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biologically active products in the presence of trehalose for a tinme and
under conditions sufficient to kill viruskes, particularly parvovirus.
BACKGROUND ART The conpl ete renoval of viruses and ot her
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production and use of a w | her apneut i prophyl actic
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are dry heat treatnent, chromato@giopocic PRODUETSr gent  (SD) treat nent
and pasteurization. These nethods all suffer from drawbacks and none has
been successful in elimnating all known viruses. There may al so be
viruses that have not yet been charﬁ%ﬁ&%@g@ are not inactivated by
these nethods. For review, see Cut . (1991) Bl ood Separation
and Pl asma Fract i onaEhioinyendibh estatés 16 she fieldof spiliz@ftn-of praduble derived ¥28) - J.
Cin. Apheresis  8:126-130;.1ngerslev (1994) Haepostasis 24:311-323; Dorner
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ed., Dev. Biol, Rkie®froducts in the presence of trehalose for a time and under conditions

sufficient to kill viruses, particularly parvovirus.

BACKGROUND ART

The complete removal of viruses and other contaminants from biologically
active products is essential to the production and use of a wide variety of
therapeutic and prophylactic products. A number of methods are currenﬂy being
used. Primarily, these are dry heat treatment, chromatography, solvent-detergent
(SD) treatment and pasteurization. These methods all suffer from drawbacks and
none has been successful in eliminating all known viruses. There may also be
viruses that have not yet been characterized that are not inactivated by these
methods. For review, see Cuthbertson et al. (1991) Blood Separation and Plasma
Fractionation, Wiley-Liss, Inc. pp. 385-435; Mozen (1993) .J. Clin. Apheresis
8:126-130; Ingerslev (1994) Haemostasis 24:311-323; Dorner et al. (1993)
Firological Safety Aspects of Plasma Derivatives, Brown, ed., Dev. Biol. Stand.,
Basel, Karger, vol. 81, pp. 137-143; Mannucci (1993) Vox Sang. 64:197-203;
and Hamman et al. (1994) Vox Sang. 67:72-77.

A wide variety of products with therapeutic utility are derived from
biological sources such as plasma and cell lines. Most of the plasma used for
fractionation in the United States is obtained by plasmapheresis at collection
centers distributed across the country. The centers provide plasma to commercial

fractionators in the United States and Europe. About 9 million liters of plasma
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col l ected per year fromabout 13 mllion donations. The Red Cross adds

appr oxi mat el y @6colledled pdrgear ftom abous13wmitliar donations. The REY Gebss addsf r om human

pl asma may be classified into sever roups: the album n products; the
i mmune gl obul i ﬁB‘,’mI“H@“&)F@"?Q%éB‘F’ﬁR‘ 'SQ‘EB‘BH{)i ns; the coagul ation products;

and the protease i npidauét®frdm hhifin plabkindy BE S, inBls&eral lgRupBdinkr acti on V
products, are used primarily to restore colloidal osnotic pressure in
condi ti ons of dlbyeln prodicts shedmmune globulinsothe keldiinsolhislobpfing:dhe | uid | oss is
a principal pr . ) i .ohuld [, aﬁ’@]% | obulins,"
are isol ated frggérﬁm%'%gmdgﬁs‘ﬂa—gﬁg r&é%grﬂi?g‘h%xtggmf)&@ Elrbg%c')'} p'gn "bédes

represent ati ve t@mell factihhas podias lare ediprifaribi taestory collbidilyembtieune
gl obul ins used for passive i munization are jsolated from donor plasma

wi th high | evelPEesgye By oopditipns of shoekispelias bums ar hemarrhagig shackyheresilgig ) i ns

i ncl ude fibringgeqn ARthciAlpr¥bikhebrand s factor. The coagul ati on
products include the anti henophilic factor VII1 and factor |IX conplex used
for replacenent theTapiymmuneglohulihs. lor “gammarglot®ilins,” are isolated from

fraction 11 and contain a mixture of antibodies representative of the plasma pool
source. A number of hyperimmune globulins used for passive immunization are
isolated from donor plasma with high levels of protective antibody. The cold
insoluble globulins include fibrinogen and von Willebrand’s factor.

The coaQulation products include the antihemophilic factor VIIi and
factor IX complex used for replacement therapy in hemophilia A and B,
respectively. An activated form of factor IX complex called anti-inhibitor _
coagulant complex is prepared and used for treating patients with a factor V11I
inhibitor. The protease inhibitors include a1 proteinase inhibitor, also known as
al anti-trypsin which is used to treat a congenital deficiency. Antithrombin 111 is
an inhibitor that is also congenitally deficient leading to thrombotic
complications.

. Other body fluids are the source of therapeutic products. For instance,
erythropoietin was previously purified from the blood or urine of aplastic anemia
patients. U.S. Patent 4.677,195. High purity albumin has also been obtained
from human placentas. Grandgeorge and Véron (1993) Firological Safety
Aspects of Plasma Derivatives, Brown, ed. Dev. Biol. Stand. Basel, Karger,
vol. 81, pp. 237-244. The production of recombinant proteins in the milk of
transgenic animals is now a commercial reality.

Numerous therapeutic products are now obtained from cell cultures

expressing recombinant proteins. The cell cultures are routinely grown in the
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risk of viral contamination when dealing with cells. For this reason, products
such as monoclonal antibodies are subject to heat treatment in order to inactivate
viruses. Furthermore, the addition of human serum albumin (HSA) to stabilize
formulations of recombinant proteins is common practice.

The major blood-borne viruses of clinical concern include the hepatitis B
and C viruses and the HIV and HTLYV retroviruses. With respect to blood
derivatives, HTLVI and 11 and cytomegalovirus (CMB) appear to be cell-
associated and thus do not present a risk in cell-free products.

As new viruses are discdvered, inactivation protocols are changed to
accommodate them. For instance, the finding that the human immunodeficiency
virus (HIV) survived standard processing of factor VIII necessitated a change of
protocol requiring the addition of HSA to stabilize the product under the new,
more severe, conditions. Mozen (1993).

Methods to inactivate HIV and the hepatitis viruses in plasma fractions are
known. As described abo§e. heating at 60°C for 10 hours in the presence of HSA
inactivates HIV. Non-A, non-B hepatitis (NANBH) was found to be inactivated
in factor VIII and IX preparations by heating at 80°C for 72 hours in the freeze
dried state. Study group of the UK Haemophilia Centre, Directors on
Surveillance of Virus Transmission by Concentrates (1988) Lancer Oct. 8,

pp. 814-816.



Al t hough the risk of viral contam nation of proteins derived fromcell
calture is nuch | ess than that associated with plasma products, there is
al ways the risk of viral contam nation when dealing with cells. For this
reason, products such as nonocl onal anti bodies are subject to heat
treatnment in order.to inactivate viruses. Furthernore, the addition of
human serum aW&?ﬁ’i‘W HSA) to stabilize formul ations of re 17

proteins is conmmon practice. The maj or bl ood- borne viruses of
clinical concern include the hepatitis  and C viruses and the H V and
HTLV retroviruses. Wth respect to bl ood derivatives, HIL VI and Il and
cytonegal ovirus (CMB) appear to be cell - associ ated and thus do not

present a risk in dehécefitryearspe fectramsfusion-transmissibds diseases\hiavelbses ar e

di scovered, inactjvation protocols ar 0 accommodat e, t hem For
i nstance, the demitfieAghat. Wgﬁmt &NERIAAN ’HME&)&'@?F&W”&'HW“I’W?’?% ‘E)
survived st andahthng pBiefidat hrafsfiion’ lﬂﬁ'ﬁ&E fovltﬂelusﬂepfﬁsﬁhataﬁi%sﬂ;whange of
protocol requiring the addi tion of A to stabilize the product under the

new, nore sedesivativesanwel asmﬂulal\mélrm( {Bhesp include transmissinga of, paT¥O IS

e sert bort SEABE THIEARTRAL bdchPabbdr R rbdhulls RPHE clir i lfts 84l for KNOUN,

As descri bed aﬁo err ours resence of HSA
i nactivat es Hl Wiral Nmauv%nomOShdav&man@:{)lBrow&WH‘l)-olng’salfSafmdA@eabef i nacti vat ed
in factor VIl and | X preparations by heathgg at‘ﬁi%}ﬁ ]zg or 72 hours in
the freeze dﬂ"é’li"é’ﬁ"dt"@’"‘“sg‘jtﬂﬁ'@]r §tand JBas¢lKarggr ‘Centre,
Directors on — Sur Vel Vi@l facfatidh hdfhodd ﬁaﬁm,ﬁfnu@amhya@easa&waag&sn( 1988)
Lancet Cct. 8, pp. 814-816. WD 97/°42980

PCT/ GB97/ 0131 7the biological activity of the biological products obtained. Immunogenicity of the

products is especially of concern where sterilization treatment may induce protein
unfolding and/or aggregation. For instance, it has been found that factor VIII
concentrates display evidence of FVIII activation, with higher one-stage than two-
stage potencies, more rapid FXa generation, and increased lower molecular
weight polypeptides. Viral inactivation procedures may also induce changes in
non-FVI1l components and these may be partly responsible for the
immunosuppressive activity of some of these concentrates. Barrowcliffe (1993)
Virological Safety Aspects of Plasma Derivatives Brown, ed. Dev. Biol. Stand.
Basel, Karger, vol. 81, pp. 125-135.

- Notable changes in immune system functions both in virro and ex vivo
have been found in patients frequenﬂy exposed to biologically derived products.
In HIV-negative patients, changes include decreased numbers and functions of
immune competent cells as assessed by their response to stimuli and in terms of
markers of their cellular turnover. These changes are likely to occur when
chronic viral disease is present. Furthermore denatured allogeneic protein
impurities of factor concentrates and other contaminants may also be responsible
for immunosuppression. See, Ingerslev (1994) for review.

Human parvovirus is a recently discovered agent that was given the code
name B19. Cossart et al. (1975) Lancet 1:72-73. It is a very small (24 nm)
single-stranded DNA virus with a very simple protein coat, but no lipid outer

envelope. It causes a transient viraemia of 1-2 weeks but can achieve
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A study of children with haemolytic disorders found that parvovirus is -
rapidly infectious in plasma derivatives that have not been heat-treated. In one
study, a small group of children (N=9) treated with heat-ltreated factor VIII
concentrate did not become infected with parvovirus. Williams et al. (1990) Vox
Sang. 58:177~181. However, others have found heat-treated products do transmit
parvovirus infection. Corsi et al. (1988) J. Med. Virol. 25:151-153. Unlike
hepatitis and HIV, parvovirus is not tested for in individual plasma donations and
thus is present in pooled plasma.

As mentioned above, various treatments have been proposed or are in use
for inactivation of viruses in biologically-derived therapeutic products. For
review, see Soumela (1993) Trans. Med. Rev. V11:42-57. The end product has
been obtained by a combination of partition steps and inactivation steps, both of
which serve to reduce the viral load.

There are several heat treatments currently in use. Heating in solution is

commonly used for albumin products. This is otherwise known as pasteurization.
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However, these conditions were insufficient to inactivate HIV as evidenced by
transmission of the virus through purified coagulation factors. Products treated at
68°C for 72 hours were also found to be unsafe. Soumela (1993). More recently,
higher temperatures and longer heating times, such as 80°C for 72 hours have
been used to ensure inactivation of hepatitis viruses and HIV. See, e.g.,
Knevelman et al. (1994) F'ox Sang. 66:89-95. However, most labile biological
actives, especially biopharmaceuticals do not survive exposure to such extreme
temperature/time conditions. Another drawback of this method is the often
unpredictable result with regard to the inactivation of parvovirus. Santagostino et
al. (1994) Lancer 343:798; and Yee et al. (1995) Lancer 345:794.
Solvent/Detergent (SD) inactivation of viruses relies on the disruption of
the membranes of viruses that have lipid envelopes. The viruses are rendered
non-infectious either by structural disruption or destruction of the cell receptor
recognition site. Although most human pathogenic viruses have a lipid envelope,
parvovirus and HAV do not and are not inactivated by this method. For review,
see. Wieding et al. (1993) Ann. Hematol. 67:259-266. The SD method is in use

in numerous countries. Horowitz et al. (1993) Virological Safety Aspects of
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ensure inactivat isgcnulg fchﬁﬂ&%l/é Ll?o ﬁ/éexrl ¥sifnd t@@éjvihuc}éal. SPtioué pﬁ&sical separation
methods have been tested including affinity chromatography: cold ethanol
fractionation, fine-pore membranes, and perfluorocarbon emulsions. Lawrence
(1993) Virological Safety Aspecis of Plasma Derivatives, Brown, ed., Dev. Biol.
Stand. Basel. Karger, vol. 81, pp. 191-197; Burnouf (1993) id., pp. 1§9—209; Teh
(1993) Vox Sang. 65:251-257; Lebing et al. (1994) Vox Sang. 67:117-124;
DiScipio (1994) Prot. Exp. Purif. 5:178-186; Morgenthaler and Omar (1993)
Firological Safery Aspects of Plasma Derivatives, Brown, ed., vol. 81, pp. 185-
190; Erickson (1992) Sci. '/im. September pp. 163—164;and McCreath et al.
(1993) J. Chromatog. 629:201-213.
Determination of successful virus inactivation during manufacture of a
plasma protein requires that three prerequisites are fulfilled. First, the
| manufacturing procedure must be scaled down as exactly as possible. Second, the
relevant test viruses must be selected for the spiking experiments. Third, the
resulting samples must be assayed properly for infectious virus. The process of
such testing is described in detail for instance by Hilfenhaus et al. (1993) Brown,
ed. Firological Safety Aspects of Plasma Derivatives Dev. Biol. Stand. Basel,
Karger vol. 81 pp. 117-123. These guidelines have been followed herein.
Trehalose, (c-D-glucopyranosyl-a-D-glucopyranoside), is a naturally
occurring, non-reducing disaccharide which was initially found to be associated

with the prevention of desiccation damage in certain plants and animals which can
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For instance, cgl terilizati i s perfornmed b 0s| ng

plasma to a condb % AR At a&f“f%%} %‘f‘@p*%“g‘?ﬂ%b a&ﬂh"fﬂ’\/ef 2y ver, this
method  reducegel bQenst, bylztsyzsofnéﬁmsé ampa.q{eq& m.lat}ram Séa n?dﬂﬁf&bﬁﬁh

treat ments have been Ero posed i ncl uding the use of fpsora ens and UVA,

BPD- MA and | i ghirogsiss herade drystallinecfprivalationgd Aguetbes ofaking addsisgansf
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This method involves heating a trehalose syrup in the presence of a seed crystal
and recovering the anhydrous trehalose.

Trehalose is found extensively in such diverse animal and plant species as
bacteria, yeast, fungi. insects and invertebrates. In many insects, it is the major
blood sugar. The only major source for man is dietary in foods such as
mushrooms and yeast products. Madsarovova-Nohejlova (1973) Gastroenterol.
65:130-133.

Trehalose is described for use in a péritoneal dialysis system in U.' S.
Patent No. 4,879,280 where it is mentioned as one of several disaccharides as a
replacement for the prior art system which utilized glucose. Trehalose is
mentioned for use in the dialysis system as a disaccharide that will not be readily
cleaved to glucose and thus avoid raising the blood glucose level. Trehalose has
also been described as suitable for use in parenteral formulations primarily
because it can be sterilized by autoclaving without the browning associated with
conventional parenteral formulations. Japanese Patent No. 6-70718.

Trehalose is a common component of the human diet and information is
available on its metabolism. Following oral ingestion, trehalose is not absorbed
intact through the gastrointestinal tract, as only monosaccharides éan pass
throughout the intestinal epithelium. Ravich and Bayless (1983) C/in. Gast.

12:335-356. Trehalose is metabolized by the enzyme trehalase into two



met hods have been tested including affinity chromatography; cold ethanol
fractionation, fine-pore nenbranes, and perfl uorocarbon enul sions. Law ence
(1993) Virological Safety Aspects of Plasma Derivatives, Brown, ed., Dev.

Bi ol . Stand. Basel. Karger, vol. 81, pp. 191-197; Burnouf (1993) id., pp.

199- 209; Teh Vox Sang. 65:251-257; Lebing et al. (1 ng.
67: 117- 124; 3‘%%?'3%88 (1994) Prot. Exp. Purif. 5:178-186; mgl?é‘)éﬁi{%ﬂéﬁ and

Omar (1993) Virol ogi cal Safety Aspects of Plasnma Derivatives, Brown, ed.,
vol. 81, pp. 185-  190; Erickson (1992) %i. Am Septenber pp. 163-164;and
McCreath et al. (1993)J. Chromatog. 629:201-213. - Determ nation
of successful virus inactivation during manufacture of a pl asma protein

requi res that thmelecylessof@ipeopsei tSaektan(@968)|Prad Ned. Adads S, USA60:100¥aHUfact uri ng

procedure mnust b, al ed down, as exact S possible.. Secon t he

el ovant test vi TobaEE R porne! ERnEAlar ol R alr P BN eMe s, i g,

the resulting garAab BéeniBentifiBPindumaN Schul! BRPhoSytds@nd thefiet, bauis vi rus. The
process of such testing is described in detail for instance by Hilfenhaus

et al. (1993) Brprisirally kngated/inthe bysh bordesof gheyintestinalract aad the gepah” Deri vat i ves
Dev. Biol. Stand I . - : iflel i nes
haxe blaen foll omggﬁﬂ%?gbﬁl.es'@]ﬂ&re etdl ('Ilrg 2%);1(? g"sgﬂlew 1%,2&7-4-55?3% (Qb%ﬁ |

([ err] - D gl ucopyBianey IGehar 27:483-495UY oshydacen aks (1983 ), Clirs (himadanr 215:123-

occurring, non-regduci di sac ride whi was J niti v, found to be
associated Wi tﬁﬂtﬁ PE\?Esrﬁ"ﬁgﬁmHF yo‘ﬁg?sﬁ2’5‘(1"3#"857{8@2%#%;36%& ain plants
and ani mal s whi ciirehfARke is 2 membrakbSMdHEAEA of the human and animal intestinal tract.
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wi t hout damage aPRersezst al é128}bDigeerfom28riP8r1d2.Riby mdGalperbd 98D Gamit | abl e
comercially in phe, g BiGiat &F.817%27 i GleR$Pa1"A%s PEBBeA RO Y24y 91 RS 24s et ul
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All references cited herein are hereby incorporated herein by reference.

DISCLOSURE OF THE INVENTION

The invention relates to methods of sterilizing products, particularly
therapeutic products, derived from biological sources and the compositions.
obtained thereby. The methods include drying the product in the presence of an
amount of trehalose sufficient to render heat stability to the product and exposing
the dried sample to heating conditions at a temperature and for a duration
sufficient to substantially inactivate viruses. Preferably, the heating conditions
are sufficient to inactivate non-lipid encapsulated viruses. The drying methods
are any known in the art including both ambient drying conditions, including
spray and vacuum drying, and lyophilization. The heating conditions cover a
wide range of temperatures and heating time combinations.

The invention further encompasses the compositions obtained by the
methods. These compositions contain stable biological products and do not

contain detectable infectious virus, particularly parvovirus.

BEST MODE FOR CARRYING OUT THE INVENTION
As described in detail herein, there are numerous methods of terminal

- sterilization of blood-derived biological products. These methods are well known



preventing denaturation of proteins, viruses and foodstuffs during

desi ccati on. See U.S. Patent Nos. 4,891, 319; 5,149, 653; 5, 026, 566;

Bl akel ey et al. (1990) Lancet 336: 854-855; Roser (July 1991) Trends in
Food Sci. and Tech. 166-169; Col aco et al. (1992) Biotechnol. Internat.
345- 350; Rose&, 1991) Bi oPharm 4:47- 53; Colaco et al. (1992) Bi o/ Tech.
10: 1007- 1011; VR Td4#¥8%er et al. (May 1993) New Scientist, FETIGBIZOBL7
Trehal ose di hydrate is available in good nmanufacturing process (GWP)
grade crystalline fornulations. A nethodl®f nmaking a desiccant, anhydr ous
formof trehalose is described in EP patent publication no. 600 730. Thi s
nmet hod i nvol ves heating a trehal ose syrup in the presence of a seed crystal

and recovering ihlfig 34) By eetipifitd [§hhE AFerences cited hereinl afidAded 70t beSddserited
extensively in such_diverse animal and plant species as bacteria, yeast,

fungi, insects iBgetailnhitheughstingent pprificating methods such as antibedy-glinkigj or bl ood

sugar. The only, | I B s s | as

nmushr oons and ycgggsiéﬂ%grr%g’gc"tﬁg.r%ésar ogvﬁo?/%lﬂgﬁg%pg@gtzﬁ%gég)%@st roenterol.
65: 130- 133. commercially feliiblo sxethbds ths beeni foastl tbapnsisently mermiepthe iptazinetal

di alysis systemin.U. S Patent .Ng. 4,879,280 where i.t is.menti.oned as
one of several I?B‘Tesozgé‘gﬁ‘ﬁﬂ‘ﬁgg’s% Pﬂ“g‘%@bﬁ‘%@é’ﬁ?@ﬂ&“ﬁ‘@"ﬁﬁ dp aa‘ﬁ'f“.’%*yst em
which utilized igireaizahe &%@Aﬂ? PR siefilizatioR BondMAS irf Srderhd Perlder 4 prodglral ysi s
system as a disaccharide that will not be readily cleaved to glucose and
thus avoi d rai reepfinfectisnpvisuses. hesghedrawbagks offdigninishing.thp getivity and/er been

descri bed as suyj e formulations primarily

because it canqEéerggs;fr%rtf'?{%@%ﬁélﬂ%@f%ﬁga@l{)%mw t hout the browni ng associ at ed
with conventional lpaddiidrewn dlootl derivddgtroduos, thérpereserda bassgicddly 6- 70718.
Trehal ose is a canmon comgonen oﬁvﬁhe hunaq.dlet and information is

avai | abl e on i t2WHERTAHRAL Bapcan-Benetitdror thiy styilizafipodpethofs pravidedhstein . s not
absorbed i nt apfesd RERHE Buf £EnSlaRited t6) r&RIbiBhY pRBliced PPt Yhative
nmonosaccharides can pass throughout the intestinal epithelium Ravich and
Bayl ess (1983) igated progeins, antibodie3 8zyBI6 cytpkinenanggrowvth fageratasiwellss by t he

enzyme trehal asﬁ:ahﬂ&cgut‘c\ﬁﬁy active molecules such as analgesics, anesthetics, anti-emetics,

antibiotics, chemotherapeutic agents, hormones vitamins .and steroids.
Also suitable for use in the claimed methods are any substance that is to be
“aseptically introduced into an individual. These include, but are not limited to,
drugs, antibiotics, imaging agents diagnostic reagents. Importantly, in the case
where the product to be administered is labile, such as cephalosporins, therapeutic
antibodies and erythropoietin, the invention provides stable, dried, sterile
compositions that can be rehydrated just prior to use. Trehalose is well suited for
injectable, infusible etc. agents in that it breaks down to two molecules of glucose
upon exposure to trehalase in the bloodstream. The glucose may cause a minor,
transient increase in blood sugar levels but this is of littie clinical concern.

The present invention encompasses methods of terminal sterilization of
products that need to be administered aseptically to an individual. The steps of
the method include obtaining a dried sample containing the product and an
amount of o-D-glucopyranosyl- a-D-glucopyranoside (trehalose) sufficient to
render substantial heat stability to the product; and heating the dried sample at a
temperature and for a duration sufficient to substantially inactivate viruses,

preferably under heating conditions that inactivate non-lipid encapsulated viruses.
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gl ucose. Sacktor (1968) Proc. Natl. Acad Sci. USA 60: 1007-1014. Tr ehal ase
is a normal constituent of nost mammal i an bodies, including hunans and
has been i dentiib9¢siege NumaN serum |ynphocytes and the livery J,,@lﬁl.,
principally located 1n the brush border of the intestinal tract and

r enal proxi mal tubules. Belfiore et al. (1973) din. Chem 19:447-452;
Eze (1989) Bi ochem GCenet. 27:487-495; Ydshi da et al . (1993) din. Chim
Acta 215:123- 124; and Kraners and Catovsky (1978) Brit. J. Haematol.

38: 4453-461. Trehalase IS a nenbrane bound protein_of the human and

ani mal i nt est i na/The dded samplegpayfysthericontain suitable buftgrsy adipyasts. sto. Poderably. Ri py
and Gal and (1985), nd Chen et al.
(1987) Bi ochem E.%ﬂ?@ﬁ@%@??ﬂmﬁﬂ%ﬂﬂt{ﬁ@&l éﬁﬁ@%‘%ﬂn@t ed herein are
her eby i ncor por at ed h§hepnodim] cirdfeeieﬁmdefromavariety of sources. Preferably, the

Dl SCLOSURE OF THE | ven i on reI hod

Stori 11 21 mg pr oCBER o e G oy koM PRI Eorso MAEene. B0y BRES o

bi ol ogi cal sources bijed, ,Sibs%acwmﬁsmide&asmuk dﬁh& %ﬂ@ﬁiﬁr&eﬁﬁﬂén chligrenet hods

i ncl ude drying the product in the presence of amount of trehal ose
sufficient to reserRernapngt Additenally.it pfedt!qt\emﬁ?ecdt[w@d samthemapimmhgrbythe dried
sanple to heatin I t

sufficient to su%’s‘%'%@%'o 'I%&ﬁ‘laﬁ%%v?ﬂth\?? %%ﬂ%sugesm é?agbﬁw‘a‘at '"I'\"eeéti ng
condi tions  ar e Matidds of praparktionioff @ebe soatcRs nmnnéthqmsd»f %Bm&ﬂsuftaé pEbdvitts Uses.
The drying methods ]ake any known in the art including both anbient drying
condi tions, incl @ti%g "%r’&f}‘eéﬁd vacuum dryi ng, and |yophilization. The
heat i ng condi tions coyg hicdlly, protstR: iSARBP oer &R Blodd Sadhithrd SBNNO LT 70
conbi nati ons. ventlon further enconpasses e conpasitions
obt ai ned by the indusiehind gre iphbwisedtongibigninipoodsicts dmmaing globalinse cdagolatgn cal

product's and do. figks,cs Sl bRkdksE iR REE" hfoutih SO Rl o 0 B0F il Y

to, HSA, cold insoluble globulins and fibrinogen. Immune globulins include, but
are not limited to. antibodies against tetanus, pertussis, hepatitis B, Rho (D),
varicella zoster, and rabies. Coagulation products include, but are not timited to,
antihemophilic factor VIII, factor IX complex, and activated factor IX complex.
Protease inhibitors include, but are not limited to, -1 protease inhibitor, o-1
antitrypsin and antithrombin III. dther sources of these products are available,
for instance, albumin can be obtained from placental sources.

Where the biological source is cell culture or cell culture supernatant the
products include, but are not limited to, colony stimulating factors, monoclonai
antibodies and derivatives thereof, and growth factors. Typical growth factors
include, but are not limited to, both naturally derived and recombinant
erythropoietin, cytokines and interleukins.

Where the product is an agent that needs to be aseptically administered,
the products include, but are not limited to, analgesics, anesthetics,
chemotherapeutic agents, hormones and vaccines. Analgesics include, but are not
limited to, morphine, benzocaine, pethidine, and Demerol, anesthetics include,

but are not limited to, bupivicaine, atracurium and vecuronium.



BEST MODE FOR CARRYI NG OUT THE | NVENTI ON As described in detail

herein, there are nunmerous nethods of term nal sterilization of
bl ood- deri ved bi ol ogi cal products. These nmethods are well known WO
97/ 42980
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art, as exenp ified’s%y the references cited herein, and needGI§iBoHa1317
descri bed in detail. Although stringent purification methods such as

anti body-affinity chromat ography may r&ult in virus-free biol ogical
products, none of the commercially feasible nmethods has been found to
consistently render the products free of infectious viruses, particularly
non-1i pi d- encapsul atChemotherapasiic agentscidclinde, but are notrimnited $o, rgidibopesyeri ty of

the sterilization conditions in arder. to.render rooduct free of

i nfecti ous Vi rt}'é'écg,aﬁ(ﬂ%é&stsﬂg' ’ﬁr’%\%ﬁ RRING{VIRATTENG a§‘ﬁi" esipgsulfates.i t v and/ or

i ncreasi ng t he adiiiiyig Sdofiytin saffatt, CarbupR@Ceisplatin, cyclophosphimaddi tion to

bl ood derived products, there are numerous biol ogicall _active products
that can benef i{qytarating. Dagarbazine; Pactispmyein RR2eanembic bydroshlorider ei n.  These

I ncl ude, but an s k1 g [ - rofeins, native
| sol at ed prot eilﬁjsx Bﬂfgﬁ{u% I'E;QStrchc ‘iehso?ﬂg'rgzt%?& @;?/o?%‘kixcﬁlééﬁ%%ggerﬂ%\@ " fact or S, as
wel | as  phar igdedblbddd, melphalan \sercaptaporihg Sneshotiex A& ntivmlyeHS nfitotane,

anest hetics, anti-enetics antibiotics henot her apeuti ¢ agents, hornones
vitanins and stPSPg#Ln. pipobroman, procarhage EXH"P ride s SYEPQetosin iRk ¢l ai med

met hods are anyhisgsind g ukdtdtmdstard 0 be aseptically introduced into an
i ndi vi dual . These include, but are not limted to, drugs, antibiotics,
i magi ng agents di agAuiablehormangsnralude] by are not limjted torestrogenctgstesteroneyher e t he

Bt bodi 5. and g HEPRER et CitaloBs BB HiBE A BRI Borlpiiid ™' ©

sterile and multiple antigen subunit vaccines as well as killed bacterial and viral

preparations and cancer antigens. Typical antibiotics include, but are not limited
to, cephalosparins and aminoglycosides.

The method includes a first step of obtaining a dried sample. A variety of
methods may be utilized to dry the sample. These include, but are not limited to,
air drying, vacuum drying, spray drying and freeze drying. These methods are
exemplified in detail in the examples presented herein and are well known in the
art. See, e.g. U.S. Patent Nos. 4,891,319; 5,026,566; and 5,149,653.

The samples are typically prepared in solution or suspension and include
the product, a sufficient amount of trehalose to render heat stability to the
product, and any other typical additive such as suitable buffers, adjuvants, etc.
Typically, trehalose is present in an amount of 1-50% by weight of the solution.
However, the trehalose can be more dilute or concentrated. If less dilute, drying
times may be prohibitive, and, if more concentrated, the solution may become
viscous. The exact initial concentrations of product, trehalose and any additive
will need to be determined empirically, but this is well within the skill of one in
the art given the examples provided herein. Preferably, the concentration of
product and trehalose is such that after drying less than about 30% loss of activity

. of the product occurs. More preferably, there is less than 15% loss of activity and

most preferably, there is less than 10% loss.



conpositions that can be rehydrated just prior to use. Trehal ose is well

suited for I njectable, infusible etc. agents in that it breaks down to
two nol ecul es of gl ucose upon exposure to trehalase in the bl oodstream
The gl ucose may cause a m nor, transient. increase in blood sugar |evels

but this is of l'i ni cal concern. The presenty

enconpasses rret‘kgg;slhg?oct ermnal sterilization of products tﬁﬂt neegﬁt o]
be adm ni stered aseptically to an indivi dH | . The steps of t he net hod

i nclude obtaining a dried sanple containi 3 t he product and an anount of
[err]-D-glucopyranosyl-[err]-D-glucopyranoside (trehal ose) sufficient to
render substantial heat stability to the product; and heatin dried
sanpl e at a t enper@nastee dried spipple haghpen pbtaiped 1iis subjeghip Fﬁ'“glfﬁgqe%?ﬂsl ally

| nactivate virusgs, ., erLFef a%%H}aﬁoﬁ‘élﬁﬁ&e%@g%ﬂm&%%&' Tpichiiathe diRgt i vat e
non-1ipid encapsula v

PCT/ G897/ 01317 sampleis subject to heating at 80°C for 72 hours to inactivate lipid éntapsulatethe dri ed
sanpl e may further contain |i2 bl e byffers uva etc., Preferably

in an amount t haVNeeiEdo aC P 12} ?cé't" H"’EJE'BW ef'gm'é,?tg? IV Bppes-

The product can bge %ﬁffﬁa\f%’m&hﬂmn%fﬁ@iﬂaﬁd durfonsTUEARE wilfbe Uaemdihed t he
products are derived fromany known biol ogi cal source, including, but not
limted to, bl eopiricglyasineh adetmnpatwhat*enhlatherﬁkm@fmp inthe ag givien el t ur es,
and cell culture erna rived -
synt heti cal |y, ’faﬂg’:]l sl?m‘"ée?ﬁ“gfﬁ' g‘dypﬁ)craﬂg%é %‘%‘t’ﬁaﬁ]&ﬁ [ "gg'teesfﬁ %.H“‘ggd Pfe use of
reconbi nant DNA E;ﬁﬁh@h%ﬁﬁmplemEiﬂtéﬂh@fwms’mrbanmumdﬁr at\#inmsha\éngjrces and
nmet hods of i sol atlon of the produycts vvelld)g.g(()) in.the gr .

Typi cal |y, produfmlaf B*B’I%’P‘é‘&”@?‘e%‘r"? v@&” Yrft 1815 FiegasHige ofhe sntkedn,

include, but are,pefiskodtideRd th Be “iRcRVEHON" B £4 Wl Sdrop IMHASs WsORUhd NS,
coagul ati on

-u

regulatory authority requirement for viral inactivation/removal procedure.

The method results in substantial heat stability of the product. Preferably,
the method results in less than about a 30% loss in activity of the product.. More
preferably, the method results in less than about 15% loss in activity of the
product. Most preferably, the method results in less than about 10% loss in
activity of the product.

The method provides dried samples of high stability and capable of being
stored for long periods of time. This storage stability is related to the residual
moisture of the sterilized product. Preferably, the method produces a dried
sample having a residual moisture content of less than about 4%. More
preferably, the residual moisture content is less than about 2%. Most preferably,
the residual moisture content is about 0.8-1.0%. Residual moisture can be
measured by a variety of methods, including, but not limited to, differential
thermal analysis, thermogravimetric methods or Karl Fisher coulometric titration.

The range of heating temperature and times varies widely, the optimum
time for a particular sample can be determined empirically given the knowledge
in the field and the examples provided herein. The results presented herein
indicate that heating at about 80°C for about 72 hours is effective, as is heating at
90°C for about 20 hours. Longer time periods and/or higher temperatures may be

utilized with potential concomitant loss in product activity.



products, and protease inhibitors. Al bum n products include, but are not
ltmted to, HSA, cold insoluble globulins and fibrinogen. | mmune

gl obul i ns include, but are not limted to. antibodi es agai nst tetanus,
pertussis, hepatitis B, Rho (D), varicella zoster, and rabies.

Coagul ation p (g I ncl ude, but are not Ilmtedto anti heno

factor VIl1, %‘g #"Z‘#&PX conpl ex, and activated factor |X con‘pﬁ@ &mﬁlat ease
inhibitors include, but are not limted to, [err]-1 protease inhibitor,
[err]-1 antitrypsin and antithronbin 114 . O her sources of these products

are avail abl e, for instance, album n can be obtained from pl acent al

sour ces. Where the biological source is cell culture or cell
cul-ture supernat ant Préferablypthe ghettiod résnltd indd’omﬂug,.,ﬁaldemmt:tidni imirtfeciivﬁtg, col ony
stimulating fact ors nonoc) onal nt i bodi es and d i ve reof, and
growth factors. 0%‘1"0(9&'“‘%"6&"!{“*%0 Sumber of mathpds are ‘é”ﬂ%‘t'“ﬂﬁ Mited to,
both naturally &?édnmﬂomqaﬁf&fq b RRMY edab%waﬁh'@mm%rwmhaxtamdm and

i nt erl eukins. VWhere e pro uct is an agent that needs to be
aseptically admnnlinesanarmjl;pxd emdagsupmddmrses arerlessuckistand ¢ heat weatwent|tham t ed t o,
anal gesi cs, anest hhp: & hgﬁug?%ev?ﬁge@ﬁ eut |af8§1gfer#§ E‘ﬁ? Qﬁnplgpgu%%gggvacm nes.

Anal gesi cs i ncl e enzocal

pet hi di ne, and mnm@lmcammedh%s ﬁﬂxoh&@ ﬂiddﬂl lipid Biapsulted Wifuses v 8o t O,
bupi vi cai ne, atracurium.and vecuroni um WO 97/ 42980
PCT/ GB97/ 01317 been inactivated. The non-lipid encapsulated viruses include, but arg got limited

Ch h ,
Chemot her apeut i &, AgGA LG il SarvBithusl rlBfably, HeliBrl 1ip ercAflaieaot opes

e Vi I ne, V|nc I stine V|n esl ne
sul f at es, a_drwmnis:j:anyo\dniueorrym n sulfate, Car bopl ati n CI splatin,
cycl ophospham de, etxr?\ye%nénnasoe%%&%{m%ge%lcgl%bos%ns 09 {%E {)y the e%‘o%%?l cin

hydr ochl ori de,
the claimed invention. The compositions are free of detectable infective viruses

and are extremely storage stable. In addition, the reduced denaturation or
chemical degradation of therapeutic products during processing results in a
decrease in the iﬁcidence of immune reactions to recipients of the products.

The compositions are preferably in single dosage form, especially for
drugs such as analgesics and chemotherapeutics. Single dosage forms can be
produced by aliquoting the initial solution or suspension into suitable containers
and processing the containers separately. Preferably. such aliquoting and
processing is automated. Alternatively, the material can be processed in batches
of more than one dose and the dried product can be divided into single doses.
The invention thus encompasses single dose forms of the claimed composition.

- For products such as HSA, batch-wise processing is preferred. Large
batches can be processed to be provided in bulk commercially. The invention
thus further encompasses bulk forms of the claimed composition.

The following examples are provided to illustrate, but not limit, the

claimed invention.
EMple 1
Comparison of effect of different sugars on parvovirus
infectivity and alkaline phosphatase activity



Doxor ubi ci n hydrochl ori de, Etoposide, fluorouracil, mechlororetham ne
hydr ochl ori de, nel phal an, nercaptopurine, nethotrexate, mtonycin,

m t ot ane, pentostatin, pipobronman, procarbaze hydrochl oride,

strept ozot oci n, taxol, t hi oguani ne, and uracil nustard.

Sui t abl e hor nogRSeAsgpUde, but are not limted to estrogen, tgql e,
progest erone and synthetic anal ogs thereof. Typical vaccines i nc‘fh}?@{ﬁ‘got h

single and rmultiple antigen subunit vacghnes as well as killed bacterial
and viral preparations and cancer antigens. Typical antibiotics include,
but are not limted to, cephal osporins and am nogl ycosi des. The
met hod includes a first step of obtaining a dried sanple. A variety of

met hods may be utilized to dry the sanple. These include, but are not

limted to, —air dryxegck%gxlﬁiggqgﬁzgmn%klaﬁﬂéa%sﬂ{av&maasv%irame dryi ng.

These nethods are  exenpli etail in the exanples presented herein
and are wel | knosolution mdde up iri2% mMIHEPES byffergoBainipgt S9rmMNoynonjurg 91, 319;

5,026,566; and 5,.149, 653. . The sa ypical.l repared in
sol ution or susp@ﬁgg?ﬂ??eawg P d s SP'FWZW@) g@ﬁaﬁﬁasto 0 lf?‘%?%ﬁ?”%r‘r%’ﬁ‘nt of
trehal ose to rengkyrplhtiglotsfahe spiked forenulldtion wepd étheCiacudh driedyr fpéeer typi cal
additive such as suitable buffers, adjuvants,_ etc, Typically, trehal ose
is present in andfém’d[]ﬁtmltwh@@@!@b9“%?%?“&)1"13{5%'"86{‘gﬁ'gé*ﬁ‘.e’°fll-19mf~‘ér, t he
trehal ose can begpnrg.dil ute or concentrated. If less dilute, drying

times may be profn Itive, and, if nore concentrated, the solution may
become  viscous. TheFmwasumidryingche shelfcemperattresyes indfiallyrsethi30°C whidhal ose

and any additive, wll need,to,be determ ned enpili cal but .this is well
Wi thin the skill MSHARNE Wi redupling sepyise dphyas 8 Fe%’k‘é}%?%‘é herei n.
Preferably, the ggipeRRiré ¥hd iRtreibd 1o 0°P0AHE thedPfnd EoH@l st PorlaFubeh that after
drying | ess than about 30% | oss of activity of the product occurs. More

preferably, ther&2-i&hise&er frepaedryimg, thesamples were fippenbysgducingthe shelf ef er abl v,

there is less th 0 Sg8ae °
PCT/ GB97/ 01317 R’.pnpmt@réf?) 230°C at 5°C per i@ Gh & h2S%his were allowed to freeze

completely for 1 hour before the vacuum was reduced 10 mTorr and the samples
dried at -40°C for 40 hours. The shelf temperature was then raised to +20°C at
0.05°C per minute and samples dried at +20°C for 3 hours and finally the shelf
temperature was raised to +40°C at 0.05°C per minute and samples dried at
+40°C for a further 2 hours. Vials were stoppered under vacuum and samples
were kepi at 4°C as dried controls, For terminal sterilization, vials were treated at
80°C for 72 hours or 90°C for 20 hours’in an Heraeus drying oven. Log o
reduction in parvovirus activity and % reduction in alkaline phophatase activity
were evaluated.

Parvovirus was assayed by titration on cell culture and the endpoint was
determined by agglutination of porcine red blood cells. Briefly, dried samples
were reconstituted in their original volume using sterile distilled water and a
tenfold dilution series prepared in Eagles Minimum Essential Maintenance culture
media (EMEM). A suspension of A72 cells in EMEM containing 5% fetal bovine
serum was prepared by trypsinisation of a confluent flask of cells and a 1 mi of
cell suspension containing 2-5x 10° cells/m] was aliquoted into the wells of a 24

well cell culture plate. 100 pl of each dilution of viral sample was inoculated into



13 Once the dried sanple has been obtained it is subject to
heating conditions at a tenperature and duration sufficient to inactivate
viruses. Typically, the dried sanple is subject to heating at 80[err]C
for 72 hours to inactivate |ipid encapsulated viruses and 90[err]C for 72

hours to further inactivate non-lipid encapsul ated viruses. The opti mal
conbi nati on ofV®¥MR9nd duration of heating will be deterni &F/GBI7O1317
enpirically. Such a determnation is within the skill of one in the art

given the exanples provided herein. Typgbcally, the optimal conditions are
determ ned by spiking a test sanple with either the virus to be

i nactivated or a virus having simlar physical characteristics.

Typi cal Iy, a | ofdur edplitdbeiivellsadities deli chitire placf antihiee plaediacubatediforuls days at
considered to be "inactivation" as a 4 log[err] drop intitreis loss is
the regul at or §7°5unaBamasphesdfi 2kt for viral inactivation/renoval

pr ocedure. o 1 tability of

t he product. Pr eferaAb é}%4@&%§ﬂ}%{?ﬁtﬂﬁ?d£ﬁf?ﬁ%ﬁ%ﬂgﬁq{%gﬁa t<';10<t§out a 30% 1 oss
in activity of hémagghmidiactctivilyousing 1% pertine adsl bicod: dels. n¥irdlditrerasdaghid s in | ess

t han about 15% Ln activity of th oduct . S r t he
nmet hod results h‘ﬁ?ﬁébémﬁlﬁ’éﬁcﬂ I3 ‘fﬁ‘%%b%ggri’ﬁ%%m‘g%%? \ﬂh?@{‘%{"%ﬂ?g eipler“gduct.
The nethod provigiasindiru® &RV A5ay8f nafief KsrbérToinuily=atuk ofaflatibre of bei ng
stored for long periods of tinme. This storage stability is related to the
resi dual noi sinigrealdsum pepositive tasisye@5pr oduct . Preferably, the nethod
produces a dried S . I L ] § s than
about 4% Mbre pr'egengr2 L'l%l ,gh?,yéhﬁgsef\gésfag%ﬁk@%}@ﬁ{ﬁgﬁ@éﬁ.?fe?%tﬁ{&itcg&}neégat han
about 2% Most peagértrSighy fast “talialinephcdplakasemibstrate assayo Brisily, a doutingt

0.8-1.0% Residyal.npisture can neasur ed, by a, var,j et f t hods,
i ncl udi ng, but H@\gthnismlqswstp&paﬁaﬁqréh%ﬁmpg andﬁﬁg?q%qaalgﬁg\%yg??ﬁme
t her nogravi net r ipfepBRtibPAgd mIKand 1001 T B subs@att GaPidded td 100 Hiof edimple in
The range of heating tenperature and tines varies w del the opti num

time for a part iacElAplateandliecubated indhesdark fori3R arinwesiGalerdevslopment was he

know edge in_the. fd nd. 1 e j L ults
present ed herei peadat f‘%ﬁ#@gﬁgﬁh&f‘ ¢ é’gmg %agqgt?&%%g@qgo g?%?gl%-%?e%dgiut 72
hours is effect ipuekag@sndithe siaity ofthesamplesO@fsenichi@ed fromadbserbanze vhlves s. Longer

Li e per i ods and of, M ghet, d SRSl AL CS (PariGa ! DhHed Shutthd o0t o0t 12

assigned 100% activity and % reduction in activity of the treated samples were

calculated from these values. _

For all virus assays, log,, reduction in titre of the treated samples was
calculated by subtraction of log,, TCID 50 / ml virus recovered from the log,,
TCID 50 / ml values of the dried controls. Results are shown in Table 1. In
Table 1. > means that the virus was below the detection level of the assay, RIT
means “reduction in titer” HSA stands for human serum albumin, * means log,,
TCID 50 /ml parvovirus in dried control = 6.5, ** means alkaline phosphatase
activity in dried control = 100%, GPS stands for glucopyranosyl sorbitol, and n.d.
stands for not done. The abbreviations are the same throughout the examples

section and in the tables.
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Preferably, the nmethod results in a four log[err] fold reduction in
infectivity of the contam nating viruses. A nunber of nethods are known
for making thigy,eflghdy” M Nation. Many of these are cited abovgm@ghmisiynber

of ot hers are known in the art. As |ipid encapsul ated viruses are |ess
resistant to heat treatnent than non- | i jéd encapsul ated viruses, a
determ nation of the |oss of infectiousne of a non-|ipid encapsul at ed

virus indicates that all |ipid encapsul ated viruses have al so been

I nactivated. The non-|lipid encapsul ated viruses include, but are not
limted to, hepatitis A virus and parvov?? bs. Preferably, the non-lipid
encapsul at ed vVirus is parvovirus. The invention al so

enconpasses com =aAret—iy—tirerrethyd Ty T :
i nvention. The :oﬁgﬁq oni ar ko8 Feduction jpparvavit gﬁ?/n °eﬂgﬁc'\t}gﬂ/dld?%‘s]gse hnd
are extremely sjorage st abll @hospRatidditivignfied tienins iecitichtiva at®aTCafor 2hhaurs

chem cal degl‘ adation of ther apPlH LC pr nrjlmf s duri Ag—p+ faYaY=Y-Y-¥MaVal ,T‘S’U‘l—t—s—‘ n a
decrease in the|incidence of i_rrrrunfieqzeéﬂfq ons to |recipi cYapaum, firied, o

pr oducts. Hhe—eoffpost+t g At YT 5T RITO E AOTe oy m
especially for drugs sug¢h %Ma‘ﬁ‘m o si/é’:gllk?rllllgé crenlﬁ Herapeul i Cs. gll?or?gl b
dosage forns cah be pr oduegdoditisal i|qualuctivg **hg ipaivovimis *Sof uedwtion™**
suspension into|lsuitable confainers and _proc ' -
separately. Prefer#ghajosesudh al34botijg and® prioces3ffy is| aut ofat ed.
Al ternatively, the—smterial—can pg prqcessgd T Qattiggy  Of NOr g thamfone
dose and the dri ect}regg%%uct can “b4eJ'Edi vilded i'nto si|ngl e doses. The
I nvention thus éncorgs¥wses |singl e dosq forns of tihe cl ai med fonposition
For products su lat ch-wi se [Qr 0Ce8sS-hg—HS pr;‘f & ed La'fgf‘
bat ches can be fproc¥s®&’ tq be #Bviddd in 8ul k qom‘re'réi ally} The ?nvent i on
sucrose + HSA 244 68 =40 56
lactitol + HSA 256 299 - n.d. n.d.
laclose + HSA 250 44 n.d. n.d.
sorbitol 24.0 299 n.d. n.d.
sorbitol + HSA 24.0 299 n.d. nd.
GPS 24.0 299 nd. n.d.
GPS + HSA 24.0 299 n.d. n.d.
Example 2

Terminal sterilization to eliminate parvovirus infectivity without loss of
biological activity by vacuum drying in trehalose: effect of temperature and time.

A stock solution of 1 mg/m! alkaline phosphatase in a 50% trehalose
solution made up in 25 mM HEPES buffer containing 50 mM ammonium
bicarbonate and 2% HSA was spiked with 10%* TCID 50 / ml canine parvovirus
and dried under vacuum in an FTS drier. 250 pl of formulation was dried in 3 m}

vials in FTS drier using a manual programme which achieved final operating



t hus further enconpasses bulk fornms of the clainmed conposition.

The followi ng exanples are provided to illustrate, but not limt, the
clai med invention. . Exanple 1
Comparison of effect of different sugars on parvovirus

infectivity a m“ ne phosphatase activity WO 97/ 42980

bCT] o/ 0 ag JHosh - 1BCT/GBY7A1317

A stock solution of 1ng/m al kali ne phosphatase in a 50%trehal ose
sol.ution made up in 25 nM HEPES buffer col& aining 50 mM ammoni um

bi carbonate and 2% HSA was spi ked with 10[err] TC D 50/ m canine

par vovi rus. 250 [err]l aliquots of the spiked fornulation were either
vacuum dri ed or pérametess of 3¢miBur vacudn ahd §0Eshelfi teipeeturph¥abewerat i cal vi al s
using an FTS drier or vacuum dryi ng,

Ariger. e .
the shel f tenperRPRFed #@29?%}%%’3?‘; %F?'Ee?ietes “éerfel g‘{?f at4Fes dred ‘éolf‘%{she vacuum was

reduced in a stepw SEor esmin#l Rtefifization WIS werewheaizd b 80°CITeY 72 houkssrim@r@t ur e was
increased to 60[err]C and the drying carried out for a further 12-16 hrs.

For freeze dryi A uptthd44hoyss ins $ doyingovey. kegiotsudiiopieparmenitus
temperature to 40f&ATh&oedndioh id itk plbphidtate 200} HEre'tvAbReyer € al loved to

freeze
Parvovirus was assayed by titration in cell culture followed by agglutination of

porcine red blood cells as described in Example 1. Viral titre as log,;, TCID
50/ml was calculated using the Karber formula as described in Example 1.
Alkaline phosphatase was assayed colorometrically, using the commercial
reagent, Sigma fast " alkaline phosphatase substrate assay as in Example 1.

A summary of the results obtained are shown in Table 2 which depicts the
log,,, reduction in parvovirus titre and % reduction in alkaline phosphatase
aétivity following terminal sterilization at 80°C for 72 hours or 90°C for 144
hours. In Table 2, * stands for log,, TCID 50 / ml parvovirus in dried control =
6.5 ** stands for the activity of alkaline phosphatase in dried control = 100% and

2 stands for below the detection limit of the assay.

Table2

Treatment Log,, reduction in % reduction in alkaline
parvovirus titre * phosphatase activity **
80°C / 72 hours 3.0 0
90°C / 20 hours 3.0 0
90°C / 24 hours 4.4 0
90°C / 48 hours 250 0.3
90°C / 72 hours 250 0
90°C / 96 hours 250 33
90°C / 120 hours 250 0
90°C / 144 hours 250 34




conpletely for 1 hour before the vacuum was reduced 10 mforr and the

sanpl es dried at -40[err]C for 40 hours. The shelf tenperature was then
raised to +20[err] C at 0.05[err] C per mnute and sanples dried at
+20[err]C for 3 hours and finally the shelf tenperature was raised to
+40[ err] C at Ow@bRdsd C Per mnute and sanples dried at +49Eﬁfdnlp'gmf39f a
further 2 hours. Vials were stoppered under vacuum and sanpl es wer e

at 4[err]C as dried controls. For termnal,sterilization, vials were
treated at 80[err]C for 72 hours or 90[efr]C for 20 hours i n an Her aeus
drying oven. Log[err] reduction in parvovirus activity and % reduction in

al kal i ne phophatase activity wer e eval uat ed. Par vovi rus was
assayed by titration on cell culture and the endpoi nt was det er mi ned by
aggl utination of porcine red blood cells. Briefly, dried sanples wer e

reconstituted in their original volumegyghpgssterile distilled water and a
tenfold dilution series prepared in Eagles M ninum Essential Mintenance
culture medi a (EI\/EM A suspen5| on of A72 ceI I s in EI\/EM contai ning 5%
fetal bovine 55T lershza CNVCIopao ang RON- , & fl ask

of cells and a lwmgluﬁi(oss °f|q?§$%l$ﬂ H&%Q%&Q/acgﬁﬁﬂﬁhgﬁm?&kéé 10[ err] cel | s/ m
was aliquoted i . plate. 100 [err]l
of each dilution of \in th:s expe nﬁ%enet\ the Sante olgxll:Jlljla go%gag mtl-gcample 1 werg s;':/sq?edg 7/ 42980

PCT/ GB97/ 01317 f our

replicate wells wih{hae différbntGithé pregargtions: q;oamnishﬁwﬂvaheemnmmead for 14
days at 37[err]C in _an atnosphere of 5% CCLerr After 14 days,
cel | culture mediifhand DMAernfaining Yirusesresnectively); asid measlauyigs (enyeloned activity

using 1% por ci nepKRYifak)° 2baf @bdutionh Viths fitrd 413 93 FedubtinSh alkaline

phosphatase activity were evaluated as described previously or below. Poliovirus

was assayed using a cell cytopathic assay. Briefly, dried samples were
reconstituted in their original volume using sterile distilled water and a tenfold
dilution series prepared in EMEM and 100 pl dilutions were inoculated into five
replicate wells of a 96 well cell culture plate containing a confluent monolayer of
Vero cells. The plates were incubated for 7 days and virus induced cytopathic
effect scored by inspection of the wells using light microscopy. Viral titre, as
log;, TCID 50/ m! virus recovered, was again calculated using the Karber
formula for quantitation of the end point in virus infectivity assays. For all virus
assays, log,, reduction in titre of the treated samples was calculated by subtraction
of log,; TCID 50 / ml virus recovered from the log,, TCID 50 / m] values of the
dried controls.

Measles virus infectivity was determined using a plaque assay. Briefly,
dried samples were reconstituted in their original volume using sterile distilled
water and a tenfold dilution series prepared in EMEM. 200 pul of each dilution
was inoculated into duplicate wells of a 6 well plate containing a confluent
monolayer of Vero cells. After virus adsorption to the cells for 1 hour at 37°C, 2
ml of overlay medium (EMEM containing 1% carboxymethy! cellulose and 5%

foetal bovine serum) was added to each well. The plates were then incubated for



TG D50 / m was cal culated using the Karber formula for quantitation of

the end point in virus infectivity assays, nanely Karber fornula = - | og
of dilution i nterval -(sum of positive tests) - 0.5. Al kal i ne
phosphat ase was assayed col oronetrically, using the comerci al reagent,

Sigma fast [eg) | i ne phosphatase substrate assay. Briefl a doubl i ng
dilution seri esd V\g‘é&grepar ed for the sanples and a standard éﬁ@” nB17
phosphat ase preparation (1 nmg / nl) and 100 Tl of substrate was added to
100 Tl of sanple in an ElA plate and Pcubated in the dark for 30

m nutes. Col or devel opnent was read at 405 nmusing a titertek nultiscan-:
interfaced wwth a delta soft plate reader package and the activity of

t he sanpl es was7? days a3 BCanlarf atmm‘s;ﬂiewﬂia{ne@z v‘dlrusamduced(bgrpimspﬁomhiatigl to the

| i near section .of he @t andard . cu b I% ﬁg q(}ntrol S were assi gned 100%
activity and %?‘é’ ﬁyqr%waasc‘f'?‘\?f Fr-YsiE YA S anpl es were
calculated fromt hesmaqﬁed W&E counted and virus rebVered vas\GuirniiFied 5§ ¥iSulatiGode’ I ]
reduction in titre of the treated sanpl es was cal cul ated by subtraction
of log[err] TC maag formipg ynits per mboavely PFUF/ el aumber efjplaguep x dilutj@) D 50 / n
val ues of the o] TabI e 1,
[err] neans thgf':al:tt?j ﬂegv?{’tag‘l%%g%g*gbwif‘%&éa @g}ﬁ}}t%nrbfﬁ%\% e4|fs a+' lgs ggsay R T
means "reducti O(Ellduhltddl tyaubtrddién sﬁlagl,dBFtlmmllwummedrfrcmh thembg]. PFURreans

log[err] TCID5 irus ip dried. control = means
al kal i ne phosphl mfmﬁ?f‘f"@?‘l"&‘rmf TSFF?H“SC‘S’FR'W}I""’:P’EWG "E]Sg,blgt?ands f or
gl ucopyr anosyl ﬁﬂ@#kﬁ(ﬂ‘siheﬂﬂg Redtletion in POROAISs, infasiBOind QRE arﬂ?ﬁnﬁqmeev' ations

are the sane throughout the exarrpl es section and I n t e tab
WD 97/ 42980 and % reduction in alkaline phosphatase activity following terminal sterilization

PCT/ GB97/ 01317 at 80°C for 72 hours or 90°C for 20 hours. In Table 3, * stands]fgr log,, TCID 50
/ ml poliovirus in dried control = 4.5; ** stands for log,, PFU / ml measles virus
in dried control = 5.10; *** stands for log,, TCID 50 / m} parvovirus in dried
control = 6.5, **** stands for the activity of alkaline phosphatase in dried control

= 100%,; and 2 stands for below the detection limit of the assay.

Table 3

Reduction in alk

Treatment "~ Log, Reduction in virus titre phos activity (%)
o e e sk

Poliovirus * | Measles virus ** | Parvovirus ***

80°C /72 hours 230 24.1 24.0 0-3
90°C / 20 hours 23.0 24| - 240 0-5
Example 4

Terminal sterilization to eliminate parvovirus from blood product without
loss of biological activity by drying in trehalose.

Fibrinogen (Fraction 1, Typé 1-S, Sigma Chemical company) was
dissolved in 10% and 25% solutions of either trehalose or sucrose containing 10%

sodium citrate and 15% sodium chloride and the solutions centrifuged to remove



Table 1 Sampl e Log[err] reduction in parvovirus titre / %

reduction in al kaline ' phosphatase activity after term nal
sterilization at 90C for 20 hours freeze dried
vacuum dri ed ' Log[err] RIT % al k' phos’ Log[err]
RIT % al K' pR@se742980 parvovirus * reducl;d.l.%},' 97/01317
parvovirus * reduction ** - trehal ose [err] 4.4 .

[err] 4.0 0 trehal ose + [err] 4.4 9.5 [err]
4.0 -0 HSA sucrose 21 [err] 4.4 65

[err] 4.0 48 sucrose + HSA [err] 4.4 68

[err] 4.0 56 _lactitol + HSA [err] 5.6 lerr]99 n. d.

n. d. | act ose + Pigpinsoluble metelialzing the protein coacentrations adjusted-fog final n. d.
:8; B: E-g : + HSA [ﬂ[ug%o:%egcwcemratio{ g{ é *n%%nl. The stoclpnﬁ%'inogen solutions er%regvVas

GPS [ epikdddwith 10%° TCIID 60 ¥ indBanine parvovitusiand 12 ml aliquots of the GPS +
HSA

err]4.0 . [err]99 . n, d. n. d. .
Exanpl e 2 " Bbrliopgn saivian Ve ispense intgr) mbWaraton pharmagsuticabglassals
infectivity w thoytq the Senfds vacuddi Bji%‘% SﬁkTTg‘QﬁikrVdrtf%emdr}éﬂ%Jh'Eh%row: g 1n
trehal ose; effect of tenperature and tine. A stock sol ution of
1 mg/ M al kal i ne fraereniar. ds vacuum dsPing.the ticdrshalves wesopretcooled matlCupdi n 25

T EFES T {1 cOLb0RB ST el EARREL M i EELE
vacuumin an FTS did te vacib@ rédicéd fo 30f000 OTdiHoR R infifiutéi2 20,000 A oriTos2 M _
VAl T TS e es'ad 10,050 T orr Tor 28 minmes. "Fhe sacin wes then raised to e ' "9
30,000 mTorr for 5 minutes and then reduced to 30 mTorr and the samples dried
overnight at a shelf temperature of 60°C. For freeze drying. the samples were
frozen at 5 °C /min to -40°C, held at -40 °C for 16 hours and then the shelf
temperature was raised to -35 °C and the samples dried at a vacuum of 10 mTorr
for 80 hours. The shelf temperature was raised to 25 °C and the samples dried at a
vacuum of 10 mTorr for a further 5 hours. All the vials were sealed under
vacuum and samples to be terminally sterilized were heat sterilized by heating in
a Heraeus oven at 90°C for 20 or 48 hours.
Vials were réconstituted and total soluble protein and clottable protein |
determined. The clotting assay for fibrinogen was a modification of the National
Institute of Biological Standards thrombin clotting assay. Briefly, fibrinogen
samples and standards were clotted by addition of thrombin to the fibrinogen
solution and the protein concentration in the clot measured by solubilisation of the
clot in 7M urea and quantitating the absorbance at 280 nm.
Upon addition of 3 ml of water, all preparations reconstituteci readily apart
from the fibrinogen/sucrose preparations that had been exposed to 90°C /20 hours.
The freeze dried fibrinogen/sucrose preparations that had been exposed to
90°C/20 hours showed a distinct brown coloration. The protein assays showed
that most of the protein had dissolved upon reconstitution, (~ 90%), except in the

case of the fibrinogen/sucrose 90°C/20 hour vials which showed very little soluble

protein. The clotting assays showed that of the soluble protein, ~95% clotted -
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of 30 mTorr vacuum and 60[err] C shel f tenperature.
under vacuum and sanples were kept at 4[err]C as dried controls.

For term nal a;olefg"'%%%ati on,

90[err]C for

Vi al

18
S were

par anmet ers
st opper ed

vials were treated at 80[err]C for 72 hours or

144 hours in an Heraeus drying oven. LJI§T&RS/01317
activity and % reduction in al kaline phophat ase

reduction in parvovirus
activity were eval uat ed.
culture foll onwed by aggl utination of

Parvovi rus wag2assayed by titration in cel
porcine red blood cells as descri bed

in Exanple 1. Viral titre as log[err] TCID 50/mM was cal cul ated using the
Kar ber fornul a aponchddition b€ thrombifx Arspmenaty of the\tekultsiob@ined asgshawase was

assayed col orongt.i cal Ly, . usi t ommer ci gl reagent, Sigmm fast [err]
al kal i ne phospﬁ?bdgg“g\!ﬁg‘s‘{ep‘ﬁfsgﬂ%@g%@%w %3&%4 "88‘?%0“ i parvovirus W ummary
of the results obtained are shown in Table 2 which depicts the | og[err]
reduction in parvovirus titre and % reduction in al kaline phosphat ase

activity following terminal sterilizatiTabled 80[err]C for 72 hours or
90[err]C for 144 hours. In Table 2, * stands for log[err] TCID 50 / ml

parvovirus in {ried contrpl $0°C/ %2 hours SIt a0 1 20 hdulse dctivity of al kal i ne
phosphatase in|dried contfglclsiadiePisgatess | % kREtable PlogNess [f or bel ow t he
detection |im G abiE aSFay- -
Table 2 E,%:fze degat rentg, >4 [LOggerr]|redyctiion in %
reduction in al e,. - ' parvovirus titre *
phosphat ase act ggéiunimed %4 80[2e?F'r7?C / ?3 ho.lrg"’S 3.0
0 Freeze dried 0 25 44 250

Vacuum dried 68 24.75 43 2475

Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity and understanﬂing, it will
be apparent to those skilled in the art that certain changes and modifications may
be practiced. Therefore, the description and examples should not be construed as

limiting the scope of the invention, which is delineated by the appended claims.



90[efr]C/20 hour s 3.0

90[err] C /24 hours 4.4

90[err] C /48 hours [err] 5.0 0. THIS SHEETQ%EerrEi\IC
/ 72 hours [err]5 0 0 90 £rr1 cBEPSACER )/

([)err] >0 90| errf)gf”io44 hours 20l F(ra;]r]c /5 (%20 hours’/ﬂ}b’gﬁiﬂ/
WO 97/ 42980 2 |
Excg/rrpGF?gOlBl'T'er mnal sterilization to elimnate envel Op i‘\‘ﬂ(“\‘“\“““‘\“““\

non-envel oped virus infectivity w t hout | oss of bi ol ogi cacti vT‘ty by
vacuum drying in trehal ose. IGLAIMS experinent, the sanme
fornmul ations as in Exanple 1 were spiked with three different virus
preparations: poliovinus; panetlmdiofmﬂmbsterﬂim%mq:fdﬂologicmmévmpmt

cont ai ni ng viruses reﬁé) (ﬁ"tl'! Vet@ .nmeasl es rus (envel oped RNA
virus). Log[err] Pt MERNHe “rcﬂg'p'f'flf'g eé'r‘?ﬂseo reduction in al kaline
phosphat ase activity were gyal Lb%ftﬁnﬂnaﬂﬂ&ﬁﬁh' pREBmpriSiE tHéProdues andehoWw.

Pol i ovi rus was assayed using a ce cyt opat hic assay. Briefly, dried
sanpl es were amount of a-D-alucopyranosyl-a-D-glucopyranosnde (trehalose) sufficient to

render substantial heat stability to the product; and
(b)  heating the dried sample at a temperature and for a duration
sufficient to substantially inactivate infectious viruses.

2. The method according to claim 1, wherein the product is derived
from blood and is selected from the group consisting of albumin products,
immune globulins. coagulation products, and protease inhibitors.

3. The method according to claim 2, wherein the albumin products
are selected from the group consisting of, HSA, cold soluble globulin and
fibrinogen.

4 The method according to claim 2, wherein the immune globulins
are selected from the group consisting of, antibodies against tetanus, pertussis,
hepatitis, herpes. varicella zoster, lentiviruses and rabies.

5. The method according to claim 2, wherein the coagulation
products are selected from the group consisting of. antihemophilic factor VIII,
factor IX complex, and activated factor IX complex.

6. The method according to claim 2, wherein the protease inhibitors
are selected from the group consisting of, a-1 protease inhibitor. and
antithrombin 111.

7. The method according to claim 1, wherein the biologically active
product is obtained from a biological source selected from the group consisting of
blood. plasma, serum, placenta, milk, urine, cell cultures, and cell culture
supernatant.

8. The method according to claim 7, wherein the biological source is

cell culture or cell culture supernatant and the product is selected from the group
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reconstituted in their original v iITe distilled water and a

tenfol d dilution series prepared in E err]l dilutions were

i noculated into five replicate \Aﬁl\“‘“gmiwm“m{‘cel | culture plate
containing a confluent nonol ayer of 11NNk I'Ts.” slhe plates were

I ncubat ed for Z)r?g,agé?and virus induced cytopathic effect scored by

i nspection of YO8 | s using light microscopy. Viral titrePCRCBYOR Y o]
TCID 50 / m virus recovered, was again cal cul ated using the Karber
formula for quantitation of the end poin24in virus infectivity assays. For
all virus assays, log[err] reduction in titre of the treated sanpl es was
cal cul ated by subtraction of log[err] TCID 50 / mM virus recovered from
the log[err] TGoksibithg/of @blonpitinddating fadiers, monbiclonsl aatudiesland derivatives

Measles virus infectivity was determ ned using a plaque assay. Briefly,
dried sanpl es viBpEok ard@raviniastedy i n their original vol une using sterile
distitted =~ water and arhghlefiof athordihd st GherintfebiB balca) fifeds 200
[err]] of each dilution was | noculated Iinto duplicate Wwells of a 6 well
pl ate cont ai ni negllzulngr bt cabinulture snpemuitany end e pivdna icrstombinaitt er virus
adsorption to the cells r 1.hqur at. 37[err]C .2 . .m_of pverlay medi um
( EMEM cont ai ni ng 1%61(9ar bg-gflWéfhﬂglac“t?é‘i'?%‘oociaémzfna’hg%“ the $r83'flhf;°55’5s\ﬁr e serum
was added to eadefeckBflom the grop eéRistine bferithfpoietin, WpRdkwds A interleukins,. WO

97/ 42980
PCT/ GB97/ 01317 11.  The method according to claim 1. wherein the biologically active7 days at

37[err]Cin an ﬁk&%?ﬁ%ﬁraﬁalgés'é% Cderr]. Virus-induced by plaque formation
in cell nonolayers was Vi s ali zed by Crystal violet staining.

Pl aques wer e count ed2and The method accvdingth ol 1d Uethdreinitheecanalgesiaiscul at i on of
plaqueform'nguita s x dilution

m Ly PFU / il = nunh pl
sl RS meuR S BEPLP PR P B Be SRS 581 1 he

factor x 5. For®
treated sanpl esp¥asrol.

13.  The method according to claim 1, wherein the biologically active

product is an anesthetic.

14.  The method according to claim 13, wherein the anesthetic is
selected from the group consisting of bupivicaine, atracurium and vecuronium.

15.  The method according to claim 1, wherein the biologically active
product is a chemotherapeutic agent.

16.  The method according to claim 15, wherein the chemotherapeutic
agent is selected from the group consisting of, radioisotopes, vinca alkaloids,
adriamycin, bleomycin sulfate, Carboplatin, cisplatin, cyclophosphamide,
Cytarabine, Dacarbazine, Dactinomycin, Duanorubicin hydrochloride,
Doxorubicin hydrochloride, Etoposide, fluorouracil, mechlororethamine
hydrochloride, melphalan, mercaptopurine, methotrexate, mitomycin, mitotane,
pentostatin, pipobroman, procarbaze hydrochloride, streptozotocin, taxol,
thioguanine, and uracil mustard.

17.  The method according to claim 1, wherein the biologically active
product is a hormone.

I8. The method according to claim 17, wherein the hormone is
selected from the group consisting of, estrogen. testosterone, progesterone and

synthetic analogs thereof,



cal cul ated by subtraction of log[err] PFU d fromthe
| og[err] PFU / m values of the dried controls. The results obtained are

presented in Table 3  which shows the | og[mljm mgm”m”m pol i ovi rus,
neasl es virus and parvovirus titre and % l'ine

phosphat ase act iG] | | owi ng ter m nal steri*liZathor Sat 80t
hours or 90[erri“é$# O hours. In Table 3, * stands for Iog[err‘l?ééi;gf’g%
/ m poliovirus in drled cont rol 4.5, ** stands for log[err] PFU/ m

nmeasl es virus in dried control 5.10; *2% stands for | og[err] TCID 50 /
n parvovirus in dried control = 6.5; **** stands for the activity of
al kal i ne phosphatase in dried control = 100% and [err] stands for bel ow

the detection linit ofl1% he Thsswthod accordmg to claim 1, wherein the biologically active
Table 3

Reduction in al k Productisavaceipe,, Log[err] Reduction in virus
titre phos acti vi t20. ( %9The method according to claim 19, wﬁabmm vadGiné is shleasd es
virus * Parvowrus * ok 80[err]C./ 72 hours ferr]l4d.1
[err]4.0 from ghezgroup guysisting of, botlpsingle m%m“'ﬂ[’t&raﬂ ls?"G“bumt vaccipgs ] 4. 1
[err]4.0 Exanpl e
4 Term nal{?rl stbearmlefull %r}gt\mgg]pregaratroln%m}]da%agceégtrn VI rus from bl ood
product wi t hout 21 Themethodlamdimg,totﬁlaichdgi:vbaieinaht dmdts;mlpy: islrying in
trehal ose. rin nl T ma Chem cal
conpany) was d‘i"gg’B‘F‘\}é" gT’ H‘e%gg/osﬂ%ée gﬁlgfﬂ'ﬁp(‘iﬁgs'ﬁ\“ggff“ﬁgg“‘h‘gﬁ%’l"ﬁ‘se or

sucrose contai ni ng-y;hgo/gp,-ay &ngﬁa frbdzb afygand 15% sodi um chl oride and the
solutions centrifuged to reho

22.  The method according to claim 1, wherein the substantial heat
stability results in less than about a 30% loss in activity of the product.

23.  The method according to claim 22, wherein the stability results in
less than about 15% loss in activity of the product.

24.  The method according to claim 23, wherein the stability results in
tess than about 10% loss in activity of the product.

25, The method according to claim 1, wherein the dried sample has a
residual moisture content of less than about 4%.

26.  The method according to claim 25, wherein the residual moisture
content is less than about 2%.

27.  The method according to claim 26, wherein the residual moisture
content is less than about 1%.

28. The method according to claim 1, wherein the heating temperature
is about 80°C and the duration of heating is about at least 72 hours.

29.  The method according to claim 1, wherein the heating temperature
is about 90°C and the duration of heating is about at least 20 hours.

30.  The method according to claim 1, wherein substantial inactivation
of infectious virus results in about 10°- fold reduction in infectivity of the viruses.

31.  The method according to claim 1, wherein the inactivation results

in 10*- fold reduction in infectivity of non-lipid encapsulated viruses.
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i nsol ubl e material and the prot e”“l“ﬂmﬂmnﬂﬂmﬂﬁ adj us} WIS SHEET HAS|BEEN
fibrinogen concentration of 5 ng bri noggn solREPLAGED wer e
was spi ked th 10[err] TCID 50 /¢ m* c&ni he parvovi ros~ano TZ m

al i quots of th O 97142984 1, nogen. sol uti on were di spensed into BCHGBYHMALTON
pharmaceutical glass vials and the sanples vacuumdried in an FTS drier
or freeze dried in a Labconco freeze-d26er. For vacuumdrying, the drier
shel ves were pre-cooled to 10[err] C and vacuum r educed to 30, 000 nilorr.
The shelf tenperature was then raised to 40[err]C and the vacuum reduced
to 30,000 , Torr for 32m nwhemethddadtBRiinglO claith Q! whRerein the ststigsd and 10, 000
mTorr for 20 minutes. The vacuum was then raised to 30,000 mrlorr for 5
M nutes and t herfieaalated viresesere sefested fiom thegroupgonsigtingfihepatitis AgiRISni ght  at
a shel f tenperat rr]C. For freeze drying. the sanples were
frozen at 5[err]aéa?ﬁ1&&wtﬁggf40 [err]C, held at -40 [err]C for 16 hours and
then the shelf t e3per alhe methad accardirgotctaim 33, Wiareih Geanod-liphe sanpl es
dried at a vacuum of .10, mror.r f.or 80 hours. The shelf tenperature was

raised to 25 [erffPSUARd VTS IS BPRIPYRS Y i ed at a vacuum of 10 niforr for a
further 5 hours. Al sghe w&hfpoyiﬁ&eobmaawadd&wgm:he\m&mf%mnaanpl es to
be termnally sterilized were heat sterilized by heating in a Her aeus
oven at 90[err]C for 330 ofheempesition according to clainy34| whegeip gherpseduetisi t ut ed and
total sol uble pr h ttlng
assay for fibri n%}'g%ﬁ@g %lo%h%é& ?QL,Q t?{)ﬁ&rﬁ{ﬁ%g{gu;ﬂé#%@%h qqlbu%n@?‘%fi U§e of

Bi ol ogi cal St andmnds;eiglubomm coagliadidn p*rgdutssa;d pridease fithybitors. br i nogen

sanpl es and standard clotted b i tion.of th onbi n
fibrinogen sol ut i §ﬁ ?F@“WWPE%@ PelHam 3P oK ‘?’ﬂ“tﬂﬁeat"?ﬂ"b‘f' measur ed

by sol ubi | i Sat'oﬂ?omctstal?@select alﬁ% meg.wg%ﬁm.ag@r BSANEoIH3SILENG gidBGliRDSOr bance

at 280 nm pon a dition of "water, all preparatlons
reconstituted re@dlﬂb;mwart fromthe fibrinogen/sucrose preparations

that had been eXposec.lﬂF 0 %QL %ngdogu{oggcclapdﬂfto claim 35, wherein the immune

globulins are selécted from the group consisting of, antibodies against tetanus,
pertussis, hepatitis B, Rho (D), varicella zoster, and rabies.

38.  The composition according to claim 35, wherein the coagulation
products are selected from the group consisting of, antihemophilic factor VIII,
factor IX complex, and activated factor IX complex.

"39.  The composition according to claim 35, wherein the protease
inhibitors are selected from the group consisting of, a-1 protease inhibitor, and
antithrombin III.

40.  The composition according to claim 33, wherein the biologically
active product is obtained from a biological source selected from the group
consisting of blood, plasma, serum, placenta, milk, urine, cell cultres, and cell
culture supernatant.

41.  The composition according to claim 40, wherein the biological
source is cell culture or cell culture supernatant and the product is selected from
the group consisting of colony stimulating factors, monoclonal antibodies and

derivatives thereof, and growth factors.
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The freeze dried fibrinogen/sucrose pr i ons that had been exposed to
90[err] ¢/ 20 hours showed a distinct brﬁml'gm

,m Hu (rh he protein assays
showed that nost of the protein had econstitution, (-
90%|), \%cept in the case of the fibri nogen/sucrose 90[err] C 20 hour :
vial s i ch sh little sol uble protein. The clotti m
showed t hat of %gﬂ'gg{oubl e protein, [err]95%clotted %’ %‘%o
PCT/ GB97/ 01317 upon

addi tion of thrombin. A summary of the restfl ts obtai ned are shovvn in
Tabl e 4 which depicts Clottable fibrinogen and log[err] reduction in

parvovirus titre. Tabl e 4
80Lerr]C / 72 hours 4930[ e'ﬂ‘he] ﬁnipoﬁﬁommosling to claim 41, wherein the biglpgitalt t abl e

| og. | % cl [ .

[e?r] .ZSS °c ggtsgl?rlcg xslcg cne)\ture or\fﬁg ﬁglh{era?lfpgégtam anEZﬁeegrgdl%‘ s om\.)b n/a@? 89
3.75 Sucr ose Fragze ¢hé &position ﬂ:cordmg to E:mm }1,5wherein thelgﬁowth factor&er r]
5.0 Vacuum dri.ed 68 [err]4.75 ogerr‘ll

Al t hough the f or aepselrgted fipanthe swuns@swewomﬂbmpsﬁanucﬁ ‘H’et ai |

}N?ywp}‘l Il lustrat |"cl)tgrl&r]1(gnsexarrpl e for purposes of clarity and underst and| ng,

44.  The composition according to claim 34, wherein the biologically
active product is an analgesic.

45.  The composition according to claim 44, wherein the analigesic is
selected from the group consisting of morphine, benzocaine, pethidine, and
Demerol.

46.  The composition according to claim 34, wherein the biologically
active product is an anesthetic.

47.  The composition according to claim 46, wherein the anesthetic is
selected from the group consisting of bupivicaine, atracurium, and vecuronium.

48.  The composition according to claim 34, wherein the biologically
active product is a chemotherapeutic agent.

49.  The composition according to claim 48, wherein the
chemotherapeutic agent is selected from the groﬁp consisting of, radioisotopes,
vinca alkaloids, adriamycin, bleomycin sulfate, Carboplatin, cisplatin,
cyclophosphamide, Cytarabine, Dacarbazine, Dactinomycin, Duanorubicin
hydrochloride, Doxorubicin hydrochloride, Etoposide. fluorouracil,
mechlororethamine hydrochloride, melphalan, mercaptopurine, methotrexate,
mitomycin, mitotane, pentostatin, pipobroman, procarbaze hydrochloride,
streptozotocin, taxol, thioguanine, and uracil mustard.

50.  The composition according to claim 34, wherein the biologically
active product is a hormone.

51.  The composition according to claim 50, wherein the hormone is
selected from the group consisting of, estrogen, testosterone, progesterone and

synthetic analogs thereof.



be apparent to those skilled in the art that certain changes and

nodi fications may be practiced. Therefores—the description and exanples

shoul d not be construed as limti ng " scope of the invention, which is
ggl i neated by the appended cl ai ns. @!ﬂ" 'I”m””m . A rethod of

terminal steriVYPZ24#3h of biologically actl ve prloduct *for st BETIGBI701317
adm ni stration conprising the steps of: (a) obtaining a
dried sanple conprising the product and &8 anount of
[err]-D-glucopyranosyl-[err]-D glucopyranosi de (trehal ose) sufficient to

render substantial heat stability to the product; and (b)
heating the dried saspl e e @ntpesm@:mdcurdmgaadlafmm avidedgimthiediologitdliyci ent to
substantially inactivate parvovirus. . The net hod according to

claim11, wherei ﬁcqwr?ﬂusuaewaweden ved from bl ood and is selected fromthe
group consisting of gbu H‘éq%@%iﬁ&?accbﬂﬂé’l@cﬁln??ﬁ'&l{éﬁem QLtidd ik on

products, and protease i nhi bt neth according to
claim 2, wherei neledted &dnbulmgmtmtmdmﬁng cdrlmﬂwhgigawnﬁlmp}namhgnguburpt

consi st i ng of, HSA. cold.so bulin_ and. fibrinogen. 4. The
net hod accor di nda‘fcrgleéf"é‘?ﬁﬁ?lbﬂﬁ P‘gﬂﬁ feer 19851 obuli ns are sel ected from
the group consistingsaf, Pddorpdiifen agardditieito CRInhBAISvhepe theSisied samwpat i ti s,
herpes. varicella zoster, lentiviruses and rabies. 5. he met hod

according to cl dRne mesidys araistyre contens of Inss tan Bhovb#%duct s are sel ected from
the group consisting 59.f E’btéo%BBRSH !ldc&rdin%qa Qfamy le,lwherem the residual

moisture content is less than about 2%.

56.  The composition according to claim 55, wherein the residual
moisture content is less than about 1%.

57.  The composition according to claim 34, wherein the non-lipid
encapsulated viruses are selected from the group consisting of hepatitis A virus
and parvoviruses.

58.  The composition according to claim 57, wherein the non-lipid

encapsulated virus is parvovirus.



according to claim t ease inhibitors are sel ec romthe

group consi sting of REH;AGE]\Z[ENT(E‘ g i nhibitor, and antithronb
7. The nWORIH28OL of Tt ngto-Thatm §, wherein the biol ogi cai'(t'y(mnmmp,

roduct is obtained| ff 0129? dalj source selected fromthe group
(F:)onsi sting of bl ood 21522%8‘} gl aggnta, mlk, urine, cell cul turfas
and cell culture supe "‘ﬁfﬂnf 8. The neth aim
7, wherein the biolpgical source is ﬁell culture or cglllmmmmmﬁllllﬂm
super nat ant and t he product=is—setect E?.Afll('&m t he grou € LW 97 42980
PCT/ GB97/ 01317 32. A
conposi tion obtainabl e by a nethod according to any precedl ng claim
VWO 97/ 42980 1. A'method of terminal sterilization of biologically active product

: 27

factor 1X conplex, and acti vated factor |IX conpl ex. get hod
?’9

PCT/ G897/ 013 ]fZ)r sterile administration comprising the steps of:
(a) obtaining a dried sample comprising the product and an
amount of a-D-glucopyranosyl-c-D-glucopyranoside (trehalose) sufficient to
render substantial heat stability to the product; and
(b)  heating the dried sample at a temperature and for a duration
sufficient to substantially inactivate parvovirus.

2. The method according to claim 1, wherein the product is derived
from blood and is selected from the group consisting of albumin products,
immune globulins. coagulation products, and protease inhibitors.

3. The method according to claim 2, wherein the albumin products
are selected from the group consisting of, HSA, cold soluble globulin and
fibrinogen.

4, The method according to claim 2, wherein the immune globulins
‘are selected from the group consisting of, antibodies against tetanus, pertussis, |
hepatitis, herpes. varicella zoster, lentiviruses and rabies.

5. The method according to claim 2, wherein the coagulation
products are selected from the group consisting of, antihemophilic factor VIII,
factor IX complex, and activated factor IX complex.

6. The method according to claim 2, wherein the protease inhibitors
are selected from the group consisting of, a-1 protease inhibitor, and
antithrombin 111.

7. . The method according to claim 1, wherein the biologically active
product is obtained from a biological source selected from the group consisting of
blood, plasma, serum, placenta, milk, urine, cell cultures, and cell culture
supernatant.

8. The method according to claim 7, wherein the biological source is

cell culture or cell culture supernatant and the product is selected from the group

ta N



42. . The conposition according to 1 mhere in the biological -
source is cell culture or cell cul ﬁ!ﬁ Q ﬂut&uuand the product is
reconbi nant . 43. The c i ng to RCEHGBINAIIWher ei n
the gr ow"HOPHEIBP < are sel ect ed fromt e group ‘consisting of

eryt hropoi etin, cytokines and i nt er] eukins. 44. The
conposition according to cl aim 34, whédei n t he bi ol ogically active
product is an anal gesic. 45, The conposition according to claim
44, wherein the analge3|c IS selected fromthe grou conS|s&mg$H8B

nmor phi ne, benzoc_.;u; ne, o ?bgh&eob@ndﬂebymnﬂhqd according o any p

conposi tion accordlng to | aim 34, wherein the biologically active
product is an anesthetic. 47. - The conposition according to
claim 46, wherein the anesthetic is selected fromthe group consisting
of bupivicaine, atracuri ul : OfTK: 48. The
conposition according o { T2 t he biologically active
product is a chenotherapefitic a ent . 49. The conposition
according to claim 48, whérgi nl 2NV 999chienbt her apeutic agent is sel ected
fromthe group consistingjot, rad|0|sotQQE vi nca al kal oi ds,

adri anycin, bleonmycin sul fate, r op atin,jcisplatin,

cycl ophosphanm de, Cytarabiine, .3 zZlne .fbacti nonmycin, Duanorubicin

hydr ochl ori de, Doxor ubi cin hydrochlorlde Et oposi de. fluorouracil,
mechl or or et ham ne hydrochl ori de, nel phal an, nercaptopurine, nethotrexate,
mtonycin, mtotane, pentostatin, pipobroman, procarbaze hydrochl ori de,

streptozotocin, taxol, thioguanine, and uracil nustard. 50.
The conposition according to claim34, wherein the biologically active
product is a hornone. 51. The conposition according to claim
50, wherein the hornone is sel ected fromthe group consisting of,

estrogen, testosterone, progesterone and synt heti c anal ogs thereof.
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The conposition according to claim34, wherein the biologically active
product is a vacci ne. 53. The conposition accordi NG AR | ai m
52, wherein the v lLne is sel ected fromthe group consisting \im%‘ bot h
single and nul tipl tigen subtihP BT ERE PROE I TRIARFATIOBD bact e and

: . . et c , .
\\,’V'h;?'ei prep aEﬁféﬂN}I Frionar APPLngngﬁ PUB&%I e PR @cﬁ&%ﬁo&ﬁ& 15%1(%1-)
about 494 SV International Pates Classificying ©¢ 0o {fi ON| (21 erraliionsg Péblicatiin dhuwide5 4,  WhIV@i97/42980.
t he resi gualA61L280st ure content is | egdAltjhan. about 2% N 56. The
conposi t Lan according to claim 55, whér eild*Y E™mplens fpliation Dﬁ'ffl(j&ﬂ'?"é"“l?b‘:%?_é%t“'w)
is less abaut, 19 . . . 1h gsition according to claim
53, whor bR MRl Arglaton e 8Consy 3 R g s A0 AR 0 o, 5. B0, o
group cohed) SitirmtonaFilingnget | t | S A% MayN99%(1405aMg par \GHYMU, UIS &S IP, KE, KG, KP, KR, KZPLC, LK, LR,
whér
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(54) Title: METHODS OF TERMINAL STERILIZATION OF BIOLOGICAL PRODUCTS‘/
(57) Abstract

The invention relates to methods of sterilizing biologically active products, patticularly therapeutic or prophylactic products and the
compositions obtained thereby. The methods include obtaining a dried sample containing an amount of trehalose sufficient to render heat
stability to the product and exposing the dried sample to heating conditions at a temperature and for a duration sufficient to substantially
Inactivate viruses, especially non-lipid encapsulated viruses. The drying methods include both ambient drying conditions and lyophilization.
The heating conditions include any known in the art and cover a wide range of temperatures and heating times. The compositions obtained
contain stable products and do not contain measurable infectious virus, particularly parvovirus.




