections for RSD, lest 2

injectioas for calibration

Blzuk (dijuent) 2 injections

Unspiked Oxycodone solution 2 injections

Sample 1 Prep# 1 2 injections

Working Standard 11 2 injections
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Codeinone and 1 4-Hydroxycodeinone was caloulated in ppm
using, the following equation;

RsxWsd | 1 [ 10 1,000,000
PO S Rsdw W T T
R X Wsrd %200
pem = Rstd ®x Ws
Where:
ppm=Parls per millions of codeinone or 14-Hydroxyco-
deinone in Qxycodone HCI
Rs=Response of Codeinone or 14-Hydroxycodeinone in
Sample Solution.

Rsid=Response of Codeinone or 14-Hydroxycodeinone in
Standard Solution minus the response of unspiked stan-
dard

Wstd=Weight of Standard, corrected for purity, mg

Ws=Weight of Sample, mg

1000000=Conversion Factor for ppm

% Codeinone/14-hydroxycodeinene=ppm/10,000

The results for Example 1 wtilizing the procedure of
Example 6 gave a result of <5 ppm of codeinone and 8 ppum of
14-bydroxycodeincne.

The results for Bxample 2 utilizing the procedure of
Example 6 gave a result of <5 ppm of codeinone and <5 ppm
of 14-hydroxycadeinone.

The results for Example 3 utilizing the procedure of
Example 6 gave a result of <5 ppm 6f codeinone and 10 ppm
of 14-hydroxycodeinane.

Many other variations of the present invention will be
apparent to those skilled in the art and are meant to be within
the scope of the claims appended hereto.

What is claimed is:

1. An oral dosage form comprising particles, the particies
comprising from about 5 my to about 320 mg oxycodone
hydrochloride active phannacentical ingredient having less
than 25 ppm 14-hydroxycodeinone, whercin at least a portion
of the 14-hydroxycodeinone is derived from 8a,14-dihy-
droxy-7,8-dihydrocodeinone during conversion of oxyc-
odone free base to oxycodone hydrochloride, said particles
being coated with an amount of hydrophobic material effec-
tive fo provide a sustained release of the oxycodone hydro-
chloride when the coated particles are exposed to an aqueous
solution,

2. An aral dosage form comprising (i) from about 5 mg to
about 320 mg of oxycodone hydrochloride active pharmaceu-
tical ingredient having less than 25 ppm 14-hydroxyco-
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deinone, wherein at least a portion of the 14-hydroxyco-
deinone  is  derived  from -Bat,14-dihydroxy-7,8-
dihydrocodeinone during conversion of oxycodone free base
to oxycadone hydrochloride; and (i) a sustained releasc
material, wherein the sustained release material is film coated
onto said oxycodone hydrochloride active pharmacenutical
ingredient,

3. An ora] dosage form comprising: (i) from about 5 mg to
about 320mg of: oxycodone hydrochloride active pharmaceuy-
tical ingredient having less than 25 ppm 14-hydroxyce-
deinane, wherein at least a portion of the 14-hydroxyca-
deinone  is  derived  from 8a, 14-dihydroxy-7,8-
dibydrocodeinone during conversion of oxycadone free hase
to oxycodone bydrochloride; and (i) pharmaceutically
acceptable excipient,

4. The oral dosage form of claim I, wherein the 14-hy-
droxycodeinone is derived solely from 8¢, 14-difiydroxy-7,8-
dihydrocodeinone. '

5. The oral dosage form of claim 2, wherein the 14-hy-
droxycodeinone is derived solely from. 8a,14-dihydroxy-7,8-
dihydrocodeinone,

6. The oral dosage form of claim 3, whersin the oxycodone
hydrochloride active pharmaceutical ingredient has a lower
limit of the 14-hydroxycodeinote of 0.25 ppm, 0.5 ppm, 1
ppny, 2 ppm or 5 ppm,

7. The oral dosage form of claim 3, wherein the 14-hy-
droxycodeinone is derived solely from 8a,14-dibydroxy-7,8-
dihydrocodeinone.

8. The oral dosage form of ¢laim 1, wherein the oxycodone
hydrochloride active pharmaceutica] ingredient has a lower
limit of the 14-hydroxycodeinone of 0.25 ppm, 0.5 ppm, 1
ppm, 2 ppmor 5 ppm,

9. The oral dosage form of claim 2, wherein the oxycodone
hydrochloride active phammaceutical ingredient has a Jower
limit of the 14-hydroxycodeinone is of 0,25 ppea, 0.5 ppm, 1
ppm, 2 ppm ot 5 ppm.
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10. The oral dosage form of claim 8, which is a tablet or a
capsule.

11. The oral dosage form of claim 8 comprising #bout §
mg, about 10 mg, about 15 mg, about 20 mg, about 30 my,
about 40 mg, about 50 mg, about 60 mg, about 80 mp, about
100 mg, about 160 mg or about 320 mg of the oxycodone
hydrochieride active pharmaceutica) ingredient,

12. The oral dosage form of ¢laim 8, comprising 10 mg, 15
mg, 20 mg, 30 mg, 40 mg, 60 mg, 30 mg or 160 mg of the
oxycodone hydrochloride active pharmaceutical ingredient.

13. The oral dosage form of claim 9, which is a tablet of
capsule.

14. The oral dosage form of claim 9 comprising about 5
mg, about 10 g, about 15 mg, about 20 mg, about 30 mg,
about 40 mg, about 50 my, about 60 mg, about 80 mg, about
100 mg, about 160 mg or about 320 mg of the oxycodone
hydrochlaride active pharmacentical ingredient.

15. The oral dosage form of claim © comprising 10mg, 15
mg, 2¢ mg, 30 mg, 40 mg, 60 mg, 80 mg or 160 mg of the
oxycadone hydrochloride active pharmacentical ingredient.

16. The oral dosage form of elajm 6, which is a tablet ora
capsule.

17. The orel dosage form of claim 6 comprising about 5
mg, about {0 mg, about 15 my, about 20 mg, about 30 mg,
about 40 mg, sbout 50 myg, about 60 mg, about 80 mg, about
100 mg, about 160 mg or about 320 mg of the oxycodone
hiydrochloride active phamaceutical ingredient,

18. The oral dosage form of claim 6 comprising 10 mg, 15
mg, 20 mg, 30 mg, 40 mg, 60 mg, 80 mg or 160 mg of the
oxycodone hydrechloride active pharmaceutical inprediert,

19. The oral dosage form of claim 3, wherein the pharma-
ceutically acceptable excipient comprises a sustained release
carrier,



