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

HELSINN HEALTHCARE S.A.
Via Pian Scairolo, 9, CH-6912
Lugano-Pazzallo, Switzerland

Civil Action No.
and
ROCHE PALO ALTO LLC,
One DNA Way, South
San Francisco, California 94080-4990
Plaintiffs,
COMPLAINT FOR
PATENT INFRINGEMENT

(Filed Electronically)

QILU PHARMACEUTICAL CO., LTD.
Hightech Industry Park Xinda Street Dongshou,
Jinan, 250101 China

and

QILU PHARMA, INC.,

101 Lindenwood Drive, Suite 225
Malvern, PA 19355

Defendants.

Plaintiffs Helsinn Healthcare S.A. (“Helsinn”) and Roche Palo Alto LLC
(“Roche™) (collectively, “Plaintiffs”), for their Complaint against Qilu Pharmaceutical Co., Ltd.
and its United States subsidiary Qilu Pharma, Inc. (collectively, “Qilu” or “Defendants”), hereby

allege as follows:

THE PARTIES

L. Helsinn is a Swiss corporation having its principal place of business at Via

Pian Scairolo, 9, CH-6912 Lugano-Pazzallo, Switzerland.
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2. Roche is a company, organized and existing under the laws of the State of
Delaware, having a principal place of business at One DNA Way, South San Francisco,

California 94080-4990.

3, Upon information and belicf, Qilu Pharmaceutical Co., Ltd. is a Chinese
company located at Hightech Industry Park Xinda Street Dongshou, Jinan, 250101 China, having
a United States subsidiary, Qilu Pharma, Inc.

4. Upon information and belief, Qilu Pharma, Inc. is a corporation organized
and existing under the laws of the State of Pennsylvania, with its principal place of business at
101 Lindenwood Drive, Suite 225, Malvern, PA 19355.

5s Upon information and belief, Qilu develops, manufactures, imports,
markets, distributes, and/or sells generic pharmaceutical versions of branded products for sale
and use throughout the United States, including in the State of Pennsylvania and this Judicial

District.

NATURE OF THE ACTION

6. This is a civil action concerning the infringement of United States Patent
No. 7,947,724 (“the >724 patent™), United States Patent No. 8,729,094 (“the 094 patent”),
United States Patent No. 9,066,980 (“the *980 patent”), and United States Patent No. 9,173,942
(“the *942 patent”) (collectively, the “patents-in-suit™). This action arises under the patent laws
of the United States, 35 U.S.C. §§ 100 ef seq., as well as the Declaratory Judgment Act, 28

U.S.C. §§ 2201-02.

JURISDICTION AND VENUE

7. This Court has jurisdiction over the subject matter of this action pursuant

to 28 U.S.C. §§ 1331 and 1338(a) and the Declaratory Judgment Act, 28 U.S.C. §§ 2201-02.
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8. This Court may declare the rights and other legal relations of the parties
pursuant to 28 U.S.C. §§ 2201-02 because this case is an actual controversy within the Court’s
jurisdiction.

9. Venue is proper in this Court as to Qilu pursuant to 28 U.S.C. §§ 1391(b),
(¢), and/or (d), and 1400(b).

10. This Court has personal jurisdiction over Qilu because, infer alia, it has
committed, or aided, abetted, contributed to, or participated in the commission of, acts of patent
infringement, including acts in the State of Pennsylvania, that have led to foreseeable harm and
injury to Plaintiffs in the State of Pennsylvania. This Court has personal jurisdiction over Qilu
for the additional reasons set forth below, and for other reasons that will be presented to the

Court if such jurisdiction is challenged.

11.  This Court has personal jurisdiction over Qilu Pharmaceutical Co., Ltd.
because, upon information and belief, inter alia, it: (1) has purposely availed itself of the
privilege of doing business in this Judicial District including, inter alia, through its subsidiary,
agent and alter ego, Qilu Pharma, Inc., a company organized and existing under the laws of the
State of Pennsylvania, with its principal place of business in this Judicial District at 101
Lindenwood Drive, Suite 225, Malvern, PA 19355; and (2) maintains extensive systematic
contacts with the State of Pennsylvania, including the marketing, distribution, and/or sale of
generic pharmaceutical drugs to Pennsylvania residents including through, infer alia, Qilu

Pharma, Inc.

12.  Alternatively, to the extent the above facts do not establish personal
jurisdiction over Qilu Pharmaceutical Co., Ltd., this Court may exercise jurisdiction over Qilu

Pharmaceutical Co., Ltd. pursuant to Federal Rule of Civil Procedure 4(k)(2) because: (a)
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Plaintiffs’ claims arise under federal law; (b) Qilu Pharmaceutical Co., Ltd. would be a foreign
defendant not subject to personal jurisdiction in the courts of any state; and (c) Qilu
Pharmaceutical Co., Ltd. has sufficient contacts with the United States as a whole, including, but
not limited to, manufacturing and selling generic pharmaceutical products that are distributed
throughout the United States, such that this Court’s exercise of jurisdiction over Qilu
Pharmaceutical Co., Ltd. satisfies due process.

13.  This Court also has personal jurisdiction over Qilu Pharma, Inc. because,
upon information and belief, inter alia, it: (1) is a company organized and existing under the
laws of the State of Pennsylvania; (2) has its principal place of business in this Judicial District at
101 Lindenwood Drive, Suite 225, Malvern, PA 19355; and (3) engages in persistent conduct
within the State of Pennsylvania and maintains extensive systematic contacts with the State of
Pennsylvania, including the marketing, distribution, and/or sale of generic pharmaceutical drugs

to Pennsylvania residents.

THE PATENTS-IN-SUIT

14, On May 24, 2011, the *724 patent, titled “Liquid Pharmaceutical
Formulations of Palonosetron,” was duly and legally issued to Plaintiffs as assignees. A copy of

the *724 patent is attached as Exhibit A.

15. On May 20, 2014, the *094 patent, titled “Liquid Pharmaceutical
Formulations of Palonosetron,” was duly and legally issued to Plaintiffs as assignees. A copy of

the *094 patent is attached as Exhibit B.

16. On June 30, 2015, the *980 patent, titled “Liquid Pharmaceutical
Formulations of Palonosetron,” was duly and legally issued to Plaintiffs as assignees. A copy of

the "980 patent is attached as Exhibit C.
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17. On November 3, 2015, the *942 patent, titled “Liquid Pharmaceutical
Formulations of Palonosetron,” was duly and legally issued to Plaintiffs as assignees. A copy of
the *942 patent is attached as Exhibit D.

18.  Pursuantto 21 U.S.C. § 355(b)(1), the *724 patent, the 094 patent, the
’980 patent, and the 942 patent are listed in the United States Food and Drug Administration
(“FDA”) publication titled Approved Drug Products with Therapeutic Equivalence Evaluations
(also known as the “Orange Book™) as covering Helsinn’s Aloxi® brand palonosetron

hydrochloride intravenous solutions.

ACTS GIVING RISE TO THIS ACTION

COUNT I - INFRINGEMENT OF THE ’724 PATENT

19.  Plaintiffs reallege paragraphs 1-18 as if fully set forth herein.

20.  Upon information and belief, Qilu submitted ANDA No. 20-5648 to the
FDA under § 505(j) of the Federal Food, Drug and Cosmetic Act (21 U.S.C. § 355(j)). ANDA
No. 20-5648 seeks the FDA approval necessary to engage in the commercial manufacture, use,
sale, offer for sale, and/or importation of generic 0.25 mg/ 5 mL and 0.075 mg/ 1.5 mL
palonosetron hydrochloride intravenous solutions prior to the expiration of certain of Plaintiffs’
Orange Book listed patents that have the same expiration date as the *724 patent. ANDA No.
20-5648 specifically seeks FDA approval to market a generic version of Helsinn’s Aloxi® brand
0.25 mg/ 5 mL and 0.075 mg / 1.5 mL palonosetron hydrochloride intravenous solutions prior to
the expiration of the *724 patent.

21.  Upon information and belief, ANDA No. 20-5648 includes a certification
under § 505(G)(2)(A)(vii)(IV) of the Federal Food, Drug and Cosmetic Act that the claims of the

’724 patent are invalid.
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22, Qilu’s submission to the FDA of ANDA No. 20-5648, including the
§ 505()(2)(A)(vii)(IV) allegations, constitutes infringement of the 724 patent under 35 U.S.C.

§ 271(e)(2)(A).

23. Qilu Pharmaceutical Co., Ltd. and Qilu Pharma, Inc. are jointly and
severally liable for any infringement of the *724 patent. This is because, upon information and
belief, Qilu Pharmaceutical Co., Ltd. and Qilu Pharma, Inc. actively and knowingly caused to be
submitted, assisted with, participated in, contributed to, and/or directed the submission of ANDA
No. 20-5648 and the § 505()(2)(A)(vii)(IV) allegations to the FDA.

24, Qilu’s active and knowing participation in, contribution to, aiding,
abetting, and/or inducement of the submission to the FDA of ANDA No. 20-5648 and the
§ 505()(2)(A)(vii)(IV) certification constitutes infringement of the *724 patent under 35 U.S.C.
§ 271 ()2)(A).

25.  Plaintiffs are entitled to a declaration that, if Qilu commercially
manufactures, uses, offers to sell, or sells its proposed generic versions of Helsinn’s Aloxi®
brand products within the United States, imports its proposed generic versions of Helsinn’s
Aloxi® brand products into the United States, and/or induces or contributes to such conduct, Qilu
will infringe the >724 patent under 35 U.S.C. § 271(a), (b), and/or (c).

26.  Plaintiffs will be irreparably harmed by Qilu’s infringing activities unless
those activities are enjoined by this Court. Plaintiffs do not have an adequate remedy at law,

COUNT II - INFRINGEMENT OF THE ’094 PATENT
27.  Plaintiffs reallege paragraphs 1-26 as if fully set forth herein.
28. Upon information and belief, Qilu submitted ANDA No. 20-5648 to the

FDA under § 505(j) of the Federal Food, Drug and Cosmetic Act (21 U.S.C. § 355(j)). ANDA
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No. 20-5648 seeks the FDA approval necessary to engage in the commercial manufacture, use,
sale, offer for sale, and/or importation of generic 0.25 mg /5 mL and 0.075 mg/ 1.5 mL
palonosetron hydrochloride intravenous solutions prior to the expiration of certain of Plaintiffs’
Orange Book listed patents that have the same expiration date as the 094 patent. ANDA No.
20-5648 specifically seeks FDA approval to market a generic version of Helsinn’s Aloxi® brand
0.25 mg /5 mL and 0.075 mg / 1.5 mL palonosetron hydrochloride intravenous solutions prior to
the expiration of the 094 patent.

29.  Upon information and belief, ANDA No. 20-5648 includes a certification
under § 505(5)(2)(A)(vii)(IV) of the Federal Food, Drug and Cosmetic Act that the claims of the
’094 patent are invalid.

30. Qilu’s submission to the FDA of ANDA No. 20-5648, including the
§ 505()(2)(A)(vii)(IV) allegations, constitutes infringement of the *094 patent under 35 U.S.C.

§ 271(e)(2)(A).

31. Qilu Pharmaceutical Co., Ltd. and Qilu Pharma, Inc. are jointly and
severally liable for any infringement of the *094 patent. This is because, upon information and
belief, Qilu Pharmaceutical Co., Ltd. and Qilu Pharma, Inc. actively and knowingly caused to be
submitted, assisted with, participated in, contributed to, and/or directed the submission of ANDA
No. 20-5648 and the § 505(j)(2)(A)(vii)(IV) allegations to the FDA.

32.  Qilu’s active and knowing participation in, contribution to, aiding,
abetting, and/or inducement of the submission to the FDA of ANDA No. 20-5648 and the

§ 505()(2)(A)(vii)(IV) certification constitutes infringement of the *094 patent under 35 U.S.C.

§ 271 ()(2)(A).
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33.  Plaintiffs are entitled to a declaration that, if Qilu commercially
manufactures, uses, offers to sell, or sells its proposed generic versions of Helsinn’s Aloxi®
brand products within the United States, imports its proposed generic versions of Helsinn’s
Aloxi® brand products into the United States, and/or induces or contributes to such conduct, Qilu
will infringe the *094 patent under 35 U.S.C. § 271(a), (b), and/or (c).

34.  Plaintiffs will be irreparably harmed by Qilu’s infringing activities unless
those activities are enjoined by this Court. Plaintiffs do not have an adequate remedy at law.

COUNT HI - INFRINGEMENT OF THE ’980 PATENT

35.  Plaintiffs reallege paragraphs 1-34 as if fully set forth herein,

36.  Upon information and belief, Qilu submitted ANDA No. 20-5648 to the
FDA under § 505(j) of the Federal Food, Drug and Cosmetic Act (21 U.S.C. § 355(j)). ANDA
No. 20-5648 seeks the FDA approval necessary to engage in the commercial manufacture, use,
sale, offer for sale, and/or importation of generic 0.25 mg /5 mL and 0.075 mg /1.5 mL
palonosetron hydrochloride intravenous solutions prior to the expiration of certain of Plaintiffs’
Orange Book listed patents that have the same expiration date as the *980 patent. ANDA No.
20-5648 specifically seeks FDA approval to market a generic version of Helsinn’s Aloxi® brand
0.25 mg/ 5 mL and 0.075 mg / 1.5 mL palonosectron hydrochloride intravenous solutions prior to
the expiration of the *980 patent.

37.  Upon information and belief, ANDA No. 20-5648 includes a certification

under § 5053)(2)(A)(vii)(IV) of the Federal Food, Drug and Cosmetic Act that the claims of the

’980 patent are invalid.
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38.  Qilu’s submission to the FDA of ANDA No. 20-5648, including the
§ 505()(2)(A)(vii)(IV) allegations, constitutes infringement of the *980 patent under 35 U.S.C.

§ 271()(2)(A).

39.  Qilu Pharmaceutical Co., Ltd. and Qilu Pharma, Inc. are jointly and
severally liable for any infringement of the 980 patent. This is because, upon information and
belief, Qilu Pharmaceutical Co., Ltd. and Qilu Pharma, Inc. actively and knowingly caused to be
submitted, assisted with, participated in, contributed to, and/or directed the submission of ANDA
No. 20-5648 and the § 505()(2)(A)(vii)(IV) allegations to the FDA.

40.  Qilu’s active and knowing participation in, contribution to, aiding,
abetting, and/or inducement of the submission to the FDA of ANDA No. 20-5648 and the
§ 505()(2)(A)(vii)(IV) certification constitutes infringement of the 980 patent under 35 U.S.C.
§ 271 (e)(2)(A).

41.  Plaintiffs are entitled to a declaration that, if Qilu commercially
manufactures, uses, offers to sell, or sells its proposed generic versions of Helsinn’s Aloxi®
brand products within the United States, imports its proposed generic versions of Helsinn’s
Aloxi® brand products into the United States, and/or induces or contributes to such conduct, Qilu
will infringe the *980 patent under 35 U.S.C. § 271(a), (b), and/or (c).

42.  Plaintiffs will be irreparably harmed by Qilu’s infringing activities unless
those activities are enjoined by this Court. Plaintiffs do not have an adequate remedy at law.

COUNT IV - INFRINGEMENT OF THE ’942 PATENT
43,  Plaintiffs reallege paragraphs 1-42 as if fully set forth herein.
44,  Upon information and belief, Qilu submitted ANDA No. 20-5648 to the

FDA under § 505(j) of the Federal Food, Drug and Cosmetic Act (21 U.S.C. § 355()). ANDA
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No. 20-5648 secks the FDA approval necessary to engage in the commercial manufacture, use,
sale, offer for sale, and/or importation of generic 0.25 mg /5 mL and 0.075 mg / 1.5 mL
palonosetron hydrochloride intravenous solutions prior to the expiration of certain of Plaintiffs’
Orange Book listed patents that have the same expiration date as the *942 patent. ANDA No.
20-5648 specifically seeks FDA approval to market a generic version of Helsinn’s Aloxi® brand
0.25 mg /5 mL and 0.075 mg/ 1.5 mL palonosetron hydrochloride intravenous solutions prior to
the expiration of the 942 patent.

45,  The 942 patent had not issued at the time Qilu made its
§ 505()(2)(A)(vi))(IV) certification regarding Plaintiffs’ other Orange Book-listed patents.

46.  Upon information and belief, Qilu is required by law to either amend its
ANDA to contain a § 505()(2)(A)(vii)(IV) certification with respect to the *942 patent, or must
relinquish its request that the FDA approve ANDA No. 20-5648 prior to the expiration of

Plaintiffs’ Orange Book-listed patents.

47.  Qilu continues to seek approval of ANDA No. 20-5648 from the FDA and
intends to continue in the commercial manufacture, use, sale, offer for sale, and/or importation of
generic 0.25 mg / 5 mL and 0.075 mg / 1.5 mL palonosetron hydrochloride intravenous solutions
prior to the expiration of the *942 patent.

48. By seeking approval of its ANDA to engage in the commercial
manufacture, use, safe, offer for sale, and/or importation of generic 0.25 mg / 5 mL and 0.075
mg / 1.5 mL palonosetron hydrochloride intravenous solutions prior to the expiration of the *942
patent, Qilu infringed that patent pursuant to 35 U.S.C. § 271 (e)(2)(A).

49. Qilu Pharmaceutical Co., Ltd. and Qilu Pharma, Inc. are jointly and

severally liable for any infringement of the *942 patent. This is because, upon information and

-10-



Case 2:15-cv-06392-CMR Document 1 Filed 12/01/15 Page 11 of 64

belief, Qilu Pharmaceutical Co., Ltd. and Qilu Pharma, Inc. actively and knowingly caused to be
submitted, assisted with, participated in, contributed to, and/or directed the submission of ANDA
No. 20-5648 to the FDA.

50.  Qilu’s active and knowing participation in, contribution to, aiding,
abetting, and/or inducement of the submission to the FDA of ANDA No. 20-5648 constitutes
infringement of the 942 patent under 35 U.S.C. § 271 (e)(2)(A).

51.  Plaintiffs are entitled to a declaration that, if Qilu commercially
manufactures, uses, offers to sell, or sells its proposed generic versions of Helsinn’s Aloxi®
brand products within the United States, imports its proposed generic versions of Helsinn’s
Aloxi® brand products into the United States, and/or induces or contributes to such conduct, Qilu
will infringe the *942 patent under 35 U.S.C. § 271(a), (b), and/or (c).

52.  Plaintiffs will be irreparably harmed by Qilu’s infringing activities unless
those activities are enjoined by this Court. Plaintiffs do not have an adequate remedy at law.

STATEMENT REGARDING PRIOR-FILED SUIT

53.  Plaintiffs previously filed, on November 17, 2015, an action in the District
of New Jersey seeking to enjoin Qilu from infringing the 724, *094, *980, and *942 patents.
That action has been assigned Civil Action No. 15-8132 (MLC)(DEA) (D.N.J. Nov. 17, 2015)

(“the D.N.J. Action™). The D.N.J. Action is assigned to Judge Mary L. Cooper.

54, In the D.N.J. Action, Plaintiffs alleged that the District Court for the
District of New Jersey has personal jurisdiction over Qilu with regard to Plaintiffs’ claim of

patent infringement.

11-
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55.  Judicial economy would be promoted, and Plaintiffs’ choice of forum
respected, if the claims related to Plaintiffs’ action for infringement of the *724, *094, 980, and
’942 patents are addressed by Judge Cooper in the District of New Jersey.

56.  Pursuant to 21 U.S.C. § 355(G)(5)(B)(iii), a patent owner has 45 days from
receipt of an ANDA Notice Letter to file suit in order to perfect its statutory right to a stay of
FDA approval of an ANDA pending resolution of litigation regarding the submission of such
ANDA. Plaintiffs filed this action as a further protective measure with regard to this statutory
right.

57.  Plaintiffs expect that personal jurisdiction will be maintained in the
District of New Jersey and that the action will proceed in that forum. In that circumstance, this
action would be unnecessary and will be voluntarily dismissed without prejudice in favor of
continued prosecution of the D.N.J. Action, transferred to the District of New Jersey for
consolidation with the D.N.J, Action, or subject to such other non-substantive disposition that
would ensure maintenance of Plaintiffs’ rights pursuant to 21 U.S.C. § 355@G)(5)(B)(iii).

PRAYER FOR RELIEF

WHEREFORE, Plaintiffs request that:

A. A Judgment be entered declaring that Qilu has infringed the *724, *094,
’980, and *942 patents by submitting ANDA No. 20-5648;

B. An Order be issued pursuant to 35 U.S.C. § 271(e)(4)(A) that the effective
date of any approval of ANDA No. 20-5648 be a date that is not earlier than the expiration dates
of the 724, 094, 980, and 942 patents, or any later expiration of exclusivity for any of those

patents to which Plaintiffs are or become entitled;

C. An Order be issued that Qilu, its officers, agents, servants, and employees,

and those persons in active concert or participation with either of them, are preliminarily and

-12-
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permanently enjoined from commercially manufacturing, using, offering for sale, selling, and/or
importing the proposed generic versions of Helsinn’s Aloxi® brand products identified in this
Complaint, and any other product that infringes or induces or contributes to the infringement of
the *724, 094, *980, and *942 patents, prior to the expiration of any of those patents, including
any extensions to which Plaintiffs are or become entitled; and

D. Plaintiffs be awarded such other and further relief as this Court deems just

and proper.

-13-
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Dated: December 1, 2015

Of Counsel:

Joseph M. O’Malley, Jr.

Eric W. Dittmann

Isaac S. Ashkenazi

Young J. Park

Gary Ji

Angela C. Ni

Dana Weir

PAUL HASTINGS LLP

75 East 55th Street

New York, NY 10022

(212) 318-6000
josephomalley@paulhastings.com
ericdittmann@paulhastings.com
isaacashkenazi@paulhastings.com
youngpark@paulhastings.com
garyji@paulhastings.com
angelani@paulhastings.com
danaweir@paulhastings.com

Attorneys for Plaintiff
Helsinn Healthcare S.A.

Mark E. Waddell
LOEB & LOEB LL.P
345 Park Avenue
New York, NY 10154
(212) 407-4127
mwaddell@loeb.com

Attorneys for Plaintiff
Roche Palo Alto LLC

Respectfully submitted,

By

-14-
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Cathleen M. Devlin

PA Attorney ID No. 73680
Patrick F. Nugent

PA Attorney ID No. 313979
SAUL EWING LLP

Centre Square West

1500 Market Street, 38th Floor
Philadelphia, PA 19102-2186
(215) 972-8562
cdevlin@saul.com
pnugent@saul.com

Attorneys for Plaintiffs
Helsinn Healthcare S.A. and
Roche Palo Alto LLC
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LIQUID PHARMACEUTICAL
FORMULATIONS OF PALONOSETRON

The present application is a continuation of PCT/EP04/
000888, filed Jan. 30, 2004, which claims priority to U.S.
Provisional Application 60/444,351, filed Jan. 30, 2003. The
content of these applications is incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

The present invention relates to shelf-life stable liquid for-
mulations of palonosetron that are especially useful in the
preparation of injectable and oral medicaments.

Emesis is a devastating consequence of cytotoxic therapy,
radiotherapy, and post-operative environments that drasti-
cally affects the quality of life of people undergoing such
freatments. In recent years a class of drugs referred to as
5-HT, (5-hydroxytryptamine) receptor antagonists has been
developed that (reat such emesis by antagonizing cerebral
functions associated with the 5-HT, receptor. See Drugs Act-
ing on 5-Hydroxytryptamine Receprors: The Lancet Sep. 23,
1989 and references cited therein. Drugs within this class
include ondansetron, granisetron, alosctron, tropisetron, and
dolasetron. These 5-111'y antagonists are often administered
intravenously shortly before chemotherapy or radiotherapy is
initiated, and can be administered more than once during a
cycle of chemotherapy or radiotherapy. In addition, they are
often supplied as tablets or oral elixirs to either supplement an
intravenous administration, or 1o ease home usage of the drug
if the patient is self-administering the chemotherapeutic regi-
men.

Because some chemolherapeutic agents can induce emesis
over cxtended periods of several days even when they are
administered only once, it would be desirable to administer an
emesis-inhibiting drug such as a 5-HT, antagonist every day
until the risk of emesis has substantially subsided. The
present class of 5-111", antagonists has not proven especially
helpful meeting this need, however, because the 5-HT, recep-
tor antagonists currently marketed have proven to be less
effective in controlling delayed nausea and vomiting than
they are at controlling acute emesis. Sabra, K, Choice of a
SHT, Receptor Antagonist for the Hospital Formulary. EHP,
October 1996;2 (suppl 1):S19-24.

Recently, clinical investigations have been made concern-
ing palonosetron, a new 5-HT), receptor antagonist reporled in
U.S. Pat. No. 5,202,333. These investigations have shown
that the drug is an order of magnitude more potent than most
existing 5-1T1'; receptor antagonists, has a surprising half-life
of about 40 hours, and is effective to reduce delayed-onset
nausea induced by chemotherapeutic agents. However, for-
mulating palonosetron in liquid formulations has not proven
an easy task, typically due to shelf-stability issues. U.S. Pat.
No. 5,202,333 discloses an intravenous formulation of pal-
onosetron in example 13 that contains the following ingredi-
ents:

Ingredient Mg
Palonosetron HCI 10-100 g,
Dextrose Monohydrate q.s. to make Isotonic
Citric Acid Monohydrate 1.05 mg.
Sodium Hydroxide 0.18 mg,.
WFJ To 1.0 mi.
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The formulation has a pH of 3.7 and a shelf stability of less
than the 1-2 year time period required by health authorities in
various countries.

Ondansetron, its uses, and medicaments made with
ondansetron are disclosed in U.S. Pat. Nos. 4,695,578, 4,753,
789, 4,929,632, 5,240,954, 5,344,658, 5,578,628, 5,578,632,
5,922,749, 5,622,720, 5,955,488, and 6,063,802, Commer-
cially it is distributed by GlaxoSmithKline as Zofran® and is
indicated for prevention of postoperative nausea and vomit-
ing (PONV), cancer chemotherapy-induced nausea and vom-
iting (CINV), and radiotherapy-induced nausea and vomiting
(RINV) and it is available as an injection, tablets and solution,
and as Zofran ODT® (ondansetron) Orally Disintegrating
Tablets.

Granisetron, ils vses, and medicaments made with granis-
etron are disclosed in U.S. Pat. Nos. 4,886,808, 4,937,247,
5,034,398 and 6,294,548. Commercially it is distributed by
Roche Laboratories Inc, as Kytril®, indicated for the preven-
tion of nausea and vomiting associated with chemotherapy or
radiation therapy, and is offered in tablet form, oral solution,
and as an injeclion.

Alosetron, its uses, and medicaments made with alosetron
are disclosed in U.S. Pat. Nos. 5,360,800 and 6,284,770.
Commercially it is distributed by GlaxoSmithKline as
Lotronex®.

Tropisetron is commercially available as Navoban® (No-
vartis) CAS-89565-68-4 (tropisetron); CAS-105826-92-4
(tropisetron hydrochloride) and it is indicated {or treatment of
PONV and CINV.

Dolasetron, its uses, and medicaments made with
ondansetron are disclosed in U.S. Pat. Nos. 5,011,846, and
4,906,755. Commercially il is distributed by Aventis Pharma-
ceuticals Inc. as Anzemet®, indicated for prevention of both
PONYV and CINV, and it is offered in the form of a tablet or an
intravenous solution.

Therefore, there exists a need for a palonosetron formula-
tion with increased stability and thereby increased shelf life.
There also exists a need for an appropriate range of concen-
trations for both the 5-HT; receptor antagonist and its phar-
maceutically acceptable carriers that would facilitate making
a formulation with this increased stability.

It is an object of the present invention to provide a formu-
lation of Palonosetron hydrochloride with increased pharma-
ceutical stability for preventing and/or reducing cmesis.

11 is another objecl of the invention to provide an acceptable
range of concentrations which will stabilize a formulation
containing Palonosetron hydrochloride.

It is a further object of the invention to provide a formula-
tion of Palonosetron which would allow for prolonged stor-
age.

It is also an object of the inveniion to provide a formulation
of Palonosetron which would allow terminal sterilization.

SUMMARY OF THE INVENTION

The inventors have made a series of discoveries that sup-
port a surprisingly effective and versatile formulation for the
treatment and prevention of emesis using palonosetron.
These formulations are shelf stable for periods greater than 24
months at room temperature, and thus can be stored without
refrigeration, and manufactured using non-aseptic, terminal
sterilization processes.

In one aspect, the inventors have discovered that formula-
tions which include the active ingredient palonosetron require
in some instances only Vio™ the amount of other previously
known compounds [or trealing emesis, which surprisingly
allows the use of concentrations of palonosetron far below
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those that would ordinarily be expected. Thus, in one embodi-
ment the invention provides a pharmaceutically stable solu-
tion for preventing or reducing emesis comprising a) from
aboul 0.01 mg/mL to about 5 mg/mL palonoselron or a phar-
maceutjcally acceptable salt thereof; and b) a pharmaceuti-
cally acceptable carrier.

The inventors have further discovered that by adjusting the
formulation’s pH and/or excipient concentrations it is pos-
sible to increase the stability of palonosetron formulations.
Therefore, in another embodiment, the invention provides a
pharmaceutically stable solution for preventing or reducing
emesis comprising a) palonosetron or a pharmaceutically
acceptable salt thereof, and b) a pharmaceutically acceptable
carrier, at a p[ from about 4.0 to about 6.0. In another
embodiment the invention provides a pharmaceutically stable
solution for preventing or reducing emesis comprising from
about 0.01 to about 5.0 mg/ml palonosetron or a pharmaceu-
tically acceptable salt thereof; from about 10 to about 100
millimoles citrate bufler; and rom about 0.005 1o about 1.0
mg/ml EDTA.

The inventors have further discovered that the addition of
mannitol and a chelating agent can increase the stability of
palonosetron formulations. Therefore, in still another
embodiment the invention provides a pharmaceutically stable
solution for preventing or reducing emesis comprising a)
palonosetron or a pharmaceutically acceptable salt thereof
and b) a phanmaceutically acceptable carrier, wherein the
pharmaceutically acceptable carrier comprises a chelating
apent and mannitol.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

“Vial” means a small glass container sealed with the most
suitable stopper and seal, other suitable primary containers
may be used, for instance, but not limited to, pre-filled
syringes. Vial also means a sealed container of medication
that is used one time only, and includes breakable and non-
breakable plass vials, breakable plastic vials, miniature
screw-top jars, and any other type of container of a size
capable of hulding only one unit dose of palonoselron (typi-
cally about 5 mls.).

Throughout this specification the word “comprise,” or
variations such as “comprises” or “comprising,” will be
understood to imply the inclusion of a stated element, integer
or step, or group of elements, integers or steps, but not the
exclusion of any other element, integer or step, or group of
elements, integers or steps

“Palonosetron” means (3aS)-2,3,3a,4,5,6-Hexalydro-2-
[(S)-1-Azabicyclo[2.2.2]0ct-3-y112,3,3a,4,5,6-hexahydro-1-
oxo-1Hbenz[delisoquinoline, and is preferably present as the
monohydrochloride. Palonosetron monohydrochloride can
be represented by the following chemical structure:
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Concentrations—When concentrations of palonosetron
are given herein, the concentration is measured in terms of the
weight of the free base. Concentrations of all other ingredi-
cats arc given bascd on the weight of ingredient added to the
solution.

“Pharmaceutically acceptable” means that which is useful
in preparing a pharmaceutical composition that is generally
safe, non-toxic and neither biologically nor otherwise unde-
sirable and includes that which is acceptable for veterinary
use as well as human pharmaceutical use.

“Pharmaceutically acceptable salts™ means salts which are
pharmaceutically acceptable, as defined above, and which
possess the desired phammacological activity. Such salts
include acid addition salts formed with inorganic acids such
as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric
acid, phosphoric acid, and the like; or with organic acids such
as acctic acid, propionic acid, hexanoic acid, heptanoic acid,
cyclopentanepropionic acid, glycolic acid, pyruvic acid, lac-
tic acid, malonic acid, succinic acid, malic acid, maleic acid,
fumaric acid, tartaric acid, cilric acid, benzoic acid, o-(4-
hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, 1,2,-ethanedisul-
fonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid p-chlorobenzenesulfonic acid, 2-naphthalenesulfonic
acid, p-toluenesulfonic acid, camphorsulfonic acid, 4-meth-
ylbicyclo[2.2.2]oct-2-ene-1-carboxylic acid, glucoheptonic
acid, 4,4'-methylenebis(3-hydroxy-2-ene-1-carboxylic acid),
3-phenylpropionic acid, trimethylacetic acid, tertiary buty-
lacelic acid, lauryl sulluric acid, gluconic acid, glulamic acid,
hydroxynaphthoic acid, salicylic acid, stearic acid, muconic
acid, and the like.

In addition, pharmaceutically acceptable salts may be
formed when an acidic proton present is capable of reacting
with inorganic or organic bases. Acceptable inorganic bases
include sodium hydroxide, sodium carbonate, potassium
hydroxide, aluminum hydroxide and calcium hydroxide.
Acceptable organic bases include ethanolamine, diethanola-
mine, triethanolamine, tromethamine, N-methylglucamine
and the like.

Discussion

The fact that palonoseciron can be formulated in some
instances at concentrations of only about Yo the amount of
other previously known compounds for treating emesis, sur-
prisingly allows the use of concentrations of palonosetron far
below those that would ordinarily be expected. Thus, in one
embodiment the invention provides a pharmaceutically stable
solution for preventing or reducing emesis comprising a)
from about 0.01 mg/mL to about 5 mg/mL palonosetron or a
pharmaceutically acceptable salt thereof; and b) a pharma-
ceutically acceptable carrier. Similarly, in another embodi-
ment the invention provides a method of formulating a phar-
maceutically stable solution of palonosetron comprising
admixing [rom about 0.01 mg/mL (o about 5 mg/mL pal-
onosctron or a pharmaccutically acceptable salt thercof; with
a pharmaceutically acceptable carrier. In alternative embodi-
ments, the formulation includes palonosetron or a pharma-
ceutically acceptable salt thereof in a concentration from
about 0.02 mg/mL to about 1.0 mg/mL, from about 0.03
mg/mL to about 0.2 mg/mL, and most optimally about 0.05
mg/ml.

A particular advantage associated with the lower dosages
of intravenous palonosetron is the ability to administer the
drug in a single intravenous bolus over a short, discrete time
period. This time period generally extends from about 10 to
about 60 scconds, or about 10 to about 40 scconds, and most
preferably is about 10 to 30 seconds. In one particular
embodiment the palonosetron is supplicd in vials that com-
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prise 5 ml. of solution, which equates to about 0.25 mg of
palonosetron at a concentration of about 0.05 mg/ml.

The inventors have further discovered that by adjusting, the
formulation’s pI and/or excipient concentrations it is pos-
sible lo increase the stability of palonosetron formulations.
Therefore, in another embodiment, the invention provides a
pharmaceutically stable solution for preventing or reducing
emesis comprising a) palonosetron or a pharmaceutically
acceptable salt thereof; and b) a pharmaceutically acceptable
carrier, al a pH from abount 4.0 to about 6.0. Similarly, in
another embodiment the invention provides a method of for-
mulating a pharmaceutically stable solution of palonosetron
comprising admixing a) palonosetron or a pharmaceutically
acceptable salt thereof; and b) a pharmaceutically acceptable
carrier, at a pH from about 4.0 to about 6.0. In alternative
embadiments, the pH is [rom about 4.5 to about 5.5, and inost
optimally about 5.0. There are many cxamples to those of skill
in the art of suitable solutions to adjust the pH of a formula-
tion. Two exemplary solutions are sodium hydroxide and
hydrochloric acid solution, either of which could be used to
adjust the pl1 of the formulation.

In another embodiment the invention provides a pharma-
ceutically stable solution for preventing or reducing emesis
comprising from about 0.01 to about 5.0 mg/ml palonosetron
or a pharmaceutically acceptable salt thereof and (i) from
about 10 to about 100 millimoles citrate buffer, and/or (ii)
{from about 0.005 to about 1.0 mg/ml EDTA. Similarly, in
another embodiment the invention provides a method of for-
mulating & pharmaceutically stable solution of palonosetron
comprising admixing from about 0.01 to about 5.0 mg/ml
palonosetron or a pharmaceutically acceptable salt thereof
and (i) from about 10 to about 100 millimoles citrate buifer,
and/or (i1) from about 0.005 to about 1.0 mg/ml EDTA. The
citrate bufier can be in the fonm of citric acid and/or a salt of
citric acid such as trisodium citrate. In various embodiments,
the ranges ol one or more of the foregoing ingredients can be
modified as follows:

The formulation may comprise palonosetron or a pharma-
ceutically acceptable salt thereofin a concentration from
about 0.02 mg/mL to about 1.0 mg/mL, from about 0.03
mg/mL to about 0.2 mg/mL palonosctron hydrochlo-
ride, and mosl optimally about 0.05 mg/ml.

The formulation may comprise citrate buffer in a concen-
tration of from about 10 to about 40 millimoles, or 15-30
millimoles.

The formulation may comprise EDTA in a concentration of
from about 0.005 mg/ml to about 1.0 mg/ml, or about 0.3
to about 0.7 mg/ml, and most optimally about 0.5
mg/ml.

The inventors have Turther discovered that the addition of
manuitol and a chelating agent can increase the stability of
palonosetron formulations. Therefore, in still another
embodiment the invention provides a pharmaceutically stable
solution for preventing or reducing cmesis comprising a)
palonosetron or a pharmaceutically acceptable salt thereol
and b) a pharmacecutically acceptable carrier, wherein the
pharmaceutically acceptable carrier comprises a chelating
agent and mannitol. Similarly, in another embodiment the
invention provides a method of formulating a pharmaceuti-
cally stable solution of palonosetron comprising admixing a)
palonosetron or a pharmaceutically acceptable salt thereof
and b) a phammaceutically acceptable carrier, wherein the
pharmaceutically acceptable carrier comprises a chelating
agent and mannitol. The chelating agent is preferably EDTA,
and, in various embodiments the chelating agent is present in
4 concentration of [rom about 0.005 to about 1.0 mg/mL or
from about 0.05 mg/mL to about 1.0 mg/mL or from about 0.3
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to about 0.7 mg/ml, or most optimally about 0.5 mg/ml. In
various embodiments the mannitol is present in a concentra-
tion of from about 10.0 mg/m! to about 80.0 mg/ml, from
about 20.0 mg/mL to about 60.0 mg/ml, or from about 40.0 to
about 45.0 mg/ml.

Injectable formulations are typically formulated as aque-
ous solutions in which water is the primary excipient. Oral
formulations will differ {from injectable formulations gener-
ally by the additional presence of flavoring agents, coloring
agenls, or viscosity agents. Natural or synthetic sweeteners
include, among others, mannitol, sorbitol, saccharose, sac-
charine, aspartame, acelsulphame K, or cyclamate, These
agents arc generally present in concentrations in excess of
100 mg/mi or 250 mg/ml when used as sweelening agents, in
contrast to the 41.5 mg/ml concentration of mannitol
described in some of the embodiments of the invention, in
which mannitol is acting simply as a tonicifying agent.

The formulations of the present invention are particularly
suited for use in injectable and oral liquid formulations, but it
will be understood that the solutions may have altemative
uses. For example, they may be used as intermediates in the
preparation of other pharmaceutical dosage forms. Similarly,
they may have other routes of administration including intra-
nasal or inhalation. Injectable formulations may take any
roule including intramuscular, inlravenous or subculancous.

Still further embodiments relate to improvements in the
ease with which the palonosetron formulation can be stored
or manufactured. In particular, the inventors have discovered
that the formulations of the present invention allow storage of
the product for extended periods at room temperature. Thus,
in yetanother embodiment the invention provides a method of
storing one or more containers in which are contained a
solution of palonoselron or a pharmaceutically acceptable
salt thereof comprising: a) providing a roam comprising said
one or more containers; b) adjusting or maintaining the tem-
perature of the room at greater than about ten, 15, or 20
degrees celcius; and ¢) storing said containers in said room for
one month, 3 months, 6 months, one year, 18 months, 24
months or more (but preferably not exceeding 36 mounths),
wherein (i) the palonosetron or pharmaceutical salt thereof'is
present in a concentration of from about 0.01 mg/mL to about
5.0 mg/mL, (ii) the pH of the solution is from about 4.0 to
about 6.0, (iii) the solution comprises from about 0.01 to
about 5.0 mg/ml palonosetron or a pharmaceutically accept-
able salt thereof, from about 10 to about 100 millimoles
citrate buffer and from about 0.005 to about 1.0 mg/mlI EDTA,
(iv) the solution comprises a chelating agent, or (v) the solu-
tion comprises from about 10 to about 100 milliMoles of a
citrate buffer.

The stability of the foregoing formulations also lends itself
well (0 terminal sterilization processes in (he manufacturing
proccess. Therefore, in still another embodiment the invention
provides a method of filling a container in which is contained
a solution of palonosetron or a pharmaceutically acceptable
salt thereof comprising: a) providing one or more sterile open
containers (preferably 5 ml. vials); b) filling said containers
with a solution of palonosetron in a non-aseptic environment,
¢) sealing said filled containers; and d) sterilizing said sealed,
filled containers, wherein (i) the palonosetron or pharmaceu-
tical salt thereof is present in a concentration of from about
0.01 mg/mL to about 5 mg/mL, (ii) the pH of the solution is
from about 4.0 {o about 6.0, (iii) the solution comprises from
about 0.01 to about 5.0 mg/ml palonosctron or a pharmaceu-
lically acceptable salt thereol, from aboul 10 to aboul 100
millimoles citrate buffer and from about 0.005 to about 1.0
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mg/ml EDTA, (iv) the solution comprises a chelating agent,
or (v) the solution comprises from about 10 to about 100
milliMoles of a citrate buffer.

EXAMPLES
Example 1
Stabilizing pH

A study was conducted to determine the effect of pH on
formulations containing palonosetron hydrochloride, mea-
suring the stability at 80° C.at pl 2.0, 5.0, 7.4, and 10.0. The
results indicated that palonosctron hydrochloride is most
stable at pH 5.0.

Iixample 2
Stabilizing Concentration Ranges

A formulation optimization study was performed vsing an
experimental design software. Twenty-four lots of drug prod-
uct were analyzed to investigate the appropriate concentra-
tion ranges for palonosetron hydrochloride (0.05 mg/mL to
5.0 mg/mL), citrate buffer (0 to 80 mM) and EDTA (0 to
0.10%). The level of EDTA and cilrate buller were selected
based on the optimal formulation, which was shown to be
Tormulated with EDTA 0.05% and 20 mM citrate bulfer at pH
5.0. The results of this study indicated that palonosetron
concentration was also a critical factor in chemical stability,
with greatest stability seen at the lowest palonosetron con-
centrations.

Example 3
Tonicifying Agent

Formulations of palonosetron hydrochloride in citrate
buffer were prepared including either a) sodium chloride or b)
mannitol. The palonosetron hydrochloride formulation
including mannitol showed superior stability. The optimum
level of mannitol required for an isotonic solution was found
to be 4.15%.

Example 4
Formulation I
The [ollowing is a representative pharmaceutical formula-

tion containing palonosetron that is useful for intravenous
formulations, or other liquid formulations of the drug,

Ingredient mg/mL
Palonosetron Hydrochloride 0.05*
Mannitol 41.5
EDTA 0.5
Trisodium citrate 3.7
Citric acid 1.56
WEFJ q.s.to l ml
Sodium hydroxide solution and/or pll5.0+0.5

hydrochloric acid solution

*calenlnted a5 o free base
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Example 5

Formulation II
The following is a representative pharmaceutical formula-

tion containing palonosetron that is useful for oral formula-
tions, or other liquid formulations of the drug.

Ingredient mg/mL
Palonosctron Hydrochloride 0.05"*
Mannitol 150
EDTA 0.5
Trisodium citrate 37
Citric acid 1.56
WFI g.s.to 1 ml
Sodium hydroxide solution and/or pH5.0+0.5
hydrochloric acid solution

Flavoring q.s.

*calculated us a [ree base

Example 6
Stability of Palonosetron without Dexamethasone

The physical and chemical stability of palonosetron HCI
was studies in concentrations of' 5 pg/mL and 30 pg/mlL in 5%
dextrose injection, 0.9% sodium chloride injection 5% dex-
trose in 0.45% sodium chloride injection, and dextrose 5% in
lactated Ringer’s injection. The admixtures were evaluated
over 14 days at 4° C. in the dark and for 48 hours al 23° C.
under fluorescent light.

Test samples of palonosetron HCI were prepared in poly-
viny! chloride (PVC) bags of the infusion solutions at con-
centrations of 5 and 30 pg/mL. Evaluations for physical and
chemical stability were performed on samples taken initially
and after 1, 3, 5, 7, and 14 days of storage at 4° C. and after I,
4,24, and 48 hours at 23° C. Physical stability was assessed
using visual observation in normal room light and using a
high-intensity monodirectional light beam. In addition, tur-
bidity and particle content were measured electronically.
Chemical stability of the drug was evalvated by using a sta-
bility-indicating high performance liquid chromatographic
(HPLC) analytical technique.

All samples were physically stable throughout the study.
The solution remained clear, and little or no change in par-
ticulate burden and haze level were found. Additionally, little
orno loss of palonosetron HCl occurred in any of the samples
at either temperature throughout the entire study period.

Example 7
Stability of Palonosctron with Dexamcthasone

The physical and chemical stability of palonosetron HC]
0.25 mg admixed with dexamethasone (as sodium phosphate)
10 mg or 20 mg in 5% dextrose injection or 0.9% sodium
chloride injection in polyviny] chloride (PVC) minibags, and
also admixed with dexamethasone (as sodium phosphate) 3.3
mg in 5% dextrose injection or 0.9% sodium chloride injec-
tion in polypropylene syringes at 4° C. in the dark for 14 days
and at 23° C. exposed to normal laboratory fluorescent light
over 48 hours, was studied.

Test samples of palonosctron HCI 5 pg/mL with dexam-
ethasone (as sodium phosphate) 0.2 mg/mL and also 0.4
mg/mL were prepared in polyvinyl chloride (PVC) minibags
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of each infusion solution. Additionally, palonosetron HCI 25
pg/mL with dexamethasone (as sodium phosphate) 0.33
mg/mL in each infusion solution were prepared as 10 mL of
test solution in 20-mL polypropylene syringes. Evaluations
for physical and chemical stability were performed on
samples taken initially and after 1, 3, 7, and 14 days of storage
at 4° C. and after 1, 4, 24, and 48 hours at 23° C, Physical
stability was assessed using visual observation in normal
room light and using a high-intensity monodirectional light
beam. In addition, turbidity and particle content were mea-
sured electronically. Chemical stability of the drug was evalu-
ated by using a stability-indicating high performance liquid
chromatographic (HPLC) analytical technique.

All samples were physically compatible throughout the
study. The solutions remained clear, and little or no change in
particulate burden and haze level were found. Additionally,
little or no loss of palonosetron HCI and dexamethasone
occurred in any of the samples at either temperature through-
out the entire study period.

This inveation has been described with reference to its
preferred embodiments. Variations and modifications of the
invention will be obvious lo those skilled in the art from the
foregoing detailed description of the invention.

What is claimed is:

1. A pharmaceutically stable intravenous solution for
reducing emesis or reducing the likelihood of emesis com-
prising;

a) from 0.03 mg/ml to 0.2 mg/ml palonosciron or a phar-
maceutically acceptable salt thereof, buffered at a pH of
{from 4.0 to 6.0; and

b) a pharmaceutically acceptable sterile aqueous carrier
including a tonicifying effective amount of mannitol and
from 0.005 mg/ml fo 1.0 mg/ml EDTA.

20

25

30

10

2. The solution of claim 1 wherein the palonosetron or
pharmaceutically acceptable salt thereof is in concentration
of about 0.05 mg/ml.

3. The solution of claim 1 comptrising palonosetron hydro-
chloride.

4. The solution of claim 1 wherein the pIis from4.5t0 5.5.

5. The solution of claim 1 wherein the pharmaceutically
acceptable carrier comprises from 10 to 100 millimoles of a
citrate bufter.

6. The solution of claim 1 comprising 0.3 to 0.7 mg/m!
EDTA, and from 10 to 40 millimoles of a citrate buller.

7. The solution of claim 1 comprising 0.3 to 0.7 mg/ml
EDTA, from 10.0 to 80.0 mg/ml mannitol, and from 10 to 40
millimoles of a citrate buffer.

8. A pharmaceutically stable isotonic intravenous solution
for reducing emesis or reducing the likelihood of emesis
comprising;

a) [rom 0.01 mg/ml (0 5 mg/ml palonosetron or a pharma-

ceutically acceptable salt thereof, at a pH of from 4.0 to
6.0; and

b) an aqueous pharmaceutically acceptable carrier includ-

ing a chelating agent.

9. The solution of claim 8 wherein the palonosetron or
pharmaceutically acceptable salt thereof is in concentration
of about 0.05 mg/ml.

10. The solution of claim 8 comprising palonosetron
hydrochloride.

11. The solution of claim 8 wherein the pH is from 4.5 1o
5.5.

12. The solution of claim 8 wherein the pharmaceutically
acceptable carrier comprises from 0.005 mg/ml to 1.0 mg/ml
EDTA.

13. The solution of claim 8 wherein the pharmacewtically
acceptable carrier comprises mannitol.

14, The solution of claim 8 adapted for intravenous admin-
istration.
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LIQUID PHARMACEUTICAL
FORMULATIONS OF PALONOSETRON

This is a continuation of U.S. Ser. No. 13/901,437, filed
May 23,2013, which is a continuation-in-part ot U.S. Ser. No,
13/087,012 filed Apr. 14, 2011, which is a continuation of
U.S. Ser. No. 11/186,311 filed Jul. 21, 2005 (now U.S. Pat.
No. 7,947,724), which is a continuation of PCT/EPO4/
000888, filed Jan. 30, 2004, which claims priority to U.S.
Provisional Application 60/444,351, filed Jan. 30, 2003, The
content of these applications is incorporated herein by refer-
ence.

FIELD OF THE INVENTION

The present invention relates to shelf-life stable liquid for-
mulations of palonosetron that are especially useful in the
preparation of injectable and oral medicaments.

BACKGROUND OF THE INVENTION

Emesis is a devastating consequence of cytotoxic therapy,
radiotherapy, and post-operative environments that drasti-
cally affects the quality of life of people undergoing such
treatments. In recent years a class of drugs referred to as
5-HTj; (5-hydroxytryptamine) receplor antagonists has been
developed that treat such emesis by antaponizing cerebral
functions associated with the 5-HT, receptor. See Drugs Act-
ing on 5-Hydroxytryptamine Receptors: The Lancet Sep. 23,
1989 and references cited therein. Drugs within this class
include ondansetron, granisetron, alosetron, tropisetron, and
dolasctron. These 5-HT, antagonists arc often administered
intravenously shortly before chemotherapy or radiotherapy is
initiated, and can be administered more than once during a
cycle of chemotherapy or radiotherapy. In addition, they are
often supplied as tablets or oral elixirs to either supplement an
intravenous administration, or tb ease home usage of the drug
if the patient is self-administering the chemotherapeutic regi-
men.

Because some chemotherapeutic agents can induce emesis
over extended periods of several days even when they are
administered only once, it would be desirable to administer an
emesis-inhibiting drug such as a 5-1171', antagonist every day
until the risk of emesis has substantially subsided. The
present class of 5-HT, antagonists has not proven especially
helpful meeting this need, however, because the 5-HT, recep-
tor antagonists currently marketed have proven to be less
effective in controlling delayed nausea and vomiting than
they are at controlling acute emesis. Sabra, K, Choice of a
SHT; Receptor Antagonist for the Hospital Formulary. EHD,
October 1996; 2 (suppl 1):819-24,

Recently, clinical investigations have been made concern-
ing palonosetron, a new 5-HT, receptor antagonist reported in
U.S. Pat. No. 5,202,333, These investigations have shown
that the drug is an order of magnitude more potent than most
existing 5-HT, receptor antagonists, has a surprising half-life
of about 40 hours, and is effective to reduce delayed-onset
nausea induced by chemotherapeutic agents. However, for-
mulating palonosetron in liquid formulations has not proven
an easy task, typically due to shelf-stability issues, U.S. Pat.
No. 5,202,333 discloscs an intravenous formulation of pal-
onosetron in example 13 that contains the following ingredi-
ents:
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Ingredient Mg
Palonosetron HCI 10-100 mg,.
Dextrose Monohydrate q.s. to make Isotonic
Citric Acid Monohydrate 1.05 mg.
Sodiumn Hydroxide 0.18 mg,
WFJ To 1.0 ml.

The formulation has a pH of 3.7 and a shelf stability of less
than the 1-2 year time period required by health authorities in
various countries,

Ondansetron, its uses, and medicaments made with
ondansetron are disclosed in U.S. Pat. Nos. 4,695,578, 4,753,
789, 4,929,632, 5,240,954, 5,344,658, 5,578,628, 5,578,632,
5,922,749, 5,622,720, 5,955,488, and 6,063,802. Commer-
cially it is distributed by GlaxoSmithKline as Zofran® and is
indicated for prevention of postoperative nausea and vomit-
ing (PONV), cancer chiemotherapy-induced nausea and vom-
iting (CINV), and radiotherapy-induced nausca and vomiting
(RINV) anditis available as an injection, tablets and solution,
and as Zofran ODT® (ondansetron) Orally Disintegrating
Tablets.

Granisetron, its uses, and medicaments made with granis-
etron are disclosed in U.S. Pat. Nos. 4,886,808, 4,937,247,
5,034,398 and 6,294,548. Commercially if is distributed by
Roche Laboratories Inc. as Kytril®, indicated for the preven-
tion of nausea and vomiting associated with chemotherapy or
radiation therapy, and is oflered in tablet form, oral solution,
and as an injection.

Alosetron, its uses, and medicaments made with alosetron
are disclosed in U.S. Pal. Nos. 5,360,800 and 6,284,770.
Commercially it is distributed by GlaxoSmithKline as
Lotronex®.

Tropisetron is commercially available as Navoban® (No-
vartis) CAS-89565-68-4 (tropisetron); CAS-105826-92-4
(tropisetron hydrochloride) and it is indicated for treatment of
PONV and CINV.

Dolasetron, its uses, and medicaments made with
ondansetron are disclosed in U.S. Pat. Nos. 5,011,846, and
4,906,755, Commercially it is distributed by Aventis Pharma-
ceuticals Inc. as Anzemet®, indicated for prevention of both
PONYV and CINV, and it is offered in the form of a tablet or an
intravenous solution.

Therefore, there exists a need for a palonosetron formula-
tion with increased stability and thereby increased shelf life.
Tlhere also exists a need for an appropriate range of concen-
trations for both the 5-11T, receptor antagonist and its phar-
maceutically acceptable carriers that would facilitate making
a formulation with this increased stability.

It is an object of the present invention (o provide a fornu-
lation of Palonosetron hydrochloride with increased pharma-
ceutical stability for preventing and/or reducing emesis.

It is another object of the invention to provide an acceptable
range of concentrations which will stabilize a formulation
containing Palonosetron hydrochloride.

It is a further object of the invention to provide a formula-
tion of Palonosetron which would allow for prolonged stor-
age.

It is also an object of the invention to provide a formulation
of Palonosetron which would allow terminal sterilization.

SUMMARY OF THE INVENTION

The inventors have made a serics of discoverics that sup-
port a surprisingly effective and versatile formulation for the
treatment and prevention of emesis using palonosetron.
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These formulations are shelf stable for periods greater than 24
months at room temperature, and thus can be stored without
refrigeration, and manufactured using non-aseptic, terminal
sterilization processes.

In one aspect, the inventors have discovered that formula-
tions which include the active ingredient palonosetron require
in some instances only Y10 the amount of other previously
known compounds for treating emesis, which surprisingly
allows the use of concentrations of palonosetron far below
those that would ordinarily be expected. Thus, in one embodi-
ment the invention provides a pharmaceutically stable solu-
tion for preventing or reducing emesis comprising a) from
about 0.01 mg/mL, to about 5 mg/mL palonosetron or a phar-
maceutically acceptable salt thereof; and b) a pharmaceuti-
cally acceptable carrier.

The inventors have further discovered that by adjusting the
formulation’s pH and/or cxcipicnt concentrations it is pos-
sible to increase the stability of palonosetron formulations.
Therefore, in another embodiment, the invention provides a
pharmaceutically stable solution for preventing or reducing
emesis comprising a) palonosetron or a pharmaceutically
acceplable sall thereo[; and b) a pharmaceutically acceplable
carrier, at a pH from about 4.0 to about 6.0. In another
embodiment the invention provides a pharmaceutically stable
solution for preventing or reducing emesis coniprising from
about 0.01 to about 5.0 mg/ml palonosetron or a pharmaceu-
tically acceptable salt thereof; from about 10 to about 100
millimoles citrate buffer; and from about 0.005 to about 1.0
mg/ml EDTA.

The inventors have further discovered that the addition of
mannitol and a chelating agent can increase the stability of
palonosetron  formulations. “Therefore, in still another
embodiment the invention provides a pliarmaceutically stable
solution for preventing or reducing emesis comprising a)
palonosetron or a pharmaceutically acceptable salt thereof
and b) a pharmaceutically acceptable carrier, wherein the
pharmaceutically acceptable carrier comprises a chelating
agent and mannitol.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

“Vial” means a small plass container sealed with the most
suitable stopper and seal, other suitable primary containers
may be used, for instance, but not limited to, pre-filled
syringes. Vial also means a sealed container of medication
that is used one time only, and includes breakable and non-
breakable glass vials, breakable plastic vials, miniature
screw-top jars, and any other type of container of a size
capable of holding only one unit dose of palonosetron (typi-
cally about 5 mls.).

Throughout this specification the word “comprise,” or
variations such as “comprises” or “comprising,” will be
understood to imply the inclusion of a stated element, integer
or step, or group of elements, integers or steps, but not the
exclusion of any other element, integer or step, or group of
elements, integers or steps

“Palonosetron” means (3aS)-2,3,3a,4,5,6-Hexahydro-2-
[(S)-1-Azabicyclo[2.2.2]oct-3-y1]2,3,3a,4,5,6-hexahydro-1-
oxo-1Hbenz{de)isoquinoline, and is preferably present as the
monohydrochloride. Palonosetron monohydrochloride can
be represented by the following chemical structure:
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Concentrations—When concentrations of palonosetron
are given herein, the concentration is measured in terms of the
weight of the free base. Concentrations of all other ingredi-
ents are given based on the weight of ingredient added to the
solution.

“Pharmaceutically acceptable” means that which is useful
in preparing a pharmaceutical composition that is generally
safe, non-toxic and neither biologically nor otherwise unde-
sirable and includes that which is acceptable for veterinary
use as well as human pharmaceutical use.

“Pharmaceutically acceptable salis” means salts which are
pharmaceutically acceptable, as defined above, and which
possess the desired pharmacological activity. Such salts
include acid addition salts formed with inorpanic acids such
as hydrochloric acid, liydrobromic acid, sulfuric acid, nitric
acid, phosphoric acid, and the like; or with organic acids such
as acctic acid, propionic acid, hexanoic acid, heptanoic acid,
cyclopentanepropionic acid, glycolic acid, pyruvic acid, lac-
tic acid, malonic acid, succinic acid, malic acid, maleic acid,
fumaric acid, tartaric acid, citric acid, benzoic acid, o-(4-
lhydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, 1,2,-ethanedisul-
fonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid p-chlorobenzenesulfonic acid, 2-naphthalenesulfonic
acid, p-toluenesulfonic acid, camphorsulfonicacid, 4-meth-
ylbicyclo[2.2 2]oct-2-ene-1-carboxylic acid, glucoheptonic
acid, 4,4'-methylenebis(3-hydroxy-2-ene-1-carboxylic acid),
3-phenylpropionic acid, trimethylacctic acid, tertiary buty-
lacetic acid, lauryl sulfuric acid, gluconic acid, glutamic acid,
hydroxynaphthoic acid, salicylic acid, stearic acid, muconic
acid, and the like.

In addition, pharmaceutically acceplable salts may be
formed when an acidic proton present is capable of reacting
wilh inorganic or organic bases. Acceptable inorganic bases
include sodium hydroxide, sodiun carbonate, potassium
hydroxide, aluminum hydroxide and calcium hydroxide.
Acceptable organic bases include ethanolamine, diethanola-
mine, triethanclamine, tromethamine, N-methylglucamine
and the like.

Discussion

The fact that palonosetron can be formulated in some
instances at concentrations of only about Y™ the amount of
other previously known compounds for treating emesis, sur-
prisingly allows the use of concentrations of palonosetron far
below those that would ordinarily be expected. Thus, in one
embodiment the invention provides a pharmaceutically stable
solution for preventing or reducing emesis comprising a)
from about 0.01 mg/mL to about 5 mg/mL palonosetron or a
pharmaceutically acceptable salt thereof; and b) a phanma-
ceutically acceptable carrier. Similarly, in another embodi-
ment the invention provides a method of fornlating a phar-
maccutically stable solution of palonosctron comprising
admixing from about 0.01 my/mL to about 5 mg/mL pal-
onosetron or a pharmaceutically acceptable salt thereof; with
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a pharmaceutically acceptable carrier. In alternative embodi-
ments, the formulation includes palonosetron or a pharma-
ceutically acceptable salt thereof in a concentration from
about 0.02 mg/mL to about 1.0 mg/mL, from about 0.03
mg/mL (o aboul 0.2 mg/mL, and mos!( optimally about 0.05
mg/ml.

A particular advantage associated with the lower dosages
of intravenous palonosetron is the ability to administer the
drug in a single intravenous bolus over a short, discrete time
period. This time period generally extends from about 10 to
about 60 seconds, or about 10 to about 40 seconds, and most
preferably is about 10 to 30 seconds. In one particular
embodiment the palonosetron is supplied in vials that com-
prise 5 ml. of solution, which equates to about 0.25 mg of
palonosetron at a concentration of about 0.05 mg/ml.

The inventors have further discovered that by adjusting the
formulation’s pH and/or excipient concentrations it is pos-
sible to increase the stability of palonosetron formulations.
Therefore, in another embodiment, the invention provides a
pharmaceutically stable solution for preventing or reducing
emesis comprising a) palonosetron or a pharmaceutically
acceptable salt thereof; and b) a pharmaceutically acceptable
carrier, at a pH from about 4.0 to about 6.0. Similarly, in
another embodiment the invention provides a method of for-
mulating a pharmaceutically stable solution of palonosetron
comprising admixing a) palonosetron or a pharmaceutically
acceptable salt thereof; and b) a pharmaceutically acceptable
carrier, at a pH from about 4.0 to about 6.0. In altemative
embodiments, the pH is [rom about 4.5 to about 5.5, and most
optimally about 5.0. There arc many examples to thosc of skill
in the art of suitable solutions to adjust the pH of a formula-
tion. Two exemplary solutions are sodium hydroxide and
hydrochloric acid solution, either of which could be used to
adjust the pH of the formulation

In another embodiment the invention provides a pharma-
ceutically stable solution for preventing or reducing emesis
comprising from about 0.01 to about 5.0 mg/ml palonosetron
or a pharmaceutically acceptable salt thereof and (i) from
about 10 to about 100 millimoles citrate buffer, and/or (ii)
from about 0.005 to about 1.0 mg/ml EDTA. Similarly, in
another embodiment the invention provides a method of for-
mulaling a pharmaceulically stable solution of palonosetron
comprising admixing from about 0.01 to about 5.0 mg/ml
palonosetron or a pharmaceutically acceptable salt thereof
and (i) from about 10 to about 100 millimoles citrate buffer,
and/or (ii) from about 0.005 to about 1.0 mg/ml EDTA. The
citrate buffer can be in the form of citric acid and/or a salt of
citric acid such as trisodium citrate. In various embodiments,
the ranges of one or more of the foregoing ingredients can be
modified as follows:

The formulation may comprise palonosetron or a pharma-
ceutically acceptable salt thereof in a concentration from
aboul 0.02 mg/mL (o about 1.0 mg/mL, from about 0.03
mg/mL to about 0.2 mg/mL palonosetron hydrochlo-
ride, and most optimally about 0.05 mg/ml.

The formulation may comprise citrate buffer in a concen-
tration of from about 10 to about 40 millimoles, or 15-30
millimoles.

The formulation may comprise EDTA in a concentration of
{rom about 0.005 mg/ml to about 1.0 mg/ml, or about 0.3
to about 0.7 mg/ml, and most optimally about 0.5
mg/ml.

The inventors have further discovered that the addition of
manuito! and a chelating agent can increase the stability of
palonosetron formulations. Therefore, in still another
embodiment the invention provides a pharmaceutically stable
solution for preventing or reducing emesis comprising a)
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palonosetron or a pharmaceutically acceptable salt thereof
and b) a pharmaceutically acceptable carrier, wherein the
pharmaceutically acceptable carrier comprises a chelating
agent and mannitol. Similarly, in another embodiment the
invention provides a method of formulating 4 pharmaceuti-
cally stable solution of palonosetron comprising admixing a)
palonosetron or a pharmaceutically acceptable salt thereof
and b) a pharmaceutically acceptable carrier, wherein the
pharmaceutically acceptable carrier comprises a chelating
agent and mannitol. The chelating agent is preferably EDTA,
and, in various embodiments the chelating agent is present in
a concentration of from about 0.005 to about 1.0 mg/mL or
from about 0.05 mg/mL to about 1.0 mg/mL or from about 0.3
to about 0.7 mg/ml, or most optimally about 0.5 mg/mL. In
various embodiments the mannito] is present in a concentra-
tion of from about 10.0 mg/ml to about 80.0 mg/ml, from
about 20.0 mg/mL to about 60.0 mg/m], or from about 40.0 to
about 45.0 mg/ml.

Injectable formulations are typically formulated as aque-
ous solutions in which water is the primary excipient. Oral
formulations will differ from injectable formulations gener-
ally by (he additional presence of flavoring agents, coloring
agents, or viscosity agents. Natural or synthetic sweeteners
include, among others, mannitol, sorbitol, saccharose, sac-
charine, aspartame, acelsulphame K, or cyclamate. These
agenls are generally present in concentrations in excess of
100 mg/ml or 250 mg/ml when used as sweetening agents, in
contrast to the 41.5 mg/ml concentration of mannitol
described in some of the embodiments of the invention, in
which mannitol is acting simply as a tonicifying agent.

The formulations of the present invention are particularly
suited for use in injectable and oral liquid formulations, but it
will be understood that the solutions may have alternative
uses. For example, they may be used as intermediates in the
preparation of other pharmaceutical dosage forms. Similarly,
they may have other routes of administration including intra-
nasal or inhalation. Injectable formulations may take any
roule including intramuscular, intravenous or subcutaneous.

Still further embodiments relate to improvements in the
ease with which the palonosetron formulation can be stored
or manufactured. In particular, the inventors have discovercd
that the formulations of the present invention allow storage of
the product for extended periods at room temperature. Thus,
in yet another embodiment the invention provides amethod of
storing one or more containers in which arc contained a
solution of palonosetron or a pharmaceutically acceptable
salt thereof comprising: a) providing a room comprising said
one or more containers; b) adjusting or maintaining the tem-
perature of the room at greater than about ten, 15, or 20
degrees celcius; and c) storing said containers in said room for
one month, 3 months, 6 months, onc year, 18 months, 24
months or more (but preferably not exceeding 36 months),
wherein (i) the palonosetron or pharmaceutical sall thereo[is
present in a concentration of from about 0.01 mg/mL to about
5.0 mg/mL, (ii) the pH of the solution is from about 4.0 to
about 6.0, (iii) the solution comprises from about 0.01 to
about 5.0 mg/ml palonosetron or a pharmaceutically accept-
able salt thereof, from about 10 to about 100 millimoles
citrate buffer and from about 0.005 to about 1.0 mg/ml EDTA,
(iv) the solution comprises a chelating agent, or (v) the solu-
tion comprises from about 10 to about 100 milliMoles of a
citrate buffer.

The stability of the foregoing formulations also lends itself
well to terminal sterilization processes in the manufacturing
process. Therefore, in still another embodiment the invention
provides a method of filling a container in which is contained
a solution of palonosetron or a pharmaceutically acceptable
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salt thereof comprising: a) providing one or more sterile open
containers (preferably 5 ml. vials); b) filling said containers
with a solution of palonosetron in a non-aseptic environment;
c) scaling said filled containers; and d) sterilizing said scaled,
(illed containers, wherein (i) the palonosetron or pharmaceu-
tical salt thereof is present in a concentration of from about
0.01 mg/mL to about 5 mg/mL, (ii) the pH of the solution is
from about 4.0 to about 6.0, (iii) the solution comprises from
about 0.01 to about 5.0 mg/ml palonosetron or a pharmaceu-
tically acceptable salt thereof, {rom about 10 to about 100
millimoles citrate buffer and from about 0.005 to about 1.0
mg/ml EDTA, (iv) the solution comprises a chelating agent,
or (v) the solution comprises from about 10 to about 100
milliMoles of a citrate buffer.

EXAMPLES
Example 1
Stabilizing pH

A study was conducted to determine the effect of pll on
formulations containing palonosetron hydrochloride, men-
suring the stability at 80° C. at pH 2.0, 5.0, 7.4, and 10.0. The
results indicated that palonosetron hydrochloride is most
stable at pH 5.0.

Example 2

Stabilizing Concentration Ranges

A formulation optimization study was performed using an
experimental design software. Iwenty-four lots of drug prod-
uct were analyzed to investigate the appropriate concentra-
tion ranges for palonosetron hydrochloride (0.05 mg/mL to
5.0 mg/mL), citrate buffer (0 to 80 mM) and EDTA (0 to
0.10%). The level of EDTA and citrate buffer were selected
based on the optimal formulation, which was shown to be
Tormulated with EDTA 0.05% and 20 mM citrate bulfer at pH
5.0. The results of (his study indicated that palonosetron
concentration was also a crilical factor in chemical stability,
with greatest stability seen at the lowest palonosetron con-
centrations.

[ixample 3
Tonicifying Agent

Formulations of palonosetron hydrochloride in citrate
bufler were prepared including either a) sodium chloride or b)
mannitol. The palonosetron hydrochloride {ormulation
including mannitol showed superior stability. The optimum
level of mannitol required for an isotonic solution was found
to be 4.15%.

Example 4

Formulation I

The following is a representative pharmaccutical formula-
tion containing palonoselron that is uselul for intravenous
formulations, or other liquid formulations of the drug.
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Ingredient mg/mL
Palonosetron Hydrochloride 0.05%
Mannitol 41.5
EDTA 0.5
Trisodium citrate 3.7
Citric acid 1.56
WFJ g.s.to 1 ml
Sodiwn hydroxide solution and/or pH5.0+£0.5

hydrochloric acid solution

=eafenlated o5 o free hase
Example 5
Formulation 11
The following is a representative pharmaccutical formula-

tion containing palonosetron that is useful for oral formula-
tions, or other liquid formulations of the drug.

Ingredient mg/mL
Palonosetron Hydrochloride 0.05*
Mannito] 150
EDTA 0.5
Trisodium citrate 3.7
Citric acid 1.56
WE] q.s.to 1 ml
Sodium hydroxide solution and/or pH3.0£05
hydrochloric acid solution

Flavoring q.s.

*calculated as a free base
Example 6
Stability of Palonosetron without Dexamethasone

The physical and chemical stability of palonosetron HCI
was studies in concentrations of 5 pg/mL and 30 pp/mL in 5%
dextrose injection, 0.9% sodium chloride injection, 5% dex-
trose in (0.45% sodium chloride injection, and dextrose 5% in
lactaled Ringer’s injection, The admixtures were evaluated
over 14 days at 4° C. in the dark and for 48 hours at 23° C.
under fluorescent light.

Test samples of palonosetron HCI were prepared in poly-
vinyl chloride (PVC) bags of the infusion solutions at con-
centrations of 5 and 30 jig/mL. Evaluations for physical and
chemical stability were performed on samples taken initially
and after 1, 3, 5, 7, and 14 days of storage at 4° C. and after 1,
4,24, and 48 hours at 23° C. Physical stability was assessed
using visual observation in normal room light and using a
high-intensity monodirectional light beam. In addition, tur-
bidity and particle content were measured electronically.
Chemical stability of the drug was evaluated by using a sta-
bility-indicating high performance liquid chromatographic
(HPLC) analytical technique.

All samples were physically stable throughout the study.
The solution remained clear, and little or no change in par-
ticulate burden and haze level were found. Additionally, little
or no Joss of palonosetron HCl occurred in any of the samples
at either temperature throughout the entire study period.

Example 7
Stability of Palonosetron with Dexamethasone

The physical and chemical stability ol palonosetron HC]
0.25 mg admixed with dexamethasone (as sodium phosphate)
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10 mg or 20 mg in 5% dextrose injection or 0.9% sodium
chloride injection in polyvinyl chloride (PVC) minibags, and
also admixed with dexamethasone (as sodium phosphate) 3.3
mg in 5% dextrosc injection or 0.9% sodium chloride injec-
tion in polypropylene syringes al 4° C. in the dark for 14 days
and at 23° C. exposed 1o normal laboratory fluorescent light
over 48 hours, was studied.

Test samples of palonosetron 11CI 5 pg/ml. with dexam-
ethasone (as sodium phosphate) 0.2 mg/mL and also 0.4
mg/mL were prepared in polyviny! chloride (PVC) minibags
of each infusion solution. Additionally, palonosetron HCI 25
peg/mL with dexamethasone (as sodium phosphate) 0.33
mg/mL in each infusion solution were prepared as 10 mL of
test solution in 20-mL polypropylene syringes. Evaluations
for physical and chemical stability were performed on
samples taken initially and after 1, 3, 7, and 14 days of storape
at 4° C. and after 1, 4, 24, and 48 hours at 23° C. Physical
stability was assessed using visual observation in normal
room light and using a high-intensity monodirectional light
beam. In addition, turbidity and particle contenl were mea-
sured electronically. Chemical stability of the drug was evalu-
ated by using a stability-indicating high performance liquid
chromatographic (HPLC) analytical technique.

All samples were physically compatible throughout the
study. The solutions remained clear, and little or no change in
particulate burden and haze level were found. Additionally,
little or no loss of palonosetron HC! and dexamethasone
occurred in any of the samples at either temperature through-
oul the enlire study period.

Example &
Formulation 111
The following is a representative pharmaceutical formula-

tion and container closure for palonosctron that is useful for
intravenous infusion formulations.

Ingredient Amount (mg)
Palonosetron Hydrochloride 0.75%
Sodium Chloride 450,0
EDTA 2.5
Sodium citrate 185
Citric acid monohydrale 7.8

WTIJ q.s. to 50 mL
Sodium hydroxide solution and/or pH4.8 0.5

hydrochloric acid solution
Container closure system plastic container™

plus rubber stopper?

b)Polycﬂlylcne multilayer film infusion bag,

"')Isoprenc rubber stopper.

This invention has been described with reference to its
preferred embodiments. Variations and modifications of the
invention will be obvious to those skilled in the art from the
foregoing detailed description of the invention.

What is claimed is:

1. A method for reducing the likelihood of cancer chemo-
therapy-induced nausea and vomiting, comprising intrave-
nously administering to a human in need thereof a pharma-
ceutical single-use, unit-dose formulation comprising a SmL
sterile aqueous isotonic solution buffered at a pH of about
5.0+0.5, said solution comprising:

about 0.05 mg/mlL. palonosetron hydrochloride based on

the weight of its {ree base;
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about 41.5 mg/mL mannitol;

about 0.5 mg/mL. EDTA; and

a citrate buffer,

wherein said formulation is stable at 24 months when

stored al room temperalture, and

wherein said intravenous administration to said human

occurs before the start of the cancer chemotherapy.

2. The method of claim 1, wherein said intravenous admin-
istration to said human occurs over a period of time of 10 to 60
seconds.

3. The method of claim 1, wherein said intravenous admin-
istration reduces the likelihood of acute nausea and vomiting
in said human.

4. The method of claim 1, wherein said intravenous admin-
istration reduces the likelihood of delayed nausea and vom-
iting in said human.

5. A method for reducing the likelihood of cancer chemo-
therapy-induced nausea and voiting, comprising intrave-
nously administering to a human in need thereof a pharma-
ceutical single-use, unit-dose formulation comprising a 5 mlL
sterile aqueous isotonic solution buffered at a pll of about
5.0£0.5, said solution comprising:

about 0.05 mg/mL palonosetron hydrochloride based on

the weight of its free base;

from about 10 mg/mL to about 80 mg/mL mannitol; and

from about 0.3 mg/mL to about 0.7 mg/mL EDTA;

wherein said solution optionally comprises a citrate buffer,
wherein said formulation is stable at 24 months when
stored at room temperature, and

wherein said intravenous administration to said human

occurs before the start of the cancer chemotherapy.

6. I'he method of claim 5, wherein said intravenous admin-
istration to said human occurs over a period of time of 10 to 60
seconds.

7. The method of claim 5, wherein said intravenous admin-
istration reduces the likelihood of acute nausea and vomiting
in said human.

8. The method of claim 5, wherein said intravenous admin-
istration reduces the likelihood of delayed nausea and vom-
iting in said human.

9. The method of claim 5, wherein said solution compriscs
from about 20 mg/mL to about 60 mg/mL mannilol.

10. The method of claim 9, wherein said solution com-
prises from about 40 mg/mL to about 45 mg/mL mannitol.

11. The method of claim 10, wherein said solution com-
prises about 41.5 mg/mL mannitol and about 0.5 mg/mL
EDTA.

12. The method of claim 5, wherein said solution com-
prises a citrate butfer.

13. A method for reducing the likelihood of cancer chemo-
therapy-induced nausea and vomiting, comprising intrave-
nously administering to a human in need thereof a pharma-
ceutical single-use, unit-dose formulation comprising a SmL
sterile aqueous isotonic solution, said solution comprising:

about 0.05 mg/ml, palonosetron hydrochloride based on

the weight of its free base;

a tonicifying effective amount of mannitol; and

from about 0.3 mg/mL to about 0.7 mg/mL EDTA;

wherein said solution optionally comprises a citrate buffer

and optionally has a pH of from about 5.020.5,
wherein said formulation is stable at 24 months when
stored at room temperature, and

wherein said intravenous administration to said human

occurs before the start of the cancer chemotherapy.

14. The method of claim 13, wherein said intravenous
administration (o said human occurs over a period of lime of
10 to 60 seconds.
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15. The method of claim 13, wherein said intravenous
administration reduces the likelihood of acute nausea and
vomiting in said human.

16. The method of claim 13, wherein said intravenous
administration reduces the likelihood of delayed nausea and
vomiting in said human.

17. The method of claim 13, wherein said solution com-
prises a citrate buffer.

18. The method af claim 13, wherein said solution is buff-
ered at a pH of about 5.0+0.5.

19. The method of claim 13, wherein said solution com-
prises from about 10 mg/mL to about 80 mg/mL mannitol.

20. The method of claim 19, wherein said solition coni-
prises from about 20 mg/mL to about 60 mg/ml. mannitol.

21. The method of claim 20, wherein said solution coni-
prises about 41.5 mg/mL mannitol and about 0.5 mg/mL
EDTA.

22. A method for reducing the likelihood of cancer chemo-
(herapy-induced nausea and vomiling, comprising intruve-
nously administering to a human in need thereol # pharma-
ceutical single-use, nnit-dose formulation comprising a 5ml.
sterile aqueous isotonic solution buffered at a pll of about
5.020.5, said solution comprising:

about 0,05 mp/ml. palonoseiron hydrochloride based on

the weight of'its free base; und

a tonicifying effective amount of mannitol;

5
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wherein said solution optionally comprises one or a com-
bination of a citrate buffer and a chelating agent,

wherein said formulation is stable at 24 months when
stored at room temperature, and

wherein said intravenous administration to said human

occurs before the start of the cancer chemotherapy.

23. The method of claim 22, wherein said intravenous
administration to said human ocecurs over a period of time of
10 to 60 seconds.

24. The method of claim 22, wherein said intravenous
administration reduces the likelihood of acute nausea and
vomiting in said human,

25. The method of claim 22, wherein said intravenous
administration reduces the likelihood of delayed nausea and
vamiting in said human.

26. The methad of claim 22, wherein said solution com-
prises 4 citrate buffer.

27. The methad of claim 22, wherein said solution com-
prises a chelating agent.

28. The method of claim 27, wherein said chelating agent
s BDTA.

29, The method of claim 28, wherein said solution com-
prises fram about 0.3 mg/mL to about 0.7 mg/ml. EDTA.

30. The method of claim 22, wherein said solution com-
prises from about 10 mg/mL to about 80 mg/mL. mannitol.

I T S



Case 2:15-cv-06392-CMR Document 1 Filed 12/01/15 Page 37 of 64

Exhibit C



Bl

US009066980B2
a2 United States Patent (10) Patent No.: US 9,066,980 B2
Calderari et al. (45) Date of Patent: *Jun. 30, 2015

(54) LIQUID PHARMACEUTICAL (56) References Cited

FORMULATIONS OF PALONOSETRON
(71) Applicants: Helsinn Healthcare SA, Lugano (CH);
Roche Palo Alto LLC, Palo Alto, CA
(US); Simone Macciocchi, Melide (CH);
Giulio Macciocchi, Breganzona (CH)

(72) Inventors: Giorgio Calderari, Rancate (CH);
Daniele Bonadeo, Casalzuigno (IT);
Roberta Cannella, Varese (IT); Alberto
Macciocchi, Melide (CH); Andrew
Miksztal, Palo Alto, CA (US); Thomas
Malefyt, Carmel Valley, CA (US);
Kathleen M Lee, Palo Alto, CA (US)

(73)  Assignees: Helsinn Healtheare SA,
Lugano/Pazzallo (CH); Roche Palo Alto
LLLC, Palo Alto, CA (US)

(*) Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by O days.

This patent is subject to a terminal dis-
claimer.

(21) Appl. No.: 13/902,299
(22) Filed: May 24, 2013
(65) Prior Publication Data

US 2013/0289065 Al Oct. 31, 2013

Related U.S. Application Data

(63) Continuation of application No. 13/901,437, filed on
May 23, 2013, now Pat. No. 8,598,219, which is a
continuation-in-part of application No. 13/087,012,
filed on Apr. 14,2011, now Pat. No. 8,518,981, which
is a continuation of application No. 11/186,311, filed
on Jul. 21, 2005, now Pat. No. 7,947,724, which is a
continuation of application No. PCT/EP2004/000888,
filed on Jan. 30, 2004.

(60) Provisional application No. 60/444,351, filed on Jan.

30, 2003.
(51) Int.CL

AGIK 31/47 (2006.01)

AGIK 47/26 (2006.01)

AGIK 31/473 (2006.01)

AGIK 47/18 (2006.01)

AGIK 47/12 (2006.01)

AG6IK 47/00 (2006.01)

AGIK 47/02 (2006.01)

AGIK 9/00 (2006.01)
(52) US.CL

CPC occoverne AGIK 47/26 (2013.01); AGIK 47/183

(2013.01); A61K 47/12 (2013.01); AGIK 47/00
(2013.01); A6IK 31/473 (2013.01); AGIK
47/02 (2013.01); A61K 9/0019 (2013.01);
AGIK 9/0095 (2013.01)
(58) Field of Classification Scarch
USPC fimimyimimmsmimmsiiiannasniai: 514/296, 397
See application file for complete search history.

U.S. PATENT DOCUMENTS

4,695,578 A 9/1987 Coales el al.
4,753,789 A 6/1988 Tyerset al.
4,886,808 A 12/1989 King
4,906,755 A 3/1990 Gittos
4,929,632 A 5/1990 Tyers et al.
4,937,247 A 6/1990 King
5,011,846 A 4/1991 Gittos et al.
5,034,398 A 7/199¢ King
5,202,333 A 4/1993 Berger et al.
5,240,954 A 8/1993 Tyers et al.
5,272,137 A 12/1993 Blase et al.
5,344,658 A 9/1994 Collin
5,578,628 A 11/1996 Tyers et al.
5,578,632 A [1/1996 Tyers et al.
5,622,720 A 471997 Collin
5,854,270 A 12/1998 Gambhir
5,922,749 A 7/1999 Tyers et al.
5955488 A 9/1999 Winterborn
6,063,802 A 5/2000 Wintcrborn
6,132,758 A 10/2000 Munayyer et al.
6,284,749 Bl 9/2001 Castillo ct al.
6,287,592 Bl 9/2001 Dickinson
6,294,548 Bl 9/2001 James

6,699,852 B2 3/2004 Robichaud
7,109,339 B2 /2006 Leeetal
7,947,724 B2 5/2011 Calderari et al

7,947,725 B2 5/2011 Calderari et al
7,960,424 B2 6/2011 Calderai et al
8,518,981 B2 8/2013 Calderari ct al,

8,598,218 B2  12/2013 Calderari ctal.
(Continued)

FOREIGN PATENT DOCUMENTS

EP 0512400 Al 4/1992
wO WO0-03100091 12/2003
(Continued)
OTHER PUBLICATIONS

Perez et al, (cancer J, Sci Am. (1998)4__1):52.*
R. M. Eglen et al.,, “Pharmacological characterization of RS 25259~
197, a novel and selective S-HT3 receptor antagonist, in vive,” Br.J
Pharmncology 114:860-866 (1995).
Chelly, Jacques et al., Oral RS-25259 Prevents Postoperative Nausea
and Vomiting Following Laparoscopic Surgery, Anesthesiology,
1996, vol, 85, No. 3A, p. A2].
Sorbe, Bengl, S-HT-3 Receptor Antagonists as Antiemetic Agents in
Cancer Chemotherapy, extracted from Expert Opinion on Investiga-
tional Drugs, 1996, vol. 5 No. 4, pp. 389-407.
Gaster, Laramie M. and King, Frank D., Serotonin 5-HT3 and 5-HT4
Receptor Antagonists, extracted from Medicinal Research Reviews,
1997 vol. 17, No. 2, pp. 163-214.
Tang, Jun et al,, “Efficacy of RS-25259, a Novel 5-HT3 Antagonist,
In the Prevention of Postoperative Nausca and Vomiting afler Major
Gyncceologic Surgery,” Ancsthesiology, 1997, vol. 85, No. 3 suppl. p.
A329.

(Continued)

Primary Examiner — Shirley V Gembeh
(74) Auorney, Agent, or Firm —Clark G. Sullivan,
‘I'routman Sanders 1.1.P

(57) ABSTRACT
‘I'he present invention relates ta shell-stable liquid farmula-
tions of palonosetron for reducing chemotherapy and radio-
therapy induced emesis with palonosetron. The formulations
are purticularly uselul in the preparation of intravenous and
oral liquid medicaments.

16 Claims, No Drawings



Case 2:15-cv-06392-CMR Document 1 Filed 12/01/15 Page 39 of 64

US 9,066,980 B2
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS

12/2013 Calderari et al.
9/2001 James
5/2003 Dugger, ITI
7/2004 Landauetal. ...
10/2013 Calderari et al.
10/2013 Calderari et al.
10/2013  Calderari et al.
2/2014 Calderari et al.

8,598.219 B2
2001/0020029 Al
2003/0095926 Al
2004/0147510 AL*
2013/0261149 Al
2013/0261150 Al
2013/0289065 Al
2014/0039000 Al

i 5147218

FOREIGN PATENT DOCUMENTS

WO W0-2004045615 6/2004
WO WO0-2004067005 8/2004
WO WO0-20047037 14 9/2004

OTHER PUBLICATIONS
‘Tang, Jun cl al., The Efficacy of RS-25259, a Long-Acting Sclective
5-HT3 Receplor Anlagonist, for Preventing Postoperative Nausea
and Vomiting Afler Hysterectomy Procedures, Anesthesia and Anal-
gesia, 1998, vol. 87, pp. 462-467.
Adis R&D Profile, Palonosctron RS 25259 197, Drugs in R&D, Oct.
1999, vol. 2, No. 4, pp. 251-252.
Piraccini Gaia et al., An Interesting 5-HT3 Receptor Antagonist
Antiemetic for Patients Undergoing Chemotheraphy-based Condi-
tioning Regimens, Blood, Nov. 16, 2001, vol. 98, No. 11, part 2, p.
350D, abstract No. 5169.
Stacher, Georg, Palonosetron Helsinn, Current Opinion in Investiga-
tional Drugs. Ocl. 2002, vol. 3, No. 10, pp. 1502-1507.
Navari, Rudolph M., Pathogenesis-Based Treatinent of Chemo-
therapy-Induced Nausea and Vomiting—Two New Agents, Journal
of Supportive Oncology, 2003, vol. 1(2), pp. 89-103.
Chaitow, 1990, 3 pages.
Opposition Brief filed by Dr. Reddy’s Laboratories (UK) Limiled,
opposition to European Palent No. 1601359 B1 dated Jul. 7, 2009.
Photolytic and oxidative degiadation of an antiemetic agent, RG
12915(Won C. M. et al., International Journal of Pharmaceutics 121,
95-105 (1995).
Palonosetron: a phase 1I dose ranging study to assess over a 7 day
period the single dose pharmacokinctic profile of palonosetron in
patients receiving highly emelogenic chemotherapy. Piraccini el al,,
Proc. Am. Soc. Clin. Oncol 2002 21 Abs 449 (2002).
Formulation and administration techniques to minimize injection
pain and tissuc damage associated with parenteral products. Larry A
Gatlin and Carol A. Brister Gatlin, from Injectable Drug Develop-
ment: Techniques to Reduce Pain and Iirilation (Edited by Pramod K.
Gupla and Gayle A. Brazeau; published by Informa Health Care)
1999, ISBN 1574910957, 9781574910957, p. 401-421.
Parcnteral Dosage Forms. Joannc Broadhead, from Part 11-Early
drug development, pharmaceutical preformulation and formulation:
a practice guide from candidate drug selection to comumercial dosage
form (Edited by Mark Gibson; Published by Interpharma Press,
20015 ISBN 1574911201, 9781574911206), p. 331-353.
Opposition Brief filed by Tecnimede Sociedade Tecnico-Medicinal
S.A. in opposition to European Patent No. 1601359 B1, Jul. 8, 2009.
Response brief filed by Helsinn Healthcare S.A. dated Jul. 13, 2007,
in response (0 the communication pursuant (o Asl. 96(2) EPC of Jan.
3, 2007 regarding Serial No. 04 706 657.6-2123.
European Patent Office official communication dated Jul. 19, 2006,
regarding Scrial No. 04 706 657.6.
Response of Helsinn Healthcare S.A. dated Nov. 29, 2006, regarding
LPO official communication date Jul. 19, 2006.
Lachman ef al.,, The Theory and Practice of Industrial Pharmacy,
1986, third edition, pp. 652-784.
Declaration of Valentino J, Stella, Ph.D. dated Sep. 19, 2007.
Opposition Brief filed by Martin Paul White, opposition to Curopcan
Patent No, 1601359 BI, Jul. 8 2009.
Wong el at. (1995), in British Journal of Pharmacology, vol. 1 14, pp.
851-859.
Cover page and pp. 642-644 and 783-784 of The Theory and Praclice
of Industrial Pharmacy, Third Edition, Lea and Febiger (1986).

Cover page and pp. 514-515 of Modern Pharmaceutics, Second Edi-
tion, Marcel Dekker (1990).

Cover page and pp. 142-143 of Pharmaceutical Dosage Forms:
Parenteral Mcdications vol. 1, Second Edition, Marcel Dekker
(1992).

Mitsuo Matsumoto et al., “Yakuzaigaku Manual”, Isl edition,
Nanzando Co., Ltd. (1989) 2 pages.

Michael J. Pikal, “Freeze Drying”, Encyclopedia of Pharmaceutical
Technology, Third Edition, Jan. 2007, pp. 1824-1825, vol. 3, Informa
Pharmaceulicals and Healthcare.

Daniele Bonadeo, “Supplemental Declaration of Daniele Bonadeo
Under 37 C.F.R. 1.132", filed in U.S. Appl. No. 11/388,270, Jun. &,
2009.

Kranke ct al., 2007 “Recent advances, trends, and cconomic consid-
erafions in . . . " Expert Opinion Pharmacotherp., 8(18): 3217-3235.
Morrow el al,, 1995, “Progress in reducing nausea and emesis: Com-
parisons of ondansetron, granisetron, and tropisctron.” Cancer, vol.
76, No. 3 pp. 343-357.

USPTO Noticc of Allowance and Fees Due, U.S. Appl. No.
11/388,270, filed Mar. 24, 2006, Date Mailed Jan. 26, 2010.
USPTO Office Action, U.S. Appl. No. 11/129,839, Date Mailed Jan.
15, 2010.

Israili, Zafar H., “Clinical Pharmacology of Serotonin Receptor Type
(5-HT3) Antagonists,” Curr. Med. Chem. Central Nervous System
Apgents, 2001:1, 171-199.

Rarton (Citrate Buffer Calculation) 2000, 2 pages.

USPTO Office Action, U.S. Appl. No. 11/201,035, Date Mailed Aug.
19, 2009.

Response of Helsinn Healthcare to opposition of EP Serial No. 04
706 657.6, dated Feb. 11, 2010.

Annex | (Statement of Walso Mossi, Ph.DD.) to Response of Helsinn
Healthcare to Opposition of EP Serial No. 04 706 657.6 dated Feb.
11, 2010.

Annex 2 (o Response of Helsinn Healthcare to Opposition of EP
Serial No. 04 706 657.6 daled Feb, 11, 2010.

Annex 3 o Response of Helsinn Healthcare to Opposition of EP
Serial No. 04 706 G57.6 dated Feb. 11, 2010.

Summary of Product Characteristics for Aloxi 250 (2009).
Scientific Discussion from the European Public Assessment Report
for Aloxi (Palonoseteron Hydrochloride) 2006.

Gth Edition, Handbook of Pharmaceutical Excipients (2009), pp.
247-250 (RPS Publishing).

Lewis, Gareth A (2006) ‘Optimization Methods," Encyclopedia of
Pharmaceutical Technology, 1:1, 2452-2467.

May 24, 2011 Para. IV notice from Teva Pharmaceuticals re 724 and
*725 patcents.

May 24, 2011 Para. IV notice from Sandoz re *724 and 725 patents.
May 24, 2011 Para. IV notice from Dr. Reddy’s re '724 and *725
patents.

Aug. 9, 2011 Para. IV notice from Dr. Reddy’s re *424 patent.

Aug. 19, 2011 Para. IV notice from Teva Pharmaceuticals re 424

patent.

Sep. 22, 2011 Para. IV notice from Sandoz re *724, '725 and '424
patents.

Inl 8, 2011 Complaint for patent infringement (D. NI, case No.
11-03962).

Sep. 23, 2011 Complaint for patent infringement (D. N.J. case No.
11-5579).

Aug. 31, 2011 Answer and counterclaim of Dr. Reddy’s Laboralo-
ries, Ltd. and Dr. Reddy’s Laboratories, Inc. (D. N.J. case No.
11-03962).

Sep. 13, 2011 Sandoz Inc.’s answer to complaint for patent infringe-
ment and counterclaims (. N.I. case No. [ 1-03962).

Sep. 13, 2011 Teva Pharmaceuticals USA, Inc. and Teva Pharmaceu-
tical Industries Ltd."s answer (D. N.J. case No. 11-03962).

Oct. 5, 2011 Plaintiff’s reply Lo answer and counterclaim of Dr.
Reddy’s Laboratories, Ltd. and Dr. Reddy Laboratories, Inc. (D. N.J.
case No. 11-03962).

Oct. 21, 2011 Plaintiffs reply to Sandoz Inc.’s answer to complaint
for patent infringement and counterclaims (D. N.J. case No.
11-03962).

Ocl. 24,201 | Answer and counterclaim of Dr. Reddy’s Laboratories,
Lid. and Dr. Reddy’s Laboratories, Inc. (D. N.J. case No. 11-5579).



Case 2:15-cv-06392-CMR Document 1 Filed 12/01/15 Page 40 of 64

US 9,066,980 B2
Page 3

(56) References Cited
OTHER PUBLICATIONS

Oct. 24,2011 Sandoz Inc.’s answer to complaint for patent infringe-
ment and counterclaims (D. N.J. case No. 11-5579).

Oct. 27, 2011 Order consolidating the two cases (D. N.J. case No.
11-5579)

Nov. 17, 2011 Plaintiffs’ reply to answer and counterclaim of Dr.
Reddy's Laboratories, Ltd. and Dr. Reddy's Laboratories, Inc. (D.
N.J. case No. 11-03962).

Nov. 17, 2011 Plaintiffs’ reply to Sandoz Inc."s answer to complaint
for patent infringement and counterclaims (D. N.J. casec No.
11-03962).

Dec. §, 2011 Teva Pharmacenticals USA Inc. and Teva Pharmaceu-
ticals Industries Ltd.’s answer to complaint for patent infringement of
the *424 patent (D. N.J. case No. 11-03962).

May 21, 2012 Defendants’ opening claim construction brief (includ-
ing exhibits 1-31).

May 21, 2012 Plaintiffs’ opening claim construction brief (including
exhibits 1-15).

Jul. 20, 2012 Defendants’ responsive claim construction brief
(including exhibits 1-3).

Jul. 20, 2012 Plaintiffs’ responsive claim construction brief (includ-
ing Ixhibits A and B3)

Sep. 7,2012 Coust transcript from Sep. 7,2012 Markman hearing and
Plaintiffs’ PowerPoint presentation (ID. N.J. case No. 11-03962).
Dec. I, 2011 Sandoz Inc.’s invalidity contentions pursuant to L. Pat
R. 3.6(c) (D. N.I. case No. 11-03962).

Dec. |, 2011 Teva Pharmaceuticals USA, Inc. and Teva Pharmaceu-
tical Induslries, Ltd."s invalidity contentions, pursuant to L. Pat. R
3.6(c)(D. N.I. case No. 11-03962).

Dec. 1,2011 Dr. Reddy's Laboratories, Ltd.’s and Dr. Reddy's Labo-
ratories, Inc.’s invalidily contentions pursuant to I, Pat. R. 3.6(c) (D.
N.J. case No. 11-03962),

Jan. 31, 2012 Plaintif{s responses to defendants’ invalidity conten-
tions (D. N.J. case No. 11-03962)

Sep. 25, 2012 Sandoz Inc.'s first ainended invalidity contentions
pursuant to L. Pat. R. 3.6(c) (D. N.J. case No. 11-03962).

Nov. 19, 2012 Plaintiffs’ responscs to Sandoz In¢.’s first amended
invalidity contentions (. N.J. case No. 11-03962).

L.G. Wade Jr., Organic Chemistry, Ch. 19: Amines, pp. 867-936
(Prentice Hall 3d ed. 1995).

L. Lachman et al., The Theory and Practice of Industrial Pharmacy,
pp- 642-644, 783-784 (Lea & Febiger 3d ed. 1986).

P.P. DeLuca et al., Formulation of Small Volume Parenterals in Phar-
maceutical Dosage Forms: Parenteral Medications, vol. 1, Ch. 5, pp.
173-248 (Avis, Lieberman, Lachiman eds., Marcel Dekker Inc. 2d ed.
1992).

C.M. Won et al, Photolytic and Oxidative Degradation of an
Antiemetic Agent, RGI2915, Int'l J Pharmaceutics 121:95-105
(1995).

R.D. Clark et al., 2-(Quinuciidin-3-yl)pyrido-[4,3-b]indol-I-ones
and Isoquinoin-I-ones. Potent Conformationally Restricted 5-HT3
Receptor Antagonists, I Med. Chem. 36:2645-57 (1993).

1..A. Irissel, Drug Stability and Compatibility Issucs, Handbook on
Injectable Drugs, pp. XI-XVI (ASIIP 7th ed. 1992).

J. Broadhead, Parenteral Dosage Forms, Pharmaceutical Preformula-
tion and Formulation: A Practical Guide from Candidate Drug Sclec-
tion to Conunercial Dosage Form, Ch. 9, pp. 331-354 (Gibson ed.,
CRC Press 1st ed. 2001).

K.A. Connors et al., Chemical Stability of Pharmaceuticals: A Hand-
book for Pharmacists (John Wiley & Sons 2d ed. 1986).

Zofian®, in the Physician’s Desk Relerence, op. 1503-07 (Sth ed.
2001).

Anzemet®, in The Physician’s Desk Reference, pp. 680-683 (Sth ed.
2001).

Kytril®, in The Physician’s Desk Relerence, pp. 3104-3106 (Sth ed.
2001).

L.A, Trissel, Ondansetron HCI, in Handbook on Injectable Drugs,
pp. 683-688 (ASHP 7th ed. 1992).

Navoban® (tropisetron HCI) Malaysian Prescribing Information
(Sep. 2000).

Kytril® (granisetron HCI) South African Prescribing Information
(Dec. 1993).

S. Motola and S. Agharkay, Preformulation Research of Parenteral
Medications, Pharmaceutical Dosage Forms: Parenteral Medica-
tions, vol. 1, Ch. 4, pp. L15-172 (Avis, Lieberman, Lachman eds.,
Marcel Dekker Inc. 2d ed. 1992).

J. Wells, Pharmaceutical Preformuatlion: The Physicochemical
Propertics of Drug Substances, Ch. 5: Drug Stability, pp. 152-191
(Ellis Horwod Ltd, 1988).

J. Swarbrick and Boylan, Encyclopedia of Pharmaceutical Technol-
ogy, Excipients Chapter: Their Role in Parenteral Dosage Forms, vol.
19(2):137-172 (Marcel Dekker, Inc. 2000).

Handbook of Pharmaceutical Excipients, 3d Ed., (Kibbe ed. Pharma-
ceutical Press 2000); pp. 140-143, 191-194, 324-238.

G. Stacher, Palonosefron (Helsinn), Curro. Opin. Investig. Dmugs,
3(10) 1502-7 (2002).

FHandbook of Modern Pharmaceutical Analysis, (S. Ahuja et al. ed.,
Academic Press, 2001).

Jun. 8, 2009 Bonadco Dcclaration.

Jun. 8, 2009 Bonadeo Declaralion, Tixhibit 2.

Jun. §, 2009 Bonadeo Declaration, Exhibit 3.

HELSNO0117262-69 (2008).

HELSNO0117270-312 (2012).

Feb. 13, 2007 Statutory Declaration of Danielec Bonadeo, with
Exhibit A.

Nov. 21, 2007 Statutory Declaration of Giorgio Calderari, Daniele
Bonadeo, Roberta Cannella, Enrico Braglia, and Riccardo Braglia.
Reddy’s Paragraph IV notice regarding all three patents (D. N.J. Case
No. 12-2867), dated Mar. 30, 2012.

May 11,2012 Complaint for patent infringement filed by Helsinn and
Roche (D. N.J. Case No. 12-2867).

Jun. 26, 2012 Nolice of Reddy's motion to dismiss (D. N.J. Case. No.
12-2867).

Jun. 26, 2012 Dr. Reddy's Laboratories, Ltd.’s and Dr. Reddy's
Iaboratorics, Inc.'s memorandum of law in support of their motion to
dismiss or for summary judgment of non-infringement of U.S. patent
No. 7,947,724 (D.N.J. Case No. 12-2867) (including Exhibits 1-10).
Aug. 16,2012 Notice of Plaintiffs’ cross-motion for partial summary
judgment of infringement (D. N.J. Case No. 12-2867).

Aug. 6,2012 Plaintiffs’ opposition to Defendants’ motion to dismiss
or for summary judgment of noninfringement and cross-motion for
partial summary judgment of infringement (D. N.J. Case No.
12-1867) (including exhibits 1-4)

Schéneich declaration (D. N.J. Case No. 12-2867) (Including Exhib-
its A and 1-24), dated Aug. 6, 2012,

Scp. 4, 2012 Reddy’s bricf in opposition to Plaintiffs’ cross-motion
for partial summary judgment and reply memorandum of law in
further support of Reddy’s motion to dismiss or for summary judg-
ment of non-infringement (D. N.J. Case No. 12-2867)(Including
Exhibits [-4).

DcLuca Declaration (D. N.J. Case No. 12-2867)(Including exhibits
A-T), dated Sep. 3, 2012.

Sep. 10, 2012 Plaintiffs’ letter to Judge Cooper in response to Red-
dy's combined opposition to Plaintifls’ cross-motion for partial sum-
mary judgment and reply in support of Reddy’s motion te dismiss or
for swmmary judgment of noninfringement (D. N.J. Case No.
12-2867)(including exhibits A and B).

Sep. 14, 2012 Dr. Reddy’s letter in response to Plainliffs* Sep. 10,
2012 leiter (D. N J. Case No. 12-2867).

USPTO Office Action, U.S. Appl. No. 11/388,268, filed Mar. 24,
2006, Mail Date Mar. 29, 2010.

USPTO Non-Final Office Action, U.S. Appl. No. 11/186,311, mailed
Aug. 30, 2006.

USPTO Non-Final Office Action, U.S. Appl. No. 11/186,31 [, mailed
Oct. 5, 2007.

USPTO Non-Final Office Action, U.S. Appl. No. 11/186,311, mailed
Oct. 6, 2008.

USPTO Final Office Action, U.S. Appl. No. 11/186,31 1, mailed May
20, 2009.

USPTO Advisory Action, U.S. Appl. No. 11/186,311, mailed Jul. 5,
2009.

USPTO Notice of Allowance and Fees Due, U.S. Appl. No.
11/186,31 1, mailed Mar. 4, 2011.



Case 2:15-cv-06392-CMR Document 1 Filed 12/01/15 Page 41 of 64

US 9,066,980 B2

Page 4

(56) References Cited
OTHER PUBLICATIONS

USPTO Notice of Allowability, U.S. Appl. No. 11/186,311, dated
May 24, 2011.

USPTO Non-Final Office Action, U.S. Appl. No. 11/388,268, mailed
Jul. 17, 2006.

USPTO Non-Final Office Action, U.S. Appl. No. 11/388,268, mailed
Nov. 17, 2006.

USPTO Non-Final Office Action, U.S. Appl. No. | 1/388,268, mailed
Oct. 3, 2007.

USPTO Non-Final Office Action, U.S. Appl. No. 11/388,268, mailed
Mar. 26, 2008.

USPTO Final Office Action, U.S. Appl. No. |1/388,268, mailed Nov.
12, 2008.

USPTO Non-Final Office Action, UJ.S. Appl. No. | 1/388,268, mailed
Jul. 1S, 2009.

USPTO Notice of Allowance and Fees Due, U.S. Appl. No.
11/388,268, mailed Dec. 22, 2010

USPTO Non-Final Office Action, U.S. Appl. No. 11/388,269, mailed
Jul. 19, 2006.

USPTO Non-Final Office Action, U.S. Appl. No. | [/388,269, mailed
Nov. 17, 2006.

USPTO Non-Final Office Action, U.S. Appl. No. 1 1/388,269, mailed
Sep. 20, 2007,

USPTO Non-Final Office Action, U.S. Appl. No. 11/388,269, mailed
Jul. 9, 2008,

USPTO Interview Summary, U.S. Appl. No. 11/388,269, dated Apr.
28, 2009.

USPTO Final Office Action, U.S. Appl. No. 11/388,269, mailed May
20, 2009.

USPTO Advisory Action, U.S. Appl. No. 11/388,269, mailed Jul. 15,
2009.

USPTO Notice of Abandonment, U.S. Appl. No. 1 1/388,269, mailed
Dec. 18, 2009.

USPTO Non-Final Office Action, U.S. Appl. No. 11/388,270, mailed
Jul. 13, 2006.

USPTO Interview Summary, U.S. Appl. No. 11/388,270, dated Aug
3, 2006.

USPTO Non-Final Officc Action, U.S. Appl. No. 11/388,270, mailed
Nov, 16, 2006.

USPTO Non-Final Office Action, U.S. Appl. No. 11/388,270, mailed
Sep. 20, 2007.

USPTO Interview Summary, U.S. Appl. No. 11/388,270, dated Dec
14, 2007.

USPTO Non-Final Office Action, U.S. Appl. No. 11/388,270, mailed
Mar. 25, 2008.

USPTO Final Office Aclion, U.S. Appl. No. 11/388,270, mailed Ocl.
29, 2008.

USPTO Advisory Action, U.S. Appl. No. 11/388,270, mailed Jan. 23,
2009.

USPTO Non-Final Office Action, U.S. Appl. No. 11/388,270, mailed
Jul. 9, 2009.

USPTO Interview Summary, U.S. Appl. No. 11/388,270, daled Nov.
12, 2010.

USPTO Notice of Allowance and Fees Due, U.S. Appl. No.
11/388,270, mailed Jan. 5, 2011.

USPTO Non-Final Office Action, U.S. Appl. No. 13/087,012, mailed
Mar. 12, 2012.

USPTO Non-Final Office Action, U.S. Appl. No. 13/087,012, mailed
Jul. 19, 2012.

USPTO Interview Summary, U.S. Appl. No. 13/087,012, dated Feb.
15, 2013.

USPTO Notice of Allowance and Fees Due, U.S. Appl. No.
13/087,012, mailed Feb. 27, 2013.

USPTO Response to Amendment under Rule 312, U.S. Appl. No,
13/087,012, mailed Apr. 4, 2013.

USPTO Non-Final Office Action, U.S. Appl. No. 11/129,839, mailed
Jun. 10, 2008.

Eisenberg et al. 2004, “Efficacy, safety and pharmacokinetics of
palonosetron in patients receiving highly emetogenic cisplatin-based
chemotherapy: a dose-ranging clinical study.” Annals of Oncology,
vol. 15, pp. 330-337.

Mayron et al. 1996, “Stability and compatibility of granistron hydro-
chloride in i.v. solutions and oral liquids and during simulated Y-site
injection with selected drugs.” Am J Health-Sys Pharm, 53: 294-304.
Trissel et al. 1997, “Compatibility of granisetron hydrochloride with
selected drugs during simulated Y -site administration.” Am J Health-
Syst Pharm 54: 56-60

USPTO Final Office Action, U.S. Appl. No. 11/129,839, mailed Mar.
17. 2009.

USPTO Advisory Action, U.S. Appl. No. 11/129,839, mailed Jul. 22,
2009.

UJSPTO Non-Final Office Action, U.S. Appl. No. 11/129,839, mailed
Jan. 15, 2010.

USPTO Examiner Interview Summunary, U.S. Appl. No. 11/129,839,
mailed Nov. 9, 20]0.

USPTO Notice of Allowance and Fees Due, US. Appl. No.
11/129,839, mailed Jan. 3, 2011,

USPTO Nolice of Abandonment, U.S. Appl. No. 11/129,839, mailed
Apr. 18,2011,

USPTO Non-Final Office Action, U.S. Appl. No. 13/077,374, mailed
Feb. 17, 2012,

Roila et al. 1998, “Prevention of chemotherapy- and radiotherapy-
induced emesis: Results of the Perugia consensus conference.”
Annals of Oncology, vol. 9, pp. 811-819.

USPTO Final Office Action, U.S. Appl. No. 13/077,374, mailed Nov.
23.2012.

Piraccini, Gaia et al., American Society of Clinical Oncology May
12-15,2001 San Francisco-USA (vol. 20, part 1 of 2, 2001) (Abstract
No, 1595).

USPTO Non-Final Office Action, U.S. Appl. No. 11/201,035, mailed
May 16, 2008,

USPTO Iiinal Officc Action, U.S, Appl. No. { /201,035, mailed Feb,
4, 2009.

USPTO Final Office Action, U.S. Appl. No. 11/201,035, mailed Jun.
8,2010.

FDA approval letler of Aloxi (palonosetron hydrochloride injection),
dated Jul. 25, 2003.

Macciocchi A, Chernoff SB, Gallagher SC. A phase 11 dose-ranging
study to assess intravenous doses of palonosetron for the prevention
of highly emetogenic chemotherapy-induced nausea and vomiting.
In: Program/Proceedings of the 38th Annual Meeting of the Ameri-
can Society of Clinical Oncology; May 18-21, 2002; Orlando, Fla.
Abstract 1480.

Grunberg SM, Hajdenberg J, Charu V, et al. Palonosetron is active in
preventing acute and delayed emesis following moderately
emetogenic chemotherapy: results of a phase IlI trial. Support Care
Cancer 2002; 10: Abstract P-113.

Aapro MS, Sclak E, Lichinitser M, et al. Palonosctron is more cffec-
tive than ondansetron in preventing chemotherapy-induced nausea
and vomiting in patients receiving moderately emetogenic chemo-
therapy: results of a phase III trial. In: Program/Proceedings of the
39th Annual Meeting of the American Society of Clinical Oncelegy;
May 31-Jun. 3, 2003; Chicago, III. Abstract 2918.

Aapro MS, Bertoli L, Lordick F, et al. Palonosetron is effective in
preventing acute and delayed chemotherapy induced nausea and
vomilifg in palients receivini highly emetogenic chemotherapy. 15
MASCC International Symposium, Berlin, Germany. Support Care
Cancer, vol. 11, No. 6, Jun. 2003, A17.

Cartmell AD, Ferguson S, Yanagihara R, ct al. Protection against
chemotherapy-induced nausea and vomiting is maintained over mul-
tiple cycles of moderately or highly emetogenic chemotherapy by
palonosetron, a potent 5 HT3 receptor antagonist. In: Program/Pro-
ceedings of the 39th Annual Meeting of the Aierican Society of
Clinical Oncology; May 3 1-Jun. 3, 2003, Chicago, II1. Abstraci 304 1.
Sabra, Choice of a 5-11T3 Receptor Antagonist for the Ilospital
Formulary, EHP, Oct. 1996, vol. 2, Supp 1, S19-824.

Gregory and Ettinger, SHT3 receptor antagonists [or (he prevention
of chemotherapy-induced nausea and vomiting. A comparison of
their pharmacology and clinical efficacy. Drugs, Feb. 1998; 55(2):
173-189.



Case 2:15-cv-06392-CMR Document 1 Filed 12/01/15 Page 42 of 64

US 9,066,980 B2

Page 5

(56) References Cited
OTHER PUBLICATIONS

Full Prescribing Information for Aloxi (palonosetron HCI) injection
for Intravenous Use (2008).

Drug, Dose & Schedule Recommendations for Antiemetic Regimens
(American Society for Clinical Oncology) (2006).

Yamakuni, et al., The Journal of Pharmacology and Experimental
Therapeutics, Probable Invelvement of the 5-Hydroxytryptamine4
Receptor in Methotrexate-Induced Delayed Emesis in Dogs, 2000,
The American Society for Pharmacology and Experimental Thera-
peutics, vol. 292, No. 3, p. 1002-1294.

Geling, et al., Should 5-Hydroxytryptamine-3 Receptor Antagonists
Be Administered Beyond 24 Hours After Chemotherapy to Prevent
Delayed Emesis? Systematic Re-Evaluation of Clinical Evidence
and Drug Cost Implications, Journal of Clinical Oncology, vol. 23,
No. 6, Feb. 20, 2005 (American Society of Clinical Oncology), pp.
1289-1294.

Rojas, el al, Inlernational Anesthesia Research Society,
Palonosetron Exhibits Unique Molecular Interactions with 5-HT3
Receptor, vol. 107, No. 2, Aug. 2008, p. 469-478.

Rojas, et al., Palonosetion Lriggers 5-HT3 receplor internalization
and causcs inhibition of receptor function, European Journal of Phar-
macology 626 (2010), p. 193-199.

Regan-Shaw, el al,, Dose translation from animal to human studies
revisited, The FASEB Journal, Life Sciences Forum, p. 659-661.
Saito, et al., Palonosetron plus dexamethasone versus granisetron
plus dexamethasone for prevention of anusea and vomiting during
chemotherapy: a double-blind, double-dummy, randomised. com-
parative phased I1I trial, www.thelancet.com/oncology, vol. 10, Feb
2009, p. 115-124,

Palonosetron: more than jusl another option?. www.thelancet.com/
oncology, vol. 10, Feb. 2009, p. 100-101.

Lorusso, et al., Single dose of palonosetron plus dexamcthasone o
control nausea, vomiting and to warrant an adequate food intake in
palients treated with highly emetogenic chemotherapy (HEC). Pre-
liminary results, Support Care Cancer, published online Mar. 18,
2009.

Grunberg, ct al., Effcctivencss of a single-day three-drug regimen of
dexamethasone, palonoselron, and aprepitant for the prevention of
acute and delayed nausea and vomiting caused by moderately
emetogenic chemotherapy, Support Care Cancer (2009) 17:589-594.
Celio, et al., Clinical update on palonosetron in the management of
chemotherapy-induced nausea and vomiting, Tumor, 94: 447-452,
2008.

Elleback, et al., Optimizing antiemetic therapy in multiple-day and
multiple cycles of chemotherapy, Lippincoll williams & Wilkins,
Current Opinion in Supportive and Palliative Care, 2008, 2:28-34.
Herrington, et al., Randomized, Placebo-controlled, Pilot Study
Evaluating Aprepitant Single Dose Plus Palonosetion and
Dexamethasone for the Prevention of Acule and Delayed Chemo-
therapy-induced Nausea and Vomiting, American Cancer Society,
published online Mar. 7, 2008 in Wiley InterScience (www.
interscience wiley.com).

Massa, ct al., Palonosctron plus dexamethasonc cffectively prevents
acute and delayed chemotherapy-induced nausea and vomiling fol-
lowing highly or moderately cmelogenic chemotherapy in pre-
treated patients who have failed to respond to a previous antiemetic
treatment: Comparison between elderly and non-elderly patient
response, Critical Reviews in Oncology/Hemalology 70 (2009)
83-91.

2006 Update of the ASCO Recomumendations for Antiemetics in
Oncology: Guideline Summary, American Cancer Society of Clini-
cal Oncology, Jul. 2006, www.jopasco.org.

Warr, David, Standard Lreatment of chemotherapy-induced emesis,
Support Care Canccr, vol. 5, pp. 12-16, 1997.

Aapro, M.S., el al. A phase III, double-blind, randomized trial of
palonosetron compared with ondansetron in prevenling chemo-
therapy-induced nausea and vomiting following highly emelogenic
chemotherapy. Annals of Oncology, vol. 17, pp. 1441-1449, 2006.
Eisenberg, Peter, et al. Improved Prevention of Moderately
Emetogenic Chemotherapy-Induced Nausea and Vomiting with

Palonosetron, a Pharmacologically Novel5-HT3 Receptor Antago-
nist. Cancer, vol. 98, No. 11, pp. 2473-2482, Dec. 1, 2003.

Gandara, D.R., et al. The delayed-emesis syndrome from cisplatin:
Phase I1I evaluation of ondansetron versus placebo. Semin Oneal vol.
19, No. 4, pp. 67-71, Aug. 1992 (suppl 10).

Goedhals, I.., et al. Control of delayed nausea and vomiting with
granisetron plus dexamethasone or dexamethasone alone in patients
recciving highly emctogenic chemotherapy: A double-blind, pla-
cebo-controlled, comparalive study. Ann Oneal, vol. 9, pp. 661-666,
1998.

Gralla, R, et al. Palonosetron improves prevention of chemotherapy-
induced nausea and vomiting following moderalely emelogenic che-
motherapy: results of a double-blind randomized phase III trial com-
paring single doses of palonosetron with ondansetron. Annals of
Oncology, vol. 14, pp. 1570-1577, 2003.

Italian Group for Antiemetic Research. Dexamethasone alone or in
combination with ondansetron for the prevention of delayed nausea
and vomiting induced by chemotherapy. N Engl J Med, vol. 342, No.
21, pp. 1554-1559, May 25, 2000.

Kaizer, L., et al. Effect of schedule and maintenance on the antiemetic
efficacy ol ondansetron combined with dexamethasone in acute and
delayed nausea and emesis in patients receiving moderately
emetogenic chemotherapy: A phase III trial by the National Cancer
Institute of Canada Clinical Trials Group. J Clin Oncol, vol. 12, No.
5, pp- 1050-1057, May 1994.

Latreille, J., et al. Use of dexamethasone and granisetron in the
conlrol of delayed emesis for patients who receive highly emetogenic
chemotherapy: National Cancer Institute of Canada Clinical Trials
Group. J Clin Oncol, vol. 16, No. 3, pp. 1174-117&, Mar. 1998.
Antiemetic Subcommittee of the Multinational Association ol Sup-
portive Care in Cancer (MCSCC). Prevention of chemotherapy- and-
radiotherapy-induced emesis: Results of the Pcrugia Consensus Con-
ference. Annals of Oncology, vol. 9, pp. §11-819, 1998,

Moyer, Paula. New Understanding ol Emcsis Pathways Leading to
New Treatment, Better Control. Oncology Times, vol. 25, Issue 10,
pp. 48-51, May 25, 2003.

Navari, R.M., el al. Oral ondansetron for the control of cisplalin-
induced delayed emesis: A large, multicenter, double-blind, random-
ized comparative trial of ondansetron versus placebo. J Clin Oncol,
vol. 13, No. 9, pp. 2408-2416, Sep. 1995.

Olver, 1., et al. A multicenter, double-blind study comparing placebo,
ondanselron and ondansetron plus dexamethasone for the control of
cisplatin-induced delayed emesis. Ann Oncol, vol. 7, pp. 945-952,
1996.

Patcr, J.L., et al. The rolc of the 5-HT3 antagonists ondansctron and
dolasetron in the control of delayed onset nausea and vomiling in
patients receiving inoderately emetogenic chemotherapy. Ann
Oncol, vol. 8, pp. 181-185, 1997.

Rojas, Camilo, et al. The Antiemetic 5-HT3 Receplor Antagonist
Palonosctron Inhibits Substance P-Mediated Responses In Vitro and
InVivo. JPharmacal Exper Thera, vol. 335, No. 2, pp. 362-368,2010.
Sorbe, B. G., et al. A study evaluating the efficacy and tolerability of
tropisetron in combination with dexamethasone in the prevention of
delayed platinum-induced nausea and emesis. Cancer, vol. 83, pp
1022-1032, 1998.

Stewart, A., et al. Ondansetron Compared with Granisetron in the
Prophylaxis of Cyclophosphamide-Induced Emesis in Qui-Patients:
A Multicentre, Double-Blind, Double-Dumimy, Randomised, Paral-
lel-Group Study. Oncology, vol. 52, pp. 202-210, 1995.
Weiderpass, Elisabete, et al. Use of an NK1 Receptor Antagonist lo
Prevent Delayed Emesis After Cisplatin. Journal of the National
Cancer Institute, vol. 89, No. 11, pp. 817-818, Jun. 4, 1997.

Akers, Michael J., Excipient-Drug Interactions in Parenteral Formu-
|ations. Journal of Pharmaceutical Sciences, vol. 91, No. 11, Nov.
2002, pp. 2283-2300.

Maemondo, et al., A phase II study of palonosetron combined with
dexamethasone to prevent nausea and vomiting induced by highly
emetogenic chemotherapy. Annals of Oncology, Nov. 2009, vol. 20,
No. II, pp. 1860-1866.

Program/Proceedings American Society of Clinical Oncology, vol.
20, Past | of 2, 2001, Abstract No. 1595 and associated poster pre-
sentation.



Case 2:15-cv-06392-CMR Document 1 Filed 12/01/15 Page 43 of 64

US 9,066,980 B2
Page 6

(56) References Cited
OTHER PUBLICATIONS

Saito, et al., Review of palonosetron: emerging data distinguishing it
as anovel 5-HT3 receptor antagonist for chemotherapy-induced nau-
sea and vomiting, Expert Opin, Pharmacother (2010) II (6), pp.
1003-1014.

MGI-HIIC_SIC_filing (2001).

ROCHEO0008749-876 (1995) (portions redacted)
HELSNO135068-82 (1998) (portions redacted).

English-language translation of Italian-language portions of
HELSNO0135068-82 (1998).

HELSNO0161327-348 (2000) (portions redacted).
HELSNO138407-24 (1998) (portions redacted).
HELSNO0376401-465 (2002) (portions redacted).
HELSN0392650-72 (1999) (portions 1edacted).

Dr. Reddy’s Labs,, Ltd.’s and Dr. Reddy's Labs., Inc.'s Memoran-
dum of Law in Support of Their Motion to Amend ‘Their Invalidity
Contentions dated Feb, 15, 2013 (D.N.J. Case No. 11-3962).
HELSN0376718-21 (2001) (cited in 700)

HELSNO0376722-23 (2001) (cited in 700)

HELSN0376724 (2002) (cited in 700).

Dr. Reddy’s Laboratorics, Ltd.’s and Dr. Reddy's Laboratorics, Inc.
’s Redline of Proposed Amended Invalidity Contentions Pursuant to
L. Pat. R. 3.6(c) filed Feb. 15, 2013 (D.N.J. Case No. 11-3962).

Dr. Reddy’s Laboratories, Ltd.’s and Dr. Reddy’s Laboratories, Inc.
’s Reply Memorandum of Law in Further Support of Their Motion to
Amend Their Invalidity Contentions dated Mar. 15, 2013 (D.N.J.
Case No. 11-3962).

Teva Pharm. Indus., Ltd ’s and Teva Pharm. USA, Inc.'s Memoran-
dum in Support of Their Motion to Amend Invalidity Contentions
dated Feb. 15, 2013 (D.N.J. Case No. 1-3962).

HELSNO0388553-65 (1998) (cited in 706; portions redacted).
HELSNO388566-68 (1998) (cited in 706; portions redacted).
ITIEL.SNO388569-74 (1998) (cited in 706; portions redacled).
HELSNO0388587-91 (1998) (cited in 706; portions redacted).
HELSNO0388592-95 (1998) (cited in 706, portions redacted).
English-language translation of HELSN0388592-95 (1998) (cited in
706; portions redacted).

HELSNO0388596-97 (1998) (cited in 706; portions redacted).
HELSNO0388604 (1998) (cited in 706; portions redacted).
HELSNO388605-06 (1998) (cited in 706; portions redacted).
HELSNO0388607-09 (1998) (cited in 706; portions redacted).
HELSNO0389134-44 (1999) (cited in 706; portions redacted).
HELSN0389145-48 (1999) (cited in 706; portions redacted).
HELSN0389149-61 (2000) (cited in 706, portions redacted).
HELSN0392047-48 (1998) (cited in 706, portions redacted).
HELSN0392393-94 (1998) (cited in 706; portions redacted).
HELS0393657-61 (2000) (cited in 706; portions redacicd).
English-language translation of Italian-language portions of
HELSN039657-61 (2000) (cited in 706; portions redacted).
Excerpts from Calderaii Deposition Transcript, pp. 1-4, 229-232, and
278-393 (2013) (cited in 706 and 728; portions redacted).
HELSNO000093-9 (2006) {cited in 724; portions redacted).
HELSN0004207 (2002) (cited in 724).

HELSN0004217 (2002) (cited in 724).

Teva Pharm. Indus.,, Ltd.’s and Teva Pharm. USA, Inc.’s Reply in
Support of Their Motion to Amend Their Invalidity Contentions
dated Mar. 15, 2013 (D.N.J. Case No. 1-3962).
HELSNO00388448-542 (1998-1999) (cited in 728; portions
redacted).

English-language translation of Italian-language portions of
HELSN00388448-542 (1998-1999) (portions redacled).
HELSNO0388543-44 (1999) (cited in 728; portions redacted).
HELSNO0388545-52 (1998) (cited in 728; portions redacted).
HELSNO0388575-76 (1998) (cited in 728, portions redacted).
HEILLSN0388577-80 (1998) (cited in 728; portions redacted).
HELSNO0388581-82 (1998) (cited in 728; portions redacted).
HELSNO0388583-84 (1998) (cited in 728; portions redacted).
HELSNO0388585 (1998) (cited in 728; portions redacted).
HELSNO0388586 (1998) (cited in 728; portions redacted).
IIELSNO0388598-601 (1998) (cited in 728; portions redacted).

HELSN0388602-03 (1998) (cited in 728; portions redacted).
HELSNO0388610 (1998) (cited in 728; portions redacted).

Sandoz Inc.'s Redacted Memorandum of Law in Support of its
Motion to Amend its Invalidity Contentions dated Feb. 15, 2013
(D.N.J. Case No. 11-3962).

Exhibit G to Sandoz Inc.’s Redacted Memorandum of Law in Sup-
port of its Motion to Amend its Invalidity Contentions dated Feb. 15,
2013 (D.N.J. Casc No. [1-3962) (cited in 742).

Sandoz Inc.'s Redacted Reply Memorandum of Law in Support ofits
Motion to Amend its Invalidity Contentions dated Mar. 15, 2013
(D.N.J. Case No. 11-3962).

Aurobindo Pharma Ltd. Paragraph IV nolice regarding U.S. Patent
Nos. 7,947,724; 7,947,725; and 7,960,424, dated Mar. 5, 2013 (D.
Del. Case No. 13-688).

Complaint for patent infringement filed by Helsinn Healthcare S.A.
and Roche Palo Alto LLC against Aurobindo Pharma Lid. And
Aurobindo Pharma USA Inc. dated Apr. 16, 2013 (D. Del. Case No.
13-688).

Accord Healtheare, Inc. Paragraph [V notice regarding U.S. Patent
Nos. 7,947,724; 7,947,725, and 7,960,424, dated Apr. 3, 2013.
Drug Marketing Approval Document for Aloxi V. Drip Infusion Bag
0.75 mg, Japanese Ministry of Health, Labour and Welfare (2012).
English-language translation ol Citc No. 800 (2012).

Approval of Partial Changes in Drug Markeling Approved Items for
Aloxi LV. Drip Infusion Bag 0.75 g, Japanese Ministry of Health,
Labour and Welfare (2012).

English-language translation of Cite No. 802 (2012).

Feb. 9, 2009 Bonadeo Declaration.

Bedford Laboratories division of Ben Venue Laboratories, Inc. Para-
graph 1V Letter regarding U.S. Patent Nos. 7,947,724, 7,947,725, and
7,960,424, dated Aug. 13, 2013.

Aurobindo Pharma Ltd. Paragiaph IV notice regarding U.S. Patent
No. 8,518,981, dated Sep. 19, 2013,

Dr. Reddy’s Laboratories, Lid.’s and Dr. Reddy's Laboratories, Inc.
's Amended Invalidity Contentions Pursuant to L. Pat. R. 3.6(c),
dated Jul. 8, 2013 (D.N.J. Case Nos. 11-3962 and 11-5579; consoli-
dated).

Sandoz Inc.’s Second Amended Invalidity Contentions Pursuant to L.
Pat. R. 3.7, dated Jul. 5, 2013 (D.N.J. Case Nos. 11-3962 and
11-5579; consolidated) (confidentiality designation and other por-
lions redacted)

Defendants Teva Pharmaceuticals USA, Inc. and Teva Pharmaceuti-
cal Industries, Ltd.’s First Amended Invalidity Contentions Pursuant
to L. Pat. R. 3.6(c), dated Jul. 5,2013 (D.N.J. Casc Nos. 11-3962 and
11-5579; consolidated) (confidentiality designation redacted)
Opening Expert Report of Dr. Bert Spilker, dated Sep. 9,2013 (D.N.J.
Case Nos. 11-3962 and 11-5579; consolidated) (confidentiality des-
ignation and other portions redacted).

Expert Report of David G. Frame, Pharm.D., dated Sep. 5, 2013
(D.N.J. Case Nos. 11-3962 and 11-5579; consolidaied) (confidenti-
ality designation and other portions redacted).

Expert Report of Lee Kirsch, Ph.D., dated Sep. 9, 2013 (D.N.J. Case
Nos. 11-3962 and 11-5579; consolidated) (confidentiality designa-
tion and other portions redacted).

Expert Report of Patrick . DeLuca, .., dated Sep. 9,2013 (D.N.J.
Case Nos. 11-3962 and 11-5579; consolidated) (confidentiality des-
ignation and other portions redacted).

Expert Report of Paul Myrdal, Ph.D., dated Sep. 9, 2013 (D.N.J. Case
Nos. 11-3962 and 11-5579; consolidated) (confidentiality designa-
tion and other portions redacted).

Complaint for pafent infringement filed by Helsinn Healthcare S.A.
and Roche Palo Alto LLC against Ben Venue Laboratories, Inc, d/b/a
Bedford Laboratories regarding U.S. Patent Nos. 7,947,724,
7,947,725, 7,960,424, and 8,518,981 dated Sep. 25, 2013 (D. Del.
Case No. 13-1612).

Reply Expert Report of Patrick P. DeLuca, Ph.D., dated Nov. 22,
2013 (D.N.J. Case Nos. 11-3962 and 11-5579; consolidated) (confi-
dentiality designation redacted).

Reply Expert Report of David G. Frame, Pharm. D., dated Nov. 27,
2013 (D.N.J. Case Nos. 11-3962 and [1-5579; consolidated) (confi-
dentiality designalion redacted).



Case 2:15-cv-06392-CMR Document 1 Filed 12/01/15 Page 44 of 64

US 9,066,980 B2
Page 7
(56) References Cited Dr. Reddy's Laboratories, Ltd.’s and Dr. Reddy’s Laboratories, Inc.
's Invalidity Contentions regarding U.S. Patent Nos. 8,518,981,
OTHER PUBLICATIONS 8,598,218, and 8,598,219 dated Mar. 17, 2014 (D.N.J. Case No.

Reply Expert Report of Jack Geltosky, Ph.D., dated Nov. 22, 2013
(D.N.J. Case Nos. 11-3962 and 11-5579; consolidated) (confidenti-
ality designation and other portions redacted).

Reply Expert Report of Lee Kirsch, Ph.D., dated Nov. 22, 2013
(D.N.J. Case No. 11-3962 and 11-5579; consolidated) (confidential-
ity designation redacted).

Reply Expert Report of Paul Myrdal, Ph.D., dated Nov. 22, 2013
(D.N.J. Casc No. 11-3962 and 11-5579; consolidatcd) (confidential-
ity designation redacted).

Reply Expert Report of Dr. Bert Spilker, dated Nov. 22,2013 (D.N.J.
Case No. [1-3962 and 11-5579; consolidated) (confidentiality des-
ignation and other portions redacted).

Accord Healthcare, Inc. Paragraph IV Letter regarding U.S. Patent
No. 8,518,981 dated Oct. 2, 2013 (portions redacted).

Bedford Laboratories division of Ben Venue Laboratories, Inc. Para-
graph IV Lelter regarding U.S. Patent No. 8,518,981 dated Oct. 16,
2013 (portions redacted).

Sandoz Inc. Paragraph IV Letter regarding U.S. Patent No. 8,518,981
dated Dee. 16, 2013,

Aurobindo Pharma Ltd. Paragraph 1V Lefter regarding 1).S. Patent
Nos. 8,598,218 and 8,598,219 daled Jan. 21, 2014 (portions
redacted).

Sandoz Inc. Paragraph IV Letter regarding U.S. Patent Nos.
8,598,218 and 8,598,219 dated Feb. 3, 2014 (portions redacted).
Bedford Laboratories division of Ben Venue Laboratories, Inc. Para-
graph IV Lelter icgarding U.S. Paten( Nos. 8,598,218 and 8,598,219
dated Ieb. 6, 2014 (portions 1edacted).

Defendants Aurobindo Pharma Lid.'s and Auromedics Pharma
LLC's Amended Answer, Affirmative Defenses, and Counterclaims
regarding U.S. Patent Nos. 7,947,724, 7,947,725, 7,960,424,
8,518,981, 8,598,218, and 8,598,219, dated Feb. 11, 2014 (D. Del.
Case No. 13-688).

Ben Venue Laboratorics, Inc.’s Answer and Counterclaims to
Amended Complaint regarding U.S. Patent Nos. 7,947,724,
7,947,725, 7,960,424, 8,518,981, 8,598,218, and ¥,598,219, dated
Teb. 24,2014 (D. Del. Case No. 13-1612).

Complaint for Palent Infringement filed by Helsinn Healthcare S.A.
and Roche Palo Alto LLC against Accord Healthcare, Inc. and Intas
Pharmaceuticals Ltd regarding U.S. Patent Nos. 8,598,218 and
8,598,219 dated Dec. 27, 2013 (D. Del. Case No. 13-2101).

Cipla Limited Paragraph IV Letter regarding U.S. Patent Nos
7,947,724, 7947725, 7,960,424, 8,518,981, 8,598,218, and
8,598,219 dated Feb. 24, 2014 (portions redacted).

13-5815) (confidentiality designation and other portions redacted).
Sandoz Inc.’s Invalidity Contentions Pursuant to L. Pat. R. 3.3 and
3.6(c) regarding U.S. Patent Nos. 8,518,981, 8,598,218, and
8,598,219 dated Mar. 17,2014 (D.N.J. Case No. 13-5815) (confiden-
tiality designation and other portions redacted).

Teva Pharmaceuticals USA, Inc. and Teva Pharmaceutical Industries
Ltd.’s Invalidity Contentions Pursuant to L. Pat. R. 3.6(c) regarding
U.S. Patent Nos. 8,518,981, 8,598,218, and 8,598,219 dated Mar. 17,
2014 (D.N.J. Case No. 13-5815) (confidentialily designation and
other portions redacted).

USPTO Non-TFinal Office Action, U.S. Appl. No. 14/070,981, mailed
Nov. 4, 2014.

Mylan Institutional LLC’s Opening Claim Construction Brief dated
Dec. 5, 2014 (D. Del. Case No. 13-688, consolidated).

Defendants Cipla Ltd. And Cipla USA, In¢.’s Corrected Opening
Claim Construction Brief dated Jan. 27, 2015 (D. Del. Case No.
13-688, consolidated).

Plaintiffs’ Opening Claim Construction Brief dated Dec. 5, 2014 (D.
Del. Case No. 13-688, consolidated).

Defendants Teva Pharmaceuticals USA, Inc. and Teva Pharmaceuti-
cal Industrics Ltd. Corrccted Answer to Complaint for Patent
Infringement and Counterclaim for Declaratory Judgment regarding
U.S. Patent No. 8,729,094 dated Jan. 8, 2015 (D.N.J. Case No.
14-6341).

Termination of the Proceeding (Case No. PGR2014-00010) dated
Nov. 24, 2014.

Gavis Pharma LLC's Paragraph IV Letter regarding U.S. Patent Nos.
7,947,724, 7,947,725, 7,960,424, 8,518,981, 8,598,218, 8,598,219,
and 8,729,094, daled Dec, 31, 2014 (portions redacted)

Answer, Defenses, and Counterclaims of Defendants Exela Pharma
Sciences, LLC, Exela Pharmsci, Inc. and Exela Holdings, Inc. to
Complaint regarding U.S. Patent Nos. 8,518,981 and 8,598,218
redacted version dated Dec. 29, 2014 (ID. Del. Case No. 14-1444).
Defendant Mylan Institutional, LLC’s Responsive Claim Construc-
tion Brief dated Jan. 14, 2015 (D. Del. Case No. 13-688, consoli-
dated).

Defendants Cipla Ltd. and Cipla USA, Inc.’s Corrected Answering
Claim Construction Brief dated Jan. 27, 2015 (D. Del. Case No.
13-688, consolidated).

Plaintiffs’ Responsive Claim Construction Brief, redacted public
version dated Jan. 20,2015 (D. Del. Case No. 13-688, consolidated).

* cited by examiner



Case 2:15-cv-06392-CMR Document 1 Filed 12/01/15 Page 45 of 64

US 9,066,980 B2

1
LIQUID PHARMACEUTICAL
FORMULATIONS OF PALONOSETRON

This is a conlinuation of U.S. Ser. No. 13/901,437, filed
May 23,2013, which is a continuation-in-part of U.S. Ser. No.
13/087,012 filed Apr. 14, 2011, which is a continvation of
U.S. Ser. No. 11/186,311 filed Jul. 21, 2005 (now U.S. Pat.
No. 7,947,724), which is a continuation of PCT/EP04/
0008RR, filed Jan, 30, 2004, which claims priority to U.S.
Provisional Application 60/444,351, filed Jan. 30, 2003. The
content of these applications is incorporaled herein by reler-
ence.

BACKGROUND OF THE INVENTION

Emesis is a devastating consequence of cytotoxic therapy,
radiotherapy, and post-operative environments that drasti-
cally affects the quality of life of people undergoing such
treatments. In recent years a class of drugs referred to as
5-HT, (5-hydroxytryptamine) receptor antagonists has been
developed that treat such emesis by antagonizing cerebral
functions associated with the 5-HT, receptor. See Drugs Act-
ing on 5-Hydroxytryptamine Receptors: The Lancet Sep. 23,
1989 and references eited therein. Drugs within this class
include ondanselron, granisetron, alosetron, tropisetron, and
dolasetron. These 5-HT; antagonists arc often administercd
intravenously shortly before chemotherapy or radiotherapy is
initialed, and can be administered more than once during a
cycle of chemotherapy or radiotherapy. In addition, they are
often supplied as tablets or oral elixirs to either supplement an
intravenous administration, or to easc home usage of the drug
if the patient is self-administering the chemotherapeutic regi-
men.

Because some chemotherapentic agents can induce emesis
over extended periods of several days even when they are
administered only once, it would be desirable to administeran
emesis-inhibiting drug such as a 5-HT, antagonist every day
un(il the risk of emesis has substantially subsided. The
present class of 5-HT, antagonists has not proven especially
helpful meeting this need, however, because the 5-HT), recep-
tor antagonists currently marketed have proven to be less
effective in controlling delayed nausea and vomiting than
they are at controlling acute emesis. Sabra, K, Choice of a
SHT, Receptor Antagonist for the Hospital Formulary. EHP,
October 1996; 2 (suppl 1):S19-24.

Recently, clinical investigations have been made concern-
ing palonosetron, anew 5-HT), receptor antagonist reported in
U.S. Pat. No. 5,202,333. These investigations have shown
that the drug is an order of magnitude more potent than most
cxisting 5-HT, receptor antagonists, has a surprising half~life
of about 40 hours, and is eflective (o reduce delayed-onset
nausea induced by chemotherapeutic agents. However, for-
mulating palonosetron in liquid formulations has not proven
an easy lask, typically duc to shelf-stability issues. U.S. Pat.
No. 5,202,333 discloses an intravenous formulation of pal-
onosetron in example 13 that contains the following ingredi-
ents:

Ingredient Mg

Palonosetron HCI 10-100 mg.
Dextrose Monohydrate q.8. to make Isotonic
Citric Acid Monolydrate 1.05 mg.

Sodiwn Hydroxide 0.18 mg.

WFJ To 1.0 ml.
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The formulation has a pH of 3.7 and a shelf stability of less
than the 1-2 year time period required by health authorities in
various countries.

Ondansetron, its uses, and medicaments made with
ondansetron are disclosed in U.S. Pat, Nos. 4,695,578, 4,753,
789, 4,929,632, 5,240,954, 5,344,658, 5,578,628, 5,578,632,
5,922,749, 5,622,720, 5,955,488, and 6,063,802, Commer-
cially itis distributed by GlaxoSmithKline as Zofran® and is
indicated for prevention of postoperative nausea and vomit-
ing (PONY), cancer chemotherapy-induced nausea and vom-
iting (CINV), and radiotherapy-induced nausea and vomiting
(RINV)and it is available as an injection, tablets and solution,
and as Zolran ODT® (ondansctron) Orally Disintegrating
Tablets.

Granisetron, its uses, and medicaments made with granis-
etron are disclosed in U.S. Pat. Nos. 4,886,808, 4,937,247,
5,034,398 and 6,294,548. Commercially it is distributed by
Roche Laboratories Inc. as Kytril®, indicated for the preven-
tion of nausea and vomiting associated with chemotherapy or
radiation therapy, and is offered in tablet form, oral solution,
and as an injection.

Alosetron, its uses, and medicaments made with alosetron
are disclosed in U.S. Pat. Nos. 5,360,800 and 6,284,770,
Commercially it is distributed by GlaxoSmithKline as
Lotronex®.

I'mapisetron is commercially available as Navoban® (No-
varlis) CAS-89565-68-4 (tropisetron); CAS-105826-92-4
(tropisetron hydrochloride) and it is indicated for treatment of
PONV and CINV.

Dolasetron, its uses, and medicaments made with
ondansetron are disclosed in U.S. Pat. Nos. 5,011,846, and
4,906,755, Commercially it is distribuled by Aventis Pharma-
ceuticals Inc. as Anzemet®, indicated for prevention of both
PONV and CINV, and it is offered in the form of a tablet or an
intravenons solution.

Therefore, there exists a need for a palonosetron formula-
tion with increased stability and thereby increased shelf life.
There also exists a need for an appropriate range of concen-
trations for both the 5-HT, receptor antagonist and its phar-
maceutically acceptable carriers that would facilitate making
a formulation with this increased stability.

It is an object of the present invention to provide a formu-
lation of Palonosetron hydrochloride with increased pharma-
ceutical stability for preventing and/or reducing cmesis.

Itis anolher object of the invention (o provide an acceptable
range of concentrations which will stabilize a formulation
containing Palonosetron hydrochloride.

Ttis a further object of the invention to provide a formula-
tion of Palonosetron which would allow for prolonged stor-
age.

Itis aiso an objecl of the invenltion to provide a formulation
of Palonosetron which would allow terminal sterilization.

SUMMARY OF THE INVENTION

The inventors have made a series of discoveries that sup-
port a surprisingly effective and versatile formulation for the
treatment and prevention of emesis using palonosetron.
These formulations are shelfstable for periods greater than 24
months at room temperature, and thus can be stored without
refrigeration, and manufactured using non-aseptic, terminal
sterilization processes.

In one aspect, the inventors have discovered that formula-
tions which include the active ingredient palonosetron require
in some instances only Vo™ the amount of other previously
known compounds for treating emesis, which surprisingly
allows the use of concentrations of palonosetron far below
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those that would ordinarily be expected. Thus, in one embodi-
ment the invention provides a pharmaceutically stable solu-
tion for preventing or reducing emesis comprising a) from
about 0.01 mg/mL to about 5 mg/mL palonosetron or a phar-
maceutically acceptable sall thereof; and b) a pharmaceuti-
cally acceptable carrier.

The inventors have further discovered that by adjusting the
formulation’s pH and/or excipient concentrations it is pos-
sible to increase the stability of palonosetron formulations.
Therefore, in another embodiment, the invention provides a
pharmaceutically stable solution for preventing or reducing
cmesis comprising a) palonosetron or a pharmaceutically
acceptable salt thereof; and b) a pharmaceutically acceptable
carrier, at a pH from about 4.0 to about 6.0. In another
embodiment the invention provides a pharmaceutically stable
solution for preventing or reducing emesis comprising from
about 0.01 to about 5.0 mg/ml palonosetron or a pharmaccu-
tically acceptable salt thereof; from about 10 to about 100
millimoles citrate buffer; and from about 0.005 to about 1.0
mg/ml EDTA.

The inventors have further discovered that the addition of
mannitol and a chelating agent can increase the stability of
palonosetron formulations. Therefore, in still another
embodiment the invention provides a pharmaceutically stable
solution for preventing or reducing emesis comprising a)
palonosetron or a pharmaceutically acceptable salt thereof
and b) a pharmaceutically acceptable carrier, wherein the
pharmaceutically acceptable carrier comprises a chelating
agent and mannitol.

DETAILED DESCRIPTION OTF THIE INVENTION
Definitions

“Vial” means a small glass container sealed with the most
suitable stopper and seal, other suitable primary containers
may be used, for instance, but not limited to, pre-filled
syringes. Vial also means a sealed container of medication
that is used one time only, and includes breakable and non-
breakable glass vials, breakable plastic vials, miniature
screw-lop jars, and any other type of container of a size
capable of holding only one unit dose of palonosetron (typi-
cally about 5 mls.).

Throughout this specification the word “comprise,” or
variations such as “comptrises” or “comprising,” will be
understood to imply the inclusion of a stated element, integer
or step, or group of elements, integers or steps, but not the
exclusion of any other element, integer or step, or group of
elements, integers or steps

“Palonosetron” means (3aS)-2,3,3a,4,5,6-Hexahydro-2-
[(S)-1-Azabicyclo[2.2.2]oct-3-y1]2,3,3a,4,5,6-hexahydro-1-
oxo-1Hbenz[de] isoquinoline, and is preferably present as the
monohydrochloride. Palonosetron monohydrochloride can
be represented by the following chemical structure:
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Concentrations—When concentrations of palonosetron
arc given herein, the concentration is measured in terms of the
weight of the free base. Concentrations of all other ingredi-
ents are given based on the weight of ingredient added to the
solution.

“Pharmaceutically acceptable” means that which is useful
in preparing a pharmaceutical composition that is generally
safe, non-toxic and neither biologically nor otherwise unde-
sirable and includes that which is acceptable for veterinary
use as well as human pharmaceutical use.

“Pharmaceutically acceptable salts” means salts which are
pharmaceutically acceptable, as defined above, and which
possess the desired pharmacological activity. Such salts
include acid addition salts formed with inorganic acids such
as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric
acid, phosphoric acid, and the like; or with organic acids such
as acetic acid, propionic acid, hexanoic acid, heptanoic acid,
cyclopentanepropionic acid, glycolic acid, pyruvic acid, lac-
tic acid, malonic acid, succinic acid, malic acid, maleic acid,
fumaric acid, tartaric acid, citric acid, benzoic acid, o-(4-
hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, 1,2,-ethanedisul-
fonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid p-chlorobenzenesulfonic acid, 2-naphthalenesulfonic
acid, p-toluenesulfonic acid, camphorsulfonicacid, 4-meth-
ylbicyclo[2.2.2]oct-2-ene-1-carboxylic acid, glucoheptonic
acid, 4,4'-methylenebis(3-hydroxy-2-ene-1-carboxylic acid),
3-phenylpropionic acid, trimethylacetic acid, tertiary buty-
lacetic acid, lauryl sulfuric acid, gluconic acid, glutamic acid,
hydroxynaphthoic acid, salicylic acid, stearic acid, muconic
acid, and the like.

In addition, pharmaceutically acceplable salts may be
formed when an acidic proton present is capable of reacting
with inorganic or organic bases. Acceptable inorganic bases
include sodium hydroxide, sodium carbonate, potassium
hydroxide, aluminum hydroxide and calcium hydroxide.
Acceptable organic bases include ethanolamine, diethanola-
mine, triethanolamine, tromethamine, N-methylglucamine
and the like.

Discussion

The fact that palonosetron can be formulated in some
instances at concentrations of only about 4™ the amount of
other previously known compounds for treating emesis, sur-
prisingly allows the use of concentrations of palonosetron far
below those that would ordinarily be expected. Thus, in one
embodiment the invention provides a pharmaceutically stable
solution for preventing or reducing emesis comprising a)
from about 0.01 mg/mL to about 5 mg/mL palonosetron or a
pharmaccutically acceptable salt thereof; and b) a pharma-
ceutically acceptable carrier. Similarly, in another embodi-
menl the invention provides a method of formulating a phar-
maccutically stable solution of palonosciron comprising
admixing from about 0.01 mg/mL to about 5 mg/mL pal-
onosetron or a pharmaceutically acceptable salt thereof; with
a pharmaceutically acceptable carrier. In alternative embodi-
ments, the formulation includes palonosetron or a pharma-
ceutically acceptable salt thereof in a concentration from
about 0.02 mg/ml, to about 1.0 mg/mL, from about 0.03
mg/mL to about 0.2 mg/mL, and most optimally about 0.05
mg/ml.

A particular advantage associated with the lower dosages
of intravenous palonosetron is the ability to administer the
drug in a single intravenous bolus over a short, discrete time
period. This time period generally extends [rom about 10 to
about 60 seconds, or about 10 to about 40 seconds, and most
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preferably is about 10 to 30 seconds. In one particular
embodiment the palonosetron is supplied in vials that com-
prise 5 ml. of solution, which equates to about 0.25 mg of
palonosetron at a concentration of about 0.05 mg/ml.

The inventors have further discovered that by adjusting the
formulation’s pH and/or excipient concentrations it is pos-
sible to increase the stability of palonosetron formulations.
Therefore, in another embodiment, the invention provides a
pharmaceutically stable solution for preventing or reducing
emesis comprising a) palonosetron or a pharmaceutically
acceptable salt thereof; and b) a pharmaceutically acceptable
carrier, at a pH from about 4.0 to about (.0. Similarly, in
another embodiment the invention provides a method of for-
mulating a pharmaceutically stable solution of palonosetron
comprising admixing a) palonosetron or a pharmaceutically
acceptable salt thereof; and b) a pharmaceutically acceptable
carricr, at a pIl from about 4.0 to about 6.0. In alternative
embodiments, the pH is from about 4.5 1o about 5.5, and most
optimally about 5.0. There are many examples to those of skill
in the art of suitable solutions to adjust the pH of a formula-
tion. Two exemplary solutions are sodium hydroxide and
hydrochloric acid solution, either of which could be used to
adjust the pH of the formulation.

In another embodiment the invention provides a pharma-
ceutically stable solution for preventing or reducing emesis
comprising from about 0.01 to about 5.0 mg/ml palonosetron
or a pharmaceutically accepiable salt thereof and (i) from
about 10 to about 100 millimoles citrate buffer, and/or (ii)
from about 0.005 to about 1.0 mg/ml EDTA. Similarly, in
another embodiment the invention provides a method of for-
mulating a pharmaceutically stable solution of palonosetron
comprising admixing from about 0.01 to about 5.0 mg/ml
palonosetron or a pharmaceutically acceptable salt thereof
and (i) from about 10 to about 100 millimoles citrate buiter,
and/or (ii) from about 0.005 to about 1.0 mg/ml EDTA. The
citrate bufier can be in the form of citric acid and/or a salt of
citric acid such as trisodium citrate. In various embodiments,
the ranges of one or more of the foregoing ingredients can be
modified as follows:

The formulation may conmprise palonosetron or a pharma-
ceutically acceptable salt thercofin a concentration from
about 0.02 mg/mL to about 1.0 mg/mL, [rom about 0.03
mg/mL to about 0.2 mg/mL palonosetron hydrochlo-
ride, and most optimally about 0.05 mg/ml.

‘The formulation may comprise citrate buffer in a concen-
tration of from about 10 to about 40 millimoles, or 15-30
millimoles.

The formulation may comprise EDTA in a concentration of
from about 0.005 mg/ml to about 1.0 mg/ml, or about 0.3
to about 0.7 mg/ml, and most optimally about 0.5
mg/ml.

The inventors have further discovered that the addition of
mannitol and a chelating agent can increase the stability of
palonosetron formulations. Therefore, in still another
embodiment the invention provides a pharmaceutically stable
solution for preventing or reducing emesis comprising a)
palonosetron or a pharmaceutically acceptable salt thereof
and b) a pharmaceutically acceptable carrier, wherein the
pharmaceutically acceptable carrier comprises a chelating
agent and mannitol. Similarly, in another embodiment the
invention provides a method of formulating a pharmaceuti-
cally stable solution of palonosetron comprising admixing a)
palonosetron or a pharmaceutically acceptable salt thereof
and b) a pharmaceutically acceptable carrier, wherein the
pharmaccutically acceptable carrier compriscs a chelating
agent and mamnitol. The chelating agent is preferably EDTA,
and, in various embodiments the chelating agent is present in

—

0

w

[ ]
<

40

6

a concentration of from about 0.005 to about 1.0 mg/mL or
from about 0.05 mg/mL to about 1.0 mg/mL or from about 0.3
to about 0.7 mg/ml, or most optimally about 0.5 mg/mL. In
various cmbodiments the mannitol is present in a concentra-
lion of from about 10.0 mg/ml Lo about 80.0 mg/ml, from
about 20.0 mg/mL. to about 60.0 mg/ml, or from about 40.0 to
about 45.0 mg/ml.

Injectable formulations are typically formulated as aque-
ous solutions in which water is the primary excipient. Oral
formulations will differ from injectable formulations gener-
ally by the additional presence of flavoring agents, coloring
agents, or viscosity agents. Natural or synthetic sweeteners
include, among others, mannitol, sorbitol, saccharose, sac-
charine, aspartame, acelsulphame K, or cyclamate. These
agents are generally present in concentrations in excess of
100 mg/ml or 250 mg/m! when used as sweetening agents, in
contrast to the 41.5 mg/ml concentration of mannitol
described in some of the embodiments of the invention, in
which mannitol is acting simply as a tonicifying agent.

The formulations of the present invention are particularly
suited for use in injectable and oral liquid formulations, but it
will be understood that the solutions may have alternative
uses. For example, they may be used as intermediates in the
preparation of other pharmaceutical dosage forms. Similarly,
they may have other routes of administration including intra-
nasal or inhalation. Injectable formulations may take any
route including intramuscular, intravenous or subcutaneous.

Still further embodiments relate to improvements in the
ease with which the palonosetron formulation can be stored
or manufactured. In particular, the inventors have discovered
that the formulations of the present invention allow storage of’
the product for extended periods at room temperature. I'hus,
in yet another embodiment the invention provides a method of
storing one or more containers in which are contained a
solution of palonosetron or a pharmaceutically acceptable
salt thereof comprising: a) providing a room comprising said
one or more containers; b) adjusting or maintaining the tem-
perature of the room at greater than about ten, 15, or 20
degrees celcius; and ¢) storing said containers in said room for
one month, 3 months, 6 months, one year, 18 months, 24
months or more (but preferably not exceeding 36 months),
wherein (i) the palonosetron or pharmaceutical salt thereof is
present in a concentration of from about 0.01 mg/mL to about
5.0 mg/mL, (ii) the pH of the solution is from about 4.0 to
about 6.0, (iii) the solution comprises from about 0.01 to
about 5.0 mg/ml palonosetron or a pharmaceutically accept-
able salt thereof, from about 10 to about 100 millimoles
citrate buffer and from about 0.005 to about 1.0 mg/ml EDTA,
(iv) the solution comprises a chelating agent, or (v) the solu-
tion comprises from about 10 to about 100 milliMoles of a
citrate buffer.

The stability of the foregoing formulations also lends itself
well (o terminal slerilization processes in the manufacturing
process. Therefore, in still another embodiment the invention
provides a method of filling a container in which is contained
a solution of palonosetron or a pharmaceutically acceptable
salt thereof comprising: a) providing one or more sterile open
containers (preferably 5 ml. vials); b) filling said containers
with a solution of palonosetron in a non-aseptic environment;
c) sealing said filled containers; and d) sterilizing said sealed,
filled containers, wherein (i) the palonosetron or pharmaceu-
tical salt thereof is present in a concentration of from about
0.01 mg/mL to about 5 mg/mL, (ii) the pH of the solution is
from about 4.0 to about 6.0, (iii) the solution comprises from
about 0.01 to about 5.0 mg/ml palonosctron or a pharmaccu-
tically acceplable salt thereol, from aboul 10 to about 100
millimoles citrate buffer and from about 0.005 to about 1.0
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mp/ml EDTA, (iv) the solution comprises a chelating agent,
or (v) the solution comprises from about 10 to about 100
milliMoles of a citrate buffer.

EXAMPLES
Example 1
Stabilizing pH

A study was conducted to delermine (he effect of pH on
formulations containing palonosetron hydrochloride, mea-
suring the stability at 80° C. at pH 2.0, 5.0, 7.4, and 10.0. The
results indicated that palonosetron hydrochloride is most
stable at pH 5.0.

Example 2

Stabilizing Concentration Ranges

A formulation optimization study was performed using an
experimental design software. Twenty-four lots of drug prod-
uct were analyzed (o investigate the appropriate concentra-
tion ranges for palonosetron hydrochloride (0.05 mg/ml. to
5.0 mg/mL), citrate buffer (0 to 80 mM) and EDTA (0 to
0.10%). The level of EDTA and citrate buller were selected
based on (he optimal formulation, which was shown lo be
formulated with EDTA 0.05% and 20 mM citrate buffer at pH
5.0. The results of this study indicated that palonosetron
concentration was also a critical faclor in chemical stability,
with greatest stability scen at the lowest palonosctron con-
centrations.

Example 3
Tonicifying Agent

Formulations of palonosetron hydrochloride in citrate
buffer were prepared including either a) sodium chloride or b)
mannitol. The palonosetron hydrochloride formulation
including mannitol showed superior stability. The optimum

leve] of mannitol required for an isotonic solution was found 4

to be 4.15%.
Example 4
Formulation I

The following is a representative pharmaceutical formula-
tion containing palonosetron that is useful for intravenous
formulations, or other liquid formulations of the drug,

Ingredient mg/mL
Palonosetion Ilydrochloride 0.05%
Mannitol 41.5
EDTA 0.5
Trisodium citrate 3.7
Citric acid 1.56
WFJ q.s. to 1 ml
Sodium hydroxide solution and/or pl1 5.0+0.5

hydrochloric acid solution

*caleulated as a free base
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Example 5

Formulation II
The following is a representative pharmaceutical formula-

tion containing palonosetron that is useful for oral formula-
tions, or other liquid formulations of the drug.

Ingredient mg/mL
Palonosetron Hydrochloride 0.05*
Mannitol 150
EDTA 0.5
Trisodium citrate 37
Citric acid 1.56
WTJ q.s. to1ml
Sodium hydroxide solution and/or pHS5.0+0.5
hydrochloric acid solution

Flavoring q.s.

*caleulated as a free base

Example 6
Stability of Palonosetron without Dexamethasone

The physical and chemical stability of palonosetron HCl
was studies in concentrations of 5 pig/mL and 30 pg/mL in 5%
dextrose injection, 0.9% sodium chloride injection, 5% dex-
trose in 0.45% sodium chloride injection, and dextrose 5% in
lactated Ringer’s injection. The admixtures were evaluated
over 14 days at 4° C. in the dark and for 48 hours at 23° C.
under [luorescent light.

Test samples of palonosetron HCl were prepared in poly-
viny! cliloride (PVC) bags of the infusion solutions at con-
centrations of 5 and 30 pg/ml.. lvaluations for physical and
chemical stability were performed on samples taken initially
and after 1, 3, 5, 7, and 14 days of storage at 4° C. and afier 1,
4,24, and 48 hours at 23° C. Physical stability was assessed
using visual observation in normal room light and using a
high-intensity monodirectional light beam. In addition, tur-
bidity and particle content were measured electronically.
Chemical stability of the drug was evaluated by using a sta-
bility-indicating high performance liquid chromatographic
(HPLC) analytical technique.

All samples were physically stable throughout the sludy.
The solution remained clear, and little or no change in par-
ticulate burden and haze level were found. Additionally, little
or no loss of palonosetron FICI occurred in any of the samples
at either temperature throughout the entire study period.

Lxample 7
Stabilily of Palonosetron with Dexamethasone

The physical and chemical stability of palonosetron HCI
0.25 mg admixed with dexamethasone (as sodium phosphate)
10 mg or 20 mg in 5% dextrose injection or 0.9% sodium
chloride injection in polyvinyl chloride (PVC) minibags, and
also admixed with dexamethasone (as sodium phosphate) 3.3
mg in 5% dextrose injection or 0.9% sodium chloride injec-
tion in polypropylene syringes at4° C. in the dark for 14 days
and at 23° C. exposed to normal laboratory fluorescent light
over 48 hours, was studied.

Test samples of palonosetron HCI 5 pg/ml, with dexam-
ethasone (as sodium phosphate) 0.2 mg/mL and also 0.4
my/mL were prepared in polyvinyl chloride (PVC) minibags
of each infusion solution. Additionally, palonosetron HCI] 25
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pg/mL with dexamethasone (as sodium phosphate) 0.33
mg/mL in each infusion solution were prepared as 10 mL of
test solution in 20-mL polypropylene syringes. Evaluations
for physical and chemical stability were performed on
samples taken initially and after 1, 3, 7, and 14 days o[ storage
at 4° C. and after 1, 4, 24, and 48 hours at 23° C, Physical
stability was assessed using visual observation in normal
room light and using a high-intensity monodirectional light
beam. In addition, turbidity and particle content were mea-
sured electronically. Chemical stability of the drug was evalu-
ated by using a stability-indicating high performance liquid
chromatographic (HPLC) analytical technique.

All samples were physically compatible throughout the
study. The solutions remained clear, and little or no change in
particulate burden and haze level were found. Additionally,
little or no loss of palonosetran HCI and dexamethasone
occurred in any of the samples at cither temperature through-
out the entire study period.

Example 8
Formulation II1
The following is a representative pharmaceutical formula-

tion and container closure for palonosetron that is useful for
intravenous infusion formulations.

Ingredient Amount (mg)
Palonoselron Hydrochloride 0.75%
Sodium Chloride 450.0

EDTA 2.5
Sodium citrate i8.5

Citric acid monohydrate 7.8

WFJ q.s. to 50 mL
Sodium hydroxide solution and/or pH4.8+0.5

hydrocliloric acid solution
Container closure system plastic container®

plus rubber stopper?

9Calculated based on the weight of fice base
SPolycthylenc multilayer film infusion bag,
")Isoprcne rubber stopper,

This invention has been described with reference to its
preferred embodiments. Variations and modifications of the
invention will be obvious to those skilled in the art from the
{oregoing detailed description of the invention.

What is claimed is:

1. A pharmaceutical single-use, unit-dose formulation for
intravenous administration to a human to reduce the likeli-
hood of cancer chemotherapy-induced navsea and vomiting,
comprising a 5 mL sterile aqueous solution, said solution
comprising;

a) palonosctron hydrochloride in an amount of 0.25 mg

based on the weight ol its [ree base,
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b) optionally a chelating agent, and

c) a tonicifying agent in an amount sufficient to make said
solution isotonic, wherein said formulation is stable at
24 months when stored at room temperature.

2. The phanmaceutical formulation of claim 1, wherein said
solution is buffered at a pH of 5.0=0.5.

3. The pharmaceutical formulation of claim 1, wherein said
tonicifying agent is mannitol.

4. The pharmaceutical formmlation of claim 3, wherein said
mannitol is in an amount from 10 mg/ml. to 80 mg/mlL.

5. The pharmaceutical formulation of ¢claim 4, wherein said
mannitol is in an amount of 41.5 mg/mL.

6. The pharmaccutical formulation of claim 1, whercin said
formulation comprises a clielating agent.

7. The pharmaceutical formulation of claim 6, wherein said
chelating agent is EDTA.

8. The pharmaceutical formulation of claim 7, wherein said
EDTA is in an amount of from 0.005 mg/mL to 1.0 mg/mL.

9. The pharmaceutical formulation of claim 8, wherein said
EDTA is in an amount of 0.5 mg/mL.

10. The pharmaceutical formulation of claim 1, wherein
said solution further comprises 4 citrate bufler.

11. The pharmaceutical formulation of claim 10, wherein
said citrate buffer is at a concentration of 20 millimolar.

12. A method for reducing the likelihood of cancer chemo-
therapy-induced nausea and vomiting, comprising intrave-
nously administering to a human in need thereof the pharma-
ceutical formulation of claim 1, wherein said intravenous
administration to said human occurs before the start of the
cancer chemotherapy.

13. The method of claim 12, wherein said intravenous
administration to said human occurs over a period of time of
10 to 60 seconds.

14. The method of claim 12, wherein said intravenous
administration reduces the likelihood of acute nausea and
vomiting in said human.

15. The method of claim 12, wherein said intravenous
administration reduces the likelihood of delayed nausea and
vomiting in said human.

16. A pharmaceutical single-use, unit-dose formulation for
intravenous administration to a human to reduce the likeli-
hood of cancer chemotherapy-induced nausea and vomiting,
comprising a 5 mL sterile aqueous solution, said solution
comprising;

a) palonosetron hydrochloride in an amount of 0.25 mg

based on the weight of its free base,

b) optionally a chelating agent, and

¢) a tonicilying agent in an amount suflicient to make said

solution isotonic, wherein said formulation is stable at
18 months when stored at room temperature.

* * * * *
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LIQUID PHARMACEUTICAL
FORMULATIONS OF PALONOSETRON

This is a continuation ol U.S. Ser. No. 13/901 437, liled
May 23, 2013, which is a continuation-in-part o U.S, Ser. No.

13/087.012 filed Apr. 14, 201 1. which is a continuation of

U8, Sere Nao 11/186.311 filed Jul. 21, 2005 (now V.S, Pat,
No. 7.947.724), which is a continuation of PCIZEPO4/
000888, filed Jan. 30, 2004, which claims priority (o UL,
Provisional Application 60/444351, filed Jan. 30, 2003, The
content ol these applications is incorporated herein by refer-
enee.

FIKLDY OF THE INVENTION

The present invention relates to shelf=life stable Higuid Tor-
mulations of palonosetran that are especially uselul in the
preparation of injectable and oral medicaments

BACKGROUND OFTTH INVENTION

Limesis is o devasiating consequence of eytotoxic therapy.
rachotherapy, and post-operative environments that drasti-
cally aflects the quality ol life of people undergoing such
treatinents. Tn cecent yvears o class ol drugs relerred 1o us
S-HES (G5-hydioastryplamine) receptor antagonists has been
develaped thae treat such enesis by antagonizing cerchral
Tunctions associuted with the S-1TT, receptor: Sce Driws Aot
ing on S-Ihvdroxvorvptamine Receprors: The Laneet Sep, 23,
1989 und references cited therein. Drugs within this class
include ondansetron, grimisctron. alosetron, lrapisetron, wnd
dolasetron. These 5-1T1 antagonists are olien administered
intravenously shortly belore chemotherapy or raciotherapy is
initiated, and can be administered more than once during a
cycle ol chemotherapy or radiotherapy. [n addition. they are
oftensopplicdas tablets ororal elixis o ¢ither supplementan
intravenous admhistration, or o ease home usage of the drug
il'the patient is seli~administering the chematherapeutic regi-
men.

Because some chemotherapeutic agents can induce emesis
vver extended periads of several days even when they are
administered only onee. itwould be desirable to administeran
emesis-inhibiting drog such as a S-1T1, antagonist every day
until the risk ol emesis hay substantially subsided. The
present class of 3111, antagonists has not proven especially
helpfol mecting this need. hawever, because the ST, reeep-
tor antagonists currenty marketed have proven 1o be less
ellective in conwrolling delayed nausca and vomiting than
they are at controlling acute emesis. Sabra, Ko hoice of
ST Recepor Antagonisi for the Hospital orandare, VTP,
Octoher 19962 2 (suppl 1):519-24

Recently. elinical investigations have been made coneern-
ing palonosctron. anew 3-1171 5 reeeplorantagonist reported in
LS, Pat, No. 53.202.333, These mvestigations have shown
that the deag s an order of magnitde more potent than most
existing S-11T receptor antagonists, has a surprising hal (Slife
ol ahout 40 haurs. and s ellective to reduce delaved-onser
naused induced by chemotherapeutic agents. However, for-
mulating padonosetron in Jiquid formudations has not proven
an casy Lask, ypically due to shell=stability issues, ULS, Par,
No. 5,202,333 discloses an intravenous formulation of pal-
unosetron in example 13 that contains the following ingredi-

ents:
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Citrde Acid Monohvadrate Lu3 iy,
Seddion) H‘\-iw\‘til .18 mgz
Wil To b4,

The formulkation has a pll ol 3.7 and ashelstability ol less
than the -2 vear lime period required by health authorities in
VArIous Countrics.

Ondansciron, its uses, and medicaments made with
ondunsetron ure disclosed in ULS, Pal. Nos. 4.695.578. 4,753,
789, 4.929.632. 5.240.954. 5.344.638. 5.578,628. 5. 578.632.
5.922.749, 5.622,720, 5955488, and 6.063.802, Commer-
cially it is distributed by GlaxoSmithKline as Zofran ® and is
indicated [or prevention of postoperative nausea and vomit-
ing (PONVY. cancer chemotherapy-induced namsea and vom-
iting (CINV ) and radiotherapy<induced nausca and vamiting
(RINVY and itis available asan tnjection, tublets and solution,
and us Zalran QDT (ondansetron) Orally Disintegraling
Tablets,

Granisetron, its uses, and medicaments made with gragis-
ctron are disclosed i ULS, Pat. Nos. 4 886808, 4,937,247,
2,034,398 und 6,294,548, Commercially it is distribuied by
Roche Taboratories Inc.as Kytril & indicated for the preven-
tion of nausci and vomiting assoctated with chemotherupy or
radiation therapy, and is oflered i abler form. oral solution.
andd as an imjection.

Alosetron, its uses, and medicaments made with alosetron
are disclosed in ULS, Pat. Nos. 5360800 and 6,284,770,
Commercially i is distributed by GlaxoSmithKline as
[ otronex k,

Fropisctron is connmercially available as Navoban B (No-
virlis) CAS-89565-68-4 (trapisetron): CAS-103826-92-4
(ropisetron hydrochloride) and ivis indicaied for treatment of
PONV and CINY,

Daolasetron, its uses, and  medicaments  mide  with
andanserron are disclosed in LS, Pat. Nos. 3011846, and
4,906,755, Conunercially it is distributed by Aventis Pharma-
ceuticals Inc. us Anzemerr, indicated for prevention ol both
PONV and CINV. and it is oflered in the form ol a tablet or an
intravenous solution.

Therelore. there exists a need o a palonosetron tormula-
lion with increased stability and thereby increased shelllife,
There also exists o need for an appropriate range ol concen-
trations lor both the 31T, receplor antagonist and its phar-
maceutically acceplable carriers that would Ticilitale muking,
a lurmulation with this increased stability.

Itis an abject ol the present invention to provide a formu-
fation of Palonosciron hydrochloride wiiliinereased pharin -
ceutical stability for preventing and/or reducing emesis.

I is another ubject of the invention to provide anacceplable
range ol concentrations which will stabilize a lormulation
contuining Patonosetron hydrochlonde

Iis o [urther abject ol the invention to provide a formula-
tion of Palonosetron which would allow for prolonged stor-
age.

[Uis also an object of the invention to provide a fomtation
ol Palonosetron which would allow terminal sterilization,

SUMMARY OF "[HE INVENTION

The inventors have made a series of discoveries that sup-
port a swprisingly ellective and versatile formulation for the
westment and prevention ol emesis using palonosetron,
Ihese Tormulations are shellstable Tor periods preater than 24
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months at room temperature, and thus can be stared without
relrigeration, and manulaclwed using non-aseptic, terminagl
sterilization processes.

ln one aspect. the inventors have discovered that Tormuli-
tions which include the active ingredient palonosetron require
in some instances ouly 6™ the amount ol other previously
Kknown compounds for treating emesis, which surprisingly
allows the use of concentrations ol palonosetron far below
those thatwould ardinarily he expected. Thus:inone embodi-
ment the invention provides a pharmacemtically stable solu-
ton for preventing or reducing emesis comprising a) Irom
aboul .01 me/ml o about S mg/ml . palonosetion ora phiar-
macewically aceeptable salt ihereots and b) a pharmaceuti-
cally aceeptable carrier,

The inventors have lurther discovered that by adjusting the
Tormulation™s pll and/or excipient coneentrations it is pos-
sible 1o increase the stability ol pulonosctron formulations,
Therelore, in another embodiment. the invention provides a
pharmaceutically swible solution {or preventing or reducing
cmaesis comprising @) palonosctron or o phammaceuntically
aceeptable salt thercol: and b) a phartmaceutically aceeptable
carrier, at o pll from about 4.0 10 about 6.0. In another
embodiment the invention pravides a pharmaceutically stable
solution {or preventing or reducing emesis comprising from
abont 0.07 1o about 5.0 ma/ml palonosetron ar o pharmaceu-
tically acceptable salt thereol: franm about 10 10 ahout 100
millioles citrate buller: and from about 0.003 10 abour 1.0
me/ml EDTA.

The inventors have Turther discoverad that the addition off
mannitwl and a0 cheliting agent can increuse the stability off

padonosetron  Jormiulations. Therefore, in still anather
cmbadiment the invention provides a pharmaceutically stuble
solution Tor preventing or reducing cmesis comprising i)
palonosctron or a pharmaccutically aceeptable salt thereol
and by a pharmacewtically accepable carrier, wherein the
pharmaccutically aceeptable carrier comprises a cheluting
agenl and manmitol,

THE

DETANED DESCRIPTION Ol INVIENTION

Definitions

V™ meins a small glags container sealed with the most
suitable stopper und scal. other suitable primary containers
nmay be used, for instance. but not limited to. pre-filled
syringes. Vial also means o sealed contoiner of medication
that is used one time only, and includes breakable and non-
breukable plass vinls, hreakable plastic vials. minjaure
serew-top jars, and any other type ol container ol o size
capable ol halding only one unit dose ol palonesctron (tvpi-
cally about 5 mls.).

Throughout this specitication the word “comprise.” or
ariations such as “comprises™ ar “comprising,” will be

understood to imply the inclusion ol a stated clement. integer
ar step, or group of clements. integers or steps. but not the

exclusion ol any other element. integer or step. or group of

clements, inlegers or steps

S.6-Hexahydra-2
..r.(»-lmgxk|||_\(l|(v-l-
OX0- ] ! lhuv,ldc||>m]mm)lmc. and is preferably present as the
monohivdrochloride. Palonosetron monehydrochloride can
be represented hy the Tollowing chemical structure:
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Concentrations  When concentrations ol palonosetron
are given herein, the coneentration is measured in terms olhe
weight ol the free base. Concentrations of all other ingredi-
ents are given based on the weight ollingredient added o the
solution.

“Pharmaceutically aceeptable” means thatwhich is uselul
i preparing a phannaceutical composition that is senerally
safe, non-toxic and neither bologically nor otherwise unde-
sirable and includes hat which is acceptable for veterimiry
use as well as Tiuman pharmaceutical use.

“Pharmaceutically acceptable salts™ means salts which are
pharmaceutically aceeplable. as delined above, and which
possess (he desired pharmacalogical activity. Such salis
include acid addition salts formed with inorganic acids such
as hvdrochloric scid, hydrobromic acid. solfurie acid, nitrie
acid. phospharic acid, and the Likes arwith organic acids such
as acelic acid, prapionic acidd, hexanoice acid, heplanoie acid,
cyclopentanepropionic acid, glycolic acid, pyruvie acid. Tae-
tic acid, malonic acid, succinic acid, mulic acid. maleie acid,
[umaric acid, tartaric acid. citric acid. benzoie acid. 0-(4-
hydroxyhenzoyl)henzoic acid, cinnamic acid, mandelic acid,
mel h;mcxul[hnic acid ethanesnltonic acid. 1.2.-¢thanedisul-
lonic acid. 2-hvdroxycethanesulfonie acid. benzenesullonic
acid p~chlnmhcn/enu.sullmm ackl, 2-naphthalenesulfonic
acid. p-oluenesullonic acid, camphorsullonicacid. 4-meth-
yibicyelo] 2.2.2Joct-2-ene-1-carboxylic acid, glucoheptonic
acid. 4.4-methylenebis(3-hydroxy-2-cne-T-carboxy lic acid).
A-phenylpropionic acid. trimethylacetic acid, wrtiary buty-
lacetic acid, fauryl sulluric acid. gliconic acid, glutamic acid,
hydroxynaphthoic acid. salieylic acid. stearic acid, mucenic
acid. and the like,

In addition. pharmaccatically acceptable salts may be
formed when an actdic proton present is capuble ol reacting
witl inorganic or organic bases. Aceeptable inorganic bases
tnclude sodinm hydroxide, sodium carbonate, potassium
hydroxide. aluminum hydroxide and culeium hydroxide.
J\L‘CL‘N’IMU organic bases include ethanolamine. diethe mnl I-

- [ I S X, )
IIIIIIL. lllLllllIll\’ltlllllll\.. \I\l]ll\}ll]\lllllll\-. ENTIIC Ny v

und the like.

Discussion

The foet that palonosctran can be formulated in some
instances at coneentrations of only about Y™ the aimonnt off
other previously known compounds [or trealing emesis. sur-
prisingly allows the use ol concentrations ol palonoseiron far
below thase that would ardinarily be expected. Thus. inane
embodimentihe invention provides a pharmeaceutically stable
solution for preventing or reducing emesis comprising, a)
from about 0.0 m/mb (o about 5 mp/ml palonosetron ora
pharmaceutically acceptable salt thereolt and by a pharima-
ceulically acceptable carrier. Similarly, in another embodi-
ment the invention provides o method of Tormulating a phar-
maceutically stable solution ol palonosctron comprising
admixing fram about 0.01 mp/ml. to abont § mg/ml. pal-
anosction or a pharmaceutically aceeptable salt thereolt with
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a pharmaceutically acceptable carrier. In alternative embaodi-
ments, the formulation includes palonosetron or a pharma-
centically acceplable salt thereo!l i a concentration from
ibout 0.02 mg/ml ta about 1O medl ., from ubout 0.03
mg/ml o about 0.2 my/ml L and maost optimally abont .03
mg/ml.

A particolar advantage associated with the lower dosages
alintravenous palonosetron is the ability to administer the
drug inasingle intravenous bolus over a short, discrete time
period. This time period pencrally extends Trom about 10 to
about 60 seconds, or about 1010 about 40 secands. and most
preferably is ahow 10 o 30 seconds. v one purticular
embaodiment (the palonosetron is supplicd in vials that com-

prise § ml. ol solution, which equates to about 0.25 mg ol

palonasctron at a concentration of about 0.05 me/ml.

The inventars have further discovered that by adjusting the
formulation™s pll and/or excipient concentrations it s pos-
sible 1o increase the stability of palonosetron formulations,
Theretore. inimather embhadiment, the invention provides a
phiarmaccutically stable solution Tor preventing or reducing
cmesis comprising a) palonosctron or o pharmaceutically
acceptable sidt thereol: and by a pharmacentically aceeptable
carvier. at o pll from about 4.0 10 about 6.0 Simiturly. in
another cmibodiment the invenion provides amethad of Tor-
mulating o pharneeutically stable solution of palonosction
comprising admixing ay palonosctron or a pharmaceutically
acceplable sall thercolt and by w pharmaceutically aceeplable
carrier. at a pll from about 4.0 g about 6.0, In alicmative
combodiments. the pl s frontabout 4.5 o abont 5.5, and most
optimally about S0 There are mamy examples to those o skill
in the art ol suitable xolutions o adjust the pll ol Tortk-
ton. Two exemplary solutions are sodinm hydroxide and
hydrochloric actd solution. either of which could be used to
adjust the plTofthe tormulaion.

I another embodiment the invention provides a pharma-
ceutically stable solation for preventing or reducing emesis
comprising lrom about 0.01 o about 5.0 me/ml palonosetron
ar e phamuwceeutically acceptable salt thereol and (i) from
about 10w about 100 mithmoles citrate bafler, and/or (i1)
from about 0,005 (o about 1.0 mg/ml BIYTA. Similarly, in
anather embaodiment the invention pravides o method of for-
mulating a pharmacewtically stuble solution af palonusetron
comprising admixing from about 0.01 to abuut 5.0 mg/ml
palonosctron ar a pharmaceutically acceplable salt thercol
ane (1) Trom about 10 10 about 100 millimoles citrate huller,
andfor (i) from about 0.003 w about 1O mp/ml EIYTA, The
citrate buller can be in the formn alcitrie acid and/or a salt ol
citric acid such as wisodium citrate. In varous embodiments,
1he ranges ofone or more of 1he [oregoing ingredients can he
modificd as lollows:

S T e
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)
centically acceptable salttherealina concentiation from
about 60.02 mg/ml 1w about 1.0 mg/ml . from about 0.03
mg/nit. o about 0.2 mp/ml. palanosceton hydrochlo-
ticke and muost optimally about 0,05 me/ml
The Tormulation may comprise citrate billiee in o concen-
tration ol from abour L0 w abour 40 millimoles, or 15-30
miflimoles.
Fhe formulation may comprise D EA inaconcentration ol
lran about 02005 mg/ml o about LOme/ml orabour 0.3
o abowm 07 medml, and most optimally abowr 0.5
g/l
he inventors have furher discovered that the addition of
mannitol and o chelating agent can merease the stability ol
palonosetron  Tormwlations. Therelore. in sl another
cithodiment the invention provides a pharmacentically stuble
solution foe proventing or reducing eniesis coniprising i)

P
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palonosetron ar a pharmacentically aceeptable salt thereol
and by a pharmaceutically acceptable carrier, wherein the
pharmaceutically aceepuable carrier comprises o chelating
agent and mannitol. Similarly. in another embodiment the
invention provides a method ol formudating o pharmaceulti-
cally stable solution ol palonoselron comprising adimixing )
palonosetron or g pharmaceutically seeeptable salt thercol’
and B o pharmaceutically acceptable currier, wherein the
pharmacewtically aceeptable carrier comprises a chelating
agent and mannitol, The eheluting agentis preferably EIYTAL
and. in various embuodiments the chelating agent is present in
a concentration ol from about 0.005 (o about 1.0 me/ml. or
from about 0.05 mg/mi. o about 1O mg/ml. or from about 0.3
1 about 0.7 mg/ml, or most optimally about 0.5 ma/ml . In
various embadinments the mannitol is present ina concentra-
tion of from about 10.0 me/ml to about 80.0 my/ml, from
about 20.0 mg/mit. 1o about 60.0 mg/ml.or rom about 40.0 10
about 45,0 mp/ml.

Injectable Tormulations are typically formulated as ague-
aus solutiens in which water is the primay excipient. Oral
Tormulations will dilfer Troo injectable Tormulitions sener-
ally by the udditional presence ol tlavoring agents. coloring
agents. or viscosity agents. Natural or syuthetic sweeteners
include, among athers. mannitol. sorbitol, saccharose, suc-
charine, aspartame, acelsulphame Ko or evelamate. These
agents are generafly prosent in caneeotrations in excess ol
100 mp/ml or 250 mg/ml when used as sweetening agents, in
contrast (o the 418 me/ml concentration of mannitol
described in some ol the embodiments ol the mvattion. in
which mannital is weting simply as o tonicifyving agent.

Mhe formulitions of the present invention are particularly
suited [oruse in ingectable and oral tiquid formulations. but it
will he understood that the solutions may have alierative
uses. For example, they may be used as intermediates in the
preparation ol other pharmaceutical dosage forms. Similarly,
they may have other routes of administration including intm-
nasal or inhalation. Injectable tormulations may take any
route including intramuscular, intravenous or subctlaneous,

S further embodiments relate o improvements in the
case with which the palonasetron formulation can be stored
or manulaciured, In particular, the inventors hive discovered
that the Jormulations ol'the present invention allow storage of
the produet Tor extended periads at oom temperature. Thus,
in yet anotherembodiment the invention provides a method af
storing one ar more containers i which are contained a
solution of palonosetron or a pharmaceutically aceeptable
salt therco! comprising: a) providing a roony comprising said
one or more containers: by adjusting or maintaining the tem-
perature of the room at gremer thun about ten. 15, or 20
deerees eeleiusand o) storing sadd containers in said room lor
aiie o, 3 miilis, & inoiiiles, one vear 18 ionths, 24
months or more (but prelerably not exeecding, 36 months).
wherein (i) the palonosciron or pharmaceutical salt thereol'is
present ina concentration of from about 0.01 mg/mlto about
S0 mgml . (i) the phEof the solutan as from ahout 4.0 10
about 6,0, (7)) the solttion comprises Trom about 0.01 o
about 3.0 mig/mil palonosetron or a pharmaeewtically aceepl-
able salt thereol, from about 10w abour 100 millimoles
cilrate b ler and fromabout Q003 toabout TOme/ml EDTA,
(iv) the solutiva comprises a chelating apent. or (v the solo-
ton comprises front dhout 10 1o about 100 milliMoles ol o
citrate bulfer.

The stability ol the Toregoing Tormulations also lends itsell
well to terminal stenlization processes in the manufacturing
process. Theretore, instill anather embodiment the fnvention
provides o method ol filling a container in which is contained
a solution of palonusetion or o pharpgeoutically acceplalle
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sull thereof comprising: o) providing one or more sierile open
containers (preferably 3 ml vials): b) filling said containers
with a solution of palonosctron in a non-aseplic civironment:
o) sealing suid filled continers: and dy sterlizing said sealed.
filled containers, whercin (1) the palonoscetron or pharmiceu-
ical sult thereol'is present ina concentration of from about
0.01 mg/ml 1o about S me/ml . (1) the ptl of the solution is
from about 4.0 1o abour 6.0, (iii) the solution comprises from
about 0.01 to about 5.0 mu/mi patonesetron or i pharmaceu-
tically acceptable salt thereol. front about 10 (o about 100
millimoles citrate buller and from abow 0.005 10 about 1.0
mg/ml EDTAL (iv) the solution comprises o chelating agent.
ar (v) the solution comprises from about 10 10 aboul 100
milliMoles of w citrate buller,

AMPLES

I'xample
Siabilizing pt

Asstudy was conducted o determine the elleet of pllon
formulitions containing paonoasetron hydrochloride. mea-
swring the stabiliy at 80” Clatpl 2.0, 5.0, 7.4, and 10,0, The
resulls indicated that palonosctron hydrochloride s most
stiable aupl 1 5.0

Fxample 2
Stabilizing Concentration Ranges

A lormulation aptimization study was performed using an
experimental design software. Twenty-lour lots of drug prod-
uet were analyzed o investigate the appropriale concentra-
tion ranges fur palonosetron hydrochloride (0.05 mg/mi 1o
5.0 mg/ml ). citrate buller (0 0 SO mM) and EDTA (0 10
0.10%). The level of TIYEA and citrae buler were selected
based on the optimal formulation. which was shown o be
formulated with EDTA 0.03% and 201mM ¢itrate bullerat pl
S.00 The results of this study indicated that palonosetron
coneentration was ulso a critical factor in chemical stability,
with greatest stability seen at the Jowest palonasetron con-
centrations.

Lxample 4
Tonicilyving Agent

Formulations of palonosetron hydrochloride in citrate

bullerwere prepared including cnlhu ra) xudmm chloride orb)
Fhe ¢ formudati
including nmnmlnl showed \upumr stability. The optimum
teveb of mannitol required [or an isotonic solution was Tound

o be 4,159,

n: ||n\|\r\kcl|1\|] hvdmch

msnito]

Lixample 4
FFormudation |
The following is a representative pharmacewtical formula-

tion containing palonosetron that is useful [or intravenous
lormulations, or other liquid formulations of the drug.

Iguedien g il
Idonosetron Hydiochloride (s
Miemitol 415

1

20

i3

4

5

2

o

y
Y

anl

8

-continued
Lierediem gl
1ITA (1,5
Irisoilivin cilrare a7
Citnie acud 1.36
WEI qs to !l

Sodinm hydroxide solution ard or pIESAt 20

hydrochloric acid solution

scalaulied uea ve bise

Example 3
Formulation 1
The ollowing is a representative pharmacentical formula-

tton containing palonosctron that is uselul Tor oral Tormula-
tons, or other ligquid formulations of the drug.

Piptreibient |
Palenosetron Hydrochioyide <1037
Manuito! 130
EDTA 05
[ERSITUHRTIRIN L7
Cilrie ac 1.54
WS g8 10 1l

Sodiwm hvdroide solutian wid er pl S0 0.3
hydrochiotic acid sabmion

Plavering g8

sealaubited o a e base

Jixample 6

Stability of Palonosctron without Dexamethasone

The physical and chemical stability of palonosetron 1|
was studics in concentritions oS pg/ml.and 30 pg/ml in 5%
dextrose injection. 0.9% sodiom chloride injection. 5% dex-
trose in 0.45% sadiam chloride injection. and dextrose 5% in
lactuted Ringer's injection. Fhe admixtures were evatuated
over 14 davs at 4° C, i the dark and for 48 houis at 23" ¢
under Huorescent light.

Test sumples ol palonosetron HOCT were prepared i poly-
vinyl chloride (PVC) bags of the infusion selutions at ¢con-
centrations of S and 30 p/ml . Evaluations for physical und
chemical stability were performed on samples taken initially
and after 1,3, 5. 7, and 14 duvs ol storage at 47 Coand alter 1L
4,24, and 48 hours at 232 C. Physicul stability was assessed
using visual observation in normal room light and nsing «
o addition, tur-

High-intensity nionodirectionat Hght beam.
bidity and particle content were measured electronicully.
Chemieal stability of the diug was evaluated by using a sta-
bility-indicating high performance tquid chromaographic
(LIPLCy analytical technique.

Al samples were physically swble throughout the study.
‘The solution remained clear. and little or no change in par-
ticulate burden and haze level were lound. Additionally, little
arno loss ol palonosetron 11O occurred inany of the samples
at cither tlemperature throughout the entire study period,

Ixample 7
Stability of Palonasetron with Dexamethasone

The physical and chemical stability of palonosctron 11C)
0.25 myp admixed with dexamethasone (as sodivm phosphute)
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10 mg ar 20 my in 5% dextrose injection or 0,9% sodium
chiloride jection in polyvinyl chloride (PVC) minibags. and
also admixed with dexamethasone (as sodivm phosphate) 3.3
my in 3% dextrose injection oy 0.9% sodium chioride injec-
tion in polypropylene syringes at 4 C.inthe dark for 14 days
and ar 23 C, exposed o normal laboratory Nuorescent light
over 48 hours. was studied,

Fest samples of palonoserron TICT S pp/ml. with dexam-
cthasone (as sodivm phosphate) 0.2 me/ml. and also 04
me/ml. were prepared in polyvinyl ehloride (PVC) minibags
al"cach infusion solution, Additionally. palonosetron HCI 25
pe/ml with dexamethasone (as sodium phosphate) 033

mg/ml. in cacluinfusion solution were prepared as 10 ml of

test soluton in 20-ml polypropylenc syringes. livaluations
for physical and chemical stability were performed on
samples aken miadly and alter 1.3, 7 and 14 days ol storage
At 4e Coand alter 104,240 and 48 hours at 232 €. Physical
stahidity was assessed using visual observation in normal
room light and vsing a high-intensity monodireetional light
heam. In addition, turbidity and particle content were -
sured clectronieally. Chemical stability ol the drug was evalu-
ated by using a stabilitv-indicating high performance lguid
chromatographic (P CY analviical techmique

Al samples were physically compatible throughout the
study, The solutions remained clearsand littde or no change in
particutate bnrden and haze level were found. Additionally.
liwde or no lass of palonoscron HET and dexamethasone
occurred inany ol the samples at either temperature throvgh-
aut the entire study period

Jixample 8
Formulation H
The following is o representative pharmaceutical fJonula-

tion and container closure Tor palonosetron that is useful for
intruvenous infusion formulations,

Tieredient At (g

Palonosetioa Hydmocherisle b Fam
Nednon Cliloride 4300
LEDTA 25
Nodium civrate 185
Citic acid menohydnne 8
WEI s to Soml
Sadmim hydroaade solution amdlor pll 4.8 =015

hvdrechlore acid sointion

Cantatner closure svsiein

plastic contpiner”!

frlus b r stopper”

T Akt e don e waght al fee T

v lene mnhilayer nlavintiesion bag

Toprci

AYRETTINY

This invention: hag been deseribed with reference o its
preferred embodiments. Variations and modilications ot the
invention will e obvioos to thase skilled in the art from the
loregaing detailed deseriplion of the invention.

What is claimed is:

LA formulation comprising o phiciaceutical sterile aguc-
ous intravenous solution. wherein said pharmaceutical sterile
QgUCOUs Jnlrvenous solution eomprises;

palonosciran hvdroehloride or another phamacentically

aceeptable saltol palonosetron ata concentration o'0.03
mg/ml buased on the weight ol the padonoseton free
bises and

2

A

-0

3

(110

10

from 10 me/ml o 80 me/nil mannitol
wherein the pharmaceutical sterile aqueous infrisvenous
solution has a pll ol 4.010 6.0,

2. The frmulation of claim Towhercin said pharmaceutical
slerile aqueaus intrvenons solution comprises palonosctron
hydrochloride or another pharmaceutically aceeptable salt off
palonosetron is in an amount of 0.25 mg.

3. The Toemulation ol claim 1swherein said pharmaceutical
sterile: agqueous intravenons solution comprises from 20
me/ml. o 60 me/ml. mannitol.

4. The formulation olelaim 1. whercin said pharmaceunticad
sterile agueous introvenons solution comprises from 40
me/ml. 1o 45 mg/mt. mannitol.

8. The formulation olclaim Towherein said pharmucentical
sterile agueous intravenous selution comprises 41.5 mg/ml.
mannitol,

6. The lormulation ol'claim L. whercinsaid pharmaceutical
sterile agqueotts intravenons salution comprises a chelating
auent

7. I he formutation of claim 6. wherein said chelating agent
ix EIDTA,

3. The Tormubationol'elaim 7, wherein said pharmaceutical
sterile agueous intravenons solution camprises [rom 0.3
me/ml. o 0.7 me/ml BIDTAL

9. The Tormmlation ol'¢laim 7. wherein said pharmaceuucal
sterile agueous intravenous solution comprises 0.5 my/ml
BIDTA

10, The formubation of chim 1. wherein said pharmacen-
tical sterile agqueous intravenous solution has a plHLof S.0.0.5,

I The formulation of claim Lowherein said pharmaeeu-
tical sterile ngueous intravenous solution comprises a citrate
butler.

12, A lormulation comprising a plaroiiceutical sterile
aqueous intravenous solution. whercin said pharmaceutical
sterile aqueons intravenous solution comprises:

palonasetran hydrochloride or another pharmaceutically

acceplable saltof palonosetron at a concentration o7 0.03
me/ml, based on the weight of the palonosetron free
base:

from 10 my/ml o 80 mg/ml. mannitol; and

from 0.3 mg/ml. 10 0.7 mg/m! EDTAL

13, The formulation ol claim 12, wherein said pharmaceu-
tical sterile agueous intravenous solution comprises pal-
onosetron hydrochloride oranather pharmaceutically aceept-
able salt ol padonoselron ix inan amount o 0.25 my,

14. The lormulation ol claim 12, wherein smid pharmaceu-
tical sterile aqueous intravenous solution has a pllol 4.0 0
6.0,

15 The formulation ol claim 12, wherein said pharmaceo-
tical sterile aqueous intravenous solution his a pl ol 3.020.5,

16. Uhe lormudation ol ¢claim 12, wherein said pharmaceu-
tical sterile agqueous intravenous solution comprises from 20
mg/ml . w60 mp/ml. mannital,

17. The formutation ol etaim 120 wherein said pharmaceu-
tica! sterile agqueous intravenaus solution comprises from 40
mg/ml. o 45 me/ml. manniwl

18. The Tormuldtion ol claim 12, wherein said pharmacen-
tical sterile aquenns intravenous solution: comprises 41.5
mg/ml munnitaland 0.5 ma/mi FDTA,

19. The fornmulation ol claim 120 wherein said pharmacen-
tical sterile aqueous intravenous solution comprises a citrate
butler.



