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(57) Abstract: The invenlion provides methods tor preparing pharmacentical formulations for injection such that wpon injection the
formalation does not cause erythrocyte agglutination, hemolysis, and/or cell shrinkage. ‘To preveat agglutination, a pharmaccutical
formulation ready for injection needs to have a sufficient ionic strength. “lo prevent hemalysis or cell shrinkage, a pharmaceultical
farmulation ready for injection needs to be ubout isotanic with respect to plasma. The inveantion provides methods thar prepare phur-
maceatical formulations for injection that have both the sufficicnt ionic strength to prevent agglutinution and the requisite tonicity
to prevent signiticunt hemolysis or cell dehydmtion or shrinkage. The present inethods involve the use of sadium chloride solutions
that zare about 25 mM 1o about 150 mM for reconstitating lyophilized cakes {or other non-liquid phannaceutical formulations) into
solution or for diluting pharmacculical formulation solutions.
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SODIUM CHLORIDE SOLUTION FOR DRUG RECONSTITUTION OR DILUTION

[0001] This application claims priority to U.S. Seria! No. 60/732,221, filed November
1, 2005, which is hereby incorporated by reference in its entirety.

[0002) All patents, patent applications and publice'1ti0n5 cited herein are hereby
incorporated by reference in their entirety. The disclosures of these publications in their
entireties are hereby incorporated by reference into this application in order to more fully
describé the state of the art as known to those skilled therein as of the date of the invention

described and claimed herein.

[0003] A portion of the disclosure of this patent document contains material that is
subject to copyright protection. The copyright owner has no objection to the facsimile
reproduction by anyonc of the patent document or the patent disclosure, as it appears in the
Patent and Trademark Office patent file or reéords, but otherwise reserves all copyright rights

whatsoever.

BACKGROUND OF THE INVENTION

[0004] - When whole blood is mixed with a drug solution, such as in the intravenous
(IV) line during administration of an I'V injectable drug, rouleaux or erythrocyte aggregation
(also called red blood cell agglutination) may occur if the drug solution does not contain
sufficient ionic strength. Erythrocyte aggregation occurs, for example, with 5% dextrose in
water (a common large volume parenteral solution) and with many pharmaceutical products

that have low ionic strength.

[0005) Pharmaceutical products are often lyophilized, and therefore need to be
reconstituted with a solution prior to parenteral injection. However, when lyophilized
products are reconstituted with low ionic strength solutions, the resultant preparation can also
cause erythrocyte aggregation. Although reconstitution of lyophilized cakes with normal
saline solution (0.9% NaCl) as opposcd to sterile water for injection (sWFI) would provide
additiona! ionic strength, the resulting drug solution may be hypertonic and could have

undesirable side effects upon injection.

[0006] Thus, there remains a need for a solution that can be used to reconstitute
Iyophilized cakes or to dilute pharmaceutical solutions to provide a resultant preparation for
injection that is isotonic with respect to plasma and has sufficient ionic strength such that it

does not cause erythrocyte aggregation.
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SUMMARY OF THE INVENTION

[0007] The invention provides the discovery that erythrocyte agglutination is caused
by low ionic strength solutions that come into contact with blood. ‘Thus, when
pharmaccutical formulations are prepared for intravenous injection by reconstitution or
dilution in low ionic strength solutions such as 5% dextrose, 3% dextiran, or sWFI, the
resultant preparations may have the requisite osmolarity to be about isotonic with respect to
blood, but they often do not have an ionic strength sufficient to prevent agglutination. On the
other hand, when pharmaceutical formulations are prepared for intravenous injection by
reconstitution or diJution with high ionic strength solutions such as saline (0.9% NaCl or 154
mM NaCl), the resultant preparation may have a sufficient ionic strength to prevent
agglutination, but it may possess an osmolarity that is hypertonic with respect to blood,
thereby causing dehydration of red blood cells (RBCs), venous inflammation, and/or possibly

thrombophlebitis if repeated injections are frequent or chronic.

[0008] . In one aspect, the invention provides a method for preparing a pharmaceutical
formulation for intravenous injection, the method comprising adding an about 25 mM to
about 150 mM sodium chloride solution to the pharmaceutical formulation thereby resulting
in a formulation prepared for intravenous injection, wherein the prepared formulation is about
isotonic with respect to plasma or is slightly hypotonic or slightly hypertonic with respect to
plasma, and wherein the prepared formulation has a sufficient ionic strength to prevent

erythrocyte agglutination (or eryﬂnocytc_ apgregation).

0009} The prepared formulation is about isotonic with respect to plasma, for
example, when it has an osmolarity that is from about 270 mOsm/L to about 330 mOsm/L.
The prepared formulation is slightly hypotonic with respect to plasma, for example, when it
has an osmolarity that is from about 220 rﬁOsm/L to about 270 mOsm/L.. The prepared
formulation is slightly hypertonic with respect to plasma, for example, when it has an

osmolarity that is from about 330 mOsm/L to about 600 mOsm/L.

[0010]) In one aspect, the prepared formulation has an ionic strength that is sufficient
to prevent erythrocyte agghutination when it has, for example, at least about 25 mEq/L of Na™
and Cl ions. In another aspect, the prepared formulation has an ionic strength that is
sutficient to prevent erythrocyte agglutination when it has, for example, at least about 40
mEq/L of Na* and CI" ions. In another aspect, the prepared formulation has an ionic strength

that is sufficient to prevent erythrocyte agglutination when it has, for example, at least about
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40 mEq/L of Na" and CI ions and less than about 150 mEq/L of Na* and CI" ions. In another
aspect, the prepared formulation has an ionic strength that is sufficient to prevent erythrocyte
agglutination when it has, for example, an ionic strength as measured in conductivity that is
at least about 2.5 mS/cm. In another aspect, the prepared formulation has an ionic strength
that is sufficient to prevent erythrocyte agglutination when it has, for example, an ionic

strength as measured in conductivity that is at least about 4.0 mS/cm.

10011} The pharmaceutical formulation to be prepared for injection can be, for
example, a non-liquid formulation or a solution formulation. A non-liquid formulation can
therefore be reconstituted into solution by a sodium chloride solution that has a sodium
chloride concentration of about 25-150 mM, 25-100 mM, 25-80 mM, 25-40 mM, 25-35 mM, .
25-30 mM, or about 40 mM. A liquid or a solution formulation can therefore be diluted by a
sodium chloride sclution that has a sodium chloride concentration of about 25-150'mM, 25-
100 mM, 25-80 mM, 25-40 mM, 25-35 mM, 25-30 mM, or about 40 mM. A non-liquid

formulation can be, for example, a lyophilized formulation.

[0012] In one aspect, the sodium chioride solution that is added comprises from about
40 mM to about 150 mM sodium chloride. 1n one aspect, the sodium chloride solution that is
addcd consists essentially of from about 40 mM to about 150 mM sodium chloride. In one
aspect; the sodium chloride solution that is added comprises about 40 mM sodium chloride.
In one aspect, the sodium chloride solution that is added consists essentially of a 40 mM
sodium chloride solution. In one aspect, the sodium chloride solution that is added consists
essentially of a solution that has a sodium chloride solution that is about 40 mM x 10 mM

sodium chloride.

[0013] In one aspect, wherein prior to the addition of the sodium chloride solution,
the pharmaceutical formulation does not contain an appreciable amount of an ionizing salt.
An appreciable amount of an ionizing salt can be, for example, an amount that is greater than
about S mM. In another aspect, an appreciable amount of an ionizing salt can be, for
cxample, an amount that is greater than about 25 mM. If the pharmaceutical formulation is a
lyopbilized formulation, it does not contain an appreciable amount of an ionizing salt if it
does not contain more than, for example, 5 mM or 25 mM of an ionizing salt when the

Iyophilized formulation is reconstituted in water.

[6014] In one aspect, wherein prior to the addition of the sodium chloride solution,

the pharmacentical formulation comprises histidine, glycine, sucrose, and polysorbate. In
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another aspect, wherein prior to the addition of the sodium chloride solution, the
pharmaceutical formulation comprises histidine, glycine, sucrose, polysorbate, and a
therapeutic protein. Herein, a therapeutic protein can be, for example, a protein used for
treating clotting disorders or for hemostasis, including but not limited to Factor VII, Factor
VIII, Factor IX, Factor XIII, antibodies, related analogues thereof, and derivatives thereof. In
another aspect, wherein prior to the addition of the sodium chloride solution, the
phammaceutical formulation comprises histidine, glycine, sucrose, polysorbate, and Factor IX
{including recombinant Factor IX (rFIX)). As used herein, Factor IX can include modified
versions of Factor IX, including for example, PEGylated Factor I, protein fusions
compnising Factor IX such as albumin-Factor IX or immunoglobulin (whole or domains

thereof)-Factor TX, and glycosylated Factor IX.

[0015] In one aspect, wherein the pharmaceutical formulation is a lyophilized
formulation, prior to the addition of the sodium chloride solution, the formulation, measured
as if it was reconstituted in water (in a volume that is the same as the fill volume, i.e., the .
volume of the formulation prior to lyophilization), comprises: (a) from about 5 mM to about
30 mM histidine; (b) from about 0.1M to about 0.3M glycine; (c) from about 0.5 to about 2
percent sucrose; and (d) from about 0.001 to about 0.05 percent polysorbate (or from about
0.005 to about 0.05 percent). In one aspect, the formulation can further comprise, measured
if it was reconstituted in water, (e) from about 0.1 mg/mL to about 100 mg/mL or more of a
therapeutic protein, or from about 10, 50, 100, 200, 300, 400, 500, 1000, 2000 IU/mL
(international units/mL) or more of a therapeutic protein. In one aspect, the formulation can
further comprise, measured if it was reconstituted in water, (&) from about 0.1 mg/mlL to
ahout 100 mg/mL or more of Factor IX, or from about 0.4 mg/mlL to about 20 mg/mL of
Factor IX, or from about 10, 50, 100, 200, 300, 400, 500, 1000, 2000 JU/mL (international

units/mL) or more of Factor [X.

[0016] In one aspect, the invention provides a method for preventing erythrocyte
agglutination caused from intravenous injection, the method comprising reconstituting or
diluting a pharmaceutical formulation with an about 25 mM to about 150 mM sodium
chloride solution such that the reconstituted or diluted pharmaceutical formulation has an
ionic strength sufficient to prevent erythrocyte agglutination when the reconstituted or diluted

pharmaceutical formulation is administered to a subject by intravenous injection.

[0017] In one aspect, the invention provides a method for preparing a lyophilized

pharmacentical formulation for intravenous injection, the method comprising reconstituting
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the lyophilized pharmaceutical formulation with an about 25 mM to an about 150 mM
sodium chloride solution such that after reconstitution, the formulation has an ionic strength
sufficient to prevent erythrocyte agghitination and an osmolarity that is about isotonic (or

slightly hypertonic or slightly hypotonic).

[0018] In one aspect, the lyophilized formulation is reconstituted with the sodivm
chloride solution, wherein the volume of the sodium chloride solution used for reconstitution
is less than the volume of the formulation pre-1yophilization (i.e., fill volume). In ims
manner, the invention provides a method for reducing the volume of the formulation to be
injected.

[0019] In one aspect, the lyophilized formulation is recenstituted with the sodium
chioride solution, wherein the volume of the sodium chloride solution used for reconstitution
is greater than the volume of the formulation pre-lyophilization (i.e., fill volume). In this

manner, the invention provides a method for maintaining the isotonicity of the formulation to

be injected.

10020 For example, a lyophilized formutation can be reconstituted with a volume of
sodium chloride solution that is greater than the volume of the formulation pre-lyophilization,
such as reconstitution with 5 mL of sodium chloride where the formulation volume pre-
lyophilization is 4 mL. For example, a lyophilized 4 mL formulation reconstituted in 4 mL
water is an isotonic solution containing 10 mM histidine, 260 mM glycine, 1% sucrosc,
0.005% polysorbate, which is about 300 mOsmy/L. But if the lyophilized formulation is
reconstituted with 4 mL of a 40 mM NaCl (80 mOsm/L) solution, then the resultant
formulation would have a slightly hypertonic sotution (300 mOsm/L + 80 mOsm/L = 380
mOsm/L). But if the lyophilized formulation is reconstituted with 5 mL of a 40 mM NaCl
solution, then the resulting solution is about 8 mM (8 mOsm/L.) histidine, 208 mM (208
mOsm/L) glycine, 0.8% (24 mOsm/L) sucrose, 0.004% (negligible osmolarity) polysorbate,
and 40 mM (80 mOsm/L) NaCl, which is about 320 mOsm/I.. Thus, by reconstituting a pre-
lyophilization formulation that is about isotonic with a volume of sodium chloride solution
that is greater than the fill voluine, the invention can provide a resulting solution that is still
about isotonic. In other words, reconstituting a pre-lyophilization formulation that is about
isotonic with a volume of sadium chloride solution that is less than or about the same as the
fill volume can result in a solution that is slightly hypertonic. To avoid this, the invention

provides a method for maintaining isotonicity by reconstituting a lyophilized formulation
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with a sodium chloride solution in a volume that is greater than the volume of the formulation

pre-lyophilization.

[0021] In one aspect, the invention provides a method for maintaining isotonicity of a
lyophilized formulation after reconstitution, the method comprising reconstituting a
Iyophilized formulation in a volume that is at least 20% greater than the volume of the
formulation pre-lyophilization, wherein the formulation pre-lyophilization is about isotonic,
such that the reconstituted formulation is about isolonic and has a sufficient ionic strength to
prevent erythrocyte agglutination, By reconstituting a lyophilized formulation in a volume
greater than its pre-lyophilization volume, the contribution to osmolarity of the lyophilized
cake is decreased in direct proportion to the increase of volume from reconstitution as
compared to pre-lyophilization. For example, a pre-tyophilization formulation with a tonicity
of 300 mOsov/L in a volume X, if reconstituted in a solution with volume Y that is 20%
greater than volume X, the 300 mOsm/L is then 240 mOsm/L in volume Y (a 20% decrease
in osmolarity due to a 20% increase in volume). If the solution of volume Y is a sodium
chloride solution, then the contribution towards tonicity of the sodium chloride solution is
twice the concentration of sodium chloride in the solution. For example, if the solution of
volume Y is 40 mM, t.hen the reconstituted solution has a tonicity of 240 mOsm/L plus 80
mOsny/1., which is about isotonic, and which has a sufficient ionic strength to prevent

erythrocyte aggregation.

[0022] In one aspect, the invéntion provides a method for preparing a lyophilized
Factor IX formulation for intravenous injection, the method comprising adding an about 25
mM to about 150 mM sodium chloride solution to the lyophilized Factor IX formulation
thereby resulting in a formulation prepared for intravenous injection, wherein the prepared
formulation is about isotonic with respect to plasma or is slightly hypotonic or slight]y.f
hypertonic with respect to plasma, and wherein the prepared formulation has a sufficient
jonic strength to prevent erythrocyte agglutination. In one aspect, the Iyophilized Factor LX
formulation, when measured as if reconstituted in water, comprises (a) from about 5 mM to
about 30 mM histidine; (b) from about 0.1M to about 0.3M glycine; (c) from about 0.5 to
about 2 percent sucrose; (d) from about 0.001 1o about 0.05 percent polysorbate; and (e) from
about 0.4 mg/mL to about 20 mg/mL of Factor IX, or from about 0.1 mg/mL to about 100
mg/mL or some other soluble amount of Factor IX, or from about 10 IU/mL to about 500
TU/mL of Factor IX, or from about 10 TU/mL to about 5000 IU/mL of Factor IX. In one
‘aspect, an about 40 mM sodium chloride solution is added to the lyophilized Factor IX

\0
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fonmulation. In one aspect, about 5 mL of the about 40 mM sodium chloride solution is
added to the lyophilized Factor IX formulation. In one aspect, the lyophilized Factor 1X
formulation if measured as if it is reconstituted in water comprises about 10 mM histidine,

about 0.26M glycine, about 1% sucrose, and about 0.005% polysorbate.
g

[0023) In one aspect, the invention provides a pharmaceutical kit comprising: (a) a
vial containing a lyophilized cake, wherein if the lyophilized cake is reconstituted in about 5
mL of water the solution would comprise: (i) from about 5 mM to about 30 mM histidine; (i)
from about 0.1M to about 0.3M glycine; (iii) from about 0.5 to about 2 percent sucrose; (1v)
from about 0.001 to about 0.05 percent polysorbate; and (v) from about 0.4 mg/mL to about
20 mg/mL of Factor IX, or from about 0.1 mg/mL to about 100 mg/mL or some other soluble
amount.of Factor TX, or from about 50 IU/mL to about 500 IU/mL of Factor IX, or from
about 10 IU/mL to about 5000 IU/mL of Factor IX; (b) a 25 mM to about 150 mM sodium
chloride solution; and (c) instructions for reconsfituting the lyophilized cake with the sodium
chloride solution, such that after reconstitution the resultant solution is about isotonic and has

a sufficient ionic strength to prevent erythrocyte aggregation upon intravenous injection.

[0024] In one aspect, the invention provides a pharmaceutical kit comprising: (a) a
vial containing a lyophilized cake, wherein if the lyophilized cake is reconstituted in 4 mL of
water the solution would comprise: (i) about 10 mM histidine; (1) aboﬁt 0.26M glycine; (iii)
about 1 percent sucrose; (iv) about 0.005 percent polysorbate 80; and (v) from about 50
IU/mL to about 5000 IU/mL of Factor IX; (b) an about 40 mM sodium chloride solution; and
(¢} instructions for reconstituting the lyophilized éake in the vial with about 5 mL of an about
40 mM sodium chloride solution, such that after reconstitution the resultant solution
comprises: (i) from about 7 or 8 to about 10 mM histidine; (ii) from about 200 to about 210
mM glycine; (iii) from about 0.7% to about 0.9% sucrose; (iv) about 0.004% poliysorbate 80;
(v) from about 50 IU/mL to about 5000 IU/mL of Factor IX; and (vi) about 40 mM NaCl.

" BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Figure 1 shows erythrocyte sedimentation results from experiments described
in Example 3. Erythrocyte sedimentation was measured at 60 minutes using an adaptation of
the modified Westergren method (see Example 2), in which buman blood collected in EDTA
was mixed 1:4 with test solutions. After 60 minutes, the distance in mm between the zero

mark and the erythrocyte:plasma interface was measured. Horizontal bars represent the mean
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and vertical brackets the standard deviation from a total of 12 donors. Results werc

combined from 4 independent experiments each of which evaluated blood from 3 donors.

10026} Figure 2 shows an erythrocyte sedimentation evaluation on BeneFIX®
formulations reconstituted with NaCl solutions. A 40 mM NaCl solution is sufficient to
prevent erythrocyte agglutination when used to reconstitute either the currently marketed
BeneFIX® product or a new formulation of BeneFIX® (BeneFIX®-R where prior to
lyophilization the fill solution was comprised of 4 mL and had concentrations of 10 mM
histidine, 260 mM glycine, 1% sucrose, 0.005% polysorbate 80; and after lyophilization it
was reconstituted in 5 mL of 40 mM sodium chloride such that after reconstitution
BeneFIX®-R comprises 40 mM NaCl, 8 mM histidine, 208 mM glycine, 0.8% sucrose, and
0.004% pqusorbatc).

DETAILED DESCRIPTION OF THE INVENTION

[0027] The invention provides methods for preparing pharmaceutical formulations for
injectioh {in particular, preparations readied for intravenous injection) that do not cause
erythrocyte agglutination, hemolysis, and/or cell shrinkage. To prevent agglutination, a
pharmaceutica) formulation ready for injection needs to have sufficient ionic strength. To
prevent hemolysis or cell shrinkage, a pharmaceutical formulation ready for injection needs
to be about isotonic with respect to plasma. The invention provides methods that prepare
pharmaceutical formulations for injection that have both the sufficient ionic strength to
prevent agglutination and the requisite toﬂicity to prevent significant hemolysis or cell
dehydration or shrinkage. The present methods involve the use of sodium chloride solutions
that are about 25 mM to about 150 mM for reconstituting lyophilized cakes (or other non-
liquid pharmaceutical formulations) into solution or for diluting pharmaceutical formulation
solutions. Whether the sodium chloride solutions are used for reconstitution or for dilution,
the addition of particular sodium chloride solutions result in a pharmaceutical preparation for
injection that is about isotonic with respect to plasma or blood and is of sufficient ionic

strength to prevent erythrocyte aggregation upon injection, in particular, upon intravenous

injection.
j0028] Terms
[0029} As used herein, the “molality” of a solution is the number of moles of a solute

per kilogram of solvent.
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[0030] As used herein, the “molarity” of a solution is the number of moles of solute

per liter of solution.

[0031] As used herein, an “osmole” is the amount of a substance that yields, in ideal
solution, that number of particles (Avogadro’s number) that would depress the freezing point
of the solvent by 1.86K.

[0032) As used herein, the “osmolality” of a solution is the number of osmoles of
solute per kilogram of solvent Osmolality is a measure of the number of particles present in
solution and is independent of the size or weight of the particles. It can be measured only by
use of a property of the solution that is dependent only on the particle concentration. These
properties are vapour pressure depression, freezing point depression, boiling point elevation,

and osmotic pressure, and are collectively referred to as colligative properties.

[0033] As used herein, the “osmolarity” of a solution is the number of osmoles of

solute per liter of solution.

[0034] As used herein, a “pharmaceutical formulation” that is readied or prepared for
injection can be any drug intended to be administered into a subject. For example, a
pharmaceutical formulation can be a lyophilized cake, a solution, a powder, or a solid. The
formulation, if not in liquid form, is reconstituted into solution with a NaCl solution of the
invention. If the formulation is in liquid form, the formulation is diluted or mixed with a

NaCl solution of the invention.

10035} lonic Strength
[0036] Ionic strength is a characteristic of an electroiyte solution (a liquid with

positive and negatively charged ions dissolved in it). It is typically expressed as the average
electrostatic interactions among an electrolyte's ions. An electrolyte's ionic strength is half of
the total obtained by multiplying the molality (the amount of substance per unit mass of

solvent) of each ion by its valence squared.

[0037] Ionic strength is closely related to the concentration of electrolytes and
indicates how effectively the charge on a particular ion is shielded or stabilized by other ions
(the so-called ionic atmosphere) in an electrolyte. The main difference between ionic strength
and electrolyte concentration is that the former is higher if some of the ions are more highly
charged. For instance, a solution of fully dissociated (broken down) magnesium sulfate
(Mg>*S04™) has 4 times higher jonic strength than a solution of sodium chloride (Na*CY) of

the same concentration. Another differcnce between the two is that ionic strength reflects the
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concentration of free ions, and not just of how much salt was added to a solution. Sometimes
a salt may be dissolved but the respective ions are still bound togcther pairwise, resembling
uncharged molecules in solution. In this case the iontc strength is much lower than the salt

concentration.

[0038] For the invention, pharmaceutical preparations are prepared for injection such
that they are not only isotenic, but also have a sufficient ionic strength to prevent RBC
agglutination. A sufficient ionic strength of a preparation ready for injection (i.e., a
lyophilized cake that is reconstituted with a NaCl solution of the invention, or a drug solution
that is diluted with a NaCl solution of the invention) can have, for example, at least about 25
milliequivalents per liter (mEq/L) of Na" and CI  ions. In one embodiment, a sufficient ionic
strength is at least about 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or at least about 40 mEq/L of

Na* and CI jons.

[0039]. fonic strengih can also be described in terms of the conductivity of a solution.
Conductivity is the ability of a material or solution to conduct clectric current. The principle
by which instruments measure conductivity is simple - two plates are placed in the sample, a
potential is applied across the plates (normally d sine wave voltage), and the current is
measured. Conductivity (G), the inversc of resistivity (R) is determined from the voltage and

current values according to Ohm's law. G = I/R =1 (amps) / E (volts)

[0040] Since the charge on ions in solution facilities the conductance of electrical
current, the conductivity of a solution is proportional to its ion concentration. In some
situations, however, conductivity may not correlate directly to concentration. However, for
sodium chloride solutions, conductivity is directly proportional to ion concentration. The
basic unit of conductivity is the siemens (S), formerly called the mho. Since geometry of a
test sample affects conductivity values, standardized measurements are expressed in specific
conductivity units (S/cm) to compensate for variations in electrode dimensions. Specific
conductivity (C) is simply the product of r‘neasured conductivity (G) and the electrode cell
constant (L/A), wherc L is the length of the column of liquid betwecn the electrode and A is
the area of the electrodes. C= G x (L/A). If the cell constant is 1 cm”’, the specific
conductivity is the same as the measured conductivity of the solution. Although electrode

shape varies, an electrode can always be represented by an equivalent theoretical cell.

[0041] Thus, in one embodiment, a sufficient ionic strength of a preparation ready for '

injection can have, for example, at least about a conductivity of about 4 mS/cm or higher. In

10
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another embodiment, the sufficient ionic strength of a solution ready for injection is at least
about 2.5,2.6,2.7,2.8,2.9,3.0, 3.1,3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, or at least about 3.9

mS/cm.

[0042] An operational definition of whether a solution has a sufficient ionic strength
to prevent erythrocyte agglutination can also be used to explain the term “sufficient ionic
strength.” For example, this can be based on an experiment of adding a test solution to whole
blood and observing the distance of erythrocyte sedimentation (see Example 2; adapted,
modified Westergren method). In onc embodiment, if a test solution when mixed with whole
blood in a ratio of 4:1 provides an erythrocyte sedimentation at 60 minutes that is less than
about 10 mm (see Example 2, Figures 1 and 2, for example), then the test solution has a
sufficient ionic strength to prevent erythrocyte agglutination. In another embodiment, if a
test solution when mixed with whole blood in a ratio of 4.1 provides an erythrocyte
sedimentation at 60 minutes that is less than about 5 mm, then the test solution has a

sufficient ionic strength to prevent erythrocyte agglutination,

[0043] Solution Osmolarity

[0044] The methods of the invention provide pharmaceutical preparations for
Injection that are about isotonic with respect to blood. To determine whether a
pharmaceutical preparation is about isotonic with respect to blood, one calculates the
osmolarity for all chemical components of a solution including the diluent. The osmolar
concentration of pharmaceutical preparations for injection (parenteral solutions) can exert
adverse effects on the blood cells and vessels of the human body. Tonicity can be calculated
for fluids and dissolved or diluted medications, which are expressed in a numerical value of
milliosmoles per liter of fluid (mOsm/L). This value is also known as osmolarity. The
osmolarity of blood ranges between 285 and 310 mOsm/L. When hypotonic or hypertonic
solutions are injected into blood, fluid shifts into or out of cells, which can cause a variety of

negative effects.

[0045] Soiution osmolarity is based in part on the concepts of osmosis and osmotic
pressure. Osmosis is the diffusion of solutes (dissolved particles) or the transfer of fluid
through semipermeable membranes such as blood vessels or cell membranes. Osmotic
pressure, which facilitates the transport of molecules across membranes, is expressed in

osmolar concentrations and is referred to as hypo-osmotic (hypotonic), iso-osmotic (isotonic),
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or hyper-osmotic (hypertonic) when compared with biologic fluids such as blood or plasma.

The term “tonicity” and “osmotic pressure” are often considered to be synonymous.

[0046) The osmotic pressure is the hydrostatic (or hydraulic) pressure required to
oppose the movement of water through a semipermeable membrane in response to an
‘osmotic gradient’ (i.e., differing particle concentrations on the two sides of the membrane).
Serum osmolality can be measured by use of an osmometer or it can be calculated as the sum
of the conceatrations of the solutes present in the solution. The valuc measured in the
laboratory is usually referrcd to as the osmolality. The value calculated from the solute
concentrations is reported by the laboratory as the osmolarity. The osmolar gap is the

difference between these two values.

[0047] Herein, tonicity and osmotic pressure are to be considered synonymously, and
are to be understood broadly. Tonicity can mean the effective osmolality and is equal to the
sum of the concentrations of the solutes in a solution that have the capacity to exert an
osmotic force across a membrane, including a cell membrane. In the strict sense, osmolality
is a property of a particular solution and is independent of any membrane. Tonicity is a
properiy of a solution in reference to a particular membrane. However, the invention shall
refer to solutions being isotonic with respect to biological solutions such as blood or plasma,
and this refcrencing shall include the meaning that the particular solution is isotonic with
blood or plasma with respect to a cell membrane of a cell in the blood or plasma or other

biological solution.

[0048) An operational definition of tonicity can be used to explain the term. This can
be based on an experiment of adding a test solution to whole blood and observing the result.
If the RBCs in whole blood swell and rupture, the test solution is said 1o be hypotonic
compared 1o normal plasma. If the RBCs shrink and become crenated, the test solution is said
to be hypertonic compared to normal plasma. If the RBCs stay the same, the test solution is
said to be isotonic with plasma. The RBC cell membrane is the reference membrane. For
example, whole blood placed in normal saline (i.e., 0.9% sodium chloride) will not swell, and

hence normal saline is said to be isotonic.

[0049] Charactcristiés of Isotonic Solutions

[0050] "The invention provides methods for preparing or readying pharmaccutical
formulations for injection into a subject, wherein the formulations are prepared into sclutions

that are (1) about isotonic with respect to blood (or plasma or other biologic fluid) or are not
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so hypertonic or hypotonic as to cause significant hemolysis, thrombosis, or vessel iritation,

and (2) have sufficient ionic strength to prevent erythrocyte aggregation.

[0051) In one embodiment, isotonic (with respect to blood) pharmaceutical
formulations ready for injection have a tonicity or osmolarity that is greater than about 270
mOsm/L and less than about 330 mOsm/L. In one embodiment, the isotonic pharmaceutical
formulations ready for injection have a tonicity or osmolarity that is greater than about 270
mOsm/I. and less than about 328 mOsnv/L.

[0052] Although solutions such as 0.9% sodium chloride and 5% dextrose are
isotonic, when they are used to reconstitute or dilute many pharmaceutical formulations, the
resultant solution may not have sufficient ionic strength to prevent erythrocyte agglutination
{as for 5% dextrose) or may have too much ionic strength such that the resultant solution is
hypertonic. Thus, the methods of the invention use solutions for dilution or reconstitution
that contain a minimum concentration of sodium chloride to provide (a) a sufficient ionic
strength to mitigate erythrocyte aggregation, and (b) a sufficient tonicity to prcvent
hemolysis, and a maximum concentration of sodiuvm chloride to provide (c) a resultant
tonicity that is not so great as to be hypertonic solutions. Further, the methods of the
invention use solutions for dilution or reconstitution that can provide a sufficient ionic
strength and isotonicity with respect to blood, while also maintaining a practical injection

volume for the pharmaceutical preparation.

[0053] Characteristics of Hypotonic Solutions
{0034) The invention provides methods for preparing pharmaceutical formulations for

injection into a subject, wherein the formulations are prepared into solutions that are not
hypotonic with respect to blood or are not so hypotonic (i.e., slightly hypotonic with respect
to blood) so as to cause significant hemolysis. In one embodiment, the pharmaceutical
formulations ready for injection that is considered slightly hypotonic with respect to blood
can have a tonicity or osmolarity that is less than about 270 mOsmv/L and greater than about
240 mOsm/L.. In one embodiment, the pharmaceutical formulations ready for injection that is
considered slightly hypotonic with respect to blood can have a tonicity or osmolarity that is
less than about 270 mOsm/L and greater than about 220 mOsm/L.

[0055] Examples of hypotonic solutions include many pharmaceutical preparations
that are readied for injection with sterile water. When hypotonic solutions are injected, a

fluid shift occurs and water is moved into the endothelial cells of the vein and blood cells.
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Cells that absorb too much water can burst, and thus, injection of hypotonic solutions can

cause vein irritation, phlebitis, and hemolysis.

[0056] Characteristics of Hypertonic Solutions
[0057] The invention provides methods for preparing pharmaceutical preparations for

injection into a subject, wherein the preparations are prepared into solutions that are not
hypertonic with respect to blood or are not so hypertonic (i.e., slightly hypertonic) as to cause
significant thrombosis and/or vessel irritation. In one embodiment, the pharmaceutical
formulations ready for injection that is considered to be slightly hypertonic can have a
tonicity or osmolarity that is greater than about 340 mOsm/L and less than about 600
mOsny/L. Tn one embodiment, the pharmaceutical formulations ready for injection that is
considered to be slightly hypertonic can have a tonicity or osmolarity that is greater than
about 340 and less than about 375, 400, 425, 450, 475, 500, or about 575 mOsm/L. In
general,'hypertonic solutions exhibit a tonicity that is greater than about 340 mOsm/L.
Solutions with an osmolarity that is greater than about 600 mOsm/L should be used with care
in injections.

[0058] Examples of undesirable hypertonic solutions include many pharmaceutical
formuiations that are readied for injection with 10% dextrose, or pharmaceutical preparations
that have multiple additives that affect osmolarity. When hypertonic solutions are injected, a
fluid shift occurs and water is drawn out of the endothelial cells of the vein and blood cells.
Cells that lose too much water can shrink, and thus, injection of hypertonic soluttons can

cause vein irritation, phlebitis, and thrombosis.
(0059} pH

[0060] The pH of blood ranges from about 7.35 to about 7.45, which is considcred
neutral. Pharmaceutical preparations with a pH|va]ue below 7 are considered acidic drugs
and tho$e with a pH value below 4.1 are considered very acidic. Drugs with a pH value
higher than 7.5 are considered basic or alkaline drugs, anﬁ those with a pH value higher than
9.0 are considered very basic or alkaline. Very acidic or very alkaline drug solutions can
cause phlebitis and thrombosis. Thus, in one embodiment, the invention provides sodium
chloride solutions for reconstituting lyophilized drug formulations or for diluting liquid drug
formulations to ready these formulations for intravenous injection, wherein the readicd
preparations for injection (1) do not have a pH that 1s less than 4.1 or greater than 9.0, (2)

have a sufficient ionic strength to prevent erythrocyte aggregation, and (3) is about isctonic
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(or slightly hypertonic or hypotonic) with respect to blood such that hemolysis or crenation
does not occur to RBCs. However, the pH of a solution is not a consideration with respect to
whether the solution has a sufficient ionic strength to prevent erythrocyte aggregation, In
other words, if a lyophilized formulation when reconstituted with water has a pH that is
below 4.1 or greater than 9.0, this does not prevent the use of a sodium chloride solution for

reconstitution in order to prevent erythrocyte agglutination.

[0061] Calculating Osmolarity

[0062) The osmolarity of any pharmaceutical preparation can be calculated by using
the following formula: Osmolarity = (weight of substance (g) divided by the molecular
weight of the substance (g/L)) multiplied by the number of species multiplied by 1000 for
milliosmolarity. The term “species” refers to the number of ions or chemical species formed

when dissolution occurs.

[0063] Pharmaceutical Formulafions Ready or Prepared for Injection
[0064] The invention provides methods for reconstituting lyophilized drug products

into solution in order to prepare the drug product for injection into a subject. The
reconstituted drug product is ready for injection by having a sufficient ionic strength and a

tonicity that is about isotonic with respect to blood.

[0065] The methods of the invention also pertain to diluting drug solutions in order to
prepare the drug solution for injection into a subject. The diluted drug solution is ready for
injection by having a sufficient ionic strength and by being about isotonic with respect to
blood.

[0066] In one embodiment, the lyophilized or dry drug product/formulation, if
reconstituted in water, has an osmolarity of about 100 mOsm/L to about 360 mOsn/L.
Because the invention provides methods for reconstitution using about 25mM to about 150
mM sodium chloride solutions, the practitioner should use a particular sodium chloride
solution based upon the expected combined osmolarity of the lyophilized drug product
reconstituted into the sodium chloride solution. Thus, for example, if a lyophilized drug
produd if reconstituted in water has an osmolarity of about 300 mOsm/L, then the NaCl
solution for reconstitution should be about 25 mM to about 30 mM. In another example, ifa
lyophilized drug product if reconstituted in water has an osmolarity of about 100 mOsm/L,
then the NaCl solution for reconstitution should be about 25 mM to about 130 mM.
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{00671 In one embodiment, a drug product (whether Tyophilized or in solution) to be
prepared for injection by fhe present methods does not contain HES (hydroxyethyl Stﬂl'ch:l..
HES-containing formulations, despite reconstitution or dilution with NaCl soluticns for jonic
sirength, can cause erythrecyte sedimentation and agglutination in in vitre experiments, in
another embodiment, a drug produet to bo prepared for injection by the present methods does
not contain dextrans, because adapted modified Westergren methods (see Example 2) show
that the addition of NaCl would not counteract the effect of enhanced sedimentation that

dextrans can cause,

[01e8] In one embodiment, the invention provides methods for prepaﬁ_ng a
phammaceutical preparation for infravanous injection wherein the pharmaceutical preparation
i8 a lyophilized cake comprising a primary bulking agent. The primary bulking agent can be,
for example, mosily non-ionizing. Non-ionizing bu]kjng- apents inclede, but are not lirmited
to, mannitol, glycine, sucrose, lactose, other disaccharides, therapeutic proteins or the active
ingredient of a formulation itself, or other bulking agents known to one skilled in the art. The
concentrations of non-ionizing bulking agents do not significantly affect whether a solution
has a sufficient ionic strength to prevent agglutination. However, their concentrations do
have an effect on osmolarity, and therefore, their concentmtiuﬁs can have an effect on
tonicity. The concatttration of plycine, for example, is equivalent to its contribution to

osmolarity, thus 10 md glycine is equivalent to 10 mOsm/L.

[0069Y: Protein ingredients in a drug formulation, including active ingredients, do not
significantly affect ionic strength of a solution or the osmolarity of a solution. For example,
assume a molecular weight of 50,000 for a protein and agsume 2.5 mg of the protein in 2 1-2
mL solution to beinjected. "This is equivalent to (.05 M, thus, the protein doss net

appraciably contribute to osmolarity.

[0070] Pharmaceutical preparations also often contain surfactants, such as
polysorbate-80. Polysorbate-B0 and other surfactants are large molecular weight molecules,
so amounis that are usually present in preparations, such as 0.001% to 0.01%, are oo small to
contribute appreciably to osmolarity or ivnic strength. Other surfactants include Brij® 35,
Brij® 30, Lubrol-px™, Triton X-10, Pluronic® F127, and sodiam dodecyl sulfate (SDS).

[0G71] Other large molecular weight molecules that may be present in small amounts
in pharmaceuticnl formulations that do not appreciably affect osmolarity or ionicity are

polymers, with the qualification that they are not salts like dextran sulfate. Exemplary
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polymers include dextran, poly(vinyl alcohol) (PVA), hydroxypropyl methylcellulose
(HPMC), gelatin, polyethylenc glycol (PEG) and polyvinylpyrrolidone (PVP).

[0072) Pharmaceutical formulations also often contain sucrose or other sugars or
polyols, often in an amount of 0-2, 0-5, or 0-10% or higher. For example, 5-10% sucrose can
be used when the formulation does not comprise a bulking agent. Generally, where a
formulation is Iyophilized, and amounts of the formulation are identified herein as
percentages or roolarity amounts, this is in reference to percentages and molarity of a solution
prior to lyophilization (i.e., fill amounts). Thus, when a solution has 1% sucrose, this is
equivalent to 29.2 mM. Because sucrose does not apprecijably ionize or disassociate in
solution, 29 mM of sucrose is equivalent to 29 mOsm/L. Other sugars or polyols that do not
appreciably ionize or disassociate in solution include glycerol, xylitol, sorbitol, mannitol (also
can be used as a bulking agent), glucose, inositol, raffinose, maltotriose, lactose, and
trehalose.

[0073] Pharmaceutical formulations also can contain buffering agents. Buffering
agents include, for example, acetate, citrate, glycine, histidine, phosphate (sodium or
potassium), diethanolamine and Tris. Buffering agents include those agents that maintain a
solution pH in an acceptable range. Buffering agents such as glycine, histidine, and
diethanolamine are mostly non-ionizing, and thus their concentrations are equivalent to
osmolarity and shm.ﬂd be kept in mind when considering whether a formulation ready for
injection is about isotonic. Buffering agents such as acetate and citrate are usually salts, and
are thercfore ionizing, and their concentrations are multiplied with respect to calculating their

contribution to a solution’s esmolarity.

[0074) Pharmaceutical formulations can include essentially any active ingredient,
including proteins, nucleic acids, viruses, and chemical compounds. These molecuies mostly
do not appreciably affect the ionic strength or the osmolarity of a solution to be injected. If
these molccules are salts, as often small molecule compounds are pharmaceutical salts, then

they may appreciably affect the ionic strength and/or osmolarity.

[0075] Certain amino acids are also found in some pharmaceutical formulations and
arc used as cryoprotectants, lyoprotectants and/or bulking agents. Some amino acids, such as
histidine, are mostly non-ionizing, and thus the concentration of an amino acid in a
formulation should only be kept in mind when calculating the osmolarity of a solution such

that a formulation ready for injection is about isotonic with respect to blood.
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[0076] BeneFIX®
[0077] BeneFIX® is produced by a genetically engineered Chinese hamster ovary

(CHO) cell line that is extensively characterized and shown to be free of infectious agents.
The stored cell banks are free of blood or plasma products. The CHO cell linc secretes
recombinant Factor IX (rFIX) into a defined cell culture medium that does not contain any
proteins derived from animal or human sources, and the recombinant Factor TX is purified by
a chromatography purification process that does not require a monoclonal antibody step and
yields a high-purity, active product.:A membrane filtration step that has the ability to retain
molecules with apparent molecular weights >70,000 (such as large proteins and viral
particles) is included for additional viral safety. BeneFTX® is predominantly a single
component by SDS-polyacrylamide gel electrophoresis evaluation. The potency (in
international units, LU. (IU)) is dctermined using an in vitro one-stage clotting assay against
the World Health Organization (WHO) International Standard for Factor IX concentrate. One
international unit is the amount of Factor IX activity present in 1 mL of pooled, normal
human plasma. The specific activity of BeneFIX® is greater than or equal to 180 IU per
milligram of protein. BeneFIX® is not derived from human blood and contains no

preservatives or added animal or human components.

{0078] - BeneFIX® is formulated as a sterile, nonpyrogenic, lyophilized powder
preparation. BeneFIX® is intended for intravenous (TV) injection. It is available in single use
vials containing the labeled amount of Factor IX activity, expressed in international units
(IU). Each vial contains, for example, nominally 250, 500, or 1000 IU (or more, including
2000 IU) of coagulation Factor IX (Recombinant). After reconstitution of the lyophilized
drug product with sterile water, the concentrations of excipients in the 500 and 1000 U
dosage strengths are 10 mM L-histidine, 1% sucrose, 260 mM glycine, 0.005% polysorbate
80. The-concentrations after reconstitution in the 250 IU dosage strength are half lilose of the
other two dosage strengths. The 500 and 1000 TU dosage strengths are isotonic after
reconstitution, and the 250 IU dosage strength has half the tonicity of the other two dosage
strengths after reconstitution. All dosage strengths yield a clear, colorless solution upon

reconstitution.

[0079] In one embodiment, the invention provides methods for preparing BeneFIX®
to be injected into a subject, where BeneFIX® is reconstituted into a sodium chloride
solution, wherein the sodium chioride solution is greater than about 25 mM and less than

about 150 mM. In one embodiment, the sodium chloride solution used to reconstitute
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BeneFI{® is about 40 mM, Tn one embodiment, one vial of tyophilized BeneFIX® is
reconstituted into about 4-5 mL of a 25mM-150mM sodium chloride sclution,

[0QR0] Reformulated BeneFTX® (BoneFDIR-R

[0D81] Becauss of the low ionic strength of BencFIX® reconstituted in water, various
reformulations were made (Reformulated BeneFIX® (BeneFIX®-R)). The goal was to add
sufficient tonic strength to the BeneFIX® formulation so as to mitigate the potential for RBC
agglutination. In order to increasc the ionic strength of BeneFIX®, sodium chloride can be
incorporated into the reconstifuted product by replacing the sWFI as the reconstitoting
sofution. Altermatively, BeneFIX:& can be reformulated by adding NaCl to the pre-
lyophilization formulation, such that reconstitution can stiil be achieved with water, but
Iyophilizing salt solutions is more difficult, and it is more practical to simply reconstitute
lyophilized cakes with NaCl solutions. This is also true for other lyaphilized pharmacsutical
preparations that do not have a suflicient ionic strength when reconstituted with sWF1 to

prevent agglutination.

10082} In one embodiment, BeneFIX®-R can be lyophilized in the same formutation
as BeneFIX® (10 mM L-histidine, 260 mM glyeine, 1% sucrose, 0L.005% patysorbate 303,
and only the rFIX congentration will differ. BensFIX®-K bolk drog product can then be
filled, for example, at 4 mL per vial with 10 mM L-histidine, 260 mM glycine, 1% sucrose,
(.005% polysorbate 80, and lyophilized. When BeneFTX®-R is reconstituted to 5 mL per
vial with a 25-150 mM NaCl solution, such as with 40 mM NaCl, the concentration of the
excipients is reduced by 20% when compared to the current BeneFLX® fonmulation pre-
lyophilization. This strategy results in a fermulation that is (1) 18ctonic, (2) has sufficient
ionic strength to reduce the potential for RI3C agglutination, and (3) reduces the injection
volume for higher doses of rFIX. BeneFIX®-R can be provided with, for example, 250, 500,
1000, and 2000 IU of tFTX, per vial dosage strengths. Thus, after reconstitution with 5 ml. of
a 25-150 mM NaCl solution, the resultant BeneFIX@®-R formulaiion selution can be from
about 7 to about 9 mM histidine;, frorn abour 188 o about 220 mM glycine; from about 0.7%
to about 0.9% sucrose; and about 0.004% paolysorbate 80, Depending upon the amount of
tFL{ in & vial, for example, 250, 500, 1000, or 2000 TU, reconstitution in 5 mL of a NaCl
solution woukd result in an 1FIX concentration of ahout 50, 100, 200, or 400 IUal.,
respectively. The osmolarity of the BeneFIX®-R formulation reconstituted in 3 mL of a 40
mM NaCl solution is about 320 mOsm/L. .
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[0083] Exemplary Formulations To Be Prepared for Injection
[0084} Recombinant Factor IX can also be lyophilized in formulations described in

L&, Patent No. 6,372,716, which is hereby meorporated by reference for all paposes,
including the formulations described therein, The formulations described in the patent can be
used with the present inveniion, whevre the formulaiions are not limited to having tFEX as the
active ingredient. Thus, for example, lyophilized formulations that can be reconstituted with
25 mi-150 mM sodium chloride selutions to prepare them for injection, include
funnulations that comprise glycine, polysorbate, sucrose, histidine, and an active ingredient.
The active ingredient can be essentiply any protein, virus, nueleic acid, or chemical
compound, for example. The glycine can have a concentration, for example, of about 0.1M
to 0.3M. The polysorbate can have a concentration, for example, of about 0.001 fo abeut
0.05%. The sucrosc can have a concentration, f&r gxample, of about 0.5% to about 2%. The

histidine can have a concentration, for example, of about 5 mM to about 30 mML

[0085) In one cmbodiment, a Iyophilized fonnnlation to be reconstituted with 25-150
mM sodivm chloride solution comprises about 4.1 to 0.3M glycine, about 0.5 ta 2% sucrose,
0.001 1o about 0.05% polysorbate, about 5 to shout 30 mM histidine, and about 0.1 to about
20 mgAnl of au active ingredient, The active ingredicat can be, for example, IFIX. In
another ambodiment, a yFIX lyophilized formulaiion to be reconstitated with 25-150 mM
sodivm chioride solution comprises about 0.13 to abouf 3 mgiml rFIX or about 50 fo about
600 TUMmL of tFIX, about 0.26M glyeine, about 10 mM histidine, sbout 194 sucrose, and
about 0.005% polysorhbate,

EXAMPLES OF THE INVENTION

[0036] The examples described below are provided to ilusfrate aspects of the present

invention and are not incheded for the purpese of limiting the invention.

Example |; Effects of Anti-Coagulants apd Formulation Components on BeneFIX®-
Associated RBC Agglutination

[RD87] There are oceasional reports of BeneFIX®-associated RBC agglutination in
butterfly catheter lines and syrinpes, Recent studies in bleod from hemophilia dogs
dememstrate that the agghitination occurs in the absence of recombinant human FIX in the
formulation buffer. Thus, the present study investigated whether standard anﬂrmagulants,
various BeneFIX® components, and fonic strength affects the BeneFIX®-associated

agglutination phenomenon.
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[GOB8] " Blood was obtained from 2 pool of anenymous human volunteers and was
collected mto Vacutainer tubes {Becton Dickinson, Franklin Lakes, NJ) containing a standard
anti-coagnlant, such as ethylenediamine tetra-acetic actd (EDTA), sodium citrate, or heparin,

[0089] To test for agglutination, the blood samples in the Vacutainer tnbes were first
continuously mixed on a nutator. Blood, 12.5 plL, was diluted in 37.5 uL of a test solution in
a 48-well cell culturs plate, and was allowed to incubate at room tetnperature for 2 minutes
rrior to observation under an inverted-phase contrast microscope at 400x magnification.
Bach well was videotaped 0 capture still images in order to score RBC apglutination

according to the following criteria listed below in Table 1.

Table 1: RBC Agglutination Scoring Key

Secnre Agalietination Phenotype

Q No agglutination, majority are individual cells, few or occasional
doublets. '

1 Mostly individual cells, small aggregates dispersed throughout.

2 Lots of small aggregates, still some individual cells in |
background.

3 Mostly small to medium ageregates with occasional individual

| cells. '
g Massive cell apgregates.
[00%0] Effects of Standard Anti-Coagulants on ABC Agglutingrion. The first study

inciuded the assay of blood samples from three donors. Bload was collected into EDTA,
heparin, and sodnm citrate Vacutainer tubes for each donor. The test articles included
BeneFIX®, 100 IU/mL, reconstituted in each of the fellowing NaCl concentrations: 0 mbM
(sWFI), 20 mM, 40 mM, 60 mM, and 77 mM NaCl, In addition, dextrose 5% in water
(D5W) was included as a positive control. The smnples were diluted at a biood to BeneFIX®&
or blood 1o D5W ratio of 1:8. Images were captured, stored digitally, masked, and scored for
agglutination. Two minutes foilowing the addition of blood to the BeneF[X® reconstituted
with sWEI, agglutination was seen in the samples from all threc donors regardless of the type
of anti-coagulant used. As increasing couccntmﬁ:ms of NaCl were used, the agglutination

response was attennated. Marked agglutination was seen when blood was added to DSW.

(0031} Bffects of NaCl on RBC Agehitination in Pre-screened Donors: Donor

samples were collected into heparinized Vacutainet tubes. Becanse spontaneous
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agglutingtion had been observed in some previous samples, all donors were initially screened

using 154 mM NaCl. If apglutination was observed, the sample wag disqualified from further

assays. The remaining samples fiom each donor were diluted 1:8 into one of two
formulations: (1) 100 IW/mL BeneFIX® reconstitnted with sWFL, and (2} 100 TU/mL
BeneFIX® reconstituted with 134 md NaCl, Tmages were captured, stored digitally, masked
and scored for agglutination. Agglutination was seen with BeneFIX® reconstituted sWFEL,
whereas reconstitution with 154 mM NaCl reduced or eliminated the agglutination reaction
{sge Table 2 for scores).

Table2: Aggintination Scores

Donor 154 mM Nall Pre- | BeneFIXE 4+ sWTFI BencFIN® + 154
Screen Control mMM NaCl
7 0 ' 2 ]
11 0 3 0
& 0 3 0
28 A] 3 ]
4] 0 3 1
[0092] Effect of Formulation Components and BenePLX® Concentiation: Several

formulaticns of BeneFIX® were evaluated 1o ascertain the impact of different components on
RBC agglutinatinn. Fight different mixtures, with and without 154 mM NaCl were prepared,
for a total of 16 mixtures {Table 3). Twelve donors were screened for spontaneous
agglutination and two were disqualified from further study. Blood samples fiom five of the
ten remaining denors were used for the first 8§ formuolations (samples 1-A through 1-Hj and
the other five donor samples were used for the second 8 formmlations {sarples 2-I throupgh 2-
7). Samiples were diluted 1:8 as before and tmages were captured and scored as previously
described, '

Table 3: Tormulation Design Matrix
{(+*- indicates presence/absence of an ingredient)

SetySample ID BeneFTXE Glyelne Sucrose Treen-80 Histidine NaCl
concenty ation (GLY) 1img!mL. | (Polysorbate- (HES) 10 154md™
MV/mL) 260 mvL 300 0.655% mM

1-A, BereFIX® 100 + + + - LI

1-B, BeneFIXD 100 + + + o

1-C, BeneFIX@ 300 + 3 + + -

[-D, BeneFIX® 00 + + + + +

1-E, BeneF1XE 00 + + + + _

1-F, BeneFTH® £00 + + 4+ + T
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SetrSample ID BeneFIXE Glycine Sucross Tween-30 Hisddine NaCl
conecentration (GLY) 10mg/mI. | (Polysorbate- {HIS) 10 15dmh
. {TLi/ml.) 260 mM | s0) L005% mi

1., Mo BeneFIX® - + -+ + + i
}-H, Mo BeneFIN® - + + + + s
2.1, BeneF IN8), No GLY 160 - + + 4 -
2-], BeneFIX®, No GLY 100 - + + + +
2-IC, Ne Sucrose 100 + - + + -
2-1, No Svucross 100 + - + + o+
2-M, BencFTX®, No - 100 + + - + I
Twean-20
2-N, Ng Tween-80 100 + + - + +
2-03, BeneFIX® No HIS 100 + T + - -
3-F, BentFIX® Na HIS 100 + 4 -+ - x

[0093]

Agplutination scores for the expeniment laid out In Table 3 are shown below in

Tables 44 and 4B, No particvlar component, whether the active ingredient or an excipient,

of the BeneF[X® vreparation was associated with agelutination. As expected, removal of

glycine cansed RBC lysis due to hypotonicity of the solution. However, reconstitution with
154 mM NaCl reduced or elimminated the in vitra aggiutination and the lysis.

Table 4A: Applutination Scores - Varving the BeneFIX® Concentration

Samplea 1-A 1-B - | 1D 1-E 1-F i-G 1-7
Danor 1D o
) 4 1 2 1 4 1 3 2
14 3 { 2 3 3 1 2 4
19 4 1 3 0 3 1 3 1
40 1 { 2 1 2 2 3 1
43 3 0 3 1 4 0 3 3
Mean 3 L 0.4 2.4 1.2 1.2 1 2.8 2.2
FEOFE
Table 4B: Apgglutination Scores - Excipients Effects
Sample 21 25 K | 1k 2-M 1-N 2-0 2P
Deumor ID
1 Lysis 1 2 0 3 1 3 0
11 4 0 4 1 3 1 2 0
18 Lysis 1 4 1 3 2 3 2
34 Lysis 0 2 0 2 2 3 2
45 Lysis 1 % ] 4 3 2 3
Mean Lysis 0.6 3.2 0.6 3 1.8 2.0 1.4
ECOrE
[:054] Effects of Lower Concentrations of NaCl on RBC Agglitingtion in Fre-

Screened Donars: Donor samples were collected into heparinized Vacutainer fibes.
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Because agglutination had been observed in some previous samples, all donors were initially
screened with 154 mM NaCl, If agglutination was observed, the sample was disqualified
from further assays. The remaining samples from each donor were diluted 1:8 as before into
one of three formulations: (1) 100 TU/mL BeneFIX® with sWFL (2) 100 I/l BeneFIX®
with 40 mM NaCl; or (3} 100 TU/inL BenelFTX® with 77 mM NaCl, [inages were captured,
collected and scored as before. The results are provided in Table S below. Agglutination was
seen in all five samples with BenePIX® reconstituted with water, whereas reconstitution of
BeneFTXE with 40 mM or 77 mM NaCi reduced ov eliminated the agglutination reaction.

Table 5: Apphatination Scores

Donor No. | 154 m NaCl ReneFIX® + BeneF1XE + 40 mb BeneFIX® + 77 mM
sWFT NaCl Nall
3 0 3 1 2
34 0 3 2 1
35 0 4 3 1
40 0 3 0 1
47 0 3 1 1
Mear 0 3.2 1.4 1.2
seare |
[0093] Anafysis: RBC agglutination occurred in blood anti-coagulated with heparin,

EDTA, or sodium citrate when mixed with BeneFTX® at a bleod to reconstinsded BeneFTE®
volume ratio of 1:8. No effect of anii-coagulant ype was seen on the agglutination, therefore
heparin was used as the anti-geagulant in subsequent evaluations. In seme sampies,
agglutination occurred in the presence of 0.9% NaCl alone {negative control for
agglutination). Therefore, subsequent evaluations were conducted only with samples that
exhibited no agglutination with the 0.9% NaCl control.

[0024] The effects of three concentrations of BeneFTX® {100, 300, or 600 IUEﬁL}
and of each individual component of BeneFIX@, reconstituted in sWFI or NaCl solution
were then evaluated for RBC agglutination when mixed with heparin anti-coagulated blood at
a blood to BeneFTX® valume ratic of 1:8. Eliminatien of any particular component,
including the recombinant human FIX protein had no effect on the agglulination response,
This jodicates that a broad range of different pharmaceutical formulations can be readied
{reconstinited ot dituted) with NaCl solutions for intravenous injection. Removal of glycine
resulted in RBC Jysis. However, the use of 40 mM (0.234% NaCl, injectable), 77 mM
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(0.45% NaCl, igjectable) or 154 mh NaCl (0.9% NaCl, injectable) for reconstitution reduced

ar eliminated the agglutination response and lysis.

[0097] Thus, these results show that no particular component of the BencFIX®
formulation is relaied to the observed agalutination. Although removal of glycite from the
BeneFIX® formulation and reconstitution with water results in a hypotonic selution that
causes lysis, ostnolarity and tonicity is a distinct concern from ionic strength and
agghutination, The results show that agglatination 18 associated with the low ionic strength of
the reconstituted recombinant Facier IX (IFIX) im sWFL, and reconstitution with NaCl
attenvates or eliminates agglutination. Thus, reconstitution of other pharmaceutical
formulations with NaCl solutions, even NaCl solutions having 4 concentration below 154
mM, can prevent both agglutination and lysis upon intravencus injection.

Example 2: Adaptation of the Modificd Westereren Method of Ervilirocyte Sedimentation
Rate Measurement to Assess Ervthrogyte Agerepation Induced by Pharmaceutical Apents or

Forrnulations

[098] The currently marketed. BeneFIX® formulation s a non-ionic formulation.
Darring adminisiration of the BepeFTX® formulation reconstituted in sWFI, there has been
infrequent observations of erythrocyte aggregation {/.e., aggluttration} when a patient’s hiood
12 mixed w'i.th the reconstitted BeneFTX®, such as in intravenous tubing, The invention
provides the discovery that erythrocyte aggregation is associated with the formulation, not
rFIX, and 13 prevented by using diluents that contain at least about 40 mM NaCl. To assist in
the design of custon diluents containing at least about 40 mM NaCl, a quantifiable assay was
designed that can be used to measure erythrocyte sedimentation, wlich is an established
methad to assess erythrocyte aggregation in vitro. The modified Wesiergren method, in
which blood is dituted 4:5 in normal saline, was adapted to assess aggregation in blood that

had been diluted 1:4 or 1:8 with either saline or test solutions (f.e., custom diluents).

[0099] Humasn blood was obtained from healthy adult volunteers and collected inte
tubes containing EDTA. To demonstrate the suitability of blood sammples for sedimentation
experiments, the clinically defined eryvthrocyte sedimentation rate BSR4 was measured by the
maodified Westergren method. Briefly, well-mixed blood was diluted 4:5 with 154 mM NaCl,
gently mrxed well, and then loaded immediately onto a self-zeroing Westergren tube that had
been placed in a custom 10-tube rack. The distance in mm from the zero mark at the top of
the tube to the plasmaterythrocyte interface after 60 minutes was measured and recorded.

The BSR4 results were compared with published nermal reference values (Morrie, MW, o7
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al, Basic examination of blood, in Henry, J.B., ed., Clinical Diagnosis and Manapement by
Labhoratory Methads, Philadelphia, PA, WR Saunders, 2001: 478-519).

[oo100] Two experiments were conducted to show the suitability of the
adapted, modified Westergren method to assess erythrocyte aggregstion associated with
phammaceutical formulations. Human blood samples were snitable for use in these assays
because ali had BSJgg values that were within normal limits. These samples were dilutéd 1:4
1 the first expariment and diluted 1:8 in the second.

(0100 In the first experiment, erythrocyte sedimentation was enhanced by 5%
dextrant 70 or BeneFIX® raconstituted with sWFI or 10 mM Nall. Within 5 minutes,
aggregates were visible in the tubes that had been loaded with blood diluted with efther 3%
dextran 70 or BeneFIX® reconstitated in sWFL By 60 minutes, erythrocyte scdimentation in
these tubes was markedly cnhanced when compared with saline control (Table 6). By_QO
minutes, blpod from one donor that was diluted in BeneFIX® reconstituted in 10 mM NaCl
had a two-phase sedimentation pattern with a clear erythrocyte:plasma mterface located 8
mm from the zero-mark and another interface between densely packed and less densely
packed crythrocytes located 149 ram from the zero mark.

Tahle : Eryvthiocyte Sedimentation of Homean Blood Diluted 1:4 in BeneFIX® or 3%

Dexfran
(Scdimentation distance in mm measured fron, zero-mark)

Donor | Saline | 0 mivd 10 20 30 40 S0 a0 M 154 3%4
& . Nadll miv mi mh mhd | mM mM mM mil | Dextran
Dilutinn NaCl | Nall | Nal(l | WaCl | Mafl | NaCl | Nall | Mall i
Time )
Danor 5
£ min. 2 135 nd 2 2 E I 1 2 1 132
90min | 3 145 | od 4 | _3 3 3 2 2 [ 2 159
120min | 4 150 nd 5 4 4 4 3 4 {13 167
150min & 153 el 7 @ 5 g 3 3 5 164
Tronar
22 -
G0min | 0 161 q L 1] £ §] 5 Q qiti | 145
30 tun 3 164 145 3 3 3 2 2 3 nd 165
120min 4 168 151 ) 4 4 4 3 4 nd 7L
150 min T a7 152 X G 5 3 5 f nd 172

NaC| coneentrations are those used to reconstitute ReneFL@E

(0101] In the second experiment, erythrocyts sedimentation was enhanced by 5%
dextrose, “MFR-927" {the formulation buifer for BeneFTX@® that lacks rFIX}, and BeneFIX®
reconstitured with 10 mM NaCl (Table 7). Unlike the first experitment, sedimentation in
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these tubes was rapid with maximal or nearly maximal sedimentation reached by 15 to 30

minutes.

Table 7: Erythrocyte Sedimentation of Human Blood Diluted 1:8 in MFR-927. BeneFIX® or

5% Dextrose
(Sedimentation distance in mm measured from zero-mark)

Donor Saline | MFR- 10 25 30 40 50 60 77 5%
& 927 mM mM mM mM mivl mM miM Dextrose
Dilntion NacCl NaCl { NaCl | NaCl NaCl NaCl NaCl
Time
Donor
56
15 min 0 >180 ~155 1 0 1] 0 0 0 175
30 min 0 >180 177 2 1 0 0 0 0 178
45 min 1 >180 180 3 2 1 1 1 1 179
60 min 2 >180 >180 3 2 1 1 1 1 180
Donor
57
15 min 0 >180 180 1 1 0 0 0 0 179
30 min 1 >180 >180 2 2 1 0 1 1 >180
45 min 1 >180 >180 3 3 i 2 1 1 >180
60 min 2 >180 >180 4 3 2 3 2 2 >180

NaCl concentrutions arc those used to reconstitute BencFIX®; MFR-927 is the formulation buffer for
BeneFIX® that lacks rFIX.

[0102] The results of these experiments demonstrate that the modified Westergren
method used to measure erythrocyte sedimentation can be adapted to assess erythrocyte
aggregation induced by pharmaccutical preparations or formulations. For example,
measurement of erythrocyte sedimentation in Westergren tubes 60 minutes after loading
blood diluted 1:4 with test solutions is sufficient to distinguish between agents that enhance
aggregation (i.e., 5% dextrose, 3% dextran 70, MFR-927, and BeneFIX® reconstituted in
sWFT) from those that do not (i.e., saline and BeneFIX® reconstituted in diluents containing
about 25 mM or more NaCl).

Example 3: Adeguacy of 40 mM NaCl in Diluent for Reformulated BencFIX® 1o
Ameliorate Formulation-Associated Ervthrocyte Appgregation

[0103] The non-ionic fo-rmulation of currently marketed BeneFIX® has been
associated with in vitro erythrocyte aggregation, which can occur during administration when
patient blood is mixed with BeneFIX® in intravenous tubing. The invention provides the

discovery that erythrocyte aggregation is associated with the forrgulation, not recombinant

27



UL

WO 2007/053533 PCT/US2006/042258

Factor IX, and aggregation can be prevented by reconstituting BeneFIX® with diluents that
contain at least 40 mM NaCl.

[0104] A goal of this Example is to test the robustness of a 40 mM diluent for
reconstituting reformulated BeneFIX® (BeneFIX®-R) preparations. Specifically,
experiments were desigoed to determine whether NaCl concentrations that deviate from 40
mM by as much as 10% are sufficient to prevent formulation-associated erythrocyte
aggregation, which was assessed by the adapted, modified Westergren method 10 measure
erythrocyte sedimentation rate (ESR). In addition, the robustness of the NaCl concentration
on erythrocyte sedimentation was assessed in both high (i.e,, 2000 IU) and low (i.e., 250 IU)
dose vials of BeneFTX®-R.

{0105] The effect of BeneFIX®-R formulations, MFR-927, and 3% dextran 70 on
erythrocyte sedimentation was measured at room tcmperature using an adaptation of the

rnodificd Westergren method, as described in Example 2. The study design is outlined in
Table 8.

Table 8: Study Design for Example 3

Group Treatment Number of Total Number of Dilution of
Experiments Donor Samples Blood
Lvaluated Evaluated
1 Saline 4 12 1:4
2 MFR-927 4 12 1:4
3 BeneFIX®-R (55 IU/mL); 36 mM 4 12 1:4
NaCl
4 BeneFIX®-R (55 TU/mLY); 40 mM 4 12 1:4
NaCl
3 BeneFIXB-R (55 TW/mL); 44 mM 4 12 1:4
NaCl
6 ‘BeneFIX®-R (440 [U/mL); 36 mM 4 12 14
NaCl
7 BeneFIX®-R (440 1U/mL); 40 mM 4 12 I:4
NaCl
8 BeneFIX®-R (440 [U/mL}; 44 mM 4 12 1:4
NaCl
0 3% Dextran 70 4 12 1:4
[0106] On the day of an experiment, both high (vials of lyophilized BeneFIX®-R

conta'ming ~2000 IU rFIX) and low dosage vials of BeneFIX®-R (vials of lyophilized
BeneFIX®-R containing ~250 1U rFIX) were reconstituted immediately before use with 5
mL of 36 mM, 40 mM, or 44 mM NaCl. The positive control solution 3% (w/v) dextran 70
was prepared in sterile Dulbecco’s modified, calcium- and magnesium-free phosphate-
buffered saline (PBS-CMF; pH 7.4). Human blood was obtained from donors and collected
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into Vacutainer tubes containing EDTA. Blood samples were used for erythrocyte

sedimentation experiments within 3 hours of collection.

[0107) Whole blood was diluted 1:4 in test solutions (i.e., 400 uL of whole blood was
added to 1.2 mL of test solution), mixed well, and then loaded into self-zeroing disposabie
glass Westergren tubes that were held absolutely vertical in a dedicated custom rack.
Erythrocyte sedimentation after 60 minutes, which is the distance in mm from the zero mark

at the top of the tube to the plasma-erythrocyte interface, was measured and recorded.

[0108] Results from all 12 donors were similar. Currently marketed BeneFIX®
formulation buifer that lacked rFIX (MFR-927) and 3% dextran 70, a standard positive
control solutien, displayed enhanced crythrocyte sedimentation as compared to blood that had
been mixed in NaCl test solutions (sce Figure 1). Regardless of NaCl concentration in the
buffer (36 mM, 40 mM, or 44 mM) or rFTX concentration in the product, BeneFIX®-R did

not enhance erythrocyte sedimentation as long as it was reconstituted with a NaCl diluent.

[0109] The results from this study demonstrate that NaCl concentrations 10% higher
or lower than 40 mM in the BeneFIX®-R diluents are sufficient to prevent enhanced
erythrocyte sedimentation or aggregation (agglutination). Results also show that the
amelorating effect of NaCl on fonmulation-associated erythrocyte aggregation was not
affected'by the concentration of the active ingredient (i.e., rFIX).

Example 4: Role of lonic Strength in the Buffer for Reconstituting BeneFIX® in Causing
RBC Agglutination

[0110] Human blood was collected by venipuncture from four different donors into
standard heparinized collecting tubes. Formation of RBC agglutinates was tcsied by drawing
up 2.6 mL of buffer or reconstituted BeneFIX® protein into syringes followed by 0.6 mL of
heparinized blood. The mixing/sedimentation behavior of the agglutinates was observed in

these syringes over time and photographically recorded using a digital camera.

[0111] The composition of the current BeneFIX® formulation pre-lyophilization is
rFIX, about 10 mM histidine, about 260 mM glycine, about 1% sucrose, and about 0.005%
polysorbate-80, pH 6.8. The BeneFIX® formulation is lyophilized, and prior to injection,
reconstituted in sWFI. Originally, the sucrose was suspected to be the cause of agglutination.
Hence, test buffers were formulated with 1%, 0.5%, or 0% sucrose. Each sucrose test buffer
was drawn up in syringes, followed by a small amount of heparinized blood. The

agglutination of RBCs and subsequent rapid sedimentation were found to be identical for the
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three buffers, suggesting that the sucrosc content of the BeneFIX® formulation did not
account for the observed agglutination. BeneFIX® reconstituted in normal saline, rather than
in stenle water, caused no agglutination, These data indicate that the ionic strength of the
BeneFIX® formulation is not sufficient to prevent agglutination when BeneFIX® is

reconstituted in water.

10112] In order to determine the minimum ionic sﬁength needed to eliminate
agglutination, BeneFIX® was reconstituted (or the pre-1yophilization formulation of
BeneFIX® can be varied to include sodium chloride, although methods for lyophilizing
sodium chloride formulations is more difficult as compared to lyophilizing formulations that
do not have sodiurn chloride) with solutions having varying concentrations of NaCl (0, 10,
15, 20, 25, 30, 35, 40, 50, 75, 100, and 137 mM). BencFIX® was also reconstituted in
normal saline containing 154 mM NaCl. RBC agglutination and sedimentation behavior was
examined in all of these solutions. Table 9 shows the osmolality and jonic strengths
(expressed as conductivity} of some of these solutions along with other common intravenous
solutions. Upon addition of sodium chloride to the BeneFIX® formulation, whether by
straight addition prior to lyophilization or by reconstitution of a lyophilisate with a solution of
sodium chlonde, the NaCl would be expected to fully dissociate to an equivalent
concentratio‘n of Na" and CI ions. Thus, the ionic strength (expressed in mEq/L
(milliequivalents/L) of Na* and CI") of a formulation buffer plus NaCl would be predicted to

be equivalent to the NaCl concentration if the formulation buffer does not contain other ions.

Table 9: Characterization of Various Solutions

Solution Approximate Approximate Calculated pH
Catculated Osmolality Conductivity (mS/cm)
(mOsn/L)
BeneFTX® formulation 300 0 {observed conductivity is 6.8
3 <0.2 mS/cm)

BenelFIX® formulation + 10 mM 320 1 6.8
NaCl
BeneFIX® formulalion + 20 mM 340 2 6.8
NaCl
BencFIX® formulation -+ 40 mM 380 4 6.8
NaCl
BeneFIX® formulation + §0 mM 460 7 6.8
NaCl ’
BeneFIX® formnulation -+ 137 mM 574 12.8 6.8
NaCl .
BencFIX® forulation + 154 mM 607 T 14.4 6.8
NaCl
0.9% sodium chitoride (equivalent to 308 144 : 6.0
154 mM NaCl; 154 mEq/L of Na*
and of CI” ions)
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Solution Approximate Approximate Calculated pH
Calculated Osmolality Conductivity (mS/cm)
(mOsm/L)
5% dextrose injection 250 0 4.5
[0113] Upon contact of blood with the solutions in Table 9 in syringes, RBC

agglutination was individually observed and then the syringes were gently mixed and
inverted to observe blood settling. Agglutinate formation was not observed in all
formulations of BeneFIX® reconstituted with at least about 40 mM NaCl (note in the prior
Example, about 36 mM NaCl was also sufficient to prevent agglutination). The behavior of
blood cells in these solutions containing at least 40 mM NaCl was indistinguishable from that

in normal saline.

[0114] . Blood sedimentation was tested in a series of syringes containing BeneFIX®
formulation diluted (if pre-lyophilization)/reconstituted (if lyophilized) in decreasing
concentrations of NaCl (starting at 40 mM) 15 minutes after inversion. There was a
consistent concentration-dependent response in terms of agglutinate formation and
subsequent speed of sedimentation - increasing agglutination and quicker sedimentation with
decreasing concentration of NaCl in the buffer. Obvious agglutination was visible with one
blood sample in buffer containing <25 mM NaCl and with another blood sample in buffer
containing <30 mM NaCl. In all buffer preparations with =40 mM NaCl, the behavior of
blood cells was indistinguishable from that in normal saline or BeneFIX® reconstituted in
normal saline. BencFIX® reconstituted with 40 mM NaCl comresponds to a calculated
conductivity of 4 mS/cm. ‘

[0115) The 5% dexirose injection solution, each mL of which contains 50 mg hydrous
dextrose USP in water for injection - has a calculated osmolality of 250 mOsm/L and a
calculated ionic strength of 0 mS/cm. This solution, which is commonl}} administered
intravenously, also caused RBC agglutination and very rapid blood sedimentation similar to

that observed with BeneFIX® formulation reconstituted in water.

[0116] Thus, these results indicate that RBC agglutination caused by BeneFIX®
reconstituted in water is due to the ﬁcneFIX@ formulation’s low ionic strength (0 mEq/L
calculated ionic strength, <0.2 mS/cm measured conduciivity). This problem can be
corrected by reconstituting in NaCl solutions having =40 mM NaCl such that the |
reconstituted solution for injection has a calculated ionic strength of about 40 mEq/L (the
sufficient jonic strength to prevent agglutination can also be calculated as a conductivity of
about 4 mS/cm or higher) or higher.
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WHAT IS CLAIMED:

1. A method for preparing a pharmaceutical formulation for intravenous injection, the
method comprising adding an about 25 mM to about 150 mM sodium chloride solution to the
pharmaceutical formulation thereby resulting in a formulation prepared for intravenous
injection, wherein the prepared formulation is about isotonic with respect to plasma or is
slightly hypotonic or slightly hypertonic with respect to plasma, and wherein the preparcd

formulation has a sufficient ionic strength to prevent erythrocyte agglutination.

2. The method of claim 1, wherein the prepared formulation is about isotonic with
respect to plasma and has an osmolarity that is from about 270 mOsm/L to about 330
mOsm/L.

3. The method of claim 1, wherein the prepared formulation is slightly hypotonic with
respect to plasma and has an osmolarity that is from about 220 mOsm/L to about 270
mOsm/L.

4. The method of claim 1, wherein the prepared formulation is slightly hypertonic with
respect 1o plasma and has an osmolarity that is from about 330 mOsm/L to about 600
mOsi/L.

5. The method of any one of claims 1 to 4, wherein the prepared formulation has an

ionic strength that is at least about 25 mEq/L of Na® and CI” ions.

6. The method of any one of claims | to 4, wherein the prepared formulation has an
ionic strength that is at least about 30 mEq/L of Na* and CI jons.

7. The method of any one of claims 1 to 4, wherein the prepared formulation has an

ionic strength that is at least about 36 mEq/L of Na* and CI' jons.



WO 2007053533 PCT/US2006/042258

8. The method of any one of claims 1 to 4, wherein the prepared formulation has an
ionic strength that is at least about 40 mEq/L of Na* and CI ions.

9. The method of any one of claims 1 to 4, wherein the prepared formulation has an
ionic strength that is at least about 40 mEq/L of Na* and CI ions and less than about 150
mEg/L of Na* and CI” ions.

10.  The method of any one of claims 1 to 4, wherein the prepared formulation has an

ionic strength as measured in conductivity that is at least 2.5 mS/cm.

11. The method of any one of claims 1 to 4, wherein the prepared formulation has an

tonic strength as measured in conductivity that is at least 4.0 mS/cr.

12. The method of any one of claims 1 to 11, wherein the pharmaceutical formulation to

be prepércd for injection is a lyophilized formulation.

13.  The method of any one of claims 1 to 11, wherein the pharmaceutical formulation to

be prepared for injection is a solution.

14.  Themethod of any one of claims 1 to 13, wherein the sodium chloride solution is
about 40 mM to about 150 mM.

15.  The method of any one of claims 1 to 13, wherein thé sodium chloride solution is
about 36 mM to about 44 mM.

16. The method of any one of claims 1 to 13, wherein the sodium chloride solution is
about 40 mM.
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17.  'The method of any one of claims 1 to 16, wherein prior to the addition of the sodium
chloride solution, the pharmaceutical formutation does not contain an appreciable amount of

an ionizing salt.

18. The method of claim 10, wherein the Iyophilized formulation, if reconstituted in

water, does not contain more than 5 mM of an ionizing salt.

19. The method of claim 10, wherein the lyophilized formulation, if reconstituted in

water, does not contain more than 25 mM of an tonizing salt,

20. The method of any one of claims 1 to 19, wherein prior to the addition of the sodium
chloride solution, the phatmaceutical formulation comprises histidine, glycine, sucrose, and

polysorbate.

21.  The method of any one of claims 1 to 19, wherein prior to the addition of the sodium
chloride solution, the pharmaceutical formulation comprises histidine, glycine, sucrose,

polysorbate, and a therapeutic protein.

22.  Themethod of any one of claims 1 to 21, wherein prior to the addition of the sodium
chloride solution, the pharmacecutical formulation comprises histidine, glycine, sucrose,

polysorbate, and Factor IX.

23.  The method of any one of claims 1 to 21, wherein prior to the addition of the sodium

chioride solution, the pharmaceutical formulation if reconstituted in water comprises:
(a) from about 5 mM to about 30 mM histidine;
(b)  from about 0.1M to about 0.3M glycine;
© from about 0.5 to about 2 percent sucrose; and

(d)  from about 0.001 to about 0.05 percent polysorbate.
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24.  The method of claim 23, wherein prior to the addition of the sodium chloride solution,

the pharmaceutical formulation if reconstituted in water further comprises:

(e) from about 50 TU/mL to about 2000 TU/mL of Factor IX.

25. A method for preparing a lyophilized Factor 1X formulation for intravenous injection,
the method comprising adding an about 25 mM to about 150 mM sodium chloride solution to
the lyophilized Factor IX formulation thereby resulting in a formulation prepared for
intravenous injection, wherein the prepared formulation is about isotonic with respect to
plasma or is slightly hypotonic or slightly hypertonic with respect to plasma, and wherein the

prepared formulation has a sufficient ionic strength to prevent erythrocyte agglutination.

.\

26. The method of claim 25, wherein the lyophilized Factor 1IX formuiation if

reconstituted in water comprises:
(a) from about 5 mM to "c.lbout 30 mM histidine;
(b) - from about 0.1M to about 0.3M glycine;
(c) from about 0.5 to about 2 percent sucrose; and

(d) from about 0.001 to about 0.05 percent polysorbate.

27. The method of claim 26, wherein an about 40 mM sodium chloride solution is added
to the lyophilized Factor IX formulation.

28. The method of claim 27, wherein about 5 mL of the about 40 mM sodium chloride

solution is added to the lyophilized Factor IX formulation.

29.  The method of claim 28, wherein the Factor IX formulation has a pre-lyophilization

volume of about 4 mL.
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30. The method of claim 26, wherein the lyophilized Factor IX formulation if ‘
reconstituted in water comprises about 10 mM histidine, 0.26M glycine, 1% sucrose, 0.005%
polysorbate, and Factor IX.

31. A pharmaceutical kit comprising:

(a) a vial containing a lyophilized cake, wherein if the Iyophilized cake is

reconstituted in 5 mL of water the solution would comprise:
() from about 5 mM to about 30 mM histidine;
(i)  from about 0.1M to about 0.3M glycine;
(iif)  from about 0.5 to about 2 percent sucrose;
(iv)  from about 0.001 to about 0.05 percent polysorbate; and
(v}  from about 50 IU/mL to about 2000 IU/mL of Factor IX;
(b) 2 25 mM to about 150 mM sodium chloride solution; and

(c) instructions for reconstituting the lyophilized cake with the sodium chloride
solution, such that after reconstitution the resultant solution is about isotonic and has a

sufficient ionic strength to prevent erythrocyte aggregation upon intravenous injection.

32. A pharmaceutical kit comprising;

(a) a vial containing a lyophilized cake, wherein if the lyophilized cake is

reconstituted in 4 mL of water the solution would comprise:
(i) about 10 mM histidine;
(i)  about 0.26M glycine;
(iii)  about 1 percent sucrose;
(iv)  about 0.005 percent polysorbate 80; and
(v) from about 50 IU/mL to about 2000 IU/mL of Factor IX;
(b) an about 40 mM sodium chloride solution; and

(c) instructions for reconstituting the lyophilized cake in the vial with about 5 mL

sodium chloride solution, such that after reconstitution the resultant solution comprises:
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()  from about 7 to about 9 mM histidine;

(i)  from about 200 to about 210 mM glycine;

(ili)  from about 0.7% to about 0.9% su'crosc;

(iv)  from about 0.004% polysorbate 80;

v) from about 50 IU/%A0L to about 2000 IU/mL of Factor 1X; and

(vi)  about 40 mM NaClL

33. A lyophilized cake, wherein if the lyophilized cake is reconstituted in

5 mL of water the solution would comprise:
(i)  from about 5 mM to about 30 mM histidine;
(i)  from about 0.1M to about 0.3M glycine;
(1)  from about 0.5 to about 2 percent sucrose;

{iv)  from about 0.001 to about 0.05 percent polysorbate; and
(v)  from about 50 IU/mL to about 2000 [U/mL of Factor IX.

34. A lyophilized cake, wherein if the lyophilized cake is reconstituted in
4 L of water the solution would compnse:
1) about 10 mM histidine;

(i)  about 0.26M glycine;
(ii1)  about 1 percent sucrose;
(iv)  about 0.005 percent polysorbate 80; and

(v)  from about 50 TU/mL to about 2000 IU/mL of Factor IX.

35. A vial containing a lyophilized cake, wherein if the lyophilized cake is reconstituted
in
5 mL of water the solution would comprise:

(i) from about 5 mM to about 30 mM histidine;

(i)  from about 0.1M to about 0.3M glycine;
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(iii)  from about 0.5 to about 2 percent sucrose;

(iv)  from about 0.001 to about 0.05 percent polysorbate; and
(v) from about 50 ITU/mL to about 2000 IU/mL of Factor IX.

36. A vial containing a lyophilized cake, wherein if the Iyophilized cake is reconstituted
in
4 mL of water the solution would comprise:

1) about 10 mM histidine;

(i) about 0.26M glycine;
(iti)  about 1 percent sucrose;
(iv)  about 0.005 percent polysorbate 80; and

(v)  from ebout 50 IU/mL to about 2000 IU/mL of Factor IX.
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SOLUCION DE CLORURO DE SODIO PARA RECONSTITUCION O DILUCION

DE FARMACO

Bsta solicitud reivindica prioridad al No. De serie de
EUR ©60/732/221, presentada en Noviembre 1, 2005, la cual esta
incorporada por este medio por referencia en su totalidad.

Todas las patentes, solicitudes de patentes y
publicaciones citadas en la presente estan incorporadas porx
este medio por referencia en su totalidad. Las descripciones
estas publicaciones en su totalidad estan incorporadas por
este medio por referencia en esta solicitud con el propdsito
de describir mas completamente el estado de la técnica
conocida como se sabe para aguellos expertos en. ello en
cuanto a la fecha de la invenciédn descrita y reivindicada en
la presente.

Una porcién de la descripcidn de este documento de
patente contiene material que esta sujeto a proteccidn poOr
dereches de autor. EI probietario de  los derechos .no ha
tenido objecidédn para la reproduccidn pof facsimil va sea del
documentc de patente ¢ de la descripcién de la patente, como
aparece en los archivos o registros de la Oficina de Patentes
bearcas, pero sin embargo se reserva todés los derechos de

autor cualquiera qgue resulten.
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ANTECEDENTES DE LA INVENCION

Cuando toda la sangre se mezcla con una ;olucién de
farmaco, tal come en la linea intravenosa (Iv}l durante
administracion de un farmaco inyectable IV, puede ocurrir ‘en
la agregaciéon o aglutinacidn de eritrccitos (también llamado
aglutinacidén de células de globulos rojos) si la solucidn de
farmaco no contiene suficiente fuerza idnica. La aglutinacidn
de eritrocitos ocurre, por ejemplo, con 5% de dextrosa en
agua {una solucién parenteral de volumen grande comin) y con
muchos productos farmacéuticos que tignen baja fuerza idénica.

Los productos farmacéuticos a menudo se licofilizan, vy
por lo tanto necesitan ser reconstiftnidos con una solucion
antes de inyeccién parenteral. S5in embargo, cuando los
productos liofilizados se reconstituyen con soluciones de
fuerza iénica baja, la preparaciédn resuitante también puede
provocar aglutinaciodn de eritrocitos. Aunqgue Lla
reconstitucién de tortas liofilizadas con solucién salina
normal (0.9% NaCl) cuando se opone al agua estéril para
inyeccién (sWFI por sus siglas en inglés) podria proporcionar
fuerza idénica adicional, la solucidn de farmaco que resulta
puede ser hiperténica y podria tener efectos colaterales

indesezables en la inyecciodn.

m—

\5i, permanece una necesidad de una solucién gue se

pueda usar para reconstituir las tortas liofilizadas o para
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diluir soluciones farmacéuticas para proporcionar una

preparacidn resultante para inyeccidn que sea isoténica con

.respecto al plasma y tenga suficiente fuerza iodnica tal gque

n¢ proveoque aglutinacidn de eritrocitos.

BREVE DESCRIPCION DE LA INVENCION

La invencidn proporciona el descubrimiente de que la
aglutinacidén de eritrocitos se provoca por soluciones de baja
fuerza idnica gque se ponen en contactoe con la sangre. Asi,
cuandc las formulacicones farmacéuticas se preparan para
inyeccidén intravenosa por reconstitucidon o dilucidén en
solucicnes de bhaja fuerza iodnica tales come dextrosa al 5%,
dextrano al 3%, o sWFI, las preparaciones resultantes pueden
tener el requisito de osmolaridad para ser casi isotédnicas
con respecto a la sangre, perc a menudo no tienen una fuerza
iénica suficlente para prevenir la aglutinacidn. Por otra
parte, cuando las formulaciones farmacéuticas se preparan
para inyeccidn intravencsa por reconstitucién o dilucion con
solucicones de fuerza idnica alta tales como solucidn salina
{0.9% de NaCl o NaCl 154 mM)}), la preparacidn resultante puede
tener una fuerza iénica suficiente para prevenir la
aglutinacidn, pero puede poseer una osmelaridad que es
hiperidnica con respecto a la sangre, provocando de esa

manera hidratacidén de células de gldbulos rojos (RBC),
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inflamacién venosa, y/o posiblemente tfomboflebitis si las
inyecciones repetidas son frecuentes o crénicas.

En un aspecte, la invencidn proporciona un método para
la preparacién de una formulacién farmacéutica para inyeccién
intravenosa, el método comprende la adicién de una sclucidn
de cloruro de sodio desde alrededor de 25 mM hasta alrededor
de 130 mM a la formulacidn farmacéutica que resulta de esa
manera an una formulacion preparada para inyeccidn
intravenosa, en donde la formulacidén preparada es isotdnica
con respecto al plasma o es ligeramente hipotdnica o
ligeramente hiperténica con respecto al plasma, y en dende la
formulacién preparada tiene una fuerza idnica suficiente para
prevenir la aglutiracién de eritrocitos (o agregacién de
eritrocitos).

La formulacidn preparada es casli lisotdnica con respecto
al plasma, por ejemple, cuando tiene una osmolaridad que es
desde alrededor de 270 mOswm/L hasta alrededor de 330 mOsm/L.
La formulacidn preparada es ligeramente hipotdnica 'CUn
respecto al plasma, por ejemplo, Cuandoktiene una osmolaridad
que es desde alrededor de 220 mOsm/L hasta alrededor de 270
mOsm/L. La formulacidén preparada es ligeramente hipertodnica
con respecto al plasma, por ejemplo, cuando tiene una
osmolaridad que es desde alrededor de 330 mOsm/L hasta

alrededor de 600 mOsnm/L.
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En un aspecto, la formulacidn preparada tiene una fuerza
iénica que es suficiente para prevenir la aglutinacién de
eritrocitos cuando, por ejemplo, tiene por lo wenos alrededor
de 25 mEq/L de iones de Na* y Cl°. Enr otro aspecto, la
formulacidédn preparada tiene wuna fuerza idnica que es
suficiente para prevenir la aglutinacidén de eritrocitos
cuando, por ejemple, tiene por lo menus alrededor de 40 mEq/L
de iones de Na' y Cl°. En otrd aspecto, la formulacion
preparada tlene una fuerza idnica qué es suficiente para
prevenir la aglutinacién de eritrocitos cuando, pér ejemplo,
esta tiene por lo menos alrededor de 40 mEq/L de icnes de Na’
y C17 y menos que alrededor de 150 mEq/L de iones de Na' y C1°

En otro aspecto, la formulacidn preparada tiene una fuerza
iénica gque es suficiente para prevenir la aglutinacidn de
eritrocitos cuando esta tiene, por ejemplo, una fuerza idénica
medida en conductividad que es mencs que 2.5 mS/cm. En otro
aspecto, la formulacidr preparada tiene una fuerza idnica que
es suficiente para prevenii- la aglutinacidén de eritrocitos
cuando, por ejemplo, " tiene una fuerza iodnica medida en
conductividad que es por lo menos alrededor de 4.0 mS/cm.

La formulacidn farmacéuticq para ser preparada_ para
inyeccidén puede ser, por ejemple, una formulacidén no liguida
o una formulacién de sclucidén., Una formulacidédn no liquida por
lo tanto puede ser reccnstituida en soiucién por una solucidn

de cloruro de sodio que tiene una concentracidn de cloruro de
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sodio de alrededor de 25=-150 mM, 25-100 wM, 25-80 mM, 25-40
mM, 25-35 m#, 25-30 mM, o alrededcr de 40 mM. Un liquido o
una formulacidén en solucidn por lo tanto se puede diluir
mediante una sclucién de cloruro de scedio gue tiene una
concentracidén de cloruro de sodic de alrededor de 25-150 mM,
25-100 mM, 25-80 mM, 25-40 mM, 25-35 mM, 25-30 mM, o
alrededor de 40 mM. Una formulacidén no liguida puede ser, por
ejemplo, una formulacién liofilizada.

En un aspeclto, la solucidén de cloruro de sodic que se
agrega comprende desde alrededor de 40 M hasta alrededor de
150 mM de cloruro de sodio. En un aspecto, l& solucidn de
cloruro de sodio que se agrega esencialmente consiste de
desde alrededor de 40 mM hasta alrededor de 150 mM de cloruro
de sodio. En un aspecto la solucion de cloruro de sodio que
se agrega comprende alrededor de 40 mM de cloruro de sodio.
En un aspecte, la solucién de cloruro de sodio gue se agrega
consiste esencialwente de una solucidn de 40 mM de clorurc de
side. En un aspecto, la soluciéon de clorurc de sodio gue se
agregé consiste esencialmente de una solucidn que tiene una
solucidn de clorure de sodic que es alrededor de 40 md + 10
mM de cloruro de sodio.

Err un aspecto, en donde antes de la adicidén de 1a
solucidén de clorure de sodio, la fofmulacién farmacéutica no
contiene una cantidad apreciable de una sal de ionlzacidn.

Una cantidad apreciable de una sal de ionizacion puede ser,
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por ejemplo, una cantidad gue es mayor que alrededor de 5 mi.
En otro aspecto, una cantidad apreciable de wuna sal de
ionizacidn puede ser, por ejempleo, una cantidad que es mayor
que alrededor de 25 mM. Si la formulaciodn farmacéuticﬁ es una
formulacidén licfilizada, no contiene una cantidad apreciable
de una sal de ionizacidén si esta nc contiene mas que, por
ejenplo, 5 mM o 25 mM de una sal de lionizacidn cuando 1la
formulacién liofilizada se reconstituye en agua.

En  un aspecto,‘ en donde anfes de la adicidon de la
solucidén de clorurc de sodio, la formulacidn férmacéutica
comprende histidina, glicina, sacarcsa, y polisorbato. En
otro aspecto, en donde antes de la adicidn de la solucidn de
cloruro de sodic, 1la formulacidén {farmacéutica comprende
histidina, g¢licina, sacarosa, polisorbato, y una proteina
terapéutica. En la presente, una proteina terapéutica puede
ser, por ejemplo, una proteina usada para tratar trastornos
de ccagulacion o para hemostasis, gue incluye perc no se
limiga a Factorx VIf, Factor VIII, TFactor IX, Facteor XTII,
anticnerpos, relacionados ahélogos‘de estos, y derivados de
estos. En un aspecto, en donde antes de Jla adicién de la
solucién de cleorure de sodio, la formulacidén farmacéutica
comprende histidina, glicina, sacarosa, polisorbato, y Factor
IX {que incluye el Eaétor IX (rFIX) recombinante). Como se
usa en la presente, el Factor IX puede incluir versiones

modi ficadas del Factor IX, que incluyen por ejemplo, Factor
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IX PECGilade, fusiones de proteina gque comprenden Factor IX
tal como albimina-Factor IX o inmunoglobulina (completa o
dominios de esta)-Factor 11X, y Factor IX glicosilado.

En un aspscto, en donde la formulacidn farmacéutica es
una formulacidon liofilizada, antes de la adicién de la
solucién de cloruro de sodio, la formulacidn, medida como si
estuviera reconstituida en agua {en un volumen que es el
mismo como 21 volumen relleno, esto es, el wvolunmen de la
formulacién antes de liofilizacidng, comprendé: {a) - desde
alrededor de 5 mM hasta alrededor de 20 mM de histidina; (b)
desde alrededor de 0.1M hasta alrededor de 0.3M de glicina;
(c) desde alrededor de 0.5 hasta alreaedoz de 2 por ciento de
sacarosa; y (d) desde alrededor de 0.001 hasta alrededor de
0.05 por ciento de polisorbato (o desde alrededor de 0.005
hasta alrededor de 0.05 por ciento). En un aspectc, la
formulacidn ademas puede comprender} medido si  fuera
reconstituido en agua, i(e) desde alrededor de 0.1 mg/ml hasta
alrededor de 1060 mg/mL o més de una proteina terapéuficé,.o
desde alrededor de 10, 59, 100, 200, 300, 400, 500, 1000,
2000 IU/mlL {unidades internacionales/mL) o mds de una
proteina terapéutica. En un aspecto, la formulacidon ademés
puede comprendern, medido si fuera recoanstituido en agua, (e)

desde alrededor de. 0.1 mg/mlL hasta alrededor de 100 mg/mL o

‘mas del Factor IX, ¢ desde alrededor de 0.4 mg/mlL hasta

alrededor de 20 mg/mL dé Factor IX, o desde alrededor de 10,
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56, 100, =200, 300, 400, 500, 1000, 2000 IU/mL {unidades
internacionales/mL) © mas del Factor IX.

En un aspecto, la invencidn proporciona un método para
la prevenciodon de aglutinacién de eritrocitos provecado por
inyeccidén intravencsa, el método comprende la reconstitucion
o dilucién de una formulacién farmacéutica con una solucidn
de cloruro de sodio desde alrededor de 25 mM hasta alrededor
de 150 mM tal gue la formulacidn farmacéutica reconstituida o
diluida tiene una fuerza idénica suficiente para prevenir la
aglutinacidn de eritrocitos cuando la formzlacidn
farmacéutica reconstituida o© diluida se adwministra a un
sujeto por inyeccidén intravencosa.

En un aspecto, la invencién proporciona un método de
preparacidén de una formulacidn farmacéutica para inyeccién
intravenosa, el método gue comprende la reconstitucidén de la
formulacidén farmacéutica liofilizada con una solucidn de
clorurc de sodio desde alrededor de 25 mM hasta alrededor de
150 mt tal que después de reconstitucion, la formulacidn
tiene - una fuerza idénica suficiente para prevenir la

aglutinacién de eritrociteos y una osmolaridad que es casi

isotoéonica (o ligeramente hiperténice o ligeramente
hipoténica).
En un aspecto, la formulacidn liofilizada Se

reconstituye con la solucién de clorurc de sodio, en donde el

volumen de la solucidén de cloruro de scdic usade para
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con 5 mL de una solucidén de NaCl 40 mM, entonces la solucidn
que resulta es alrededor de 8 mM (8 mOsm/L)} histidina, 208 mM
{208 mOsm/L) de glicina, 0.8% {24 mCsm/L} de sacarcsa, 0.004%
{osmolaridad 1insignificante) de polisorbato, vy 40 md (80
mOsm/L) NaCl, la cual es alrededor de 320 mOsm/L. Asi, por
reconstitucidn de una formulacién previa liofilizacion que es
casi isotdnica con un volumen de solucidén de cloruro de sodio
que s mayor gque el volumen lleno, la invencién puede
propcrcionar una solucidn gue resulta gue es todavia cerca de
isotédnica. En otras palabras, 1la reconstitucién de wuna
formulacidn previa liofilizacidn que es casi isotdnica con un
volumen de solucidn de clorurc de sodio gue es mencr gue 0
alrededor del mismo volwnen de llenado puede resultzr en una
solucidn que es ligeramente hipertdnica. Para evitar esto, la
invencidn proporciona un método para mantener la isotonicidad
por reconstitucidén de uvna formulacidén liofilizada con una
solucidn de cloruro de sodico en un velumen gue es mayor gue
el volumen de la formulacidn previa liofilizacidn.

En un aspecto, la invencidén propercicna un metcdo para
mantener la isotonicidad de wuna formulacidén liofilizada
después de recenstitucidn, el metodo comprende la
reconstitucion de una formulacidn liofilizada en un volumen
que es por lo mencs 20% mayer que el volumen de la
formulacién previa liofilizacion, en donde 1a formulaciédn

previa liofilizacién es casi  isotdnica, tal gque la
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hasta alrededor de 150 mM a la formulacidn de Facltor IX
liofilizada resultando de esa manera en una formulacidn
creparada para inyeccidn intravenosa, en donde la formulacién
preparada es casi iscotdnica con respecto al plasma © es
ligeramente hipotdnica o ligeramente hipertdnica con respecto
al plasma, y en decnde la fermulacidén preparada tiene una
fuerza iénica suficiente para prevenir la aglutinacidn de
eritrocites. En un aspecto, la formulacidn de Factor IX
liofilizada, cuando se mide como si se reconstituye en agua,
~omprende (a) desde alrededor de 5 mM hasta alrededor de 30
il de histidina; (bl desde alrededer de 0.1M hasta alrededor
de 0.3M de glicina; {c) desde alrededor de 0.5 hasta
alrededor de 2 por ciento de sacarosa; (d! desde alrededor de
0.001 hasta alrededor de 0.05 por ciento de polisorbato; vy
{e) desde alrededor de 0.4 mg/mL hasta alrededor de 20 mg/mlL
de Factor IX, o desde alrededor de 0.1 mg/mL hasta alrededor
de 100 mg/mL o alguna Qtra cantidad soluble del Factor IX, o
desde alrededor de 10 IU0/ml hasta alrededor de 500 IU/mL de
Factor IX, o desde alrededor de 10 IU/mL hasta alrededor de
500 IU0/mL de Factor IX. En un aspecto, una solucidn de
cloruro de sodio de alrededor de 40 mM se agrega a la
formulacién de Factor IX licefilizada. En  un  aspecto,
alrededor de 5 mL de la solucidn de clorurc de sodio de
alrededor de 40 mM se agrega a la formulacion de Factor IX

licofilizada. En un aspecto, la formulacién de Factor IX
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En  un aspecto, la invencidén proporciona un kit
farmacéutico que' comprende: (a) un frasco que contiene una
torta liofilizada, en donde si 1la torta licfilizada se
recenstituye en 4 ml de agua la solucidn podria comprender:
(i) alrededor de 10 mM de histidina; (ii) alrededozr de (.26M
de glicina; (iii) alrededor de 1 por ciento de sacarosa; (iv)
alrededor de 0.005 por ciento de polisorbatc 80; y {(v) desde
alrededor de 50 IU/mL hasta alrededor de 5000 IU/ﬁL de factor
IX; (b} una solucidén de clorurc de sodio de alrededor de 44
mM; y f{c) instruccicnes para la reconstitucidén de la torta
liofilizada en el frasco con alrededor de 5 mL de una
solucion de cloruro de sodio alrededor de 40 md, tal que
después de la reconstitucidén la solucidn resultante
comprende: (i) desde alrededor de 7 0 8 hasta alrededor de 10
mM de histidina; (ii) desde alrededor-de 200 hasta alrededor
de 210 mM de glicina; {iii) desde alrededor de 0.7% hasta
alrededor de 0.9% por ciento de sacaresa; (iv) alrededor de
0.004% de polisorbato 80; (v) desde alrededor de 50 IU/mL
hasta alrededor de 5000 IU/mI. de Facteor IX; vy (vi) alrededor

de 40 wmM de NacCl.

BREVE DESCRIPCION DE LOS DIBUJOS

La Figura 1 muestra resultades de sedimentaciédn de

eritrocitos a partir de experimentos descritos en el Ejemplo
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3. La sedimenlbacién de eritrocitos se midid a 60 msinutos
usandc una adaptacién del metodo Westergren modificads (ver
Ejemplo 2}, en el cual la sangre humana recelectada en ECTR
se meéclé 1:4 con smluc@enes de pruéba. Después - de- 60
mimitos, se midia la distancia en mm entre la marca cero ¥ la
interfase de eritropito:plasma. Lasz barras horizontales
fepresantan el promedioc y los  cérchetes verticaleé la

desviacién estandar .de un  total de 12  denadores, Lo

resulbades se combinaren de ¢ experimentos indapendientes

cada uno de los cuales evalued sahgre de 3 deonadores.

‘La Figura 2 muestra una evaluaclon de sedimentacidn de
erifracitos en  fornulaciones BeneRIX®. recomstituidas COT
sclucicnes  de  HaCl. Una solﬁcién «de 40 mM  de WMNall - es
Suficieﬁte para ﬁrevenir la aglutinacicn de. erilrociteos
cuanda 3e usa paré reconstitnir ya sea el productD'BeﬂeFIK®

comercializade «comdanente o una nueva formolacidan de BeneFIx@

(BeneFIX&-R donde antas de la liofilizacién la solucién llena

comprénde. . de 4 .mL vy tuve concentraciones de 10 miM de

histidina, 260 mM' de - glicina, 1% de -SBCEIGSQ, O4OQ;% da
poliéorbatd B0; vy después la liofilizacién fue reconstitgida
en & nmlL de 40 mM de cloruro de sodic tal gue despugs de
Eeconstitucién de BeneFIXE-R comp:énde 40 mil ae NalZl, & mid de

histidina, 208 mM de glicina, 0.8% de sacarcsa, v U.002% de

polisorbato) .
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DESCRIPCION DETALLADA DE LA INVENCION

La invencion proporciona métodos‘para la preparacidn de
ferimulaciones farmacéuticas para inyeccidn (en particular,
preparaciones preparadas para inyeccidn intravencsa) que no
provocan aglutinacién de eritrocitos, hembdlisis, y/o
contraccion de la c¢élula. Para prevenir la aglutinacidn, una
formulacidédn farmacéutica lista para inyeccidn necesita tener
suficiente fuerza iénica. Para prevenir hemdlisis o
contraccidén de la célula, una formulacidn farmacéutica lista
para inyeccidén necesita ser casi isotdnica con respecto al
plasma. La invencién proporciona métodos que preparan
formulaciones farmacéuticas para inyeccidén que tienen tanto
la fuerza idnica suficiénte para prevenir la aglutinaciédn
como la  tonicidad requerida para prevenir nemélisis
significativa o deshidratacién o contraccidn de célula. Los
métodos presentes invelucran el usco de soluciones de cloruro
de sodio que son alrededor de 25 mM hasta alrededor de 150 mi
para reconstitucidén de tortas liofilizadas {u otras
formulaciones farmacéuticas no liquidas) en solucidédn o para

solucicnes de formulacidén farmacéutica de dilucidn. &Si la

0]

soluciones de cloruro de sodio se usan para recenstitucidn o
para dilucidn, la adicidn de solucicnes de cloruro de sodio

particulares resulta en una preparacidn farmacéutica para
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inyeccidén que es casi isotdnica con respecte al plasma o a3 la
sangre v es de fuerza 1idnica suficiente para prevenir la
agregacién de eritrocitos en Jla inyeccidn, en particular en

inyeccidén intravenosa.

Términos.

Come se usa en la presente, la “molalidad” de una
solucién es el_n&merb de moles de un soluto por kiloagramo de
solvente.

Como se usa en Lla presente, la “molaridad” de una
solucién es el numero de moles de soluto por liltro de
solucidn.

Como se usa en la.presente, una “Yosmol” es la cantidad
de una sustancia gque produce, en solucidn ideal, ese nﬁmero
de particulas {(nimero de Avogadro9 que podria reducir el
punto de congelamiento del solvente por 1.86K.

Como se usa en la presente, laj “osmolalidad” de una
solucidn es el numero de osmoles de. soluto por kilogramo de
solvente. La osmoltalidad es una medicidén del namero de
particulas presentes en solucidn y -~ es independiente del
tamano o pesc de las particulas. Se puede medir sclamente por
uso de una propiedad de la solucidn que es dependiente
solamentg de la concentracién de particula. Estas propiedades
son disminucién de la presién de vapor, disminucién del punto

de congelamiente, elevacidn del puntc de ebullicidn, v
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presi&n cemokica, i 5 Lefierén colechivamente Como
propiedades coligativas.

Como sé u=a en la prasente, la “osmolaridad” de una
so;ucién az el nﬁmerg de osmales de saluto ?01 litrol de
solucidn, |

Como sa usa 211 la presenté, una “formulacidm
farmacéutica” que esta lista o preparada para inyeccién puede
gser cnalguier férmacu.prayEﬂtadn para ser aamiﬂiétrédb_en un
sujété. Par ejeﬁplo, una formﬁlacién farmacéutica pusde. ser
una torta liofilizada, una selucion, un pelve, o ur solido.
La formulacidn, si no esta en forms liquida, se reconétituye

an zclucidén con una selacion de Madl de lg invencion., 51 1a

Cformulacién esta en forma liquida, la formulacidn se diluye o

mezela con ana soluacidn de Nall de la invencidn.

Faerza Icnica

& Tuerza idnica ez uana caracteristica de unz scolucion

=t

de electrolito [unm ligquide con iones rargados positiva v
negativamente disueltos en estal. Camﬁnmente S& BXpresa Cono
las interacciones electrogstatlicas promedio entre unocs ilones
de elecirolito. Una. fuexza ildnica de electroclite es la mitad
del total obtenide por la nolbiplicacidén de 1la mclaLidad.{la
cantldad de la Sustan;ia por unidad de masz de sélvente} de

cada 1dn por £1 cuadrado de su valencia.
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La fuerza idnica estd cercanamente relacionada .a  la
coicentracion de electrolitos e indica que tan efectivamente
la carga en un ién particular estd protegida o eztabilizada
por..otroﬂ iones  (la asi liamada ‘atmééfera idnical) &n  un
elect:élito- La principal diferencia entre - fuerza iéﬁica i
condeﬂtracién de eleckrolitc es oque la anterior es mayer si
alguqo de los ilones se'cafgaﬁ mAs altamente. Por ejemplo, bpna
solucién_ da =sulfaka e magrnesio [Mgmﬁoq}j Coompletanente

i

L

aciida (ffagﬁentadaj tiene 4 veces mafor fuefza idinica ue
uha solucisn dg clorura  de sodio (Ha‘rl™y  de lla misma
concentracion. Qkra diferencia entre laszs dos es que la Fuerza
iGnica refleja la ;oncentrauién de icnes libres, ¥ no solo de
cudanta Eallse agrega a ona solucidn. Algunas veces una sal s
puecds disolver perc los ilones respectivos toda%ia esién
unidoé juntos en fcrﬁa de pares, pareciendo- molécﬁlaa no
cargadas en solucidn. En ezte caac la fugrza idnica e= mucho
may#r qﬁe la cancentradiéﬂ de sal.

. Para 1ld invencidn, las preparaciones farmacéuticas 3e

‘pESparan para inyeccidn tal gue no son solamente isotdnicas,

gino  Lambifén  tienen una  fuerza  idnica  suficienkte | para
p:evenir la aglutinacicén de EBC. Una fusrza idénica suficiente
de una preparacién liétaAparalinyeﬂﬂién jesto es, una torta
1ibfiliiada'que s@ reccnsbiftuye con una solucisn de HNaCl - de
1z dovencidn, o ana soluciéﬁ de fatmago qﬁe se diluye ﬁon una

solucidn de NaCl de la invencidn} puede tener, por ejemplo,
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pér lo menos alrededer de 2% mailiequivalenles por litro
(mEq/L) de iones Wa* y Cl7. En una modalidad, una fuerza
ignica suficieute es por lo menos alrededor de 30, 31, 32,
33, 34, 35, 36 37; 38, 39, o por lo. menos alrededor de 40
mEq!lee iones Ha' y C1° | |

La fuerza idnica tamhién se puede describic en términos
de 1l conductividad d= una solucién. La condactividad és la
capacidad de un matef¢al o selucidén para cpndu&ir corriente
eléctrica._Ei principic por el cual los insfrumentos miden la
conductividad es simple - e colecan dos placas en  1a
miestra, s& aplica uan pétencial 4 Lraves de las placas
{(normzlmente un véltaje d= onda de seno), v =e mide la
corriente. ' La conductiridad (G, el inversoc de 1la
resistividad [(R] se determina del ﬁqltaje ¥y los valckes de
corriente de acverdo con la ley de Obm. G = I/ = I
famperios}'f Ei {vnltic$ﬁ-

'-Puestml que lz carga en iones en solucidan facilita 1a
cﬁndﬁctancia de-lé corriénte elécELica, la c@ndﬁctivid%d e
una solucién es prbporaianal a asu concentraéién’de ién. En
algunzs sirtuvacicones, sin embarge, la conductividad @uede 1o
correlaciénarse directamsente con  la ¢ongentracidn.  Sin
embargo, para solucicnes e clorero . de zodin, 1a
conductividad es directamente proporcicnal & La cancentracion

iel ién. La unidad basica de la conductividad son los siemens

(3}, anteriormente llamados los mho. Pueste gue la gecometria
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de una muestra de prughe afecta los valores de conducihividad,

las mediciones estandarizadas =ze gxpresan  en  unildadss  de
conductividad especifica {Sfcmi . para COMPENLSSE . | Por
ﬁariacioﬁes: en = las dimensionss el celectrode.  La
conductividad especifica {C) simplemente es el ﬁrsducto de la

conductlividad medids 1510 v la constante de la célula de

electrado {L/A), donde T 28 1la longlitud de la oolunna del

ligeido entre el elec Lr oy A gz al areﬁ de las eiect:ndus,

C = & x (L/&}. 8i la #onstante de la célula es 1 am™?, 1la
conductlvidad especifica 23 la misma gue la conductividad
medida ae la solacidin.. Bungque la forma del electrodo varia,

un electrodo siempre pusde estar representado por uns céluls

tedrica equivalente.

Azl, en una modalidad, ona fuerza idnica soliciente de
una preparacién  lista para inyeccién  puede  teher, por

ejenplo, por la mencs alrededor de una condockbividad de

]
alradador de 4 wS/om o mayar. En cbra sodalidad, la fosrzas

iénica suficiente de una solucién lista para inyecéién as ﬁo:
1o mencs alrededor de 2.5; 2.6,'2.?, 2.8, 2.9, 3.0, 3.1, 3.2,
3.3, 3.4, 3.5, 3.6, 3.7, 3.8, o pof lo menes alrededor de 3.9
m3/cm.

Una definicidn operacional de 1. una solucién tiene una
ituerza lénica Sufiélente para opreveniz la dgluilﬂJLL 1 che
eritrocitos Lambién se puede usar para explicar el término

R}

‘ruerza- idnica suficiente”. Por ajemplo, esta puede estar
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basada -en un experimento de adicidn de una sclucidon de prueba

~a zangre completa y-observar la distancia de la sedimentacidn

de eritrocitos {ver Ejemplo 2; wmélods Westergren modificado

adéptado]. En una modalidad, si ﬁna solucidn de'prueba cuanao
se mezola con sangre  completa  en una  relacién de  4:1
proporciona una sedimentacidn de eritrocitos en &0 minutos
que es meEnor que zlrededor de 10 mm [ver Ejemples 2, Figuza 1
o 2{ por ejemplol, entonces la smlyciﬁn;de pruegba tiene una
fuerza 1idnica suficients rara preveﬁir':la aglutinacidn de
eritrocitos. En  una. qualidad, 1 una solucidén de 'prﬁeba
cuando  se mezcla con sangre coppleta en una relacién de 400
proporcicona una sedimentacion de eritrocitos en 60 minotos
qué es menor que alrededdr de 5 mm, entonces la solucidn de
prueba ltiene una fuerza iénica suficiente para pfewenir la

aglutinaciaon de eritrocilbos.

Dsmelaridad de‘éolu;ién_

Los métodos- de la ihvencién proporciﬂnan’prégaracianeﬁ
farma;éuticas para' inyeccidn que son .casi isotédnicas ‘con
regpecte & la sangre. Para determinar 51 una prepaxasian
farmecéutica es casi iscténica con respeslto a la sangre, ung
calcula ld osmolaridad para todos los componentas quinicos de

una  solucidn ¢ue  ilncluyen el dilusente. La <ouncentbraclon

nsmelar de  preparacicnes farmacéulicas para Anyecclion

{soluciones parenterales) puede ejercer efectos adversos en
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las células ~de la sangre vy  vases ‘sanguineos del cuerpo
humanc. La  tonicidad se puede calcular para floides oy
mecdicamentes disueltos o diluidos, la cual se express en un

valor rumerico de milicemoles por litrne de fluido  [mC=m/l.) .

"Este wvalor también se conocs como osmolaridad. La o=molaridad

de la sangre estd en ellintervalo entre 285 vy 210 mbam/L.
fuando las soluciones hipoténicas © hiper£énicas se inyectan
én la sangre, =l £luido cambia ﬂent:o o ftuera Jde las calalas,
1o cual puade provocar ana veriedad AE-Eféctos negativus.'

La osmolaridad de la sclucién se hasa en parté en losz
conceptas de dsmosis vy jpregiﬁn osmotica. La &mnosis es la

difusidn de solutos (particualas disuelhkas) o la transferencia

de fluido a través de membranas semiperseables tal come vasos

sangulnecs o memkranas de células. La presidn osmética, la

cual.  facilita el transporte de maléselas a  través - de
membranas; se eXpresa  en  concentracianes osmolarss  y o Se
refiaers a - hipo-osmdtico (hipotdanical, iso-gsmético

(izoténicol, o hiper-camético {(hiperidémnicol cuando se compara
con f£luidos kiolégicos tales como sangre o plasma. El Cérmine
“tonicidad” y “presidn osmdtica” a menudo s considera gque

-
A

SOn S1nanilnogs,

il

Lz presidn ozmédtica ez la presion aidrostatica (o
hidraulica) requerida para oponer el movimiento del agaa a
rravés de una membrana semipermeable en  respuoeskta  a  un

“gradiente osndtico” {esto 3, ceoncentracione: de partlculas
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diferentes en los dos lados de la memkrana). La osmolalidad

del suerc se puede medir por el uso de un osmémetrs o se

Cpuede calcular come la suma de las coenceniirtaciones de o los

sclukes presentes 2n la sclucién. EI  valor medide en el
laboralkaria usualwente se refiere come la osmolalidad., EL
valor calculado de las concentracicones de soluto se reporta

por &l laborateoric como la osmolaridad. La brecha csmolar es

la. diferencia entre estos dus valores.

En la presente,. la tonicidad vy presién osmatica se

consideraran comoe sindnimos, y para entenderse amplianente.

La tonicidad puede medir la osmolalidad efectiva y es igual a

la suma de las cancehtraciones‘de los solutos en unz soluwidn
que Liene la capacidad para ejercer ana fuenza oIFROtica a
traves de una membranz, que incloye una membrana. de céalula.
En 21 sentico esiricto, la QSmolalidéd g5 una propiedad de
una  salucian particular vy es  independiente de cuslquier

memorana, la tenicidad es una propiedad de uvna solucifsn en

refershcia "a una membrana particular.,  3in embargo, © la

invencién se referird a soluciones” gque soch isotdénicas con
respecte a soluciones bpioldgicaz tales como sangre o plasma,

¥ esta referencia depbe incleir el significado de gque 1a

solucidn particular ez iscionica con sangre ¢ plasma con

respecto a -una membrana de una ceélula =0 la sangrs o plasma u

otra soiucidn bioldgica.
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Se puede usar una definicidén operacional de tonicidad
para explicar el término. Esta se puede basar en un
experimento de adicidn de una soluciég de prueba para sangre
completa y observacién del resultado. Si las RBC en la sangre
completa se hinchan y rompen, la solucién de prueba es tal
que es hipotdnica comparada con plasma normal. Si las RBC se
contraen y se vuelven hendidas, la sclucidn de pruepa es tal
que es hipertdnica comparéda con el plasma normal. $i las RBC
Permaneces siendo las mismas, laz sclucién de prueba es tal
que es isotdnica con plasma. La membrana de célula RBC es la
membrana de referencia. Por ejemplo, la sangre completa
colocada en la solucidn salina normal (esto es, (.9% de
clcruro de scdic) no aumentard, y de ahl la solucidén salina

normal es tal que es isctdnica.

Caracteristicas de Soluciones Isctdnicas.

La invenciédén proporciona métodos para la preparacién o)
alistamiento de formulaciones farmacéuticas para inyeccién en
un sujeto, en donde las formulacicnes se preparan en
soluciones que son (1) casi 1soltdnicas con respecto a la
sangre {o plasma u otro fluido bioldgico}) o no son tan
hiperténicas o hipotdnicas como pars provocar hemdlisis,
troembosis, o irritacidén de vasos sanguineos significativa;, ¥
(2} tienen fuerza idnica suficiente para prevenir 1la

agregacion de eritrocitos.
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En  una modalidad, las formulaciones farmacéuticas
1sotdénicas {con respecto a la sangre) listas para inyeccidn
tienen una tenicidad u osmolaridad que es mayor gue alrededor
de 270 mOsﬁ/L y menos ue alrededor de 330 mOsm/l. En una
modalidad, las formulaciones farmacéuticas isotdnicas listas
para inyeccidén tienen una tonicidad u osmelaridad que es
mayocr que alrededor de 270 mOsm/L y menor que alrededor de
328 mOsm/L.

Aunque las solucionés tales como c¢lornro de sodio 0.9% y
dextrosa 5% son isotdbnicas, cuando se usan para reconstituir

e diluir muchas formulaciones farmacéuticas, la solucidn

resultante puede no tener suficiente fuerza idnica para
prevenir la aglutinacidn de eritreocitos (como para la

dextrosa 5%) o puede tener tanta fuerza idnica tal qgue la
solucién resultante es hipertdnica. Asi, los métodos de 1la
invencidén usan soluciones para dilucién o reconstiltucién gue
ontienen una concentracidn minima de cloruro de sodio para
oporciorar f(a) una fuerza idnica suficiente para mitigar la
"on de eritrocitos, y (b)) una tonicidad suficiente
evenir hemdolisis, y una concentracidén méxima de
de sodio para prevenir (c} una tonicidad resultante
's tan grande come para ser soluciones hipertdnicas.
lds métodos de la invencidn usan soluciones paxa

o reconstitucidén que pueden proporciconar unz fuer:za

bficiente e 1isotonicidad con respecto a la sangre,

,e>\\
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mientras gue tambkién mantiensen un  volumsn de  ipyeccidn

parzial para la preparacich Farmacéutica.

Caracterisficas de las Solucicnes Hipoténicas.
La invencién proporcicna métades  para la preparacion de

formalaciones farmacéuticas para inyeccidén en un sujets, en

‘donde lzz formoplacicnss ze preparan e:;di solucliones gue no soil

hipéténicas: con.respecto a la sangre o no son tan hipotdnicas.

feste es, ligeramente hipotonicas: <on respecte 2 la sangie}

cuid para provocar hemélisis significante. Bn una medalicad;:

las formulaciones farmacéuticas listas para inyeccldn gue se

consideran ligersmente hipotinicas con respecto a la sangre

pueden tener una tonlclidad u csmelaridad gue es menon  gue

alrededcr de 270 mism/L ¥ mayor dque al:éded@r de 240 mOsm/L.
EFn una modalidad, las formulaciones farmacéuticas listas DAL A
inyeccidn  gque  se coqsideran ligeramente hipoténicas con
respecto a la sangre pue&en tener una tonicidad 1 osmolaridad
que es ﬁenur _qué' alrededor "de 279 mosm/L v maycr-.qﬁe

alrededeor de 220 mOsm/L,

151

jemplcs  de  seolucicnes  hipotdnicas incluyen muchas

preparaciones farmaccuticas que se | preparan para  inyeccidn
cen  agud  estéril. - Canande  las  soluciones  hipolbdnicas  se

inyectan, ocurre un gambio de fluide y £l agua se rnueve en
las células endoteliales de Jla wena vy las células de 1a

sangre. Las ¢elulas gue  absorben  mucha  acoa  pueden
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reventarss, y asl, la inyeccidn de  soluciones hipoténicas

puede provocar irritacidn de wvens, £lebitis, y hemolisia.

Caracteristicas de Solucisnes Hiperténicas.

La invencion proporcicna métodos para la preparacidn de
preparaciones farmacéuticas para iayeccién en un sajeto, eh
dlor_nde ‘las preparaciones se hacen en soluacicones gue no  =on
hiperténicas SO reépecto‘a la sangre o no son ﬁiperténicas
fest@ ez, ligeramente hiperténiéasi Cama para RIovVocar
trgmbosis sagnificativa y/o ilrritaciéa de wvases sangrlneos.
En una modalidad, las [ormulacicnes farmacéuticas listas para
inyecoicn dgue sSe <onzlideran serx ligerémente hipezténicés
pueden tener ona tonicidad g cemolaridad que es wayor goe
alrededor de 340G ﬁOsme-y menor que al:edédo: de 600 mOsm/L.
En una modalidad, las formulacionss farmacéuticas listas para
inyeccidn gue se consideran ser ligeramente hiperténicas
puecen tener una tenicidad u osmolaridad que es mayor . que
alradedor de 340 y mencr gue alrededor de 375, 400, 473, éEG;
4%5, 360, o alrededor de 575 mOsm/L. En - general,' las
solucicnes hiperténicas exhiben wuna tonicidad gque es mayor
que  alrededer de 340 mOsm/L. Las soluciones con o una
oﬁmdléridad que =5 Mayor que glrededor de 600 mlsm/l se deben
usat con cﬁidadm eﬁ'inyeﬁcimnes,

Cjemplos de solucicnes hiperténicas indessables incluyen

macnss formilaciconss  farmacéubtilcas gue s8 preparan pars
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inyeccidn con dextrosa al 10%, o preparaciones farmacéuticas
gue tienen aditivos multiples que afectan 1la osmolaridad.
Cuandc las soluciones hipertdnicas se inyectan, ocurre  un
cambic en el fluido y el agua escapa hacla &fuera dellas
células endoteliales de la wvena y de las células de 1la
sangre. Las células que pierden mucha agua pueden conlbraerse,

y asi, la inyeccidn de soluciones hipertodnicas puede provocarn

irritacidén de vena, flebitis, y trombosis.

EH

El pH de la sangre esta en el intervalo desde alrededor
de 7.35% hasta alrededor de 7.45, el cual se considera
neutral. Las preparaciones farmacéuticas con un valor de pH
debajo de 7 se consideran férmacos dacidos y aquelles con un
valor de pH debajo de 4.1 se consideran muy &cidos. Los
farmacos con un valof de pH maycr que 7.5 se consideran
farmacos basicos o alcalines, y aguellos con un valor de pH
mayor gue 2.0 - se coensideran muy Dbasicos o alcalincs. Las
soluciones de farmaco muy Aacidas o© muy alcalinas pueden
prevecar flebitis y trombosis. Asi, en una nmodalidad, la
invencién proporciona soluciones de clorure de sodic para
reconstitucidon de formulaciones de farmaco liofilizadas o
para dilucion de formulaciones de farmace liguidas para
preparar esas formulaciones para inyeccidn intravenocsa, en

I

donde las preparaciones hechas para inyeccidn (1) no tienen
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an pH ogque s mencr que 4l1 o mayor que\9.0, {2) tieanen uana
fuerza idnica sufiziente para prevenlr la agregacidn de
er;truuitos, iy P30 &5 oasl isotonica ] ligerzmente
hipertinica o hipotdnica) con iespeﬁtc g la sangra tzl que-la
hemdiisis o formacién de hendideras no courre para las RBC.
3in embargo, el pH de una solucién no es una considaracidan
ceinl respecto a s; la solucidn tiene una fuerzs 1dnica
suficiente para prevenir 1la agregééiﬁn de efitrocitos. - EBn

otras palabras, si uana formulacidn licfilizada cuando se

_reconstituye con gguz tiene un pH gue esta debajo de 4.1 o

maycr gue 9.0, este no previenes el uasce de una solucidn de
Clerure de sodlo para reconstitucidon con el propdsite de

prevenir la aglutinacidn .de eritrocitos.’

Calrala de Osmelaridad

La esmolaridad <de cualguier preparacion farmacéutica se

pusde calcular @ por " el uso de la  ziguiente  [&ruala:

Osmclaridad = . (pese de sustancia {g) dividido -por el pzso
cmolacylar de la sustancia [g/L)) multiplicads por el ndmero

de especies mulbiplicadas por 1000 para miliosmolaridad. Rl
térming “esgpecies” s& refiere al nimero de iones o especies

quimicas formadas cuando ocorre la discluacién.
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Formulaciones Farmacéuticas Listas ¢ Preparadas para

Inyeccidn
La inyeccidn proporciona métodos para recgonstitucicén de
productos de farmacos liofilizados "en solucidn con el
prepésite de preparar el producto de fArmacoe para inyecciodn
en un sujeto. El producto de farmaco reconstituido se prepara
para inyeccidn teniendo una fuerza idnica suficiente y una
tonicidad que es casi isotdnica con respecto a la sangre,

Los métodos de la invencién también pretenden diluir
soluciones de farmaco con el proposito’ de preparar la
solucidén de farmaco para inyeccidn dentrc de un sujetce. La
solucidn de farmace diluida se prepara para inveccidn
mediante tener una fuerza 10nica suficiente y siendo casi
isotdnica con respecte a la sangre.

En una modalidad, el producto/formulacidn de farmaco
liofilizado o seco, si se reconstituye en agua, tiens una
osmeolaridad de alrededor de 100 mOsm/L hasta alrededor de 360
nosm/lL. Debide a gue la 1nvencidn proporcicna métodos para
recenstitucidén que usan alrededor de 25 mM hasta alrededcr de
150 mM de soluciones de cloruro de sodic, el médico debe usar
una solucidn de clorurco de sodio particular basada en 1la
osmolaridad combinada excepto del productoe de farmaco
liofilizado reconstituido eh la solucidn de clorure de sodio.
Asi, per ejemplo, si un producto de farmaco liofilizado si es

reconstituido en agua tiene una osmolaridad desde alrededor
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de 300 mOsm/L, entonces la solucidén de NaCl para
reccenstitucidn debe ser alrededor de 25ImM hasta alrededor de
30 mM. En otro ejemplo, si un producto de fadrmaco liofilizado
si es reconstituido en agua tiene ﬁna osmolaridad de
alrededor de 100 mOsm/L, entonces la solucidn de HNaCl para
reconstitucidén debe ser alrededor de 25 mM hasta alrededor de
130 mM.

En una medalidad, un producto de farmaco isi es
liofilizado © en sclucién) para ser preparado por inyeccidn
por los métodos presentes no contiene HES ({almidén de
hidroxietilo}. Las formulaciones que contienen HES, a pesar
de la reconstitucidén o dilucién con soluciones de NaCl para
fuerza idnica, pueden provocar sedimentacidn y aglubtinacidn
de eritrocitos en experimentos in vivo. En otra modalidad, un
producte de farmace para ser preparadce para inyecciédn por los
métodos presentes no contiene dextrancs, debido a que los
métodes de Westergren modificados adaptadoé {ver Ejemplc 2)
muestran que la adicién de NaCl podria no contrarrestar el
efecto de sedimentacidn aumentado que los dextranos pueden
provocar. |

En una modalidad, la invencidén proporciona método para
la preparacidn de una preparacidn farmaceutica para inyeccidn
intravenosa en donde la preparacidén farmacéutica es una torta
liofilizada que comprende un agente de volumen primarié. Bl

agente de volumen primario puede ser, FOX ejenmplo,
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principalmente sin ionizacidn. Los agentes de volumen sin
ionizacidén incluyen, pero no se limitan a, manitol, glicina
sacaresa, lactosa, ctros disacaridos, proteinas terapéuticas
o 1 ingrediente activo de una lniSma formulacién, u otres
agentes de volumen conocidos por un experto en la técnica.
Las concentraciones de agentes de volumen sin ionizacién no
afectan significativamente si una solucién tiene una fuerza
idnica suficiente para prevenir la aglutinacidén. Sin embargo,
sus concentraciones tienen un efecto de osmolaridad, vy por lo
tanto, sus c¢oncentraciones pueden tener un efecto en la
tonicidad. La concentracidén de glicina, por ejemple, es
equivalente a su contribucidn para la osmolaridad, asi 10 mM
de glicina es eguivalente a 10 mOsm/L.

Los ingreaientes de proteina en una formulacidn de
farmaco, que incluyen ingredientes actives, no afectan
significativamente la fuerza idnica de una solucién o la
osmolaridad de una solucidn. Por ejemplo, suponiendo un peso
molecular de 50,000 para una proteina y suponiendo 2.5 mg de
la proteina en una solucidn de 1-Z mlL para ser inyectada.
Esto es equivalente a 0.05 mM, asi, la proteina no contribuye
apreciablemente a la csmolaridad.

Las preparacicnes farmacéuticas a menudo Lambién
contienen agentes tensoacltivos, tales cowo poliscrbate 80. E1
polisorbato-80 y otros agentes tenscactives son moléculas de

peso molecular grande, entonces las cantidades que usualmente
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estan presente en preparaciones tales come 0.001% hasta
0.01%, son muy pedquefias para contribuir apreciablemente a la
osmolaridad o fuerza idnica. Otros agentes tensoactivoes
incluyen Brij® 35, Brij® 30, Lubrol-px™, Triton x-10,
Pluronic® F127, y sulfato de dodecilo de sodio (SDS}.

Otras moléculas de peso molecular grande gque pueden
estar presente en cantidades peguetas en formulacicnes
farmacéuticas que no afectan apreciablémente la osmolaridad o

ionicidad son 1los pelimeros, con la calificacidn de que no

son sales como el sulfato de dextrano. Los polimeros
ejemplares incluyen dextrano, poliivinil alcohol) 1PVA),

metilcelulosa de hidroxipropilo (HPMC), gelatina, polietilen
glicol (PEG) y polivinilpirrolidona (PVE). |
lLas formulaciones farmacéuticas a menudo también
contienen sacarosa u otres azdacares © polioles, a menudo en
una cantidad de 0-2, 0-5, 6 0-10% o mayor. Por ejemplc, se

puecde usar de 5-10%¥ de sacarosa cuando la forimulacidén no

comprende un agente de volumen. Generalmente, cuando una

formulacidén se hidreliza, y cantidades de la formulacién se
identifican en la presente come porcentajes o cantidades de
molaridad, esto es en referencia a los porcentajes vy
molaridad de una solucidn antes de- liefilizacidén (esto "es,
cantidades de 1llenade). Asi, cuando una solucidn tiene 1% de
sacarosa, esto es eguivalente a 29.2 mM. Debido a que la

sacarosa no ioniza o disccia apreciablementes en solucidn, 29
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mM de sacarosa es equivalente a 20 mGsm/L. Otros azucares o
pelioles que no ionizan o© disoc<ian apreciablehente en
solucidn incluyen g¢licerol, xilitol, sorbitol, manitol
{también se puede usar como un agente de volumen), glucosa,
inesitel, rafinosa, maltotriosa, lactosa, y trehalosa.

Las formulaciones farmacéuticas también pueden contener
agentes amortiguadores. Los agentes amortiguadores incluyen
por eijemplo, acetato, citrato, gliciha, histidina, {fosfato
{sodivo” o potasio}, dietanolamina y Tris. LosA agentes
amortiguadores incluyen aquellos agentes que mantienen un pH
de solucidén en un intervalo aceptable, Los agentes
amortiguadores tales como glicina, histidina, y dietanclamina

son  en  su mayor parte sin  denizacidn, y asl  sus

©

concentraciones son eguivalentes a osmeclaridad y se deben
tener en mente cuando se considera si una formulacidn lista
para inyeccidén es casi isotonica. Los agentes de sclucidn
amortiguadora tales como acetato y citrato usualmente son
sales, Yy pox 1o tanto son de ionizacién, Q sus
concentraciones se multiplican con respecto al calculo de su
contribucién con una osmolaridad de solucidn.

Las formulaciones farmacéuticas pueden incluir
esencialmente cualguier ingrediente activo, que inqluye
proteinas, écid&s nucleicos, virus, y. compdestos quimicos.
Estas mocléculas en su mayoria no afectan apreciablemente 1la

fuerza idnica o la osmolaridad de wuna solucién a ser
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inyectada. $i estas moléculas son sales, comc a menudo
compuestos de molécela pequefia son sales farmacéuticas,
entonces podrian afectar apreciablemente la fuerza idénica y/o
csmolaridad.

Ciertos aminoacides también se encuentran en algunas
formulaciones farmacéuticas y se usan come protecitores
criogénicos, lioprotectores y/o agentes de volumen. Algunos
amincdacidos, tales como histidina, en su mayoria son sin
ionizacidén, y asi la concentracién de un aminoacido en una
formulacién debe ser tomada en cuenta solamente cuando se
calcula 1la osmolaridad de una sclucidén tal gqgue una
formulacién lista para inyeccidn es casi 1sotdnica con

respecto a la sangre.

BenelIX®

El BeneFIX® se prcduce por una linea de c¢élula de ovario
de hamster Chino (CHO} disenada geng&ticamente ¢ue se
caracteriza ampliamente y muestra que_eété libre de agentes
infecciosos. Los bancoé de c¢élulas almacenadas estan libres
de preoductos de sangre o plasma. La linea de c¢élulas CHO
secreta Factor IX recombinante (rFIX}) en un medio de cultivo
de célula definido que no contiene ninguna proteina derivada
de fuentes animales o humanas, y el Factor IX recombinante se
purifica por un proceso de purificacién de cromatograiia que

no requiere un pasc de anticuerpco monoclonal y produce un
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producto activo de alta pureza. ESe incluye un pasc de
filtracion de membrana que tiene la capacidad de relener
moléculas con pesos moleculares aprecilables >70,000 {asi como
proteinas grandes y particulas virales) para seguridad viral
adicicnal. E1 Benef'lX® predominantemente es un componente
unico por evaluacidn de electroforesis de gel de SDS-
poliacrilamida. La poctencia ({en unidades internacionales,
I.U.l(IU)) se determina usando un ensayo de coagulacidn de
etapa uno in Vitrc contra el estédndar internacional de la
Crganizacién Mundial de la Salud (OMS) para el concentrado
del Factor IX. Una unidad internacional es la cantidad de
actividad de Factor IX presente en 1 mh de plasma humano
normal acumulado. La actividad especifica del BenefIX® -es
mayor que o igual a 180 IU por miligramo de proteiﬂé.. El
BeneFIX® no se deriva de sangre humana y no c¢ontienen
conservadores o componentes animales o humanos agregados.

El BeneFIX® se formula como una preparacion de pelvo
licfilizada neo pircgénica estéril. £l BeneFIX® se proyecta
para inyeccidn intravencsa (IV). Esta disponible en frascos
de wsoc Unico que contienen la cantidad etiguetada de
actividad de Factor 1IX, expresada en unidades internacionales
(IU). Cada frasco cecntiene, por ejemplo, nominalmente 250,
500, & 1000 IU {o mas, que incluyen 2090 IU] de Factor IX de
coagulacidén (Recombinante}. Después de reconstitucién del

producto de farmaco liofilizado <¢on agua estéril, las
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concentraciones de excipientes en las fuerzas de desis de 500
y 100 TU son 10 mM de L-histidina, 1% de sacarosa, 260 md de

glicina, 0.005% de poliscrbato 80. Las concentraciones

después de reconstitucién en la fuerza de dosis de 250 IU son

la mitad de aquellas de las ©otras des fusrzas de
dosificacién. Las fuerzas de dosis de 500 y 1000 IU son
iscténicas después de reconstitucidn. Todas las fuerzas de
dosis producen una solﬁcién incolora clara en recpnstitucién.

En una modalidad, la invencidn proporciona métede para
la preparacidén de BeneFIX® para ser ‘inyectade a un sujeto,
donde el BenefIX® se reconstituye en una soluciodon de cloruro
de sodio, en donde la solucidén de c¢loruro de sodio es mayor

[

que alrededor de 25 mM y menor que alrededor de 150 mM. En
una modalidad, la solucién de clerurce de sodio usada para
reconstitulr BeneFIX® es alrededor de 40 mM. EBn una
modalidad, un frasco de BeneFIX® liofilizado se reconstituye

en alrededor de 4-5 ml de una solucidn de cloruro de sodio de

25mM-150mM.

BeneFIX® Reformulado (BeneFIX®-R)

Debide a la fuerza idnica baja del BeneFIX®
reconstituido en agua, varias formulaciones se hicieron
{BeneFIX® Reformulado (BeneFIX®-R)). El objetivo fue agregar
fuerza i1dénica suficiente a la formulacidn de BeneFIX® tal

como para mitigar el potencial para la aglutinacién de RBC.



10

15

20

25

40

Cen el propésito de aumentar la fuerza idnica de BeneFIX®, el
cloruro de sodio se puede incorporar en el producto
recenstituido por reemplazo del sWEL como la solucién de
reconsltitucidn. Alternativamente, el  BeneFIX® se puede
formular por adicién de NaCl a la {formulacidén previa
liofilizacidn, tal que la reconstitucién todavia se puede
lograr con agua, pero las soluciones de sal de liofilizacidn
son mas dificiles, y es mas practico reconstitulr tortas
liofilizadas simples con solucicnes de NaCl; Tam>ién es
verdad para ctras preparaciones farmaceuticas liofilizadas
que no tienen una fuerza idénica suficiente cuando se
reconstituyen con sWEFI para prevenir aglutinacion.

En una modalidad, el BeneFIX@—R ge puede liofilizar en
la misma formulacidén como BeneFIX® (10 mM de L-histidina, 260
mM cde glicina, 1% de sacarosa, 0.0053% de polisorbato 80), vy
solamente la concentracién de rFiIX cambilara. E)l producto de
farmaco de volumen BeneFIX®-R puede ser l1llenado luego, pox
ejemplo, a 4 mL por frasco <on 10 mM de thistidina;‘ZGU mM
de glicina, 1% de éacarosa, 0.005% de polisorbato 80, y ser
licfilizada. Cuandc el BeneFIX®-R se reconstituye a S mL por
frasco con una sclucién de NaCl de 25-150 mM, tal como con 40
mM de NaCl, la concentracidn de los excipientes se reduce a
29% cuando se compara con la fofmulécién de BeneF1X&® actual
previa liofilizacidn. Esta estrategia resulta en una

formulacidén que es (1) isotdnica, {2 tiene suficiente fuerza
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iénica para reducir el potencial pare aglutinacidén de RBC, vy
(3) reduce el wvolumen de inyeccidédn para dosis mas grandes de
rFIX. El BenelflIX®-R se puede proporcionar con, por ejemplo,
250, 500, 1000, y 2000 IU de rFIX por fuerzas de dosis de
frasco. Asi, después de reconstitucién con 5 mL de una
solucidn de NaCl de 25-150 mM, la sclucidn de fermulacidn de

Benel'IX®-R resultante puede ser desde alrededor de 7 hasta

-alrededor de 9 mM de histidina; desde alrededor de 188 haste

alrededor de 220 mM de glicina; desde alrededor de 0.7% hasta
alrededor de 0.9% de sacarosa; y alrededor de 0.004% de
polisorbato 80. Dependiendo de la cantidad de rFIX en un
frasco, por ejemplo, 250, 500, 1000, & 2000 11U, 1la
reconstitucidén en 5 mL de una solucidn podria resultar én una
concentracion de rFIX de alrededor de 50, 100, 200, & 400
IG/ml;,, respectivamente. La osmolaridad de 1la formulacidn
BeneFIX®-R reconstituida en 5 mlL de una soclucidédn de NaCl de

40 m es alrededor de 320 mOsm/L.

Formulaciones Ejemplares Para Ser Preparadas para

Inyeccidn

Bl Factor IX Recombinante también puede sexr liocofilizado
en formulaciones descritas en la Patente de EUZ No.
$,372,716, la cual estd incorporada en la presénte por
referencia para todos los propésitos, incluyendo  las

form:laciones descritas en ella. Las formulaciones descritas
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en la patente se pueden usar con la presente invencidn, donde
las fecrmulaciones nc estan limitadas para tener zFIX como el
ingrediente active. Asi, por ejemplo, las formulaciones
lieofilizadas que se pueden reconstituir con soluciones de
cloruro de sodic de 25 mM-150 mM para prepararlas para
inyeccidn, incluyen formulaciones que comprenden glicina,
polisorbato, sacarosa, histidina, y un ingrediente activo. El
ingrediente active  puede sér esencialmente cuélquier
proteina, virus, acido nucléico, o compuesto guimice, por
ejemplo. La glicina puede tener wuna concentracidn, pOr
ejemplo, de alrededor de 0.1M hasta 0.3M. El1 polisorbato
puede Ctener una concentracidn, por ejemplo, desde alrededor
cde 0.001 hasta alrededor de 0.05%. La sacarosa puede Lener
una concentracidn, por ejemplo, desde alrededor de 0.5% hasta
alrededor de 2%. La histidina puede tener una concentracidn,
por ejemplo, desde alrededor de 5 mM hasta alrededor de 30
mi .

En una modalidad, una formulacidén liofilizada para ser
recenstituida cen solucidn de cloruro de sodic de 25-150 mM
comprende alrededor de 0.1 hasta 0.3 M de glicina, alrededor
de 0.5 hasta 2% de sacarosa, 0.001 hasta alrededor de 0.05%
de polisorbato, alrededor de 5 hasta alrededor de 30 uM de
histidina y alrededor de 0.1 haste alrededor de 23 mg/mlL de
un ingrediente activo. El ingrediente activo puede ser, bor

ejemplo, rFIX. En otra modalidad, una formulacién licfilizada
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de rFIX para ser reconstituida con sclucidén de cloruro de
sodio de 25-150 mM comprende alrededor de 0.13 hasta
alrededor de 3 mg/ml de rFIX o alrededer de 50 hasta
alrededor de 600 IU/mL de rFIX, alrsdedcr de 0.26M de
glicina, alrededor de 10 mM de histidina, alrededor de 1% de

sacarosa, y alrededor de 0.005% de polisorbato.

EJEMPLOS DE LA INVENCION

Los ejemplos descritos & continuacidén se preoporcionan
para ilustrar aspectos de la presente invencidn y no estan

incluides para el propdsito de imitacidn de la invencidn.

Ejemplo 1l: Efectos de Anti-Coagulantes y Componentes de

Formulacidén de Aglutinacidn de RBC Asociada con BeneFIXE

Exisken reportes ocasionales de aglutinacidn de RBC
asociados con BeneFIXE en lineas de - catéter de mariposa y
jeringas. Estudios recientes en sangre de perros con
hemofilia demuestran que 1la aglutinacidn ocurre en 1la
ausencia de FIX  humano  recombinante en la solucidn
amertiguadora de formulacidn. Asi, el estudic presente
investigd si los anti-coagulantes estandar, varios
componentes de BeneFIX®, vy la fuerza idénica afectan el

Fenémeno de aglutinacidén asociado con BeneFILX®.
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La sangre se c¢btuvo de un acumulado de voluntarios
humanos andnimos y fue recolectada en tubos de Vacutainer
{Becton Dickinson, Franklin Lakes, NJ) gue contienen un anti-
coagulante esténdar, tal como Acide tetra acético de
etilendiamina (EDT&), citrato de sodio, o heparina.

Para la prueba de aglutinacidn, las muestras de sangre
en los tubos de Vacutainer primero fueron mezcladas
continuamente en un nutator. 3angre, 12.5 pL, se disolwvid en
B7.5 plL de una solucidén de prueba en una placa de cultivo ae
células de 48 pozos. Y se dejé para incubar a temperatura de
habitacién por 2 minutos antes de observacién bajoe un
microscopio de contraste de fase invertida a 400x de
ampliacidn. Cada pozo fue videcgrabadeo para capturar las

imagenes estaticas c¢on el propdsito de registrar la

‘aglutinacién de RBC de acuerdo con lcs siguientes criterios

listados a continuacién en la Tabla 1.
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Taphla 1: Clave de Registro de Hgluﬁinacién ce RBC

Registro Fenotipo de Aglutinacidn

0. Sin  coagulacién, la - mavoria Hely! celulas

individuales, pocos u .ocasionales dobles,

as l1ndiwviduales, peguefios

1 En la mayor parte célu

agregados dispersos en toda la muestra.

Z Lotes de peguenos agregados,'ﬁmdévia hay . algonas
células individuales en el fonda.

3 Principaimente agregadns @equeﬂos a medianos cofl
celulas individuales caslonales.

4 Bgreqados de cilulas Masivas.

. Efectos de Anti-Coagulantes Estandar en Aglutinacion de

" RBC: EI1- primér estudio incluye el engays de muestras de

sangre de tres denadeores. La sangre sze recolectd en tubos de

Vacutainer .con ENTA, heparina, v cikbrato de sodio para cada

doﬁadm:.-'Los articulos de prueha inclu?eron .BeneEIX@f ion
IUme," reqonetituidb en . cada A de.' las srguisntes
concentraciones de NaCl: O mM [sWEXI, 20 mi, 440 mﬁ,_ﬁﬂ mm; y
77 omM NaCi. Ademas, dexbtrosa al 5% en.agua {DSWy se incluyd

coemo an control positivo. Las muestras Foeron diluidas en una

gangre para BenseFIX@ o Sangre para NHW en relacidn de 1:8.

Laz Jimagenes fusron ' Céptuﬁédas,' alwmacenadas digitalmente,
ciblertas . y registradas para  aglutinacidn., Dos  @minutcos

despuss de la @ adiecidn de Sangre  panz el BeneF [H®
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reconstituido con sWFI, la aglutinacidén se observd en las
muestras de los tres donadores sin tomar en cuenta el tipoAde
anticoagulante usado. Conforme fueron usédas concentraciones
incrementadas de HNaCl, la respuesta de aglutinacidn fue
atenuada. La aglutinacidén notable se observd cuando la sangre

se agregd a DOSW.

0

L

Efectos de NaC} en Aglutinacidén de RBC en CDConadores
Previamente Seleccionados: Las nmuestras de donadores fueron
recolectadas en tubos de Vacutailner heparinizados. Debido a
gue se habia observade aglutinacidén espontanea en algunas
muestras previas, todos 1los donadores fueron seleccicnados
inicialmente usande 154 npnM de MNaCl. 3Si se obserwvaba la
aglutinacién, la muestra era descalificada de los demas
enséyos. La muestras que permaneciercn de cada donadér fueron
diluidas 1:8 en una de dos formulaciones: (1) 100 IU/ml de
BeneFIX® reconstituidc con sWFI, y (2} 100 IU/mL de BeneliX®
reconstituido con 154 mM de NaCl. Las im&genes fueron
capturadas, almacenacdas digitalmente, cubiertas y registradas
para aglutinacién. La aglutinacién se observd con  sWETL
reconstituida con BeneFIX®, considerando que la
reconstitucién con 154 "mM de NaCl reduje o eliminég la

reaccidn de aglutinacidén {(ver Tabla 2 de registros).
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Tabla 2: Registros de Aglutinacién

Donador Control BeneFIX® + BeneFIX® + 154
Praseleccionado SWFI | mM de NacCl
de 154 mM de
NaCl

7 0 2 L

11 0 3 0

8 0 3 0

28 0 3 0

11 0 3 1
Efecto de Componentes de Formulacidn Y
Concentracidén de BeneFIX®: Varias formulaciones de

BenePFIX® fueron evaluadas para determinar el impacto de

componentes

preparadas ocho diferentes mezclas,

diferentes en aglutinaciodn

NaCl, para un tolkal de 16 mezclas {Tabla

donadores

espontéanea

estudio. Las muestras de sangre de

donadores que quedaron

fuerocn

y dos

formulaciones (muestras 1-A

otras cinco mueslbras

segundas 8 formulaciones

fueron descalificados

de donadores

seleccionados por

se usaron para las

través de

del

de RBC. Fueron

con y sin 154 mM de

Los doce

aglutinacidn

resto del

cinco de los diez

primeras 8

1-H)y v las
se usaron para las

{muestras Z-I hasta 2-P). Las

2
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muestras fueron diluidas 1:8 como antes y las imdgenes
fueron capturadas vy registradas como se describid
previamente.

Tabla 3: Matriz de Diseho de Formulacion

(+/- indica presencia/ausencia de un ingrediente}

Identificacidn | Concentracion | Glicina | Sacarcee | Tween-80 | Histidine | HaCl
d de LeneFIX® {GLY) idmasni | {Pelisor- NIH) 154mi
© $IUF L) 260 mM kate 8D} 10 my

Grupo/Muestra .

1-A, BenellX& 100 -+ + + + -

1-B, BeneFIX® 100 + + + + +

1-C, BeneFIX® 300 + + + + -

1-D,. - BeneFIX® 300 + A + + + ' +

1-E, BeneFlX® 600 + + | + . -

1-F, BenefPfIX® ¢00 + P + + +

1-G, Sin - + + + 4 —

Benel'IX®

1-H, Sin - + + + + 1

BenelFIX®

2-1, BeneFIX®, 100 - + + + -

Sin GLY

2-J, BeneFIX®, 100 - + + + +

Sin GLY '

2-K. Sin 100 + - + 4 _

Sacarosa

Z2-L, S8Sin 100 + - + + n

Sacarosa

.
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1/0
Sin HIS

Tdentificacidn | Concerntracidn | Glicina | Sacarcsa | Tween-80 | Histidina | ®MaCl

d de BeneFIXE {GLY] 10mg/inL | {Eolisor- {HES) 15 4mi

e .
{TE/mL) 260 mM bato B 10 mi

Grupo/Muestra 0.005s
2-M, BeneFIX&, 100 + + - ‘ b -
5in Tween-80
5
2-¥, Zin 100 + + - + +
Tween-80
2-0, BeneFIX® 100 * + + - -
5in HIS
2-P, BenelIX® 100 o+ + + - +

Los regist
presentados

15 las Tablas

ros de aglutinaciéon para el experimento

en la Tabla 3 se muestran a continuacién en

4A y 4B. Ningun conmponente particular, ya

sea el 1ingrediente activo o©o un excipliente, de la

preparacidn

de Benel'Ix® estuvoe asociado con La

aglutinacidén. Como se esperaba, la remocidn de glicina

provocd lisis de RBC debido a hipctonicidad de 1la

20 solucidén. Sin embargo, la reconstitucidn con 154 M de

NaCl redujo o elimind la aglutinacidn in Vitro y 1la

lisis.
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Tabla 4A: Registros de Aglutinacidén - Variacidn de la

Concentracidn de BeneFIX®

Identi- 1-A 1-B " 1-C 1-D 1-E 1-F 1-G 1-H

ficacién ) '
Del

Donador

de la

Muestra
6 1 1 2 1 ) 1 3 2
14 3 0 2 3 -3 1 2 4
19 1 1 3 0 3 i 3 1
40 1 0 Z 1 2 2 3 1
43 3 0 3 1 4 0 3 3

Regis- 3 0.4 2.4 1.2 3.2 1 2.8 2.2
tro

medio
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Tabla 4B: Registros de Aglutinacidén - Efectos de Excipientes

Identi- 2-1 2-J 2-K 2-L 2-M 2-N 2-0 2=-P
ficacidn
Del
Donador
de la
Muestra
1 Lisis i 2 0 3 1 3 0]
11 4 0 4 1 3 1 2 0
18 Lisis 1 4 ). 3 2 3 2
34 Lisis 0 2 0 2 2 3 2
45 Lisis 1 q 1 4 3 2 3
Regis- | Lisis 0.6 3.2 0.6 3 1.8 2.6 | 1.4
tro
medlo

Efectos de Concentraciones tlenores de NaCl an
Aglutinacién de RBC en Donadores Previamente Seleccionados:
Las muestras de dcnadores fueron recolectadas en tubos
Vacutainer heparinizados. Debido a gque Jla aglutinacidn se
habia observado en algunas muestras previas, todos 1os
donadores fueron seleccicnados inicialmente con 154 md de
NaCl. 5i se observd coagulacidn, la muesira fue descalificada
de los demas ensayos. Las muestras gue uedaron de cada
donador fueron diluidas 1:8 como antes en‘ una de tres

formulaciones: (1) 100 Iu/mlL de BeneFIX®& reconstituido con
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sWEI; {2 100 IU/mL de BenePFIX® con 40 mM de NaCl; o (3} 100
I1U/ml, de BeneFIX® con 77 mM de NaCl. Las imAgenes Ffueron
capturadas, recclectadas vy registradas como anteriormente.

Los reésultados se proporcionan en la Tabla 5 a centinuvacidn.

(9]

La aglutinacidédn se observd en las cinco muestras con BeneFIX®
reccnstituido con agua, considerando cque la reconstitucioén de
BenelFI¥X® con 40 mM o 77 - mM de HNaCl redujo o elimind la

reaccién de aglutinacidn.

i0 Tabla 5: Registros de Aglutinacidn

Donador | NaCl 154 | BeneFIX® + | BeneFIX® + 40 | BeneFIX® +
No. mM SWFI mM NacCl 77 mM NaCl
8 0 3 i 2
15 34 0 3 2 1
39 0 4 3 1
40 0 3 0 1
47 0 3 1 1
Registro 0 3.2 1.4 1.2
20 Promedio

Andlisis: La aglutinacidon de RBC ocurridé en sangre anti-
ceagulada con heparina, EDTA, o ciltrato de sodio <uando ée
mezcla con Benel'lX® en una sangre para BenePIX® reconstituido

25 en relacidn de volumen de 1:8. No se observd ningun efecto de

tipo anti-coagulante en la aglutinacién: por lo tanto la



10

15

20

25

heparina se usdé como el anti—coagulanté en evaluaciones
subsiguientes. En algunos ejemplos, la anticocagulacidn
ocurri® en la presencia de 0.9% QQ MaCl solo {control
negativo para aglutinacién). Por lo ténto, las evaluaciones
subsiguientes se condujeron solamente c¢on muestras gue no
exhiben coagulacidn con el control de (.9% de NaCl.

Los efectos de tres concentraciones de BeneFIX® {100,
300 & 600 IU/mL} y de cada componente individual de BeneFPIXE,
reconstituido en sWEI 6‘solucién de NaCl se evaluaron luego
para aglutinacidén donde se mezclaron con sangre anticoagulada
con heparina en una sangre de BenePIX® en relacidn de volumen
de 1:8. La eliminacién de cualquier componente particular,
gque incluye la preteina FIX humana recombinante no tuvo
efecto en la respuesta de aglutinacidn. Esto indica gue un
amplico intervalo de formulaciones farmacéuticas diferentes se
pueden preparar (reconstituidas o diluidas) con soluciones de

NaCl para inyeccidén intravencsa. La remocién de glicina

resultd en lisis de RBC. Sin embargo, el uso de 40 mM {0.234%

de NaCl, inyectable), 77 mM (45% de ¥NaCl, inyectable} o 154
mM de NaCl (0.9% de WNaCl, inyectable) para reconstitucidn
redujo o elimind la respuesta de aglutinacién y lisis.

Asi, estos resultados muestran gue ningdn componente
particﬁlar de la formulacidn de BenebIX® se relaciona con la
aglutinacién observada. Aunque la remocidn de glicina de la

formulacidén de BeneFIX® y la reconstitucidn con agua resulta

&
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en una solucidn hipotdénica que provoca lisis, osmolaridad vy
tonicidad es un problema distinto de la fuerza iénica vy
aglutinacién. Los resultados muestran que la aglutinacidén se
asocia con la fuerza iénica dei Féctor IX recémbinante
recenstituido (rFIX) en sWFI, y la reconstitucidén con NaCl
disminuye c elimina la aglutinacioén. Asi, la reconstitucidn
de otras feormulaciones farmacéuticas con soluciones de HNaCl
aun solucicnes de NaCl que tienen una concentracidn debajo de
154 miM, pueden prevenir-tanto la aglutinacién come la lisis

en inyeccidn intravenosa.

Ejemplc 2: Adaptaciédn del Método de Westergren

Modificado de QMedicidn de Grado de Sedimentacidn  de

Eritrocitos para Kvaluar la Agregacidén de  Eritrocitos

Inducida por Agentes o Formulaciones Farmacéuticas.

La formulacidn de BeneFIX® comercializada actualmente es
una formulacidén no idénica. Durante la administracidén de la
formulacién BeneFIX® -reconstitulds en SWFI, hubo
cbservaciones poco frecuentes de agregacidén de eritrocitos
festo es, aglutinacidén) donde una sangre de paciente se
mezcla con el BenefIX® reconstiltuido, tal como en conducto
intravenose. La invencién proporciona el descubrimiente de
que ia agregacidn de eritrocitos. ‘se asocla con ia
fermulacién, sin rFIX, v se previene por el uso de dilvente

que contienen por lo menos alrededor de 40 mM de NaCl. Para



15

20

25

AN
b4 ]

ayudar en el disefioc de diluentes a la medida que contienen
por lo menos alrededor de 40 mM de NaCl, se disenid un ensayo
cuantificable que se puede usar para medir la sedimentacién
de eritrocitos, el cual es un método esltablecido para evaluar
la agregacién de eritrocitos in ¥Vitre. El1 método de
Westergren modificado, en el cual la sangre se diluye 4:5 en
solucidén salina normal, se adaptd para evaluar la agregacidn
en sangre qgue ha side diluida 1:4 6 1:8 con cualquier
solucidén ya sea salina o de prueba (esto es, dilueﬁtes a la
medidal .

La sangre humana se obtuve de voluntariocs adultoes
saludables y se recclectd en tubos que contienen EDTA. Para
demostrar lo apropiado de las muestras de sangre para
experimentos de sedimentacién, se midio e gradec de
sedimentacidn de eritrocitos definide clinicamente ESRg; pox
el método de Westergren modificado. Brevemente, la sangre
bien mezclada se diluyd 4:5 con 154 mM de NaCl, se mezcld
bien suavemente, y luego se carg¢ inmediatamente en un. tubo
de Westergren con ajuste propio a cero gue se colocd en un
soporte de 10 tubos adeguado. La distancia en mm desde la
marca cero en la parte superior del tubo hasta la interfase
de plaSma:eritrocito despuss de €0 minutos se midid vy
registré. Los resultados de ESRg  se éOmpararon con valores
de referencia normal publicadocs (Morris, M.W. y

colaboradores, Basic examination of blood, in Henry, J.B.,
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ed., Clinical Diagnosis and Management by Laboratory Methods,
Philadelphia, PA, WB Saunders, 2001: 479-519).

Se condujeron dos experimentos para demostrar 1o
apropiado del métode Westergren modificado adaplado para
evaluar la agregacion de eritrocitos asociada con
formulaciones farmacéutjicas. Las muestras de sangre humana
fueron apropiadas para uso en estos ensayos debido a que
todos tuvieron valores de LSRgp que estuvieron dentro de
limites normales. Estas mnmuestras se diluyeron 1:4 en el
primer experimento y se diluyeron 1:8 en el segundo.

En el primer experimento, ia sedimentacidn de
eritrccitos se mejord mediante 5% de dextrano 70 o BenellTX®
reconstituido con sWEFI o 10 mM de MNaCl. En 5 ndnutoé, los
agregados fueron wvisibles en 1los tubes que hablian sido
cargados con sangre diluida ya sea con 30% de dextrano 70 o
con BenefIX® reconstituido en sWFI. En 60 mwminutos, la
sedimentaciodon de eritrocitos en estos tubos‘fge marcadamente
aumentada cuande se compara con el control salino {Tzbla 6).
En %0 minutos, la sangre de un donador gue fue diluida en
BenelIX® reconstituide en 10 mM de MaCl tuvo un patrén de
sedimentacidn de dos fases con una interfase de
eriltrccito:plasma clara localizada 8 mm desde la marca cero y
otra interfase entre los eritrocitos empacados densamente y
los empacados menos densamente localizados 149 mm desde la

marca cero.
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Tabhla 6:

Sedimentacidn de Eritrocitos de Sangre Humana

Diluida 1:4 en BeneFIX® o 3% de Dextrano

(iDistancia de sedimentacidn en mn medidos desde la marca

cero)
Donador y | Solucién | O mM | 10 20 30 40 50 60 77 [ Nac1 3%
Tiempo da Salina NaCl mM mM mM mdd mM mM miM 154 Dextrano
Dilucién NaCl | NaCl | NaCl | NaCl | NaCl | NaCl | NaCl M 70
Bonador
5
60 min 2 135 | nd | 2 | 2 | 2 | 1 | 1] 2] 1| 132
90 min 3 145 | nd 4 3 3 3 2 2 2 159
120 min 4 1501 nd 5 4 4 4 3 4 3 167
150min 6 153! nd 7 6 5 5 5 5 5 169
Donador
22
60 min 0 1617 4 3 0 0 0 0 0 nd 145
90 min 3 1641149 3 3 3 2 2 3 nd 166
120min 4 166|151 6 4 4 4 3 4 nd 171
150 min 7 16711524t 8 6 5 5 5 6 nd 172
Las concentraciones de NaCl fueron aquellas usadas pazxa
reconstiltuir BenelfIX®
En el segundo experimento, la sedimentacidn de
eritrocitos se mejord mediante 5% de dextrosa, “MFR-927” (la
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solucidédn amortiguadora de la formulacidén para BeneFIX® que
carece de rPFIX), vy el BeneFIX® reccnstituido con 10 mM de
NaCl {Tabla 7). Jiferente del primer experimento, la
sedimentacidn en estos tubos fue rapida con sedimentacidn

maxima o cercanamente maxima alcanzada en 15 a 30 minutos.

Tabla 7: Sedimentacidn de Eritrocitos de Sangre Humana

Biluida 1:8 en MFR-927, BeneFIX® o 5% de Dextrosa

[Pistancia de sedimentacidn en mm medidos desde la marca de

cero)

Donador y | Selucién | MFR- | 10 mM | 25 30 40 50 60 77 3%
Tiempo deo | Salina 927 | NaCl | mM | mM | mM | mM | mM | =M | Dextrano
Dilucion NaCl | Nacl | HaCl | NaCl | NaCl | NaCl 70
Donador

56
15 min 0 >180 | ~155 1 0 0 0 0 0 175
30 min 0 >180 ) 177 2 i 0 6; 0 G 178
15 min 1 |s180| 180 3 [ 2 | 1] 1T | 1| 1] 178
&0min 2 >180 | >180 | 3 2 1 1 1 1 180
Denador

57 .
15 min- 0 >180 ¢ 180 1 1 0 0 0 b 179
30 min 1 >1R0 [ »180 | 2 2 1. 0 1 1 >180

O
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Donador y | Solucién | MFR- | 10 mM 25 30 40 50 60 77 3%
Tiempo de Salina 927 NaCl mM mM M mM mM m Dextrano
Dilucién NaCl | NaCl [ NaCl | NaCl } NaCl | NaCl 70
45 min 1 >1801>1801 3 3] 1 2 1 1 >180
60 min 2 >1801(>180 4 3 2 3 2 2 >180

Las concentraciones de NaCl fueron aquellas usadas para
reconstitulr BenePIX®; MFR-9227 es la formulacién de solucidn

amortiguadora para BeneFIX® que carece de rfFIX.

Los resultados de estos experimentos demuestran que el
Métode de Westergren modi ficado usado para medix
sedimentaciodn de eritrocitos se puede adaptar para evaluar
agregacién de eritrocitos inducida pcr  preparacicnes o
formulaciones farmacéuticas. Por ejemplo, la medicién de
sedimentacidén de eritrocitos en tubos de Westergren 60
minutos después de cargar sangre diluida 1:4 con soluciones
de prueba es suficiente para distinguir entre los agentes que
mejoran la agregacidn {esto es, 5% de dextrosa, 3% de
dextranc 70, MFR-927, y BenePFIX® reconstituideo en sWrl) de
aquelios gque no lc hicieron (esto es, solucidn salina vy
BeneFIX® reconstituido en diluentes que contienen alrededor

de 25 mM o més de NacCl).
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Ejemplo 3: Adecuacidn de 40 mM de NaCl en Diluente para

BeneFIX® reformulado para Mejorar la Agregacidn de

Britrocitos Bsociada con Formulacidn

La formulacién no idnica de BeneFIX® comercializada
actualmente se ha asoclado con agregacién de eritrocitos in
Vitro, la cual puede ocurrir durante la administracidén cuando
la sangre del paciente se mezcla con BeneFIX® en cenducto
intravenoso. La invencidn proporciona el descubrimiento de
gue la agregacién de eritrocitos estd asociada con la
formulacidén, sin Factcor IX recompinante, y la agregacidn se
puede prevenir mediante BeneFIX® de reconstitucién con
diluentes que contienen por lo menos 40 mM de NaCl.

Un objetivo de este Ejemplo es evaluar la fuerza de un
diluente 40 mM para preparaciones de BeneFIX® reformulade de
reconstitucién (BeneFIX®-R) . Especificamente, fuercn
disefados experimentos para determinar si las concentraciones
de NaCl gque derivan. de 40 mM nediante tanto como 10% son
suficientes para prevenir Jla agregacidén de eritrocitos
asociada con formulacidn, la cual se evalud mediante el
método de Westergren modificado adaptado para medir el grado
de sedimentacidén de eritrocitos (ESR). Ademas, la fuerza de
la congentracidn HNaCl o sedimentacidn de eritrocitos 'se
evalud en ambos frascos de dosis alta (esto es, 2000 IU) ¥

baja {esto es, 250 1U) de BeneFIXE-R.
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El efecto de las formulaciocnes de BenePIX®-R,

3% de dextrano 70 en

MFR-927, y

sedimentacidn de eritrocito se midid a

temperatura de habitacidn usando una adaptacion del método de

Westergren modificado, como se describe en el Ejemplo 2. El

disefic del estudio se eshoza en la Tabla 8.

Tabla 8: Disefio de Estudio parz el Ejemplo 3
Grupo Tratamiento Namero de Numero Dilucién
Experimentos Total de de
| Muestras sangre
‘de Evaluada
Donadores
Evaluadas
1 |Solucion Salina 1 12 1:4
2 MEFR-927 4 12 1:4
3‘ BenellIX®-R (55 4 12 1:4
ITU/mL); 36 mM NaCl
1 BenePFIX®-R (55 4 12 1:4
I0/mL}; 40 mM NaCl
5 BeneFIX®-R {55. 4 i2 1:4
I0/mL); 44 mM NaCl
6 BeneFIX®&-R (440 4 1z 1:4
Iu/mL); 36 mM HaCl
7 BeneFIX®-R (440 1 12 1:4
I0/mL); 40 mM NaCl
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Grupo Tratamiento Numero de Namero Dilucidn
Experimentos | Total de de
Muestras sangre
de Evaluada
Donadores
Evaluadas
8 BeneFIX®-R (440 4 12 1:4
IU/mL); 44 mM NaCl
S 3% Dextran 70 4 i2 1:4

En el dia del experimento, ambos frascos de dosis alta
ifrascoes de BeneFIX®-R liofilizado gue contienen ?2000 10
rfTX) v baja de BeneFIX®-R (frascos de BeneFIX®-R liofilizado
que contienen ~250 I0 rEIX) fueron reconstituidos
inmediatamente antes de uso con 5 mL de 36 mM, 40 mM, & 44 md
de NaCl. La solucidén de control positivo 3% (w/v) de dextrano
70 se prepard en solucidn salina de saiucién amortiguadcra de
fosfato 1libre de magnésio y ‘calcio modificada de Dulbecco
estéril (PBS-CMF; pH 7.4}). La sangre humana se obtuvo 'de
donadores y se recolectd en tubos de Vacutainsr que contienen
EDTA. Las muestras de sangre se usaron para experimentos de

sedimentacidn de eritrocitocs dentro de las 3 horas después de

recoleccidbn.
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la sangre entera se diluyd 1:4 en soluciones de prueba
(esto es, 400 pyl de sangre entera se agregaron a 1.2 mL de
solucidén de prueba), se mezcld bien y luego se cargd en tubos
de Westergren de cristal desechables con ajuste propio a cero
que se mantuvieron absclutamente veriicales en un soporte a
la n@dida dedicado. La sedimentacidén de eritrocitos después
de 60 minutos, la cual es la distancia en mm desde la marca
de cero en la parte superior del tubd hasta la interfase de
plasma-eritrecitos, se midid y registrd.

Los resultados de los 12 donadores fueron similares. La
solucidn amortiguadcra de la formulacidn BeneFlIX®
coimercializada actualmente que carece de rFIX (MFR-927) vy 3%
de dextrano 70, una solucidn de control poésitivo esténdar,
exhibieron sedimentacién de eritrocitos aumentada en
comparacidén c¢on la sangre gqgue halbia sidoc mezclada en
soluciones de prueba NaCl (ver Figura 1). A pesar de 1la
concentracién de NaCl en la solucién amortiguadora (36 mM, 40
M, 9 44 mM) o chcentracién de -rFIX en el prcductoe,
BeneFIX®-R no aumentd la sedimentacidn de eritrocitos
mientras fue reconstituido con un diluente de NaCl.

Los resultados de este estudic demuestran que las
concentraciones de NaCl 10% mayores o menores que 40 mM en
los diluentes de BeneFIX®&-R son suficientes para prevenir la
sedimentacidén o© agregacidén (aglutinacidén) de eritrocitos

aumentada. Los resultados también demusstran que el efecto de
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mejoria de NaCl en la agregacion de eritrocitos asociado a 1la
formulacidn no se afecta por la concentracién del ingrediente

active (esto es, rFIX).

Ejemplo 4: Papel de la Fuerza Idnica en la Sclucién

Amortiguadora para Reconstitucidn de BenePlIX® en Provocacidn

de Aglulbinacidén de RBC

La sangre humana se recolectd mediante puncién en la
vena de cuatro diferentes donadores en tubos de recoleccidn
heparinizados estandar. La formacidn de aglutinados de RBC se

evalud mediante extraccioén de 2.6 mi de solucidn

‘amortiguadora o preteina BenePIX® reconstituida en jeringas

seguida de 0.6 ml de sangre heparinizada. Se observd el
comportamiento del mezclado/sedimentacidn de los églutinados
en estas Jjeringas durante el tiempo y se registrd
fotograficamente usando una camara digital.

La composicién de la formulacidén de BeneFIX® actual
previa 1li¢filizacidon ‘es rFIX, alrededor de 10 mM de
histidina, alrededor de 260 mM de glicina, alrededor de 1% de
sacarcsa, y alrededor de 0.005% de poliscrbatce 80, pH 6.8, la
formulacidn BeneFIX® se liofiliza, y antes de inyeccidn, se
reconstituye en sWFI. COriginalmente, la sacarosa era la
sospechosa de provecar la aglutinacién. De ahi, lasg
soluciones amortiguadecras de tubos fuercen formuladas con 1%,

0.5% ¢ 0% de sacarcosa. Cada solucidn amortiguadora de
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sacarosa fue extraida en Jjeringas, seguida por una cantidad
de sangre heparinizada. La aglutinacidén de las RBC y la
sedimentacidn rapida subsiguiente se encontraron que son
idénticas para las tres scluciones amertiguadoras, sugiriendo
quea el contenido de sacarosa de la formulacidon BeneFIX® no
cuenta para la aglutinacién observada. El BeneFIX@
reconstituido en scolucidn salina normal, mejor gue &n agua
estéril, no provocod aglutinacidn. Estos detos indican gue la
fuerza idénica de la formulacidén de BeneFIX® no es suficiente
para prevenir la aglutinacidn cuando BeneFIX® se reconstituye
en agua.

Con el propoésito de determinar la fuerza idnica minima
necesaria para eliminar la aglutinacidén, el BenePIX® {fue
reconstituide (o la fermulacidén previe licfilizacidn de
BeneFIX® puede ser variada para incluir cloruro de sodio,
aunque los métodos para liofilizacidén de formulaciones de
cloruro de sodio son mds dificiles comparados con 1la
licfilizacién de formulaciones que no tienen cloruro de
sodio) con soluciones gque tienen variacidén de concentracicnes
de ®MaCl (O, 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, y 137
M) . El BenefPIX® también fue reconstituido en solucidn salina
normal que contiene 154 mM de NaCl. Se examind el
comportamiento de la aglutinacién y sedimentacién de RBC en
todas estas soluciones. La Tabla 9 muestra la osmolaridad y

fuerzas idnicas {expresadas como conductividad) de algunas de
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estas soluciones fjunto con otras solucicnes intravenosas
comunes. Durante la adicidon de clorurc de sodic a la
formulacioén de BeneFIX®, si mediante la adicidn directa4antes
de liofilizacidén o inediante la feconstitucién de un
linfilizado con una solucidn de cloruro de sodio, el NaCl
podria esperarse que se disocliara completamente a una
éoncentracién equivalente de icnes Na' y C€17. Asi, la fuerza
idénica (expresada en mBEq/L (miliequivalentes/L) de Na’ y Cl7)
de una solucidn amortiguadora de la formulacidn més Nall se
podria predecir que es equivalente a la concentracidn de WaCl
i 1la solucidén ameortiguadeora de la formulacidén no contiene

otros lones.

Tabla 9: Caracterizacidn de Varias Soluciones

Solucién Osmolaridad Conductividad PH
Calculada Calculada
Bproximada . Aproximada
(mOsm/L) (mS/cm)
Foermulacidn de 300 0 (la 5:8
BeneFIX® conductividad

observada es

<0,2 mS/cm)

(9]
0

Formulacidén de 320 1

BenelfIX® + 10 M
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Solucién Osmolaridad Conductividad pH
Calculada Calculada
Aproximada Aproximada
(mOsm/L) (mS/cm)
NaCl
Formulacién de 340 2 6.8
BeneFIX® + 20 mM
NaCl
Formulacidn de 380 4 6.8
BeneFIX®@ + 40 mM
NaCl
Formulacién de 460 7 6.8
BeneFIX® + 80 mM
NaCl
Formulacién de 574 12.8 6.8
BenefIX® + 137 mM
NaCl
Formulacidn de 607 14,4 6.8
BeneFIX® + NaCl 154
m
0.9% de cloruro de 308 14.4 6.0
sodio {eguivalente a
HaCl, 154 mM; 154
mEq/L de iones Na+ y
Cl-)
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Solucién | Osmolaridad Conductividad PH
Calculada Calculada
.Aproximada ~ Aproximada
{mOsm/L) (mS/cm)
Inyeccidn de 5% de 250 0 4.5
dextrosa

Durarnte el contacte de sangre con las soluciones en la
Tabla 9 en. jeringas, la aglutinacidén de RBC se observd
individuvalmente y luego las Jjeringas fueron mezcladas
suavemente e invertidas para observar la sedimentacién de la
sangre. No se observd -la formacidn de aglutinado en las
formulaciones de BeneFIX® reconstituide con por lo nenos
alrededor de 40 mM NaCl (se obserﬁa en el Ejemplo anterior,
alrededor de 36 mM de NaCl también fueron suficientes para
prevenir la aglutinacién). El comportamiento de las células
de sangre en estas éoluciones gue ¢ontienen por lo:n@nos 40
ik dé NaCl no se distinguid de aqﬁ@l en solucidén salina
noxmal.

La sedimentacidn de sangre se evalué en una serie de
jeringas que contienen formulacidén de BeneFIX® diluida isi es
previa liecfilizaciodn]/reconstituida (si es liofilizada) en
congentraciones de disminucidn de NaCl {iniciande en 40 mi)
15 minutos después de inversién. Hubo una respuesta

dependiente de concentracidén consistente en términos de
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formacién de aglutinado vy subéiguiente velocidad de
sedimentacién - aumentando la aglutinacidén y sedimentacidn
mas réapida con disminucidn de concentracidon de NaCl en la
solucidn amortiguadora. La aglutinacidn obvia fue visible con
una muestra de sangre en solucidn amortiguadora que contiene
£ 25 mM de NaCl y con otra muestra de sangre en solucidn
amortiguadora que contiene £ 30 mM de NaCl. En todas las
preparaciones de solucién amortiguadera con 2 40 mM de NaCl,
el éomportamiento de las «<élulas de sangre no se distinguid
de aquel en solucidn salina normal o BenefFIX® reconstituido
en sclucidn salina normal. El BeneFIX® reconstituide con 40
mM de NaCl corresponde a una conductividad calculada de 4
ms/cm.

La solucidén de inyeccidon de dextrosa al 5%, cada mL de
la cual contiene 50 mg de USP de dextrosa hidrica en agua
para 1inyeccidén - tuve una osmolaridad de 250 mOsm/L y una
fuerza idnica calculada de 0 mS$/cm. Esta soluciédn, la cual
cominmente se administra intravencsamente, tTambién provoca
aglutinacién de RBC y sedimentacidén de sangre muy rapida
similar a aquella observada con la formulacidén de BeneFIX®
reconstituida en agua.

Asi, estos resultados indican que la aglutinacidn de RBC
provocada por BeneFlX® reconstituidoe en agua se debe a la
fuerza io6nica baja de la formulacidon de BenelFIX® {0 wmEg/L

fuerza iodnica calculada, <0.2 mS/cm conductividad medida).
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Este problema puede ser corregido mediante reconstitucidn en
soluciones de NaCl que tienen 2 40 mHM de NaCl tal que la
solucidn reconstituida para inyeccidn tenga una fuerza idnica
calculada de alrededor de 40 wmBEg/L (la fuerza idbnica
suficiente para prevenir la aglutinacién también se puede
calcular como una conductividad de alrededor de 4 mS/cm o

mayor) o mas alta.
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REIVINDICACIONES

1. Un métcde para la preparacidén de uana fofmulacién
farmacéutica para inyetciénA intravenosa, el método
caracterizado porque comprende la adicidn de alrededor de 25
mM hasta alrededor de 150 mM de solucién de cloruro de sodio
a la formulacidn farmacéutica resultando de esa manera en una
formulacidn preparada para inyeccidn intravenosa, -en dopde 1a
formulacién preparada es casi isotdnica con respecto al
plasma © es ligeramente hipotdnica o ligeramente hipertdnica
con respecto al plasma, y en donde la formulacidn preparada
tiene una fuerza idnica suficiente pars prevenir 1la
aglutinacidn de eritrocitos.

2, El método de conformidad. con la reivindicacidn 1,
caracterizado porgque la formulacidn preparada es casi
isoténica con respecte al plasma y tiene una osmolaridad gue
es desde alrededor de 270 mOsm/lL, hasta alrededor de 330
wosm/ L.

3. El método de c¢onformidad con la reivindicacidén 1,
caracterizado porque la formulacidn preparada es ligeramente
hipoténica con respecto al plasma y tiene una osmolaridad que
es desde alrededor de 220 mOsm/L hasta alrededor de 270
mosm/ 1,

4. El método de conformidad con la reivindicacion 1,

caracterizado porque la formulacidén preparada es ligeramente

0
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hipertonica con respecte al plasma y tiensg onha osmelaridad
que g3 desde alrededor de 330 msm/L hasta alrededor de &6
mO&:uu"L .

5. El método de -conformidad con cualesquisera de’ las

rreivindicaciones 1 a La 4, caracterizado porguse la.

"formulacién preparada biene una fuerza idnica gue es por lo

menos alrededsr de 25 mEq/L de iones Ma' y C17.

6. El métc-ld-a_ de conformidad cc:n'cuale,squielrg de  las
reivindicaciones 'l. ﬁ la d, caracterizado porqué' li
foermulacién prepa.r:ada.- tiene una fuerza idénica que eg por lo
ménios alrededor de 30 mEg/L de iones Na' y C17.

7. El métado de conformidad con cvalesguiers de las
reifinaicacioneE 1 '_a la 1, : raracterizado po;que- la
formulacién'prégéradaftiene pna fuerza ionica que es por lo
MEnCs zlrededor de 36 miEg/L de lones Na'.y C17.

2. E1 metode de conformidad con cualesguiera de las

reivindicaciones 1 a 1l=a 4, caracterizade porque 13
formulacidn preparada. tLiene wuna fusrza idénica que ez por lo

"mencs alrededor de 40 mEgQ/L de iones Na® oy C17.

9. E1l wmétecde de conformidsd con caalesguiera de las
Leivindicaciones 1 a 1la 4, caracterizads [alaliags [B1= 13
formulacidn preparada tiene wna fuerza 1dnica que ez por lo

mencs alrededsor de 240 mEgsL de Lones Ha+ ¥y STy mencs que

alrededor de 150 wEG/1 de lones Na' oy €17,
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i0. El método de conformidad con. cualesguiera 'de las
reivindicaciones 1 a 1a 4, caracterizado porcus la
formal acion preparéda' ﬁien@ una JTusrza. idnice medidﬁ' =131
ﬁmhd;ctividéd gque as npor lo menos 2.5 @3/ cm.

1i. ElL método de confeormidad con cualesguiéra de las
reivindicacicnes | 1 a 1la 4, caracterizads perouz - la
formulacidén preparada tiene una fuglzal iénica mediﬁa arn
conductividad que es3 ﬁor lo menns 4.0 mS/cm.

712. El‘ méfodo de conformidad cob cuwalesquiera de las

reivindicaciones 1 a la li, caracterizado porgue . la

Formulacidén farmacéutica a sSer preparada para inveccidn es

una formulacién liofilizada.

12. .El meétcdo de cbnformidad_-can: dualésquiera de las
reivindicaciones I a - la 11, caracterizado -porgue | l=z
Formulacion farmacéutica 8 Zer preparaca para inyeccidn es
una solucion.

14, El méetcode de conformidad con cuslesqguiera de las

reivindicaciones .1 a la 13, caracterizado, porgque. la solutidn

de cloruro de sodio es alrededor ds 40 mM hasta alrededor de
150 mi. |

- 15. El método de confornmidad con cualesauiera de las
reifiﬁdibaciones l a la 13, caracterizado porqus la solocidn
de clorvero de sodio es alrededox de 36 mﬂ'ﬁasta alred;ﬁér dé

44 mM.
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1. El metodo ﬂe conformidad con cualesquiera: de las
reivindicaciones 1 a la 13, caracterizadé pafqpe la solucicn
dee cloruro ds Eﬁdiﬂ‘es dlrededor de 440 @M.

lj; El metodo de cﬁnfaﬁmidad. cén cualesquierg_ de las
reivindicacicnes 1 a la 16, caIaCterizadQ poIcle antes ae.la
adicion de la sclucicén de clorurs s sodic, la fofmulacién
farmacéutica no cContisne una cahtidad-apféciabie de.una sal
de lonizaclan.

18. El H@tod0 da-ﬁonfﬁrmidad écn la'reivindiéaciénflﬂ,
carackterizado  porguoe 1a formulacién liqfilizada, 21 s
reqanstituye'en agua, o contilene mds gue S5 mM de una. =al-de
ionizacion.

13, El método de:éunfﬁrmidad coﬂ 1la reivindicaciéhllﬂ,

caracterizado pergue la formulacién 1liofilizada, 8i  se

creconstitnye en agua, no conblens mas gue 25 md de una =zal de

icnizacion.
20. Bl métode de conformidad con cuzlesquiera de las

reivindicaciones 1 & la 1%, ¢aracterizadc pordue antes de la

adicidn de la sclucidén de clorure de =zodio, la formulacidan

Farmacéntica comorende histidina, glicina, SACArI=A, %
pelisorbato.

2. Bl wmettode de conformidad con cualesguaiera de las

reivindicaciones 1 a la 1%, caracterizado porgue antés de la

adicidn de la solucidn de clorure de scodic, Lla formulacian



20

75

farmacéutica comprende histidina, | glicina, sacarosa,
polisorbato, y una proteina terapéutica.

22. Bl método de conformidad con cualesguiera de las
reivindicaciones 1 a la 21, caracterizado porgue antes de la
adicién de la soluciéon de cloruro de sodio, 1la fofmulacién
farmacéutica  comprende histiding, glicina, sacarcsa,
pcliscrbato, y Factor [X.

23. EL método de conformidad con cualesquiera de las
reivindicaciones 1 a la 21, caracterizado porque antes de la
adicidn de la sclucién de cloruro de sodio, la formulacidn
farmacéutica si se reconstituye en agua comprende:

ia} desde alrededor de 5 mM hasta alrededor de 30 mM de
histidina; |

ib} desde alrededor de 0.1 mM hasta alrededor de 0.3 mM
de glicina;

ic) desde alrededor de 0.5 hasta alrededor de 2 por
ciento de sacarosa:; v

id) desde alrededor de 0.001 hasta alrededor de 0.05 por

ciente de poliscrbato.

24. El método de conformidad con la reivindicacion 23,

caracterizado porque antes de la adicidn de la solucidn de
cloruro de sodio, la formulacidn farmacéutica si se
reconstituye en agua ademas comprende:

(e} desde alrededor de 50 IU/mL hasta alrededor de 2000

IU/mL de Factor IX.
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25. Un metodo para la preparacidn dse una formulacidn de
Factor IX liofilizada pa:za inyeccién lIntravenosa, el metodo

comprénde la adicicn de-alrededor de 25 mM hasta alredédor e

150 mM e solucidn de clorurc de sodio 3 la formulacidn de

Factor IX liofilizada resultando de es5ta maners e&n  una
formulacidn preparada para inyeccion intravanosa,
caracterizado porque la formalacidn preparada =5 caxsi

isotoniza con respecto 2l plasima o ez ligeramente hipoténica

.0 ligeramente hiperténica con respacts al plasma, v en donde

la fornmulacian preparada Tlene una fuerza idnica sufliciente
para prevenlr la aglutinacidn de eritrocitos.

26. El metodo de conformidad con la reivindicacién 25,

caracterizado pozgue la formulacién de Factor IX liofilizada

5i- 3& recﬁnstituye eh agua comprends:.
(ay desde zalrededsr de 5 mM hasta_alrededer da 30 mM de
histidina;
|

‘b desasde alrededor de 0.1 mM hasta alrededor de 0.3 mM

de glicinas

()] desde alrededor de 0.5 hasta alrededer de 2  por
clente de sacarozal) y

.{d) desde alrededor de 0.001 hastz alrededor d= G.03 poE

ciento de polisorbato. .

27. EL método de. gonformidad con- la reivindicacidn 26,

caracterizads porgue ona solucldén de cloruro dée sodic de
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alrededor de 40 m# se agrega a la formalacién de Factor IX
liciilizada.

L
n

28, El método de conformidad cen ls reivindicacidn 27, .

caracterizado porgue alrededer de 5 .mL de la sclucidn de

cloruro de sodic de alrededor de 40 mM se agrega a la
formulacidn de FaCtOI'IK.liniliZada-

29. El método de conformidad con la reivindicacién 20,
carackterizado. porgus la fqrmulacién de Factor IX -tiene e
volumen de pre—liofilizacién de alrededor dé-ﬂ mL. |

30. E1 mélodo ;1:-:5 coenformidad con la reivix'ldiéaci@f-i z8,
caracterizade porgue la formoalacién de Facior IX 1imfiiizada

5l s& recenstituye en agua comprende alrededor de 10 mM de

. hisiidina, -0.26. M dé glicina, 1% de sacavesa, 0.005% de

polisorbato, ¥ Factor 1X.
21. Un kit farmacéutice caracterirzacdso porgue comprende:

{a) un ifrasco que <ontiene una torta liofilizada, en

la solucidn comprenderiz:-

(i1 desde alrededor de 5 mM hasta alfededgr de 30
n de histidinz; |
(id} desﬂe alrededar de 0.1M hasta alrededor de
0.3 de glicina; |
| [iii) deade alrededor de. 0.5 hasfa-élrededo; de 2

por cientc de sacarosay
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{iv)] desds alrededer de 0.001 hasta alrededor de
0.05 poar ciento de pclishrbato; Y

() desde‘alrededor de 50 I)/mL hasta alrededor de
2000 LU/mL de Facror X3

by una solucién de clorure de sodic de 25 .mM_ hazta
alrededer de 150 mM;

(z) dinstruccichnes para la reconstitacicon ds la orka
licfilizada con 1a .solmciéh de ;lnrﬁré_ de 'aodj.o[~ tal :que
después  de reconsfifucién- la solucién Tesultante es'_ﬁasi
iscidnica y tienes una fﬁer;a-iénicé suficiente par%.preﬁenir
lz agregacién de eriftrocitos en la inyecclin intravenosa.

32. Un kat fazmatépficﬂ carackerizado pﬁfque comprende:
dﬂnde 531 la torta licfilizada =ss fe&nnétifuye'en 4;ﬁL dé.ﬂgua
la sclucicn Cmmpﬁenﬁeria:

(il alrededor de 10 mM de-histidina;
(11 alredesdor de D.EEM de glicina;
-tiiiﬁ-alrededar.de 13 par éient04de sacarosal

(iv) alrededor de 0.005% por ciento de polisorbafc

(v} desde alrededor de 50 IU/mL hasta alisdedcor de

2000 T mL de Factor IX:

(bl una solucidn de'florurb de sodio de alredador de 40

mid; v (=) Instrucciones para la reconstitucién de la torta

liofilizada en el frasco con alrededor de 5 ml de scolucidn de

fa) un frasco gque contiens una torta liofilizads, en

/’(ée
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clerure de sodic, tal gque después de la reconstitucidn la

sclucidn resultante comprends:

(1} desde alrededor de 7 hasta alrededor de §-mM de

‘hi=stidina;

"{ii} desde alrededor de 200 hasta alrededor de 210

md de glicina:

(ii1i} desde alrededor de 0.7% hnasta alrededor de

'0.9% de sacarosa;

{iv] desde alrededor de O

.004% de polisorbato 20

{v] desde alrededor de 50 IU/mL hasta alrededor de

2000 TU/wl de Factor TX; v

fvi] alrededor de 40 oM de MNaCl.

33, Una ‘torta 1imfilizadaf .cafacterizéda porgue. i la
torta liofilizada se reconstituye en 5 ml de aqua,  la
solucién cnmpremdepia:

1) desde alrededor de 5 mM hasta alrededor de 30
ne de histidina; -
(i1 desde " alrededor ‘e 0.1M hasta alradedor de

0.3M cde glicina;

{iii) desde alrededcor de
por ciento de sacarcsa;s
desde alrsdedor Hde

{iwv)

0.05% pof ciento de po;isorbata; ¥

C.5 hasta alrededor de 2

0.001 hasta alrededaor de

iv)] desde alrededeor de 50 I/ /ml hasta zlrededor de

2000 I/ml de Factor 1X.
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34, Una torta liofilizada, caractsrizada porgqus si la
torta licfilizada se rgcongtituye en 4 ml de .aguaa, la
sglucién.camprenderia:

i aireﬂedor de.lﬂ-mﬁ de histidina;

ii) alrededor de 0.26M de glicina:

iii}'alrededor de 1 por cienlo de sacarosa;

iv) alrededor ce 0.00> por clentc. de pelisorbato 80; 7

v desde alredeﬁcr e 50 iUImi haéta Alrededar deZEOOO
ITuiml de Factor IX.. -

35, Un frasco gue contiens una torta liofilizada,
caracterizado pbrqué 51 la torta liDEiliéada 5 reﬁonstituye
@n 5 ml de agua, la solucidn comprenderia:

(i3 deéaé'alrededof de.GlmM.haéta.alrededDr de 3
mM de histidina;

(ii) desde alrededor dde 0G.1M hasta alrededor de
U.éM de glicinas

| {(iii) de=sde alrédedﬁr de 0.5 hasﬁa alrededor de 2

por 5ient5 de sacar&sa;

{iv) desde alrededar de {.001 hasta alrededor de
D.G5 pozr cientc de,polisorbato; Y

(v) desde alrededor de 50 IU/mL hagta'alrédedor cle
2000 ru/mL de Factor IX.

35; Un"  frasco que- contiene una  torta liofili;ﬁdﬁ;
taracterizad§ porquéjsi 1a torlta liofilizada se reconstituye

en 4 ml de agua, la solucidn comprenderia:
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1) alrededor de 10 mM de histidina;
ii) alrededor de 0.26M de glicina:

1ii) alrededor de 1 por clento de sacarosa;.

ivi alrsdedar de 0.005 por cieiteo de polisorbata

v] desde alrededor de 50 IU/m) hasta alraededor

IU{m)l cde Factor IX.

EISERRY.

de Z0090
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RESUMEN DE LA INVENCION

La invencidn proporciona métodos para la preparacidén’ de
fcrmulacioﬁgs farmacéuticas para inyeccién tal que en la
inyeccidén la forﬁulacién no  provogque la  aglutinacisn  de
eritrocites, hemdlisis, v/o contracclsén e ¢é&luias. Para
prevenir  la aglutiﬂacién{ iz fcrmuiacién farmaceuntica

preparada para inyeccidn necesita tener una fuerza - idnica

sufidiente. Para prevenir -la pemdlisis’ o la contraccidn de

célﬁlas} una formulacidn farmaczéutica preparada  paka
inyecdién necesita ser cagl lsotdnica con respacteo al ﬁlaﬂma.
La in?ehtién'prmpoﬁcicna metodos  Que p;EParan formulaciqneg
farmacéuticaS' pare -inyveccidn  gue tienen . tanto la Ffuerza

idnica sufiiciente para prevenir’ la aglutinacidn vy la

‘tonicidad requerida para prevepir hemdlisis o deshidratacién

‘& oontraccién  de délulas significativas. Loz wébades

presentes involucran =1 uso de solucicnss. de cloruro de sodic
que.scd'élrgdedor de .25 MM haétaaal;ededar de 154 mM_paré
reconstitucion de tortas liofilizédas {u otras TlFormalaclones
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PATENT COOPERATION TREATY PCT/US2006/042258

From the INTERNATIONAL BUREAU

PCT

NOTIFICATION CONCERNING SUPERKOQ, Colleen
SUBMISSION OR TRANSMITTAL WILMER CUTLER PICKERING HALE & DORR LLP
OF PRIORITY DOCUMENT 60 State Street

Boston, MA 02109

ETATS-UNIS D'AMERIQUE
(PCT Administrative Instructions. Scction 411)

Date of wailing fdaymonthdyenr)
06 February 2007 (06.02.2007)
Applicant’s or agem's file reference e _—
AM102155 IMPORTANT NOTIFICATION
Intemational application No. International Gling date fduyvinonthivear)
PCT/US2006/042258 27 October 2006 (27.10.2008)
q Itermational publication date jdayronthiyear) Priority date (day/monthipeart
Not yet published 01 November 2005 (01.14.2005)
Applicant
WYETH et al

I. By means ol this Form, which replaces any previously issued netification concerning submussion or ransmitial of priority
documc.nls the applicant is hereby natified of the date of receipt by the International Buresu of the prioniy dociuneni(s) refating to
all carlier applicalion(s) whose priority is cluimed. Unlesx otherwise indicated by the letters “NR”, in the right-land column or by an
asterisk appearing next to a date of receipt, the priority document concerned was submilted or ansmitted 10 the International Burean
in compliance with Rule 17.1(a} or (b).

.

({f applicabile) The letters “NR" appeuring in the right-hund column denote 1 priority document which, an_the dute of_mailing of
this Form, had not yet been received by the International Bureau under Rule 17.1{a) or (b), Where, under Ruite 17.1{a), the
priority document must he submitted by the applicunt to the receiving Ollice or the International Bureau, but the applicant fails to
submit the priority document within the applicuble time limit under that Rule, the attention of the applicant is directed to Rule
17.1(c) which provides that no designated Office may disregard the priority clain cencermed before giving the applicant an
opporlunity, upen entry into the national phase, to fumish the prionily docunient within a time limit which is reasonable under the
circumstances.

(8]

q 3. (f applicablelAn ssterisk (*) appearing next lo a date of receipt, in the right-hund colwin, denotes a priority document submitted
or transmitted 1o the International Bureau but not in ¢compliance with Rule 17.1(a) or (b} (the priority document wus received
after the time limit prescribed in Rule 17.7(a) or e request to preparc and trunsmit the priority document whns submitted 1o the
receiving Olfice afier the applicable time limit wnder Rule 17.1(b)). liven though the priority document was not fumished in
compliance with Rule 17.1{s) or (b), the International 13urcau will nevertheless transmit o copy of the document 1o the designated
Offices, for their consideration, In case such a copy is not acceplud by the designated Office as the priority document, Rule 17.1(¢c)
provides that nu designated Olfice nay disregard the priority claim concermed hefore giving the applicant an opportunity, upon cntry
into the national phasc, to furnish the priority document within a time limit which is ressapable under the circumstances.

: QLEC_Lmu.mng.Qmm n{'_pzmnt.)_dmumnm
01 November 2005 (01.11.2005) 60/732,221 us 18 December 2006 (18.12.2006)
The Intemational Burean of WIPQ Authorized officer
34, chemin des Colombettes : .
1211 Geneva 20, Switzerland Dorothee Mulhausen
] Facaimile No. +41 22 338 90 84
kaceimile Mo, +47 22 338 42 70 Telephone No. +4] 22 338 96 72

Form PCT/BOA (October 2005) LC4ITY 380



' ATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY PCT
To:

YWILMER CUTLER PICXERING HALE AND DOOR LLP

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND

&trn. Superko, Collzen THE WRITTEN OPINION OF THE INTERNATIONAL
60 Stare scveer e ATE R CUFEER PREKEFSPAECHING AUTHORITY, OR THE DECLARATION
Soton 16 0108 | HALE And DORR LLP DPCKETING

| RE: ELDHq 7 |wQl

o 3la2J07 ¥ _|91[230% .

tion to be Ti eniwru\/ \g¥

AL phent £ mt&-ot—maﬂmg—'
_ . o u.[day/monrh/y ar) 22/10/2007

Applicant's or agenf’s lile refsrance

3 !‘ 4
AM102155 FOR FURTHER ACTION k;n;s:"@e% ’gg?a'dgaphs 1 and 4 below
International application No. Intemationat fiing date ,g\ L.
PCT/US2005/042258 (dayimonihiyea) 5 /10/2Q05 (S
Applicant = T :
%‘; ”53: e

WYETH , 2, e

e Ny :

1. m The applicant Is hereby notified that the international search repoit and the written gpinlon of the intarnational Searching
Authority have been eslablished and are transmitted herewlth.

Flling of amendments and statement under Articlo 19:
The applicant is entitied, It he so wishes, 10 amend the claims of tha international Application (s2e Rule 46):

Whon? The time limit tas {lling suth amendmanis is nornzily two manths from the date of ransmittal of the
Intarnational Search Report.

Where? Directly to the International Bireau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Swilzertand, Fascimile No.: (41-22) 338.82.70

For more detailed instructions, see the notes on the accompanying sheet.

2. D The applicant is hesaby notified that na intemational search raport will be established and that the declaration under
Article 17(2)(a) to that effact and the wilttan opinion of the Internaional Searching Authority are ransmitted herewith.

3. [:l With rogard to the protest against payment of {an) additional fee(s) under Rule 40.2, the applicant Is notified that:

the protest together with the decision thereon has been transmitted to the International Bureau together with the
applicant's request to lorward the texts of bath the protest and the decislon thereon to the designated Offices.

no decision has been mada yot on the protast; the agplicant will ba notified as soon as a decision is made.

4. Reminders

Shortly attes the sxpiration of 18 months from the piiority daté, the mtemational gpplication will be published by the
ernational Bureau. If the applicant wishes 10 avold of pastpone publication, & notice of withdrawal of the internalional
appilcation, or of the priority claim, must ieach the Internaticnal Bureau as provided in Rules 80bis.1 and 90bis.3, rogpectivety,
before the completion of tha tachnical preparations for intemational publication.

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
Inlgrnationa! Buraau, The Intemational Bureau will send a copy of such comments to all designaled Officas unlass an

international preliminary examination report has been or is t be established. These comments would also be made available to
the public bul not before the expiratisn of 20 months from the pricrity date.

Wilthin 19 months from the priority date, but anly in respect of some designaied Officas, a demand for inlernational praliminary
examination must be flled i the applicant wishes to postpone the enlry into the national phase until 30 months trom the priority
data (in some Offices even later}; otherwisa, the appticant must, within 20 manths from the priority date, perform the prescribed
acts for ontry nto the nationat phase balore those daslgnated Offices.

in respect of other designated Oftices, the time lirmit of 30 months (or laler) wili apply aven if no demand is filed wILhIn 19
months.

Sae the Annex 1o Form PCT/IB/201 and, for datails about the applicable imae limits, Offlce by Office, sea the PCT Applicant's
Guide. Volume I, Natlonal Chapters and the WIPO Intarnet sita.

Name and malling address of the Inlgmational Searching Authority | Authorized officer

— European Patent Office, P.B. 5818 Patantlaan 2 .
NL-2280 HY Rijswilk Joélle Gerber
Tal. {+.31-70) 340-2040, Tx. 31 651 epo nl,

Fax: (+31-70} 340-3016

Form PCTASA/220 (October 2003) . ) (See notes on accompanying sheet)
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PATENT COOPERATION TREAT: -

PCT

INTERNATIONAL SEARCH REPORT

{PCT Anticle 18 and Rules 43 and 44) '

Applicant's or agent's file reference FOR FURTHER see Form PCTASA220

AMLO02155 ACTION as wall ag, where applicable, item 5 below.
Intarnational application No. International filing date (nay/monthivear) (Eauligst) Priority Date (day/monthiyear)
PCT/US2006/042258 27/10/2006 01/11/2005
Applicant

WYETH

This imtgrnatignal search repert has been piepared by this Intgmational Searching Authority and Is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This intamational search repost consists of a tatal of 4 shaels.
it Is also accompantad by a copy of ach prior ari dacument cited In this repeit,

1. Basis of the roport
a. With regard to the language, tha Intemaiional search was carried out on the basis of:
the international apptication in the language in which it was flled

D a translation of the international application into . which is the language
of a transtation fumighed for the purposgs of internaticnal seaich (Rules 12.3(a) and 23.1(b})

With regard o any nucleotide and/or amino acld sequence disclosed In the international application, spe Box No. .
Certaln claims were found unsearchable {See Box No. 1)

Unity of inventlon is lacking (5ee Box No i)

O 4dd

4. With regard to the title,
tha tex is approved a3 submitted by the applicant
[] the text has been established by this Authority to read as fallows:

5. With regard to the abstract,
the text Is appioved as submitted by the applicant

[_—_| the text has been established, according to Rulg 38.2(bi, by this Autharity as it appears In Box No. |V. The applicant
may, within one month liom the data of mailing of this intemationa! search report, submit commants 10 this Authority

6. Wiih regard to the drawings,
a. the iflgure of the drawings (0 be published with the abstract is Figure No. _L
a5 suggestsd by the applicant
D as selected by lhis Authority, because the applicant fallad to suggest a figure
D as seletted by this Authosity, because this figure bettiar characterizes the invention
b. [[]  none of the figures is to be published with the abstract

Fosm PCTASAS210 (firgt sheet) (Apri 2005)



‘. -tarnationsl application No

¥

INTE."NATIONAL SEARCH REPORT ™
. PCT/US2006/042258

A. CLASSIFICATION OF SUBJECT MATTER
INV. A61K9/08 A61K9/19 A61K47/02 A61K47/18 AB1K47/26
A61K38/48

According to Infernalional Patent Classification (IPC) or 10 bolh national classilication and PC

B. FIELDS SEARCHED

Minimam gocume s scasched (classification system ollowed by classitication symbols)

A6iK

Documentgilon searchen othar than minimum documealation 1o the extant eal such documens are included (0 the fiukds searched

Electronic naia base consuitad auritg the inteinalional seerch (RAmMo of daia base ana, whem praciical, search lemms usad)

EPO-Internal, WPI Data, EMBASE, BIOSIS

€. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® | Ciation of dotamont, wilh indicalfon, whare appropriate, of the relavant passages Aelavant 1o clalm No.

AG [CH]; HANSEN BIRTHE LYKKEGAARD [DK];
JENSE) 30 June 2005 (2005-06-30)

page 6, line 12 - l1ine 37

page 50, line 7 - page 52, line 11;
example 4

X * VAN DEN BERG H M ET AL: "BeneFixTM 1-36
induces agglutination of red cells"

X WO 2005/058283 A (NOVO NORDISK HEALTH CARE 1-21,23

us,
vol, 96, no. 11 Part 1,

XP008083763
ISSN: 0006-4971
abstract

BLOOD, W.B.SAUNDERS COMPANY, ORLANDO, FL,

16 November 2000 {2000-11-16), page 64la,

Funhar docunibids are fisted In tha conjmiaticn o Bex C,

See patent family annex.

* Speciel categones o ciled documents :

TAT ducument deflning (ke general s1a1¢ of the an which i not
considered to ba of parlicuter ralavanco

*E’ earlier documen but publishod on or aher the interaational
filing date

'Lt doarment which may throw doubis on priotily daimis) or
which is cited to éstublish the puniicalion dale ot another
cltation or othar speciel resson (ae specilipd)

'O decumost referrdng 1o an oral disclosige, uso, exhibliion or
othier means

‘P dacument published prior Lo Lhe intemational (iling date but
tater than the priorily dale claimed

"§* later document publshed after the Internationel fillng date
or piiority data Bpd nol in confict with e appdication b
cited 10 understand the prticiple or theory undettying the
vanton

*X* gocumen of particusar relevance; the clatmed liention
cannol be considared naval or carnot be considarsd 10
involve an Inventive step when ine document is tAKeh alone

Y* document af paticutar relevenoe; (e claimed invention
caniol be considerad 10 involve an inviniive step when the
documen! & ¢combined with ane or inore other such docu-
l‘megls. Such comhination buing obvions 10 & passon skidled

vthe an.

‘& document membei of lha sama patent taly

Datn of the actual enmpletion of the international search

9 October 2007

Daita of malilg of the intemational saarch rapan

22/10/2007

Nammn and mailing acaress of the ISA/
Ewopaan Paten Citice, P.B. 5818 Patentloan 2
NL = 2280 HY Rijswiik
Tel. (+31=-T0) 340-2040, Tx. 31 651 apo ni,
Fax: (+31-70) J40-3016

Aulhotized olticer

Marchand, Petra

Forem FCTASAR10 jsecund shinet | (Asr 2005

page 1 of 2



INT=RNATIONAL SEARCH REPORT

t, i?amatlonal spplication No

|:"§c1/u52006/042258

C{Continuation). DOOCUMENTS CONSIDERED TO BE RELEVANY

Cateqory”

Citstion of dnesiment, wilh indication, wheta appropriate, ol Lhe ralzvanl passages

Helavant to claiin Mo.

X

WO 2005/089712 A (WYETH CORP [US]; JUNEAU
JENNIFER [US]; KNOWLES SUSAN [US])

29 September 2005 (2005-09-29)
paragraph [0006]

paragraph [0009]

paragraphs [0067], [0068]

tables 2,7,12

exampies 1-3

cliaims 1,12,26,27,29,31-37,43,45,4%-52
BUSH L ET AL: “THE FORMULATION OF
RECOMBINANT FACTOR IX: STABILITY,
ROBUSTNESS, AND CONVENIENCE"

SEMINARS IN HEMATOLOGY, PHILADELPHIA, PA,
us,

vol. 35, no. 2, SUPPL 2,

April 1998 (1998-04), pages 18-21,
XP001010494

ISSN: 0037-1963

the whole document

US 3 717 708 A (WADA S ET AL)

20 February 1973 (1973-02-20)

column 1, line 1 - line 17

column 3, line 40 - column 4, line 31

US 2001/031721 Al {NEBB CHANDRA [US] ET
AL) 18 October 2001 (2001-10-18)
paragraph [0001]

paragraph [0026]

table 1

VAN 0SS C J: "On the mechanism of the
spontaneous aggregation of human
erythrocytes at reduced ionic strength and
PH"

BIORHEQOLOGY, ELSEVIER SCIENCE LTD.,
OXFORD, GB,

vol. 21, no. 3, 1984, pages 415-416,
XPOQOB(083758

ISSN: 0006-355X%
the whole document

1-36

33-36

. 1-36

Fonnt FOTISAZ 1D (conbnualion & secend thoet) (Aprll 200%)

page 2 of 2
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i).2~. mation on patent family mombers

. - ymatlanal applieation No

lﬂﬁCT/U52006/042258
Patent document Publicatian Patant family Putlication
clted in sgarch regort date member(s) data
WO 2005058283 A 30-06-2005 AU} 2004298789 Al 30-06-2005
BR P10417721 A 03-04-2007
CA 2549593 Al 30-06-2005
CN 1917861 A 21-02-2007
EP 1703899 A2 27-09-2006
JP 2007519623 T 19-07-2007
KR 20060109950 A 23-10-2006
MX  PAD6006886 A 04-09-2006
Us 2007021338 Al 25-01-2007
WO 2005089712 A 29-09-2005 AU 2005225000 Al 29-09-2005
BR PI0509117 A 28-08-2007
CA 2554018 Al 29-09-2005
£EP 1720519 A1l 15-11-2006
Us 3717708 A 20~02-1973 CA 920948 Al 13-02-1973
UsS 2001031721 Al 18-10-2001  NONE

Earm PCTUSAZ0 (Salor! fernily annsxd (Apn 20381



. “:PATENT COOPERATION T JATY

From the
INTERNATIONAL SEARCHING AUTHORITY

PCT

' WRITTEN OPINION OF THE
see form PCTASA220 INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

| {(daymonthiear) sae form PCTASAR10 (second shaet)

———— et b e @ p———t

— e

Apphcz;m‘s of n.g-gl:ni‘s file reforance o T FOR F-EJ—R—TLEE I_\E;ION 7 T
I see form PCTASAR220 { See paragraph 2 below
Internations! apphicalion No. - Intemational filing dato ('déy.%?ﬁ?h,year,l —F;ioris)- daie @aymonthiear) ) T
PCTAIS2006/042258 27.10.2006 01.11.2005
"EESEnEiSBQEB}n Classification ({PC) or both national dassiﬁcaiion and 1PC T T T
INV. AGT1K308 A61K319 A61K4A7/02 AG1K47/18 A61IK47/26 A61K3348
ﬁz.p_';“;;; _______ —— S - e e e S U
WYETH
1. This opinion contains indications relating to the following items:
B Box No. ! Basis of the opinion
O 8oxNo. il Pricrity
[J Box No, Il Non-establishment of opinion wilh regasd to novelty, invenliva step and industrial applicability

O Box Ne. IV Lack of unity of invention

& Box No. V Reasonad statement unde: Rule 43bis 1{a)(i) wilh regard to novelly, inventive slep or indusirial
applicability; citations and explanations supporting such statement

[0 Box No. VI Certain documents cited
0 fiox No. Vil Cenrtain defects in the international application
O Box No. VIii Certain observations an the international application

2.  FURTHER ACTION

li 2 demand for international preliminary exarmination is mada, this opinion will usually be considerad to be a
written opinion of the Inlernaticnal Preliminary Examining Authority ("IPEA") except thal this does not apply where
the applicant chooses an Authority other than this one to be the |PEA and the chosen IPEA has nolifed the i
International Buweau under Rula 66.1bis(b) that written opinions of this inlemational Searching Authority
will not be so considered.

if this opinion is, as provided above, considered tc be a wrttan apinion of the IPEA, the applicant is invited to
submit to ihe IPEA a written reply logether, where appropriale, with amendments, before the expiration of 3 manths
from the daie of mailing of Form PCTASAZ20 or before the expiration of 22 months fiom the priority date,
whichever expires later.

For further options, see Form PCTASA2220.

3. For further details, see notes to Form PCTASAZ20.

R i ¢ o s ot s s ————— - e A

j Name and maitingﬁﬁ&ress of the ISA: i Date'of_ &;;npletion of | Authorized Officer T '“:_m ]
—— this opinion ;o"" R
i & B
European Patent Office - P.B, 5818 Patenilaog 2 : i
\ _g)) NL-2260 HV Rijswik - Pays Bas Foack LN tiarchand, Peira i 0)» z
{ T Tel 43170340 2040 Tx: 31 651 eponl : N i
l Fax: 431 70 340 - 3016 Telephone No, +31 70 340.9527 ii"*‘-u o

-——— - . me——caa s r—— [FOURNIURRUEI O SRS, - e M. e m—- e e s e ———

{ Date of mailing |

Forir: (PCTASAR3T) {Cover Sheot) (April 2005)



WRITTEN OPINION OF THE International apptication No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2006/042258

Box No.1 Basis of the opinion

. With regard to the language, this opinion has been established on the basis of;
the international applicalion in the language in which it was filed

0O atranslation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

. With regard lo any nucleotide andlor amino acid sequence disclosed in the international application and
necessary to the claimed invention, this opinion has been established on the basis of:

a. type of material:

O asequence listing

01 rable(s) related to the sequence listing
b. fermat of material:

i1 onpaper

a _in electronic form
¢. time of filingfurnishing:

O contained in the international application as filed.

O filed together with the international application in electronic form.

O  funished subsequently to this Authority tor the purposes ot search.
. O In addition, in the case that more than one version or copy of a sequence listing andir table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional
copies is identical to that in the application as filed ¢or does not go beyond the appiication as filed, as
appropriate, were furnished.

. Additional comments:

Form PCTASAI237 {April 2005)



WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY

Inlernational application No.

PCTAS2006/042258

Box No.V  Reasoned statement under Rule 43bis.1{a}{i) with regard to novelly, inventive step or
industrial applicability; citations and explanations supporling such statement

1. Statement

Navalty (N) Yes: Claims
No: Claims
inventive step (1S) Yes' Claims
No: Claims
Industrial applicability (1A) Yes: Claims
No: Claims

2. Cilations and explanations

see separate sheet

Form PCTASAY 237 (April 2005)

3.4.15,16,27-29,31.32
1.2,5-14, 17-26,_30, and 33-36

—
'
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WRITTEN OPINION CF THE Internationat application M.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/352006/042258

Re item V
Reasoned statement with regard to novelty, inventlve siep or industrial applicability;
citations and explanations supporting such statement

1 Relerence is made to the following documents:

D1 WO 2005/058283 A (NOVO NORDISK HEALTH CARE AG [CH]; HANSEN
BIRTHE LYKKEGAARD [DK]; JENSE) 30 June 2005 {2005-08-30)

2: VAN DEN BERG HMET AL: "BeneFixTM induces agglutination of red cells"
BLOOD, W.B. SAUNDERS COMPANY, GRLANDO, FL, US, vol. 96, no. 11
Part 1, 16 November 2000 (2000-11-18), page 641a, XPOUB0B37£3 |SSN:
0008-4971

D3: WO 2005/089712 A (WYETH CORP [US]; JUNEAL JENNIFER [US];
KNOWLES SUSAN [US]) 29 Saptember 2005 {2005-09-29)

D4: BUSH L ET AL: "THE FCRMULATION OF RECOMBINANT FACTOR 1X:
STABILITY, ROBUSTNESS, AND CONVENIENCE" SEMINARS IN
HEMATOLOGY, PHILADELFHIA, PA, US, vol. 35, no. 2, SUPPL 2, April
1998 {1998-04), pages 18-21, XPG01010494 |SSN: 0037-1963

D5: US-A-3717 708 (WADA S ET AL} 20 February 1973 (1973-02-20)

D6: LS 2001/031721 A1 (WEBB CHANDRA [US] ET AL} 18 October 2001
(2001-10-18),

2 Clarity (Article 6 PCT) and interpretation of claims

2.1 The application does not meet the requirements of Article € PCT, because claim 1 is

not clear. The term "sufficient ionic strength to prevent erythrocyte aggiutination”
cad i3 nat clear, because the skilled person is left-in doubt as to which ionic

strengths are intended to be covered by the claim. The dgescription offers in
paragraph 10 various alternative interpretations, e.g. the sclution should have at least
about 25 mEg/L of Na* and CI ions, or at least about 40 mEq/L of Na* and Cl ions, or
at least about 40 mEcgyL and less than about 150 mEg/L of Na* and CIiens, or a
canductivity of al least about 4.0 mS/em. For the interpretation of novelty, is has bean
assumed that a concentration of at least 25 mM NaCl {or equivalent of another zalt)
would be suflicient to prevent erythrocyle agglutination.

Form PCTASA/237 {Separale Sheet) [Shaet 1) (EPO-April 2005}



WRITTEN OPINION OF THE Internalional application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2006/042258

2.2 Itis clear from the description (e.g. paragraphs 7, 10) that a certain ionic strength of
the final solution is essential for the definition of the invention, because this is
presented as essential for preventing erythrocyte aggregation upon administration of
lhe formulation. In the present application this ionic strength is 1o be achieved by
adding a solution comprising 25-150 mM sodium chloride to the formulation. Since
independent claims 33-36 do not contain this feature or any other feature related to
the ionic strength, they do nol meet the requirement following from Article 6 PCT
taken in combination with Rule 6.3(b) PCT that any independent claim must contain
all the technical features essential to the definition of the invention.

3 Novelty (Article 33(2) PCT)

3.1 The present application does not meet the criteria of Article 33(1) PCT, because the
subject-matler of claims 1, 2, 5-14, 17-26, 30, and 33-36 is not new in the sense of
Article 33(2) PCT.

3.2 The document D1 discloses (example 4 on page 50, line 7 - page 52, line 11;in
particular formulations F2, H2, N2, P2, V2, and Y2) a method for preparing
pharmaceutical formulations for intravenous injection, the method comprising adding
50 mM seodium chloride solution (2,92 mg/ml) to lyophilized formulations comprising
recombinant factor Vlia, glycylglycine, polysorbate 20, sucrose, and histidine. The
prepared formulation has sufficient ionic strength te prevent erythrocyte aggregation
(50 mM) and is about isolonic. The subject-matter of claims 1, 2, 5-14, 17, and 19 is
therefore not new in view of D1,

3.3 The document D2 discloses (in the abstract) a method of preparing a pharmaceutical
formulation for intravenous injection, the method comprising diluting the commexcial
BeneFix® {factor 1X) preparation in "normal saline”, which comprises about 150 mM
sodium chloride. The document further discloses that BeneFix®-induced erythrocyte
agglutination is caused not by the drug itself but by the vehicle, and that it could be
prevented when the formulation was diluted in normal saling instead, The commercial
BeneFix® preparation is known to comprise - prior to the addition of the diluent - the
excipients histidine, glycine, sucrose, and polysorbate. The subject-matter of claims
1,2, 5-14, 17-28, and 30 is therefore not new in view of D2.

Form PCTASA237 {Separatz $heet) (Sheel 2) (EPO-Aprnil 2005)
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3.4 The documents D3 (page 20, paragraph 67 - page 21, paragraph 68) and D4 {(whole
document; abstract; Fig. 2) disclose lyophilized factor IX formulations comprising 10
mM histidine, 1% sucrose, 50 mM sodium chloride, 0,005% polysorbate, and 260
mM glycine. The subject-matter of claims 33-36 therefore appears to be not new in
view of D3 or D4.

3.5 The document D5 discloses (column 4, lines 12-31) a method comprising dissolving
dry factor IX protein powder in a diluent of 0,05 M sodium citrate and 0,088 M sodium
chloride to result in a final concentration of 25 units of factor IX/ml; the pH is buffered
to 7,3 and after sterile filtration the solution is suitable for intravenous injection. in D5,
the solution is then lyophilized. The subject-matter of claims 1, 2, 5-14, and 17 is
therefore not new in view of DS.

4 Inventive step (Article 33(3) PCT)

4.1 The present application does not meet the criteria of Article 33(1) PCT, because the

subject-matter of claims 1-36 does not involve an inventive step in the sense of
Article 33(3) PCT.

4.2 The subject-matter of claims 1, 2, 5-14, 17-26, 30, and 33-36 is not new and can
therefore not involve an inventive step.

4.3 Dependent claims 3, 4, 15, 16, 27-29, 31, and 32 do not appear to contain any
additional features which, in combination with the features of any claim to which they
refer, are eilher new or involve an inventive step with respect to the prior art named in
the present proceedings. The reasons therefor are that the additional features of the
said dependent claims are either known directly from document D3, or are a
combination of features obvious to the skilled person in consideration of one or more
‘documents D1-D6, or they concern minor modifications which lie within the normal
practice of the skilled person.

Especially D2 and D3 appear 10 be highly relevant for I1S. D3 already discloses

(paragraph 68) that the final NaCl concentration in a reconstituted factor IX
formulation should be = 40 mM in order to reduce red bleod cell agglutination when

Form PCT/ISAR237 (Separate Shest) (Sheet 3) (EPO-April 2005)
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the formulation is administered. Whether the NaCl is present in the lyophilized cake
(as in D3) or in the solution tor reconstitution (as in the present application) appears
to be a minor difference in implementation detail, which falls under the normal
practice of the skilled person.

D6 also appears relevant for IS, in so far as it already discloses (paragraph 26; table
1) the use of 0,066 M NaCl as tonicity modifier in a commercial factor IX preparation
(Mononine®).

5 Industrial applicability (Article 33(4) PCT)

5.1 Claims 1-36 meet the criterion of industrial applicability in the sense of Article 33(4)
PCT.

Form PCT/ISA/237 (Separate Sheet) (Shaat 4) (EPO-Apnl 2005)
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These Notes ara intended to give the basic instruciions concerning the fiting of amendments under article 19. The
Noles are based on the raguliements of the Patent Cooperation Treaty, the Regulations and the Administrative Instiucticns
undes that Tieaty. In case of distrepancy botween these Notes and those requirements, the latigr are applicable. For mere
datailed information, see also the PCT Applicant's Guide, a publicatian of WiPQ,

In these Noteé, "Asticie®, “Rule’, and "Section® reier to the provisions of the PCT, the PCT Regulations and the PCT
Administrative Instructions, respectivaly,

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having recelved the Internailonal ssarch report and the wiitten opinlon of the International
Searching Authaiity, one opporunity to amend the claims of the intarnational application. It should however be emphasized
thai, since all parts of the Intemational application fclaims,descrption and drawings) may be amended durdng the
intarnational preliminary examinaticn procedure, there is usually no need to file amendmants of tha ctaims under Article 13
excap! whera, 8.Q. the applicant wants tha latier to be published for the purposes of provislenaf protection or has anather
reason for amending the clalms belore intemational publication. Furthermore, it should be emphasized that provisional
proteciion is available in some States only (see PCT Appilcant's Guide, Volume VA, Annexgs B1 and B2).

The altention of the applicant is drawn to the fact that amendments to the claims under Article 19 are not allowed whera
the Internaticnal Saarching Authosity has declared, under Article 17(2), that no international search reperi would be
established {see PCT Applicani's Guide, volume I/A, paragraph 296).

What parts of the international application may be amended?

Undar Articie 19, only the claims may be amended.

During the intesnational phasse. the claims may also he amended (or {urther amended) under Article 34 befors the
International Preliminary Examining Authority. The description and drawings may only be amended under

Agticle 34 before the International Examining Authority.

Upcn entry into the national phase, all parts of the interngtional application may be amended under Article 28 or,
whers applicable, Article 41,

When? Within 2 months fiom the date ot ransmittal of the international seaich raport or 16 months from the priorlly dats,
whichever time limit expires later. i should be noted, howevar, that the amendments will be considered as having
been received on time if they are racaived by the International Bureau aler the expiration of the applicable time
mit but belore the complstion of the technical preparations for intemational publication (Rute 46.1).

Wheare not to file the amendments?

The amendmaents may only be filad with the International Bureau and not with the raceiving Gtfice or the
Intemational Searching Authority (Rule 46.2).

Wherae a demand fer international preliminary examination has beenAs filed, see below.

How? Either by cancelling cne or more entlra claims, by adding ane or morg new claims or by amending the text ol ene
or more of the claims as filed.

A replaceament sheet must be submittad for each sheet of the claims which, on account of an amendmeant or
amendmants, difiers from the sheet originally filed.

Ali the ¢laims appearing on a replacament shest must be numbered in Arabic numerals. Where a claim is
cancelled, no renumbering of the other ¢laims Is requirad. In all cases where claiins are renumbered, they must be
renumbared consacutively (Section 2GS(b)).

The amendments must be made In the language in which the international application is to be published.

What documents must/may accompany the amendments?
Letter {Section 205(b)):
The amendments must be submitted with a letter.

Tha letter will not be published with the international application and the amended claims. It should nat be
canfused with the "Statement under Article 19{1)" (see below, under "Statemant under Article 18(1)").

The letter must be in English or French, at the choica of the applicant. However, If the language of the
international application |s English, the letter must be In English; if the language of the international appiication
Is French, the letter must be in French.

Notes (o Form PCTASAJ20 (first sheet) (Ociober 2005)
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End of the
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Relevant PCT
Rules and more
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For all international applications filed on or after §1/01/2004 the competent
|SA will establish an 1SR 1t is accompanied by the WO-I1SA Unlike the
former written opinion of the |PEA (Rule 68.2 PCT), the W(O-15A is not
meant to be responded to, but to he taken intg consideration for further
procedural steps. This document explaing about the possibilities.

Within 2 months aftar the date of mailing of the ISR and the WO-15A the
appticant may file amended claims under An. 19 PCT directly with the
International Bureau of WIPO. The PCT raf orm of 2004 did not change
this procedura. Far further information plegase see Rule 46 PCT as well as
form PCT/ISA/220 and the corresponding Notes to form PCT/13A/220,

Im principle, the WO-1SA will be considerad as the written opinion of the
[PEA, This shouid, in many cases, make it unnacéssary to fike a demand for
international preliminary examination. If the applicant neverthelass wishes
to file a demand this must be done before expiry of 3 months after the
date of mailing of the ISR/ WO-[SA or 22 manths atter priority
date, whichever exptres later (Rule 54bis PCT) Amendments under Ast.
24 PCT can be filed with the | PEA as before, normally at the same time as
filing the demand {Rule 86.1 (b) PCT).

if a demand for international preliminary examination is filead and no
comments/amendments have bean raceived the WO-19A will be transformed
by the IPEA into an iPRP (International Freliminary Report on Patentability)
which wouid merety refiect the content of the WC-18A, The demand can still
ke withdrawn (Art. 37 PCT),

After racaipt of the [SRWO-ISA the applicant may file informal comments
an the WO-1SA directly with the International Bureau of Wi PQ. Thess
will be communicated 1o the decignated Offices together with the (PRP
{International Preliminary Report on Patantabilty) at 30 months from the
priority date. Please also rafer 1o the next box,

At the end of the international phass the International Bursau of Wi PO will
transform the WO-13A or, if a demand was filed, the written opinion of the
IPEA into the IPRP, which will then be transmitted together with possible
inforrmal comments o the designated Offices The IPRP replaces the former
IFER (international preliminary sxamination report).

Rule 43 PCT, Rule 43bls FCT, Hule 44 .PCE, Hula 44bis PCT, PCT Naws!attsr
121’23[}3 Od 11 2!".!03 OJ‘IE;‘EUOB
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SOLUCION DE CLORURO DE SODIO PARA RECONSTITUCION O DILUCION DE FARMACOQ

(57) Resumen: La invencién proporcicna métodos para la preparacion de formulaciones farmacéulicas para inyeccibn tal que en fa inyaccion la
mulam’bn no provoque la aglulinacion de eritrocitos, hemdlisis, yio contraccién de céiulns. Para prevenir la aglutinacién, una formulacion

acéutica preparada para inyeccién necesita tener una fuerza ibnica suficiente. Para prevenir a2 hemdlisis o la contraccion de células, una
formulacion farmacéutica preparada para inyeccibn necesita ser casi isotbnica con respecto a! plasma. La invencién proporciona métodos que
preparan formulaciones farmacéuticas para inyeccion gue tienen lanto la fuerza ibnica suficiente para prevenir la aglulinacion y la tonicidad requerida
para prevenir hemdélisis o deshidratacién o contraccion de células significativas. Los métodos presentes involucran el uso de soluciones de cloruro de
sodio que son alrededor de 25 MM hasta alrededor de 150 mM para reconstitucion de tortas liofilizadas {u otras formulaciones farmacéulicas no
liquidas) en solucidn o para dilucién de solucicnes de formulacion farmacéutica.
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Dacter (a)
CORRER ORDONEY ALVARGC

REFERENCIA Radicacidn No. 8 58550
Solicitud internacional PCT/UB2006/042258
Fecha inicio fase nacional 01/96/2008B
Tramite 11
Evento 378
Actuacidn 430
Oficio No. . 8 3 2 q

Como resultado del examen de forma, realizado con fundamento en el articulo 38 de
la Decisidén 486 de la Comisidn de la Comunidad Andina, articulec 27 del Tratado de
Cooperacién en Materia de Patentes {PCT), regla 51 bis del Reglamento y Circular
Unica de la Superintendencia de Industria y Comercio, se le comunica que:

1. La solicitud no contiene la copia del documentoc en que consgta la cesidn del
derecho a la patente del inventor al solicitante ¢ a su causante. (Art. 26-k)
Pecisidn 486.

2. bLa sclicitud no contiene el poder debidamente otorgado, con el lleno de los
recquigitos exigidos por los articulos 63 y subsiguientes del Cddigo de
Procedimiento Civil. Adicionalmente, deberd presentar el documento gque acredita la
existencia y representacidn legal de la gociedad solicitante, cuando ésta fuere
persona juridica.

En cumplimiente de lo dispuesto por el articuleo 32 de la Decisién 484, se le
requiere para gue dentro del término de dos meses siguientes a la fecha de
notificacién del presente oficio, complete los requisitos anteriormente enunciados.
En caso de no dar cumplimiento al presente requerimiento, la golicitud se
considerard abandonada y perdera su prelacidn.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal
e}, del capitulo gquinto titulo primero de la Circular Unica No.10 de 2001.

SPEDES DE'VERGEL
visidn de Nuevas Creaciones

LLIX CARMENZA
Jefe de la

El anterior requerimiento tfue notificado por Lijacidn en liota de

fecta 2.7 J 2008
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