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STABILIZED LIQUID ANTI-RSV
ANTIBODY FORMULATIONS

This application is entitled to and claims priority benefit to U.S. provisional
application Serial No. 60/388,921 filed June 14, 2002, which is incorporated herein by

reference in its entirety.

1. INTRODUCTION

The present invention relates to liquid formulations of SYNAGIS® or an antigen-
binding fragment thereof, which formulations exhibit stability, low to undetectable levels of
antibody fragmentation, low to undetectable levels of aggregation, and very little to no loss
of the biological activity (e.g., therapeutic efficacy) SYNAGIS® or an antigen-binding
fragment thereof, even during or after long periods of storage. In particular, the present
invention relates to liquid formulations of SYNAGIS® or an antigen-binding fragment
thereof, which formulations are substantially free of surfactant and/or inorganic salts. The
present invention also relates to methods of preventing, treating or ameliorating symptoms
associated with a respiratory syncytial virus (RSV) infection utilizing liquid formulations of

SYNAGIS® or an antigen binding fragment thereof.

2. BACKGROUND OF THE INVENTION

Respiratory syncytial virus (RSV) is the leading cause of serious lower respiratory
tract disease in infants and children (Feigen et al., eds., 1987, In: Textbook of Pediatric
Infectious Diseases, WB Saunders, Philadelphia at pages 1653-1675; New Vaccine
Development, Establishing Priorities, Vol. 1, 1985, National Academy Press, Washington
DC at pages 397-409; and Ruuskanen ef al., 1993, Curr. Probl. Pediatr. 23:50-79). The
yearly epidemic nature of RSV infection is evident worldwide, but the incidence and
severity of RSV disease in a given season vary by region (Hall, C.B., 1993, Contemp.
Pediatr. 10:92-110). In temperate regions of the northern hemisphere, it usually begins in
late fall and ends in late spring (Hall, C.B., 1995, In: Mardell G.L., Bernnett J.E., Dolin R.,
eds., 1995, Principles and Practice of Infections Diseases. 4th ed., Churchill Livingstone,
New York at pages 1501-1519). It is estimated that RSV illness results in 90,000
hospitalizations and causes 4,500 deaths annually in the United States. Primary RSV

infection occurs most often in children from 6 weeks to 2 years of age and uncommonly in
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the first 4 weeks of life during nosocomial epidemics (Hall et al., 1979, New Engl. J. Med.

300:393-396). RSV is estimated to cause as much as 75% of all childhood bronchiolitis and
up to 40% of all pediatric pneumonias (Cunningham, C.K. et al., 1991, Pediatrics 88:527-
532). Children at increased risk from RSV infection include preterm infants (Hall ez al.,
1979, New Engl. J. Med. 300:393-396) and children with bronchopulmonary dysplasia
(Groothuis ef al., 1988, Pediatrics 82:199-203), congenital heart disease (MacDonald et al.,
New Engl. J. Med. 307:397-400), congenital or acquired immunodeficiency (Ogra et al.,
1988, Pediatr. Infect. Dis. J. 7:246-249; and Pohl et al., 1992, J. Infect. Dis. 165:166-169),
and cystic fibrosis (Abman et al., 1988, J. Pediatr. 113:826-830). The fatality rate in infants
with heart or lung disease who are hospitalized with RSV infection is 3%-4% (Navas et al.,
1992, J. Pediatr. 121:348-354).

RSV infects adults as well as infants and children. In healthy adults, RSV causes
predominantly upper respiratory tract disease. It has recently become evident that some
adults, especially the elderly, have symptomatic RSV infections more frequently than had
been previously reported (Evans, A.S., eds., 1989, Viral Infections of Humans.
Epidemiology and Control, 3 ed., Plenum Medical Book, New York at pages 525-544).
Several epidemics also have been reported among nursing home patients and
institutionalized young adults (Falsey, A.R., 1991, Infect. Control Hosp. Epidemiol. 12:602-
608; and Garvie et al., 1980, Br. Med. J. 281:1253-1254). Finally, RSV may cause serious
disease in immunosuppressed persons, particularly bone marrow transplant patients (Hertz
et al., 1989, Medicine 68:269-281).

Treatment options for established RSV disease are limited. Severe RSV disease of
the lower respiratory tract often requires considerable supportive care, including
administration of humidified oxygen and respiratory assistance (Fields ez al., eds, 1990,
Fields Virology, 2™ ed., Vol. 1, Raven Press, New York at pages 1045-1072). The only
drug approved for treatment of infection is the antiviral agent ribavirin (American Academy
of Pediatrics Committee on Infectious Diseases, 1993, Pediatrics 92:501-504). It has been
shown to be effective in the treatment of RSV pneumonia and bronchiolitis, modifying the
course of severe RSV disease in immunocompetent children (Smith ez al., 1991, New Engl.
J. Med. 325:24-29). However, ribavirin has a number of limitations including high cost,
need for prolonged aerosol administration and potential risk to pregnant women as well as
to exposed health care personnel. The American Academy of Pediatrics Committee on
Infectious Diseases revised their recommendation for use of ribavirin. The current

recommendation is that the decision to use ribavirin should be based on the particular
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clinical circumstances and physician's experience (American Academy of Pediatrics.

Summaries of Infectious Diseases. In: Pickering L.X., ed., 2000 Red Book:Report of the
Committee on Infectious Diseases. 25th ed., Elk Grove Village, IL, American Academy of
Pediatrics, 2000, pp. 483-487).

While a vaccine might prevent RSV infection, no vaccine is yet licensed for this
indication. A major obstacle to vaccine development is safety. A formalin-inactivated
vaccine, though immunogenic, unexpectedly caused a higher and more severe incidence of
lower respiratory tract disease due to RSV in immunized infants than in infants immunized
with a similarly prepared trivalent parainfluenza vaccine (Kim et al., 1969, Am. J.
Epidemiol. 89:422-434; and Kapikian ef al., 1969, Am. J. Epidemiol. 89:405-421). Several
candidate RSV vaccines have been abandoned and others are under development (Murphy
et al., 1994, Virus Res. 32:13-36), but even if safety issues are resolved, vaccine efficacy
must also be improved. A number of problems remain to be solved. Immunization would
be required in the immediate neonatal period since the peak incidence of lower respiratory
tract disease occurs at 2-5 months of age. The immaturity of the neonatal immune response
together with high titers of maternally acquired RSV antibody may be expected to reduce
vaccine immunogenicity in the neonatal period (Murphy e al., 1988, J. Virol. 62:3907-
3910; and Murphy et al., 1991, Vaccine 9:185-189). Finally, primary RSV infection and
disease do not protect well against subsequent RSV disease (Henderson et al., 1979, New
Engl. J. Med. 300:530-534).

Currently, the only approved approach to prophylaxis of RSV disease is passive
immunization. Initial evidence suggesting a protective role for IgG was obtained from
observations involving maternal antibody in ferrets (Prince, G.A., Ph.D. diss., University of
California, Los Angeles, 1975) and humans (Lambrecht ez al, 1976, J. Infect. Dis. 134:211-
217; and Glezen et al., 1981, J. Pediatr. 98:708-715). Hemming et al. (Morell et al., eds.,
1986, Clinical Use of Intravenous Immunoglobulins, Academic Press, London at pages 285-
294) recognized the possible utility of RSV antibody in the treatment or prevention of RSV
infection during studies involving the pharmacokinetics of an intravenous immune globulin
(IVIG) in newborns suspected of having neonatal sepsis. They noted that one infant, whose
respiratory secretions yielded RSV, recovered rapidly after IVIG infusion. Subsequent
analysis of the IVIG lot revealed an unusually high titer of RSV neutralizing antibody. This
same group of investigators then examined the ability of hyperimmune serum or immune
globulin, enriched for RSV neutralizing antibody, to protect cotton rats and primates against

RSV infection (Prince ef al., 1985, Virus Res. 3:193-206; Prince et al., 1990, J. Virol.
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64:3091-3092; Hemming et al., 1985, J. Infect. Dis. 152:1083-1087; Prince et al., 1983,

Infect. Immun. 42:81-87; and Prince et al., 1985, J. Virol. 55:5 17-520). Results of these
studies suggested that RSV neutralizing antibody given prophylactically inhibited
respiratory tract replication of RSV in cotton rats. When given therapeutically, RSV
antibody reduced pulmonary viral replication both in cotton rats and in a nonhuman primate
model. Furthermore, passive infusion of immune serum or immune globulin did not
produce enhanced pulmonary pathology in cotton rats subsequently challenged with RSV.

A humanized antibody directed to an epitope in the A antigenic site of the F protein
of RSV, SYNAGIS®, comprising variable heavy (VH) complementarity determining
regions (CDRs) having the amino acid sequences of SEQ ID NO:1-3 and variable light
(VL) CDRs having the amino acid sequences of SEQ ID NO:4-6, is approved for
intramuscular administration to pediatric patients for prevention of serious lower respiratory
tract disease caused by RSV at recommended monthly doses of 15 mg/kg of body weight
throughout the RSV season (November through April in the northern hemisphere).
SYNAGIS®is a composite of human (95%) and murine (5%) antibody sequences. See,
Johnson et al., 1997, J. Infect. Diseases 176:1215-1224 and U.S. Patent No. 5,824,307, the
entire contents of which are incorporated herein by reference. The human heavy chain
sequence was derived from the constant domains of human IgG; and the variable
framework regions of the VH genes of Cor (Press et al., 1970, Biochem. J. 117:641-660)
and Cess (Takashi ez al., 1984, Proc. Natl. Acad. Sci. USA 81:194-198). The human light
chain sequence was derived from the constant domain of C6 and the variable framework
regions of the VL gene K104 with J6-4 (Bentley ef al., 1980, Nature 288:5194-5 198). The
murine sequences were derived from a murine monoclonal antibody, Mab 1129 (Beeler et
al., 1989, J. Virology 63:2941-2950), in a process which involved the grafting of the murine
complementarity determining regions into the human antibody frameworks.

SYNAGIS® has high specific activity against RSV in vitro (approximately 50-100
times that of RespiGam®) and is known to neutralize a broad range of RSV isolates. Since
it 1s not derived from human plasma, prophylactic treatment with SYNAGIS® does not
carry potential risk of transmission of blood borne pathogens.

SYNAGIS® was initially formulated as a liquid for IV use, at a concentration of 10
mg/ml SYNAGIS® in phosphate buffered saline. A lyophilized formulation of SYNAGIS®,
which allows a higher concentration (100 mg/ml after reconstitution, in 50 mM histidine
and 3.2 mM glycine buffer with 6% (w/v) mannitol at pH 6.0) of the antibody than this

initial liquid formulation, was produced later to allow intramuscular use. The lyophilized
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formulation of SYNAGIS® is prepared by lyophilizing SYNAGIS® at 54 mg/ml in an

aqueous solution containing 25 mM histidine, 1.6 mM glycine, and 3% (w/v) mannitol at
pH 6.0. The initial liquid formulation in PBS and the lyophilized formulation of
SYNAGIS® have been tested in phase I clinical studies in healthy adults. The lyophilized
formulation was tested in phase I through phase IV studies in pediatric patients.
SYNAGIS®, at doses of 15 mg/kg to 30 mg/kg for adults is found to be well tolerated, and
15 mg/kg for children is found to be safe and efficacious for RSV prophylaxis. The
lyophilized formulation was approved in 1998 by the FDA for use in the prevention of
serious lower respiratory tract disease caused by RSV in children at high risk of RSV
disease.

However, the lyophilized formulation has a number of limitations, including a
prolonged process for lyophilization and resulting high cost for manufacturing. In addition,
the lyophilized formulation has to be reconstituted aseptically and accurately by healthcare
practitioners prior to administering to patients. The reconstitution step itself requires certain
specific procedures: (1) a sterile diluent (i.e., water or 5% dextrose in water for intravenous
administration and water for intramuscular administration) is added to the vial containing
lyophilized SYNAGIS®, slowly and aspetically, and the vial must be swirled very gently for
30 seconds to avoid foaming; (2) the reconstituted SYNAGIS® needs to stand at room
temperature for a minimum of 20 minutes until the solution clarifies; and (3) the
reconstituted preparation must be administered within six (6) hours after the reconstitution.
Such reconstitution procedure is cumbersome and the time limitation after the reconstitution
can cause a great inconvenience in administering the formulation to patients, leading to
significant waste, if not reconstituted properly or if the reconstituted dose is not used within
six (6) hours and must be discarded.

Thus, a need exists for a liquid formulation of SYNAGIS® at a concentration
comparable to or higher than the reconstituted lyophilized formulation so that there is no
need to reconstitute the formulation prior to administration. This allows health care
practitioners much quicker and easier administration of SYNAGIS® to a patient.

Prior liquid antibody preparations have short shelf lives and may lose biological
activity of the antibodies resulting from chemical and physical instabilities during the
storage. Chemical instability may be caused by deamidation, racemization, hydrolysis,
oxidation, beta elimination or disulfide exchange, and physical instability may be caused by
antibody denaturation, aggregation, precipitation or adsorption. Among those, aggregation,

deamidation and oxidation are known to be the most common causes of the antibody
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degradation (Wang et al., 1988, J. of Parenteral Science & Technology 42(Suppl):S4-S26;

Cleland et al., 1993, Critical Reviews in Therapeutic Drug Carrier Systems 10(4):307-377).
Thus, there is a need for a stable liquid formulation of SYNAGIS® or an antigen-binding
fragment thereof effective to prevent RSV infection.

3. SUMMARY OF INVENTION

The present invention is based, in part, on the development of high concentration
liquid formulations of SYNAGIS® or an antigen-binding fragment thereof, which
formulations exhibit, in the absence of surfactant, inorganic salts, and/or other excipients,
stability, low to undetectable levels of antibody fragmentation and/or aggregation, and very
little to no loss of the biological activity(ies) of SYNAGIS® or an antigen-binding fragment
thereof during manufacture, preparation, transportation, and storage. The liquid
formulations of the present invention facilitate the administration of SYNAGIS® or an
antigen-binding fragment thereof for the prevention, treatment, management and/or
amelioration of a RSV infection or one or more symptoms thereof. In particular, the liquid
formulations of the present invention enable a healthcare professional to quickly administer
a sterile dosage of SYNAGIS® or an antigen-binding fragment thereof without having to
accurately and aseptically reconstitute the antibody or antibody fragment prior to
administration as required for the lyophilized dosage form. Such liquid formulations of
SYNAGIS® can be also manufactured more easily and cost effectively than the lyophilized
formulation since liquid formulations do not require a prolonged drying step, such as
lyophilization, freeze-drying, etc. The liquid formulations are made by a process in which
the antibody being formulated is in an aqueous phase throughout the purification and
formulation process. Preferably, the liquid formulations are made by a process that does not
include a drying step, for example, but not by way of limitation, a lyophilization, freeze-
drying, spray-drying, or air-drying step.

The present invention provides liquid formulations of SYNAGIS® or an antigen-
binding fragment thereof, substantially free of surfactant, inorganic salts, sugars, and/or
other common excipients, said formulations comprising histidine and a concentration of
about 15 mg/ml or higher of SYNAGIS® or an antigen-binding fragment thereof,
Optionally, the formulation may further comprise glycine. Alternatively, the formulation of
the present invention may further comprise other common excipients, such as saccharides,
polyols and amino acids, including, but not limited to, arginine, lysine, and methionine.

The present invention also provides liquid formulations substantially free of surfactant,
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inorganic salts, sugars, and/or other commonly-known excipients, said formulation having a

pH ranging from about 5.0 to about 7.0, preferably about 5.5 to 6.5, more preferably about
5.8 to about 6.2, and most preferably about 6.0, and comprising histidine and a
concentration of about 15 mg/ml or higher of SYNAGIS® or an antigen-binding fragment
thereof.

The present invention encompasses stable liquid formulations of SYNAGIS® which
exhibit low to undetectable levels of antibody aggregation and/or fragmentation with very
little to no loss of biological activity(ies) of SYNAGIS® or an antigen-binding fragment
thereof during manufacture, preparation, transportation and long periods of storage. The
present invention also encompasses stable liquid formulations of modified forms of
SYNAGIS® or an antigen-binding fragment thereof that have increased in vivo half-lives
relative to unmodified SYNAGIS® or an antigen-binding fragment thereof, said
formulations exhibiting low to undetectable levels of antibody aggregation and/or
fragmentation, and very little to no loss of biological activity(ies) of SYNAGIS® or an
antigen-binding fragment thereof.

The present invention encompasses liquid formulations of SYNAGIS® or an
antigen-binding fragment thereof, said formulations having stability at 38° - 42°C as
assessed by high performance size exclusion chromatography (HPSEC). The liquid
formulations of the present invention exhibits stability, as assessed by HSPEC, at the
temperature ranges of 38°C-42°C for at least 60 days (in specific embodiments, not more
than 120 days), of 20°C-24°C for at least 1 year, and of 2°C-8°C for at least 3 years. The
present invention also encompasses liquid formulations of SYNAGIS® or an anti gen-
binding fragment thereof, said formulations having low to undetectable aggregation as
measured by HPSEC. In a preferred embodiment, the liquid formulations of the present
invention exhibit stability at 38°-42°C for at least 60 days and exhibit low to undetectable
levels of antibody aggregation as measured by HPSEC, and further, exhibit very little to no
loss of biological activity (ies) of SYNAGIS® or an antigen-binding fragment thereof
compared to the reference antibodies as measured by antibody binding assays such as, e.g.,
ELISAs.

The present invention provides methods for preparing liquid formulations of
SYNAGIS® or an anti gen-binding fragment thereof. The liquid formulations of the present
invention are prepared by maintaining SYNAGIS® or an antigen-binding fragment thereof
in an aqueous solution at any time during the preparation. In other words, the liquid

formulations are prepared without involving any step of drying SYNAGIS® or an anti gen-

-7 -



10

15

20

25

30

WO 03/105894 PCT/US03/18913
binding fragment thereof or the formulations themselves by, for example, lyophilization,

vacuum drying, etc.

The present invention provides methods for preparing liquid formulations of
SYNAGIS® or an antigen-binding fragment thereof, said methods comprising concentrating
a fraction of purified SYNAGIS® or an antigen-binding fragment thereof to a final
concentration of about 15 mg/ml, about 20 mg/ml, about 30 mg/ml, about 40 mg/m], about
50 mg/ml, about 60 mg/ml, about 70 mg/ml, about 80 mg/ml, about 90 mg/ml, about 100
mg/ml, about 200 mg/ml, about 250 mg/ml, or about 300 mg/ml using a semi-permeable
membrane with an appropriate molecular weight (mw) cutoff (e.g., 30 kD cutoff for
SYNAGIS® and F(ab’), fragments thereof; and 10 kD cutoff for SYNAGIS® fragments
such Fab fragments), and diafiltering the concentrated antibody fraction into the formulation
buffer using the same membrane. The formulation buffer of the present invention
comprises histidine at a concentration ranging from about 1 mM to about 100 mM, about 10
mM to about 50 mM, about 20 mM to about 30 mM, or about 23 mM to about 27 mM, and
is most preferably about 25 mM. To obtain an appropriate pH for SYNAGIS® or an
antigen-binding fragment thereof, it is preferably that histidine (and glycine, if added) is
first dissolved in water to obtain a buffer solution with higher pH than the desired pH and
then the pH is brought down to the desired level by the addition of HC1. This way, the
formation of inorganic salts (e.g., the formation of NaCl when, e.g., histidine hydrochloride
is used as the source of histidine and the pH is raised to the desired level by the addition of
NaOH) can be avoided.

The liquid formulations of the present invention may be sterilized by sterile filtration
using a 0.2 p or a 0.22 p filter. Sterilized liquid formulations of the present invention may
be administered to a subject to prevent, treat or ameliorate one or more symptoms
associated with a RSV infection or a symptom thereof.

The present invention also provides kits comprising the liquid formulations of
SYNAGIS® or an antigen-binding fragment thereof for use by, e.g. a healthcare
professional. The present invention further provides methods of preventing, treating
managing or ameliorating a RSV infection or one or more symptoms thereof by

administering the liquid formulations of the present invention.

3.1 Terminology
As used herein, all liquid formulations of SYNAGIS® and/or fragments thereof that

immunospecifically bind to a RSV antigen described above are collectively referred to as
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"liquid formulations of the invention,” " SYNAGIS® liquid formulations of the invention,"

or "liquid formulations of SYNAGIS® or an antigen-binding fragment thereof."

As used herein, the term “cytokine receptor modulator” refers to an agent which
modulates the phosphorylation of a cytokine receptor, the activation of a signal transduction
pathway associated with a cytokine receptor, and/or the expression of a particular protein
such as a cytokine. Such an agent may directly or indirectly modulate the phosphorylation
of a cytokine receptor, the activation of a signal transduction pathway associated with a
cytokine receptor, and/or the expression of a particular protein such as a cytokine. Thus,
examples of cytokine receptor modulators include, but are not limited to, cytokines,
fragments of cytokines, fusion proteins and antibodies that immunospecifically binds to a
cytokine receptor or a fragment thereof. Further, examples of cytokine receptor modulators
include, but are not limited to, peptides, polypeptides (e.g., soluble cytokine receptors),
fusion proteins and antibodies that immunospecifically binds to a cytokine or a fragment
thereof.

As used herein, the terms "SYNAGIS® fragment”, “antigen-binding fragment” and
like terms used in the context of SYNAGIS® refer to a fragment of SYNAGIS® that
immunospecifically binds to a RSV antigen. Fragments of SYNAGIS® may be generated
by any technique known to those skilled in the art. For example, Fab and F(ab’), fragments
may be produced by proteolytic cleavage of immunoglobulin molecules, using enzymes
such as papain (to produce Fab fragments) or pepsin (to produce F(ab”), fragments). F(ab”),
fragments contain the complete light chain, and the variable region, the CH1 region and the
hinge region of the heavy chain. Preferably, the fragment also binds to a RSV antigen,
more preferably to the same epitope as SYNAGIS®.

As used herein, the term “effective amount” refers to the amount of a therapy (e.g., a
prophylactic or therapeutic agent), which is sufficient to reduce the severity, and/or duration
of a RSV infection, ameliorate one or more symptoms thereof, prevent the advancement of
a RSV infection, or cause regression of a RSV infection, or which is sufficient to result in
the prevention of the development, recurrence, onset, or progression of a RSV infection or
one or more symptoms thereof, or enhance or improve the prophylactic and/or therapeutic
effect(s) of another therapy (e.g., another therapeutic agent). In a specific embodiment, an
effective amount of a therapeutic or a prophylactic agent reduces one or more of the
following steps of a RSV life cycle: the docking of the virus particle to a cell, the
introduction of viral genetic information into a cell, the expression of viral proteins, the

production of new virus particles and the release of virus particles from a cell by at least
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5%, preferably at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least

35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least
100%. In another specific embodiment, an effective amount of a therapeutic or a
prophylactic agent reduces the replication, multiplication or spread of a virus by at least 5%,
preferably at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least 35%,
at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 100%.

As used herein, the term "epitope" refers to a portion of a RSV polypeptide or
protein having antigenic or immunogenic activity in an animal, preferably a mammal, and
most preferably in a human. An epitope having immunogenic activity is a portion of a RSV
polypeptide or protein that elicits an antibody response in an animal. An epitope having
antigenic activity is a portion of a RSV polypeptide or protein to which an antibody
mmmunospecifically binds as determined by any method well known in the art, for example,
by the immunoassays described herein. Antigenic epitopes need not necessarily be
immunogenic. Specifically, the epitope of SYNAGIS® is the A antigenic site of the F
protein of RSV.

As used herein, the term "excipients" refers to inert substances which are commonly
used as a diluent, vehicle, preservatives, binders, or stabilizing agent for drugs and includes,
but not limited to, proteins (e.g., serum albumin, etc.), amino acids (e.g., aspartic acid,
glutamic acid, lysine, arginine, glycine, histidine, etc.), fatty acids and phospholipids (e.g.,
alkyl sulfonates, caprylate, etc.), sufactants (e.g., SDS, polysorbate, nonionic surfactant,
etc.), saccharides (e.g., sucrose, maltose, trehalose, etc.) and polyols (e.g., mannitol,
sorbitol, etc.). Also see Remington's Pharmaceutical Sciences (by Joseph P. Remington,
18th ed., Mack Publishing Co., Easton, PA) which is hereby incorporated in its entirety.
Preferably, the excipients impart a beneficial physical property to the formulation, such as
increased protein stability, increased protein solubility and decreased viscosity.

The term “fragment” as used herein refers to a peptide, polypeptide, or protein
(including an antibody) comprising an amino acid sequence of at least 5 contiguous amino
acid residues, at least 10 contiguous amino acid residues, at least 15 contiguous amino acid
residues, at least 20 contiguous amino acid residues, at least 25 contiguous amino acid
residues, at least 40 contiguous amino acid residues, at least 50 contiguous amino acid
residues, at least 60 contiguous amino residues, at least 70 contiguous amino acid residues,

at least contiguous 80 amino acid residues, at least contiguous 90 amino acid residues, at
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least contiguous 100 amino acid residues, at least contiguous 125 amino acid residues, at

least 150 contiguous amino acid residues, at least contiguous 175 amino acid residues, at
least contiguous 200 amino acid residues, or at least contiguous 250 amino acid residues of
the amino acid sequence of another polypeptide or protein. In a specific embodiment, a
fragment of a protein or polypeptide retains at least one function of the protein or
polypeptide. In another embodiment, a fragment of a protein or polypeptide retains at least
two, three or four functions of the protein or polypeptide. Preferably a fragment of an
antibody that immunospecifically binds to a RSV antigen retains the ability to bind to a
RSV antigen.

As used herein, the term “fusion protein” refers to a polypeptide or protein that
comprises an amino acid sequence of a first protein, polypeptide or fragment, analog or
derivative thereof, and an amino acid sequence of a heterologous protein or polypeptide
(i.e., a second protein, polypeptide or fragment, analog or derivative thereof different than
the first protein or functional fragment, analog or derivative thereof). In one embodiment, a
fusion protein comprises a prophylactic or therapeutic agent fused to a heterologous protein,
polypeptide or peptide. In accordance with this embodiment, the heterologous protein,
polypeptide or peptide may or may not be a different type of prophylactic or therapeutic
agent.

As used herein, the term “human infant” refers to a human less than 24 months,
preferably less than 16 months, less than 12 months, less than 6 months, less than 3 months,
less than 2 months, or less than 1 month of age.

As used herein, the term “human infant born prematurely” refers to a human born at
less than 40 weeks gestational age, preferably less than 35 weeks gestational age, who is
less than 6 months old, preferably less than 3 months old, more preferably less than 2
months old, and most preferably less than 1 month old.

As used herein, the term “high concentration” refers to a concentration of 50 mg/ml
or higher, preferably 95 mg/ml or higher of an antibody or fragment thereof that
immunospecifically binds to a RSV antigen, in an antibody formulation.

As used herein, the term “host cell” includes a subject cell transfected or
transformed with a nucleic acid molecule and the progeny or potential progeny of such a
cell. Progeny of such a cell may not be identical to the parent cell transfected with the
nucleic acid molecule due to mutations or environmental influences that may occur in
succeeding generations or integration of the nucleic acid molecule into the host cell

genome.
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As used herein, the term “immunospecifically binds a RSV antigen” and analogous

terms refer to antibodies or fragments thereof that specifically bind to a RSV antigen thereof
and do not specifically bind to other polypeptides. Antibodies or fragments that
immunospecifically bind a RSV antigen may be cross-reactive with related antigens.
Preferably, antibodies or fragments that immunospecifically bind a RSV antigen do not
cross-react with other antigens. Antibodies or fragments that immunospecifically bind to
and RSV antigen can be identified, for example, by immunoassays, BIAcore, isothermal
titration calorimetry, or other techniques known to those of skilled in the art. An antibody
or an antigen-binding fragment thereof binds specifically to a RSV antigen when it binds
with higher affinity than to any cross-reactive antigen as determined using experimental
techniques, such as radioimmunoassays (RIA) and enzyme-linked immunosorbent assays

(ELISAs). See, e.g., Paul, ed., 1989, Fundamental Immunology Second Edition, Raven

Press, New York at pages 332-336 for a discussion regarding antibody specificity.

The term “in combination” as used herein refers to the use of more than one
therapies (e.g., prophylactic and/or therapeutic agents). The use of the term “in
combination” does not restrict the order in which therapies (e.g., prophylactic and/or
therapeutic agents) are administered to a subject with a RSV infection. A first therapy (e.g.,
a prophylactic or therapeutic agent) can be administered prior to (e.g., 5 minutes, 15
minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48
hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks,
or 12 weeks before), concomitantly with, or subsequent to (e.g., 5 minutes, 15 minutes, 30
minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72
hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12
weeks after) the administration of a second therapy (e.g., a prophylactic or therapeutic
agent) to a subject with a RSV infection.

As used herein, the term "inorganic salt" refers to any compounds, containing no
carbon, that result from replacement of part or all of the acid hydrogen or an acid by a metal
or a group acting like a metal and are often used as a tonicity adjusting compound in
pharmaceutical compositions and preparations of biological materials. The most common
inorganic salts are NaCl, KCl, NaH,PQ,, etc.

An "isolated" or "purified" antibody is substantially free of cellular material or other
contaminating proteins from the cell or tissue source from which the protein is derived, or
substantially free of chemical precursors or other chemicals when chemically synthesized.

The language "substantially free of cellular material" includes preparations of an antibody
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in which the polypeptide/protein is separated from cellular components of the cells from

which it is isolated or recombinantly produced. Thus, an antibody that is substantially free
of cellular material includes preparations of the antibody having less than about 30%, 20%,
10%, 5%, 2.5%, or 1%, (by dry weight) of contaminating protein. When the antibody is
recombinantly produced, it is also preferably substantially free of culture medium, i.e.,
culture medium represents less than about 20%, 10%, or 5% of the volume of the protein
preparation. When antibody is produced by chemical synthesis, it is preferably substantially
free of chemical precursors or other chemicals, i.e., it is separated from chemical precursors
or other chemicals which are involved in the synthesis of the protein. Accordingly, such
preparations of the antibody have less than about 30%, 20%, 10%, 5% (by dry weight) of
chemical precursors or compounds other than antibody of interest. In a preferred
embodiment of the present invention, antibodies are isolated or purified.

As used herein, the phrase "low to undetectable levels of aggregation” refers to
samples containing no more than 5%, no more than 4%, no more than 3%, no more than
2%, no more than 1%, and most preferably no more than 0.5%, aggregation by weight
protein as measured by high performance size exclusion chromatography (HPSEC).

As used herein, the term “low to undetectable levels of fragmentation” refers to
samples containing equal to or more than 80%, 85%, 90%, 95%, 98%, or 99%, of the total
protein, for example, in a single peak as determined by high performance size exclusion
chromatography (HPSEC), or in two (2) peaks (heavy- and light-chains) by reduced
Capillary Gel Electrophoresis (tCGE), representing the non-degraded SYNAGIS® or a non-
degraded fragment thereof which immunospecifically binds to a RSV antigen, and
containing no other single peaks having more than 5%, more than 4%, more than 3%, more
than 2%, more than 1%, or more than 0.5% of the total protein each. The term "Reduced-
Capillary Gel Electrophoresis (CGE)" as used herein refers to capillary gel electrophoresis
under reducing conditions sufficient to reduce disulfide bonds in SYNAGIS® or an antigen-
binding fragment thereof.

As used herein, the terms “manage”, “managing” and “management” refer to the
beneficial effects that a subject derives from a therapy (e.g., SYNAGIS® or an antigen-
binding fragment thereof), which does not result in a cure of a RSV infection. In certain
embodiments, a subject is administered one or more therapies (e.g., prophylactic or
therapeutic agents) to “manage” a RSV infection or a symptom thereof so as to prevent the

progression or worsening of the infection.
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As used herein, the term “modified” in the context of modified forms of SYNAGIS®

or an antigen-binding fragment thereof refers to SYNAGIS® or an antigen-binding fragment
thereof which has been altered by any method known in the art to increase its half life (see,
e.g., Section 5.1.1., infra). SYNAGIS® and antigen-binding fragments thereof with
improved in vivo half-lives and methods for preparing them are disclosed in International
Publication No. WO 02/060919, filed December 12, 2001, and U.S. Patent Application No.
10/020,354, filed December 12, 2001, both entitled "Molecules with Extended Half-Lives,
Compositions and Uses" and by L. Johnson ef al. which are hereby incorporated by
reference in their entireties. The term “modified” in the context of SYNAGIS® or an
antigen-binding fragment thereof also refers to SYNAGIS® or an antigen-binding fragment
modified by covalent attachment of any type of molecule to SYNAGIS® or an antigen-
binding fragment thereof. For example, but not by way of limitation, SYNAGIS® or an
antigen-binding fragment thereof may be modified, e.g., by glycosylation, acetylation,
pegylation, phosphorylation, amidation, derivatization by known protecting/blocking
groups, proteolytic cleavage, linkage to a cellular ligand or other protein, etc.

As used herein, the term "pharmaceutically acceptable" means being approved by a
regulatory agency of the Federal or a state government or listed in the U.S. Pharmacopia,
European Pharmacopia or other generally recognized pharmacopia for use in animals, and
more particularly in humans.

As used herein, the term “polyol” refers to a sugar that contains many -OH groups
compared to a normal saccharide.

As used herein, the terms “prevent”, “preventing”, and “prevention” refer to the
prevention or reduction of the recurrence, onset, development or pro gression of a RSV
infection, or the prevention or reduction of the severity and/or duration of a RSV infection
or one or more symptoms thereof.

As used herein, the terms “prophylactic agent” and “prophylactic agents™ refer to
any agent(s) which can be used in the prevention of a RSV infection or one or more
symptoms thereof. In certain embodiments, the term “prophylactic agent” refers to
SYNAGIS® or an antigen-binding fragment thereof. In accordance with these
embodiments, the antibody or antibody fragment may be a component of a liquid
formulation of the invention. In certain other embodiments, the term “prophylactic agent”
does not refer to SYNAGIS® or an antigen-binding fragment thereof. In yet other
embodiments, the term “prophylactic agent” does not refer to antibodies or fragments

thereof other than SYNAGIS® that immunospecifically bind to a RSV antigen. Preferably,
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a prophylactic agent is an agent which is known to be useful to, or has been or is currently

being used to prevent or impede the onset, development, progression, and/or severity of a
RSV infection or a symptom thereof.

As used herein, the term “prophylactically effective amount” refers to the amount of
a liquid formulation of the invention which is sufficient to result in the prevention of the
development, recurrence, onset or progression of a RSV infection. In a specific
embodiment, a prophylactically effective amount of a prophylactic agent reduces one or
more of the following steps of a RSV life cycle: the docking of the virus particle to a cell,
the introduction of viral genetic information into a cell, the expression of viral proteins, the
production of new virus particles and the release of virus particles from a cell by at least
5%, preferably at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least
35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least
100%. In another specific embodiment, a prophylactically effective amount ofa
prophylactic agent reduces the replication, multiplication or spread of a virus by at least 5%,
preferably at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least 35%,
at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 100%.

As used herein, the term “RSV antigen” refers to a RSV protein, polypeptide or
peptide to which an antibody immunospecifically binds.

As used herein, the term “saccharide” refers to a class of molecules that are
polyhydric alcohols. Saccharides are commonly referred to as carbohydrates and may
contain different amounts of sugar (saccharide) units, e.g., monosaccharides, dissacharides
and polysacchorides.

The term “small molecule” and analogous terms include, but are not limited to,
peptides, peptidomimetics, amino acids, amino acid analogues, polynucleotides,
polynucleotide analogues, nucleotides, nucleotide analogues, organic or inorganic
compounds (i.e., including heterorganic and/or ganometallic compounds) having a
molecular weight less than about 10,000 grams per mole, organic or inorganic compounds
having a molecular weight less than about 5,000 grams per mole, organic or inorganic
compounds having a molecular weight less than about 1,000 grams per mole, organic or
inorganic compounds having a molecular weight less than about 500 grams per mole, and

salts, esters, and other pharmaceutically acceptable forms of such compounds.
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As used herein, The terms "stability" and "stable" in the context of a liquid

formulation comprising SYNAGIS® or an antigen-binding fragment thereof refer to the
resistance of SYNAGIS® or an antigen-binding fragment thereof in the formulation to
thermal and chemical unfolding, aggregation, degradation or fragmentation under given
manufacture, preparation, transportation and storage conditions. The "stable" formulations
of the invention retain biological activity equal to or more than 80%, 85%, 90%, 95%, 98%,
99%, or 99.5% under given manufacture, preparation, transportation and storage conditions.
The stability of SYNAGIS® or an antigen-binding fragment thereof can be assessed by
degrees of aggregation, degradation or fragmentation by methods known to those skilled in
the art, including but not limited to reduced Capillary Gel Electrophoresis (tCGE), Sodium
Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) and HPSEC, compared
to a reference, that is, a commercially available lyophilized SYNAGIS® reconstituted to 100
mg/ml in 47 mM histidine/3 mM glycine buffer with 5.6% mannitol at pH 6.0. The
reference regularly gives a single peak (>97% area) by HPSEC. The overall stability of a
liquid formulation comprising SYNAGIS® or an antigen-binding fragment thereof that
immunospecifically binds to a RSV antigen can be assessed by various immunological
assays including, for example, ELISA and radioimmunoassay using the specific epitope of
RSV.

As used herein, the term “SYNAGIS® standard reference” or analogous terms refer
to commercially available lyophilized SYNAGIS®, as described in the Physicians’ Desk
Reference, 56™ edition, 2002. Reconstituted SYNAGIS® may contain, e.g., the following
excipients: 47 mM histidine, 3.0 mM glycine and 5.6% manitol and the active ingredient,
the antibody, at a concentration of 100 milligrams per ml solution.

The terms “subject” and “patient” are used interchangeably herein. As used herein,
the terms “subject” and “subjects” refer to an animal, preferably a mammal including a non-
primate (e.g., a cow, pig, horse, cat, dog, rat, and mouse) and a primate (e.g., a chimpanzee,
a monkey such as a cynomolgous monkey, and a human), and more preferably a human.

As used herein, the term "substantially free of surfactant” refers to a formulation of
SYNAGIS® or an antigen-binding fragment thereof, said formulation containing less than
0.0005%, less than 0.0003%, or less than 0.0001% of surfactants and/or less than 0.0005%,
less than 0.0003%, or less than 0.0001% of surfactant.

As used herein, the term “substantially free of inorganic salts” refers to a
formulation of SYNAGIS® or an antigen-binding fragment thereof, said formulation

containing less than 0.0005%, less than 0.0003%, or less than 0.0001% of inorganic salts.
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As used herein, the term "surfactant” refers to organic substances having

amphipathic structures; namely, they are composed of groups of opposing solubility
tendencies, typically an oil-soluble hydrocarbon chain and a water-soluble ionic group.
Surfactants can be classified, depending on the charge of the surface-active moiety, into
anionic, cationic, and nonionic surfactants. Surfactants are often used as wetting,
emulsifying, solubilizing, and dispersing agents for various pharmaceutical compositions
and preparations of biological materials.

As used herein, the terms “therapeutic agent” and “therapeutic agents” refer to any
agent(s) which can be used in the treatment, management or amelioration a RSV infection
or one or more symptoms thereof. In certain embodiments, the term “therapeutic agent”
refers to SYNAGIS® or an antigen-binding fragment thereof. In accordance with these
embodiments, the antibody or antibody fragment may be a component of a liquid
formulation of the invention. In certain other embodiments, the term “therapeutic agent”
does not refer to SYNAGIS® or an antigen-binding fragment thereof. In yet other
embodiments, the term “therapeutic agent” does not refer to antibodies or fragments thereof,
other than SYNAGIS® that immunospecifically bind to a RSV antigen. Preferably, a
therapeutic agent is an agent which is known to be useful for, or has been or is currently
being used for the treatment, management or amelioration of a RSV infection or one or
more symptoms thereof.

As used herein, the term "therapeutically effective amount” refers to the amount of a
liquid formulation of the invention that reduces or ameliorates the progression, severity,
and/or duration of a RSV infection, and/or ameliorates one or more symptoms associated
with a RSV infection. With respect to the treatment of a RSV infection, a therapeutically
effective amount refers to the amount of a therapeutic agent sufficient to reduce or inhibit
the replication of a virus, inhibit or reduce the infection of cell with the virus, inhibit or
reduce the production of the viral particles, inhibit or reduce the release of viral particles,
inhibit or reduce the spread of the virus to other tissues or subjects, or ameliorate one or
more symptoms associated with the infection. In a specific embodiment, a therapeutically
effective amount of a therapeutic agent reduces one or more of the following steps of a RSV
life cycle: the docking of the virus particle to a cell, the introduction of viral genetic
information into a cell, the expression of viral proteins, the production of new virus particles
and the release of virus particles from a cell by at least 5%, preferably at least 10%, at least
15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at
least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%,
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at least 85%, at least 90%, at least 95%, or at least 100%. In another specific embodiment, a

therapeutically effective amount of a therapeutic agent reduces the replication,
multiplication or spread of a virus by at least 5%, preferably at least 10%, at least 15%, at
least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%,
at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, or at least 100%.

As used herein, the terms “therapies” and “therapy” can refer to any protocol(s),
method(s) and/or agent(s) that can be used in the prevention, treatment, management or
amelioration of a RSV infection or one or more symptoms thereof. In certain embodiments,
the terms “therapy” and “therapies” refer to biological therapy, and/or other therapies useful
for the treatment of a RSV infection known to medical personnel skilled.

As used herein, the terms “treat”, “treating” and “treatment” refer to the reduction or
amelioration of the progression, severity, and/or duration of a RSV infection and/or reduces
or ameliorates one or more symptoms of a RSV infection. In specific embodiments, such
terms refer to the reduction or inhibition of the replication of a respiratory syncytial virus
(RSV), the inhibition or reduction in the spread of a respiratory syncytial virus (RSV) to
other tissues or subjects, the inhibition or reduction of infection of a cell with a respiratory
syncytial virus (RSV), or the amelioration of one or more symptoms associated with a
respiratory syncytial virus (RSV) infection.

A used herein, a “protocol” includes dosing schedules and dosing regimens. The
protocols herein are methods of use and include prophylactic and therapeutic protocols.

As used herein, the term “T cell receptor modulator” refers to an agent which
modulates the phosphorylation of a T cell receptor, the activation of a signal transduction
pathway associated with a T cell receptor and/or the expression of a particular protein such
as a cytokine. Such an agent may directly or indirectly modulate the phosphorylation of a T
cell receptor, the activation of a signal transduction pathway associated with a T cell
receptor, and/or the expression of a particular protein such as a cytokine. Examples of T
cell receptor modulators include, but are not limited to, peptides, polypeptides, proteins,
fusion proteins and antibodies which immunospecifically bind to a T cell receptor or a
fragment thereof. Further, examples of T cell receptor modulators include, but are not
limited to, proteins, peptides, polypeptides (e.g., soluble T cell receptors), fusion proteins
and antibodies that immunospecifically binds to a ligand for a T cell receptor or a fragment

thereof.
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As used herein, the term “very little to no loss of the biological activities” refers to

antibody activities, including specific binding abilities of SYNAGIS® or an antigen-binding
fragment as measured by various immunological assays, including, but not limited to
ELISAs and radioimmunoassays. In one embodiment, SYNAGIS® or an antigen-binding
fragment of the liquid formulations of the invention retain approximately 50%, preferably
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 98% of the ability to
immunospecifically bind to a RSV antigen as compared to a reference antibody or antibody
fragment as measured by an immunological assay known to one of skill in the art or
described herein. For example, an ELISA based assay may be used to compare the ability
of a liquid formulation of SYNAGIS® or an antigen-binding fragment thereof to
immunospecifically bind to a RSV antigen to a SYNAGIS® reference standard. In this
assay, plates are coated with a RSV antigen and the binding signal of a set concentration of
a SYNAGIS® reference standard is compared to the binding signal of the same

concentration of a test antibody or antibody fragment.

4, BRIEF DESCRIPTION OF THE FIGURES
Fig. 1 is a schematic diagram showing the outline for preparing purified
SYNAGIS®.
Fig. 2 shows the clinical study flow chart for comparing the liquid formulation of
SYNAGIS® with the lyophilized formulation of SYNAGIS®.

5. DETAILED DESCRIPTION OF THE INVENTION

The liquid formulations of the present invention provide a ready-to-use preparation
of SYNAGIS® or an antigen-binding fragment thereof for administering to a subject without
having to reconstitute the preparation accurately and aseptically and waiting for a period of
time until the solution clarifies before administering the formulation to the subject. It
simplifies the procedure of administering the formulation to a subject for a healthcare
professional. Furthermore, due to its high stability during the storage, the formulations of
the present invention can contain SYNAGIS® or an anti gen-binding fragment thereof at
concentrations in the range of about 15 mg/ml to about 300 mg/ml without causing an
adverse effect on the biological activity(ies) of SYNAGIS® or an antigen-binding fragment
thereof due to protein aggregation and/or fragmentation during a prolonged storage. Such
stability not only ensures the efficacy of SYNAGIS® or an antigen-binding fragment thereof
but also reduces possible risks of causing adverse effects on a subject. In addition, the

manufacturing process of the liquid formulations of the present invention is simplified and
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more efficient than the manufacturing process for the lyophilized version because all stages

of the manufacturing of the liquid formulations are carried out in an aqueous solution,
involving no drying process, such as lyophilization and freeze-drying. Accordingly, it is

more cost effective as well.

51 SYNAGIS® Liquid Formulations

The liquid formulations of the present invention provide antibody formulations
which are substantially free of surfactant, inorganic salts, and/or other excipients and yet
exhibit high stability during long periods of storage. In a specific embodiment, such
antibody formulations are homogeneous. The formulations of the present invention
comprise histidine at concentrations between 1 and 100 mM and SYNAGIS® or an antigen-
binding fragment thereof at concentrations of about 15 mg/ml to about 300 mg/ml. In one
embodiment, the formulations of the invention do not comprise other ingredients except for
water or suitable solvents. In another specific embodiment, a modified form of SYNAGIS®
antibody or an antigen-binding fragment thereof having improved half-life and/or affinity is
used in the liquid formulations of the invention.

The concentration of SYNAGIS® or an anti gen-binding fragment thereof which is
included in the liquid formulations of the invention, is at least 15 mg/ml, at least 20 mg/ml,
at least 25 mg/ml, at least 30 mg/ml, at least 35 mg/ml, at least 40 mg/ml, at least 45 mg/ml,
at least 50 mg/ml, at least 55 mg/ml, at least 60 mg/ml, at least 65 mg/ml, at least 70 mg/ml,
at least 75 mg/ml, at least 80 mg/ml, at least 85 mg/ml, at least 90 mg/ml, at least 95 mg/ml],
at least 100 mg/ml, at least 105 mg/ml, at least 110 mg/ml, at least 115 mg/ml, at least 120
mg/ml, at least 125 mg/ml, at least 130 mg/ml, at least 135 mg/ml, at least 140 mg/ml, at
least 150 mg/ml, at least 200 mg/ml, at least 250 mg/ml, or at least 300 mg/ml.

The concentration of histidine which is included in the liquid formulations of the
invention ranges from about 1 mM to about 100 mM, about 10 mM to about 50 mM, about
20 mM to about 30 mM, or about 23 mM to about 27 mM, and is most preferably about 25
mM. Histidine can be in the form of L-histidine, D-histidine, or a mixture thereof, but L-
histidine is the most preferable. Histidine can be also in the form of hydrates. Histidine
may be used in a form of pharmaceutically acceptable salt, such as hydrochloride (e.g.,
monohydrochloride and dihydrochloride), hydrobromide, sulfate, acetate, etc. The purity of
histidine should be at least 98%, preferably at least 99%, and most preferably at least
99.5%.
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The pH of the formulation should not be equal to the isoelectric point of the

particular antibody to be used in the formulation (e.g., the isoelectric point of SYNAGIS®
ranges from 8.65 to 9.43) and may range from about 5.0 to about 7, preferably about 5.5 to
about 6.5, more preferably about 5.8 to about 6.2, and most preferably about 6.0.

In addition to histidine and SYNAGIS® or an anti gen-binding fragment thereof, the
formulations of the present invention may further comprise glycine at a concentration of
less than 150 mM, less than 100 mM, less than 50 mM, less than 3.0 mM, less than 2.0 mM,
or less than 1.8 mM, and most preferably 1.6 mM. The amount of glycine in the
formulation should not cause a significant buffering effect so that antibody precipitation at
its isoelectric point can be avoided. Glycine may be also used in a form of a
pharmaceutically acceptable salt, such as hydrochloride, hydrobromide, sulfate, acetate, etc.
The purity of glycine should be at least 98%, preferably at least 99%, and most preferably
99.5%. In a specific embodiment, glycine is not included in the liquid formulations of the
present invention.

Optionally, the formulations of the present invention may further comprise other
excipients, such as saccharides (e.g., sucrose, mannose, trehalose, etc.) and polyols (e.g.,
mannitol, sorbitol, etc.). In one embodiment, the other excipient is a saccharide. In a
specific embodiment, the saccharide is sucrose, which is at a concentration range between
about 1% and about 20%, preferably about 5% and about 15%, more preferably about 8%
and 10%. In another embodiment, the other excipient is a polyol. Preferably, however, the
liquid formulations of the present invention do not contain mannitol. In a specific
embodiment, the polyol is polysorbate (e.g., Tween 20), which is at a concentration range
between about 0.001% and about 1%, preferably, about 0.01 to about 0.1.

The liquid formulations of the present invention exhibit stability at the temperature
ranges of 38°C-42°C for at least 60 days and, in some embodiments, not more than 120
days, of 20°C-24°C for at least 1 year, of 2°C-8°C (in particular, at 4°C) for at least 3 years,
at least 4 years, or at least 5 years and at -20°C for at least 3 years, at least 4 years, or at
least 5 years, as assessed by high performance size exclusion chromatography (HPSEC).
Namely, the liquid formulations of the present invention have low to undetectable levels of
aggregation and/or fragmentation, as defined herein, after the storage for the defined periods
as set forth above. Preferably, no more than 5%, no more than 4%, no more than 3%, no
more than 2%, no more than 1%, and most preferably no more than 0.5%, of SYNAGIS® or
an antigen-binding fragment thereof forms an aggregate as measured by HPSEC, after the

storage for the defined periods as set forth above. Furthermore, liquid formulations of the
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present invention exhibit almost no loss in biological activity(ies) of SYNAGIS® or an

antigen-binding fragment thereof during the prolonged storage under the condition
described above, as assessed by various immunological assays including, for example,
enzyme-linked immunosorbent assay (ELISA) and radioimmunoassay to measure the RSV
antigen-binding ability of SYNAGIS® or an antigen-binding fragment thereof, or, for
example, by a C3a/C4a assay to measure the complement activating ability of SYNAGIS®
or an antigen-binding fragment thereof. The liquid formulations of the present invention
retain after the storage for the above-defined periods more than 80%, more than 85%, more
than 90%, more than 95%, more than 98%, more than 99%, or more than 99.5% of the
initial biological activity(ies) prior to the storage.

The liquid formulations of the present invention can be prepared as unit dosage
forms. For example, a unit dosage per vial may contain 1 ml, 2 ml, 3 ml, 4 ml, 5 ml, 6 ml, 7
ml, 8 ml, 9 ml, 10 ml, 15 ml, or 20 ml of different concentrations of SYNAGIS® or an
antigen-binding fragment thereof ranging from about 15 mg/ml to about 300 mg/ml
concentration of SYNAGIS® or an antigen-binding fragment thereof which
immunospecifically binds to a RSV. If necessary, these preparations can be adjusted to a

desired concentration by adding a sterile diluent to each vial.

51.1 SYNAGIS®

The invention relates to liquid formulations comprising SYNAGIS® or an antigen-
binding fragment thereof. In a preferred embodiments, the invention provides liquid
formulations of SYNAGIS®, a humanized monoclonal antibody which neutralizes a broad
range of RSV isolates. The amino acid sequence of SYNAGIS® is disclosed, e.g., in
Johnson et al., 1997, J. Infectious Disease 176:1215-1224, and U.S. Patent No. 5,824,307,
and its VgCDRs and V1 CDRs are shown in Table 1, infra. The properties and uses of
SYNAGIS® are also disclosed in, e.g., other applications, see, e.g., U.S. Patent Application
No. 09/724,396 filed November 28, 2000; U.S. Patent Application No. 09/996,265 filed
November 28, 2001 and U.S. Patent Application No. 10/403,180 filed March 31, 2003, all

of which are incorporated herein by reference.

Table 1. CDR Sequences of SYNAGIS®

CDR Sequence SEQ ID NO:
VH1 TSGMSVG 1
VH2 DIWWDDKKDYNPSLKS 2
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B VH3 SMITNWYFDV
VL1 KCQLSVGYMH 4
VL2 DTSKLAS 5
VL3 FQGSGYPFT 6

In addition, the present invention also encompasses stable liquid formulations of
modified forms of SYNAGIS® or an antigen-binding fragment thereof that have improved
half-lives. In particular, the present invention encompasses a modified form of SYNAGIS®
or an antigen-binding fragment thereof which has a half-life in a subject, preferably a
human, of greater than 3 days, greater than 7 days, greater than 10 days, preferably greater
than 15 days, greater than 25 days, greater than 30 days, greater than 35 days, greater than
40 days, greater than 45 days, greater than 2 months, greater than 3 months, greater than 4
months, or greater than 5 months. By prolonging the half-lives of SYNAGIS® and antigen-
binding fragments thereof, it is possible to reduce the amount and/or frequency of dosing of
the antibody or antigen-binding fragment.

To prolong the serum circulation of an antibody in vivo, various techniques can be
used. For example, inert polymer molecules, such as high molecular weight
polyethyleneglycol (PEG), can be attached to an antibody with or without a multifunctional
linker either through site-specific conjugation of the PEG to the N- or C-terminus of the
antibody or via epsilon-amino groups present on lysine residues. Linear or branched
polymer derivatization that results in minimal loss of biological activity can be used. The
degree of conjugation can be closely monitored by SDS-PAGE and mass spectrometry to
ensure proper conjugation of PEG molecules to the antibodies. Unreacted PEG can be
separated from antibody-PEG conjugates by size-exclusion or by ion-exchange
chromatography. PEG-derivatized antibodies can be tested for binding activity as well as
for in vivo efficacy using methods known to those of skilled in the art, for example, by
immunoassays described herein.

An antibody having an increased half-life in vivo can also be generated by
introducing one or more amino acid modifications (i.e., substitutions, insertions or
deletions) into an IgG constant domain, or FcRn binding fragment thereof (preferably a Fc
or hinge Fc domain fragment). See, e.g., International Publication No. WO 98/23289;
International Publication No. WO 97/34631; and U.S. Patent No. 6,277,375, each of which
is incorporated herein by reference in its entirety. SYNAGIS® and antigen-binding

fragments thereof with improved in vivo half-lives and methods for preparing them are
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disclosed in International Application WO 02/060919, filed December 12, 2001, and U.S.

Patent Application No. 10/020,354, filed December 12, 2001, both entitled "Molecules with
Extended Half-Lives, Compositions and Uses" and by L. Johnson et a/. which are hereby
incorporated by reference in their entireties.

Further, an antibody can be conjugated to albumin in order to make the antibody or
an antigen-binding fragment thereof more stable in vivo or have a longer half life in vivo.
The techniques are well known in the art, see e.g., International Publication Nos. WO
93/15199, WO 93/15200, and WO 01/77137; and Buropean Patent No. EP 413, 622, all of
which are incorporated herein by reference.

The invention further comprises liquid formulations of SYNAGIS® or antigen-
binding fragments thereof that have been modified, for example, by glycosylation,
acetylation, pegylatin, phosphorylation, amidation, derivatization by known
protecting/blocking groups, proteolytic cleavage, linkage to a cellular ligand or other

protein, etc., and retain RSV antigen-binding activity.

5.1.2  Antibody Conjugates

The present invention encompasses the use of liquid formulations of SYNAGIS® or
an antigen-binding fragment thereof (including modified forms that have increased i vivo
half-lives) that conjugated to one or more moieties, including but not limited to, peptides,
polypeptides, proteins, fusion proteins, nucleic acid molecules, small molecules, mimetic
agents, synthetic drugs, inorganic molecules, and organic molecules.

The present invention encompasses the use of liquid formulations of SYNAGIS®
recombinantly fused or chemically conjugated (including both covalent and non-covalent
conjugations) to a heterologous protein or polypeptide (or antigen-binding fragment,
preferably to a polypeptide of at least 10, at least 20, at least 30, at least 40, at least 50, at
least 60, at least 70, at least 80, at least 90 or at least 100 amino acids) to generate fusion
proteins. The fusion does not necessarily need to be direct, but may occur through linker
sequences. For example, an antibody may be used to target a heterologous polypeptide to a
particular cell type, either in vitro or in vivo, by fusing or conjugating the antibody to
another antibody specific for particular cell surface receptors. An antibody fused or
conjugated to a heterologous polypeptide may also be used in in vifro immunoassays and
purification methods using methods known in the art. See e.g., International publication
No. WO 93/21232; European Patent No. EP 439,095; Naramura et al., 1994, Immunol.
Lett. 39:91-99; U.S. Patent No. 5,474,981; Gillies et al., 1992, PNAS 89:1428-1432; and
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Fell et al.,1991, J. Immunol. 146:2446-2452, which are incorporated by reference in their

entireties.

The present invention further includes compositions comprising a heterologous
protein, peptide or polypeptide fused or conjugated to an antigen-binding fragment of
SYNAGIS®. For example, a heterologous polypeptides may be fused or conjugated to a
Fab fragment, Fd fragment, Fv fragment, or F(ab), fragment. Methods for fusing or
conjugating a polypeptide to antibody portion are known in the art. See, e.g., U.S. Patent
Nos. 5,336,603, 5,622,929, 5,359,046, 5,349,053, 5,447,851, and 5,112,946; European
Patent Nos. EP 307,434 and EP 367,166; International publication Nos. WO 96/04388 and
WO 91/06570; Ashkenazi et al., 1991, Proc. Natl. Acad. Sci. USA 88: 10535-10539; Zheng
et al., 1995, J. Immunol. 154:5590-5600; and Vil et al., 1992, Proc. Natl. Acad. Sci. USA
89:11337- 11341 (all references are incorporated herein by reference in their entireties).

Additional fusion proteins may be generated through the techniques of gene-
shuffling, motif-shuffling, exon-shuffling, and/or codon-shuffling (collectively referred to
as “DNA shuffling”). DNA shuffling may be employed to alter the activities of
SYNAGIS® or fragments thereof (e.g., an antibody or an antigen-binding fragment thereof
with higher affinities and lower dissociation rates). See, generally, U.S. Patent Nos.
5,605,793; 5,811,238; 5,830,721; 5,834,252; and 5,837,458, and Patten et al., 1997, Curr.
Opinion Biotechnol. 8:724-33 ; Harayama, 1998, Trends Biotechnol. 16(2):76-82; Hansson
et al., 1999, J. Mol. Biol. 287:265-76; and Lorenzo and Blasco, 1998, Biotechniques
24(2):308- 313 (each of these patents and publications are hereby incorporated by reference
in its entirety). SYNAGIS® or an antigen-binding fragment thereof, or the nucleic acid
encoding SYNAGIS® or an antigen-binding fragment thereof, may be altered by being
subjected to random mutagenesis by error-prone PCR, random nucleotide insertion or other
methods prior to recombination. SYNAGIS® or an antigen-binding fragment thereof may
be recombined with one or more components, motifs, sections, parts, domains, fragments,
etc. of one or more heterologous molecules.

Moreover, SYNAGIS® or an antigen-binding fragment thereof can be fused to a
marker sequence, such as a peptide to facilitate purification. In preferred embodiments, the
marker amino acid sequence is a hexa-histidine peptide, such as the tag provided in a pQE
vector (QIAGEN, Inc., 9259 Eton Avenue, Chatsworth, CA, 91311), among others, many of
which are commercially available. As described in Gentz ez al., 1989, Proc. Natl. Acad.
Sci. USA 86:821-824, for instance, hexa-histidine provides for convenient purification of

the fusion protein. Other peptide tags useful for purification include, but are not limited to,
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the hemagglutinin “HA” tag, which corresponds to an epitope derived from the influenza

hemagglutinin protein (Wilson et al., 1984, Cell 37:767) and the “flag” tag.

The present invention also encompasses the liquid formulations of SYNAGIS® or an
antigen-binding fragment thereof conjugated to a diagnostic or detectable agent or any other
molecule for which serum half-life is desired to be increased. Such an antibody can be
useful for monitoring or prognosing the development or progression of a RSV infection as
part of a clinical testing procedure, such as determining the efficacy of a particular therapy.
Such diagnosis and detection can be accomplished by coupling SYNAGIS® or an antigen-
binding fragment thereof to a detectable substance including, but not limited to, various
enzymes, such as but not limited to, horseradish peroxidase, alkaline phosphatase, beta-
galactosidase, or acetylcholinesterase; prosthetic groups, such as but not limited to,
streptavidinIbiotin and avidin/biotin; fluorescent materials, such as but not limited to,
umbelliferone, fluorescein, fluorescein isothiocynate, rhodamine, dichlorotriazinylamine
fluorescein, dansyl chloride or phycoerythrin; luminescent materials, such as but not limited
to, luminol; bioluminescent materials, such as but not limited to, luciferase, luciferin, and
aequorin; radioactive materials, such as but not limited to iodine (311, 1251, 121, 1217)), carbon
(*Q), sulfur (%), tritium CH), indium (*In, ""*In, '*?In, "'In,), and technetium (*Tc),
thallium (*°'Ti), gallium (*Ga, “’Ga), palladium (**Pd), molybdenum (*’Mo), xenon
(¥Xe), fluorine (°F), 19Gm. 7L, 19Gd, “*Pm, “*La, 17°Yb, 1*Ho, °°Y, ¥'Sc, 186Re,
18R, 142y 105RY, SRy, BGe, 5'Co, Zn, 51, 2P, 153G4, 19vb, 5ICr, M, "Se, 13Sn,
and ''"Tin; positron emitting metals using various positron emission tomographies,
noradioactive paramagnetic metal ions, and molecules that are radiolabelled or conjugated
to specific radioisotopes. The detectable substance may be coupled or conjugated either
directly to SYNAGIS® or an antigen-binding fragment thereof or indirectly, through an
intermediate (such as, for example, a linker known in the art) using techniques known in the
art. See, e.g., U.S. Patent No. 4,741,900 for metal ions which can be conjugated to
antibodies for use as a diagnostics according to the present invention.

The present invention further encompasses uses of SYNAGIS® or an antigen-
binding fragment thereof conjugated to a therapeutic moiety. An antibody or antigen-
binding fragment may be conjugated to a therapeutic moiety such as a cytotoxin, e.g., a
cytostatic or cytocidal agent, a therapeutic agent or a radioactive metal ion, e.g., alpha-
emitters. A cytotoxin or cytotoxic agent includes any agent that is detrimental to cells.
Examples include paclitaxel, cytochalasin B, gramicidin D, ethidium bromide, emetine,

mitomycin, etoposide, tenoposide, vincristine, vinblastine, colchicin, doxorubicin,
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daunorubicin, dihydroxy anthracin dione, mitoxantrone, mithramycin, actinomycin D, 1-

dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine, propranolol, and
puromycin and analogs or homologs thereof. Therapeutic moieties include, but are not
limited to, antimetabolites (e.g., methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine,
5-fluorouracil decarbazine), alkylating agents (e.g., mechlorethamine, thioepa chlorambucil,
melphalan, carmustine (BCNU) and lomustine (CCNU)), cyclothosphamide, busulfan,
dibromomannitol, streptozotocin, mitomycin C, and cisdichlorodiamine platinum (II)
(DDP) cisplatin)); anthracyclines (e.g., daunorubicin (formerly daunomycin) and
doxorubicin); antibiotics (e.g., dactinomycin (formerly actinomycin), bleomycin,
mithramycin, and anthramycin (AMC)); Auristatin molecules (e.g., auristatin PHE,
bryostatin 1, solastatin 10, see Woyke et al., Antimicrob. Agents Chemother. 46:3802-8
(2002), Woyke et al., Antimicrob. Agents Chemother. 45:3580-4 (2001), Mohammad et al.,
Anticancer Drugs 12:735-40 (2001), Wall et al., Biochem. Biophys. Res. Commun. 266:76-
80 (1999), Mohammad et al., Int. J. Oncol. 15:367-72 (1999), all of which are incorporated
herein by reference); anti-mitotic agents (e.g., vincristine and vinblastine); hormones (e.g.,
glucocorticoids, progestatins, androgens, and estrogens); DNA repair enzyme inhibitors
(e.g., etoposide or topotecan); kinase inhibitors (e.g., compound ST1571, imatinib mesylate
(Kantarjian et al., Clin Cancer Res. 8(7):2167 76 (2002)), and those compounds disclosed in
U.S. Pat. Nos. 6,245,759, 6,399,633, 6,383,790, 6,335,156, 6,271,242, 6,242,196,
6,218,410, 6,218,372, 6,057,300, 6,034,053, 5,985,877, 5,958,769, 5,925,376, 5,922,844,
5,911,995, 5,872,223, 5,863,904, 5,840,745, 5,728,868, 5,648,239, and 5,587,459); farnesyl
transferase inhibitors (e.g., R115777, BMS 214662, and those disclosed by, for example,
U.S. Patent Nos: 6,458,935, 6,451,812, 6,440,974, 6,436,960, 6,432,959, 6,420,387,
6,414,145, 6,410,541, 6,410,539, 6,403,581, 6,399,615, 6,387,905, 6,372,747, 6,369,034,
6,362,188, 6,342,765, 6,342,487, 6,300,501, 6,268,363, 6,265,422, 6,248,756, 6,239,140,
6,232,338, 6,228,865, 6,228,856, 6,225,322, 6,218,406, 6,211,193, 6,187,786, 6,169,096,
6,159,984, 6,143,766, 6,133,303, 6,127,366, 6,124,465, 6,124,295, 6,103,723, 6,093,737,
6,090,948, 6,080,870, 6,077,853, 6,071,935, 6,066,738, 6,063,930, 6,054,466, 6,051,582,
6,051,574, and 6,040,305); topoisomerase inhibitors (e.g., camptothecin, irinotecan, SN 38,
topotecan, 9 aminocamptothecin, GG 211 (GI 147211), DX 8951f; IST 622, rubitecan,
pyrazoloacridine, XR 5000, saintopin, UCE6, UCE1022, TAN 1518A, TAN 1518B,
KT6006, KT6528, ED 110, NB 506, ED 110, NB 506, rebeccamycin, and bulgarein); DNA
minor groove binders such as Hoescht dye 33342 and Hoechst dye 33258; nitidine;

fagaronine; epiberberine; coralyne; beta lapachone; BC 4 1; and pharmaceutically
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acceptable salts, solvates, clathrates, and prodrugs thereof (See, e.g., Rothenberg, M.L.,

Annals of Oncology 8:837 855(1997); and Moreau et al., J. Med. Chem. 41:1631
1640(1998)). Therapeutic moieties may also be antisense oligonucleotides (e.g., those
disclosed in the U.S. Pat. Nos. 6,277,832, 5,998,596, 5,885,834, 5,734,033, and 5,618,709);
immunomodulators (e.g., antibodies and cytokines); antibodies (e.g., rituximab (Rituxan®),
calicheamycin (Mylotarg®), ibritumomab tiuxetan (Zevalin®), and tositumomab
(Bexxar®)); and adnosine deaminase inhibitors (e.g., Fludarabine phosphate and 2
Chlorodeoxyadenosine).

Further, an antibody or an antigen-binding fragment thereof may be conjugated to a
therapeutic moiety or drug moiety that modifies a given biological response. Therapeutic
moiety or drug moieties are not to be construed as limited to classical chemical therapeutic
agents. For example, the drug moiety may be a protein or polypeptide possessing a desired
biological activity. Such proteins may include, for example, a toxin such as abrin, ricin A,
pseudomonas exotoxin, cholera toxin, or diphtheria toxin; a protein such as tumor necrosis
factor, a-interferon, G-interferon, nerve growth factor, platelet derived growth factor, tissue
plasminogen activator, an apoptotic agent, e.g., TNF-o, TNF-8, AIM I (see, International
publication No. WO 97/33899), AIM 1II (see, International Publication No. WO 97/3491 1),
Fas Ligand (Takahashi et al., 1994, J. Immunol., 6:1567-1574), and VEGF (see,
International publication No. WO 99/23105); or, a biological response modifier such as, for
example, a lymphokine (e.g., interleukin-1 (“IL-17), interleukin-2 (“IL-2"), interleukin-4
(“IL-4”), interleukin-6 (“IL-6"), interleukin-9 (IL-9), interleukin-10 (IL-10), interleukin-12
(IL-12), interferon-y, 3, v, granulocyte macrophage colony stimulating factor (“GM-CSPF”),
and granulocyte colony stimulating factor (“G-CSF”)), or a growth factor (e.g., growth
hormone (“GH™)).

Moreover, an antibody can be conjugated to therapeutic moieties such as a
radioactive metal ion, e.g., alpha-emitters such as *'>Bi or macrocyclic chelators useful for
conjugating radiometal ions, including but not limited to, "*'In, *'LU, 'Y, *'Ho, *'Sm, to
polypeptides. In certain embodiments, the macrocyclic chelator is 1,4,7,10-
tetraazacyclododecane-N,N’, N’ N***-tetraacetic acid (DOTA) which can be attached to the
antibody via a linker molecule. Such linker molecules are commonly known in the art and
described in Denardo et al., 1998, Clin Cancer Res. 4(10):2483-90; Peterson et al., 1999,
Bioconjug. Chem. 10(4):553-7; and Zimmerman et al., 1999, Nucl. Med. Biol. 26(8):943-

50, each incorporated by reference in their entireties.
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Techniques for conjugating therapeutic moieties to antibodies are well known, see,

e.g., Arnon et al., “Monoclonal Antibodies For Immunotargeting Of Drugs In Cancer
Therapy”, in Monoclonal Antibodies And Cancer Therapy, Reisfeld et al. (eds.), pp. 243-56
(AlanR. Liss, Inc. 1985); Hellstrom et al., “Antibodies For Drug Delivery”, in Controlled
Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53 (Marcel Dekker, Inc. 1987);
Thorpe, “Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A Review”, in
Monoclonal Antibodies 84: Biological And Clinical Applications, Pinchera et al. (eds.), pp.
475-506 (1985); “Analysis, Results, And Future Prospective Of The Therapeutic Use Of
Radiolabeled Antibody In Cancer Therapy”, in Monoclonal Antibodies For Cancer
Detection And Therapy, Baldwin ez al. (eds.), pp. 303-16 (Academic Press 1985), and
Thorpe et al., 1982, Immunol. Rev. 62:119-58.

Alternatively, SYNAGIS® or an antigen-binding fragment thereof can be conjugated
to a second antibody to form an antibody heteroconjugate as described by Segal in U.S.
Patent No. 4,676,980, which is incorporated herein by reference in its entirety.

SYNAGIS® or an antigen-binding fragment thereof may also be attached to solid
supports, which are particularly useful for immunoassays or purification of the target
antigen. Such solid supports include, but are not limited to, glass, cellulose,
polyacrylamide, nylon, polystyrene, polyvinyl chloride or polypropylene.

The therapeutic moiety or drug conjugated to SYNAGIS® or an antigen-binding
fragment thereof should be chosen to achieve the desired prophylactic or therapeutic
effect(s) for a RSV infection in a subject. A clinician or other medical professional should
consider the following when deciding on which therapeutic moiety or drug to conjugate to
SYNAGIS® or an antigen-binding fragment thereof: the severity of the infection, and the
condition of the subject.

SYNAGIS® or an antigen-binding fragment thereof, with or without a therapeutic

moiety conjugated to it, can be used as a therapeutic.

5.2 Method of Preparing the Antibody Formulations

The present invention provides methods for prepating liquid formulations of
SYNAGIS® or an antigen-binding fragment thereof. Figure 1 is a schematic diagram
showing the outline for preparing purified SYNAGIS®. The methods for preparing liquid
formulations of the present invention comprise: purifying the antibody from conditioned
medium (either single lots or pooled lots of medium) and concentrating a fraction

containing the purified SYNAGIS® to a final antibody concentration of from about 15
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mg/ml, about 20 mg/ml, about 30 mg/ml, about 40 mg/ml, about 50 mg/ml, about 60

mg/ml, about 70 mg/ml, about 80 mg/ml, about 90 mg/ml, about 100 mg/ml, about 150
mg/ml, about 200 mg/ml, about 250 mg/ml, or about 300 mg/m! using a semipermeable
membrane with an appropriate molecular weight (MW) cutoff (e.g., 30 kD cutoff for whole
antibody molecules and F(ab'), fragments; and 10 kD cutoff for antibody fragments, such as
Fab fragments) and diafiltrating the concentrated antibody fraction into the formulation
buffer using the same membrane. The formulation buffer of the present invention
comprises histidine at a concentration from about 1 mM to about 100 mM, about 10 mM to
about 50 mM, about 20 mM to about 30 mM, or about 23 mM to about 27 mM, and is most
preferably about 25 mM. The formulations may further comprise glycine at a concentration
of less than 100 mM, less than 50 mM, less than 3.0 mM, less than 2.0 mM, or less than 1.8
mM, and most preferably of 1.6 mM. The amount of glycine in the formulation should not
cause a significant buffering in order to avoid antibody precipitation at its isoelectric point.
The pH of the formulation may range from about 5.0 to about 7.0, preferably about 5.5 to
about 6.5, more preferably about 5.8 to about 6.2, and most preferably about 6.0. To obtain
an appropriate pH for a particular antibody, it is preferable that histidine (and glycine, if
added) is first dissolved in water to obtain a buffer solution with higher pH than the desired
pH and then the pH is brought down to the desired level by adding HIC1. This way, the
formation of inorganic salts (e.g., formation of NaCl when, for example, histidine
hydrochloride is used as histidine and pH is raised to a desired level by adding NaOH) can
be avoided.

The liquid formulations of the present invention can be prepared as unit dosage
forms by preparing a vial containing an aliquot of the liquid formulation for a one-time use.
For example, a unit dosage per vial may contain 1 ml, 2 ml, 3 ml, 4 ml, 5 ml, 6 ml, 7 mi, 8
ml, 9 ml, 10 ml, 15 ml, or 20 ml of different concentrations of SYNAGIS® or an antigen-
binding fragment thereof ranging from about 15 mg/mi to about 300 mg/m! concentration of
SYNAGIS® or an antigen-binding fragment thereof which immunospecifically binds to a
RSV. Ifnecessary, these preparations can be adjusted to a desired concentration by adding
a sterile diluent to each vial.

The liquid formulations of the present invention may be sterilized by various
sterilization methods, including sterile filtration, radiation, etc. In a most preferred
embodiment, the diafiltrated antibody formulation is filter-sterilized with a presterilized 0.2

or 0.22-micron filter. Sterilized liquid formulations of the present invention may be

-30-



10

15

20

25

30

WO 03/105894 PCT/US03/18913
administered to a subject to prevent, treat, manage or ameliorate 2 RSV infection or one or

more symptoms thereof.

Although the invention is directed to liquid non-lyophilized formulations, it should
be noted for the purpose of equivalents that the formulations of the invention may be
lyophilized if desired. Thus, the invention encompasses lyophilized forms of the
formulations of the invention although such lyophilized formulations are not necessary and

thus not preferred.

53 Methods of Preparing SYNAGIS®

SYNAGIS® and an antigen-binding fragment thereof contained in the liquid
formulations of the present invention can be prepared by any method known in the art for
the synthesis of antibodies, in particular, by chemical synthesis or, preferably, by
recombinant expression techniques.

The nucleotide sequence encoding the heavy and light chain variable domains of
SYNAGIS® may be obtained from, for example, co-pending application 09/724,396, filed
November 28, 2000 and 09/996,265, filed November 28, 2001, both by Young et al., and
both of which are incorporated by reference herein in its entirety. See also, U.S. Patent No.
5,824,307 by Johnson et al. In certain embodiments, a nucleic acid encoding SYNAGIS®
or an antigen-binding fragment thereof may be chemically synthesized or assembled from
oligonucleotides as well known in the art, and then amplified by PCR, cloning or other
method known in the art.

Recombinant expression of an antibody (such as SYNAGIS®) requires construction
of an expression vector containing a nucleotide sequence that encodes the antibody. Once a
nucleotide sequence encoding an antibody molecule or a heavy or light chain of an
antibody, or an antigen-binding fragment thereof has been obtained, the vector for the
production of the antibody molecule may be produced by recombinant DNA technology
using techniques well known in the art as discussed in the previous sections. Methods
which are well known to those skilled in the art can be used to construct expression vectors
containing antibody coding sequences and appropriate transcriptional and translational
control signals. These methods include, for example, in vitro recombinant DNA techniques,
synthetic techniques, and in vivo genetic recombination. The nucleotide sequence encoding
the heavy-chain variable region, light-chain variable region, both the heavy-chain and light-
chain variable regions, an epitope-binding fragment of the heavy- and/or light-chain

variable region, or one or more complementarity determining regions (CDRs) of an
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antibody may be cloned into such a vector for expression. Thus-prepared expression vector

can be then introduced into appropriate host cells for the expression of the antibody.
Accordingly, the invention includes host cells containing a polynucleotide encoding
SYNAGIS® or an antigen-binding fragment thereof.

The host cell may be co-transfected with two expression vectors of the invention, the
first vector encoding a heavy chain derived polypeptide and the second vector encoding a
light chain derived polypeptide. The two vectors may contain identical selectable markers
which enable equal expression of heavy and light chain polypeptides or different selectable
markers to ensure maintenance of both plasmids. Alternatively, a single vector may be used
which encodes, and is capable of expressing, both heavy and light chain polypeptides. In
such situations, the light chain should be placed before the heavy chain to avoid an excess
of toxic free heavy chain (Proudfoot, Nature, 322:52, 1986; and Kohler, Proc. Natl. Acad.
Sci. USA, 77:2 197, 1980). The coding sequences for the heavy and light chains may
comprise cDNA or genomic DNA.

For long-term, high-yield production of recombinant antibodies, stable expression is
preferred. For example, cell lines which stably express the antibody molecule may be
engineered. Rather than using expression vectors which contain viral origins of replication,
host cells can be transformed with DNA controlled by appropriate expression control
elements (e.g., promoter, enhancer, sequences, transcription terminators, polyadenylation
sites, etc.), and a selectable marker. Following the introduction of the foreign DNA,
engineered cells may be allowed to grow for 1-2 days in an enriched media, and then are
switched to a selective media. The selectable marker in the recombinant plasmid confers
resistance to the selection and allows cells to stably integrate the plasmid into their
chromosomes and grow to form foci which in turn can be cloned and expanded into cell
lines. This method may advantageously be used to engineer cell lines which express the
antibody molecule. Such engineered cell lines may be particularly useful in screening and
evaluation of compositions that interact directly or indirectly with the antibody molecule.

A number of selection systems may be used, including but not limited to, the herpes
simplex virus thymidine kinase (Wigler et al., Cell, 11:223, 1977), hypoxanthineguanine
phosphoribosyltransferase (Szybalska & Szybalski, Proc. Natl. Acad. Sci. USA, 48:202,
1992), and adenine phosphoribosyltransferase (Lowy et al., Cell, 22:8-17, 1980) genes can
be employed in tk*, hgprt™ or aprt” cells, respectively. Also, antimetabolite resistance can be
used as the basis of selection for the following genes: dhfr, which confers resistance to

methotrexate (Wigler et al., Natl. Acad. Sci. USA, 77:357, 1980 and O’Hare et al., Proc.
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Natl. Acad. Sci. USA, 78:1527, 1981); gpt, which confers resistance to mycophenolic acid

(Mulligan & Berg, Proc. Natl. Acad. Sci. USA, 78:2072, 1981); neo, which confers
resistance to the aminoglycoside G-418 (Wu and Wu, Biotherapy, 3:87-95, 1991,
Tolstoshev, Ann. Rev. Pharmacol. Toxicol., 32:573-596, 1993; Mulligan, Science, 260:926-
932, 1993; and Morgan and Anderson, Ann. Rev. Biochem., 62: 191-217, 1993; and May,
TIB TECH, 11(5):155-2 15, 1993); and hygro, which confers resistance to hygromycin
(Santerre et al., Gene, 30:147, 1984). Methods commonly known in the art of recombinant
DNA technology may be routinely applied to select the desired recombinant clone, and such
methods are described, for example, in Ausubel et al. (eds.), 1993, Current Protocols in
Molecular Biology, John Wiley & Sons, NY; Kriegler, 1990, Gene Transfer and
Expression, A Laboratory Manual, Stockton Press, NY; in Chapters 12 and 13, Dracopoli e?
al. (eds), 1994, Current Protocols in Human Genetics, John Wiley & Sons, NY; and
Colberre-Garapin et al., J. Mol. Biol., 150:1, 1981, which are incorporated by reference
herein in their entireties.

The expression levels of an antibody molecule can be increased by vector
amplification (for a review, see Bebbington and Hentschel, 1987, The use of vectors based
on gené amplification for the expression of cloned genes in mammalian cells in DNA
cloning, Vol.3. Academic Press, New York). When a marker in the vector system
expressing antibody is amplifiable, increasing in the level of inhibitor present in culture of
host cell will increase the number of copies of the marker gene. Since the amplified region
is associated with the antibody gene, production of the antibody will also increase (Crouse
et al., Mol., Cell. Biol., 3:257, 1983).

Once an antibody molecule of the invention has been produced by recombinant
expression, it may be purified by any method known in the art for purification of an
immunoglobulin molecule, for example, by chromatography (e.g., ion exchange, affinity,
particularly by affinity for the specific antigen after Protein A purification, and sizing
column chromatography), centrifugation, differential solubility, or by any other standard
techniques for the purification of proteins. Further, SYNAGIS® or an antigen-binding
fragment thereof may be fused to heterologous protein, polypeptide or peptide sequences
described herein or otherwise known in the art to facilitate purification.

Antigen-binding fragments of SYNAGIS® that immunospecifically bind RSV may
be generated by known techniques. For example, Fab and F(ah"), fragments may be
produced by proteolytic cleavage of immunoglobulin molecules, using enzymes such as

papain (to produce Fab fragments) or pepsin (to produce F(ab '), fragments). F(ab')
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fragments contain the complete light chain, and the variable region, the CH1 region and the

hinge region of the heavy chain.

5.4  Methods of Monitoring the Stability And Aggregation of Antibody
Formulations

There are various methods available for assessing the stability of protein
formulations, including antibody formulations, based on the physical and chemical
structures of the proteins as well as on their biological activities. For example, to study
denaturation of proteins, methods such as charge-transfer absorption, thermal analysis,
fluorescence spectroscopy, circular dichroism, NMR, and HPSEC, are available. See, for
example, Wang et al., 1988, J. of Parenteral Science & Technology 42(supp):S4-S26. The
rCGE, and HPSEC are the most common and simplest methods to assess the formation of
protein aggregates, protein degradation and protein fragmentation. Accordingly, the
stability of the liquid formulations of the present invention may be assessed by these
methods.

For example, the stability of the liquid formulations of the present invention may be
evaluated by HPSEC or rCGE, wherein the percentage area of the peaks represents the non-
degraded SYNAGIS® or non-degraded antigen-binding fragments of SYNAGIS®. In
particular, approximately 250 ug of SYNAGIS® or an antigen-binding fragment thereof
(approximately 25 ul of a liquid formulation comprising 10 mg/ml of SYNAGIS® or an
antigen-binding fragment thereof ) is injected onto a TOSOH TSK G3000S Wy column
(7.8 mm x 30 cm) fitted with a TSK SW x1 guard column (6.0 mm x 4.0 cm), SYNAGIS®
or an antigen-binding fragment thereof is eluted isocratically with 0.1 M disodium
phosphate containing 0.1 M sodium sulfate and 0.05% sodium azide, at a flow rate of 0.8 to
1.0 mUmin. Eluted protein is detected using UV absorbance at 280 nm. SYNAGIS®
reference standard is run in the assay as a control, and the results are reported as the area
percent of the product monomer peak compared to all other peaks excluding the included
volume peak observed approximately at 12 to 14 minutes. Peaks eluting earlier than the
monomer peak are recorded as percent aggregate.

The liquid formulations of the present invention exhibit low to undetectable levels of
aggregation as measured by HPSEC or rCGE, that is, no more than 5 %, no more than 4%,
no more than 3%, no more than 2%, no more than 1%, and most preferably no more than
0.5% aggregate by weight protein, and low to undetectable levels of fragmentation, that is,
80% or higher, 85% or higher, 90% or higher, 95% or higher, 98% or higher, or 99% or
higher, or 99.5% or higher of the total peak area in the peak(s) representing intact antibodies
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or fragments thereof. In the case of SDS-PAGE, the density or the radioactivity of each

band stained or labeled with radioisotope can be measured and the % density or %
radioactivity of the band representing non-degraded SYNAGIS® or antigen-binding
fragments thereof can be obtained.

The stability of the liquid formulations of the present invention can be also assessed
by any assays which measures the biological activity SYNAGIS® or an antigen-binding
fragment thereof in the formulation. The biological activities of an antibody include, but
not limited to, antigen-binding activity, complement-activation activity, Fc-receptor binding
activity, and so forth. Antigen-binding activity of SYNAGIS® or an antigen-binding
fragment thereof can be measured by any method known to those skilled in the art,
including but not limited to ELISA, radioimmunoassay, Western blot, and the like.
Complement-activation activity can be measured by a C3a/C4a assay in the system where
SYNAGIS® or an antigen-binding fragment thereof is reacted in the presence of the
complement components with cells expressing a RSV antigen. Also see Harlow et al.,
Antibodies: A Laboratory Manual, (Cold Spring Harbor Laboratory Press, 2nd ed. 1988)
(incorporated by reference herein in its entirety). An ELISA based assay, e.g., may be used
to compare the ability of a liquid formulation of SYNAGIS® or an antigen-binding fragment
thereof to immunospecifically bind to a RSV antigen to a SYNAGIS® reference standard.
In this assay, plates are coated with RSV antigen (in particular, the A antigenic site of F
protein of RSV) and the binding signal of a set concentration of a SYNAGIS® reference
standard is compared to the binding signal of the same concentration of the liquid
formulation of SYNAGIS® or an antigen-binding fragment thereof.

The purity of the liquid antibody formulations of the invention may be measured by
any method well-known to one of skilled in the art such as, e.g., HPSEC. The sterility of
the liquid antibody formulations may be assessed as follows: sterile soybean-casein digest
medium and fluid thioglycollate medium are inoculated with a test liquid antibody
formulation by filtering the liquid antibody formulation through a sterile filter having a
nominal porosity of 0.45 um. When using the Sterisure™ or Steritest™ method, each filter
device is aseptically filled with approximately 100 ml of sterile soybean-casein digest
medium or fluid thioglycollate medium. When using the conventional method, the
challenged filter is aseptically transferred to 100 ml of sterile soybean-casein digest medium
or fluid thioglycollate medium. The media are incubated at appropriate temperatures and

observed three times over a 14 day period for evidence of bacterial or fungal growth.
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5.5 Prophylactic And Therapeutic Utility Of The Antibody Formulations

The present invention is also directed to antibody-based therapies which involve
administering to a subject, preferably a mammal, most preferably a human, the liquid
antibody formulations of the present invention for preventing, treating, managing or
ameliorating a RSV infection or one or more symptoms thereof. Prophylactic and
therapeutic formulations of the invention comprise SYNAGIS® or an antigen-binding
fragment thereof at concentrations of from about 15 mg/ml to about 300 mg/ml in a solution
containing histidine.

The liquid formulations of the invention may comprise modified SYNAGIS® or
antigen-binding fragments thereof that have improved in vivo half-lives compared to known
antibodies that immunospecically binds to a RSV antigen (e.g., unmodified SYNAGIS®).

In one embodiment, the liquid formulations of the present invention are
administered to a mammal, preferably a human, to prevent, treat, manage or ameliorate a
RSV infection or one or more symptoms thereof. In another embodiment, the liquid
formulations of the invention are administered to a human with cystic fibrosis,
bronchopulmonary dysplasia, congenital heart disease, congenital immunodeficiency or
acquired immunodeficiency, or to a human who has had a bone marrow transplant to
prevent, treat, mange or ameliorate a RSV infection or one or more symptoms thereof. In
another embodiment, the liquid formulations of the invention are administered to a human
infant, preferably a human infant born prematurely or a human infant at risk of
hospitalization for a RSV infection to prevent, treat, manage or ameliorate a RSV infection
or one or more symptoms thereof. In another embodiment, the liquid formulations of the
invention are administered to an elderly person to prevent, treat, manage or ameliorate a
RSV infection or one or more symptoms thereof. In yet another embodiment, the liquid
formulations of the invention are administered to a subject in an institution or group home
(e.g., anursing home or orphanage).

The liquid formulations of the present invention may be used locally or systemically
in the body of a subject prophylactically or therapeutically. The formulations of the present
invention may also be advantageously utilized in combination with other therapies useful in
the prevention, treatment, management or amelioration of a RSV infection (e.g., a
prophylactic or a therapeutic agent other than SYNAGIS®). Non-limiting examples of
prophylactic or therapeutic agents that can be used in combination with the liquid

formulations of the present invention, see Section 5.6, infira.
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When one or more other therapies are used, they can be administered separately, in

any appropriate form and by any suvitable route. A liquid formulation of the invention may
be administered to a mammal, preferably a human, concurrently with one or more other
therapies (e.g., one or more other prophylactic or therapeutic agents) useful for the
prevention, treatment, management or amelioration of a RSV infection or one or more
symptoms thereof. The term “concurrently” is not limited to the administration of therapies
at exactly the same time, but rather it is meant that a liquid formulation of the invention and
another therapy are administered to a mammal in a sequence and within a time interval such
that SYNAGIS® or an antigen-binding fragment thereof contained in the liquid formulation
can act together with the other therapy to provide an increased benefit than if they were
administered otherwise. For example, a liquid formulation of the invention and one or more
other prophylactic or therapeutic agents useful for prevention, treatment, management or
amelioration of a RSV infection may be administered at the same time or sequentially in
any order at different points in time; however, if not administered at the same time, they
should be administered sufficiently close in time so as to provide the desired therapeutic or
prophylactic effect.

In various embodiments, a liquid formulation of the invention and one or more other
therapies (e.g., one or more other prophylactic or therapeutic agents) useful for prevention,
treatment, management or amelioration of a RSV infection or a symptom thereof are
administered less than 1 hour apart, at about 1 hour apart, at about 1 hour to about 2 hours
apart, at about 2 hours to about 3 hours apart, at about 3 hours to about 4 hours apart, at
about 4 hours to about 5 hours apart, at about 5 hours to about 6 hours apart, at about 6
hours to about 7 hours apart, at about 7 hours to about 8 hours apart, at about 8 hours to
about 9 hours apart, at about 9 hours to about 10 hours apart, at about 10 hours to about 11
hours apart, at about 11 hours to about 12 hours apart, no more than 24 hours apart or no
more than 48 hours apart. In preferred embodiments, a liquid formulation of the invention
and one or more other therapies (e.g., one or more other prophylactic or therapeutic agents)
useful for prevention, treatment, management or amelioration of a RSV infection or a
symptom thereof are administered within the same patient visit. In other embodiments, a
liquid formulation of the invention and one or more other therapies (e.g., one or more other
prophylactic or therapeutic agents) useful for prevention, treatment, management or
amelioration of a RSV infection or a symptom thereof are administered at about 2 to 4 days
apart, at about 4 to 6 days apart, at about 1 week part, at about 1 to 2 weeks apart, or more

than 2 weeks apart. In preferred embodiments, a liquid fo