PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

<@

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) International Publication Number: WO 97/11711
A61K 33726, 9/10 Al o ,
(43) International Publication Date: 3 April 1997 (03.04.97)
(21) International Application Number: PCT/US96/14153 | (81) Designated States: AL, AM, AT, AU, AZ,
EE

(22) International Filing Date: 29 August 1996 (29.08.96)

(30) Priority Data:

08/536,984 us

29 September 1995 (29.09.95)

(71) Applicant: LUITPOLD PHARMACEUTICALS, INC.
[US/US]; One Luitpold Drive, Shirley, NY 11967 (US).

(72) Inventors: LAWRENCE, Richard, P.; 94 Young Street, Baiting
Hollow, NY 11933 (US). LANGE, Ralf, A.; P.O. Box 1967,
Amagansett, NY 11930 (US). LANCE, Ralf, A.; P.O. Box
1967, Amagansett, NY 11930 (US). WU, Chin; 46 Fairlawn
Court, Shirlex, NY 11967 (US). HELENEK, Mary, Jane;
19 Jean Place, Syosset, NY 11791 (US).

(74) Agents: ADLER, Reid, G. et al.; Morrison & Foerster L.L.P.,
2000 Pennsylvania Avenue, N.W., Washington, DC 20006-
1888 (US).

CH,CN, CU,CZ, D

m
=)
~

SD, SE, SG, SI, SK,
ARIPO patent (KE, LS, MW, SD, SZ, UG), Eurasian patent
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent
(AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU,
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, ML, MR, NE, SN, TD, TG).

Published
With international search report.

(54) Title: JRON DEXTRAN FORMULATIONS

(57) Abstract

Ferric oxyhydroxide-dextran compositions for treating iron deficiency having ellipsoidal particles with a preferred molecular weight

range of about 250,000 to 300,000 daltons.

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

AM Armenia

AT Austria

AU Australia

BB Barbados

BE Belgium

BF Burkina Faso

BG Bulgaria

B) Benin

BR Brazil

BY Belarus

CA Canada

CF Central African Republic
CG Congo

CH Switzerland
CI Cdte d’Ivoire
CM Cameroon
CN China

Ccs Czechoslovakia
Cz Czech Republic
DE Germany
DK Denmark

EE Estonia
ES Spain
F1 Finland
FR France

DOC KET

_ ARM

GB
GE
GN
GR
HU
IE
IT
JP

&%

SRERE

LT
LU
LV
MC
MD

ML
MN

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Italy

Japan

Kenya

Kyrgystan
Democratic People’s Republic
of Korea

Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka

Liberia

Lithuania
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international
applications under the PCT.

Malawi

Mexico

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore
Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

WO 97/11711 PCT/US96/14153

10

15

20

25

30

35

DOCKET
ALARM

IRON DEXTRAN FORMULATIONS

Field of the Invention

The present invention relates to improved iron
dextran formulations for the treatment of iron
deficiency, and to methods for preparing such

formulations.

Background of the Invention

The intravenous or intramuscular injection of
sterile solutions of an iron dextran complex is
clinically indicated for the treatment of patients with
documented iron deficiency in whom oral administration is
unsatisfactory or impossible.

Iron dextran is absorbed from the injection site
after intramuscular injection, for example, into the
capillaries and the lymphatic system. Circulating iron
dextran is cleared from the plasma by cells of the
reticuloendothelial system, which split the complex into
its components of iron and dextran. IMFERON®, for
example, a product previously marketed by Fisons
Pharmaceuticals, is released to the blood after uptake by
the phagocytic activity of macrophages. See Henderson,
et al., Blood 34:357-375 (1969). The iron immediately is
bound to available protein moieties to form hemosiderin
or ferritin, the physiological forms of iron or, to a
lesser extent, to transferrin. This iron, which is
subject to physiological control, replenishes the iron
component of hemoglobin and other depleted iron stores.

The major benefit of the clinical use of iron
dextran is that, due to its large molecular weight (i.e.,
greater than 70,000 daltons), the iron dextran complex is
not excreted by the kidneys. Therefore almost the entire
dose of iron dextran remains biocavailable as the iron
dextran is metabolized in the liver. The major portion
of an intramuscular injection of iron dextran is absorbed
within 72 hours. Most of the remaining iron is absorbed

over the ensuing 3 to 4 weeks.
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Iron dextran for parenteral administration currently
is marketed by Steris Pharmaceuticals, Inc. under the
brand name INFeD®. As formulated, this product is a dark
brown and slightly viscous sterile liquid complex of
ferric oxyhydroxide, beta-FeO(OH), and is a low molecular
weight dextran derivative in approximately 0.9% weight
per volume sodium chloride for intravenous or
intramuscular use. It contains the equivalent of 50 mg
of elemental iron (as an iron dextran complex) per ml.
Sodium chloride may be added for tonicity. The PH of the
solution is between 5.2 and 6.5.

Under electron microscopy, IMFERON® has been shown
to have an inner electron-dense FeO(OH) core with a
diameter of approximately 3 nm and an outer moldable
plastic dextran shell with a diameter of approximately 13
nm. Almost all of the iron, about 98-99% is present as a
stable ferric-dextran complex. The remaining iron
represents a very weak ferrous complex.

The dextran component of conventional iron dextran
products is a polyglucose that either is metabolized or
excreted. Negligible amounts of iron are lost via the
urinary or alimentary pathways after administration of
iron dextran. Staining from inadvertent deposition of
iron dextran in subcutaneous and cutaneous tissues
usually resolves or fades within several weeks or months.

Various studies have reported that the half life of iron
dextran in iron deficient subjects ranges from 5 to more
than 20 hours. Notably, these half-life values do not
represent clearance of iron from the body because iron is
not readily eliminated from the body. See, for example,
the package inserts for IMFERON® and INFeD®, or Hamstra,
et al. JAMA 243:1726-1731 (1980).

U.S. Patent No. 2,820,740 and its reissue RE 24,642
to London et al. describe colloidal injectable iron
preparations suitable for parenteral injection formed of
a nonionic ferric hydroxide, partially depolymerized
dextran complex. Current commercial iron dextran
products, based on these two prior patents do not have

sufficient purity (see Figs. 1 and 2) and needed thermal
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stability (see Figs. 3 and 4) to safeguard safety and
sterility concerns. Also, these commercial products have
a relatively short plasma residence time which could
cause a potential risk of iron overload in specific
organs. See, Carthew, R. E., et al. Hepatology
13(3):534-538 (1991); Pitts, T. O., et al. Nephron 22:316
(1978) ; Weintraub, L. R., et al. Brit. J. Hematology
59:321 (1985); and Fletcher, L. M., et al.,
Gastroenterology 97:1011 (1989).

Similarly, U.S. Patent No. 2,885,393 to Herb also
discloses iron dextran complexes. The most suitable
range in molecular weight of the partially depolymerized
dextran for injection was found to be 30,000 to 80,000
daltons or lower. A subsequent patent to Herb, U.S.
Patent No. 4,180,567, discloses other iron preparations
and methods for making and administering such
preparations; however, the method disclosed does not

teach the heating of iron dextran complexes above 100°C.

Other methods for the production of iron dextran
complexes have been described, for example, in U.S.
Patent No. 4,599,045 to Muller et al. regarding iron
(III) hydroxy/dextran complexes that are produced using
an alkali carbonate, ammonium carbonate or a carbonate of
an organic base added to an acid solution containing a
partially depolymerized dextran and an iron (III) salt.
Thereafter, an alkali metal hydroxide or ammonium
hydroxide is added. The suspension so formed is then
converted into a solution by heating, and the solution
worked up in a known manner.

Alternatively, ferric chloride and dextran can be
reacted in aqueous solution in the presence of citric
acid as disclosed in U.S. Patent No. 3,697,502 or by
treating reactive trivalent iron with a complex-forming
agent consisting of sorbitol, gluconic acid and certain
oligosaccharides, in particular proportions and amounts
as taught in U.S. Patent No. 3,686,397.

U.S. Patent No. 4,749,695 and its divisional, U.S.
Patent No. 4,927,756, both to Schwengers, disclose a
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