SAPOSIN C PHARMACEUTICAL COMPOSITIONS
AND METHODS OF TREATING CANCER
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filed on March 23, 2018, and U.S. Provisional Application No. 62/678,668, filed on May 31,
2018.
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FIELD OF THE INVENTION
The present invention relates to compositions containing saposin C and methods of

using them to treat various cancer conditions.

BACKGROUND

Saposins, a family of small (~80 amino acids) heat stable glycoproteins, are essential
for the in vivo hydrolytic activity of several lysosomal enzymes in the catabolic pathway of
glycosphingolipids. Saposins A, B, C, and D are described in US Patent Nos. 7,834,147 and
9,271,932.

Nanovesicles comprising saposin C (“SapC”) and dioleoyl phosphatidylserine
(DOPS) have high affinity for phosphatidylserine-rich membranes in vitro and in vivo, and
can induce apoptosis and/necrosis in target cells (Qi et al. (2009), Clin Cancer Res 2009; 15:
5840-5851). The proposed mechanism by which the SapC-DOPS nanovesicles induce
apoptosis is via ceramide elevation through activation of B-glucosidase and acid
sphingomyelinase (with subsequent degradation of glucosylceramide and sphingomyelin,
respectively), which leads to activation of caspases. The nanovesicle preparation was found
to be efficacious against a wide variety of tumor types in vitro and in orthotopic murine
tumor models (Qi et al. (2009); Wojton et al. (2013), Mol Ther, 21: 1517-1525; Abu-Baker



et al. (2012), J Cancer Ther, 3: 321-326; Chu et al. (2013), PL0S One; 8: e75507; US Patent
No. 7,834,147).

SUMMARY

This disclosure pertains to aqueous and solid compositions comprising saposin C and
methods of using such compositions in the treatment of cancer.

A composition is described that includes: a polypeptide including the amino acid
sequence of SEQ ID NO: 1 with zero to four amino acid insertions, substitutions, or
deletions; a phosphatidylserine lipid; a buffer at pH 5.0 to 8.0; trehalose at 1.5 to 9 percent
wi/w; t-butyl alcohol at 0 to 35 percent; and water. The polypeptide is at a concentration of
0.4 to 5.0 mg/ml, and the molar ratio of the phosphatidylserine lipid to the polypeptide is in
the range of 8:1 to 20:1. In some embodiments, the buffer is
tris(hydroxymethyl)aminomethane (Tris) at a concentration of 10 to 50 mM, and the pH of
the composition is pH 6.8 to 7.6. In some embodiments, the buffer is citrate buffer at a
concentration of 10 to 50 mM. In some embodiments, the buffer is acetate buffer at a
concentration of 10 to 50 mM. In certain embodiments, the phosphatidylserine lipid
comprises one or more of dioleoyl phosphatidylserine (DOPS), dihexanoyl
phosphatidylserine lipid, dioctanoyl phosphatidylserine lipid, didecanoyl phosphatidylserine
lipid, dilauroyl phosphatidylserine lipid, dimyristoyl phosphatidylserine lipid, dipalmitoyl
phosphatidylserine lipid, palmitoyl-oleoyl phosphatidylserine lipid, 1-stearoyl-2-oleoyl
phosphatidylserine lipid, or diphytanoyl phosphatidylserine lipid. The phosphatidylserine
lipid is preferably DOPS, which may be in the form of a salt such as a sodium salt. In various
cases, the polypeptide includes or consists of amino acid sequence of SEQ ID NO: 1 or the
sequence of SEQ ID NO:1 with one or two amino acid insertions, substitutions, or deletions.
In a preferred embodiment, the composition includes: a polypeptide including the amino acid
sequence of SEQ ID NO: 1, at a concentration of 1.9 to 2.5 mg/ml; DOPS at a concentration
of 2.0 to 2.8 mg/ml; Tris at a concentration of 23 to 27 mM; trehalose at a concentration of 4
to 6 percent w/w; and t-butyl alcohol at a concentration of about 15 to 25 percent w/w; with
pH in the range of pH 6.8 to 7.6.

Also described is a composition in solid form, e.g., a lyophilized powder composition,
that includes: a polypeptide including the amino acid sequence of SEQ ID NO: 1 with zero to
four amino acid insertions, substitutions, or deletions; a phosphatidylserine lipid; a buffer;
and trehalose at 75 to 90 percent w/w. The polypeptide in this composition is at a

concentration of 3.2 to 4.4 percent w/w, and the molar ratio of phosphatidylserine lipid to



polypeptide is in the range of 8:1 to 20:1. In some embodiments, the buffer is Tris at 5.6 to
7.6 percent w/w. In some embodiments, the buffer is citrate buffer at 9 to 13 percent w/w. In
some embodiments, the buffer is acetate buffer at 3 to 5 percent w/w. In certain
embodiments, the phosphatidylserine lipid includes one or more of dioleoyl
phosphatidylserine (DOPS), dihexanoyl phosphatidylserine lipid, dioctanoyl
phosphatidylserine lipid, didecanoyl phosphatidylserine lipid, dilauroyl phosphatidylserine
lipid, dimyristoyl phosphatidylserine lipid, dipalmitoyl phosphatidylserine lipid, palmitoyl-
oleoyl phosphatidylserine lipid, 1-stearoyl-2-oleoyl phosphatidylserine lipid, or diphytanoyl
phosphatidylserine lipid. In various cases, the composition includes or consists of the
polypeptide amino acid sequence of SEQ ID NO: 1, or includes the sequence of SEQ ID
NO:1 with one or two amino acid insertions, substitutions, or deletions. In some
embodiments, this composition includes t-butyl alcohol in an amount less than 3 percent w/w.
In a preferred embodiment, the solid composition includes: a polypeptide including the amino
acid sequence of SEQ ID NO: 1 at a concentration of 3.3 to 4.3 percent w/w; DOPS (e.g., the
sodium salt) at a concentration of 3.4 to 4.8 percent w/w; Tris at a concentration of 6.0 to

7.2 percent w/w; trehalose at a concentration of 81 to 87.3 percent w/w; and t-butyl alcohol at
a concentration of less than 3 percent w/w.

Also described is a pharmaceutical composition that includes: a polypeptide including
the amino acid sequence of SEQ ID NO: 1 with zero to four amino acid insertions,
substitutions, or deletions; a phosphatidylserine lipid; a buffer at pH 5.0 to 8; trehalose at 1.5
to 9 percent w/v; and water. The polypeptide is at a concentration of 0.4 to 5 mg/ml, and the
molar ratio of phosphatidylserine lipid to polypeptide is in the range of 8:1 to 20:1. In some
embodiments, the buffer is Tris at a concentration of 10 to 50 mM, and the pH of the
composition is pH 6.8 to 7.6. In some embodiments, the buffer is citrate buffer at a
concentration of 10 to 50 mM. In some embodiments, the buffer is acetate buffer at a
concentration of 10 to 50 mM. In certain embodiments, the phosphatidylserine lipid
comprises one or more of DOPS, dihexanoyl phosphatidylserine lipid, dioctanoyl
phosphatidylserine lipid, didecanoyl phosphatidylserine lipid, dilauroyl phosphatidylserine
lipid, dimyristoyl phosphatidylserine lipid, dipalmitoyl phosphatidylserine lipid, palmitoyl-
oleoyl phosphatidylserine lipid, 1-stearoyl-2-oleoyl phosphatidylserine lipid, or diphytanoyl
phosphatidylserine lipid, and preferably is DOPS, e.g., the sodium salt of DOPS. In various
cases, the polypeptide comprises or consists of the amino acid sequence of SEQ ID NO: 1, or
comprises or consists of the sequence of SEQ ID NO:1 with one or two amino acid

insertions, substitutions, or deletions. In some embodiments, this composition includes t-



butyl alcohol in an amount less than 3 percent. In a preferred embodiment, the composition
includes: a polypeptide including the amino acid sequence of SEQ ID NO: 1 at a
concentration of 1.9 to 2.5 mg/ml; DOPS (preferably in its sodium salt form) at a
concentration of 2.0 to 2.8 mg/ml; Tris at a concentration of 23 to 27 mM; trehalose at a
concentration of 4 to 6 percent w/w; t-butyl alcohol in an amount less than 0.5 percent w/w;
with pH in the range of pH 6.8 to 7.6 (more preferably pH 7.0 to 7.4, or pH 7.1 to 7.3).
Also described is a method for treating cancer, which may be a solid tumor. Examples of
cancers treatable in the method include glioma, ependymoma, and gastrointestinal cancer
such as rectal adenocarcinoma. The method includes administering to a human cancer patient
a pharmaceutical composition described herein. In some embodiments, the method includes
reconstituting the solid composition described herein in water or saline to produce a
reconstituted composition, and intravenously administering a dose of the reconstituted
composition to the patient. In some embodiments, the composition is delivered intravenously
in a dose ranging from 0.4 mg/kg to 7 mg/kg SapC, and the ratio of SapC to DOPS in the
composition is in the range of 1.8 to 1:20. In another embodiment, the composition is
delivered intravenously in a dose of 2.3-2.5 mg/kg SapC, and the ratio of SapC to DOPS in
the composition is in the range of 1:11 to 1:13. In some embodiments, the composition is
administered repeatedly to the patient over at least two cycles, as follows:
Cycle 1:

week 1: one dose on each of days 1-5;

week 2: 3x/week every other day, e.g. one dose on each of days 8, 10, and 12;

weeks 3 and 4: one dose each week (every 7 (+/- 3) days);
Cycle 2:

one dose during week 5; and
any subsequent cycle:

one dose 28 (+/- 3) days after the most recent prior dose.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph depicting results of DSC analysis of sample 75312-F10.
Fig. 2 is a graph depicting results of CD analysis of samples listed in Table 2.
Fig. 3 is a graph depicting the percentage of a-helix and random coil as estimated

from CD analysis of samples listed in Table 2.



Fig. 4 is a graph depicting, for each sample listed in Table 4, the optical density value
at 310 nm.

Fig. 5 is a graph depicting SE-HPLC measurements of SapC purity at t = 0 and after
10 days at 60 °C for samples listed in Table 4.

Fig. 6 is a graph depicting RP-HPLC measurements of SapC purity at t = 0 and after
10 days at 60 °C for samples listed in Table 4.

Fig. 7 is a graph depicting IEX-HPLC measurements of SapC purity at t = 0 and after
10 days at 60 °C for samples listed in Table 4.

Fig. 8 is a graph depicting optical density when assayed at 310 nm for each Table 8
composition at t = 0 and after 10 days at 60 °C.

Fig. 9 is a graph depicting RP-HPLC measurements of SapC purity of Table 8
compositions at t = 0 and after 10 days at 60 °C.

Fig. 10 is a graph depicting SE-HPLC measurements of SapC purity of Table 8
compositions at t = 0 and after 10 days at 60 °C.

Fig. 11 is a graph depicting IEX-HPLC measurements of SapC purity of Table 8
compositions at t = 0 and after 10 days at 60 °C.

Fig. 12 is a graph depicting the pH of each sample in Example 4.

Fig. 13 is a graph depicting the protein content of each sample in Example 4.

Fig. 14 is a graph depicting RP-HPLC measurements of SapC purity and percent
recovery in reconstituted compositions at t = 0 and after storage for 2 weeks at 50 °C for
samples listed in Table 14.

Figs. 15A-B are graphs depicting results of dynamic light scattering for sample 76114-F5
att =0 (A) and after 5 weeks (B) at 50 °C.

Figs. 16A-B are graphs depicting results of dynamic light scattering for sample 76114-F6
att =0 (A) and after 5 weeks (B) at 50 °C.

Fig. 17 is a graph depicting results of dynamic light scattering for each reconstituted
sample at t =0 for samples listed in Table 21.

Fig. 18 is a graph depicting change in dynamic light scattering for each reconstituted
sample over time for samples listed in Table 21.

Fig. 19 is a graph depicting TBA percentage in each reconstituted sample of the
Table 22 compositions.

Fig. 20 is a graph depicting TBA percentage in each reconstituted sample of the Table

23 compositions.



Figs. 21A-D are graphs showing particle size distributions for three replicates of
reconstituted liquids for some of the Table 23 compositions.

Fig. 22 is a graph depicting RP-HPLC measurements of SapC purity in each
reconstituted composition prepared from lyophilized powder that had been stored at 25 °C for
2 or 4 weeks, for samples listed in Table 26.

Fig. 23 is a graph depicting IEX-HPLC measurements of SapC purity in each
reconstituted composition prepared from lyophilized powder that had been stored at 25 °C for
2 or 4 weeks, for samples listed in Table 26.

Fig. 24 is a graph depicting average particle size over time in each reconstituted
composition prepared from lyophilized powder that had been stored at 25 °C for 2 or 4
weeks, for samples listed in Table 26.

Fig. 25 is a graph showing results of a GBA enzyme assay testing activity of SapC-
DOPS.

FIG. 26 is a table showing Phase 1a demographics and adverse events by dosing
group.

FIGs. 27A-C are three sets of graphs illustrating the mean SapC plasma
concentration-time profiles upon multiple dose intravenous administration of BXQ-350 over
0.75 h every 24 hours on Day 1 (FIG. 27A), Day 4 (FIG. 27B), and Day 22 (FIG. 27C) in
patients with solid tumors (log linear).

FIGs. 28A-D are depictions of results from post-mortem histology and gross anatomy
analysis; from left to right: (A) The initial surgical specimen showed little evidence of
ependymal differentiation and abundant mitotic figures. H&E at 40x; (B) Gross brain
examination at autopsy showed extensive tumor necrosis; (C) Microscopic examination of
sections of tumor shows little viable tumor and necrosis (H&E at 4x with insert at 40x); (D)
At autopsy there was extensive chondroid differentiation at the site where tumor extended
through the surgical defect and scalp.

FIG. 29 is a swimmer plot illustrating patient outcomes in a Phase 1A clinical trial.

FIGs. 30A and 30B are a pair of positron emission tomography (PET) images at the
start of treatment (FIG. 30A) and after more than 12 months of treatment (FIG 30B).

DETAILED DESCRIPTION

The present invention relates to compositions and methods for treating cancer such as
solid tumors, including brain cancers. The compositions include a saposin polypeptide, such



as saposin C (SapC), and a phosphatidylserine or structural analog thereof, for example
dioleoylphosphatidylserine (DOPS).

The terms “amino acid” or “amino acid sequence,” as used herein, refer to an
oligopeptide, peptide, polypeptide, or protein sequence, or a fragment of any of these, and to
naturally occurring or synthetic molecules. Where “amino acid sequence” is recited herein to
refer to an amino acid sequence of a naturally occurring protein molecule, “amino acid
sequence” and like terms are not meant to limit the amino acid sequence to the complete
native amino acid sequence associated with the recited protein molecule.

A “deletion,” as the term is used herein, refers to a change in the amino acid or
nucleotide sequence that results in the absence of one or more amino acid residues or
nucleotides.

The words “insertion” or “addition,” as used herein, refer to changes in an amino acid
or nucleotide sequence resulting in the addition of one or more amino acid residues or
nucleotides, respectively, to the sequence found in the naturally occurring molecule.

The term “fusogenic protein or polypeptide” as used herein refers to a protein or
peptide that when added to two separate bilayer membranes can bring about their fusion into
a single membrane. The fusogenic protein forces the cell or model membranes into close
contact and causes them to fuse. Suitable lysosomal fusogenic proteins and polypeptides for
use in this invention include, but are not limited to, proteins of the saposin family.

As used herein, the term “saposin” refers to the family of prosaposin-derived proteins
and polypeptides, including but not limited to naturally occurring saposins A, B, C and D
(from human or other animal species such as mouse, rat, pig, and cow; see, e.g., Qi et al.
(1996) J. Biol. Chem. 271(12):6874-6880 (incorporated by reference)), as well as synthetic
saposin-derived proteins and peptides and peptide analogs showing fusogenic activity. In
certain embodiments, the saposin polypeptide comprises or consists of the amino acid
sequence of human SapC: Ser Asp Val Tyr Cys Glu Val Cys Glu Phe Leu Val Lys Glu Val
Thr Lys Leu lle Asp Asn Asn Lys Thr Glu Lys Glu lle Leu Asp Ala Phe Asp Lys Met Cys
Ser Lys Leu ProLys Ser Leu Ser Glu Glu Cys GIn Glu Val Val Asp Thr Tyr Gly Ser Ser lle
Leu Ser lle Leu Leu Glu Glu Val Ser Pro Glu Leu Val Cys Ser Met Leu His Leu Cys Ser Gly
(SEQ ID NO:1). In other embodiments, the SapC polypeptide comprises the amino acid
sequence of SEQ ID NO:1 with zero to four amino acid insertions, substitutions, or deletions,
e.g., a total of one, two, three or four of such changes. In some embodiments, the SapC
polypeptide’s amino acid sequence comprises SEQ ID NO:1 with one or two amino acid

insertions, substitutions, or deletions, or a combination of such changes. Also included are



polypeptides analogs possessing some degree of the fusogenic activity of human SapC. By
“analog” is meant a polypeptide with substitutions or other alterations in the amino acid
sequence of SapC, which substitutions or alterations do not adversely affect the fusogenic
properties of the polypeptide. Thus, an analog might be a polypeptide having an amino acid
sequence substantially identical to SEQ ID NO:1 and in which one or more amino acid
residues have been conservatively substituted with chemically similar amino acids. Examples
of conservative substitutions include the substitution of a non-polar (hydrophobic) residue
such as isoleucine, valine, leucine or methionine for another. Likewise, the present invention
contemplates the substitution of one polar (hydrophilic) residue such as between arginine and
lysine, between glutamine and asparagine, and between glycine and serine. The substitution
of a basic residue such as lysine, arginine or histidine for another or the substitution of one
acidic residue such as aspartic acid or glutamic acid for another is also contemplated.

SapC and polypeptides derived therefrom may be produced by any useful method,
such as, for example, chemically, enzymatically, or recombinantly. Methods for producing
polypeptides and fragments thereof are known in the art and include, but are not limited to,
chemical peptide synthesis, in vitro translation systems, and expression (and purification
from) a recombinant host organism.

“Lipid vesicle” and “liposome” are used interchangeably to refer to a generally
spherical cluster or aggregate of amphipathic lipids, typically in the form of one or more
concentric layers, for example, bilayers.

The terms “phosphatidylserine” and “phosphatidylserine lipid” are used
interchangeably to refer to lipids that have two fatty acids attached in ester linkage to the first
and second carbon of glycerol and a serine moiety attached through a phosphodiester linkage
to the third carbon of the glycerol. Examples of phosphatidylserine lipids that may be used
with the present compositions include but are not limited to the following: dioleoyl
phosphatidylserine lipid (DOPS); dihexanoyl phosphatidylserine lipid; dioctanoyl
phosphatidylserine lipid; didecanoyl phosphatidylserine lipid; dilauroyl phosphatidylserine
lipid; dimyristoyl phosphatidylserine lipid; dipalmitoyl phosphatidylserine lipid; palmitoyl-
oleoyl phosphatidylserine lipid; 1-stearoyl-2-oleoyl phosphatidylserine lipid; and diphytanoyl
phosphatidylserine lipid, with DOPS being preferred. In aqueous compositions at neutral pH,
such phosphatidylserine lipids typically exist in the form of a salt with a cation, and so
references to DOPS and other phosphatidylserine lipids used in the present compositions are
meant to include both the salt and non-salt forms of the lipids. Suitable cations include any

pharmaceutically acceptable cation that forms a salt with the phosphatidylserine lipid, such as



any of the following: ammonium ion; L-arginine ion; benzathine ion; deanol ion;
diethanolamine (2,2'-iminodiethanol) ion; hydrabamine ion; lysine ion; potassium ion;
sodium ion; triethanolamine (2,2',2"-nitrilotri(ethan-1-ol)) ion; and tromethamine (2-amino-2-
(hydroxymethyl)propane-1,3-diol ion. The sodium, potassium, and ammonium salts are
preferred.

The compositions of the present invention may contain buffering agents. Exemplary
buffering agents include but are not limited to acetate, citrate, histidine, succinate, and
tris(hydroxymethyl)aminomethane (Tris; also known as tromethamine), as well as known
derivatives of Tris, such as those in which the amino group is modified. In a preferred
embodiment, the present aqueous compositions contain Tris at a concentration of 10 to 50
mM (preferably 20 to 30 mM, e.g., 25 mM), and the pH of these compositions ranges from
pH 6.8t0 7.6 (e.g., pH 7 to 7.4, e.g., pH 7.1 to 7.3). In some embodiments, the compositions
contain citrate buffer or acetate buffer at a concentration of 10 to 50 mM, and the pH of the
compositions ranges from pH 5.0 to 8.0.

Biocompatible polymers useful as stabilizing materials and/or bulking agents may be
of natural, semi-synthetic (modified natural) or synthetic origin. As used herein, the term
polymer denotes a compound comprised of two or more repeating monomeric units, and
preferably 10 or more repeating monomeric units. The term semi-synthetic polymer (or
modified natural polymer), as employed herein, denotes a natural polymer that has been
chemically modified in some fashion. Exemplary natural polymers suitable for use in the
present invention include naturally occurring polysaccharides. Such polysaccharides include,
for example, arabinans, fructans, fucans, galactans, galacturonans, glucans, mannans, xylans
(such as inulin), levan, fucoidan, carrageenan, galatocarolose, pectic acid, pectin, amylose,
pullulan, glycogen, amylopectin, cellulose, dextran, dextrin, dextrose, polydextrose, pustulan,
chitin, agarose, keratan, chondroitan, dermatan, hyaluronic acid, alginic acid, xanthan gum,
starch, and various other natural homopolymers or heteropolymers, such as those containing
one or more of the following aldoses, ketoses, acids or amines: erythrose, threose, ribose,
arabinose, xylose, lyxose, allose, altrose, lucose, mannose, gulose, idose, galactose, talose,
erytirulose, ribulose, xylulose, psicose, fructose, sorbose, tagatose, mannitol, sorbitol, lactose,
sucrose, trehalose, maltose, cellobiose, glycine, serine, threonine, cysteine, tyrosine,
asparagine, glutamine, aspartic acid, glutamic acid, lysine, arginine, histidine, glucuronic
acid, gluconic acid, glucaric acid, galacturonic acid, mannuronic acid, glucosamine,
galactosamine, and neuraminic acid, and naturally occurring derivatives thereof. Exemplary

semi-synthetic polymers include carboxymethylcellulose, hydroxymethylcellulose,



hydroxypropylmethylcellulose, methylcellulose, and methoxycellulose. Exemplary synthetic
polymers suitable for use in the present invention include polyethylenes (such as, for
example, polyethylene glycol (PEG), polyoxyethylene, and polyethylene terephthalate),
polypropylenes (such as, for example, polypropylene glycol), polyurethanes (such as, for
example, polyvinyl alcohol (PVA), polyvinyl chloride and polyvinylpyrrolidone (PVP)),
polyamides including nylon, polystyrene, polylactic acids, fluorinated hydrocarbons,
fluorinated carbons (such as polytetrafluoroethylene), and polymethylmethacrylate, and
derivatives of any of these. Methods for the preparation of vesicle compositions that employ
polymers as stabilizing compounds will be readily apparent to those skilled in the art, once
armed with the present disclosure, when the present disclosure is coupled with information
known in the art, such as that described and referred to in U.S. Pat. No. 5,205,290, the
disclosures of which are hereby incorporated herein by reference in their entirety. In preferred
form, the present compositions contain one or more of mannitol, lactose, trehalose, sucrose,
PEG, PVP, sorbitol, or glucose.

A wide variety of techniques are available for the preparation of the claimed
compositions. In a preferred embodiment, DOPS or another phosphatidylserine lipid is
solubilized with organic solvent and then combined with the aqueous-based ingredients,
including SapC, at ambient temperature for 5-15 minutes. Exemplary organic solvents that
may be used for this purpose include but are not limited to ethanol, DMSO, n-butanol, and t-
butanol (also known as t-butyl alcohol, TBA). In a preferred embodiment, the organic
solvent is t-butanol, e.g., at over 98% purity. When the ingredients are mixed, the lipid and
SapC together form into vesicles suspended in the aqueous solution. Lyophilization of the
mixture drives off not only the water, but also most or all of the organic solvent. In preferred
embodiments, the lyophilized powder contains less than 3% w/w TBA.

A wide variety of techniques known to those of ordinary skill in the art can be used to
prepare liposome compositions. These techniques include, for example, solvent dialysis,
French press, extrusion (with or without freeze-thaw), reverse phase evaporation, simple
freeze-thaw, sonication, chelate dialysis, homogenization, solvent infusion,
microemulsification, spontaneous formation, solvent vaporization, solvent dialysis, controlled
detergent dialysis, and others. See, e.g., Madden et al., Chemistry and Physics of Lipids, 1990
53, 37-46, the disclosures of which are hereby incorporated herein by reference in their
entirety. Suitable freeze-thaw techniques are described, for example, in International
Application Ser. No. PCT/US89/05040, filed Nov. 8, 1989, the disclosures of which are

incorporated herein by reference in their entirety. Preparation of the liposomes may be carried
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out in a solution, such as an aqueous saline solution, aqueous phosphate buffer solution, or
sterile water. The liposomes may be prepared by various processes that involve shaking or
vortexing.

Many liposomal preparatory techniques that may be adapted for use in the preparation
of vesicle compositions are discussed, for example, in U.S. Pat. No. 4,728,578; U.K. Patent
Application GB 2193095 A; U.S. Pat. Nos. 4,728,575; 4,737,323; International Application
Ser. No. PCT/US85/01161; Mayer et al., Biochimica et Biophysica Acta, VVol. 858, pp. 161-
168 (1986); Hope et al., Biochimica et Biophysica Acta, Vol. 812, pp. 55-65 (1985); Mayhew
et al., Methods in Enzymology, Vol. 149, pp. 64-77 (1987); Mayhew et al., Biochimica et
Biophysica Acta, Vol 755, pp. 169-74 (1984); Cheng et al, Investigative Radiology, Vol. 22,
pp. 47-55 (1987); International Application Ser. No. PCT/US89/05040; U.S. Pat.

Nos. 4,533,254, 4,162,282; 4,310,505; 4,921,706; and Liposome Technology, Gregoriadis,
G., ed., Vol. 1, pp. 29-31, 51-67 and 79-108 (CRC Press Inc., Boca Raton, Fla. 1984), the
disclosures of each of which are hereby incorporated by reference in their entirety.

As those skilled in the art will recognize, any of the vesicle compositions may be
lyophilized for storage and reconstituted, for example, with a sterile aqueous medium suitable
for administration to a patient (such as water, phosphate buffered solution, Tris buffered
solution, or aqueous saline solution), if necessary with the aid of vigorous agitation. The
liposomes may be lyophilized according to methods known in the art, including those
described in Rey, L. (2010), Freeze-Drying/Lyophilization of Pharmaceutical and Biological
Products. ISBN 9781439825754, the relevant parts of which are incorporated by reference.
Exemplary lyophilization methods utilize freezing, primary drying, and secondary drying

phases according to parameters disclosed in Table I.

Table I. Exemplary ranges of lyophilization parameters

Cycle Step Temperature, C Pressure, mTorr | Duration, minutes
Freezing -40 to -50 (no - 340 - 960
higher than -40)
Primary Drying -15to0 -25 30-65 2200 - 4300
Secondary Drying 2510 35 35-65 500 - 2300
Total Cycle - - 3040 - 7560
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To prevent agglutination or fusion of the lipids and/or vesicles as a result of
lyophilization, it may be useful to include additives that prevent such fusion or agglutination
from occurring. Additives that may be useful include sorbitol, mannitol, sodium chloride,
glucose, trehalose, polyvinylpyrrolidone (PVP) and poly(ethylene glycol) (PEG), for
example, PEG 400. These and other additives are described in the literature, such as in the
U.S. Pharmacopeia, USP XXII, NF XVII, The United States Pharmacopeia, The National
Formulary, United States Pharmacopeial Convention Inc., 12601 Twinbrook Parkway,
Rockville, Md. 20852, the disclosures of which are hereby incorporated herein by reference
in their entirety.

The terms “stable” and “stabilized”, as applied to vesicles, mean that the vesicles are
substantially resistant to degradation, including, for example, loss of vesicle structure or
encapsulated gas or gaseous precursor, for a useful period of time. The terms “stable” and
“stabilized” as applied to the present aqueous compositions containing SapC/lipid vesicles
(before lyophilization or after reconstitution of the lyophilized powder) mean that there is no
significant loss of content or purity of protein or of phosphatidylserine lipid and no
significant changes in the physical properties. The terms “stable” and “stabilized” as applied
to the present lyophilized powder compositions mean that, upon reconstitution with water for
injection, there is no significant loss on content or purity of protein and phosphatidylserine
lipid and no significant changes on the physical properties.

Cancers that are treatable with the present compositions include, for example, any
solid tumors or neurological cancer, e.g., prostate cancer, liver cancer, lung cancer, pancreatic
cancer, renal cell carcinoma, breast cancer, ovarian cancer, testicular cancer, ependymoma
,brain cancers such as high grade gliomas (HGG) including glioblastoma multiforme (GBM),
and gastrointestinal (GI) cancers including appendiceal and colorectal. The compositions are
useful for treating metastatic tumors regardless of the primary tumor type or the organ where
it metastasizes. A metastatic tumor can arise from a multitude of primary tumor types,
including but not limited to those of prostate, colon, lung, breast, and liver origin. The terms
“cancer” and “neoplasm” can include malignancies of the various organ systems, such as
those affecting the lung, breast, thyroid, lymphoid, gastrointestinal, or genito-urinary tract, as
well as adenocarcinomas which include malignancies such as most colon cancers, renal-cell
carcinoma, prostate cancer and/or testicular tumors, non-small cell carcinoma of the lung,
cancer of the small intestine and cancer of the esophagus. The term “carcinoma” is art
recognized and refers to malignancies of epithelial or endocrine tissues including respiratory

system carcinomas, gastrointestinal system carcinomas, genitourinary system carcinomas,
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testicular carcinomas, breast carcinomas, prostatic carcinomas, endocrine system carcinomas,
and melanomas. Exemplary carcinomas include those forming from tissue of the cervix, lung,
prostate, breast, head and neck, colon and ovary. The term also includes carcinosarcomas,
which include malignant tumors composed of carcinomatous and sarcomatous tissues. An
“adenocarcinoma” refers to a carcinoma derived from glandular tissue or in which the tumor
cells form recognizable glandular structures. Further details can be found in, for example,
US Patent No. 7,834,147, which is incorporated herein by reference in its entirety.

“Patient” or “subject” refers to an animal, including a mammal, preferably a human.

A therapeutically effective dose or amount of the composition is an amount useful to
treat a patient’s cancer. In general, a single therapeutically effective dose of the present
composition will contain an amount of SapC (or its derivative) in the range of about 0.01 to
30 mg/kg body weight, preferably about 0.05 to 20 mg/kg body weight, more preferably
about 0.1 to 15 mg/kg body weight, and even more preferably about 0.5 to 10 mg/kg. For
example, the amount of SapC in a single intravenous dose can be about 0.7 mg/kg, 1.1
mg/kg, 1.4 mg/kg, 1.8 mg/kg, 2.4 mg/kg, 2.8 mg/kg, 3.0 mg/kg, 3.2 mg/kg, 3.6 mg/kg, or
more. A given patient may receive a given dose level for one or more initial administrations
and a different (lower or higher) level for further administrations. The delivery may be by any
suitable injectable route, e.g., intravenous, intra-arterial, intradermal, intramuscular,
intracardiac, intracranial, subcutaneous, or intraperitoneal. Typically, the composition of the
invention is reconstituted in sterile water for injection and is delivered by intravenous
infusion in an IV bag containing an isotonic carrier, such as saline, PBS, or dextrose 5% by
weight (D5W). Further details regarding routes of administration can be found, for example,
in US Patent No. 7,834,147.

Administration can occur at least once a day for some number of consecutive days,
e.g., for 3,4,5, 6, 7, 8, 9, or more consecutive days, or can be, e.g., every other day, or 3
times a week, or once every 7 £ 3 days, or once every 14 + 3 days, or once every 28 + 3 days.
The timing of administrations can start with one of those schedules and after a suitable period
of treatment change to another that is more or less frequent. The entire period of treatment
can be completed in, e.g., eight or twelve or sixteen weeks, or up to six months, but more
preferably will continue as long as the patient appears to be benefiting from the treatment.
For example, the dosing schedule might be:
Cycle 1:

week 1: one dose on each of days 1-5;

week 2: 3x/week every other day, e.g. one dose on each of days 8, 10, and 12;
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weeks 3 and 4: one dose each week (every 7 (+/- 3) days);

Cycle 2: one dose during week 5;
and any subsequent cycle: one dose 28 (+/- 3) days after the most recent prior dose.

The molar ratio of the SapC polypeptide to the phosphatidylserine lipid in a
composition of the invention can be in the range from 1:2 to 1:50, for example 1:5 to 1:30, or
1:8 t0 1:20, or 1:11 to 1:13. Suitable molar ratios include but are not limited to 1:10, 1:11,
1:12, 1:13, 1:14, and 1:15. The mass ratio of the polypeptide to the phosphatidlyserine lipid is
in the range from about 1:0.18 to about 1:4.5, or about 1:0.45 to about 1:2.7, or about 1:0.72
to about 1:1.81, or about 1:1 to about 1:1.2. It is recognized that the preferred ratio of the
polypeptide and lipid in a composition of the invention may be affected by certain factors
such as, but not limited to, the target cell type and the route of delivery.

Useful background information and technical details can be found in US Patent
Nos. 7,834,147 and 9,271,932, which are incorporated herein by reference in their entirety.

The compositions and methods are further supported by the information provided in
the following Examples. It is to be understood that the embodiments described in the
Examples are merely illustrative, and are not intended to limit the scope of the present

invention, which will be limited only by the appended claims.

EXAMPLES

Materials

The following reagents were purchased from commercial vendors: sodium citrate
dihydrate, citric acid anhydrous, glycine, sodium phosphate monobasic monohydrate (EMD),
sodium phosphate dibasic heptahydrate (Thermo Scientific),
tris(hydroxymethyl)aminomethane (“Tris;” J. T. Baker), L-histidine, sodium chloride,
HyClone™ water (Thermo Scientific), sodium hydroxide, D-trehalose anhydrous (VWR
International), D(+) trehalose dihydrate (Spectrum), sucrose (BDH Chemicals), mannitol
(BDH Chemicals), 0.9 % sodium chloride, t-butanol (Sigma Aldrich), 1,2-dioleoyl-sn-
glycero-3-phospho-L-serine (DOPS sodium salt) (Avanti Polar Lipids).

Saposin C (“SapC”) was prepared by standard methods utilizing recombinant

expression in E. coli cells.
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Example 1. Determination of how select buffering agents affect stability of

compositions comprising SapC

To determine how buffering agents affect SapC stability, compositions of SapC in
select buffering agents listed in Tables 1 and 2 were prepared and analyzed by differential

scanning calorimetry (DSC) and circular dichroism (CD).
Methods

The compositions listed in Table 1 and Table 2 were prepared.

Table 1: Compositions prepared for DSC analysis

uiD Description

75312-F9 5 mg/mL SapC, 10 mM citrate pH 6

75312-F10 5 mg/mL SapC, 10 mM phosphate pH 7

75312-F11 5 mg/mL SapC, 10 mM Tris pH 7.5

75312-F12 5 mg/mL SapC, 10 mM Tris pH 8

75312-F13 5 mg/mL SapC, 10 mM phosphate pH 7.5, 1.68 % w/v NaCl

75312-F14 5 mg/mL SapC, 50 mM phosphate pH 7.5, 1.20 % w/v NaCl

75312-F15 5 mg/mL SapC, 10 mM glycine pH 9

Table 2: Compositions prepared for CD analysis

uiD Description

75312-F1 1 mg/mL SapC, 10 mM citrate pH 6

75312-F2 1 mg/mL SapC, 10 mM phosphate pH 7

75312-F3 1 mg/mL SapC, 10 mM Tris pH 7.5

75312-F4 1 mg/mL SapC, 10 mM Tris pH 8

75312-F5 1 mg/mL SapC, 10 mM phosphate, 1.68 % w/v NaCl, pH 7.5

75312-F6 1 mg/mL SapC, 50 mM phosphate, 1.20 % w/v NaCl, pH 7.5

75312-F7 1 mg/mL SapC, 10 mM glycine pH 9
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DSC measurements were performed using a MicroCal™ VP-DSC calorimeter
(Northampton, MA). Run parameters included a temperature range of 10 to 110 °C, scan rate
of 60 °C per hour, and filtering period of 16 seconds. The samples were pre-equilibrated for
15 minutes prior to each scan. The thermograms were processed using the MicroCal™ VP-
DSC calorimeter add-on module for Origin version 7. A DSC melt detects the unfolding of a
protein by monitoring the change in enthalpy associated with the event. Protein unfolding is
commonly exothermic and is marked by a peak in the thermogram reading, with the apex
depicting the transition at which half of the protein molecules are unfolded. A high melting
temperature (Tm) signifies a high intrinsic conformational stability.

CD measurements were performed using a Chirascan™-plus spectropolarimeter
(Leatherhead, UK) with a 4-position peltier temperature controller. A far-UV spectrum of
each sample was obtained over a wavelength range of 180-260 nm at 10 °C using a 0.1 cm
path length cuvette. The spectra of respective control samples were subtracted from the
spectra for corresponding test samples. The percent of secondary structure was estimated
using CDNN software provided with the instrument. It was determined that samples with 1
mg/mL SapC concentration needed to be diluted to avoid saturation at the lower wavelengths
of the CD spectra. Therefore, a 6-fold dilution was performed for each of the samples prior

to CD measurements.

Results

Fig. 1 is a graph depicting results of DSC analysis of sample 75312-F10. The
thermogram for sample 75312-F10, and also for all samples tested (data not shown), lacked a
transition expected for protein unfolding. Without wishing to be bound to a particular theory,
applicants hypothesize that either (1) the SapC protein lacks tertiary structure(s) or (2) the
SapC protein does not unfold even up to the highest temperature of 110 °C.

Fig. 2 is a graph depicting results of CD analysis of samples listed in Table 2. The
CD spectra of all samples exhibit minima at approximately 208 and 220 nm, a characteristic
indicative of significant a-helix content. Analysis of the spectra revealed a pH-dependence in
the magnitudes of the spectra in order of pH 7.0 > 7.5 = 6.0 > 8.0 > 9.0.

The percent of secondary structure for each sample was estimated from the CD
spectra using methods known in the art and is reported in Table 3. Fig. 3 is a graph depicting
the percentage of a-helix and random coil as estimated from CD analysis of samples listed in
Table 2. Notably, the highest and lowest amounts of a-helix correlated with sample pH, with
highest amount in 75312-F2 (pH 7) and the lowest in 75312-F7 (pH 9). These data indicate
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that SapC likely retains activity, as inferred from the preservation of secondary structure
components, when stored in phosphate at pH 7 or in Tris pH 7.6 These data also indicate
that varying buffer concentration, specifically 10 or 50 mM phosphate (comparison of 75312-
F5 to 75312-F6), while holding tonicity constant did not confer differences in secondary

structure of SapC.

Table 3: Estimated percent secondary structure in each composition

uiD Helix Anti- Parallel | B-turn Random | Total
parallel | B-sheet coil sum
B-sheet
75312-F1 64.9 3.2 3.3 125 14.0 97.9
75312-F2 83.4 1.4 1.6 9.7 7.2 103.4
75312-F3 69.6 2.7 2.8 11.8 12.5 99.4
75312-F4 46.6 5.7 5.8 14.9 23.1 96.2
75312-F5 45.4 6.0 6.0 15.1 23.5 96.0
75312-F6 47.0 5.7 5.7 14.9 22.8 96.1
75312-F7 21.0 13.6 13.0 19.6 42.1 109.4

Example 2. Determination of how select buffering agents (and concentrations) affect

stability and purity of SapC compositions stored at 60 °C

To determine how various buffering agents affect stability and purity of compositions
comprising SapC, compositions of SapC in select buffering agents listed in Table 4 were
prepared, stored at 60 °C, and analyzed by visual appearance, total protein content, and purity

of protein content.

Methods

The compositions listed in Table 4 were prepared. Some samples were frozen
immediately upon preparation (t=0 days) and held at -70 °C until time for analysis; others
were stored for 10 days at 60 °C (t=10 days) before being frozen and held at -70 °C until time
for analysis. The frozen samples were then thawed to room temperature and the following
properties were assayed: (1) appearance assessed by visual characterization of liquid under
bright light to observe clarity, color, and presence of any particulate matter in the sample; (2)

pH quantified by pH meter; (3) total protein content quantified by UV analysis at 280 nm
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using an extinction coefficient of 0.395 mg™* mL cm; (4) purity of protein content,
specifically the percentage of full length SapC in the sample and the presence of (and
concentration of) SapC degradation products as assessed by SE-HPLC, RP-HPLC, and IEX-
HPLC. SE-HPLC, RP-HPLC, and IEX-HPLC are chromatography methods that separate the
analyte by size, by hydrophobicity, and by charge variants, respectively.

Table 4: List of compositions

uiD Description

183-001-01-095-F1 | 2 mg/mL SapC, 10 mM histidine pH 6

183-001-01-095-F2 | 2 mg/mL SapC, 50 mM histidine pH 6

183-001-01-095-F3 | 5 mg/mL SapC, 10 mM histidine pH 6

183-001-01-095-F4 | 5 mg/mL SapC, 50 mM histidine pH 6

183-001-01-095-F5 | 2 mg/mL SapC, 10 mM phosphate pH 6.8

183-001-01-095-F6 | 2 mg/mL SapC, 50 mM phosphate pH 6.8

183-001-01-095-F7 | 5 mg/mL SapC, 10 mM phosphate pH 6.8

183-001-01-095-F8 | 5 mg/mL SapC, 50 mM phosphate pH 6.8

183-001-01-095-F9 | 2 mg/mL SapC, 10 mM Tris pH 7.6

183-001-01-095-F10 | 2 mg/mL SapC, 50 mM Tris pH 7.6

183-001-01-095-F11 | 5 mg/mL SapC, 10 mM Tris pH 7.6

183-001-01-095-F12 | 5 mg/mL SapC, 50 mM Tris pH 7.6

Results

The visual appearances of the samples are summarized in Table 5. Att =0 days, 183-
001-01-095-F2, -F4, -F5, -F6, and -F7 were free of visible particles, while 183-001-01-095-
F1, -F3, -F8, -F9, -F10, -F11, and —F12 were mostly clear with a few particles. After
incubation at 60 °C for 10 days, all samples had a few particles, with phosphate-buffered
183-001-01-095-F5, -F6, and -F8 having “long” particles. Additionally, some histidine and
phosphate-containing samples took on a slight yellow tint, specifically 183-001-01-095-F3, -
F4, -F7, and -F8.

Table 5. Appearance of each composition after t = 0 and t = 10 days

uiD t =0 days t = 10 days

183-001-01-095-F1 Clear, colorless, few particles Clear, colorless, few particles
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183-001-01-095-F2 Clear, colorless, free of visible Clear, slight yellow tint, few

particles particles
183-001-01-095-F3 Clear, slight yellow tint, few
Clear, colorless, few particles particles

183-001-01-095-F4 Clear, colorless, free of visible Clear, slight yellow tint, few

particles particles
183-001-01-095-F5 Clear, colorless, free of visible Clear, colorless, few long

particles particles
183-001-01-095-F6 Clear, colorless, free of visible Clear, colorless, few long

particles particles

183-001-01-095-F7 Clear, colorless, free of visible Clear, slight yellow tint, few

particles particles
183-001-01-095-F8 Clear, slight yellow tint, few long
Clear, colorless, few particles particles
183-001-01-095-F9 Clear, colorless, few particles Clear, colorless, few particles
183-001-01-095-F10 | Clear, colorless, few particles Clear, colorless, few particles
183-001-01-095-F11 | Clear, colorless, few particles Clear, colorless, few particles
183-001-01-095-F12 | Clear, colorless, few particles Clear, colorless, few particles

The pH of each sample is reported in Table 6. The samples buffered by phosphate
(183-001-01-095-F5, -F6, -F7, -F8) drifted to a more basic pH than their target pH of 6.8, at
both time points. Notably, the pH of samples buffered by 10 mM phosphate (183-001-01-
095-F5 and -F7) drifted more than the samples buffered with 50 mM phosphate (183-001-01-
095-F6 and -F8). All the samples buffered with histidine (183-001-01-095-F1, -F2, -F3, and
—F4) or Tris (183-001-01-095-F9, -F10, -F11, and -F12) maintained their initial pH value to
within 0.1 pH units.

Table 6: pH of each sample after t=0 and t=10 days

uiD t= 0 days t=10 days
183-001-01-095-F1 6.12 6.11
183-001-01-095-F2 5.98 5.96
183-001-01-095-F3 6.22 6.25
183-001-01-095-F4 6.01 6.01
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183-001-01-095-F5 7.31 7.29
183-001-01-095-F6 7.10 7.09
183-001-01-095-F7 7.25 7.30
183-001-01-095-F8 7.08 7.09
183-001-01-095-F9 7.55 7.57
183-001-01-095-F10 7.54 7.54
183-001-01-095-F11 7.59 7.60
183-001-01-095-F12 7.52 7.53

The total protein content in each of the samples is reported in Table 7. At t=0, all
samples exhibited protein concentrations that were close to the target values of either 2 or
5 mg/mL. At t=10 days, however, a majority of the samples had increased protein
concentration. These inflated numbers are probably an artifact of spectral scattering due to
the increase in large particles in the samples. To quantify the increase in scattering, optical
density scans (200 to 400 nm) were measured for each sample to evaluate the extent of
scattering increase upon storage. Fig. 4 is a graph depicting for each sample the optical
density value at 310 nm, a wavelength devoid of significant absorption signal (note that
sample 183-001-01-095-F11 was not analyzed). The samples buffered by histidine at pH 6
(183-001-01-095-F1, -F2, -F3, and -F4) and samples buffered by phosphate at pH 6.8 (183-
001-01-095-F5, -F6, -F7, and -F8) exhibited increased scattering after 10 days. Notably, the
samples 183-001-01-095-F9, -F10, and -F12 buffered by Tris at pH 7.6 exhibited minimal

increases in scattering after 10 days.

Table 7: Total protein content (mg/mL) in compositions after t=0 and t=10 days

uliD t= 0 days t=10 days
183-001-01-095-F1 2.01 2.34
183-001-01-095-F2 2.08 3.12
183-001-01-095-F3 4.82 5.57
183-001-01-095-F4 4.97 6.70
183-001-01-095-F5 2.08 2.36
183-001-01-095-F6 2.13 2.52
183-001-01-095-F7 4.99 5.53
183-001-01-095-F8 5.00 5.92
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183-001-01-095-F9 2.07 2.09

183-001-01-095-F10 2.03 2.09
183-001-01-095-F11 5.05 5.18
183-001-01-095-F12 4.99 5.22

The purity of SapC in the samples was estimated by SE-HPLC, RP-HPLC, and IEX-
HPLC. The purity of SapC in the samples was quantified as the percentage of protein content
detected in elution peak comprising full length SapC. Fig. 5 is a graph depicting SE-HPLC
measurements of SapC purity at t = 0 and after 10 days at 60 °C. All samples exhibited
greater than 95 percent purity of SapC after 10 days, as detected by SE-HPLC. Notably, the
samples buffered by histidine at pH 6 (183-001-01-095-F1, -F2, -F3, and -F4) and samples
buffered by phosphate at pH 6.8 (183-001-01-095-F5, -F6, -F7, and -F8) that exhibited
increased scattering at OD 310 nm were expected to contain higher order molecular weight
species (i.e., aggregates); however, no such species were observed by SE-HPLC in these
samples. If these supposed aggregates were too large to pass through the column, then the
apparent concentration of the protein (based on chromatographic area) would have decreased.
This, too, was not observed, as SapC main peak recovery was high even after 10 days in
those samples. Without wishing to be bound to a particular theory, applicants note a
possibility that could explain these results is that the particulate matter observed in F1-F8
does not comprise, or comprises a negligible amount of, SapC or fragments of SapC.

Fig. 6 is a graph depicting RP-HPLC measurements of SapC purity at t = 0 and after
10 days at 60 °C. All samples exhibited some degree of decreased SapC purity after 10 days,
as measured by RP-HPLC. The samples buffered by phosphate pH 6.8 (183-001-01-095-F5,
-F6, -F7, and -F8) exhibited the largest decreases in SapC purity.

Fig. 7 is a graph depicting IEX-HPLC measurements of SapC purity at t = 0 and after
10 days at 60 °C. All samples exhibited some degree of decreased SapC purity after 10 days,
as measured by IEX-HPLC. As was true when the measurements were done with RP-HPLC
(see above), the samples buffered by phosphate pH 6.8 (183-001-01-095-F5, -F6, -F7, and -
F8) exhibited the largest decreases in SapC purity.

In sum, these data indicate that samples comprising Tris at pH 7.6 exhibited higher
stability and purity compared to samples comprising histidine at pH 6 or phosphate at pH 6.8.
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Example 3. Determination of how select concentrations of citrate at pH 6.2 affects

stability and purity of compositions comprising SapC exposed to 60 °C

To determine how citrate affects the stability and purity of compositions comprising
SapC, various compositions of SapC in citrate at pH 6.2 were prepared, stored at 60 °C, and

analyzed by appearance, pH, protein content, and chromatography methods.

Methods

Samples of the compositions listed in Table 8 were taken at t=0 (immediately upon
preparation) and after storage at 60 °C for 10 days (t=10 days), then frozen and stored at -70
°C until time for analysis. The frozen compositions were thawed to room temperature, and
the following properties were assayed as described in Example 2: visual appearance, pH, total

protein content, and purity of protein content.

Table 8: Citrate-containing compositions

uiD Description

82014-F1 2 mg/mL SapC, 10 mM citrate pH 6.2
82014-F2 2 mg/mL SapC, 50 mM citrate pH 6.2
82014-F3 5 mg/mL SapC, 10 mM citrate pH 6.2
82014-F4 5 mg/mL SapC, 50 mM citrate pH 6.2
82014- citrate control 1 | 10 mM citrate pH 6.2

82014- citrate control 2 | 50 mM citrate pH 6.2

Results

The visual appearance and pH of each sample are reported in Table 9. All of the
samples were clear and colorless liquids at both time points. The pH of all samples was
maintained within 0.2 pH units of the initial pH value after 10 days at 60 °C; however, the

initial pH of all samples was more basic than the targeted pH 6.2.

Table 9: Visual appearance and pH for each sample after t=0 and t=10 days

Sample # Time Point Appearance pH
t=0 Clear, colorless solution 6.62
82014-F1 i
t=10 Clear, colorless solution 6.63
82014-F2 t=0 Clear, colorless solution 6.32
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t=10 Clear, colorless solution 6.26

t=0 Clear, colorless solution 6.71
82014-F3 i

t=10 Clear, colorless solution 6.92

t=0 Clear, colorless solution 6.31
82014-F4 i

t=10 Clear, colorless solution 6.32
82014-Citrate Control t=0 Clear, colorless solution 6.48
1 t=10 Clear, colorless solution 6.64
82014-Citrate Control t=0 Clear, colorless solution 6.29
2 t=10 Clear, colorless solution 6.31

Fig. 8 is a graph depicting optical density when assayed at 310 nm for each Table 8
composition at t=0 and after 10 days at 60 °C. No composition exhibited a significant
increase in optical density at 310 nm after 10 days.

Fig. 9 is a graph depicting RP-HPLC measurements of SapC purity of Table 8
compositions at t = 0 and after 10 days at 60 °C. All compositions exhibited decreased SapC
purity after 10 days by this measure.

Fig. 10 is a graph depicting SE-HPLC measurements of SapC purity of Table 8
compositions at t = 0 and after 10 days at 60 °C. All compositions exhibited no marked
changes for SapC purity after 10 days.

Fig. 11 is a graph depicting IEX-HPLC measurements of SapC purity of Table 8
compositions at t = 0 and after 10 days at 60 °C. All samples exhibited decreased SapC
purity after 10 days by this measure.

In sum, these data indicate that samples comprising either 2 or 5 mg/mL SapC and
either 10 or 50 mM citrate at a target pH of pH 6.2 (actual pH up to 6.64) exhibited similar
stability and purity over 10 days at 60 °C. Based on this data and the data of previous
Examples, potential buffering agents for compositions comprising SapC include, but are not

limited to, citrate at an approximate pH of 6.2 and Tris at an approximate pH of 7.6.

Example 4. Determination of stability of compositions comprising SapC and 25 mM

Tris pH 7.2 following exposure to either mechanical or thermal stress

To quantify the stability of compositions comprising SapC and 25 mM Tris pH 7.2

following exposure to mechanical or thermal stress, the compositions were exposed to
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mechanical or thermal stress and analyzed by visual appearance, pH, and total protein

content.

Methods

Composition 183-001-01-220-F1 comprising 5 mg/mL SapC, 25 mM Tris pH 7.1-7.2
was prepared, and samples of it were exposed either to freeze-thaw stress or to agitation
stress. For each sample, the following properties were assayed as described in Example 2:
visual appearance, pH, and total protein content.

For freeze-thaw stress testing, samples were divided into 1.3 mL aliquots in 5 mL
PETG vials and were subjected to five freeze-thaw cycles. For each cycle, the vials were
frozen at -70 °C and thawed to room temperature. After each thaw, the contents of each vial
were mixed by gently inverting approximately 5 times before being returned to -70 °C for the
next cycle.

For agitation stress testing, samples were divided into 1.3 mL aliquots in eight PETG
vials. Four of the vials were agitated on an orbital shaker (Thermo Scientific, Model #2309)
at 220 RPM for 15 or 24 hours at ambient temperature. In parallel, the remaining four vials
were placed on the bench top near the shaker as stationary controls. At 15 and 24 hours, two

vials from the test group and two from the control group were analyzed.

Results

All of the samples were clear and colorless liquids (data not shown).

The pH of each sample is reported in Fig. 12. The pH of all samples was maintained
within 0.1 pH units of the initial pH value.

The total protein content in each of samples is reported in Fig. 13. Protein content of
all stressed samples was within 3 percent of total protein content in the unstressed sample at
t=0.

In sum, the tested compositions comprising SapC and 25 mM Tris pH 7.1 (actual pH
was 7.1 at t=0; target pH was 7.2) exhibited stability following exposure to mechanical or

thermal stress as assessed by visual appearance, pH, and total protein content.
Example 5. Determination of how various concentrations of t-butanol (TBA) affect the

stability and purity of compositions comprising SapC and dioleoyl phosphatidylserine
(DOPS)
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t-butanol (or t-butyl alcohol; TBA) was used as an organic solvent to dissolve DOPS
prior to incorporating DOPS into various SapC compositions. To determine how various
concentrations of TBA affect stability and purity of compositions comprising SapC,
compositions comprising the concentrations of TBA listed in Table 10 were prepared,

filtered, and analyzed for visual appearance, total protein content, and DOPS content.

Methods

The compositions listed in Table 10 were prepared and assessed before and after
standard sterile filtration through a 0.2 micron filter. All percentages are w/w. The visual
appearance and total protein content in each composition were assayed as described in

Example 2. The total DOPS content in each composition was assayed by HPLC-ELSD.

Table 10: Compositions containing TBA

uiD Description

183-001-01-050-F1 2.3 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 9 percent trehalose,
30 percent TBA, 50 mM Tris pH 7.2

183-001-01-050-F2 2.3 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 9 percent trehalose,
25 percent TBA, 50 mM Tris pH 7.2

183-001-01-050-F3 2.3 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 9 percent trehalose,
20 percent TBA, 50 mM Tris pH 7.2

183-001-01-050-F4 2.3 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 9 percent trehalose,
15 percent TBA, 50 mM Tris pH 7.2

Results
The visual appearance of each sample is described in Table 10. All of the samples
were clear and colorless liquids both before and after filtration.

Table 11: Visual appearance each sample before and after filtration

uiD Before filtration After filtration

183-001-01-050-F1 | Clear, colorless, and particle free | Clear, colorless, and particle free

183-001-01-050-F2 | Clear, colorless, and particle free | Clear, colorless, and particle free

183-001-01-050-F3 | Clear, colorless, and particle free | Clear, colorless, and particle free

183-001-01-050-F4 | Clear, colorless, and particle free | Clear, colorless, and particle free
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The total protein content of each sample is reported in Table 12. All of the samples

exhibited no significant change in protein content before and after filtration.

Table 12: Total protein content (mg/mL) in each composition before and after filtration

uibD Before filtration After filtration
183-001-01-050-F1 | 2.25 2.3
183-001-01-050-F2 | 2.59 2.55
183-001-01-050-F3 | 2.21 2.26
183-001-01-050-F4 | 2.49 251

The total DOPS content in each sample is reported in Table 13. The compositions

exhibited no significant change in DOPS content before and after filtration.

Table 13: Total DOPS content (mg/mL) in each composition before and after filtration

uiD Before filtration After filtration
183-001-01-050-F1 | 3.06 3.10
183-001-01-050-F2 | 2.98 3.04
183-001-01-050-F3 | 2.97 2.97
183-001-01-050-F4 | 3.00 2.94

In sum, these data indicate that samples comprising 15 to 35 percent TBA exhibited

similar visual appearance, protein content, and DOPS content before and after filtration.

Example 6. Determination of how certain excipients and buffering agents affect the
stability and purity of compositions comprising SapC and DOPS

To determine how certain excipients and buffering agents affect stability and purity of
compositions comprising SapC, the compositions listed in Table 14 were prepared, and the
stability and purity of each composition was evaluated.

Methods
The compositions listed in Table 14 were prepared and 1.2 ml aliquots were

lyophilized according to the lyophilization procedure described in Table 15. Each
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Iyophilized sample was then reconstituted with 1.2 mL of HyClone™ purified water, and the
lyophilized cakes were allowed to dissolve completely.

The following properties were assayed as described in Example 2: visual appearance;
total protein content, and purity of protein content. The moisture content in each lyophilized
sample was determined by a coulometric method. The percentage of TBA in each sample
was determined by a GC-MS head space method. (The TBA in the samples was what
remained from the TBA used as solvent for DOPS, after sublimation of most of the TBA
from the samples during the lyophilization process.)

In a further experiment, a sample of each reconstituted composition was stored at 50
°C for either 2 or 5 weeks and its stability assessed by visual appearance and purity of protein
content analyzed as described in Example 2, by purity as measured using RP-HPLC, and by
particle size distribution. The sizes of particles in each reconstituted liquid at t=0 and t=5

weeks were determined by dynamic light scattering using a Malvern instrument.

Table 14: Compositions prepared for lyophilization and reconstitution

ulD Description

76114-F1 0.4 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 percent TBA, 9 percent
sucrose, 10 mM Tris pH 8

76114-F2 0.4 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 percent TBA, 9 percent
trehalose, 10 mM Tris pH 8

76114-F3 0.4 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 percent TBA, 4 percent

mannitol, 1 percent sucrose, 10 mM Tris pH 8

76114-F4 0.4 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 percent TBA, 9 percent
sucrose, 10 mM Tris pH 7.2

76114-F5 0.4 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 percent TBA, 9 percent
trehalose, 10 mM Tris pH 7.2

76114-F6 0.4 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 percent TBA, 4 percent

mannitol, 1 percent sucrose, 10 mM Tris pH 7.2

76114-F7 0.4 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 percent TBA, 9 percent
sucrose, 10 mM histidine pH 6.5

76114-F8 0.4 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 percent TBA, 8 percent
trehalose, 10 mM histidine pH 6.5
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76114-F9

0.4 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 percent TBA, 4 percent
mannitol, 1 percent sucrose, 10 mM histidine pH 6.5

Table 15: Lyophilization cycle used to prepare lyophilized compositions

Purpose Description

Loading Hold at 5 °C

Freezing Ramp at 0.3 °C/min for 183 min; Hold at -50 °C for 60 min; Ramp at 0.3 °C/min
for 133 min; Hold at -10 °C for 120 min; Ramp at 0.3 °C/min for 133 min; Hold
-50 °C for 180 min

Primary Hold -50 °C for 30 min at 50 mTorr; Ramp at 0.3 °C/min for 67 min at

drying 50 mTorr; Hold at -40 °C for 2400 min at 50 mTorr

Secondary Ramp at 0.5 °C/min for 120 min, 50 mTorr; Hold at 30 °C for 480 min at

drying 50 mTorr

Results

The visual appearance of each sample is summarized in Table 16. All of the samples

containing 9 percent sucrose showed particles upon reconstitution at t=0, while all of the

samples containing trehalose were particle-free—an important consideration for an injectable

composition.

Table 16: Visual appearance of lyophilized cake and of reconstituted liquid at t=0

shrinkage

uiD Lyophilized cake Reconstituted liquid at t=0
76114-F1 White fluffy, some cracking Cloudy, particles seen; particles pelleted
upon centrifugation

76114-F2 White fluffy, some cracking Clear, colorless, particle free

76114-F3 White fluffy, some cracking Slightly cloudy, particle free

76114-F4 White fluffy, some cracking and Cloudy, particles seen; particles pelleted
shrinkage upon centrifugation

76114-F5 White fluffy, some cracking and Clear, colorless, particle free
shrinkage

76114-F6 White fluffy, some cracking Slightly cloudy, particle free

76114-F7 White fluffy, some cracking and Cloudy, particles seen; particles pelleted

upon centrifugation
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76114-F8 White fluffy, some cracking and Clear, colorless, particle free
shrinkage
76114-F9 White fluffy, some cracking Clear, colorless, particle free

The total protein content of each reconstituted composition is reported in Table 17.

Table 17: Total protein content (mg/mL) in each reconstituted composition at t=0, as
assessed by RP-HPLC
uiD Total protein content (mg/mL) Percentage recovery of SapC against
theoretical
76114-F1 0.38 91
76114-F2 0.37 87
76114-F3 0.37 88
76114-F4 0.37 87
76114-F5 0.36 87
76114-F6 0.37 89
76114-F7 0.36 86
76114-F8 0.36 85
76114-F9 0.38 91

The purity of SapC in each reconstituted composition at t=0 is reported in Table 18.

Table 18: SapC purity in each composition as assessed by RP-HPLC and IEX-HPLC at t=0

uiD Percentage SapC purity by RP-HPLC | Percentage SapC purity by IEX-HPLC
76114-F1 93.2 96.1

76114-F2 93.2 95.9

76114-F3 93 96

76114-F4 93.6 96

76114-F5 93.5 95.8

76114-F6 93.6 96

76114-F7 93.6 95.8

76114-F8 91.8 95.8

76114-F9 93.9 95.9
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The percentage of TBA in each reconstituted composition is reported in Table 19. All
reconstituted compositions comprising 9 percent sucrose (F1, F4, and F7) contained higher
levels of residual TBA compared to the other compositions tested.

Table 19: Percent TBA in each reconstituted composition at t=0

ulD Percent TBA
76114-F1 2.4
76114-F2 1.9
76114-F3 0.3
76114-F4 2.3
76114-F5 1.7
76114-F6 0.2
76114-F7 2.2
76114-F8 1.8
76114-F9 0.3

Table 20: Moisture content in each lyophilized composition

ulD Percent water at t=0
76114-F1 0.3
76114-F2 0.4
76114-F3 2.1
76114-F4 0.4
76114-F5 0.3
76114-F6 11
76114-F7 0.4
76114-F8 0.3
76114-F9 1.0

Fig. 14 is a graph depicting RP-HPLC measurements of SapC purity and percent
recovery in reconstituted compositions at t = 0 and after storage for 2 weeks at 50 °C. The
purity of SapC after 2 weeks at 50 °C remained greater than 90 percent in all samples
buffered with histidine at pH 6.5 (76114-F7, -F8, and -F9), as well as in the 76114-F6 sample
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(buffered with Tris at pH 7.2). All other samples exhibited less than 85 percent SapC purity
after 2 weeks at 50 °C.

The lyophilized material for samples comprising 9 percent sucrose (76114-F1, -F4, -
F7) melted after 2 weeks at 50 °C (data not shown), while the other lyophilized samples did
not exhibit significant changes in visual appearance after 2 weeks at 50 °C.

Fig. 15 is a graph depicting results of dynamic light scattering for sample 76114-F5 at
t=0 (A) and after 5 weeks (B) at 50 °C. Fig. 16 is a graph depicting results of dynamic light
scattering for sample 76114-F6 at t=0 (A) and after 5 weeks (B) at 50 °C. The compositions
comprising 9 percent trehalose (F2, F5, F8) showed the most uniform and reproducible
particle size volume distribution by dynamic light scattering compared to all other
compositions tested.

In sum, these data suggest that trehalose is the preferred sugar excipient, compared to
sucrose and to a mixture of mannitol and sucrose. This is despite the fact that compositions
with mannitol/sucrose mixtures exhibited the lowest percentage TBA of all compositions
tested. Additionally, these data indicate that compositions comprising SapC and DOPS are
more stable in 10 mM Tris at pH 6.5 or pH 7.2 compared to in 10 mM Tris at pH 8.

Example 7: Determination of how select concentrations of SapC and DOPS (at a
constant SapC to DOPS molar ratio) affect the stability and purity of compositions
comprising SapC and DOPS

To determine how various concentrations of SapC and DOPS affect stability and
purity of the compositions, the compositions listed in Table 21 were prepared, and the

stability and purity of each composition were evaluated.

Methods

The compositions listed in Table 21 were prepared and 1.2 ml aliquots lyophilized
according to the lyophilization method described in Example 6. Each lyophilized sample was
then reconstituted with 1.2 mL of HyClone™ water, and the lyophilized cakes were allowed
to completely dissolve. The sizes of particles in each reconstituted sample at t=0 were

determined by dynamic light scattering using a Malvern instrument.

Table 21: Compositions pre-lyophilization

ulD Description
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76733-F1 4.2 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 percent TBA, 10 mg/mL
trehalose, 25 mM phosphate pH 7.4

76733-F2 2.2 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 percent TBA, 10 mg/mL
trehalose, 25 mM phosphate pH 7.4

76733-F3 1.3 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 percent TBA, 10 mg/mL
trehalose, 25 mM phosphate pH 7.4

76733-F4 0.82 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 percent TBA, 10 mg/mL
trehalose, 25 mM phosphate pH 7.4

76733-F5 0.42 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 percent TBA, 10 mg/mL
trehalose, 25 mM phosphate pH 7.4

Results

Fig. 17 is a graph depicting results of dynamic light scattering for each reconstituted
sample at t=0. Fig. 18 is a graph depicting change in dynamic light scattering for each
reconstituted sample over time. The composition with the highest concentration of SapC,
4.2 mg/mL, showed higher average particle size relative to compositions with 2.2 mg/mL or
lower concentrations of SapC. All reconstituted compositions maintained consistent average
particle size over the 4 hour period, suggesting a stable reconstituted product. These results
suggest that the preferred concentration of SapC is less than or equal to 2.2 mg/mL SapC, at a
SapC to DOPS molar ratio of 1:12.

Example 8: Determination of how various concentrations of mannitol and trehalose

affect the stability of compositions comprising DOPS

To determine how various concentrations of mannitol and trehalose affect stability
and purity of compositions comprising DOPS, the compositions described in Tables 22 and
23 were prepared, lyophilized, and reconstituted in water.

Methods

The compositions listed in Table 22 were prepared and 0.8 ml aliquots in 2 ml vials or
4 ml aliquots in 10 ml vials were lyophilized according to the lyophilization process
described in Example 6. Each vial of lyophilized sample was reconstituted with HyClone™

water; the lyophilized cakes were allowed to completely dissolve. The visual appearance of
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the lyophilized cakes and the percentage of TBA in each reconstituted sample were assayed

as described in Example 6.

Table 22:  Pre-lyophilization compositions

uiD Description

81494-F1 1.6 mg/mL DOPS, 10 mM histidine pH 6, 1.5 percent mannitol

81494-F2 1.6 mg/mL DOPS, 10 mM histidine pH 6, 0.3 percent trehalose

81494-F3 1.6 mg/mL DOPS, 10 mM histidine pH 6, 0.9 percent mannitol

81494-F4 1.6 mg/mL DOPS, 10 mM histidine pH 6, 1.5 percent trehalose

81494-F5 1.6 mg/mL DOPS, 10 mM histidine pH 6, 5 percent mannitol

81494-F6 1.6 mg/mL DOPS, 10 mM histidine pH 6, 4 percent mannitol, 1 percent

trehalose

81494-F7 1.6 mg/mL DOPS, 10 mM histidine pH 6, 3 percent mannitol, 2 percent

trehalose

81494-F8 1.6 mg/mL DOPS, 10 mM histidine pH 6, 5 percent trehalose

81494-F9 1.6 mg/mL DOPS, 10 mM histidine pH 6, 9 percent mannitol

81494-F10 1.6 mg/mL DOPS, 10 mM histidine pH 6, 7.2 percent mannitol, 1.8 percent

trehalose

81494-F11 1.6 mg/mL DOPS, 10 mM histidine pH 6, 5.4 percent mannitol, 3.6 percent

trehalose

81494-F12 1.6 mg/mL DOPS, 10 mM histidine pH 6, 9 percent trehalose

The compositions listed in Table 23 were prepared and lyophilized according to the
lyophilization process described in Example 6, with one modification: primary drying
temperature hold at -45 °C instead of hold at -40 °C. Each lyophilized sample was
reconstituted with 1.2 mL of HyClone™ water; the Iyophilized cakes were allowed to
completely dissolve. The following properties were assayed as described in Example 6:
visual appearance of lyophilized cakes, percentage TBA in each reconstituted sample, and

particle size distribution in each reconstituted sample.

Table 23:  Pre-lyophilization compositions used in modified lyophilization process

uiD Description
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183-001-01- | 2.2 mg/mL SapC, 2.4 mg/mL DOPS, 10 mM citrate pH 6.2, 4 percent mannitol,
114-F1 1 percent trehalose
183-001-01- | 2.2 mg/mL SapC, 2.4 mg/mL DOPS, 10 mM citrate pH 6.2, 3.5 percent
114-F2 mannitol, 1.5 percent trehalose
183-001-01- | 2.2 mg/mL SapC, 2.4 mg/mL DOPS, 10 mM citrate pH 6.2, 2 percent trehalose
114-F3
183-001-01- | 2.2 mg/mL SapC, 2.4 mg/mL DOPS, 10 mM citrate pH 6.2, 7.2 percent
114-F4 mannitol, 1.8 percent trehalose
183-001-01- | 2.2 mg/mL SapC, 2.4 mg/mL DOPS, 10 mM citrate pH 6.2, 6.3 percent
114-F5 mannitol, 2.7 percent trehalose
183-001-01- | 2.2 mg/mL SapC, 2.4 mg/mL DOPS, 10 mM citrate pH 6.2, 5.4 percent
114-F6 mannitol, 3.6 percent trehalose

Results

Tables 24 and 25 includes qualitative observations of the lyophilized compositions,

including whether or not cake formed and if cake formed, the integrity and quality of the

cake.

Table 24:  Appearance of lyophilized cake from Table 22 compositions

uiD Observations

81494-F1 No cake formed

81494-F2 No cake formed

81494-F3 No cake formed

81494-F4 No cake formed

81494-F5 No cake formed

81494-F6 No cake formed

81494-F7 Compact, fluffy cake with no cracks
81494-F8 Compact, fluffy cake with no cracks
81494-F9 Compact, fluffy cake with no cracks
81494-F10 Compact, fluffy cake with no cracks
81494-F11 Compact, fluffy cake with no cracks
81494-F12 Compact, fluffy cake with some shrinkage
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Table 25:  Appearance of lyophilized cake from Table 23 compositions

uiD Observations

183-001-01-114-F1 | 4 of 4 vials exhibited compact, fluffy cake with no cracks

183-001-01-114-F2 | 4 of 4 vials exhibited compact, fluffy cake with no cracks

183-001-01-114-F3 | 2 of 4 vials exhibited compact, fluffy cake with no cracks

183-001-01-114-F4 | 4 of 4 vials exhibited compact, fluffy cake with no cracks

183-001-01-114-F5 | 3 of 4 vials exhibited compact, fluffy cake with no cracks

183-001-01-114-F6 | 4 of 4 vials exhibited compact, fluffy cake with no cracks

Fig. 19 is a graph depicting TBA percentage in each reconstituted sample of the
Table 22 compositions.

Fig. 20 is a graph depicting TBA percentage in each reconstituted sample of the Table
23 compositions.

Fig. 21 is a graph showing particle size distributions for three replicates of
reconstituted liquids for the Table 23 compositions. Panel A shows data for 183-001-01-114-
F1; panel B shows data for 183-001-01-114-F4; panel C shows data for 183-001-01-114-F5;
and panel D shows data for 183-001-01-114-F6. A subset of the Table 22 compositions,
namely 81494-F7, -F8, -F9, -F10, -F11, and -F12, formed high quality lyophilized cakes.
When reconstituted in water, all six of those compositions contained less than 3 percent TBA.
The reconstituted 81494-F9 and 81494-F10 compositions contained the lowest percent of
TBA, at less than 0.5 percent. These data indicate that the constituents of the 81494-F7, F8,
F9, F10, and F11 compositions may confer beneficial properties on both the lyophilized cake
and reconstituted solution.

The quality and integrity of lyophilized cake was high for all compositions prepared
with the modified lyophilization process (the Table 23 compositions), and all of those
compositions, when reconstituted, had TBA levels below 0.5 percent. These results confirm
previous experiments which showed that a higher percentage of mannitol correlated with a
lower level of TBA in reconstituted compositions. However, compositions comprising
mannitol do not exhibit as uniform and reproducible particle size distribution as has been
observed for compositions comprising trehalose as the sole sugar excipient. Therefore,

trehalose is the preferred sugar excipient for compositions comprising SapC and DOPS.
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Example 9. Determination of how various compositions affect the stability and purity

of compositions comprising SapC and DOPS

Based on results of previous Examples, a preferred composition for a SapC-DOPS
pharmaceutical product was determined to be 2.2 mg/mL SapC, 2.4 mg/mL DOPS
(SapC:DOPS molar ratio of 1:12), 25 mM Tris pH 7.2, 5 percent trehalose. To determine
how varying the pH and concentrations of the components affect stability and purity of
compositions comprising SapC and DOPS, the compositions listed in Table 26 were prepared

and evaluated.

Method

The compositions listed in Table 26 were prepared. 4 ml aliquots were placed in
vials and lyophilized according to lyophilization process described in Example 6, with one
modification: the secondary drying time was 25 hours instead of 15 hours. The lyophilized
cakes were stored at 50 °C for 4 weeks (or stored at 25 °C for 2 or 4 weeks) before analysis
and reconstitution with 1.2 mL of HyClone™ water. The following properties were assayed
as described in Example 2: visual appearance, pH, total protein content, and purity of protein
content in the reconstituted samples. The following properties were assayed as described in
Example 6: visual appearance of lyophilized cakes, percentage TBA in the reconstituted

samples, and particle size distribution in each reconstituted sample.

Table 26: Compositions, pre-lyophilization

uiD Description

183-001-01- | 2.2 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 mM Tris pH 7.2,
141-F1 5 percent trehalose

183-001-01- | 3.4 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 mM Tris pH 6.8,
141-F2 7.5 percent trehalose

183-001-01- | 1.0 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 mM Tris pH 7.6,
141-F3 7.5 percent trehalose

183-001-01- | 3.4 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 mM Tris pH 7.6,
141-F4 2.5 percent trehalose
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183-001-01- | 1.0 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 mM Tris pH 6.8,
141-F5 2.5 percent trehalose

183-001-01- | 2.2 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 mM Tris pH 7.2,
141-F6 5 percent trehalose

183-001-01- | 2.2 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 mM Tris pH 7.2,
141-F7 5 percent trehalose

183-001-01- | 3.4 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 mM Tris pH 7.6,
141-F8 7.5 percent trehalose

183-001-01- | 1.0 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 mM Tris pH 7.2,
141-F9 2.5 percent trehalose

183-001-01- | 3.4 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 mM Tris pH 6.8,
141-F10 2.5 percent trehalose

183-001-01- | 1.0 mg/mL SapC, SapC:DOPS molar ratio of 1:12, 25 mM Tris pH 6.8,
141-F11 7.5 percent trehalose

Results

Table 27 includes qualitative observations of the lyophilized compositions stored at
50 °C for 4 weeks and of reconstituted compositions prepared from the stored lyophilized
compositions and then analyzed immediately. The pH of each reconstituted sample is
reported in Table 28, and the percentage TBA is shown in Table 29.

Table 27: Appearance of lyophilized cake stored at 50 °C for 4 weeks and appearance of

reconstituted liquid prepared from the stored cake

uiD Lyophilized cake Reconstituted solution
183-001-01-141-F1 | Compact, fluffy cake with no cracks Slightly cloudy
183-001-01-141-F2 | Compact, fluffy cake with no cracks Slightly cloudy
183-001-01-141-F3 | Compact, fluffy cake with no cracks Clear
183-001-01-141-F4 | Compact, fluffy cake with no cracks Cloudy
183-001-01-141-F5 | Compact, fluffy cake with no cracks Slightly cloudy
183-001-01-141-F6 | Compact, fluffy cake with no cracks Slightly cloudy
183-001-01-141-F7 | Compact, fluffy cake with no cracks Slightly cloudy
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183-001-01-141-F8 | Compact, fluffy cake with no cracks Slightly cloudy
183-001-01-141-F9 | Compact, fluffy cake with no cracks Slightly cloudy
183-001-01-141- Compact, fluffy cake with no cracks Cloudy

F10

183-001-01-141- Compact, fluffy cake with no cracks Clear

F11

Table 28: pH of each reconstituted composition prepared after storing the lyophilized

samples for 4 weeks

UID pH
183-001-01-141-F1 7.2
183-001-01-141-F2 6.8
183-001-01-141-F3 76
183-001-01-141-F4 76
183-001-01-141-F5 6.8
183-001-01-141-F6 7.2
183-001-01-141-F7 7.2
183-001-01-141-F8 76
183-001-01-141-F9 76
183-001-01-141-F10 6.8
183-001-01-141-F11 6.8

Table 29: Percentage TBA in each reconstituted composition prepared after storing the

lyophilized samples for 4 weeks

uID Percentage TBA
183-001-01-141-F1 1.85
183-001-01-141-F2 1.94
183-001-01-141-F3 181
183-001-01-141-F4 1.58
183-001-01-141-F5 1.62
183-001-01-141-F6 1.78
183-001-01-141-F7 1.74
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183-001-01-141-F8 1.92

183-001-01-141-F9 1.38
183-001-01-141-F10 1.44
183-001-01-141-F11 1.79

Fig. 22 is a graph depicting RP-HPLC measurements of SapC purity in each
reconstituted composition prepared from lyophilized powder that had been stored at 25 °C for
2 or 4 weeks. Fig. 23 is a graph depicting IEX-HPLC measurements of SapC purity in each
reconstituted composition prepared from lyophilized powder that had been stored at 25 °C for
2 or 4 weeks.

Fig. 24 is a graph depicting average particle size over time in each reconstituted
composition prepared from lyophilized powder that had been stored at 25 °C for 2 or 4

weeks.

The above data regarding the Table 26 compositions indicate:
(1) lyophilized cakes of all compositions reconstituted almost immediately upon addition of
the diluent;
(2) appearance of all lyophilized compositions remained unchanged after 4 weeks storage at
50 °C;
(3) appearance of reconstituted products showed a composition containing 2.2 mg/mL SapC,
DOPS in an amount yielding a SapC:DOPS molar ratio of 1:12, 25 mM Tris pH 7.2, and
5 percent trehalose (the preferred composition) to have acceptably low haziness;
(4) pH remained stable in all reconstituted compositions held at 50 °C for 2 or 4 weeks;
(5) reconstituted compositions with lower percentage trehalose had lower percentage TBA,
(6) average residual TBA of the preferred composition (n=3; F1, F6 and F7) after
reconstitution was 1.8 percent;
(7) compositions with higher percentage trehalose exhibited lower average particle size and
compositions.

Based on all data from Examples 1-9, a composition comprising a molar ratio of
phosphatidylserine lipid to polypeptide in the range of 8:1 to 20:1, Tris buffer, trehalose, and
TBA provided the preferred physical and chemical properties of a clinical composition.

Example 10. Evaluation of activity of compositions comprising SapC and DOPS
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Saposin C, in the presence of an anionic phospholipid (DOPS), is known to activate
the enzyme glucocerebrosidase (GBA) to catalyze the hydrolysis of cerebroside into
ceremide and glucose. To test this function of the SapC-DOPS compound in vitro,
recombinant human GBA enzyme (R&D Systems, cat #:7410-GHB-020) is used and, in lieu
of cerebroside, 4-methylumbelliferyl-p-D-glucopyranoside, or 4-MUG, (Sigma, cat
#:M3633) is used as the substrate. SapC-DOPS will activate rhGBA to cleave 4-MUG into
4-methylumbellierone (4-MU), which gives off a fluorescent signal, and glucose.

In the example below, the positive control sample was found to have 102% relative
potency of the reference (REF) standard. (A passing result of this assay is 70-160% relative
potency.) A specificity (SPEC) sample was also tested to show decreased activity if the
SapC is damaged in some way. The SPEC sample contained SapC treated at 70°C for
48 hours, then compounded with DOPS. Relative potency was unable to be determined for
the SPEC sample because the curves are deemed to be different. However, the top of the
best-fit curve of the SPEC sample was 79% of the top of the best-fit curve of the REF
sample. A passing result for specificity is <90%. In addition, controls were utilized that
include different combinations of some but not all of the critical components of the assay.
Notable among these are: enzyme plus substrate without SapC-DOPS (GBA + 4MU),
enzyme plus substrate plus DOPS, without SapC (DOPS only), and enzyme plus substrate
plus SapC without DOPS (SapC only). None of these controls produced a significant
fluorescent signal, showing that both SapC and DOPS are needed to activate the enzyme to
cleave the substrate.

Fig. 25 is a graph showing results of a GBA enzyme assay testing activity of SapC-
DOPS.

Example 11. Protocol for treatment with a pharmaceutical composition comprising
SapC and DOPS.

Patients 18 years of age or older with advanced solid tumors or recurrent high-grade
gliomas (HGG) were enrolled in a Phase 1, open-label, dose-escalation clinical trial of a
SapC/DOPS composition designated BXQ-350. The lyophilized BXQ-350 product (supplied
as a lyophilized powder in a vial) is reconstituted with sterile water for injection to produce

an aqueous solution containing human SapC at 2.2 mg/ml (+/- 0.3 mg/ml); the sodium salt of
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DOPS at 2.4 mg/ml (+/- 0.4 mg/ml); Tris at 25 mM (+/- 2 mM), pH 7.2 (+/- 0.4); trehalose at
5 percent w/v (+/- 1 percent). If t-butyl alcohol is present, it is at less than 2 percent w/w.
Following a dose-escalation study, a BXQ-350 dose that delivers 2.4 mg of SapC per
kg body weight was selected for further study. The administration protocol includes at least
one cycle of treatment. Treatment may continue through six cycles of treatment or until
disease progression, as described, for example, in Table 30. BXQ-350 is supplied as a
lyophilized powder in glass vials. Prior to administration, the solid drug product is
reconstituted in the vials by adding to the vial 4 mL sterile water for injection, USP, resulting
in a reconstituted drug strength of 2.2 mg/mL of SapC in the vial. The reconstituted drug
product is then diluted to the target IV administration concentration in sterile 0.9% saline in
IV bags. Each dose is administered by IV infusion over a time period of approximately 45

minutes + 15 minutes.

Table 30: Administration Schedule

Administration Schedule of BXQ-350

Cycle1-Week1l |Cyclel-Week2 | Cyclel-Weeks3&4 | Cycles2-6

Days 1-5 . Days 8, 10, & 12 Days 15 & 22 Days 29, 57, 85, 113, &
(5 consecutive (Every other day) (Once every 7 + 3 141
days) y y days) (Once every 28 + 3 days )

FIG. 26 is a table showing Phase 1a demographics and adverse events by dosing
group. No treatment-related serious adverse events were reported.

Preclinical PK/TK was allometrically scaled to predict human PK and exposure (Area
Under Curve (AUC)) at 0.7-2.4 mg/kg therapeutic doses. Human clearance, terminal volume
of distribution (Vz), half-life, and AUC (at 0.7 - 2.4 mg/kg doses) from the First In Human
(FIH) trial are summarized as follows: clearance (CI) 57-76 mL/kg/hr, Vz 314-509 mL/kg,
and half-life 3.5-5 hr. The corresponding AUCs ranged from 10,020 to 42,330 hr*ng/mL.
Efficacy typically occurred in murine models at doses of 4-16 mg/kg and corresponding
AUCs of 7,400-29,600 hr*ng/mL. Based on mouse data, the FIH exposures fall within
desired exposure range. FIGs. 27A-C are three sets of graphs illustrating the pharmacokinetic
results on Day 1 (FIG. 27A), Day 4 (FIG. 27B), and Day 22 (FIG. 27C) of the Phase 1 trial.
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Data are presented as a semi-log plot (top of each set). Pharmacokinetics were dose-
proportional.

FIG. 29 is a swimmer plot illustrating patient outcomes in the Phase 1a trial. Some of
the individual subjects are discussed below in Examples 12-14.

Example 12. Use of pharmaceutical composition comprising SapC and DOPS to treat a
patient diagnosed with parietal anaplastic ependymoma

Methods

Ependymomas are rare primary nervous system tumors accounting for about 3% of adult
brain tumors in the US. Standard of care includes maximal surgical resection and radiation
therapy. There is no FDA-approved drug therapy.

A 67-year old white male with a history of prostate cancer was diagnosed in October
2014 with a left parietal anaplastic ependymoma. He underwent a gross total resection,
followed by adjuvant radiation. Repeat brain MRI in April 2017 showed a local recurrence.
He received 3 cycles of temolozomide with no response. He was enrolled in the BXQ-350
trial in September 2017; at the time of enrollment, his Eastern Cooperative Oncology Group
(ECOG) performance status was 1, and his main symptoms were aphasia and right sided-
weakness. The patient received cycle 1 (BXQ-350 2.4 mg/kg 1V infusion at Day 1-5, 8, 10,
12, 15, 22) and 3 additional cycles (1x28 days), and was followed until death for safety,

response, Revised Assessment in Neuro-Oncology (RANO), and ECOG performance status.

Results

At baseline, the temporal lesion was 6.4 x 3.2 cm, associated with skull and scalp
invasion. After 2 cycles, minor decrease in size of intracranial enhancing components was
reported (overall stable disease per RANO). The patient received 4 total cycles of BXQ-350
without related adverse events or toxicities. Cycle 5 was withheld due to volume progression
on MRI. He died 6 months post-enrollment, due to the brain tumor mass effect. Post-mortem
histology and gross anatomy showed extensive brain tumor necrosis with chondroid
differentiation and signs of necrotic disease in thoracic and lumbar spine on microscopy. The
brain tumor necrosis observed at autopsy appeared to be treatment-related and are an
indication that the drug was toxic to the tumor cells.

FIGs. 28A-D depict results from post-mortem histology and gross anatomy analysis;
from left to right: (A) The initial surgical specimen showed little evidence of ependymal
differentiation and abundant mitotic figures. H&E at 40x; (B) Gross brain examination at
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autopsy showed extensive tumor necrosis; (C) Microscopic examination of sections of tumor
shows necrosis and little viable tumor (H&E at 4x with insert at 40x); (D) At autopsy there
was extensive chondroid differentiation at the site where tumor extended through the surgical
defect and scalp.

Example 13. Use of a pharmaceutical composition comprising SapC and DOPS to treat

patients diagnosed with high-grade glioma

Nine adult patients with high-grade glioma (HGG) were included in a dose-escalation
trial intended to study safety of BXQ-350. The doses, given in cycles in accordance with the
Table 30 protocol, ranged from 0.7 mg/kg to 2.4 mg/kg. Eight of the nine HGG patients
completed a full set of cycles before withdrawal (seven due to progression; one voluntary
withdrawal).

One patient with GBM completing more than six cycles (>12 months) of treatment
with doses starting at 0.7 mg/kg exhibited stable disease, a decrease in lesion size, and no
significant progressive functional neurological deficits. Six of the HGG patients had
improved RANO/RECIST at day 113.

Example 14. Use of a pharmaceutical composition comprising SapC and DOPS to treat

a patient diagnosed with adenocarcinoma of the appendix

A 62-yr old female with locally advanced mucinous adenocarcinoma of the appendix
was treated as part of the Phase 1a trial. Following resection and post-operative adjuvant
chemotherapy (FOLFOX), a 2007 recurrence in the pelvis involving ovaries led to debulking
surgery including total abdominal hysterectomy/bilateral salpingo-oopherectomy followed by
systemic therapy with irinotecan and cetuximab. In 2009, recurrence led to extensive
debulking surgery and intraabdominal hyperthermic perfusion, with complete remission.
After declining treatment for recurrence in 2016, she started BXQ-350 in July 2017. She was
given 2.4 mg/kg BXQ-350 by IV, in accordance with the phase 1 protocol and experienced a
partial response, remaining on study in the Phase 1b trial after completing 11 cycles and

without serious adverse events attributable to BXQ-350.

Example 15. Use of a pharmaceutical composition comprising SapC and DOPS to treat

patients diagnosed with rectal adenocarcinoma
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Adult patients with various solid tumors were included in a dose-escalation trial
intended to study safety of BXQ-350. The doses, given in cycles in accordance with the
Table 30 protocol, ranged from 0.7 mg/kg to 2.4 mg/kg. All patients completed at least one
cycle before withdrawal.

One patient diagnosed with metastatic (Stave V) rectal adenocarcinoma completed
more than 12 months of treatment with doses starting at 1.8 mg/kg and exhibited stable
disease, with evidence for significant decrease of tumor metabolic activity by positron
emission tomography (PET), utilizing flurodeoxyglucose (F-18 FDG) after more than 12
months of treatment. See FIGs. 30A and 30B.
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CLAIMS
WHAT IS CLAIMED IS:

1. A composition comprising:
a polypeptide comprising the amino acid sequence of SEQ ID NO: 1 with zero to four
amino acid insertions, substitutions, or deletions;
a phosphatidylserine lipid;
a buffer at pH 5.0 to 8.0;
trehalose at 1.5 to 9 percent w/w;
t-butyl alcohol at 0 to 35 percent; and
water,
wherein the polypeptide is at a concentration of 0.4 to 5.0 mg/ml, and the molar ratio of the

phosphatidylserine lipid to the polypeptide is in the range of 8:1 to 20:1.

2. The composition of claim 1, wherein the buffer is tris(hydroxymethyl)aminomethane
(Tris) at a concentration of 10 to 50 mM, and the pH of the composition is pH 6.8 to 7.6.

3. The composition of claim 1, wherein the buffer is citrate buffer at a concentration of
10 to 50 mM.

4. The composition of claim 1, wherein the buffer is acetate buffer at a concentration of
10 to 50 mM.

5. The composition of claim 1, wherein the phosphatidylserine lipid is dioleoyl
phosphatidylserine (DOPS).

6. The composition of claim 1, wherein the phosphatidylserine lipid comprises one or
more of DOPS, dihexanoyl phosphatidylserine lipid, dioctanoyl phosphatidylserine lipid,
didecanoyl phosphatidylserine lipid, dilauroyl phosphatidylserine lipid, dimyristoyl
phosphatidylserine lipid, dipalmitoyl phosphatidylserine lipid, palmitoyl-oleoyl
phosphatidylserine lipid, 1-stearoyl-2-oleoyl phosphatidylserine lipid, or diphytanoyl
phosphatidylserine lipid.
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7. The composition of claim 1, wherein the polypeptide’s amino acid sequence

comprises SEQ ID NO: 1 with one or two amino acid insertions, substitutions, or deletions.

8. The composition of claim 1, wherein the polypeptide’s amino acid sequence
comprises SEQ ID NO: 1.

9. The composition of claim 1, wherein the polypeptide’s amino acid sequence consists
of SEQ ID NO: 1.

10.  The composition of claim 1, wherein
the polypeptide comprises the sequence of SEQ ID NO: 1 and is at a concentration of
1.9 to 2.5 mg/ml,
the phosphatidylserine lipid is DOPS and is at a concentration of 2.0 to 2.8 mg/ml;
the buffer is Tris at a concentration of 23 to 27 mM;
the trehalose is at a concentration of 4 to 6 percent w/w;
the pH of the composition is in the range of pH 6.8 to 7.6; and
the composition further comprises t-butyl alcohol at a concentration of about 15 to

25 percent w/w.

11. A composition in solid form comprising:
a polypeptide comprising the amino acid sequence of SEQ ID NO: 1 with zero to four
amino acid insertions, substitutions, or deletions;
a phosphatidylserine lipid;
a buffer; and
trehalose at 75 to 90 percent w/w,
wherein the polypeptide is at a concentration of 3.2 to 4.4 percent w/w, and the molar ratio of

phosphatidylserine lipid to polypeptide is in the range of 8:1 to 20:1.

12.  The composition of claim 11, wherein the buffer is Tris at 5.6 to 7.6 percent w/w.

13. The composition of claim 11, wherein the buffer is citrate buffer at 9 to 13 percent

w/w.

46



14.  The composition of claim 11, wherein the buffer is acetate buffer at 3 to 5 percent

wiw.

15. The composition of claim 11, wherein the phosphatidylserine lipid is DOPS.

16.  The composition of claim 11, wherein the phosphatidylserine lipid comprises one or
more of DOPS, dihexanoyl phosphatidylserine lipid, dioctanoyl phosphatidylserine lipid,
didecanoyl phosphatidylserine lipid, dilauroyl phosphatidylserine lipid, dimyristoyl
phosphatidylserine lipid, dipalmitoyl phosphatidylserine lipid, palmitoyl-oleoyl
phosphatidylserine lipid, 1-stearoyl-2-oleoyl phosphatidylserine lipid, or diphytanoyl
phosphatidylserine lipid.

17.  The composition of claim 11, wherein the polypeptide’s amino acid sequence

comprises SEQ ID NO: 1 with one or two amino acid insertions, substitutions, or deletions.

18. The composition of claim 11, wherein the polypeptide’s amino acid sequence
comprises SEQ ID NO: 1.

19. The composition of claim 11, wherein the polypeptide’s amino acid sequence consists
of SEQ ID NO: 1.

20.  The composition of claim 11, further comprising t-butyl alcohol in an amount less

than 3 percent w/w.

21.  The composition of claim 11, wherein

the polypeptide comprises the sequence of SEQ ID NO: 1 and is at a concentration of
3.3 to 4.3 percent wiw;

the phosphatidylserine lipid is DOPS and is at a concentration of 3.4 to 4.8 percent
wiw;

the buffer is Tris and is at a concentration of 6.0 to 7.2 percent w/w;

the trehalose is at a concentration of 81 to 87.3 percent w/w; and

the composition further comprises t-butyl alcohol at a concentration of less than

3 percent w/w.
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22. A pharmaceutical composition comprising:
a polypeptide comprising the amino acid sequence of SEQ ID NO: 1 with zero to four
amino acid insertions, substitutions, or deletions;
a phosphatidylserine lipid;
a buffer at pH 5.0 to 8;
trehalose at 1.5 to 9 percent w/v; and
water,
wherein the polypeptide is at a concentration of 0.4 to 5 mg/ml, and the molar ratio of

phosphatidylserine lipid to polypeptide is in the range of 8:1 to 20:1.

23. The pharmaceutical composition of claim 22, wherein the buffer is Tris at a
concentration of 10 to 50 mM, and the pH of the composition is pH 6.8 to 7.6.

24.  The pharmaceutical composition of claim 22, wherein the buffer is citrate buffer at a

concentration of 10 to 50 mM.

25.  The pharmaceutical composition of claim 22, wherein the buffer is acetate buffer at a

concentration of 10 to 50 mM.

26. The pharmaceutical composition of claim 22, wherein the phosphatidylserine lipid is
DOPS.

27. The pharmaceutical composition of claim 22, wherein the phosphatidylserine lipid
comprises one or more of DOPS, dihexanoyl phosphatidylserine lipid, dioctanoyl
phosphatidylserine lipid, didecanoyl phosphatidylserine lipid, dilauroyl phosphatidylserine
lipid, dimyristoyl phosphatidylserine lipid, dipalmitoyl phosphatidylserine lipid, palmitoyl-
oleoyl phosphatidylserine lipid, 1-stearoyl-2-oleoyl phosphatidylserine lipid, or diphytanoyl
phosphatidylserine lipid.

28.  The pharmaceutical composition of claim 22, wherein the polypeptide’s amino acid

sequence comprises SEQ ID NO: 1 with one or two amino acid insertions, substitutions, or

deletions.
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29.  The pharmaceutical composition of claim 22, wherein the polypeptide’s amino acid

sequence comprises SEQ ID NO: 1.

30. The pharmaceutical composition of claim 22, wherein the polypeptide’s amino acid
sequence consists of SEQ ID NO: 1.

31. The pharmaceutical composition of claim 22, further comprising t-butyl alcohol in an
amount less than 3 percent.

32.  The pharmaceutical composition of claim 22, wherein
the polypeptide comprises the amino acid sequence of SEQ ID NO: 1 and is at a
concentration of 1.9 to 2.5 mg/ml;
the phosphatidylserine lipid is DOPS and is at a concentration of 2.0 to 2.8 mg/ml;
the buffer is Tris and is at a concentration of 23 to 27 mM;
the trehalose is at a concentration of 4 to 6 percent w/w;
the pH of the composition is in the range of pH 6.8 to 7.6; and
the composition further comprises t-butyl alcohol in an amount less than 0.5 percent

wiw.

33. The composition of any one of claims 1-21 or the pharmaceutical composition of any

one of claims 22-32 for use in therapy.

34, Use of the pharmaceutical composition of any one of claims 22-32 in the preparation
of a medicament for the treatment of cancer in a human patient, wherein the medicament is to
be administered to the patient.

35.  The use of claim 34, wherein the patient has a solid tumor.

36.  The use of claim 35, wherein the patient has a glioma or ependymoma.

37. The use of claim 35, wherein the patient has a gastrointestinal cancer.
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38.  The use of claim 34, wherein the medicament is to be delivered intravenously in a
dose ranging from 0.4 mg/kg to 7 mg/kg SapC, and the ratio of SapC to DOPS in the

medicament is in the range of 1:8 to 1:20.

39.  The use of claim 34, wherein the medicament is to be delivered intravenously in a
dose of 2.3-2.5 mg/kg SapC, and the ratio of SapC to DOPS in the medicament is in the range
of 1:11 to 1:13.

40.  The use of claim 38, wherein the medicament is to be administered repeatedly to the
patient over at least two cycles, as follows:
Cycle 1:

week 1: one dose on each of days 1-5;

week 2: three doses every other day;

weeks 3 and 4: one dose each week (every 7 (+/- 3) days);

Cycle 2: one dose during week 5.

41.  The use of claim 40, further comprising at least one subsequent cycle, wherein the at
least one subsequent cycle comprises: one dose 28 (+/- 3) days after the most recent prior

dose.

42. Use of the composition of claim 11 in the preparation of a medicament for the
treatment of cancer in a human patient, wherein the composition is to be reconstituted in
water or saline to produce a reconstituted medicament, and a dose of the reconstituted
medicament is to be intravenously administered to the patient.
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