1 VI AL PREPARATI ON METHOD AND SYSTEM TECHNI CAL FI ELD Descri bed
enbodi nents relate generally to nethods and systens for vial 5 preparation.
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av,
unfilled vo?uf%wﬁﬁgygghap£§C% vial having a stopper partially inserted into
an opening of the vial so that gas can transfer between the unfilled vol une

and an external votyummza«impbm«g formiAsidd Mst ?eﬂel‘bﬂflyeéﬁﬂlé@r@)ﬁ’ﬁﬁﬁ dpecihipdgice
it

i t [t
pressue 10 S DS TR DR SRRt T i 0

the pressure itpmpdauignandr prasseret f@rnwamplet hie byt (0 0Sedtbyrobndnebayf -EXEh avd al to
a second presséhrtk @4€lformulation to lyophilized form by sublimation. The lyophilization

apparatus generally comprises a condenser to condense water vapour sublimated from

the formulation.

In some cases, a solution formulation is preferred. However, some solutions are
25 oxygen sensitive and can suffer from stability problems with the formulation due to the
inability to remove enough oxygen gas from the headspace of the vial and dissolved

oxygen in solution prior to sealing it.
It is desired to address or ameliorate one or more shortcomings or disadvantages
30 associated with existing preparation methods and systems, or to at least provide a
useful alternative thereto.

SUMMARY

35 Some embodiments relate to a preparation method, comprising:



allowing the vials to rest in the environnent at the second pressure |evel
for a 10 predeterm ned period; repeating the applying, venting and al |l ow ng
at | east wocerzan®diful ly inserting the stopper into eackrCopaningotwa3seal
each vial after the repeating. The nethod may further conprise, after the
repeating and prior to the fully 15 inseriing, once repeating only the

appl ying and venting. The method may further conprise, after the fully
inserting, capping each vial with a cap to retain the stopper in each vial.
The housing may cobgysinge pheysy agvitlhe afeaperature-¢opgplad anyisennet apewiethes. The

met hod may f urpmhsmy COVIRIS s, habcf:‘i @d’l@mé bea @pfthice mlg:relﬂ@fﬁtd'a@ﬂ ldfings drhghfiled
t enperature in nv.iron be_ at or erat.ure
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t enper at ur séﬁe—qgt@rfnmgd Bﬁ’f@dused the repeating may i nvoI ve repeatedly
controlling the tefép@arnag ufeea plgln@eveatlngndndaulwmg at legst bhdeSindt enperat ure

set-point before apl Y10t 08 MpRYITLERS FreRREl ST X SRR LR
tenperature to be a y e SGCOI’]CPple n%era ure set ol n p%]tn%r t he

venting and before or durl ng the all owi ng. 35 The nethod nmay invol ve at

| east one of: 3 The method rﬁdyefuhhérSéoni@@@le@I: thcere @&mg%@tpnbls td e Sfufljpan
about 10C, pt| Q ag § ess and .t he
5
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second t enp ratire ]tlce rep?lattmg eﬁﬁe@jﬁ%}l Ql%d ?%ngn abo 2%‘@' "fﬁhr?e first
t enper at ur e s@pmpmem@ftmlye fody anseiing lsepiing each visd Hiith @ cap ipestaan the stoppertihe

subst ance, in i €A1 TRSIBULRE mhi EShpike BSSiMah¢ MR lin FBphikALBEhRARIsabout
0. 0001 nbar and about 10 nbar. The nethod may further conprise allow ng the

vials to rest in the environnment 10 for another predetermnned period at or
around the second Tearpestiztduneyséuthpoicamprishebesmot therappbiigodcontiyllibe thet ween

about 15 mzoutt@ﬁpeaﬂdreaiaouhb ARirOkm&® 51 BRULE Sy aﬂﬂhd Qnahipérabet Weghimbayut 25
and about 35 %nqll)'lé[rae[ul’e s€ p01 r}l?'alyl p Otu ‘}emperatm ure se% -point and the method may further
comprise, after the venting, controlling the temperature in the environment to be at or
around a second temperature set-point that is different from the first temperature set-
point. This controlling of the temperature may be repeated along with the applying,

25 venting and allowing.

For example, where there is a single temperature set-point used, the method may
involve repeatedly controlling the temperature in the environment to be at or around the
temperature set-point while repeating the applying, venting and allowing. Where first

30 and second different temperature set-points are used, the repeating may involve
repeatedly controlling the temperature to be at or around the first temperature set-point
before applying the vacuum and repeatedly controlling the temperature to be at or
around the second temperature set-point after the venting and before or during the
allowing.

35

The method may involve at least one of:



VWhere the first tenperature set-point is greater than freezing, the first
pressure 15 | evel may be greater than about 10 nbar and | ess than about 500
nbar, optworaidoiedwet ween about 10 nbar and about 300 nbacI/Alhreligeoasd
pressure | evel may be between about 800 nbar and about 1000 nbar. The
second pressure |evel may be between about 900 nbar and 950 nbar. 20The
housi ng may be perforned at anbi ent pressure. The repeating of the
applying, venting and allow ng may be perfornmed at |east tw ce. The
repeating of the appl yhh§st teeweiange sirtioat is desh gn ghgut B8° (G eptieneleisathar east
ei ght tines. THBeutRePaptibmglyaByut 5eC;padf or med a nunber of tines effective to
reduce a di ssol ved oxygen .content of the.substance or | ess.
The repeating may be ptgef eS?“rf‘QtSm CROTET po"%t I%t?ettweenfgoﬁfl?to |dvag)0 6)6r(néduce an
oxygen gas content in the unfilled volune to |less than or equal to about

ong per Cﬁnt 5 The reRefisi OfpsayrdRt- ﬁ@ﬁtﬁﬁ#&%t?r w?doerfreeimg toSragird gpthé ve to
reduce the oxy as_c ent e un ed vo out 0.01%
and about 0. 60}91? SRIN ]tCL COSK ther}'lrstlpressure ﬁeVFl may | t*elqefm cqna uﬁ%%(ﬁla I{/l ar gﬁ% ain a
substantlalIyaéwﬁdﬁﬁﬂerlc | evel of oxygen gas and/or the substance may
contain a substantlally atnDspherlc | evel of dissolved oxygen

The predet erm ned 'Hl r?oempt} se\Qﬁgn g‘ OeVl 15 ?0 rest n eese %Hd ae%?u'[ 45
35 or 60 m nutes, oﬁilona Fl be veen WEE M nut es an % Ut B nut es.
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sol ution. The aabRst pEtoR By del bawbah ﬁmfnmammlaes adhda4HeeOUs &oblinlipmed ree of
volatile constol el e NeupiPRLANE.N RS Bubd QUL AL TR g, Si a0l ot

t enper at ures b P ad°g Q%ures between about 10

nbar and 1000 nmbar. 5 Sone enbodlnents relate to a preparation nethod,

conpri si ng: Wihktel th@ figkt RIntpeakiré YGtQ)fom‘(ﬁsaér@atw théh ReRmedek QTrf!i’lpPé%Qllré/C)' une
of liquid g th% m%n bl'fl:mcrI a{t r tﬂavOI m ”é?'aﬂﬁ Ies tl?an IAfaﬁut ?6 m optignall
partially i se?% y s%% Of Bat (1 E > OR: ? gas can

transfer 10 béletmeeemalmel(m aﬂalnédb%BQﬂﬁe of Tlnetﬁecmdmlreseﬁelleaﬁ nggythsrbatayeew ol une;

housi ng the Viaghs 8001 mBr £10\eb6@ N 0BT Unbdr TN NeEdhdiph&surE BRIy UWetbetvich bbid at a
sel ected tenpﬁ)genl applylng a vacuumto the environnent to reduce

pressure int 3f?€ﬁﬁ8nbaand in the unfilled volune of each vial to a
first pressure Ievel; 15venting an inert gas into the environment to raise

the pressung in theheeﬂwsﬁﬂgnﬁmtbe formled RE abhBiehd bRy tH¥ereptati@acT Mt al to
a second pressure | eve

anvi ronment - arreREEs e el T DRP T a L e, Bl By ok athoplly aighe
repeating the aaplyingi vpting end pliyviag thax bk ewifprgnedtat [leastsaighs igees. Blredrepeating
may be performed a number of times effective to reduce a dissolved oxygen content of
the substance to about 0.4% or less. The repeating may be performed a number of times
25 effective to reduce an oxygen gas content in the unfilled volume to less than or equal to
about one percent. The repeating may be performed a number of times effective to
reduce the oxygen gas content in the unfilled volume to between about 0.01% and
about 0.6%.

30 Prior to the applying, the unfilled volume may contain a substantially
atmospheric level of oxygen gas and/or the substance may contain a substantially
atmospheric level of dissolved oxygen.

The predetermined time period may be between about 15 minutes and about 45
35 or 60 minutes, optionally between about 25 minutes and about 35 minutes.



20fully inserting the stopper into each opening to seal each vial after the
repeati ng. The nmethod may further conprise, prior to the fully

i nserti ngyoandisdpeat i ng only the applying and venti ngPCTha20|tdood3 may
further conprise, after the fully inserting, sealing each vial with a cap
to retain the stopper in each vial. The hpusing 25 may conprise housing the
vials in lyophilization apparatus that defines the environnent. The
sel ected tenperature may be around room tenperature. The sel ected
tenperature may beTlketuheairce abs liguid fampmay egyeritse 26 Cyearensitaapletiomdhedi ng
é8, b19, 30 Zg,suﬁsiazn(%%&,n% 1Zid %gn&h’ggl béafcaqueous soluliog fikeé bﬁ‘follﬁﬂ%&ﬁlbltﬁt&eﬂtﬁgﬁé Wg-%o
e between abqut : . about ar tionally. hetween,about
nmbar and aboutsul%%a(ﬁlc%laar &qq'(ﬁgongen%%%(f Sga?)gesars{g?n%pef%\%g Qertr\ﬁ%/enbagoﬁelfﬁmég%%% u(l’fl)ut 800
mbar and about2610ad! prwpres byivEarrRPitl Opehajerdhl 08B éber. 35° 900 mbar and 950
nbar. Thesespressure |levels (and pressure | evels referenced throughout this
speci fication) areqas. MEASHLEH MRl R NGHIRLEONERYILY dauge. S
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| east twi cd0 [bstveeprEhcantibel &of thhwalag emextergaloblunse appl yi ng, venting
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per f or med untislelea,[gd%é%gr%&rgas content in the unfilled volunme is | ess than
or equal to alo it one perceént. In sone 10 enbodi ments, the repeating may be
performed until thepbsygevagas ©ohe entiranmenthie nadice |preseurg ot theecnivisoriednie e n
about 0. 5% andin@boié ukkilRYovolumeDP BRI QM iR irSssuk kel €peat i ng may be
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equal to 0.4% 15THE pgecrllefeern? ed i e ?)eVrPo%e ma)9 FE p et wBErR "o dut 15
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tinme period may beaReNEEE vaiRoWtred In Medhl BSnrAHd 2O WcoRD phos i RSelaDHa
optionally arounadt ?’Oin?%m%t (és The liquid nay conprise an oxygen-sensitive
sol ution. The & 8&“& 96 rther 20 conpri se an aqueous sol ution free of
vol ati | e consti t uerepeatingthe applyunei witinggndpdowinglst lsast arcet awlst during t he
descri bed poepar at i@p ir&éﬁﬁga@)st@gertiﬁaewhaipaﬁiﬁgtobg@m\@@@malaﬂatthé% ARg about
26C and pressures between about 200 nbar and 1000 nbar. Sone enbodi nents
relate to a preparation nethod, conprising: 25filling a plurality of vials
with a predeterni n€ep nethodrenagffuithaygopssy, prien toghe Gy infesiehgy oheenisPeagingi ns i n
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25 may comprise housing the vials in lyophilization apparatus that defines the

environment.

The selected temperature may be around room temperature. The selected
temperature may be between about 17°C and about 26°C, for example including 18, 19,
30 20,21, 22,23, 24 and 25°C.

The first pressure level may be between about 200 mbar and about 500 mbar,
optionally between about 300 mbar and about 350 mbar. The second pressure level
may be between about 800 mbar and about 1000 mbar, optionally between about

35 900 mbar and 950 mbar. These pressure levels (and pressure levels referenced
throughout this specification) are as measured using a thermal conductivity gauge.



30applying a vacuumto the environnent to reduce pressure in the
environnment and in the unfilled volunme of each vial to a first pressure

| evel ; vewoi2np/@msviinert gas into the environnent to rai PETIARIVOSEEI € i N
the environment and in the unfilled volune of each vial to a second
pressure level; allowng the vials to res§ in the environnment at the second
pressure level for a 35 predeterm ned period; repeating the applying,
venting and allow ng at |east once; and WO 2012/ 016301PCT/ AU2011/ 001013 6
fully inserting théhstBiper paiidlyedessrtogerfindg howsinbamagabh PedpmMett &f t he
repeating. ambicht@myesHad pregyird Prioch@rthE€aippling the vafill@r vdhand Ry Edkdilya

i nserting, once.re ti.n nl.y, the .applying. a ent.i ng.  The t. hod..may
further Conprﬁg@?mﬁﬁﬁgyﬂﬁﬂ%w?%ng*gf?ﬁgég??ﬁgf%gé»gﬁﬁggéggaﬂvﬁgﬁwﬁPP% a cap

to retain the awsppekericievehefiissplipd oxpaen. housi ng may conpri se housing the
vials in lygphilization apparatus. The met hod may further conprise,
before the applyin control Ling the tenperature i.n the, envi.ron t to be
at o around a1 et SRR ot Ao SIREL BB mlFRE B .ﬂgﬁﬂeﬁ%y be a
first tenper attyice Sesansoinrodupaatst Hie repsetinedofdegappling sentive gt pléevingeer t he
venting, cont nlpkifignctiRelch @ BRBI @HA Tht Repbhtg@iyibe@oiTBiAied u@tild ’Ygd@rgaar ound
a second tenperature getopolnt that bs diffecent %%Qb%rﬂ][ %heeg%cri:én§.t 1§ g&ggr ature
set-point. The repeatihg nmay conprise€ repeatrng the contr Ing o e
t enper at ur &0t enthedigiensy tharrepesting ey flier sarfosmel! seid ohel oxeepedeatcantentsietthpoi nt s
?t di ffer enéI ltunﬂﬁ@d \rf]éllﬁme ti)s betw{éggabﬁhﬁ%S%tﬁgﬁgbﬁtM%. Sﬁlts?rﬁ@leﬂlbodfﬁl)éntﬁl&h@bogg
reezi ng an ess..t han abou . or opt 1 on et en _apout
bna- about 8¢, "Speinafy BIRR et G aR ot B sl PR B B Pl e
bet ween about or?@ahied).Hout 26C. 20The first pressure |level may be between
about 10 nmbar and about 500 nbar, optionally between about 40 nbar and
about 300 ar. The second pressure .l evel be het n. about . 800 ar
Shout 1000 Womr | auiE TSR RS EHah ey SEPB ARRITTGuBRS iy i TR0
mbar. 25At | east0aorieutet Inkemeiemppdigentpahe prafidtgrmineddind praiodmy the bsivegn may be
performed at apbit@RImiPKt&SHURBout 35 minutes and optionally around 30 minutes.

and

The liquid may comprise an oxygen-sensitive solution. The liquid may further
20 comprise an aqueous solution free of volatile constituents. The solution may be stable
(at least during the described preparation process) at temperatures between about 17°C

and about 26°C and pressures between about 200 mbar and 1000 mbar.

Some embodiments relate to a preparation method, comprising:
25 filling a plurality of vials with a predetermined volume of liquid so that an
unfilled volume remains in each vial;
partially inserting a stopper into an opening of each vial so that gas can transfer
between the unfilled volume of the vial and an external volume;
housing the vials in a temperature-controlled environment;
30 applying a vacuum to the environment to reduce pressure in the environment
and in the unfilled volume of each vial to a first pressure level;
venting an inert gas into the environment to raise the pressure in the
environment and in the unfilled volume of each vial to a second pressure level;
allowing the vials to rest in the environment at the second pressure level for a
35 predetermined period;
repeating the applying, venting and allowing at least once; and



The repeating of the applying, venting and all ow ng nay be perforned at

| east twi ce. The repeating of the applying, venting and allow ng may be

per f or redwat201288630130 ei ght tinmes or at |east 12 tines. PChaAWepaatiiag nay
be perforned a nunber of tinmes effective to reduce a dissol ved oxygen
content of the liquid to about 0.4% or |ess. The repeating nmay be perforned
a nunber of tines effective to reduce an oxygen gas content in the unfilled
35 volune to less than or equal to about one percent. The repeating may be
performed a 7 nunbdy inserting grestopperdete iy apening thued e@ﬁ)ew%i@tgretﬁe pasatident ent
in the unfilled volune to between about 0.01% and about 0.6% Prior
L0 e anel vi 0. 06 HObAL e MELTRAIRY, SO 81 B Ry URSAIL AL i
substantial ly oatYrrﬁ@pqp@mntg F sentige. @h%wlthpédm@k;f‘@ﬁﬁr comprlse affgfethe fully
predet er m nad ihdefRigP@Ipbiad cadyvilewiles vaen efakithe Hopper MItRE valdTIRDIQULIngS Or
60 mnutes, and in _so ment.s out. 25 m nutes and about 35

10 m nut es. may cCOmReE™ Oumn%ngwhlnﬁgphlngmag%na%% sensitive solution. The

liquid may be an aqueous solution free of volatile constituents. The |iquid

may be stable at teRperaiddr aﬁaybﬁtrmelemo@pﬁw be€orande aégfpgﬁngZ%naaldn@rtﬁésur es

bet ween about 10 grlé %n%e c V1r0n ent 0 be at_or_ar un&rE %Enyera#ure set 01rﬁI e to

use of Iyophlllz%ﬁlon ap ara 0 prepare a p ura pere Vials
cont ai ni ng 14 |t¢rqmﬁr@ulb3ﬁetapqmﬁtmﬁddoe@oﬁq§?ie@pergture set-point and th‘b@ilﬁihﬁ@ rrtaﬁéulﬁleur ality
of vials contabhibAg, i@ thd qsﬂndg,ldan@olﬁlh ﬁledelﬁmféﬁn m‘e ehbigondEnt d60HRht ok zat i on

apparatus, the vi Is ea%q arr ed to ave a..st oppe artl |1y inserted
aroun ccond. t¢ perau S€t-point _that 1s { cren rom 1rst temperaturg Set-
into an openi ng Vi a hat " gas can trans et ween B URTTT | ed

internal vol um@l%fﬂlem@e%l@ mwrrmm@p@%tmalthemm%ﬂg of the temperaturotoltiersy t he

| yophi | i zat i oryr apRAd @b isst b SubiRt@Rpdralileet Bl aidrfa@es @heet ed tenperature
above freezing in the chanber; 25applying a vacuumto the chanber to reduce

pressure in“the chanber and in the unfilled volume of each vial to a first
pressure |evel;  The fisetamperatugarsel-pantmayake dbavofiedamgehdisethan abquai €€ t he

pressure int h@°@ bamper o@fb@lall%dtxh&n%%dtb"’@dnd/ ﬁdefT?COB tﬁﬂlﬁiﬂy Mioat 540 Te second
pressure |evel; chanber at the

L€,
Cecond pressurteerdrersye SoagHhPluby Bkt aliot e Blg Bl 2%
20 The first pressure level may be between about 10 mbar and about 500 mbar,
optionally between about 40 mbar and about 300 mbar. The second pressure level may

be between about 800 mbar and about 1000 mbar, and in some embodiments between
about 900 mbar and 950 mbar.

25 At least one of the filling, partially inserting and housing may be performed at

ambient pressure.

The repeating of the applying, venting and allowing may be performed at least
twice. The repeating of the applying, venting and allowing may be performed at least
30 eight times or at least 12 times.

The repeating may be performed a number of times effective to reduce a
dissolved oxygen content of the liquid to about 0.4% or less. The repeating may be
performed a number of times effective to reduce an oxygen gas content in the unfilled

35 wvolume to less than or equal to about one percent. The repeating may be performed a



repeating the applying, venting and allow ng at | east once; and fully
inserting the partially inserted stopper into the opening of each vial to
seal eachwoi2al2/abioer the repeating. 8 housi ng t heppitatabitopiaasd vi al s
contai ning the substance in a closed chanber of the |yophilization
apparatus, the vials each arranged to have a stopper partially inserted
into an opening of the vial so that gas can transfer between an unfilled
internal volunme of the vial and an external volume; 5applying a vacuumto

t he chanber tdupgeliuefdimpiedieine tb eduae therawgrar gaa santer in e wiiled veldmodo une of

each vial to aecfeestbduf 8984Raed higxed.p%. venting an inert gas into the
chanber to raise the pressure in the chanber and in the unfilled vol unme of
each vial to a second pressure |evel; allowing the vials to rest

in the chanber at Ph@ &edbhdrpymgshe undlied vobimeg mpy pedtiet erypriatiatly ne
period; rep@gatam@phdte &Rl ¥f "Yygomepisi agl/@nehealil@wvi Mgy abnthi@astsubfigkiallpand
fully inserti%%n%hﬁﬂ%q&%iqhh% Qgéggtgg stopper into the opening of each
vial to seal éachivial after the réﬁeating. 15The controlling may conprise
controlling the Iyophilization apparatus to substantially maintain a first
sel ected tenperat Urk: prodet@mirel SimetgefiBd RRY bOBetdReh ddub UDHirAR: iaad biyouB$ nt ai n
a second sel eced LarRer ALUh SR AEANd AL RSN o yiher & g 18, [ hE St
sel ected tenperature I's diof PerPeit oM 1 he Seeond Sefelt'e tenperature. The
second ti nd0penipgyes.-may occur during the allowing. The first tinme period may
occur 20 before and/or during the applying. The first selected tenperature
may be above or bepoui{eazlng Bule L o3t Lhan, ahouhdt 18 10liglRagRgLEes and
t he second sel ected %e%pera urepnaylbe3ﬁé?meen S53UTOn 8e§rees3énd about
26 degrees. Thdusauabdutipyfrdemif vplatileworréitysoisi Thedmmil oy bttt thiypapaced
hori zontal shelMasn iaBordd °thad abanrerc and piber&t RPR&M:boBY 0b@bdrinliiobmser t ed
into the Viﬁ'ﬁﬂ%% vertically conpacting the shelves together. The condenser
I'zat

of the Iyo& i i on apparatus nay be disabl ed and i sol at ed. The

use of the lyophilization apparatus may conprise, prior to the fully 30

inserting, once repgad icABodiRRnBPRIYY RY v G USSPhiIRGt S bpfaeitud Re padph@Wh Ng.
The sel ected tenperature Iegritlshcen%gnliovxg lri](gli%,eapmuii @?0 tﬁr%inl yophi |l i zati on
appar at us nay pE*EY SURPH SO er?peragure. e TEIeLt e Peiper at ure may

i ncl ude a t enper at kqueing ¢hanplaralinbefutialy zartaindg dboliquid 8Ce cloped duaibpyofybe ween

about 18C and 1@phabestn aig%atamhdoﬁm edchRindIg toRen a abpptr pLatiPRsrabals 25C,

possibly bet Wea%nopearplr?é'l tof ¢ via 29 3 ga%tcarzl Ltlrghsfer%etween an unfilled internal volume of

the vial and an external volume;
controlling the lyophilization apparatus to substantially maintain a selected
temperature above freezing in the chamber;
25 applying a vacuum to the chamber to reduce pressure in the chamber and in the
unfilled volume of each vial to a first pressure level;
venting an inert gas into the chamber to raise the pressure in the chamber and in
the unfilled volume of each vial to a second pressure level;
allowing the vials to rest in the chamber at the second pressure level for a
30 predetermined time period;
repeating the applying, venting and allowing at least once; and
fully inserting the partially inserted stopper into the opening of each vial to seal
each vial after the repeating.

35 Some embodiments relate to use of lyophilization apparatus to prepare a
plurality of stoppered vials containing a substance by a method comprising:



The first pressure level in use of the |yophilization apparatus may be

bet ween about 10 nbar and about 500 nbar, optionally between about 40 or 50
nbar and wbaeot2/@ed1nbar. The second pressure | evel nmay PpPeThaoaaoi@bout 800
nmbar and about 1000 nbar, optionally between about 900 nbar and 950 nbar.
Where the tenperature in the 5 apparatus @r the vials prior to the applying
is freezing or less (ie. where the substance is frozen), the first pressure
| evel during the applying can be selected to be | ower than where the
substance is in a hugiedhegiypldty offpiagls comainng the supytanss iy &clpsed ehanber eiibe

ci rcunst ances 1y@yilRetichSaph@itu@ $hOviflO Oakh Ahraigell @ Hlde BB@pper PartRNEIsered &fio | ow
pressure | evel youh dongt BE LAMANEI UG (oL LA Rrhdiflcha DodRe o &1 S
and so woul d be fﬁlééc ewed for ‘non-frosen subpstances. ofre

enmbodi ment s r éhéyial ang ayeeerpl violishi | i zati on apparatus wherein at | east one
of the fillisng, paggpiyahd ¥ vicns@rtd tie@hanber @ LSludtgpressui e felch@dba@tn@mhent
pressure. 15R%Bﬁﬁ%in égoﬂyam%%qu%%% rg&&;k&g-and all owi ng may be
performed at |eas ¥wnce.‘ﬁn sonme e Bglnents,’the repeating of the

appl yi ng, venting endnain oait gep wythpehapber ©@raeithg presasestn the ¢jlamber spddn  The
repeating may thdWalflide voigRe af ¢adl viah® aGecunt @tdsdun@levdlne use of the _

| yophi | zati on apparatus . nclude, per form.ng, ke [egeating 20,unty! an
oxygen gas content In ?%e un%ll?e& Vol tng™'S] Es S’ Ran dboit T oRe percent .
The repeat ilfig Pidptepainpétimeperiad; unti| the oxygen gas content in the unfilled

volune is between @Pé&ﬁhg%e@%ﬁ?f@ﬁ@ﬂveﬂb@ﬁnd@l@\%ﬂ Adle@t ohdi€ardl Ssol ved oxygen
content in the subsignce: b ud ditly e hiLGS Mol ML SudifRSorkhan g, edyal o
0.4% 25Sone enbodi As™ g ]%‘e ise "oF" elﬁyop 1T 280 Gn dppar at us may

i ncl ude, pri orcaghoviglpétenthpropeaie. t he unfill ed vol ume containing a
substantially atnospheric |evel of oxygen gas. Prior to the applying, the
substance i,n liquid or frozen form may contai.n substantj.al |l y atnospheric
el of di'Ssol ved WargRieTEE0 i< SnPtr eaan fiRe 2ne RS AP alpIn I e
period, the fisplstantiplhe npartiinde dind/ slectetdempaam farme figértind pargd bed et ween
about 15 m nuts@sstaReARAMtaITH s@on®QelftdiicBPeratufe £OAREIFRARMIBIHOG, whire

pr edet er m ned i d r.t.he second. tine

i rio the first..tinme.period and/

eriod my b b iReSHaabEmrasu hfiated s i8R e iEmaRaRt b g
time period negedd tinkrepqsiod detveeosinéutingithe alieying dlhe firgt time perigdnmey pecur
fenbodl ment 200fbeks® adf/of YRR the é@ﬁl%rifﬁ@. apdor;lfs?_ts@lgotedlt henpsrahst %%sygqel ibokvé %wt ﬂ
orm nmay conprise an ox -sepsitive solytio n_so odi nent s, e
subst ance 1 n' 1t BoPO P fiob b enfodE D0US Lol L dr rPa ol arier e
constituents. taheerauismaxbedcivgen dpyt IV degroes anahabbet 26tdapices. (at | east during
t he described preparation process) at 5 tenperatures between about 1C and
about 26C and pressures, bet ween apout .10 ar and, 1000 ar . Some
anbodi mont o 1ot ar e to S QT B B R Dad Po e BRIk Ry TRRL shd Rt or n
and to vi al25prtepshambeo rend ytbe etappaonmpay b rfglls ueserted pate dhe vialShyeveetideidi nent s

relate 10 to ompadt@BURNHLIOL BRIARY. AT hScohWiRE ihcUSelIRafi @i aph @b inal Bat i on
or not) specifjcall (Poqfl ured to performthe described nethods. Sone
SaPad P 5ol

enbodi ments r | produced by the described processes and/ or
produced according to the described use of |yophilisation apparatus. 15Sone

enbodi ment s rel at eTRO u bk ahe GRIPRNIESEAIapRraRRdMaP BPEsR JRE Koadhd Rngi ngl e
openi ng def, ned Ry t he necﬁ' %lstopper Qart]g recelved in and sealing the
openi ng: 30 inserttng, once repeating the applying and venting but nof the allowing.
The selected temperature for the allowing when using the lyophilization
apparatus may be around room temperature. The selected temperature may include a
temperature between about 17°C and about 26°C, optionally between about 18°C and
35 about 25°C and preferably between about 20°C and about 25°C, possibly between
about 22°C and about 24°C.



a liquid contained by the body and the stopper, the liquid conprising an
oxygen-sensitive fornul ati on; and 20a headspace defi ned between the body,

t he |i quiwoant/tib®ist opper ; wherein the stopper hasTatu2bHA®1016N€E
projection received in the opening, wherein the projection defines at |east
one gap or aperture which, when the projection is partially inserted into

t he opening, allows gas transfer between the headspace and a vol une
external of the vial. 25 The liquid may be an aqueous solution free
of volatile constiTheefitssproshes leyadn dsnefthe dyoshiligtion apparaip eentba besvepet ween
about 1C and abeuit10286ar aaRUIESHUAIRS, dpﬁbme@rn)eab@mboh@4@bﬁ50 @B:d aih@%bumbar

A Oxygen 9as eRMSPt DiN\LO% DRAISRISEIEY: B8, L8380l AR ik ERUBL( fuFbou!
one percent he the space e’

about 0.01% anﬂebaabmu@n«bly wep elb%%@%har@sawé@nméan%@me th@ntemvéramrqm fae may be
about 0. 4% ar abp&stus i'l’ftﬁe \rr;lh@prlﬂfat)é tﬁwpbidyﬁrg 1§|ﬁ€@:ﬁﬂg&ﬁ 1@s GapviRedthe Elﬂ)éﬁaﬂéeds}] he

st opper onto the ne e_ st opper ,an i a e.a ed so that,
when the st Oppfgrenq ﬁaTe f}rftyressureq‘?é:gdlru{g ggpgl?{lmg¥ar§rg¥ sgectefa{]{o KIwer, aped top
overlies a ri rifhgrodivd suthengspémnithg Hewd t side. a’tfhuSeﬁl@t ﬁ@h@resaure da\@lulg Jugh | y
occl uded by taﬁcﬁmmncbshﬁﬁyebe/assleazlms@g)ot)halbw t@nofrﬁ&mfg@wsevw angsfiew peetueen t he

unfilled volu e tern odj, ment.s re | at e a via
conpri si ng: SEEE%dVOﬂQ 0?%6Conﬁwﬁ@thnEHm%%gqgugpgh%ﬁdnas Pne%‘%ymfﬁe neck;

a stopper par tepghewed &ir pertirprengnlitaneest i ng t he openi ng; a substance
contai ned by the body and the stopper, the substance conprising an

oxygen- sensi tive f anrlré'l fl:n(’%bodlm(if]és V\Elteato r1]1%3‘ p%qlzgt?ofnl an egrattl)lg'%vﬂerem tt pe%st%(rjlg y, the
substance and the s ? RAUSPITERS Bhé

proj ection re@ithsEé“dlnigwp@fh@llwpmmuggand\hh@m1ﬁpqrﬁ>émp¢ djaabidnppregperci nes at | east
one gap or aperture mhlch when t he prolectlon is partially inserted into

t he openin allo a sfer betme ace and
external ofSthe vi RranrhElE Febife SEflly 9 PRRIRPRGE 8 Kred i ey  ozen
state. The sub®icandesdng etrmb@dlnileqm ﬂleg@mtengrﬁyh%@phfmgaq@émg@ncé@ilq:ﬂmg)maf ree of

vol atil e constyetpu@sried atllost &i %Et&lrﬁé’éc'ﬂlel Bpcalifs bt KldStepéLingB% Berghabl e at
t enper at ures between about 1C and about 26C and pressures between about 10

mbar and 1000 nbar. 20
The use of the lyophilization apparatus may include performing the repeating

20 until an oxygen gas content in the unfilled volume is less than about one percent. The
repeating may be performed until the oxygen gas content in the unfilled volume is
between about 0.01% and about 0.6% and/or the dissolved oxygen content in the
substance in liquid or frozen form is less than or equal to 0.4%.

25 Some embodiments of the use of the lyophilization apparatus may include, prior
to the applying, the unfilled volume containing a substantially atmospheric level of
oxygen gas. Prior to the applying, the substance in liquid or frozen form may contain a
substantially atmospheric level of dissolved oxygen.

30 In some embodiments, the predetermined time period, the first time period
and/or the second time period may be between about 15 minutes and about 45 or 60
minutes. In some embodiments, the predetermined time period, the first time period
and/or the second time period may be between about 25 minutes and about 35 minutes.
The second time period may be the predetermined time period.

35



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a schematic di agram of
a systemfor preparation of vials according to described enbodi nents;

Fi gure 2Av0=20m/Eesti onal view of a vial and stopper pri @CTiA2paVODLEB
insertion of 25 the stopper into the vial into an opening defined by the
neck of the vial; Figure 2B is a segtional view of the vial and
stopper with the stopper partially inserted into the vial opening;

Figure 3 is a flow chart of a nmethod of vial preparation according to sone
enbodi ments; 30Fi glirseng cinbodimgpts of ussfof hyapdilizetipnseparait. difesubsiginge in

content in the&ow by Baagispas exyfoehi-séhsBEE k@6t I8XRRE eBIdiSentsS tHRGubsdacyi al s;
Figure 5 i a;giaph i BEARYLE S RELCENNA0%.OLY I5N985RRRE hc! oddige Vi &
headspace for a geries o?yexper?nents usi ng Jon. vya?s; and

Figure 6 is aifligwdciesn tmaf batable t(at leagt i dpangmsitchdrscigied virearasion puesss) ¢
according tg 3IomsdtereebRAn OS] °Chdd BEULADSIE L IIERERIETeMen about 1Degr i bed
enbodi nent s r%]gﬁ&xﬁgqgrally to nmet hods and systens for vial preparation.
Sonme enbodi ment's re a?e'to preparation of vials containing oxygen sensitive
substances in solution. 5 II'lustrated enbodi ments are descri bed
herein, by way of sxamhevd@ichiRlatd forfhdd@fiddapephization §ipehel aesctibed gein

draw ngs, and Fid (5"(4% r% ara%t'lAé’n SZS ms?’candis?n isnclp(?a‘r taia%}” ggm I§I%E)ec{irrnie n[greg'ﬂw to
Figure 1, Iyoﬁﬂlllza PSh appa AP0 CTBy e es&%ﬁbeﬁiln fareher ﬁ‘ etail
Lyophi | i zatlDorio apjyateat usl/or Goparatys hohatar |ujahe forolyprhalizatiens e ngl ypesificklinct i on
in order to | yophdirdZ® patitni BB SIcS@IBe@int@tbds NSHh@lcmbP@mkht QBIe@ i 4 an a
chanber of the. ARRAY B! M3 e b Rcddf SRERL L ETROMLIENI 210 NOUEYSE ol ¥BRAIL LFat i on
apparatus 100 'I's not ‘use FOre U™y ?yopﬁ1?|za I'Oh prPocess ‘and does not
freeze-dry thdyepbilisetianrgppdreths-n t he vials. Rather, |yophilization apparatus
100 houses a plurality of vials 120 on shelves 122 15 within a chanber 112
defi ned bylg housi 11 %LntQ%-% agahysl%qpi with the vials 120 being
mai nt ai ned ‘at a teﬁ%%ﬁ%?(}e %H%seef?e52|ﬁbléﬁdgin sone i nstances around
room t enper at ur e ot bedy havingageckiand pemlswpsning defmed By hetogken about 17C and

about 26C, and optig e}ymbﬁk%geaﬁﬁagy&mﬁﬁgmgagﬁmggut 25C. In sone

embodi nents, the C{‘ﬁ‘ m&;on%all%ed' X tﬁé’é‘&gg%#l{;%g f%‘ﬁrér”ﬁ Harié St RrORVECH to be
in a lower tenperature range above e I°RE " ant eSS THAR S0 st 5T, 12
or 15 degr ees sasityptiprowddtioy; sadound 3C to 8C, optionally around 5C

The | yophi lJozat i 0N, AfRaE UFindPPetiBN (ORI HE1iRad hndhe dopRE:ger system for
vi al preparation, chh gﬁ n aﬁ%on?feq V|alkp.§farathqn iyst%mtwﬁ?i

Unel udes vial i1 11 AGO9E0AOSRIRET ogY glip B it s AL SR Rt Brent
and vi al cappithyy pedgsiipheiatinestaydedshone wip for spptwp | veich, avhenrtha ppoedtion is
mechani sns t 0 fafaNs RReked Me WealpsniREIMBRR oBY &G WeRPRAtha@BeaR@ate 8id 4 he

overall preparat! on RIOFS Re vial
25

The liquid may be an aqueous solution free of volatile constituents. The liquid
may be stable at temperatures between about 1°C and about 26°C and pressures
between about 10 mbar and 1000 mbar. An oxygen gas content in the headspace may
be less than or equal to about one percent. The oxygen gas content in the headspace

30 may be between about 0.01% and about 0.6%. A dissolved oxygen content in the liquid

may be about 0.4% or less.

The vial may further comprise a cap seal to hold the stopper onto the neck. The
stopper and vial body may be arranged so that, when the stopper is fully inserted into
35 the opening, the disc-shaped top overlies a rim around the opening and the at least one



In sonme enbodi nents, apparatus 100 may not be configured as |yophilization
30 apparatus, but may instead conprise purpose-built equi pnment specifically
conf i gur esot2e1zpasioor m t he functi ons descri bed herein. TROT/ARNIHNO1013

enbodi nents described herein include apparatus that is not specifically
configured for |yophilization and the fungtions and conponents descri bed
herein in relation to |yophilization apparatus 100 shoul d be understood to
be conprised in sone enbodi ments of apparatus 100 that do not perform 35

| yophi | i zat i orgap is1fglly occluded by gisi i zbgrpyrsealysdbaviakiramn gasairanstcs beipeinsits a
pressur e sensamfillddyvdionSaidse: élendvesadr e | evel within the chanber 112 and
a tenperature sensor 116 to sense the tenperature within the chanber 112.
The pressure sensor 114 may conprise a thermal conductivity Pirani gauge,
for exanpl e. O herSeneg embadimptsargbierte 2 giheRPIEES: be used to 5 determ ne
pressure | egel s ina bl Habiaplatcklahd abitlcwptdifs @t @by aseck: ef erence val ues

of such sensors nagmge%g Hﬁ g%ag&ﬂjghgthg4&05rgﬁpond wi th the nuneri cal
pressure val ues deSeribet’ %reln. Eyopﬁl iZat I’on ﬁb aratus 100 further
conpri ses an aut onatubdtagesraopeined Py thernody anddde soppasctbs yubs@ageecosipgHag an
correspondi ng dk@gdnhenirteFoitmddtiopr #asure and tenperature sensors 114, 116.
Such daF a signal s &gl Sgdde@{le& & %ée%l the osdt S 1u?f>(s?ta;[10% 230 The st tgrat t he
appropriate pressure aﬂﬁ’?enperd?ure se -Hb[nfs are athevga‘durlng'the

vi al preparldti on pwbereigghe stapehkas of leasf one piofegBomigge v thesapening orfsiRie r
executing sui tebpgj&abl \Wefifesa dedid bhGas Wi tapbinge ivHi@r, fvaed GOPRGARIBASS t O
receive user iph, LSS %6 ARCLBROPETRWL NS! LaTRRLALIQR L HNAl S A0t exert
control over the variousS descri ed‘%ppara S conponent’s. Rt o sys%en1130
may conprise onbmgrextepraboflieiiel onal control components in conmuni cation

Wi th and/or responsive to the conmputer to nore directly 20 interact with
various system co nent s associ at ed,.wi.t h appar at us 0 .

Lyophi I'i zatﬁ ion apparea?uggtallcﬁdn Purs et h%uo?&rf)tra %s(grsa %ozse{lgﬁa% ér,he AR A tﬁ;lert
gas sour ce 13Jdiquslisgdic Bgy ke e egeenuyspdution fiegq of uphapla ppnstisnisnbheasubgiptseriat ur e
regul ated fl Uit B4RPkdIte 13B- beSi 3t 1@hpdriiBrel BEGberO@duf 1°VMAIdNBHEt BAS a5OUT CE
132 to the chagbeg %%% i%a egﬁ8%peqnl%8§g§n.the control of control system
130 operatingI%??%?ﬁ %W%%n o] sé?? r8 UeH as is comonly avail able from
suppliers of lyophilization apparatus. A pressure regulator (not shown)
controlledJgy control system 130 nmay be coupled internmedi ate the inert gas

source 132 and the chanber r nd flow rate at
which the inert gas is venF%%EEh@g8gﬂ§ﬁ§ﬁé#€$ﬁgf%§§wé§?§exa l e, the
pressure regul at gr Figary lea sdhempijc Gagramef e systqnpfor ﬁwnr@ﬁ@mﬁ‘wiaggaowﬁmgyo t he
inert gas int Qe&hdsbatbolidierdl; pressures of around 1 to 1.5 bar. Sinmlarly,
vacuum pu 134 i s_operated under. contr.ol .of control system 130 to eyacuate
tac T rom Chanber 1580% A BayeRteaLTRY et duid pESRpbdinRy B Fri dnsiBa el 130 t o
decr ease t @5a thy geppar intd thy ekl igetaniypenisedefivohby @eanedkiodtheivigdut to contr ol
system 130. 14  Figure PEREr RG] ViU W Alctdalfanld !s%pﬁémﬂ_ﬂb’thé%p%& par@nat ed
under the contro stem 130 to provide fluid, such as oil, at a

I ol ggntrfl SYs.
set tenper at ur &S PRSSHRI PERME02 t hat support the vials 120. Fluid of the
set tenperature isFigugpl ised floy gl afes negRdfof onalt sepeatian irceordieg (e aeel 1 ui d
supply 136 Vi @noliiéh@l ity of supply conduits 138 coupled to 5 respective
shel ves 12§0 Thus,FIhe @helves %ﬁz grovide a nmeans for con%qulhﬂ% %Fe
t enper at ur 60of t hel A1 § S 3 PANY PO USHEERPER CPRED SBinsRT i UP V08 he
chanber envi r duadspace fodatsaiies dflepecientyesing 3@l viddi ti onal tenperature control

nmeans, such as addfighRMalis Readpghng HeRliled pefleRABNbRygcMBMs REntBItOMi HEdial 0 Nor e
directly control

t he .t enperature of the epyironnment. within the chanber 112.
10 T PR g T SR Bse s E gl SRSHE Used as the
| yophi |'i zati on appBigate$ss 2 G0wehart hisanddisuriitzedethorbafdiighprepsrationt acgaylingrie| ude a
condenser %8 gRUPMBSHiIkEnt he housi ng 110. For present purposes, use of such
a condenser 118 in the described process is undesirable and the condenser
118 is preferably disabl ed. The condenser is



15 designed to draw vapour out of the chanber as a result of the
tenperature differential (- 75C), but because the fornulation is in the

sol uti on worzm2/16301s not desirable to have the vapour dearatnuarmottie
chanber because evaporation of the formulation would increase. It has been
found that evaporation of the solution cap be in the vicinity of 0.3-0.4%
using the described nethods and systens. Increasing this evaporation rate
20 may result in an undesirable effect on the fornul ation.

Lyophi | i zation apparatus 100 fur PREAIFINPESSBRETHEANS for noving shel ves 122
vertically to sepapDaicab@l cmooRM6its tiHRM gdRralgser hﬁﬂﬁdﬁﬁb@dﬂyﬁ&ﬁi Sor RRYenent
Of the Shel Vesrlzrzatl(o:an 0%’1 e];:r];l qtlmentsb)felone of né?a&l%n C%ldel%u ICtagl?nvenente
mechani sns 12472548 i ng i rec PP c?ﬁ he sheal ves €122 hs
described in ﬁ@ﬁﬁh@ﬁm@@m%ﬁﬂnﬁéWGW verti cal conpactlon of shelves 122 is
used to forge stoppers that are partially inserted into the vials 120 to
becone fully inser i.n he vi.al s er now £ Q Fi ur.e 2A and
2B, the arranqenen@ﬁq?m?%em£(ﬁmmg?éﬂe %%Pﬁﬁpgﬂevia S ?@8 s ?ra%ed and
described in fliptates, Vti@traﬁerenceﬁaélw drveings) 20d Figuigs 1.géndBal wd (cmrw@mlllabnal
form having a generally cyllndrlcal body, including a base, side walls 220
and a neck havi ng penin a_sli htI |cke ed elatlve
to walls 220) annuﬁnferr Imw’ohé%ﬁe? W@gﬁﬂzégbmeﬁgh é%llgﬁl f%orﬁ% % i on
230 is contl§i rd@wlevmmhqah@l mpa@tuﬁdpq) gap pormadly m@ré@@paa&@ezg—éwm&fua@fqnn@d
between the swideaae 1@afphilize sblua@usdcoa&n%aqn alls bb@n&l@@ﬂhﬂﬁh a?eiamfrém &F the
headspace \M l l I'ntderFOaft IngS)GSIRem{)IOCﬁ r%nqllogvle\(f)ensl (8] elne{lona aratl 14) 18 1’10 se(?n

at nospheri c | URTGF T5X WA &h |rag? ed He
headspace 232 faheah Heop ilq@noei PZ@@Sﬁ @ded@equé@nzes@mhq inJﬁélOﬁG‘rl'?hm Téit: iveds: The

l'iquid may cOMmakcsElydphil@AHEO a&mlsutomuﬁéseaepmawpbﬂwa sel2©0c51§§HeNé§rlQ§ and 5

stabl e (at least]a gﬁélllapr% u{]ﬁ ﬁgé:drt; b Oé” F[)?déaftte?a Qra%g g@ 1%h%1gpq5 tures

bet ween about‘ﬁ res and 1000
mbar. By way d&Fingxeamjhiacdpicr (wnpprotme ¢b0rvﬁ= fragdingnandtingome gngfadced gravndl aednon may
be suitable fagmpsfuDrd Magerm@l@wou@ AuclE REsdch aBsut AN FRKLEATBYE, 98 AN

oxygen-sensitiyv tre .. an_ox sensj tiye
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pai r of downward projections 212 that define a straight dianetrical slot or

gap 215 therebet \A/eﬁﬁbl yEPHiBzatich AFPRkisCIRD lﬂ@&o%qa'és@ @MIaaéePMteﬁl - anet er
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proj ecti ons 2 5P} § PEYPtSp. The arrangenment of the apertures
215 is less inmportant than that at | east one aperture 215 all ows adequate

gas transfer betwepnohitenRAFBSRAC Eppatdusaltd BEYy BXURIDAtigMl MW opliiliftiof hanber
112) 30 apparatus, but may instead comprise purpose-built equipment specifically configured to
perform the functions described herein. Thus, some embodiments described herein
include apparatus that is not specifically configured for lyophilization and the functions
and components described herein in relation to lyophilization apparatus 100 should be
understood to be comprised in some embodiments of apparatus 100 that do not perform

35 lyophilization.



25 when the stopper 210 is partially inserted and under the described
tenperature and pressure conditions. Sone enbodi nents of the stopper 210
may enpl oyoaosimeioe wi dened aperture 215 rather than tweComasadoapert ures
215 arranged to define two ends of a gap or slot. 30The vials 120 used to
contain the liquid 230 may be glass or gliass-like vials or other suitably
sterile transparent vials that are commercially available from vari ous
suppliers, including Nuova Owi or Dai kyo Sei ko, Ltd, for exanple. Further,
the stoppers 210 nhyerbaizatifin appiratug é@ﬁr@lﬁwwnryemaﬁewrﬂ wnpr 444 emspsecthe
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into the openlngfﬁﬂ%ﬂsqﬁynce % 0|nse GPoRPo nmneca (S perforned
so that the dﬂﬁﬁ%@@ibﬁ@ngap 215 betmeen the t wo prolectlons 212 is only
partially occluded 5 by the rimand thus allows gas fl ow between the
headspace 232 and s.extern al .120. part
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nmet hod 300 begins at step 305, in which vials 120 are filled with sol ution
230 using known fi kydphiizetenmi app@ﬁws Hiidfurthesisoparisch abtesilestiléppbined saisowge
stoppers 210 (i3s3, s%aomlﬂr@gel%lgwaea&% ﬁi’lfnpqt3hl@ﬁd §téh{péilahﬁ>’e &F&l&ﬂéﬂ ﬁ§1dlé§ Iﬂg known
st opper |nsert| n 25.e 0 are
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source 132 to Ment the inert gas into the chanber 112, thereby increasing
the pressung in the chanber 112 to a second | evel (set-point) bet ween about
800 nbar and 1000 nbar. Preferably, the second pressure level is slightly

| ess than at nospheric 10 pressure (i.e. around 900 nbar to around 950
nbar), so that the chanber 112 remains at a slightly negative pressure
relative to the external atnosphere.



Once the nitrogen (or other inert gas, such as argon, helium or carbon
di oxi de, for exanple) has been vented into the chanber 112 at step 325, the
vials 120were12lidenl| owed to equilibrate for a pre-confi goradzpariood3of time
at step 330. This period of tine may be in the order of 15 to 45 or 60
mnutes or 20 to 40 m nutes, preferably hgtween about 25 and 35 m nutes and
optionally around 30 m nutes. This equilibration allows dissolved oxygen in
the solution 230 to equilibrate with the | ower oxygen level in the
headspace 232, theFengeraiees resddtedfluiteunphs 561 iy epereey yeder the coreolpdrentiobn 230
and 20 i gcr eaayaantﬂae tOPWIRID THAE sﬁaﬂﬁsedilfj at B sEthlgrélzb@@ﬁ&pt@Ctﬁe 2idPves D2 $hat i
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220) annular rim or head portion 222. When a liquid formulation 230 is contained

within the side walls 220, a headspace 232 is defined between the surface of the liquid

35 230 and the opening 225. This headspace will, under atmospheric conditions, generally



At step 610, the filled vials 210 are transferred into chanber 112 of

| yophi | i zati on apparatus 100. Steps 610 to 665 need not be perforned at the
sanme 30 |woaviamedws step 605. The shelf tenperature of ehElaesi1i@Misay t hen
be set to a desired first tenperature set-point at step 615 by control
system 130 transmtting suitable control ;signals to tenperature regul ated
fluid supply 136. The first set-point nay be a tenperature |ower than room
tenperature, for exanple above or beIOM/freezing‘but‘less t han about 15C or
| ess t han aboutcludgGupptmppgherie deveb Rhppygsn gag.owhich is deuraply gremoyrsly frya the
performed pri akadspacs8PwhdiDtheliqwit 1B fsaneush¥edshipe enwhiultibn al ternati ve
enbodi nents. Step 615 nmay al so i nvol ve mani pul ati ng ot her tenperature
control neans, such as a heater and/or cooler, to achieve the desired set
tenperature of theTknlgudssompfischimaquperiselution free §f volatile cogstiygpts apd st ep
615 or as ass %ﬁh@reé(_bteleﬁlf wingtthbedeg&radea p?ei;@rgﬁérﬁpr_@&dg@%@niﬁ@raﬁ@%tbeﬁb&eeﬁ B@otl)lii r st1 c
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Preferably, the second pressure level is slightly | ess than atnospheric
pressure (i,.e. aro nd.908 ar, .to ar.ound. 95 ar o that t chanber 112
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those made or distributed by Daikyo Seiko, Ltd or West Pharmaceutical Services, Inc.

35 As noted above, the stoppers 210 may define a single aperture 215 in some

embodiments or more than one aperture 215 in other embodiments.



100nce the nitrogen (or other inert gas, such as argon, heliumor carbon

di oxi de, for exanple) has been vented into the chanber 112 at step 625, the
vial s 120wene12alibamned to equilibrate for a pre-configuredTpanriodoofi3ti me at
step 640. This period of tinme may be in the order of 15 to 45 or 60 m nutes
or 20 to 40 m nutes, preferably between apout 25 and 35 m nutes and
optionally around 30 m nutes. The equilibration 15 period nay start once
the shelf tenperature reaches the second set-point or it may start once the
pressure reaches iFiguig@wl Jlustgios dip vadd tl 29 sistiprior fparidal aspitien ofithe sogear ibr at i on
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Depending on the vial size and the starting oxygen gas content in the
headspace 232, fewer or greater nunbers of cycles of steps 320 to 330 or
steps 615 to 640 may be desirable. It is believed that in sone
circunstances, 2, 3, 4, 5, 6, 7, 9, 10 or 11 cycles would yield beneficial
results in terns of reducing the possible deleterious effect of 35 oxygen
gas contained in the headspace 232 to the oxygen sensitive solution 230.



22 Wi | e enbodi nents are described in the context of using

| yophi | i zati on apparatus 100 to performthe descri bed nethods, other

sui t abl e wpparzatne®inot configured specifically for |yopkCriaAaabilignicaan be
used, providing that such apparatus has: a seal abl e chanber, a vacuum punp
that can be controlled to achi eve pressunes 5 between about 0.0001 nmbar (if
freezing tenperatures are used) or about 10 mbar (for above-freezing

t enperatures) and at nospheric pressure (about 1000 nbar) in the chanber,
inert gas venthresre deyabisel-pgint) dabicenmhet290 meatad abavted Wombsroprofstbeen 17
and 26C (pref Qfeﬁadzbley aQ&Q(D(DmBﬁGhdaB@Inibals TRChA thCatec BB o(ife lstas ahywdr aul i ¢
shel ves) for f ngéygeré gh:$1 ﬁQaII 1nseg%%qﬁst09£q£%hgg%%35h§ vial s

for sealing. e vial's'hs to the
vials 120 bei ﬁ@e wéﬁlpé%(baxfmteétthfe@gmm pastiglnasplydesk digngpaesh gapadls. It should

be noted that the indicated vial sizes do not necessarily contain the

anmount of liquid 2 a res he .v Si zZ but. may cont ai n

nmore or |ess 15 t hlgext q Eeg § c&ntp oq n?/sﬁeqlcb(s contro%sadle §up{)ﬁ/ of 1nert| gaigram I'E.el‘?

exanpl e, the Zapsoued 1130 tqrivenyjthe dnchtngas civtet @P r?h@lb@l!itllﬁ therehn dn@eaging the

:rﬁs plgzclt ivel é Qreshurl i e 2Bnberiid ® d ft€ordOecvdl (s‘ét Bdint$ b@t&/eﬁﬁaboﬁﬁigﬂo&hﬂéhr&b&mt 15f
o] i qui zes are thus ng_indi.cative o

appr oxi mat e Cégg% i -I%'c}r ( }[ﬁ(r)e%eraﬁ?l %16 schnd V@)r%snureelﬁveli llS dchg%tl %%sfsle[hargatrn)osphefl?_l

t han necesdAr inrgpsyrp tice arpid 00abag tex ajeund A ndn e thes therphapber| 1L idngp 30

wi thin such 2Q syib@lysned@Be pRXAMPRS Ve to the SAEBal@XR&pPhdFBNt S have been
conducted in order to verify that desirable oxygen gas levels in the

headspace within a practical nunber of cycles of steps 320 to 330, and 25
the results of theQeccethpaitiogentos oferingti@in sheh 4siegqr aghm @fcaﬁioguﬂi@ldp (for

SmL vial s) andofb@mpea)ﬁlaﬁ foeén 2&%4 i\{ltcﬂﬂfé)ohaﬁlb@ data @fp ¥, el Lislsrespgetivel y
t abul at ed | zer

Labul ated 1 kP b oRRP T e A e el AR S A T P B8l 01
about 10 vi al dimeerpay bmlhthe cmlmi of dAreo A rof Ermingieg er 20 %%@faméeswrﬁéqrab%nt s

wer e conduct edhefiteert a%@h?aﬂc@!@ﬁﬂnﬁt& 8l dptioRalytabdind 90 nliMBesS Mkl eqhﬂhlBra%@n scal e
(i.e. 100-150 'alﬁ%yﬂv oratoQX scal e

with 10 mL vidigw en m%he \Aﬁélﬂn 9# %"*&Bll‘l%ra%e Qh%‘*%%‘%‘fr PXEEPF i,
These 10 niL viiafhs h@&@p@ce%2 rtmrél@ud@ed@ylg thealireeleed oreekn i thesolmionf23p and

t enper at ur os eﬁcr&@m@ttﬁe 6@@@11 ig8d chrad ifl el Mdd’pﬁ&ugﬁd TRISEIRSYEs8d @sa% efitga85 900

m d t t t
"t s been- £ SunanhdRe RAFRER Fa I8 i R HCAAY ladudtEn B SatiRe ng
22C and 24C 232htgisbyéesrenientatiyl redicingctht joxpges Queteat il 4 yol-buger, PEmplene ages

of oxygen contfgtonial tHeQadi@@SHSPAGEntA3 Arcdpkatddi S 1S thought to be due to the
decrease in oxygen solubility in solution at higher tenperatures. It has

al so been found that greater nunbers of cycles generally results in |ower
oxygen gas 28ont ent Al sicp B, laewitid pystem 2 pdetgnifigh méhether a further cycle of pressure

reduction, inert gas venting and equilibration (i.e. steps 320 to 330) is required
according to pre-configured process parameters. If a further cycle is required, the steps
320 to 335 are repeated. Otherwise, control system 130 proceeds to step 340, at which
the pressure in the chamber 112 is again reduced to about 200 to 500 mbar (optionally

30 300 to 350 mbar) as in step 320. Control system 130 then vents the chamber with an
inert gas at step 345, as in step 325.

Steps 340 and 345 are therefore a once-only repetition of steps 320 and 325 as a

final stage (without allowing equilibration) of oxygen extraction before the vials 120

35 have their stoppers fully inserted by compaction of the shelves 122 at step 350. As part
of step 350, control system 130 causes hydraulic movement mechanisms 124 to



Headspace Oxygen Results (%%2) 5 nL vial - Laboratory scale 5 nL vial -

Scal e-up (10x) 5 nmL vial - Production scale 8 cycles - 18C 12 cycles - 18C

8 cycl es wo2002/B630ycl es - 22C 8 to 10 cycles - (5C - 22€CT(AdR0pé01HBY. 6

cycle) 0.278 0.378 0.769 0.640 8 cycles Av. = 0.76%0.737 0.440 0.854 0. 288
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vertically compact the shelves 122, thereby pushing the partially stoppered vials 120
(i.e. as in Figure 2B) fully into the vial openings 225, thereby sealing the headspace
232 against further gas transfer.

5 Once the shelves 122 have compacted to seal the vials 120, the control system
130 causes hydraulic movement mechanism 124 to expand the shelves 122 and allow
the vials to be unloaded from the chamber 112 for transfer to a capping machine (not
shown) at step 355. The application of the caps ensures that the seal between the
stopper 210 and the neck of the vial 120 is maintained.

10
Generally, method 300 will involve repetition of at least 8 cycles of steps 320 to
330, for example for small vials up to about SmL or 10 mL, and at least 12 times for
larger vials, for example up to around 20mL. For even larger vial sizes, the number of
cycles can be increased further. Such numbers of cycle repetitions are determined to be
15 suitable for reducing the oxygen gas content in the headspace 232 from atmospheric
oxygen gas levels to around 0.5 to 0.6%, which is a desirable level, although levels of
1% or less oxygen gas content are considered to be suitable. Such numbers of cycles
are also effective to reduce the dissolved oxygen content in the solution from
atmospheric levels around 7 to 8ppm to about 0.3 or 0.4%, which is considered to be an
20 acceptable level for oxygen-sensitive solutions.

Referring now to Figure 6, an alternative method 600 of preparing the vials 120

is described in further detail. The method 600 begins at step 605, in which vials 120

are filled with solution 230 using known filling equipment and then partially stoppered

25 using stoppers 210 (as shown in Figure 2B) or other suitable closures using known
stopper insertion equipment.

At step 610, the filled vials 210 are transferred into chamber 112 of
lyophilization apparatus 100. Steps 610 to 665 need not be performed at the same
30 location as step 605. The shelf temperature of shelves 122 may then be set to a desired
first temperature set-point at step 615 by control system 130 transmitting suitable
control signals to temperature regulated fluid supply 136. The first set-point may be a
temperature lower than room temperature, for example above or below freezing but less
than about 15°C or less than about 10°C or 12°C, for example.
35



0.444 0.453 0.647 0.353 0.217 0.651 0.936 0.572 0.507 0.356 0.367 0.185
0.061 0.671 0.778 0.745 10 cycles
WO 2012/016301 PCT/AU2011/001013

19

Step 615 may be performed prior to step 610 or simultaneously therewith in
alternative embodiments. Step 615 may also involve manipulating other temperature
control means, such as a heater and/or cooler, to achieve the desired set temperature of

the environment within chamber 112.

As part of step 615 or as a separate step, the vials 210 are allowed to rest at the
first temperature set-point for a predetermined period, such as between about 15
minutes and about 45 or 60 minutes, optionally about 25 minutes to about 35 minutes,
optionally about 30 minutes.
10
At step 620, vacuum pump 134 is operated under the control of the control
system 130 to evacuate the chamber 112, reducing the pressure in the chamber to a first
level (set-point) between about 10 mbar and about 500 mbar, optionally between about
40 or 50 mbar and 300 mbar, optionally 50 mbar to 100 mbar. This has the effect of
15 removing most or all of the oxygen gas from the chamber 112, including oxygen gas in
the headspace 232 of the vials 120, extracted through the partially occluded diametrical
gap 215. Step 620 need only be performed for a short time (for example at least one
order of magnitude less) compared to the rest time required in step 640 below.

20 Where the temperature in the chamber 112 or the vials 120 prior to step 620 is
freezing or less (ie. where the substance is frozen), the first pressure set-point during
the evacuation step 620 can be selected to be lower than where the substance is in a
liquid state. Thus the first pressure level in such circumstances may be as low as 0.0001
mbar to 10 mbar. Such low pressures may assist in more efficiently removing oxygen

25 from the headspace 232. However, such low pressure levels would not be conducive to
retaining a liquid in the vials and so would be eschewed for non-frozen substances in
the vials 120. If the first temperature set-point is freezing or less, then the solution 230
would repeatedly transition between a liquid state and a frozen state during the process
according to such embodiments. Depending on the sensitivity of the solution 230 to

30 such repeated changes, this may or may not be desirable. Additionally, the additional
time taken to transition between liquid and frozen states may be significant, particularly
when multiplied by the number of cycles to be performed in process 600.

Next, at step 625, control system 130 controls the supply of inert gas from inert
35 gas source 132 to vent the inert gas into the chamber 112, thereby increasing the
pressure in the chamber 112 to a second level (set-point) between about 800 mbar and
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1000 mbar. Preferably, the second pressure level is slightly less than atmospheric
pressure (i.e. around 900 mbar to around 950 mbar), so that the chamber 112 remains at
a slightly negative pressure relative to the external atmosphere.

5 Simultaneously with, or subsequent to, the pressure increase at step 625, the
shelf temperature and/or chamber temperature may be set at step 630 to a second
temperature set-point that is around room temperature, such as 17°C to 26°C,
optionally 22°C to 24°C.

10 Once the nitrogen (or other inert gas, such as argon, helium or carbon dioxide,
for example) has been vented into the chamber 112 at step 625, the vials 120 are
allowed to equilibrate for a pre-configured period of time at step 640. This period of
time may be in the order of 15 to 45 or 60 minutes or 20 to 40 minutes, preferably
between about 25 and 35 minutes and optionally around 30 minutes. The equilibration

15 period may start once the shelf temperature reaches the second set-point or it may start
once the pressure reaches its newly raised set-point, for example. The equilibration
period of step 640 may instead start once the second temperature set-point is set at step
630 but before the shelves 122 and/or chamber 112 reach that second temperature set-
point. This equilibration allows dissolved oxygen in the solution 230 to equilibrate with

20 the lower oxygen level in the headspace 232, thereby decreasing the dissolved oxygen
in the solution 230 and increasing the oxygen gas content in the headspace 232. This
increased oxygen gas content in the headspace 232 can then be extracted in the next
evacuation of chamber 112, thereby incrementally reducing the oxygen content in a
non-linear, asymptotic fashion as the evacuation and venting are repeated.

25

At step 645, control system 130 determines whether a further cycle of
temperature and pressure reduction, inert gas venting, temperature increasing and
equilibration (i.e. steps 615 to 640) is required according to pre-configured (in control
system 130) process parameters. If a further cycle is required, the steps 615 to 640 are

30 repeated. Otherwise, control system 130 proceeds to step 650, at which the pressure in
the chamber 112 is again reduced to about 10 to 500 mbar (optionally 40 or 50 to 300
mbar) as in step 620. Control system 130 then vents the chamber with an inert gas at
step 655, as in step 625.

35 Steps 650 and 655 are therefore a once-only repetition of steps 620 and 625 as a
final stage (without allowing equilibration) of oxygen extraction before the vials 120
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have their stoppers fully inserted by compaction of the shelves 122 at step 660. As part

of step 660, control system 130 causes hydraulic movement mechanisms 124 to

vertically compact the shelves 122, thereby pushing the partially stoppered vials 120

(i.e. as in Figure 2B) fully into the vial openings 225, thereby sealing the headspace
5 232 against further gas transfer.

Once the shelves 122 have compacted to seal the vials 120, the control system

130 causes hydraulic movement mechanism 124 to expand the shelves 122 and allow

the vials to be unloaded from the chamber 112 for transfer to a capping machine (not

10 shown) at step 665. The application of the caps ensures that the seal between the
stopper 210 and the neck of the vial 120 is maintained.

Generally, method 600 may involve repetition of at least 8 cycles of steps 615 to

640, for example for small vials up to about SmL and 10 mL, and at least 12 times for

15 larger vials, for example up to around 20mL. For even larger vial sizes, the number of

cycles can be increased further. Such numbers of cycle repetitions are determined to be

suitable for reducing the oxygen gas content in the headspace 232 from atmospheric

oxygen gas levels to less than 0.6%, for example around 0.01 to 0.3%, which is a

desirable level, although levels of 1% or less oxygen gas content are considered to be

20 acceptable. Such numbers of cycles are also effective to reduce the dissolved oxygen

content in the solution from atmospheric levels around 7 to 13ppm to about 0.01 to
0.6%, which is considered to be an acceptable level for oxygen-sensitive solutions.

The low level of oxygen gas in the headspace 232 achievable using the
25 described techniques is believed to be substantially below the levels obtainable using
other techniques where there is a liquid formulation in the vial. Additionally, the
described methods allow the liquid volume of the formulation to remain substantially
the same throughout the vial preparation process, apart from some slight evaporation,
for example in the order of 0.3-0.4% by weight or less.
30
Depending on the vial size and the starting oxygen gas content in the headspace
232, fewer or greater numbers of cycles of steps 320 to 330 or steps 615 to 640 may be
desirable. It is believed that in some circumstances, 2, 3, 4, 5,6, 7, 9, 10 or 11 cycles
would yield beneficial results in terms of reducing the possible deleterious effect of

35 oxygen gas contained in the headspace 232 to the oxygen sensitive solution 230.
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While embodiments are described in the context of using lyophilization
apparatus 100 to perform the described methods, other suitable apparatus not
configured specifically for lyophilization can be used, providing that such apparatus
has: a sealable chamber, a vacuum pump that can be controlled to achieve pressures

5 between about 0.0001 mbar (if freezing temperatures are used) or about 10 mbar (for
above-freezing temperatures) and atmospheric pressure (about 1000 mbar) in the
chamber, inert gas venting capability, environmental temperature control between 17
and 26°C (preferably 20°C to 25°C) and has mechanical means (such as hydraulic
shelves) for fully inserting the partially inserted stoppers into the vials for sealing. This

10 sealing of the vials is to be performed prior to the vials 120 being exposed to

atmospheric levels of oxygen gas.

It should be noted that the indicated vial sizes do not necessarily contain the
amount of liquid 230 that corresponds to the vial size, but may contain more or less
15 than the stated nominal capacity of the vial 120. For example, the 5 mL and 10 mL
vials may contain about 4 mL and 9 mL respectively of liquid 230, while the 20 mL
vial size may contain about 15 mL of liquid 230. The vial sizes are thus referenced as
being indicative of approximate capacity (to a level below the shoulder of the vial)
rather than necessarily indicating the actual contained volume of liquid 230 within such

20 wvials 120.

EXAMPLES

Some experiments have been conducted in order to verify that desirable oxygen

gas levels in the headspace within a practical number of cycles of steps 320 to 330, and

25 the results of these experiments are shown in the graphs of Figure 4 (for SmL vials) and
Figure 5 (for 20mL vials), the data of which is respectively tabulated in Table 1 and
Table 2 below. Using the same lyophilizer apparatus, some of the experiments were
conducted on small lab scale (i.e. about 10 vials) equipment, and some further larger

lab scale experiments were conducted at a scale roughly ten times that of the small lab

30 scale (i.e. 100-150 vials). Experiments were also conducted on a laboratory scale with
10 mL vials, the results of which are tabulated in Table 3 below. These 10 mL vials had

a 20 mm (outside) diameter neck size.

Different temperature set points (applied both during reduced pressure and at
35 900 mbar) were used in the experiments conducted according to method 300, and it has
been found that, within a range of 18 to 24°C, temperatures around 22°C and 24°C
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have been found to facilitate generally lower percentages of oxygen content in the
headspace 232 and this is thought to be due to the decrease in oxygen solubility in
solution at higher temperatures. It has also been found that greater numbers of cycles
generally results in lower oxygen gas content in the headspace 232.

5
Table 1
Headspace Oxygen Results (%Q0,)
5 mL vial — Laboratory 5 mL vial - Scale-up 5 mL vial — Production
scale (10x) scale
8 cycles — 12cycles - | 8cycles— | 8 cycles — 810 10 czyzciés -(°C-
18°C 18°C 20°C 22°C . )
(as per Fig. 6 cycle)
0.278 0.378 0.769 0.640
0.737 0.440 0.854 0.288 8 cycles
0.444 0.453 0.647 0.353 Av. = 0.76%
0.217 0.651 0.936 0.572 o
0.507 0.356 0.367 0.185
0.061 0.671 0.778 0.745
0.558 0.717 1.466 0.596 10 cycles
0.317 0.563 1.281 0.544 Av. = 0.74%
0.399 0.434 0.758 0.190 o
0.864 0.514 0.894 0.985
10 Table 2
Headspace Oxygen Results (%0,)
20 mL vial — Laboratory | 20 mL vial - Scale-up 20 mL vial — Production
scale (10x) scale
8 to 12 cycles — (5°C -

8 cycles - |12 cycles -1 ) oles - 24°C 2y4°C) (
18°C 18°C i

(as per Fig. 6 cycle)
1.223 1.135 0.607
1.447 0.970 0.661 8 cycles
1.303 1.002 0.638 Av. = 0.45%
1.228 1.123 0.690 o
1.456 1.238 0.619
1.413 1.054 0.720
0.974 1.188 0.552 12 cycles
1.397 1.045 0.718 Av. = 021%
1.429 1.114 0.600 o
1.528 1.043 0.554
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wor ked nore efficiently with a 20 mm (0OD) 15 vial neck size, as opposed to
a 13 mm (OD) vial neck size, inrelation to the evaporation rate. Use of an
i gl oo shaped shablsper (i.e. having a single aperture wider than the two
opposed apertures of other stoppers) was also found to reduce evaporation
rate.

Headspace Oxygen Results (%0;)

10 mL vial — Laboratory scale
6 cycles — (5°C-22°C)
0.25%

0.12%

0.06%

0.20%

0.09%

0.33%

0.20%

0.18%

0.13%

0.19%
Av.=0.18%

The cycle conditions (according to the process of Figure 6) used for the 10 mL vial
5 were:
1. Shelf Temp: 5°C
2. Equilibration: 30 mins
3. Pressure: 100 mbar
4. Vent Pressure (Nitrogen): 900 mbar
10 5. Shelf Temp: 22°C
6. Equilibration: 30 mins
7. Repeat Steps: 1 to 6 (6 times)

It was observed that the process worked more efficiently with a 20 mm (OD)

15 wvial neck size, as opposed to a 13 mm (OD) vial neck size, in relation to the
evaporation rate. Use of an igloo shaped stopper (i.e. having a single aperture wider
than the two opposed apertures of other stoppers) was also found to reduce evaporation

rate.

20 While theoretically a near-zero oxygen gas content in the headspace 232 could
be achieved by performance of a large number of cycles (i.e. more than, say, 30) of
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conducted for the method 600 described in relation to Figure 6. The modified
methodology was employed in order to increase the likelihood of achieving a
sufficiently low headspace oxygen level at commercial production scales.

10 A comparison of the headspace oxygen levels measured following the trials of
methods 300 and 600 (Figures 3 and 6, respectively) is provided in Table 4 below. The
results for “Fig. 3 Cycle” in Table 4 are drawn from the data in the columns labelled
“10x scale-up” of Tables 1 and 2 above.

15 Table 4
Experiment | Vial Size No. of | Shelf Temp | Average Average
Cycles Headspace | Weight
Oxygen Lost
Fig. 3 Cycle | S mL 8 22°C 0.54% 0.41%
Fig. 6 Cycle | S mL 8to 12 5°C-22°C | 0.20% 0.43%
Fig. 3 Cycle | 20 mL 12 24°C 0.64% 0.38%
Fig. 6 Cycle | 20 mL 8to 12 5°C-24°C | 0.30% 0.37%
Fig. 6 Cycle | 10 mL 6 5°C-22°C | 0.18% 0.38%

The headspace oxygen levels of 0.20% and 0.30% are averages, with the
20 underlying data ranging above and below such levels. The lowest headspace oxygen
level achieved in the trials of method 600 were close to 0.01%.

All of the experiments were conducted using a lyophiliser apparatus made by
Leybold-Heracus GmbH having the following characteristics:
25
= Tnner chamber dimensions: 950 x 800 x 4 mm (diameter x length x thickness)
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=  Product shelves: 7 shelves, 1 radiation plate 600 x 450 mm
= Heat transfer medium: Silicone Oil Baysilon M3
»  Vacuum pump nominal flow rate: 38 m*/hour (at atmospheric pressure)

= Air inlet connected to nitrogen gas supply

Measurement of the oxygen gas content was performed using a laser-based non-
destructive testing technique. The level of dissolved oxygen in the solution was
calculated from the measured oxygen gas content.

10 Throughout this specification the word "comprise", or variations such as
"comprises” or "comprising”, will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps.

15 Any discussion of documents, acts, materials, devices, articles or the like which
has been included in the present specification is solely for the purpose of providing
context for the present invention. It is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
field relevant to the present invention as it existed before the priority date of each claim

20 of'this application.

Some variation and/or modification may be made to the described embodiments
without departing from the scope of the invention as broadly described. The described
embodiments are, therefore, to be considered in all respects as illustrative and not

25 restrictive.
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whi ch has been Tnc ualé n R& presenat specifrcation’is solely for the

pur pose of 18rovi di YRitisp rane kiertf g8s tiHe He ewHONNENS elat Fadis. thet pressurrotin tthe be

taken as an admiissin@nt 4dah thdAMfiléd WRidmodf chdresd watdcehdpbRumiprrt of the

prior art ba.se or WilWins ARk B985 ltheker}l(\)f}lr\AOedgl?aé thletser:] eongli %l s%rg Felvglvf{oin;[l to
the present invention Ft %ekiosted” befor e the prlorlcty at'e of each claim

20 of this appr¢dettimined period;

repeating the applying, venting and allowing at least once; and
15 fully inserting the stopper into each opening to seal each vial after the repeating.

2. The method of claim 1, further comprising, prior to the fully inserting, once
repeating only the applying and venting.

20 3. The method of claim 1 or claim 2, further comprising, after the fully inserting,
capping each vial with a cap to retain the stopper in each vial.

4. The method of any one of claims 1 to 3, wherein the housing comprises housing
the vials in lyophilization apparatus.

25
5. The method of any one of claims 1 to 4, further comprising, before the applying,
controlling the temperature in the environment to be at or around a temperature set-

point.

30 6. The method of claim 5, wherein the temperature set-point is a first temperature
set-point and the method further comprises, after the venting, controlling the
temperature in the environment to be at or around a second temperature set-point that is

different from the first temperature set-point.

35 7. The method of claim 5 or claim 6, wherein the repeating comprises repeating the
controlling.



Some variation and/or nodification may be nade to the described enbodi nents
w t hout departing fromthe scope of the invention as broadly described. The
descri bedwerthrediine®mt s are, therefore, to be considered PATAU20r@®PEGtS as
illustrative and not 25 restrictive. 27 CLAIMS: 1. A preparation nethod,
conprising: housing a plurality of vialspgn a tenperature-controlled
environnent, wherein the 5 plurality of vials each have a volune of a
substance therein and each defines an unfilled volunme therein, each vial
havi ng a stopper pahamethedoficiedmdtasglajm i ovhkaicippideasheneott: t he vial so that gas
can transfer between tihefitsbichipbRehry @h-pomt @nes &an @¥&EN 0, oBpRéHAlIR less than

appl yi ng a vacuumgt tPe nvi.r Nt ,to reduce pressure in the environnent
and in the unﬁ#@ﬂ?&a¢@1g%§yg m§§§§2W9a| to a first pressure |evel;

10venting an inert gasth¢ speend apEpyicrsehprarts baweoniabeuttl AeC prdeabeufr26°¢.n t he
environment sand in the unfilled volune of each vial to a second pressure

| evel , 3) | owpg, LS ¥F @S, & QSR b Bl NG SOV QATRAL st heiRegond
pressure |evel for a preaegernlneglper|08, repé%{|ng FHE app?y|ng, venti ng
and al | owi ng dtecriagempertiee oftheisubsangel y i nserting the stopper into each
opening to seal each vial after the repeating. 2. The method of claiml,

further conprising rior.to.the fully insertin Qnce repeatin t he
appl yi ng and J@htiEmfm5@0%9@ﬁgﬂﬁ%pﬁgﬁﬁg?e?ngﬁ§ h%¥vﬁf%?%$ ?a%ﬂgpgﬁby
conpri si ng,l0afrptey apdaboptylOpbarnserti ng, cappi ng each vial with a cap to

retain the stopper in each vial. 4. The nethod of any one of clains 1 to
3, wherein the housjn Q ises h i.ng the viials in. lyophilizatiqgn

appar at us. 25e115. eegfcrtglf) %@é i Orgn&ucgaﬁrélggftoc ’é‘fhﬁ%eml‘{hfa 66%36%%6 t° Goint %S
conpri sing, bebeyeer fineringpismperagre elothe sestaneganchehareifily Arstipesyure tekd is

envi ronment t Qrdar @lan@bod 0 Wikdr @ndtIERRBEHAKU0 BbSEbptRALIM betwEentbdita oidapod of
claimb5, mﬂgr%&gaﬁﬁg3&ggggrature set-point is a ?irst t enperat ure

12.  The method of any one of claims 6 to 8, further comprising allowing the vials to
rest in the environment for another predetermined period at or around the second
temperature set-point.

20
13. The method of claim 12, wherein the another period is between about 15
minutes and about 45 or 60 minutes, optionally between about 25 and about 35

minutes, optionally about 30 minutes.

25 14.  The method of any one of claims 1 to 13, wherein the second pressure level is
between about 800 mbar and about 1000 mbar, optionally between about 900 mbar and
950 mbar.

15.  The method of any one of claims 1 to 14, wherein the housing is performed at

30 ambient pressure.

16.  The method of any one of claims 1 to 15, wherein the repeating of the applying,

venting and allowing is performed at least twice.

35 17. The method of claim 16, wherein the repeating of the applying, venting and
allowing is performed at least eight times.



set-point and the nethod further conprises, after the venting, controlling
the tenperature in the environnment to be at or around a second tenperature
set - poi ntwohat2/d1s3odi fferent fromthe first tenperature PETAIRINT0010128 8.
The method of claim6 or claim7, wherein at | east one of: t he
first tenperature set-point is |less thanjsabout 10C, optionally |ess than
about 8C, optionally about 5C, and the second tenperature set-point is

bet ween about 17C and about 26C. 5 9. The nmethod of claim8 wherein the
first tenperatldre Seampbphef gy oie obelapey big B, fvhest thyrepestivenapaifosmed a t he
subst ance. numblr of @&k &f re@hd@l ANIRsolldesx@dn Edneent bf g bRERURE | evel
is between abqg Bt%z@98%,%0 nmbar and about 10 nbar. 11. The nethod of any
one of clains 0 8, erein the tenperature set-point is above a freezing
tenperature of the substance and wherein the first pressure level is

greater thas about THOmBIAEL ofdi§ dneS$ cRRQUL 053] wikb@in, th® Ripbanglid perRehvesn

about 10 nbar 15 anq;about 300 mhar . 12. The nethq.oﬁ any-,one of clains 6
nuimbeér of times ef:fe[:tlve 10 re@ﬁe an .oxY%en %15 con ef\n AN l{e utilled ¥olume to
to 8, further conprising allTow ng e vials to rest in the environnent for

anot her pr edetles thapedeqel foghoronoperganbund t he second tenperature set-point.
20 13. The nethod of claim 12, wherein the another period is between about

15 m nutes and,about 45 0 .mnputes,.optionally between about and
Sbout 35 o aucge s mened pOdal 1 WEBrein B [28Angks RIHTER: BRRKG fpnBRC

of clains 10t gffegive\thapdicn thehexyser grrdcqpfeat suthe unélled volympde Ressemboayt 800
nbar and abouto di0Qhdddant.0.®@pt i onal | y bet ween about 900 nbar and 950 nbar.
15. The nmethod of any one of clains 1 to 14, wherein the housing is
performed at 30 ambient pressure. 16. The nmethod of any one of clains 1 to
15, wherein t 13- r epecamiethgd of anhenaphptlginngl tovzhtwheepimnadoratol thovepiying the
perfornmed at |@agéd {WGe contdi@s 4 Guddiatio®y BthspteriaNdw DL 0Qfgek lgad Bml/dr the 17,

wherein t helSr %Bgs%[nlcg 9on|taslnspaesq1{>s9arnr‘}§ﬁiy g’[mospheric level of dissolved oxygen.

22.  The method of any one of claims 1 to 21, wherein the predetermined time period
is between about 15 minutes and about 45 or 60 minutes, optionally between about 25
minutes and about 35 minutes.

20
23.  The method of any one of claims 1 to 22, wherein the substance in a liquid form

comprises an oxygen-sensitive solution.

24.  The method of any one of claims 1 to 23, wherein the substance in a liquid form

25 is an aqueous solution free of volatile constituents.

25.  The method of any one of claims 1 to 24, wherein the substance in a liquid form
is stable at temperatures between about 1°C and about 26°C and pressures between
about 10 mbar and 1000 mbar.
30
26. A preparation method, comprising:
filling a plurality of vials with a predetermined volume of liquid so that an
unfilled volume remains in each vial;
partially inserting a stopper into an opening of each vial so that gas can transfer
35 between the unfilled volume of the vial and an external volume;

housing the vials in a temperature-controlled environment;



nunber of tinmes effective to reduce a dissolved oxygen content of the
substance to about 0.4%or less. 5 19. The nethod of any one of clains 1 to
18, wher ewo 20t»0168peati ng i s perforned a number of ti nme®CeiAlotiwer1so
reduce an oxygen gas content in the unfilled volune to | ess than or equal
to about one percent. 20. The nethod gh claim 19, wherein the repeating
is performed a nunber of times 10 effective to reduce the oxygen gas
content in the unfilled volune to between about 0.01% and about 0.6%

21. The nethod of &Nyigghe vaquugl & the cnvirasmept tovgadiceprespie ¢ theoenyhennegnpl yi ng,
the unfilled walunBe GoMlcdivomma of bRatvautd Afidsypradsisperi c | evel of oxygen
gas and/or the 15 %%ggta%p%w%on&gmls esggﬁ%%ggha%liﬂ%t@gs Q@rk;ilqﬁgl of
di ssol ved oxygen. .gfhe met Afod of any one of clains It 21 Whereéin the
predet er mi ned coviggnnisat gnddn ths upBledewimgfigachidaliy pogcend ragugdogt 45 or 60

m nutes, opti onal | yidwehgee VidbUkst 3P tHE divr@fmdand AbQtdond prefiuidiiced. ford  23.

The nmet hod of any. one of clains 1 to 22, wherein the substance in a liquid
redetermined period

form conprises an oxygen-sehsitive solution. 24. The met hod of any one
of clains 1 to 23, roperéingihe applainguisstingrnd allpwimg|af l§et andeosnéh 25 i s an aqueous
solution free of vAliQisk@ing@RStippétemb Sach oponind tvaciTRhi0dalafte Ry repBingf
clains 1 to 24, wherein the substance in a liquid formis stable at

t enper atures between about 1C and about 26C and pressures between about 10
mbar and 1000 Zfbar Theamethod pEclapn go.ciyethertqommripme HBtdr te Siepilys insgrting, once
filling a plungldating @iy tb apRyink bkt @niigedet er m ned vol une of liquid so that
an unfilled volunme remains in each vial; partially inserting a
stopper into an opening of each vial so that gas can transfer 35 between
the unfilled 8l umhahethpeofialaam 28miclam &% fathearonypisingeafteh g dilhgintaiangyi al s

in a tenperat WashisORh Olal ®Hh 6 th QTR e stopB& in each viadPpP! yi ng a vacuumto the
envi ronnent, .to reduce pressure in the environnment and in the unfilled

vol ume of edch vial to a first pressure |evel; venting an inert gas
into the envi rZ8nmehlte mgthediofany tvae pf @dasiny @6itn 28havheisin the eesing aprapiises t he

unfilled vol unBugihe @achlsMh lophiQzaios egRRAudr essure | evel ; Sallow ng the
vials to rest in the environnent at the second pressure |evel for a

pr edet er mi ned peri od,;
30. The method of any one of claims 26 to 29, further comprising, before the

20 applying, controlling the temperature in the environment to be at or around a

temperature set-point.

31.  The method of claim 30, wherein the temperature set-point is a first temperature
set-point and the method further comprises, after the venting, controlling the
25 temperature in the environment to be at or around a second temperature set-point that is

different from the first temperature set-point.

32. The method of any one of claims 30 or claim 31, wherein the repeating
comprises repeating the controlling,
30
33.  The method of any one of claims 30 to 32, wherein at least one of:
the first temperature set-point is above freezing and less than about 10°C,
optionally between about 3°C and about 8°C, optionally about 5°C; and
the second temperature set-point is between about 17°C and about 26°C.
35



repeating the applying, venting and allowing at |east once; and fully
inserting the stopper into each opening to seal each vial after the

repeat i ngwo20120163bhe met hod of claim 26, further conpri ®CHAU2pII0I0180 t he
fully inserting, once repeating only the applying and venting. 28.The

met hod of claim 26 or claim27, further gonprising, after the fully
inserting, capping each vial with a cap to retain the stopper in each vial.
15 29. The nethod of any one of clains 26 to 28, wherein the housing
conpri ses housing Thremethed ef 4n ong eftdimp 28t¢ dh fyPsaearnising allowpg thendalyet hod
of any one of tgl@itnm 26 toviddmehtUudrhedotled Nfredctdrithed DEF 1B €att BiE aZRAn@pRE Yi NQ,
controlling the femerature in the environment to be at or around a

t enperature setpornt. 1Y The nethod of claim 30, wherein the t enperature
set-point is a first tenperature set-point and the nmethod further

conpri ses, af t3@{) thee wReHol NG, cc}ﬁflﬁﬂBJI,Oiwvhédré\ig thb&néfher BERAT BLBEHRech Nabolie 15
environment tq_.he at or. aroun second te at ure set - nt .t hat
Gt erontf v omiiia® ppfepdoAsns: Bo SFEAME, SRIRSLBAMELHAPA U B3 43
of clains 30 dringtemiopi@lly ghvat &) minulge r epeating conpri ses repeating the
controlling. 30 33. The nethod of any one of clains 30 to 32, wherein at

| east one of: the.first t er re.set-paint .i s above freezing
o | ece t han MoouThe BenbBBF i & SETRFLIEH0 350 it ghepRRRKEIlASS

opti onal | y 18bdgtwescabeitid Otrplar gad abritt tS8PpMdaR taptenadls tbepsienrbeus 40arkes epd about
17C and about 868308hbad. The net hod of any one of clainms 30 to 33, further
conprising allowing the vials to rest in the environnment for another
predeterm ned period at or around the tenperature set-point. 5 35.The

met hod of cl aidh 34Thannethed of anje@nanbelpiars 26de Bo.dwlheseip drevweeand apwsire ISelid nut es

and about 45 aktvaln BbJuUE@ESmbRRLD S6val 1opokgdayeen about 25 and about 35
m nut es, oqtsi onal |y about 30 m nutes.
38.  The method of claim 37, wherein the second pressure level is between about
900 mbar and 950 mbar.

39.  The method of any one of claims 26 to 38, wherein at least one of the filling,
20 partially inserting and housing is performed at ambient pressure.

40.  The method of any one of claims 26 to 39, wherein the repeating of the
applying, venting and allowing is performed at least twice.

25 41. The method of claim 40, wherein the repeating of the applying, venting and
allowing is performed at least eight times.

42.  The method of any one of claims 26 to 41, wherein the repeating is performed a
number of times effective to reduce a dissolved oxygen content of the liquid to about
30 0.4% or less.

43.  The method of any one of claims 26 to 42, wherein the repeating is performed a
number of times effective to reduce an oxygen gas content in the unfilled volume to
less than or equal to about one percent.

35



36. The nethod of any one of clains 26 to 35, wherein the first pressure
| evel is 10 between about 10 nmbar and about 500 nbar, optionally between
about 40 wban12zzmaoabout 300 nmbar. 37. The nmethod of anyCom@20f1/0lEBns 26
to 36, wherein the second pressure |level is between about 800 nbar and
about 1000 nmbar. 15 38. The nmethod of chaim 37, wherein the second
pressure level is between about 900 nmbar and 950 nbar. 39. The net hod
of any one of clains 26 to 38, wherein at |east one of the filling, 20
partial |y inse¥ti nghamethpdokilrg 435 viheieohergpeaiinganpirénmegp asgbgrof fingp. The
met |th of any e@faaiv@ftg%cﬁcmh&&yygaa 84, ?cwfbaf gi ﬂwh{ﬁﬁllé@ﬁ@&ﬁnb ng bgﬁfgefﬁe@ro#t
appl ying, ventjnhg and.allowng is perfornmed at |east tw ce. . The
met hod of cIaﬁ%ﬂiﬁ?QVﬁ8WéVﬁ%the repeati ng of the applying, venting and
allowing is perforned at |east eight tines. 42. The nethod of any one of
c:c ?i s 26 ta 45, whes ﬁlgt_flloél bfaﬁ}gdﬂ%ﬂd@mh S6Q@ﬂﬂ,0®1¥@éin®riflymg ap;ilyih'%nm@ 20
effective to redyc issalved o ncontent .of the.ljquid to about
o aotor 1 ess, "THHEP YRl 3BRNACE EXARINE O RRer® Ve Br i Sl PrBONE, O
repeating is pgerfdsoneds aswsirpbezilystmespherts levol etdissolved oxyigeluce an oxygen gas
content in the unfilled volunme to | ess than or equal to about one percent.
32 44. The et fod of, o}, ami 48, WASE St ALl Ne s EPERLLAG. SnPRILGLIRS Ay uDer
of times effective to reduce the oxyden gas content In He‘unp}?ﬁedmvolune
t o bet ween lQbdgtiodisouyesh dbatsoldt mpuBymand admt Fher HBtrmoeeH fopHeRALIE hetwsen ¢l ai s
26 to 44, wheragbit 28 miRbted D dtabsut 3ppliniitérg, the unfill ed vol une contains a
substantially atnospheric | evel of oxygen gas and/or the liquid contains a
substantially atnospheric |evel of dissolved oxygen. 46. The net hod of
any one of cl &i’ns P& methad of whepes af clhiensp?ethet@rwticne the hauid gompeiiseodn i s
bet ween about ¢kHodiisBati®e sado@bout 45 or 60 minutes, optionally between
about 25 m.putes and about 35 mnutes. 47. The nethod of any one of clains
26 to 46, erein the liquid conprises an oxygen-sensitive solution. 15
48. The met hod®Bof Bheymethed of agy anarsl daims264tp, 4 midewimthe Higuid; igah daiepuan
aqueous sol ut isgrtibk ge sfvonaleabhdt®ucaRnst i t uent s. 49. The net hod of any
one of clains 26 to 48, wherein the liquid is stable at 20 tenperatures
bet ween about 1C and about 26C and pressures between about 10 nbar and 1000
nbar . 49.  The method of any one of claims 26 to 48, wherein the liquid is stable at

20 temperatures between about 1°C and about 26°C and pressures between about 10 mbar

and 1000 mbar.

50. A preparation method, comprising:
filling a plurality of vials with a predetermined volume of liquid so that an
25 unfilled volume remains in each vial;
partially inserting a stopper into an opening of each vial so that gas can transfer
between the unfilled volume of the vial and an external volume;
housing the vials in an environment in which the temperature is fixed at a
selected temperature;
30 applying a vacuum to the environment to reduce pressure in the environment
and in the unfilled volume of each vial to a first pressure level;
venting an inert gas into the environment to raise the pressure in the
environment and in the unfilled volume of each vial to a second pressure level;
allowing the vials to rest in the environment at the second pressure level for a
35 predetermined period;
repeating the applying, venting and allowing at least once; and



50. A preparation nethod, conprising: filling a plurality of
vials with a predeterm ned volune of liquid so that an 25 unfilled vol une

remai ns iwoeacinigioal ; partially inserting a stopperCrmuoamwoopani ng of
each vial so that gas can transfer between the unfilled volunme of the vial
and an external vol ung; housi ng the3yials in an environnent in which

the tenperature is fixed at a sel ected tenperature; 30applying a vacuumto
t he environnent to reduce pressure in the environnent and in the unfilled
vol une of each vi afullyésarting ghetstopperdrtaeech| apgring tosedtepHyyid #itpi{be fepepi®ei nt o
the environnent to raise the pressure in the environnent and in the
unfilled volu of ~each.via 0 nd._pressure. | evel; . . al | owi ng
the vials to rast T mruslateldniadeay SoRbASELah' & Becme mevor o8t a'5s
predet er mi ned rpregiigenly tp apprlyingandientgp| yi ng, venting and al | owi ng at | east
once; and 33 fully inserting the stopper into each opening to seal each
vial after the,repealhifo ShilReoTPLAMs Ol bl ALMRLUADRE GRMRUENT,
prior to the fully |nser?|ng, once repea |ng‘oﬁf ihé app ylnd’and ?%ntlng.
5 52. The netchgidngdack vl withecaytogttain thestopperip essarvidbonpri si ng, after the
fully inserting, capping each vial with a cap to retain the stopper in each

vi al . 53..,The et hgd ,of. any on f _cl.ai 50.t0.5 wherein the
Fbasing comridee 16 haae i fRenglSE Blim P BT Reb i e HISHELOMARS:

The met hod 18f hanymgpthe visls ie Iyapbzaion eppagBus. wher ei n t he sel ected tenperature
is around room tenperature. 15 55. The nethod of any one of clains 50 to 54,

wherein the Se5'4.eCt '?ﬁje rtngtlﬁg Bfa aEnlﬁlroenelﬁ CBlentlS\Aﬁ? 0 %P\%ﬂgre%zt (§] g‘e@cgcte%qgrlﬂf)era%gr% is

around room temperature.

15 55. The method of any one of claims 50 to 54, wherein the selected temperature is
between about 17°C and about 26°C.

56.  The method of any one of claims 50 to 55, wherein the first pressure level is
between about 200 mbar and about 500 mbar.

20
57. The method of claim 56, wherein the first pressure level is between about
300 mbar and about 350 mbar.

58.  The method of any one of claims 50 to 57, wherein the second pressure level is
25 between about 800 mbar and about 1000 mbar.

59.  The method of claim 58, wherein the second pressure level is between about
900 mbar and 950 mbar.

30 60. The method of any one of claims 50 to 59, wherein at least one of the filling,
partially inserting and housing is performed at ambient pressure.

61. The method of any one of claims 50 to 60, wherein the repeating of the
applying, venting and allowing is performed at least twice.
35



56. The nethod of any one of clains 50 to 55, wherein the first pressure

| evel is between about 200 nbar and about 500 nbar. 20 57. The nethod of

cl ai m 56,wotrerdiimsothe first pressure |evel is between alpeuAl200/00bE8 and
about 350 nbar. 58. The nethod of any one of clainms 50 to 57, wherein
the second pressure level is 25 between ghout 800 nbar and about 1000 nbar.
59. The nethod of claim58, wherein the second pressure |evel is between
about 900 nbar and 950 nbar. 30 60. The nethod of any one of clainms 50 to
59, wherein atf2| eake mthogof chpem Gl mwihergin tha rencating of hs applyng madinastdi ng i s
perfornmed at ambivRls fpiRssed £ leabtkighhg@mset hod of any one of clainms 50 to 60,
wherein the repeating of the applying, venting and allowing is perforned at
| east twice. 34 62. The nmethod of claim61l, wherein the repeating of the
appl yi ng, venttng Bheamethpdel ang one obdpims Pfiei6atwhesinsthe egngdingtis pestprmed a 63,

The method af nampeOsfinds ¢ffeati¥Eo 2ub®a ARsolVIIESEb¢h ddieent eP@aliyig tb 8bout
performed a 5 ‘¥ OrleSof tinmes effective to reduce a di ssol ved oxygen
content of the” |qU|& to about 0.4% or |ess. 64. The nethod of any one
of claims 50 to 63, wherein the repeating is perfornmed a nunber of tines
effective to r@dUCEh@ﬁemM@my@aéomﬂhﬁrm t&) 613 tvh@remfhie Irép@am\gqé perried 40 | ess

than or equal to,about on ercen 8@4 mh rein
the r apeat] ng "MEofert BB fiktce it ol F bRt i B S PRES oxygen

gas contenﬂoldﬁﬁH@n@hﬁﬂw¥@dbvépuﬁﬁﬂ@%ﬁbetmeen about 0.5% and about 0.6% 15
66. The nethod of any one of clainms 50 to 65, wherein prlor to the

appl ying, the unfifyedoyol urs. cont ahntiAnsHaskant! lbyyal IRRRNSIdGlevel of
oxygen gas an % F EOntans™d Subdtane P? ? &ri%¢ "f'&vel of
di ssol ved oxyg@hﬁﬂﬁaoGWhWhéEW@QHng@E@EMWi@h&wdmﬁaﬁhwﬁﬂm500béw@®lamm@reln
t he predet er mowdaid aLuPEsd,0d i s between about 15 m nutes and about 45 or
60 m nutes.,.68. The nethod of claim67, wherein the predetermned tine

period is bgtmeen about 25 mnutes and about 35 m nutes. 25
66.  The method of any one of claims 50 to 65, wherein prior to the applying, the

unfilled volume contains a substantially atmospheric level of oxygen gas and/or the
liquid contains a substantially atmospheric level of dissolved oxygen.

20 67. The method of any one of claims 50 to 66, wherein the predetermined time
period is between about 15 minutes and about 45 or 60 minutes.

68.  The method of claim 67, wherein the predetermined time period is between
about 25 minutes and about 35 minutes.

25
69.  The method of any one of claims 50 to 68, wherein the liquid comprises an

oxygen-sensitive solution.

70.  The method of any one of claims 50 to 69, wherein the liquid is an aqueous
30 solution free of volatile constituents.

71.  The method of any one of claims 50 to 70, wherein the liquid is stable at
temperatures between about 17°C and about 26°C and pressures between about 200
mbar and 1000 mbar.

35



69. The nethod of any one of clainms 50 to 68, wherein the |liquid conprises
an oxygen-sensitive sol ution. 70. The nethod of any one of clains 50
to 69, wwoebre/tibd®1liquid is an aqueous 30 sol ution freecoiAvzolianidie
constituents. 71. The nethod of any one of clainms 50 to 70, wherein the
liquid is stable at tenperatures between3gbout 17C and about 26C and
pressures between about 200 mbar and 1000 nbar. 35 35 72. Use of

I yophi | i zation apparatus to prepare a plurality of stoppered vials

contai ni ng a I2qui Hsdhyf dyerhilirgtor GaRArates rigy:prepare a platsbinhgf tskppprdirddli ty of
vial s cont ai nicagtainfie o li@td 6 d MetBoddoageiinghanber of the |yophilization
apparatus, the vials ea ohvea rpa Ly, in ted
Thre 5 an’ openi ng. S BRI AFACOS AP HRRAE 7 PEREI PR ol TR T ¢

i nternal vol ufgordflizatin appaiptug lep Agls @%@h@rrmedmau%stc)pper partiglbnimpasteql iy the
| yophi |'i zat ISOthQ)I@@lﬂﬁg?lbﬂﬁletV(hl sol Bt gatdad lthaysfereichl@h An anSBdEiaicat] Vanmeoat ur e
above freezi ng,dnt hﬁane ) V’olume applying a vacuumto the chanber to
reduce pressure I'n Hanh and in the 10 unfilled vol une of each vial
to a first pressureontreljigp:the lyophﬂv@mm prpagstnsi teesubstgatially rmenteiiea chlgpér to

raise the pr eaaﬂlseeamﬂa abdsi@ f%ﬁﬁ@ﬁfth@.ﬂﬁﬂb@r the unfilled volunme of each vial

to a second pressur e t.he vi .1 he, chanber
at the second pr esspllf}ym% aevaleclumi‘ﬂéo the Clhamt&er t8’reduceepdeStS]’lre 5 81éercl?lo erf%&r glptléat i ng

t he appl yi n§, W@H@d\‘@l%@f@r‘hﬁd%tﬁg fla%tpteé%lsﬁtletﬁice and fully inserting
the partially i nse{?énﬁﬂg &l RPRGAS 1|nf@)ttﬁe &ﬂ’hﬁlb@p@ﬁhl@egth@bre@@ﬁ@m\&h@&hahfbelsﬁlﬂ|1n each

vial after the.r Use of hjli Zation apparatus to
prepare a pl ur%é r[?‘?l ?,5]9 eOfeearC}éﬁla{/tloa °§° Spcoﬁ{r)aflenlh a substance by a

met hod conpri si ng: allowmg th@ougls Q) Ieshén pheuiclatrrib@yafofhe\ﬁﬁ%ﬂné rexvigi layohdort he
substance in q)ré‘de@ﬁﬁﬁle@h@g‘p@dodof the I yoph| i zat| on apparatus, the vials
each arrang d to have . a § part. nsert into g]n openi ng of the

vial so that gas cgﬁeattlng y%lét%l all ‘F'mﬁl ed aStﬂItlcgr vol une of the
vial and an exter nﬁllllymlemméthemamﬂlyyrisn@eda%tmwm the opdnengai gadhevialite sgabduce
pressure in tfbﬁe}ﬁhﬁ"ﬁ*ﬂ@hh@l%ﬂedtiﬁ the unfilled volune of each vial to a first
pressure |evel; venting an inert gas into the chamber to raise the
pressure in the chanber and in the unfilled vol ume of each vial to a second
pressure |evel?3. Use of lyopdilizatpm@gppduius italpserare replurality vhestaphemenalat t he

second presyurBnthutla dibttare BPa Rc8detahpisngd time period,
housing the plurality of vials containing the substance in a closed chamber of the
lyophilization apparatus, the vials each arranged to have a stopper partially inserted into
an opening of the vial so that gas can transfer between an unfilled internal volume of
the vial and an external volume;
25 applying a vacuum to the chamber to reduce pressure in the chamber and in the
unfilled volume of each vial to a first pressure level;
venting an inert gas into the chamber to raise the pressure in the chamber and in
the unfilled volume of each vial to a second pressure level;
allowing the vials to rest in the chamber at the second pressure level for a
30 predetermined time period;
repeating the applying, venting and allowing at least once; and
fully inserting the partially inserted stopper into the opening of each vial to seal
each vial after the repeating.



repeating the applying, venting and allow ng at | east once; and fully
inserting the partially inserted stopper into the opening of each vial to
seal eaclhwoi2al2/abioer the repeating. 36 74. The use of clrairmuz@iigwiaBai m 73,
wherein the vials are initially positioned on vertically spaced shelves in
t he chanber and the stoppers are fully ingerted into the vials by
vertically conpacting the shelves together. 5 75. The use of any one of
clains 72 to 74, further conprising, prior to the fully inserting, once
repeating onl y4t heTkgppieyif edpimng Qfégqlinn@; whegin thyeialsere dritiglhy pesHEned okl ai ms
72 to 75, whenegititallyhepab@NEHeBld i the COBRMbIrRE (BONLHERE drdJullyhiiséreaphiol thzat i on
apparatus to %%1§%a@§ﬁ%hl¥onakﬁﬁa%9 %h%%ﬂ§% %glected 10 tenperature for a
first tine period%mdgtoy 2ltarﬁlalfy na@ﬁ?afn a second sel ected
tenperature for a second tinme period, wherein the first selected

t enper at ur e si 575di f TR @RtoffdmOont e crasoNd s el efuftrd osFRShAIPHE to the fiily The
use of Clai”‘%ﬁwnﬁ@%&%@ﬁ:t%ﬁl%kﬁﬁﬁe?e %ggggvgqqperature I's above freezing
and 15 | ess than around 15 ,gop ion§P3&g%ess han around 12C, optionally

| ess than around 10C. 78. The use of claim76 or claim77, wherein the
second sel ect ed. t enpea@t Uf enyl Sndoet VAR abasit75 1 dheimdthd kQutrolBRC codprised 9. The
use of any one af.ifih A WLS0e oW RCLET B LS AEASt (b IF, REFIPd.pEEHT S
before and/ or “dUFT NG t he “APp yrng éﬁ% e secon&‘%?ne‘perlod occurs duri ng
the al |l ow rl§. t@BP@OUTTHer gsfersiofimapgrighendfo gybslapgallyompiptaioa segpad eelsctedhe
first pressurechgy@breifsr DREVWRIRIMARGIY, HRrdR el AAdcoRaempOdrurdia ifferent
optionally be%%%§%e%?oqﬁfi% anméqxgggr and about 300 nbar. 81. The use
of any one of ¢ LI FECPBY §5 R SSTWRET €N the first tenperature set-point is

30 at or below a freezing tenperature of the substance and optionally

\Anger ein tg% fimst PREGS W BainfUS whi@inet HRERIRRA Wm0 1s B franthgahout 10
ar .

< rhe use of y~one. of cl ai 72t , erein the second
pressure Ieéeﬁ&¥§ﬁﬁé?%ggﬁ%d%bﬂ§m§ﬂgﬂ‘ érmb%'mgggﬁé’f 6ﬁaﬁ g?fﬁ%%FFBHQIIy
about 900 nbarl0dnd 950 35 nbar. 37 83. The use of any one of clains 72 to
82, wherein at least one of the filling, partially inserting and housing is

performed at a?'gbi eJPItle S 76 or claim 77, wherein the second selected temperature is
between about 17°C and about 26°C.
20
79.  The use of any one of claims 76 to 78, wherein the first time period occurs
before and/or during the applying and the second time period occurs during the

allowing.

25 80. The use of any one of claims 72 to 79, wherein the first pressure level is
between about 10 mbar and about 500 mbar, optionally between about 40 or 50 mbar
and about 300 mbar.

81.  The use of any one of claims 76 to 79, wherein the first temperature set-point is
30 at or below a freezing temperature of the substance and optionally wherein the first
pressure level is between about 0.0001 mbar and about 10 mbar.

82.  The use of any one of claims 72 to 81, wherein the second pressure level is
between about 800 mbar and about 1000 mbar, optionally about 900 mbar and 950
35 mbar.



84. The use of any one of clainms 72 to 83, wherein the repeating of the
applying, 5 venting and allowing is perforned at |east twice. 85. The use
of any omeoabi2liedons 72 to 84, wherein the repeating of PCHAERpEIYING,
venting and allowng is performed at |east eight tinmes. 10 86. The use of
any one of clains 72 to 85, wherein the npepeating is perfornmed a nunber of
tinmes effective to reduce a dissolved oxygen content of the liquid to about
0.4% or |ess. 87. The use of any one of clainms 72 to 86, wherein the
repeating is perfoFgedscush 1y a8 enclanpgentogdd wisraient 1das engeofuthe ifillingg
volunme is | esgatthanimbang a@neufies Beetformedat anlbientpesdé. cl ai m 87, wherein
the repeating is perforned until the oxygen gas content in the unfilled
volunme is between about 0.01% and about 0.6% 20 89. The use of any one of
clains 72 to 89; whexeserpfpny epe phcleime 2ppISyi whereintbe reneating of thegipphying,
contai ns a subgh@iitdnakliywiat MBEbedIGt ledelicof oxygen gas. 90. The use of
any one of clains 72 to 89, wherein the predetermned tine period is

bet ween about 15 m nutes and about 45 or 60 minutes, optionally between
about 25 25 mi%ut eSheavrg cdlsorionasf ehimst@sto 8dpwherpial thy repprsing oS herdpplyings.  91.
The use of anyeang @f abdwing®s péAoindW0lcadtapheiifest he repeating incl udes
repeating the controlling. 30 92. The use of any one of clains 72 to 91,
wherein the i %ui d conprises an oxygen- sensitive solution. 93.The use of
any one of 181 aons e v @2anywheréichimné d guivheran e mepatieas resfornebn free
of volatile confbtl srath&. cffeéeld rddu€e HIRsENedadRy c@ntht 6 @k MGuid 2o hLud3,
wherein the qugw' %Irf'esss stable at tenperatures between about 1C and about 26C
and pressures between about 10 nbar and 1000 nbar. 5 95. The use of any one
of claims 72 to 94, further conprising use of a stopper for each vial, the
st opper havi ng7a dTECuss bap@-odcQl¥ cnds &t tol @asheloMahPfepeRiak iOferfofi&l waipl e
within the 1gpeni nyg of aea%pnyljnqlllé ntﬁtﬁe eroljneg:tli O@agl%i Qi ng at nl[ east one gap
so that, whén {'Ré %efl(%p s par |aFﬁ1y0}ln§égr?S§ A0S ChePpehi ng, gas can
fl ow between the unfilled volune and the external volunme through parts of

the at |east &ge gaR @RtofQPHhMWIedhbKindhd Gepeatgal pbff@mél &htil the oxygen gas
content in the unfilled volume is between about 0.01% and about 0.6%.

20 89.  The use of any one of claims 72 to 88, wherein prior to the applying, the unfilled

volume contains a substantially atmospheric level of oxygen gas.

90.  The use of any one of claims 72 to 89, wherein the predetermined time period is
between about 15 minutes and about 45 or 60 minutes, optionally between about 25
25 minutes and about 35 minutes, optionally about 30 minutes.

91.  The use of any one of claims 72 to 90, wherein the repeating includes repeating
the controlling.

30 92.  The use of any one of claims 72 to 91, wherein the liquid comprises an oxygen-

sensitive solution.

93.  The use of any one of claims 72 to 92, wherein the liquid is an aqueous solution
free of volatile constituents.
35



96. The use of claim95, wherein, when the stopper is fully inserted into
t he opening, the disc-shaped top overlies the rimand the at | east one gap
is fully wochbiedaedoby the rim thereby sealing the vial Pcomwas/miEsster
between the unfilled volune and 15 the external volume. 97. Use of

| yophi lization apparatus to performthe nggthod of any one of clains 1 to
25. 20 98. A vial conprising: a body having a neck and a single opening
defined by the neck; a stopper partly received in and sealing the opening;
a liquid cont @nedThy ushef saryongnef elhinss7dpgped3;, wheeein jthaiiliguidohipitade i an
oxygen-sensi t it@pdratid batve@niboatNidC2aa abRadsitasd pigkirseisbthehween 10mebabody,
the liquid an%HBQ&)]£&£per; wherein the stopper has at | east one
projection received Ih'the opening, wherein the projection defines at |east
one gap or aperture which, when the projection is partially inserted into
the openings alsl owshg@s df aaNshest deiweeno bheuRRadsppaan AR & awadppbefor

external of the.,vi.al ., 3 99. The vial, of, claim wherei.n..the . idis
an aqueous solGt] Y)l%f’ %l}eesgop(??r hasingd fiecdeRed %P&%%tagg"‘“ o1 BEICHRS “’i?FEX%‘H%f

clai m 98 or clvathin 4 opoities ef ¢ack sl |thqpitigciian defiaingat asticapgap aa theeavhes

%t ween about tﬂ@ﬁ[@ﬂf&r aélaps,iﬁalgﬁﬁsmd im]paﬁiéupmgp@ﬁmnﬂ@m\;uﬁvewtmﬁmamd 1000
ar. 39 101. The vi of any .one_ o alLns. 98 to 100 erei n .an oxygen

i content i wolE S B lorBaBRE s@bydishTBr B8 al ot Sk g BB EichhaBLpPLY O

102. The vil8l ropottheiisl 101, wherein the oxygen gas content in the headspace

i S between about 0.01% and about 0.6% 103. The vial of any one of clains

98 to 102, mh%%zin¥%%g&§g %%ﬁgéﬁ en.co ten%»in the.Iﬁ@uLd .S aboq£60.4@6

X
erein, (W the StQpper, 18 mngerted 1nto
or less. 10 Vi a Y one of C ai e 98t 6 3 ?ur?her

conprising a capnny tholisk-shapedsop pprekiesahg Bmtane theead keast ongBap FHwllypegluded any

one of clai ms pY8hd Amlidsecbialigs thetvid fiOhO@ReFandBhewl@h tROghfilRA @olhmeahd anged
so that, mggn1£§§d§£qe eﬁlis fully inserted into the opening, the

di sc- shaped™t op overt i'8s™s rim around the opening and the at | east one gap
is fully occluded by the rim thereby sealing the vial fromgas transfer

bet ween the unfi| | gt yaléprRizamsh dppara®@Xipen@dlm VIR HéBod of any one of claims 1 to
25.

20 98. A vial comprising:
a body having a neck and a single opening defined by the neck;
a stopper partly received in and sealing the opening;
a liquid contained by the body and the stopper, the liquid comprising an oxygen-
sensitive formulation; and
25 a headspace defined between the body, the liquid and the stopper;
wherein the stopper has at least one projection received in the opening, wherein
the projection defines at least one gap or aperture which, when the projection is
partially inserted into the opening, allows gas transfer between the headspace and a
volume external of the vial.
30
99.  The vial of claim 98, wherein the liquid is an aqueous solution free of volatile

constituents.

100. The vial of claim 98 or claim 99, wherein the liquid is stable at temperatures
35 between about 1°C and about 26°C and pressures between about 10 mbar and 1000

mbar.



20 106. A vial conprising: a body having a neck and a single opening
defined by the neck; a stopper partly received in and sealing the opening;
a subst arwe 2tiedomed by t he body and t he stopper, the eabstino@ocddpri si ng
an oxygen-sensitive formnul ati on; and 25a headspace defi ned between the
body, the substance and the stopper; 3owherein the stopper has at | east
one projection received in the opening, wherein the projection defines at

| east one gap or aperture which, when the projection is partially inserted
into the opening, allows gas transfer between the headspace and a vol une
external of theiviahe vidiOof 2h) bne Thelaivisaly 16106 | vatcfdid 86 ox L & dontdieinSPSt ance
isina quuiqﬁa#a&%isg%q ﬁﬁﬂ%Q%lﬁ}%%Q'nelggauThe vial of claim 107,
wherei n the substance iI'n % e IﬂqU|dls?é{epls an aqueous solution free of
volatile constituents. 40 109. The vial of claim 107 or claim2108, wherein

the substange 1op. t e kiaDdf dlafh aDE WherSihabhé @x@dent @ERGARAUIMEH: HOidERD iabout

1C and about 26C an res_hbe n about 10 nmbar and 1000 nbar. 5 110.
The vi al of aﬁ?g%ﬁggggégﬁggﬁg Tﬁg}@EQEOQ, wherei n an oxygen gas content in

t he headspace is |l ess than or equal to about one percent. 111. The vial of

claim 110, whengi NThdbalafkge ondaSclaMRbend 102 whbRinhedickopae oxyden keitveen about
0. 01% and abo%ﬁ Qi@%ﬁa&gnoaéaylége vial of any one of clains 106 to 111,
wherein a di ssoi Vv oxygen content in the substance is about 0.4%or |ess.
113. The vildl of any one of clains 106 to 112, further conprising a cap to

hol d the 15 stioppern®whiOoftdh® e K claimsldy tol 108, Yirthkr &fm@ERIgANE@PAD heldahes 106
to 113, wherein the ﬁﬁﬁgﬁgk and vial body are arranged so that, when the
e fieck;

st opper is fuﬁ(?p?ﬁ?er I'nto the opening, the disc-shaped top overlies a

rimaround the opening and the at |east one gap is fully occluded by the

rim 20 therehysseahd Agl dfhay vhabf dl4i@N9gas 104, anefat thegioppanind PRI Y&y drdr:] ed
gl Lo the

vol unme and .the external volupe. 115, vi al prepared .accordin
ot hod of - drly asaerd B et Feiorpg T sl Bed i GRRL FnRE IR %ﬁ%‘ Sha g
clains 1 to 7Xbveicy hempseundftheengnioaendthe@l pshong gapip figly, ocolivdededyrtharivngl une

of the liquid tRircynBalfighsd FBCRorh Bad trifcAbdtREMN he IRIING volBR AR tHcadxtdyna he
sane bet ween thF housing and the fully inserting, apart froma slight

anount of evapSration
20 106. A vial comprising:
a body having a neck and a single opening defined by the neck;
a stopper partly received in and sealing the opening;
a substance contained by the body and the stopper, the substance comprising an
oxygen-sensitive formulation; and
25 a headspace defined between the body, the substance and the stopper;
wherein the stopper has at least one projection received in the opening, wherein
the projection defines at least one gap or aperture which, when the projection is
partially inserted into the opening, allows gas transfer between the headspace and a
volume external of the vial.
30
107. The vial of claim 106, wherein the substance is in a liquid state or a frozen state.

108. The vial of claim 107, wherein the substance in the liquid state is an aqueous
solution free of volatile constituents.
35



30 117. A nethod substantially as hereinbefore described wwth reference to
t he acconpanyi ng drawi ngs and/ or exanples. 118. A system substantially as
her ei nbefwoeotdaeiitbed with reference to the acconpanyi RGTNGEW HY01aANd/ or
exanples. 41 119. Apparatus substantially as herei nbefore described with
reference to the acconpanyi ng draw ngs ang/ or exanpl es. 120. A vial
containing a liquid substantially as herei nbefore described wth reference
5 to the acconpanyi ng drawi ngs and/or examples. 121. A system conprising
means for per fl8Pm Ree Yinleofretimdd7 of clamy 1ohavhereincthgjsphstance @ tha liquid stateris) 117.
10 122. The stsepk,at t@dfelihess bebl@ARBES ,1°@6HBaboaOII0SINY bRESIresBRIRON GiuS ,

exanpl es, arr ange r&?gﬁdsm%d Sfructure descri bed or depicted herein,

i ndividually or 1n any conbination or subconbination t her eof
5 110. The vial of any one of claims 106 to 109, wherein an oxygen gas content in the
headspace is less than or equal to about one percent.

111. The vial of claim 110, wherein the oxygen gas content in the headspace is
between about 0.01% and about 0.6%.

10
112. The vial of any one of claims 106 to 111, wherein a dissolved oxygen content in
the substance is about 0.4% or less.

113. The vial of any one of claims 106 to 112, further comprising a cap to hold the
15 stopper onto the neck.

114. The vial of any one of claims 106 to 113, wherein the stopper and vial body are
arranged so that, when the stopper is fully inserted into the opening, the disc-shaped top
overlies a rim around the opening and the at least one gap is fully occluded by the rim,
20 thereby sealing the vial from gas transfer between the unfilled volume and the external

volume.
115. A vial prepared according to the method of any one of claims 1 to 71.

25 116. The method of any one of claims 1 to 71 or the use of any one of claims 72 to
97, wherein a volume of the liquid or the substance in liquid form remains substantially
the same between the housing and the fully inserting, apart from a slight amount of

evaporation.

30 117. A method substantially as hereinbefore described with reference to the

accompanying drawings and/or examples.

118. A system substantially as hereinbefore described with reference to the
accompanying drawings and/or examples.
35
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119. Apparatus substantially as hereinbefore described with reference to the

accompanying drawings and/or examples.

120. A vial containing a liquid substantially as hereinbefore described with reference

to the accompanying drawings and/or examples.

121. A system comprising means for performing the method of any one of claims 1
to71,116and 117.

122. The steps, features, clements, acts, compositions, components, examples,
arrangements and structure described or depicted herein, individually or in any

combination or subcombination thereof.



