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[0011] The pharmaceutical formulation to be prepared
for injection can be, for exanple, a non-liquid
formulation or a solution forrmulation. A non-liquid
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herein, Factor 1X can include nodified versions of
Factor 1X, including for exanple, PEGylated Factor a,
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formul ation. In one aspect, about 5 nL of the about 40
mM sodi um chl oride solution is added to the
| yophilized Factor I X fornmulation. In one aspect, the
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i ndi cates how effectively the charge on a particul ar
ion is shielded or stabilized by other ions (the
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[0051] I n one enbodi nent, isotonic (Wwth respect to

bl ood) pharmaceutical fornul ations ready for injection

have a tonicity or osnmolarity that is greater than

about 270 mOsm L and | ess than about 330 nOsmiL. In
the brnplubmdqmmweuﬁqah@rmbﬁwm pialsous2® utV{¢abn about 150 mM
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sufficiis tdﬂ‘ravbnaﬁ@ﬂﬁoc&%aggmlhﬁﬂdn an{l O 9gth MatiBOME s 908w §doRRAR: (or
135"?}’31} as Q.9% %ga Em chl.qride and 5% dextrose are
S YpeTtc grslightly ¥W%W%°used to reconstitute or dilute
ny pharnmaceuti c fornul ations, the resultant
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is ghegeethn meWOhmwﬂtm&xmﬁhﬁéﬂmwlydﬂhﬂlzﬁﬁbﬁ‘ edes 0f vdlife). In this
|nv nt.i on .use Sgiega ons for dilution or reconstitution

ec‘BYFnHP’bBFOEf °i d dorapuntagrng:ths isotamieity ofifle formulation to
bemﬁab@nl city wth respect to blood, while also
mai ntai ning a practical injection volune for the
[00Z0)ar MaC @6t bxaddpld b SRPhAlEO frmhRASS LN é&én%ﬁﬁ&%l Wwith £fotume of
Hynqt onj ¢ Sol utions [0054] The i nvention provi
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ek SR 3 50 B WSSO SR fnce
IYOR]@Q@E@Q istdomb| Goviexampds, e Iyophiligel hmfh.dbm‘lulamﬁn re€onstituted in 4 mL
e ood) so. as 10
Wa‘a§1J 15 gllf sé?éa%?’s?ﬂ%gﬁ gxhtXMm 1@ Hiﬁ%fs&ll ? g]ﬁﬁlﬁf:, % plicrose,
0. OQﬂ‘}/apoiamha:te, wdlict is abatt 400 ﬁJIOBmVIe aBitt 1f fHe 1P HRIeield Fotntuldon is

e cvvlth respect to bl ood
recorB SRS, Bt DGRl BPeEyileiona brabe reien
formiletidn WA FEREH Jli ghNy hppeadihie 50111 30 %sn?/ﬁar M@%ﬁﬂ Lhg0

t he pharnmaceutical fornul ations ready

e BNt U ARl SR N T Ll Ay SN
cus g AR Sab i OB s, 2t s
mo@‘ﬂ/éétgbfculeh@ﬁ%dﬁé mOszPD) suCHst, 10, 00[4%@5$lfgablwmismslanfy) polysorbate,
S l; eut.i
andglpgl‘g@a[r gdt) fhg%g/ X Igat%‘lawg{&fﬁ é% %u X?B?rﬁ{ ughbmegq?stltutlng a pre-

lyophtlggatibme formulation thaeis abymoiommmwﬂh)h Ublhlﬁfésof 8b&umhRR1dE Solution
a fluid, shift..occurs ﬁm.dv ter is noved into the

thatds g5 A e il Yolurgs ¢ PR e RIOB & gesliinesolutior s still

abotﬂh@dtombsm dhdrGords) edton@it@ingGahe-BpRilizatidtotBMStion that is about
i on Ofep(ﬁypOt oni sol utions tan cause veln

15°tP1}1 F{l g glpm Orgiqdolﬁgmthyt;s dess than or about the same as the
£l rd ut| on
G086 ENRRaEt TRk s SIS TAA A SO 2R, e vnin
pm‘ﬁﬁ%ﬁh‘ﬂ@"b@d fog maigpinirarisctonieity Hya ﬁcomsi}t(mﬂig olyobhiliaedformulation
subj ect, wherein the preparations are prepared into
solutions that are not hypertonic with respect to
bl ood or are not so hypertonic (i.e., slightly
hypertonic) as to cause significant thronbosis and/or
vessel irritation. In one erbodi ment, the
phar maceutical fornulations ready for injection that
is considered to be slightly hypertonic can have a
tonicity or osnolarity that is greater than about 340
n>snm L and | ess than about 600 mOsm L. In one
enbodlnent the pharnaceutlcal fornulatlons ready for
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prepared for injection by the present nethods does not
contain HES (hydroxyethyl starch). HES-containing
formul ations, despite reconstitution or dilution wth
NaCl solutlons for ionic strength, can cause
witlea sadivmp olerdesselition i avolumedlrd issgrgaten tharathe ynlunre dfithe formulation
re Yok &U o experinents. |n another enbodiment, a drug
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[0082] I n one enbodi ment, BeneFl XO-R can be |yophilized

in the same fornul ation as BeneFl XO (10 nM

L- hi stidine, 260 m M gl ycine, 1% sucrose, 0.005%

pol ysorbate 80), and only the rFI X concentration will
formglatibnr In @emeﬁcx(abqut Rnﬂubi\{thd rabgutmOrmMcstmrmhﬂd@n sblation is
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of the excipients is reduced 20% when_ conpared, t o
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cells. Mostly small to nmedium aggregates with

occasi onal individual WMssive cell aggregates.

[ 0090] Ef fects of Standard Anti-Coagul ants on RBC

Aggl utination: The first study included the assay of
and Yrtical beakigth 8w sfandard deviationdinem adotaBid@dloners. Reultsotesa

compiibE §OF g RO R RS ST AL BB AR 3 donors
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0.004k&polhioredde)vas added to D5SW [0091] Effects of NaCl 012
RBC Aggl utination in Pre-screened Donors: Donor

sanpl es WeDETAILEBDESCRIPDION OF THEZBNWENTION ner
t ubes. Because spontaneous agglutination had been
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dilute into one of two forpulations: (1)
phaympaeptiqad framydatipy rqaébé%éwqt@p@se%t@ haeagpfficigphpnicostrengh. To

prex!'elrf{ Alm&o8E bleHirshrifi g@ NS3btrhdceakioM fd?mﬁﬁﬁoﬁ‘ﬁ%i/\lﬁ)gmj ection needs
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don SR R BB ook e asiiee of Ryetum pgrigg pioions

thatN@&abofit QS nilIvIlél.aKbuBI 3D 8MfoBrddoBitiding 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.

[0028] Terms
[0029] As used herein, the “molality” of a solution is the number of moles of a solute
per kilogram of solvent.



0 41 0 3 1 [0092]Effect of Formulation Conponents and
BeneFl XO Concentration: Several fornulations of
BeneFl XO were eval uated to ascertain the inpact of
di fferent conponents on RBC aggl utination. Eight
[003€]  f er eAs usedheraimghe \mhaelbritsh df avsdltbbont is ﬂ&mmﬂei\hﬁﬂol@ﬁolute
[ for a total of 16 m xtures (Table 3). Twel ve
perlggrﬁ%r%éﬁa%r}'e screened for spontaneous aggl utination and

wer e disqualified fraogmfurther sfudy. Blood . o
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and the other five donor sanples were ‘used for
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Ofﬁ{eﬁ'ék’g’géﬁﬂos%-fornul ations (sanples 2-1 through 2- P).
Sanpl es were diluted 1:8 as before and inmages were
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properties are vapour pressure depression, freezing point depression, boiling point elevation,

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

[0033] = Asused 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.

[0035] Ionic Strength

[0036] Ionic strength is a characteristic of an electrolyte 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] lonic 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**SO4*) has 4 times higher ionic strength than a solution of sodium chloride (Na'Cl) of

the same concentration. Another difference between the two is that ionic strength reflects the



- 1-B, BeneFl X(r) 100 + + + + + 1-C, BeneFl XO 300 + +
+ + - 1-D, BeneFlI X(r) 300 + + + + + 1-E, BeneFl X(r)
600 + + + + - 1-F, BeneFI X(r) 600 + +
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 together pairwise, resembling

uncharged molecules in solution. In this case the ionic strength is much lower than the salt

concentration.

[0038] For the invention, pharmaceutical preparations are prepared for injection such
that they are not only isotonic, 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" ions.

{0039] Jonic strength can also be described in terms of the conductivity of a solution.
Conductivity is the ability of a material or solution to conduct electric 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 a sine wave voltage), and the current is

measured. Conductivity (G), the inverse of resistivity (R) is determined from the voltage and

current values according to Ohm's law. G =TR =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, howevér, 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 ﬁleasured conductivity (G) and the electrode cell
constant (L/A), where L is the length of the column of liquid between the electrode and A is
the area of the electrodes. C =G x (L/A). If the cell constant is 1 cm™, the specific
cbnductivity 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 '

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

10



+ + + Set/Sanple ID . BeneFl X(r) concentration

(TWUnm) dycine (AY) 260 mM Sucrose 10ng/ nL Tween- 80

(Pol ysorbate- 80) 0.005% Hi stidine (H'S) 10 nmM NaCl

154nmM 1- G No BeneFI X0 - + + + + - 1-H, No BeneFl X(r)
anotheryembodiment, 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 one 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),

11



+ + + 2-1, BeneFI X(r), No GQY 100 - + + + - 2-7,
BeneFTX(r), No GY 100 - + + + + 2-K, No Sucrose 100 +
- ++ - 2-L, No Sucrose 100 + - + + + 2-M
BeneFl X(r), No Tween-80 100
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 concentrations of the solutes present in the soluﬁon. The value measured in the
laboratory is usually referred 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.

[00471 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
property 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 referencing 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 operatiqnal definition of tonicity can be used to explain the term. This can
be based on an experiment of éddjng a test solution to whole blood and.observing the result.
If the RBCs in whole blood swell and rupture, the test solution is said to be hypotonic
compared to 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] Characteristiés of Isotonic Solutions

[0050] The invention provides methods for preparing or readying pharmaceutical
formulations for injection into a subject, wherein the formulations aré prepared into solutions

that are (1) about isotonic with respect to blood (or plasma or other biologic fluid) or are not
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+ - + - 2-N, No Tween-80 100 + + - + + 2-0,
BeneFI X(r) No H'S 100 + + + - - 2-P, Benda(r) No H'S
100 + + + - + [0093]Aggl utination scores for the
experiment laid out in Table 3 are shown below in
so hypeppeis onaypotenia & toqaussaisnificent hemotysiso thaornbosish et Yessel trtitation,

] ' ' LRient. of the BeneFDC(r)
and B35 W NSPRAER RS0 30, BRRben® hesrbg o e

ected, renpval .glycine.cause C.lysis du 0
[OOSEL( got 0 n?‘col Sy gn%f’ aﬁeglt’ %%t Ut @Vﬁt.h f 85,?0 OPQ}E?HE’E‘? ﬁ?aitl on
formdaltions] fedd nfdr bigj édtioa Gaeeedltonicitebi Giniudird thddes dréutetithdnbout 270
mOSHE 288 5 i g i 5 Bl e v men HoR o phismaceutica
formfePMRhs fedy fot ifjection have a tonicity or osmolarity that is greater than about 270
mOsm/L and less than about 328 mOsm/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 prevent
hemolysis, and a maximum concentration of sodium chloride to provide (c) a resultant
tonicity that is not so great as to be hypertonic solutions. Furthér, 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

[0054] 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 mOsm/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., sli ghtly 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
mOsm/L. 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 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
formulations 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 watef is drawn out of the endothelial cells of the vein and blood cells.
_ Cells that lose too much water can shrink, and thus, injectioh of hypertonic solutions 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 considered
neutral. Pharmaceutical preparations with a pH value below 7 are considered acidic drugs
and those 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, and 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 readied
preparations for injection (1) do not have a pH that is less than 4.1 or greater than 9.0, (2)

have a sufficient ionic strength to prevent erythrocyte aggregation, and (3) is about isotonic
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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 ioni¢ 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 Formulations 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 Iyophilized or dry drug product/formulation, if
reconstituted in water, has an osmolarity of about 100 mOsm/L to about 360 mOsm/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
product 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, if a
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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[0067] In one embodiment, a drug product (whether lyophilized or in solution) to be

prepared for injection by the present methods does not contain HES (hydroxyethyl starch).
HES-containing formulations, despite reconstitution or dilution with NaCl solutions for ionic
strength, can cause erythrocyte sedimentation and agglutination in in vitro experiments. In
another embodiment, a drug product to be 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.

[0068] In one embodiment, the invention provides methods for preparing a
pharmaceutical preparation for intravenous injection wherein the pharmaceutical preparation
is a lyophilized cake comprising a primary bulking agent. The primary bulking agent can be,
for example, mostly non-ionizing. Non-ionizing bulking agents include, but are not limited
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 concentrations can have an effect on
tonicity. The concentration of glycine, for example, is equivalent to its contribution to

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

[0069] 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 exampie,
assume a molecular weight of 50,000 for a protein and assume 2.5 mg of the protein in a 1-2
mL solution to be injected. This is equivalent to 0.05 mM, thus, the protein does not

appreciably contribute to osmolarity.

[0070] Pharmaceutical preparations also often contain surfactants, such as
polysorbate-80. Polysorbate-80 and other surfactants are large molecular weight molecules,
so amounts that are usually present in preparations, such as 0.001% to 0.01%, are too small to
contribute appreciably to osmolarity or ionic strength. Other surfactants include Brij® 35,

Brij® 30, Lubrol-px™, Triton X-10, Pluronic® F127, and sodium dodecyl sulfate (SDS).

[0071] Other large molecular weight molecules that may be present in small amounts
in pharmaceutical 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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(HPMC), gelatin, polyethylene 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 lyophilized, and amounts of the formulation are identified herein as
percentages or molarity 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 appreciably 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 shoﬁld 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 therefore ionizing, and their concentrations are multiplied with respect to calculating their

confribution to a solution’s osmolarity.

[0074] Pharmaceutical formulations can include essentially any active ingredient,
including proteins, nucleic acids, viruses, and chemical compounds. These molecules mostly
do not appreciably affect the ionic strength or the osmolarity of a solution to be injected. If
these molecules 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
are 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 ina
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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molepyley with apparent molecular weights >70,000 (such as large proteins and viral
particles) is included for additional viral safety. BeneFIX® is predominantly a single
component by SDS-polyacrylamide gel electrophoresis evaluation. The potency (in
international units, LU. (IU)) is determined using an iz 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 (IV) 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 TU (or more, including
2000 TU) of coagulation Factor IX (Recombinant). After reconstitution of the lyophilized
drug product with sterile water, the concentrations of excipients in the 500 and 1000 TU
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 tilose of the
other two dosage strengths. The 500 and 1000 IU 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 chloride 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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[0084] Recombinant Factor IX can also be lyophilized in formulations described in

U.S. Patent No. 6,372,716, which is hereby incorporated by reference for all purposes,
including the formulations described therein. The formulations described in the patent can be
used with the present invention, where the formulations are not limited to having rFIX as the
active ingredient. Thus, for example, lyophilized formulations that can be reconstituted with
25 mM-150 mM sodium chloride solutions to prepare them for injection, include
formulations that comprise glycine, polysorbate, sucrose, histidine, and an active ingredient.
The active ingredient can be essentially any protein, virus, nucleic 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 to about
0.05%. The sucrose can have a concentration, for example, of about 0.5% to about 2%. The

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

[0085] In one embodiment, a lyophilized formulation to be reconstituted with 25-150
mM sodium chloride solution comprises about 0.1 to 0.3M glycine, about 0.5 to 2% sucrose,
0.001 to about 0.05% polysorbate, about 5 to about 30 mM histidihe, and about 0.1 to about
20 mg/mL of an active ingredient. The active ingredient can be, for example, tFIX. In
another émbod;iment, 2 1FIX lyophilized formulation to be reconstituted with 25-150 mM
sodium chloride solution comprises about 0.13 to about 3 mg/ml rFIX or about 50 to about
600 IU/mL of rFIX, about 0.26M glycine, about 10 mM histidine, about 1% sucrose, and
about 0.005% polysorbate.

EXAMPLES OF THE INVENTION

[0086] The examples described below are provided to illustrate aspects of the present

invention and are not included for the purpose of limiting the invention.

Example 1: Effects of Anti-Coagulants and Formulation Components on BeneFIX®-
Associated RBC Agglutination

10087)] - There are occasional reports of BeneFIX®-associated RBC agglutination in
butterfly catheter lines and syringes. Recent studies in blood from hemophilia dogs

demonstrate that the agglutination occurs in the absence of recombinant human FIX in the
formulation buffer. Thus, the pres‘ént study investigated whether standaid anti-coagulants,

various BeneFIX® components, and ionic strength affects the BeneFIX®-associated

agglutination phenomenon.
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[0088] Blood was obtained from a pool of anonymous human volunteers and was
collected into Vacutainer tubes (Becton Dickinson, Franklin Lakes, NJ) containing a standard

anti-coagulant, such as ethylenediamine tetra-acetic acid (EDTA), sodium citrate, or heparin.

[0089] To test for agglutination, the blood samples in the Vacutainer tubes were first
continuously mixed on a nutator. Blood, 12.5 KL, was diluted in 87.5 pL of a fest solution in
a 48-well cell culture plate, and was allowed to incubate at room temperature for 2 minutes
prior to observation under an inverted-phase contrast microscope at 400x magnification.
Each well was videotaped to capture still images in order to score RBC agglutination

according to the following criteria listed below in Table 1.

Table 1: RBC Agglutination Scoring Key

Score _Agglutination Phenotype

0 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 aggregates with occasional individual
cells. ' '

4 Massive cell aggregates.
[0090] Effects of Standard Anti-Coagulants on RBC Agglutination: The first study

included the assay of blood samples from three donors. Blood was collected into EDTA,
heparin, and sodium citrate Vacutainer tubes for each donor. The test articles included
BeneFIX®, 100 IU/mL, reconstituted in each of the following NaCl concentrations: 0 mM
(sWFT), 20 mM, 40 mM, 60 mM, and 77 mM NaCl. In addition, dextrose 5% in water
(D5W) was included as a positive control. The sémples were diluted at a blood to BeneFIX®
or blood to D5W ratio of 1:8. Images were captured, stored digitally, masked, and scored for
agglutination. Two minutes following the addition of blood to the BeneFIX® reconstituted
with sWFI, agglutination was seen in the samples from all three donors regardless of the type
of anti-coagulant used. As increasing concentrations of NaCl were used, the agglutination

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

[0091] Effects of NaCl on RBC Agglutination in Pre-screened Donors: Donor

samples were collected into heparinized Vacutainer tubes. Because spontaneous
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agglutination had been observed in some previous samples, all donors were initially screened
using 154 mM NaCl. If agglutination was observed, the sample was disqualified from further
assays. The remaining samples from each donor were diluted 1:8 into one of two
formulations: (1) 100 IU/mL BeneFIX® reconstituted with SWFI, and (2) 100 IU/mL
BeneFIX® reconstituted with 154 mM NaCl. Images were captured, stored digitally, masked
and scored for agglutination. Agglutination was seen with BeneFIX® reconstituted sWFI,
whereas reconstitution with 154 mM NaCl reduced or eliminated the agglutination reaction
(see Table 2 for scores).

Table 2: Agglutination Scores

Donor 154 mM NaCl Pre- | BeneFIX® + sWFI BeneFIX® + 154
Screen Control mM NaCl
7 0 2 -1
11 0 3 0
8 0 3 0
28 0 3 0
41 0 3 1
[0092] Effect of Formulation Components and BeneFIX® Concentration: Several

formulations of BeneFIX® were evaluated to ascertain the impact of different components on
RBC agglutination. Eight 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 from five of the
ten remaining donors were used for the first 8 formulations (samples 1-A through 1-H) and
the other five donor samples were used for the second 8 formulations (samples 2-I through 2-
P). Samples were diluted 1:8 as before and images were captured and scored as previously

described.

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

Set/Sample ID BeneFIX® Glycine Sucrose Tween-80 Histidine NaCl]
concentration (GLY) 10mg/mL | (Polysorbate- ("HIS) 10 154mM
(U/mL) 260 mM 80) 0.005% mM
1-A, BeneFIX® 100 + + + + -
1-B, BeneFIX® 100 <+ + + + +
1-C, BeneFIX® 300 + + + + -
1-D, BeneFIX® 300 + + + + +
1-E, BeneFIX® 600 + + + + -
1-F, BeneFIX® 600 + + + + +
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Set/Sample ID BeneFIX® Glycine Sucrose Tween-80 Histidine NaCl
concentration (GLY) | 10mg/mL | (Polysorbate- (HIS) 10 154mM
(XU/mL) 260 mM 80) 0.005% mM

1-G, No BeneFIX® - + + + + -
1-H, No BeneFIX® - + + + + <+
2-1, BeneFIX®, No GLY 100 - + + + -
2-J, BeneFIX®, No GLY 100 - + + + +
2-K, No Sucrose 100 -+ - + + -
2-L, No Sucrose 100 + - + 3 +
2-M, BeneFIX®, No 100 + + _ T _
Tween-80
2-N, No Tween-80 100 + + - + +
2-0, BeneFIX® No HIS 100 + + + - -
2-P, BeneFIX® No HIS 100 + + + - +

[0093]

Agglutination scores for the experiment laid out in Table 3 are shown below in

Tables 4A and 4B. No particular component, whether the active ingredient or an excipient,

of the BeneFIX® preparation was associated with agglutination. As expected, removal of

glycine caused RBC lysis due to hypotonicity of the solution. However, reconstitution with

154 mM NaCl reduced or eliminated the in Vitro agglutination and the lysis.

Table 4A: Agglutination Scores - Varying the BeneFIX® Concentration
Sample 1A 1-B 1-C 1-D 1-E 1-F 1-G 1-H
Donor ID
6 4 1 2 1 4 1 3 2
14 3 0 2 3 3 1 2 4
19 4 1 3 0 3 1 3 1
40 1 0 2 1 2 2 3 1
43 3 0 3 1 4 0 3 3
Mean 3 0.4 24 1.2 3.2 1 2.8 2.2
score
Table 4B: Agglutination Scores - Excipients Effects
Sample 2-1 2-J 2-K 2-L 2-M 2-N 2-0 2-P
Donor 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 1 4 3 2 3
Mean Lysis 0.6 3.2 0.6 3 1.8 2.6 1.4
score
[0094] Effects of Lower Concentrations of NaCl on RBC Agglutination in Pre-

Screened Donors: Donor samples were collected into heparinized Vacutainer tubes.
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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 sampleslfrom each donor were diluted 1:8 as before into
one of three formulations: (1) 100 IU/mL BeneFIX® with sWFI; (2) 100 IU/mL BeneFIX®
with 40 mM NaCl; or (3) 100 IU/mL BeneFIX® with 77 mM NaCl. Images were captured,
collected and scored as before. The results are provided in Table 5 below. Agglutination was
seen in all five samples with BeneFIX® reconstituted with water, whereas reconstitution of

BeneFIX® with 40 mM or 77 mM NaCl reduced or eliminated the agglutination reaction.

Table 5: Agglutination Scores

Donor No. 154 mM NaCl BeneFIX® + BeneFIX® + 40 mM BeneFIX® + 77 mM
- sWFI NaCl NaCl
8 0 3 1 2
34 0 3 2 1
39 0 4 3 1
40 0 3 0 1
47 0 3 1 1
Mean 0 3.2 : 1.4 1.2
score
[0095] Analysis: RBC agglutination occurred in blood anti-coagulated with heparin,

EDTA, or sodium citrate when mixed with BeneFIX® at a blood to reconstituted BeneFIX®
volume ratio of 1:8. No effect of anti-coagulant type was seen on the agglutination; therefore
heparin was used as the anti-coagulant in subsequent evaluations. In some samples,
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.

[0096] The effects of three concentrations of BeneFIX® (100, 300, or 600 IU/mL)
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 BeneFIX® volume ratio of 1:8. Elimination of any particular component,
including the recombinant human FIX protein had no effect on the agglutination response.
This indicates that a broad range of different pharmaceutical formulations can be readied
(reconstituted or diluted) with NaCl solutions for intravenous injection. Removal of glycine

resulted in RBC lysis. However, the use of 40 mM (0.234% NaCl, injectable), 77 mM
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agglutination. The results show that agglutination is associated with the low ionic strength of
the reconstituted recombinant Factor IX (rFIX) in SWFI, and reconstitution with NaCl
attenuates or eliminates agglutination. Thus, reconstitution of other pharmaceutical
formulations with NaCl solutions, even NaCl solutions having a concentration below 154
mM, can prevent both agglutination and lysis upon intravenous injection.
Example 2: Adaptation of the Modified Westergren Method of Erythrocyte Sedimentation

Rate Measurement to Assess Erythrocyte Agsregation Induced by Pharmaceuntical Agents or
Formulations

[0098] The currently marketed BeneFIX® formulation is a non-ionic formulation.
During administration of the BeneFIX® formulation reconstituted in sSWFI, there has been
infrequent observations of erythrocyte aggregation (i.e., agglutination) when a patient’s blood
is mixed with the reconstituted BeneF IX®, such as in intravenous tubing. The invention
provides the discovery that erythrocyte aggregation is associated with the formﬁlation, not
1FIX, and is prevented by using diluents that contain at least about 40 mM NaCl. To assist in
the design of custom diluents containing at least about 40 mM NaCl, a quantifiable assay was
designed that can be used to measure erythrocyte sedimentation, which is an established
method to assess erythrocyte aggregation in vitro. The modified Westergren method, in
which blood is diluted 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 (i.e., custom diluents).

[0099] Human blood was obtained from healthy adult volunteers and collected into
tubes containing EDTA. To demonstrate the suitability of blood samples for sedimentation
experiments, the clinically defined erythrocyte sedimentation rate ESR¢, was measured by the
modified Westergren method. Briefly, well-mixed blood was diluted 4:5 with 154 mM NaCl,
gently mixed 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 plasma:erythrocyte interface after 60 minutes was measured and recorded.

The ESRgpresults were compared with published normal reference values (Morris, M.W. et
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al., Basic examination of blood, in Henry, J.B., ed., Clinical Diagnosis and Management by
Laboratory Methods, Philadelphia, PA, WB Saunders, 2001: 479-519).

[00100] Two experiments were conducted to show the suitability of the
adapted, modified Westergren method to assess erythrocyte aggregation associated with
pharmaceutical formulations. Human blood samples were suitable for use in these assays
because all had ESRgo values that were within normal limits. These samples were diluted 1:4

in the first experiment and diluted 1:8 in the second.

[0100] In the first experiment, erythrocyte sedimentation was enhanced by 5%
dextran 70 or BeneFIX® reconstituted with sSWFI or 10 mM NaCl. Within 5 minutes,
aggregates were visible in the tubes that had been loaded with blood diluted with either 3%
dextran 70 or BeneFIX® reconstituted in SWFI. By 60 minutes, erythrocyte sedimentation in
these tubes was markedly enhanced when compared with saline control (Table 6). By'90
minutes, blood from one donor that was diluted in BeneFIX® reconstituted in 10 mM NaCl
had a two-phase sedimentaﬁon pattern with a clear erythrocyte:plasma interface located 8
mm from the zero-mark and another interface between densely packed and less densely
packed erythrocytes located 149 mm from the zero mark.

Table 6: Erythrocyte Sedimentation of Human Blood Diluted 1:4 in BeneFIX® or 3%

_ Dextran
(Sedimentation distance in mm measured from zero-mark)

Donor | Saline | 0 mM 10 20 30 40 50 60 77 154 3%
& NaCl mML mM mM mM | mM mM mM mM | Dextran
Dilution NaCl | NaCl | NaCl | NaCl | NaCl | NaCl | NaCl | NaCl 70
Time
Donor 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 4 150 nd 5 4 4 4 3 4 3 167
150min 6 153 nd 7 6 5 5 5 5 5 169
Donor
22
60 min 0 161 4 3 0 0 0 0 0 nd 145
90 min 3 164 149 3 3 3 2 2 3 nd 166
120min 4 166 151 6 4 4 4 3 4 nd 171
150 min 7 167 152 8 6 5 5 5 6 nd 172
®

NaCl concentrations are those used to reconstitute BeneFIX

[0101] In the second experiment, erythrocyte sedimentation was enhanced by 5%
dextrose, “MFR-927” (the formulation buffer for BeneFIX® that lacks rFIX), and BeneFIX®
reconstituted with 10 mM NaCl (Table 7). Unlike the first experiment, 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 mivVI mivi mM mMVL mM mM miVL Dextrose
Dilution NacCl NaCl | NacCl NaCl NaCl NacCl NaCl
Time
Donor
56
15 min 0 >180 ~155 1 0 0 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 1 2 1 1 >180
60 min 2 >180 >180 4 3 2 3 2 2 >180

NaCl concentrations are those used to reconstitute BeneFIX®; 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 pharmaceutical 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

SWFI) from those that do not (i.e., saline and BeneFIX® reconstituted in diluents containing
about 25 mM or more NaCl).

Example 3: Adequacy of 40 mM NaCl in Diluent for Reformulated BeneFIX® 1o
Ameliorate Formulation-Associated Ervthrocyte Agoregation

[0103] The non-ionic fofmulation 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 formulation, not recombinant
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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 designed 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 to measure
erythrocyte sedimentation rate (ESR). In addition, the robustness of the NaCl concentr_ation

on erythrocyte sedimentation was.assessed in both high (i.e., 2000 IU) and low (i.e., 250 IU)
dose vials of BeneFIX®-R.

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

modified 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
Evaluated Evaluated
1 Saline 4 12 1:4
2 MFR-927 4 12 1:4
3 BeneFIX®-R (55 TU/mLY); 36 mM 4 12 1:4
NaCl
4 BeneFIX®-R (55 IU/MmL); 40 mM 4 12 1:4
NaCl
5 BeneFIX®-R (55 IU/mL); 44 mM 4 12 1:4
NaCl
6 BeneFIX®-R (440 IU/mLY); 36 mM 4 12 1:4
‘NaCl .
7 BeneFIX®-R (440 IU/mL); 40 mM 4 12 1:4
NaCl
8 BeneFIX®-R (440 IU/mL); 44 mM 4 12 1:4
NaCl
9 3% Dextran 70 4 12 1:4
[0106] On the day of an experiment, both high (vials of lyophilized BeneFTX®-R

containing ~2000 IU rFIX) and low dosage vials of BeneFIX®-R (vials of lyophilized
BeneFIX®-R containing ~250 IU 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 pL of whole blood was
added to 1.2 mL of test solution), mixed well, and then loaded into self-zeroing disposable
glass Westergren tubes that were held absolutely vertical in a dedicated custom rack.
Erythrocyte sedimentation afier 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 buffer that lacked rFIX (MFR-927) and 3% dexiran 70, a standard positive
control solution, displayed enhanced erythrocyte sedimentation as compared to blood that had
been mixed in NaCl test solutions (see Figure 1). Regardless of NaCl concentration in the
buffer (36 mM, 40 mM, or 44 mM) or rFIX 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
ameliorating effect of NaCl on formulation-associated erythrocyte aggregation was not

affected by the concentration of the active ingredient (i.e., tFIX).

Example 4: Role of Ionic 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 tested 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 suérose 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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4 12 1:4 2 MFR-927 4 12 1:4 3 BeneFl X(r)-R (55 Tu/nL);
36 MM NaCl 4 12 1:4 4 BeneFI XO-R (55 |U/ nL);: 40 nM
NaCl 4'12 1:4 5 BeneFI X(r)-R (55 |Unl); 44 nM NaCl 4

12 1:4 6 BeneF1X(r)- Rm(}A_ALO¢U/ nl): 36 mM NaCl 4 12 1:4
ti proximate\| Nd CApptoxifatd Caiculated pH
7 Bené‘#’l‘ 20 R (440 L%/:alculzt’ed Osmolality Conductivity (mS/cm)
(mOsm/L)
5% dextrose injection 250 0 4.5
[0113] Ui)on 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
decréasing 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 saiine or BeneFIX® reconstituted in

normal saline. BeneFIX® reconstituted with 40 mM NaCl corresponds to a calculated
conductivity of 4 mS/cm. |

[0115] The 5% dextrose 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 commonly 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 BeneFIX® formulation’s low ionic strength (0 mEg/L
calculated ionic strength, <0.2 mS/cm measured conductivity). 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 ionic strength to prevent agglutination can also be calculated as a conductivity of
about 4 mS/cm or higher) or higher.
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Sol uti on Approximate Cal cul ated Gsnolality (nmOsm L)
Approxi mat e Cal cul ated Conductivity (nS/cm pH
BeneFl X(r) formulation 300 O (observed conductivity is
<0.2 nB/cm 6.8 BeneFl1X(r) formulation + 10 nmV NaCl

8. 320hqmethed B‘éamymms{@f tleimul &1 4,0vherei mer}kkﬂhﬁﬁlfoﬁrﬂlﬂatﬂ)nﬂlag an

o SR P G0, 5

BeneFl X(r) fornmul at| on + 137 mM NaCl 574 12.8 6.8
BeneFl X(r) fornulation + 154 rnM NaCl

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
mEq/L of Na* and CI” ions.

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

lonic 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

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

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

be prepared 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. The method 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 the 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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607 14.4 6.8 0.9% sodi um chl oride (equivalent to 154

mM NaCl ; 154 nEg/L of Na+ and of cr ions) 308 14.4 6.0

Sol ution Approxi nate Cal cul ated OGsnolality (nmOsniL)

Appr oxi mat e Cal cul ated Conductivity (nS/cm) PH 5%
wdﬂhmmmmwmmmmmmmmmmmmmMmmmmmwm

Tabl , BC
chlofi® Seliin, Phe e et R S 2 OB AR DIl mount of

an iGNFhHegs were gently mxed and inverted to observe
bl ood settling. Agglutinate formation was not observed
inall formulations of BeneFl X(r) reconstituted with
at | east about 40 niMNaCl (note in the prior Exanple,

18. abquk m3ehdaldr MGl 10V8sheRdis %eﬁ%ﬂlﬁl‘i‘ée@ %nﬁt@dtﬁhei‘f?&%nstltuted in
aggl utination). The behavjor of blood cells in these

water of Qs peeonigHmarehafd BM phantioniZimemiNacCl was

i ndi stinguishable fromthat in normal saline.

[0114] Bl ood sedi mentation was tested in a series of

syringes contalnlng BeneFI X(r) formulation diluted (if
19. pr dhe s of slaim f) whesein thetlyenhilized formulatiophif recppditutedin
watdlCAS SR8 QEPAGRAPIS VPl iNtho(at ar t no at 40 m\

5 mnutes after I nversion ere-was a consi stent

concentration-dependent response in terns of

agglutinate formati on and subsequent speed of

se | i .
20. 20 HERTA o] oA S ERL 1% Ptk Bhordl i B Bl s
chlqride sblutitw the [Dswnasasticabrmulation conpriseshiviiding gbyoirief fucouse, and
ol O%ﬁ sanple in buffer containing ..25 rnM NaCl and
p %mf ®anot her bl ood sanple in buffer containing . 30 mV

In all buffer preparations wthruM NaCl, the
behaV|or of blood cells was indistinguishable from

o R Y iy B8 LR ) GERE IR nhtip iR o sodiom

chld%ﬁi@kolﬁﬁbﬁ,&'ﬁeﬁﬂﬁﬂﬁa&ﬁh@l foainalatiod esingraesibictidiné, tgYycafe, ducrose,
nfycn1&%$lﬁ_ The, 5% dextrose injection solution, each

polysprbgte L heeBtiGiPFRYCB0 ny hydrous dextrose USP in
water for injection - has a calculated osnolality of
250 mOsni L and a calculated ionic strength of O nS/cm

Th| ich.i.s commonly adm ni stered

2. mﬁ%ﬁf@?@%é@f?ﬁny av%th daimsddo ﬁb@%@g@p grpnatheidifinn of dhgsodium
chidriRRi sdiabR aRe hARGHE FRMubtith bémhphQs hidgding ké?ﬁdiﬁ/ee gucrose

Wi th BeneFl ﬁ% formul ati on reconstltuted In
polysonbeds, #rd Eactarigse results indicate that RBC

aggl uti nati on caused by BeneFl X(r) reconstituted in

water is due to the BeneFl X(r) formulation's | ow ionic

strength (0 inEg/L calculated ionic strength, <0.2
23. 5/ B methed o feraly oanel @eimsiltip 21, Wherein prioblodhe ahiitidseof the sodium
chidiflel fsfutn%g Y o BERAGELA Wrldfifhiiol 18 BashleH il HRR: DS AAIM

suc reconstitu

|nJ qﬁe Suuisgﬁd%?Eﬁhﬁgo h%n %ength of about 40

I Clen |on|c reng to prevent

gégztl r@é 93'11\/?40%%0%90?191 ¥ ﬁ%t ed as a conductivity

out / cmor highe %lgher

(c) 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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WHAT IS CLAIMED: 1. A nethod for preparing a
phar maceutical fornulation for intravenous injection,
t he nethod conprising addi ng an about 25 nMto about
150 mM sodium chl oride solution to the pharnmaceutica
24. f oThainathiod of tlhet 2%) ywiteedniptiomig theradditfonraftieabdiam chloride solution,

{ in th
FEREPRirel BrRHCS oo -ere%ﬁpﬁseéipect to

L oA

fornulatlon has a sufficient ionic strength to prevent
erythrocyte agglutination. 2. The nethod of claim 1,

wherein the prepare r.mu ion_is out jsotonic
25. i rmpthe %@Prqpantﬂ % ﬁﬁm%ﬁf lﬁa@r% fegwﬁmn. forinfrayepoysynjection,
the rhEtRHA u?gﬂ?idl’ﬁ%ﬂ’aboﬁt‘% %m% aBRAR 1861V bodiurd chIbfife solution to

met hod claim wherein the prepared fornulation is

the lypplghzqdﬁ apippBY Guwmelatipe Fhepaby seseltingdn pifersration grdpared dor
e R ot YRty R AP BBl e

Plasma@p s sbightiyohypoteaid arslighilystyipgtieniy mtjnpesple@tm plagring,land wherein the

ha | ar
Y R
of any one of clains 1 to 4, wherein the pr epar ed
fornulation has an ionic strength that is at |east

Gt of
an 8 rt't%e OFEE chi‘m%fBZSﬂ_l\lal?erglﬂ %e\?,x ep%e%tFﬁgtor ngo%ngga‘tlon %
recofrmtnuﬂatwewer basprisgs:i oni ¢ strength that is at | east
about 30 nEg/L of Na+ and cr ions. 7. The nethod of
anya)one foin ddoat SmM td dbodt 30MART Ristidih&e pr epar ed
formul ation has an ionic strength that is at |east
ababif - 3@roffsbolt @1 MNa-abant@.3M giyefir; 8. The net hod of
any one of claims 1 to 4, wherein the prepared
f or(gul atffomnaboas0.ato abwnt Z pa&temBaibsd; aad 1S at | east
about 40 nEg/L of Na+ and O - ions. 9. The nmethod of
anydpne fedim sdoat 0090 Lot dbodh, 0.9 €dnd pbliysorbatepar ed
formul ation has an ionic strength that is at |east
about 40 nEg/L of Na+ and C - ions and |l ess than about
150 nEg/L of Na+ and C - ions. 10. The nethod of any
27. oneTHfmé&h@ ¢¥eeldith @ 64wheybiaraaiaBoithi® mvEpafuadcH @idelsbRtib@ T added
S an.iqgnic str ngtE@es nmeasured in conductivity that
kﬂ#%ﬁ@wmheﬂgkmﬁrEKﬁﬁwe O0.11. The nethod of any one of
claims 1 to 4, wherein the prepared formul ati on has an
i onic strength as neasured in conductivity that is at
| east 4.0 cm 12, The_method of any one of clains

28.1 t@eﬂeth%%fr%alﬁ A nwhemrigrabgsteylofithe o AlmMosedivgn ghdoride
solﬁfoe9§£a%@d tc%eu Sz PPackct IR fhQRRidd zed formul ation.

The net ho f any one of clains 1 to 11, wherein

the phar maceutical formulation to be prepared for °

injection is a solution. 14. The method of any one of

cl ' S et S
2. e g Sy PR Qo et opfization
volamy obatwub4 mdl.aims 1 to 13, wherein the sodium chloride

solution is about 36 MM to about 44 nM 16. The

nmet hod of any one of clains 1 to 13, wherein the

sodi um chl oride solution is about 40 nM 17. The

nmet hod of any one of clains 1 to 16, wherein prior to

the addition of the sodiumchloride solution, the

phar maceuti cal formul ati on does not contain an

appreci abl e anount of an ionizing salt. 18. The

nmet hod of claim 10, wherein 4he |yophilized

formulation, if reconstituted in water, does not

contain nore than 5 nmMof an ionizing salt. 19. The

nmet hod of claim 10, wherein the |yophilized

fornmulation, if reconstituted in water, does not

contain nore than 25 mMof an ionizing salt. 20. The

nethod of _any one of clalns 1 to 19 mhereln prlor to

o " o o o




25. A nethod for preparing a |yophilized Factor a

formul ation for intravenous injection, the nethod

conpri sing addi ng an about 25 mMto about 150 nmM

sodi um chl oride solution to the |yophilized Factor DC
30. f o heitoathiodof tlaimx é&;ywheeesmthtellyrgﬂnhlzed HacioniN forinehtion if

ed for I nt.raven
reco B0 Bt Bl cRAPE RO OB ST LBP AT o bRer 6 pucese, §005%
polyfdrB&BPandIFattsr BLI ght | y hypot onic or slightly hypertonic
with respect to plasm, and wherein the prepared
formul ati on has a sufficient ionic strength to prevent
erythrocyte agglutination. 26. The nethod of claim

31. 25A paeh&iettidaRit byr@prdidgd: zed Factor | X fornulation if
reconstituted in water conprises: fromabout 5 MMto

aboayta 34 cﬁﬁfaﬁﬁ@td 1§b15}ﬁfl1zefl o, mﬂ%m freidMybshinRA i dis 3M

gl yci ne; from about bout 2 percent sucr ose;
recoﬁﬁﬂ“@@ 8h3 BB ftwater G’(»!Flsol‘éloﬂ Md eomBFisser cent

pol ysor bat e. 27. The nethod of claim 26, wherein an
about 46 mvi FewishavtSHIM P oW A mMokistidinesdded to t he
| yophilized Factor |IX fornulation. 28. The nethod of
cl ai m 21 wh&p®;ahouol iGabaut §13M glycimbout 40 nM sodi um
chloride solution is added to the |yophilized Factor
| X for miiitht i §Am aboyf 0.5Ttecbant hipefoertt sedresem 28, wherein
the Factor | X fornul ati on has re-lyophilization
vol une &) ab&am apowi0.00139 amé%{) proeenbpolydogiate; 264
wherein the | yophilized Factor I X fornulation if
r econst i(Yut edommebaat ¥rTUsohye pent 2800 0#/mLofiwbtor IX;
hi stidine, 0.26M gl ycine, 1% sucrose, 0.005%
pol(b)s%b?-‘b@i\/éto abAet 154 anrsodinm 63110mdq;slohit1na,@edt ical kit
conpri si ng: (a) a vial containing a |yophilized
c aKe), ingfrustiensfor fecerstituting Biei lyophalized aklee With the sodismi chidridd

rise;
solfo i o AN Enflich e ob ol RO TR BBt 56+
suffrichividnic sizogth tQ pRvem lepythreyte ggregation apomdaebtentudinjedtion.
about 2 percent sucrose; (iv) fromabout 0.001 to
about 0.05 percent polysorbate; and (v) from about 50
Ul to about 2000 U nL of Factor IX, (b) a 256 mMto
32. abouphdrbfacertical ddti compeikihgr | de sol uti on; and (c)
instructions for reconstituting the |yophilized cake
Wi t(h) 4 Viel emtkining & hlophilided ik, utheein itbeyoplitteddakels

reco t|tu op_t he res ultant .ol uti.on i s about

recdniR b i ﬂ\ggterathsa H6Qn AU CBRPESS 1 engt h t o
prevent ryt egati on upon intravenous
injectid téhé‘i‘%@g ®cal kit conprising: .
(a) a via co iy a |yophilized cake, wherein if
t he Iyop‘H#I i & 8‘%@ggtgggglgc?éconst ituted in 4 nL of water
t he sol ut.i.on ul.d corrgsrlse (i) about 10 nM
hi sti di /8D (i@PgutdRsEren uﬁ@ﬁﬁgl ycine; (iii) about 1

per cent (1v) about Q05 percent pol ysorbate

SUcro
80: and qé) f B%OAWé@FfCSﬁHOE)/Sﬁ@af%SD Oagstit 2000 | U/ nL of

Fact or T ﬁ&SnM sodi um chl ori de

sol utio qort Bbout %%%U/ toraheyt 29R€ /sl of Factor IX;

reﬁnstltutl ng t he | yophilized cake in the vial with
) amabgut 40, M, sediwh shlogde slvtian; akd  such that after

reconstitution the resultant solution conprises:

(i)
f r df? BEBtions fos recpptiitutme e lyrrhiligndrreke injthe vialwith atiswtif mL
sodgx%) ch18ri@b il icAMIhHG rE&nstitution the resultant solution comprises:
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(iii) fromabout 0.7%to about 0.9% sucrose; (iv) from
about 0.004% pol ysorbate 80; (v) from about 50 | U L
to about 2000 IW L of Factor |IX, and (vi) about 40 nM
NaCl . 33. A lyophilized cake, wherein if the
| yophi | {)zed dout7 foerhent? mMiéstiding; 5 nl of water the
sol ution would conprise: (i) fromabout 5 mMMto about
30 iVl hiiigt i dramezbogt 200 Prabawt2dOunMlydiag; o about 0. 3M
glycine; (iii) fromabout 0.5 to about 2 percent
sucr oseiii) i Vioni stomt AB%I Abo@ML9%cuaboyit 0. 05 per cent
pol ysorbate; and (v) from about 50 U ni to about 2000
| U L ofiv)Facdtam atiodt 0.804% polsspihiate 80ed cake, wherein if
the lyophilized cake is reconstituted in 4 nL of water
t he sol (Wi orfrompeboskt 5O HHinmIsw: abpir) 2000 AUTmIL 6f Rddtor IX; and
histidine; (ii) about 0.26M glycine; (iii) about 1
per cent (viucrabse;40mmM)Na&Llout 0. 005 percent pol ysorbate
80; and (v) fromabout 50 U nL to about 2000 I W nL of
Factor I X. 35.A vial containing a |yophilized cake,

33. wharlgophilided chie, Wherpiiif ihe egbphilled caceriefenstindtet @d in 5
gLof ter theslutlon woul d conprise: (i) from

5 mL, phptentha RRIPEPERTE CHBPHIG hi sti dine: (ii) from about
0.1Mto abogj[éOSM | yci ne; (3|||) fromabout 0.5 to
‘about 20per gg\é(to pept 30 mhbassidine: 0. 001 t o
about 0.05 percent palysorbate; and (v) from about 50
U L t@g £ SoRy OtV P 20Rt EAM BYCiR 36, A vi al
containing a Iyo h|||zed cake, wherein if the
| yophi | (i5kd & ‘?“§ ré@éh%‘ftl%ﬁfﬁ‘@&tﬁ‘fr%e’m of water the
sol uti on woul d corrp out 10 nM hi sti di ne;
(ii) ab&¥t off%reb@#&cqoﬁég a‘(qqt p)OSzS’EE?E‘N relysetbeiehtnd
SUCr0S€(v)  from about 50 IU/mL to about 2000 IU/mL of Factor IX.

34. A lyophilized cake, wherein if the lyophilized cake is reconstituted in
4 mL of water the solution would comprise:
(6] 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.

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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(iv) about 0.005 percent polysorbate 80; and (v) from
about 50 11U nL to about 2000 | U nL of Factor |IX

(1ii)  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.

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

1) 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.
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