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[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 opposed to sterile water for injection (sSWFI) would provide
additional 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
lyophilized 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.



[0006] Thus, there remains a need for a solution that
can be used to reconstitute |yophilized cakes or to
waledoapsssphar maceuti cal sol utions to provide a PERUF10861042258
preparation for injection that is isotonic with
3 ' onlc strength

such that it y y
aggr egat.i on. SUMVAR HE | NVENTI ON [ 0007
[0007] nverﬁ}edﬁ"‘fﬂ“@%}ipa%vég‘isog 58%%% t?rﬁg]lrgqéﬁt%/? Y}EWIBH is caused
by low 13% sHEﬁ%ﬁEélﬁpoﬂsSth&%ﬁi%Qnmcdn%‘é‘c Wbt MR When

uti o cone into contact with bl ood. Thus,
pharmamhmal dranheioes treqabpdred fom |1mav9m®sanjecmlpnareednﬁmuon or

raveno b t di |
ditution gy BRI TepR BAGEHo D5 A St VR Tetii potkit s "
resultanfj}ﬁ‘éf)a[rﬁtﬁbns Qfaysiib thd REuisRS birhaBtityRb ®p @B@Itllﬁﬂ(SmH&MtHk@y;ﬁact to
t'he requisite osnolarity to be about isotonic with

blood, bpkihge @fcelt do notdwale apianie Bespedt wéhciad taprevisalagehiinagpn.cOn the
other haﬁ@ rx%] haxéx% ﬁ&ﬁ @(#]nﬁu?atpong\éﬁegr%rfaﬁ%% H)tr eﬁ@us 1%&1&%3/

‘her armaceut or mJI ations ar

reconstifutiepaf eduticar witlmhirga\ieme yienglh edtiias sayh seedins (0.0% Na@l or 154
or dilutjon with high ionic s e %th sol uti.ons such as

mM NaGh fhg éeSPba@%thérm%}SI@VWS 1T st toappvent
agglutm@ﬁ@rp P O JIREsRY ganolaﬂ‘{yf thg 1?H§pér@>ﬂiccwﬁﬁ FRP&L o HRod,

ent ag [Ffuti nati on 0Ssess an
thereby ommuigatahy@/raubmbf ied b&quecreﬂle ﬁRBCBQ énaue sfbarymatgorh land/dy possibly

t causi drati on of d bl ood cells (RBCs
thrombo\;)gf?ﬁmg lf’f?PF%Fﬁ&%’ﬂ?Cglﬁ}{ &Jf [ lbté)§§ "t hr onbophl (ebl ti )s
eated i nJ ections are freque r chronic. [0008] .
100081 | 1y orfB o5& FeRact: ¢ h%@vwwrpwé%gwﬁwé b ppmaceutica
formulalib R ﬁ@@/eﬂo&hﬁfeﬁﬁ&? Lﬂtlé &ethofl QBHHhﬁB% Qﬁ‘chflg bin hHEEBWEARLS

I njection, the nethod conprising an about 25 mM
about 140omAbsndiura Sblonie soidtlmurtcciﬂnle ohimgiecswiaat foasmutadxon lilgereby resulting

maceut i formul ati on ereb resulting.in .
i For RO BEP SR B PP P AP GRIBAR BieBiEY B facion is bou
isotonicWET Rkpect RIS i€ Gh@ﬁwﬂyp&dnﬁﬂbﬂ ki h&pdr@‘a@id)\mtﬁ respect to
Wi th respect to plasma or is slightly pot oni c or

plasma, ghd gherejn thy pvé@namﬁ foriiehoR Bapewtl 1@1§nt¢p@}§ ﬁﬁen%h do prevent
ery’throc%eeégghﬂ{ntaﬁgn ({]%?}gﬁ%gg I#Helg, n has a sufficient

ioni reng rocyte aggl utination

: (or t hroc ati0 OOO The nr.epar

10009] £ OF ol MR PRI, ésownewlﬂégesgs@ Fasf g,

exampld, WheR ¥R a8 osﬂﬂb%ﬁty thahRsromn absuIRl @ hi@s&‘n/Lhafabd)ﬁt F0aNOsm/L.
about 270 nOsni L to about 330 mOsm L. The prepared

The prepm«ﬂnfmawmn.1%81§hﬂgrbwwonw1wﬁﬂee%q plases ﬁ@t%xample when it

s LR 0PI GEFTRLE poWOEO, a0 ool 1 Bt

formulafive peslightly 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 agglutination when it has, for example, at least about 25 mEg/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 40
mPBq/L of Na" and C1 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



formulation is slightly hypertonic with respect to
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[0012] Secy g{g]o‘%%lag}%gg gg%n%ﬁﬁg%ﬁl%ﬂﬁlﬁgoﬁggﬁg ia%/léed;cg_ggg?ghﬁvlfm%ﬂ.rabout
40 mM talabout U0 mM sodiun glbdder Insorsaisprat,ahe $ativmichlorida selation that is
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about 5 mM. In another aspect, an appreciable amount of an ionizing salt can be, for

example, an amount that is greater than about 25 mM. If the pharmaceutical formulation is a
lyophilized 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

lyophilized formulation is reconstituted in water.

[0014] In one aspect, wherein prior to the addition of the sodium chloride solution,

the pharmaceutical formulation comprises histidine, glycine, sucrose, and polysorbate. In



essentially of a solution that has a sodium chl oride
solution that is about 40 nM 10 nmM sodi um chl ori de.
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volume @ﬂﬂiﬁ tf¢r@n11@t_f0nt préor $o bophiligtiam, epenpsisesit (ap front zrl@ut 5 mM to about
30 mM Bpt?&iﬂgggj*hbr%aalboﬁ% % t)%/tse%&g( (fﬁ\r)ipgd' g8 a@t %ctgl'n%(m?t 0.5 to about 2

Sucr ose

percent KUCftﬁstﬁidl’(@) ﬁ@ﬁﬂdﬁ@hﬂ@[)@l foadbloar 0.0X peickht ?o)ysoﬁ&at@@ﬁ‘ @rom about
Factor | X can include nodified versions of

0.005 tophpvigh 05 Rerosik| Hdmagsaesh tasdamppiatiopeay fusthericqmapissy mpggured
if it was Q%C%B%tﬂt Y5 vRRs (%?ﬁ‘B{n Do, 'f?f?o%&lL tlo)§P \Aﬁtc]:'bé)qgg/mgbor more of a

um n- Factor 1X or i rmuno mal Ns
therapeultlh@lr(ﬁelﬁl) elFﬁOllncaboilM,O andi oGl 2@ib§9{),a4(él;i SG@,dtOOO 200 IPAALS]

n the pharnmaceuti cal a
(internati ol MR B gt i HIPRETISRolBH ot 015 CREr daR F AR can
further coR®ris®dhst¥uliPf w8 r&e8hdfthed in therf d(@] Fnaibb@0.1 mg/mL to
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[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

pharmaceutical formulation for intravenous injection, the method comprising reconstituting



percent sucrose; and (d) from about 0.001 to about
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and 40 mM (80 mOsm/L) NaCl, which is about 320 mOsm/L. Thus, by reconstituting a pre-
lyophilization formulation that is about isotonic with a volume of sodium chloride solution
that is greater than the fill volume, the invention can provide a resulting solution that is still
about isotonic. In other words, reconstituting a pre-lyophilization formulation that is about
1sotonic with a volume of sodium 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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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 to 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
IU/mL of Factor IX, or from about 10 JU/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
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" 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 human 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



formulation if neasured as if it is reconstituted in

wat er conprises about 10 mM histidi ne, about 0.26M
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polysorbate [0023] In one aspect, the invention
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o, SU f| ionic strength to prevent erythrocyte
0004%’88 |S%1 f ‘on upon intravenous injection. [0024] In one
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the addifivi@npatietidr salimechietdé Boltdid result in a pharmaceutlcal preparatlon 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.
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[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*"'SO,*) has 4 times higher ionic strength than a solution of sodium chloride (Na"CI) of

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



strength to prevent erythrocyte aggregation upon
injection, in particular, upon intravenous injection.
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Na* an@@j Wgson. [0034] As used herein, a "pharnaceutical
formul ation” that is readied or prepared for injection
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For “"exanpl e, a pharnmaceutical formulation can
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typi & e aver age
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sﬁua‘uoils eh%twre?fl:ry Ez(gend?lc‘él\%?}l/ r(;la?/tngte po%;e?atcle (Silrgcatlllyfto %{)ncentratlon 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 fneasured 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

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
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solutions are injected into blood, fluid shifts into or out of cells, which can cause a variety of

negative effects.

[0045] Solution 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
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as a sufficient ionic strength to prevent erythrocyte
said to heipotemicmeith plasma. The RBC cell membrane is the reference membrané. 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] Characteristics of Isotonic Solutions

[0050] The invention provides methods for preparing or readying pharmaceutical
formulations for injection into a subject, wherein the formulations are 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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[0043] Solution Csnolality [0044] The nethods of the
i nvention provi de pharnmaceutical preparations for

WO pjogosisan t hat are about isotonic w th respecPCT/US2006/042258
bl ood. To determ ne whether a pharnmaceuti cal

soypered BRI BRSSP Fenvl Sy EBSShL gy P acon
and (2) QB REMRMS idic fred hUtb' PR eh G Y8 {dagegdtibsient . The

osnol ar concentrati on of phar maceut ical” preparations

for ij erse
R L e S
forrnulaﬂxmxﬂyeadf]cﬁor aij émonéaavdoetomdﬂglldr atmdlafity thiat 13|gd®t<ﬂﬂhlan about 270

di ssol v r dilute dications,.which are ex
O HeSF S FReat SWAPGETIE. F8 PHY GOl enty e TrqtpBF phfaceutica
formulatfxéﬂé'rga(iyr@%éc)tmn-ﬁla{fe,sa VRS dr%sﬁ'oﬁa?i HaM3 g@&ater than about 270
osnol ality. "The osnolality of blood ranges between 285

mOsm/Iaarg! 183sCharOelpgut 328\m¥snkl,pot oni ¢ or hypertoni ¢ sol utions
are injected into blood, fluid shifts into or out of
[0052] cel | sﬁlﬂmughtsohlanns:whas 8.9%asddétmy chloride gad &vedatbexcirs.

. . [0045] Sol uti osnol.al it based, in part o

isotonic, BRPPL TriSB St GLdibly Bepy sutsirBe ket unyfapigns, the

resultantl stéﬁit@nflﬁérﬁsh&ma% sfbih€Snic @tr@@h Y& PreRakildrfh @) teUgtufifation
transfer 'of fluid through sem perneabl e nenbranes such

(as for S¥sddxitmose) arasasehayedoo wath 10ﬁmmweagté§uchﬁ1@bthe@eq®lﬂtest§@hélon is
facilitates NSRALL l. e [0S
hypertonic, n:gﬂ ash %Se metﬂl 35 of té% gné/gntaon 1gs§ r%o ugansg%)ﬁ ?gﬁ 1011 ?rarécr:]%nsﬁtuélon
that conﬂaﬁl 4 eifighied cd@eﬂ@atfbhpffs@cﬁﬁmtdhtor{d&}t@ @fcﬁﬂ’ﬂ(ﬂ&()a) a sufficient ionic
so-osnotic (isotonic) Ber osnptic (hypertonic)

Strength\mwl%wéﬁlgecw @ggrﬁgaéuoagar@ ) upeSicientionscdty be sERYeRy
e
hemolysf, B4R ety R oA b R oA TR By LR Sl
tonicity fhatsswot eo gmat fetofbpdiypertantd ohftamsh ydrther the)quhhaﬂksnf tlee
requi red to. oppaose the novenent of water, thr
inventiof G sliutac S oP P S BB R eairat foie
strength Qﬁé‘ ‘ijdo@cﬁﬁcrc}( WitB resp8lt id BlobAGWIRRS d15ChBintARGE AlgrAlicANSjceflon
two si'des of the membrane). Serum osnolality can
VOlumeié ﬂmeﬁmm@@i‘a\myamép%ﬁw@n osmoneter or it can be
cal cul ated as the sum of the concentrations of the
[0053] sol ut Ebamprtesietds dfflyphwngobalufians. The val ue neasured in
the | aboratory is usually referred to as the
[0054] osnolBid ihyentibheryvtiesanetabdsoapegdadfinpphdrmaceaicaltfermulations for

concentratlo S s r por ed by the | aboratory as the
injectiony@ithd SQIeS), Whereindhesirap a&alas te FsRard oSO BHIOES Hisk gt

hypotonkj'\ﬁftl?résﬁ@ct\(@t)}b%a or bRAT ko ffﬁfo%rﬁc %geg;’sn% ?’ hﬁfb@orﬁ§ ¥RihirEspect

pressure are to be consi dered Sy
to blood) so as to cause significant hemolysis. In one embodiment, the pharmaceutlcal

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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are to be understood broadly. Tonicity can nean the
effective osnolality and is equal to the sum of the
w@omnecesssat i ons of the solutes in a solution tPEr/UkENe042258
the capacity to exert an osnotic force across a
: rane, includin cel | nmbrane. 1n the strict
Cets LB RLmbS {e; St S pmg BRR B San g iatoliiions can
cause vehQlrttation, pHIebiii anademeRGiNt of “any nenbrane. Tonicity.
is a property of a solution in reference to a

[0056] Par tiCikA%erBEPE ARG el REY Rhtiodshe | nvention shal |

refer to solutions belng Isotonic wth respect to

bi ol 6gi.G i X i
e i e
injectiorpiatd 4 Subjjat, wlodreihithapieparhiiaiscné prephred iftb aolitions hhegvRot
menbr ane , of aéﬁel | in the blood

with respect to a cell ) ,
hypertorp with Jesrgcidp bim@e?f %7 BTSRRI G SHetsolumsrtop) as to cause
significAAP@kehbOeAn G Vlid inpitioh. ‘Irg&'l&érﬁ%fﬁﬁ Bntd ﬁleggﬁj%ﬁnéc%utical
explain the term This can be based on an experi nent

formulatdgnsaerfiyrfgr wjeation thasliucdnsideted tovhobléghblydypedodc chskaveiang

... th lt, ILf th BCs, i le b I d
onicity bt e eleeles Brnape 0 g LB oo iy coo
mOsm/I¢ ORRAE @chbo@iniai e pRArambEstichll fobelaffBisSresdy fol knj88fdn that is

cone crenated, the test solution is said to be

be
considergd) frobe Bightly byngraanielcanchaie peicipl ersesmolarity thes iRpestesthay
t | Gt i hd ' ni
ot AR RS S5 514580, 55 R DI SHLANLE I
general, igppdytoaitesoliums exhibitl actonivitptiet Bl gwederghacssbut B4MaI0wAL/L.

. sal.ine (i.e., 0.9%sodiumchloride) will not swell, |
Solution R G ASBITSInGIaL SoPPHE % s o0 s b shHE DS yebwish care
in injectfe@r acteri stics of Isotonic Sol utions [0050] The

i nvention provides nethods for preparing or readying

[0058] gzgjr W&#ﬁlmﬁ%ﬁgieﬁg&)%@%} Qd'lu’éi(msqﬁélh(ﬁ)@miaﬂé ghiﬁ%l}ageutical

erein t I'oNs are prepar
formulatsmis b4t aresrebdiad farigjectign whib 10% deatrosy, or phdrmacasialfrepations
bl ood. (or..pl a ot he iologic fluid) ar are notso
that ha%%ﬁi@&%ﬁ{d&g%ﬁs%@&g‘ffﬁstrﬂsemi?gﬁxo%agﬂapgm? Folptigps are mjected, a
fluid shift @BUrY 8h$ waldd IOMHRRBI 0Bt 0Ohe ¥ERMRial EllsiAHOMein 3AFLIO8A cells.
have sufficient ionic strength to prevent erythrocyte
Cells the dage éesomiveln wafed 081 jhrink, anrkethesijdetiremt hypsiomaselutionst dan
re t l..ood har maceuti cal formul ati ons ready
cause Vefnoﬁgﬁﬁ%%&%il%ﬁusn 3%% O?ga i t y or osnolality that is

0059 gr eat t han about 270 nOsm L and | ess than about 330
[ ] nOsn*t: | n one enbodi nent, the isotonic pharmaceuti cal

formyl ations ready for injection have a tonicity or,
[0060] g nDITé]FiF{H/OﬁPJrQ?C? Taegt Sanabowta0 Wbant 45, Wishid conpidered

neutral. PR&SndcBAMLafPRYLraA8Rs Wk Tk 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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[ 0052] Although solutions such as 0.9% sodi um chl ori de
and 5% dextrose are isotonic, when they are used to

WO e@onsyss3 ut e or dil ute many pharnmaceuti cal PCT/US2006/042258
formul ati ons, the resultant solution may not have

(or slgiiygpetome REMERE ST IR N6 I o LK T N—
does no{'yccc v 10388 E:s, SHB@%ﬁérhthétf)?'oii J‘&:l]%ﬁ j Gs @@éﬁé&ﬁf&ra‘%ﬁh%ﬂ}ﬁ%spect to

pertonic e I nvention use
whethelsthb sﬁlumshafsmrsutﬂfﬁdlmttumnc eﬁrerrﬁmtorm‘hvdnm eiytirotyta eggregatainn In

other w?arggsn 'gl %ﬁ %{]t 4 gaﬁiog%e{n&%%%hﬁ%%hl rlgg‘i%éhgs Y ]Eﬁvchagt?s
below 4e1r ¥t HeAedhen 9@9&% @B pratsht () usd o HibdiGnedMlori W Hobition for
to prevent henolysis, and a maxi num concentrati on of
reconstigwignumowier tor preeent @r}fﬁhmvm@gg@m@qnesul tant tonicity
that is not so great as to be hypertonic solutions.
[0061] Fur t h€alculatiee Pembladiéy of t he i nventi on use sol utions
for dilution or reconstitution that can provide a
[0062] suf f i Thetmadlaitiy®fahy phghtucanital wepantici dan b dalcuile&&bbjctlsmg
to bl ood, while_also nmaintainin ctic njeq
the follqyping Sy OFEOfHRY rdEEiant ehu bﬁ%@ﬁ%&&ﬁ%"é@?dﬁm@s golecu at
weight @n@é %ﬁs%ﬂ:i ggé%)ﬁ él%lhﬁ%%@%}gfs?ﬂe S@Ef%fpsg?‘?ﬁ% RORHIied S 1000 for
milliosmoblaritya dhetternal‘'spedesilefirs trtbe humbenyfdens archemicl species formed
ect, wherein the fornulations are prepared into

Whend@%‘?%ffc?no?% “Fhat are not hypotom c with respect to blood

or are not so.h .e,, \ potonlc w th
armacentica 1 X 2 ,1,-

henol %/FSI S. I n one enbodl nent the har nmaceut | cal
[0064] f or muilhe inyRRtGneRrayidepmethode irirerpoeiEng LopBHiEFAdriggproducts

. N t I a
o PR R B M SRR 40 90, S o
reconstmﬁ%dhﬂmgq:mddlg:t sataty fohanedioably R4 grauhidient ionioxeength and a

adi_nment the ar maceui)t)a formul ations ready for
t°m°1ty|t ?té%f‘l?‘{?hlsph%lﬂcw EBRET AR PERYs] i ght | y hypot onl c VVI th

respect to blood can have a ton|C|téﬂor 0

[0065] t hat i5e methods phiheanmiion alyo ReEn o dHieng gé? Plufipgiyn order to
prepareggéﬁ g‘;{u@%@R\UH{P?{F gject[lcg)rpéﬁ’cl ﬁgﬂﬁﬂ?{ &Rl €5 Qﬁut@& RAILARIRion is ready for

ons 1 nc e many pharmaceutical preparations

injectioh bgthasing arsaffitied idme stirengticsridiry it hatstug isotamiaaith respect to
When hypotonic solutions are injected, a fluid shift

blood. gccurs and water is noved into the endothelial cells

of the vein and bl ood cells I1.s that apsorb too. nuch
[0066] wat er e Gapasimentnther ppmpbil 1465(9@61{3( gé’FOCFIV %3("’6&’1’1? fon, 1f
L 505 SR RARUIDL A0 (SR ORED BLL
BecausSdielthemn]sn 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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[0057] The invention provides nethods for preparing
phar maceuti cal preparations for injection into a
WG 7883533 wherei n the preparati ons are prepar ePCT/N806/042258
sol uti ons that are not hypertonic with respect to
bl ood or % not so hypertonic (i

[0067] hyperIPé’ﬁP@ adimegt, @l prody i (et IYPHP@%EFE%G ig sgltiP) to be
it I 1 st
propasd £ RLA 018} il s B SRRl B8 Bty s
HES-comtalnﬁ[g@ndellaEdni dedpite sd:aogttfthtyorhmhitmn ivathcldaClhsahioas fOT ionic
strength,:&lrﬁglﬂg é[%o spajlg}fz ? gtaatng @gg ! erm}z;ﬂ%%ﬁge%%gﬁmgétg In
another &H’Q&ﬁhﬁﬁmaadrﬁ oBRAKITBE Biébhiea lforf 1 je@ﬁbtﬂbzﬂﬁ%)ré&ﬁ%eﬂ@ﬂs does
injection that is considered to be sli hypertoni c
not cont@ardeh‘etw, becans aslaptyd srodafedoVabtergren mathorls(sge Bapmplet) ghow
nd ss, tha t
that the %‘gﬁ 10%? M (glu oqélg got erfacl?ﬁ% eff;’eﬁg ?faei%gg%ceﬁ% cil%ni%g%’tmé Zt?a.’t
dextransS@hhbhgns exhibit a tonicity that is greater than
about 340 nOsni L. Solutions with an osnolality that is
[0068] OF eat@ronthamoakit tRORVEREIH proslaesndihbes ﬂﬁ@@ep&hhg acare

in injections. [0058] Exanples of undesirable
pharmamyt;@al poipiatation furtinerenpyciniastionsifyraihthephewacestigal preparation

isa lyopi} m%'f ggkee!, ((Z)OrI]I?pI‘}Sh %t,a n@rﬁr’iatr I%C g#n?% %e%écl . gﬁé gﬁttn' &Btﬁfqﬁg é&{ can be,
for examfllé trh¢Htle mddbmzmgs Ndﬁabnﬁfrfgdﬂﬂklﬁg apdnad inchade Wie are not limited

ertonic solutions are jnjected, a fluid shift
to, manr&%ﬁ&&lxm% §uctasce factage, cﬂﬂé%rﬁil%ﬁt agides, Kaeranybic REQLPiRp of fejagtive
1ngredleﬁtf ott'c{']ﬁ)n)ﬁﬁiaﬂ gef(ﬁ’ P8 ePEthlkﬁtg %@ﬁtg %n{)\pﬁ‘to !)19,5&11'1&1(5&"{}1@81 The
ter can s rink, an us ection of hypertonic
concent]saubnﬂ ofoms-ioaizirgdudlang egantd do nwtestgmﬁtqantlyIaﬁbcttwlsezthemcsolutlon

ronbosi s 059 H of ood ran
has o RO PO e B HAE FHON JFIOBR s BEg ACPHaraons do
have an @ﬁ’éétrcfﬁ' osnfIAtIBHE W dréke, PERPRIREMAMSnNE 4 have Rl YL
below 7 are consi dered acidic drugs and those with a
tonicity.pHhe apneeniseticveflycing Eresablte iseyuivalent trciciaarinytiggdo
osmolarlvtjl}/ t§}1§1 (P)Ejﬂ\)f% %?nqu 9(212%211%1&%9 16\,1;1;}:? consi der ed_ basi ¢

'ne ugs ose a pH val ue hi gher

o1 0, 5 SRR A Y B e A B oo
significdily@l¥fctt RnRNekehsth OFR@SIuGon d1hS 0shd1RifE o LR G GYE For etdhple,

i nvention provides sodiumchlorjde solutions for
assume p exsderstartiRigIH gt PO.OPR foriazeatedt wnyl asevmel ms ﬁﬁﬂt@rprwém nal-2
mL sol ilol't Y ,DQ glj Jeét&i“ ﬂngfsl’é%ulfvgfeﬂwoad b@ Hﬁ\/lttﬁug ol 88es not
ornulatrons for I'ntravenous Injecti erein the
apprecidbépdor@dbute to osmolanty

[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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preparations for injection (1) do not have a pH that

is less than 4.1 or greater than 9.0, (2) have a
wa@fof7iosdisent i onic strength to prevent erythr ocCRCEUS2006/042258

aggregati on, and (3) is about isotonic(or slightly

polymerf Htodsgfrs g ne Pyl drion i Vine S5 e e Aty eldose

(HPMC)L@%ME MpolddiBy1Bid %20& (P@ds RSN nﬂ%rrah@&fm%p ation
th respect” to et her he sol ution has a sufficient

[0072] | on %}&h&gé&‘ﬁb?ﬁ&rxﬁfl %Qtdlsg ogt%g OGS RRLE \Agé‘&xlﬂ%gaﬂs%r

ot he ['1ze ormu atlon
polyols, béen s & dmbest cmom Ov@toef) 10&&ohiphtrt Fat ex@nfie] HW0%.slicrore can

eater_th this does no revent the yse of a
be used 'g’ii‘alilt}‘rﬁfl?ﬁpg‘ﬁl% SSIGt ?%Pffsa@q?ﬁilegaégwuﬁesw Y O
formulattléh Brl Mize! ¥t YrRGht o A8 fdHntuabh Ak idkRPeH herein as

ating Osmolality [0062] The osnolality of any
percentapghsaqmaolauty @:taburpas,élpans;nlr@ﬁqre@ahtm}@rwﬁagﬂs anénhobyyityisf mgplution

prior to fydEh Gt B9 SICEHGR TR &Pk hbebiriah Bl MsrBongpe dhig i

equivalentfasIem eV ( BWebause Bhtrédeflobe oty piddRbRLizaEe 0pHisaRe6ikRSn
mul tiplied by 1000 for mlliosnolarity. The term

solutiony Ll ef sucreseds squivaleniéo AURSEIN/bi Gtherssugirs ORapiyek|that do not
oores BfHES of RSN RSB OS5 Ryl O8Oy ool
can be ubdy &ct bdkinfgG@6at), ghlvesé, msitdl, mfﬁm@ymdﬁsmeé hadssef ard
reconstituting |yophilized drug products into solution

fn order to prepare the drug product for i njection

into a subject. The reconstituted drlljjg product is
[0073] readyP}faé‘?la‘F‘?‘a’jhé%ltfP@#mﬁy)nﬁ alFprgn sonfpinrhudfesing ages. cBuffering

agents 1?%12&2%@&%&% cf?ﬁf %ﬁ)fé%i té%acﬁné &sﬂﬁgfét 1#0%% eQ Fshésigrré ?ron

potassiual) sdlemandﬂammd amddﬁrisu tBurﬁ@ndg agerﬂ;minutude tisose agartsl that maintain a

are the soI on for C n jintao
solution B R accaiablh Fige oot s ticnts B b elafyRy Gine, and

dlethandliﬂlﬁ%také)ﬁo% AN RS §ﬁki fhiu ket cdn@éﬁt{;atl%hﬁ 81 %ﬂiw@l%ﬁt By
bei ng about isotonic W th respect to

osmolarigy enépiisodid hekent in tend \ybmdnslzienn@ thgih;cr o fqrgmgahon ready for

mJectlorg 18 rfﬁ%ﬁ T]t 1/s?t8nlc u%fl Pg i%fﬁxtsr S g%e%alt{t e Fltrglé\aa Ll 11#{ sal?s and

are ther@@&adﬁ@lrlgh énd fheerRbhRAtrRiaY atesulipliee d\ﬁthﬁ@ﬁpect to calculating their
reconstitution usj ng about 25mM to about 150 mM sodi um
contribugipp &t p sQluen §OPBASITE he practiti oner should use a
particul ar sodi um chloride sol ution based upon the
[0074] expecthegmeesvibicaldarnpg atbinglchn {nchideteigentiphy Ay dctiod ingredjent,

1nclud1n§ p?(gtg%g, nucleic acids, viruses, and chemical compounds. These molecules mostly

trehalos

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 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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reconstituted into the sodiumchloride solution. Thus,
for exanple, if a |lyophilized drug product if
WO e@onsIsB3 uted in water has an osnolality of apPOUUSB0Q042258
nosm L, then the NaC solution for reconstitution
should b out 25 mMto about 30 mM hi another
[0076] exan‘pﬁeﬂe@—%g@a | yophil'ized drug product if

007 £ 2C TR BB S R REEheL ot 100,

(CHO) %ngiﬁ'e%ﬁ@s S0y M A QIRI AN sHoh f@S:\‘ﬂe[ @&qu]infegti&ﬁ%gents.

odi ment, a drug product (whether Iyophilized or n
The storgdkelt bankp areofiee ef oehendasnfagprodugte dihiedFHOcell lige peaegtent

.met. hod t tai S (hyd thyl, st h). .
o PR CRTRIOS LA L N S B B! g
proteinsietitiéd BEmMiniHalNG B8 sehirt @) snd Ble recMiingdt FaB@E 11X isGARified by
cause erythrocyte sedi nentati on and agglutinationin

a chromptegiaphy pliliepsion pepress theirogs setHeAvissm Bwinaelanal aatibedystep and
: .0, r Ej [ t ept . .
g e N e

moleculandith bpshrité sheeglanveiplith o8& 006 eaclkiarpseprdleissmd vidaht

) he addition of. TSTa uld not._caounteract the effect
Pamcle%fs @?ﬂﬂg?fiﬁﬁ aég‘&oﬂgﬁf § ﬁyt%%ae_%a?é t1f BFfsloparancly gsingle
componbBUREIDS Ponisy SRR LA obRECITLEIER, PAOKAS 1,
internatippal vaitsddh g IV)jie detemmnedvening an heirp ae-stge glottirg assay against

e wor AR o D Bt g SR SR Bp P ome
internatio&niites thensidunt BOPack@MKZicAdity MeBerit @i 2hNSf Hed1kd, A8rmal
agents include, but are not limted to, mannitol,

human plgsps. hhe spaseliordivity o Bered Xt s @reainr sharcoradualdte, 180 IU per
milligrap AFREREY, bendREPL R0, Bkl R LRS8O 80l o
preservatines akiddeedniimal bhienmsrt compju@estencent r at i ons of
non-ioni zi ng bul king agents do not significantly
[0078] af f eBeneRBE{®E formBbited dsQNstdials, dnpiolkbsic SRbphiBKCrowder
strength to prevent agglutination. However, their
preparatioiin BeaRt AR §aateadrday itarenons €M) inigclingmbl igayvailabledpgingle use
vials coﬁtgﬁﬁ{ngtﬁé E‘bff'%ﬁ ShloufOOEERRL: 8% 'a ?@i&ﬁ %Qp%@s\éﬁ flfi‘ Ehtgifngt‘?oqfal AMts
toniCity. e concentration o ycine, for exanple,
(1U). Eatls viabieonvaihg or ¢xaniples nomitatly260) 500, bo1@E0T) &rithote, ibtiuding

0.mMM gl ycine is ivalent to 10 nOsnmi L, [0069 o
2000 W%P%%Oéﬁﬁlaﬁﬂ@ig@ﬁ%ﬁf ¥een I%Pag/g?fa HegPTStiTgien qf ey llef_aplﬁ_bzed
drug pro@Gét wigh $tBEIRFH&N IR coflGenfBfion FkEipfAl a5 dEsta 1090116
strength of a solution or the osnolality of a

dosage stighgih$ ae. 1 0FoM bshavhidine, 1%sswonmse, 2 6fmldcglyeine 0@t palfysorbate

0, 000 .f or rotei.n and as 5 of the pratein
80. The ?%ﬂcgnt%tﬁ)%ﬁﬁﬁgg eﬁ?rfsgﬁuutog 1%31551%&?&%408%@%% s ale Bal?%hose of the
other twe @ubagalseaiigth® The 350 Ml 100TURT dddage P QigBishre @8 fier
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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appreci ably contribute to osnmolality. [0070]

Phar maceuti cal preparations also often contain
wa@of7astsant s, such as pol ysor bat e- 80. Pol ysor be€ BUSD06/042258

and ot her surfactants are | ar ge nol ecul ar wei ght

l.e unt at are usual.l e t] .
BeneFfBisiiont Fordt. BRI Sboensitens Gvaptiiatifack s
reconstifu@dGRRdtabbRUL 8§ ndDBf @g5ﬁm-ysalﬁ1vps%a%ﬁkhlbﬁdegom%ﬂ c

strength. Qther surfactants include Brij (r) 35, Brij

10, PI ' F127,
100801 51:121 2% |I{1}%@£ g&ggiﬁ/&ﬁﬁ@@ BEQISE%%%@ [007li]r o?)lt ﬁesrl)farge
[0081] ;ml e%@o@ﬁseﬁk@%ﬂﬁhﬁ%&ﬂe@% o?%%n#ﬁyi 1%1?3‘[8{11 Hla\krgtg% various

anounts 1 n pha I"cal Pions
reformulaﬁbnsa\pﬁe exddaliRyfoahtikedd MED&EI(BW@IX@ORD)C I'The g&l)[ali‘was to add

t he ication that they are
sufficierd éqr{ e Stenigh taéﬁi BepeRIGE ’ér@u lagoe %P%Wﬁlélg?ﬁ?éhép?tﬁ%qla& de RBC
agglutmgt?@ﬂ rlﬁ%rde?% %%féaﬁ’é th@I ?9@ % gl yf‘%ene’[@' (ﬂﬁrﬁ@ﬁ oride can be
nmet hyl cel | ul ose yeth ene gl ycol
incorporgeE@)to almjrep(msymtmqblp}iucvtdiyl rejolneing EMF%)WF 1 6072 Ieconstltutmg

solutiony AMG{TRAFel30 ek B By 6718rm R e b B hecen. 2.

lyophiliZtion f@nulatibdYaRh tﬁﬁt %h%hstltﬁﬁén S B achiel OYSUGT ASSbut
can be used when the fornul ati on does not conprise a

lyophilizng salisglutigenis mastienltyandihismaorg prastieal| tasinaply ireconstitute
I u f
1yoph111%e§§§?élsf\{q %ﬁ%ﬁ%ﬂlﬁﬁ%& gﬂe}?s Clg n]tsél grglg f(%roqyere}gop(?ﬂlzeg I%lawgasceuncal
preparationk shat do hot aeé esefivtent orpestepgitaghch ﬁﬁﬁhslﬁiﬂitéd Wity s®fFIao
solutign prior to lyophilization (i.e., fill anounts).
prevent qggllinalign 5 sol ution has 1% sucrose, this is
equi valent to 29.2 nM _Because sucrose does not

[0082] appr e rapFybedpicst Ersmela%%%@@ betlgophiliees) intheosameformmiation
as BeneIQITD%@ g@ﬂ?ﬁ% h%é@%#b? Ry & Cs%a 1%@0156 &665(% gagfg&%gte%ro)

fy 1 onize or ate”

and onlyl the sltil}ﬁﬂdnoentraltloh wdB dgffarc @eﬁbEIX@-IRl ok drl%)plb'dlh@ lcan then be
0 can, be ed as ul king a

| |
filled, foggg%%élg’ a1l percyial Vi 1 e hirtfe %ﬁodghdqglly@aﬁo%/e sucrose,
0.005% BOYsdrh&B8bOSE- 1¥(£1§1@lY£EJd Wﬁéﬂ@&f‘eﬁ%(@aﬂ{ id 1%(:%1@&&(9{635 A SR

can cont ai n buf feri ng agents feri ng agents
vial Wlth ngf-lsemM daCe e, sueh:m witle 40 VM@, thglepu¢angation of the

N T N T T S ——

lyophiliAakies.e Thig8ithtgy Redtiltd il Afodhblafios Habiisi (PNisBtdnid) (Bhas sufficient
acceptabl e range. Buffering agents such as glycine,

ionic strength jodieriece thmpotantial KB Grricaltiationyerd (3) redises theiizjeetipn
volume %2 ﬁnitﬁthgﬁfc%s'ébgf fF1%O %Flglg %&5 199%1 ot ﬁéﬁ m ef(l)‘i‘ e%gm e 250, 500,

shou Sh Cons) eTlng
1000, andt2€0t & oﬁrIfIZXr Jusri::il IdOﬂRgESﬁ‘él)/gtﬁSJ rThus, after reconstitution with 5 mL of
a 25-150 mM NacCl solution, the resultant BeneFIX®-R formulation solution can be from

about 7 to about 9 mM histidine; from about 188 to about 220 mM glycine; from about 0.7%

to about 0.9% sucrose; and about 0.004% polysorbate 80. Depending upon the amount of
tFIX in a vial, for example, 250, 500, 1000, or 2000 IU, reconstitution in 5 mL of a NaCl
solution would result in an rFIX concentration of about 50, 100, 200, or 400 IU/mL,
respectively. The osmolarity of the BeneFIX®-R formulation reconstituted in 5 mL of a 40
mM NaCl solution is about 320 mOsm/L.
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injection is about isotonic. Buffering agents such as
acetate and citrate are usually salts, and are

W bh@resisse i oni zi ng, and their concentrations BCEUS2006/042258
multiplied with respect to calculating their

contrjbution_to sol n s 0S al it [ 0074]
[0083] phar MMQE‘?@ ﬁofj oBssent | al | y

any active ingredient, including proteins, nucleic )
[0084] i gRecompingaitaciosdXsamisede 1?5@1%%@4@@ forprdasions described in

| | o

U.S. Patéfgrl&:cﬁ gfﬁ‘éb ; f\ﬁiéﬁé% gsﬁhoéiq&:fyl ae f;a.ltmoyy re?ér%rﬁc%tfglt %gp\ﬁrggéeg,

including ﬂ;leefotmuiatlcbrfs debated thodreiau %S famenl stidnk glescibed i dp pateat tan be
salts,_ then

ecul e conmpound har maceut i cal
used Wl’fﬂglgﬁ %rﬁiﬁn&avgﬁroy SPEEChe B RPe atemos Hatied dnhaere I the
active in@RARINR! T, fc{rQQﬁle%bﬁhEe@MﬁlaﬁShQ gi.aéaﬁ Rl ré&)ng%% with

In sone p arnac ical” fornul ati ons an are used
25 mM-EY0ympt sadewrn ghloside lsqlumr@tteqxrmsthamdbomjmmm mgluégent S.

S d stidi
formulati Tl 3PS 0GR he TSo fRus oBirb i HRtie b raditst s inggedicnt.
The acti®Cingdrddien@cdrobdBakekian aﬁﬁgwt@in ofh, Re1&EREd] ¢ dReftcaphen
calculating the osnolality of a sol ution such that a
compourd For gxamipkn Theagycinoean hgve atcopeenigtion é‘alt e&agmﬂ@a it ebayt Opl M
to 0.3M.) ?ﬁ@ﬁ&l&s&r&ﬂ? ﬁ%vk%oc ?Leﬁﬁﬁgg ! ixg E)zangepqg &ﬁrbed:dﬁg ai)out
I'S produce gene
0.05%. 'Iﬁhfﬂmmeaisewﬁhyve(ﬂd@):elﬁﬁitionl fomexmhplé <|>f$bemt@ﬂ% twabyut 2%. The

characterized and shown to b i nf ect.i ous
histidine gan hage a SoseR 0By 6@@%@@5&‘3&@ flﬁ\éé 61?01’6I386‘%Mor
pl asma products. The CHO cel]l line secrete

[0085] | ecorBioRaATbRdiBtest alyonhiliesforplation ‘adrirpeasstatatad with 25-150
t 0

mM sod &‘xj# El%/iglgd gﬁrﬁwﬁn&@hsgsoﬁﬁ&ﬁg r% tg ?urktrl\g g@r %Muﬁ b%' 92% SUcCrose,

0.001 to ah@tﬁrﬁﬁi%pblyﬁ&bate;abbi(t $ o ghouit BO mMﬂnystﬂlmBh mﬁhﬂtoﬁng)anhybout

|cat|on oce t hat .does. not req
20 mefnflois G4 T Soa) e P ARG SOieB e e i herple FX. Tn
another &ﬁﬁdd{ﬁeﬂtr R gieed lyoﬁhl oﬁﬁﬁlaﬁbh td Bd fe@@ns‘%ﬁ:\ﬁ&l L she® mm
he ability to'retain nolecul es with apparent

sodium mtedﬁﬁoaﬁlon@pgmﬂsesmbouﬂm 03 {seleht Asng/mi ngercabeumﬂ taretpout
o00 10kl T C BT RM pSebtitiEne rlief o MAGH Ve bftmsmeme

about 0.00595B&yestbyracr yl am de geI el .ectrophoresi s eval uati on.
The potency (in international units, LU (IU)) is

det erm ned UuSERAMPLER (qur}quan]mrpgchl otting assay
agai nst the WrTd Health O gani zation ( WHO

[0086] | Nt eratdxQnples SbRABAT B’elB@raré: Aok Rled 116 RAEE rétslg(e@seof tﬁ@?resent
international unit is the anbunt of Factor activi
inventiop pied etetnof mcluded &fr thoplredse efdimiging ammersloasma.  The
specific activity of BeneFl X(r) is greater than or
Exampieal: Effedt806f Atti{imgulants and Formulation Components on BeneFIX®-
Associated RBC Agglutination

[0087] 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 present study investigated whether standard anti-coagulants,
various BeneFIX® components, and ionic strength affects the BeneFIX®-associated

agglutination phenomenon.
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m|lligramof protein. BeneFl X(r) is not derived from
human bl ood and contains no preservatives or added
w@piores3ses human conponents. [0078] BeneFl X(r)PCEUS2006/042258
formul ated as a sterile, nonpyrogenic, |yophilized
owde tio BeneFl X(r) is intended for
[0038] Dy’ aleh §Se? 5.#’1;0&%?6940 fepoR GneHFIITIBN o Iynieess apgl was
collecte&'ﬁﬁo ViaghiSinePRbE e@ﬁ)ntﬂi@klh%he lP?Qﬂ{ﬁHq}éEES, @fJ) E@dﬁcéﬁfn X tandard
activity, expressed In international ) Each
anti-coaglamt, sjmhtaamdylenﬁeémmmphﬁgzetmdwﬁﬂ)’ijABSOdiuﬁlﬁ@trate,ror heparin.
1000 1U (or nore, including 2000 IU) of coagul ation
[0089] Fact OFo 1e¥t foRegghudianantthe bibotieampks mﬂiei\fatttlt'aﬁftr ﬁfbei’; here first
yophjlized drag product with sterile wate

continmiqgaBeR SnanE gt Taed AR, s diledsiog Tl obBesst wltion in

a 48-weg ggl"fl %@F%F ;’g‘?% tgH& 8@% glégg}z? cf'qgl )}l;r%dﬂgge: éé[qg%ﬁ ’tefﬁ]é&gtﬂ?erﬁ? 5 minutes

prior to clesecanbn ahdara infdried mmtraituﬁllcmcd)p’e dt de02baghifcation.
osage stre th are half those of the other t dosage
Each W%t g*@@?fgap e canreatil imoes m@r(g%é%@@r%RB figingjign

accordlﬂg%QttHH‘fo?lo%ﬂgeé'ntEﬁé:f?ﬁ&f b1y 'Tabl%rid the 250 I'U dosage
Sstrength has half the tonicity of the other two dosage

strengths after reconstitution. Al dosage strengths
yield a clear, colorless solution upon reconstitution.
[0079] In one enbodlnent the invention provides

met hods for | I i njected into a
subj ect, wher&2Benef plut : fed into a
sodiumchloride solution  wher eLnJ he sodium chl ori de

soxd on i s dreater than abbgglutiBation Bhendtgps t han

aboit 150 nmM| No agghatimtrbodiaerity, art hedisiddalwalls Héw o decasional
sol uti on used dooblkeconstit ut eBeneFl X(r) is about 40

MM 11 n one entvestRERtividdaEcdllsadmall ador@RisIdigefed throughout.

BengFI X(T) 13 i a
250104 150 ﬂdﬂﬁﬁﬁ l(pr%%gg%suﬁlgsrﬁ%%ﬁﬁ s

iy ﬁlé’ ow 1ot o U0 B RTBRERCENel SADNSE A

wWadt ari-ol Cce]%inmlLﬁfi ons—\were nmade ( Reformyl at-ed
RN ¢ X(r) ( BaMasivecel aggregatey,

sufficient ionic strength to the BeneFl X(r)
[0090] f or multctsor Ssordagd ﬁl@tlﬂtﬁoag@latz@ B @ deehtination: GFheRBE& study

N T R Rt TR

heparin, laﬁﬂ Qodilie diege N&Eﬁtﬁiﬁ%ﬁﬁb@i Rl e6dh dhok. eﬂ?hé‘ﬁ‘dsﬂeﬁﬁ&l'@ﬁn%%kd
as the reconstituting solution. Alternatively,

BeneFI3HRnHH) Ti/mL, é%?ﬁnﬁéutpéfrwwhw&ﬂwfomww #gl ;agtagons ) mM
(sWEFD), Eb SAVORH HM Z@H I'nR)f] aBﬁ’ 59’;1{{11\%1{1%1 I ld&(]ﬂt EH eﬁtrose 5% 1n %Ia‘%er

econstitution cdn st be" achi eved
(D5W) was included as a positive control. The samples were dlluted ata 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 sSWFI, 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 D5W.

[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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| yophilizing salt solutions is nore difficult, and it
is nore practical to sinply reconstitute |yophilized

w@ 20025383 h NaCl solutions. This is al so true POY/USI0ONE042258
| yophi I'i zed pharnaceutical preparations that do not

agglutin%ao:/nﬁjag\kz% E) %ﬁ%\}'g :qgnr{:aébqsvtg{q%% t hgé\}hﬁf%%%%@%}ﬁl%ﬁéﬁ}q screened
using 158 %M(’Nz{@n trf a%@lﬁtﬁﬁ'ﬁgﬁ Kyhas Boseaedd thel sﬁﬁl@h&! Whe @ daﬁﬁEJP Gom further
same fornul ation as BeneFl X(r)} (10 L-hi stidine, 260

assays. ﬁM pinpdiing samples fromosaeh don@oBye édﬂtyé a raomtceor&o;)f twand

y nc atio
rormutafisf g S RREEERO POtttV P ST
BeneFIdR E’écoﬁﬁftuﬂéﬂ it 34hmBONBM, Lintaigsd Wdﬂema uﬁ&psta%dgdlgﬁamemasked
1% sucrose, . 0. 005% pol ysor bat e 80, and %o philized

and scorgeh & 2BelHERItiqY JA gelniénation §ies spauuy i BeacI XA resenstifyted SWFL,
whereas et kol (2 e o Rbtiob B e Ao Bl ption
(see Tably2 RO%cavh®n conpared to the current BeneFl X(r)
formul ati on prelyophilization. This strategy results
ina formulation that is (1) isotonic, (2) has

sufficient ionicrglé 2nalbblutifati @OSteged he potential for
RBC aggl ut i nati on, and (3) reduces the inj ecti on

NLL.

Y < Ol

Ul T T 17 'JCI uoosSay LAY LY LAY E=2]) AT CCT

dconstitution w f 5 in_qunL

he resul tlant an@FLX(Ll J; formil ation sol . i nnJ:a(_h bﬁ

f Bom about] 7 to alout 9 niM hi stidine; from about 188

t28 about 220 nmM glOyci ne; flrom aboW 0. 7% tlb about ®. 9%

sdicr ose; and aboutp 0. 004%|pol ysorlzate 80. DPependi ng

upon the anount of rFIX iTn a vial, for exanple, 250,
500, 1000, or 2000 IUsreconstitution in 5 nL of a Nad

052 S0 0 M G ey B DRSO, e

formulatomsol Beh¢FIXF weheevBbraedd|tX@sdertRinf the mipaiit Ioﬁdlfferent components on

e VT
for a totdl0E PG hﬁﬁtufr&r(Thﬂlle %9t TQRIveAB84s vReE oErbEaTh: RGEREUsX

can al so | yophilized in fornul ati ons described in
agglutingji®, anpawg merp\ldlsqgalg‘iﬁ@ firons forthier etady thmd@gylples from five of the

s AR 515 PGS PP ARBRT T LSS B9

the otheldﬁﬁecddﬂ@ﬁ §a1h151e§ Bereaake fdr tﬁ@gbcbﬁd 8$&%Mhﬁdhst(§h@npﬂé£§!3ﬂﬁough 2-
i nvention, where the fornmulations are not limted to

P). Samplesiwese dibitsd 43 asthefore and nassy em emtured Adscorasyas previously
describefXa@npl e, Iyophilized formulations that can be .
reconstituted with

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
(dU/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 + + + + +

22




25 mwt 150 nmM sodi um chl oride solutions to prepare them
i nclude fornul ations that conprise

for

i njection,
w@bkopeiosss33 pol ysor bat e,

Sucr ose,

hi st

i di ne,

active ingredient. The active ingredient can be

andPEIUS2006/042258

Tables 44041 Nb bhpficutl @binpOneh Myl &itheactiat datiredilntidYlan excipient,

hi stidi ne, at
of the BpriRJ S8y myapasatiqamprasssigyed

glycine EXRAP

as

about

1%

sucrose

TR

ntion

and about

AeRAMIRAY AN 4 DOEBTtetfgmoval of
. f o0
peC{zg%: ggag ggé %ﬁ@@%&&rﬁ%ﬁh&&t{a&e hydQedd:! Hdds

and are not |

0. 005%

nc

154 mM NaCl deduqed op eBmirafted thitit g dggbitinai@ndridathe lEicanpl e 1:
Ef fects of Anti-Coagul ants and Fornul ati on Conponents
onTReaes Xoslutindton St@ked VERG AthgBent N ® Gonf&ABTDN

There are occasi onal

reports of BeneFl X(r)-associ at ed

ﬁtuggg with

T Setsaoie AT Ot e ?"A"“ Jle’croﬁw" & Ceer%nf)dr’ Histidine NaCl
Set/s@ﬂl@l[‘hqaal C%o en albnfo (“3, )g ph(f;ﬁ/ N (gTys ‘Ee-da 1 \{¢ Jl 154mM
concentratio /nfLr ex .| ot oyt gbh ook 4,0 O.gﬁw heﬁ
.G No BlokyepT bate—Ctan fravea GOt entTatigm, f Qr _exgnpt e, of N
——abatt—0-001—+te—about—0-—05%The—sugrosecanhave &
1-H, No Betgbie® ) ol ion, “for ~xan§|fe, of about 0. B%to-labodt 204+
2-1, BeneFHIR, N QWrY 188 have a co pﬁlfr:-'n‘ianﬁT for dxanple, -
2-], Bene|JK @bk Y 5 mM1P® about 30 mM ['0085] | ntone + +
2-K, No Sperrodi mentl, a lDQophilli zéd fprmd atijon td be + -
2-L,No Sn@senst i t it ed 190t h 25- 1+50 M sodi Um chhori dg sol-ti of +
2-M, Ben&OX®MNoSES [aboypp0. I [to @.3M gl yci ng, abaut 0.5 to+2% -
Tween-80SUCTI OSE€, 6. 001 to about 0.0b% polydorbate, about 5 to
2-N, No Taber®0 30 M hil80i di ne, a&nd about 0.{1 to -about| 20 hg/ ml +
2-0, BendBFIX@Ro Bt | ve 11pgr edijent+ The activd 1 nguedi ent can be, -
2P, BenoFIX® G@RPI[ €, MphX I[N agot her epbodiment;, a rFrX . n
tyophitized fornutattomto be reconstituted wth
25-15 . sodi um chlorj de sol utj.on conpki b -
100931 513 g0 S50 e Cper g eabBl SEEF THNED o Wb betow in

Sample RPC A0 PUIIATT 0N id@ byTt ey I'y] catheter ik nep and 1-H
Donor IIBYr i Nges| Recenf studigs in bljood from henophilia dogs
6 denonstratethat the adglutination occurg injthsg 2
14 absence pf recombi nant humgn X gn the fornmulaty on 4
I SRR A e T B B A A s A A S
0 bapdnent s—Canc | i-or ¢ -t ehgt haf feet bt he— | 1
43 Rnnglsl_X( ). d5sogi atd Linatidn ohendmenbn o088} 3
Mean Bl 00d wa$ obftai hed2fr orh a lpool | of3-anohymdus hunf 2.2
scorevopl unteets and was colliected iinto Vacutainer|tubes
(Becton Di ckinson, Franklin Lakes, NJ) containing a
st andar d Table 4B: Agglutination Scores - Excipients Effects
Sample 2-1 2-3 2-K 2-L 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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Pre-screened Donors:

1]

Effects of NaCO on RBC Agglutination in
Donor sanples were collected into

(0095} hepar ipized N@@%g%‘hﬁﬁfaﬁ&ﬂ Q@é‘hrre@@ﬁ 81688 anti-coagulated with heparin,
spont aneousaggl utinati on

EDTA, pr mdlmusltsaawh@smlmdl witlo B@nsFIQ@ & a hiped tol tegonstidechBeneFIX®

votume ST aNB e o anrcoalatib

been observed

%%%%ge%nv(\)%‘cthé)

er assay

In sone

cgg g?ﬁi%neagibn tﬁgrefore

heparin vRi¥RIsBd Bkhs anplesoullind M aasbgudaneraluagibss. dinlsuireGamptes,

into one of two fornul ati ons:

(1) 100 11U nL BeneFl X(r)

agglutinagien Reeurredtia tharesenseed 0. 9%ﬂ&a<€lzaloqeo@<fgw&@0§éwefm X(r)

s GRS SRS LI IEA MR

exhibiteiog] agglutaiatiomn withshs@0% Naa@hccmmé FI X(r)

sWFI, whereas reconstitution with 154 nvWNaC

ctw&%

or ag

yetd @

%H{ éé es that

| uti nat’t on.

reconstituted

reduced

[0096] OF el iTHE BEEAS L theccavgtetiaiahd OMBERATL? g0, 300, or 600 TU/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% NacCl, injectable), 77 mM
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(see Table 2 for scores). Table 2: Agglutination

Scores [0092] Effect of Formul ation Conponents and
w®eowe®53ke3 ) Concentration: Several formnulati onBCD1S2006/042258

BeneFl X(r) were evaluated to ascertain the inpact of

(0:45% % G GRE A TP G0 VAt HO AL e s Ay reduced

or ehmnﬁi”te@cﬁé ﬁgglu{n‘i’dhoﬁ rE@bﬁie A 138s.m xtures (Table 3). Twelve
donors were screened for spontaneous agglutination and

[0097] tWO V‘ﬁﬁx@ dlbsquahd & g a‘tﬂ LHILRE CoRbiithht ofhe B neFIX®
n

anpl'es fromfive o remai ni onors were
forrnulatlmed rélated td ﬁlefdbsave(Baggbmtmmhanl Amthoﬁgamspioesl dif- gbydnlitr ﬁoughhe

- and. t he .ot her.fjve donor sa re used f
BeneF I draBiging BRBRmEPone %%Wﬁﬁ%ﬁtszn 3 By pigHIg RO tiOp fhat
causes 1y3RB5RS1aWBS &ddbhibPth aldiSiRs cOHRIA foANEnic RRERIH Wed ©

captured and scored as previously described.” Tabl e 3:

agglutingogmm Thetresits Bhaw @htat N,gglntmat(onjls assndiated tvath the low ionic strength of

the reco B FREL @R PRRRF BB Rt PSR LA R8s Wipecron

attenuatéi;hﬁ\&ﬁnbﬁdtéﬁmggﬁltfﬁaﬁbrﬁ Thé racshséiatioNof pkt pinaseutical
nponent , whet her the active i ngredi ent or

formulatg;g@,vgﬂb}{@fll wiutioms, 3en aCkeplytipnseliveing 4 chﬁgatlgn below 154

| of
M, carfiS06 8o itk b BaBHP i 1y B8 yb O i ARG b, TR, ©
Examp%eoifukdgpntau&l? mﬁg M (ﬂﬁg(fﬁ/‘cégte} En R/ e’chodt s Engt%ro”Mel\Ele%m ntation
Rate M@% gpve_g'ié §|§§¥ﬁ %r Q ocvxe Aggre;ra:[mn] ue@tg’i; 1a1rrn@%(r Af;ents or

t he BeneFI X(r) Concen%‘iﬁ-f—{l@ow] Effects of Lovver
Concentrations of NaC on RBC Agglutination in Pre-
[0098] scr eeldwdupsnidy BarketysfdeneE BRI fegnylatien is@lnoadprig fpruation.

During J[?)igfgﬁfs{r W& Esk tgé?‘% 8&&*1&@ foh%l%ﬁo@?&c%ﬂ&ﬁut%@ o) W‘FE‘ %ér% 'ﬂa?S‘Qen

S erve
infrequenesteervaiibhsadfl eyythmmgmmggregamdm =4 ag‘glluhhﬁon) vhen a pat1ent’s blood

.. agglutination S O ved, the sanple was
1s mlxeddwgiaﬁ@ rPffqné@wfqvﬁa&ﬁnﬁgﬁ@e%u%g Hyatrayenous E’Wﬁ?&ﬁ i Ty invention
prOVIdesStﬁéreis@Mr§ am a@ﬁﬂog@@ Bfer ®n 44 .lslééE&gte& vﬁthatﬁe Rt R Rion, not

into one of three f ornu i ons:
FIX, anBeyerel otfted byviising difkints t(nat) cabfhn BU/eadI aBsrtéBlmMrl)Ia@h tTo aBist in

. MM X ) 100.1U eneFl X(r i t,h 77 m .
the desigh gt 8 Stopp Pt selpiioe pfFrEEgs Aevoisron bRt ey was
demgneth'hﬁt ¢ dsed & BedduRVdrd@eodyie sbalh&nt&idaev@h is an established
Aggl utination was seen in all five sanples with

method Rersessp Xpithrope eagregationda vilra nThwmedifiedNeestaagren method, in

which bl:og(g 8&2(21 C}lt&ijh I5 9 n81fm$ @%ﬁf@h %(15 )cld {J]toz}a?sem%% a%ataom g{%gd that

I M na e ag I na
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 ESRg, 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 ESR¢o results were compared with published normal reference values (Morris, M.W. et
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Tabl e 5: Agglutination Scores [0095] Analysis: RBC
aggl utination occurred in blood anti-coagulated wth
wWheansis3s EDTA, or sodiumcitrate when m xed wWe€TIUS2006/042258
BeneFl X(r) at a blood to reconstituted BeneFl X(r)
volune ratio of 1:8. No effect of antl-coagul ant type
al, Bas1wasals@ehomnf bloed.dgglenty. Akt o, Clitieal diagnosisspd Managgrgent b

Laboratory 3ds 2’%&?& Sﬂ)hlg %ﬁ? %ﬁ@auh&r? %6?%%{‘51 val uations.

ut| nati on occurred t he
presence 9% NaCI | one
10010015401 ut i nat WH)GXPW%? Yi’f’rg Cogé seq Wé@%%LE %’ ﬂ{tgéfmwgr e

adapted Crﬁ&ﬂ’iﬁ@& &Vl bden\hdtho SRIHRSSS eﬁyﬁﬂbcﬁéﬁ hi@egadnnssociated with
agglutination with the 0.9% Nad control, [0096] The

pharmacshifien fermflationse é{l@mdémdf WV EP SEiahbefox ey iy thegg@ssays

becausegg(nfxgé%&% vall}lé%: %‘1%95 it S¥ thin ﬁ&%{w &Hfg\r/ '“I%a% %%P%Q?egﬁﬁﬂ&fed 1:4

in the filve Efpeiinemt evdlilat®d:sfiatheRBEbmigl ut i nati on when m xed
wi th heparin anti-coagul ated blood at a blood to

[0100] BeneRithe First @kpérmédt drothefcyle Rdinkntationatiscenhaiced by 5%
particul ar conponent, 1 ncluding the recorrbl nant hunman

dextran 20 xr BeoellX® resansituted pébs Vo arHE et niithiy> mmtes,
aggrege%a% ; 203 %%%ble the rfk ok ﬁ?d ?&eﬁtlo R~AaFh1HEA gﬁut&fl with, elther 3%

eren armaceutical formulations can be readied
dextran (70 @€ BREEHIND etonstitatiet it SWFL.WBY 60 NaiGhtes,airythicsyts sedimentation in

e b TS5 D SRR i SHELSATLEY 67
minutes ’Gl&%ﬁ 2:1%% Sﬂe dgnor vk Qrad afoid@ el BeddHIR & @BbEYitREd thoid HAM NaCl

, Injectable) for reconstitution

had a tw<eplhase dectxmeetatmn patten withe «dgeglecwmwemiampwﬁ@ée logefed 8

mm ﬁoﬁ’éﬁ? ?eérﬁ%g?(‘)r f%‘ﬁﬁgﬁ%ﬁ‘t n tsa?%éeecs gh 1S’VI\Saftcor ul qu? gLy

packed Eﬁtﬁb@ﬁei Rchide 12D 56 Weth t&@gbﬂ@&tmzﬁﬁt i on. Although
renoval of glycine fromthe BeneFl X(r) fornul ati on and

Table&§ OBSkthrb itk Q3 dith dnfhtita o8 Huh 88Ut 1b8&d DiluiedyP & BEHFIX® or 3%
solution that causes 1yShexy@sholality and tonicity is

a distinct %g%gtatfbnti{stgﬁ&- QI feRbrE SR f&roatﬂedk)
aggl uti nat| on. The results show that agglutination is

Donor A%alkd P BT W afl (heol gw3spori ciost[ressgth of {her | 154 3%
& rleconst Nadl @dmMeqombi Namv Faavor| k¥ (| FX) | imMsWhM | Dextran
Dilutiongnd r econst i tNalCk oriNa@ t| N4l Nzt |eNa@lt p&Nagy | NaChi MaCks 70
Time ggqgl utjnati on. Thus, rleconstitutlion of other
DonorSghar maceuti ¢cal farmul dti ong with NaCl!solutions! even
60min NaC? spl¥3i ongdhavihg la 2ordceht rlat i;nn bﬁ- 55/1 m.\ét }23
90 min gan3pr pvAt [ hddh t i hatli ga and>l vsi wheH
120 minj |nt #ayends |i #ledt i on.| Exanplé 2 4Aéap*?’°ti of-of—thet—of
150min \lp 45t bl N4t grlen Mat-hod-lof> Erbyt Rr-obyte |—> > 169
Sedirehtati+on -
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
150min | 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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Rate Measurenent to Assess Erythrocyte Aggregation
I nduced by Pharnaceutical Agents or Fornul ations

WO 0®98335The currently marketed BeneFl X(r) for neCHUSZIN6/042258
is a non-ionic fornulation. During admnistration of

the BeneFl X(r) formulation reconstjtuted in ,
these tupgyas r#pid V8 atlﬁta# BESHY TRBYBFLRC IR 187 5%5&9%30
minutes@9gregation {i.e., agglutination) when a patient's

bl ood is m xed mﬁth the reconstituted BeneFl X(r), such

as in intravenous tubing. The invention provides the

di scovery that erythrocyte aggregation is associ ated

with the formulation, not rFI X and is prevented by

using diluents that contain at |east about 40 mM Nad .

To aSSISt In, the de3|on of custontdlluents contalnln
qErytiageyte Sgdippentgiiopaiah Blogd B dalg én NER92 s ds X® or
deS|gned t hat can be UEADIHOBBAS UT € erythrocyte

sedi nent at Sedimenigkipedistings immmencpatst ifrgh edfometkhod t o

Table 7:

ssess ervthrocyte aggregation in vitro The nodified
Donor ?j'\é%‘t"éer gﬂ\gﬁ'ntet d,| iF which bl oMy i|s W1 utéY 4:57 n| 5%
Dilution 107 M1 | s&T'i Ne o s prefldd /e eé;s&‘%gr%! oﬁ‘:\én Dextrose
mime 0! 00d that had arl utéa 1: 4%%r | 1287w theilt her
Donor 3@l TTTE| OTtEst—sofjutTons (T g custonmrdiuents):
s¢ [|0099] | Human| bl ood was obtained from heal thy gdult

15 min_VOI ONT pex1g0 andispol|legied 11t g tgbes contpi v ng ERTA] 175

30min [0 denpnske aff eryhg soit abiiitly of bl oeod sanpl §s hor 178

45 min gedinent-agd on wWrperi aents,2 t alinically defilned 179

60min @ry2hr ocyiBe |seddargnt ati on I atje ESRG0 was| nelasyred b 180

e

e

tthe nodi fi ed Westargren|nmethaod. Brilefly.| well -im xed

Donor | ood Wwas di| uted |[4:5 w{th 194 nM NaCl, gently ni xed
tei\}JLntna qelf-7ernL1

37 _well _and then | odded i predi g

15 min \WagPer grgdflt uQBSQt Hat lhad been placed $n a dustlon? 179
30min 10 dypb FERK didtapcelin mhfrionithe Zer ﬁnét—k-—af——lgo
45 min ijhg + n: EJEOI hg Cnlﬁa fa h113 nLgQr] . arzlfjn flt“]\lf >180
60min4.‘figj"m>:1'@\; 1804 A T3 PITIaT =T T >180

k3 ni Y. SN A Aad
NaCl conCentratipns aré fhose uchi to reconsf te eneFI MFE@ '7”' thgfonﬂliqat]gn utter | t%i" )
BencFTX @” conpar ed W t I'shed nornal
reterence vaI ues (I\/brrl s, MW etah, Basic exan nation

of blgod I
i R S e LR
method WdSa udeurs ,erﬁ%%yte‘k@@iﬂﬁﬂ;&hon b&ﬂﬂ@&iapﬂé&ﬁo Q¥JREY ErffEhind Srte
wer e conducted to show the suitabili ty of the adaPt ed,

aggregatiRyindpesg m@eltaétle?eéwcalétr%aattoas g5 kegwlagiops. nf gsraaple,
measur = w@?ﬁr% on . ﬁh@l‘i’tgtl‘ij ﬁ"tgt\ﬁeé%é]?{eﬁﬁﬁﬁéétdo% nuteglafte{, lo?ding

sanplFes were suit
blood dihged i # witlewst abgiops ibadhdes tadistihgul siHSRG com hgemss ﬂlhled'nhance

were within norngl lint sa e dilu
ageregalfoi ey Y hLOTTNEL SR h A S et o By P ued in
sWFI) {826 38k 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® to '
Ameliorate Formulation-Associated Erythrocyte Agoregation

[0103] The non-ionic formulation 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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[0100] In the first experinment, erythrocyte

sedi nent ati on was enhanced by 5% dextran 70 or
w®eowe®53Re3 ) reconstituted with sWFl or 10 niM Nex/US2006/042258

Wthin 5 mnutes, aggregates were visible in the tubes

hat, had been | caded w th bl ood di]l uted ei.th
Factor [eg ot o1 Ca@é??é?fF‘}Qnrtﬁdj b}@@ﬁﬁ?ﬁlﬁ%&?ﬂpﬁ%@%ﬂh @5466@ that
contain 1844t B NGO ocyt e sedi nentation in these tubes was
- mar kedl y enhanced when conpared with saline control

01041 {22 biog Bt Bah Rl FPesthOBbuhAT 2o dindeHRor
reconstitugidg aefbmmﬂatbél%nslﬁdﬁ@r@émt? X®- R))qilbpﬁrzmoﬂst ISpemﬁbailyr

thro ma i.nterfac cated 8 "nmfro
experimud (eFRIIERR toai%?rﬁepe FieGer %Ie F Getwmionsieensy 1%&5@49@540
mM by erlﬁuélﬁa?ssl 098 IRalYr kAR kS gre%EMtMXﬁ&?aés9&§€e§ d- A3 cpR)
fromthe zero mark. 6: Erythrocyte Sedi'ment atl on
aggregamn Ftmenw Bl avecks&l bjaﬂedadapmd |mo<Bﬁe¢WeX(ergrem meB¥%dNa Gheasure

erythroc E}?lgg%l? t fo?x 8%6 ﬁ&i{ﬁ‘ hﬁf@dﬁ%@gﬁ%ogﬁ 41”&%01 concentratlon

on erythBdytd We@fi¥dneatRACY AXERERLIIR bwalsmg an cz@@o by 2@ WeXtif0980 IU)
R- 927 the formul ation buffer for BeneFI X(r) t hat

dose viajsgefifiene -R.and BeneFl X(r) reconstituted with 10 mv
NaCl (Table 7). Unlike the first experinent,
[0105] sedi riﬁwt@ffeicmf Beneh8¥®-R ddrosilatmss,rMPRePAN; aid ﬁ%)demibn o0 on

sedi ne tion reached by 15 to
erythrociE cus R s SRS Pt o SR ttetB st SRl e
modifieBWoRtbr&eh tiebthdl aﬁdésﬁnﬁéﬂ%n@ﬁ&mpw eBhetidy @sigP4s outlined in
Dextrose (Sedi mentation di stance i n nm neasured from
Table 8.zer 0- mark) Nad concentrations are those used to
reconstitute BeneFIX r); I\/FR-927 |s the formul ation
buffer for Bedabley: h Besilgh aple 31 0102] The
results of these exgerl rrents dem)nstrate t hat the

Group nodi fi ed Testmentgr en et hod Nusbet of 0 1 altNameexyﬂm oDipition of
gedi nentati on can be ad<Ept%1melﬁloeI@sse=s§0w ahploTyt € Blood
ggregation induced by pharmaceutical piveiatedt | ansEppluated
1 floPHasi ations. For exanple., nedsurement of 12ryt hrlocyt &4
2 gédif®dtation in Westergren tébes 60 mnui2s aftler 14
3 ||CadFRP-Bl(HOU/ndDi edd 114 with test [solutidns is 1:4
MNeflcient to distinguish between agents that enhance
4 4 P@@%@ R [0/mlg; 40 m8ds dext rosd, 3% dext rah2 70, 1:4
!\11__ %p_d_gennlzl X(r)lreconstitut cxd [a) c\I\EI_L flrom
St a“P Df(%gtﬁolg/rﬂat“(“fl\he sali frie and |BeneFIX(r) 1:4
g[S R T Sk P S e ont a-ng 12 1:4
NaCl
7 BeneFIX®-R (440 TU/mL); 40 mM 4 12 14
NaCl
8 BeneFIX®-R (440 IU/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

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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about 25 mMor nore NaCl). Exanple 3: Adequacy of 40

mMM NaCl in Diluent for Refornul ated BeneFl X(r) to '
wao\e®l7josasas e For mul ati on- Associ at ed Eryt hr ocyt BCT/US2006/042258

Aggregati on [0103] The non-ionic fornmul ati on of

Fl has been SOCI at e W|th
into VacfiFigt pihse a0 EREGER DAn Bl Mo mie otR ee 1oL Foee

sedimenfat{bh @Qg(e‘"i‘ﬁﬁ@n@ withig 3 RrybERIBgident bl ood is m xed with
BeneFl in i ntravenous tubi ng. The invention

[0107] PTOViWRSie e‘g dS)ka%‘?@Yx o”m tesroﬂtf{%%’ Yt €109 8@%{1@8@ ooﬁ was

assocCl a |on reco

added tol PR mAnet taggolagad), Oix«lancil) %nﬂ rdeanaaﬁc%d iy seEcersid dlslbosagle
Ben eFIX(r) with diluents that contain at |east 40

glass Westargren fulyep i jvers bt pbsgtutelpyvertisabing dedictadpustost racke

fo t
syt SUSLACR R g, ML RO o SRR P oromar
at the toispkibie friteab lthg plesopeeiyitrotge neerfacdewagmeabutal adtrecariiete
whet her NaCl concentrations that deviate from 40 nmM by

[0108] as ﬂufﬁﬁulmfrdlﬁ%l&@&ioﬁm;sf\b@‘b Siri:ﬁilefro Cotren@inarketed Ben\fﬁlxqr?
ornu ation ocl ate eryt hrocyte a egatlon |1 C

formulatipribuftes S8 brak e T AMIRe S DAV 6 (b 3 sepgirdpositive

control S?‘E‘%Rgddlglﬂ @a%ﬂéﬁz‘ceg }S;tﬂrogﬁléts@dlﬁ%ﬁfaﬁ@fg5?%](56%@{0eblood that had

tion, the robustness o
been mixedrio &Nu(i &tst srlutionsésegthgue 1 ).e RsgatiliTent fA¥a@rronamtration in the

d bot h, hi gh_{j.e., 2000 I | i s
butrer (B350 0 o2 M et iieeag fienan HeoRaayct B KB eg did
not enhafte NI Selierdt QT0MHs b ORSit W R8RS ituted %t%%p Nl@@lt diffent.

70 on erythrocyte sedinentation was neasured room

tenp L %
1091 TP AR R R T Ry o

or lowerghan{0 wdé irgthe BendUX®-Retiluents BabwdfiGentTalpreye8t efbpnckyd

eyt SR F ARG D S St B e e
amelioraBapefe(dTNR] 68 %@matml-asg&g&edi byt &te apste kAN REIBL

vials of BeneFl X(r)-R (vials of I'yophilized
affected B Heggorcentration eht M‘ﬁ%@mg%@eﬂt(l & AFRN-wer e
reconstituted |mTed| ately before use with 5 nL of 36
Exampiett: Roladf lopic Sevengininge BufférdopnRedonstitating BereIX® in Causing
sol ution 3% (vv/v) dRBC Apelidinagen prepared in sterile
Dul becco's nodified, cal cium and magnesi umfree

[0110] p hos rhah&bsibb&ras c@fﬂcteﬁ%y(v%ﬁ@u%re fodin Fouh) diffEkéABdonors into
bl ood was obtai ned fromdonors and col | ectedi nto

standardpgparinireserolleetinestubesn ttiormptign eiTYAC apelyiaatenrrps testeddyglrawing
up 2.6 ot SEDIFRE oEL b IMRRY BeneFTx® 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 sSWFI. 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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sedi nentati on experinments within 3 hours of

collection. [0107] Wwole blood was diluted 1:4 in test
waelansses (Le., 400 ni of whol e bl ood was addedr/us20d6/@42258

nm. of test sol ution), m xed well, and then | oaded into

f-zerai osabl e ass. st er n.tubes that
three bugféﬁs S%F%im&%l% BIelPsg @?&F@aﬂf the, BenedgEe alaEa%E@‘rﬂot
account fcﬁ@cﬁe o@d&éﬂra%gbﬁftlﬁatﬁﬁld 'B%@FEE@QQCO%EﬁﬁfedQQ thﬁ‘éltsﬂ%xe raﬁher than

Is the distance in mMmfromthe zero mark
in sterilet wptenfcau&@é npyigglutiatidne Tﬁiea@dma ardicate thet/the idme ardng&eof the

BeneF I TR PR et Prevers Geeinp o u b RemRIR e is -2

reconstifuddidhadtéron buffer that | acked rFl X (MFR-927) and 3%
dextran 70, a standard positive control solution,

[0112] di splayederedharaste ﬁ{e)&hﬁﬁﬁﬁﬂlt18n§%%ﬁﬁﬂhééde9@o @}‘ﬁnmate
conpared to bl ood that had been m xed NaCl

agglutingtidn, BeoaBIX® evas Ficgustisuted (orFﬁe@plredlbfeB]ghmtloNefo]mulatmn of

BeneFDEHURERL RHER hfludd BaRith bihate Aufihe el Ry opnitidpe,
sodium EQbri@NRMERtiehY s Miae MIfﬁc@l@ﬁB aaéd Qﬂy@?nhﬂﬁ? f(ﬁﬁluﬂdtlons that
was reconstituted with a NaCI i | uent 0109

do not hpyasspdiwgn chlgpdeyigh gqlwfeﬁnsa@ﬁmﬂwnan& conegptraipap of NaCl (0, 10,

t r
120, 03628 101053, LA POSING, AGUERCH AR o Ll
normal satiha nmdmargy]tiztrmmmmls eRB(nagglatmattmnmndag@nagahbm behavior was

. (,a utlnatl ts al so show t hat e,
exammegm% %il&.f Hheshg S ?%C%SE}F Nebeys dhe ?%lﬂﬂﬁlﬂtatapé MG EEEtsed
(expressll ¥4 Mrﬁﬁlﬁﬁﬁtﬁgﬁ'é&ﬁébf PBsN@ut Ak aﬁ)fnk%ﬁleéjthg}ycomﬁon intravenous
concentration of the active ingredient (i.e. FI X) .
solutlonEanpth eddition Rbsodiva chloriietoShe BegeHXN® farteldBon ‘eheth@Tby

straight REFORT bbb 10HAEARGR A b e DRt AT omri b R s fon of

sodium HQuidd]ithd WhENFo6laBe kgpdchddto ﬁl@ﬁd@§&15ﬂ@ﬂ%ﬂ djuredent
col I ect | ng tubes. Formation of RBC aggl utinates was

concentragigr eNBy anft Ghilong. dpus tee mlwreagﬁlf(éxpr@ﬁsefﬂ tewheth t ut ed
(millieq %Ql%ﬂs)g)ro)f I oogﬁ}) !Pﬂée R)rt?lﬁfalurcl %ﬁg&ﬁélh? Qacl 1 9%%191 R \}prd Qtfed to

eparini‘’ze m X1 ng eha
be equivrafent toetha 9GIdl comahiestions s t}mkfeﬁnwlat’don buffdreloes sotrdong@sother ions.

over tinme and photographically recorded using a

di gi tal camebr 9: [ CdatddierHagios enpasbid Sudnst he current
"BeneFlI X(r) forrmulation pre-lyophilization is rFlX,
“ab@fuad® MV NI ST A N@pp@RaHte 200] MybHdiatd CicuB®AUl 1 %H

sucrose, and abo Jtcmﬁ%%sﬁahmor b@%ﬁl‘u&@ﬁtyl@hb/@nﬁ- The

BeneFl X(r) fornmul ati om@swiLyophi|ized, and prior to

BeneFIX® fq'neujtitiog n, 300 0 (observed conductivity is 6.8
<0.2 mS/cm)

BeneFIX® formulation + 10 mM 320 1 6.8

NacCl

BeneFIX® formulation + 20 mM 340 2 6.8

NaCl

BeneFIX® formulation + 40 mM 380 4 6.8

NaCl

BeneFIX® formulation + 80 mM 460 7 6.8

NaCl

BeneFIX® formulation + 137 mM 574 12.8 6.8

NaCl )

BeneFIX® formulation + 154 mM 607 ‘ 14.4 6.8

NaCl

0.9% sodium chloride (equivalent to 308 14.4 ~ 6.0

154 mM NaCl; 154 mEq/L of Na*

and of CI ions)

30




reconstituted in sWFl. Originally, the sucrose was
suspected to be the cause of agglutination. Hence,

wao e®y/omisf ers were formulated with 1% 0.5% oPCD¥$2006/042258
sucr ose. Each sucrose test buffer was drawn up in

nnnnnnnnn all ow 1 a—shall—anpunt nf;!c\nr\:\r d

IUIrU L

bi oé’monl'he aggl ut i &?cﬁp | %@ﬁfi@% ﬁ'fed rapi PH

sedi nent ati on wet blenfnl1 c‘:l%ﬁw“?' iWet hr ee

5% dextrddUije8lor, SUJJESTITY tnayo e sucyose congent—of —the—;

BeneFl xrr) fornul ation di d not_account for the -
obser e senstitute
fout3] 5 ARG RN PR ORISR ) TS IR SHAERAG 1

agglutmaiggi wihd maivlamllymwee(ﬂaaﬁahemxh&e eatiggdshadre paely Bhded and
h of t he BeneF| X(rg fornul ati on |s not

t
inverted 36,pbieETohlpod se gy el ugggledermaitonaresied AbBEYRIARALr ) i s
formulaﬁ&fé%ﬁeh@ﬁlt}@ réddnWRLRE withQd dakt ddbgu?%@fg{i\d e ?ﬁo% 11 € prior

he m nimumionic strength nee m na
Exampleggwt%nam BaC] Ben@s s»a(fﬁc)lemas prevenggttinatn)( dhetblbavior of

oot el AR SRy T PSR EE A Ry om

in normdl@klideyophi | i zi ng sodi um chI oride forrmulations is nore
difficult as conpared to |yophilizing formulations

[0114] that migoNeddiMaN G SN e L) begfek ﬁﬁ”a‘ﬁ‘z%Q lc%hiﬂ% BepgFIX®

havi ng varying concentrations ,
formula@@ diBged (3Spreéll@pp}ﬁﬁzatlﬁﬁ)/reﬂzwtluacdj(iﬂB/bphiﬂA)ZBd)BH deﬁbéﬁ(r@

concennfiFn N CEERTTE S b ] Dr PR KRS O BERA R or
conmsteﬂ!&fen@éiﬁfﬁhﬁﬁ-@iepéhd@hﬂ reﬁfonﬁeﬁﬁ&@fn@s%ﬂétggﬁﬁﬁateﬁ%a%oﬁ a8l OWS
the osnmolality and ionic stren ths (expressed as

subsequend sprpekt afwpdignentation o fRcressing aslatiseian ar@rpgnq;{qeb s@hmmthtlon with

decreasn‘s?% g%renﬁt?% f[ﬁnofg{ﬂi(?%f ?‘Léoolﬂl eeiz g@ﬁ\&()ﬁ%] g% all?loﬁ S\%rs] tv1 \%/]\% & ﬁt(}elrone

blood sabyplesinrtaiffph tomdidintyg 25 M dfaCl and Wﬂhfahbﬂhéﬁblbﬁdl saﬁﬁplbyn buffer

rec nst o ophilisate with a sol uti on of
containifgh SR TN oo AL PRECABIEPIr s o 240 B R Wepahagor of
blood ceﬁ’s %}%@ ﬁi(ﬁ§t§1 %hﬁme &AM & if %Bnﬁ&lrbﬁﬁ&t 5B LRRTRE Nashs n%ﬂ d in

i ons. the Tonic strength (expressed in
normal S(ahn¢ I Be@EﬂX@ Iemretlm)edaﬁltm(}nﬂd dNaCll cprrefpoads toramllczmﬂatah

us NaCl would be predicted to be equival ent
Conducmgyf)ﬁd’n%a{ﬁn concentration if the formul ati on buffer

does .not nt ai n ot her 9 racteri zation
18] o7 °vafliots depterei gk Oeffﬁﬂtlowpeﬁgggtn%wl <5 ieoB:55 d0 g Bydrous
dextrosetlb’@ S0 et fB?%nJle@uo-ﬁakHe@ a%al'cﬁla%ﬂrdsﬂl%iaﬁlt 58850 dmOsm/L a]lg]d a

glutination was individually observed and t hen
Calculat@ylomﬁ gtrsngib oé Ogeiciy Thiscetitmndwhithés t@umbolycidsenisiered

oA AL TR L S
that obséﬂ/ed ﬁﬁB BeabIN® 4QnfiMidacoafiatRdif wahg. pri or

[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 mEq/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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Exanpl e, about 36 mM NaCl was also sufficient to
prevent agglutination). The behavior of blood cells in
w0 b@gme536d uti ons contai ning at | east 40 nM NaQPCTHES2006/042258
i ndi stinguishable fromthat in normal saline. [0114]
sedi mnentation was tested in a series of syringes
WHAT goﬁﬁgﬂwr% g BeneFI X(r) fornulation diluted (if
‘gre | yophili zat i on)/reconstltuted (if lyophilized)
L eethoddpriyeptingenpanpensicdffomagntiqeioa intraygnes 1m@ctm the
oR en
method %Dgn e%ﬁtﬁl rg]a{n d{ebr?l‘elg%g %r?\}l ?c;e]%bpo;l):lg gge(? {rnmg%aiiun% gmioﬁc'cfe sofutlon to the

phalmaoag@dall formalagioh dicred resultingisaiseglitioh psepaed fof intravenous
i mentation - |ncreasing agglutination and qui cker
inj ectlons SAERES PTTH fPHnH]éE%’efﬁbﬁ@t I Rieritituiessst kY PIRgE or if

sy b ety Y QU DALY LR RASE M Bt e

fonnulameisersuﬁlmlﬂ isneptergintoquéfeat erydmbasiteagguti@dionM Nadl .
hi all buffer preparations with >40 mM NaCl, the
behavi or of blood cells was indistinguishable from
that in normal saline or BeneFl X(r) reconstituted in

2. Temi@hodsal dlais: 1,Beedih Xid prepLe@asinuldioads Wdub 156Qm'IEMv1th
NaCl corresponds to a cal cul ated conductivity of

respect tamlasma apd hasin qyeolagtydbatis Gem abapettd mRswdl ti dbent 3%&: h
nmL of which contains 50 ng hydrous dextrose USP in
mOsm/L.
water for injection - has a calculated osnolality of
250 mOsnf L and a calculated ionic strength of O nS/cm
This solution, which is conmmonly adm ni stered

nt r al.so .caused utinat.i
5. s e et B S e it Heiopra SRy B petici
respect t Ia@m@%ﬁ@ hhoXdd dsuh byl tRdt i PRomeHORSIA( Iﬁb‘é‘ﬁ/ﬂ, Eb Waf570
116] Thus, these results indicate that
mosm/Iaggl uti nati on caused by BeneFl X(r) reconst [ t uted in
water is due to the BeneFl X(r) formulation's |ow ionic
strength (0 nEq/L cal culated ionic strength, <O0.2
nS/ cm neasured conductivity). This problem can be
4. Themethdédoal diyinr Bodrstin thet pragared foNaGlatioalisislightis bypstidige with
such t hat t%{t%e econstltut ed solution for
I

respect (TSR T SOOI A G G PE L TR oo H98L60010

mOsm/INEQ/ L (the sufficient ionic strength to prevent
aggl utination can also be calculated as a conductivity
of about 4 ntS/cm or higher) or higher. WHAT IS CLAI MED:
1. A nethod for preparing a pharmaceutical fornulation

5. 'Ifh% étﬂé(i c?fva%g I If ia?n% h ?on4, v%lg]eerein 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 1 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” ions.
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met hod conpri sing addi ng an about 25 nMto about 150
nmM sodi um chl ori de solution to the pharnaceuti cal

w0 o083 on t hereby resulting in a fornmul ati oPCT/US2006/042258
prepared for intravenous injection, wherein the

repar e orrrulatl onic with respect to
8. ﬁ?ea‘gﬁtﬁ gﬁwcgnemémug?saﬁagtwr@ ﬁiemp@lﬁfh BN psioa
ionic str%étﬂ tHa@?th% tdastl b oB 45 g/ PBENWNSIEEN e Prepar ed

formul ation has a sufficient ionic strength to prevent

erythrocyte agglutination. 2. The nethod of claim1,
wherein the prepared fornulation is about isotonic

t n an,osnmol arity that Jis
o, W AARERESL R AR 309, AL e HBhAN Sl Rl 18
ionic stremgth et Q;fat tdagl dbolt 40MBgAL 6f NBBardl EP &8 dnd s HaatabOuk 159
sl.ightly hypotonic with respect to plasma and has an

mEQ/L Wb 28 i yioRhat is from about 220 nmOsmiL to about 270
nmosm L. 4. The nmethod of claim 1, wherein the prepared
formulation is slightly hypertonic with respect to
pl asma and has an osnolarity that is fromabout 330

10.  "heemtthod of atycue of OB:mS 1 1, WEereiﬁrthe pephed fofmdatyondes an

ns 1t t he ormul ati on has
fonic stxgetf e cpndieniy Rt oS0 ES e 5 ey 1
OfNa+ and C ions. 6. The net hod of any one of clains
1to 4, wherein the prepared fornulation has an ionic
strength that is at |east about 30 nEg/L O Na+ and C
11 thed ofrayy apstof skiss 1ded, whercigrthe prepased forngnlation has an

h
onis A5 Bl SRR O i Py, 0 o1

The nethod of any one of clainms 1 to 4, wherein the
prepared formul ati on has an ionic strength that is at

TP Ty 0 b, A0 Een

be prepdr€d o irfédtRN iNasopRilized fem4tRAdt h that is at |east
about 40 nEg/L of Na+ and C ions and | ess than about

150 nEg/L of Na and d ions. 10. The nethod of any one
of claims 1 to 4, wherein the prepared formulation has

. I SRR Ty R o

beprepaméchfonmjdcttomﬂaswbhtaemrei n the prepared fornul ati on has an

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 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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ionic strength as neasured in conductivity that is at
least 4.0 nS/cm 12. The nethod of any one of clains 1
W 2001205358her ei n the pharmaceuti cal formnul at i onPE@DUR®06/042258
prepared for injection is a |lyophilized formulation.
13. The thod of. any one of clainms, 1 to 11, wherein .
17 heangfhed gﬁ@éﬁﬁn@ ©4 FlaaFTB? mi® é&i BRerelg e I?r%ﬁ a&@&}mﬁ 8% the Sodium
- 1al<Ri [ ' d Lyt o - f i
chloride oluiEh, Ophdyesiich fofifulafn diARoTELIRS A spPRLio Bk arRbunt of
an ionizing salbout 40 mM to about 150 mM 15. The net hod of any
one of claims 1 to 13, wherein the sodiumchloride
solution is about 36 MM to about 44 nM 16. The nethod
of any one of . clains 1 to 13, wherein the sodi um
18. T REhE@osahit 1®Rvictein B lyodkiligdd tbfmulktien, itidaoktidited ity
one of clains 1 to 16, wherein prior to the addition
water, degs o 6oRf@iRineTe drAncy MdYE o5 &1 i9RizRe saltlhe phar naceut i cal
formul ati on does not contain an appreci abl e anount of
an ionizing salt. 18. The nmethod of claim 10, wherein
the lyophilized fornmulation, if reconstituted in
19.  TMetmethod ofdainot 0,cdwrein thevyophilihethfobmpdetion, ifirecoustitutiod on

salt. 19.. The t | aim 10, erein the
water, dP?ﬁorﬁ)ﬁiCPl?tﬁlé‘dn‘?IS%@%td@ﬁ]?P? 1P & tuted in water,
does not contain nore than 25 mM of an ionizing salt.

20. The nethod of any one of clains 1 to 19, wherein
rior to the addition of the sodiumchloride solution,

20. eempthed rhawiatecdiclaims mip 401 whereprmpior sethepiditiogiof the sodium
. | i ne . SO -1 4 h
ctorid S PUGOB A RSSO Rre i LN, o
polysortstkeli ti on of the sodiumchloride solution, the
phar maceuti cal fornulation conprises histidine,
gl yci ne, sucrose, polysorbate, and a therapeutic
protein. 22. The nmethod of any one of clains 1 to 21,

21.  'PREhLeihBd BF i) odedichemaddb b oRhebint fifor $@ thewdtigloh @ ekesodium

~_solution, the pharnaceuti cal formulation conprises
chloridetsiofittiodi the phegimpstwiical Suaptasion covipyisesrinyidae, ghginragicerse,

| X. 23. .The thod .of any one of clains 1 to 21,
POIYSOI%%FE&%%‘*F'?‘P&%%8“’??%124' addi tion of the sodi um

22. The method of any one of claims 1 to 21, wherein prior to the addition of the sodium
chloride solution, the pharmaceutical 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

chloride 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;
(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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chl oride solution, the pharmaceutical fornmulation if
reconstituted in water conprises: (a) fromabout 5 nM

W 00083583 30 mM hi stidine; (b) from about 0.1 MCDUSIN06042258
0.3M glycine; (c) fromabout 0.5 to about 2 percent

sucrose; and from about 1 bout
24, Themaeihed 9%?19%2%&1@@4 Prighio & @1%88%9 @P&PW@scilorlde solution,

the pharx‘ﬂQF iR fgﬁhﬂﬁtlélﬁlftr%n%qfeﬁ' ?Qva@gr £ r%%bﬂ%@ schloride

uti on arnaceuti c fornmul ati on”i

Leco tit r e) from
(aPoout 50 ° ﬁ{ﬁ%@lﬂé@%@u?&gg%@Wﬁf@g or I X 25. A
nmet hod for preparing a |lyophilized Factor IX
formul ation for intravenous injection, the nethod
i S addi ng. an 25 to about. 150 mM
25. %Hkﬁhﬂﬁfl@hgl@ﬁ’%‘é‘% ghyp 1@1?16?# besten ﬁrlml dniEEpgys injection,

the metho@ ch}H ﬁ%fngrﬂld&ﬁig R B¥odteSUhiM B%hbbi ?SOf AR Qﬁlonde solution to
IPe I Nt ravenous | nj ect1 on, wherein the

the lyopmlegthoﬁIéﬁr fouhatation thesehalrontting ot aformulation prepgysddor t o

v D, bt i B B! b B0 YA b0 S
plasma drQ§ é‘[&ﬁlﬁl‘y&@@oﬂaﬁﬁ: @ sEyltly ByRRbnicOMikiCreShdce G5 Rsrif) 2B MRAin the
erythrocyte ay&gutl nation. 26. The nethod of cl ai m 25,

prepmem@mélaﬁon has 3 $8pRicnt ipaig sfraegthto pmVﬁ@ﬁmh@W@raggkutmaﬁon
reconstituted in water conprises: (a) from about 5mM
to about 30 nmM histidine; (b) fromabout 0.1Mto about
0.3M gl ycine; (c) fromabout 0.5 to about 2 percent

26. ’ﬁlmnethed of:widin( 23, wheoem dlivolyd pliilio@il Factord Kofotm@lafién if

r.cent or bate. 27. The nethod of claim 26,

reconsti 18]t \é’é’G’ﬁ‘fs 40 mM sodi um chl oride solution is
added_ to helyo hilized Fac I X formul ati on. 28.
(%he n%‘?rﬁééo‘&fs@ forpbett 3 Q/\H’Mé}sﬁ d®out 5 nL of the
about 40 nmM sodi um chl oride solution is added to the
(by opHirem abeutfalYlde aboutlctivhel¥enesn. 29. The net hod of
claim 28, wherein the Factor | X formulation has a
(or e- | fyoplhbditdal toorboubl nemsewsfsuaioseitand ni. 30. The net hod
of claim 26, wherein the |yophilized Factor 1|X
(®pr muirehiabouti (f.00leto @hstti 4. 04 petcem pohtserbateonpri ses about
10 mM hi stidine, 0.26M glycine, 1% sucrose, 0.005%
pol ysorbate, and Factor I X

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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31. A pharmaceutical kit conprising: (a) a vial
containing a |yophilized cake, wherein if the

wo yoplsidsBzed cake is reconstituted in 5 nL of ReX/E820061@42258
sol uti on woul d conpri se: (i) fromabout 5 nMto about

TR e L B Al 0
reconstlﬁl%iirlﬁ ex(doﬂpnfs%sod%ﬂpmjﬁﬂ\@ hAdink00. Q@Qﬁ%{&ngq SUE&RL 0.005%

pol ysor bat e: from about 50 out 2000
polysorbatd, mhd Ehctéale.or IX (b) a 25 mMMto about 150 nmM sodi um
chloride solution; and (c) instructions for
reconstituting the Iyophilized cake with the sodi um
chloride solution, such that after reconstitution the

31. A@ﬁaﬂxﬁa@emn@pkwtmﬁpnmﬁg about isotonic and has a
sufficient ionic strength to prevent erythrocyte

(ﬁﬂ& VRY ééﬂt&iﬂm'gl%qz #MilieﬂVc%ﬁ@ Uehdr&h §thb WdphZed Bake is
armaceut i cal conprising: (a) avial containing a

reconstlmmamﬂ ked wed ghe sohaiosi would compribgyophi | i zed cake is
reconstituted in 4 nL of water the solution would
conpriise: fromh abbrdit miOtond¥ont 3@ indMl hestidinej ) about 0. 26M
glycine; (iii) about 1 percent sucrose; (iv) about
0. 00YGiiper cimh apohtysivihatbo8@,3Mllyding; fr om about 50
U to about 2000 W nL of Factor X, (b) an about

40 m\liigodi fiet @Bb@I0. 3R okt E@r@_ént%ﬂgroéél;) i nstructions
for reconstituting the |yophilized cake in the vial

wi th ghout redilabs@d.oom 6 hbehd 5165 sabeth 'p@Iysoﬁ‘elféh ahdrat

after reconstitution the resultant sol ution

Corfpfcfviom a%al aﬁm@ apdt, 14 atge%?ggmﬁ?ﬂ%baaaf gi.ne;

(i) out 20 to abou cine; (iri)
v) from about
& A oo D gttt BT LSRR %ﬁd UL o
(%?8’1%%1’1102[90%(8) fcl)rL%/ec%Lnsgtfutirﬁg %}eolg/opﬁl(lizeacpcake 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:
(1) about 10 mM histidine;
(i)  about 0.26M glycine;
(iii)  about 1 percent sucrose;
(iv)  about 0.005 percent polysorbate 80; and
) 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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(vi) about 40 mM NaCl . 33. A lyophilized cake, wherein
if the lyophilized cake is reconstituted in 5 nL of
wowri0ens3ske sol uti on woul d conprise: (i) from apOUUSH06rA2258

to about 30 MM histidine; (ii) fromabout 0.1Mto

about 0.3 lycine;, (jii) fromabout 0.5 to about 2
per cdht s%ﬂ%%@u"g(?it9/§ﬂi"?"rt<9n‘i‘%(ggﬁfﬂ‘%9‘?5001 to about 0.05
percent pol ysorbate; and v)‘ fromabout 50 IUnL to
about(p00drquupbaut g0 trphak 21 kM glycme; yophi | i zed cake,
wherein if the lyophilized cake is reconstituted in 4
mL of(iijat drom peous 6174 tozbond 0196 swsmgeei se: (i) about 10
nmM hi stidine; (ii) about 0.26M glycine; (iii) about 1
per cdnf) sdomostEgut 0i00H YadutorBat®88; per cent pol ysorbate
80; and (v) from about 50 U nL to about 2000 | W nL of

Fact qr) | X.fro3daboit 0 aU/aDRé abdiit RQOATIUMAPEE FdcZ@dXe ake,
wherein if the |yophilized cake is reconstituted in 5

. of(vipat ebodth® 58 Ne€pn woul d conprise: (i) from
about 5 mMMto about 30 nmM histidine; (ii) from about

0.1M to about 0.3Mglycine;(iii) fromabout 0.5 to

oy e C : i f . to
. ARG EEIePha S AR ilRed GREVIROMNRIGRE. 0 50
5 mL of Wdtertthd whatauro@®0Omptikerl. of Factor I X. 36. A vial
containing a |yophilized cake, wherein if the

| yophi)l i zgebnt alkut 5SnNEe@BsH I0hBHhisfidite; L Of water the
sol ution would conprise: (i) about 10 nM histidine;
(i) @boutirdin 26 9l M8 kD 850ut 0.3M glycine;

(1i)  from about 0.5 to about 2 percent sucrose;

(1v)  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.

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

W) 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:

@) from about 5 mM to about 30 mM histidine;

(i)  from about 0.1M to about 0.3M glycine;
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(iii) about 1 percent sucrose; (iv) about 0.005
percent pol ysorbate 80; and (v) fromabout 50 U nlL to
wW@bwansBeH0 | U/ nL of Factor | X PCT/US2006/042258

(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 50 IU/mL to about 2000 IU/mL of Factor IX.

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

® 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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